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Scenario 11 Explainable AI

• You are running latefor an importantinterview
• You have twooptions:

1. Follow thestandard routeand arrive late2. Cross a huge,mysterious lawn
• But there is a sign
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Scenario 21 Explainable AI

• What if the sign is the following?
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Scenario 31 Explainable AI
• And now?
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ChatGPT - Prompt1 Explainable AI

• Ask ChatGPT for its opinion about something
— For example, upload one of your photos and ask how old you were in that photo— The question should not concern factual information (i.e., something easily found onGoogle).

• Done? Was the answer correct?
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ChatGPT - Prompt1 Explainable AI

• My initial prompt: How old do you think I was in this picture? Give me a 2-3 year
range.

• Input:

• Answer:
• Think about our previous scenarios: ChatGPT is writing the “instructions”
• In which scenario are we?
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ChatGPT - Explanations1 Explainable AI

• Now let’s ask an explanation to ChatGPT
• Ask for the reasoning behind that specific answer.
• Done? Did the reasoning make sense in relation to the correctness of the answer?
• Think about our previous scenarios: ChatGPT is writing the “instructions”
• In which scenario are we?
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ChatGPT - Explanations?1 Explainable AI

• Think about our previous scenarios: ChatGPT is writing the “instructions”
• In which scenario are we?

— We are still in Scenario 1!!— There is no difference (from the AI’s point of view) between your first request andsecond request— The motivation provided is not linked to the actual decision process! It’s just anotherprediction!
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ChatGPT - Explanations?1 Explainable AI

• New (incognito)session:
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ChatGPT - Explanations?1 Explainable AI
• Skin and facial features:

— Now:Your skin appears smooth and relatively free from signs of aging (e.g. wrinkles,sagging, or pronounced under-eye bags), which is more typical in people under 25.— Before: Your skin appears generally smooth with only minimal signs of aging (like faintlines or texture), which suggests you’re past your early 20s but not yet in your mid-30s.— Now:Your face has a youthful shape — less angular or sunken than what we usually seein people closer to 30.— Before: The proportions of your face and the definition of your features look like thoseof an adult who’s fully matured but still relatively young.
• Expression and posture:

— Before: While neutral, there’s a subtle freshness to the expression and skin tone that’soften found in people in their early 20s.— Now: You project a calm, adult demeanor that’s typical of someone with a few years ofadult experience, not someone still in their early 20s.
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eXplainable AI1 Explainable AI

• Goal: understanding AI behavior
• Examples:

— What are the most important factors influencing this prediction?— What do I need to change in my input to obtain a different prediction?— What did this model learn during the training process?
• Key Difference: The explanationmust be truthful to the model’s behavior— We usually need a mathematical proof/connection

◦ E.g., Altering non-important factors should not change the prediction— How strong are these guarantees?
◦ Strong for some class of models (e.g., Decision Trees, Logistic Regression)
◦ Weak (contextualized) for complex models (e.g., LLM, Deep Neural Networks, etc)
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eXplainable AI on Complex AI1 Explainable AI
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eXplainable AI - Why1 Explainable AI
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eXplainable AI - Why1 Explainable AI

• These scenarios are real, not hypothetical ones! An example?

• Search for COMPAS’s bias and fairness!
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AIEA Lab2 AIEA Lab
• Artificial IntelligenceExplainability Accountability
• Mission: To conductcutting-edge interpretable andexplainable AI research thatinspires curiosity, whileactively explaining systemic
injustices within and outsideof AI and computer sciencethrough expanded
empowerment, alongside funand stimulating collaborators.
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AIEA Lab - Useful Links2 AIEA Lab

• Guiding Principles: https://shorturl.at/X5pKC
• Website: https://aiea-lab.github.io/
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AIEA Lab - Research2 AIEA Lab

• The lab is heterogeneous, covering a lot of topics and domains!
• Commonality: explainable AI
• Some projects:— NeuroSymbolic

◦ Deep Neural Networks (e.g., LLM) + Symbolic Computation (e.g., Logic)— Autograder
◦ Create a code autograding framework that can give students personalized feedback

— XAI for Mental Health
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AIEA Lab - Research2 AIEA Lab

• Robust Autonomous Vehicles— make autonomous vehicles safer and more robust by
◦ designing interesting driving scenarios
◦ implementing AI algorithms that can ensure safety
◦ explaining the behaviors in training and post hoc

• Network Pruning
— How efficient are current models?— Can we reduce their carbon footprint?— What knowledge do we lose when we compress or prune them?
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AIEA Lab - Research2 AIEA Lab

• Understanding LLM failures
— When do these models usually fail?— Why do they fail?— How can we correct them?

• Neuron Alignment and Explanation
— What do these models learn in terms of knowledge?— Do they recognize concepts (e.g., object) as humans do?

≡⋄ 1 - - - - - - - - - - - - -⋄ 2- - - - - -⋄ 3- - - - - - - - - - - - - - - - - - - - - - - -⋄ 4 20/47



AIEA Lab - How To Join2 AIEA Lab

• Info at: https://aiea-lab.github.io/join/
• For Undergrads: Auditor program (almost every quarter)

— Complete 10 tasks over 10 weeks (the full quarter) to join the lab— Every project has its own tasks— All the tasks are code based— Each project has its own knowledge requirements
• Join the waiting list if you want to know more
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Neuron Alignment3 Neuron Alignment

• Neurons are the basic functional units of every modern AI
• Each neuron takes some inputs (from previous neurons) and returns an output
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Neuron Alignment3 Neuron Alignment
• Our goal: understand whether these neurons “parse” inputs similarly to humans.
• In other words: do they see the world as we do?
• But..how do humans identify concepts?

• What about artificial neurons?
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Let’s do it Together3 Neuron Alignment
• Tutorial at the following Colab Link: https://shorturl.at/PkeaN
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Tutorial3 Neuron Alignment

• Two main sections
— Setup (you can ignore this part)— Tutorial
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Tutorial3 Neuron Alignment

• Parameters
— unit: Neuron we want to explain
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Tutorial3 Neuron Alignment

• We can skip this part. Itcreates a structure containingall the configurations needed.
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Tutorial - Loading the dataset3 Neuron Alignment

• Here we load the images from thedatasets and their segmentations
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Tutorial - Neurons Output3 Neuron Alignment

• How does a neuron’soutput look like?
• Let’s consider arandom sample fromthe dataset
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Tutorial - Neurons Output3 Neuron Alignment

• How does a neuron’s output look like?

• It’s chaotic, isn’t it?
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Tutorial - Neurons Output3 Neuron Alignment

• If we look morecarefully, we cannotice some spatialpatterns
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Tutorial - Our Research3 Neuron Alignment

• Our goal is to check if these patterns are aligned with human-defined concepts (i.e.,segmentations)
• The hard part is to find patterns that are consistent across multiple samples
• Our research aims to find explanations that tell us whether a neuron’s activations arealigned or not and to which concept they are aligned
• Let’s do it!
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Tutorial - Neurons Activations3 Neuron Alignment

• Let’s focus at first on the highestactivations
• We extract a “threshold” that we canuse to determine which activations areconsidered the “highest one”

— In our case, we select the top 5percentile
• We use that threshold to binarize theactivations (i.e.set all activations belowthe threshold to 0 and others to 1)
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Tutorial - Neurons Activations3 Neuron Alignment
• Result:

• Is the neuron activation aligned with something?
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Tutorial - Neurons Activations3 Neuron Alignment

• Unfortunately, 1 sample is notenough
• We need to test multiplesamples
• From now on, I will just showimages, since the code simplyloads cached files
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Tutorial - Explanations3 Neuron Alignment
• Now it’s time to assign labels to these visualized concepts• How? Network Dissection selects the concept whose human segmentation mapsoverlap the most with these computed neurons masks
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Tutorial - Explanations3 Neuron Alignment

• In this case, NetworkDissection returns Highway asan explanation
• How good is it?
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Tutorial - Explanations3 Neuron Alignment

• In this case, NetworkDissection returns Highway asan explanation
• How good is it?
• These are the masksannotated by humans as“highway”!
• Do you see any problems?
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Tutorial - XAI Scenario3 Neuron Alignment

• Does this scenario make sense now?
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Tutorial - Explanations3 Neuron Alignment
• Let’s try to do better! Compositional Explanations propose to search for the
combination of concepts up to length n that maximize the overlap

• How? Using search algorithms!
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Tutorial - Explanations3 Neuron Alignment

• Let’s set the maximum lengthto 3
• In this case, CompositionalExplanations Algorithmreturns ((highway-s OR
field-cultivated-s) AND NOT
sky) as an explanation

• How good is it?
• Better than before?
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Tutorial - Explanations3 Neuron Alignment

• ((highway-s OR
field-cultivated-s) AND NOT
sky)

• How good is it?
• Better than before?— It is at the math level (IoU)

◦ NetDissect: 0.065
◦ Compositional: 0.087
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Tutorial - What’s Next?3 Neuron Alignment

• Activation Matrix
• Neuron’s Mask • Explanation’s Mask
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Our Research3 Neuron Alignment

• Multiple activation ranges
• Replace human annotations with AI
• Dynamic explanation length
• Optimality of explanation
• Application over multiple domains (e.g., LLMs)
• and so on..
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Our Research3 Neuron Alignment

The ultimate goal is to capture as much behavior as possible. (i.e., increase the validityof explanations)
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