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History of AI and Their Growth

(2014) Generative AI

“Software is eating the

world, but AI is going to

eat software.”
- Jensen Huang, CEO of Nvidia. 2017

https://www.technologyreview.com/2017/05/12/151722/nvidia-ceo-

software-is-eating-the-world-but-ai-is-going-to-eat-software/

https://www.bloomberg.com/company/press/generative-ai-to-become-a-1-3-trillion-market-by-2032-research-finds/Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024

https://www.technologyreview.com/2017/05/12/151722/nvidia-ceo-software-is-eating-the-world-but-ai-is-going-to-eat-software/
https://www.bloomberg.com/company/press/generative-ai-to-become-a-1-3-trillion-market-by-2032-research-finds/


Many Use Cases in the GenAI Era

https://botpenguin.com/blogs/llm-use-cases

https://www.inc.com/ben-sherry/sam-altman-to-entrepreneurs-dont-wait-on-ai.html

https://www.cnbc.com/video/2023/03/21/nvidia-ceo-the-iphone-moment-of-a-i-has-started.html

Education Health Care

Finance

Customer Support, Legal, Marketing, 

HR, Media and Entertainment, …

"This is the iPhone moment of artificial intelligence …”
- Jensen Huang. CEO of Nvidia. 2023 
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A Foundation Model (FM) is any model that is trained

on broad data (generally using self-supervision at

scale) that can be adapted (e.g., fine-tuned) to a wide

range of downstream tasks.

On the Opportunities and Risks of Foundation Models. 2022.

https://blogs.nvidia.com/blog/what-are-foundation-models/

https://research.ibm.com/topics/foundation-models

Foundation Models (FM)
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Challenges
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“One way to think about it (FM) is that about 3 years ago, aliens landed on Earth. They

handed over a USB stick and then disappeared. Since then we’ve been poking the thing

they gave us with a stick, trying to figure out what it does and how it works.”
– Simon Wilson from “Catching up on the weird world of LLMs”. 2023

“Alien Technology”
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FM is a black box without user manual
- The Emergent Behavior

Emergent Abilities of Large Language Models. 2022. Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024



FM is a black box without user manual
- The Grokking Behavior

Language Models (Mostly) Know What They Know. 2022

Grokking of Hierarchical Structure in Vanilla Transformers. 2023. 

https://pair.withgoogle.com/explorables/grokking/ Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024

https://pair.withgoogle.com/explorables/grokking/


FM is a black box without user manual
- [Limitations] Math Calculation and Problem Solving

Simple 

Arithmetic 

Error

Training Verifiers to Solve Math Word Problems. 2021

Chain-of-Thought Prompting Elicits Reasoning in Large Language Models. 2023.

A Careful Examination of Large Language Model Performance on Grade School Arithmetic. 2024.

Grade 

School Math
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FM is a black box without user manual
- [Limitations] Logic Reasoning

The Reversal Curse: LLMs trained on “A is B” fail to learn “B is A”. 2023.

Reversal Curse
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FM is a black box without user manual
- [Limitations] Hallucinations

https://www.aiworldtoday.net/p/understanding-ai-hallucinations

https://www.theverge.com/2024/2/21/24079371/google-ai-gemini-generative-inaccurate-historical
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FM is a black box without user manual
- [Limitations] Hallucinations

https://www.reuters.com/legal/new-york-lawyers-sanctioned-using-fake-chatgpt-cases-legal-brief-2023-06-22/

https://arxiv.org/pdf/2401.01301v1

https://www.grllp.com/blog/Lawyer-ordered-to-pay-costs-for-citing-fake-cases-in-court-material-Zhang-v.-Chen-629

“We find that legal hallucinations are alarmingly prevalent, occurring between

69% of the time with ChatGPT 3.5 and 88% with Llama 2, when these models

are asked specific, verifiable questions about random federal court cases.”
- Dahl et al. Large Legal Fictions: Profiling Legal Hallucinations in Large Language Models. Arxiv. 2024.
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“the state-of-the-art AI results are increasingly
obtained by compound systems with multiple
components, not just monolithic models.”

https://bair.berkeley.edu/blog/2024/02/18/compound-ai-systems/ 2024 Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024

https://bair.berkeley.edu/blog/2024/02/18/compound-ai-systems/


Codeware Neuralware Promptware Agentware Mindware

Software 1.0 Software 3.0Software 2.0 

• Traditional 

Programming

• Logic-driven

• Developed by 

Software 

Developers

Example: Legacy 

Software

• AI (data + model 

structure) 

Programming

• Neural-driven

• Developed by AI 

experts 

Example: 

Conventional AI 

software & S2-Large 

(FM): GPT and Codex

• Prompt 

Programming

• Generative FM-driven

• Led by domain and 

prompt experts 

(assisted with AI)

Example: ChatGPT, 

GitHub Copilot

Software 4.0

• Trusted SW Agents+ 

Intent + 

Alignment+BMC 

Programming 

• Reasoning with

continuous self-

improvement based 

on experience/values/env

• Co-led by human and 

agents. Human in 

Loop

Example: Voyager, 

MetaGPT

• Intelligent 

Programming

• AGI era has 

arrived, World 

model-driven

• Led by 

autonomous 

agents

• Humans intervene 

less instead define 

constitutions 

(Human on Loop)

Software 5.0

AIware
FMware

AIWare – The Future of Software
Reactive : Human + AI-Assisted → Proactive : Human+ AI collaborators → Autonomous with Human oversight

1968 2012 2022 2024(?) 2030+(?)

Slides Adapted from Dr. Ahmed E. Hassan Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024



“If generative AI was widely integrated across the economy, we

estimate it could provide an economic boost of 13 per cent of

GDP (in UK). At the other extreme, in our ‘full displacement’

scenario, 8 million jobs could be lost with no GDP gains. In

between those two scenarios falls our central scenario where

4.4 million jobs disappear, but still with significant economic

gains of about 6.4 per cent of GDP.”
- Transformed by AI. Institute for Public Policy Research. 2024

https://ippr-org.files.svdcdn.com/production/Downloads/Transformed_by_AI_March24_2024-03-27-121003_kxis.pdf

https://www.theguardian.com/technology/2024/mar/27/ai-apocalypse-could-take-away-almost-8m-jobs-in-uk-says-report

https://openai.com/index/gpts-are-gpts/

https://arxiv.org/abs/2303.10130

“Our findings reveal that around 80% of the U.S. workforce could have at least 10% of

their work tasks affected by the introduction of LLMs, while approximately 19% of

workers may see at least 50% of their tasks impacted.”
- GPTs are GPTs: An Early Look at the Labor Market Impact Potential of Large Language Models. 2023

Expected AI Impact on Job Market

Human
AI
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Opportunities

Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024



CHESS is booming 

https://www.chess.com/blog/CHESScom/chess-is-booming-and-our-servers-are-struggling

https://www.digitec.ch/en/page/chess-is-more-popular-than-ever-why-28274 Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024

https://www.chess.com/blog/CHESScom/chess-is-booming-and-our-servers-are-struggling
https://www.digitec.ch/en/page/chess-is-more-popular-than-ever-why-28274


My idea came to life in 1998 under the name of Advanced Chess when I played this
human-plus-machine competition against another elite player … Advanced Chess found
its home on the internet, and in 2005, a so-called freestyle chess
tournament produced a revelation. A team of grandmasters and top machines
participated, but the winners were not grandmasters, not a supercomputer. The
winners were a pair of amateur American chess players operating three ordinary
PCs at the same time. Their skill of coaching their machines effectively counteracted
the superior chess knowledge of their grandmaster opponents and much greater
computational power of others. And I reached this formulation. A weak human player
plus a machine plus a better process (Human/AI collaboration approach) is superior to
a very powerful machine alone, but more remarkably, is superior to a strong human
player plus machine and an inferior process. This convinced me that we would need better
interfaces to help us coach our machines towards more useful intelligence.

What We Can Learn from CHESS

https://www.ted.com/talks/garry_kasparov_don_t_fear_intelligent_machines_work_with_them?language=en

“Don’t fear intelligent machines. 

Work with them” 
- Gary Kasparov. TED Talk 2017.

Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024



https://www.techopedia.com/magnus-carlsen-how-intuition-and-ai-shape-the-best-chess-player-in-the-world

https://en.chessbase.com/post/garry-kasparov-at-peace-with-ai

https://podcastnotes.org/lex-fridman-podcast/greatest-chess-player-of-all-time-315-magnus-carlsen-on-the-lex-fridman-podcast/

“Basically, everything I do is computer analysis. I pit different
computer programs against each other, see where their opinions
differ, and try to learn.”

- Peter Heine Nielsen, Coach of Magnus Carlsen

How to win in today’s game?

“Since `the best moves have been analyzed

to death,’ surprising your opponent is the

greatest advantage—sacrifice the optimal

in favor of the unexpected.
- Magnus Carlsen

CHESS Players Adapted/Collaborated with AI
- Pattern Discovery/Matching

Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024
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Chances of Winning 
[Use AI as a Calculator]

Questionable move
(Is this a blunder?)

Use AI as a Calculator/Commentator
- CHESS Interface

Jiang, AIware Leadership 
Bootcamp, Toronto, Canada, 2024



Chances of Winning
Great move 
(This makes you immortal!!!)

Use AI as a Calculator/Commentator
- CHESS Interface

Jiang, AIware Leadership 
Bootcamp, Toronto, Canada, 2024



Coding Competition?
Code Reviewing? Or Teaching?

Project/Code Health Indicator !!Buggy!!/**Beautiful Code**
Live Commenting/

Teaching
Jiang, AIware Leadership 
Bootcamp, Toronto, Canada, 2024



Codeware Neuralware Promptware Agentware Mindware

Software 1.0 Software 3.0Software 2.0 

• Traditional 

Programming

• Logic-driven

• Developed by 

Software 

Developers

Example: Legacy 

Software

• AI (data + model 

structure) 

Programming

• Neural-driven

• Developed by AI 

experts 

Example: 

Conventional AI 

software

• Prompt 

Programming

• Generative FM-driven

• Led by domain and 

prompt experts 

(assisted with AI)

Example: ChatGPT, 

GitHub Copilot

Software 4.0

• Trusted SW Agents+ 

Intent + 

Alignment+BMC 

Programming 

• Reasoning with

continuous self-

improvement based 

on experience/values/env

。
• Co-led by human and 

agents. Human in 

Loop

Example: Voyager, 

ChatDev

• Intelligent 

Programming

• AGI era has 

arrived, World 

model-driven

• Led by 

autonomous 

agents

• Humans intervene 

less instead define 

constitutions 

(Human on Loop)

Software 5.0

AIware
FMware

AIWare – The Future of Software
Reactive : Human + AI-Assisted → Proactive : Human+ AI collaborators → Autonomous with Human oversight

1968 2012 2022 2028(?) 2030+(?)
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FM-powered AgentWare

It is widely believed that even after entering the era of AGI/ASI, it will be in the

form of multi-agent:

“The immense hype surrounding AI agents stems from the belief that Artificial General

Intelligence (AGI) will manifest in the form of these intelligent agents. AGI won't be confined to a

single agent; rather, it will encompass a multitude of agents, possibly existing within organizations

or digital civilizations. This concept is awe-inspiring, as it prompts us to reimagine the potential of

AI agents and their impact on the world.”

- Andrej Karpathy, AGI House 2023

Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024



An App-free Mobile Phone 
- The AI Phone

the end of the app era ... Who the hell

needs an app? … Why can't I talk to my

phone and say “I want to buy something for

my daughter” or “I want to go on

vacation”. And automatically, the AI is

looking for the service via my apps and

giving me the result immediately. No

intermediate anymore. I can tell you: in

5, 10 years from now, nobody from

us will use apps anymore.
- Tim Höttges Keynote at MWC24

https://www.youtube.com/watch?v=raHuOKV2ci0&t=796s 

https://www.telekom.com/en/media/media-information/archive/deutsche-telekom-frees-smartphones-from-apps-1060272 

https://www.youtube.com/watch?v=Zs0_FqsTrlA&t=43s Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024

https://www.youtube.com/watch?v=Zs0_FqsTrlA&t=43s


Paradigm Shift
- AI Leads the Service-As-Software Paradigm Shift

"We haven't had a platform shift in a while, however, this looks like one. This

is a special moment - a few years where a lot of things will happen"
– Sam Altman. CEO of OpenAI. 2024. 

Instead of QuickBooks, you offer tax services—in

this case, conducted by an AI accountant. The

upside of this change is huge — a $4.6 trillion

opportunity, since the global services market

dwarfs the software market in size.”- Foundation Capital.

https://foundationcapital.com/ai-service-as-software/ 2024.

Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024
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Evolution of FM-powered AgentWare

A Survey on Large Language Model based Autonomous Agents. 2024.

• Intelligent Agent (Agentware): An intelligent agent is an independent entity that

interacts with its environment by (1) perceiving its surroundings, (2) analyzing

and planning about how to behave and interact, and then (3) acting.

Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024



[2022] ReAct Agents
- Examples: AutoGPT/BabyAGI

Single Agent + Browser + 

Use cases: Price matching, Legal search
ReAct: Synergizing Reasoning and Acting in Language Models. ICLR 2023.

https://medium.com/@laylabitar321/unlock-the-power-of-react-based-langchain-agents-a-beginners-guide-62c8fc58c3c8

Auto-GPT for Online Decision Making: Benchmarks and Additional Opinions. 2023.

https://github.com/Significant-Gravitas/AutoGPT

https://github.com/yoheinakajima/babyagi Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024



https://www.vice.com/en/article/93kw7p/someone-asked-an-autonomous-ai-to-destroy-humanity-this-is-what-happened

Pushing AutoGPT to its Limits 

Reasoning

Acting

Jiang, AIware Leadership Bootcamp, Toronto, 
Canada, 2024



[2022] Voyager
- Continual Learning + Automatic Curriculum Learning

Voyager: An Open-Ended Embodied Agent with Large Language Models. 2023. Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024



Voyager: An Open-Ended Embodied Agent with Large Language Models. 2023.

[2022] Voyager
- Continual Learning + Automatic Curriculum Learning

Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024



MetaGPT: Meta Programming for A Multi-Agent Collaborative Framework. 2023.

Communicative Agents for Software Development. 2023.

[2023] Conversational Agent
- Example: ChatDev
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MetaGPT: Meta Programming for A Multi-Agent Collaborative Framework. 2023.

Communicative Agents for Software Development. 2023.

[2023] Conversational Agent
- Example: ChatDev
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[2024] Agent/Computer Interface
- Example: Devin

“Devin is a tireless, skilled teammate, equally ready to build alongside you or 

independently complete tasks for you to review.”
• train and fine tune its own AI models.

• address bugs and feature requests in open source repositories

• contribute to mature production repositories

• complete real jobs on Upwork

https://www.cognition.ai/blog/introducing-devin Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024



[2024] Agent/Computer Interface
- Example: AutoCodeRover and SWE-Agent

AutoCodeRover: Autonomous Program Improvement. 2024.

SWE-agent: Agent-Computer Interfaces Enable Automated Software Engineering. 2024.

Bug Localization Bug Fixing

AutoCodeRover
[Spectrum-based Fault Localization, Compiler, 

Test Harness]

SWE-Agent
[Compiler, Test Harness]

Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024



Research Opportunities
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Hot Topics Require Careful 
Problem Selection

• Everyone is grabbing low-hanging fruit as quickly as
possible

• Chances of being scooped is much higher now (OpenAI, ArXiv,
GPTAgents)

• Research groups can't compete well against startups and major
companies

• We look for competitive advantages over other researchers
• Research expertise
• Research methods
• Research context

• We look for "more ambitious" problems to work on
• Assume others will take care of the incremental improvements
• Hints: Do others think we are wrong? Is there a real possibility of

failure?

Rob DeLine at FM+SE Vision 2030. Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024



Research Opportunities

”Data is the new oil, AI is the new electricity.”
- Andrew Ng

Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024



Data Quality
- Errors in the Benchmark

Is Your Code Generated by Chat{GPT} Really Correct? Rigorous Evaluation of Large Language Models for Code Generation. NeurIPS 2023.

https://docs.google.com/presentation/d/1eTxzUQG9uHaU13BGhrqm4wH5NmMZiM3nI0ezKlODxKs/edit#slide=id.pJiang, AIware Leadership Bootcamp, Toronto, Canada, 2024



Data Contamination 

GSM1k is designed to mirror the style and complexity of the established GSM8k

benchmark, the gold standard for measuring elementary mathematical reasoning …

When evaluating leading open- and closed-source LLMs on GSM1k, we observe

accuracy drops of up to 13%, with several families of models (e.g. Phi and Mistral)

showing evidence of systematic overfitting across almost al model sizes.

A Careful Examination of Large Language Model Performance on Grade School Arithmetic. 2024. Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024



https://scale.com/leaderboard

https://github.com/LiveCodeBench/LiveCodeBench Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024
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Research Opportunities
- Programming Model for FM-powered AgentWare

Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024



Programming Model for AgentWare
(Classic Viewpoint)

Brings together AI and SE researcher to define the 
AOSE programming model back in early 2000

Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024



Programming Model for AgentWare
(GenAI Era)

Classic Agent FM-powered Agent

Creation Logic-driven, programed by human manually FM-driven, automatically generated

Environment Single-environment for agents Multiple environments (e.g., training environment 

vs. multiple deployment environment)

Roles Pre-defined Pre-defined/Dynamically created or evolved 

during runtime

Capability Defined during implementation time (a.k.a., 

statically defined)

Dynamically evolved through agent exploration 

and exploitation 

Deployment 

Scenario

Auto Stock Trader, Social/Economical policy 

simulation

Humanoid robots, super software factories

+) Training (Gym) Env

+) Deployment Env

+) Curriculum

+) Profile

+) Planning

+) Memory

+) Skills

Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024



Heteroelastic Distributed Computing Platform

FM-powered Agent-Oriented Dev Platform

SE Agents SE Environment

School

(Curriculum )

Work
Coding 

Agent
Testing 

Agent
…

SE Society

Rel. 

Config

Metric 

Config
…

Lifelong Learning Platform
FM Repo Data Engineering Model Engineering

Model Serving Distributed Cluster Mgmt

Low-level Computing Layer
HW Accelerated Lib. Communication Lib.

DomainA

Domain 

Curriculum

Domain Society 

Config.

Domain Specific 

Monitoring 

Metrics/Alignment

DomainB

Domain 

Training

Data

Domain 

Curriculum

Domain Society 

Config.

Domain Specific 

Monitoring 

Metrics/Alignment

Domain 

Training

Data

Build 

Agent

…

Technology Stack for Building AgentWare

“Coding is probably the single area from a productivity gain we’re most excited about today

…Health care and education are two things that are coming up that curve that we’re very

excited about too.”
- Sam Altman at Unconfuse Me with Bill Gates. 2024

https://www.youtube.com/watch?v=PkXELH6Y2lM

SE 

Platform

Domain-specific 

Development

(AI4X)

Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024
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IEEE Software Special Issue  on 
“AIware in the Foundation Models Era”

Articles due for review April 9th, 2025

*Expected *Publication Issue:

Jan/Feb 2026 January/February 2025

Jiang, AIware Leadership Bootcamp, Toronto, Canada, 2024


