
Ling 282/482 hw2

Due 11PM on October 19, 2026

In this assignment, you will answer some written questions about Word2Vec and then analyze the
provided PyTorch implementation. In particular, we employ the method called Skip-Gram with Negative
Sampling (SGNS). By doing so you will:

• Get set up on the BlueHive computing cluster

• Count parameters

• Take derivatives of a loss

• See how mathematics and Python code correspond

• Train your own set of word vectors and briefly analyze them

Submission Instructions

Please answer the following questions and submit your answers as a PDF on Blackboard. Note that
for Part 3, Q1, you have the option of uploading your edited code files instead of including the answers
directly in your writeup. Your final submission will be the one that is graded unless you specify otherwise.

1 Understanding Word2Vec [30 pts]

Q1: Parameters [2 pts] How many parameters are there in the SGNS model? Write your answer in
terms of V (the vocabulary) and de, the embedding dimension. (Hint: one parameter is a single real
number.)

Q2: Sigmoid [8 pts] Sigmoid is the logistic curve σ(x) = 1
1+e−x .

• What is the range of σ(x)? [2 pts]

• How is it used in the SGNS model? [2 pts]

• Show that d
dxσ(x) = σ(x)(1− σ(x)) [4pts]

Q3: Loss function’s gradients [20 pts] In the slides for the word2vec lecture, we saw that the total
loss for one positive example and k negative examples is given by:

LCE = − logP (1|w, c+)−
k∑

i=1

logP (0|w, c−i)

In what follows, where x is a vector and f a function of x and possibly more variables, we will define
∇xf := ⟨ ∂f

∂x1
, ∂f
∂x2

, . . . , ∂f
∂xn

⟩.
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• Rewrite this loss in terms of the parameter matrices E and C (i.e. replace the P (·)s with the definition
of the model). [2 pts]

Use w as the integer index of the target word, c+ as the integer index of the positive context word,
and c−i as the integer index of the ith negative sampled context word.

• Using the chain rule, compute d
dx − log σ(x). (Hint: use the derivative of sigmoid you calculated

previously. Note: log here is the natural logarithm, i.e. logarithm with base e.) [4 pts]

• Show that ∇xx · y = y (where x · y is the dot product of two vectors). [2 pts]

• Compute (and show your work) ∇Cc+
LCE . [4 pts]

• Compute (and show your work) ∇Cc−i
LCE . [4 pts]

• Compute (and show your work) ∇EwLCE . [4 pts]
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2 Getting Set Up on BlueHive [10 pts]

Starting with this homework, you will run code on BlueHive, the University’s computing cluster. Work
through the setup guide at https://cmdowney88.github.io/guides/cluster-setup/, reading the boxes
marked In a course and skipping those marked In the lab. In particular, you should:

• Set up the VPN (if you are off campus) and log in to BlueHive (Before You Start and Part 1 ).

• Create a directory for this class in your personal scratch folder, e.g. /scratch/username/ling282
(Part 2 ).

• Initialize conda (Part 5, Steps 1–3). You do not need to create your own environment in Step 5:
instead, use the class environment, which has already been built for you. Activate it with:

conda activate /scratch/ling_282_482_2026/env

Our class has a dedicated GPU node reserved for the semester. Jobs are sent to it with the following three
#SBATCH lines, which you will see again in later homeworks:

#SBATCH -p reserved

#SBATCH --reservation=ling282_20260929

#SBATCH -A ling282_fall_2026

Q1: Get access to the code [3 pts]

a. Sign up for a Github account if you don’t yet have one. Then send your username to your
instructor, either by email or Blackboard messages. You will be added to the Github repository for
this homework, containing the word2vec code which you will answer questions about. [1 pt]

b. Create a fork of the repository. This can be done from the home page of the repository under the
button that says “Fork” (see screenshot below). This will create your own working copy of the code
that you can clone to BlueHive and edit. [1 pt]

c. Clone your fork to BlueHive. On the home page of your fork, there will be a green button that
says “Code”. Under the “Clone” section, there will be an option to copy an HTTPS address to
your clipboard. On BlueHive, navigate to the class directory you created in your personal scratch
folder. Then run the command git clone <address> where <address> is replaced by the url you
just copied. You will be prompted for your Github username and a password. Github no longer
accepts your account password here: instead, enter a personal access token, which you can create
under Settings → Developer settings on Github. [1 pt]

Q2: Check in [5 pts] The class environment contains a command, ling282-checkin, that prints a
check-in code unique to your NetID. It only works from the activated class environment, inside a job on
the class reservation. Your clone of the repository contains a batch script, checkin.sh, that does this.
Open it (e.g. with nano, as in Part 3 of the guide) and find the three reservation lines above. Then, from
inside your clone, submit it with:

sbatch checkin.sh

You can check on your job with squeue -a -u username. The -a flag is needed here: the class reservation
uses a hidden partition, so without it squeue will not list your job at all. Once the job has finished, the
file checkin.out will contain your check-in code. Paste the full contents of checkin.out into your
writeup. If the job fails, checkin.err will say why.

Q3: Login vs. compute nodes [2 pts] In 1–2 sentences, explain why you should run your code through
Slurm (as in Q2) rather than directly on the login node you arrive at when you ssh into BlueHive.
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3 Word2Vec Implementation [36 pts]

Q1: Write Docstrings [12 pts] In quality Python code, functions/methods and classes should always be
documented with Docstrings. Docstrings are long comments that come immediately after the function/class
definition and describe 1) the overall functionality 2) the arguments that the function takes in (including
their types), and 3) what the function returns, including the return type. Some examples of completed
docstrings can be found in data.py, e.g. for the function generate training data. For this question,
you will fill in the missing docstrings for the following functions and methods:

• negative samples (data.py) [3 pts]

• negatives from positives (data.py) [3 pts]

• get positive samples (data.py) [3 pts]

• SGNS.forward (word2vec.py) [3 pts]

HINTS: The main script for running the word2vec algorithm is in word2vec.py. This script uses the
functions defined in data.py to pre-process the data for input ot the model. In writing your docstrings, it
will help you to understand how these functions are being used in word2vec.py. These data functions
are also described in more general terms in the word2vec course slides.

You can submit your work either by writing your docstrings in the area below in the LaTeX document
(just the docstrings, not the actual code), or by writing the docstrings directly in your copy of the code,
and uploading the modified versions of data.py and word2vec.py to Blackboard along with your PDF
writeup. Indicate which option you are choosing in your writeup.

def get_positive_samples(

text: list[str], window_size: int , tokens: list[str]

) -> list[tuple[str , str]]:

""" TODO: your docstring summary here

Args:

TODO: document the arguments

Returns:

TODO: document what the function returns

"""
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Q2: Understanding the model implementation [16 pts]

a. In SGNS.forward, what are lines 32-34 doing? (These are the lines that call torch.mul and torch.sum).
In other words, how do these lines relate to the definition of the SGNS model described in the slides?
[4 pts]

b. Where are the gradients that you calculated in Part 1 of this homework actually calculated within
the code? Hint: it is a single line of word2vec.py. Describe what this line is doing. [2 pts]

c. What does the command optimizer.step() do? (word2vec.py, line 94) [2 pts]

d. In lines 83-84 (word2vec.py), we define the variable batch y. What is the purpose of this variable?
What does it correspond to in the slides? [4 pts]

e. Look up the PyTorch documentation for BCEWithLogitsLoss. How does it relate to the loss function
we described in the slides, and why are we using it here? [4 pts]
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Q3: Train word vectors [8 pts] Now you will run the training script you’ve been inspecting to produce
word vectors. You should run this code on BlueHive, as a batch job on the class reservation. Your clone
of the repository contains a batch script for this, train.sh. Look over its #SBATCH lines, then, from inside
your clone, submit it with:

sbatch train.sh

The job first runs the main training loop with python word2vec.py. The default hyper-parameters for the
training loop can be found at the very bottom of the training script. It then runs python analysis.py

--save vectors vectors.tsv --save plot vectors.png, which takes your saved vectors and produces
a plot with the vectors (after using PCA to reduce dimensionality to 2) of a select choice of words, saved
as vectors.png.

The job will take about 15 minutes. Anything the scripts print, including the total training time,
is written to train.out. Progress bars and any errors are written to train.err: you can watch training
progress in real time with tail -f train.err (press Ctrl+C to stop watching; this does not affect the
job). Notice: the job might not output anything for a few minutes after it starts, while it pre-processes
the data.
In your writeup, please include:

• The total run-time of your training loop. This will be printed by the main script.

• The generated plot.

• Describe in 2-3 sentences any trends that you see in these embeddings.

Hint: A file can be copied from BlueHive to your local computer by running the following command in a
local terminal session. You will have to enter your password and Duo 2FA. Note the dot . at the end
of the command. The dot is shorthand for “here” (whichever folder you’re in on your local computer).
scp username@bluehive3.circ.rochester.edu:/scratch/username/foldername/filename .

4 Understanding Computation Graphs [24 pts]

Q1: Worked example Consider the function f(x) = x2 × cx.

• Draw a computaton graph for this expression. [4 pts]

• How many nodes are there (including input and output)? [2 pts]

• For x = 2 and c = 3: [12 pts]

– Compute the value of each node in a forward pass.

– Compute df
dn for each node n, using backpropagation.

• Consider the node corresponding to x2 in the graph. For each of the following, write a symbolic
expression and the numerical value (at x = 2, c = 3) for: [6 pts]

– The upstream derivative.

– The local derivative.

– The downstream derivative(s).
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