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About Me

Machine Intelligence / Startups / Finance

2014 = 'fun' :

Since 2015 = 'serious' :: NLP + deep learning

Moved from NYC to Singapore in Sep-2013

Machine Learning, Deep Learning, NLP

Robots, drones

Including Papers…

& GDE ML; ML-Singapore co-organiser…

& Red Dragon AI…
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What’s the Game?



Why Add a Second Model?

Single-model RL is limited:

Adding a learning partner adds signal:

"Two models" can mean:

needs exact math/code verifiers

fixed tasks stop stretching the model

sparse 0/1  outcome rewards plateau

Competition : expose mistakes & force strategy

Cooperation : transfer privileged explanations

RSI / Co-evolution : invent harder tasks & worlds

separate nets or shared weights (eg: role prompt)

key question : what anchors the loop?

… or an EMA momentum copy



Some History : Pre-LLM



Competitive Blueprints : GANs & Self-Play

GANs - Goodfellow et al (2014) AlphaZero - Silver et al (2017)

Generator tries to fool Discriminator

discrete tokens block direct backprop!

modern LLM echo : RARO (reasoning critic)

grounded by real data distribution

SeqGAN - Yu et al (2016) used RL policy gradients

symmetric self-play + MCTS search

failure mode : strategy cycling

modern LLM echo : SPIRAL

opponent is always at your current level

grounded by exact game rules (win/loss)

fix = league play vs past checkpoints

https://arxiv.org/abs/1406.2661
https://arxiv.org/abs/1712.01815
https://arxiv.org/abs/1609.05473


Cooperative Blueprint :

DINO

Emerging Properties in Self-Supervised

Vision Transformers (DINO)

- Caron et al (2021)

Trying to create good representations "p"

Student matches Teacher across image crops

Why doesn’t it collapse to a constant?

Core insight for LLMs:

for each image 'x'

Teacher sees global views; Student sees local

Teacher = EMA momentum copy of Student

stop-gradient  on Teacher

Teacher output centering + sharpening

information asymmetry creates a teaching signal

… even from the same underlying model (SDPO)

https://arxiv.org/abs/2104.14294
https://arxiv.org/abs/2104.14294


Curriculum Blueprint : PAIRED

Emergent Complexity and Zero-shot Transfer via

Unsupervised Environment Design (PAIRED)

- Dennis et al (2020)

How do you automatically generate useful training worlds?

Solution = reward the Environment Designer for Regret:

Modern LLM echo : SPADE (hint-based regret in code worlds)

naïve adversarial generator makes impossible worlds

random generator makes trivial worlds

gap between advantaged Antagonist and Protagonist agents

high regret  world is solvable, but hard right now

Regret = R(Antagonist) −R(Protagonist)
→

https://arxiv.org/abs/2012.02096
https://arxiv.org/abs/2012.02096


Competition : Self-Play & Critics



SPIRAL : Multi-Turn Game Self-Play (for LLMs)

SPIRAL: Self-Play on Zero-Sum Games Incentivizes Reasoning via Multi-Agent Multi-Turn RL

- Liu et al (ICLR 2026)

One shared policy plays both sides in zero-sum games

Stabilized via Role-conditioned Advantage Estimation (RAE)

Kuhn Poker, Simple Negotiation, TicTacToe (no human problem sets)

normalizes rewards per player role; anchor = deterministic game rules

https://arxiv.org/abs/2506.24119


SPIRAL : Zero-Shot Transfer to Math & Logic (WOW!)

Why does playing poker improve math benchmarks?

opponent pressure forces case analysis, deception detection & expected-value tracking in CoT

Qwen3-4B-Base  : 34.0% -> 44.5%  (mean across 8 reasoning benchmarks)

multi-game self-play beats single-game training

caveat : starts from a pretrained base model (activates existing latent knowledge)



RARO : RL when there is no Verifier (~ LLM GAN)

Escaping the Verifier: Learning to Reason via Demonstrations (RARO) - Cai et al (2026)

What if there is no rule-based verifier (eg: creative writing, open-ended tasks)?

GAN-style Inverse RL : Policy vs Relativistic Critic (shared weights)

Critic sees (expert, policy)  answer pair  reasons via CoT to spot the expert

Policy trained via RL to fool the Critic (with a 'tie'  option + replay buffer)

→

https://arxiv.org/abs/2511.21667


RARO : Scaling Without a Rule Verifier

Matches RLVR test-time & model-size scaling trends:

strong gains on Countdown & DeepMath without using ground-truth verifiers

unlocks test-time reasoning scaling on open-ended Poetry

caveat : 'verifier-free' ≠ 'supervision-free'
anchored by high-quality expert demonstrations (risk = learning style over substance)



Cooperation : Teachers &

Hindsight



Sakana RLT : Learning to Teach

Reinforcement-Learned Teachers (RLT)

- Cetin et al (2025)

Standard RLVR:

RLT introduces information asymmetry:

Sakana AI Blog

models must discover everything from scratch

Teacher given both question + ground-truth answer

Teacher writes step-by-step explanation

Teacher Reward =

Student’s log-likelihood of producing the right answer

for a frozen Student

https://arxiv.org/abs/2506.08388
https://sakana.ai/rlt/


Good Solver ≠ Good Teacher

7B RLT beats DeepSeek-R1 (671B) as a teacher:

Why?

Caveat : RLT optimizes 1-step answer likelihood

Qwen-7B  student : 49.5%  (RLT) vs 46.6%  (R1 teacher)

Qwen-32B  student : 73.2%  (RLT) vs 71.5%  (R1 teacher)

raw solver traces contain dead-ends & leaps

RLT explicitly optimizes for student comprehension

SOAR (ICML 2026) rewards actual inner-loop Student

progress on hard problems

https://arxiv.org/abs/2601.18778


SDPO : Self-Distillation Policy Optimization

Reinforcement Learning via Self-Distillation (SDPO) - Hübotter et al (2026)

~DINO for LLM post-training (Student + EMA Self-Teacher):

Student fails a task  environment returns rich feedback (compiler error, traceback)

Self-Teacher sees [prompt + rich feedback]  in hindsight & re-scores every token

Student (without feedback) distills those token-level probabilities

→

https://arxiv.org/abs/2601.20802


SDPO : Dense Credit Assignment

Fixes the scalar RLVR bottleneck:

LiveCodeBench v6 ( Qwen3-8B ):

Anchor = environment execution feedback

GRPO gives 0  for a failed 2,000-token rollout

SDPO pinpoints which exact tokens caused the bug

48.8%  with SDPO vs 41.2%  with GRPO

beats Claude Sonnet 4 & DeepSeek-R1-Distill

reaches GRPO’s peak accuracy in 4× fewer generations



Recursive Self-Improvement

(RSI)



RSI : Auto-Scientists vs Co-

Evolving Worlds

RSI via Auto-Scientist

(eg: The AI Scientist - Lu et al (2024)):

Other RSI directions :

Proposer–Solver Co-Evolution

tends to produce very incremental improvements

generating ML paper text ≠ capability breakthroughs

because the vast bulk of papers it has been trained

on are incremental…

don’t imitate the literature invent harder

interactive challenges

Absolute Zero (AZR) (2025) : code-execution tasks

with zero external datasets

→

https://arxiv.org/abs/2408.06292
https://arxiv.org/abs/2505.03335


SPADE : Self-Play

Executable Worlds

SPADE: Self-Play in Adaptive Synthetic

Executable Environments

- Liu et al (Aug-2026)

Excellent Project Page & MIT-licensed Code

One shared LLM plays two roles:

Grounded by real Python execution

See "Adaptive Synthetic Environments Scaling"

Environment Designer : writes stateful Python

worlds ( reset() , step() , tools & rewards)

Reasoning Agent : interacts over multiple turns to

solve them

syntax or runtime bugs rejected immediately

https://arxiv.org/abs/2608.19197
https://arxiv.org/abs/2608.19197
https://spade-rl.github.io/
https://github.com/spade-rl/spade


SPADE : Hint-Based Regret Curriculum

How to keep generated worlds solvable yet challenging?

Designer also generates a solution hint

Hint-based Regret : 

Corpus documents seed topic diversity : +13.9 pts on ACEBench-Agent ( Qwen3-30B-A3B )

r ​ =D R(with hint) −R(without hint)
high gap = solvable with the hint, too hard without it (right at the frontier!)



SPADE : Breaking the Fixed-Environment Plateau

Fixed environments plateau; co-evolving worlds (SPADE, dark blue) keep scaling:
baselines : Fixed-env RLVE  (orange) & Fixed-env GRPO  (grey) saturate or degrade

+5.3 pts mean gain across 8 reasoning benchmarks ( Qwen3-30B-A3B )

caveat : Python execution guarantees runnable code, not real-world truth



Self-Play Pretraining with

Zero Data

Self-Play Pretraining with Zero Data -

Cowsik et al (Sept-2026)

Every method so far started from a pretrained LLM

Can two transformers learn from random weights

with zero human data?

Generator rewarded for gradient alignment with

Learner’s trajectory

Generator writes small Universal Turing Machine

programs in BrainF*ck  (via RL)

Interpreter executes them into byte streams

Learner predicts the next byte

https://arxiv.org/abs/2609.30063


Zero-Data : Skills Learned work across Modalities

Zero-shot validation loss on real data drops as a power law of self-play compute:
transfers across Text (DCLM), Code, Audio, Images & DNA

caveats :

learns universal structural priors (algorithmic patterns), not factual world knowledge

natural validation loss was still used to tune hyperparameters



In the news…



Gemini 4 Argon : Agent Team Beats Minecraft

A team of Gemini 4 Argon agents beats Minecraft - Faldor et al (Oct-2026)

4 general-purpose coding agents in a random Survival world - First Author Thread

27 hours & 2,783 self-written Mineflayer programs (605 respawns, 229 chat messages)

self-organized via chat & shared helper functions : tools, food, diamonds, Nether portal

did not have a lot of fun with the Ender Dragon…

https://arxiv.org/abs/2610.22319
https://x.com/maxencefaldor/status/2111023397106770026


Gemini 4 Argon : Triangulating the Stronghold



Security Issues

@fiveoutofnine  : The State of InfoSec

"Anyway, it’s Wednesday" …

PHP : two possible RCE 0-days leaked before patch

LiteLLM 1.107.0  : hijacked on PyPI & Docker

GitLab : CVSS 10.0  bug

Railway & TiDB Cloud breached

Zeabur shutting down

eMudhra Certificate Authority (60M+ certs)

NSA, FBI, CISA, CERT-EU & Japan PM (at 5:55am)

: "take your system offline"

credential stealer + RAT triggered on install

(2nd time this year!)

(in every self-hosted install since 2014)

'100+ digit random' private keys:

one of them was 4  (others were 66  & 237 )

https://x.com/fiveoutofnine/status/2113045722744717360


Wrap-Up

Single-model RLVR has limits

Three multi-model modes:

Be sure that it’s working as intended:

another model changes what can be learned

Competition (SPIRAL, RARO) :

Cooperation (RLT, SDPO) :

RSI (SPADE, Zero-Data) :

opponents & critics expose weaknesses

privileged context & hindsight turn into dense

supervision

co-evolving executable worlds beat static datasets

What external anchor keeps the models honest?

Does it win at matched total compute?
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