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Online Personalization

• Learn from interacting with 
users in production

• No counterfactuals
• Exploration vs Exploitation
• Optimize whole-page layout
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Industry Standard: A/B Testing

Given policy    :


1. Use     for 1/2 of traffic (at random)


2. Evaluate    ’s quality (click prob.)

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>
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Two main issues:

Industry Standard: A/B Testing

Given policy    :


1. Use     for 1/2 of traffic (at random)


2. Evaluate    ’s quality (click prob.)

⇡
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<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>



Two main issues:

1. Poor performance while evaluating policies

Industry Standard: A/B Testing

Given policy    :


1. Use     for 1/2 of traffic (at random)


2. Evaluate    ’s quality (click prob.)

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>



Two main issues:

1. Poor performance while evaluating policies

2. Requires                samples to evaluate       policies

Industry Standard: A/B Testing

Given policy    :


1. Use     for 1/2 of traffic (at random)


2. Evaluate    ’s quality (click prob.)

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

O(|⇧|)
<latexit sha1_base64="UqoH5jhrVLaIrE8sF0eEr/jGQ6M=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvHgzgnlAsoTZySQZMju7zvQKYZOf8OJBEa/+jjf/xkmyB00saCiquunuCmIpDLrut5NbW9/Y3MpvF3Z29/YPiodHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6GbmN5+4NiJSDziOuR/SgRJ9wShaqXVXnnRqYnLeLZbcijsHWSVeRkqQodYtfnV6EUtCrpBJakzbc2P0U6pRMMmnhU5ieEzZiA5421JFQ278dH7vlJxZpUf6kbalkMzV3xMpDY0Zh4HtDCkOzbI3E//z2gn2r/1UqDhBrthiUT+RBCMye570hOYM5dgSyrSwtxI2pJoytBEVbAje8surpHFR8dyKd39ZqlazOPJwAqdQBg+uoAq3UIM6MJDwDK/w5jw6L86787FozTnZzDH8gfP5A0nXj3U=</latexit><latexit sha1_base64="UqoH5jhrVLaIrE8sF0eEr/jGQ6M=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvHgzgnlAsoTZySQZMju7zvQKYZOf8OJBEa/+jjf/xkmyB00saCiquunuCmIpDLrut5NbW9/Y3MpvF3Z29/YPiodHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6GbmN5+4NiJSDziOuR/SgRJ9wShaqXVXnnRqYnLeLZbcijsHWSVeRkqQodYtfnV6EUtCrpBJakzbc2P0U6pRMMmnhU5ieEzZiA5421JFQ278dH7vlJxZpUf6kbalkMzV3xMpDY0Zh4HtDCkOzbI3E//z2gn2r/1UqDhBrthiUT+RBCMye570hOYM5dgSyrSwtxI2pJoytBEVbAje8surpHFR8dyKd39ZqlazOPJwAqdQBg+uoAq3UIM6MJDwDK/w5jw6L86787FozTnZzDH8gfP5A0nXj3U=</latexit><latexit sha1_base64="UqoH5jhrVLaIrE8sF0eEr/jGQ6M=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvHgzgnlAsoTZySQZMju7zvQKYZOf8OJBEa/+jjf/xkmyB00saCiquunuCmIpDLrut5NbW9/Y3MpvF3Z29/YPiodHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6GbmN5+4NiJSDziOuR/SgRJ9wShaqXVXnnRqYnLeLZbcijsHWSVeRkqQodYtfnV6EUtCrpBJakzbc2P0U6pRMMmnhU5ieEzZiA5421JFQ278dH7vlJxZpUf6kbalkMzV3xMpDY0Zh4HtDCkOzbI3E//z2gn2r/1UqDhBrthiUT+RBCMye570hOYM5dgSyrSwtxI2pJoytBEVbAje8surpHFR8dyKd39ZqlazOPJwAqdQBg+uoAq3UIM6MJDwDK/w5jw6L86787FozTnZzDH8gfP5A0nXj3U=</latexit><latexit sha1_base64="UqoH5jhrVLaIrE8sF0eEr/jGQ6M=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvHgzgnlAsoTZySQZMju7zvQKYZOf8OJBEa/+jjf/xkmyB00saCiquunuCmIpDLrut5NbW9/Y3MpvF3Z29/YPiodHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6GbmN5+4NiJSDziOuR/SgRJ9wShaqXVXnnRqYnLeLZbcijsHWSVeRkqQodYtfnV6EUtCrpBJakzbc2P0U6pRMMmnhU5ieEzZiA5421JFQ278dH7vlJxZpUf6kbalkMzV3xMpDY0Zh4HtDCkOzbI3E//z2gn2r/1UqDhBrthiUT+RBCMye570hOYM5dgSyrSwtxI2pJoytBEVbAje8surpHFR8dyKd39ZqlazOPJwAqdQBg+uoAq3UIM6MJDwDK/w5jw6L86787FozTnZzDH8gfP5A0nXj3U=</latexit>

|⇧|
<latexit sha1_base64="6hJPEz4ICay4OX8vSNzlAz/u1yo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKpi20oWy2m3bpZhN2J0JJ+xu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fju7nffuLaiEQ94iTlQUyHSkSCUbSSP+01xbRfrbl1dwGyTryC1KBAs1/96g0SlsVcIZPUmK7nphjkVKNgks8qvczwlLIxHfKupYrG3AT54tgZubDKgESJtqWQLNTfEzmNjZnEoe2MKY7MqjcX//O6GUa3QS5UmiFXbLkoyiTBhMw/JwOhOUM5sYQyLeythI2opgxtPhUbgrf68jppXdU9t+49XNcajSKOMpzBOVyCBzfQgHtogg8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx/jSY63</latexit><latexit sha1_base64="6hJPEz4ICay4OX8vSNzlAz/u1yo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKpi20oWy2m3bpZhN2J0JJ+xu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fju7nffuLaiEQ94iTlQUyHSkSCUbSSP+01xbRfrbl1dwGyTryC1KBAs1/96g0SlsVcIZPUmK7nphjkVKNgks8qvczwlLIxHfKupYrG3AT54tgZubDKgESJtqWQLNTfEzmNjZnEoe2MKY7MqjcX//O6GUa3QS5UmiFXbLkoyiTBhMw/JwOhOUM5sYQyLeythI2opgxtPhUbgrf68jppXdU9t+49XNcajSKOMpzBOVyCBzfQgHtogg8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx/jSY63</latexit><latexit sha1_base64="6hJPEz4ICay4OX8vSNzlAz/u1yo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKpi20oWy2m3bpZhN2J0JJ+xu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fju7nffuLaiEQ94iTlQUyHSkSCUbSSP+01xbRfrbl1dwGyTryC1KBAs1/96g0SlsVcIZPUmK7nphjkVKNgks8qvczwlLIxHfKupYrG3AT54tgZubDKgESJtqWQLNTfEzmNjZnEoe2MKY7MqjcX//O6GUa3QS5UmiFXbLkoyiTBhMw/JwOhOUM5sYQyLeythI2opgxtPhUbgrf68jppXdU9t+49XNcajSKOMpzBOVyCBzfQgHtogg8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx/jSY63</latexit><latexit sha1_base64="6hJPEz4ICay4OX8vSNzlAz/u1yo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKpi20oWy2m3bpZhN2J0JJ+xu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fju7nffuLaiEQ94iTlQUyHSkSCUbSSP+01xbRfrbl1dwGyTryC1KBAs1/96g0SlsVcIZPUmK7nphjkVKNgks8qvczwlLIxHfKupYrG3AT54tgZubDKgESJtqWQLNTfEzmNjZnEoe2MKY7MqjcX//O6GUa3QS5UmiFXbLkoyiTBhMw/JwOhOUM5sYQyLeythI2opgxtPhUbgrf68jppXdU9t+49XNcajSKOMpzBOVyCBzfQgHtogg8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx/jSY63</latexit>



Two main issues:

1. Poor performance while evaluating policies

2. Requires                samples to evaluate       policies

Industry Standard: A/B Testing

Given policy    :


1. Use     for 1/2 of traffic (at random)


2. Evaluate    ’s quality (click prob.)

Can do exponentially better with contextual bandits!

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

⇡
<latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit><latexit sha1_base64="7YlkrurOAYOv+Ch30L7WpchFVys=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99FLed6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AU+9jc0=</latexit>

O(|⇧|)
<latexit sha1_base64="UqoH5jhrVLaIrE8sF0eEr/jGQ6M=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvHgzgnlAsoTZySQZMju7zvQKYZOf8OJBEa/+jjf/xkmyB00saCiquunuCmIpDLrut5NbW9/Y3MpvF3Z29/YPiodHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6GbmN5+4NiJSDziOuR/SgRJ9wShaqXVXnnRqYnLeLZbcijsHWSVeRkqQodYtfnV6EUtCrpBJakzbc2P0U6pRMMmnhU5ieEzZiA5421JFQ278dH7vlJxZpUf6kbalkMzV3xMpDY0Zh4HtDCkOzbI3E//z2gn2r/1UqDhBrthiUT+RBCMye570hOYM5dgSyrSwtxI2pJoytBEVbAje8surpHFR8dyKd39ZqlazOPJwAqdQBg+uoAq3UIM6MJDwDK/w5jw6L86787FozTnZzDH8gfP5A0nXj3U=</latexit><latexit sha1_base64="UqoH5jhrVLaIrE8sF0eEr/jGQ6M=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvHgzgnlAsoTZySQZMju7zvQKYZOf8OJBEa/+jjf/xkmyB00saCiquunuCmIpDLrut5NbW9/Y3MpvF3Z29/YPiodHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6GbmN5+4NiJSDziOuR/SgRJ9wShaqXVXnnRqYnLeLZbcijsHWSVeRkqQodYtfnV6EUtCrpBJakzbc2P0U6pRMMmnhU5ieEzZiA5421JFQ278dH7vlJxZpUf6kbalkMzV3xMpDY0Zh4HtDCkOzbI3E//z2gn2r/1UqDhBrthiUT+RBCMye570hOYM5dgSyrSwtxI2pJoytBEVbAje8surpHFR8dyKd39ZqlazOPJwAqdQBg+uoAq3UIM6MJDwDK/w5jw6L86787FozTnZzDH8gfP5A0nXj3U=</latexit><latexit sha1_base64="UqoH5jhrVLaIrE8sF0eEr/jGQ6M=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvHgzgnlAsoTZySQZMju7zvQKYZOf8OJBEa/+jjf/xkmyB00saCiquunuCmIpDLrut5NbW9/Y3MpvF3Z29/YPiodHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6GbmN5+4NiJSDziOuR/SgRJ9wShaqXVXnnRqYnLeLZbcijsHWSVeRkqQodYtfnV6EUtCrpBJakzbc2P0U6pRMMmnhU5ieEzZiA5421JFQ278dH7vlJxZpUf6kbalkMzV3xMpDY0Zh4HtDCkOzbI3E//z2gn2r/1UqDhBrthiUT+RBCMye570hOYM5dgSyrSwtxI2pJoytBEVbAje8surpHFR8dyKd39ZqlazOPJwAqdQBg+uoAq3UIM6MJDwDK/w5jw6L86787FozTnZzDH8gfP5A0nXj3U=</latexit><latexit sha1_base64="UqoH5jhrVLaIrE8sF0eEr/jGQ6M=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvHgzgnlAsoTZySQZMju7zvQKYZOf8OJBEa/+jjf/xkmyB00saCiquunuCmIpDLrut5NbW9/Y3MpvF3Z29/YPiodHDRMlmvE6i2SkWwE1XArF6yhQ8lasOQ0DyZvB6GbmN5+4NiJSDziOuR/SgRJ9wShaqXVXnnRqYnLeLZbcijsHWSVeRkqQodYtfnV6EUtCrpBJakzbc2P0U6pRMMmnhU5ieEzZiA5421JFQ278dH7vlJxZpUf6kbalkMzV3xMpDY0Zh4HtDCkOzbI3E//z2gn2r/1UqDhBrthiUT+RBCMye570hOYM5dgSyrSwtxI2pJoytBEVbAje8surpHFR8dyKd39ZqlazOPJwAqdQBg+uoAq3UIM6MJDwDK/w5jw6L86787FozTnZzDH8gfP5A0nXj3U=</latexit>

|⇧|
<latexit sha1_base64="6hJPEz4ICay4OX8vSNzlAz/u1yo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKpi20oWy2m3bpZhN2J0JJ+xu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fju7nffuLaiEQ94iTlQUyHSkSCUbSSP+01xbRfrbl1dwGyTryC1KBAs1/96g0SlsVcIZPUmK7nphjkVKNgks8qvczwlLIxHfKupYrG3AT54tgZubDKgESJtqWQLNTfEzmNjZnEoe2MKY7MqjcX//O6GUa3QS5UmiFXbLkoyiTBhMw/JwOhOUM5sYQyLeythI2opgxtPhUbgrf68jppXdU9t+49XNcajSKOMpzBOVyCBzfQgHtogg8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx/jSY63</latexit><latexit sha1_base64="6hJPEz4ICay4OX8vSNzlAz/u1yo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKpi20oWy2m3bpZhN2J0JJ+xu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fju7nffuLaiEQ94iTlQUyHSkSCUbSSP+01xbRfrbl1dwGyTryC1KBAs1/96g0SlsVcIZPUmK7nphjkVKNgks8qvczwlLIxHfKupYrG3AT54tgZubDKgESJtqWQLNTfEzmNjZnEoe2MKY7MqjcX//O6GUa3QS5UmiFXbLkoyiTBhMw/JwOhOUM5sYQyLeythI2opgxtPhUbgrf68jppXdU9t+49XNcajSKOMpzBOVyCBzfQgHtogg8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx/jSY63</latexit><latexit sha1_base64="6hJPEz4ICay4OX8vSNzlAz/u1yo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKpi20oWy2m3bpZhN2J0JJ+xu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fju7nffuLaiEQ94iTlQUyHSkSCUbSSP+01xbRfrbl1dwGyTryC1KBAs1/96g0SlsVcIZPUmK7nphjkVKNgks8qvczwlLIxHfKupYrG3AT54tgZubDKgESJtqWQLNTfEzmNjZnEoe2MKY7MqjcX//O6GUa3QS5UmiFXbLkoyiTBhMw/JwOhOUM5sYQyLeythI2opgxtPhUbgrf68jppXdU9t+49XNcajSKOMpzBOVyCBzfQgHtogg8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx/jSY63</latexit><latexit sha1_base64="6hJPEz4ICay4OX8vSNzlAz/u1yo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKpi20oWy2m3bpZhN2J0JJ+xu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fju7nffuLaiEQ94iTlQUyHSkSCUbSSP+01xbRfrbl1dwGyTryC1KBAs1/96g0SlsVcIZPUmK7nphjkVKNgks8qvczwlLIxHfKupYrG3AT54tgZubDKgESJtqWQLNTfEzmNjZnEoe2MKY7MqjcX//O6GUa3QS5UmiFXbLkoyiTBhMw/JwOhOUM5sYQyLeythI2opgxtPhUbgrf68jppXdU9t+49XNcajSKOMpzBOVyCBzfQgHtogg8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx/jSY63</latexit>
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Exploration + Offline Evaluation

1. Collect dataset by serving 

content at random

2. For each policy, estimate 

performance by taking 

samples where we used its 

recommendation

With K actions and        policies, we need                            samples|⇧|
<latexit sha1_base64="6hJPEz4ICay4OX8vSNzlAz/u1yo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKpi20oWy2m3bpZhN2J0JJ+xu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fju7nffuLaiEQ94iTlQUyHSkSCUbSSP+01xbRfrbl1dwGyTryC1KBAs1/96g0SlsVcIZPUmK7nphjkVKNgks8qvczwlLIxHfKupYrG3AT54tgZubDKgESJtqWQLNTfEzmNjZnEoe2MKY7MqjcX//O6GUa3QS5UmiFXbLkoyiTBhMw/JwOhOUM5sYQyLeythI2opgxtPhUbgrf68jppXdU9t+49XNcajSKOMpzBOVyCBzfQgHtogg8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx/jSY63</latexit><latexit sha1_base64="6hJPEz4ICay4OX8vSNzlAz/u1yo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKpi20oWy2m3bpZhN2J0JJ+xu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fju7nffuLaiEQ94iTlQUyHSkSCUbSSP+01xbRfrbl1dwGyTryC1KBAs1/96g0SlsVcIZPUmK7nphjkVKNgks8qvczwlLIxHfKupYrG3AT54tgZubDKgESJtqWQLNTfEzmNjZnEoe2MKY7MqjcX//O6GUa3QS5UmiFXbLkoyiTBhMw/JwOhOUM5sYQyLeythI2opgxtPhUbgrf68jppXdU9t+49XNcajSKOMpzBOVyCBzfQgHtogg8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx/jSY63</latexit><latexit sha1_base64="6hJPEz4ICay4OX8vSNzlAz/u1yo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKpi20oWy2m3bpZhN2J0JJ+xu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fju7nffuLaiEQ94iTlQUyHSkSCUbSSP+01xbRfrbl1dwGyTryC1KBAs1/96g0SlsVcIZPUmK7nphjkVKNgks8qvczwlLIxHfKupYrG3AT54tgZubDKgESJtqWQLNTfEzmNjZnEoe2MKY7MqjcX//O6GUa3QS5UmiFXbLkoyiTBhMw/JwOhOUM5sYQyLeythI2opgxtPhUbgrf68jppXdU9t+49XNcajSKOMpzBOVyCBzfQgHtogg8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx/jSY63</latexit><latexit sha1_base64="6hJPEz4ICay4OX8vSNzlAz/u1yo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKpi20oWy2m3bpZhN2J0JJ+xu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fju7nffuLaiEQ94iTlQUyHSkSCUbSSP+01xbRfrbl1dwGyTryC1KBAs1/96g0SlsVcIZPUmK7nphjkVKNgks8qvczwlLIxHfKupYrG3AT54tgZubDKgESJtqWQLNTfEzmNjZnEoe2MKY7MqjcX//O6GUa3QS5UmiFXbLkoyiTBhMw/JwOhOUM5sYQyLeythI2opgxtPhUbgrf68jppXdU9t+49XNcajSKOMpzBOVyCBzfQgHtogg8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx/jSY63</latexit>

O(K log |⇧|)
<latexit sha1_base64="OzW1NK0/WL8ZynLpU71l8Uet434=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VISEfRY8CJ4sIL9gCaUzXbTLt1swu5GqGl/iRcPinj1p3jz37htc9DWBwOP92aYmRcknCntON9WYW19Y3OruF3a2d3bL9sHhy0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Prmd9+pFKxWDzocUL9CA8ECxnB2kg9u3xXvUUejwdo4jXY5KxnV5yaMwdaJW5OKpCj0bO/vH5M0ogKTThWqus6ifYzLDUjnE5LXqpogskID2jXUIEjqvxsfvgUnRqlj8JYmhIazdXfExmOlBpHgemMsB6qZW8m/ud1Ux1e+RkTSaqpIItFYcqRjtEsBdRnkhLNx4ZgIpm5FZEhlphok1XJhOAuv7xKWuc116m59xeVej2PowjHcAJVcOES6nADDWgCgRSe4RXerCfrxXq3PhatBSufOYI/sD5/ACFVkhU=</latexit><latexit sha1_base64="OzW1NK0/WL8ZynLpU71l8Uet434=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VISEfRY8CJ4sIL9gCaUzXbTLt1swu5GqGl/iRcPinj1p3jz37htc9DWBwOP92aYmRcknCntON9WYW19Y3OruF3a2d3bL9sHhy0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Prmd9+pFKxWDzocUL9CA8ECxnB2kg9u3xXvUUejwdo4jXY5KxnV5yaMwdaJW5OKpCj0bO/vH5M0ogKTThWqus6ifYzLDUjnE5LXqpogskID2jXUIEjqvxsfvgUnRqlj8JYmhIazdXfExmOlBpHgemMsB6qZW8m/ud1Ux1e+RkTSaqpIItFYcqRjtEsBdRnkhLNx4ZgIpm5FZEhlphok1XJhOAuv7xKWuc116m59xeVej2PowjHcAJVcOES6nADDWgCgRSe4RXerCfrxXq3PhatBSufOYI/sD5/ACFVkhU=</latexit><latexit sha1_base64="OzW1NK0/WL8ZynLpU71l8Uet434=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VISEfRY8CJ4sIL9gCaUzXbTLt1swu5GqGl/iRcPinj1p3jz37htc9DWBwOP92aYmRcknCntON9WYW19Y3OruF3a2d3bL9sHhy0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Prmd9+pFKxWDzocUL9CA8ECxnB2kg9u3xXvUUejwdo4jXY5KxnV5yaMwdaJW5OKpCj0bO/vH5M0ogKTThWqus6ifYzLDUjnE5LXqpogskID2jXUIEjqvxsfvgUnRqlj8JYmhIazdXfExmOlBpHgemMsB6qZW8m/ud1Ux1e+RkTSaqpIItFYcqRjtEsBdRnkhLNx4ZgIpm5FZEhlphok1XJhOAuv7xKWuc116m59xeVej2PowjHcAJVcOES6nADDWgCgRSe4RXerCfrxXq3PhatBSufOYI/sD5/ACFVkhU=</latexit><latexit sha1_base64="OzW1NK0/WL8ZynLpU71l8Uet434=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VISEfRY8CJ4sIL9gCaUzXbTLt1swu5GqGl/iRcPinj1p3jz37htc9DWBwOP92aYmRcknCntON9WYW19Y3OruF3a2d3bL9sHhy0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Prmd9+pFKxWDzocUL9CA8ECxnB2kg9u3xXvUUejwdo4jXY5KxnV5yaMwdaJW5OKpCj0bO/vH5M0ogKTThWqus6ifYzLDUjnE5LXqpogskID2jXUIEjqvxsfvgUnRqlj8JYmhIazdXfExmOlBpHgemMsB6qZW8m/ud1Ux1e+RkTSaqpIItFYcqRjtEsBdRnkhLNx4ZgIpm5FZEhlphok1XJhOAuv7xKWuc116m59xeVej2PowjHcAJVcOES6nADDWgCgRSe4RXerCfrxXq3PhatBSufOYI/sD5/ACFVkhU=</latexit>
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Contextual Bandits
On each of T rounds:


1.Observe context 


2.Play action 


3.Observe reward
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Contextual Bandits
On each of T rounds:


1.Observe context 


2.Play action 


3.Observe reward

Fact: Can get                      regret.
p
KT log |⇧|

at

xt

rt(at, xt)

K = number of actions

rt = # clicks

Regret(T,⇧) = max
⇡2⇧

Reward(T,⇡)� LearnerReward(T )

A/B testing gets

Offline Eval gets

(|⇧|)1/3T 2/3
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Question: Improve performance by leveraging reward structure + additional feedback?

xt
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• Off-policy evaluation?
• Explore vs Exploit?
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B = number of simple actions

L = composite action length
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Logging Target Idea: Use partial matches!

If A ⇠ Q(·|x)

ŷ(a) =
y(a)1(a 2 A)

Q(a 2 A|x)

r̂(⇡, x) =
X

a2⇡(x)

ŷ(a)

• Uniform Q gives O(B) variance
• Immediately gives decent algorithm (eps-greedy)
• We need more refined approach
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Combinatorial Contextual Bandits

On each of T rounds:


1.Observe context 


2.Play action 


3.Unobserved features


4.Observe reward

Question: Improve performance by leveraging reward structure?

xt

At = (a1, . . . , aL)

{y(`, a`)}L`=1

Challenges: 
• Off-policy evaluation?

• Explore vs Exploit?

• Computational Efficiency?

B = number of simple actions

L = composite action length

rt(At, xt) =
X

`

y(`, a`) + noise
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Results — Off-policy evaluation
Subproblem: Given data collected by logging policy, estimate reward of a target policy

 
Theorem: If logging close to uniform, can estimate target with              samples
BL/✏2

• Compare with            naively and          with semibandit feedback
• Gives decent eps-greedy algorithm with                         regretT 2/3(BL)1/3

IPS

Direct

PI

OnPolicy

Parameters: B simple actions, composite action length L

O(BL) O(B)

[Swaminathan, Krishnamurthy, Agarwal, Dudik, Langford, Zitouni, Jose. NeurIPS 2017]
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ŷt = (Eµ[1A1
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A])

†1Atrt

r̂(⇡, xt) = 1T
⇡(xt)

ŷt

With logging    can write 

So with               estimate (At, rt)

⇡

µ

For policy 

rt(At, xt) =
X

`

y(a`) + noise



103 104

Number of logged samples (n)

10�0.5

100

R
M

S
E

Reward: Utility Rate

Experiment

IPS

Direct

PI

OnPolicy



103 104

Number of logged samples (n)

10�0.5

100

R
M

S
E

Reward: Utility Rate

Experiment

IPS

Direct

PI

OnPolicy

103 104 105 106

Number of logged samples (n)

10�4

10�2

100

R
M

S
E

NDCG, m=100, l=10



Policy Optimization
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ŷt = (Eµ[1A1
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A])

†1Atrt

• Use PI estimator to obtain, with

• Akin to supervised learning to rank dataset
• Train L2R model via regression

xt

Metric LambdaMART Random SUP PI

NDCG 0.457 0.152 0.438 0.421

ERR — 0.096 0.311 0.321

PI finds good targets to optimize metric!
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Open
• Efficient CCB with       regret
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