
Distributed learning allows a group of independent data owners to 
collaboratively learn a model over their data sets without exposing 
their private data. We present a distributed learning approach that 
combines differential privacy with secure multi-party computation. 

We explore two popular methods of differential privacy, output 
perturbation and gradient perturbation, and advance the state-of-
the-art for both methods in the distributed learning setting. In our 
output perturbation method, the parties combine local models within 
a secure computation and then add the required differential privacy 
noise before revealing the model. In our gradient perturbation 
method, the parties aggregate their local gradients within a secure 
computation, adding sufficient noise to ensure privacy before the 
gradient updates are revealed at each iteration. For both methods, we 
show that the noise can be reduced in the multi-party setting by 
adding the noise inside the secure computation after aggregation, 
asymptotically improving upon the best previous results.

We implemented our methods on output perturbation (MPC Out P) and 
gradient perturbation (MPC Grad P) along with the differential private 
baselines of Pathak et al. [3] (Pathak), Rajkumar and Agarwal [4]
(Rajkumar and Agarwal), the multi-party extensions of Chaudhuri et 
al. [2] for output perturbation (Local Out P) and objective 
perturbation (Local Obj P), and an improved implementation of Shokri 
and Shmatikov [5] (Local Grad P). 

We experimented with KDDCup99 dataset for classification and 
KDDCup98 dataset for regression, and report the relative performance 
of all methods with respect to a non-private baseline. Our methods 
perform better than the other private baselines for the same hyper-
parameter settings. It is to be noted that while all the methods 
consume privacy budget of 0.5 for the entire training process, the 
method of Rajkumar and Agarwal consumes 0.5 privacy budget per 
iteration of model training. 
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Abstract

Privacy-Preserving ERM in Single Party Setting

In multi-party setting, the parties wish to collaboratively learn a 
machine learning model over their private data sets without revealing 
them to each other. This can be achieved by combining multi-party 
computation and differential privacy. However, in the multi-party 
setting, Pathak et al. [3] note that the bottleneck for differential 
privacy comes from the party which has the smallest data set. 

Several approaches exist which can improve upon this bound by either 
combining private local models or generating distributed noise to be 
added to the final model. These approaches still do not achieve the 
optimal lower bound on the differential privacy noise that is possible 
in single party setting. Our proposed approaches achieve near optimal 
lower bound on noise in multi-party setting.

Privacy-Preserving ERM in Multi-Party Setting Experimental Results

Methods Analytical Bound Generated Noise*

Pathak [3] 1150 X 10-3

Local Output Perturbation [2] 112 X 10-3

Local Objective Perturbation [2] 11.6 X 10-3

Local Gradient Perturbation [5] 5.63 X 10-3

MPC Output Perturbation 12.2 X 10-3

MPC Gradient Perturbation 0.572 X 10-3

Output Perturbation for Multi-Party Setting

Generic Multi-Party Computation Protocol

Noise Comparison with Baseline Methods
Performance Comparison on KDDCup99 Dataset for Classification (m = 1000)

Model Training with Gradient Descent
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Objective Perturbation [2]

Output Perturbation [2]

Gradient Perturbation [1]

D = (X, y)
<latexit sha1_base64="oNTWK5dfk2Hv5NABUfzLT/5kQlk=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyxCBSkzIuhGKOrCZQV7wXYomTTThmYyQ5IRhqFv4caFIm59G3e+jWk7C239IfDxn3PIOb8fC66N43yjpeWV1bX1wkZxc2t7Z7e0t9/UUaIoa9BIRKrtE80El6xhuBGsHStGQl+wlj+6mdRbT0xpHskHk8bMC8lA8oBTYqz1eIuvcKV9itOTXqnsVJ2p8CK4OZQhV71X+ur2I5qETBoqiNYd14mNlxFlOBVsXOwmmsWEjsiAdSxKEjLtZdONx/jYOn0cRMo+afDU/T2RkVDrNPRtZ0jMUM/XJuZ/tU5igksv4zJODJN09lGQCGwiPDkf97li1IjUAqGK210xHRJFqLEhFW0I7vzJi9A8q7qW78/Ltes8jgIcwhFUwIULqMEd1KEBFCQ8wyu8IY1e0Dv6mLUuoXzmAP4Iff4A1VOPDQ==</latexit><latexit sha1_base64="oNTWK5dfk2Hv5NABUfzLT/5kQlk=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyxCBSkzIuhGKOrCZQV7wXYomTTThmYyQ5IRhqFv4caFIm59G3e+jWk7C239IfDxn3PIOb8fC66N43yjpeWV1bX1wkZxc2t7Z7e0t9/UUaIoa9BIRKrtE80El6xhuBGsHStGQl+wlj+6mdRbT0xpHskHk8bMC8lA8oBTYqz1eIuvcKV9itOTXqnsVJ2p8CK4OZQhV71X+ur2I5qETBoqiNYd14mNlxFlOBVsXOwmmsWEjsiAdSxKEjLtZdONx/jYOn0cRMo+afDU/T2RkVDrNPRtZ0jMUM/XJuZ/tU5igksv4zJODJN09lGQCGwiPDkf97li1IjUAqGK210xHRJFqLEhFW0I7vzJi9A8q7qW78/Ltes8jgIcwhFUwIULqMEd1KEBFCQ8wyu8IY1e0Dv6mLUuoXzmAP4Iff4A1VOPDQ==</latexit><latexit sha1_base64="oNTWK5dfk2Hv5NABUfzLT/5kQlk=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyxCBSkzIuhGKOrCZQV7wXYomTTThmYyQ5IRhqFv4caFIm59G3e+jWk7C239IfDxn3PIOb8fC66N43yjpeWV1bX1wkZxc2t7Z7e0t9/UUaIoa9BIRKrtE80El6xhuBGsHStGQl+wlj+6mdRbT0xpHskHk8bMC8lA8oBTYqz1eIuvcKV9itOTXqnsVJ2p8CK4OZQhV71X+ur2I5qETBoqiNYd14mNlxFlOBVsXOwmmsWEjsiAdSxKEjLtZdONx/jYOn0cRMo+afDU/T2RkVDrNPRtZ0jMUM/XJuZ/tU5igksv4zJODJN09lGQCGwiPDkf97li1IjUAqGK210xHRJFqLEhFW0I7vzJi9A8q7qW78/Ltes8jgIcwhFUwIULqMEd1KEBFCQ8wyu8IY1e0Dv6mLUuoXzmAP4Iff4A1VOPDQ==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="4aCk/avx84RLozc//nISlB9yH6c=">AAAB5nicbZBLSwMxFIXv1FetVatbN8EiVJAy46ZuBEEXLivYB7ZDyaSZNjSTGZI7wjD0X7hxoYg/yZ3/xvSx0NYDgY9zEnLvCRIpDLrut1PY2Nza3inulvbK+weHlaNy28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ3lnWeujYjVI2YJ9yM6UiIUjKK1nu7INal1L0h2PqhU3bo7F1kHbwlVWKo5qHz1hzFLI66QSWpMz3MT9HOqUTDJp6V+anhC2YSOeM+iohE3fj6feErOrDMkYaztUUjm7u8XOY2MyaLA3owojs1qNjP/y3ophld+LlSSIlds8VGYSoIxma1PhkJzhjKzQJkWdlbCxlRThrakki3BW115HdqXdc/ygwtFOIFTqIEHDbiBe2hCCxgoeIE3eHeM8+p8LOoqOMvejuGPnM8fq5CNsQ==</latexit><latexit sha1_base64="4aCk/avx84RLozc//nISlB9yH6c=">AAAB5nicbZBLSwMxFIXv1FetVatbN8EiVJAy46ZuBEEXLivYB7ZDyaSZNjSTGZI7wjD0X7hxoYg/yZ3/xvSx0NYDgY9zEnLvCRIpDLrut1PY2Nza3inulvbK+weHlaNy28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ3lnWeujYjVI2YJ9yM6UiIUjKK1nu7INal1L0h2PqhU3bo7F1kHbwlVWKo5qHz1hzFLI66QSWpMz3MT9HOqUTDJp6V+anhC2YSOeM+iohE3fj6feErOrDMkYaztUUjm7u8XOY2MyaLA3owojs1qNjP/y3ophld+LlSSIlds8VGYSoIxma1PhkJzhjKzQJkWdlbCxlRThrakki3BW115HdqXdc/ygwtFOIFTqIEHDbiBe2hCCxgoeIE3eHeM8+p8LOoqOMvejuGPnM8fq5CNsQ==</latexit><latexit sha1_base64="jZ4kBmtaGyWCk116IjT4vletBOA=">AAAB8XicbZDLSgMxFIbP1Futt6pLN8EiVJAy40Y3QlEXLivYC7ZDyaSZNjSTDElGGIa+hRsXirj1bdz5NqbtLLT1h8DHf84h5/xBzJk2rvvtFFZW19Y3ipulre2d3b3y/kFLy0QR2iSSS9UJsKacCdo0zHDaiRXFUcBpOxjfTOvtJ6o0k+LBpDH1IzwULGQEG2s93qIrVO2cofS0X664NXcmtAxeDhXI1eiXv3oDSZKICkM41rrrubHxM6wMI5xOSr1E0xiTMR7SrkWBI6r9bLbxBJ1YZ4BCqewTBs3c3xMZjrROo8B2RtiM9GJtav5X6yYmvPQzJuLEUEHmH4UJR0ai6flowBQlhqcWMFHM7orICCtMjA2pZEPwFk9ehtZ5zbN871bq13kcRTiCY6iCBxdQhztoQBMICHiGV3hztPPivDsf89aCk88cwh85nz/UE48J</latexit><latexit sha1_base64="oNTWK5dfk2Hv5NABUfzLT/5kQlk=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyxCBSkzIuhGKOrCZQV7wXYomTTThmYyQ5IRhqFv4caFIm59G3e+jWk7C239IfDxn3PIOb8fC66N43yjpeWV1bX1wkZxc2t7Z7e0t9/UUaIoa9BIRKrtE80El6xhuBGsHStGQl+wlj+6mdRbT0xpHskHk8bMC8lA8oBTYqz1eIuvcKV9itOTXqnsVJ2p8CK4OZQhV71X+ur2I5qETBoqiNYd14mNlxFlOBVsXOwmmsWEjsiAdSxKEjLtZdONx/jYOn0cRMo+afDU/T2RkVDrNPRtZ0jMUM/XJuZ/tU5igksv4zJODJN09lGQCGwiPDkf97li1IjUAqGK210xHRJFqLEhFW0I7vzJi9A8q7qW78/Ltes8jgIcwhFUwIULqMEd1KEBFCQ8wyu8IY1e0Dv6mLUuoXzmAP4Iff4A1VOPDQ==</latexit><latexit sha1_base64="oNTWK5dfk2Hv5NABUfzLT/5kQlk=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyxCBSkzIuhGKOrCZQV7wXYomTTThmYyQ5IRhqFv4caFIm59G3e+jWk7C239IfDxn3PIOb8fC66N43yjpeWV1bX1wkZxc2t7Z7e0t9/UUaIoa9BIRKrtE80El6xhuBGsHStGQl+wlj+6mdRbT0xpHskHk8bMC8lA8oBTYqz1eIuvcKV9itOTXqnsVJ2p8CK4OZQhV71X+ur2I5qETBoqiNYd14mNlxFlOBVsXOwmmsWEjsiAdSxKEjLtZdONx/jYOn0cRMo+afDU/T2RkVDrNPRtZ0jMUM/XJuZ/tU5igksv4zJODJN09lGQCGwiPDkf97li1IjUAqGK210xHRJFqLEhFW0I7vzJi9A8q7qW78/Ltes8jgIcwhFUwIULqMEd1KEBFCQ8wyu8IY1e0Dv6mLUuoXzmAP4Iff4A1VOPDQ==</latexit><latexit sha1_base64="oNTWK5dfk2Hv5NABUfzLT/5kQlk=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyxCBSkzIuhGKOrCZQV7wXYomTTThmYyQ5IRhqFv4caFIm59G3e+jWk7C239IfDxn3PIOb8fC66N43yjpeWV1bX1wkZxc2t7Z7e0t9/UUaIoa9BIRKrtE80El6xhuBGsHStGQl+wlj+6mdRbT0xpHskHk8bMC8lA8oBTYqz1eIuvcKV9itOTXqnsVJ2p8CK4OZQhV71X+ur2I5qETBoqiNYd14mNlxFlOBVsXOwmmsWEjsiAdSxKEjLtZdONx/jYOn0cRMo+afDU/T2RkVDrNPRtZ0jMUM/XJuZ/tU5igksv4zJODJN09lGQCGwiPDkf97li1IjUAqGK210xHRJFqLEhFW0I7vzJi9A8q7qW78/Ltes8jgIcwhFUwIULqMEd1KEBFCQ8wyu8IY1e0Dv6mLUuoXzmAP4Iff4A1VOPDQ==</latexit><latexit sha1_base64="oNTWK5dfk2Hv5NABUfzLT/5kQlk=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyxCBSkzIuhGKOrCZQV7wXYomTTThmYyQ5IRhqFv4caFIm59G3e+jWk7C239IfDxn3PIOb8fC66N43yjpeWV1bX1wkZxc2t7Z7e0t9/UUaIoa9BIRKrtE80El6xhuBGsHStGQl+wlj+6mdRbT0xpHskHk8bMC8lA8oBTYqz1eIuvcKV9itOTXqnsVJ2p8CK4OZQhV71X+ur2I5qETBoqiNYd14mNlxFlOBVsXOwmmsWEjsiAdSxKEjLtZdONx/jYOn0cRMo+afDU/T2RkVDrNPRtZ0jMUM/XJuZ/tU5igksv4zJODJN09lGQCGwiPDkf97li1IjUAqGK210xHRJFqLEhFW0I7vzJi9A8q7qW78/Ltes8jgIcwhFUwIULqMEd1KEBFCQ8wyu8IY1e0Dv6mLUuoXzmAP4Iff4A1VOPDQ==</latexit><latexit sha1_base64="oNTWK5dfk2Hv5NABUfzLT/5kQlk=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyxCBSkzIuhGKOrCZQV7wXYomTTThmYyQ5IRhqFv4caFIm59G3e+jWk7C239IfDxn3PIOb8fC66N43yjpeWV1bX1wkZxc2t7Z7e0t9/UUaIoa9BIRKrtE80El6xhuBGsHStGQl+wlj+6mdRbT0xpHskHk8bMC8lA8oBTYqz1eIuvcKV9itOTXqnsVJ2p8CK4OZQhV71X+ur2I5qETBoqiNYd14mNlxFlOBVsXOwmmsWEjsiAdSxKEjLtZdONx/jYOn0cRMo+afDU/T2RkVDrNPRtZ0jMUM/XJuZ/tU5igksv4zJODJN09lGQCGwiPDkf97li1IjUAqGK210xHRJFqLEhFW0I7vzJi9A8q7qW78/Ltes8jgIcwhFUwIULqMEd1KEBFCQ8wyu8IY1e0Dv6mLUuoXzmAP4Iff4A1VOPDQ==</latexit><latexit sha1_base64="oNTWK5dfk2Hv5NABUfzLT/5kQlk=">AAAB8XicbZDLSgMxFIZPvNZ6q7p0EyxCBSkzIuhGKOrCZQV7wXYomTTThmYyQ5IRhqFv4caFIm59G3e+jWk7C239IfDxn3PIOb8fC66N43yjpeWV1bX1wkZxc2t7Z7e0t9/UUaIoa9BIRKrtE80El6xhuBGsHStGQl+wlj+6mdRbT0xpHskHk8bMC8lA8oBTYqz1eIuvcKV9itOTXqnsVJ2p8CK4OZQhV71X+ur2I5qETBoqiNYd14mNlxFlOBVsXOwmmsWEjsiAdSxKEjLtZdONx/jYOn0cRMo+afDU/T2RkVDrNPRtZ0jMUM/XJuZ/tU5igksv4zJODJN09lGQCGwiPDkf97li1IjUAqGK210xHRJFqLEhFW0I7vzJi9A8q7qW78/Ltes8jgIcwhFUwIULqMEd1KEBFCQ8wyu8IY1e0Dv6mLUuoXzmAP4Iff4A1VOPDQ==</latexit>

✓
<latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit>

Performance Comparison on KDDCup98 Dataset for Regression (m = 1000)

Gradient Perturbation for Multi-Party Setting

Project Details
Website: https://oblivc.org/ppml/ 
Code: https://github.com/bargavj/distributedMachineLearning

Model Training with Gradient Descent

for t in T :
<latexit sha1_base64="lQ0a/7sOl+LJk7U6/OXePDAUTGA=">AAACBXicbVA9T8MwEHX4LOUrwAiDRYXEVCUICcRUwcJYpH5JbVQ5rtNadezIviCqqAsLf4WFAYRY+Q9s/BuctgO0vOnde3e6uxcmghvwvG9naXlldW29sFHc3Nre2XX39htGpZqyOlVC6VZIDBNcsjpwEKyVaEbiULBmOLzJ/eY904YrWYNRwoKY9CWPOCVgpa571AH2AFmkNB5jwNMKc2mr2lXXLXllbwK8SPwZKaEZql33q9NTNI2ZBCqIMW3fSyDIiAZOBRsXO6lhCaFD0mdtSyWJmQmyyRdjfGKVHs4viZQEPFF/T2QkNmYUh7YzJjAw814u/ue1U4gug4zLJAUm6XRRlAoMCueR4B7XjIIYWUKo5vZWTAdEEwo2uKINwZ9/eZE0zsq+5Xfnpcr1LI4COkTH6BT56AJV0C2qojqi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPH2Ynl9U=</latexit><latexit sha1_base64="lQ0a/7sOl+LJk7U6/OXePDAUTGA=">AAACBXicbVA9T8MwEHX4LOUrwAiDRYXEVCUICcRUwcJYpH5JbVQ5rtNadezIviCqqAsLf4WFAYRY+Q9s/BuctgO0vOnde3e6uxcmghvwvG9naXlldW29sFHc3Nre2XX39htGpZqyOlVC6VZIDBNcsjpwEKyVaEbiULBmOLzJ/eY904YrWYNRwoKY9CWPOCVgpa571AH2AFmkNB5jwNMKc2mr2lXXLXllbwK8SPwZKaEZql33q9NTNI2ZBCqIMW3fSyDIiAZOBRsXO6lhCaFD0mdtSyWJmQmyyRdjfGKVHs4viZQEPFF/T2QkNmYUh7YzJjAw814u/ue1U4gug4zLJAUm6XRRlAoMCueR4B7XjIIYWUKo5vZWTAdEEwo2uKINwZ9/eZE0zsq+5Xfnpcr1LI4COkTH6BT56AJV0C2qojqi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPH2Ynl9U=</latexit><latexit sha1_base64="lQ0a/7sOl+LJk7U6/OXePDAUTGA=">AAACBXicbVA9T8MwEHX4LOUrwAiDRYXEVCUICcRUwcJYpH5JbVQ5rtNadezIviCqqAsLf4WFAYRY+Q9s/BuctgO0vOnde3e6uxcmghvwvG9naXlldW29sFHc3Nre2XX39htGpZqyOlVC6VZIDBNcsjpwEKyVaEbiULBmOLzJ/eY904YrWYNRwoKY9CWPOCVgpa571AH2AFmkNB5jwNMKc2mr2lXXLXllbwK8SPwZKaEZql33q9NTNI2ZBCqIMW3fSyDIiAZOBRsXO6lhCaFD0mdtSyWJmQmyyRdjfGKVHs4viZQEPFF/T2QkNmYUh7YzJjAw814u/ue1U4gug4zLJAUm6XRRlAoMCueR4B7XjIIYWUKo5vZWTAdEEwo2uKINwZ9/eZE0zsq+5Xfnpcr1LI4COkTH6BT56AJV0C2qojqi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPH2Ynl9U=</latexit><latexit sha1_base64="lQ0a/7sOl+LJk7U6/OXePDAUTGA=">AAACBXicbVA9T8MwEHX4LOUrwAiDRYXEVCUICcRUwcJYpH5JbVQ5rtNadezIviCqqAsLf4WFAYRY+Q9s/BuctgO0vOnde3e6uxcmghvwvG9naXlldW29sFHc3Nre2XX39htGpZqyOlVC6VZIDBNcsjpwEKyVaEbiULBmOLzJ/eY904YrWYNRwoKY9CWPOCVgpa571AH2AFmkNB5jwNMKc2mr2lXXLXllbwK8SPwZKaEZql33q9NTNI2ZBCqIMW3fSyDIiAZOBRsXO6lhCaFD0mdtSyWJmQmyyRdjfGKVHs4viZQEPFF/T2QkNmYUh7YzJjAw814u/ue1U4gug4zLJAUm6XRRlAoMCueR4B7XjIIYWUKo5vZWTAdEEwo2uKINwZ9/eZE0zsq+5Xfnpcr1LI4COkTH6BT56AJV0C2qojqi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPH2Ynl9U=</latexit>

return ✓
<latexit sha1_base64="aqpDmOymKvPIYVCtke65qvzh3fY=">AAAB/nicbZBNS8NAEIY39avWr6h48rJYBE8lEUGPRS8eK9gPaErZbKft0s0m7E7EEgr+FS8eFPHq7/Dmv3Hb5qCtLyw8vDPDzL5hIoVBz/t2Ciura+sbxc3S1vbO7p67f9Awcao51HksY90KmQEpFNRRoIRWooFFoYRmOLqZ1psPoI2I1T2OE+hEbKBEX3CG1uq6RwHCI2YaMNWKTmiAQ0DWdctexZuJLoOfQ5nkqnXdr6AX8zQChVwyY9q+l2AnYxoFlzApBamBhPERG0DbomIRmE42O39CT63To/1Y26eQztzfExmLjBlHoe2MGA7NYm1q/ldrp9i/6mRCJSmC4vNF/VRSjOk0C9oTGjjKsQXGtbC3Uj5kmnG0iZVsCP7il5ehcV7xLd9dlKvXeRxFckxOyBnxySWpkltSI3XCSUaeySt5c56cF+fd+Zi3Fpx85pD8kfP5A6Xoleg=</latexit><latexit sha1_base64="aqpDmOymKvPIYVCtke65qvzh3fY=">AAAB/nicbZBNS8NAEIY39avWr6h48rJYBE8lEUGPRS8eK9gPaErZbKft0s0m7E7EEgr+FS8eFPHq7/Dmv3Hb5qCtLyw8vDPDzL5hIoVBz/t2Ciura+sbxc3S1vbO7p67f9Awcao51HksY90KmQEpFNRRoIRWooFFoYRmOLqZ1psPoI2I1T2OE+hEbKBEX3CG1uq6RwHCI2YaMNWKTmiAQ0DWdctexZuJLoOfQ5nkqnXdr6AX8zQChVwyY9q+l2AnYxoFlzApBamBhPERG0DbomIRmE42O39CT63To/1Y26eQztzfExmLjBlHoe2MGA7NYm1q/ldrp9i/6mRCJSmC4vNF/VRSjOk0C9oTGjjKsQXGtbC3Uj5kmnG0iZVsCP7il5ehcV7xLd9dlKvXeRxFckxOyBnxySWpkltSI3XCSUaeySt5c56cF+fd+Zi3Fpx85pD8kfP5A6Xoleg=</latexit><latexit sha1_base64="aqpDmOymKvPIYVCtke65qvzh3fY=">AAAB/nicbZBNS8NAEIY39avWr6h48rJYBE8lEUGPRS8eK9gPaErZbKft0s0m7E7EEgr+FS8eFPHq7/Dmv3Hb5qCtLyw8vDPDzL5hIoVBz/t2Ciura+sbxc3S1vbO7p67f9Awcao51HksY90KmQEpFNRRoIRWooFFoYRmOLqZ1psPoI2I1T2OE+hEbKBEX3CG1uq6RwHCI2YaMNWKTmiAQ0DWdctexZuJLoOfQ5nkqnXdr6AX8zQChVwyY9q+l2AnYxoFlzApBamBhPERG0DbomIRmE42O39CT63To/1Y26eQztzfExmLjBlHoe2MGA7NYm1q/ldrp9i/6mRCJSmC4vNF/VRSjOk0C9oTGjjKsQXGtbC3Uj5kmnG0iZVsCP7il5ehcV7xLd9dlKvXeRxFckxOyBnxySWpkltSI3XCSUaeySt5c56cF+fd+Zi3Fpx85pD8kfP5A6Xoleg=</latexit><latexit sha1_base64="aqpDmOymKvPIYVCtke65qvzh3fY=">AAAB/nicbZBNS8NAEIY39avWr6h48rJYBE8lEUGPRS8eK9gPaErZbKft0s0m7E7EEgr+FS8eFPHq7/Dmv3Hb5qCtLyw8vDPDzL5hIoVBz/t2Ciura+sbxc3S1vbO7p67f9Awcao51HksY90KmQEpFNRRoIRWooFFoYRmOLqZ1psPoI2I1T2OE+hEbKBEX3CG1uq6RwHCI2YaMNWKTmiAQ0DWdctexZuJLoOfQ5nkqnXdr6AX8zQChVwyY9q+l2AnYxoFlzApBamBhPERG0DbomIRmE42O39CT63To/1Y26eQztzfExmLjBlHoe2MGA7NYm1q/ldrp9i/6mRCJSmC4vNF/VRSjOk0C9oTGjjKsQXGtbC3Uj5kmnG0iZVsCP7il5ehcV7xLd9dlKvXeRxFckxOyBnxySWpkltSI3XCSUaeySt5c56cF+fd+Zi3Fpx85pD8kfP5A6Xoleg=</latexit>

✓
<latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit>

✓
<latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit>

Model Training Model Training Model Training

MPC

✓(1)
<latexit sha1_base64="OX05Xthiow9qWQNdIowbAHrZiK4=">AAAB83icbZBNS8NAEIY39avWr6pHL4tFqJeSiKDHohePFewHNLFsttN26WYTdidCCf0bXjwo4tU/481/47bNQVtfWHh4Z4aZfcNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqebQ5LGMdSdkBqRQ0ESBEjqJBhaFEtrh+HZWbz+BNiJWDzhJIIjYUImB4Ayt5fs4AmSPWdU7n/bKFbfmzkVXwcuhQnI1euUvvx/zNAKFXDJjup6bYJAxjYJLmJb81EDC+JgNoWtRsQhMkM1vntIz6/TpINb2KaRz9/dExiJjJlFoOyOGI7Ncm5n/1bopDq6DTKgkRVB8sWiQSooxnQVA+0IDRzmxwLgW9lbKR0wzjjamkg3BW/7yKrQuap7l+8tK/SaPo0hOyCmpEo9ckTq5Iw3SJJwk5Jm8kjcndV6cd+dj0Vpw8plj8kfO5w9guJE8</latexit><latexit sha1_base64="OX05Xthiow9qWQNdIowbAHrZiK4=">AAAB83icbZBNS8NAEIY39avWr6pHL4tFqJeSiKDHohePFewHNLFsttN26WYTdidCCf0bXjwo4tU/481/47bNQVtfWHh4Z4aZfcNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqebQ5LGMdSdkBqRQ0ESBEjqJBhaFEtrh+HZWbz+BNiJWDzhJIIjYUImB4Ayt5fs4AmSPWdU7n/bKFbfmzkVXwcuhQnI1euUvvx/zNAKFXDJjup6bYJAxjYJLmJb81EDC+JgNoWtRsQhMkM1vntIz6/TpINb2KaRz9/dExiJjJlFoOyOGI7Ncm5n/1bopDq6DTKgkRVB8sWiQSooxnQVA+0IDRzmxwLgW9lbKR0wzjjamkg3BW/7yKrQuap7l+8tK/SaPo0hOyCmpEo9ckTq5Iw3SJJwk5Jm8kjcndV6cd+dj0Vpw8plj8kfO5w9guJE8</latexit><latexit sha1_base64="OX05Xthiow9qWQNdIowbAHrZiK4=">AAAB83icbZBNS8NAEIY39avWr6pHL4tFqJeSiKDHohePFewHNLFsttN26WYTdidCCf0bXjwo4tU/481/47bNQVtfWHh4Z4aZfcNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqebQ5LGMdSdkBqRQ0ESBEjqJBhaFEtrh+HZWbz+BNiJWDzhJIIjYUImB4Ayt5fs4AmSPWdU7n/bKFbfmzkVXwcuhQnI1euUvvx/zNAKFXDJjup6bYJAxjYJLmJb81EDC+JgNoWtRsQhMkM1vntIz6/TpINb2KaRz9/dExiJjJlFoOyOGI7Ncm5n/1bopDq6DTKgkRVB8sWiQSooxnQVA+0IDRzmxwLgW9lbKR0wzjjamkg3BW/7yKrQuap7l+8tK/SaPo0hOyCmpEo9ckTq5Iw3SJJwk5Jm8kjcndV6cd+dj0Vpw8plj8kfO5w9guJE8</latexit><latexit sha1_base64="OX05Xthiow9qWQNdIowbAHrZiK4=">AAAB83icbZBNS8NAEIY39avWr6pHL4tFqJeSiKDHohePFewHNLFsttN26WYTdidCCf0bXjwo4tU/481/47bNQVtfWHh4Z4aZfcNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqebQ5LGMdSdkBqRQ0ESBEjqJBhaFEtrh+HZWbz+BNiJWDzhJIIjYUImB4Ayt5fs4AmSPWdU7n/bKFbfmzkVXwcuhQnI1euUvvx/zNAKFXDJjup6bYJAxjYJLmJb81EDC+JgNoWtRsQhMkM1vntIz6/TpINb2KaRz9/dExiJjJlFoOyOGI7Ncm5n/1bopDq6DTKgkRVB8sWiQSooxnQVA+0IDRzmxwLgW9lbKR0wzjjamkg3BW/7yKrQuap7l+8tK/SaPo0hOyCmpEo9ckTq5Iw3SJJwk5Jm8kjcndV6cd+dj0Vpw8plj8kfO5w9guJE8</latexit> ✓(2)

<latexit sha1_base64="6LXJC1qRO8KZzZdfmzX8UUvGx3U=">AAAB83icbZBNS8NAEIY3ftb6VfXoZbEI9VKSIuix6MVjBfsBTSyb7bRdutmE3YlQQv+GFw+KePXPePPfuG1z0NYXFh7emWFm3zCRwqDrfjtr6xubW9uFneLu3v7BYenouGXiVHNo8ljGuhMyA1IoaKJACZ1EA4tCCe1wfDurt59AGxGrB5wkEERsqMRAcIbW8n0cAbLHrFK7mPZKZbfqzkVXwcuhTHI1eqUvvx/zNAKFXDJjup6bYJAxjYJLmBb91EDC+JgNoWtRsQhMkM1vntJz6/TpINb2KaRz9/dExiJjJlFoOyOGI7Ncm5n/1bopDq6DTKgkRVB8sWiQSooxnQVA+0IDRzmxwLgW9lbKR0wzjjamog3BW/7yKrRqVc/y/WW5fpPHUSCn5IxUiEeuSJ3ckQZpEk4S8kxeyZuTOi/Ou/OxaF1z8pkT8kfO5w9iPpE9</latexit><latexit sha1_base64="6LXJC1qRO8KZzZdfmzX8UUvGx3U=">AAAB83icbZBNS8NAEIY3ftb6VfXoZbEI9VKSIuix6MVjBfsBTSyb7bRdutmE3YlQQv+GFw+KePXPePPfuG1z0NYXFh7emWFm3zCRwqDrfjtr6xubW9uFneLu3v7BYenouGXiVHNo8ljGuhMyA1IoaKJACZ1EA4tCCe1wfDurt59AGxGrB5wkEERsqMRAcIbW8n0cAbLHrFK7mPZKZbfqzkVXwcuhTHI1eqUvvx/zNAKFXDJjup6bYJAxjYJLmBb91EDC+JgNoWtRsQhMkM1vntJz6/TpINb2KaRz9/dExiJjJlFoOyOGI7Ncm5n/1bopDq6DTKgkRVB8sWiQSooxnQVA+0IDRzmxwLgW9lbKR0wzjjamog3BW/7yKrRqVc/y/WW5fpPHUSCn5IxUiEeuSJ3ckQZpEk4S8kxeyZuTOi/Ou/OxaF1z8pkT8kfO5w9iPpE9</latexit><latexit sha1_base64="6LXJC1qRO8KZzZdfmzX8UUvGx3U=">AAAB83icbZBNS8NAEIY3ftb6VfXoZbEI9VKSIuix6MVjBfsBTSyb7bRdutmE3YlQQv+GFw+KePXPePPfuG1z0NYXFh7emWFm3zCRwqDrfjtr6xubW9uFneLu3v7BYenouGXiVHNo8ljGuhMyA1IoaKJACZ1EA4tCCe1wfDurt59AGxGrB5wkEERsqMRAcIbW8n0cAbLHrFK7mPZKZbfqzkVXwcuhTHI1eqUvvx/zNAKFXDJjup6bYJAxjYJLmBb91EDC+JgNoWtRsQhMkM1vntJz6/TpINb2KaRz9/dExiJjJlFoOyOGI7Ncm5n/1bopDq6DTKgkRVB8sWiQSooxnQVA+0IDRzmxwLgW9lbKR0wzjjamog3BW/7yKrRqVc/y/WW5fpPHUSCn5IxUiEeuSJ3ckQZpEk4S8kxeyZuTOi/Ou/OxaF1z8pkT8kfO5w9iPpE9</latexit><latexit sha1_base64="6LXJC1qRO8KZzZdfmzX8UUvGx3U=">AAAB83icbZBNS8NAEIY3ftb6VfXoZbEI9VKSIuix6MVjBfsBTSyb7bRdutmE3YlQQv+GFw+KePXPePPfuG1z0NYXFh7emWFm3zCRwqDrfjtr6xubW9uFneLu3v7BYenouGXiVHNo8ljGuhMyA1IoaKJACZ1EA4tCCe1wfDurt59AGxGrB5wkEERsqMRAcIbW8n0cAbLHrFK7mPZKZbfqzkVXwcuhTHI1eqUvvx/zNAKFXDJjup6bYJAxjYJLmBb91EDC+JgNoWtRsQhMkM1vntJz6/TpINb2KaRz9/dExiJjJlFoOyOGI7Ncm5n/1bopDq6DTKgkRVB8sWiQSooxnQVA+0IDRzmxwLgW9lbKR0wzjjamog3BW/7yKrRqVc/y/WW5fpPHUSCn5IxUiEeuSJ3ckQZpEk4S8kxeyZuTOi/Ou/OxaF1z8pkT8kfO5w9iPpE9</latexit>

✓ =
1

m

mX

i=1

✓(i)

<latexit sha1_base64="gXqxcnQgV6HP6xkOscBVLoLcZow=">AAACFnicbVDLSgMxFM3UV62vUZdugkWoC8uMCLopFN24rGAf0GlLJs20ocnMkNwRyjBf4cZfceNCEbfizr8xfSy09UDgcM653Nzjx4JrcJxvK7eyura+kd8sbG3v7O7Z+wcNHSWKsjqNRKRaPtFM8JDVgYNgrVgxIn3Bmv7oZuI3H5jSPArvYRyzjiSDkAecEjBSzz7zYMiA4Ar2AkVo6mapzDydyF7KK27WlXgW6KYlfpr17KJTdqbAy8SdkyKao9azv7x+RBPJQqCCaN12nRg6KVHAqWBZwUs0iwkdkQFrGxoSyXQnnZ6V4ROj9HEQKfNCwFP190RKpNZj6ZukJDDUi95E/M9rJxBcdVIexgmwkM4WBYnAEOFJR7jPFaMgxoYQqrj5K6ZDYuoB02TBlOAunrxMGudl1/C7i2L1el5HHh2hY1RCLrpEVXSLaqiOKHpEz+gVvVlP1ov1bn3MojlrPnOI/sD6/AHhf58u</latexit><latexit sha1_base64="gXqxcnQgV6HP6xkOscBVLoLcZow=">AAACFnicbVDLSgMxFM3UV62vUZdugkWoC8uMCLopFN24rGAf0GlLJs20ocnMkNwRyjBf4cZfceNCEbfizr8xfSy09UDgcM653Nzjx4JrcJxvK7eyura+kd8sbG3v7O7Z+wcNHSWKsjqNRKRaPtFM8JDVgYNgrVgxIn3Bmv7oZuI3H5jSPArvYRyzjiSDkAecEjBSzz7zYMiA4Ar2AkVo6mapzDydyF7KK27WlXgW6KYlfpr17KJTdqbAy8SdkyKao9azv7x+RBPJQqCCaN12nRg6KVHAqWBZwUs0iwkdkQFrGxoSyXQnnZ6V4ROj9HEQKfNCwFP190RKpNZj6ZukJDDUi95E/M9rJxBcdVIexgmwkM4WBYnAEOFJR7jPFaMgxoYQqrj5K6ZDYuoB02TBlOAunrxMGudl1/C7i2L1el5HHh2hY1RCLrpEVXSLaqiOKHpEz+gVvVlP1ov1bn3MojlrPnOI/sD6/AHhf58u</latexit><latexit sha1_base64="gXqxcnQgV6HP6xkOscBVLoLcZow=">AAACFnicbVDLSgMxFM3UV62vUZdugkWoC8uMCLopFN24rGAf0GlLJs20ocnMkNwRyjBf4cZfceNCEbfizr8xfSy09UDgcM653Nzjx4JrcJxvK7eyura+kd8sbG3v7O7Z+wcNHSWKsjqNRKRaPtFM8JDVgYNgrVgxIn3Bmv7oZuI3H5jSPArvYRyzjiSDkAecEjBSzz7zYMiA4Ar2AkVo6mapzDydyF7KK27WlXgW6KYlfpr17KJTdqbAy8SdkyKao9azv7x+RBPJQqCCaN12nRg6KVHAqWBZwUs0iwkdkQFrGxoSyXQnnZ6V4ROj9HEQKfNCwFP190RKpNZj6ZukJDDUi95E/M9rJxBcdVIexgmwkM4WBYnAEOFJR7jPFaMgxoYQqrj5K6ZDYuoB02TBlOAunrxMGudl1/C7i2L1el5HHh2hY1RCLrpEVXSLaqiOKHpEz+gVvVlP1ov1bn3MojlrPnOI/sD6/AHhf58u</latexit><latexit sha1_base64="gXqxcnQgV6HP6xkOscBVLoLcZow=">AAACFnicbVDLSgMxFM3UV62vUZdugkWoC8uMCLopFN24rGAf0GlLJs20ocnMkNwRyjBf4cZfceNCEbfizr8xfSy09UDgcM653Nzjx4JrcJxvK7eyura+kd8sbG3v7O7Z+wcNHSWKsjqNRKRaPtFM8JDVgYNgrVgxIn3Bmv7oZuI3H5jSPArvYRyzjiSDkAecEjBSzz7zYMiA4Ar2AkVo6mapzDydyF7KK27WlXgW6KYlfpr17KJTdqbAy8SdkyKao9azv7x+RBPJQqCCaN12nRg6KVHAqWBZwUs0iwkdkQFrGxoSyXQnnZ6V4ROj9HEQKfNCwFP190RKpNZj6ZukJDDUi95E/M9rJxBcdVIexgmwkM4WBYnAEOFJR7jPFaMgxoYQqrj5K6ZDYuoB02TBlOAunrxMGudl1/C7i2L1el5HHh2hY1RCLrpEVXSLaqiOKHpEz+gVvVlP1ov1bn3MojlrPnOI/sD6/AHhf58u</latexit>

+�

⇢
/ 1

m · n(1)

�

<latexit sha1_base64="a+wEGYEvshQgZaO3gYShLFoIPGM="></latexit><latexit sha1_base64="a+wEGYEvshQgZaO3gYShLFoIPGM="></latexit><latexit sha1_base64="a+wEGYEvshQgZaO3gYShLFoIPGM="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="u/7ova5j6W8Nt/PoD04+wdl7RNM=">AAACF3icbZDLSgMxFIbPeLfeqls3wSIogsy4UXeCG5cK9gKdoWTSTBvMJENyRijDPIsbX8WNC0Vd+Tam7Sy09UDCz/+fQ3K+OJPCou9/ewuLS8srq2vrtY3Nre2d+u5my+rcMN5kWmrTianlUijeRIGSdzLDaRpL3o4frsd5+5EbK7S6x1HGo5QOlEgEo+isXv3yhIQxR+puMRiEBQkzozPUJEwMZUVQFikJWV8jUb3iKDguy6qz7NUb/qk/KTIvgko0oKrbXv0z7GuWp1whk9TabuBnGBXUoGCSl7Uwtzyj7IEOeNdJRVNuo2KyYkkOndMniTbuKCQT9/dEQVNrR2nsOlOKQzubjc3/sm6OyUVUCJXlyBWbPpTkkjgEY16kLwxnKEdOUGaE+ythQ+rYoKNacxCC2ZXnRevsNHD6zoc12IcDOIIAzuEKbuAWmsDgCV7gDd69Z+/V+5jiWvAqbnvwp7yvH/uFocg=</latexit><latexit sha1_base64="ZLkRQiVwMwRBn+rKbvMhyb3rn34="></latexit><latexit sha1_base64="afb2wQXStf683J640mfV0cQc/Es="></latexit><latexit sha1_base64="a+wEGYEvshQgZaO3gYShLFoIPGM="></latexit><latexit sha1_base64="a+wEGYEvshQgZaO3gYShLFoIPGM="></latexit><latexit sha1_base64="a+wEGYEvshQgZaO3gYShLFoIPGM="></latexit><latexit sha1_base64="a+wEGYEvshQgZaO3gYShLFoIPGM="></latexit><latexit sha1_base64="a+wEGYEvshQgZaO3gYShLFoIPGM="></latexit><latexit sha1_base64="a+wEGYEvshQgZaO3gYShLFoIPGM="></latexit>
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<latexit sha1_base64="vlyjP0+wm/yB5IGFGFSMSncgMMI="></latexit><latexit sha1_base64="vlyjP0+wm/yB5IGFGFSMSncgMMI="></latexit><latexit sha1_base64="vlyjP0+wm/yB5IGFGFSMSncgMMI="></latexit><latexit sha1_base64="vlyjP0+wm/yB5IGFGFSMSncgMMI="></latexit>

rJ1(✓)
<latexit sha1_base64="HuS0jjYiSO45IZVcZ0kTLKP/m20=">AAAB+3icbZBNSwMxEIaz9avWr7UevQSLUC9lVwQ9Fr2Ipwr2A7qlzKZpG5rNLsmsWEr/ihcPinj1j3jz35i2e9DWFwIP78wwkzdMpDDoed9Obm19Y3Mrv13Y2d3bP3APiw0Tp5rxOotlrFshGC6F4nUUKHkr0RyiUPJmOLqZ1ZuPXBsRqwccJ7wTwUCJvmCA1uq6xUBBKIHedf1ygEOOcNZ1S17Fm4uugp9BiWSqdd2voBezNOIKmQRj2r6XYGcCGgWTfFoIUsMTYCMY8LZFBRE3ncn89ik9tU6P9mNtn0I6d39PTCAyZhyFtjMCHJrl2sz8r9ZOsX/VmQiVpMgVWyzqp5JiTGdB0J7QnKEcWwCmhb2VsiFoYGjjKtgQ/OUvr0LjvOJbvr8oVa+zOPLkmJyQMvHJJamSW1IjdcLIE3kmr+TNmTovzrvzsWjNOdnMEfkj5/MHjP+Tdg==</latexit><latexit sha1_base64="HuS0jjYiSO45IZVcZ0kTLKP/m20=">AAAB+3icbZBNSwMxEIaz9avWr7UevQSLUC9lVwQ9Fr2Ipwr2A7qlzKZpG5rNLsmsWEr/ihcPinj1j3jz35i2e9DWFwIP78wwkzdMpDDoed9Obm19Y3Mrv13Y2d3bP3APiw0Tp5rxOotlrFshGC6F4nUUKHkr0RyiUPJmOLqZ1ZuPXBsRqwccJ7wTwUCJvmCA1uq6xUBBKIHedf1ygEOOcNZ1S17Fm4uugp9BiWSqdd2voBezNOIKmQRj2r6XYGcCGgWTfFoIUsMTYCMY8LZFBRE3ncn89ik9tU6P9mNtn0I6d39PTCAyZhyFtjMCHJrl2sz8r9ZOsX/VmQiVpMgVWyzqp5JiTGdB0J7QnKEcWwCmhb2VsiFoYGjjKtgQ/OUvr0LjvOJbvr8oVa+zOPLkmJyQMvHJJamSW1IjdcLIE3kmr+TNmTovzrvzsWjNOdnMEfkj5/MHjP+Tdg==</latexit><latexit sha1_base64="HuS0jjYiSO45IZVcZ0kTLKP/m20=">AAAB+3icbZBNSwMxEIaz9avWr7UevQSLUC9lVwQ9Fr2Ipwr2A7qlzKZpG5rNLsmsWEr/ihcPinj1j3jz35i2e9DWFwIP78wwkzdMpDDoed9Obm19Y3Mrv13Y2d3bP3APiw0Tp5rxOotlrFshGC6F4nUUKHkr0RyiUPJmOLqZ1ZuPXBsRqwccJ7wTwUCJvmCA1uq6xUBBKIHedf1ygEOOcNZ1S17Fm4uugp9BiWSqdd2voBezNOIKmQRj2r6XYGcCGgWTfFoIUsMTYCMY8LZFBRE3ncn89ik9tU6P9mNtn0I6d39PTCAyZhyFtjMCHJrl2sz8r9ZOsX/VmQiVpMgVWyzqp5JiTGdB0J7QnKEcWwCmhb2VsiFoYGjjKtgQ/OUvr0LjvOJbvr8oVa+zOPLkmJyQMvHJJamSW1IjdcLIE3kmr+TNmTovzrvzsWjNOdnMEfkj5/MHjP+Tdg==</latexit><latexit sha1_base64="HuS0jjYiSO45IZVcZ0kTLKP/m20=">AAAB+3icbZBNSwMxEIaz9avWr7UevQSLUC9lVwQ9Fr2Ipwr2A7qlzKZpG5rNLsmsWEr/ihcPinj1j3jz35i2e9DWFwIP78wwkzdMpDDoed9Obm19Y3Mrv13Y2d3bP3APiw0Tp5rxOotlrFshGC6F4nUUKHkr0RyiUPJmOLqZ1ZuPXBsRqwccJ7wTwUCJvmCA1uq6xUBBKIHedf1ygEOOcNZ1S17Fm4uugp9BiWSqdd2voBezNOIKmQRj2r6XYGcCGgWTfFoIUsMTYCMY8LZFBRE3ncn89ik9tU6P9mNtn0I6d39PTCAyZhyFtjMCHJrl2sz8r9ZOsX/VmQiVpMgVWyzqp5JiTGdB0J7QnKEcWwCmhb2VsiFoYGjjKtgQ/OUvr0LjvOJbvr8oVa+zOPLkmJyQMvHJJamSW1IjdcLIE3kmr+TNmTovzrvzsWjNOdnMEfkj5/MHjP+Tdg==</latexit>

rJ2(✓)
<latexit sha1_base64="cH0WVk998rIjo6ICs1oyVM90b8I=">AAAB+3icbZDPSwJBFMdn7ZfZr82OXYYksIvsSlBHqUt0MkgTXJG346iDs7PLzNtIxH+lS4ciuvaPdOu/adQ9lPaFgQ/f9x7vzTdMpDDoed9Obm19Y3Mrv13Y2d3bP3APi00Tp5rxBotlrFshGC6F4g0UKHkr0RyiUPKHcHQ9qz88cm1ErO5xnPBOBAMl+oIBWqvrFgMFoQR6262WAxxyhLOuW/Iq3lx0FfwMSiRTvet+Bb2YpRFXyCQY0/a9BDsT0CiY5NNCkBqeABvBgLctKoi46Uzmt0/pqXV6tB9r+xTSuft7YgKRMeMotJ0R4NAs12bmf7V2iv3LzkSoJEWu2GJRP5UUYzoLgvaE5gzl2AIwLeytlA1BA0MbV8GG4C9/eRWa1Ypv+e68VLvK4siTY3JCysQnF6RGbkidNAgjT+SZvJI3Z+q8OO/Ox6I152QzR+SPnM8fjouTdw==</latexit><latexit sha1_base64="cH0WVk998rIjo6ICs1oyVM90b8I=">AAAB+3icbZDPSwJBFMdn7ZfZr82OXYYksIvsSlBHqUt0MkgTXJG346iDs7PLzNtIxH+lS4ciuvaPdOu/adQ9lPaFgQ/f9x7vzTdMpDDoed9Obm19Y3Mrv13Y2d3bP3APi00Tp5rxBotlrFshGC6F4g0UKHkr0RyiUPKHcHQ9qz88cm1ErO5xnPBOBAMl+oIBWqvrFgMFoQR6262WAxxyhLOuW/Iq3lx0FfwMSiRTvet+Bb2YpRFXyCQY0/a9BDsT0CiY5NNCkBqeABvBgLctKoi46Uzmt0/pqXV6tB9r+xTSuft7YgKRMeMotJ0R4NAs12bmf7V2iv3LzkSoJEWu2GJRP5UUYzoLgvaE5gzl2AIwLeytlA1BA0MbV8GG4C9/eRWa1Ypv+e68VLvK4siTY3JCysQnF6RGbkidNAgjT+SZvJI3Z+q8OO/Ox6I152QzR+SPnM8fjouTdw==</latexit><latexit sha1_base64="cH0WVk998rIjo6ICs1oyVM90b8I=">AAAB+3icbZDPSwJBFMdn7ZfZr82OXYYksIvsSlBHqUt0MkgTXJG346iDs7PLzNtIxH+lS4ciuvaPdOu/adQ9lPaFgQ/f9x7vzTdMpDDoed9Obm19Y3Mrv13Y2d3bP3APi00Tp5rxBotlrFshGC6F4g0UKHkr0RyiUPKHcHQ9qz88cm1ErO5xnPBOBAMl+oIBWqvrFgMFoQR6262WAxxyhLOuW/Iq3lx0FfwMSiRTvet+Bb2YpRFXyCQY0/a9BDsT0CiY5NNCkBqeABvBgLctKoi46Uzmt0/pqXV6tB9r+xTSuft7YgKRMeMotJ0R4NAs12bmf7V2iv3LzkSoJEWu2GJRP5UUYzoLgvaE5gzl2AIwLeytlA1BA0MbV8GG4C9/eRWa1Ypv+e68VLvK4siTY3JCysQnF6RGbkidNAgjT+SZvJI3Z+q8OO/Ox6I152QzR+SPnM8fjouTdw==</latexit><latexit sha1_base64="cH0WVk998rIjo6ICs1oyVM90b8I=">AAAB+3icbZDPSwJBFMdn7ZfZr82OXYYksIvsSlBHqUt0MkgTXJG346iDs7PLzNtIxH+lS4ciuvaPdOu/adQ9lPaFgQ/f9x7vzTdMpDDoed9Obm19Y3Mrv13Y2d3bP3APi00Tp5rxBotlrFshGC6F4g0UKHkr0RyiUPKHcHQ9qz88cm1ErO5xnPBOBAMl+oIBWqvrFgMFoQR6262WAxxyhLOuW/Iq3lx0FfwMSiRTvet+Bb2YpRFXyCQY0/a9BDsT0CiY5NNCkBqeABvBgLctKoi46Uzmt0/pqXV6tB9r+xTSuft7YgKRMeMotJ0R4NAs12bmf7V2iv3LzkSoJEWu2GJRP5UUYzoLgvaE5gzl2AIwLeytlA1BA0MbV8GG4C9/eRWa1Ypv+e68VLvK4siTY3JCysQnF6RGbkidNAgjT+SZvJI3Z+q8OO/Ox6I152QzR+SPnM8fjouTdw==</latexit>

D1
<latexit sha1_base64="WYOB+gjejqHYhlt6CoocqK+Bc0g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxqAePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezevsJleaxfDSTBP2IDiUPOaPGWg+3fa9frrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/IzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+R8/gC8a41s</latexit><latexit sha1_base64="WYOB+gjejqHYhlt6CoocqK+Bc0g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxqAePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezevsJleaxfDSTBP2IDiUPOaPGWg+3fa9frrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/IzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+R8/gC8a41s</latexit><latexit sha1_base64="WYOB+gjejqHYhlt6CoocqK+Bc0g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxqAePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezevsJleaxfDSTBP2IDiUPOaPGWg+3fa9frrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/IzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+R8/gC8a41s</latexit><latexit sha1_base64="WYOB+gjejqHYhlt6CoocqK+Bc0g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxqAePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezevsJleaxfDSTBP2IDiUPOaPGWg+3fa9frrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/IzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+R8/gC8a41s</latexit>

D2
<latexit sha1_base64="H2uugXUh/kSo0m6A9wKVh62is7A=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuixqAePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezevsJleaxfDSTBP2IDiUPOaPGWg+3/Vq/XHGr7lxkFbwcKpCr0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/NV52SM+sMSBgr+6Qhc/f3REYjrSdRYDsjakZ6uTYz/6t1UxNe+RmXSWpQssVHYSqIicnsbjLgCpkREwuUKW53JWxEFWXGplOyIXjLJ69Cq1b1LN9fVOrXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sj5/AG9741t</latexit><latexit sha1_base64="H2uugXUh/kSo0m6A9wKVh62is7A=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuixqAePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezevsJleaxfDSTBP2IDiUPOaPGWg+3/Vq/XHGr7lxkFbwcKpCr0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/NV52SM+sMSBgr+6Qhc/f3REYjrSdRYDsjakZ6uTYz/6t1UxNe+RmXSWpQssVHYSqIicnsbjLgCpkREwuUKW53JWxEFWXGplOyIXjLJ69Cq1b1LN9fVOrXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sj5/AG9741t</latexit><latexit sha1_base64="H2uugXUh/kSo0m6A9wKVh62is7A=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuixqAePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezevsJleaxfDSTBP2IDiUPOaPGWg+3/Vq/XHGr7lxkFbwcKpCr0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/NV52SM+sMSBgr+6Qhc/f3REYjrSdRYDsjakZ6uTYz/6t1UxNe+RmXSWpQssVHYSqIicnsbjLgCpkREwuUKW53JWxEFWXGplOyIXjLJ69Cq1b1LN9fVOrXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sj5/AG9741t</latexit><latexit sha1_base64="H2uugXUh/kSo0m6A9wKVh62is7A=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuixqAePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezevsJleaxfDSTBP2IDiUPOaPGWg+3/Vq/XHGr7lxkFbwcKpCr0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/NV52SM+sMSBgr+6Qhc/f3REYjrSdRYDsjakZ6uTYz/6t1UxNe+RmXSWpQssVHYSqIicnsbjLgCpkREwuUKW53JWxEFWXGplOyIXjLJ69Cq1b1LN9fVOrXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sj5/AG9741t</latexit>

D1
<latexit sha1_base64="WYOB+gjejqHYhlt6CoocqK+Bc0g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxqAePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezevsJleaxfDSTBP2IDiUPOaPGWg+3fa9frrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/IzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+R8/gC8a41s</latexit><latexit sha1_base64="WYOB+gjejqHYhlt6CoocqK+Bc0g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxqAePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezevsJleaxfDSTBP2IDiUPOaPGWg+3fa9frrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/IzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+R8/gC8a41s</latexit><latexit sha1_base64="WYOB+gjejqHYhlt6CoocqK+Bc0g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxqAePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezevsJleaxfDSTBP2IDiUPOaPGWg+3fa9frrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/IzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+R8/gC8a41s</latexit><latexit sha1_base64="WYOB+gjejqHYhlt6CoocqK+Bc0g=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqxqAePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezevsJleaxfDSTBP2IDiUPOaPGWg+3fa9frrhVdy6yCl4OFcjV6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1KGmE2s/mq07JmXUGJIyVfdKQuft7IqOR1pMosJ0RNSO9XJuZ/9W6qQmv/IzLJDUo2eKjMBXExGR2NxlwhcyIiQXKFLe7EjaiijJj0ynZELzlk1ehdVH1LN9fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+R8/gC8a41s</latexit>

D2
<latexit sha1_base64="H2uugXUh/kSo0m6A9wKVh62is7A=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuixqAePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezevsJleaxfDSTBP2IDiUPOaPGWg+3/Vq/XHGr7lxkFbwcKpCr0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/NV52SM+sMSBgr+6Qhc/f3REYjrSdRYDsjakZ6uTYz/6t1UxNe+RmXSWpQssVHYSqIicnsbjLgCpkREwuUKW53JWxEFWXGplOyIXjLJ69Cq1b1LN9fVOrXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sj5/AG9741t</latexit><latexit sha1_base64="H2uugXUh/kSo0m6A9wKVh62is7A=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuixqAePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezevsJleaxfDSTBP2IDiUPOaPGWg+3/Vq/XHGr7lxkFbwcKpCr0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/NV52SM+sMSBgr+6Qhc/f3REYjrSdRYDsjakZ6uTYz/6t1UxNe+RmXSWpQssVHYSqIicnsbjLgCpkREwuUKW53JWxEFWXGplOyIXjLJ69Cq1b1LN9fVOrXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sj5/AG9741t</latexit><latexit sha1_base64="H2uugXUh/kSo0m6A9wKVh62is7A=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuixqAePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezevsJleaxfDSTBP2IDiUPOaPGWg+3/Vq/XHGr7lxkFbwcKpCr0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/NV52SM+sMSBgr+6Qhc/f3REYjrSdRYDsjakZ6uTYz/6t1UxNe+RmXSWpQssVHYSqIicnsbjLgCpkREwuUKW53JWxEFWXGplOyIXjLJ69Cq1b1LN9fVOrXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sj5/AG9741t</latexit><latexit sha1_base64="H2uugXUh/kSo0m6A9wKVh62is7A=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuixqAePFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxjezevsJleaxfDSTBP2IDiUPOaPGWg+3/Vq/XHGr7lxkFbwcKpCr0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrUdIItZ/NV52SM+sMSBgr+6Qhc/f3REYjrSdRYDsjakZ6uTYz/6t1UxNe+RmXSWpQssVHYSqIicnsbjLgCpkREwuUKW53JWxEFWXGplOyIXjLJ69Cq1b1LN9fVOrXeRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sj5/AG9741t</latexit>

Dataset Size: n

Smallest Dataset Size: n(1)

Smallest Dataset Size: n(1)

Dm
<latexit sha1_base64="kAT7CI7uKy2L7zmLllam+sYvGM8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjUQ8eK1pbaJeSTWfb0CS7JFmhlP4ELx4U8eov8ua/MW33oK0vBB7emSEzb5QKbqzvf3uFldW19Y3iZmlre2d3r7x/8GiSTDNssEQkuhVRg4IrbFhuBbZSjVRGApvR8Hpabz6hNjxRD3aUYihpX/GYM2qddX/Tld1yxa/6M5FlCHKoQK56t/zV6SUsk6gsE9SYduCnNhxTbTkTOCl1MoMpZUPax7ZDRSWacDxbdUJOnNMjcaLdU5bM3N8TYyqNGcnIdUpqB2axNjX/q7UzG1+GY67SzKJi84/iTBCbkOndpMc1MitGDijT3O1K2IBqyqxLp+RCCBZPXobHs2rg+O68UrvK4yjCERzDKQRwATW4hTo0gEEfnuEV3jzhvXjv3se8teDlM4fwR97nDxdqjag=</latexit><latexit sha1_base64="kAT7CI7uKy2L7zmLllam+sYvGM8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjUQ8eK1pbaJeSTWfb0CS7JFmhlP4ELx4U8eov8ua/MW33oK0vBB7emSEzb5QKbqzvf3uFldW19Y3iZmlre2d3r7x/8GiSTDNssEQkuhVRg4IrbFhuBbZSjVRGApvR8Hpabz6hNjxRD3aUYihpX/GYM2qddX/Tld1yxa/6M5FlCHKoQK56t/zV6SUsk6gsE9SYduCnNhxTbTkTOCl1MoMpZUPax7ZDRSWacDxbdUJOnNMjcaLdU5bM3N8TYyqNGcnIdUpqB2axNjX/q7UzG1+GY67SzKJi84/iTBCbkOndpMc1MitGDijT3O1K2IBqyqxLp+RCCBZPXobHs2rg+O68UrvK4yjCERzDKQRwATW4hTo0gEEfnuEV3jzhvXjv3se8teDlM4fwR97nDxdqjag=</latexit><latexit sha1_base64="kAT7CI7uKy2L7zmLllam+sYvGM8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjUQ8eK1pbaJeSTWfb0CS7JFmhlP4ELx4U8eov8ua/MW33oK0vBB7emSEzb5QKbqzvf3uFldW19Y3iZmlre2d3r7x/8GiSTDNssEQkuhVRg4IrbFhuBbZSjVRGApvR8Hpabz6hNjxRD3aUYihpX/GYM2qddX/Tld1yxa/6M5FlCHKoQK56t/zV6SUsk6gsE9SYduCnNhxTbTkTOCl1MoMpZUPax7ZDRSWacDxbdUJOnNMjcaLdU5bM3N8TYyqNGcnIdUpqB2axNjX/q7UzG1+GY67SzKJi84/iTBCbkOndpMc1MitGDijT3O1K2IBqyqxLp+RCCBZPXobHs2rg+O68UrvK4yjCERzDKQRwATW4hTo0gEEfnuEV3jzhvXjv3se8teDlM4fwR97nDxdqjag=</latexit><latexit sha1_base64="kAT7CI7uKy2L7zmLllam+sYvGM8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjUQ8eK1pbaJeSTWfb0CS7JFmhlP4ELx4U8eov8ua/MW33oK0vBB7emSEzb5QKbqzvf3uFldW19Y3iZmlre2d3r7x/8GiSTDNssEQkuhVRg4IrbFhuBbZSjVRGApvR8Hpabz6hNjxRD3aUYihpX/GYM2qddX/Tld1yxa/6M5FlCHKoQK56t/zV6SUsk6gsE9SYduCnNhxTbTkTOCl1MoMpZUPax7ZDRSWacDxbdUJOnNMjcaLdU5bM3N8TYyqNGcnIdUpqB2axNjX/q7UzG1+GY67SzKJi84/iTBCbkOndpMc1MitGDijT3O1K2IBqyqxLp+RCCBZPXobHs2rg+O68UrvK4yjCERzDKQRwATW4hTo0gEEfnuEV3jzhvXjv3se8teDlM4fwR97nDxdqjag=</latexit>

Dm
<latexit sha1_base64="kAT7CI7uKy2L7zmLllam+sYvGM8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjUQ8eK1pbaJeSTWfb0CS7JFmhlP4ELx4U8eov8ua/MW33oK0vBB7emSEzb5QKbqzvf3uFldW19Y3iZmlre2d3r7x/8GiSTDNssEQkuhVRg4IrbFhuBbZSjVRGApvR8Hpabz6hNjxRD3aUYihpX/GYM2qddX/Tld1yxa/6M5FlCHKoQK56t/zV6SUsk6gsE9SYduCnNhxTbTkTOCl1MoMpZUPax7ZDRSWacDxbdUJOnNMjcaLdU5bM3N8TYyqNGcnIdUpqB2axNjX/q7UzG1+GY67SzKJi84/iTBCbkOndpMc1MitGDijT3O1K2IBqyqxLp+RCCBZPXobHs2rg+O68UrvK4yjCERzDKQRwATW4hTo0gEEfnuEV3jzhvXjv3se8teDlM4fwR97nDxdqjag=</latexit><latexit sha1_base64="kAT7CI7uKy2L7zmLllam+sYvGM8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjUQ8eK1pbaJeSTWfb0CS7JFmhlP4ELx4U8eov8ua/MW33oK0vBB7emSEzb5QKbqzvf3uFldW19Y3iZmlre2d3r7x/8GiSTDNssEQkuhVRg4IrbFhuBbZSjVRGApvR8Hpabz6hNjxRD3aUYihpX/GYM2qddX/Tld1yxa/6M5FlCHKoQK56t/zV6SUsk6gsE9SYduCnNhxTbTkTOCl1MoMpZUPax7ZDRSWacDxbdUJOnNMjcaLdU5bM3N8TYyqNGcnIdUpqB2axNjX/q7UzG1+GY67SzKJi84/iTBCbkOndpMc1MitGDijT3O1K2IBqyqxLp+RCCBZPXobHs2rg+O68UrvK4yjCERzDKQRwATW4hTo0gEEfnuEV3jzhvXjv3se8teDlM4fwR97nDxdqjag=</latexit><latexit sha1_base64="kAT7CI7uKy2L7zmLllam+sYvGM8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjUQ8eK1pbaJeSTWfb0CS7JFmhlP4ELx4U8eov8ua/MW33oK0vBB7emSEzb5QKbqzvf3uFldW19Y3iZmlre2d3r7x/8GiSTDNssEQkuhVRg4IrbFhuBbZSjVRGApvR8Hpabz6hNjxRD3aUYihpX/GYM2qddX/Tld1yxa/6M5FlCHKoQK56t/zV6SUsk6gsE9SYduCnNhxTbTkTOCl1MoMpZUPax7ZDRSWacDxbdUJOnNMjcaLdU5bM3N8TYyqNGcnIdUpqB2axNjX/q7UzG1+GY67SzKJi84/iTBCbkOndpMc1MitGDijT3O1K2IBqyqxLp+RCCBZPXobHs2rg+O68UrvK4yjCERzDKQRwATW4hTo0gEEfnuEV3jzhvXjv3se8teDlM4fwR97nDxdqjag=</latexit><latexit sha1_base64="kAT7CI7uKy2L7zmLllam+sYvGM8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBjUQ8eK1pbaJeSTWfb0CS7JFmhlP4ELx4U8eov8ua/MW33oK0vBB7emSEzb5QKbqzvf3uFldW19Y3iZmlre2d3r7x/8GiSTDNssEQkuhVRg4IrbFhuBbZSjVRGApvR8Hpabz6hNjxRD3aUYihpX/GYM2qddX/Tld1yxa/6M5FlCHKoQK56t/zV6SUsk6gsE9SYduCnNhxTbTkTOCl1MoMpZUPax7ZDRSWacDxbdUJOnNMjcaLdU5bM3N8TYyqNGcnIdUpqB2axNjX/q7UzG1+GY67SzKJi84/iTBCbkOndpMc1MitGDijT3O1K2IBqyqxLp+RCCBZPXobHs2rg+O68UrvK4yjCERzDKQRwATW4hTo0gEEfnuEV3jzhvXjv3se8teDlM4fwR97nDxdqjag=</latexit>

✓(m)
<latexit sha1_base64="35cod3dBueVEY4E0/d38Jfy2yNY=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFewHNLFsttt26W4SdidCCf0bXjwo4tU/481/47bNQVtfWHh4Z4aZfcNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605IDZci4k0UKHkn0ZyqUPJ2OL6d1dtPXBsRRw84SXig6DASA8EoWsv3ccSRPmZVdT7tlStuzZ2LrIKXQwVyNXrlL78fs1TxCJmkxnQ9N8EgoxoFk3xa8lPDE8rGdMi7FiOquAmy+c1TcmadPhnE2r4Iydz9PZFRZcxEhbZTURyZ5drM/K/WTXFwHWQiSlLkEVssGqSSYExmAZC+0JyhnFigTAt7K2EjqilDG1PJhuAtf3kVWhc1z/L9ZaV+k8dRhBM4hSp4cAV1uIMGNIFBAs/wCm9O6rw4787HorXg5DPH8EfO5w+8IJF4</latexit><latexit sha1_base64="35cod3dBueVEY4E0/d38Jfy2yNY=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFewHNLFsttt26W4SdidCCf0bXjwo4tU/481/47bNQVtfWHh4Z4aZfcNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605IDZci4k0UKHkn0ZyqUPJ2OL6d1dtPXBsRRw84SXig6DASA8EoWsv3ccSRPmZVdT7tlStuzZ2LrIKXQwVyNXrlL78fs1TxCJmkxnQ9N8EgoxoFk3xa8lPDE8rGdMi7FiOquAmy+c1TcmadPhnE2r4Iydz9PZFRZcxEhbZTURyZ5drM/K/WTXFwHWQiSlLkEVssGqSSYExmAZC+0JyhnFigTAt7K2EjqilDG1PJhuAtf3kVWhc1z/L9ZaV+k8dRhBM4hSp4cAV1uIMGNIFBAs/wCm9O6rw4787HorXg5DPH8EfO5w+8IJF4</latexit><latexit sha1_base64="35cod3dBueVEY4E0/d38Jfy2yNY=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFewHNLFsttt26W4SdidCCf0bXjwo4tU/481/47bNQVtfWHh4Z4aZfcNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605IDZci4k0UKHkn0ZyqUPJ2OL6d1dtPXBsRRw84SXig6DASA8EoWsv3ccSRPmZVdT7tlStuzZ2LrIKXQwVyNXrlL78fs1TxCJmkxnQ9N8EgoxoFk3xa8lPDE8rGdMi7FiOquAmy+c1TcmadPhnE2r4Iydz9PZFRZcxEhbZTURyZ5drM/K/WTXFwHWQiSlLkEVssGqSSYExmAZC+0JyhnFigTAt7K2EjqilDG1PJhuAtf3kVWhc1z/L9ZaV+k8dRhBM4hSp4cAV1uIMGNIFBAs/wCm9O6rw4787HorXg5DPH8EfO5w+8IJF4</latexit><latexit sha1_base64="35cod3dBueVEY4E0/d38Jfy2yNY=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFewHNLFsttt26W4SdidCCf0bXjwo4tU/481/47bNQVtfWHh4Z4aZfcNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605IDZci4k0UKHkn0ZyqUPJ2OL6d1dtPXBsRRw84SXig6DASA8EoWsv3ccSRPmZVdT7tlStuzZ2LrIKXQwVyNXrlL78fs1TxCJmkxnQ9N8EgoxoFk3xa8lPDE8rGdMi7FiOquAmy+c1TcmadPhnE2r4Iydz9PZFRZcxEhbZTURyZ5drM/K/WTXFwHWQiSlLkEVssGqSSYExmAZC+0JyhnFigTAt7K2EjqilDG1PJhuAtf3kVWhc1z/L9ZaV+k8dRhBM4hSp4cAV1uIMGNIFBAs/wCm9O6rw4787HorXg5DPH8EfO5w+8IJF4</latexit>

rJm(✓)
<latexit sha1_base64="g0VfXGXmdNNjyWNlqeMzqpRsMes=">AAAB+3icbZBNSwMxEIaz9avWr7UevQSLUC9lVwQ9Fr2Ipwr2A7qlzKZpG5rNLsmsWEr/ihcPinj1j3jz35i2e9DWFwIP78wwkzdMpDDoed9Obm19Y3Mrv13Y2d3bP3APiw0Tp5rxOotlrFshGC6F4nUUKHkr0RyiUPJmOLqZ1ZuPXBsRqwccJ7wTwUCJvmCA1uq6xUBBKIHedaNygEOOcNZ1S17Fm4uugp9BiWSqdd2voBezNOIKmQRj2r6XYGcCGgWTfFoIUsMTYCMY8LZFBRE3ncn89ik9tU6P9mNtn0I6d39PTCAyZhyFtjMCHJrl2sz8r9ZOsX/VmQiVpMgVWyzqp5JiTGdB0J7QnKEcWwCmhb2VsiFoYGjjKtgQ/OUvr0LjvOJbvr8oVa+zOPLkmJyQMvHJJamSW1IjdcLIE3kmr+TNmTovzrvzsWjNOdnMEfkj5/MH6c+Tsg==</latexit><latexit sha1_base64="g0VfXGXmdNNjyWNlqeMzqpRsMes=">AAAB+3icbZBNSwMxEIaz9avWr7UevQSLUC9lVwQ9Fr2Ipwr2A7qlzKZpG5rNLsmsWEr/ihcPinj1j3jz35i2e9DWFwIP78wwkzdMpDDoed9Obm19Y3Mrv13Y2d3bP3APiw0Tp5rxOotlrFshGC6F4nUUKHkr0RyiUPJmOLqZ1ZuPXBsRqwccJ7wTwUCJvmCA1uq6xUBBKIHedaNygEOOcNZ1S17Fm4uugp9BiWSqdd2voBezNOIKmQRj2r6XYGcCGgWTfFoIUsMTYCMY8LZFBRE3ncn89ik9tU6P9mNtn0I6d39PTCAyZhyFtjMCHJrl2sz8r9ZOsX/VmQiVpMgVWyzqp5JiTGdB0J7QnKEcWwCmhb2VsiFoYGjjKtgQ/OUvr0LjvOJbvr8oVa+zOPLkmJyQMvHJJamSW1IjdcLIE3kmr+TNmTovzrvzsWjNOdnMEfkj5/MH6c+Tsg==</latexit><latexit sha1_base64="g0VfXGXmdNNjyWNlqeMzqpRsMes=">AAAB+3icbZBNSwMxEIaz9avWr7UevQSLUC9lVwQ9Fr2Ipwr2A7qlzKZpG5rNLsmsWEr/ihcPinj1j3jz35i2e9DWFwIP78wwkzdMpDDoed9Obm19Y3Mrv13Y2d3bP3APiw0Tp5rxOotlrFshGC6F4nUUKHkr0RyiUPJmOLqZ1ZuPXBsRqwccJ7wTwUCJvmCA1uq6xUBBKIHedaNygEOOcNZ1S17Fm4uugp9BiWSqdd2voBezNOIKmQRj2r6XYGcCGgWTfFoIUsMTYCMY8LZFBRE3ncn89ik9tU6P9mNtn0I6d39PTCAyZhyFtjMCHJrl2sz8r9ZOsX/VmQiVpMgVWyzqp5JiTGdB0J7QnKEcWwCmhb2VsiFoYGjjKtgQ/OUvr0LjvOJbvr8oVa+zOPLkmJyQMvHJJamSW1IjdcLIE3kmr+TNmTovzrvzsWjNOdnMEfkj5/MH6c+Tsg==</latexit><latexit sha1_base64="g0VfXGXmdNNjyWNlqeMzqpRsMes=">AAAB+3icbZBNSwMxEIaz9avWr7UevQSLUC9lVwQ9Fr2Ipwr2A7qlzKZpG5rNLsmsWEr/ihcPinj1j3jz35i2e9DWFwIP78wwkzdMpDDoed9Obm19Y3Mrv13Y2d3bP3APiw0Tp5rxOotlrFshGC6F4nUUKHkr0RyiUPJmOLqZ1ZuPXBsRqwccJ7wTwUCJvmCA1uq6xUBBKIHedaNygEOOcNZ1S17Fm4uugp9BiWSqdd2voBezNOIKmQRj2r6XYGcCGgWTfFoIUsMTYCMY8LZFBRE3ncn89ik9tU6P9mNtn0I6d39PTCAyZhyFtjMCHJrl2sz8r9ZOsX/VmQiVpMgVWyzqp5JiTGdB0J7QnKEcWwCmhb2VsiFoYGjjKtgQ/OUvr0LjvOJbvr8oVa+zOPLkmJyQMvHJJamSW1IjdcLIE3kmr+TNmTovzrvzsWjNOdnMEfkj5/MH6c+Tsg==</latexit>

· · ·<latexit sha1_base64="UPokKVheDhmbefXjKuY8gEj6EYo=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNZtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOsLCw/vzLAzb5BKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluwE1XIqEt1Cg5N1UcxoHkneC8e2s3nni2giVPOAk5X5Mh4mIBKNorXafhQrNoFpz6+5cZBW8AmpQqDmofvVDxbKYJ8gkNabnuSn6OdUomOTTSj8zPKVsTIe8ZzGhMTd+Pt92Ss6sE5JIafsSJHP390ROY2MmcWA7Y4ojs1ybmf/VehlG134ukjRDnrDFR1EmCSoyO52EQnOGcmKBMi3sroSNqKYMbUAVG4K3fPIqtC/qnuX7y1rjpoijDCdwCufgwRU04A6a0AIGj/AMr/DmKOfFeXc+Fq0lp5g5hj9yPn8ArlmPLw==</latexit><latexit sha1_base64="UPokKVheDhmbefXjKuY8gEj6EYo=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNZtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOsLCw/vzLAzb5BKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluwE1XIqEt1Cg5N1UcxoHkneC8e2s3nni2giVPOAk5X5Mh4mIBKNorXafhQrNoFpz6+5cZBW8AmpQqDmofvVDxbKYJ8gkNabnuSn6OdUomOTTSj8zPKVsTIe8ZzGhMTd+Pt92Ss6sE5JIafsSJHP390ROY2MmcWA7Y4ojs1ybmf/VehlG134ukjRDnrDFR1EmCSoyO52EQnOGcmKBMi3sroSNqKYMbUAVG4K3fPIqtC/qnuX7y1rjpoijDCdwCufgwRU04A6a0AIGj/AMr/DmKOfFeXc+Fq0lp5g5hj9yPn8ArlmPLw==</latexit><latexit sha1_base64="UPokKVheDhmbefXjKuY8gEj6EYo=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNZtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOsLCw/vzLAzb5BKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluwE1XIqEt1Cg5N1UcxoHkneC8e2s3nni2giVPOAk5X5Mh4mIBKNorXafhQrNoFpz6+5cZBW8AmpQqDmofvVDxbKYJ8gkNabnuSn6OdUomOTTSj8zPKVsTIe8ZzGhMTd+Pt92Ss6sE5JIafsSJHP390ROY2MmcWA7Y4ojs1ybmf/VehlG134ukjRDnrDFR1EmCSoyO52EQnOGcmKBMi3sroSNqKYMbUAVG4K3fPIqtC/qnuX7y1rjpoijDCdwCufgwRU04A6a0AIGj/AMr/DmKOfFeXc+Fq0lp5g5hj9yPn8ArlmPLw==</latexit><latexit sha1_base64="UPokKVheDhmbefXjKuY8gEj6EYo=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNZtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOsLCw/vzLAzb5BKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluwE1XIqEt1Cg5N1UcxoHkneC8e2s3nni2giVPOAk5X5Mh4mIBKNorXafhQrNoFpz6+5cZBW8AmpQqDmofvVDxbKYJ8gkNabnuSn6OdUomOTTSj8zPKVsTIe8ZzGhMTd+Pt92Ss6sE5JIafsSJHP390ROY2MmcWA7Y4ojs1ybmf/VehlG134ukjRDnrDFR1EmCSoyO52EQnOGcmKBMi3sroSNqKYMbUAVG4K3fPIqtC/qnuX7y1rjpoijDCdwCufgwRU04A6a0AIGj/AMr/DmKOfFeXc+Fq0lp5g5hj9yPn8ArlmPLw==</latexit>

· · ·<latexit sha1_base64="UPokKVheDhmbefXjKuY8gEj6EYo=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNZtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOsLCw/vzLAzb5BKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluwE1XIqEt1Cg5N1UcxoHkneC8e2s3nni2giVPOAk5X5Mh4mIBKNorXafhQrNoFpz6+5cZBW8AmpQqDmofvVDxbKYJ8gkNabnuSn6OdUomOTTSj8zPKVsTIe8ZzGhMTd+Pt92Ss6sE5JIafsSJHP390ROY2MmcWA7Y4ojs1ybmf/VehlG134ukjRDnrDFR1EmCSoyO52EQnOGcmKBMi3sroSNqKYMbUAVG4K3fPIqtC/qnuX7y1rjpoijDCdwCufgwRU04A6a0AIGj/AMr/DmKOfFeXc+Fq0lp5g5hj9yPn8ArlmPLw==</latexit><latexit sha1_base64="UPokKVheDhmbefXjKuY8gEj6EYo=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNZtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOsLCw/vzLAzb5BKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluwE1XIqEt1Cg5N1UcxoHkneC8e2s3nni2giVPOAk5X5Mh4mIBKNorXafhQrNoFpz6+5cZBW8AmpQqDmofvVDxbKYJ8gkNabnuSn6OdUomOTTSj8zPKVsTIe8ZzGhMTd+Pt92Ss6sE5JIafsSJHP390ROY2MmcWA7Y4ojs1ybmf/VehlG134ukjRDnrDFR1EmCSoyO52EQnOGcmKBMi3sroSNqKYMbUAVG4K3fPIqtC/qnuX7y1rjpoijDCdwCufgwRU04A6a0AIGj/AMr/DmKOfFeXc+Fq0lp5g5hj9yPn8ArlmPLw==</latexit><latexit sha1_base64="UPokKVheDhmbefXjKuY8gEj6EYo=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNZtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOsLCw/vzLAzb5BKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluwE1XIqEt1Cg5N1UcxoHkneC8e2s3nni2giVPOAk5X5Mh4mIBKNorXafhQrNoFpz6+5cZBW8AmpQqDmofvVDxbKYJ8gkNabnuSn6OdUomOTTSj8zPKVsTIe8ZzGhMTd+Pt92Ss6sE5JIafsSJHP390ROY2MmcWA7Y4ojs1ybmf/VehlG134ukjRDnrDFR1EmCSoyO52EQnOGcmKBMi3sroSNqKYMbUAVG4K3fPIqtC/qnuX7y1rjpoijDCdwCufgwRU04A6a0AIGj/AMr/DmKOfFeXc+Fq0lp5g5hj9yPn8ArlmPLw==</latexit><latexit sha1_base64="UPokKVheDhmbefXjKuY8gEj6EYo=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2ANpTNZtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOsLCw/vzLAzb5BKYdB1v53S2vrG5lZ5u7Kzu7d/UD08ahuVacZbTEmluwE1XIqEt1Cg5N1UcxoHkneC8e2s3nni2giVPOAk5X5Mh4mIBKNorXafhQrNoFpz6+5cZBW8AmpQqDmofvVDxbKYJ8gkNabnuSn6OdUomOTTSj8zPKVsTIe8ZzGhMTd+Pt92Ss6sE5JIafsSJHP390ROY2MmcWA7Y4ojs1ybmf/VehlG134ukjRDnrDFR1EmCSoyO52EQnOGcmKBMi3sroSNqKYMbUAVG4K3fPIqtC/qnuX7y1rjpoijDCdwCufgwRU04A6a0AIGj/AMr/DmKOfFeXc+Fq0lp5g5hj9yPn8ArlmPLw==</latexit>

Secure Computation 

P1 P2

Input of P1 is not 
revealed to P2

Input of P2 is not 
revealed to P1

Laplace( 2G
n(1)λϵ )

Laplace( 2G

mn(1)λϵ )
Laplace( 2G

n(1)ϵ )

Laplace( 2G
mn(1)λϵ )

Gaussian( 2TG

mn(1)ϵ
)

Gaussian( 2TG
mn(1)ϵ )

* m = 100, n(1) = 500, λ = 0.01, ϵ = 0.5, G = 1, T = 100
*Standard Deviations over 1000 samples

Three differential privacy mechanisms, all achieving the same  
lower bound on noise, which is inversely proportional to data set size.

θ ← θ − η ∇J(θ)

X1 X2

f(X1, X2)

https://bargavjayaraman.github.io
https://oblivc.org/ppml/
https://github.com/bargavj/distributedMachineLearning

