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Transformers as Effective Fields
A quantum-physics theory of AI

Changqing Fu, presented at MLCollective, November 2025
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What happened inside?

Take Home Message: Transformer is not a mere engineering 
coincidence, but is grounded in principles from (quantum) physics. 
Today’s Goal: I don’t see this idea ANYwhere after asking many 
people… Please correct it or guide me to any existing papers :)



Plan
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• What are Transformers 

• Potential Field of Linear Transformer 

• Why is the Field Effective? 

• Axiomize Softmax / Activation Functions



Transformers
<latexit sha1_base64="b8pNljknEOgyBmvMRXQceXZI0rM=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR4LXjxWsNtCu5Rsmm1js0lIskJZCv4ELx4U8er/8ea/Mf04aOuDgcd7M8zMixVnxvr+t1dYW9/Y3Cpul3Z29/YPyodHoZGZJrRJJJe6HWNDORO0aZnltK00xWnMaSse3Uz91iPVhklxb8eKRikeCJYwgq2Twq5UPDO9csWv+jOgVRIsSAUWaPTKX92+JFlKhSUcG9MJfGWjHGvLCKeTUjczVGEywgPacVTglJoon107QWdO6aNEalfCopn6eyLHqTHjNHadKbZDs+xNxf+8TmaT6yhnQmWWCjJflGQcWYmmr6M+05RYPnYEE83crYgMscbEuoBKLoRg+eVVEl5Ug1q1dndZqYdP8ziKcAKncA4BXEEdbqEBTSDwAM/wCm+e9F68d+9j3lrwFhEewx94nz//lI/k</latexit>→

Q1 K1 V1

O1
<latexit sha1_base64="S9M4ejL6gPvWh0BLYBlvA/6RD2E=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWME84BkCbOT2WTI7Mwy0yuEJeAvePGgiFe/x5t/4+Rx0MSChqKqm+6uKJXCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVmGG8wLbVpR9RyKRRvoEDJ26nhNIkkb0Wj26nfeuTGCq0ecJzyMKEDJWLBKDqp1dUoEm57pbJf8WcgqyRYkDIsUO+Vvrp9zbKEK2SSWtsJ/BTDnBoUTPJJsZtZnlI2ogPecVRRtyTMZ+dOyLlT+iTWxpVCMlN/T+Q0sXacRK4zoTi0y95U/M/rZBjfhLlQaYZcsfmiOJMENZn+TvrCcIZy7AhlRrhbCRtSQxm6hIouhGD55VXSvKwE1Ur1/qpcaz7N4yjAKZzBBQRwDTW4gzo0gMEInuEV3rzUe/HevY9565q3iPAE/sD7/AG1gZBM</latexit>→

DotSoftmax

Q2 K2 V2

O2
<latexit sha1_base64="S9M4ejL6gPvWh0BLYBlvA/6RD2E=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWME84BkCbOT2WTI7Mwy0yuEJeAvePGgiFe/x5t/4+Rx0MSChqKqm+6uKJXCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVmGG8wLbVpR9RyKRRvoEDJ26nhNIkkb0Wj26nfeuTGCq0ecJzyMKEDJWLBKDqp1dUoEm57pbJf8WcgqyRYkDIsUO+Vvrp9zbKEK2SSWtsJ/BTDnBoUTPJJsZtZnlI2ogPecVRRtyTMZ+dOyLlT+iTWxpVCMlN/T+Q0sXacRK4zoTi0y95U/M/rZBjfhLlQaYZcsfmiOJMENZn+TvrCcIZy7AhlRrhbCRtSQxm6hIouhGD55VXSvKwE1Ur1/qpcaz7N4yjAKZzBBQRwDTW4gzo0gMEInuEV3rzUe/HevY9565q3iPAE/sD7/AG1gZBM</latexit>→

DotSoftmax

…

…

<latexit sha1_base64="ylALGje66O6vaimy1Cp3lBIFVGY="></latexit>

Ẋ = W → → ω →W (X)

<latexit sha1_base64="/QX9dL0Bu8HmuRHIugt9zuqTDl4="></latexit>

X(t+ 1) = X(t) +W →(t) → ω →W (t)(X(t))

Linear

Linear

Nonlinear

Discrete
Continuous

MLP-In

MLP-Out

ReLU

“N tokens of dimension C”
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“Scaling Vision Transformers to 22 Billion Parameters”, ICML 2023

<latexit sha1_base64="tsas4Vju52W+tq0vViFAzl6hKBs="></latexit>

X : [0, 1] → RN→C



In1

Out1

ReLU

<latexit sha1_base64="b8pNljknEOgyBmvMRXQceXZI0rM=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR4LXjxWsNtCu5Rsmm1js0lIskJZCv4ELx4U8er/8ea/Mf04aOuDgcd7M8zMixVnxvr+t1dYW9/Y3Cpul3Z29/YPyodHoZGZJrRJJJe6HWNDORO0aZnltK00xWnMaSse3Uz91iPVhklxb8eKRikeCJYwgq2Twq5UPDO9csWv+jOgVRIsSAUWaPTKX92+JFlKhSUcG9MJfGWjHGvLCKeTUjczVGEywgPacVTglJoon107QWdO6aNEalfCopn6eyLHqTHjNHadKbZDs+xNxf+8TmaT6yhnQmWWCjJflGQcWYmmr6M+05RYPnYEE83crYgMscbEuoBKLoRg+eVVEl5Ug1q1dndZqYdP8ziKcAKncA4BXEEdbqEBTSDwAM/wCm+e9F68d+9j3lrwFhEewx94nz//lI/k</latexit>→

Q1 K1 V1

O1
<latexit sha1_base64="S9M4ejL6gPvWh0BLYBlvA/6RD2E=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWME84BkCbOT2WTI7Mwy0yuEJeAvePGgiFe/x5t/4+Rx0MSChqKqm+6uKJXCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVmGG8wLbVpR9RyKRRvoEDJ26nhNIkkb0Wj26nfeuTGCq0ecJzyMKEDJWLBKDqp1dUoEm57pbJf8WcgqyRYkDIsUO+Vvrp9zbKEK2SSWtsJ/BTDnBoUTPJJsZtZnlI2ogPecVRRtyTMZ+dOyLlT+iTWxpVCMlN/T+Q0sXacRK4zoTi0y95U/M/rZBjfhLlQaYZcsfmiOJMENZn+TvrCcIZy7AhlRrhbCRtSQxm6hIouhGD55VXSvKwE1Ur1/qpcaz7N4yjAKZzBBQRwDTW4gzo0gMEInuEV3rzUe/HevY9565q3iPAE/sD7/AG1gZBM</latexit>→

DotSoftmax

Q2 K2 V2

O2
<latexit sha1_base64="S9M4ejL6gPvWh0BLYBlvA/6RD2E=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWME84BkCbOT2WTI7Mwy0yuEJeAvePGgiFe/x5t/4+Rx0MSChqKqm+6uKJXCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVmGG8wLbVpR9RyKRRvoEDJ26nhNIkkb0Wj26nfeuTGCq0ecJzyMKEDJWLBKDqp1dUoEm57pbJf8WcgqyRYkDIsUO+Vvrp9zbKEK2SSWtsJ/BTDnBoUTPJJsZtZnlI2ogPecVRRtyTMZ+dOyLlT+iTWxpVCMlN/T+Q0sXacRK4zoTi0y95U/M/rZBjfhLlQaYZcsfmiOJMENZn+TvrCcIZy7AhlRrhbCRtSQxm6hIouhGD55VXSvKwE1Ur1/qpcaz7N4yjAKZzBBQRwDTW4gzo0gMEInuEV3rzUe/HevY9565q3iPAE/sD7/AG1gZBM</latexit>→

DotSoftmax

In2

Out2

ReLU

…

…

…

…

<latexit sha1_base64="D4XuIbGnVr0IYkw3G7JdyToAzAw="></latexit>

X → CN→C ,Win,i,Wout,i,Qi,Ki,Vi,Oi → CC→r

*MultiHeadMLP 
= 

Wide MLP
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Low-Rank / Random Projection

*Simplification:

<latexit sha1_base64="516QNBa/h/61MZfjoxMiGAfsnec="></latexit>

<latexit sha1_base64="3rZUs3J6OO1ZU8ezryPzdJJAlp0="></latexit>

Ẋ =
∑

i

(XWin,i)+W
→
out,i +

∑

i

Softmax(r↑1/2
XQiK

→
i X

→)XViO
→
i



In1

Out1

<latexit sha1_base64="b8pNljknEOgyBmvMRXQceXZI0rM=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR4LXjxWsNtCu5Rsmm1js0lIskJZCv4ELx4U8er/8ea/Mf04aOuDgcd7M8zMixVnxvr+t1dYW9/Y3Cpul3Z29/YPyodHoZGZJrRJJJe6HWNDORO0aZnltK00xWnMaSse3Uz91iPVhklxb8eKRikeCJYwgq2Twq5UPDO9csWv+jOgVRIsSAUWaPTKX92+JFlKhSUcG9MJfGWjHGvLCKeTUjczVGEywgPacVTglJoon107QWdO6aNEalfCopn6eyLHqTHjNHadKbZDs+xNxf+8TmaT6yhnQmWWCjJflGQcWYmmr6M+05RYPnYEE83crYgMscbEuoBKLoRg+eVVEl5Ug1q1dndZqYdP8ziKcAKncA4BXEEdbqEBTSDwAM/wCm+e9F68d+9j3lrwFhEewx94nz//lI/k</latexit>→

Q1 K1 V1

O1
<latexit sha1_base64="S9M4ejL6gPvWh0BLYBlvA/6RD2E=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWME84BkCbOT2WTI7Mwy0yuEJeAvePGgiFe/x5t/4+Rx0MSChqKqm+6uKJXCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVmGG8wLbVpR9RyKRRvoEDJ26nhNIkkb0Wj26nfeuTGCq0ecJzyMKEDJWLBKDqp1dUoEm57pbJf8WcgqyRYkDIsUO+Vvrp9zbKEK2SSWtsJ/BTDnBoUTPJJsZtZnlI2ogPecVRRtyTMZ+dOyLlT+iTWxpVCMlN/T+Q0sXacRK4zoTi0y95U/M/rZBjfhLlQaYZcsfmiOJMENZn+TvrCcIZy7AhlRrhbCRtSQxm6hIouhGD55VXSvKwE1Ur1/qpcaz7N4yjAKZzBBQRwDTW4gzo0gMEInuEV3rzUe/HevY9565q3iPAE/sD7/AG1gZBM</latexit>→

Q2 K2 V2

O2
<latexit sha1_base64="S9M4ejL6gPvWh0BLYBlvA/6RD2E=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgxWME84BkCbOT2WTI7Mwy0yuEJeAvePGgiFe/x5t/4+Rx0MSChqKqm+6uKJXCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVmGG8wLbVpR9RyKRRvoEDJ26nhNIkkb0Wj26nfeuTGCq0ecJzyMKEDJWLBKDqp1dUoEm57pbJf8WcgqyRYkDIsUO+Vvrp9zbKEK2SSWtsJ/BTDnBoUTPJJsZtZnlI2ogPecVRRtyTMZ+dOyLlT+iTWxpVCMlN/T+Q0sXacRK4zoTi0y95U/M/rZBjfhLlQaYZcsfmiOJMENZn+TvrCcIZy7AhlRrhbCRtSQxm6hIouhGD55VXSvKwE1Ur1/qpcaz7N4yjAKZzBBQRwDTW4gzo0gMEInuEV3rzUe/HevY9565q3iPAE/sD7/AG1gZBM</latexit>→

In2

Out2 …

…

…

…

Id Dot DotId

* ReLU 
= 

Conic Proj-GD

* Softmax 
= 

LogSumExp Energy

Linear Transformers*
*Without Loss of 

Generality

7

<latexit sha1_base64="AZ/5vCAobOfbgZO0+uozp8Oai8c="></latexit>

Ẋ =
∑

i

XWin,iW
→
out,i +

∑

i

r↑1/2
XQiK

→
i X

→
XViO

→
i
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• What are Transformers 

• Potential Field of Linear Transformer 

• Why is the Field Effective? 

• Axiomize Softmax / Activation Functions



“In-Context Learning” Desires
<latexit sha1_base64="iCKw+9tr7iMWUUSV7vTVXezHSkU="></latexit>

iẊ = ωV
ωX→

Transformers Architecture!

<latexit sha1_base64="xBTK4h1NJ9s1UTFcIgoYXprZTsc=">AAACM3icbZDNSsNAFIUn9a/Wv6hLN4NFERclEaluhIIblxVsWmhimUwn7dCZJMxMxBIKPoBPI7jSFxF34tataydNQdt6YeBw7tzDvZ8fMyqVZb0ZhYXFpeWV4mppbX1jc8vc3nFklAhMGjhikWj5SBJGQ9JQVDHSigVB3Gek6Q8us37zjghJo/BGDWPicdQLaUAxUtrqmIduIBBO3RgJRRGDzuhXuz6HrdvjEbyAHbNsVaxxwXlhT0QZTKreMb/dboQTTkKFGZKybVux8tIsGTMyKrmJJDHCA9QjbS1DxIn00vE9I3ignS4MIqFfqODY/TuR+nwqIb3PB6c8xKUccl+ncaT6craXmf/12okKzr2UhnGiSIjzZYKEQRXBDCDsUkGwYkMtEBZU3wNxH2mISmMuaVD2LJZ54ZxU7Gqlen1arjkPObIi2AP74AjY4AzUwBWogwbA4BE8gRfwajwb78aH8Zl/LRgTzLtgqoyvHw3Rq6o=</latexit>

ωV

ωX→ =

9

<latexit sha1_base64="GQGwL37AxGo/MeRcoGE7IzFw0xY="></latexit>

V = V2 + V4 +O(→X→6),X/⊋ replace↑ X

* Complex Field = Dissipative + Conservative 
* Otherwise we will get self-adjoint / symmetric weights

**Previous MLC Talks

Key Observation

* Wirtinger  Calculus

<latexit sha1_base64="HUMk8+WbgiSWiNYRomj1gBZ3TCA="></latexit>

V (X) =
i

2
Tr(XWiX

→) +
i

2
→
r

n/2∑

i=1

Tr(XWAiX
→XW →

BiX
→)



Euler-Lagrange Eq 
Schrödinger Eq  
Feynman Path Integral

Why Is                  Canonical?
<latexit sha1_base64="iCKw+9tr7iMWUUSV7vTVXezHSkU="></latexit>

iẊ = ωV
ωX→

<latexit sha1_base64="DL5yn1PeWcGsb5ECmvl4DxX/GFM="></latexit>

Z =

∫
exp(iS(X))DX

<latexit sha1_base64="SWvdRwcxdx763SuqG2h9wzm2tXw="></latexit>

S(X) :=

∫ 1

0
Tr(

i

2
(ẊX→ →XẊ→)→ V (X)) dt

<latexit sha1_base64="6nSiPsyh6BtPFmQDnbdzKqfyMvA=">AAACMnicbVBLSwMxGMz6rPW16tFLsBRawbIrUr0IBS8eeqhgH9CuSzZN29Bkd02y0rIUvPtrBE/6S/QmXj17Nu32YFsHQoaZzEe+8UJGpbKsd2NpeWV1bT21kd7c2t7ZNff2azKIBCZVHLBANDwkCaM+qSqqGGmEgiDuMVL3+ldjv/5AhKSBf6uGIXE46vq0QzFSWnLNbPnuOBfmL1scDdy41Q4UvB+FyX1SziUk75oZq2BNABeJPSUZMEXFNX90Ekec+AozJGXTtkLlxEgoihkZpVuRJCHCfdQlTU19xIl04sk6I5jVSht2AqGPr+BE/ZuIPT4zIR4kwRkNcSmH3NPTOFI9Oe+Nxf+8ZqQ6F05M/TBSxMfJZzoRgyqA4/5gmwqCFRtqgrCgeh+Ie0ggrHTLaV2UPV/LIqmdFuxioXhzlinVHpPKUuAQHIEcsME5KIFrUAFVgMETeAav4M14MT6MT+MrebpkTGs+ADMwvn8B6suqiQ==</latexit>

L→(p) = max
q̇

pq̇ → L(q̇)

Legendre Transform
<latexit sha1_base64="aQ5dcEUIBoiNI+RQEO+w2IRvhos="></latexit>

X =
q + ip→

2
, X→ =

q ↑ ip→
2

,
1

2
(ẊX→ ↑XẊ→) =

i

2
(X→Ẋ ↑ Ẋ→X) = pq̇

<latexit sha1_base64="Frc5QE9jYPMWA/0xFnXL0QVk4ac="></latexit>

ω =
i

2
(( dX)X→ →X dX→) dω = i dX ↑ dX→ Symplectic Form

10
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• What are Transformers 

• Potential Field of Linear Transformer 

• Why is the Field Effective? 

• Axiomize Softmax / Activation Functions



Why Is V “Effective”?
Axiom 1: Real Analyticity

(Multi-Scale, Free+Interactive terms, RG / Phase Transition)

(Word Exchangeability, *broken by RoPE)

(Hamiltonian Matrix/RMT)

<latexit sha1_base64="UVsXMaUpo4mLkmNXacjHhZK+nNY="></latexit>

V (X→X) : CN↑N → C

<latexit sha1_base64="GQGwL37AxGo/MeRcoGE7IzFw0xY="></latexit>

V = V2 + V4 +O(→X→6),X/⊋ replace↑ X

12

NO MORE TERMS!!!

Axiom 2: Left Permutation Symmetry 

Axiom 3: Right Learnable U(1) Symmetry

This is the Minimal Interactive Polynomial Field!

<latexit sha1_base64="HUMk8+WbgiSWiNYRomj1gBZ3TCA="></latexit>

V (X) =
i

2
Tr(XWiX

→) +
i

2
→
r

n/2∑

i=1

Tr(XWAiX
→XW →

BiX
→)

<latexit sha1_base64="CQ3ubnjl9AbX8CX2DcigTMk/gKc="></latexit>

TrV ({XWiX
→}i) : Cn → C



Why Is V “Effective”?
Axiom 1: Real Analyticity

(Multi-Scale, Free+Interactive terms, RG / Phase Transition)

(Word Exchangeability, *broken by RoPE)

(Hamiltonian Matrix/RMT)

<latexit sha1_base64="UVsXMaUpo4mLkmNXacjHhZK+nNY="></latexit>

V (X→X) : CN↑N → C

<latexit sha1_base64="GQGwL37AxGo/MeRcoGE7IzFw0xY="></latexit>

V = V2 + V4 +O(→X→6),X/⊋ replace↑ X
NO MORE TERMS!!!

Axiom 2: Left Permutation Symmetry 

Axiom 3: Right Learnable U(1) Symmetry

<latexit sha1_base64="MzcI70KSN9pK8DywzjOqswCZJfc="></latexit>

V (PX) = V (X), →P ↑ SN
<latexit sha1_base64="ZRO/RO3GCZ6LIn5M9RdbD990Bj4="></latexit>

→i, V (XQ→) = V (X), →Q s.t. [Q,Wi] = 0

<latexit sha1_base64="CQ3ubnjl9AbX8CX2DcigTMk/gKc="></latexit>

TrV ({XWiX
→}i) : Cn → C



Why Is V “Effective”?
Axiom 1: Real Analyticity

(Multi-Scale, Free+Interactive terms, RG / Phase Transition)

(Word Exchangeability, *broken by RoPE)

(Hamiltonian Matrix/RMT)

<latexit sha1_base64="UVsXMaUpo4mLkmNXacjHhZK+nNY="></latexit>

V (X→X) : CN↑N → C

<latexit sha1_base64="GQGwL37AxGo/MeRcoGE7IzFw0xY="></latexit>

V = V2 + V4 +O(→X→6),X/⊋ replace↑ X

<latexit sha1_base64="nERpR7GEYDQ9gzjTP6C0cT5+QNQ="></latexit>

ω(WW →)

<latexit sha1_base64="0Qbd9vOR/Fzj6GDh2dUHIjMAcW0="></latexit>

P(ω(WW →))
<latexit sha1_base64="516QNBa/h/61MZfjoxMiGAfsnec="></latexit>

Signal
Noise

<latexit sha1_base64="bt7aN/1wOR2Dlm570Q9KnnQ3YJA="></latexit>

14

NO MORE TERMS!!!

<latexit sha1_base64="9QGh1cz+GnlwTTb6KflgIAcm8R0="></latexit>

Im(ω(W ))

<latexit sha1_base64="AZnPiYsZtQdcyN6UJuh9igYABkI="></latexit>

Re(ω(W ))

power law  
(last research jam & previous talk)

Axiom 2: Left Permutation Symmetry 

Axiom 3: Right Learnable U(1) Symmetry
<latexit sha1_base64="CQ3ubnjl9AbX8CX2DcigTMk/gKc="></latexit>

TrV ({XWiX
→}i) : Cn → C
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Q1: What About Softmax?

16



Why Softmax = LogSumExp Potential? 
<latexit sha1_base64="xRneEUuDpFptaUsLn7WZMwS1gIk="></latexit>

V (X) =
i

2

nHead∑

i=1

N∑

j=1

log
N∑

k=1

exp([
1→
r
XWiX

→]jk)

<latexit sha1_base64="GOp193LAuNVp2N2V2DxczL8ch7g="></latexit>

ωV
ωX ! =

i
2

nHead!

i =1

Softmax(
1

!
r

XW i X ! )XW i

“Energy + Entropic Regularization”
17

<latexit sha1_base64="Y2oQT8/G0CU6IHdIf9pzGvuGRDI="></latexit>

min
p! ! n ! 1

Ep[E ] + ! Ep[logp] =! p = Softmax( " E/ ! )



Q2: What About Activation Functions? 
(Previous Works)

18



Why ReLU-MLP = Projected Gradient Descent?  
Or Even: How to Improve It?

• Component-Wise 

• Positive 1-Homogeneity


• Idempotence/Projection

19

Axiom Property Formulation
<latexit sha1_base64="LyZ9CL3OskgECEwtGZjpcyo4fv0=">AAACDXicbVDLSsNAFL2pr1pfUZduBqvgQkoiUt0IRTcuK9gHNCFMJpN26OTBzEQopT/gxl9x40IRt+7d+TdO0yy09cIMh3Pu4d57/JQzqSzr2ygtLa+srpXXKxubW9s75u5eWyaZILRFEp6Iro8l5SymLcUUp91UUBz5nHb84c1U7zxQIVkS36tRSt0I92MWMoKVpjzzyAkTgTlH7BQ5XPsC7KTMY1f5XzCeWbVqVl5oEdgFqEJRTc/8coKEZBGNFeFYyp5tpcodY6EY4XRScTJJU0yGuE97GsY4otId59dM0LFmAqTX0i9WKGd/O8Y4knIU+bozwmog57Up+Z/Wy1R46Y5ZnGaKxmQ2KMw4UgmaRoMCJihRfKQBJoLpXREZYIGJ0gFWdAj2/MmLoH1Ws+u1+t15tXFdxFGGAziEE7DhAhpwC01oAYFHeIZXeDOejBfj3fiYtZaMwrMPf8r4/AHtwpuA</latexit>

! i, !" i = " i !

<latexit sha1_base64="1Dk9/jTHtbcSsGpofZKyKBBcGg4=">AAACDXicbVDLSgMxFM34rPU16tJNsAotSJkRqW6UohuXFewD2qFk0rQNzWSG5I60DP0BN/6KGxeKuHXvzr8xfQjaeiBwcu493HuPHwmuwXG+rIXFpeWV1dRaen1jc2vb3tmt6DBWlJVpKEJV84lmgktWBg6C1SLFSOALVvV716N69Z4pzUN5B4OIeQHpSN7mlICRmvZhox0qIgSGS+cYN4RxtkgW+rkL+Pn0c0074+SdMfA8cackg6YoNe3PRiukccAkUEG0rrtOBF5CFHAq2DDdiDWLCO2RDqsbKknAtJeMrxniI6O0sFnLPAl4rP52JCTQehD4pjMg0NWztZH4X60eQ/vcS7iMYmCSTga1Y3N6iEfR4BZXjIIYGEKo4mZXTLtEEQomwLQJwZ09eZ5UTvJuIV+4Pc0Ur6ZxpNA+OkBZ5KIzVEQ3qITKiKIH9IRe0Kv1aD1bb9b7pHXBmnr20B9YH99Tgpp5</latexit>

! t > 0, ! (tx ) = t! (x)

<latexit sha1_base64="6d8qwhEqeJu7bkTug1Kf3CZf3mc=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJlOpGKLpxWcE+oA1lMpm0QyeTMDMRSuzCX3HjQhG3/oY7/8Zpm4W2Hhju4Zx7uXeOn3CmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqTiVhDZJzGPZ8bGinAna1Exz2kkkxZHPadsf3Uz99gOVisXiXo8T6kV4IFjICNZG6ttHPW6aA5yXq7z27bJTcWZAy8TNSRlyNPr2Vy+ISRpRoQnHSnVdJ9FehqVmhNNJqZcqmmAywgPaNVTgiCovm90/QadGCVAYS/OERjP190SGI6XGkW86I6yHatGbiv953VSHl17GRJJqKsh8UZhypGM0DQMFTFKi+dgQTCQztyIyxBITbSIrmRDcxS8vk9Z5xa1VanfVcv06j6MIx3ACZ+DCBdThFhrQBAKP8Ayv8GY9WS/Wu/Uxby1Y+cwh/IH1+QPe3JYG</latexit>

!! = !
<latexit sha1_base64="W23Q19FlvP2pLDYf7YYX2UgvvWU=">AAACCXicbVDLSgMxFM3UV62vUZdugkWomzIjUt0IRTfurGAf0BnLnUymDc08SDJCKd268VfcuFDErX/gzr8x085CWw8EDuecm+QeL+FMKsv6NgpLyyura8X10sbm1vaOubvXknEqCG2SmMei44GknEW0qZjitJMICqHHadsbXmV++4EKyeLoTo0S6obQj1jACCgt9UzscB32oeLchLQP9+T4wklAKAZ8pvTMslW1psCLxM5JGeVo9Mwvx49JGtJIEQ5Sdm0rUe44u5NwOik5qaQJkCH0aVfTCEIq3fF0kwk+0oqPg1joEyk8VX9PjCGUchR6OhmCGsh5LxP/87qpCs7dMYuSVNGIzB4KUo5VjLNasM8EJYqPNAEimP4rJgMQQJQur6RLsOdXXiStk6pdq9ZuT8v1y7yOIjpAh6iCbHSG6ugaNVATEfSIntErejOejBfj3fiYRQtGPrOP/sD4/AHdyZnV</latexit>

! (! c) = " !

<latexit sha1_base64="W4KK18fDy50Q8dP3KKBfQlGFIvo=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgqsyIVDdC0Y07K9gHdIYhk0nb0CQzJBmhDN258VfcuFDErb/gzr8x085CWw8EDuecS+49YcKo0o7zbZWWlldW18rrlY3Nre0de3evreJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44us79zgORisbiXo8T4nM0ELRPMdJGCuxDj5lwhDxOo8C75WSALj2O9FDyjEaTwK46NWcKuEjcglRBgWZgf3lRjFNOhMYMKdVznUT7GZKaYkYmFS9VJEF4hAakZ6hAnCg/m94xgcdGiWA/luYJDafq74kMcaXGPDTJfEU17+Xif14v1f0LP6MiSTURePZRP2VQxzAvBUZUEqzZ2BCEJTW7QjxEEmFtqquYEtz5kxdJ+7Tm1mv1u7Nq46qoowwOwBE4AS44Bw1wA5qgBTB4BM/gFbxZT9aL9W59zKIlq5jZB39gff4AhJyZwA==</latexit>

! |! = id

<latexit sha1_base64="gjMhMEcFYr6Wi0OoP0Nv5Tcy/fk=">AAACAnicbVDLSsNAFL2pr1pfUVfiJliEdlMSkepGKLpxWcE+oA1hMpm0QyeTMDMRSylu/BU3LhRx61e482+ctkG09cDAmXPOZeYeP2FUKtv+MnJLyyura/n1wsbm1vaOubvXlHEqMGngmMWi7SNJGOWkoahipJ0IgiKfkZY/uJr4rTsiJI35rRomxI1Qj9OQYqS05JkHXabDASrde7R88XMpe9Qzi3bFnsJaJE5GipCh7pmf3SDGaUS4wgxJ2XHsRLkjJBTFjIwL3VSSBOEB6pGOphxFRLqj6Qpj61grgRXGQh+urKn6e2KEIimHka+TEVJ9Oe9NxP+8TqrCc3dEeZIqwvHsoTBlloqtSR9WQAXBig01QVhQ/VcL95FAWOnWCroEZ37lRdI8qTjVSvXmtFi7zOrIwyEcQQkcOIMaXEMdGoDhAZ7gBV6NR+PZeDPeZ9Gckc3swx8YH9/6y5aJ</latexit>

! (xi ) = ! (x)i

<latexit sha1_base64="1O8lKOdHMvCfH3697v0L8nau04s="></latexit>x1

<latexit sha1_base64="cwbMCume+gapcww5hmWIR6SAd2Q="></latexit>x3

<latexit sha1_base64="lcQWrYAtMGTLPlNy3mMteugKDRc="></latexit>x2

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="NT1ZgSm5NJes/q2LFtJhrfg8KqE=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2AR6qbMiFSXRTcuK9gHdIaSyWTa0MyDJCOWoeCvuHGhiFu/w51/YzqdhbYeCBzOuSc3OV7CmVSW9W2UVlbX1jfKm5Wt7Z3dPXP/oCPjVBDaJjGPRc/DknIW0bZiitNeIigOPU673vhm5ncfqJAsju7VJKFuiIcRCxjBSksD88jJ78gE9acO1zkf1x7PBmbVqls50DKxC1KFAq2B+eX4MUlDGinCsZR920qUm2GhGOF0WnFSSRNMxnhI+5pGOKTSzfLVU3SqFR8FsdAnUihXfycyHEo5CT09GWI1koveTPzP66cquHIzFiWpohGZLwpSjlSMZl0gnwlKFJ9ogolg+q2IjLDAROnGKroEe/HLy6RzXrcb9cbdRbV5XdRRhmM4gRrYcAlNuIUWtIFABs/wCm/Gk/FivBsf89GSUWQO4Q+Mzx9WK5W8</latexit>

! (x)

ReLU = Orthant Projection CoLU

x!

x1

x
! (x)

V

H (x)

Permutation !  
Permutation+Rotation "

PSD -> Conic Programming



Conic Activation Functions A symmetry constraint on generative models for improved 
generalization property and better learning and performance.

• Minimal Example (C=3)

• Improved Generalization
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CoLU: orthogonal/rotary symmetry

ReLU: permutation symmetry

Embedding Space Favors Orthogonal Symmetry



Conic Activation Functions A symmetry constraint on generative models for improved 
generalization property and better learning and performance.
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Embedding Space Favors Orthogonal Symmetry

Diffusion Transformer 0.8B 

(Oxford102)

ResNet-56 
(CIFAR10) ReLU CoLU

Forward FLOPs 0.252M 0.257M
Test Accuracy 92.7282 ± 0.357 93.5851 ± 0.442

Diffusion Model 
(CIFAR10) ReLU CoLU (Faster)

Train Loss 0.1653 0.1458
Early Samples

GPT2 MLP 
(FineWeb10M) ReLU CoLU

Forward FLOPs 39.064M 39.101M
Test Loss 3.4569 ± 0.1182 3.3804 ± 0.1159

Conic linear units: improved model fusion and rotational-symmetric generative model. VISAPP 2024.

Conic activation functions. UniReps@NeurIPS 2024. PMLR 2025.
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What happened inside?

Take Home Message: Transformer is not a mere engineering 
coincidence, but is grounded in principles from (quantum) physics. 
Today’s Goal: I don’t see this idea ANYwhere after asking many 
people… Please correct it or guide me to any existing papers :) 
Future Work: Other architectures…



Preprint: https://changqingfu.com/pdf/transformer.pdf
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I’m on the job market! 
Contact me #  evergreencqfu at gmail

Thank you!

https://changqingfu.com/pdf/transformer.pdf

