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§ Imaging task
• Classification (soft-output)
• Tumor size estimation

Introduction

<latexit sha1_base64="PHBhPhsHZaP4zwNtinVdNPzFg/s=">AAACEHicbVDLSsNAFJ3UV62vaJduBotQNyURqS6LblxWsQ9oQplMJu3QySTMTMQQ+hP+gFv9A3fi1j/wB/wOJ20WtvXAhcM593IPx4sZlcqyvo3S2vrG5lZ5u7Kzu7d/YB4edWWUCEw6OGKR6HtIEkY56SiqGOnHgqDQY6TnTW5yv/dIhKQRf1BpTNwQjTgNKEZKS0OzGtSfzqBDOXRCpMael91Ph2bNalgzwFViF6QGCrSH5o/jRzgJCVeYISkHthUrN0NCUczItOIkksQIT9CIDDTlKCTSzWbhp/BUKz4MIqGHKzhT/15kKJQyDT29mSeUy14u/ucNEhVcuRnlcaIIx/NHQcKgimDeBPSpIFixVBOEBdVZIR4jgbDSfS188WUebVrRxdjLNayS7nnDbjaadxe11nVRURkcgxNQBza4BC1wC9qgAzBIwQt4BW/Gs/FufBif89WSUdxUwQKMr19LSpyn</latexit>

f(x) 2 R

True Image

Task, 𝑓
Task Output

Ø Goal: Perform the task given only the measurements <latexit sha1_base64="cCN2lX2nEg5+mNJk3zVnuXy6lwU=">AAAB/HicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUL9gFtKJPJTTt0MgkzEyGE+gNu9Q/ciVv/xR/wO5y0WdjWAwOHc+7lnjlezJnStv1tlTY2t7Z3yruVvf2Dw6Pq8UlXRYmk0KERj2TfIwo4E9DRTHPoxxJI6HHoedP73O89gVQsEo86jcENyViwgFGijdROR9WaXbfnwOvEKUgNFWiNqj9DP6JJCEJTTpQaOHas3YxIzSiHWWWYKIgJnZIxDAwVJATlZvOgM3xhFB8HkTRPaDxX/25kJFQqDT0zGRI9UateLv7nDRId3LoZE3GiQdDFoSDhWEc4/zX2mQSqeWoIoZKZrJhOiCRUm26WrvgqjzarmGKc1RrWSfeq7jTqjfZ1rXlXVFRGZ+gcXSIH3aAmekAt1EEUAXpBr+jNerberQ/rczFasoqdU7QE6+sXDQKVhQ==</latexit>y

+

<latexit sha1_base64="pANMz60658rVwF8bmZF9P4HVEHI=">AAACA3icbVDLSgMxFM34rPVVdekmWARXZUakuiy6cVnBPqAdSiZzpw3NJEOSEcrQpT/gVv/Anbj1Q/wBv8NMOwvbeiBwOOde7skJEs60cd1vZ219Y3Nru7RT3t3bPzisHB23tUwVhRaVXKpuQDRwJqBlmOHQTRSQOODQCcZ3ud95AqWZFI9mkoAfk6FgEaPEWKnbh0QzLsWgUnVr7gx4lXgFqaICzUHlpx9KmsYgDOVE657nJsbPiDKMcpiW+6mGhNAxGULPUkFi0H42yzvF51YJcSSVfcLgmfp3IyOx1pM4sJMxMSO97OXif14vNdGNnzGRpAYEnR+KUo6NxPnnccgUUMMnlhCqmM2K6YgoQo2taOFKqPNo07ItxluuYZW0L2tevVZ/uKo2bouKSugUnaEL5KFr1ED3qIlaiCKOXtArenOenXfnw/mcj645xc4JWoDz9Qur15io</latexit>✏Noise

<latexit sha1_base64="7GZs6EyamCzAhSTqGkN7QQyNkU8=">AAACD3icbVDLSsNAFJ3UV62vWJduBotQNyURqS6rblxWsA9oQplMJu3QSSbMTMQS8hH+gFv9A3fi1k/wB/wOJ20WtvXAhcM593IPx4sZlcqyvo3S2vrG5lZ5u7Kzu7d/YB5Wu5InApMO5oyLvockYTQiHUUVI/1YEBR6jPS8yW3u9x6JkJRHD2oaEzdEo4gGFCOlpaFZdUKkxhix9DqrO9jn6mxo1qyGNQNcJXZBaqBAe2j+OD7HSUgihRmScmBbsXJTJBTFjGQVJ5EkRniCRmSgaYRCIt10lj2Dp1rxYcCFnkjBmfr3IkWhlNPQ05t5Urns5eJ/3iBRwZWb0ihOFInw/FGQMKg4zIuAPhUEKzbVBGFBdVaIx0ggrHRdC198mUfLKroYe7mGVdI9b9jNRvP+ota6KSoqg2NwAurABpegBe5AG3QABk/gBbyCN+PZeDc+jM/5askobo7AAoyvX0RRnK0=</latexit>

A(·)

<latexit sha1_base64="bICkfncc6iCkJIlB7WirwjzjYlc=">AAACGHicbVDLSsNAFJ34rPVVddnNYBEqQklEqhuh6sZlBfuAJpTJZNIOnUzCzEQMoQt/wx9wq3/gTty68wf8DidtFrb1wMDhnHu5Z44bMSqVaX4bS8srq2vrhY3i5tb2zm5pb78tw1hg0sIhC0XXRZIwyklLUcVINxIEBS4jHXd0k/mdByIkDfm9SiLiBGjAqU8xUlrql8oJvIR2gNQQI5ZejauPxyc2iSRlmVsxa+YEcJFYOamAHM1+6cf2QhwHhCvMkJQ9y4yUkyKhKGZkXLRjSSKER2hAeppyFBDppJNPjOGRVjzoh0I/ruBE/buRokDKJHD1ZBZXznuZ+J/Xi5V/4aSUR7EiHE8P+TGDKoRZI9CjgmDFEk0QFlRnhXiIBMJK9zZzxZNZtHFRF2PN17BI2qc1q16r351VGtd5RQVQBoegCixwDhrgFjRBC2DwBF7AK3gzno1348P4nI4uGfnOAZiB8fULc0Sf8A==</latexit>

y = A(x) + ✏

Ø Consider
§ Inverse problem
• Accelerated MRI
• Inpainting, super-resolution, etc

True Image Measurement <latexit sha1_base64="cCN2lX2nEg5+mNJk3zVnuXy6lwU=">AAAB/HicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUL9gFtKJPJTTt0MgkzEyGE+gNu9Q/ciVv/xR/wO5y0WdjWAwOHc+7lnjlezJnStv1tlTY2t7Z3yruVvf2Dw6Pq8UlXRYmk0KERj2TfIwo4E9DRTHPoxxJI6HHoedP73O89gVQsEo86jcENyViwgFGijdROR9WaXbfnwOvEKUgNFWiNqj9DP6JJCEJTTpQaOHas3YxIzSiHWWWYKIgJnZIxDAwVJATlZvOgM3xhFB8HkTRPaDxX/25kJFQqDT0zGRI9UateLv7nDRId3LoZE3GiQdDFoSDhWEc4/zX2mQSqeWoIoZKZrJhOiCRUm26WrvgqjzarmGKc1RrWSfeq7jTqjfZ1rXlXVFRGZ+gcXSIH3aAmekAt1EEUAXpBr+jNerberQ/rczFasoqdU7QE6+sXDQKVhQ==</latexit>y

Observation
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Introduction

Measurement <latexit sha1_base64="cCN2lX2nEg5+mNJk3zVnuXy6lwU=">AAAB/HicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUL9gFtKJPJTTt0MgkzEyGE+gNu9Q/ciVv/xR/wO5y0WdjWAwOHc+7lnjlezJnStv1tlTY2t7Z3yruVvf2Dw6Pq8UlXRYmk0KERj2TfIwo4E9DRTHPoxxJI6HHoedP73O89gVQsEo86jcENyViwgFGijdROR9WaXbfnwOvEKUgNFWiNqj9DP6JJCEJTTpQaOHas3YxIzSiHWWWYKIgJnZIxDAwVJATlZvOgM3xhFB8HkTRPaDxX/25kJFQqDT0zGRI9UateLv7nDRId3LoZE3GiQdDFoSDhWEc4/zX2mQSqeWoIoZKZrJhOiCRUm26WrvgqjzarmGKc1RrWSfeq7jTqjfZ1rXlXVFRGZ+gcXSIH3aAmekAt1EEUAXpBr+jNerberQ/rczFasoqdU7QE6+sXDQKVhQ==</latexit>y Point 
Estimator

<latexit sha1_base64="z+oIpTMk6eccA1wuLccJ5eJNfTs="></latexit>

{bx(j)}pj=1

Task, 𝑓
Task Output

Task Outputs

<latexit sha1_base64="ftAv3IQMDNsAu35WzWflzCBq1Is=">AAAB+3icdVDLSsNAFJ3UV62vWJduBotQNyGRWl0W3LisYFuhjWUyuWmHTh7MTNQa8ituXCji1h9x5984fQg+D1w4nHMv997jJZxJZdvvRmFhcWl5pbhaWlvf2Nwyt8ttGaeCQovGPBaXHpHAWQQtxRSHy0QACT0OHW90OvE71yAki6MLNU7ADckgYgGjRGmpb5Z7N8yHIVHZXX6VVZ2DHPfNim3ZzlGtbuPfxLHsKSpojmbffOv5MU1DiBTlRMquYyfKzYhQjHLIS71UQkLoiAygq2lEQpBuNr09x/ta8XEQC12RwlP160RGQinHoac7Q6KG8qc3Ef/yuqkKTtyMRUmqIKKzRUHKsYrxJAjsMwFU8bEmhAqmb8V0SAShSsdV0iF8for/J+1Dy6lb9fNapVGdx1FEu2gPVZGDjlEDnaEmaiGKbtE9ekRPRm48GM/Gy6y1YMxndtA3GK8fuT+ULA==</latexit>

bz(1)
<latexit sha1_base64="6INon+YndLBYHcC+IfN04P6+AzA=">AAAB+3icdVDLSsNAFJ3UV62vWJduBotQNyGRWl0W3LisYFuhjWUymbRDJw9mbtQa8ituXCji1h9x5984fQg+D1w4nHMv997jJYIrsO13o7CwuLS8Ulwtra1vbG6Z2+W2ilNJWYvGIpaXHlFM8Ii1gINgl4lkJPQE63ij04nfuWZS8Ti6gHHC3JAMIh5wSkBLfbPcu+E+GxLI7vKrrJoc5LhvVmzLdo5qdRv/Jo5lT1FBczT75lvPj2kasgioIEp1HTsBNyMSOBUsL/VSxRJCR2TAuppGJGTKzaa353hfKz4OYqkrAjxVv05kJFRqHHq6MyQwVD+9ifiX100hOHEzHiUpsIjOFgWpwBDjSRDY55JREGNNCJVc34rpkEhCQcdV0iF8for/J+1Dy6lb9fNapVGdx1FEu2gPVZGDjlEDnaEmaiGKbtE9ekRPRm48GM/Gy6y1YMxndtA3GK8fGYeUaw==</latexit>

bz(p)

<latexit sha1_base64="7Wd1mjayTGR0+CNsehA2TX12big=">AAACBnicbVDLSsNAFJ34rPVVdelmsAiuSiJSXRbduKxgH5CGMplM2qGTSZi5UWro3h9wq3/gTtz6G/6A3+GkzcK2Hhg4nHMv98zxE8E12Pa3tbK6tr6xWdoqb+/s7u1XDg7bOk4VZS0ai1h1faKZ4JK1gINg3UQxEvmCdfzRTe53HpjSPJb3ME6YF5GB5CGnBIzk9h55wIYEsqdJv1K1a/YUeJk4BamiAs1+5acXxDSNmAQqiNauYyfgZUQBp4JNyr1Us4TQERkw11BJIqa9bBp5gk+NEuAwVuZJwFP170ZGIq3HkW8mIwJDvejl4n+em0J45WVcJikwSWeHwlRgiHH+fxxwxSiIsSGEKm6yYjokilAwLc1dCXQebVI2xTiLNSyT9nnNqdfqdxfVxnVRUQkdoxN0hhx0iRroFjVRC1EUoxf0it6sZ+vd+rA+Z6MrVrFzhOZgff0CVA2aJA==</latexit>

bz

Task, 𝑓
Posterior
Sampler

or
Task, 𝑓

Close?

Approximate Task Ideal Task

Ø Could approximate the task using reconstructed image(s)

Ø Rather than quantifying the accuracy or uncertainty of     or       ,
     we compute rigorous bounds on the true value of   itself

Image recovery

<latexit sha1_base64="7Wd1mjayTGR0+CNsehA2TX12big=">AAACBnicbVDLSsNAFJ34rPVVdelmsAiuSiJSXRbduKxgH5CGMplM2qGTSZi5UWro3h9wq3/gTtz6G/6A3+GkzcK2Hhg4nHMv98zxE8E12Pa3tbK6tr6xWdoqb+/s7u1XDg7bOk4VZS0ai1h1faKZ4JK1gINg3UQxEvmCdfzRTe53HpjSPJb3ME6YF5GB5CGnBIzk9h55wIYEsqdJv1K1a/YUeJk4BamiAs1+5acXxDSNmAQqiNauYyfgZUQBp4JNyr1Us4TQERkw11BJIqa9bBp5gk+NEuAwVuZJwFP170ZGIq3HkW8mIwJDvejl4n+em0J45WVcJikwSWeHwlRgiHH+fxxwxSiIsSGEKm6yYjokilAwLc1dCXQebVI2xTiLNSyT9nnNqdfqdxfVxnVRUQkdoxN0hhx0iRroFjVRC1EUoxf0it6sZ+vd+rA+Z6MrVrFzhOZgff0CVA2aJA==</latexit>

bz
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Ø Given:
§ Measurement 
§ Image reconstruction method/sampler 
§ Calibration set 

Ø Goal: Construct prediction interval                                 guaranteed to 
contain the unknown true task output     with high probability  

Objective

<latexit sha1_base64="cCN2lX2nEg5+mNJk3zVnuXy6lwU=">AAAB/HicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUL9gFtKJPJTTt0MgkzEyGE+gNu9Q/ciVv/xR/wO5y0WdjWAwOHc+7lnjlezJnStv1tlTY2t7Z3yruVvf2Dw6Pq8UlXRYmk0KERj2TfIwo4E9DRTHPoxxJI6HHoedP73O89gVQsEo86jcENyViwgFGijdROR9WaXbfnwOvEKUgNFWiNqj9DP6JJCEJTTpQaOHas3YxIzSiHWWWYKIgJnZIxDAwVJATlZvOgM3xhFB8HkTRPaDxX/25kJFQqDT0zGRI9UateLv7nDRId3LoZE3GiQdDFoSDhWEc4/zX2mQSqeWoIoZKZrJhOiCRUm26WrvgqjzarmGKc1RrWSfeq7jTqjfZ1rXlXVFRGZ+gcXSIH3aAmekAt1EEUAXpBr+jNerberQ/rczFasoqdU7QE6+sXDQKVhQ==</latexit>y

<latexit sha1_base64="m3DkXlS5nKxgN1SQFgMWnK2Ip60="></latexit>

Cb�({bx
(j)}) = [bl, bu]

Prediction Interval

<latexit sha1_base64="VlPiZXN8POdz0zgZlMmSftMhNpQ=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSL0VBKR6rHgxWMF0xbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5m/udJ1SaJ/LRTFMMYjqSPOKMGiv54SAXs0Gl6tbdBcg68QpShQKtQeWrP0xYFqM0TFCte56bmiCnynAmcFbuZxpTyiZ0hD1LJY1RB/ni2Bm5tMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroNci7TzKBky0VRJohJyPxzMuQKmRFTSyhT3N5K2JgqyozNp2xD8FZfXiftq7rXqDcerqvNWhFHCc7hAmrgwQ004R5a4AMDDs/wCm+OdF6cd+dj2brhFDNn8AfO5w8EDI7C</latexit>

bl <latexit sha1_base64="trbpi4mJNUv2RGCGGSCUNUqYqWQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNQY8kXjxCIo8ENmR2aGBkdnYzM2uCG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkSleSTvzTRGP6QjyYecUWOlxlO/WHIr7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtC4rXrVSbVyVauUsjjycwTmUwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOUBjO8=</latexit>z
<latexit sha1_base64="sUuphkkWHSpPqWVqTYz8rqrE4Rg=">AAACAXicbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFtKJPJpB07mYSZiVBCV/6AW/0Dd+LWL/EH/A4naRa29cDA4Zx7uWeOF3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUUVEiCW2TiEey52FFORO0rZnmtBdLikOP0643uc387hOVikXiQU9j6oZ4JFjACNZG6njDNJlVhtWaXbdzoFXiFKQGBVrD6s/Aj0gSUqEJx0r1HTvWboqlZoTTWWWQKBpjMsEj2jdU4JAqN83TztCZUXwURNI8oVGu/t1IcajUNPTMZIj1WC17mfif1090cO2mTMSJpoLMDwUJRzpC2deRzyQlmk8NwUQykxWRMZaYaFPQwhVfZdHyYpzlGlZJ56LuNOqN+8ta86aoqAwncArn4MAVNOEOWtAGAo/wAq/wZj1b79aH9TkfLVnFzjEswPr6BZTBl3Y=</latexit>

bu

Where:
<latexit sha1_base64="2lVFB9HwEMDGFzfuNI7An3CZT34="></latexit>

P(Z 2 Cb�(Dcal)
({ bX(j)})) � 1� ↵

User-chosen error rate

Task, 𝑓

<latexit sha1_base64="trbpi4mJNUv2RGCGGSCUNUqYqWQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNQY8kXjxCIo8ENmR2aGBkdnYzM2uCG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkSleSTvzTRGP6QjyYecUWOlxlO/WHIr7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtC4rXrVSbVyVauUsjjycwTmUwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOUBjO8=</latexit>z



5

Ø Setup
§ Given a black-box predictor
§ Given a calibration set
§ Choose an error rate 
§ Construct a prediction set 

Ø Compute             such that

Holds when                                                                           are exchangeable 

Main tool: conformal prediction

<latexit sha1_base64="R/Y7cBEaypIFL24Iiv/T1k/LYu0=">AAACI3icbVDLSsNAFJ34rPUVdelmsCiuSiJSxVXRjcsK9oFNKJPJpB06yYSZiVJC/sDf8Afc6h+4Ezcu3PodTtqAtvXAwOGce7lnjhczKpVlfRoLi0vLK6ultfL6xubWtrmz25I8EZg0MWdcdDwkCaMRaSqqGOnEgqDQY6TtDa9yv31PhKQ8ulWjmLgh6kc0oBgpLfXMo+ACOiFSA4xY2smgI2h/oJAQ/OFXv8t6ZsWqWmPAeWIXpAIKNHrmt+NznIQkUpghKbu2FSs3RUJRzEhWdhJJYoSHqE+6mkYoJNJNx//J4KFWfBhwoV+k4Fj9u5GiUMpR6OnJPKKc9XLxP6+bqODcTWkUJ4pEeHIoSBhUHOblQJ8KghUbaYKwoDorxAMkEFa6wqkrvsyjZWVdjD1bwzxpnVTtWrV2c1qpXxYVlcA+OADHwAZnoA6uQQM0AQaP4Bm8gFfjyXgz3o2PyeiCUezsgSkYXz+br6Vi</latexit>

f : X ! Z
<latexit sha1_base64="nnw5e3TDvLma/LuFUkBbL5gjDjQ="></latexit>

dcal = {(xi, zi)}ni=1
<latexit sha1_base64="RT665vXjlMkIAqrJGFOXV3rto08=">AAACAXicbVBLSgNBFHwTfzH+oi7dNAbBVZgRiS6DblxGMB9IhvCmpydp0/Ohu0cIISsv4FZv4E7cehIv4DnsSWZhEgsaiqr3eNXlJYIrbdvfVmFtfWNzq7hd2tnd2z8oHx61VJxKypo0FrHseKiY4BFraq4F6ySSYegJ1vZGt5nffmJS8Th60OOEuSEOIh5witpIrR6KZIj9csWu2jOQVeLkpAI5Gv3yT8+PaRqySFOBSnUdO9HuBKXmVLBpqZcqliAd4YB1DY0wZMqdzNJOyZlRfBLE0rxIk5n6d2OCoVLj0DOTIeqhWvYy8T+vm+rg2p3wKEk1i+j8UJAKomOSfZ34XDKqxdgQpJKbrIQOUSLVpqCFK77Kok1LphhnuYZV0rqoOrVq7f6yUr/JKyrCCZzCOThwBXW4gwY0gcIjvMArvFnP1rv1YX3ORwtWvnMMC7C+fgHXT5eg</latexit>↵

<latexit sha1_base64="BfZhin5q+BB0wiU1Zq1jRemC6uU="></latexit>

P(Ztest 2 Cb�(Dcal)
(Xtest)) � 1� ↵

<latexit sha1_base64="EufeFQi10YiGcA27pV6x6+YyjK4=">AAACGnicbVDLSsNAFJ3UV62vqksRgkWom5KIVJdFNy4r2Ac0pdxMpu3QyYOZG7GErPwNf8Ct/oE7cevGH/A7nLZZ2NYDA4dz7uHeOW4kuELL+jZyK6tr6xv5zcLW9s7uXnH/oKnCWFLWoKEIZdsFxQQPWAM5CtaOJAPfFazljm4mfuuBScXD4B7HEev6MAh4n1NALfWKx84QMHGETniQlr1e4iB7xISCSNOzXrFkVawpzGViZ6REMtR7xR/HC2nsswCpAKU6thVhNwGJnAqWFpxYsQjoCAaso2kAPlPdZPqN1DzVimf2Q6lfgOZU/ZtIwFdq7Lt60gccqkVvIv7ndWLsX3UTHkQxsoDOFvVjYWJoTjoxPS4ZRTHWBKjk+laTDkECRd3c3BZPTU5LC7oYe7GGZdI8r9jVSvXuolS7zirKkyNyQsrEJpekRm5JnTQIJU/khbySN+PZeDc+jM/ZaM7IModkDsbXLwXwofg=</latexit>

�̂(dcal)

on expectation over random calibration set and test sample

<latexit sha1_base64="mHU1fOG64yMBuYHEM6evsDcfJUg=">AAACDHicbVDLSsNAFJ3UV62PVl26CRbBVUlEqsuiG5cV7APaECaT23bo5MHMjVhDfsEfcKt/4E7c+g/+gN/htM3Cth64cDjnXu7heLHgCi3r2yisrW9sbhW3Szu7e/vlysFhW0WJZNBikYhk16MKBA+hhRwFdGMJNPAEdLzxzdTvPIBUPArvcRKDE9BhyAecUdSSWyk/uWkf4RFTBIVZ5laqVs2awVwldk6qJEfTrfz0/YglAYTIBFWqZ1sxOimVyJmArNRPFMSUjekQepqGNADlpLPgmXmqFd8cRFJPiOZM/XuR0kCpSeDpzYDiSC17U/E/r5fg4MpJeRgnCCGbPxokwsTInLZg+lwCQzHRhDLJdVaTjaikDHVXC198NY2WlXQx9nINq6R9XrPrtfrdRbVxnVdUJMfkhJwRm1ySBrklTdIijCTkhbySN+PZeDc+jM/5asHIb47IAoyvX5nlnHM=</latexit>ztest

<latexit sha1_base64="+qpTxxpKw4d6FSCIup/qC2yswdo="></latexit>

C�̂(dcal)
(xtest)

V. Vovk, A. Gammerman, and G. Shafer. Algorithmic Learning in a Random World. Springer, 2005.
Anastasios N. Angelopoulos and Stephen Bates. Conformal prediction: A gentle introduction. Foundations and Trends in Machine Learning, 2023.
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1. Choose a nonconformity score
§ Higher values of    correspond to worse predictions of 

2. Compute scores for calibration samples:

3. Compute empirical quantile

4. Construct prediction set

Constructing the prediction set
<latexit sha1_base64="ofMCFltqPm9H4STvc66/uqB/syk=">AAACFHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIlIFN0U3LqvYBzShTCaTduhkEmYmYg35DX/Arf6BO3Hr3h/wO5y0XdjqgYHDOfdyzxwvZlQqy/oyCguLS8srxdXS2vrG5pa5vdOSUSIwaeKIRaLjIUkY5aSpqGKkEwuCQo+Rtje8yv32PRGSRvxOjWLihqjPaUAxUlrqmXuy8nD8eBEcQYdy6IRIDTwvvc16ZtmqWmPAv8SekjKYotEzvx0/wklIuMIMSdm1rVi5KRKKYkaykpNIEiM8RH3S1ZSjkEg3HX8gg4da8WEQCf24gmP190aKQilHoacn84Ry3svF/7xuooJzN6U8ThTheHIoSBhUEczbgD4VBCs20gRhQXVWiAdIIKx0ZzNXfJlHy0q6GHu+hr+kdVK1a9XazWm5fjmtqAj2wQGoABucgTq4Bg3QBBhk4Bm8gFfjyXgz3o2PyWjBmO7sghkYnz8ZqJ4j</latexit>

s(x, z; f) 2 R

<latexit sha1_base64="m968CXJ1spJcWcGYDWg2lOP2vOA="></latexit>

C�̂(dcal)
(xtest) = {z : s(xtest, z; f)  �̂(dcal)}
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Ø Goal: Bound the true task output 

Our method: Overview

Measurements   

Reconstruction 
Method

Recovered Image(s),  

Task, 𝑓

 

Conformal 
Prediction

Where:

<latexit sha1_base64="z+oIpTMk6eccA1wuLccJ5eJNfTs="></latexit>

{bx(j)}pj=1

<latexit sha1_base64="PcHsmb+N7rdb6TTq2RugF+8KTGg=">AAACCnicdVDLSsNAFJ34rPUVdelmtAh1ExKp1Y1QcOOygn1AE8NkMmmnnTyYmSg1ZO3GX3HjQhG3foE7/8bpQ/B54MKZc+5l7j1ewqiQpvmuzczOzS8sFpaKyyura+v6xmZTxCnHpIFjFvO2hwRhNCINSSUj7YQTFHqMtLzB6chvXREuaBxdyGFCnBB1IxpQjKSSXH3HzqB9TX3SQzK7yS+zcn8/h3buZv0TSz2T3NVLpmFah5WqCX8TyzDHKIEp6q7+ZvsxTkMSScyQEB3LTKSTIS4pZiQv2qkgCcID1CUdRSMUEuFk41NyuKcUHwYxVxVJOFa/TmQoFGIYeqozRLInfnoj8S+vk8rg2MlolKSSRHjyUZAyKGM4ygX6lBMs2VARhDlVu0LcQxxhqdIrqhA+L4X/k+aBYVWN6nmlVCtP4yiAbbALysACR6AGzkAdNAAGt+AePIIn7U570J61l0nrjDad2QLfoL1+AIg2msA=</latexit>

{bz(j)}pj=1

<latexit sha1_base64="di4XmSZLIisl8UisAk91VXa8ykE="></latexit>

Cb�(dcal)
({bx(j)}) = [bl, bu]

<latexit sha1_base64="bk7d/vbgg0WCKlT1bPbk+3wScWg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSL0VBKR6rHgxWML9gPaUDbbabt2swm7GyGE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMviAXXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1lGiGLZYJCLVDahGwSW2DDcCu7FCGgYCO8H0bu53nlBpHskHk8boh3Qs+YgzaqzUTAelslt1FyDrxMtJGXI0BqWv/jBiSYjSMEG17nlubPyMKsOZwFmxn2iMKZvSMfYslTRE7WeLQ2fk0ipDMoqULWnIQv09kdFQ6zQMbGdIzUSvenPxP6+XmNGtn3EZJwYlWy4aJYKYiMy/JkOukBmRWkKZ4vZWwiZUUWZsNkUbgrf68jppX1W9WrXWvC7XK3kcBTiHC6iABzdQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwB432M7g==</latexit>y

Task, 𝑓

<latexit sha1_base64="2lVFB9HwEMDGFzfuNI7An3CZT34="></latexit>

P(Z 2 Cb�(Dcal)
({ bX(j)})) � 1� ↵

Task Outputs

<latexit sha1_base64="trbpi4mJNUv2RGCGGSCUNUqYqWQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNQY8kXjxCIo8ENmR2aGBkdnYzM2uCG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkSleSTvzTRGP6QjyYecUWOlxlO/WHIr7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtC4rXrVSbVyVauUsjjycwTmUwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOUBjO8=</latexit>z

Prediction Interval

<latexit sha1_base64="VlPiZXN8POdz0zgZlMmSftMhNpQ=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSL0VBKR6rHgxWMF0xbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5m/udJ1SaJ/LRTFMMYjqSPOKMGiv54SAXs0Gl6tbdBcg68QpShQKtQeWrP0xYFqM0TFCte56bmiCnynAmcFbuZxpTyiZ0hD1LJY1RB/ni2Bm5tMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroNci7TzKBky0VRJohJyPxzMuQKmRFTSyhT3N5K2JgqyozNp2xD8FZfXiftq7rXqDcerqvNWhFHCc7hAmrgwQ004R5a4AMDDs/wCm+OdF6cd+dj2brhFDNn8AfO5w8EDI7C</latexit>

bl <latexit sha1_base64="trbpi4mJNUv2RGCGGSCUNUqYqWQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNQY8kXjxCIo8ENmR2aGBkdnYzM2uCG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkSleSTvzTRGP6QjyYecUWOlxlO/WHIr7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtC4rXrVSbVyVauUsjjycwTmUwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOUBjO8=</latexit>z
<latexit sha1_base64="sUuphkkWHSpPqWVqTYz8rqrE4Rg=">AAACAXicbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFtKJPJpB07mYSZiVBCV/6AW/0Dd+LWL/EH/A4naRa29cDA4Zx7uWeOF3OmtG1/W6W19Y3NrfJ2ZWd3b/+genjUUVEiCW2TiEey52FFORO0rZnmtBdLikOP0643uc387hOVikXiQU9j6oZ4JFjACNZG6njDNJlVhtWaXbdzoFXiFKQGBVrD6s/Aj0gSUqEJx0r1HTvWboqlZoTTWWWQKBpjMsEj2jdU4JAqN83TztCZUXwURNI8oVGu/t1IcajUNPTMZIj1WC17mfif1090cO2mTMSJpoLMDwUJRzpC2deRzyQlmk8NwUQykxWRMZaYaFPQwhVfZdHyYpzlGlZJ56LuNOqN+8ta86aoqAwncArn4MAVNOEOWtAGAo/wAq/wZj1b79aH9TkfLVnFzjEswPr6BZTBl3Y=</latexit>

bu
<latexit sha1_base64="ftAv3IQMDNsAu35WzWflzCBq1Is=">AAAB+3icdVDLSsNAFJ3UV62vWJduBotQNyGRWl0W3LisYFuhjWUyuWmHTh7MTNQa8ituXCji1h9x5984fQg+D1w4nHMv997jJZxJZdvvRmFhcWl5pbhaWlvf2Nwyt8ttGaeCQovGPBaXHpHAWQQtxRSHy0QACT0OHW90OvE71yAki6MLNU7ADckgYgGjRGmpb5Z7N8yHIVHZXX6VVZ2DHPfNim3ZzlGtbuPfxLHsKSpojmbffOv5MU1DiBTlRMquYyfKzYhQjHLIS71UQkLoiAygq2lEQpBuNr09x/ta8XEQC12RwlP160RGQinHoac7Q6KG8qc3Ef/yuqkKTtyMRUmqIKKzRUHKsYrxJAjsMwFU8bEmhAqmb8V0SAShSsdV0iF8for/J+1Dy6lb9fNapVGdx1FEu2gPVZGDjlEDnaEmaiGKbtE9ekRPRm48GM/Gy6y1YMxndtA3GK8fuT+ULA==</latexit>

bz(1)
<latexit sha1_base64="6INon+YndLBYHcC+IfN04P6+AzA=">AAAB+3icdVDLSsNAFJ3UV62vWJduBotQNyGRWl0W3LisYFuhjWUymbRDJw9mbtQa8ituXCji1h9x5984fQg+D1w4nHMv997jJYIrsO13o7CwuLS8Ulwtra1vbG6Z2+W2ilNJWYvGIpaXHlFM8Ii1gINgl4lkJPQE63ij04nfuWZS8Ti6gHHC3JAMIh5wSkBLfbPcu+E+GxLI7vKrrJoc5LhvVmzLdo5qdRv/Jo5lT1FBczT75lvPj2kasgioIEp1HTsBNyMSOBUsL/VSxRJCR2TAuppGJGTKzaa353hfKz4OYqkrAjxVv05kJFRqHHq6MyQwVD+9ifiX100hOHEzHiUpsIjOFgWpwBDjSRDY55JREGNNCJVc34rpkEhCQcdV0iF8for/J+1Dy6lb9fNapVGdx1FEu2gPVZGDjlEDnaEmaiGKbtE9ekRPRm48GM/Gy6y1YMxndtA3GK8fGYeUaw==</latexit>

bz(p) <latexit sha1_base64="trbpi4mJNUv2RGCGGSCUNUqYqWQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNQY8kXjxCIo8ENmR2aGBkdnYzM2uCG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkSleSTvzTRGP6QjyYecUWOlxlO/WHIr7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtC4rXrVSbVyVauUsjjycwTmUwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOUBjO8=</latexit>z
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Ø Absolute Residual (AR)

Ø Locally-Weighted Residual (LWR)

Ø Conformalized Quantile Regression (CQR)

Our method: Three ways to construct prediction sets

Task 
Output

Task 
Output

<latexit sha1_base64="ftAv3IQMDNsAu35WzWflzCBq1Is=">AAAB+3icdVDLSsNAFJ3UV62vWJduBotQNyGRWl0W3LisYFuhjWUyuWmHTh7MTNQa8ituXCji1h9x5984fQg+D1w4nHMv997jJZxJZdvvRmFhcWl5pbhaWlvf2Nwyt8ttGaeCQovGPBaXHpHAWQQtxRSHy0QACT0OHW90OvE71yAki6MLNU7ADckgYgGjRGmpb5Z7N8yHIVHZXX6VVZ2DHPfNim3ZzlGtbuPfxLHsKSpojmbffOv5MU1DiBTlRMquYyfKzYhQjHLIS71UQkLoiAygq2lEQpBuNr09x/ta8XEQC12RwlP160RGQinHoac7Q6KG8qc3Ef/yuqkKTtyMRUmqIKKzRUHKsYrxJAjsMwFU8bEmhAqmb8V0SAShSsdV0iF8for/J+1Dy6lb9fNapVGdx1FEu2gPVZGDjlEDnaEmaiGKbtE9ekRPRm48GM/Gy6y1YMxndtA3GK8fuT+ULA==</latexit>

bz(1)
<latexit sha1_base64="6INon+YndLBYHcC+IfN04P6+AzA=">AAAB+3icdVDLSsNAFJ3UV62vWJduBotQNyGRWl0W3LisYFuhjWUymbRDJw9mbtQa8ituXCji1h9x5984fQg+D1w4nHMv997jJYIrsO13o7CwuLS8Ulwtra1vbG6Z2+W2ilNJWYvGIpaXHlFM8Ii1gINgl4lkJPQE63ij04nfuWZS8Ti6gHHC3JAMIh5wSkBLfbPcu+E+GxLI7vKrrJoc5LhvVmzLdo5qdRv/Jo5lT1FBczT75lvPj2kasgioIEp1HTsBNyMSOBUsL/VSxRJCR2TAuppGJGTKzaa353hfKz4OYqkrAjxVv05kJFRqHHq6MyQwVD+9ifiX100hOHEzHiUpsIjOFgWpwBDjSRDY55JREGNNCJVc34rpkEhCQcdV0iF8for/J+1Dy6lb9fNapVGdx1FEu2gPVZGDjlEDnaEmaiGKbtE9ekRPRm48GM/Gy6y1YMxndtA3GK8fGYeUaw==</latexit>

bz(p)

<latexit sha1_base64="eH1c74DtC51NPAYcHHYxUufHRxk=">AAACA3icdVDLSsNAFL3xWeur6tLNYBEEoSRV27orunFZwT6gDWUymbRDJ5MwMxFK6dIfcKt/4E7c+iH+gN/hpI1gRQ9cOJxzL/fc68WcKW3bH9bS8srq2npuI7+5tb2zW9jbb6kokYQ2ScQj2fGwopwJ2tRMc9qJJcWhx2nbG12nfvueSsUicafHMXVDPBAsYARrI3VOe9z0+rhfKNol2y5fnNXQnFTtjFQukWNIiiJkaPQLnz0/IklIhSYcK9V17Fi7Eyw1I5xO871E0RiTER7QrqECh1S5k1neKTo2io+CSJoSGs3UnxMTHCo1Dj3TGWI9VL+9VPzL6yY6qLkTJuJEU0Hmi4KEIx2h9HjkM0mJ5mNDMJHMZEVkiCUm2rxoYYuv0mjTvHnM9/Xof9Iql5xKqXJ7XqxfZS/KwSEcwQk4UIU63EADmkCAwyM8wbP1YL1Yr9bbvHXJymYOYAHW+xdMf5hw</latexit>

+�
<latexit sha1_base64="G1VO0gxXW1SBrLNxEprFXpFdp3g=">AAACA3icdVDLSsNAFL3xWeur6tLNYBHcWJKqbd0V3bisYB/QhjKZTNqhk0mYmQildOkPuNU/cCdu/RB/wO9w0kawogcuHM65l3vu9WLOlLbtD2tpeWV1bT23kd/c2t7ZLeztt1SUSEKbJOKR7HhYUc4EbWqmOe3EkuLQ47Ttja5Tv31PpWKRuNPjmLohHggWMIK1kTqnPW56fdwvFO2SbZcvzmpoTqp2RiqXyDEkRREyNPqFz54fkSSkQhOOleo6dqzdCZaaEU6n+V6iaIzJCA9o11CBQ6rcySzvFB0bxUdBJE0JjWbqz4kJDpUah57pDLEeqt9eKv7ldRMd1NwJE3GiqSDzRUHCkY5QejzymaRE87EhmEhmsiIyxBITbV60sMVXabRp3jzm+3r0P2mVS06lVLk9L9avshfl4BCO4AQcqEIdbqABTSDA4RGe4Nl6sF6sV+tt3rpkZTMHsADr/QtPvZhy</latexit>

��

<latexit sha1_base64="9kjA8WLW5Ow2aRcQJZADhvL8qw4=">AAACAnicdVDLSsNAFL3xWeur6tLNYBFclaRqW3dFNy4r2Ae0oUwmk3bo5MHMRKghO3/Arf6BO3Hrj/gDfoeTNoIVPXDhcM693HuPE3EmlWl+GEvLK6tr64WN4ubW9s5uaW+/I8NYENomIQ9Fz8GSchbQtmKK014kKPYdTrvO5Crzu3dUSBYGt2oaUdvHo4B5jGClpe7AwSK5T4elslkxzer5aQPNSd3MSe0CWZpkKEOO1rD0OXBDEvs0UIRjKfuWGSk7wUIxwmlaHMSSRphM8Ij2NQ2wT6WdzM5N0bFWXOSFQleg0Ez9OZFgX8qp7+hOH6ux/O1l4l9eP1Zew05YEMWKBmS+yIs5UiHKfkcuE5QoPtUEE8H0rYiMscBE6YQWtrgyOy0t6mC+v0f/k061YtUqtZuzcvMyj6gAh3AEJ2BBHZpwDS1oA4EJPMITPBsPxovxarzNW5eMfOYAFmC8fwFRe5iB</latexit>

z̄

<latexit sha1_base64="M0uPJkYy+o9DtrFozskrfsj+oQc=">AAACA3icdVDLSsNAFL3xWeur6tLNYBFclaRqW3dFNy4r2Ae0oUwmk3boZBJmJkItXfoDbvUP3IlbP8Qf8DuctBGs6IELh3Pu5d57vJgzpW37w1paXlldW89t5De3tnd2C3v7LRUlktAmiXgkOx5WlDNBm5ppTjuxpDj0OG17o6vUb99RqVgkbvU4pm6IB4IFjGBtpE5PsUGI+/f9QtEu2Xb5/LSG5qRqZ6RygRxDUhQhQ6Nf+Oz5EUlCKjThWKmuY8fanWCpGeF0mu8lisaYjPCAdg0VOKTKnczunaJjo/goiKQpodFM/TkxwaFS49AznSHWQ/XbS8W/vG6ig5o7YSJONBVkvihIONIRSp9HPpOUaD42BBPJzK2IDLHERJuIFrb4Kj1tmjfBfH+P/ietcsmplCo3Z8X6ZRZRDg7hCE7AgSrU4Roa0AQCHB7hCZ6tB+vFerXe5q1LVjZzAAuw3r8A5DKYzg==</latexit>�z
<latexit sha1_base64="M0uPJkYy+o9DtrFozskrfsj+oQc=">AAACA3icdVDLSsNAFL3xWeur6tLNYBFclaRqW3dFNy4r2Ae0oUwmk3boZBJmJkItXfoDbvUP3IlbP8Qf8DuctBGs6IELh3Pu5d57vJgzpW37w1paXlldW89t5De3tnd2C3v7LRUlktAmiXgkOx5WlDNBm5ppTjuxpDj0OG17o6vUb99RqVgkbvU4pm6IB4IFjGBtpE5PsUGI+/f9QtEu2Xb5/LSG5qRqZ6RygRxDUhQhQ6Nf+Oz5EUlCKjThWKmuY8fanWCpGeF0mu8lisaYjPCAdg0VOKTKnczunaJjo/goiKQpodFM/TkxwaFS49AznSHWQ/XbS8W/vG6ig5o7YSJONBVkvihIONIRSp9HPpOUaD42BBPJzK2IDLHERJuIFrb4Kj1tmjfBfH+P/ietcsmplCo3Z8X6ZRZRDg7hCE7AgSrU4Roa0AQCHB7hCZ6tB+vFerXe5q1LVjZzAAuw3r8A5DKYzg==</latexit>�z

<latexit sha1_base64="0ztLT4sW1l2fUV4XxD/C1m0c+FI=">AAACDnicdVDLSsNAFJ3UV62vVJduBosgCCWp2tZd0Y3LCvYBTQiTyaQdOnkwM1Fq6D/4A271D9yJW3/BH/A7nLQRrOiBgcM593LPHDdmVEjD+NAKS8srq2vF9dLG5tb2jl7e7Yoo4Zh0cMQi3neRIIyGpCOpZKQfc4ICl5GeO77M/N4t4YJG4Y2cxMQO0DCkPsVIKsnRy8eWoMMAOffQYmrNQ45eMaqGUTs7acI5aRg5qZ9DU5EMFZCj7eiflhfhJCChxAwJMTCNWNop4pJiRqYlKxEkRniMhmSgaIgCIux0Fn0KD5XiQT/i6oUSztSfGykKhJgErpoMkByJ314m/uUNEuk37ZSGcSJJiOeH/IRBGcGsB+hRTrBkE0UQ5lRlhXiEOMJStbVwxRNZtGlJFfP9e/g/6daqZr1avz6ttC7yiopgHxyAI2CCBmiBK9AGHYDBHXgET+BZe9BetFftbT5a0PKdPbAA7f0Lpy+cYQ==</latexit>

+�z�
<latexit sha1_base64="Dy1Zw7vS+LK2r4QGpzE513oL1wg=">AAACDnicdVDLSsNAFJ3UV62vVJduBovgxpJUbeuu6MZlBfuAJoTJZNIOnTyYmSg19B/8Abf6B+7Erb/gD/gdTtoIVvTAwOGce7lnjhszKqRhfGiFpeWV1bXiemljc2t7Ry/vdkWUcEw6OGIR77tIEEZD0pFUMtKPOUGBy0jPHV9mfu+WcEGj8EZOYmIHaBhSn2IkleTo5WNL0GGAnHtoMbXmIUevGFXDqJ2dNOGcNIyc1M+hqUiGCsjRdvRPy4twEpBQYoaEGJhGLO0UcUkxI9OSlQgSIzxGQzJQNEQBEXY6iz6Fh0rxoB9x9UIJZ+rPjRQFQkwCV00GSI7Eby8T//IGifSbdkrDOJEkxPNDfsKgjGDWA/QoJ1iyiSIIc6qyQjxCHGGp2lq44oks2rSkivn+PfyfdGtVs16tX59WWhd5RUWwDw7AETBBA7TAFWiDDsDgDjyCJ/CsPWgv2qv2Nh8taPnOHliA9v4Fqn+cYw==</latexit>

��z�

Task 
Output

<latexit sha1_base64="ftAv3IQMDNsAu35WzWflzCBq1Is=">AAAB+3icdVDLSsNAFJ3UV62vWJduBotQNyGRWl0W3LisYFuhjWUyuWmHTh7MTNQa8ituXCji1h9x5984fQg+D1w4nHMv997jJZxJZdvvRmFhcWl5pbhaWlvf2Nwyt8ttGaeCQovGPBaXHpHAWQQtxRSHy0QACT0OHW90OvE71yAki6MLNU7ADckgYgGjRGmpb5Z7N8yHIVHZXX6VVZ2DHPfNim3ZzlGtbuPfxLHsKSpojmbffOv5MU1DiBTlRMquYyfKzYhQjHLIS71UQkLoiAygq2lEQpBuNr09x/ta8XEQC12RwlP160RGQinHoac7Q6KG8qc3Ef/yuqkKTtyMRUmqIKKzRUHKsYrxJAjsMwFU8bEmhAqmb8V0SAShSsdV0iF8for/J+1Dy6lb9fNapVGdx1FEu2gPVZGDjlEDnaEmaiGKbtE9ekRPRm48GM/Gy6y1YMxndtA3GK8fuT+ULA==</latexit>

bz(1)
<latexit sha1_base64="6INon+YndLBYHcC+IfN04P6+AzA=">AAAB+3icdVDLSsNAFJ3UV62vWJduBotQNyGRWl0W3LisYFuhjWUymbRDJw9mbtQa8ituXCji1h9x5984fQg+D1w4nHMv997jJYIrsO13o7CwuLS8Ulwtra1vbG6Z2+W2ilNJWYvGIpaXHlFM8Ii1gINgl4lkJPQE63ij04nfuWZS8Ti6gHHC3JAMIh5wSkBLfbPcu+E+GxLI7vKrrJoc5LhvVmzLdo5qdRv/Jo5lT1FBczT75lvPj2kasgioIEp1HTsBNyMSOBUsL/VSxRJCR2TAuppGJGTKzaa353hfKz4OYqkrAjxVv05kJFRqHHq6MyQwVD+9ifiX100hOHEzHiUpsIjOFgWpwBDjSRDY55JREGNNCJVc34rpkEhCQcdV0iF8for/J+1Dy6lb9fNapVGdx1FEu2gPVZGDjlEDnaEmaiGKbtE9ekRPRm48GM/Gy6y1YMxndtA3GK8fGYeUaw==</latexit>

bz(p)

<latexit sha1_base64="/mWexEhH3u2gEjgG62Fa6EF0Zug=">AAACEXicdVDLSsNAFJ34rPUVHzs3g0VwVZKqbd0V3bisYB/QhDCZTNqhk4czE6GGfIU/4Fb/wJ249Qv8Ab/DSRvBih4YOJxzL/fMcWNGhTSMD21hcWl5ZbW0Vl7f2Nza1nd2uyJKOCYdHLGI910kCKMh6UgqGenHnKDAZaTnji9zv3dHuKBReCMnMbEDNAypTzGSSnL0/VsntXyOcGohFo9QltayzNErRtUwamcnTTgjDaMg9XNoKpKjAgq0Hf3T8iKcBCSUmCEhBqYRSztFXFLMSFa2EkFihMdoSAaKhiggwk6n6TN4pBQP+hFXL5Rwqv7cSFEgxCRw1WSA5Ej89nLxL2+QSL9ppzSME0lCPDvkJwzKCOZVQI9ygiWbKIIwpyorxCOkupCqsLkrnsijZWVVzPfv4f+kW6ua9Wr9+rTSuigqKoEDcAiOgQkaoAWuQBt0AAb34BE8gWftQXvRXrW32eiCVuzsgTlo719UAJ51</latexit>q↵
2

<latexit sha1_base64="kfMt7MFY7/0VpYcrpTlPl3yo0q8=">AAACE3icdVDLSsNAFJ3UV62vqODGzWAR3FiSqm3dFd24rGAf0IQwmU7aoZOHMxOhxHyGP+BW/8CduPUD/AG/w0kbwYoeGDiccy/3zHEjRoU0jA+tsLC4tLxSXC2trW9sbunbOx0RxhyTNg5ZyHsuEoTRgLQllYz0Ik6Q7zLSdceXmd+9I1zQMLiRk4jYPhoG1KMYSSU5+t6tk5jHlscRTizEohFKk2qaOnrZqBhG9eykAWekbuSkdg5NRTKUQY6Wo39agxDHPgkkZkiIvmlE0k4QlxQzkpasWJAI4TEakr6iAfKJsJNp/hQeKmUAvZCrF0g4VX9uJMgXYuK7atJHciR+e5n4l9ePpdewExpEsSQBnh3yYgZlCLMy4IBygiWbKIIwpyorxCOkupCqsrkrA5FFS0uqmO/fw/9Jp1oxa5Xa9Wm5eZFXVAT74AAcARPUQRNcgRZoAwzuwSN4As/ag/aivWpvs9GClu/sgjlo7189YJ7n</latexit>q1�↵
2

<latexit sha1_base64="G1VO0gxXW1SBrLNxEprFXpFdp3g=">AAACA3icdVDLSsNAFL3xWeur6tLNYBHcWJKqbd0V3bisYB/QhjKZTNqhk0mYmQildOkPuNU/cCdu/RB/wO9w0kawogcuHM65l3vu9WLOlLbtD2tpeWV1bT23kd/c2t7ZLeztt1SUSEKbJOKR7HhYUc4EbWqmOe3EkuLQ47Ttja5Tv31PpWKRuNPjmLohHggWMIK1kTqnPW56fdwvFO2SbZcvzmpoTqp2RiqXyDEkRREyNPqFz54fkSSkQhOOleo6dqzdCZaaEU6n+V6iaIzJCA9o11CBQ6rcySzvFB0bxUdBJE0JjWbqz4kJDpUah57pDLEeqt9eKv7ldRMd1NwJE3GiqSDzRUHCkY5QejzymaRE87EhmEhmsiIyxBITbV60sMVXabRp3jzm+3r0P2mVS06lVLk9L9avshfl4BCO4AQcqEIdbqABTSDA4RGe4Nl6sF6sV+tt3rpkZTMHsADr/QtPvZhy</latexit>

��
<latexit sha1_base64="eH1c74DtC51NPAYcHHYxUufHRxk=">AAACA3icdVDLSsNAFL3xWeur6tLNYBEEoSRV27orunFZwT6gDWUymbRDJ5MwMxFK6dIfcKt/4E7c+iH+gN/hpI1gRQ9cOJxzL/fc68WcKW3bH9bS8srq2npuI7+5tb2zW9jbb6kokYQ2ScQj2fGwopwJ2tRMc9qJJcWhx2nbG12nfvueSsUicafHMXVDPBAsYARrI3VOe9z0+rhfKNol2y5fnNXQnFTtjFQukWNIiiJkaPQLnz0/IklIhSYcK9V17Fi7Eyw1I5xO871E0RiTER7QrqECh1S5k1neKTo2io+CSJoSGs3UnxMTHCo1Dj3TGWI9VL+9VPzL6yY6qLkTJuJEU0Hmi4KEIx2h9HjkM0mJ5mNDMJHMZEVkiCUm2rxoYYuv0mjTvHnM9/Xof9Iql5xKqXJ7XqxfZS/KwSEcwQk4UIU63EADmkCAwyM8wbP1YL1Yr9bbvHXJymYOYAHW+xdMf5hw</latexit>

+�

Adaptive

Anastasios N. Angelopoulos and Stephen Bates. Conformal prediction: A gentle introduction. Foundations and Trends in Machine Learning, 2023.
Romano, Y., Patterson, E., Candès, E.J.: Conformalized quantile regression. Proc. NeurIPS, 2019.
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Ø Dataset: fastMRI multicoil knee, non-fat-suppressed

Ø Task: Soft-output meniscus-tear classification

Ø Reconstruction models
§ Non-adaptive: E2E-VarNet point estimator
§ Adaptive: Conditional Normalizing Flow (CNF) posterior sampler

Experiments

Zbontar et al., fastMRI: An open dataset and benchmarks for accelerated MRI. arXiv:1811.08839, 2018.
Sriram, Zbontar, Murrell, Defazio, Zitnick, Yakubova, Knoll, and Johnson. End-to-end variational networks for accelerated MRI reconstruction. Proc. MICCAI, 2020.
Wen, Ahmad, and Schniter. A conditional normalizing flow for accelerated multi-coil MR imaging. Proc. ICML, 2023.
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Ø Perform 𝑇 = 10000 Monte Carlo trials:
§ Randomly split validation set
• 70% for calibration
• 30% for testing

§ Compute empirical coverage

Empirical verification of coverage

<latexit sha1_base64="83wVLPCwPVrsy0z/rBwQ25wBYbE="></latexit>

EC[t] =
1

|Itest[t]|
X

i2Itest[t]

1
n
zi 2 C�̂(dcal[t])

({x̂(j)
i }

o

Coverage
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<latexit sha1_base64="KW7WO1OrxHN2BcihqWYJYP2ivB8=">AAACCHicbVDLSsNAFL2pr1pfVZduBovgqiSi1Y1QdOOygn1AG8pkMmmHTiZxZiKU0B/wB9zqH7gTt/6FP+B3OGmzsK0Hhjmccy/3cLyYM6Vt+9sqrKyurW8UN0tb2zu7e+X9g5aKEklok0Q8kh0PK8qZoE3NNKedWFIcepy2vdFt5refqFQsEg96HFM3xAPBAkawNpLbwzweYnSN7Kp90S9XzDcFWiZOTiqQo9Ev//T8iCQhFZpwrFTXsWPtplhqRjidlHqJojEmIzygXUMFDqly02noCToxio+CSJonNJqqfzdSHCo1Dj0zGWI9VIteJv7ndRMdXLkpE3GiqSCzQ0HCkY5Q1gDymaRE87EhmEhmsiIyxBITbXqau+KrLNqkZIpxFmtYJq2zqlOr1u7PK/WbvKIiHMExnIIDl1CHO2hAEwg8wgu8wpv1bL1bH9bnbLRg5TuHMAfr6xfs75km</latexit>

↵ = 0.05Histograms of Empirical Coverage for 
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Ø Adaptive schemes yield smaller uncertainty intervals
Ø CQR is robust to the use of very few posterior samples 

Comparison of prediction methods
Task-Driven UQ via Conformal Prediction 9

Acceleration
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<latexit sha1_base64="VX/2JJ8X06Y5/1qw1V2dIozzowU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNQY8kXjyCkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj27nffkKleSwfzCRBP6JDyUPOqLFS475fLLkVdwGyTryMlCBDvV/86g1ilkYoDRNU667nJsafUmU4Ezgr9FKNCWVjOsSupZJGqP3p4tAZubDKgISxsiUNWai/J6Y00noSBbYzomakV725+J/XTU1440+5TFKDki0XhakgJibzr8mAK2RGTCyhTHF7K2EjqigzNpuCDcFbfXmdtC4rXrVSbVyVauUsjjycwTmUwYNrqMEd1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AKhhjMc=</latexit>

R

(a) Mean Interval Length vs. R

Number of Posteriors, <latexit sha1_base64="10MUtuHQ34oHVuQSjLB11HAfoAU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSL0VBKR6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUTAalslt1FyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20r6perVprXpfrlTyOApzDBVTAgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A1dmM5Q==</latexit> p
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(b) Mean Interval Length vs p

Fig. 4: a) Average mean interval length versus acceleration R with p = 32 samples.
b) Mean interval length versus p with acceleration R = 16. All results use error-rate
↵ = 0.05 and T = 10000 trials.

test fold t. Finally, we average performance over the T trials. Further details are
given below.

4.1 Effect of Acceleration Rate and Conformal Prediction Scheme

We have seen that the interval length |C({bx(j)}; dcal)| provides a way to quantify
the uncertainty that the measurement-and-reconstruction scheme contributes to
the meniscus-classification task. So a natural question is: How is the interval
length affected by the MRI acceleration R? We study this question below.

For a fixed acceleration R, the interval length is also affected by the choice
of conformal predictor. All else being equal, better conformal predictors yield
smaller uncertainty sets [3]. So another question is: How is the interval length
affected by selecting among the AR, LWR, or CQR conformal methods?

To answer these questions, we compute the “average mean interval length”
MIL , 1

T

PT
t=1 MIL[t] using the trial-t mean interval length

MIL[t] , 1

|Itest[t]|
X

i2Itest[t]

��C
�
{bx(j)

i }p
j=1; dcal[t]

���, (13)

Figure 4 plots the average mean interval length versus R for the AR, LWR, and
CQR conformal predictors using T = 10000 trials, p = 32 posterior samples, and
error-rate ↵ = 0.05. The figure shows that, as expected, the average mean inter-
val length decreases as more measurements are collected (i.e., as R decreases).
The figure also shows that, as expected, the (locally adaptive) LWR and CQR
methods give consistently smaller average mean interval lengths than the (non-
adaptive) AR method. In this sense, posterior sampling is advantageous over
point sampling.
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A multi-round measurement scheme with uncertainty guarantees 

Collect more 
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Get image 
reconstructions
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interval
Stop

No
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<latexit sha1_base64="PZErkqRdqifO7n4R7Sxv/rqNAK4=">AAACD3icdVDLSsNAFJ34rPUVdelmsCjpJiRSq8tCNy4r2Ac0tUwmk3bs5MHMRC0hf+DGX3HjQhG3bt35N07aCj4PXDiccy/33uPGjAppWe/a3PzC4tJyYaW4ura+salvbbdElHBMmjhiEe+4SBBGQ9KUVDLSiTlBgctI2x3Vc799RbigUXguxzHpBWgQUp9iJJXU1w+cAMkhRiytZ9CATgqda+qRIZLpTXaRGpflDDpZua+XLNOyjypVC/4mtmlNUAIzNPr6m+NFOAlIKDFDQnRtK5a9FHFJMSNZ0UkEiREeoQHpKhqigIheOvkng/tK8aAfcVWhhBP160SKAiHGgas68+vFTy8X//K6ifRPeikN40SSEE8X+QmDMoJ5ONCjnGDJxoogzKm6FeIh4ghLFWFRhfD5KfyftA5Nu2pWzyqlmjGLowB2wR4wgA2OQQ2cggZoAgxuwT14BE/anfagPWsv09Y5bTazA75Be/0AECeb/Q==</latexit>

C({bx(j)})

<latexit sha1_base64="vq5RO097JEocoGPzFqAqqstsktc="></latexit>

|C({bx(j)})|  ⌧
<latexit sha1_base64="OYeQUqii2i3UBM/BMRsNU97RB2s=">AAACCnicdVDLSsNAFJ34rPUVdelmtAh1ExKp1Y1QcOOygn1AE8NkMmmnnTyYmaglZO3GX3HjQhG3foE7/8bpQ/B54MKZc+5l7j1ewqiQpvmuzczOzS8sFpaKyyura+v6xmZTxCnHpIFjFvO2hwRhNCINSSUj7YQTFHqMtLzB6chvXREuaBxdyGFCnBB1IxpQjKSSXH3HzqB9TX3SQzK7yS+zcn8/h3buZv0TSz2T3NVLpmFah5WqCX8TyzDHKIEp6q7+ZvsxTkMSScyQEB3LTKSTIS4pZiQv2qkgCcID1CUdRSMUEuFk41NyuKcUHwYxVxVJOFa/TmQoFGIYeqozRLInfnoj8S+vk8rg2MlolKSSRHjyUZAyKGM4ygX6lBMs2VARhDlVu0LcQxxhqdIrqhA+L4X/k+aBYVWN6nmlVCtP4yiAbbALysACR6AGzkAdNAAGt+AePIIn7U570J61l0nrjDad2QLfoL1+AIUGmr4=</latexit>

{bx(j)}pj=1

Task Output

<latexit sha1_base64="VlPiZXN8POdz0zgZlMmSftMhNpQ=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSL0VBKR6rHgxWMF0xbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5m/udJ1SaJ/LRTFMMYjqSPOKMGiv54SAXs0Gl6tbdBcg68QpShQKtQeWrP0xYFqM0TFCte56bmiCnynAmcFbuZxpTyiZ0hD1LJY1RB/ni2Bm5tMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroNci7TzKBky0VRJohJyPxzMuQKmRFTSyhT3N5K2JgqyozNp2xD8FZfXiftq7rXqDcerqvNWhFHCc7hAmrgwQ004R5a4AMDDs/wCm+OdF6cd+dj2brhFDNn8AfO5w8EDI7C</latexit>

bl
<latexit sha1_base64="mmvUH7q4nKVGBJaZZdbETkYPYaE=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcuK9gFtKJPJpB06mYSZiRBCwR9wq3/gTtz6K/6A3+GkzcK2Hhg4nHMv98zxYs6Utu1vq7S2vrG5Vd6u7Ozu7R9UD486KkokoW0S8Uj2PKwoZ4K2NdOc9mJJcehx2vUmt7nffaJSsUg86jSmbohHggWMYG2kB2+YDKs1u27PgFaJU5AaFGgNqz8DPyJJSIUmHCvVd+xYuxmWmhFOp5VBomiMyQSPaN9QgUOq3GwWdYrOjOKjIJLmCY1m6t+NDIdKpaFnJkOsx2rZy8X/vH6ig2s3YyJONBVkfihIONIRyv+NfCYp0Tw1BBPJTFZExlhiok07C1d8lUebVkwxznINq6RzUXca9cb9Za15U1RUhhM4hXNw4AqacActaAOBEbzAK7xZz9a79WF9zkdLVrFzDAuwvn4BhV6WVg==</latexit>

bu

Start 

<latexit sha1_base64="cT7yymzeQQfIGkO3YhkJDIIodVA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMxIjB4DXjwmYBZIhtDTqUna9Cx09whxyBd48aCIVz/Jm39jZxFcHxQ83quiqp6fCK6047xbuZXVtfWN/GZha3tnd6+4f9BScSoZNlksYtnxqULBI2xqrgV2Eok09AW2/fHlzG/folQ8jq71JEEvpMOIB5xRbaTGXb9YcmzHPatUHfKbuLYzRwmWqPeLb71BzNIQI80EVarrOon2Mio1ZwKnhV6qMKFsTIfYNTSiISovmx86JSdGGZAglqYiTebq14mMhkpNQt90hlSP1E9vJv7ldVMdXHgZj5JUY8QWi4JUEB2T2ddkwCUyLSaGUCa5uZWwEZWUaZNNwYTw+Sn5n7RObbdqVxuVUq28jCMPR3AMZXDhHGpwBXVoAgOEe3iEJ+vGerCerZdFa85azhzCN1ivHypzjR8=</latexit>z
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Ø Error rate 
Ø Threshold 

Quantitative results for the multi-round measurement scheme
<latexit sha1_base64="icbyrNl1YW+BoaODFpU73YTbrzU=">AAACCHicbVBLSgNBFHzjN8Zf1KWbxiC4CjMi0Y0QdOMygvlAMoQ3PZ2kSc/H7h4hDLmAF3CrN3Anbr2FF/Ac9iSzMIkFTRdV7/GK8mLBlbbtb2tldW19Y7OwVdze2d3bLx0cNlWUSMoaNBKRbHuomOAha2iuBWvHkmHgCdbyRreZ33piUvEofNDjmLkBDkLe5xS1kdwuiniI5JrYFdvplcrmm4IsEycnZchR75V+un5Ek4CFmgpUquPYsXZTlJpTwSbFbqJYjHSEA9YxNMSAKTedhp6QU6P4pB9J80JNpurfjRQDpcaBZyYD1EO16GXif14n0f0rN+VhnGgW0tmhfiKIjkjWAPG5ZFSLsSFIJTdZCR2iRKpNT3NXfJVFmxRNMc5iDcukeV5xqpXq/UW5dpNXVIBjOIEzcOASanAHdWgAhUd4gVd4s56td+vD+pyNrlj5zhHMwfr6BeaPmSI=</latexit>

↵ = 0.01
<latexit sha1_base64="g9H1A0SpfXWt5z+AA8T36M20nas=">AAACBXicbVDLSsNAFL3xWeur6tLNYBFchUSkuhGKblxWsA9sQ5lMJu3QySTMTIQSuvYH3OofuBO3foc/4Hc4abOwrQcGDufcyz1z/IQzpR3n21pZXVvf2Cxtlbd3dvf2KweHLRWnktAmiXksOz5WlDNBm5ppTjuJpDjyOW37o9vcbz9RqVgsHvQ4oV6EB4KFjGBtpMeexim6Ro7t9itVx3amQMvELUgVCjT6lZ9eEJM0okITjpXquk6ivQxLzQink3IvVTTBZIQHtGuowBFVXjZNPEGnRglQGEvzhEZT9e9GhiOlxpFvJiOsh2rRy8X/vG6qwysvYyJJNRVkdihMOdIxyr+PAiYp0XxsCCaSmayIDLHERJuS5q4EKo82KZti3MUalknr3HZrdu3+olq/KSoqwTGcwBm4cAl1uIMGNIGAgBd4hTfr2Xq3PqzP2eiKVewcwRysr1/z2ZgY</latexit>

⌧ = 0.1

Acceleration

Fr
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Distribution of Accepted Accelerations

<latexit sha1_base64="m1ECl6bnFmnYiRHHoz6ArkRS57E="></latexit>

Method Average
Acceleration

Empirical
Coverage

AR 2.000 0.991± 0.008
LWR 5.157 0.992± 0.005
CQR 6.762 0.987± 0.008

± Standard Error
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Visual examples for the multi-round measurement scheme

Ground TruthMeasurements

0.6 0.9

Reconstruction 1 Reconstruction 2 Pixel Std Dev

<latexit sha1_base64="3qZWkgSeKtvQCzhO+p4tc3vJgVo="></latexit>

|C({bx(j)})| = 0.192

<latexit sha1_base64="6OqF0S2lH5rujdez2Uo/AkkNkL0="></latexit>

|C({bx(j)})| = 0.061

Intervals

Ground Truth

Posterior Sample
Range
Prediction
Interval

<latexit sha1_base64="0+dHDsovziXe6ZVTjdn4k5Pfwlc=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiDkNMxoTMxBCHjxGMEskgyhp9OTNOmeGbp7hDjkK7x4UMSrn+PNv7GzCK4PCh7vVVFVz485U9px3q3M0vLK6lp2PbexubW9k9/da6ookYQ2SMQj2faxopyFtKGZ5rQdS4qFz2nLH11M/dYtlYpF4bUex9QTeBCygBGsjXRzh86RY1dKp718wbGrJadaOUG/iWs7MxRggXov/9btRyQRNNSEY6U6rhNrL8VSM8LpJNdNFI0xGeEB7RgaYkGVl84OnqAjo/RREElToUYz9etEioVSY+GbToH1UP30puJfXifRwZmXsjBONA3JfFGQcKQjNP0e9ZmkRPOxIZhIZm5FZIglJtpklDMhfH6K/ifNY9st2+WrUqFWXMSRhQM4hCK4UIEaXEIdGkBAwD08wpMlrQfr2XqZt2asxcw+fIP1+gHerY8a</latexit>

z = 0.745
<latexit sha1_base64="gmLF+2FcMSOj89AWrt6deUTRMoI=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBG6CmmtabsQCm5cVrAPaEOZTCbt0MkkzEyUGOqvuHGhiFs/xJ1/4/QhqOiBC4dz7uXee7yYUals+8NYWV1b39jMbeW3d3b39s2Dw46MEoFJG0csEj0PScIoJ21FFSO9WBAUeox0vcnFzO/eECFpxK9VGhM3RCNOA4qR0tLQLAxuqU/GSGV3U3gObavm1IZm0bYaZ1Wn4Wih4dj1emVBnNMqLFv2HEWwRGtovg/8CCch4QozJGW/bMfKzZBQFDMyzQ8SSWKEJ2hE+ppyFBLpZvPjp/BEKz4MIqGLKzhXv09kKJQyDT3dGSI1lr+9mfiX109UUHczyuNEEY4Xi4KEQRXBWRLQp4JgxVJNEBZU3wrxGAmElc4rr0P4+hT+TzoVq+xYzlW12Cwt48iBI3AMSqAMaqAJLkELtAEGKXgAT+DZuDcejRfjddG6YixnCuAHjLdPdcaT8Q==</latexit>

bz = 0.767
<latexit sha1_base64="JcTGqfx52rDm8UGz4YRSq9TA95Y=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBG6CkmtaboQCm5cVrAPaEOZTCbt0MmDmYkSQ/0VNy4UceuHuPNvnD4EFT1w4XDOvdx7j5cwKqRpfmgrq2vrG5uFreL2zu7evn5w2BFxyjFp45jFvOchQRiNSFtSyUgv4QSFHiNdb3Ix87s3hAsaR9cyS4gbolFEA4qRVNJQLw1uqU/GSOZ3U3gOTaNuOkO9bBqNs5rdsJXQsE3HqS6IfVqDlmHOUQZLtIb6+8CPcRqSSGKGhOhbZiLdHHFJMSPT4iAVJEF4gkakr2iEQiLcfH78FJ4oxYdBzFVFEs7V7xM5CoXIQk91hkiOxW9vJv7l9VMZOG5OoySVJMKLRUHKoIzhLAnoU06wZJkiCHOqboV4jDjCUuVVVCF8fQr/J52qYdmGfVUrNyvLOArgCByDCrBAHTTBJWiBNsAgAw/gCTxr99qj9qK9LlpXtOVMCfyA9vYJbiyT7A==</latexit>

bz = 0.708

<latexit sha1_base64="/5ekJu5CiexV9LjbKRl6NMggDhw=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBG6Colo0y6EghuXFewD2lAmk0k7dDIJMxMlhvorblwo4tYPceffOH0gPg9cOJxzL/fe4yeMSmXb78bS8srq2npho7i5tb2za+7tt2WcCkxaOGax6PpIEkY5aSmqGOkmgqDIZ6Tjj8+nfueaCEljfqWyhHgRGnIaUoyUlgZmqX9DAzJCKr+dwDNoW+6pOzDLtlWv1mtuDTqWPcNvUgYLNAfmWz+IcRoRrjBDUvYcO1FejoSimJFJsZ9KkiA8RkPS05SjiEgvnx0/gUdaCWAYC11cwZn6dSJHkZRZ5OvOCKmR/OlNxb+8XqrCmpdTnqSKcDxfFKYMqhhOk4ABFQQrlmmCsKD6VohHSCCsdF5FHcL/v3+S9rHlVK3q5Um5UVnEUQAH4BBUgANc0AAXoAlaAIMM3INH8GTcGQ/Gs/Eyb10yFjMl8A3G6wcrnpO9</latexit>

bz = 0.757
<latexit sha1_base64="NhqllVDvYE5Gh2nM7Ptsshea9ws=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovQVUhE2nQhFNy4rGAf0IYymUzaoZNJmJkoMdRfceNCEbd+iDv/xukD8XngwuGce7n3Hj9hVCrbfjcKK6tr6xvFzdLW9s7unrl/0JFxKjBp45jFoucjSRjlpK2oYqSXCIIin5GuPzmf+d1rIiSN+ZXKEuJFaMRpSDFSWhqa5cENDcgYqfx2Cs+gbdXd06FZsa1GreHWXehY9hy/SQUs0Rqab4MgxmlEuMIMSdl37ER5ORKKYkampUEqSYLwBI1IX1OOIiK9fH78FB5rJYBhLHRxBefq14kcRVJmka87I6TG8qc3E//y+qkKXS+nPEkV4XixKEwZVDGcJQEDKghWLNMEYUH1rRCPkUBY6bxKOoT/f/8knRPLqVm1y9NKs7qMowgOwRGoAgfUQRNcgBZoAwwycA8ewZNxZzwYz8bLorVgLGfK4BuM1w8roZO9</latexit>

bz = 0.784

<latexit sha1_base64="LBVe/ljKfwebmropulBwszXNtlQ=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoOQ07IrunoRAl48RjEPSJYwO5lNhszMLjOzQgj5BS8eFPHqD3nzb5xNIvgsaCiquunuilLOtPG8d6ewtLyyulZcL21sbm3vlHf3mjrJFKENkvBEtSOsKWeSNgwznLZTRbGIOG1Fo8vcb91RpVkib804paHAA8liRrDJpZsLP+iVK57r+acngYd+E9/1ZqjAAvVe+a3bT0gmqDSEY607vpeacIKVYYTTaambaZpiMsID2rFUYkF1OJndOkVHVumjOFG2pEEz9evEBAutxyKynQKbof7p5eJfXicz8Xk4YTLNDJVkvijOODIJyh9HfaYoMXxsCSaK2VsRGWKFibHxlGwIn5+i/0nz2PUDN7g+qdSqiziKcACHUAUfzqAGV1CHBhAYwj08wpMjnAfn2XmZtxacxcw+fIPz+gFWxY25</latexit>

R
=

16
<latexit sha1_base64="rPyr56cBil7cEMFFOxR1Dqoiiuo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiDkNMxIjF6EgBePcckCyRB6Oj1Jk+6eobtHCEM+wYsHRbz6Rd78GzuL4Pqg4PFeFVX1woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6GLqt+6o0iyWt2ac0EDggWQRI9hY6eb6vNIrljzX808qVQ/9Jr7rzVCCBeq94lu3H5NUUGkIx1p3fC8xQYaVYYTTSaGbappgMsID2rFUYkF1kM1OnaAjq/RRFCtb0qCZ+nUiw0LrsQhtp8BmqH96U/Evr5Oa6CzImExSQyWZL4pSjkyMpn+jPlOUGD62BBPF7K2IDLHCxNh0CjaEz0/R/6R57PpVt3pVKdXKizjycACHUAYfTqEGl1CHBhAYwD08wpPDnQfn2XmZt+acxcw+fIPz+gHjwo18</latexit>

R
=

4

0.6 0.9

<latexit sha1_base64="g9H1A0SpfXWt5z+AA8T36M20nas=">AAACBXicbVDLSsNAFL3xWeur6tLNYBFchUSkuhGKblxWsA9sQ5lMJu3QySTMTIQSuvYH3OofuBO3foc/4Hc4abOwrQcGDufcyz1z/IQzpR3n21pZXVvf2Cxtlbd3dvf2KweHLRWnktAmiXksOz5WlDNBm5ppTjuJpDjyOW37o9vcbz9RqVgsHvQ4oV6EB4KFjGBtpMeexim6Ro7t9itVx3amQMvELUgVCjT6lZ9eEJM0okITjpXquk6ivQxLzQink3IvVTTBZIQHtGuowBFVXjZNPEGnRglQGEvzhEZT9e9GhiOlxpFvJiOsh2rRy8X/vG6qwysvYyJJNRVkdihMOdIxyr+PAiYp0XxsCCaSmayIDLHERJuS5q4EKo82KZti3MUalknr3HZrdu3+olq/KSoqwTGcwBm4cAl1uIMGNIGAgBd4hTfr2Xq3PqzP2eiKVewcwRysr1/z2ZgY</latexit>

⌧ = 0.1Ø If the threshold was                 then              would suffice, but not
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Ø Goal: Construct an interval guaranteed to contain the true task    
output      with probability
   

Ø Accomplished this using conformal prediction
§ Investigated three prediction methods: AR, LWR, CQR
§ LWR and CQR leverage a posterior sampler to adapt         to
§ CQR is robust to very few posterior samples

Ø Proposed a multi-round protocol with uncertainty guarantees
§ Adaptive schemes offer large acceleration gains over non-adaptive

Conclusion

<latexit sha1_base64="cCN2lX2nEg5+mNJk3zVnuXy6lwU=">AAAB/HicbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUL9gFtKJPJTTt0MgkzEyGE+gNu9Q/ciVv/xR/wO5y0WdjWAwOHc+7lnjlezJnStv1tlTY2t7Z3yruVvf2Dw6Pq8UlXRYmk0KERj2TfIwo4E9DRTHPoxxJI6HHoedP73O89gVQsEo86jcENyViwgFGijdROR9WaXbfnwOvEKUgNFWiNqj9DP6JJCEJTTpQaOHas3YxIzSiHWWWYKIgJnZIxDAwVJATlZvOgM3xhFB8HkTRPaDxX/25kJFQqDT0zGRI9UateLv7nDRId3LoZE3GiQdDFoSDhWEc4/zX2mQSqeWoIoZKZrJhOiCRUm26WrvgqjzarmGKc1RrWSfeq7jTqjfZ1rXlXVFRGZ+gcXSIH3aAmekAt1EEUAXpBr+jNerberQ/rczFasoqdU7QE6+sXDQKVhQ==</latexit>y
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Ø Suppose                             with i.i.d                                  
§ We’re ignoring the feature      to keep things simple

Ø Suppose we want to find                           and                such that

Ø If we set                                                                       then

Ø Can we do something similar that holds with finite    ? 

Intuition behind conformal prediction

Tibshirani R., Conformal Prediction. Advanced Topics in Statistical Learning. Spring 2023.
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Ø Note that, since                                    are i.i.d, the rank of           is  
uniform in

Ø This implies that

Ø Equivalently,

Intuition behind conformal prediction (cont.)


