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Building a ML Pipeline from Scratch

 In this tutorial, we will build an end-to-end ML pipeline for a
Heart Disease binary prediction

* The Framework: TinyTorch
* An educational framework built on NumPy

* Mimics PyTorch's abstraction (Tensors, Autograd, Layers).
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Set up Google Colab

« We will use Google Colab for this tutorial

« A platform that provides free cloud CPU and GPU runtime for
jupyter notebook

* QOur notebook:
https://colab.research.google.com/drive/1seNYOI9emkdEggn -Z-
Sm2cgsu7bgEQ?2
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Set up Google Colab — Step 1. Make a Copy

cO £ CS4262-Tutorial-TinyTorch.ipynb ¥ & B & 2 she @
[File Edit View Insert Runtime Tools HeIB]

Q, Cor Locate in Drive Connect ~ A

Open in playground mode

ES v o2 Wi

New notebook in Drive . .
R ng a Neural Network from Scratch with TinyTorch

Open notebook 38/Ctrl+O
<> Upload notebook ning pipeline based on TinyTorch, an educational deep learning framework that implements the
. NumPy. We will implement data preprocessing, activations, losses, and the training pipeline.
[ ) Rename
LT

Move
Ca Move 1o trash rward Propagation and Backpropagation.

ove to trasl

o from data preprocessing and model inference to optimization and visualization.

Save a copy in Drive ronment and downloading the necessary framework code.
E Save a copy as a GitHub Gist

ckages

Save a copy in GitHub

Save 8/Ctrl+S ge

Save and pin revision #/Ctrl+M S

o to ensure reproducibility.
Revision history

Notebook info

f TinyTorch to the runtime
Download > gzVKF_JX5S6vfNfjf-R
Print se/cirlop & tar —xzf tinytorch.tar.gz -C tinytorch & rm tinytorch.tar.gz

! 14# Import TinyTorch

2 from tinytorch.tensor import Tensor
3 from tinytorch.dataloader import TensorDataset, DatalLoader
4 from tinytorch.optimizers import SGD
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Set up Google Colab — Step 2. Connect to a Runtime

cO & Copy of CS4262-Tutorial-TinyTorch.ipynb ¥ & B = 2 share @

File Edit View Insert Runtime Tools Help

Q Commands + Code ~ + Text [ Runall ~

= v Wi
@ - CS4262Tutorial 1: Building a Neural Network from Scratch with TinyTorch

<> In this tutorial, we will build a deep learning pipeline based on TinyTorch, an educational deep learning framework that implements the
. essential abstractions of PyTorch with NumPy. We will implement data preprocessing, activations, losses, and the training pipeline.
2,
Learning Objectives:
ez 1. Understand the mechanics of Forward Propagation and Backpropagation.
o 2. Understand the training pipeline, from data preprocessing and model inference to optimization and visualization.
Let's get started by setting up the environment and downloading the necessary framework code.
8

v (»] 1 # Import necessary packages
2 import numpy as np
3 import pandas as pd
4 from tgqdm import trange
5
6 # We use a fixed seed to ensure reproducibility.
7 np.random.seed (4262)

1 # Download the code of TinyTorch to the runtime
2 !'gdown 1nJIWcClxTfiHfxgzVkF_JX556vfNfjf-R
3 Imkdir -p tinytorch && tar -xzf tinytorch.tar.gz -C tinytorch && rm tinytorch.tar.gz

1# Import TinyTorch

2 from tinytorch.tensor import Tensor

3 from tinytorch.dataloader import TensorDataset, DatalLoader

4 from tinytorch.optimizers import SGD

5 from tinytorch.layers import Layer, Linear, Sequential, Dropout
6 from tinytorch.autograd import Function
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Set up Google Colab — Step 2. Connect to a Runtime

cO £ Copy of CS4262-Tutorial-TinyTorchipynb ¥ &

File Edit View Insert Runtime Tools Help

Q Commands + Code ~ + Text B Runall -

A
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€]

r
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CS4262 Tutorial 1: Building a Neural Network from Scratch with TinyTorch

In this tutorial, we will build a deep learning pipeline based on TinyTorch, an educational deep learning framework that implements the
essential abstractions of PyTorch with NumPy. We will implement data preprocessing, activations, losses, and the training pipeline.

Learning Objectives:

1. Understand the mechanics of Forward Propagation and Backpropagation.
2. Understand the training pipeline, from data preprocessing and model inference to optimization and visualization.

Let's get started by setting up the environment and downloading the necessary framework code.

1# Import necessary packages

2 import numpy as np

3 import pandas as pd

4 from tgdm import trange

5

6 # We use a fixed seed to ensure reproducibility.
7 np.random.seed(4262)

1# Download the code of TinyTorch to the runtime
2 !'gdown 1nJWcC1xTfiHfxgzVkF_JX556vfNfjf-R
3 Imkdir -p tinytorch && tar -xzf tinytorch.tar.gz -C tinytorch && rm tinytorch.tar.gz

1# Import TinyTorch

2 from tinytorch.tensor import Tensor
3 from t
4 from t
5 from W import Layer, Linear, Sequential, Dropout

6 from tinytorch.autograd import Function




Set up Google Colab — Step 3. Run a Cell

cO & Copy of CS4262-Tutorial-TinyTorch.ipynb  ¥r & B & 2, share @
File Edit View Insert Runtime Tools Help
Q Commands + Code ~ + Text P Runall ~ v T)'?::: T v oA
R ~ CS4262 Tutorial 1: Building a Neural Network from Scratch with TinyTorch
<> In this tutorial, we will build a deep learning pipeline based on TinyTorch, an educational deep learning framework that implements the
. n essential abstractions of PyTorch with NumPy. We will implement data preprocessing, activations, losses, and the training pipeline.
®
- Learning Objectives:
cw 1. Understand the mechanics of Forward Propagation and Backpropagation.
O 2. Understand the training pipeline, from data preprocessing and model inference to optimization and visualization.
Let's get started by setting up the environment and downloading the necessary framework code.
8 T 7 m

1 # Import necessary packages
g numpy as np

pandas as pd

gdm import trange

Run cell (38/Ctrl+Enter)
cell has not been executed in this session
3! O

6 # We use a fixed seed to ensure reproducibility.
7 np.random.seed(4262)

1 # Download the code of TinyTorch to the runtime
2 'gdown 1nJWcC1xTfiHfxgzVkF_JX556vfNfjf-R
3 'mkdir -p tinytorch && tar -xzf tinytorch.tar.gz -C tinytorch & rm tinytorch.tar.gz

1 # Import TinyTorch

2 from tinytorch.tensor import Tensor

3 from tinytorch,dataloader import TensorDataset, Dataloader

4 from tinytorch.optimizers import SGD

5 from tinyto import Layer, Linear, Sequential, Dropout
6 from tinyt . ograd import Function
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Set up Google Colab — Step 4. Setup the Environment

& Copy of CS4262-Tutorial-TinyTorch.ipynb
File Edit View Insert Runtime Tools Help

Q Commands + Code ~ + Text P Runall ~
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1 # Import necessary packages
2 import numpy as np
3 import pandas as pd

4 from tqdm import trange

5

6 # We use a fixed seed to ensure reproducibility.
7 np.random.seed(4262)

1 # Download the code of TinyTorch to the runtime
2 !gdown 1nJWcClxTfiHfxgzVkF_JX5S6vfNfjf-R
3 'mkdir -p tinytorch && tar -xzf tinytorch.tar.gz -C tinytorch && rm tinytorch.tar.gz

Downloading.

From: https://drive.google.com/uc?id=1nJWcCixTfiHfxgzVkF JX556vfNfjf-R

To: /content/tinytorch.tar.gz
100% 20.1k/20.1k [00:00<00:00, 51.7MB/s]

1 # Import TinyTorch
2 from tinytorch.tensor import Tensor

3 from tinytorch.dataloader import TensorDataset, Dataloader

4 from tinytorch.optimizers import SGD

5 from tinytorch.layers import Layer, Linear, Sequential, Dropout
6 from tinytorch.autograd import Function

1 !pip install ucimlrepo

Collecting ucimlrepo
Downloading ucimlrepo-0.0.7-py3-none-any.whl.metadata (5.5 kB)

Requirement
Requirement
Requirement
Requirement
Requirement
Requirement
Requirement
Downloading

already satisfied:
already satisfied:
already satisfied:
already satisfied:
already satisfied:
already satisfied:
already satisfied:

pandas>=1.0.0 in /usr/local/lib/python3.12/dist-packages (from ucimlrepo) (2.2.2)

certifi>=2020.12.5 in fusr/local/lib/python3.12/dist-packages (from ucimlrepo) (2025.11.12)

numpy>=1.26.8 in /usr/local/lib/python3.12/dist-packages (from pandas>=1.@.8->ucimlrepo) (2.0.2)
python-dateutil>=2.8.2 in /usr/local/lib/python3.12/dist-packages (from pandas>=1.0.0->ucimlrepo) (2.9.0.post@)
pytz>=2020.1 in /usr/local/lib/python3.12/dist-packages (from pandas>=1.0.8->ucimlrepo) (2025.2)
tzdata>=2022.7 in /usr/local/lib/python3.12/dist-packages (from pandas>=1.@.0->ucimlrepo) (2025.3)

six>=1.5 in fusr/local/lib/python3.12/dist-packages (from python-dateutil>=2.8.2->pandas>=1.0.0->ucimlrepo) (1.17.0)

ucimlrepo-0.0.7-py3-none-any.whl (8.@ kB)
Installing collected packages: ucimlrepo
Successfully installed ucimlrepo-0.0.7
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Tasks

* You are expected to fill in all the blanks in the notebook

« Expected outcome after finishing all tasks:

17 ax[1].legend()
18 ax[1].grid(True)
19

20 fig.show()

Training Loss over Epochs Training and Validation Accuracy over Epochs
0.650 - 0.90 -
0.625 - 0.85
0.600 -
0.80 -
0.575
>
v
? 0.550 - S 075
3 ]
0.525 < 0.70 -
0.500
0.65
0.475 7 —— Training Accuracy
0.450 - 0.60 1 —— Validation Accuracy
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Epoch Epoch

28 January 2026



Task 1. Feature Normalization

e /-score normalization: normalize the features to have mean 0 and
std 1

where u and o are the mean and standard deviation respectively

« Normalized data ensure the effectiveness of activation functions
and prevents feature dominance
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Task 2. Forward and Backward Propagation

* Implement the forward and backward pass of activations (ReLU &
Sigmoid) and Binary Cross Entropy Loss

*  Model Pipeline Input Feature m

Dropout

aaaaaaaaaa
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Task 2. Forward and Backward Propagation — ReLU

« Forward Propagation
f(x) = max(0, x)

« Backward Propagation

d _|1,x>0
E(f(x))—{

0, o.w.
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Task 2. Forward and Backward Propagation — Sigmoid

« Forward Propagation
1
1+e™

o(x) =

« Backward Propagation

d
o (O'(X)) = a(x)(l — O'(X))

2222222222222
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Task 2. Forward and Backward Propagation — BCE Loss

« Forward Propagation (p; i1s model output; y; is label)
1
L(pi,yi) = _Nz(:)’i logp; + (1 —y;) log(1 —p;))

« Backward Propagation

_(L(pu YL)) — i

Npl(l D;)
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Task 3. Training Loop

1.

ok~ W
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Run an inference to get the output

Compute the loss using the output and the label
Wipe the gradient of the optimizer
Compute the new gradients by backward propagation

Update the weights with the optimizer
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Submit Your Code — Upload the Notebook to Canvas

Q Cor

a2
(]

(©)

r
(3

B0 9

& Copy of CS4262-Tutorial-TinyTorch.ipynb ¥ &

File Edit View Insert Runtime Tools Help

Locate in Drive

Open in playground mode

New notebook in Drive
Open notebook

Upload notebook

Rename
Move

Move to trash

Save a copy in Drive
Save a copy as a GitHub Gist

Save a copy in GitHub

Save
Save and pin revision
Revision history

Notebook info

Download

Print
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3#/Ctrl+O

8/Ctrl+S

38/Ctrl+M S

>

38/Ctrl+P
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Installing collected packages: ucimlrepo
2 Successfully installed ucimlrepo-0.0.7
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v | 1. Data Processing

Deep learning models require data to be numerical and typically on a similar scale to train effectively. We will be using the UCI Heart
Disease dataset for a binary classification task.

Feature Normalization

Before feeding data into a neural network, it is crucial to normalize it. Raw features often vary wildly in magnitude. If we don't normalize,
gradients for larger features will explode, making training unstable.
Task: Complete the normalize_features function below. You should implement Z-score standardization:
x -—
sl M
o

Where 1 is the mean and o is the standard deviation. This centers the data around O with a standard deviation of 1.

1 # Data Processing

2

3 def normalize_features(X_train, X_test):

. “ttTt ' rdize features (z-score) using training set statistics.
Download .ipynb

Download .py
8 # BEGIN OF YOUR CODE
9
10 # END OF YOUR CODE
11
12 return X_train, X_test
13

nalize the feature by subtracting the mean and dividing by the standard deviation.
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Thanks for Listening!

Credits to Vijay Janapa Reddi



	Slide 1: CS4262/5462 Machine Learning Systems  Tutorial 1: Intro to TinyTorch
	Slide 2: Building a ML Pipeline from Scratch
	Slide 3: Set up Google Colab
	Slide 4: Set up Google Colab – Step 1. Make a Copy
	Slide 5: Set up Google Colab – Step 2. Connect to a Runtime
	Slide 6: Set up Google Colab – Step 2. Connect to a Runtime
	Slide 7: Set up Google Colab – Step 3. Run a Cell
	Slide 8: Set up Google Colab – Step 4. Setup the Environment
	Slide 9: Tasks
	Slide 10: Task 1. Feature Normalization
	Slide 11: Task 2. Forward and Backward Propagation
	Slide 12: Task 2. Forward and Backward Propagation – ReLU
	Slide 13: Task 2. Forward and Backward Propagation – Sigmoid
	Slide 14: Task 2. Forward and Backward Propagation – BCE Loss
	Slide 15: Task 3. Training Loop
	Slide 16: Submit Your Code – Upload the Notebook to Canvas
	Slide 17: Thanks for Listening!

