Adv ML for Gen-Al

Course Overview and Logistics

https://ml-graph.github.io/spring-2026/

Yu Wang, Ph.D.

Assistant Professor
Department of Computer Science
University of Oregon
Personal: https://yuwang0103.g1thub.10/
Lab: https://kindlab-fly.github.10/

Knowledge Intelligence for Discovery and Decision-making (KIND) Lab


https://ml-graph.github.io/spring-2026/
https://ml-graph.github.io/spring-2026/
https://ml-graph.github.io/spring-2026/
https://ml-graph.github.io/spring-2026/
https://ml-graph.github.io/spring-2026/
https://ml-graph.github.io/spring-2026/
https://yuwang0103.github.io/
https://kindlab-fly.github.io/
https://kindlab-fly.github.io/
https://kindlab-fly.github.io/
https://kindlab-fly.github.io/
https://kindlab-fly.github.io/

Self-Introduction %

https://vuwang0103.github.io/

Research Interests:

- : : e > Ce
Data Mining and Machine Learning ©

"
& %
Neural-Symbolic Learning g \%-
c [a)
Graph and Network I %
,93 <
<

) -

Yu ( Jack) Wang e LLM + Structured Knowledge 2
>
(You) + Al/ML/DM Applications Y /OQ
v h'l-(l-uo\‘.‘o\'-"o
o Document Intelligence -
o Social Computing
Contact: o Networking Physical Infrastructure

yuwang@uoregon.edu

KIND

kindlab-fly.github.io 2 O



https://yuwang0103.github.io/

Outline

* Background and Motivation

* Objectives and Content

* Logistics

KIND

kindlab-fly.github.io



Outline

* Background and Motivation

* Objectives and Content

* Logistics

KIND

kindlab-fly.github.io



Background

Generative Al has been a long-standing topic

Machines that can produce human-like speech

KIND O
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Motivation — Image GenAl

From Human Experience to Structured Retrieval: A Motivating Analogy

1. Encounter 2. Accumulate 3. Abstract 4. Select & 5. Feedback
Real-World Problems Task Experience Structural Theorems Apply Theorem Updates the Theorem

4 Diagnose € Find rel ) o Theorem 1: This looks like a |
ind relat oD : symptom-diagnosis problem ) tfits this situation?
a patient papers ::mptom; Diagnosis - Treatment ~+ apply Theorem 1 >
eorem Z: —
Author - Paper - Author E> 2 O D E>
: o Theorem 3:
& Find ‘= Recommend User - Purchase - ltem
a papers m a product
i

if wong > 22X

i right = ¢y Feedback
V'8

8

> Patient with fever + cough
[ = checked symptoms

e > found diagnosis

o Searched co-authors <
> — found related work

nnnnnnnnnnn

dd

Abstraction / Generalization Revise & Strengthen Theorem

L
Raw, unstructured experience Repeated exposure to tasks Repeated patterns crystallize Choosing the right reasoning Outcomes of applying a theorem
with diverse tasks builds a reservo:r of structured into reusable reasoning rules pattern for each new problem refine and improve it for future use
I I ! 1
Real-World Tasks Accumulate Experience Abstract Theorems Select Theorem Feedback Refines Theorem
correspond to formalized as instantiated as modeled as :
: Analogy: Human theorem-based problem solving <> Agent-tool structured retrieval ! implemented as
\ 4 v v v Agent decisions \4
Queries over : : Rule-Conditioned : supervise tool Tool Specialization
Knowledge Base Interaction History Retrieval Tools Policy mg(t| q)  learning (Lower_Level Optimization)
: uery | tool |reward 2R gradient
q: Find papers related query
to this author » (q1) [Tool2,| r=1) o ® Co-Adaptat:on 4 r
(q2) |Tool1,| r=0) > [ ] Loop Ground-truth doc
i P1: P2, Ps3 ranked above
(g3) [Tool1,| r=1) . negatives | [
Each tool encodes a structural Upper-level optimization: Jz:;tr:;lz:'g; Retrieval outcomes refine
reasoning pattern which tool to invoke tool scoring functions

Scientific Figure - Nano Banana
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Motivation — Image GenAl
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Data Visualization
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Instructor: &r. Alicia Ethics

Adobe Photoshop/Firetly
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Motivation — Language GenAl

OpenClaw Local Architecture (Simplified)

a4 =

Local System (User's Machine)

Receive Instructions

OpenClaw

(Personal Al Assistant)

Messaging Apps
(WhatsApp, Telegram,
Discord)

o] (@] [

Terminal / Shell Filesystem Email / Calendar
(Read/Write) (API Access)
OpenClaw

) O
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Motivation — Language GenAl
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» 2026-Agentic-Indexing
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» _announcements ush, the folder is yuwang0103
| Utkarsh Sahu 12:09 P push, ¥ <
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1. Run foundational mod

> _css
> _data

Troubleshoot code for mu e Thought for 15

king on paper

i _events Glob pattern: "/Users/yuwang/Dropbox/agent-work/yuwangB103/4=/%.md"
and fina

_images No files found

>

>

» _includes
@ Bash

> _layouts

>

_lectures find /Users/yuwang —naxdepth 4 —type d —name “yuwang@l1e3" 2=/dev/null

ntic Al for wildfi flow and getti U > _sass
oposal v t { > slides
> slides_old
e . > static_files Allow this bash command?
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¥ assignments.md
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LICENSE Esc to cancel
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Motivation — Graph GenAl

BioPharma Drug Development Characterization Solutions

Discovery

Hits to Leads
Optimize Binding Affinity

Evaluate
« Drug-farget inferaction

+ Number of binding sites
+ Specificity

Isothermal Titration Calorimetry
Measures: Binding constant (K;).
Enthalpy (AH), Entropy (AS).
Gibbs Free Energy (AG),
Stoichiometry (n)

N

Instruments

Waters:

KIND
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Candidate Selection

Down Selection of
Candidates
Characterize Stability
Evaluate
+ Conformational stability
« Multi - domain structures
+ High affinity ligand binding

T

Developability
Prioritize Candidates

Evaluate

NanoDSC
« Conformational stability

+ Impact of formulation -
pH, salt, excipients, surfactants

Rheology
+ Concentration effects
+ Route of administration

aie

« Conformational stability

« Processing conditions
for lyophilization

+ Impact storage

X e

r

Nano DSC
Measures: Melting temperature
(T T Enthalpy (AH),
Heat Capacity (ACD), Entropy (AS),
Gibbs Free Energy (AG)

ﬁ

Nano DSC
Measures: Melfing
temperature (T_,T_ ).
Enthalpy (AH),
Heat Capacity (AC,).
Entropy (AS).
Gibbs Free Energy (AG)

Rheology
Measures: Viscosity,
Viscoelastic behavior
(G, G"),Yield stress

‘—)

© 2023 TA Instruments. A division of Waters Corporation. All rights reserved

Measures: Glass fransition
temperature (T )




Motivation — Graph GenAl

iv. Geometry—Complete Diffusion Generation with GCPNet + +

i. Graph Definition

Nodes: (h,x)

) Bdges: (c,6) —>

Frames: F;;

KIND
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Motivation — Music GenAl
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Motivation — Music GenAl

Which One is Better?
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Motivation — Multi-Modal GenAl
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DisAl vs GenAl

Discriminative Al vs. Generative Al

Generative

Classify or label data point Produce a new data point that looks
as banana or berry like bananas or berries
L]
o ® ~
@
Y > @ ®
L QG
B
www.miquido.com é
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How does Generative Al work?

Data Tasks
= Question
- Answering
i e Fm’l‘wn A Sentiment
< Analysis
4 images
Information
Extraction
O speech Adaptation
= Training E Image
L Captioning
Structured
Data Object
% Recognition
! 3DSignals
= Instruction
Following

GenAl — LLM - Agent

KIND
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Agentic Al - Foundation

Neural Harness Engineering Symbolic
—
I . Knowledge Base avs
kfl ’ ,
|E| LLM/VLM Agent Agentic Workflow Toolbox, Know How %
_________________________________________________________________________________________________________________________________________________________________ Knowlodge Base ]

of

A ¥
R s
e A
L Yowm O

- WAKIPEDIA

i The Free Encyclopedia

............................................ T l B
Pre-Training : o
a
X (5

— o L ] .

) SN SerpApi
Post-Training l (Fine-Tune, RL) o S
............................................ Domain KIIOW -HOW

e a 0--0--0  Planning
x O ' '

E :/_? (= bl? Reasoning -
xx 1 ' '

O--0--0 Tool Select
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Agentic Al - Foundation

Neural Harness Engineering Symbolic
O O —

Name —— Communication structure
System
[ Mﬁan n{-ﬁ
7 ) © ' NON-DISCLOSURE Iﬂput E’:’ﬁﬂﬂ"ﬂ HF RD[€.
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/ il B . 2 User queryﬂ

The Free Encyclopedia ) : l

; ......................................................... ' ......................................................... . :

Pre-Training :

' ]
E o Row ocutput

Post-Training l (Fine-Tune, RL)

E ==~ 7| Orchestrater | <—— Parsed cutput
I
I
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1
=—°- - => Final answer
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Agentic Al - Foundation

Neural Harness Engineering Symbolic

— —
Human-oriented Software Knowledge Base, .Y
l Toolbox, Know How |
—_— oo

Agent-oriented Skill Set v—

B B 7 @ [&F
: ==
> Agent SKills m— s = & 2 == .
Mar\ketplace p ............................................ TOOl BOX ............................................

skills = 733,496 ; I

> SerpApi |
Where Agents Find ThEir Ski"s ............................................ Domain Know _HOW ............................................

Skills Marketplace for Every Agent e E 0--0--0  Planning
x O ' '

Browse 249,978 Skills built agent-first and open to every stack. Publish SKILL.md bundles, ’:[_’ (= b o Reasoning °
x X

'
version releases, and help any agent discover the right skill faster. !

O--0--0 Tool Select
KIND
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Agentic Al - Foundation :

200

.+ welcome to Claude Code

OpenClaw

press Enter to continue

Introducing OpenClaw

Fix [diff error with special characters

<«

[diff errors out when | have a filename with special characters Diff

Summary
+ Ensured that untracked filenames are parsed safely by using v codex-clijsrc/utils/get-diff.ts O
NUL-separated output from Git and proce:
execFileSync instead of relying on shell quoting

+ Added a regression test confirming that filename
Qquotes no longer cause /diff to fail

THE TOKEN FACTORY

: How NVIDIA GTC 2026 Redefined the Economics of Al

Testing

+ U prpn test tests/get-diff.test.ts

What else would you ke to rizze and sizzle tocay? [EMANRAEE | : - e
start at 17 ] = =R E

| T fHmmr = y M =

Files (2) 3 L uhig 'y I''E ! E |
| =2k 3 1 1]
codex-clifsrc/utils/get-diff.ts 1 { | 1l | .
(err: ): err is « 5 B . { \
codex-cliftests/get-diff.test.ts (
err === object” & err ! & st err & "stdou
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Agentic Al - Discovery

Human and Universe

You try, you learn, you
know more about universe
and you yourself !

kindlab-fly.github.io



Agentic Al - Discovery

Symbolic-Rigorized Neural Processing

: =
Circuit %
Agent Graph F‘f
‘ uncxtion

@)

Neural Brain Q e Symbolic
Processing aa =1  Processing
Hllmall Theory

Neuron

P L
’_Il:ls 2'2 F 4
N a+b=c
ilo

Embedding of g
E‘:/} E=mc

o Physical Law

Synapse

Neural-Guided Symbolic Abstraction
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Agentic Al - Discovery

The Scientific Method as an Ongoing Process

Develop Make Think of
General Observations Interesting
Theories What do | see in nature? = ()| j05tiONS

This can be from one's

General theories mustbe own experiences, thoughts

consistent with most or all

Why does that
pattern occur?

available data and with other GEimRding.
current theories.
Refine, Alter,
Expand or HFOFT# late
Gather Data to / Reject Rl

TeSt Pred Ictions H yp0th eses causes of the
Relevant data can come from the phenorr_nenon | am

literature, new observations or 1 wondering about?

formal experiments. Thorough

testing requires replication to
verify results.

Develop Testable
Predictions

If my hypothesis is correct,
then | expecta, b, ¢, ...

KIND
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Agentic Al - Discovery g@;’m a ; 43

How can we accurately predict Post Wildfire Debris Flow?

Wildfire — Vegetation Loss + Soil Changes

|

Decreased Infiltration & Cohesion

|

Rainfall Runoff Increase

|

Debris Flow Impact ~ Flowing Concretes Surface Erosion + Rill Formation
& Wildfire Burn Scars are a Flood Risk 1
Before Fire During Fire After Fire Debris Flow

During Heavy Rain

P =e*/(1+¢e*) Debris Flow Probability

X 1R Geomorphic

15-min
ol X5r Burn Severity Rainfall
prvemen Causes Cargerous: .
— Accumulation
S g

Ut rgan ok ch 5 neecio, Mcves, gy, bk bark St & Dbl o X 3r Soil Erodibility Triggering

Water Repelient Solls: formed when Organic material vach 35 trees, screls, plants aod ltter Burn at high indensty, water Mudslides

repefient compounds ace vaporized, and conderde on Cooled soi Layers Delow, which prevents soil from absorbing water

Retrieve All Factors

KIND Insights from a 25-year database of post-fire debris flows in California. WILDLAND FIRE 2025

kindlab-fly.github.io Prediction of rainfall intensity—duration thresholds for post-fire debris-flow generation. Geomorphology 2017



Agentic Al - Discovery

|

Decreased Infiltration & Cohesion

|

Rainfall Runoff Increase

|

Surface Erosion + Rill Formation

Debris Flow Impact ~ Flowing Concretes

Model  Description 50,/25/25 60,/20/20 70/15/15 80/10,/10

USGS-LR  Fixed logistic regression (no training) 03949 £ 0.0184  0.4051£0.0382 04201 £0.0238  0.4315 £ 0.0413

FN USGS-LR + NN (gated fusion) 05804 £0.0230  0.5781£0.0590  0.6062 £0.0690  0.6006 £ 0.0510 Debris Flow

N NN only (structured) 0578500130 05748 £0.0400  0.6272£0.0190  0.6421 = 0.0460

NW NN + Weather AFD (structured + AFD emb.)  0.6216 £ 0.0320 0.6087 £0.0350 0.6394 £ 0.0550  0.6373 £ 0.0560
N_aug Struct. + environmental ang. (31-dim) 0.6124 £ 0.0280  0.6231 £0.0160  0.6414 £0.0340  0.6804 £ 0.0430

GYMLP  Causal-graph-constrained MLP (19-node G*)  0.6012+0.0170 0.6789 £0.0160 0.6927 +0.0420 0.7450 + 0.0330 x =—3.63+0.41X 1R T 0.67X or T 0.70X 3R

Feature Description Unit P — ex /(1 _I_ ex )

USGS core inputs (also in baseline)
PropHM23 (X;)
dNBR/1000 (X,)

Debris Flow Probability

Prop. high/mod burn severity, slope > 23° —
Mean dNBR. divided by 1000 —

=

. slope_mean_deg — Mean terrain slope (degrees) within a 0.02° bounding box around

KF (X3) Soil KF-factor — the watershed centroid. Source: USGS 3DEP 30-m DEM via the py3dep Python
Acc015.mm (R) Pealk 15-min rainfall accumulation mm package. Feature coverage: 100%.
Extended storm inputs . . .
N . . 2. aspect.mean deg — Mean terrain aspect (degrees, 0-360, clockwise from north) over X
Peak I15nmph Pealc 15—m¥n rafnfall %ntens%ty mm/h the same bounding box. Source: USGS 3DEP 30-m DEM. Feature coverage: 100%. 1 R Geomorp hlc
Peak_I30_mmph Peak 30-min rainfall intensity mm/h .
Peak_160_mmph Peak 60-min rainfall intensity mm/h 3. soilm 7d mean kg m2 — Antecedent soil moisture (1-month proxy): mean SoilM_0_100c 1 S'ml n
:mrﬁ‘u’j Fs[‘tot;i“ :l“mho“ Lt h (kgm~2, 0-100 cm column) from the single monthly NLDAS-2 NOAH timestep immedi- R . f ll
tormAccum mm otal storm accumulation mm : : X )
“ 3 ately preceding the storm month. Source: NLDAS_NOAH0125_M version 2.0 NetCDF ty amia
StormAvglnmph Mem‘ stormn. intensity mun/h files, 0.125° grid, accessed via NASA EarthData HTTPS. Feature coverage: 96.8%. 2 R Burn S everl
Acc030_mm 30-min accumulation mm .
Acc060.mm 60-min accumulation mm 4. soilm 30d mean kg m2 — Longer-term antecedent moisture (3-month proxy): mean ACCll mlllathIl

of S011M_0_100cm over the three monthly timesteps immediately preceding the storm
month. Source: same NLDAS-2 product. Feature coverage: 96.8%.

Watershed characteristics
log(ContribArea) Log watershed contributing area log km?
GaugeDist.m Distance to nearest rain gauge m

X 3r Soil Erodibility Triggering

5. time_since_fire days — Time elapsed (days) between the nominal end of the first
post-fire year (January 1 of fire year + 1) and the storm date (StormDate). Captures

\ ﬂr&a.ﬁe effects on soil hzdroahobicitz Lecovery. Feature Coveraze: 99.6%. 4

Spatial and temporal encoding (additional dims)
Storm month (sin(27rm /12), cos(2mm/12)) — 2 dims —

Retrieve All Factors

Zone Geographic zone one-hot — 10 dims —

KIND

Insights from a 25-year database of post-fire debris flows in California. WILDLAND FIRE 2025
Prediction of rainfall intensity—duration thresholds for post-fire debris-flow generation. Geomorphology 2017
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Agentic Al - Discovery

Debris Flow Impact ~ Flowing Concretes

Model Description 50/25/25 60,/20,/20 70/15/15 80/10/10
USGS-LR  Fixed logistic regression (no training) 03949+ 0.0184  0.4051 £0.0382 04201 £0.0238  0.4315 £+ 0.0413
PN USGS-LR + NN (gated fusion) 0.5804 + 0.0230  0.57T81 £0.0590 06052 £0.0690  0.6006 £ 0.0510
N NN only (structured) 05785+ 0.0130 05748 £0.0490  0.6272 £0.0190  0.6421 £ 0.0460
NW NN + Weather AFD (structured + AFD emb.)  0.6216 £0.0320  0.6087 £0.0350  0.6394 £0.0550  0.6373 £ 0.0560
N_aug Struct. + environmental aug. (31-dim) 06124 £ 0.0280  0.6231 £0.0160  0.6414 £ 0.0340  0.6804 =+ 0.0430
G*MLP  Causal-graph-constrained MLP (19-node G*)  0.6012 £ 0.0170 06780 £0.0160 0.6927 +0.0420 0.7450 + 0.0330

KIND

- storm e Meta
N Season WM Outcome
[ —— Edge: LM+ Data
BN Terrain —— Edga: LLM-only
- i — Edge: Data-only . ) . o )
Fire Area - - - o - b o
7]

Sterm Mean Paak 15 min
Duration Intensity Intinsity

Gauge
Distance

storm 30-main 60-min
Slope Accumulation Accumulation  Accurmnulation PFDF

Geographic .
Zone

. Fire Severit 30-day Sail
(" yxSlape (X11 Maistura

Seasen (sin)

S o—0—@

Seasen (cos)

Insights from a 25-year database of post-fire debris flows in California. WILDLAND FIRE 2025
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Agentic Al — Trustworthy %

.‘Q Healthcare ..- @ (4) System Hardware
é Education f‘? #4| :  Fault Injection
éié Legal O/
Cybersecurity
Inquire] T Return Answer
(2) Knowledge Base Poisoning 3) Workﬂow Proflllng
&g Indexing [ Knowledge |:
) A’ :
R Base :
In Collaboration = S..u.c.ceccessssssssssssssssssssssssssssssnssnnnnsannnannnsnnnsnnnnns N
with PNNL Personalization  Privacy
) .;:o:--—mumwtws 'DPEI"I
Revi “‘*:a‘ X g ?‘n*f"(, R, o
: .rﬂlew ” %wﬁ\ Com—

Jdrup Radiation Flip Byte
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https://hackaday.com/2021/10/09/single-event-upsets-high-energy-particles-from-outer-space-flipping-bits/

Agentic Al — Trustworthy — Skill Attack

Semantic-Behavioral Inconsistency

Documentation

Safe Restricted
Attributes Attributes
Safe Restricted Q

Attributes Attributes
A Al Agent
Fragmented VJ : Perception
Alignment Line v :  Gap
Soe v
S - Unauthorized
Implementation ——— Access
(Code) —_——

=#® Hidden Data
e Exfiltration

Shadow Capabilities

Inter-Skill Combinatorial Risks

Independent Audits Passed

Atomic ; Q 2 Q < ; Q>

Untrusted
Data Flows

Attacker l l l

Benign-in-Isolation Lethal Threats  Security
Collapse
'?w Combinatorial
'Ej Explosion
Command Systemic
Injection Data Leaks

How do you feel about this image?
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Objectives

You will learn the statistical foundation of Generative Al

* You will master General Generative Al techniques

You will master Domain-specific Generative Al techniques

* You will learn SOTA and Trendy Al concepts/techniques

KIND
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Content

 Foundation of Generative Al
* Gaussian Kernal Density Estimation
e (Gaussian Mixture Model
* (Variational) Autoencoder
* (@Generative Adversarial Network

* Specialization of Generative Al
* Language Generative Model
* Image Generative Model
* Graph Generative Model

* Advanced Topics of Generative Al
* Multi-Modal Generative Model

* Agentic Al
e Future and Review

KIND
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* Background and Motivation

* Objectives and Content

* Logistics
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Calendar and Schedule

EVENT

Lecture

Assignment

Lecture

Lecture

Lecture

Lecture

Lecture

KIND

DATE

04/01/2026
Wednesday

0440172026
Wednesday

0440372026
Friday

04/08/2026
Wednesday

041 0/2026
Friday

04/15/2026
Wednesday

041772026
Friday

DESCRIPTION

Course Overview
Introduction to Generative Al

Praoject released!

Gaussian Kernel Density
Estimation

Gaussian Mixture Model

In Class Coding Presentation

Autoencoder and Variationa
Autoencoder

GAM

COURSE MATERIAL

Course Materials:
o Slides (TED)

[Froject]

Course Materials:
¢ Slides (TBDY

Foundation of

Course Materials:
& Slides (TBOY)

GenAl

Course Materials:

Course Materials:
o Elides (TBOY)

Course Materials:
¢ Slides (TBDY

kindlab-fly.github.io



Calendar and Schedule

Lecture 04/22/2026 Language Generative Model Course Materials:
Wednesday ¢ Slides (TBD)
Lecture 0243026 In Class Coding Presentation Course Materials:
Friday
Lecture 042972026 Image Generative Model Course Materials:
Wednesday e Slides (TEDY)
Lecture 05/01/2026 In Class Coding Presentation Course Materials:
Friday R R R
Specialization of
Lecture 05062026 Graph Generative Model Course Materials:
Wednesday ¢ Slides (TBDY) G en AI
Lecture 05/0Bf2026 In Class Coding Presentation Course Materials:
Friday
Lecture 05M3/2026 hulti-modal Generation Course Materials:
Wednesday ¢ Slides (TEDY
Lecture 051 5/2026 In Class Coding Presentation Course Materials:
Friday

KIND
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Calendar and Schedule

Lecture 05/20/2026 Agentic Al - Foundation Course Materials:
Wednesday o Slides (TBD)
Lecture 052272026 Agentic Al - Discovery Course Materials:
Friday ¢ Slides (TBD)
Lecture 05/27/2026 Agentic Al - Trustworthiness Course Materials:
Wednesday ¢ Slides (TBDO)
Lecture 05/25/2026 Project Showcase
Friday

Advancement of

Lecture 060372026 Project Showcase Gen AI
Wednesday
Due 06/08/2026 23:59 Froject Report Due
Monday

KIND
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Calendar and Schedule

Course Assessment and Grading Scale

Category %

In-class Coding Presentation 1 (Gaussian) |10%
In-class Coding Presentation 2 (GAN) 10%
In-class Coding Presentation 3 (Language)|10% Gen Al Era

In-class Coding Presentation 4 (Image) 10%

Take Home Assignment

In-class Coding Presentation 5 (Graph) 10% i =
is not so meaningful

Project Write-up 30%

Project Showcase 20%

Grade Range

A A+ 98-100, A: 93-97, A 90-92 One week before the day I will
5 |5+ 8789 B 83.86, B+ 80.82 release the coding assignment,
C  |C+:77-79,C 73-76, C- 60-72 we will present in class.

F F: <60

KIND
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In-Class Coding Presentation

EVENT DATE DESCRIPTION COURSE MATERIAL
Lecture 04/01/2026 Course Overview Course Materials:
'Wednesday Introduction to Generative Al o Slides (TED) °
Please carry your finished
Assignment 04/01/2026 Project released! [Project] : :
oo programming assignment,
L4 L4
make slides presenting
Lecture 04/03/2026 Gaussian kKernel Density Course Materials: °
Fdey ® Sldes 180 your results and we will
°
Lecture 04/08/2026 Gaussian Mixture Model Course Materials: ) dls cus S O n th at
‘Wednesday & Slides (TRD)
Team up 2-3 People
Lecture 0410/2026 In Class Coding Presentation Course Materials: p p
Friday

Section 1 — The Gaussian Distribution T G e i L

Evaluate the Gaussian PDF.

Backg round Paraneters
x : float or np.ndarray
A 1-D Gaussian (Normal) distribution is fully described by two parameters: m : float - mean

i ¢ float — dard d ti (> 0) - . -
Nz | po)= s ¢ foat 7 stenar devianion & Answer the following (edit this cell):

1 (e —p)®
o+ 2m exP( 207 Returns

+ i the mean (centre of the bell curve) 2.3a. |s the LOO-optimal h close to Silverman's rule estimate? Which is larger?

float or np.ndarray — same shape as x
» o — the standard deviation (width of the bell curve) e

# — YOUR CODE HERE Ycur answer:
In this section you will implement the three core operations of a Gaussian:
Problem | Function What it computes ¥ 2.3b. What does the KDE look like when h is very small vs. very large? Which statistical terms (bi
11 gaussian_pdf Density at a point
1.2 gaussian_log_likelihood | How well parameters explain data Your answer:
. # — Test 1.1
13 CRUEEENLLNG Best parameters given data x_grid = np. linspace(-5, 5, 30) 2.3c. Why is leave-one-out preferable to a simple 80/20 train/test split for bandwidth selection?

assert np.allclose(gaussian_pdf(x_grid, @, 1),
sp_norm.pdf(x_grid, @, 1), atol=le-10), \
1.1 FAIL: mismatch with scipy for N(8,1)"
assert np.allclose(gaussian_pdf(x_grid, -1, 2),
sp_norm.pdf(x_grid, -1, 2), atol=le-10), \
1.1 FAIL: mismatch with scipy for N(-1,2)"
assert abs(gaussian_pdf(0.0, 8.0, 1.8) = 1/np.sqrt(2+np.pi)) < le-18, \
1.1 FAIL: N(@|@,1) should equal 1/sqrt(2pi)"

Problem 1.1 — Implement the Gaussian PDF Youranswer:

Implement the formula directly — do not use scipy.stats.norm.

Nz | po) = a‘jﬁﬂp(-(zz;f)z)

x, mu, sigma may be scalars or NumPy arrays; your function must handle both.

print("Test 1.1 PASSED +"}

KIND
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Project

https://ml-graph.github.io/spring-2026/project/
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