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TOO MANY CRISES

1.Economic disruption

• Jobs, automation, inflation, AI ROI

2.Social fragmentation

• Family, loneliness, addiction, attention

3.Cognitive decay

• Cheating, distraction, shallow thinking, overload

4.Institutional erosion

• Education, academia, trust, leadership

5.Geopolitical instability

• Protectionism, supply chains, polarization, war

6.Technological disillusionment

• Corporate AI, hallucinations, burnout, complexity



AI AS A FORCE FOR GOOD

• AI: best hope to address challenges, whole world benefit

• Current form: still needs great improvements for full potential

• Architectures: limited, disconnected

• Need: reasoning, causality, fact-checking, transparency, fairness, 

common sense, creativity, empathy, efficiency, generalizability. 

• Technical, societal, political, economic challenges

• Humanity tackled greater challenges before, always prevailed

• Work together, deliver better world for all

• AI: our partner, not our enemy. 

• AI will not destroy humanity. It will lift humanity as our climbing partner



LOOKING BACK FROM 2050

1.Work as creation

• Purpose, agents, autonomy, joy

2.Education as orchestration

• Pods, motivation, mastery, peer-driven

3.AGI as collaboration

• Co-intelligence, glass-box, multi-agent, human-centered

4.Health without disease

• Prediction, prevention, personalization, longevity

5.Wealth with purpose

• Investing, stewardship, intelligence, legacy

6.Relationships with depth

• Empathy, connection, narrative, co-reflection

7.Philanthropy with intelligence

• Optimization, impact, transparency, alignment



AI FOR EDUCATION, TRAINING, RE-SKILLING

• Teams: 

• Train: New members of our team, new students entering a field

• Self-driven exploration: paper stacks, Wikipedia bundles

• AI: train the next generation for the transformation of biotechnology.

• Education: Schools understaffed, teachers not qualified to identify talents, no time

• Need: lift every child to their full potential

• Enable self-driven knowledge exploration

• AI: powerful ally for teachers at all levels: research, university, secondary, primary

• Job market evolves: AI will not be an enemy; it will be a partner.

• Unblocking opportunities for personal and professional growth

• Help creative, talented, and driven individuals become more productive 

• Allow entering of areas previously too challenging to tackle

• Help retrain to new professions, more fulfilling jobs



AI: ASSISTANT, COACH, PARTNER, ALLY

• GPT-4 as personal coach, partner, assistant.

• Source of inspiration, most challenging creative endeavors

• Design complex systems from scratch

• Outline large codebases, break into parts, identify libraries, lay out design process

• Send tools to students, save months of exploration trial / error

• For my own goals and tasks: 

• Break into manageable steps

• Fight writer’s block in generating early draft, outlining ideas

• Past Saturday: eyes shining, 4 hrs w/GPT-4

• Lucile: "You have found your match."

• I am not Iron Man, but I have found my Jarvis

• Perhaps AI can be everyone’s Jarvis

• These tools are only a few weeks old. 

• Dramatic improvements ahead

• Dramatic productivity gains

• Humans not getting replaced, getting augmented



FROM HERE TO THERE

The Transitional Roadmap

1. Personal preparation – AI fluency, habits, reflection, growth

2. Collective coordination – platforms, governance, knowledge-sharing, trust

3. Timeline of transformation – 2025, 2035, 2045, 2050

4. Infrastructure and rituals – rituals, feedback, collaboration, sharing

5. Living the future now – mentorship, data practices, workflow evolution

Mantis as a Platform for the Pillars

1. Health insights and foresight – trajectories, biology, clustering, diagnosis

2. Wealth intelligence and leverage – investing, macro-tracking, discovery, signals

3. Relationship mapping and meaning – journaling, family, storylines, memory

4. Philanthropy optimization and action – cause-maps, ROI, funding gaps, coordination



The (non-linear) progress of AI

Extraordinary advances of AI
➢ Deep, Representation Learning
➢ Multi-Modal Understanding
➢ Intuitive ‘reasoning’

Where the field took a wrong turn
➢ Language-only interactions
➢ Black box, no peeking in box
➢ Humans left out of the loop



Cognitive Cartography



Maps give us
Landscape
Landmarks
Anchor points
Street names
Highway names
Simplification
Abstraction
Summarization
Decision making

The power of Maps for Physical Space Navigation



Navigate 3 million 
NY Times articles

11



100,000 loans, clustered by description
➔ Context-specific predictive algorithms

Dynamics over time: Knowledge evolution
➔ Disciplines emerging, maturing, changing

Papers + Grants + Patents + Startups + Offices
➔ Flow of Knowledge, resources

Education: MIT, EdX, AP, High-school, YouTube
➔ Multi-modal learning, interdisciplinary links
➔ Match CVs, job descriptions, skill sets

Investment, Start-ups, Intellectual Property
➔ Evaluate performance in context
➔ Combinations of skills and products

Collaboration, Productivity, Team Progress
➔ Link projects across team members

➔ Within-meeting live track of productivity
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MIT, EdX, AP, High-school, YouTube ➔ Multi-modal learning, interdisciplinary linksEducation



Joint protein-structure-function embeddings of 20,000 human proteins

Language (uniprot)
+knowledge graph

(PrimeKG)
+structure
(ESMfold)
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Media, Podcasts
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https://mantisdev.csail.mit.edu/space/b01c3fe1-bbda-402a-a430-ea4c721cf9cb/ 

Investment, Stocks, Financial Analytics, Quant Trading
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Corporate Knowledge and Organizational Data
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AI for Business: It’s all about data and insights 
integration

• For AI to have an impact, every aspect of the business must be available to it
• Connect between dramatically different data streams
• Make systematic connections, insights: Do not leave serendipity to chance:



Peeking inside the brain of the machine

Similarities in Brain activation maps 

& LLM embeddings

Maybe we’re not that different after all

Perhaps expected, we both learn from context!

Peeking inside the brain of the human





• An agora of 
collaborating agents

• Building and sharing 
agent teams

• Empowering agents with 
tools capabilities

• Sharing and re-using 
teams for complex tasks

Agentic workflows



Agentic Coding: Data+UI

Data coder: analyzes millions of points in secs, reveals insights

UI coder: creates interactive visualizations, new widgets, see and ‘touch’ results

Coding Notebooks: Data/UI/markdown cells

Question: What podcast topics are 
most popular on Lex Fridman’s podcast?

Answer: Persevere, completion, 
intellect

Data (back-end) 
coding agent: 
• Understands 

user intent
• Realizes need 

for a program
• Plans, reflects
• Knows the data 

structure
• Writes code to 

answer complex 
questions 

• Runs code
• Finds insights
• Plots them back

Front-end agent: 
• Understands 

UI/UX platform
• Reflects, plans
• Selects 

visualization 
component

• Links coding 
answers to data

• Reveals source 
of the answers

• Transparency
• Interactivity
• Traceability
• Accountability
• Groundedness



Navigating Knowledge - Wikipedia Page for AI (Chrome 
Extension)



Versatility, Privacy, Cost Saving, Scaling to Billions of Data 
Points

Front
End Mantis Default

Back-End

Remote Compute
Server Registration

Compute 
Server+Data
Private AWS

Session
Giant Local
Compute

Private Data
Local Server

Corporate Custom
Back-End

End-User

Collaborators

Compute 
Notebooks

Agentic 
Coding

Versatility
➢ ChatGPT, Claude, Gemini
➢ User custom sessions
➢MantisGPT: Our own LLM

(knows tools/code/schemas)

Privacy + Cost Savings
➢ Custom LLM installed locally
➢ DeepSeek/Kimi K2
➢ Data lives locally, never moved 

to server, only load as needed

Scaling to billions of points
➢ Progressive loading of points
➢ Lasso,search include more points

as needed after selection is 
made

MCP server

Agentic 
actions

Broker

KRAS EGFR

Example: 120 million drugs



GenAI Key idea: Representation learning

‘Modern’ Deep learning: 
Hierarchical Representation Learning

Feature extraction

‘Classical’ Fully-connected
Neural Networks

Classification

x yz
data labelLatent space

representation

Images DNA/Seq/Motifs Chemical/Prot. Structure

Free TextKnowledge Graphs

Multi-Modal

Cells: scRNA/scATAC

Patient records

Scientific
papers



Navigating custom embeddings: Images, Videos,Proteins, Drugs, Patients, Plugins

Images: Multi-modal compatible HuggingFace model, label clusters 
contrastively bottom-up, base64 compact image representation, 

Proteins: KellisLab joint protein-structure-function knowledge graph model, 
Protein structure 3D rendering shows latent spaces captures structure similarity

Drugs: 250,000 molecules, graph-based (VAE), 
molecules as SMILES strings, GNN-VAE for geometry

Custom: Load HuggingFace embedding model, 
automatically find/suggest encoders, custom plugins

Instant Ingestions: Stock Price Monitoring, 
Any information live from the internet



Space of Clinical Subjects (LLM+EHR)

Multi-floor chemical structure (top) & target protein function (bot)

Zinc finger protein 493
Progonadoliberin-2Progonadoliberin-2

a.

Divergent paired-related homeobox

b.

d. Space of Patents & FDA Filings (LLM)e.
Aldo-keto reductase family 1 member 
B15

Space of Human Protein Targets (LLM+GNN)

Insulin receptor substrate 
4

c.

Embedding space of Drugs by Chemical Structure (GNN+VAE) 

Drug Development: Proteins, Drugs, Targets, FDA, IND, Patents



KRAS EGFR

Whole ProteomeDocking using AffinityNet and Mantis

Enables Proteome Docking in under 10 secs

Top performer in TDC
Therapeutic Data Commons benchmark

Drug-Target Interaction Domain Generalization 
Benchmark Group evaluates ML models on predicting 
drug-target interactions under realistic temporal shifts. 
It tests models on unseen compounds/targets patented 
in 2019-2021 after training on 2013-2018 data, 
simulating real-world drug discovery.
• Realistic temporal domain shifts: Simulates real-

world drug discovery scenarios.
• Out-of-distribution testing: Evaluates model 

robustness on unseen compounds/targets.
• Standardized evaluation: Ensures fair comparison 

using PCC and domain-specific validation.

Saathvik Kannan

121 million chemicals 
projected using 

AffinityNet



Mantis: Identifying patient trajectories and subtypes

https://mantisdev.csail.mit.edu/space/b8d50281-03c5-4844-9f9f-b5ed0f7113a5/ 
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Cell Transcriptional neighborhoods  phenotypes
Diff. phenotypes manifest in diff. neighborhoods

Neighborhood memberships 
➔AD/Ctrl-like cell phenotypes

Cell annotations ➔ Individual annotations
for each cell type, each cell, each donor

Dramatic increase in DEG discovery power for DEGs 
(differentially-expressed genes) FDR in all cell types

Burden for each donor+cell type
Applied for multiple phenotypes

Discovery of patient subtypes with 
similar transcription & phenotypes
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Cell-Projected Phenotypes: heterogeneity, cell-specificity, gradations

Trajectories: Disease 
progression, drug response



Geometric deep learning drug design: heart, cancer, Alz

Brad Pentelute
Marinka Zitnik
Owen Queen
Yepeng Huang
Tianlong Chen
Tom Hartvigsen
Tom Cobley

Cardiovascular

Metastatic
melanoma

Alzheimer’s

Large language models Biological language models Single-cell AI models Geometric deep learning

Reasoning, interactive, user-guided, AI-powered drug design Structure-to-Function for proteins+chemistry

Self-supervised struct. foundation models



Target Identification Agent

Target Validation Agent

Drug Development Agent

Analysis Agent & Full Report

Agentic Drug Discovery 
Pipelines



The road ahead: Systematic understanding in biology + work

• AI as a discovery partner: multi-modal foundation models
• Gain insights previous inaccessible to human scientists
• Build rich intuition on biological + therapeutic space

• AI as “Google Maps” for navigating knowledge space
• Visual search + integration through millions of documents
• Hierarchical interactive knowledge representation + manip.



THE ROAD AHEAD

• Journey to full AI potential still long, will not easy

• Challenges: technological, societal, economic, political. Uncharted territories.

• Society dramatically transformed; ‘irreplaceable’ jobs changed or gone.

• Opportunity: create more fulfilling jobs 

• Shape transition to improve human condition

• More humane, nurturing, fulfilling, inclusive world

• Been there before: Agricultural, Industrial Revolution

• AI: natural next step in continuity of civilization

• AI: natural next step in physics-biology-cognition-consciousness

• Riding exponential for 1000s of years: always looks steeper next to us

• Our future: we can build it better for all of us

• AI will not destroy humanity. Instead: Raise humanity to new heights

• We can each become the best version of ourselves

• AI can help Humanity achieve our true humanity for all of humanity.



Cognitive CartographyManolis Kellis

manoli@mit.edu

withMantis.com

MantisAI.csail.mit.edu


	Slide 1: AI today, tomorrow,  and beyond
	Slide 2: Too many Crises
	Slide 3: AI as a force for good
	Slide 4: Looking back from 2050
	Slide 5: AI for education, training, re-skilling
	Slide 6: AI: assistant, coach, partner, ally
	Slide 7: From here to there
	Slide 8
	Slide 9
	Slide 10
	Slide 11: Navigate 3 million  NY Times articles
	Slide 12
	Slide 13: Education
	Slide 14
	Slide 15: Media, Podcasts
	Slide 16: Investment, Stocks, Financial Analytics, Quant Trading
	Slide 17: Corporate Knowledge and Organizational Data
	Slide 18: AI for Business: It’s all about data and insights integration
	Slide 19
	Slide 20
	Slide 21
	Slide 22: Agentic Coding: Data+UI
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27: Drug Development: Proteins, Drugs, Targets, FDA, IND, Patents
	Slide 28
	Slide 29
	Slide 30: Cell-Projected Phenotypes: heterogeneity, cell-specificity, gradations
	Slide 31
	Slide 32
	Slide 33
	Slide 34: The road ahead
	Slide 35

