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Limitations of Modern Artificial Intelligence
• Frozen weight (no real-time update)

𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛

𝑎𝑐𝑡𝑖𝑜𝑛

LLM
: static model

Active Inference
: action-perception loop

Something is wrong with the LLM!

.ℒ = 	𝜓 𝑥 − 𝑦

𝑚𝑜𝑑𝑒𝑙

𝑢𝑠𝑒𝑟

𝑟𝑒𝑞𝑢𝑒𝑠𝑡

𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒

.

𝑡𝑟𝑎𝑖𝑛𝑥, 𝑦
𝑑𝑎𝑡𝑎 X 𝑓𝑟𝑜𝑧𝑒𝑛	 𝑤𝑒𝑖𝑔ℎ𝑡
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Limitations of Modern Artificial Intelligence
• Collapsed Markov blanket

LLM

LLM lacks theory of mind
& temporal depth

𝑏𝑟𝑎𝑖𝑛

𝑃 	 )

𝑢𝑠𝑒𝑟

😭😭
“ㅠㅠ”

😭
(상대의상황에깊게공감하며)

“너는이상황에서
정말힘들겠구나!”

𝑢𝑠𝑒𝑟

😍🥰

𝑚𝑜𝑑𝑒𝑙

.

“4. Siwon님을위한위로와응원ㅠㅠ
지금이상황은 **"아주잘진행되고있다"**는신호입니다.

구체적으로도움이필요하시면말씀해주세요! ㅠㅠ
힘내세요! 💪”

“나는당신을위로해”

“상대를위로하는방법 10선”

“우울한너를위해”

“타인을감동시키는따뜻한한마디”

𝑑𝑎𝑡𝑎

𝑢𝑠𝑒𝑟

😭😭
“ㅠㅠ”

𝑢𝑠𝑒𝑟

🥵🤬

Active Inference
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Lacks Hierarchical World Models
(Missing Prefrontal Cortex function)



Limitations of Modern Artificial Intelligence
• Has Homunculus & No bi-direction

ℎ(") ℎ($)

𝑊"

𝑤

𝑝𝑟𝑜𝑝𝑎𝑔𝑎𝑡𝑖𝑜𝑛:	𝑊$𝑋 + 𝑏

𝑏𝑎𝑐𝑘𝑝𝑟𝑜𝑝𝑎𝑔𝑎𝑡𝑖𝑜𝑛:
𝜕𝑦
𝜕𝑊$

H𝑜𝑚𝑢𝑛𝑐𝑢𝑙𝑢𝑠

👀 

ℒ = 0.73

LLM X Does Dopamine
speak for Homunculus?

Or carry a vector error signal?

Brain
How does the brain learn
without backpropagation?
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Limitations of Modern Artificial Intelligence
• Lacks first principles
ANNs are heuristic tools for solving optimization problems.

Optimization problem
𝐻 𝑃 𝑦 = 𝔼&(') ℑ 𝑦

																											= −𝔼&(') log 𝑃(𝑦)

Active Inference
: grounded in Hamiltonian

LLMs lack grounding in
physical first principles
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Why Active Inference?
• Previous researchs
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𝑝ℎ𝑦𝑠𝑖𝑐

𝑏𝑖𝑜𝑙𝑜𝑔𝑦

𝑙𝑖𝑣𝑖𝑛𝑔	 𝑜𝑟𝑔𝑎𝑛𝑖𝑠𝑚 𝑘𝑛𝑜𝑤𝑙𝑒𝑑𝑔𝑒

𝑡𝑟𝑢𝑡ℎ

𝑐𝑜𝑚𝑝𝑙𝑒𝑥

𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐𝑠

Information realism
“It from Bit” - John Wheeler

𝑡𝑟𝑢𝑡ℎ

𝑐𝑜𝑚𝑝𝑙𝑒𝑥

𝑖𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 =

𝑝ℎ𝑦𝑠𝑖𝑐

Mandelbrot set
𝑡𝑟𝑢𝑡ℎ: 𝑧()" = (𝑧()$+𝑐



Why Active Inference?
• Active Inference
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𝑙𝑖𝑣𝑖𝑛𝑔	 𝑜𝑟𝑔𝑎𝑛𝑖𝑠𝑚

𝐴𝑐𝑡𝑖𝑣𝑒	𝐼𝑛𝑓𝑒𝑟𝑒𝑛𝑐𝑒
𝐹[𝑄, 𝑦]

𝑡𝑟𝑢𝑡ℎ

𝑐𝑜𝑚𝑝𝑙𝑒𝑥

= 	𝑖𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛
	 = −log	P(x)

𝑖𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛	 𝑡ℎ𝑒𝑜𝑟𝑦

𝑓𝑖𝑟𝑠𝑡	 𝑝𝑟𝑖𝑛𝑐𝑖𝑝𝑙𝑒 𝑖𝑛𝑓𝑒𝑟𝑒𝑛𝑐𝑒

𝑏𝑎𝑠𝑒𝑑

𝑏𝑖𝑜𝑙𝑜𝑔𝑦

𝑖𝑛𝑣𝑒𝑟𝑠𝑒
     𝑖𝑛𝑓𝑒𝑟𝑒𝑛𝑐𝑒


