
6.7960 Deep Learning Fall 2024https://phillipi.github.io/6.7960

Speaker: Phillip Isola

Lecture 24:  
Inference methods for 
deep learning

See also this nice tutorial by Sasha Rush: https://srush.github.io/awesome-o1/o1-tutorial.pdf
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Inference

• Statistics definition: figuring out properties of a data generating process
from samples from that process (in ML we call this “learning” or “training”) 

• ML definition: making predictions about new datapoints using a trained
model (in statistics we call this “prediction”)
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Training Inference

Pre-training Post-training

Given data, learn a model 
or representation

Given a model and new 
data, update the model

Example methods: 
• Finetuning
• RLHF

Other names for this: 
• Prediction
• Thinking, reasoning, cognition

Given a model and a 
query, find the best 
answer to the query

Other names for this: 
• “Statistical inference”
• Learning, amortized inference

Example methods: 
• Generative modeling
• Representation

learning

Given a model and data 
during deployment, update 
the model or its behavior

Example methods: 
• Prompting
• In-Context Learning
• Test-Time Training
• Continual learning
• Feedback control

Search

Example methods: 
• Best-of-N
• Beam search
• MCTS
• Chain-of-Thought

“Reinforcement learning”, 
STaR, self-instruct, self-play, …
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One thing that should be learned from the bitter lesson is the great 
power of general purpose methods, of methods that continue to scale 
with increased computation even as the available computation becomes 
very great. The two methods that seem to scale arbitrarily in this way 
are search and learning.
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Training Search

[OpenAI’s o1: https://openai.com/index/learning-to-reason-with-llms/]5



What is search?
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Kasparov vs. IBM Deep Blue

Above © Stan Honda/AFP/Getty Images. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/
Right: Courtesy of Jim Garnder (jamesthephotographer) on Flickr. Used under CC BY.
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[AlphaGo: Silver*, Huang* et al, Nature 2016]
© Springer Nature Limited. All rights reserved. This content is excluded from our Creative Commons 
license. For more information, see https://ocw.mit.edu/help/faq-fair-use/8



Scaling Scaling Laws with Board Games

[Jones 2021]
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Training Inference

Pre-training Post-training

Given data, learn a model 
or representation

Given a model and new 
data, update the model

Example methods: 
• Finetuning
• RLHF

Other names for this: 
• Prediction
• Thinking, reasoning, cognition

Given a model and a 
query, find the best 
answer to the query

Other names for this: 
• “Statistical inference”
• Learning, amortized inference

Example methods: 
• Generative modeling
• Representation

learning

Given a model and data 
during deployment, update 
the model or its behavior

Example methods: 
• Prompting
• In-Context Learning
• Test-Time Training
• Continual learning
• Feedback control

Search

Example methods: 
• Best-of-N
• Beam search
• MCTS
• Chain-of-Thought

“Reinforcement learning”, 
STaR, self-instruct, self-play, …
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Search through an autoregressive model

11



Hidden

Outputs

Input

LSTM LSTM

GNN

LSTM LSTM LSTM LSTM LSTM LSTM

Targets y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>
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Max-likelihood objective: maximize probability the
model assigns to each target word: argmax

✓
log p✓(y)

<latexit sha1_base64="Ex7dvB0sjFimyRC5rkSKYPAxn+I="></latexit><latexit sha1_base64="Ex7dvB0sjFimyRC5rkSKYPAxn+I="></latexit><latexit sha1_base64="Ex7dvB0sjFimyRC5rkSKYPAxn+I="></latexit><latexit sha1_base64="Ex7dvB0sjFimyRC5rkSKYPAxn+I="></latexit>

p✓(·)
<latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit>

Training
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Max-likelihood objective:
minimize cross-entropy between 
model outputs and one-hot 
encoded targets.

f
⇤ = argmin

f2F

NX

i=1

H(yi, ŷi)
<latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit>

y
<latexit sha1_base64="8R5C0oP4J3IcOOjk4/FDPtcwxXM="></latexit><latexit sha1_base64="8R5C0oP4J3IcOOjk4/FDPtcwxXM="></latexit><latexit sha1_base64="8R5C0oP4J3IcOOjk4/FDPtcwxXM="></latexit><latexit sha1_base64="8R5C0oP4J3IcOOjk4/FDPtcwxXM="></latexit>

ŷ
<latexit sha1_base64="1Cy10lk9f2aGyezCZBAenEq5zkc="></latexit><latexit sha1_base64="1Cy10lk9f2aGyezCZBAenEq5zkc="></latexit><latexit sha1_base64="1Cy10lk9f2aGyezCZBAenEq5zkc="></latexit><latexit sha1_base64="1Cy10lk9f2aGyezCZBAenEq5zkc="></latexit>

Training
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p✓(·)
<latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit>

Teacher forcing

Condition each next word prediction on the 
ground-truth preceding word.

Targets y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

Training
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p✓(·)
<latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit><latexit sha1_base64="zWH0+c3HsBAPc0PVCTPppFO2hic="></latexit>
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Sample from predicted distribution over words.

Alternatively, sample most likely word (greedy 
decoding).

Inference
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Greedy sampling does not maximize likelihood!

<latexit sha1_base64="F2RvcZXS4YpXkSZN1L48lbChmSw=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0UoLkoiUt0IRTcuK9gHNDFMppN26GQSZibSEvoLbvwVNy4UcevOnX/jpM2ith64cDjnXu69x48ZlcqyfozCyura+kZxs7S1vbO7Z+4ftGSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6TtD28yv/1IhKQRv1fjmLgh6nMaUIyUljyz4oRIDfwgHU08/nAKr6CDRF+LIy+dtyaeWbaq1hRwmdg5KYMcDc/8dnoRTkLCFWZIyq5txcpNkVAUMzIpOYkkMcJD1CddTTkKiXTT6UcTeKKVHgwioYsrOFXnJ1IUSjkOfd2ZHSkXvUz8z+smKrh0U8rjRBGOZ4uChEEVwSwe2KOCYMXGmiAsqL4V4gESCCsdYkmHYC++vExaZ1W7Vq3dnZfr13kcRXAEjkEF2OAC1MEtaIAmwOAJvIA38G48G6/Gh/E5ay0Y+cwh+APj6xc7j53w</latexit>

x⇤
n = argmax

xn
<latexit sha1_base64="8Sd6iEWFpB6M/Urr9sR5BxGw/uU=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgiUpIi1Y1QdOOygn1AE8NkOmmHTiZhZiItIT/hxl9x40IRt4I7/8Zpm4VtPXDhcM693HuPHzMqlWX9GEvLK6tr64WN4ubW9s6uubfflFEiMGngiEWi7SNJGOWkoahipB0LgkKfkZY/uBn7rUciJI34vRrFxA1Rj9OAYqS05JlnTohU3w/SYeallezhFF5BB4melodeOmtmnlmyytYEcJHYOSmBHHXP/Ha6EU5CwhVmSMqObcXKTZFQFDOSFZ1EkhjhAeqRjqYchUS66eSrDB5rpQuDSOjiCk7UvxMpCqUchb7uHJ8p572x+J/XSVRw6aaUx4kiHE8XBQmDKoLjiGCXCoIVG2mCsKD6Voj7SCCsdJBFHYI9//IiaVbKdrVcvTsv1a7zOArgEByBE2CDC1ADt6AOGgCDJ/AC3sC78Wy8Gh/G57R1ychnDsAMjK9fSrifkA==</latexit>

x⇤
2 = argmax

x2

<latexit sha1_base64="6zTVT8B1/AYOlrxX2bMSfVnTx5M=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0UQkZKIVDdC0Y3LCvYBTQyT6aQdOpmEmYm0hPyEG3/FjQtF3Aru/BsnbRe29cCFwzn3cu89fsyoVJb1YxSWlldW14rrpY3Nre0dc3evKaNEYNLAEYtE20eSMMpJQ1HFSDsWBIU+Iy1/cJP7rUciJI34vRrFxA1Rj9OAYqS05JmnTohU3w/SYealdvZwAq+gg0RPy0MvnTUzzyxbFWsMuEjsKSmDKeqe+e10I5yEhCvMkJQd24qVmyKhKGYkKzmJJDHCA9QjHU05Col00/FXGTzSShcGkdDFFRyrfydSFEo5Cn3dmZ8p571c/M/rJCq4dFPK40QRjieLgoRBFcE8ItilgmDFRpogLKi+FeI+EggrHWRJh2DPv7xImmcVu1qp3p2Xa9fTOIrgAByCY2CDC1ADt6AOGgCDJ/AC3sC78Wy8Gh/G56S1YExn9sEMjK9fR4+fjg==</latexit>

x⇤
1 = argmax

x1

<latexit sha1_base64="ot70TmblPDQfoxvUVuPGVnj/tcA="></latexit>

p(X) = p(xn|x1, . . . ,xn�1) · · · p(x2|x1)p(x1)
<latexit sha1_base64="C1Ho9JR4Ed0ahA607JgMfDeXdeY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdSLx4r2A9oQtlsN+nSzWbZ3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq9NMEdohKU9VP8SaciZoxzDDaV8qipOQ0144uZv7vSeqNEvFo5lKGiQ4FixiBBsr9fwWi2M/H1Zrbt1dAK0TryA1KNAeVr/8UUqyhApDONZ64LnSBDlWhhFOZxU/01RiMsExHVgqcEJ1kC/OnaELq4xQlCpbwqCF+nsix4nW0yS0nQk2Y73qzcX/vEFmotsgZ0JmhgqyXBRlHJkUzX9HI6YoMXxqCSaK2VsRGWOFibEJVWwI3urL66R7Vfca9cbDda3ZKuIowxmcwyV4cANNuIc2dIDABJ7hFd4c6bw4787HsrXkFDOn8AfO5w8l0Y93</latexit>

(
<latexit sha1_base64="C1Ho9JR4Ed0ahA607JgMfDeXdeY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdSLx4r2A9oQtlsN+nSzWbZ3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq9NMEdohKU9VP8SaciZoxzDDaV8qipOQ0144uZv7vSeqNEvFo5lKGiQ4FixiBBsr9fwWi2M/H1Zrbt1dAK0TryA1KNAeVr/8UUqyhApDONZ64LnSBDlWhhFOZxU/01RiMsExHVgqcEJ1kC/OnaELq4xQlCpbwqCF+nsix4nW0yS0nQk2Y73qzcX/vEFmotsgZ0JmhgqyXBRlHJkUzX9HI6YoMXxqCSaK2VsRGWOFibEJVWwI3urL66R7Vfca9cbDda3ZKuIowxmcwyV4cANNuIc2dIDABJ7hFd4c6bw4787HsrXkFDOn8AfO5w8l0Y93</latexit>

(
<latexit sha1_base64="C1Ho9JR4Ed0ahA607JgMfDeXdeY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdSLx4r2A9oQtlsN+nSzWbZ3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq9NMEdohKU9VP8SaciZoxzDDaV8qipOQ0144uZv7vSeqNEvFo5lKGiQ4FixiBBsr9fwWi2M/H1Zrbt1dAK0TryA1KNAeVr/8UUqyhApDONZ64LnSBDlWhhFOZxU/01RiMsExHVgqcEJ1kC/OnaELq4xQlCpbwqCF+nsix4nW0yS0nQk2Y73qzcX/vEFmotsgZ0JmhgqyXBRlHJkUzX9HI6YoMXxqCSaK2VsRGWOFibEJVWwI3urL66R7Vfca9cbDda3ZKuIowxmcwyV4cANNuIc2dIDABJ7hFd4c6bw4787HsrXkFDOn8AfO5w8l0Y93</latexit>

(

<latexit sha1_base64="iuiYYOnPLCW3e4NuoibOWNLuY1Y="></latexit>

{x⇤
1, . . . ,x

⇤
n} = argmax

X
p(X)

<latexit sha1_base64="C1Ho9JR4Ed0ahA607JgMfDeXdeY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdSLx4r2A9oQtlsN+nSzWbZ3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq9NMEdohKU9VP8SaciZoxzDDaV8qipOQ0144uZv7vSeqNEvFo5lKGiQ4FixiBBsr9fwWi2M/H1Zrbt1dAK0TryA1KNAeVr/8UUqyhApDONZ64LnSBDlWhhFOZxU/01RiMsExHVgqcEJ1kC/OnaELq4xQlCpbwqCF+nsix4nW0yS0nQk2Y73qzcX/vEFmotsgZ0JmhgqyXBRlHJkUzX9HI6YoMXxqCSaK2VsRGWOFibEJVWwI3urL66R7Vfca9cbDda3ZKuIowxmcwyV4cANNuIc2dIDABJ7hFd4c6bw4787HsrXkFDOn8AfO5w8l0Y93</latexit>

(

(What about for VAEs? What about for diffusion models?)
16



Best-of-NInference

Sample N sequences iid and pick the sequence with highest likelihood:

A stimulant that enhances cognitive function. pθ 0.7

A stimulant that improves thinking. pθ 0.5

…

A chemical that makes you feel more awake. pθ 0.8

p✓(y1, . . . ,yT |x)
<latexit sha1_base64="VtsxuPN7/ZXTPNgmQt1ybaAim5w=">AAACJHicbVDLSgMxFM3UV62vUZdugkWoIGVGBAU3RTcuK/QFnTJk0kwbmnmQ3BHLOB/jxl9x48IHLtz4LaYPfLQeCDk5515y7/FiwRVY1oeRW1hcWl7JrxbW1jc2t8ztnYaKEklZnUYiki2PKCZ4yOrAQbBWLBkJPMGa3uBy5DdvmFQ8CmswjFknIL2Q+5wS0JJrnsdu6kCfAclKTkCg7/npMHPtI+yIbgRK3z9qDd99P2+zQ9csWmVrDDxP7CkpoimqrvnqdCOaBCwEKohSbduKoZMSCZwKlhWcRLGY0AHpsbamIQmY6qTjJTN8oJUu9iOpTwh4rP7uSEmg1DDwdOVoRDXrjcT/vHYC/lkn5WGcAAvp5CM/ERgiPEoMd7lkFMRQE0Il17Ni2ieSUNC5FnQI9uzK86RxXLatsn19UqxcTOPIoz20j0rIRqeogq5QFdURRffoET2jF+PBeDLejPdJac6Y9uyiPzA+vwCP2qVY</latexit><latexit sha1_base64="cYruS6tUSl1modHzbD3OT0rRoK8=">AAACSXicjVDLSgMxFM20Pmp9jbp0EyxCBSkzIii4KbpxqdAXdMqQSTNtaOZBckcs43yMX+PCjbjzM9yIuDJ94KN14YGQk3Pu5eYeLxZcgWW9GLn8wuLScmGluLq2vrFpbm03VJRIyuo0EpFseUQxwUNWBw6CtWLJSOAJ1vQGFyO/ecOk4lFYg2HMOgHphdznlICWXPMsdlMH+gxIVnYCAn3PT4eZax9iR3QjUPr+Vmv47ut5mx24ZsmqWGPgeWJPSQlN8b9y13x2uhFNAhYCFUSptm3F0EmJBE4Fy4pOolhM6ID0WFvTkARMddJxEhne10oX+5HUJwQ8Vn92pCRQahh4unK0h5r1RuJfXjsB/7ST8jBOgIV0MshPBIYIj2LFXS4ZBTHUhFDJ9V8x7RNJKOjwi3p1e3bRedI4qthWxb4+LlXPp5kV0C7aQ2VkoxNURZfoCtURRffoAT2hN+PReDXejY9Jac6Y9uygX8jlPwEtFavS</latexit><latexit sha1_base64="cYruS6tUSl1modHzbD3OT0rRoK8=">AAACSXicjVDLSgMxFM20Pmp9jbp0EyxCBSkzIii4KbpxqdAXdMqQSTNtaOZBckcs43yMX+PCjbjzM9yIuDJ94KN14YGQk3Pu5eYeLxZcgWW9GLn8wuLScmGluLq2vrFpbm03VJRIyuo0EpFseUQxwUNWBw6CtWLJSOAJ1vQGFyO/ecOk4lFYg2HMOgHphdznlICWXPMsdlMH+gxIVnYCAn3PT4eZax9iR3QjUPr+Vmv47ut5mx24ZsmqWGPgeWJPSQlN8b9y13x2uhFNAhYCFUSptm3F0EmJBE4Fy4pOolhM6ID0WFvTkARMddJxEhne10oX+5HUJwQ8Vn92pCRQahh4unK0h5r1RuJfXjsB/7ST8jBOgIV0MshPBIYIj2LFXS4ZBTHUhFDJ9V8x7RNJKOjwi3p1e3bRedI4qthWxb4+LlXPp5kV0C7aQ2VkoxNURZfoCtURRffoAT2hN+PReDXejY9Jac6Y9uygX8jlPwEtFavS</latexit><latexit sha1_base64="cYruS6tUSl1modHzbD3OT0rRoK8=">AAACSXicjVDLSgMxFM20Pmp9jbp0EyxCBSkzIii4KbpxqdAXdMqQSTNtaOZBckcs43yMX+PCjbjzM9yIuDJ94KN14YGQk3Pu5eYeLxZcgWW9GLn8wuLScmGluLq2vrFpbm03VJRIyuo0EpFseUQxwUNWBw6CtWLJSOAJ1vQGFyO/ecOk4lFYg2HMOgHphdznlICWXPMsdlMH+gxIVnYCAn3PT4eZax9iR3QjUPr+Vmv47ut5mx24ZsmqWGPgeWJPSQlN8b9y13x2uhFNAhYCFUSptm3F0EmJBE4Fy4pOolhM6ID0WFvTkARMddJxEhne10oX+5HUJwQ8Vn92pCRQahh4unK0h5r1RuJfXjsB/7ST8jBOgIV0MshPBIYIj2LFXS4ZBTHUhFDJ9V8x7RNJKOjwi3p1e3bRedI4qthWxb4+LlXPp5kV0C7aQ2VkoxNURZfoCtURRffoAT2hN+PReDXejY9Jac6Y9uygX8jlPwEtFavS</latexit>

<latexit sha1_base64="II6UeSq11wDaKSkKlj0BAo29Qfg="></latexit>

=
Y

i

p✓(yi|y1, . . . ,yi�1,x)

17



A

mild stimulant

Tree of 
samples

Sample multiple sequences (top-k greedy completions on each step), 
then pick the sequence with highest likelihood.

strong

A

mild stimulant

psychostimulant

neural

stimulant

Beam search (a form of tree search)Inference

18



Chain-of-thought (emergent/learned search)Inference

…

LLM

[Wei et al. 2022]

19



Inference

You can search for samples that maximize other scoring functions, 
beyond likelihood!

Fun-ness

The molecular diagram of caffeine Scorer 0.1

Nature's tiny cheerleader, jumping into your 
bloodstream with pom-poms

Scorer 0.7

…

☕📖🔥❤ Scorer 0.8

20



Inference

You can search for samples that maximize other scoring functions, 
beyond likelihood! Scientific 

accuracy

The molecular diagram of caffeine Scorer 1.0

Nature's tiny cheerleader, jumping into your 
bloodstream with pom-poms

Scorer 0.3

…

☕📖🔥❤ Scorer 0.1

21



Verification

Verifier incorrect

LLM

Verifier correct

"Write me 
python 
code to 
compute 
the 
fibonacci 
sequence”

Key idea: verification is easier than generation.

Inference

22



Steering model outputs toward human preferences

23



Great objectives for AI systems

1. Given lots of wonderful data, imitate it (supervised learning, SSL,
generative models, etc)

2. …

24



Make imagery that people find meaningful

memorable/aesthetic/evocative/…

Other than “imitate wonderful data”, what might be other good, 
general-purpose objectives 

25



OUTPUT:

Image 
Generatorz

<latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit>

Code: https://colab.research.google.com/drive/1_4PQqzM_0KKytCzWtn-ZPi4cCa5bwK2F?usp=sharing

Generating data that optimizes a scoring function

e2
<latexit sha1_base64="Tg2IblW3A5cGR/EL2kChnHLfo/8=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPpTTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Lve7T6g0j+WjmSU4iOhY8pAzaqzk+xE1kyDMcD5sDKs1t+4uQNaJV5AaFGgNq1/+KGZphNIwQbXue25iBhlVhjOB84qfakwom9Ix9i2VNEI9yBaZ5+TCKiMSxso+achC/b2R0UjrWRTYyTyjXvVy8T+vn5rwZpBxmaQGJVseClNBTEzyAsiIK2RGzCyhTHGblbAJVZQZW1PFluCtfnmddBp1z617D1e15m1RRxnO4BwuwYNraMI9tKANDBJ4hld4c1LnxXl3PpajJafYOYU/cD5/AA7fka4=</latexit><latexit sha1_base64="fjwGhzW7A7ycKbpIP/f8/QJlEJQ=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE7uJkNmZ5eZWSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSwbVx3S9nbX1jc2u7tFPe3ds/OKwcHbd0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML7N/fYTKs1j+WgmCfYiOpQ85IwaK/l+RM0oCDOc9uv9StWtuXOQVeIVpAoF/jfer8z8QczSCKVhgmrd9dzE9DKqDGcCp2U/1ZhQNqZD7FoqaYS6l82DTcm5VQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C7LNrq3HHSVtOo1z615D5fVxk3RWQlO4QwuwIMraMAd3EMTGCTwDK/w7rw4b86H87kYXXOKnRP4BWf2DRUWmSc=</latexit><latexit sha1_base64="fjwGhzW7A7ycKbpIP/f8/QJlEJQ=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE7uJkNmZ5eZWSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSwbVx3S9nbX1jc2u7tFPe3ds/OKwcHbd0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML7N/fYTKs1j+WgmCfYiOpQ85IwaK/l+RM0oCDOc9uv9StWtuXOQVeIVpAoF/jfer8z8QczSCKVhgmrd9dzE9DKqDGcCp2U/1ZhQNqZD7FoqaYS6l82DTcm5VQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C7LNrq3HHSVtOo1z615D5fVxk3RWQlO4QwuwIMraMAd3EMTGCTwDK/w7rw4b86H87kYXXOKnRP4BWf2DRUWmSc=</latexit><latexit sha1_base64="fjwGhzW7A7ycKbpIP/f8/QJlEJQ=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE7uJkNmZ5eZWSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSwbVx3S9nbX1jc2u7tFPe3ds/OKwcHbd0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML7N/fYTKs1j+WgmCfYiOpQ85IwaK/l+RM0oCDOc9uv9StWtuXOQVeIVpAoF/jfer8z8QczSCKVhgmrd9dzE9DKqDGcCp2U/1ZhQNqZD7FoqaYS6l82DTcm5VQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C7LNrq3HHSVtOo1z615D5fVxk3RWQlO4QwuwIMraMAd3EMTGCTwDK/w7rw4b86H87kYXXOKnRP4BWf2DRUWmSc=</latexit>

Image 
Encoder

Optimize this

To maximize 
this

"What is the answer to the 
ultimate question of life, the 
universe, and everything?”

e1
<latexit sha1_base64="lYE4z03Y7EMd5kkOh7HTRFWoh4U=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDKcTbwBvWG23TnIKvEK0kDSrQH9S9/mLAsRmmYoFr3PTc1QU6V4UzgrOZnGlPKJnSEfUsljVEH+TzzjJxZZUiiRNknDZmrvzdyGms9jUM7WWTUy14h/uf1MxNdBzmXaWZQssWhKBPEJKQogAy5QmbE1BLKFLdZCRtTRZmxNdVsCd7yl1dJ96LpuU3v/rLRuinrqMIJnMI5eHAFLbiDNnSAQQrP8ApvTua8OO/Ox2K04pQ7x/AHzucPDVuRrQ==</latexit><latexit sha1_base64="xsXK7lGXjMtXW2BBPWGE5vsLQ7s=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGY47Xv9as2tu3OQVeIVpAYF/jfer878QczSCKVhgmrd9dzE9DKqDGcCpxU/1ZhQNqZD7FoqaYS6l82DTcmZVQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C4rNrq3HHSVtC7qnlv3Hi5rjZuiszKcwCmcgwdX0IA7uIcmMEjgGV7h3Xlx3pwP53MxWnKKnWP4BWf2DRNtmSY=</latexit><latexit sha1_base64="xsXK7lGXjMtXW2BBPWGE5vsLQ7s=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGY47Xv9as2tu3OQVeIVpAYF/jfer878QczSCKVhgmrd9dzE9DKqDGcCpxU/1ZhQNqZD7FoqaYS6l82DTcmZVQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C4rNrq3HHSVtC7qnlv3Hi5rjZuiszKcwCmcgwdX0IA7uIcmMEjgGV7h3Xlx3pwP53MxWnKKnWP4BWf2DRNtmSY=</latexit><latexit sha1_base64="xsXK7lGXjMtXW2BBPWGE5vsLQ7s=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGY47Xv9as2tu3OQVeIVpAYF/jfer878QczSCKVhgmrd9dzE9DKqDGcCpxU/1ZhQNqZD7FoqaYS6l82DTcmZVQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C4rNrq3HHSVtC7qnlv3Hi5rjZuiszKcwCmcgwdX0IA7uIcmMEjgGV7h3Xlx3pwP53MxWnKKnWP4BWf2DRNtmSY=</latexit>

e1 · e2
<latexit sha1_base64="0qYadHJJURThHIPcVQXVgaK1IxI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuiG5cV7AOaECaTSTt0MhNmJkIJXbrxV9y4UMStn+DOv3HSZlFbD1w4nHMv994Tpowq7Tg/VmVtfWNzq7pd29nd2z+wD4+6SmQSkw4WTMh+iBRhlJOOppqRfioJSkJGeuH4tvB7j0QqKviDnqTET9CQ05hipI0U2KdegvQojHMyDVzo4UhouCA1A7vuNJwZ4CpxS1IHJdqB/e1FAmcJ4RozpNTAdVLt50hqihmZ1rxMkRThMRqSgaEcJUT5+eyRKTw3SgRjIU1xDWfq4kSOEqUmSWg6ixvVsleI/3mDTMfXfk55mmnC8XxRnDGoBSxSgRGVBGs2MQRhSc2tEI+QRFib7GomBHf55VXSbTZcp+HeX9ZbN2UcVXACzsAFcMEVaIE70AYdgMETeAFv4N16tl6tD+tz3lqxyplj8AfW1y99Upme</latexit><latexit sha1_base64="AGDLTMGCOpg2xgn9QGQ5m2NMG1A=">AAACLXicjVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuiG5cK9gFNCJPJpB06mQkzE6GELv0aF278EsGFIm79DSdtFrV14YGBwzn3cuecMGVUacd5tyorq2vrG9XN2tb2zu6evX/QUSKTmLSxYEL2QqQIo5y0NdWM9FJJUBIy0g1H14XffSBSUcHv9TglfoIGnMYUI22kwD72EqSHYZyTSeBCD0dCwzmpGdh1p+FMAZeJW5I6KPG/8cB+9SKBs4RwjRlSqu86qfZzJDXFjExqXqZIivAIDUjfUI4Sovx8mnYCT40SwVhI87iGU3V+I0eJUuMkNJNFELXoFeJfXj/T8aWfU55mmnA8OxRnDGoBi+pgRCXBmo0NQVhS81eIh0girE3BNRPdXQy6TDrNhus03Lvzeuuq7KwKjsAJOAMuuAAtcANuQRtg8AiewAv4sJ6tN+vT+pqNVqxy5xD8gvX9A433oRc=</latexit><latexit sha1_base64="AGDLTMGCOpg2xgn9QGQ5m2NMG1A=">AAACLXicjVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuiG5cK9gFNCJPJpB06mQkzE6GELv0aF278EsGFIm79DSdtFrV14YGBwzn3cuecMGVUacd5tyorq2vrG9XN2tb2zu6evX/QUSKTmLSxYEL2QqQIo5y0NdWM9FJJUBIy0g1H14XffSBSUcHv9TglfoIGnMYUI22kwD72EqSHYZyTSeBCD0dCwzmpGdh1p+FMAZeJW5I6KPG/8cB+9SKBs4RwjRlSqu86qfZzJDXFjExqXqZIivAIDUjfUI4Sovx8mnYCT40SwVhI87iGU3V+I0eJUuMkNJNFELXoFeJfXj/T8aWfU55mmnA8OxRnDGoBi+pgRCXBmo0NQVhS81eIh0girE3BNRPdXQy6TDrNhus03Lvzeuuq7KwKjsAJOAMuuAAtcANuQRtg8AiewAv4sJ6tN+vT+pqNVqxy5xD8gvX9A433oRc=</latexit><latexit sha1_base64="AGDLTMGCOpg2xgn9QGQ5m2NMG1A=">AAACLXicjVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuiG5cK9gFNCJPJpB06mQkzE6GELv0aF278EsGFIm79DSdtFrV14YGBwzn3cuecMGVUacd5tyorq2vrG9XN2tb2zu6evX/QUSKTmLSxYEL2QqQIo5y0NdWM9FJJUBIy0g1H14XffSBSUcHv9TglfoIGnMYUI22kwD72EqSHYZyTSeBCD0dCwzmpGdh1p+FMAZeJW5I6KPG/8cB+9SKBs4RwjRlSqu86qfZzJDXFjExqXqZIivAIDUjfUI4Sovx8mnYCT40SwVhI87iGU3V+I0eJUuMkNJNFELXoFeJfXj/T8aWfU55mmnA8OxRnDGoBi+pgRCXBmo0NQVhS81eIh0girE3BNRPdXQy6TDrNhus03Lvzeuuq7KwKjsAJOAMuuAAtcANuQRtg8AiewAv4sJ6tN+vT+pqNVqxy5xD8gvX9A433oRc=</latexit>

INPUT:

Text 
Encoder

[e.g., CLIP + VQGAN] 26



OUTPUT:

z
<latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit>

Optimize this To maximize 
this

Generating data that optimizes human perception

?Image 
Generator

Model of 
human

Human 
perception

Score from 
human 

judgment
© Isola, et al. All rights reserved. This 
content is excluded from our Creative 
Commons license. For more 
information, see 
https://ocw.mit.edu/help/faq-fair-use/
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[Isola et al. 2011, Khosla et al. 2015]

Forgettable Memorable

© Isola, et al. All rights reserved. This 
content is excluded from our Creative 
Commons license. For more 
information, see 
https://ocw.mit.edu/help/faq-fair-use/ 28



Lore Goetschalckx Alex Andonian

GANalyze: Toward Visual Definitions of Cognitive 
Image Properties 
Lore Goetschalkx*, Alex Andonian*, Aude Oliva, Phillip Isola 
ICCV 2019

OUTPUT:

z
<latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit>

Optimize this To maximize 
this

?Image 
Generator

Model of 
human

Human 
perception

© Isola, et al. All rights reserved. This 
content is excluded from our Creative 
Commons license. For more 
information, see 
https://ocw.mit.edu/help/faq-fair-use/

© source unknown. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see 
https://ocw.mit.edu/help/faq-fair-use/
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…
z

<latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit>

…
z

<latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit>

0.73

α = 0.0
- +

0.750.730.58

α = -0.2 α = -0.1
- +

α = 0.1

0.77

α = 0.2
- + - + - +

Probe into human perception
© source unknown. All rights reserved. This content is 
excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/
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Memorability

Aesthetics

α = -0.2 α = 0.2 α = -0.2 α = 0.2

Emotional 
Valence

α = -0.2 α = 0.2

0.770.58 0.65 0.82 0.19 0.35

0.25 0.66 0.36 0.65 0.22 0.58

0.39 0.66 0.37 0.38 0.75 0.94

© source unknown. All rights reserved. This content is 
excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/
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New paradigm: “Just ask”

https://evjang.com/2021/10/23/generalization.html

Chain-of-thought is “just ask for symbolic search”

Can we do “just ask for continuous reward optimization”?
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Images by Phillip Isola generated in DallE.
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A beautiful painting of ,a mountain next to a waterfalll. 

Report issue P 

Images by Phillip Isola generated in DallE.
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Images by Phillip Isola generated in DallE.

35



An very very be·autiful painting of a mountain next to a waterfall. 

Report issue P 

Images by Phillip Isola generated in DallE.
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An very very very very very very beautiful painting of a mountain next to a waterfall. 

Report iss e P 

Images by Phillip Isola generated in DallE.
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An very very very very very v,ery v1ery very ve,ry very very v,ery v,ery very very very v,ery very very very very very b1eaiutiful painting of a mountain next to a waterfall!. 

Report ·ssue P 

Images by Phillip Isola generated in DallE.
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“Make it more”

© Jon Barron. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/39
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Training Inference

Pre-training Post-training

Given data, learn a model 
or representation

Given a model and new 
data, update the model

Example methods: 
• Finetuning
• RLHF

Other names for this: 
• Prediction
• Thinking, reasoning, cognition

Given a model and a 
query, find the best 
answer to the query

Other names for this: 
• “Statistical inference”
• Learning, amortized inference

Example methods: 
• Generative modeling
• Representation

learning

Given a model and data 
during deployment, update 
the model or its behavior

Example methods: 
• Prompting
• In-Context Learning
• Test-Time Training
• Continual learning
• Feedback control

Search

Example methods: 
• Best-of-N
• Beam search
• MCTS
• Chain-of-Thought

“Reinforcement learning”, 
STaR, self-instruct, self-play, …
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In-Context LearningPost-training
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“Transformers learn in-context by gradient descent”

[von Oswald et al. ICML 2023]

• Let  be a transformer,  a query and  the context.

•

• What’s the relationship between  and  ? 

• This paper shows a case where

• That is, in-context learning, in certain cases, can be expressed as gradient
descent over the context examples, to update the final mapping from
query to answer.

fθ x c

fθ(x, c) = fθ′￼
(x)

θ θ′

θ′￼ = θ + λ∇θℒ( fθ(x), c)
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• This result raises a tantalizing possibility: instead of doing ICL over , why not do
gradient descent over ? 

• This has several possible advantages:

• ICL is learned learning. It isn’t guaranteed to work. And it often doesn’t work.
Gradient descent is not learned. It is guaranteed to improve performance on the in-
context examples.

• Gradient descent can leverage more test-time compute than ICL. You can run it
forever.

• And some possible disadvantages:

• ICL could be a smarter learning algorithm than gradient descent.

c
c
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• Update the weights of your model as a function of the test query (/
queries).

• If the test query includes few-shot examples, , then 
this should clearly improve performance on those examples. 

• What if the test query is just a , or a set of unlabeled examples

{x1, y1, x2, y2, …, xq,?}

x
{x1, x2, …, xq,?}

Post-training Test-Time Training [Sun et al. ICML 2020]

45



c

cc

Then we can update the 
weights using test-time 
self-supervised learning!

Test-Time Training [Sun et al. ICML 2020]
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<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit>

<latexit sha1_base64="2ibe6R7Bm83NtD26FuETVMpiiKI=">AAACBXicbVA9SwNBEN2LXzF+RS21OAyCVbgTiZZBG8sI5gOS49jbzCVL9j7YnZOE4xob/4qNhSK2/gc7/417SQpNfDDweG+GmXleLLhCy/o2Ciura+sbxc3S1vbO7l55/6ClokQyaLJIRLLjUQWCh9BEjgI6sQQaeALa3ugm99sPIBWPwnucxOAEdBBynzOKWnLLx72A4tDz03Hmpj2EMSKmAVUj6GeZW65YVWsKc5nYc1IhczTc8levH7EkgBCZoEp1bStGJ6USOROQlXqJgpiyER1AV9OQBqCcdPpFZp5qpW/6kdQVojlVf0+kNFBqEni6M79ZLXq5+J/XTdC/clIexglCyGaL/ESYGJl5JGafS2AoJppQJrm+1WRDKilDHVxJh2AvvrxMWudVu1at3V1U6tfzOIrkiJyQM2KTS1Int6RBmoSRR/JMXsmb8WS8GO/Gx6y1YMxnDskfGJ8/dh2Z2Q==</latexit>xmasked

Post-training

Bird © source unknown. All rights reserved. This content is excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/

46



“The Surprising Effectiveness of Test-Time Training for 
Abstract Reasoning”

[Akyürek, Damani, Qiu, Gut, Kim, Andreas, 2024]

© Akyürek, et al. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/
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“The Surprising Effectiveness of Test-Time Training for 
Abstract Reasoning”

[Akyürek, Damani, Qiu, Guo, Kim, Andreas, 2024]

• 61.9% performance on ARC,
which is current SOTA

• Mostly with an “old” method (GD
on supervised examples; but
examples that are highly relevant
to each test query)

• Raises question: do we need fancy
new search methods? Or is GD
still enough?
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Training Inference

Pre-training Post-training

Given data, learn a model 
or representation

Given a model and new 
data, update the model

Example methods: 
• Finetuning
• RLHF

Other names for this: 
• Prediction
• Thinking, reasoning, cognition

Given a model and a 
query, find the best 
answer to the query

Other names for this: 
• “Statistical inference”
• Learning, amortized inference

Example methods: 
• Generative modeling
• Representation

learning

Given a model and data 
during deployment, update 
the model or its behavior

Example methods: 
• Prompting
• In-Context Learning
• Test-Time Training
• Continual learning
• Feedback control

Search

Example methods: 
• Best-of-N
• Beam search
• MCTS
• Chain-of-Thought

“Reinforcement learning”,
STaR, self-instruct, self-play, …
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Training Search

Using Search to Improve Learning

Verifier incorrect

LLM

Verifier correct

"Write me 
python 
code to 
compute 
the 
fibonacci 
sequence”
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Training Search

Using Search to Improve Learning

"Write me 
python 
code to 
compute 
the 
fibonacci 
sequence” ,

x y

<latexit sha1_base64="C1Ho9JR4Ed0ahA607JgMfDeXdeY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdSLx4r2A9oQtlsN+nSzWbZ3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq9NMEdohKU9VP8SaciZoxzDDaV8qipOQ0144uZv7vSeqNEvFo5lKGiQ4FixiBBsr9fwWi2M/H1Zrbt1dAK0TryA1KNAeVr/8UUqyhApDONZ64LnSBDlWhhFOZxU/01RiMsExHVgqcEJ1kC/OnaELq4xQlCpbwqCF+nsix4nW0yS0nQk2Y73qzcX/vEFmotsgZ0JmhgqyXBRlHJkUzX9HI6YoMXxqCSaK2VsRGWOFibEJVWwI3urL66R7Vfca9cbDda3ZKuIowxmcwyV4cANNuIc2dIDABJ7hFd4c6bw4787HsrXkFDOn8AfO5w8l0Y93</latexit>(
<latexit sha1_base64="C1Ho9JR4Ed0ahA607JgMfDeXdeY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdSLx4r2A9oQtlsN+nSzWbZ3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq9NMEdohKU9VP8SaciZoxzDDaV8qipOQ0144uZv7vSeqNEvFo5lKGiQ4FixiBBsr9fwWi2M/H1Zrbt1dAK0TryA1KNAeVr/8UUqyhApDONZ64LnSBDlWhhFOZxU/01RiMsExHVgqcEJ1kC/OnaELq4xQlCpbwqCF+nsix4nW0yS0nQk2Y73qzcX/vEFmotsgZ0JmhgqyXBRlHJkUzX9HI6YoMXxqCSaK2VsRGWOFibEJVWwI3urL66R7Vfca9cbDda3ZKuIowxmcwyV4cANNuIc2dIDABJ7hFd4c6bw4787HsrXkFDOn8AfO5w8l0Y93</latexit> (

…

LLM’Supervised 
learning
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Training Search

Using Search to Improve Learning and Using Learning to Improve Search

1. Search for random action sequences that
lead to high rewards (winning).

2. Train a network (policy) that will tend to
do those winning moves.

0

1

⇡
<latexit sha1_base64="b+7D2YYIZMGL3ONoGDtlwP5RYhc="></latexit><latexit sha1_base64="b+7D2YYIZMGL3ONoGDtlwP5RYhc="></latexit><latexit sha1_base64="b+7D2YYIZMGL3ONoGDtlwP5RYhc="></latexit><latexit sha1_base64="b+7D2YYIZMGL3ONoGDtlwP5RYhc="></latexit>

3. Repeat, guiding search using the policy
to explore intelligently.

© Nintendo. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see 
https://ocw.mit.edu/help/faq-fair-use/
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Training Search

[AlphaGo: Silver*, Huang* et al, Nature 2016]

Using Search to Improve Learning and Using Learning to Improve Search

© Springer Nature Limited. All rights reserved. This content is excluded from our Creative Commons 
license. For more information, see https://ocw.mit.edu/help/faq-fair-use/
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Training Search

STaR

[Zelikman*, Wu*, Mu, Goodman, 2022]

© Zelikman, et al. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/
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Training Search

o1?

Speculation from Sasha Rush: https://www.youtube.com/watch?v=6PEJ96k1kiw&ab_channel=SashaRush%F0%9F%A4%97

3. Repeat, now the LLM
outputs better CoTs

4. At deployment time, you can choose how much search to do on top of your fine-tuned LLM

2. Finetune the LLM to preferentially
output CoTs that led to high reward

,

x y
<latexit sha1_base64="C1Ho9JR4Ed0ahA607JgMfDeXdeY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdSLx4r2A9oQtlsN+nSzWbZ3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq9NMEdohKU9VP8SaciZoxzDDaV8qipOQ0144uZv7vSeqNEvFo5lKGiQ4FixiBBsr9fwWi2M/H1Zrbt1dAK0TryA1KNAeVr/8UUqyhApDONZ64LnSBDlWhhFOZxU/01RiMsExHVgqcEJ1kC/OnaELq4xQlCpbwqCF+nsix4nW0yS0nQk2Y73qzcX/vEFmotsgZ0JmhgqyXBRlHJkUzX9HI6YoMXxqCSaK2VsRGWOFibEJVWwI3urL66R7Vfca9cbDda3ZKuIowxmcwyV4cANNuIc2dIDABJ7hFd4c6bw4787HsrXkFDOn8AfO5w8l0Y93</latexit>( <latexit sha1_base64="C1Ho9JR4Ed0ahA607JgMfDeXdeY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdSLx4r2A9oQtlsN+nSzWbZ3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq9NMEdohKU9VP8SaciZoxzDDaV8qipOQ0144uZv7vSeqNEvFo5lKGiQ4FixiBBsr9fwWi2M/H1Zrbt1dAK0TryA1KNAeVr/8UUqyhApDONZ64LnSBDlWhhFOZxU/01RiMsExHVgqcEJ1kC/OnaELq4xQlCpbwqCF+nsix4nW0yS0nQk2Y73qzcX/vEFmotsgZ0JmhgqyXBRlHJkUzX9HI6YoMXxqCSaK2VsRGWOFibEJVWwI3urL66R7Vfca9cbDda3ZKuIowxmcwyV4cANNuIc2dIDABJ7hFd4c6bw4787HsrXkFDOn8AfO5w8l0Y93</latexit> (

1. Search for CoTs that solve the problem
(randomly sample different chains)

…
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