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Recitation: More on PCA & manifold learning



2D PCA Plots

Demo



t-SNE Interpretation

https://distill.pub/2016/misread-tsne/



Dimensionality Reduction for Visualization
• There are many methods (I've posted a link on the course webpage to 

a scikit-learn example using ~10 methods)

• PCA is good to try first (look at plot & explained variance ratios)

• PCA is very well-understood; the new axes can be interpreted

• If you have good reason to believe that only certain features matter, of 
course you could restrict your analysis to those!

• Nonlinear dimensionality reduction (manifold learning): 
new axes may not really be all that interpretable

• t-SNE can be annoying to use but is still very popular

• Promising recently developed alternative: PaCMAP (Wang et al 2021) 
accounts for local and global structure simultaneously and also uses 
“mid-near” neighbors of points — link on course webpage

• If PCA works poorly, then t-SNE could be a good 2nd thing to try



Let’s look at images



(Flashback) Multiple Documents

Text doc #1

Text doc #2

Text doc #n

<latexit sha1_base64="B1pwU2JRVAB4dpn6t+NGyIzL2QQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+wFtKJvNpl272Q27k0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbITFMcMkayFGwdqoZSULBWuHwbua3RkwbruQjjlMWJKQvecwpQSs1u6NIoemVK17Vm8NdJX5OKpCj3it/dSNFs4RJpIIY0/G9FIMJ0cipYNNSNzMsJXRI+qxjqSQJM8Fkfu3UPbNK5MZK25LoztXfExOSGDNOQtuZEByYZW8m/ud1MoxvggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemAaELRBlSyIfjLL6+S5kXVv6p6D5eV2m0eRxFO4BTOwYdrqME91KEBFJ7gGV7hzVHOi/PufCxaC04+cwx/4Hz+AMzBj0Y=</latexit>XXX

☀ ☁ ☂ ☃
Feature vector #1

Feature vector #2

Choose a common vocabulary to 
use across all documents

This idea of representing data as feature 
vectors is very general — not just for text!

Feature vector #n

<latexit sha1_base64="B1pwU2JRVAB4dpn6t+NGyIzL2QQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+wFtKJvNpl272Q27k0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbITFMcMkayFGwdqoZSULBWuHwbua3RkwbruQjjlMWJKQvecwpQSs1u6NIoemVK17Vm8NdJX5OKpCj3it/dSNFs4RJpIIY0/G9FIMJ0cipYNNSNzMsJXRI+qxjqSQJM8Fkfu3UPbNK5MZK25LoztXfExOSGDNOQtuZEByYZW8m/ud1MoxvggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemAaELRBlSyIfjLL6+S5kXVv6p6D5eV2m0eRxFO4BTOwYdrqME91KEBFJ7gGV7hzVHOi/PufCxaC04+cwx/4Hz+AMzBj0Y=</latexit>XXX



Image source: The Mandalorian

Example: Representing an Image

1

Go row by row and look at pixel values

1: black 
0: white



Image source: The Mandalorian

Example: Representing an Image
Go row by row and look at pixel values

1: black 
0: white

1 0.9



Image source: The Mandalorian

Example: Representing an Image
Go row by row and look at pixel values

1: black 
0: white

1 0.9 <latexit sha1_base64="pnDg8Z093VXRE90cSKEbn4ZZtVA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtGNn4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3Xvqn55f1lrNIo4ynACp3AOHlxDA+6gCS1g8AjP8ApvjnJenHfnY9FacoqZY/gD5/MHsKuPNg==</latexit>· · · 0.1



Image source: The Mandalorian

Example: Representing an Image

1 0.9 <latexit sha1_base64="pnDg8Z093VXRE90cSKEbn4ZZtVA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtGNn4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3Xvqn55f1lrNIo4ynACp3AOHlxDA+6gCS1g8AjP8ApvjnJenHfnY9FacoqZY/gD5/MHsKuPNg==</latexit>· · · 0.1 0.9<latexit sha1_base64="pnDg8Z093VXRE90cSKEbn4ZZtVA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtGNn4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3Xvqn55f1lrNIo4ynACp3AOHlxDA+6gCS1g8AjP8ApvjnJenHfnY9FacoqZY/gD5/MHsKuPNg==</latexit>· · ·

1: black 
0: white

Go row by row and look at pixel values

# dimensions = image width × image height

Very high dimensional!



Terminology Remark

• number of axes we can index into for a table/array 
(e.g., 2D means there are rows & columns)

⚠ We use “dimension” to means two different things:

• total number of entries in the table/array

1 0.9 <latexit sha1_base64="pnDg8Z093VXRE90cSKEbn4ZZtVA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtGNn4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3Xvqn55f1lrNIo4ynACp3AOHlxDA+6gCS1g8AjP8ApvjnJenHfnY9FacoqZY/gD5/MHsKuPNg==</latexit>· · · 0.1 0.9<latexit sha1_base64="pnDg8Z093VXRE90cSKEbn4ZZtVA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtGNn4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3Xvqn55f1lrNIo4ynACp3AOHlxDA+6gCS1g8AjP8ApvjnJenHfnY9FacoqZY/gD5/MHsKuPNg==</latexit>· · ·

# dimensions = 1

# dimensions = image height × image width



Dimensionality Reduction for Images

Demo


