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Assignment Description

In assignment 2, you will practice training simple sequence generation 

models. We will treat arithmetic expressions as a language and use 

recurrent neural networks (RNN, LSTM) to train a sequence generation 

model for this special language. 

In this assignment, you will practice training and analyzing a neural 

network model, as well as reflect on the model's logical understanding 

of arithmetic operations.
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Train a model

Step1: Prepare the dataset 
Step2: Construct the model 
Step3: Define Optimizer 
Step4: Define loss function 
Step5: Train the model 
Step6: Evaluate the model 
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1. Input data to the model 
2. compute loss 
3. clear gradients 
4. compute gradients 
5. optimize parameters 
6. back to 1. 



A simple example of linear regression

● Data distribution: 
● Use a line to represent 

these data
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Pytorch code of linear regression
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model 

loss  & optimizer 

load data 

initialize 
data tensor

1. Input data to the model 
2. compute loss 
3. clear gradients 
4. compute gradients 
5. optimize parameters 



Forward & Back-propagation Insight (1/2)
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step 1 step 2



Forward & Back-propagation Insight (2/2)
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step 2 step 3

step 4



Outputs
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RNN Review
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● Each input word embeddings has a 

corresponding output y.

● In generative tasks, RNN encodes the 

prior tokens to a vector representation 

and outputs y, which is the prediction 

of the next token.



Arithmetic
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● You are tasked with training an LSTM recurrent model to enable it to 

perform arithmetic operations.

LSTM LSTM LSTM LSTM LSTM

   ‘1’               ‘+’              ‘1’              ‘=’              ‘2’

    y1              y1+             y1+1           y1+1=           y1+1=2



Dataset

Arithmetic dataset

● Train split:  2,369,250 pieces

● Eval split: 263,250 pieces

● Each data piece: A 2~3-number equation, each number is in [0, 50), 

○ e.g. (10 + 4) * 2 =   and the answer is 28

○ The operations include: +, -, *, ()
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https://drive.google.com/file/d/1cMuL3hF9jefka9RyF4gEBIGGeFGZYHE-/view?usp=sharing


Dataset examples
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Example Inputs Answer

1 + 2 - 3 = 0 1 + 2 - 3 = 0

(10 + 4) * 2 = 28 (10 + 4) * 2 = 28

*Answer in red
● Task: A (+/-/*) B (+/-/*) C = ?



Code
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Colab: access google drive (1/2)
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Write these two lines here

Login your google account



Colab: access google drive (2/2)
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Your google drive is here
(./drive/MyDrive/…)

Upload your data 
to google drive



Check the downloaded file
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Line-by-line manner

    Arithmetic_train.csv

id, input, ground truth
separated by “ , ”



Load the data
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Read the data from .csv file

Transform the output 

data to string 



TODO1: Build your dictionary here (5%)
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For example:
char_to_id = {

‘<pad>’ : 0,
‘<eos>’ : 1,
‘0’ : 2,
…

}
And,
id_to_char = {

0 : ‘<pad>’,
1 : ‘<eos>’,
2 : ‘0’,
…

}



TODO2: Data preprocessing (10%)
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Process the data into the format 
required for model’s input and output.

Here we replace them to ‘<pad>’



TODO3: Data Batching (5%)

20

In the DataLoader, data is initially extracted from 
the Dataset using the __getitem__(...)  
method to construct a batch. This batch is then 
passed to the collate function for further 
processing.

The model is required to make predictions only 
for the tokens following the '=' symbol in the 
input. 

Any output generated by the model before the '=' 
symbol is irrelevant and should be excluded 
from the loss calculation during training.



Model
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We define two LSTM 
layers.



TODO4: Generation (10%)
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The start_char is fed into the model. Each time a sequence is input into the model, 
it generates a prediction for the next token. The prediction for the next token 
corresponds to the last element in the model's output sequence.

We the output is ‘<eos>’, the generation should be stopped.



TODO5: Training (10%) and TODO6: Evaluation (10%)
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● You are required to train the LSTM model using teacher forcing.
○ Make sure that you are training your model on gpu.

● You are required to compute accuracy (Exact Match) of the evaluation set.
○ You must use the generator function to generate the whole answers 

and check whether they match the ground truths.



Teacher forcing
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Teacher forcing is a training technique commonly used in 
sequence-based models.

In teacher forcing, during training, instead of using the model’s predicted 
output as input for the next time step, the true target (the ground truth) 
from the training data is fed as the next input.

e.g. 1+2-3=0
the model input is: “1+2-3=”
instead of running several forward pass to generate the whole sequence, 
we input: “1+2+3=0” and predict p(‘0’|‘1+2+3=’) and p(‘<eos>’|‘1+2+3=0’) 



Teacher forcing
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LSTM LSTM LSTM LSTM LSTM

‘<bos>’            ‘I’                ‘am’           ‘eating’        ‘dinner’

    ‘I’                ‘am’          ‘eating’        ‘dinner’         ‘<eos>’

Without teacher forcing

Teacher forcing

LSTM LSTM LSTM LSTM LSTM

‘<bos>’            ‘I’                ‘am’              ‘a’          ‘student’

    ‘I’                ‘am’           ‘eating’        ‘dinner’       ‘<eos>’

ground truth

Use the previous 
prediction as the 
next input token. 

Use the ground 
truth tokens as 
sequence input 

For example, the ground truth is: “I am a student”,
but the model’s output is: “I am eating dinner”



Submission
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Scoring
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Coding work : 45%

TODOs Scores

TODO1: Build your dictionary here 5%

TODO2: Data preprocessing 5%

TODO3: Data Batching 5%

TODO4: Generation 10%

TODO5: Training 10%

TODO6: Evaluation 10%



Scoring
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Coding work : 45%

Score: 10% (The higher the accuracy achieved, the higher the score awarded.)

● A screenshot must be included at the end of the report.

Report: 45%

● Present your hyper-parameters in training, including learning rate, batch size, hidden size, 
epochs(steps), etc. (5%)

● If you use RNN or GRU instead of LSTM, what will happen to the quality of your answer 
generation? Why? (10%)

● If we construct an training set using three-digit numbers while the evaluation set is 
constructed from two-digit numbers, what will happen to the quality of your answer 
generation? (10%)

● If we construct a training set that includes 20% incorrect answers, how will this affect the 
quality of the generated responses? Present some examples. (10%)

● Why do we need gradient clipping during training? (5%)
● … Anything that can strengthen your report. (5%)

For ease of grading, you are encouraged to present data in textual form rather than as images.



Delivery policies: File formats
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● Coding work: Python file (.py)
○ Download your script via Colab.

● Package list: requirements.txt
○ E.g., numpy==1.26.3

● Report: Microsoft Word (.docx)

● No other formats are allowed.

● Zip the files above before 

uploading you assignment.



Delivery policies: Filenames
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Filename rule Filename example

Coding work NLP_HW2_school_student_ID.py NLP_HW2_NTHU_12345678.py

Report NLP_HW2_school_student_ID.docx NLP_HW2_NTHU_12345678.docx

Package list requirements.txt

Zipped file NLP_HW2_school_student_ID.zip NLP_HW2_NTHU_12345678.zip



Delivery policies: Things You should include

● In your report:
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Example

Environment types If Colab or Kaggle If local

Running environment Colab System: Ubuntu 22.04,
CPU: Ryzen 7-7800X3D

Python version Colab Python 3.10.1



Delivery policies: Rules of coding

● If you use ChatGPT or Generative AI, please specify your usage both in:
○ Code comments
○ Reports

● No plagiarism. You should not copy and paste from your classmates. 
Submit duplicate code or report will get 0 point !

● Please provide links if you take the code from the Internet as reference.
● The following behaviors will cause loss in the score of the assignment: (1) 

Usage with Generative AI without specifications (2) Internet sources 
without specifications (3) Plagiarism. 32



Punishments
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Rule Name your code: 
NLP_HW2_school_st
udent_ID.py (only .py 
is acceptable)

Name your report: 
NLP_HW2_school_stu
dent_ID.docx

Name your file: 
NLP_HW2_school_stu
dent_ID.zip

Include 
requirements.txt

Punishment -5 -5 -5 -5

Rule Include python 
version in your report

Do not modify the code 
template (only changes 
to data loading are 
allowed).

Do not modify the 
report template

Your code or report 
should not shows a 
high degree of 
similarity to another 
student’s submission.

Punishment -5 -5 -5 -100 for both

If you are using Colab, go to File → Download → Download .py to obtain the Python file.



Uploading the zipped file

● Please upload your file to NTU COOL.

● You will have three weeks to finish this assignment.

● If you have any question, please e-mail to nthuikmlab@gmail.com
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