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Outline

• Motivation: Why should we care about heterogeneity in human preferences?

• Reward modeling for preference learning

• Personalizable reward modeling

• Sample efficiency by leveraging commonalities:  
Personalizable reward modeling for pluralistic alignment (PAL)

• Experimental results

• Future directions
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• Learning metric and multiple user preferences simultaneously 
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• Motivation: Why should we care about heterogeneity in human preferences?
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Aligning AI/ML to human preferences

• Large models trained on internet-scale data — are not readily deployable safely in 
the real world

• They are often very heavily fine-tuned with human feedback

“Alignment”:  
further tuning using a lot 

of human feedback

👱 : I prefer 🐈⬛  over 🐈

Prompt: A cat Image

🐈 🐈⬛,Two outputs:

Pairwise 
Comparisons
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• Learn a reward function that will score the “outputs” from the pre-trained model that 
are preferred more by humans with higher score

• Use reward function to either (i) fine-tune the model to provide more preferred outputs 
or (ii) output the top ranked among multiple outputs during inference

Aligning AI/ML to human preferences

→ (x, xc) → rθ(x, xc) → s

Prompt, Output
<latexit sha1_base64="odfeFmGq+UkKKGcT1kibhxGSsmI=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KIqMeiF48V7Ac0IWw223bpZhN2J0qJ/SlePCji1V/izX/jts1BWx8MPN6bYWZemAquwXG+rZXVtfWNzdJWeXtnd2/frhy0dZIpylo0EYnqhkQzwSVrAQfBuqliJA4F64Sjm6nfeWBK80TewzhlfkwGkvc5JWCkwK6owIMhA1LDHo0SwKeBXXXqzgx4mbgFqaICzcD+8qKEZjGTQAXRuuc6Kfg5UcCpYJOyl2mWEjoiA9YzVJKYaT+fnT7BJ0aJcD9RpiTgmfp7Iiex1uM4NJ0xgaFe9Kbif14vg/6Vn3OZZsAknS/qZwJDgqc54IgrRkGMDSFUcXMrpkOiCAWTVtmE4C6+vEzaZ3X3ou7cnVcb10UcJXSEjlENuegSNdAtaqIWougRPaNX9GY9WS/Wu/Uxb12xiplD9AfW5w8LH5M0</latexit>

r✓(·)

“Reward”

Score
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“Plurality”: Human preferences are heterogeneous

• Can we learn personalizable rewards 
with few samples per user?

• How should we model heterogeneous 
human preferences?

Tao et al., Cultural bias and cultural alignment of large language models." PNAS nexus 3.9, 2024 
Bianchi et. al., Demographic Stereotypes in Text-to-image models, Stanford University HAI Policy Brief, 2023
World Economic Forum. "Artificial intelligence: Do we trust it?," World Economic Forum, Jan. 12, 2022.  
https://www.weforum.org/stories/2022/01/artificial-intelligence-ai-technology-trust-survey/

• We are not a monolith: different people 
have different preferences

• Alignment of AI: Whose preferences are 
we aligning AI to?

https://www.weforum.org/stories/2022/01/artificial-intelligence-ai-technology-trust-survey/
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Recommendations are everywhere

Slide courtesy: Greg Canal



Outline

• Motivation: Why should we care about heterogeneity in human preferences?

• Reward modeling for preference learning
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Difference of scores
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How is alignment done from human preferences?

• Bradley-Terry Model, 1952

      : prompt or context
<latexit sha1_base64="8Qrf/vw0X28aI0XH1tyfzTbLPBw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKJPppB06mYR5iCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7j1QqlogHPU1pEOORYBEjWFvJ92Osx2GUPc0GZFCtuXV3DrRKvILUoEBrUP3yhwkxMRWacKxU33NTHWRYakY4nVV8o2iKyQSPaN9SgWOqgmyeeYbOrDJEUSLtExrN1d8bGY6VmsahncwzqmUvF//z+kZH10HGRGo0FWRxKDIc6QTlBaAhk5RoPrUEE8lsVkTGWGKibU0VW4K3/OVV0rmoe4164/6y1rwp6ijDCZzCOXhwBU24gxa0gUAKz/AKb45xXpx352MxWnKKnWP4A+fzB3m6kf0=</latexit>xc

      ,      : generated outputs
<latexit sha1_base64="scbAqMTbOuCieMjo3sRC0fcaLqk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKJPppB06mYR5iCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7j1QqlogHPU1pEOORYBEjWFvJ92Osx2GUPc0GfFCtuXV3DrRKvILUoEBrUP3yhwkxMRWacKxU33NTHWRYakY4nVV8o2iKyQSPaN9SgWOqgmyeeYbOrDJEUSLtExrN1d8bGY6VmsahncwzqmUvF//z+kZH10HGRGo0FWRxKDIc6QTlBaAhk5RoPrUEE8lsVkTGWGKibU0VW4K3/OVV0rmoe4164/6y1rwp6ijDCZzCOXhwBU24gxa0gUAKz/AKb45xXpx352MxWnKKnWP4A+fzB4dekgY=</latexit>xl

<latexit sha1_base64="yuCblmPY220tfqhI7xU/6jDy71U=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKJPppB06mYR5iCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7j1QqlogHPU1pEOORYBEjWFvJ92Osx2GUPc0GclCtuXV3DrRKvILUoEBrUP3yhwkxMRWacKxU33NTHWRYakY4nVV8o2iKyQSPaN9SgWOqgmyeeYbOrDJEUSLtExrN1d8bGY6VmsahncwzqmUvF//z+kZH10HGRGo0FWRxKDIc6QTlBaAhk5RoPrUEE8lsVkTGWGKibU0VW4K3/OVV0rmoe4164/6y1rwp6ijDCZzCOXhwBU24gxa0gUAKz/AKb45xXpx352MxWnKKnWP4A+fzB5B2kgw=</latexit>xr

<latexit sha1_base64="amYd0tCBK/TwuTaXc0CEQZ47Pz8="></latexit>

Pr(xl � xr|xc) =
er✓(xl;xc)

er✓(xl;xc) + er✓(xr;xc)
=

1

1 + er✓(xr;xc)�r✓(xl;xc)



11

• Bradley-Terry Model, 1952

Limitations

Thurstone 1927, Bradley & Terry 1952, Luce 1959, Joe 1988, Hunter 2004, Ammar & Shah 2012, 
Neghabhan et. al. 2012,  Heckel et. al. 2016 ….

• Assumes a single ordering of the items/alternatives being compared

• By using BTL model, the alignment methods are inherently assuming a single 
ordering of the outputs by humans

• Differences in elicited preferences are “noisy” answers where the level of 
noise depends on how close the weights/scores of the two alternates are 
with a specific sigmoid noise model

Probability that i beats j:
(i is preferred over j) 

<latexit sha1_base64="JMrnbkGCJ0b7VP/rtyTcmUSdDj0=">AAACF3icbZDLSsNAFIYnXmu9RV26GSxCRQiJSHUjFN24rGAv0MQwmU7aaScXZiZCCXkLN76KGxeKuNWdb+M0jaCtB4b5+P9zmDm/FzMqpGl+aQuLS8srq6W18vrG5ta2vrPbElHCMWniiEW84yFBGA1JU1LJSCfmBAUeI21vdDXx2/eECxqFt3IcEydA/ZD6FCOpJFc3GlUKbZFgDIdH8ALaPkc4JXcpd2mW/cBxfg+zzNUrpmHmBefBKqACimq4+qfdi3ASkFBihoToWmYsnRRxSTEjWdlOBIkRHqE+6SoMUUCEk+Z7ZfBQKT3oR1ydUMJc/T2RokCIceCpzgDJgZj1JuJ/XjeR/rmT0jBOJAnx9CE/YVBGcBIS7FFOsGRjBQhzqv4K8QCpZKSKsqxCsGZXnofWiWHVjNrNaaV+WcRRAvvgAFSBBc5AHVyDBmgCDB7AE3gBr9qj9qy9ae/T1gWtmNkDf0r7+AajZp+w</latexit>

P (i → j) =
eri

eri + erj



Feature space 𝒳 ⊆ ℝD

Preference models: Ideal Point Model
• Coombs, 1950

Coombs 1950, Huber 1976, Jamieson & Nowak 2011, Singla et. al 2016, Xu & Davenport 2022 ….
12

unknown user preference

<latexit sha1_base64="OYHHQ/aF+zVL4woT3ojrs2ptQ7Y=">AAAB8XicdVDLSgMxFM34rOOr6tJNsAiuhkwtbV2IRTcuK9gHtkPJpJk2NJMZkoxQhv6FGxeK6NIPce9G/BszrYKKHrhwOOde7rnXjzlTGqF3a25+YXFpObdir66tb2zmt7abKkokoQ0S8Ui2fawoZ4I2NNOctmNJcehz2vJHZ5nfuqZSsUhc6nFMvRAPBAsYwdpIV90Q66EfpHjSyxeQc1QtF0tliByEKm7RzUixUjosQdcoGQonL/Zx/PRm13v5124/IklIhSYcK9VxUay9FEvNCKcTu5soGmMywgPaMVTgkCovnSaewH2j9GEQSVNCw6n6fSLFoVLj0DedWUL128vEv7xOooOqlzIRJ5oKMlsUJBzqCGbnwz6TlGg+NgQTyUxWSIZYYqLNk2zzhK9L4f+kWXTcsoMu3ELtFMyQA7tgDxwAF1RADZyDOmgAAgS4AXfg3lLWrfVgPc5a56zPmR3wA9bzB5vhlIo=</latexit>a

<latexit sha1_base64="qfgtu9gxWywop7iuvy5k2+obWVo=">AAAB83icbVDLSsNAFL2pr1pfVcGNm8EiuCqJC3VZ6sZlC/YBTSiT6aQdOpmEmYlYQn/DjQtF3PYv/AJ3bvwWJ00X2npg4HDOvdwzx485U9q2v6zC2vrG5lZxu7Szu7d/UD48aqsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHH99mfueBSsUica8nMfVCPBQsYARrI7luiPXID9LHaZ/3yxW7as+BVomzIJXaSfObzeofjX750x1EJAmp0IRjpXqOHWsvxVIzwum05CaKxpiM8ZD2DBU4pMpL55mn6NwoAxRE0jyh0Vz9vZHiUKlJ6JvJLKNa9jLxP6+X6ODGS5mIE00FyQ8FCUc6QlkBaMAkJZpPDMFEMpMVkRGWmGhTU8mU4Cx/eZW0L6vOVdVuOpVaHXIU4RTO4AIcuIYa3EEDWkAghid4gVcrsZ6tN+s9Hy1Yi51j+ANr9gNkapWe</latexit>xl

<latexit sha1_base64="IZULxpr1MEJaCQ0Uh8cw8WsvgcE=">AAAB83icbVDLSsNAFL2pr1pfVcGNm8EiuCqJC3VZ6sZlC/YBTSiT6aQdOpmEmYlYQn/DjQtF3PYv/AJ3bvwWJ00X2npg4HDOvdwzx485U9q2v6zC2vrG5lZxu7Szu7d/UD48aqsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHH99mfueBSsUica8nMfVCPBQsYARrI7luiPXID9LHaV/2yxW7as+BVomzIJXaSfObzeofjX750x1EJAmp0IRjpXqOHWsvxVIzwum05CaKxpiM8ZD2DBU4pMpL55mn6NwoAxRE0jyh0Vz9vZHiUKlJ6JvJLKNa9jLxP6+X6ODGS5mIE00FyQ8FCUc6QlkBaMAkJZpPDMFEMpMVkRGWmGhTU8mU4Cx/eZW0L6vOVdVuOpVaHXIU4RTO4AIcuIYa3EEDWkAghid4gVcrsZ6tN+s9Hy1Yi51j+ANr9gNtgpWk</latexit>xr

“Do you prefer          or         ?”   
preferred if

<latexit sha1_base64="0PGkfYdiD4gc5C9Pt2rEBO78pAA="></latexit>

dist(xl,a) < dist(xr,a)

preferred if
<latexit sha1_base64="68P686WGZLlUdVcs7FtaTJhAHx0=">AAACNnicdVDLSgMxFM3UV62vqks3oUWoKGXGhbqSohs3QgX7gE4pmTTThmYeJHekZZi/8E/c+B3uunGhiFs/wfQh2FYPBE7OPZd773FCwRWY5tBILS2vrK6l1zMbm1vbO9ndvaoKIklZhQYikHWHKCa4zyrAQbB6KBnxHMFqTu96VK89MKl44N/DIGRNj3R87nJKQEut7K0NrA9xW09KCrZHoOu4cT9piRP88yPJEb7E//jkjK+VzZtFcwy8SKwpyZdy9vHjsDQot7Ivdjugkcd8oIIo1bDMEJoxkcCpYEnGjhQLCe2RDmto6hOPqWY8PjvBh1ppYzeQ+vmAx+rvjph4Sg08RztHK6r52kj8q9aIwL1oxtwPI2A+nQxyI4EhwKMMcZtLRkEMNCFUcr0rpl0iCQWddEaHYM2fvEiqp0XrrGjeWfnSFZogjQ5QDhWQhc5RCd2gMqogip7QEL2hd+PZeDU+jM+JNWVMe/bRDIyvb1xIsHY=</latexit>

dist(xl,a) > dist(xr,a)

h : strict monotonic function; when diff of dist is zero, the prob is 1/2, otherwise noise < 1/2

P(       preferred over       ) =  <latexit sha1_base64="b5YnGKdfJbxWfU/W3XY2JuFR0p8="></latexit>

h(dist(xl,a)� dist(xr,a))



Difference of scores

Preference models: Ideal Point Model
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unknown user preference

<latexit sha1_base64="OYHHQ/aF+zVL4woT3ojrs2ptQ7Y=">AAAB8XicdVDLSgMxFM34rOOr6tJNsAiuhkwtbV2IRTcuK9gHtkPJpJk2NJMZkoxQhv6FGxeK6NIPce9G/BszrYKKHrhwOOde7rnXjzlTGqF3a25+YXFpObdir66tb2zmt7abKkokoQ0S8Ui2fawoZ4I2NNOctmNJcehz2vJHZ5nfuqZSsUhc6nFMvRAPBAsYwdpIV90Q66EfpHjSyxeQc1QtF0tliByEKm7RzUixUjosQdcoGQonL/Zx/PRm13v5124/IklIhSYcK9VxUay9FEvNCKcTu5soGmMywgPaMVTgkCovnSaewH2j9GEQSVNCw6n6fSLFoVLj0DedWUL128vEv7xOooOqlzIRJ5oKMlsUJBzqCGbnwz6TlGg+NgQTyUxWSIZYYqLNk2zzhK9L4f+kWXTcsoMu3ELtFMyQA7tgDxwAF1RADZyDOmgAAgS4AXfg3lLWrfVgPc5a56zPmR3wA9bzB5vhlIo=</latexit>a

<latexit sha1_base64="qfgtu9gxWywop7iuvy5k2+obWVo=">AAAB83icbVDLSsNAFL2pr1pfVcGNm8EiuCqJC3VZ6sZlC/YBTSiT6aQdOpmEmYlYQn/DjQtF3PYv/AJ3bvwWJ00X2npg4HDOvdwzx485U9q2v6zC2vrG5lZxu7Szu7d/UD48aqsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHH99mfueBSsUica8nMfVCPBQsYARrI7luiPXID9LHaZ/3yxW7as+BVomzIJXaSfObzeofjX750x1EJAmp0IRjpXqOHWsvxVIzwum05CaKxpiM8ZD2DBU4pMpL55mn6NwoAxRE0jyh0Vz9vZHiUKlJ6JvJLKNa9jLxP6+X6ODGS5mIE00FyQ8FCUc6QlkBaMAkJZpPDMFEMpMVkRGWmGhTU8mU4Cx/eZW0L6vOVdVuOpVaHXIU4RTO4AIcuIYa3EEDWkAghid4gVcrsZ6tN+s9Hy1Yi51j+ANr9gNkapWe</latexit>xl

<latexit sha1_base64="IZULxpr1MEJaCQ0Uh8cw8WsvgcE=">AAAB83icbVDLSsNAFL2pr1pfVcGNm8EiuCqJC3VZ6sZlC/YBTSiT6aQdOpmEmYlYQn/DjQtF3PYv/AJ3bvwWJ00X2npg4HDOvdwzx485U9q2v6zC2vrG5lZxu7Szu7d/UD48aqsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHH99mfueBSsUica8nMfVCPBQsYARrI7luiPXID9LHaV/2yxW7as+BVomzIJXaSfObzeofjX750x1EJAmp0IRjpXqOHWsvxVIzwum05CaKxpiM8ZD2DBU4pMpL55mn6NwoAxRE0jyh0Vz9vZHiUKlJ6JvJLKNa9jLxP6+X6ODGS5mIE00FyQ8FCUc6QlkBaMAkJZpPDMFEMpMVkRGWmGhTU8mU4Cx/eZW0L6vOVdVuOpVaHXIU4RTO4AIcuIYa3EEDWkAghid4gVcrsZ6tN+s9Hy1Yi51j+ANr9gNtgpWk</latexit>xr

“Do you prefer          or         ?”   

preferred if
<latexit sha1_base64="68P686WGZLlUdVcs7FtaTJhAHx0=">AAACNnicdVDLSgMxFM3UV62vqks3oUWoKGXGhbqSohs3QgX7gE4pmTTThmYeJHekZZi/8E/c+B3uunGhiFs/wfQh2FYPBE7OPZd773FCwRWY5tBILS2vrK6l1zMbm1vbO9ndvaoKIklZhQYikHWHKCa4zyrAQbB6KBnxHMFqTu96VK89MKl44N/DIGRNj3R87nJKQEut7K0NrA9xW09KCrZHoOu4cT9piRP88yPJEb7E//jkjK+VzZtFcwy8SKwpyZdy9vHjsDQot7Ivdjugkcd8oIIo1bDMEJoxkcCpYEnGjhQLCe2RDmto6hOPqWY8PjvBh1ppYzeQ+vmAx+rvjph4Sg08RztHK6r52kj8q9aIwL1oxtwPI2A+nQxyI4EhwKMMcZtLRkEMNCFUcr0rpl0iCQWddEaHYM2fvEiqp0XrrGjeWfnSFZogjQ5QDhWQhc5RCd2gMqogip7QEL2hd+PZeDU+jM+JNWVMe/bRDIyvb1xIsHY=</latexit>

dist(xl,a) > dist(xr,a)

preferred if
<latexit sha1_base64="0PGkfYdiD4gc5C9Pt2rEBO78pAA="></latexit>

dist(xl,a) < dist(xr,a)

h : strict monotonic function; when diff of dist is zero, the prob is 1/2, otherwise noise < 1/2

P(       preferred over       ) =  <latexit sha1_base64="b5YnGKdfJbxWfU/W3XY2JuFR0p8="></latexit>

h(dist(xl,a)� dist(xr,a))

<latexit sha1_base64="9ErPU1+cphQyjDxAiuAFnhF78jA=">AAACMXicbVDLSgMxFM34rPVVdekmWARXZUakiiAU3XRZwT6gU0omvdOGZjJDkpGWob/kxj8RN10o4tafMNMW6cMDgZNz7uXee7yIM6Vte2ytrW9sbm1ndrK7e/sHh7mj45oKY0mhSkMeyoZHFHAmoKqZ5tCIJJDA41D3+g+pX38GqVgonvQwglZAuoL5jBJtpHau7AZE9zw/GYzaEt/eYdeDLhOJZ2TJBqMF23Xx3J+6IDp/he1c3i7YE+BV4sxIHs1Qaefe3E5I4wCEppwo1XTsSLcSIjWjHEZZN1YQEdonXWgaKkgAqpVMLh7hc6N0sB9K84TGE3W+IyGBUsPAM5XpwmrZS8X/vGas/ZtWwkQUaxB0OsiPOdYhTuPDHSaBaj40hFDJzK6Y9ogkVJuQsyYEZ/nkVVK7LDjFQvHxKl+6n8WRQafoDF0gB12jEiqjCqoiil7QO/pAn9arNba+rO9p6Zo16zlBC7B+fgFJ8awl</latexit>

xr :=

[
xr

xc

]
<latexit sha1_base64="VVPJCIN9yd1ibCvaqOAHDyAUOcQ=">AAACMXicbVDLSgMxFM34rPVVdekmWARXZUakiiAU3XRZwT6gU0omvdOGZjJDkpGWob/kxj8RN10o4tafMNMW6cMDgZNz7uXee7yIM6Vte2ytrW9sbm1ndrK7e/sHh7mj45oKY0mhSkMeyoZHFHAmoKqZ5tCIJJDA41D3+g+pX38GqVgonvQwglZAuoL5jBJtpHau7AZE9zw/GYzaHN/eYdeDLhOJZ2TJBqMF23Xx3J+6IDp/he1c3i7YE+BV4sxIHs1Qaefe3E5I4wCEppwo1XTsSLcSIjWjHEZZN1YQEdonXWgaKkgAqpVMLh7hc6N0sB9K84TGE3W+IyGBUsPAM5XpwmrZS8X/vGas/ZtWwkQUaxB0OsiPOdYhTuPDHSaBaj40hFDJzK6Y9ogkVJuQsyYEZ/nkVVK7LDjFQvHxKl+6n8WRQafoDF0gB12jEiqjCqoiil7QO/pAn9arNba+rO9p6Zo16zlBC7B+fgE1q6wZ</latexit>

xl :=

[
xl

xc

]

<latexit sha1_base64="8Qrf/vw0X28aI0XH1tyfzTbLPBw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKJPppB06mYR5iCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7j1QqlogHPU1pEOORYBEjWFvJ92Osx2GUPc0GZFCtuXV3DrRKvILUoEBrUP3yhwkxMRWacKxU33NTHWRYakY4nVV8o2iKyQSPaN9SgWOqgmyeeYbOrDJEUSLtExrN1d8bGY6VmsahncwzqmUvF//z+kZH10HGRGo0FWRxKDIc6QTlBaAhk5RoPrUEE8lsVkTGWGKibU0VW4K3/OVV0rmoe4164/6y1rwp6ijDCZzCOXhwBU24gxa0gUAKz/AKb45xXpx352MxWnKKnWP4A+fzB3m6kf0=</latexit>xc: context

P(       preferred over       ) =  
<latexit sha1_base64="YuF1PnJDMW0doW8ZX5ETAOvnsB0="></latexit>

1

1 + edist(xr,a)→dist(xl,a)



• Universal models: a model (preference point) that fits on 
average for all individuals
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• People have heterogeneous tastes (preferences)

• Distance function is assumed to be known

However….

• Distance function is often unknown

Past works

Coombs 1950, Huber 1976, Jamieson & Nowak 2011, Singla et. al 2016, Massimino & Davenport 2021 ….



Outline

• Motivation: Why should we care about heterogeneity in human preferences?

• Reward modeling for preference learning

• Personalizable reward modeling

15

Generated by ChatGPT



Personalized Preferences
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<latexit sha1_base64="qfgtu9gxWywop7iuvy5k2+obWVo=">AAAB83icbVDLSsNAFL2pr1pfVcGNm8EiuCqJC3VZ6sZlC/YBTSiT6aQdOpmEmYlYQn/DjQtF3PYv/AJ3bvwWJ00X2npg4HDOvdwzx485U9q2v6zC2vrG5lZxu7Szu7d/UD48aqsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHH99mfueBSsUica8nMfVCPBQsYARrI7luiPXID9LHaZ/3yxW7as+BVomzIJXaSfObzeofjX750x1EJAmp0IRjpXqOHWsvxVIzwum05CaKxpiM8ZD2DBU4pMpL55mn6NwoAxRE0jyh0Vz9vZHiUKlJ6JvJLKNa9jLxP6+X6ODGS5mIE00FyQ8FCUc6QlkBaMAkJZpPDMFEMpMVkRGWmGhTU8mU4Cx/eZW0L6vOVdVuOpVaHXIU4RTO4AIcuIYa3EEDWkAghid4gVcrsZ6tN+s9Hy1Yi51j+ANr9gNkapWe</latexit>xl

<latexit sha1_base64="IZULxpr1MEJaCQ0Uh8cw8WsvgcE=">AAAB83icbVDLSsNAFL2pr1pfVcGNm8EiuCqJC3VZ6sZlC/YBTSiT6aQdOpmEmYlYQn/DjQtF3PYv/AJ3bvwWJ00X2npg4HDOvdwzx485U9q2v6zC2vrG5lZxu7Szu7d/UD48aqsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHH99mfueBSsUica8nMfVCPBQsYARrI7luiPXID9LHaV/2yxW7as+BVomzIJXaSfObzeofjX750x1EJAmp0IRjpXqOHWsvxVIzwum05CaKxpiM8ZD2DBU4pMpL55mn6NwoAxRE0jyh0Vz9vZHiUKlJ6JvJLKNa9jLxP6+X6ODGS5mIE00FyQ8FCUc6QlkBaMAkJZpPDMFEMpMVkRGWmGhTU8mU4Cx/eZW0L6vOVdVuOpVaHXIU4RTO4AIcuIYa3EEDWkAghid4gVcrsZ6tN+s9Hy1Yi51j+ANr9gNtgpWk</latexit>xr

“Do you prefer          or         ?”   

preferred if
<latexit sha1_base64="6YYS24fsRKWHIXQUtGYz88NM6Fo="></latexit>

dist(xl,ai) < dist(xr,ai)

preferred if
<latexit sha1_base64="Gpi6Gwzf65FxVWPAl3Wiglv1tMw="></latexit>

dist(xl,ai) > dist(xr,ai)
<latexit sha1_base64="BihBpfou8fZP6r1kchN/X9Mxad0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUiBL14jGAekIQwO+lNhszOrjOzQljyE148KOLV3/Hm3zhJ9qCJBQ1FVTfdXX4suDau++3kVlbX1jfym4Wt7Z3dveL+QUNHiWJYZ5GIVMunGgWXWDfcCGzFCmnoC2z6o9up33xCpXkkH8w4xm5IB5IHnFFjpRYn18Q7I5VeseSW3RnIMvEyUoIMtV7xq9OPWBKiNExQrdueG5tuSpXhTOCk0Ek0xpSN6ADblkoaou6ms3sn5MQqfRJEypY0ZKb+nkhpqPU49G1nSM1QL3pT8T+vnZjgqptyGScGJZsvChJBTESmz5M+V8iMGFtCmeL2VsKGVFFmbEQFG4K3+PIyaVTK3kXZvT8vVW+yOPJwBMdwCh5cQhXuoAZ1YCDgGV7hzXl0Xpx352PemnOymUP4A+fzB6DBjmQ=</latexit>

i = 1, 2

h : strict monotonic function; when diff of dist is zero, the prob is 1/2, otherwise noise < 1/2

<latexit sha1_base64="2BZAl4wh/RUDfvlkGdw1Wapp3xE="></latexit>

h(dist(xl,ai)� dist(xr,ai))P(       preferred over.        | user    ) =  
<latexit sha1_base64="O8edBEty4/nvYOBTPRQF4IaFwaA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU4P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A0SOM8g==</latexit>

i

unknown user1’s 
preference

<latexit sha1_base64="jD1jDiymPWlSHy4lz4/PKDUtznQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GjLT2tZd0Y3LCvYBnaFk0kwbmskMSUYoQ3/DjQtF3Poz7vwbM20FFT0QOJxzL/fkBAlnSiP0YRXW1jc2t4rbpZ3dvf2D8uFRV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvB9Dr3e/dUKhaLOz1LqB/hsWAhI1gbyfMirCdBmOH50BmWK8i+bNbdCxciG6GGW63nxG3U3Cp0jJKjAlZoD8vv3igmaUSFJhwrNXBQov0MS80Ip/OSlyqaYDLFYzowVOCIKj9bZJ7DM6OMYBhL84SGC/X7RoYjpWZRYCbzjOq3l4t/eYNUh00/YyJJNRVkeShMOdQxzAuAIyYp0XxmCCaSmayQTLDERJuaSqaEr5/C/0nXtZ26jW5rldbVqo4iOAGn4Bw4oAFa4Aa0QQcQkIAH8ASerdR6tF6s1+VowVrtHIMfsN4+AWvOkfI=</latexit>a1
unknown user2’s 
preference

<latexit sha1_base64="paLcIOgdJvY6UFLrKLcuVI3Pf7g=">AAAB83icdVDLSgMxFL1TX7W+qi7dBIvgasgUndZd0Y3LCtYWOkPJpJk2NPMgyQhl6G+4caGIW3/GnX9j2o6gogcCh3Pu5Z6cIBVcaYw/rNLK6tr6RnmzsrW9s7tX3T+4U0kmKevQRCSyFxDFBI9ZR3MtWC+VjESBYN1gcjX3u/dMKp7Et3qaMj8io5iHnBJtJM+LiB4HYU5mg/qgWsM2XgBhu95wXefCEAdj97yJnMKqQYH2oPruDROaRSzWVBCl+g5OtZ8TqTkVbFbxMsVSQidkxPqGxiRiys8XmWfoxChDFCbSvFijhfp9IyeRUtMoMJPzjOq3Nxf/8vqZDpt+zuM00yymy0NhJpBO0LwANOSSUS2mhhAqucmK6JhIQrWpqWJK+Pop+p/c1W3HtfHNWa11WdRRhiM4hlNwoAEtuIY2dIBCCg/wBM9WZj1aL9brcrRkFTuH8APW2ydTYJHi</latexit>a2

<latexit sha1_base64="9ErPU1+cphQyjDxAiuAFnhF78jA=">AAACMXicbVDLSgMxFM34rPVVdekmWARXZUakiiAU3XRZwT6gU0omvdOGZjJDkpGWob/kxj8RN10o4tafMNMW6cMDgZNz7uXee7yIM6Vte2ytrW9sbm1ndrK7e/sHh7mj45oKY0mhSkMeyoZHFHAmoKqZ5tCIJJDA41D3+g+pX38GqVgonvQwglZAuoL5jBJtpHau7AZE9zw/GYzaEt/eYdeDLhOJZ2TJBqMF23Xx3J+6IDp/he1c3i7YE+BV4sxIHs1Qaefe3E5I4wCEppwo1XTsSLcSIjWjHEZZN1YQEdonXWgaKkgAqpVMLh7hc6N0sB9K84TGE3W+IyGBUsPAM5XpwmrZS8X/vGas/ZtWwkQUaxB0OsiPOdYhTuPDHSaBaj40hFDJzK6Y9ogkVJuQsyYEZ/nkVVK7LDjFQvHxKl+6n8WRQafoDF0gB12jEiqjCqoiil7QO/pAn9arNba+rO9p6Zo16zlBC7B+fgFJ8awl</latexit>

xr :=

[
xr

xc

]
<latexit sha1_base64="VVPJCIN9yd1ibCvaqOAHDyAUOcQ=">AAACMXicbVDLSgMxFM34rPVVdekmWARXZUakiiAU3XRZwT6gU0omvdOGZjJDkpGWob/kxj8RN10o4tafMNMW6cMDgZNz7uXee7yIM6Vte2ytrW9sbm1ndrK7e/sHh7mj45oKY0mhSkMeyoZHFHAmoKqZ5tCIJJDA41D3+g+pX38GqVgonvQwglZAuoL5jBJtpHau7AZE9zw/GYzaHN/eYdeDLhOJZ2TJBqMF23Xx3J+6IDp/he1c3i7YE+BV4sxIHs1Qaefe3E5I4wCEppwo1XTsSLcSIjWjHEZZN1YQEdonXWgaKkgAqpVMLh7hc6N0sB9K84TGE3W+IyGBUsPAM5XpwmrZS8X/vGas/ZtWwkQUaxB0OsiPOdYhTuPDHSaBaj40hFDJzK6Y9ogkVJuQsyYEZ/nkVVK7LDjFQvHxKl+6n8WRQafoDF0gB12jEiqjCqoiil7QO/pAn9arNba+rO9p6Zo16zlBC7B+fgE1q6wZ</latexit>

xl :=

[
xl

xc

]

<latexit sha1_base64="8Qrf/vw0X28aI0XH1tyfzTbLPBw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKJPppB06mYR5iCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7j1QqlogHPU1pEOORYBEjWFvJ92Osx2GUPc0GZFCtuXV3DrRKvILUoEBrUP3yhwkxMRWacKxU33NTHWRYakY4nVV8o2iKyQSPaN9SgWOqgmyeeYbOrDJEUSLtExrN1d8bGY6VmsahncwzqmUvF//z+kZH10HGRGo0FWRxKDIc6QTlBaAhk5RoPrUEE8lsVkTGWGKibU0VW4K3/OVV0rmoe4164/6y1rwp6ijDCZzCOXhwBU24gxa0gUAKz/AKb45xXpx352MxWnKKnWP4A+fzB3m6kf0=</latexit>xc: context



Personalizable Reward Modeling

<latexit sha1_base64="6vIniQkrvD07xptZTbxbOG4MeUI=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARFKQkItVlURcuq9gLNLFMppN26GQSZiZiCXkGN76KGxeKuHXlzrdx0gbU1h8GPv5zDnPO70WMSmVZX0Zhbn5hcam4XFpZXVvfMDe3mjKMBSYNHLJQtD0kCaOcNBRVjLQjQVDgMdLyhudZvXVHhKQhv1GjiLgB6nPqU4yUtrrmgRMgNfD85D49hD/cxdChPDe85Dq9veiaZatijQVnwc6hDHLVu+an0wtxHBCuMENSdmwrUm6ChKKYkbTkxJJECA9Rn3Q0chQQ6Sbjk1K4p50e9EOhH1dw7P6eSFAg5SjwdGe2o5yuZeZ/tU6s/FM3oTyKFeF48pEfM6hCmOUDe1QQrNhIA8KC6l0hHiCBsNIplnQI9vTJs9A8qtjVSvXquFw7y+Mogh2wC/aBDU5ADVyCOmgADB7AE3gBr8aj8Wy8Ge+T1oKRz2yDPzI+vgGC5Z4D</latexit>

x,xc 2 RD
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Prompt / Context

<latexit sha1_base64="2Yba5ScnZ07Zclixyi6C9nsUQSg=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC00pWy2L+3SzSbsbsQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfHlFpHst7M0mwF9Gh5CFn1FjJ9yNqRkGYPU37rF+tuXV3BrJMvILUoECzX/3yBzFLI5SGCap113MT08uoMpwJnFb8VGNC2ZgOsWuppBHqXjbLPCUnVhmQMFb2SUNm6u+NjEZaT6LATuYZ9aKXi/953dSEV72MyyQ1KNn8UJgKYmKSF0AGXCEzYmIJZYrbrISNqKLM2JoqtgRv8cvLpH1W9y7q7t15rXFd1FGGIziGU/DgEhpwC01oAYMEnuEV3pzUeXHenY/5aMkpdg7hD5zPH3fOkfc=</latexit>xc

Generated Output

<latexit sha1_base64="/uolw8bO9HYZd9ZCmupHYTPZevs=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/t+RIQ==</latexit>x

Personalized 
Reward 
For user i:

<latexit sha1_base64="aWVE7FKvgvWIuPHFVTPFQEeZ2PI="></latexit>

r(i)(x;xc) = ||f([x;xc])→ f(ai)||2
<latexit sha1_base64="ec0UattyfPUA6AVznG+wMgve1xc=">AAACAHicbVBNS8NAEJ3Ur1q/qh48eFksgqeSFKkei3rwWMW2QhPDZrtpl242YXcjlJCLf8WLB0W8+jO8+W/cfhy09cHA470ZZuYFCWdK2/a3VVhaXlldK66XNja3tnfKu3ttFaeS0BaJeSzvA6woZ4K2NNOc3ieS4ijgtBMML8d+55FKxWJxp0cJ9SLcFyxkBGsj+eUD7DPkMoHcCOtBEGS3+UNWu8r9csWu2hOgReLMSAVmaPrlL7cXkzSiQhOOleo6dqK9DEvNCKd5yU0VTTAZ4j7tGipwRJWXTR7I0bFReiiMpSmh0UT9PZHhSKlRFJjO8Zlq3huL/3ndVIfnXsZEkmoqyHRRmHKkYzROA/WYpETzkSGYSGZuRWSAJSbaZFYyITjzLy+Sdq3q1Kv1m9NK42IWRxEO4QhOwIEzaMA1NKEFBHJ4hld4s56sF+vd+pi2FqzZzD78gfX5AxHJlhg=</latexit>

ai → R2D

<latexit sha1_base64="oWMspi498xizX032l7bVQEfieyI=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCRFqrgq6sJlFfuAJpbJZNIOnWTCzEQpIT/hxl9x40IRt4I7/8ZJ20VtPXDhcM693HuPFzMqlWX9GAuLS8srq4W14vrG5ta2ubPblDwRmDQwZ1y0PSQJoxFpKKoYaceCoNBjpOUNLnO/9UCEpDy6U8OYuCHqRTSgGCktdc3jAJ5DJ0Sq73npbXafVq4y6Aja6yskBH+c9vyuWbLK1ghwntgTUgIT1Lvmt+NznIQkUpghKTu2FSs3RUJRzEhWdBJJYoQHqEc6mkYoJNJNR19l8FArPgy40BUpOFKnJ1IUSjkMPd2Z3yhnvVz8z+skKjhzUxrFiSIRHi8KEgYVh3lE0KeCYMWGmiAsqL4V4j4SCCsdZFGHYM++PE+albJdLVdvTkq1i0kcBbAPDsARsMEpqIFrUAcNgMETeAFv4N14Nl6ND+Nz3LpgTGb2wB8YX784Vp7p</latexit>

f : R2D → Rd

<latexit sha1_base64="ZbAwpWdln8NnTawg/PxeJX6Q0tU=">AAACH3icbVDLSgMxFM34rPU16tJNsAiuyoxIdVl047KCfUCnDJn0ThuayQxJRlqG+RM3/oobF4qIu/6N6QMfrQdCTs49l9x7goQzpR1nbK2srq1vbBa2its7u3v79sFhQ8WppFCnMY9lKyAKOBNQ10xzaCUSSBRwaAaDm0m9+QBSsVjc61ECnYj0BAsZJdpIvl3xAugxkQUR0ZINc8/c/SDMhjn2PPzz8qkHovtt8+2SU3amwMvEnZMSmqPm259eN6ZpBEJTTpRqu06iOxmRmlEOedFLFSSEDkgP2oYKEoHqZNP9cnxqlC4OY2mO0Hiq/u7ISKTUKAqMczKwWqxNxP9q7VSHV52MiSTVIOjsozDlWMd4EhbuMglU85EhhEpmZsW0TySh2kRaNCG4iysvk8Z52a2UK3cXper1PI4COkYn6Ay56BJV0S2qoTqi6BE9o1f0Zj1ZL9a79TGzrljzniP0B9b4CwiUpNo=</latexit>[
x
xc

]

Foundation 
Model

Foundation 
Model

Personalized 
Ideal Point for user i

(unknown)

<latexit sha1_base64="Qn0qBeDvj9lfFy8/pQrHDR5yLxc=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy0emDgcM693DMnSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT29zvPnJtRKwecJbwQUTHSoSCUbSS70cUJ0GY0flQDKs1t+4uQP4SryA1KNAaVj/9UczSiCtkkhrT99wEBxnVKJjk84qfGp5QNqVj3rdU0YibQbbIPCdnVhmRMNb2KSQL9edGRiNjZlFgJ/OMZtXLxf+8forh9SATKkmRK7Y8FKaSYEzyAshIaM5QziyhTAublbAJ1ZShraliS/BWv/yXdC7qXqPeuL+sNW+KOspwAqdwDh5cQRPuoAVtYJDAE7zAq5M6z86b874cLTnFzjH8gvPxDV+xkew=</latexit>ai

<latexit sha1_base64="9NmqwF8EHs3TblRUpUY9x0OsVgU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkIioh6LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxyKaq754NqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90EGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtC9e/cr2Hy1rjtoijDCdwCnXw4RoacA9NaAGBMTzDK7w5wnlx3p2PRWvJKWaO4Q+czx/9hI2M</latexit>

f(.)Mapping
(unknown)

<latexit sha1_base64="9NmqwF8EHs3TblRUpUY9x0OsVgU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkIioh6LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxyKaq754NqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90EGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtC9e/cr2Hy1rjtoijDCdwCnXw4RoacA9NaAGBMTzDK7w5wnlx3p2PRWvJKWaO4Q+czx/9hI2M</latexit>

f(.)

<latexit sha1_base64="8Qrf/vw0X28aI0XH1tyfzTbLPBw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKJPppB06mYR5iCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7j1QqlogHPU1pEOORYBEjWFvJ92Osx2GUPc0GZFCtuXV3DrRKvILUoEBrUP3yhwkxMRWacKxU33NTHWRYakY4nVV8o2iKyQSPaN9SgWOqgmyeeYbOrDJEUSLtExrN1d8bGY6VmsahncwzqmUvF//z+kZH10HGRGo0FWRxKDIc6QTlBaAhk5RoPrUEE8lsVkTGWGKibU0VW4K3/OVV0rmoe4164/6y1rwp6ijDCZzCOXhwBU24gxa0gUAKz/AKb45xXpx352MxWnKKnWP4A+fzB3m6kf0=</latexit>xc: context
<latexit sha1_base64="FGxh4OzYwn2DCpnjFMkcdRbsJBc=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+8C2lEx6pw3NZIYkI5ahf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu7xY8G1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alj++yfzWIyrNI3lvJjH2QjqUPOCMGis9dENqRn6QPk37pbJbcWcgy8TLSRly1Pulr+4gYkmI0jBBte54bmx6KVWGM4HTYjfRGFM2pkPsWCppiLqXzhJPyalVBiSIlH3SkJn6eyOlodaT0LeTWUK96GXif14nMcFVL+UyTgxKNv8oSAQxEcnOJwOukBkxsYQyxW1WwkZUUWZsSUVbgrd48jJpnle8aqV6d1GuXed1FOAYTuAMPLiEGtxCHRrAQMIzvMKbo50X5935mI+uOPnOEfyB8/kDANqRJw==</latexit>x : output

🔥 🔥

❄ /🔥

🔥

❄ /🔥



Learning Personalized Preferences

• Learn the unknown mapping f and unknown preference points from pairwise 
comparison data

<latexit sha1_base64="ClwmANC1UC6CzcK9ZMd5cY3OQcc="></latexit>∑

p

loss
(
yp,i

(
||f([xlp,i ;xcp,i ])→ f(ai)||2 → ||f([xrp,i ;xcp,i ])→ f(ai)||2

))
<latexit sha1_base64="FLmQ63wZnzSaOD7w3UOOTjfQPR4=">AAACE3icbVBNS8NAEN34WetX1aOXxSKISElEqseiF48VrApNKJvtpC5uNmF3IpaQ/+DFv+LFgyJevXjz37htc/DrwcLjvZnZmRemUhh03U9nanpmdm6+slBdXFpeWa2trV+YJNMcOjyRib4KmQEpFHRQoISrVAOLQwmX4c3JyL+8BW1Eos5xmEIQs4ESkeAMrdSr7fqZ6lsfMI/2qB8zvA6jnBU9UeQ+wh3mTA9oLFRR9Gp1t+GOQf8SryR1UqLdq334/YRnMSjkkhnT9dwUAzsQBZdQVP3MQMr4DRtA11LFYjBBPr6poNtW6dMo0fYppGP1e0fOYmOGcWgrR0ub395I/M/rZhgdBblQaYag+OSjKJMUEzoKiPaFBo5yaAnjWthdKb9mmnG0MVVtCN7vk/+Si/2G12w0zw7qreMyjgrZJFtkh3jkkLTIKWmTDuHknjySZ/LiPDhPzqvzNimdcsqeDfIDzvsX0aCfaA==</latexit>

arg min
f,ai

18

• If we learn individually, each user needs to provide too much data to learn all the 
components 



Outline

• Motivation: Why should we care about heterogeneity in human preferences?

• Reward modeling for preference learning

• Personalizable reward modeling

19

Generated by ChatGPT

• Learning metric and multiple user preferences simultaneously 



Simultaneous Metric and Preference Learning

• Leverage everyone’s data to learn the common mapping f

• Use individual data to learn the personalized preference

<latexit sha1_base64="5+aNhDbfCpWm7HmKGqLVm88NNAU="></latexit>∑

i

∑

p

loss
(
yp,i

(
||f([xlp,i ;xcp,i ])→ f(ai)||2 → ||f([xrp,i ;xcp,i ])→ f(ai)||2

))<latexit sha1_base64="iCvJ1Y/Htl2wPCG0osRAbMDfldI=">AAACJnicbVBNS8NAEN34bf2qevSyWAQPEhKR6kUQvXiSCrYVmlI220ld3GzC7kQsIb/Gi3/Fi4eKiDd/ituPg1YfLDzem5mdeWEqhUHP+3RmZufmFxaXlksrq2vrG+XNrYZJMs2hzhOZ6NuQGZBCQR0FSrhNNbA4lNAM7y+GfvMBtBGJusF+Cu2Y9ZSIBGdopU75NMhU1/qAeXRAg5jhXRjlrOj4B9R13V/SVZEHCI+YM92jsVBF0SlXPNcbgf4l/oRUyAS1TnkQdBOexaCQS2ZMy/dSbNuBKLiEohRkBlLG71kPWpYqFoNp56MzC7pnlS6NEm2fQjpSf3bkLDamH4e2cri0mfaG4n9eK8PopJ0LlWYIio8/ijJJMaHDzGhXaOAo+5YwroXdlfI7phlHm1zJhuBPn/yXNA5dv+pWr48qZ+eTOJbIDtkl+8Qnx+SMXJIaqRNOnsgLGZA359l5dd6dj3HpjDPp2Sa/4Hx9A5IPpeQ=</latexit>

arg min
f,a1,...,aN

Canal, Mason, Vinayak, Nowak, “One for all: Simultaneous metric and preference learning over multiple users”, 
Neurips 2022

Commonalities

20



• With sufficiently large number of users in the dataset, each user only needs to 
provide enough data to learn their latent preference, i.e., ideal point

Commonalities

21

Canal, Mason, Vinayak, Nowak, “One for all: Simultaneous metric and preference learning over multiple users”, 
Neurips 2022

Simultaneous Metric and Preference Learning

O(#dimensions)

• Cost of learning f is amortized across all users



Metric Learning from Pairwise Comparisons

• Each user needs to provide enough data to learn their latent ideal point

• High-dimensional — costly

Wang, So, Vinayak, “Metric Learning from Limited Pairwise Preference Comparisons”, UAI 2024,  
arXiv:2403.19629, 2024.

Commonalities

22

Can we learn the unknown mapping with fewer samples than  
O(#dimensions)?

O(#dimensions)



Metric Learning from Pairwise Comparisons

Wang, So, Vinayak, “Metric Learning from Limited Pairwise Preference Comparisons”, UAI 2024,  
arXiv:2403.19629, 2024.

Commonalities

Can we learn the unknown mapping without localizing the preferences?

NO

23

when there is no low-dimensional structure to leverage



Generated by ChatGPT

Outline

• Motivation: Why should we care about heterogeneity in human preferences?

• Reward modeling for preference learning

• Personalizable reward modeling

• Sample efficiency by leveraging commonalities:  
Personalizable reward modeling for pluralistic alignment (PAL)

24

• Learning metric and multiple user preferences simultaneously 



Commonalities

25

<latexit sha1_base64="Qn0qBeDvj9lfFy8/pQrHDR5yLxc=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy0emDgcM693DMnSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT29zvPnJtRKwecJbwQUTHSoSCUbSS70cUJ0GY0flQDKs1t+4uQP4SryA1KNAaVj/9UczSiCtkkhrT99wEBxnVKJjk84qfGp5QNqVj3rdU0YibQbbIPCdnVhmRMNb2KSQL9edGRiNjZlFgJ/OMZtXLxf+8forh9SATKkmRK7Y8FKaSYEzyAshIaM5QziyhTAublbAJ1ZShraliS/BWv/yXdC7qXqPeuL+sNW+KOspwAqdwDh5cQRPuoAVtYJDAE7zAq5M6z86b874cLTnFzjH8gvPxDV+xkew=</latexit>ai
<latexit sha1_base64="xHZCP8NguUCclwJfmjm47kC+9bM=">AAAB+XicbVBNS8NAEN34WetX1KOXxSLUS0lEqseiF48V7Ae0MWy2k3bpZhN3N5US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwqeJUUmjQmMeyHRAFnAloaKY5tBMJJAo4tILhzdRvjUAqFot7PU7Ai0hfsJBRoo3k2/bTQ1ZmZxOf424fHrHj2yWn4syAl4mbkxLKUfftr24vpmkEQlNOlOq4TqK9jEjNKIdJsZsqSAgdkj50DBUkAuVls8sn+NQoPRzG0pTQeKb+nshIpNQ4CkxnRPRALXpT8T+vk+rwysuYSFINgs4XhSnHOsbTGHCPSaCajw0hVDJzK6YDIgnVJqyiCcFdfHmZNM8rbrVSvbso1a7zOAroGJ2gMnLRJaqhW1RHDUTRCD2jV/RmZdaL9W59zFtXrHzmCP2B9fkDH4GSsQ==</latexit>

w(i)
l → 0

<latexit sha1_base64="qY1DYlaKk9XHUwQz5+FXQegCJ9c=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJSHVTKLoR3FSwD2jTMJlO2qGTSZiZKCUEN/6KGxeKuPUr3Pk3TtsstPXAhcM593LvPV7EqFSW9W3klpZXVtfy64WNza3tHXN3rynDWGDSwCELRdtDkjDKSUNRxUg7EgQFHiMtb3Q18Vv3REga8js1jogToAGnPsVIack1D7oyDtyEVe20d/PQS0r0JHUZrELbNYtW2ZoCLhI7I0WQoe6aX91+iOOAcIUZkrJjW5FyEiQUxYykhW4sSYTwCA1IR1OOAiKdZPpCCo+10od+KHRxBafq74kEBVKOA093BkgN5bw3Ef/zOrHyL5yE8ihWhOPZIj9mUIVwkgfsU0GwYmNNEBZU3wrxEAmElU6toEOw519eJM3Tsl0pV27PirXLLI48OARHoARscA5q4BrUQQNg8AiewSt4M56MF+Pd+Ji15oxsZh/8gfH5A4kzljs=</latexit>

K∑

l=1

w(i)
l = 1

“Low-rank”

<latexit sha1_base64="GYySG8LFr8Mxn4O9Jsmlxb0XbGU=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy0emDgcM693DMnSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT29zvPnJtRKwecJbwQUTHSoSCUbSS70cUJ0GY0fnQG1Zrbt1dgPwlXkFqUKA1rH76o5ilEVfIJDWm77kJDjKqUTDJ5xU/NTyhbErHvG+pohE3g2yReU7OrDIiYaztU0gW6s+NjEbGzKLATuYZzaqXi/95/RTD60EmVJIiV2x5KEwlwZjkBZCR0JyhnFlCmRY2K2ETqilDW1PFluCtfvkv6VzUvUa9cX9Za94UdZThBE7hHDy4gibcQQvawCCBJ3iBVyd1np035305WnKKnWP4BefjGwrRkbQ=</latexit>a1
<latexit sha1_base64="tpQ7rt1N44gn0QsOAS6KgUt0iKI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjSupYB/QhDKZTtqhk0mYh1BCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnTDlT2nW/ndLa+sbmVnm7srO7t39QPTzqqMRIQtsk4YnshVhRzgRta6Y57aWS4jjktBtObnO/+0SlYol41NOUBjEeCRYxgrWVfD/GehxGGZ4N7gfVmlt350CrxCtIDQq0BtUvf5gQE1OhCcdK9T031UGGpWaE01nFN4qmmEzwiPYtFTimKsjmmWfozCpDFCXSPqHRXP29keFYqWkc2sk8o1r2cvE/r290dB1kTKRGU0EWhyLDkU5QXgAaMkmJ5lNLMJHMZkVkjCUm2tZUsSV4y19eJZ2LuteoNx4ua82boo4ynMApnIMHV9CEO2hBGwik8Ayv8OYY58V5dz4WoyWn2DmGP3A+fwA2xZHR</latexit>aN

• Each user’s preference is modeled as a mixture 
of K prototypical preferences

Personalizable Reward Modeling: PAL A

🔥….
<latexit sha1_base64="kxBsp4i9YxwvUNKATZd1LaRDB24=">AAAB8HicdZDLSsNAFIYnXmu9VV3qYjAIdROSWNqKm6IblxXsRdtYJpNJO3RyYWailNBncOHGhSJuxadx59s4aRVU9IeBn+8/hznnuDGjQprmuzYzOze/sJhbyi+vrK6tFzY2myJKOCYNHLGIt10kCKMhaUgqGWnHnKDAZaTlDk+yvHVNuKBReC5HMXEC1A+pTzGSCl3c9KyrtEj3x72CbhqH1bJdKkPTMM2KZVuZsSulgxK0FMmk1/TbI+9y57XeK7x1vQgnAQklZkiIjmXG0kkRlxQzMs53E0FihIeoTzrKhiggwkknA4/hniIe9COuXijhhH7vSFEgxChwVWWA5ED8zjL4V9ZJpF91UhrGiSQhnn7kJwzKCGbbQ49ygiUbKYMwp2pWiAeIIyzVjfLqCF+bwv9N0zassmGeWXrtGEyVA9tgFxSBBSqgBk5BHTQABgG4Aw/gUePavfakPU9LZ7TPni3wQ9rLBxVIkuI=</latexit>

w(i)
1

<latexit sha1_base64="Ic8e2UYvmteZVCRDYnvjxvsKM/E=">AAAB8HicdZDLSsNAFIYnXmu9VV3qYjAIdROSWNqKm6IblxXsRdtYJpNJO3RyYWailNBncOHGhSJuxadx59s4aRVU9IeBn+8/hznnuDGjQprmuzYzOze/sJhbyi+vrK6tFzY2myJKOCYNHLGIt10kCKMhaUgqGWnHnKDAZaTlDk+yvHVNuKBReC5HMXEC1A+pTzGSCl3c9OyrtEj3x72CbhqH1bJdKkPTMM2KZVuZsSulgxK0FMmk1/TbI+9y57XeK7x1vQgnAQklZkiIjmXG0kkRlxQzMs53E0FihIeoTzrKhiggwkknA4/hniIe9COuXijhhH7vSFEgxChwVWWA5ED8zjL4V9ZJpF91UhrGiSQhnn7kJwzKCGbbQ49ygiUbKYMwp2pWiAeIIyzVjfLqCF+bwv9N0zassmGeWXrtGEyVA9tgFxSBBSqgBk5BHTQABgG4Aw/gUePavfakPU9LZ7TPni3wQ9rLBxbSkuM=</latexit>

w(i)
2

<latexit sha1_base64="Sha57yLiErZ4ZlMPCRNnRaLiUro=">AAAB8HicdZDLSgMxFIYzrZdab1WXboKlUDfDTC1t3RXdCG4q2IvUsWTSTBuayQxJRilDlz6BGxeKuBJ8HHfi0hcx0yqo6A+Bn+8/h5xz3JBRqSzr1Uil5+YXFjNL2eWV1bX13MZmSwaRwKSJAxaIjoskYZSTpqKKkU4oCPJdRtru6DDJ25dESBrwUzUOieOjAacexUhpdHbVO76Ii3R30svlLXO/VimVK9AyLatql+zElKrlvTK0NUmUrxeu0/b701ujl3s57wc48glXmCEpu7YVKidGQlHMyCR7HkkSIjxCA9LVliOfSCeeDjyBBU360AuEflzBKf3eESNfyrHv6kofqaH8nSXwr6wbKa/mxJSHkSIczz7yIgZVAJPtYZ8KghUba4OwoHpWiIdIIKz0jbL6CF+bwv9Nq2TaFdM6sfP1AzBTBmyDHVAENqiCOjgCDdAEGPjgBtyBe0MYt8aD8TgrTRmfPVvgh4znD1Jpk8w=</latexit>

w(i)
K

Prototypes

🔥

<latexit sha1_base64="FB13DDIA0yKIpbpse6FdkD4OkGk=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyItC6LblxWsA/oDCWTZtrQTCYkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OKDnTxnW/ndLG5tb2Tnm3srd/cHhUPT7p6iRVhHZIwhPVD7GmnAnaMcxw2peK4jjktBdO73K/90SVZol4NDNJgxiPBYsYwcZKvh9jMwmjTM6H3rBac+vuAmideAWpQYH2sPrljxKSxlQYwrHWA8+VJsiwMoxwOq/4qaYSkyke04GlAsdUB9ki8xxdWGWEokTZJwxaqL83MhxrPYtDO5ln1KteLv7nDVIT3QQZEzI1VJDloSjlyCQoLwCNmKLE8JklmChmsyIywQoTY2uq2BK81S+vk+5V3WvUGw/XtdZtUUcZzuAcLsGDJrTgHtrQAQISnuEV3pzUeXHenY/laMkpdk7hD5zPHyG6kcM=</latexit>p1
<latexit sha1_base64="D/ksExBEC7WJxEeFnOO/cx6ahYY=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqswUqS6LblxWsA/oDCWTZtrQTCYkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OKDnTxnW/ndLG5tb2Tnm3srd/cHhUPT7p6iRVhHZIwhPVD7GmnAnaMcxw2peK4jjktBdO73K/90SVZol4NDNJgxiPBYsYwcZKvh9jMwmjTM6HjWG15tbdBdA68QpSgwLtYfXLHyUkjakwhGOtB54rTZBhZRjhdF7xU00lJlM8pgNLBY6pDrJF5jm6sMoIRYmyTxi0UH9vZDjWehaHdjLPqFe9XPzPG6QmugkyJmRqqCDLQ1HKkUlQXgAaMUWJ4TNLMFHMZkVkghUmxtZUsSV4q19eJ91G3WvWmw9XtdZtUUcZzuAcLsGDa2jBPbShAwQkPMMrvDmp8+K8Ox/L0ZJT7JzCHzifPyM+kcQ=</latexit>p2

<latexit sha1_base64="o8IZqJ7+KzYZe3l8dUO+ZDgnoN4=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN4KbCvYBnaFk0kwbmsmEJCOUob/hxoUibv0Zd/6NmXYW2nogcDjnXu7JCSVn2rjut1NaW9/Y3CpvV3Z29/YPqodHHZ2kitA2SXiieiHWlDNB24YZTntSURyHnHbDyW3ud5+o0iwRj2YqaRDjkWARI9hYyfdjbMZhlMnZ4H5Qrbl1dw60SryC1KBAa1D98ocJSWMqDOFY677nShNkWBlGOJ1V/FRTickEj2jfUoFjqoNsnnmGzqwyRFGi7BMGzdXfGxmOtZ7GoZ3MM+plLxf/8/qpia6DjAmZGirI4lCUcmQSlBeAhkxRYvjUEkwUs1kRGWOFibE1VWwJ3vKXV0nnou416o2Hy1rzpqijDCdwCufgwRU04Q5a0AYCEp7hFd6c1Hlx3p2PxWjJKXaO4Q+czx9JIpHd</latexit>pK

D. Chen, Y. Chen, A. Rege, Z. Wang, R. K. Vinayak, “PAL: Sample-Efficient Personalized Reward Models for 
Pluralistic Alignment”, ICLR 2025



• Leveraging commonalities and low-rank structure in user preferences further 
reduces the samples needed per user

<latexit sha1_base64="NC1O6bX5PyQfVD5xgbJDFwQgnN0="></latexit>

arg min
f,p1,...,pK ,w(1),...,w(N)

<latexit sha1_base64="5+aNhDbfCpWm7HmKGqLVm88NNAU="></latexit>∑

i

∑

p

loss
(
yp,i

(
||f([xlp,i ;xcp,i ])→ f(ai)||2 → ||f([xrp,i ;xcp,i ])→ f(ai)||2

))

<latexit sha1_base64="HWYP+HmLZ+TCO8sE90ylLC3aLnQ=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4KolI9Vj04rGC/YA2lM120i7dbMLuRC2hf8OLB0W8+me8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkY3U7/1ANqIWN3jOAE/YgMlQsEZWqnbRXjC7HEIGia9UtmtuDPQZeLlpExy1Hulr24/5mkECrlkxnQ8N0E/YxoFlzApdlMDCeMjNoCOpYpFYPxsdvOEnlqlT8NY21JIZ+rviYxFxoyjwHZGDIdm0ZuK/3mdFMMrPxMqSREUny8KU0kxptMAaF9o4CjHljCuhb2V8iHTjKONqWhD8BZfXibN84pXrVTvLsq16zyOAjkmJ+SMeOSS1MgtqZMG4SQhz+SVvDmp8+K8Ox/z1hUnnzkif+B8/gDJvpIx</latexit>

where

<latexit sha1_base64="6gnbU0I9tw0/zNpcunT9rao6M8Y=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoNyURqW4KRTeCmwr2AU0aJtNJO3TyYGailJBvcOOvuHGhiFtX7vwbJ20W2npg4HDOvdw5x40YFdIwvrXCyura+kZxs7S1vbO7p+8fdEQYc0zaOGQh77lIEEYD0pZUMtKLOEG+y0jXnVxlfveecEHD4E5OI2L7aBRQj2IkleToVctHcux6CUodChvQErHvJKxhpoMb+DBIKrSaOgxGDnP0slEzZoDLxMxJGeRoOfqXNQxx7JNAYoaE6JtGJO0EcUkxI2nJigWJEJ6gEekrGiCfCDuZRUrhiVKG0Au5eoGEM/X3RoJ8Iaa+qyazAGLRy8T/vH4svQs7oUEUSxLg+SEvZlCGMOsHDiknWLKpIghzqv4K8RhxhKVqsaRKMBcjL5POac2s1+q3Z+XmZV5HERyBY1ABJjgHTXANWqANMHgEz+AVvGlP2ov2rn3MRwtavnMI/kD7/AEKVZ0U</latexit>

ai =
K∑

l=1

w(i)
l pl

<latexit sha1_base64="qY1DYlaKk9XHUwQz5+FXQegCJ9c=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJSHVTKLoR3FSwD2jTMJlO2qGTSZiZKCUEN/6KGxeKuPUr3Pk3TtsstPXAhcM593LvPV7EqFSW9W3klpZXVtfy64WNza3tHXN3rynDWGDSwCELRdtDkjDKSUNRxUg7EgQFHiMtb3Q18Vv3REga8js1jogToAGnPsVIack1D7oyDtyEVe20d/PQS0r0JHUZrELbNYtW2ZoCLhI7I0WQoe6aX91+iOOAcIUZkrJjW5FyEiQUxYykhW4sSYTwCA1IR1OOAiKdZPpCCo+10od+KHRxBafq74kEBVKOA093BkgN5bw3Ef/zOrHyL5yE8ihWhOPZIj9mUIVwkgfsU0GwYmNNEBZU3wrxEAmElU6toEOw519eJM3Tsl0pV27PirXLLI48OARHoARscA5q4BrUQQNg8AiewSt4M56MF+Pd+Ji15oxsZh/8gfH5A4kzljs=</latexit>

K∑

l=1

w(i)
l = 1

<latexit sha1_base64="xHZCP8NguUCclwJfmjm47kC+9bM=">AAAB+XicbVBNS8NAEN34WetX1KOXxSLUS0lEqseiF48V7Ae0MWy2k3bpZhN3N5US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwqeJUUmjQmMeyHRAFnAloaKY5tBMJJAo4tILhzdRvjUAqFot7PU7Ai0hfsJBRoo3k2/bTQ1ZmZxOf424fHrHj2yWn4syAl4mbkxLKUfftr24vpmkEQlNOlOq4TqK9jEjNKIdJsZsqSAgdkj50DBUkAuVls8sn+NQoPRzG0pTQeKb+nshIpNQ4CkxnRPRALXpT8T+vk+rwysuYSFINgs4XhSnHOsbTGHCPSaCajw0hVDJzK6YDIgnVJqyiCcFdfHmZNM8rbrVSvbso1a7zOAroGJ2gMnLRJaqhW1RHDUTRCD2jV/RmZdaL9W59zFtXrHzmCP2B9fkDH4GSsQ==</latexit>

w(i)
l → 0

<latexit sha1_base64="zcwMB9bpyUaPRDsBexNNtDnNLas=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REpHosevFYwX5AE8pku2mXbjZhdyOU0r/hxYMiXv0z3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kirImTUSiOiFqJrhkTcONYJ1UMYxDwdrh6G7mt5+Y0jyRj2acsiDGgeQRp2is5PtRolAIIi4I75UrbtWdg6wSLycVyNHolb/8fkKzmElDBWrd9dzUBBNUhlPBpiU/0yxFOsIB61oqMWY6mMxvnpIzq/SJXW9LGjJXf09MMNZ6HIe2M0Yz1MveTPzP62YmugkmXKaZYZIuFkWZICYhswBInytGjRhbglRxeyuhQ1RIjY2pZEPwll9eJa3Lqler1h6uKvXbPI4inMApnIMH11CHe2hAEyik8Ayv8OZkzovz7nwsWgtOPnMMf+B8/gAff5Ea</latexit>

→l, i

Learning Personalizable Rewards: PAL A
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D. Chen, Y. Chen, A. Rege, Z. Wang, R. K. Vinayak, “PAL: Sample-Efficient Personalized Reward Models for 
Pluralistic Alignment”, ICLR 2025

• With sufficient number of users 
in the dataset, each user needs 
to only provide enough data to 
learn their weights

<latexit sha1_base64="ykUE3Vxh3RRUO6+XnVDQyY1+9TA=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjUg+Clgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupn6rSdUmsfy0YwT9CM6kDzkjBorte5JVwhy2yuV3Yo7A1kmXk7KkKPeK311+zFLI5SGCap1x3MT42dUGc4ETordVGNC2YgOsGOppBFqP5udOyGnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5O+lwhM2JsCWWK21sJG1JFmbEJFW0I3uLLy6R5XvGqlerDRbl2ncdRgGM4gTPw4BJqcAd1aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8AJDeOzg==</latexit>

K → D

O(# of Prototypes)



• Few-shot learning to only learn the weights for the new user

Few-shot Generalization to New Users
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D. Chen, Y. Chen, A. Rege, Z. Wang, R. K. Vinayak, “PAL: Sample-Efficient Personalized Reward Models for 
Pluralistic Alignment”, ICLR 2025

<latexit sha1_base64="HWYP+HmLZ+TCO8sE90ylLC3aLnQ=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4KolI9Vj04rGC/YA2lM120i7dbMLuRC2hf8OLB0W8+me8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkY3U7/1ANqIWN3jOAE/YgMlQsEZWqnbRXjC7HEIGia9UtmtuDPQZeLlpExy1Hulr24/5mkECrlkxnQ8N0E/YxoFlzApdlMDCeMjNoCOpYpFYPxsdvOEnlqlT8NY21JIZ+rviYxFxoyjwHZGDIdm0ZuK/3mdFMMrPxMqSREUny8KU0kxptMAaF9o4CjHljCuhb2V8iHTjKONqWhD8BZfXibN84pXrVTvLsq16zyOAjkmJ+SMeOSS1MgtqZMG4SQhz+SVvDmp8+K8Ox/z1hUnnzkif+B8/gDJvpIx</latexit>

where

<latexit sha1_base64="6gnbU0I9tw0/zNpcunT9rao6M8Y=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoNyURqW4KRTeCmwr2AU0aJtNJO3TyYGailJBvcOOvuHGhiFtX7vwbJ20W2npg4HDOvdw5x40YFdIwvrXCyura+kZxs7S1vbO7p+8fdEQYc0zaOGQh77lIEEYD0pZUMtKLOEG+y0jXnVxlfveecEHD4E5OI2L7aBRQj2IkleToVctHcux6CUodChvQErHvJKxhpoMb+DBIKrSaOgxGDnP0slEzZoDLxMxJGeRoOfqXNQxx7JNAYoaE6JtGJO0EcUkxI2nJigWJEJ6gEekrGiCfCDuZRUrhiVKG0Au5eoGEM/X3RoJ8Iaa+qyazAGLRy8T/vH4svQs7oUEUSxLg+SEvZlCGMOsHDiknWLKpIghzqv4K8RhxhKVqsaRKMBcjL5POac2s1+q3Z+XmZV5HERyBY1ABJjgHTXANWqANMHgEz+AVvGlP2ov2rn3MRwtavnMI/kD7/AEKVZ0U</latexit>

ai =
K∑

l=1

w(i)
l pl

<latexit sha1_base64="qY1DYlaKk9XHUwQz5+FXQegCJ9c=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJSHVTKLoR3FSwD2jTMJlO2qGTSZiZKCUEN/6KGxeKuPUr3Pk3TtsstPXAhcM593LvPV7EqFSW9W3klpZXVtfy64WNza3tHXN3rynDWGDSwCELRdtDkjDKSUNRxUg7EgQFHiMtb3Q18Vv3REga8js1jogToAGnPsVIack1D7oyDtyEVe20d/PQS0r0JHUZrELbNYtW2ZoCLhI7I0WQoe6aX91+iOOAcIUZkrJjW5FyEiQUxYykhW4sSYTwCA1IR1OOAiKdZPpCCo+10od+KHRxBafq74kEBVKOA093BkgN5bw3Ef/zOrHyL5yE8ihWhOPZIj9mUIVwkgfsU0GwYmNNEBZU3wrxEAmElU6toEOw519eJM3Tsl0pV27PirXLLI48OARHoARscA5q4BrUQQNg8AiewSt4M56MF+Pd+Ji15oxsZh/8gfH5A4kzljs=</latexit>

K∑

l=1

w(i)
l = 1

<latexit sha1_base64="xHZCP8NguUCclwJfmjm47kC+9bM=">AAAB+XicbVBNS8NAEN34WetX1KOXxSLUS0lEqseiF48V7Ae0MWy2k3bpZhN3N5US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwqeJUUmjQmMeyHRAFnAloaKY5tBMJJAo4tILhzdRvjUAqFot7PU7Ai0hfsJBRoo3k2/bTQ1ZmZxOf424fHrHj2yWn4syAl4mbkxLKUfftr24vpmkEQlNOlOq4TqK9jEjNKIdJsZsqSAgdkj50DBUkAuVls8sn+NQoPRzG0pTQeKb+nshIpNQ4CkxnRPRALXpT8T+vk+rwysuYSFINgs4XhSnHOsbTGHCPSaCajw0hVDJzK6YDIgnVJqyiCcFdfHmZNM8rbrVSvbso1a7zOAroGJ2gMnLRJaqhW1RHDUTRCD2jV/RmZdaL9W59zFtXrHzmCP2B9fkDH4GSsQ==</latexit>

w(i)
l → 0

<latexit sha1_base64="zcwMB9bpyUaPRDsBexNNtDnNLas=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REpHosevFYwX5AE8pku2mXbjZhdyOU0r/hxYMiXv0z3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kirImTUSiOiFqJrhkTcONYJ1UMYxDwdrh6G7mt5+Y0jyRj2acsiDGgeQRp2is5PtRolAIIi4I75UrbtWdg6wSLycVyNHolb/8fkKzmElDBWrd9dzUBBNUhlPBpiU/0yxFOsIB61oqMWY6mMxvnpIzq/SJXW9LGjJXf09MMNZ6HIe2M0Yz1MveTPzP62YmugkmXKaZYZIuFkWZICYhswBInytGjRhbglRxeyuhQ1RIjY2pZEPwll9eJa3Lqler1h6uKvXbPI4inMApnIMH11CHe2hAEyik8Ayv8OZkzovz7nwsWgtOPnMMf+B8/gAff5Ea</latexit>

→l, i

<latexit sha1_base64="ClwmANC1UC6CzcK9ZMd5cY3OQcc="></latexit>∑

p

loss
(
yp,i

(
||f([xlp,i ;xcp,i ])→ f(ai)||2 → ||f([xrp,i ;xcp,i ])→ f(ai)||2

))<latexit sha1_base64="6Liq2XJIitF0uxQPY1L9C4O7EKA=">AAACC3icbVC7TgMxEPTxDOEVoKSxEiFBE90hFCgjaCiDRB5SEiKfs0ms+Hwnew+ITtfT8Cs0FCBEyw/Q8Tc4jwIII600mtm1d8ePpDDoul/OwuLS8spqZi27vrG5tZ3b2a2ZMNYcqjyUoW74zIAUCqooUEIj0sACX0LdH16M/fotaCNCdY2jCNoB6yvRE5yhlTq5fCtWXesDJnc3yaE4StOkhXCPCdN9GgiVpp1cwS26E9B54s1IgcxQ6eQ+W92QxwEo5JIZ0/TcCNv2QRRcQpptxQYixoesD01LFQvAtJPJLSk9sEqX9kJtSyGdqD8nEhYYMwp82xkwHJi/3lj8z2vG2DtrJ0JFMYLi0496saQY0nEwtCs0cJQjSxjXwu5K+YBpxtHGk7UheH9Pnie146JXKpauTgrl81kcGbJP8uSQeOSUlMklqZAq4eSBPJEX8uo8Os/Om/M+bV1wZjN75Becj2+Aopv+</latexit>

arg min
w(i)

• Mapping f and prototypes are kept fixed

• New user needs to only 
provide enough data to learn 
their weights

<latexit sha1_base64="ykUE3Vxh3RRUO6+XnVDQyY1+9TA=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjUg+Clgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupn6rSdUmsfy0YwT9CM6kDzkjBorte5JVwhy2yuV3Yo7A1kmXk7KkKPeK311+zFLI5SGCap1x3MT42dUGc4ETordVGNC2YgOsGOppBFqP5udOyGnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5O+lwhM2JsCWWK21sJG1JFmbEJFW0I3uLLy6R5XvGqlerDRbl2ncdRgGM4gTPw4BJqcAd1aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8AJDeOzg==</latexit>

K → D

O(# of Prototypes)



prompt/
context

output 1

output 2

Capturing diverse human preferences via 
preference mappings
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<latexit sha1_base64="8Qrf/vw0X28aI0XH1tyfzTbLPBw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKJPppB06mYR5iCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7j1QqlogHPU1pEOORYBEjWFvJ92Osx2GUPc0GZFCtuXV3DrRKvILUoEBrUP3yhwkxMRWacKxU33NTHWRYakY4nVV8o2iKyQSPaN9SgWOqgmyeeYbOrDJEUSLtExrN1d8bGY6VmsahncwzqmUvF//z+kZH10HGRGo0FWRxKDIc6QTlBaAhk5RoPrUEE8lsVkTGWGKibU0VW4K3/OVV0rmoe4164/6y1rwp6ijDCZzCOXhwBU24gxa0gUAKz/AKb45xXpx352MxWnKKnWP4A+fzB3m6kf0=</latexit>xc

<latexit sha1_base64="scbAqMTbOuCieMjo3sRC0fcaLqk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKJPppB06mYR5iCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7j1QqlogHPU1pEOORYBEjWFvJ92Osx2GUPc0GfFCtuXV3DrRKvILUoEBrUP3yhwkxMRWacKxU33NTHWRYakY4nVV8o2iKyQSPaN9SgWOqgmyeeYbOrDJEUSLtExrN1d8bGY6VmsahncwzqmUvF//z+kZH10HGRGo0FWRxKDIc6QTlBaAhk5RoPrUEE8lsVkTGWGKibU0VW4K3/OVV0rmoe4164/6y1rwp6ijDCZzCOXhwBU24gxa0gUAKz/AKb45xXpx352MxWnKKnWP4A+fzB4dekgY=</latexit>xl

<latexit sha1_base64="yuCblmPY220tfqhI7xU/6jDy71U=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKJPppB06mYR5iCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7j1QqlogHPU1pEOORYBEjWFvJ92Osx2GUPc0GclCtuXV3DrRKvILUoEBrUP3yhwkxMRWacKxU33NTHWRYakY4nVV8o2iKyQSPaN9SgWOqgmyeeYbOrDJEUSLtExrN1d8bGY6VmsahncwzqmUvF//z+kZH10HGRGo0FWRxKDIc6QTlBaAhk5RoPrUEE8lsVkTGWGKibU0VW4K3/OVV0rmoe4164/6y1rwp6ijDCZzCOXhwBU24gxa0gUAKz/AKb45xXpx352MxWnKKnWP4A+fzB5B2kgw=</latexit>xr

D. Chen, Y. Chen, A. Rege, Z. Wang, R. K. Vinayak, “PAL: Sample-Efficient Personalized Reward Models for 
Pluralistic Alignment”, ICLR 2025



Personalizable Reward Modeling: PAL B

<latexit sha1_base64="6vIniQkrvD07xptZTbxbOG4MeUI=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARFKQkItVlURcuq9gLNLFMppN26GQSZiZiCXkGN76KGxeKuHXlzrdx0gbU1h8GPv5zDnPO70WMSmVZX0Zhbn5hcam4XFpZXVvfMDe3mjKMBSYNHLJQtD0kCaOcNBRVjLQjQVDgMdLyhudZvXVHhKQhv1GjiLgB6nPqU4yUtrrmgRMgNfD85D49hD/cxdChPDe85Dq9veiaZatijQVnwc6hDHLVu+an0wtxHBCuMENSdmwrUm6ChKKYkbTkxJJECA9Rn3Q0chQQ6Sbjk1K4p50e9EOhH1dw7P6eSFAg5SjwdGe2o5yuZeZ/tU6s/FM3oTyKFeF48pEfM6hCmOUDe1QQrNhIA8KC6l0hHiCBsNIplnQI9vTJs9A8qtjVSvXquFw7y+Mogh2wC/aBDU5ADVyCOmgADB7AE3gBr8aj8Wy8Ge+T1oKRz2yDPzI+vgGC5Z4D</latexit>

x,xc 2 RD
<latexit sha1_base64="gPqjemTGY13Jl1dN58cT8YoTcUY=">AAACG3icbVDLSsNAFJ34rPUVdelmsAgVpCRFqrgq6sJlFfuAJi2T6aQdOnkwM1FqyH+48VfcuFDEleDCv3HSZlFbD1w4nHMv997jhIwKaRg/2sLi0vLKam4tv76xubWt7+w2RBBxTOo4YAFvOUgQRn1Sl1Qy0go5QZ7DSNMZXqZ+855wQQP/To5CYnuo71OXYiSV1NXL7jF87MRFepTAc2h5SA4cJ75NOlfQ4rQ/kIjz4GHa6HX1glEyxoDzxMxIAWSodfUvqxfgyCO+xAwJ0TaNUNox4pJiRpK8FQkSIjxEfdJW1EceEXY8/i2Bh0rpQTfgqnwJx+r0RIw8IUaeozrTG8Wsl4r/ee1Iumd2TP0wksTHk0VuxKAMYBoU7FFOsGQjRRDmVN0K8QBxhKWKM69CMGdfnieNcsmslCo3J4XqRRZHDuyDA1AEJjgFVXANaqAOMHgCL+ANvGvP2qv2oX1OWhe0bGYP/IH2/QvxlaDR</latexit>

f, z(i) : RD ! Rd
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Prompt / Context

<latexit sha1_base64="2Yba5ScnZ07Zclixyi6C9nsUQSg=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC00pWy2L+3SzSbsbsQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfHlFpHst7M0mwF9Gh5CFn1FjJ9yNqRkGYPU37rF+tuXV3BrJMvILUoECzX/3yBzFLI5SGCap113MT08uoMpwJnFb8VGNC2ZgOsWuppBHqXjbLPCUnVhmQMFb2SUNm6u+NjEZaT6LATuYZ9aKXi/953dSEV72MyyQ1KNn8UJgKYmKSF0AGXCEzYmIJZYrbrISNqKLM2JoqtgRv8cvLpH1W9y7q7t15rXFd1FGGIziGU/DgEhpwC01oAYMEnuEV3pzUeXHenY/5aMkpdg7hD5zPH3fOkfc=</latexit>xc

Generated Output

<latexit sha1_base64="/uolw8bO9HYZd9ZCmupHYTPZevs=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/t+RIQ==</latexit>x

<latexit sha1_base64="9NmqwF8EHs3TblRUpUY9x0OsVgU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkIioh6LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxyKaq754NqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90EGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtC9e/cr2Hy1rjtoijDCdwCnXw4RoacA9NaAGBMTzDK7w5wnlx3p2PRWvJKWaO4Q+czx/9hI2M</latexit>

f(.)
Output 

mapping

(unknown)

Preference 
mappings

Foundation 
Model

Foundation 
Model

🔥 🔥

<latexit sha1_base64="MAHS3FobpzFfcE5LZ2xuRCUNNfg="></latexit>

r(i)✓ (x;xc) = hf(x), z(i)(xc)i
Personalized 
Reward 
For user i:

<latexit sha1_base64="MQFXwDLczglJu/53jL7XkLPj0wY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahvYRERD0WvXisYD+wjWWz3bRLN5uwuxFqyL/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n2yqsrK6tbxQ3S1vbO7t75f2DlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98fXUbz9SqVgk7vQkpl6Ih4IFjGBtpPunh7TKalnVrvXLFcd2ZkDLxM1JBXI0+uWv3iAiSUiFJhwr1XWdWHsplpoRTrNSL1E0xmSMh7RrqMAhVV46uzhDJ0YZoCCSpoRGM/X3RIpDpSahbzpDrEdq0ZuK/3ndRAeXXspEnGgqyHxRkHCkIzR9Hw2YpETziSGYSGZuRWSEJSbahFQyIbiLLy+T1qntntvO7VmlfpXHUYQjOIYquHABdbiBBjSBgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDKHaP7A==</latexit>

z(i)(.)
Personalized 

Preference Mapping for 
user i


(Unknown)

D. Chen, Y. Chen, A. Rege, Z. Wang, R. K. Vinayak, “PAL: Sample-Efficient Personalized Reward Models for 
Pluralistic Alignment”, ICLR 2025

❄ /🔥 ❄ /🔥

<latexit sha1_base64="8Qrf/vw0X28aI0XH1tyfzTbLPBw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKJPppB06mYR5iCX0N9y4UMStP+POv3HSZqGtBwYO59zLPXPClDOlXffbKa2tb2xulbcrO7t7+wfVw6OOSowktE0SnsheiBXlTNC2ZprTXiopjkNOu+HkNve7j1QqlogHPU1pEOORYBEjWFvJ92Osx2GUPc0GZFCtuXV3DrRKvILUoEBrUP3yhwkxMRWacKxU33NTHWRYakY4nVV8o2iKyQSPaN9SgWOqgmyeeYbOrDJEUSLtExrN1d8bGY6VmsahncwzqmUvF//z+kZH10HGRGo0FWRxKDIc6QTlBaAhk5RoPrUEE8lsVkTGWGKibU0VW4K3/OVV0rmoe4164/6y1rwp6ijDCZzCOXhwBU24gxa0gUAKz/AKb45xXpx352MxWnKKnWP4A+fzB3m6kf0=</latexit>xc: context
<latexit sha1_base64="FGxh4OzYwn2DCpnjFMkcdRbsJBc=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmUF+8C2lEx6pw3NZIYkI5ahf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu7xY8G1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alj++yfzWIyrNI3lvJjH2QjqUPOCMGis9dENqRn6QPk37pbJbcWcgy8TLSRly1Pulr+4gYkmI0jBBte54bmx6KVWGM4HTYjfRGFM2pkPsWCppiLqXzhJPyalVBiSIlH3SkJn6eyOlodaT0LeTWUK96GXif14nMcFVL+UyTgxKNv8oSAQxEcnOJwOukBkxsYQyxW1WwkZUUWZsSUVbgrd48jJpnle8aqV6d1GuXed1FOAYTuAMPLiEGtxCHRrAQMIzvMKbo50X5935mI+uOPnOEfyB8/kDANqRJw==</latexit>x : output



Personalizable Reward Modeling: PAL B

<latexit sha1_base64="6vIniQkrvD07xptZTbxbOG4MeUI=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARFKQkItVlURcuq9gLNLFMppN26GQSZiZiCXkGN76KGxeKuHXlzrdx0gbU1h8GPv5zDnPO70WMSmVZX0Zhbn5hcam4XFpZXVvfMDe3mjKMBSYNHLJQtD0kCaOcNBRVjLQjQVDgMdLyhudZvXVHhKQhv1GjiLgB6nPqU4yUtrrmgRMgNfD85D49hD/cxdChPDe85Dq9veiaZatijQVnwc6hDHLVu+an0wtxHBCuMENSdmwrUm6ChKKYkbTkxJJECA9Rn3Q0chQQ6Sbjk1K4p50e9EOhH1dw7P6eSFAg5SjwdGe2o5yuZeZ/tU6s/FM3oTyKFeF48pEfM6hCmOUDe1QQrNhIA8KC6l0hHiCBsNIplnQI9vTJs9A8qtjVSvXquFw7y+Mogh2wC/aBDU5ADVyCOmgADB7AE3gBr8aj8Wy8Ge+T1oKRz2yDPzI+vgGC5Z4D</latexit>

x,xc 2 RD
<latexit sha1_base64="gPqjemTGY13Jl1dN58cT8YoTcUY=">AAACG3icbVDLSsNAFJ34rPUVdelmsAgVpCRFqrgq6sJlFfuAJi2T6aQdOnkwM1FqyH+48VfcuFDEleDCv3HSZlFbD1w4nHMv997jhIwKaRg/2sLi0vLKam4tv76xubWt7+w2RBBxTOo4YAFvOUgQRn1Sl1Qy0go5QZ7DSNMZXqZ+855wQQP/To5CYnuo71OXYiSV1NXL7jF87MRFepTAc2h5SA4cJ75NOlfQ4rQ/kIjz4GHa6HX1glEyxoDzxMxIAWSodfUvqxfgyCO+xAwJ0TaNUNox4pJiRpK8FQkSIjxEfdJW1EceEXY8/i2Bh0rpQTfgqnwJx+r0RIw8IUaeozrTG8Wsl4r/ee1Iumd2TP0wksTHk0VuxKAMYBoU7FFOsGQjRRDmVN0K8QBxhKWKM69CMGdfnieNcsmslCo3J4XqRRZHDuyDA1AEJjgFVXANaqAOMHgCL+ANvGvP2qv2oX1OWhe0bGYP/IH2/QvxlaDR</latexit>

f, z(i) : RD ! Rd

30

Prompt / Context

<latexit sha1_base64="2Yba5ScnZ07Zclixyi6C9nsUQSg=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC00pWy2L+3SzSbsbsQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfHlFpHst7M0mwF9Gh5CFn1FjJ9yNqRkGYPU37rF+tuXV3BrJMvILUoECzX/3yBzFLI5SGCap113MT08uoMpwJnFb8VGNC2ZgOsWuppBHqXjbLPCUnVhmQMFb2SUNm6u+NjEZaT6LATuYZ9aKXi/953dSEV72MyyQ1KNn8UJgKYmKSF0AGXCEzYmIJZYrbrISNqKLM2JoqtgRv8cvLpH1W9y7q7t15rXFd1FGGIziGU/DgEhpwC01oAYMEnuEV3pzUeXHenY/5aMkpdg7hD5zPH3fOkfc=</latexit>xc

<latexit sha1_base64="MQFXwDLczglJu/53jL7XkLPj0wY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahvYRERD0WvXisYD+wjWWz3bRLN5uwuxFqyL/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n2yqsrK6tbxQ3S1vbO7t75f2DlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98fXUbz9SqVgk7vQkpl6Ih4IFjGBtpPunh7TKalnVrvXLFcd2ZkDLxM1JBXI0+uWv3iAiSUiFJhwr1XWdWHsplpoRTrNSL1E0xmSMh7RrqMAhVV46uzhDJ0YZoCCSpoRGM/X3RIpDpSahbzpDrEdq0ZuK/3ndRAeXXspEnGgqyHxRkHCkIzR9Hw2YpETziSGYSGZuRWSEJSbahFQyIbiLLy+T1qntntvO7VmlfpXHUYQjOIYquHABdbiBBjSBgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDKHaP7A==</latexit>

z(i)(.)
Personalized 

Preference Mapping for 
user i

Generated Output

<latexit sha1_base64="/uolw8bO9HYZd9ZCmupHYTPZevs=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APbUjLpnTY0kxmSjFiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/t+RIQ==</latexit>x

<latexit sha1_base64="9NmqwF8EHs3TblRUpUY9x0OsVgU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkIioh6LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxyKaq754NqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90EGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6KyBgrTIyNp2JD8JdfXiXtC9e/cr2Hy1rjtoijDCdwCnXw4RoacA9NaAGBMTzDK7w5wnlx3p2PRWvJKWaO4Q+czx/9hI2M</latexit>

f(.)Output 
mapping

Foundation 
Model

Foundation 
Model

🔥 🔥….<latexit sha1_base64="JekqLxlyo4MbnzY9hVyxqOzSLzU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXpZdKeqx6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys1Br2/ap73i9XPNebA60SPycVyNHol796A0nSmApDONa663uJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6s8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+53VTE10HGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JdfXiWtC9e/dL37WqV+k8dRhBM4hSr4cAV1uIMGNIHAIzzDK7w50nlx3p2PRWvByWeO4Q+czx8mHI4x</latexit>

g1(.)
<latexit sha1_base64="CXaq/mC/kzd+El7Z1eFeUpAsvsI=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXpbdIuqx6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys1Br2a1X3vF+ueK43B1olfk4qkKPRL3/1BpKkMRWGcKx11/cSE2RYGUY4nZZ6qaYJJmM8pF1LBY6pDrL5tVN0ZpUBiqSyJQyaq78nMhxrPYlD2xljM9LL3kz8z+umJroOMiaS1FBBFouilCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C+/vEpaNde/dL37i0r9Jo+jCCdwClXw4QrqcAcNaAKBR3iGV3hzpPPivDsfi9aCk88cwx84nz8no44y</latexit>

g2(.)
<latexit sha1_base64="gwWv0mWKXCE8IodcmOYGJeW/jiI=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXpZdEfVY9CJ4qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7uXnn/oKllqghtEMmlaodYU84EbRhmOG0niuI45LQVjm6mfuuJKs2keDDjhAYxHggWMYKNlZqD3l3VPe2VK57rzYCWiZ+TCuSo98pf3b4kaUyFIRxr3fG9xAQZVoYRTielbqppgskID2jHUoFjqoNsdu0EnViljyKpbAmDZurviQzHWo/j0HbG2Az1ojcV//M6qYmugoyJJDVUkPmiKOXISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSyIfiLLy+T5pnrX7je/Xmldp3HUYQjOIYq+HAJNbiFOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fTdKOSw==</latexit>

gK(.) Prototypical mappings
<latexit sha1_base64="kxBsp4i9YxwvUNKATZd1LaRDB24=">AAAB8HicdZDLSsNAFIYnXmu9VV3qYjAIdROSWNqKm6IblxXsRdtYJpNJO3RyYWailNBncOHGhSJuxadx59s4aRVU9IeBn+8/hznnuDGjQprmuzYzOze/sJhbyi+vrK6tFzY2myJKOCYNHLGIt10kCKMhaUgqGWnHnKDAZaTlDk+yvHVNuKBReC5HMXEC1A+pTzGSCl3c9KyrtEj3x72CbhqH1bJdKkPTMM2KZVuZsSulgxK0FMmk1/TbI+9y57XeK7x1vQgnAQklZkiIjmXG0kkRlxQzMs53E0FihIeoTzrKhiggwkknA4/hniIe9COuXijhhH7vSFEgxChwVWWA5ED8zjL4V9ZJpF91UhrGiSQhnn7kJwzKCGbbQ49ygiUbKYMwp2pWiAeIIyzVjfLqCF+bwv9N0zassmGeWXrtGEyVA9tgFxSBBSqgBk5BHTQABgG4Aw/gUePavfakPU9LZ7TPni3wQ9rLBxVIkuI=</latexit>

w(i)
1

<latexit sha1_base64="Ic8e2UYvmteZVCRDYnvjxvsKM/E=">AAAB8HicdZDLSsNAFIYnXmu9VV3qYjAIdROSWNqKm6IblxXsRdtYJpNJO3RyYWailNBncOHGhSJuxadx59s4aRVU9IeBn+8/hznnuDGjQprmuzYzOze/sJhbyi+vrK6tFzY2myJKOCYNHLGIt10kCKMhaUgqGWnHnKDAZaTlDk+yvHVNuKBReC5HMXEC1A+pTzGSCl3c9OyrtEj3x72CbhqH1bJdKkPTMM2KZVuZsSulgxK0FMmk1/TbI+9y57XeK7x1vQgnAQklZkiIjmXG0kkRlxQzMs53E0FihIeoTzrKhiggwkknA4/hniIe9COuXijhhH7vSFEgxChwVWWA5ED8zjL4V9ZJpF91UhrGiSQhnn7kJwzKCGbbQ49ygiUbKYMwp2pWiAeIIyzVjfLqCF+bwv9N0zassmGeWXrtGEyVA9tgFxSBBSqgBk5BHTQABgG4Aw/gUePavfakPU9LZ7TPni3wQ9rLBxbSkuM=</latexit>

w(i)
2

<latexit sha1_base64="Sha57yLiErZ4ZlMPCRNnRaLiUro=">AAAB8HicdZDLSgMxFIYzrZdab1WXboKlUDfDTC1t3RXdCG4q2IvUsWTSTBuayQxJRilDlz6BGxeKuBJ8HHfi0hcx0yqo6A+Bn+8/h5xz3JBRqSzr1Uil5+YXFjNL2eWV1bX13MZmSwaRwKSJAxaIjoskYZSTpqKKkU4oCPJdRtru6DDJ25dESBrwUzUOieOjAacexUhpdHbVO76Ii3R30svlLXO/VimVK9AyLatql+zElKrlvTK0NUmUrxeu0/b701ujl3s57wc48glXmCEpu7YVKidGQlHMyCR7HkkSIjxCA9LVliOfSCeeDjyBBU360AuEflzBKf3eESNfyrHv6kofqaH8nSXwr6wbKa/mxJSHkSIczz7yIgZVAJPtYZ8KghUba4OwoHpWiIdIIKz0jbL6CF+bwv9Nq2TaFdM6sfP1AzBTBmyDHVAENqiCOjgCDdAEGPjgBtyBe0MYt8aD8TgrTRmfPVvgh4znD1Jpk8w=</latexit>

w(i)
K

<latexit sha1_base64="MAHS3FobpzFfcE5LZ2xuRCUNNfg="></latexit>

r(i)✓ (x;xc) = hf(x), z(i)(xc)i
Personalized 
Reward 
For user i:

D. Chen, Y. Chen, A. Rege, Z. Wang, R. K. Vinayak, “PAL: Sample-Efficient Personalized Reward Models for 
Pluralistic Alignment”, ICLR 2025

❄ /🔥 ❄ /🔥

🔥

<latexit sha1_base64="xHZCP8NguUCclwJfmjm47kC+9bM=">AAAB+XicbVBNS8NAEN34WetX1KOXxSLUS0lEqseiF48V7Ae0MWy2k3bpZhN3N5US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwqeJUUmjQmMeyHRAFnAloaKY5tBMJJAo4tILhzdRvjUAqFot7PU7Ai0hfsJBRoo3k2/bTQ1ZmZxOf424fHrHj2yWn4syAl4mbkxLKUfftr24vpmkEQlNOlOq4TqK9jEjNKIdJsZsqSAgdkj50DBUkAuVls8sn+NQoPRzG0pTQeKb+nshIpNQ4CkxnRPRALXpT8T+vk+rwysuYSFINgs4XhSnHOsbTGHCPSaCajw0hVDJzK6YDIgnVJqyiCcFdfHmZNM8rbrVSvbso1a7zOAroGJ2gMnLRJaqhW1RHDUTRCD2jV/RmZdaL9W59zFtXrHzmCP2B9fkDH4GSsQ==</latexit>

w(i)
l → 0

<latexit sha1_base64="qY1DYlaKk9XHUwQz5+FXQegCJ9c=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJSHVTKLoR3FSwD2jTMJlO2qGTSZiZKCUEN/6KGxeKuPUr3Pk3TtsstPXAhcM593LvPV7EqFSW9W3klpZXVtfy64WNza3tHXN3rynDWGDSwCELRdtDkjDKSUNRxUg7EgQFHiMtb3Q18Vv3REga8js1jogToAGnPsVIack1D7oyDtyEVe20d/PQS0r0JHUZrELbNYtW2ZoCLhI7I0WQoe6aX91+iOOAcIUZkrJjW5FyEiQUxYykhW4sSYTwCA1IR1OOAiKdZPpCCo+10od+KHRxBafq74kEBVKOA093BkgN5bw3Ef/zOrHyL5yE8ihWhOPZIj9mUIVwkgfsU0GwYmNNEBZU3wrxEAmElU6toEOw519eJM3Tsl0pV27PirXLLI48OARHoARscA5q4BrUQQNg8AiewSt4M56MF+Pd+Ji15oxsZh/8gfH5A4kzljs=</latexit>

K∑

l=1

w(i)
l = 1



Personalizable Reward Modeling: PAL B

<latexit sha1_base64="6vIniQkrvD07xptZTbxbOG4MeUI=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARFKQkItVlURcuq9gLNLFMppN26GQSZiZiCXkGN76KGxeKuHXlzrdx0gbU1h8GPv5zDnPO70WMSmVZX0Zhbn5hcam4XFpZXVvfMDe3mjKMBSYNHLJQtD0kCaOcNBRVjLQjQVDgMdLyhudZvXVHhKQhv1GjiLgB6nPqU4yUtrrmgRMgNfD85D49hD/cxdChPDe85Dq9veiaZatijQVnwc6hDHLVu+an0wtxHBCuMENSdmwrUm6ChKKYkbTkxJJECA9Rn3Q0chQQ6Sbjk1K4p50e9EOhH1dw7P6eSFAg5SjwdGe2o5yuZeZ/tU6s/FM3oTyKFeF48pEfM6hCmOUDe1QQrNhIA8KC6l0hHiCBsNIplnQI9vTJs9A8qtjVSvXquFw7y+Mogh2wC/aBDU5ADVyCOmgADB7AE3gBr8aj8Wy8Ge+T1oKRz2yDPzI+vgGC5Z4D</latexit>

x,xc 2 RD
<latexit sha1_base64="gPqjemTGY13Jl1dN58cT8YoTcUY=">AAACG3icbVDLSsNAFJ34rPUVdelmsAgVpCRFqrgq6sJlFfuAJi2T6aQdOnkwM1FqyH+48VfcuFDEleDCv3HSZlFbD1w4nHMv997jhIwKaRg/2sLi0vLKam4tv76xubWt7+w2RBBxTOo4YAFvOUgQRn1Sl1Qy0go5QZ7DSNMZXqZ+855wQQP/To5CYnuo71OXYiSV1NXL7jF87MRFepTAc2h5SA4cJ75NOlfQ4rQ/kIjz4GHa6HX1glEyxoDzxMxIAWSodfUvqxfgyCO+xAwJ0TaNUNox4pJiRpK8FQkSIjxEfdJW1EceEXY8/i2Bh0rpQTfgqnwJx+r0RIw8IUaeozrTG8Wsl4r/ee1Iumd2TP0wksTHk0VuxKAMYBoU7FFOsGQjRRDmVN0K8QBxhKWKM69CMGdfnieNcsmslCo3J4XqRRZHDuyDA1AEJjgFVXANaqAOMHgCL+ANvGvP2qv2oX1OWhe0bGYP/IH2/QvxlaDR</latexit>

f, z(i) : RD ! Rd

31

Prompt / Context

<latexit sha1_base64="2Yba5ScnZ07Zclixyi6C9nsUQSg=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC00pWy2L+3SzSbsbsQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfHlFpHst7M0mwF9Gh5CFn1FjJ9yNqRkGYPU37rF+tuXV3BrJMvILUoECzX/3yBzFLI5SGCap113MT08uoMpwJnFb8VGNC2ZgOsWuppBHqXjbLPCUnVhmQMFb2SUNm6u+NjEZaT6LATuYZ9aKXi/953dSEV72MyyQ1KNn8UJgKYmKSF0AGXCEzYmIJZYrbrISNqKLM2JoqtgRv8cvLpH1W9y7q7t15rXFd1FGGIziGU/DgEhpwC01oAYMEnuEV3pzUeXHenY/5aMkpdg7hD5zPH3fOkfc=</latexit>xc

<latexit sha1_base64="MQFXwDLczglJu/53jL7XkLPj0wY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahvYRERD0WvXisYD+wjWWz3bRLN5uwuxFqyL/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n2yqsrK6tbxQ3S1vbO7t75f2DlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98fXUbz9SqVgk7vQkpl6Ih4IFjGBtpPunh7TKalnVrvXLFcd2ZkDLxM1JBXI0+uWv3iAiSUiFJhwr1XWdWHsplpoRTrNSL1E0xmSMh7RrqMAhVV46uzhDJ0YZoCCSpoRGM/X3RIpDpSahbzpDrEdq0ZuK/3ndRAeXXspEnGgqyHxRkHCkIzR9Hw2YpETziSGYSGZuRWSEJSbahFQyIbiLLy+T1qntntvO7VmlfpXHUYQjOIYquHABdbiBBjSBgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDKHaP7A==</latexit>

z(i)(.)
Personalized 

Preference Mapping for 
user i

Generated Output
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f(.)Output 
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Foundation 
Model

Foundation 
Model
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g2(.)
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w(i)
2
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w(i)
K

Commonalities

<latexit sha1_base64="MAHS3FobpzFfcE5LZ2xuRCUNNfg="></latexit>

r(i)✓ (x;xc) = hf(x), z(i)(xc)i
Personalized 
Reward 
For user i:

D. Chen, Y. Chen, A. Rege, Z. Wang, R. K. Vinayak, “PAL: Sample-Efficient Personalized Reward Models for 
Pluralistic Alignment”, ICLR 2025
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K∑

l=1

w(i)
l = 1



• Leveraging commonalities and low-rank structure in user preferences reduces the 
samples needed per user

Learning Personalizable Rewards: PAL B
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ai =
K∑

l=1

w(i)
l pl
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K∑

l=1

w(i)
l = 1
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l → 0

<latexit sha1_base64="zcwMB9bpyUaPRDsBexNNtDnNLas=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REpHosevFYwX5AE8pku2mXbjZhdyOU0r/hxYMiXv0z3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kirImTUSiOiFqJrhkTcONYJ1UMYxDwdrh6G7mt5+Y0jyRj2acsiDGgeQRp2is5PtRolAIIi4I75UrbtWdg6wSLycVyNHolb/8fkKzmElDBWrd9dzUBBNUhlPBpiU/0yxFOsIB61oqMWY6mMxvnpIzq/SJXW9LGjJXf09MMNZ6HIe2M0Yz1MveTPzP62YmugkmXKaZYZIuFkWZICYhswBInytGjRhbglRxeyuhQ1RIjY2pZEPwll9eJa3Lqler1h6uKvXbPI4inMApnIMH11CHe2hAEyik8Ayv8OZkzovz7nwsWgtOPnMMf+B8/gAff5Ea</latexit>

→l, i

<latexit sha1_base64="KF4wpK/3bxu8qJFxOOlKK0hlmb8="></latexit>∑

i

∑

p

loss
(
yp,i

(
→f(xlp,i), z

(i)(xcp,i)↑ ↓ →f(xrp,i), z
(i)(xcp,i)↑

))
<latexit sha1_base64="o2UIPbp/R6b5X6j6nbqt+7vKJKY="></latexit>

arg min
f,g1,...,gK ,w(1),...,w(N)

32

D. Chen, Y. Chen, A. Rege, Z. Wang, R. K. Vinayak, “PAL: Sample-Efficient Personalized Reward Models for 
Pluralistic Alignment”, ICLR 2025
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Learning Personalizable Rewards: PAL B

D. Chen, Y. Chen, A. Rege, Z. Wang, R. K. Vinayak, “PAL: Sample-Efficient Personalized Reward Models for 
Pluralistic Alignment”, ICLR 2025
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• Learning metric and multiple user preferences simultaneously 
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Two types of generalization for preference test accuracy:

1. Seen accuracy: on users present in train set for unseen pairs

2. Unseen accuracy: on users not present in train set

• Part of data to localize users

• Only learn weights 

• Fix mappings and prototypes

WAdapt to Unseen Users

Training and Generalization

• Learn the unknown mapping f and unknown prototypes from 
pairwise comparisons

(Few shot learning)

D. Chen, Y. Chen, A. Rege, Z. Wang, R. K. Vinayak, “PAL: Sample-Efficient Personalized Reward Models for 
Pluralistic Alignment”, ICLR 2025
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Experiments: Pick-a-pic dataset
Text-to-Image generation

Our models: train 2-layer MLP on the CLIP-H embeddings K = 1

Kirstain, Y., Polyak, A., Singer, U., Matiana, S., Penna, J., and Levy, O. Pick-a-pic: An open dataset of user preferences 
for text-to-image generation. Advances in Neural Information Processing Systems, 36, 2023.

PickScore fine tunes last 
20 layers of CLIP-H
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Experiments: Summary dataset
Language generation

We train 2-layer MLP (~600K 
parameters) + a simpler language 
model for representations (with 
350M parameters, OPT-350)

Li et. al. uses supervised fine 
tuning on a 6B-parameter 
language model

Li, X., Lipton, Z. C., and Leqi, L. Personalized language modeling from personalized human feedback. 
arXiv preprint, 2024 arXiv:2402.05133

D. Chen, Y. Chen, A. Rege, Z. Wang, 
R. K. Vinayak, “PAL: Sample-Efficient 
Personalized Reward Models for 
Pluralistic Alignment”, ICLR 2025
https://openreview.net/pdf?id=1kFDrYCuSu
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Experiments: Summary dataset
Language generation

We train 2-layer MLP (~600K 
parameters) + a simpler language 
model for representations (with 
350M parameters, OPT-350)

Li et. al. uses supervised fine 
tuning on a 6B-parameter 
language model

Li, X., Lipton, Z. C., and Leqi, L. Personalized language modeling from personalized human feedback. 
arXiv preprint, 2024 arXiv:2402.05133

D. Chen, Y. Chen, A. Rege, Z. Wang, 
R. K. Vinayak, “PAL: Sample-Efficient 
Personalized Reward Models for 
Pluralistic Alignment”, ICLR 2025
https://openreview.net/pdf?id=1kFDrYCuSu
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Experiments: Summary dataset
Language generation

Li, X., Lipton, Z. C., and Leqi, L. Personalized language modeling from personalized human feedback. 
arXiv preprint, 2024 arXiv:2402.05133

With Fixed DistillBERT-65M, just a 
2-layer MLP gets to nearly 90% 
accuracy!

With good foundation models, and good 
modeling approaches smaller ML models 
can capture preferences well 

D. Chen, Y. Chen, A. Rege, Z. Wang, 
R. K. Vinayak, “PAL: Sample-Efficient 
Personalized Reward Models for 
Pluralistic Alignment”, ICLR 2025
https://openreview.net/pdf?id=1kFDrYCuSu
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Experiments: Summary dataset
Language generation

Li, X., Lipton, Z. C., and Leqi, L. Personalized language modeling from personalized human feedback. 
arXiv preprint, 2024 arXiv:2402.05133

Generalize to new users via few shot learning
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• Sample-Efficient: can be learned with few samples per user

• Modular design: leverages commonalities while adapting to individual preferences, 

• Versatile: can be applied to different modalities, e.g., text-to-image, text-to-text, 
classical recommendation systems

• Few-shot generalization: can be adapted to new users with few samples

• High-performance with fewer parameters: we obtain SoTA results with 20x to 
100x few parameters

Advantages of  our modeling approach
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• Learning metric and multiple user preferences simultaneously 
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Limitations of  current datasets

Currently available open datasets for alignment or reward learning suffer from 
severe limitations for learning under heterogeneity

• Many datasets do not contain anonymized ids

• Collected using a clear rubric on how to evaluate the outputs: so these are 
crowdsourcing the researchers preference rather than collecting people’s 
preferences

• Highly imbalanced in terms of number of examples per user:  
A small subset of users provide a lot of the comparison data while a large set 
of people provide very few comparisons

Need better datasets and benchmarks!
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• More general approaches for reward modeling

Future directions

• Adapting on the fly

<latexit sha1_base64="zvm38EP0WRRSApryHkWWcfonj7I="></latexit>

r(i)✓ (x,xc) =
KX

l=1

w(i)
l r✓l(x,xc)

<latexit sha1_base64="8autTcQgs/k7G7V+TUwYNaB3bQU="></latexit>

=
KX

l=1

w(i)
l hf(x), gl(xc)i

<latexit sha1_base64="0NOMsU4v+P9rE1QPf/0mGiMMwsk=">AAACE3icbZDLSsNAFIYnXmu9VV26GSxCK1ISkeqy6MZlBXuBNobJdNIOnVyYORFLyDu48VXcuFDErRt3vo3TNqC2/jDw8Z9zmHN+NxJcgWl+GQuLS8srq7m1/PrG5tZ2YWe3qcJYUtagoQhl2yWKCR6wBnAQrB1JRnxXsJY7vBzXW3dMKh4GNzCKmO2TfsA9TgloyykcydukxMupk3RhwICkpa5PYOB6yX16jH/YoWWnUDQr5kR4HqwMiihT3Sl8dnshjX0WABVEqY5lRmAnRAKngqX5bqxYROiQ9FlHY0B8puxkclOKD7XTw14o9QsAT9zfEwnxlRr5ru4cL6lma2Pzv1onBu/cTngQxcACOv3IiwWGEI8Dwj0uGQUx0kCo5HpXTAdEEgo6xrwOwZo9eR6aJxWrWqlenxZrF1kcObSPDlAJWegM1dAVqqMGougBPaEX9Go8Gs/Gm/E+bV0wspk99EfGxzdkBp6A</latexit>

r(i)✓ (x,xc)

PAL-B

Chen et al. 2024, Ponder et al. 2024, Wang et al. 2024, Bose et al. 2025, …..

• Need better understanding of generalization
• OOD generalization for users
• OOD generalization for prompts

• Global safety constraints + Personal preferences

• Need better datasets and benchmarks!

• Z. Wang, C. Zhang, R. K. Vinayak “Bridging Lifelong and Multi-Task Representation Learning via 
Algorithm and Complexity Measure”, Algorithmic Learning Theory (ALT) 2026

• Conversations, dialogues and interactive collaborations with AI

https://arxiv.org/abs/2511.01847
https://arxiv.org/abs/2511.01847
https://arxiv.org/abs/2511.01847
https://arxiv.org/abs/2511.01847
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Thank you!

Questions?
ramya@ece.wisc.edu

• D. Chen, Y. Chen, A. Rege, Z. Wang, R. K. Vinayak, “PAL: Sample-Efficient Personalized Reward Modeling for Pluralistic 
Alignment”, ICLR 2025

• Sample-Efficient

• Modular

• Canal, Mason, Vinayak, Nowak, “One for all: Simultaneous metric and preference learning over multiple users”, Neurips 2022

• Wang, So, Vinayak, “Metric Learning from Limited Pairwise Preference Comparisons”, UAI 2024,  arXiv:2403.19629, 2024.

• Versatile

@ramyavinayak

• G. Tatli, Y. Chen, R. K. Vinayak “Learning Population of Preferences via Pairwise Comparison Queries”, AISTATS 2024

• Z. Wang, C. Chen, R. K. Vinayak “Bridging Lifelong Learning and Multitask Representation Learning via Algorithmic and Complexity 
Measure”, ALT 2026

https://github.com/RamyaLab/pluralistic-alignment

Sample-Efficient Personalized Reward Modeling 
for Pluralistic Alignment


