
CS 5788:  Introduction to Generative Models

Lecture 17: Adapting generative models to other tasks



Announcements

• PS1 grades coming soon



How do we use these models to solve the 
“downstream” tasks that we actually care about?

We have generative models that can generate 
high quality language, images, audio.



• Adapting a network to new tasks 

• Generative pretraining 

• Zero-shot adaptation

Today



Training
<latexit sha1_base64="btHp+XGA9KMZBtcLL1WFTP9DuJw="></latexit><latexit sha1_base64="btHp+XGA9KMZBtcLL1WFTP9DuJw="></latexit><latexit sha1_base64="btHp+XGA9KMZBtcLL1WFTP9DuJw="></latexit><latexit sha1_base64="btHp+XGA9KMZBtcLL1WFTP9DuJw="></latexit>

“Fish”

Recognizing objects,  
generating sentences, etc.

Testing
<latexit sha1_base64="xu7yi64Jzp9qaGC2BEKYLlLVM18="></latexit><latexit sha1_base64="xu7yi64Jzp9qaGC2BEKYLlLVM18="></latexit><latexit sha1_base64="xu7yi64Jzp9qaGC2BEKYLlLVM18="></latexit><latexit sha1_base64="xu7yi64Jzp9qaGC2BEKYLlLVM18="></latexit>

?

Related task: Recognizing scenes,  
classifying documents, etc.

Often, what we will be “tested” on is to learn to do something new.

Source: Isola, Freeman, Torralba5

Transfer learning



Finetuning: take a model trained on one task and retrain it for 
another.

Testing
<latexit sha1_base64="xu7yi64Jzp9qaGC2BEKYLlLVM18="></latexit><latexit sha1_base64="xu7yi64Jzp9qaGC2BEKYLlLVM18="></latexit><latexit sha1_base64="xu7yi64Jzp9qaGC2BEKYLlLVM18="></latexit><latexit sha1_base64="xu7yi64Jzp9qaGC2BEKYLlLVM18="></latexit>

e.g., Scene recognition

?“Fish”

e.g., Object recognition

Pretraining
<latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit>

A lot of data

bedroom

Finetuning
<latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit>

e.g., Scene recognition

A little data

Source: Isola, Freeman, Torralba6



Finetuning

dolphin
cat
grizzly bear
angel fish
chameleon

iguana
elephant

clown fish

Object recognition

Pretraining
<latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit>

Finetuning
<latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit>

Scene recognition

Source: Isola, Freeman, Torralba7



dolphin
cat
grizzly bear
angel fish
chameleon

iguana
elephant

clown fish

Object recognition

Pretraining
<latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit>

Finetuning
<latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit>

Scene recognition

bathroom
kitchen
bedroom
living room
hallway

Initialize the weights using the pretraining task!

Finetuning

Source: Isola, Freeman, Torralba8



Finetuning

• Pretrain a network on task A, resulting in parameters . 

• Initialize a second network with some or all of . 

• Train the second network on task B, resulting in parameters   

• We can think of this as a small update to the original weights, 
e.g., .

Φ

Φ

Φ′￼.

Φ′￼ = Φ + ΔΦ

Adapted from Isola, Freeman, Torralba9



X
<latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit>

Y
<latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit>

f 0
1

<latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit><latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit><latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit><latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit>

f 0
2

<latexit sha1_base64="5NE63crqBeQNmBqWXH+ni6eSHKU=">AAAB83icbVBNSwMxEM36WetX1aOXYBE8ld0i6LHoxWMF+wHdtWTT2TY0yYYkK5Slf8OLB0W8+me8+W9M2z1o64OBx3szzMyLFWfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJs00hRZNeaq7MTHAmYSWZZZDV2kgIubQice3M7/zBNqwVD7YiYJIkKFkCaPEOilMHvNQaSZg2q/3K1W/5s+BV0lQkCoq0OxXvsJBSjMB0lJOjOkFvrJRTrRllMO0HGYGFKFjMoSeo5IIMFE+v3mKz50ywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUuprILIVh+eZW067XArwX3l9XGTRFHCZ2iM3SBAnSFGugONVELUaTQM3pFb17mvXjv3seidc0rZk7QH3ifPx54kbg=</latexit><latexit sha1_base64="5NE63crqBeQNmBqWXH+ni6eSHKU=">AAAB83icbVBNSwMxEM36WetX1aOXYBE8ld0i6LHoxWMF+wHdtWTT2TY0yYYkK5Slf8OLB0W8+me8+W9M2z1o64OBx3szzMyLFWfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJs00hRZNeaq7MTHAmYSWZZZDV2kgIubQice3M7/zBNqwVD7YiYJIkKFkCaPEOilMHvNQaSZg2q/3K1W/5s+BV0lQkCoq0OxXvsJBSjMB0lJOjOkFvrJRTrRllMO0HGYGFKFjMoSeo5IIMFE+v3mKz50ywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUuprILIVh+eZW067XArwX3l9XGTRFHCZ2iM3SBAnSFGugONVELUaTQM3pFb17mvXjv3seidc0rZk7QH3ifPx54kbg=</latexit><latexit sha1_base64="5NE63crqBeQNmBqWXH+ni6eSHKU=">AAAB83icbVBNSwMxEM36WetX1aOXYBE8ld0i6LHoxWMF+wHdtWTT2TY0yYYkK5Slf8OLB0W8+me8+W9M2z1o64OBx3szzMyLFWfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJs00hRZNeaq7MTHAmYSWZZZDV2kgIubQice3M7/zBNqwVD7YiYJIkKFkCaPEOilMHvNQaSZg2q/3K1W/5s+BV0lQkCoq0OxXvsJBSjMB0lJOjOkFvrJRTrRllMO0HGYGFKFjMoSeo5IIMFE+v3mKz50ywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUuprILIVh+eZW067XArwX3l9XGTRFHCZ2iM3SBAnSFGugONVELUaTQM3pFb17mvXjv3seidc0rZk7QH3ifPx54kbg=</latexit><latexit sha1_base64="5NE63crqBeQNmBqWXH+ni6eSHKU=">AAAB83icbVBNSwMxEM36WetX1aOXYBE8ld0i6LHoxWMF+wHdtWTT2TY0yYYkK5Slf8OLB0W8+me8+W9M2z1o64OBx3szzMyLFWfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJs00hRZNeaq7MTHAmYSWZZZDV2kgIubQice3M7/zBNqwVD7YiYJIkKFkCaPEOilMHvNQaSZg2q/3K1W/5s+BV0lQkCoq0OxXvsJBSjMB0lJOjOkFvrJRTrRllMO0HGYGFKFjMoSeo5IIMFE+v3mKz50ywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUuprILIVh+eZW067XArwX3l9XGTRFHCZ2iM3SBAnSFGugONVELUaTQM3pFb17mvXjv3seidc0rZk7QH3ifPx54kbg=</latexit>

f 0
3

<latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit><latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit><latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit><latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit>

f3
<latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit><latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit><latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit><latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit>

f1
<latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit>

Z2
<latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit>

X 0
<latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit>

Z1
<latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit>

Z1
<latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit>

Z2
<latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit>

f 0
1

<latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit><latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit><latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit><latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit>

f 0
3

<latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit><latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit><latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit><latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit>

Z2
<latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit>

X 0
<latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit>

Y 0
<latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit>

Z1
<latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit>

f2
<latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit>

f2
<latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit>

Pretraining
<latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit>

Finetuning
<latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit>

wheat
<latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit>

corn
<latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit>

wheat
<latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit>

corn
<latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit>

soybeans
<latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit>

Y 0
<latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit>

wheat
<latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit>

corn
<latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit>

soybeans
<latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit>
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Architectures during finetuning

What if the input/output dimensionality needs to change?  
Can introduce layers (typically later) initialized from scratch.

i
i

i
i

i
i

i
i
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Finetuning is simple and works well. But there is one tricky bit we still need to deal with:
What if the structure of f✓ is incompatible with the new problem we wish to finetune on?

For example, suppose f is a neural net and ✓ are the weights and biases of this net. Then
the previous algorithm will only work if the dimensionality of X matches the dimension-
ality of X 0, and the same for Y and Y 0. This is because, for our neural net model, f✓ must
have the same shape inputs and outputs regardless of the values ✓ takes on. What if we
start with our net trained to classify between wheat and corn and now want to finetune it to
classify between wheat, corn, and soybeans? The dimensionality of the output has changed
from two classes to three.

To handle this it is common to cut off the last layer of the network and replace it with a
new final layer that outputs the correct dimensionality. If the input dimensionality changes,
you can do the same with the first layer of the network. Both these changes are shown next,
in figure 37.2.

X
<latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit><latexit sha1_base64="cjxWLffqlGvTygX6lqG/DQkun0Q=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC2koWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbSS348pjhmVeW82qDfcpjsHWSVeSRpQoj2of/WHimUxT5BJaozvuSkGOdUomOSzWj8zPKVsQkfctzShMTdBPo88I2dWGZJIafsSJHP190ZOY2OmcWgni4hm2SvE/zw/w+g6yEWSZsgTtvgoyiRBRYr7yVBozlBOLaFMC5uVsDHVlKFtqWZL8JZPXiXdi6bnNr37y0brpqyjCidwCufgwRW04A7a0AEGCp7hFd4cdF6cd+djMVpxyp1j+APn8weTQZFu</latexit>

Y
<latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit><latexit sha1_base64="Xv+GcGXQiLHGE+Dm0jRgDiJGpiE=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUgbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXBym/udJ6YNV/IBpwkLYjKSPOKUoJV6/ZjgmBKRPc4G1ZpX9+ZwV4lfkBoUaA6qX/2homnMJFJBjOn5XoJBRjRyKtis0k8NSwidkBHrWSpJzEyQzSPP3DOrDN1IafskunP190ZGYmOmcWgn84hm2cvF/7xeitF1kHGZpMgkXXwUpcJF5eb3u0OuGUUxtYRQzW1Wl46JJhRtSxVbgr988ippX9R9r+7fX9YaN0UdZTiBUzgHH66gAXfQhBZQUPAMr/DmoPPivDsfi9GSU+wcwx84nz+UxpFv</latexit>

f
0
1

<latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit><latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit><latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit><latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit>

f
0
2

<latexit sha1_base64="5NE63crqBeQNmBqWXH+ni6eSHKU=">AAAB83icbVBNSwMxEM36WetX1aOXYBE8ld0i6LHoxWMF+wHdtWTT2TY0yYYkK5Slf8OLB0W8+me8+W9M2z1o64OBx3szzMyLFWfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJs00hRZNeaq7MTHAmYSWZZZDV2kgIubQice3M7/zBNqwVD7YiYJIkKFkCaPEOilMHvNQaSZg2q/3K1W/5s+BV0lQkCoq0OxXvsJBSjMB0lJOjOkFvrJRTrRllMO0HGYGFKFjMoSeo5IIMFE+v3mKz50ywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUuprILIVh+eZW067XArwX3l9XGTRFHCZ2iM3SBAnSFGugONVELUaTQM3pFb17mvXjv3seidc0rZk7QH3ifPx54kbg=</latexit><latexit sha1_base64="5NE63crqBeQNmBqWXH+ni6eSHKU=">AAAB83icbVBNSwMxEM36WetX1aOXYBE8ld0i6LHoxWMF+wHdtWTT2TY0yYYkK5Slf8OLB0W8+me8+W9M2z1o64OBx3szzMyLFWfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJs00hRZNeaq7MTHAmYSWZZZDV2kgIubQice3M7/zBNqwVD7YiYJIkKFkCaPEOilMHvNQaSZg2q/3K1W/5s+BV0lQkCoq0OxXvsJBSjMB0lJOjOkFvrJRTrRllMO0HGYGFKFjMoSeo5IIMFE+v3mKz50ywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUuprILIVh+eZW067XArwX3l9XGTRFHCZ2iM3SBAnSFGugONVELUaTQM3pFb17mvXjv3seidc0rZk7QH3ifPx54kbg=</latexit><latexit sha1_base64="5NE63crqBeQNmBqWXH+ni6eSHKU=">AAAB83icbVBNSwMxEM36WetX1aOXYBE8ld0i6LHoxWMF+wHdtWTT2TY0yYYkK5Slf8OLB0W8+me8+W9M2z1o64OBx3szzMyLFWfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJs00hRZNeaq7MTHAmYSWZZZDV2kgIubQice3M7/zBNqwVD7YiYJIkKFkCaPEOilMHvNQaSZg2q/3K1W/5s+BV0lQkCoq0OxXvsJBSjMB0lJOjOkFvrJRTrRllMO0HGYGFKFjMoSeo5IIMFE+v3mKz50ywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUuprILIVh+eZW067XArwX3l9XGTRFHCZ2iM3SBAnSFGugONVELUaTQM3pFb17mvXjv3seidc0rZk7QH3ifPx54kbg=</latexit><latexit sha1_base64="5NE63crqBeQNmBqWXH+ni6eSHKU=">AAAB83icbVBNSwMxEM36WetX1aOXYBE8ld0i6LHoxWMF+wHdtWTT2TY0yYYkK5Slf8OLB0W8+me8+W9M2z1o64OBx3szzMyLFWfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJs00hRZNeaq7MTHAmYSWZZZDV2kgIubQice3M7/zBNqwVD7YiYJIkKFkCaPEOilMHvNQaSZg2q/3K1W/5s+BV0lQkCoq0OxXvsJBSjMB0lJOjOkFvrJRTrRllMO0HGYGFKFjMoSeo5IIMFE+v3mKz50ywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUuprILIVh+eZW067XArwX3l9XGTRFHCZ2iM3SBAnSFGugONVELUaTQM3pFb17mvXjv3seidc0rZk7QH3ifPx54kbg=</latexit>

f
0
3

<latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit><latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit><latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit><latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit>

f3
<latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit><latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit><latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit><latexit sha1_base64="eRUltlz3W0AmByeXC+PBnjX7dNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPYv++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDzPY2Q</latexit>

f1
<latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit><latexit sha1_base64="BZqwz6C361yJqVrSQmvMfMSwMxU=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9RH2/71a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5A/A1jY4=</latexit>

Z2
<latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit>

X 0
<latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit>

Z1
<latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit>

Z1
<latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit>

Z2
<latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit>

f
0
1

<latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit><latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit><latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit><latexit sha1_base64="4JmpXb6vbHrZwrtKOFdzRI35YSg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKoMeiF48V7Ad015JNZ9vQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZppCi2a8lR3Y2KAMwktyyyHrtJARMyhE49vZ37nCbRhqXywEwWRIEPJEkaJdVKYPOah0kzAtB/0qzW/7s+BV0lQkBoq0OxXv8JBSjMB0lJOjOkFvrJRTrRllMO0EmYGFKFjMoSeo5IIMFE+v3mKz5wywEmqXUmL5+rviZwIYyYidp2C2JFZ9mbif14vs8l1lDOpMguSLhYlGcc2xbMA8IBpoJZPHCFUM3crpiOiCbUupooLIVh+eZW0L+qBXw/uL2uNmyKOMjpBp+gcBegKNdAdaqIWokihZ/SK3rzMe/HevY9Fa8krZo7RH3ifPxz0kbc=</latexit>

f
0
3

<latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit><latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit><latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit><latexit sha1_base64="D8DJn59Zv62tkXopnXx4J8dQaOo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Krsq6LHoxWMF+wHdtWTTbBuaZEOSFcrSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLG2Vt3d29/YrB4ctk2aa0CZJeao7MTaUM0mblllOO0pTLGJO2/Hoduq3n6g2LJUPdqxoJPBAsoQRbJ0UJo95qDQTdNK76FWqfs2fAS2ToCBVKNDoVb7CfkoyQaUlHBvTDXxloxxrywink3KYGaowGeEB7ToqsaAmymc3T9CpU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdT2YUQLL68TFrntcCvBfeX1fpNEUcJjuEEziCAK6jDHTSgCQQUPMMrvHmZ9+K9ex/z1hWvmDmCP/A+fwAf/JG5</latexit>

Z2
<latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit><latexit sha1_base64="CtdIptbpWJGWGbIR+ypX7mWqbQY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZki6LLoxmUF+8B2KJn0tg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8m/mtCSrNI/lgpjH6IR1KPuCMGiv53ZCaEaMifZz1qr1S2a24c5BV4uWkDDnqvdJXtx+xJERpmKBadzw3Nn5KleFM4KzYTTTGlI3pEDuWShqi9tN56Bk5t0qfDCJlnzRkrv7eSGmo9TQM7GQWUi97mfif10nM4NpPuYwTg5ItDg0SQUxEsgZInytkRkwtoUxxm5WwEVWUGdtT0ZbgLX95lTSrFc+tePeX5dpNXkcBTuEMLsCDK6jBHdShAQye4Ble4c2ZOC/Ou/OxGF1z8p0T+APn8wfFf5IV</latexit>

X 0
<latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit><latexit sha1_base64="lp0H+0u1Rh+jFDw0NQRn3hOOi9M=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+4Amlsl00g6dScLMRKgh+CtuXCji1v9w5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurVc2qptb2zu79t5+W8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+LrwOw9UKhZHd3qSUF/gYcRCRrA2Ut8+9ATWI4J51s3vMy+RTNC8b9ecujMFWiRuSWpQotm3v7xBTFJBI004VqrnOon2Myw1I5zmVS9VNMFkjIe0Z2iEBVV+Nk2foxOjDFAYS/Mijabq740MC6UmIjCTRVY17xXif14v1eGln7EoSTWNyOxQmHKkY1RUgQZMUqL5xBBMJDNZERlhiYk2hVVNCe78lxdJ+6zuOnX39rzWuCrrqMARHMMpuHABDbiBJrSAwCM8wyu8WU/Wi/VufcxGl6xy5wD+wPr8AVZilcg=</latexit>

Y 0
<latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit>

Z1
<latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit><latexit sha1_base64="SrGGatobjFjTGoJw2+AEzN2S/6U=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APbodxJ0zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiKGvQSESqHaBmgkvWMNwI1o4VwzAQrBWMbzO/NWFK80g+mGnM/BCHkg84RWMlvxuiGVEU6eOs5/XKFbfqzkFWiZeTCuSo98pf3X5Ek5BJQwVq3fHc2PgpKsOpYLNSN9EsRjrGIetYKjFk2k/noWfkzCp9MoiUfdKQufp7I8VQ62kY2MkspF72MvE/r5OYwbWfchknhkm6ODRIBDERyRogfa4YNWJqCVLFbVZCR6iQGttTyZbgLX95lTQvqp5b9e4vK7WbvI4inMApnIMHV1CDO6hDAyg8wTO8wpszcV6cd+djMVpw8p1j+APn8wfD+5IU</latexit>

f2
<latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit>

f2
<latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit><latexit sha1_base64="EhgoIcdngRZ62TNDIgUrlHkxJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw2s/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlcZNHkcRzuAcLsGDOjTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/G5jY8=</latexit>

Pretraining
<latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit><latexit sha1_base64="fGfmNDonZ3nAOpCknuX4QCQGRhc="></latexit>

Finetuning
<latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit><latexit sha1_base64="7l/HeR6mWfEakRfjiQ0VTX5uOQw="></latexit>

wheat
<latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit>

corn
<latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit>

wheat
<latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit>

corn
<latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit>

soybeans
<latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit><latexit sha1_base64="X6w9lLcGOU1Rznwq1QjtUtmQVyM=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix68VjBfkAbymY7aZduNmF3oobYn+LFgyJe/SXe/Ddu2xy09cHA470ZZuYFieAaXffbWlldW9/YLG2Vt3d29/btykFLx6li0GSxiFUnoBoEl9BEjgI6iQIaBQLawfh66rfvQWkeyzvMEvAjOpQ85Iyikfp2pYfwiIi5jrMAqNSTvl11a+4MzjLxClIlBRp9+6s3iFkagUQmqNZdz03Qz6lCzgRMyr1UQ0LZmA6ha6ikEWg/n50+cU6MMnDCWJmS6MzU3xM5jbTOosB0RhRHetGbiv953RTDSz/nMkkRJJsvClPhYOxMc3AGXAFDkRlCmeLmVoeNqKIMTVplE4K3+PIyaZ3VPLfm3Z5X61dFHCVyRI7JKfHIBamTG9IgTcLIA3kmr+TNerJerHfrY966YhUzh+QPrM8faDqUug==</latexit>

Y 0
<latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit><latexit sha1_base64="4a9snNAJmilvf3rS+Q53auD3F5g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiG5cV7EOaWCbTm3boZBJmJkINwV9x40IRt/6HO//GSduFth4YOJxzL/fMCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2Mrgq//QBSsVjc6nECfkQGgoWMEm2knn3gRUQPKeHZXX6feYlkEeQ9u+rUnAnwInFnpIpmaPTsL68f0zQCoSknSnVdJ9F+RqRmlENe8VIFCaEjMoCuoYJEoPxskj7Hx0bp4zCW5gmNJ+rvjYxESo2jwEwWWdW8V4j/ed1Uhxd+xkSSahB0eihMOdYxLqrAfSaBaj42hFDJTFZMh0QSqk1hFVOCO//lRdI6rblOzb05q9YvZ3WU0SE6QifIReeojq5RAzURRY/oGb2iN+vJerHerY/paMma7eyjP7A+fwBX8JXJ</latexit>

wheat
<latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit><latexit sha1_base64="dP1UvrnAZjekRhLveb3A1z7EEr0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkAby2Y7aZduNmF3Yi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIY3U7/5CNqIWN3jOAE/Yn0lQsEZWumhg/CEiNloAAwn3VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb1hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDKz8TKkkRFJ8vClNJMabTCGhPaOAox5YwroW9lfIB04yjDapoQ/AWX14mjfOK51a8u4ty9TqPo0COyQk5Ix65JFVyS2qkTjjR5Jm8kjdn5Lw4787HvHXFyWeOyB84nz9305Mg</latexit>

corn
<latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit><latexit sha1_base64="CLb1RNjeQYP+HYF5IljqwO+f3OM=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxIzHWk175Ypbdeegq8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFa6qYGEsZHbAAdSxWLwPjZ/OgpPbNKn4axtqWQztXfExmLjJlEge2MGA7NsjcT//M6KYbXfiZUkiIovlgUppJiTGcJ0L7QwFFOLGFcC3sr5UOmGUebU8mG4C2/vEqaF1XPrXr3l5XaTR5HkZyQU3JOPHJFauSO1EmDcPJInskreXPGzovz7nwsWgtOPnNM/sD5/AGw+5Kv</latexit>

soybeans
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Figure 37.2: Finetuning
diagram.

: Pretrained module
: Scratch module
: Finetuned module

To be precise, let f : X ! Y decompose as f = f1 � f2 � f3, with f1 : X ! Z1, f2 : Z1 ! Z2,
and f3 : Z2 ! Y . Now we wish to learn a function f 0 : X 0 ! Y 0, which decomposes as f 0 =
f 0
1 � f 0

2 � f 0
3, with f 0

1 : X 0 ! Z1, f2 : Z1 ! Z2, and f3 : Z2 ! Y 0. The finetuning approach here
would be to first learn f ; then, in order to learn f 0, we initialize f 0

2 with the parameters of f2
and initialize f 0

1 and f 0
3 randomly (i.e., train these from scratch).

37.3.1 Finetuning Subparts of a Network
Figure 37.2 shows that you don’t have to finetune all layers in your network but can selec-
tively finetune some and initialize others from scratch. In fact this strategy can be applied
quite generally, where we initialize some parts of a computation graph from pretrained
models and initialize others from scratch. There are many reasons why you might want to
do this, or not. Sometimes you might have pretrained models that can perform just certain
parts of what your full system needs to do. You can use these pretrained models and com-
pose them together with layers initialized from scratch. Other times you may want to freeze
certain layers to prevent them from forgetting their prior knowledge [522].

An example of both these use cases is given in figure 37.3. In this example we imagine
we are making a system to detect cars in street images. We have four modules that work
together to achieve this. The featurize module converts the input image x into a feature

Source: Isola, Freeman, Torralba. FCV book.



How do you avoid forgetting the pretraining?

Adapted from P. Isola and S. Beery

• Freeze most of the network, train only the final layers 
• Use a small learning rate 
• Early stopping 
• Continue to train on the original data as well

• Avoiding overfitting on a small amount of data for a new task while still 
enabling specialization can be a balancing act. A few methods:

• Often lots of trial and error. 
• Very helpful to have a good, representative validation set for your task.



Parameter-efficient finetuning

• Problem: when the base model is large, expensive to store weights 
for every task. 

• For example, DeepSeek V3 671B parameters  1.3TB in float16. 

• Given pretrained weights , learn an additive update: 
 parameterized by a much smaller number of 

parameters . 

• Many different solutions to this problem, such as adapter layers 
and low rank adaptation (LoRA).

≈

Φ0
Φ0 + ΔΦ(Θ)

Θ



Parameter-efficient finetuning: adapter layers

Source: [Houlsby et al., “Parameter-Efficient Transfer Learning for NLP“, 2019]

• Add small adapter modules to each 
transformer block.  

• Each is represented using a relatively 
small number of parameters. 

• Most other layers are frozen during 
finetuning. 

• Downside: requires extra sequential 
computation, increasing latency.



Parameter-efficient finetuning: low-rank adaptation

• Low-rank adaptation (LoRA) [Hu et al., 2021]: add a low-
rank matrix, replacing linear layer weight matrix  with:  

 
where  and   

• To ensure low rank, . 

• Freeze  during finetuning.  

• At deployment time, can explicitly compute . Doesn’t 
add extra computation or latency. 

• In many applications, gets performance similar to full 
finetuning when properly tuned [Schulman 2025]. 

W0
W′￼ = W0 + BA

W0 ∈ ℝd×k B ∈ ℝd×r, A ∈ ℝr×k

r ≪ min(d, k)

W0

W′￼
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Transfer Learning and Adaptation 551

tokens, or other visual formats to a vision model’s inputs. This requires a model that takes
variable-sized inputs; luckily this includes most neural net architectures, such as convo-
lutional neural nets (CNNs), recurrent neural nets (RNNs), and transformers. Or, we can
combine the visual prompt with the input query in other ways, such as by addition.

Prompting is visualized in figure 37.5, where � represents concatenation, addition, or
potentially other ways of mixing prompts and input signals.

y
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Figure 1: Prompting for CLIP and vision models. Prompting transforms the input and/or output
of the downstream dataset into the format of the pre-trained task. We learn a single visual prompt
via backpropagation to transform all input images. We map the model outputs to downstream labels
by using a (a) discrete text prompt for CLIP and (b) hard-coded mapping for vision models.

perform data-space adaptation by transforming the input (i.e., prompt engineering) and/or output
(i.e., answer engineering).

Inspired by the success of natural language prompting, we aim to investigate the efficacy of visual
prompting for adapting large-scale models in vision. As pixel space is inherently continuous, we
follow the recent approach that treats prompts as a continuous task-specific vector [12, 27, 14, 26].
We learn a single image perturbation (i.e., “soft prompt”) via backpropagation while having the model
parameters frozen. We map the model outputs to downstream labels by using a discrete text prompt
for CLIP [37] and hard-coded mapping for vision models (Figure 1).

How is visual prompting different from existing adaptation methods? Currently in vision, standard
adaptation methods are fine-tuning and linear probe. Both approaches require some level of access
to the model: entire parameters in the case of fine-tuning and model outputs (usually activations at
the penultimate layer) in the case of linear probe. In contrast, visual prompting adapts the input to a
model. After acquiring the visual prompt, it does not require model access at test time. This opens
up unique applications [39]; input-space adaptation puts control in the hands of the end-user of the
system. For instance, a pedestrian could wear a visual prompt that improves their visibility to cars,
without having access to the car itself, nor its vision system.

We conduct comprehensive experiments across four pre-trained models and 15 image classification
datasets. We demonstrate that visual prompting is surprisingly effective for CLIP [37] and robust
to distribution shift, achieving performance competitive with, and sometimes beyond, standard
linear probes. We further analyze what properties of the downstream dataset, prompt design, and
output transformation affect performance. Note that our goal is not to achieve the state-of-the-art
performance on specific tasks, but instead to broadly explore a new paradigm for visual adaptation.
The surprising effectiveness of visual prompting provides a new perspective on how to adapt and use
pre-trained models in vision.

2 Related Work

2.1 Natural Language Prompting

Our investigation is inspired by the recent success in natural language prompting. Prompting in
NLP reformulates the downstream dataset into a (masked) language modeling problem, so that a

2

Figure 37.5: Prompting:
a prompt p is combined
with the input x to change
the output y.

Let’s now look at several concrete ways of prompting a vision system. One simple way
is to directly edit the input pixels, and this approach is shown in figure 37.6:
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<latexit sha1_base64="w2SeowxjSmKQZ+WPP4dmP+ztLQA=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wf+vpEd</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit>

p � x
<latexit sha1_base64="OBBqt219lS5CgqmgF1vetaIOuQI=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZkRQZdFNy4r2Ad0SsmkmTY0k4QkI5ZhNm78FTcuFHHrP7jzb8y0I2jrgQuHc+7l3ntCyag2nvfllJaWV1bXyuuVjc2t7R13d6+lRaIwaWLBhOqESBNGOWkaahjpSEVQHDLSDsdXud++I0pTwW/NRJJejIacRhQjY6W+exjEyIzCKJUZDIRkiYY/yn3Wd6tezZsCLhK/IFVQoNF3P4OBwElMuMEMad31PWl6KVKGYkaySpBoIhEeoyHpWspRTHQvnX6RwWOrDGAklC1u4FT9PZGiWOtJHNrO/EI97+Xif143MdFFL6VcJoZwPFsUJQwaAfNI4IAqgg2bWIKwovZWiEdIIWxscBUbgj//8iJpndZ8r+bfnFXrl0UcZXAAjsAJ8ME5qINr0ABNgMEDeAIv4NV5dJ6dN+d91lpyipl98AfOxzc5FZkG</latexit><latexit sha1_base64="3RNIMr8ycpQYyVL+KE6p2KjYueE=">AAACKnicjVDLSgMxFM3UV62vUZe6CBbBVZkRQZdFNy4V7APaoWTSTBuaSUKSEcswG7/GhRt/pRspbv0QM+0I2rrwQOBwzr3cnBNKRrXxvKlTWlldW98ob1a2tnd299z9g6YWicKkgQUTqh0iTRjlpGGoYaQtFUFxyEgrHN3kfuuRKE0FfzBjSYIYDTiNKEbGSj33uBsjMwyjVGawKyRLNPxWnrKeW/Vq3gxwmfgFqYIC/xvvuZNuX+AkJtxghrTu+J40QYqUoZiRrNJNNJEIj9CAdCzlKCY6SGdRM3hqlT6MhLKPGzhTf26kKNZ6HId2Mo+hF71c/MvrJCa6ClLKZWIIx/NDUcKgETDvDfapItiwsSUIK2r/CvEQKYSNbbdio/uLQZdJ87zmezX//qJavy46K4MjcALOgA8uQR3cgjvQABg8gxfwBt6dV2fiTJ2P+WjJKXYOwS84n183qaB/</latexit><latexit sha1_base64="3RNIMr8ycpQYyVL+KE6p2KjYueE=">AAACKnicjVDLSgMxFM3UV62vUZe6CBbBVZkRQZdFNy4V7APaoWTSTBuaSUKSEcswG7/GhRt/pRspbv0QM+0I2rrwQOBwzr3cnBNKRrXxvKlTWlldW98ob1a2tnd299z9g6YWicKkgQUTqh0iTRjlpGGoYaQtFUFxyEgrHN3kfuuRKE0FfzBjSYIYDTiNKEbGSj33uBsjMwyjVGawKyRLNPxWnrKeW/Vq3gxwmfgFqYIC/xvvuZNuX+AkJtxghrTu+J40QYqUoZiRrNJNNJEIj9CAdCzlKCY6SGdRM3hqlT6MhLKPGzhTf26kKNZ6HId2Mo+hF71c/MvrJCa6ClLKZWIIx/NDUcKgETDvDfapItiwsSUIK2r/CvEQKYSNbbdio/uLQZdJ87zmezX//qJavy46K4MjcALOgA8uQR3cgjvQABg8gxfwBt6dV2fiTJ2P+WjJKXYOwS84n183qaB/</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="jFOC3ZZIO5PSMGMVin3Y4IOcBzM=">AAAB+nicbZBPS8MwGMbfzn9zTq1e9RAcgqfRetGj4MXjBPcH1jLSLN3C0qQkqThKL178Kl48KOIH8ea3Md0m6OYDgR/Pk5D3faKUM20878uprK1vbG5Vt2s79d29ffeg3tEyU4S2ieRS9SKsKWeCtg0znPZSRXEScdqNJtdl3r2nSjMp7sw0pWGCR4LFjGBjrYF7HCTYjKM4TwsUyJRnGv04D8XAbXhNbya0Cv4CGrBQa+B+BkNJsoQKQzjWuu97qQlzrAwjnBa1INM0xWSCR7RvUeCE6jCfbVGgU+sMUSyVPcKgmfv7RY4TradJZG+WE+rlrDT/y/qZiS/DnIk0M1SQ+UdxxpGRqKwEDZmixPCpBUwUs7MiMsYKE2OLq9kS/OWVV6Fz3vS9pn/rQRWO4ATOwIcLuIIbaEEbCDzCM7zCm/PkvDjv87oqzqK3Q/gj5+MbpSiXlg==</latexit><latexit sha1_base64="jFOC3ZZIO5PSMGMVin3Y4IOcBzM=">AAAB+nicbZBPS8MwGMbfzn9zTq1e9RAcgqfRetGj4MXjBPcH1jLSLN3C0qQkqThKL178Kl48KOIH8ea3Md0m6OYDgR/Pk5D3faKUM20878uprK1vbG5Vt2s79d29ffeg3tEyU4S2ieRS9SKsKWeCtg0znPZSRXEScdqNJtdl3r2nSjMp7sw0pWGCR4LFjGBjrYF7HCTYjKM4TwsUyJRnGv04D8XAbXhNbya0Cv4CGrBQa+B+BkNJsoQKQzjWuu97qQlzrAwjnBa1INM0xWSCR7RvUeCE6jCfbVGgU+sMUSyVPcKgmfv7RY4TradJZG+WE+rlrDT/y/qZiS/DnIk0M1SQ+UdxxpGRqKwEDZmixPCpBUwUs7MiMsYKE2OLq9kS/OWVV6Fz3vS9pn/rQRWO4ATOwIcLuIIbaEEbCDzCM7zCm/PkvDjv87oqzqK3Q/gj5+MbpSiXlg==</latexit><latexit sha1_base64="o6VWCB1BGpbXIUQ1i1Je2qE+jSQ=">AAACBXicbVC7TsMwFHV4lvIKMMJgUSExVQkLjBUsjEWiD6mJKsd1WquObdkOooqysPArLAwgxMo/sPE3OG2QoOVIVzo6517de08kGdXG876cpeWV1bX1ykZ1c2t7Z9fd229rkSpMWlgwoboR0oRRTlqGGka6UhGURIx0ovFV4XfuiNJU8FszkSRM0JDTmGJkrNR3j4IEmVEUZzKHgZAs1fBHuc/7bs2re1PAReKXpAZKNPvuZzAQOE0IN5ghrXu+J02YIWUoZiSvBqkmEuExGpKepRwlRIfZ9IscnlhlAGOhbHEDp+rviQwlWk+SyHYWF+p5rxD/83qpiS/CjHKZGsLxbFGcMmgELCKBA6oINmxiCcKK2lshHiGFsLHBVW0I/vzLi6R9Vve9un/j1RqXZRwVcAiOwSnwwTlogGvQBC2AwQN4Ai/g1Xl0np03533WuuSUMwfgD5yPbzfVmQI=</latexit><latexit sha1_base64="OBBqt219lS5CgqmgF1vetaIOuQI=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZkRQZdFNy4r2Ad0SsmkmTY0k4QkI5ZhNm78FTcuFHHrP7jzb8y0I2jrgQuHc+7l3ntCyag2nvfllJaWV1bXyuuVjc2t7R13d6+lRaIwaWLBhOqESBNGOWkaahjpSEVQHDLSDsdXud++I0pTwW/NRJJejIacRhQjY6W+exjEyIzCKJUZDIRkiYY/yn3Wd6tezZsCLhK/IFVQoNF3P4OBwElMuMEMad31PWl6KVKGYkaySpBoIhEeoyHpWspRTHQvnX6RwWOrDGAklC1u4FT9PZGiWOtJHNrO/EI97+Xif143MdFFL6VcJoZwPFsUJQwaAfNI4IAqgg2bWIKwovZWiEdIIWxscBUbgj//8iJpndZ8r+bfnFXrl0UcZXAAjsAJ8ME5qINr0ABNgMEDeAIv4NV5dJ6dN+d91lpyipl98AfOxzc5FZkG</latexit><latexit sha1_base64="OBBqt219lS5CgqmgF1vetaIOuQI=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZkRQZdFNy4r2Ad0SsmkmTY0k4QkI5ZhNm78FTcuFHHrP7jzb8y0I2jrgQuHc+7l3ntCyag2nvfllJaWV1bXyuuVjc2t7R13d6+lRaIwaWLBhOqESBNGOWkaahjpSEVQHDLSDsdXud++I0pTwW/NRJJejIacRhQjY6W+exjEyIzCKJUZDIRkiYY/yn3Wd6tezZsCLhK/IFVQoNF3P4OBwElMuMEMad31PWl6KVKGYkaySpBoIhEeoyHpWspRTHQvnX6RwWOrDGAklC1u4FT9PZGiWOtJHNrO/EI97+Xif143MdFFL6VcJoZwPFsUJQwaAfNI4IAqgg2bWIKwovZWiEdIIWxscBUbgj//8iJpndZ8r+bfnFXrl0UcZXAAjsAJ8ME5qINr0ABNgMEDeAIv4NV5dJ6dN+d91lpyipl98AfOxzc5FZkG</latexit><latexit sha1_base64="OBBqt219lS5CgqmgF1vetaIOuQI=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZkRQZdFNy4r2Ad0SsmkmTY0k4QkI5ZhNm78FTcuFHHrP7jzb8y0I2jrgQuHc+7l3ntCyag2nvfllJaWV1bXyuuVjc2t7R13d6+lRaIwaWLBhOqESBNGOWkaahjpSEVQHDLSDsdXud++I0pTwW/NRJJejIacRhQjY6W+exjEyIzCKJUZDIRkiYY/yn3Wd6tezZsCLhK/IFVQoNF3P4OBwElMuMEMad31PWl6KVKGYkaySpBoIhEeoyHpWspRTHQvnX6RwWOrDGAklC1u4FT9PZGiWOtJHNrO/EI97+Xif143MdFFL6VcJoZwPFsUJQwaAfNI4IAqgg2bWIKwovZWiEdIIWxscBUbgj//8iJpndZ8r+bfnFXrl0UcZXAAjsAJ8ME5qINr0ABNgMEDeAIv4NV5dJ6dN+d91lpyipl98AfOxzc5FZkG</latexit><latexit sha1_base64="+jMYlxCkyXZI95t+AhBaJj17NaI=">AAACDnicbVDLSsNAFJ3UV62vqEtdDBbBVUhE0GXRjStRtA9pQplMJ+3QyWSYmYglZOMX+Blu3bgRcevanX/jpK2grQcuHM65l3vvCQWjSrvul1Wam19YXCovV1ZW19Y37M2thkpSiUkdJyyRrRApwigndU01Iy0hCYpDRprh4Kzwm3dEKprwGz0UJIhRj9OIYqSN1LF3/RjpfhhlIod+Iliq4I9yn3fsquu4I8BZ4k1IFUxwe3HtKC0p73XsT7+b4DQmXGOGlGp7rtBBhqSmmJG84qeKCIQHqEfahnIUExVko3dyuG+ULowSaYprOFJ/T2QoVmoYh6azOFVNe4X4n9dOdXQSZJSLVBOOx4uilEGdwCIb2KWSYM2GhiAsqbkV4j6SCGuTYMWk4U3/Pksah47nOt7VUbV2OsmlDHbAHjgAHjgGNXAOLkEdYPAAnsAzeLUerRfrzXoft5asycw2+APr4xu43Jyr</latexit><latexit sha1_base64="+jMYlxCkyXZI95t+AhBaJj17NaI=">AAACDnicbVDLSsNAFJ3UV62vqEtdDBbBVUhE0GXRjStRtA9pQplMJ+3QyWSYmYglZOMX+Blu3bgRcevanX/jpK2grQcuHM65l3vvCQWjSrvul1Wam19YXCovV1ZW19Y37M2thkpSiUkdJyyRrRApwigndU01Iy0hCYpDRprh4Kzwm3dEKprwGz0UJIhRj9OIYqSN1LF3/RjpfhhlIod+Iliq4I9yn3fsquu4I8BZ4k1IFUxwe3HtKC0p73XsT7+b4DQmXGOGlGp7rtBBhqSmmJG84qeKCIQHqEfahnIUExVko3dyuG+ULowSaYprOFJ/T2QoVmoYh6azOFVNe4X4n9dOdXQSZJSLVBOOx4uilEGdwCIb2KWSYM2GhiAsqbkV4j6SCGuTYMWk4U3/Pksah47nOt7VUbV2OsmlDHbAHjgAHjgGNXAOLkEdYPAAnsAzeLUerRfrzXoft5asycw2+APr4xu43Jyr</latexit><latexit sha1_base64="+jMYlxCkyXZI95t+AhBaJj17NaI=">AAACDnicbVDLSsNAFJ3UV62vqEtdDBbBVUhE0GXRjStRtA9pQplMJ+3QyWSYmYglZOMX+Blu3bgRcevanX/jpK2grQcuHM65l3vvCQWjSrvul1Wam19YXCovV1ZW19Y37M2thkpSiUkdJyyRrRApwigndU01Iy0hCYpDRprh4Kzwm3dEKprwGz0UJIhRj9OIYqSN1LF3/RjpfhhlIod+Iliq4I9yn3fsquu4I8BZ4k1IFUxwe3HtKC0p73XsT7+b4DQmXGOGlGp7rtBBhqSmmJG84qeKCIQHqEfahnIUExVko3dyuG+ULowSaYprOFJ/T2QoVmoYh6azOFVNe4X4n9dOdXQSZJSLVBOOx4uilEGdwCIb2KWSYM2GhiAsqbkV4j6SCGuTYMWk4U3/Pksah47nOt7VUbV2OsmlDHbAHjgAHjgGNXAOLkEdYPAAnsAzeLUerRfrzXoft5asycw2+APr4xu43Jyr</latexit>

p � x
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Figure 37.6: A prompt
can be made out of pixels:
a prompt image (which
looks like a border of
noise here) is added to
the input image in order
to change the model’s
behavior. Three differ-
ent prompts are shown,
one that adapts the model
to perform scene clas-
sification, a second for
aesthetics classification,
and a third for object clas-
sification. Modified from
[28].

Here, the prompt is an image p that is added to the input image x. The prompt looks
like noise, but it is actually an optimized signal that changes the model’s behavior. The top
prompt was optimized to make the model predict the dog’s species and the bottom prompt
was optimized to make the model predict the dog’s expression. Mathematically, this kind
of prompting is very similar to the adversarial noise we covered in section 35.6.1.

Because of its similarity
to adversarial examples,
early papers on prompting
sometimes referred to it as
adversarial
reprogramming [117].However,

here we are not adding noise that hurts performance but instead adding noise that improves
performance on a new task of interest. Given a set of M training examples that we would

prompt

i
i

i
i

i
i

i
i

552 Chapter 37

like to adapt to, {x(i), y(i)}M
i=1, we learn a prompt via the following optimization problem:

arg min
p

MX

i=1

L(f (x(i) + p), y(i)) (37.1)

where L is the loss function for our problem.

Here we require that the
output space Y is the

same between the
pretrained model and the

prompted model. If we
want to adapt to perform a

task with a different
output dimensionality

then we can add a learned
projection layer f 0 after

the pretrained f , just like
we did in figure 37.2.

Rather than adding a prompt in pixel space, it is also possible to add a prompt to an inter-
mediate feature space. Let’s look next at one way to do this. Jia, Tang, et al. [237] proposed
to use a token as the prompt for a vision transformer architecture [109] (see chapter 26 for
details on transformers). This new token is concatenated to the input of the transformer,
which is a set of tokens representing image patches (figure 37.7):

Figure 37.7: Prompt-
ing a transformer with

a learnable input token.
The prompt token is

mixed into the network
via attention; therefore no

parameters of the orig-
inal network have to be

updated (see chapter 26).
prompt

o attn

The token is a d-dimensional code vector and this vector is optimized to change the
behavior of the transformer to achieve a desired result, such as increased performance on
a new dataset or task. The attention mechanism works as usual except now all the input
tokens also attend to the prompt. The prompt thereby modulates the transformation applied
to the input tokens on the first layer, and this is how it affects the transformer’s behavior.

It is also possible to train a model to be promptable, so that at test time it adapts better
to user prompts. An advantage of this approach is that we can train a model to understand
human-interpretable prompts. For example, we could train the model so that its behavior
can be adapted based on text instructions or based on user-drawn strokes (a representative
example of both of these use cases can be found in [264]). In fact, we have already seen
many such systems in this book: any system that interactively adapts to user inputs can be
considered a promptable system. In particular, many promptable systems use the tools of
conditional generative modeling (chapter 34) to train systems can are conditioned on user
text instructions (e.g., [398], [409], which we cover in chapter 51).

37.6 Domain Adaptation
Often, the data we train on comes from a different distribution, or domain, than the data we
will encounter at test time. For example, maybe we have trained a recognition system on
internet photos and now we want to deploy the system on a self-driving car. The imagery the
car sees looks very different than everyday photos you might find on the internet. Domain

Can also treat the prompt as a learnable parameter

Source: Isola, Freeman, Torralba. FCV book.
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<latexit sha1_base64="w2SeowxjSmKQZ+WPP4dmP+ztLQA=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wf+vpEd</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit><latexit sha1_base64="6Ti+/2yet3GYo8fKSUbiWGmAzwM=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY2nAPCBZwuzkbjJkdnaZmRXCki+wsPFXbERs7e38GyfJFppYeGDgcM653LknSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/PbD6g0j+W9mSToR3QoecgZNVZqhP1yxa26c5BV4uWkAjn+F++XP3uDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfza+ZkjOrDEgYK/ukIXP150RGI60nUWCTETUjvezNxL+8bmrCKz/jMkkNSrZYFKaCmJjMqiEDrpAZMbGEMsXtXwkbUUWZsQWW7One8qGrpHVR9dyq17is1K/zzopwAqdwDh7UoA63cAdNYIDwCM/w6jw5L86b876IFpx85hh+wfn4Bi8jlGM=</latexit>

p� x
<latexit sha1_base64="OBBqt219lS5CgqmgF1vetaIOuQI=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZkRQZdFNy4r2Ad0SsmkmTY0k4QkI5ZhNm78FTcuFHHrP7jzb8y0I2jrgQuHc+7l3ntCyag2nvfllJaWV1bXyuuVjc2t7R13d6+lRaIwaWLBhOqESBNGOWkaahjpSEVQHDLSDsdXud++I0pTwW/NRJJejIacRhQjY6W+exjEyIzCKJUZDIRkiYY/yn3Wd6tezZsCLhK/IFVQoNF3P4OBwElMuMEMad31PWl6KVKGYkaySpBoIhEeoyHpWspRTHQvnX6RwWOrDGAklC1u4FT9PZGiWOtJHNrO/EI97+Xif143MdFFL6VcJoZwPFsUJQwaAfNI4IAqgg2bWIKwovZWiEdIIWxscBUbgj//8iJpndZ8r+bfnFXrl0UcZXAAjsAJ8ME5qINr0ABNgMEDeAIv4NV5dJ6dN+d91lpyipl98AfOxzc5FZkG</latexit><latexit sha1_base64="3RNIMr8ycpQYyVL+KE6p2KjYueE=">AAACKnicjVDLSgMxFM3UV62vUZe6CBbBVZkRQZdFNy4V7APaoWTSTBuaSUKSEcswG7/GhRt/pRspbv0QM+0I2rrwQOBwzr3cnBNKRrXxvKlTWlldW98ob1a2tnd299z9g6YWicKkgQUTqh0iTRjlpGGoYaQtFUFxyEgrHN3kfuuRKE0FfzBjSYIYDTiNKEbGSj33uBsjMwyjVGawKyRLNPxWnrKeW/Vq3gxwmfgFqYIC/xvvuZNuX+AkJtxghrTu+J40QYqUoZiRrNJNNJEIj9CAdCzlKCY6SGdRM3hqlT6MhLKPGzhTf26kKNZ6HId2Mo+hF71c/MvrJCa6ClLKZWIIx/NDUcKgETDvDfapItiwsSUIK2r/CvEQKYSNbbdio/uLQZdJ87zmezX//qJavy46K4MjcALOgA8uQR3cgjvQABg8gxfwBt6dV2fiTJ2P+WjJKXYOwS84n183qaB/</latexit><latexit sha1_base64="3RNIMr8ycpQYyVL+KE6p2KjYueE=">AAACKnicjVDLSgMxFM3UV62vUZe6CBbBVZkRQZdFNy4V7APaoWTSTBuaSUKSEcswG7/GhRt/pRspbv0QM+0I2rrwQOBwzr3cnBNKRrXxvKlTWlldW98ob1a2tnd299z9g6YWicKkgQUTqh0iTRjlpGGoYaQtFUFxyEgrHN3kfuuRKE0FfzBjSYIYDTiNKEbGSj33uBsjMwyjVGawKyRLNPxWnrKeW/Vq3gxwmfgFqYIC/xvvuZNuX+AkJtxghrTu+J40QYqUoZiRrNJNNJEIj9CAdCzlKCY6SGdRM3hqlT6MhLKPGzhTf26kKNZ6HId2Mo+hF71c/MvrJCa6ClLKZWIIx/NDUcKgETDvDfapItiwsSUIK2r/CvEQKYSNbbdio/uLQZdJ87zmezX//qJavy46K4MjcALOgA8uQR3cgjvQABg8gxfwBt6dV2fiTJ2P+WjJKXYOwS84n183qaB/</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="jFOC3ZZIO5PSMGMVin3Y4IOcBzM=">AAAB+nicbZBPS8MwGMbfzn9zTq1e9RAcgqfRetGj4MXjBPcH1jLSLN3C0qQkqThKL178Kl48KOIH8ea3Md0m6OYDgR/Pk5D3faKUM20878uprK1vbG5Vt2s79d29ffeg3tEyU4S2ieRS9SKsKWeCtg0znPZSRXEScdqNJtdl3r2nSjMp7sw0pWGCR4LFjGBjrYF7HCTYjKM4TwsUyJRnGv04D8XAbXhNbya0Cv4CGrBQa+B+BkNJsoQKQzjWuu97qQlzrAwjnBa1INM0xWSCR7RvUeCE6jCfbVGgU+sMUSyVPcKgmfv7RY4TradJZG+WE+rlrDT/y/qZiS/DnIk0M1SQ+UdxxpGRqKwEDZmixPCpBUwUs7MiMsYKE2OLq9kS/OWVV6Fz3vS9pn/rQRWO4ATOwIcLuIIbaEEbCDzCM7zCm/PkvDjv87oqzqK3Q/gj5+MbpSiXlg==</latexit><latexit sha1_base64="jFOC3ZZIO5PSMGMVin3Y4IOcBzM=">AAAB+nicbZBPS8MwGMbfzn9zTq1e9RAcgqfRetGj4MXjBPcH1jLSLN3C0qQkqThKL178Kl48KOIH8ea3Md0m6OYDgR/Pk5D3faKUM20878uprK1vbG5Vt2s79d29ffeg3tEyU4S2ieRS9SKsKWeCtg0znPZSRXEScdqNJtdl3r2nSjMp7sw0pWGCR4LFjGBjrYF7HCTYjKM4TwsUyJRnGv04D8XAbXhNbya0Cv4CGrBQa+B+BkNJsoQKQzjWuu97qQlzrAwjnBa1INM0xWSCR7RvUeCE6jCfbVGgU+sMUSyVPcKgmfv7RY4TradJZG+WE+rlrDT/y/qZiS/DnIk0M1SQ+UdxxpGRqKwEDZmixPCpBUwUs7MiMsYKE2OLq9kS/OWVV6Fz3vS9pn/rQRWO4ATOwIcLuIIbaEEbCDzCM7zCm/PkvDjv87oqzqK3Q/gj5+MbpSiXlg==</latexit><latexit sha1_base64="o6VWCB1BGpbXIUQ1i1Je2qE+jSQ=">AAACBXicbVC7TsMwFHV4lvIKMMJgUSExVQkLjBUsjEWiD6mJKsd1WquObdkOooqysPArLAwgxMo/sPE3OG2QoOVIVzo6517de08kGdXG876cpeWV1bX1ykZ1c2t7Z9fd229rkSpMWlgwoboR0oRRTlqGGka6UhGURIx0ovFV4XfuiNJU8FszkSRM0JDTmGJkrNR3j4IEmVEUZzKHgZAs1fBHuc/7bs2re1PAReKXpAZKNPvuZzAQOE0IN5ghrXu+J02YIWUoZiSvBqkmEuExGpKepRwlRIfZ9IscnlhlAGOhbHEDp+rviQwlWk+SyHYWF+p5rxD/83qpiS/CjHKZGsLxbFGcMmgELCKBA6oINmxiCcKK2lshHiGFsLHBVW0I/vzLi6R9Vve9un/j1RqXZRwVcAiOwSnwwTlogGvQBC2AwQN4Ai/g1Xl0np03533WuuSUMwfgD5yPbzfVmQI=</latexit><latexit sha1_base64="OBBqt219lS5CgqmgF1vetaIOuQI=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZkRQZdFNy4r2Ad0SsmkmTY0k4QkI5ZhNm78FTcuFHHrP7jzb8y0I2jrgQuHc+7l3ntCyag2nvfllJaWV1bXyuuVjc2t7R13d6+lRaIwaWLBhOqESBNGOWkaahjpSEVQHDLSDsdXud++I0pTwW/NRJJejIacRhQjY6W+exjEyIzCKJUZDIRkiYY/yn3Wd6tezZsCLhK/IFVQoNF3P4OBwElMuMEMad31PWl6KVKGYkaySpBoIhEeoyHpWspRTHQvnX6RwWOrDGAklC1u4FT9PZGiWOtJHNrO/EI97+Xif143MdFFL6VcJoZwPFsUJQwaAfNI4IAqgg2bWIKwovZWiEdIIWxscBUbgj//8iJpndZ8r+bfnFXrl0UcZXAAjsAJ8ME5qINr0ABNgMEDeAIv4NV5dJ6dN+d91lpyipl98AfOxzc5FZkG</latexit><latexit sha1_base64="OBBqt219lS5CgqmgF1vetaIOuQI=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZkRQZdFNy4r2Ad0SsmkmTY0k4QkI5ZhNm78FTcuFHHrP7jzb8y0I2jrgQuHc+7l3ntCyag2nvfllJaWV1bXyuuVjc2t7R13d6+lRaIwaWLBhOqESBNGOWkaahjpSEVQHDLSDsdXud++I0pTwW/NRJJejIacRhQjY6W+exjEyIzCKJUZDIRkiYY/yn3Wd6tezZsCLhK/IFVQoNF3P4OBwElMuMEMad31PWl6KVKGYkaySpBoIhEeoyHpWspRTHQvnX6RwWOrDGAklC1u4FT9PZGiWOtJHNrO/EI97+Xif143MdFFL6VcJoZwPFsUJQwaAfNI4IAqgg2bWIKwovZWiEdIIWxscBUbgj//8iJpndZ8r+bfnFXrl0UcZXAAjsAJ8ME5qINr0ABNgMEDeAIv4NV5dJ6dN+d91lpyipl98AfOxzc5FZkG</latexit><latexit sha1_base64="OBBqt219lS5CgqmgF1vetaIOuQI=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZkRQZdFNy4r2Ad0SsmkmTY0k4QkI5ZhNm78FTcuFHHrP7jzb8y0I2jrgQuHc+7l3ntCyag2nvfllJaWV1bXyuuVjc2t7R13d6+lRaIwaWLBhOqESBNGOWkaahjpSEVQHDLSDsdXud++I0pTwW/NRJJejIacRhQjY6W+exjEyIzCKJUZDIRkiYY/yn3Wd6tezZsCLhK/IFVQoNF3P4OBwElMuMEMad31PWl6KVKGYkaySpBoIhEeoyHpWspRTHQvnX6RwWOrDGAklC1u4FT9PZGiWOtJHNrO/EI97+Xif143MdFFL6VcJoZwPFsUJQwaAfNI4IAqgg2bWIKwovZWiEdIIWxscBUbgj//8iJpndZ8r+bfnFXrl0UcZXAAjsAJ8ME5qINr0ABNgMEDeAIv4NV5dJ6dN+d91lpyipl98AfOxzc5FZkG</latexit><latexit sha1_base64="+jMYlxCkyXZI95t+AhBaJj17NaI=">AAACDnicbVDLSsNAFJ3UV62vqEtdDBbBVUhE0GXRjStRtA9pQplMJ+3QyWSYmYglZOMX+Blu3bgRcevanX/jpK2grQcuHM65l3vvCQWjSrvul1Wam19YXCovV1ZW19Y37M2thkpSiUkdJyyRrRApwigndU01Iy0hCYpDRprh4Kzwm3dEKprwGz0UJIhRj9OIYqSN1LF3/RjpfhhlIod+Iliq4I9yn3fsquu4I8BZ4k1IFUxwe3HtKC0p73XsT7+b4DQmXGOGlGp7rtBBhqSmmJG84qeKCIQHqEfahnIUExVko3dyuG+ULowSaYprOFJ/T2QoVmoYh6azOFVNe4X4n9dOdXQSZJSLVBOOx4uilEGdwCIb2KWSYM2GhiAsqbkV4j6SCGuTYMWk4U3/Pksah47nOt7VUbV2OsmlDHbAHjgAHjgGNXAOLkEdYPAAnsAzeLUerRfrzXoft5asycw2+APr4xu43Jyr</latexit><latexit sha1_base64="+jMYlxCkyXZI95t+AhBaJj17NaI=">AAACDnicbVDLSsNAFJ3UV62vqEtdDBbBVUhE0GXRjStRtA9pQplMJ+3QyWSYmYglZOMX+Blu3bgRcevanX/jpK2grQcuHM65l3vvCQWjSrvul1Wam19YXCovV1ZW19Y37M2thkpSiUkdJyyRrRApwigndU01Iy0hCYpDRprh4Kzwm3dEKprwGz0UJIhRj9OIYqSN1LF3/RjpfhhlIod+Iliq4I9yn3fsquu4I8BZ4k1IFUxwe3HtKC0p73XsT7+b4DQmXGOGlGp7rtBBhqSmmJG84qeKCIQHqEfahnIUExVko3dyuG+ULowSaYprOFJ/T2QoVmoYh6azOFVNe4X4n9dOdXQSZJSLVBOOx4uilEGdwCIb2KWSYM2GhiAsqbkV4j6SCGuTYMWk4U3/Pksah47nOt7VUbV2OsmlDHbAHjgAHjgGNXAOLkEdYPAAnsAzeLUerRfrzXoft5asycw2+APr4xu43Jyr</latexit><latexit sha1_base64="+jMYlxCkyXZI95t+AhBaJj17NaI=">AAACDnicbVDLSsNAFJ3UV62vqEtdDBbBVUhE0GXRjStRtA9pQplMJ+3QyWSYmYglZOMX+Blu3bgRcevanX/jpK2grQcuHM65l3vvCQWjSrvul1Wam19YXCovV1ZW19Y37M2thkpSiUkdJyyRrRApwigndU01Iy0hCYpDRprh4Kzwm3dEKprwGz0UJIhRj9OIYqSN1LF3/RjpfhhlIod+Iliq4I9yn3fsquu4I8BZ4k1IFUxwe3HtKC0p73XsT7+b4DQmXGOGlGp7rtBBhqSmmJG84qeKCIQHqEfahnIUExVko3dyuG+ULowSaYprOFJ/T2QoVmoYh6azOFVNe4X4n9dOdXQSZJSLVBOOx4uilEGdwCIb2KWSYM2GhiAsqbkV4j6SCGuTYMWk4U3/Pksah47nOt7VUbV2OsmlDHbAHjgAHjgGNXAOLkEdYPAAnsAzeLUerRfrzXoft5asycw2+APr4xu43Jyr</latexit>

p� x
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<latexit sha1_base64="OBBqt219lS5CgqmgF1vetaIOuQI=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZkRQZdFNy4r2Ad0SsmkmTY0k4QkI5ZhNm78FTcuFHHrP7jzb8y0I2jrgQuHc+7l3ntCyag2nvfllJaWV1bXyuuVjc2t7R13d6+lRaIwaWLBhOqESBNGOWkaahjpSEVQHDLSDsdXud++I0pTwW/NRJJejIacRhQjY6W+exjEyIzCKJUZDIRkiYY/yn3Wd6tezZsCLhK/IFVQoNF3P4OBwElMuMEMad31PWl6KVKGYkaySpBoIhEeoyHpWspRTHQvnX6RwWOrDGAklC1u4FT9PZGiWOtJHNrO/EI97+Xif143MdFFL6VcJoZwPFsUJQwaAfNI4IAqgg2bWIKwovZWiEdIIWxscBUbgj//8iJpndZ8r+bfnFXrl0UcZXAAjsAJ8ME5qINr0ABNgMEDeAIv4NV5dJ6dN+d91lpyipl98AfOxzc5FZkG</latexit><latexit sha1_base64="3RNIMr8ycpQYyVL+KE6p2KjYueE=">AAACKnicjVDLSgMxFM3UV62vUZe6CBbBVZkRQZdFNy4V7APaoWTSTBuaSUKSEcswG7/GhRt/pRspbv0QM+0I2rrwQOBwzr3cnBNKRrXxvKlTWlldW98ob1a2tnd299z9g6YWicKkgQUTqh0iTRjlpGGoYaQtFUFxyEgrHN3kfuuRKE0FfzBjSYIYDTiNKEbGSj33uBsjMwyjVGawKyRLNPxWnrKeW/Vq3gxwmfgFqYIC/xvvuZNuX+AkJtxghrTu+J40QYqUoZiRrNJNNJEIj9CAdCzlKCY6SGdRM3hqlT6MhLKPGzhTf26kKNZ6HId2Mo+hF71c/MvrJCa6ClLKZWIIx/NDUcKgETDvDfapItiwsSUIK2r/CvEQKYSNbbdio/uLQZdJ87zmezX//qJavy46K4MjcALOgA8uQR3cgjvQABg8gxfwBt6dV2fiTJ2P+WjJKXYOwS84n183qaB/</latexit><latexit sha1_base64="3RNIMr8ycpQYyVL+KE6p2KjYueE=">AAACKnicjVDLSgMxFM3UV62vUZe6CBbBVZkRQZdFNy4V7APaoWTSTBuaSUKSEcswG7/GhRt/pRspbv0QM+0I2rrwQOBwzr3cnBNKRrXxvKlTWlldW98ob1a2tnd299z9g6YWicKkgQUTqh0iTRjlpGGoYaQtFUFxyEgrHN3kfuuRKE0FfzBjSYIYDTiNKEbGSj33uBsjMwyjVGawKyRLNPxWnrKeW/Vq3gxwmfgFqYIC/xvvuZNuX+AkJtxghrTu+J40QYqUoZiRrNJNNJEIj9CAdCzlKCY6SGdRM3hqlT6MhLKPGzhTf26kKNZ6HId2Mo+hF71c/MvrJCa6ClLKZWIIx/NDUcKgETDvDfapItiwsSUIK2r/CvEQKYSNbbdio/uLQZdJ87zmezX//qJavy46K4MjcALOgA8uQR3cgjvQABg8gxfwBt6dV2fiTJ2P+WjJKXYOwS84n183qaB/</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="jFOC3ZZIO5PSMGMVin3Y4IOcBzM=">AAAB+nicbZBPS8MwGMbfzn9zTq1e9RAcgqfRetGj4MXjBPcH1jLSLN3C0qQkqThKL178Kl48KOIH8ea3Md0m6OYDgR/Pk5D3faKUM20878uprK1vbG5Vt2s79d29ffeg3tEyU4S2ieRS9SKsKWeCtg0znPZSRXEScdqNJtdl3r2nSjMp7sw0pWGCR4LFjGBjrYF7HCTYjKM4TwsUyJRnGv04D8XAbXhNbya0Cv4CGrBQa+B+BkNJsoQKQzjWuu97qQlzrAwjnBa1INM0xWSCR7RvUeCE6jCfbVGgU+sMUSyVPcKgmfv7RY4TradJZG+WE+rlrDT/y/qZiS/DnIk0M1SQ+UdxxpGRqKwEDZmixPCpBUwUs7MiMsYKE2OLq9kS/OWVV6Fz3vS9pn/rQRWO4ATOwIcLuIIbaEEbCDzCM7zCm/PkvDjv87oqzqK3Q/gj5+MbpSiXlg==</latexit><latexit sha1_base64="jFOC3ZZIO5PSMGMVin3Y4IOcBzM=">AAAB+nicbZBPS8MwGMbfzn9zTq1e9RAcgqfRetGj4MXjBPcH1jLSLN3C0qQkqThKL178Kl48KOIH8ea3Md0m6OYDgR/Pk5D3faKUM20878uprK1vbG5Vt2s79d29ffeg3tEyU4S2ieRS9SKsKWeCtg0znPZSRXEScdqNJtdl3r2nSjMp7sw0pWGCR4LFjGBjrYF7HCTYjKM4TwsUyJRnGv04D8XAbXhNbya0Cv4CGrBQa+B+BkNJsoQKQzjWuu97qQlzrAwjnBa1INM0xWSCR7RvUeCE6jCfbVGgU+sMUSyVPcKgmfv7RY4TradJZG+WE+rlrDT/y/qZiS/DnIk0M1SQ+UdxxpGRqKwEDZmixPCpBUwUs7MiMsYKE2OLq9kS/OWVV6Fz3vS9pn/rQRWO4ATOwIcLuIIbaEEbCDzCM7zCm/PkvDjv87oqzqK3Q/gj5+MbpSiXlg==</latexit><latexit sha1_base64="o6VWCB1BGpbXIUQ1i1Je2qE+jSQ=">AAACBXicbVC7TsMwFHV4lvIKMMJgUSExVQkLjBUsjEWiD6mJKsd1WquObdkOooqysPArLAwgxMo/sPE3OG2QoOVIVzo6517de08kGdXG876cpeWV1bX1ykZ1c2t7Z9fd229rkSpMWlgwoboR0oRRTlqGGka6UhGURIx0ovFV4XfuiNJU8FszkSRM0JDTmGJkrNR3j4IEmVEUZzKHgZAs1fBHuc/7bs2re1PAReKXpAZKNPvuZzAQOE0IN5ghrXu+J02YIWUoZiSvBqkmEuExGpKepRwlRIfZ9IscnlhlAGOhbHEDp+rviQwlWk+SyHYWF+p5rxD/83qpiS/CjHKZGsLxbFGcMmgELCKBA6oINmxiCcKK2lshHiGFsLHBVW0I/vzLi6R9Vve9un/j1RqXZRwVcAiOwSnwwTlogGvQBC2AwQN4Ai/g1Xl0np03533WuuSUMwfgD5yPbzfVmQI=</latexit><latexit sha1_base64="OBBqt219lS5CgqmgF1vetaIOuQI=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZkRQZdFNy4r2Ad0SsmkmTY0k4QkI5ZhNm78FTcuFHHrP7jzb8y0I2jrgQuHc+7l3ntCyag2nvfllJaWV1bXyuuVjc2t7R13d6+lRaIwaWLBhOqESBNGOWkaahjpSEVQHDLSDsdXud++I0pTwW/NRJJejIacRhQjY6W+exjEyIzCKJUZDIRkiYY/yn3Wd6tezZsCLhK/IFVQoNF3P4OBwElMuMEMad31PWl6KVKGYkaySpBoIhEeoyHpWspRTHQvnX6RwWOrDGAklC1u4FT9PZGiWOtJHNrO/EI97+Xif143MdFFL6VcJoZwPFsUJQwaAfNI4IAqgg2bWIKwovZWiEdIIWxscBUbgj//8iJpndZ8r+bfnFXrl0UcZXAAjsAJ8ME5qINr0ABNgMEDeAIv4NV5dJ6dN+d91lpyipl98AfOxzc5FZkG</latexit><latexit sha1_base64="OBBqt219lS5CgqmgF1vetaIOuQI=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZkRQZdFNy4r2Ad0SsmkmTY0k4QkI5ZhNm78FTcuFHHrP7jzb8y0I2jrgQuHc+7l3ntCyag2nvfllJaWV1bXyuuVjc2t7R13d6+lRaIwaWLBhOqESBNGOWkaahjpSEVQHDLSDsdXud++I0pTwW/NRJJejIacRhQjY6W+exjEyIzCKJUZDIRkiYY/yn3Wd6tezZsCLhK/IFVQoNF3P4OBwElMuMEMad31PWl6KVKGYkaySpBoIhEeoyHpWspRTHQvnX6RwWOrDGAklC1u4FT9PZGiWOtJHNrO/EI97+Xif143MdFFL6VcJoZwPFsUJQwaAfNI4IAqgg2bWIKwovZWiEdIIWxscBUbgj//8iJpndZ8r+bfnFXrl0UcZXAAjsAJ8ME5qINr0ABNgMEDeAIv4NV5dJ6dN+d91lpyipl98AfOxzc5FZkG</latexit><latexit sha1_base64="OBBqt219lS5CgqmgF1vetaIOuQI=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBVZkRQZdFNy4r2Ad0SsmkmTY0k4QkI5ZhNm78FTcuFHHrP7jzb8y0I2jrgQuHc+7l3ntCyag2nvfllJaWV1bXyuuVjc2t7R13d6+lRaIwaWLBhOqESBNGOWkaahjpSEVQHDLSDsdXud++I0pTwW/NRJJejIacRhQjY6W+exjEyIzCKJUZDIRkiYY/yn3Wd6tezZsCLhK/IFVQoNF3P4OBwElMuMEMad31PWl6KVKGYkaySpBoIhEeoyHpWspRTHQvnX6RwWOrDGAklC1u4FT9PZGiWOtJHNrO/EI97+Xif143MdFFL6VcJoZwPFsUJQwaAfNI4IAqgg2bWIKwovZWiEdIIWxscBUbgj//8iJpndZ8r+bfnFXrl0UcZXAAjsAJ8ME5qINr0ABNgMEDeAIv4NV5dJ6dN+d91lpyipl98AfOxzc5FZkG</latexit><latexit sha1_base64="+jMYlxCkyXZI95t+AhBaJj17NaI=">AAACDnicbVDLSsNAFJ3UV62vqEtdDBbBVUhE0GXRjStRtA9pQplMJ+3QyWSYmYglZOMX+Blu3bgRcevanX/jpK2grQcuHM65l3vvCQWjSrvul1Wam19YXCovV1ZW19Y37M2thkpSiUkdJyyRrRApwigndU01Iy0hCYpDRprh4Kzwm3dEKprwGz0UJIhRj9OIYqSN1LF3/RjpfhhlIod+Iliq4I9yn3fsquu4I8BZ4k1IFUxwe3HtKC0p73XsT7+b4DQmXGOGlGp7rtBBhqSmmJG84qeKCIQHqEfahnIUExVko3dyuG+ULowSaYprOFJ/T2QoVmoYh6azOFVNe4X4n9dOdXQSZJSLVBOOx4uilEGdwCIb2KWSYM2GhiAsqbkV4j6SCGuTYMWk4U3/Pksah47nOt7VUbV2OsmlDHbAHjgAHjgGNXAOLkEdYPAAnsAzeLUerRfrzXoft5asycw2+APr4xu43Jyr</latexit><latexit sha1_base64="+jMYlxCkyXZI95t+AhBaJj17NaI=">AAACDnicbVDLSsNAFJ3UV62vqEtdDBbBVUhE0GXRjStRtA9pQplMJ+3QyWSYmYglZOMX+Blu3bgRcevanX/jpK2grQcuHM65l3vvCQWjSrvul1Wam19YXCovV1ZW19Y37M2thkpSiUkdJyyRrRApwigndU01Iy0hCYpDRprh4Kzwm3dEKprwGz0UJIhRj9OIYqSN1LF3/RjpfhhlIod+Iliq4I9yn3fsquu4I8BZ4k1IFUxwe3HtKC0p73XsT7+b4DQmXGOGlGp7rtBBhqSmmJG84qeKCIQHqEfahnIUExVko3dyuG+ULowSaYprOFJ/T2QoVmoYh6azOFVNe4X4n9dOdXQSZJSLVBOOx4uilEGdwCIb2KWSYM2GhiAsqbkV4j6SCGuTYMWk4U3/Pksah47nOt7VUbV2OsmlDHbAHjgAHjgGNXAOLkEdYPAAnsAzeLUerRfrzXoft5asycw2+APr4xu43Jyr</latexit><latexit sha1_base64="+jMYlxCkyXZI95t+AhBaJj17NaI=">AAACDnicbVDLSsNAFJ3UV62vqEtdDBbBVUhE0GXRjStRtA9pQplMJ+3QyWSYmYglZOMX+Blu3bgRcevanX/jpK2grQcuHM65l3vvCQWjSrvul1Wam19YXCovV1ZW19Y37M2thkpSiUkdJyyRrRApwigndU01Iy0hCYpDRprh4Kzwm3dEKprwGz0UJIhRj9OIYqSN1LF3/RjpfhhlIod+Iliq4I9yn3fsquu4I8BZ4k1IFUxwe3HtKC0p73XsT7+b4DQmXGOGlGp7rtBBhqSmmJG84qeKCIQHqEfahnIUExVko3dyuG+ULowSaYprOFJ/T2QoVmoYh6azOFVNe4X4n9dOdXQSZJSLVBOOx4uilEGdwCIb2KWSYM2GhiAsqbkV4j6SCGuTYMWk4U3/Pksah47nOt7VUbV2OsmlDHbAHjgAHjgGNXAOLkEdYPAAnsAzeLUerRfrzXoft5asycw2+APr4xu43Jyr</latexit>

Source: Isola, Freeman, Torralba. FCV book.



But training from scratch can perform well too, given enough data.

• ImageNet pretraining (a strong computer 
vision pretraining) speeds up object 
detection training by 5x 

• Big performance gains for small/medium 
datasets (e.g. 1K examples per class) 

• But no benefit for large datasets

[He et al. 2018]

Case study: object detection
AP on COCO with R-CNN



What tasks do we train on?



Non-generative pretraining

ℒθ = − log
exp(Ii ⋅ Ti)

∑j exp(Ii ⋅ Tj)

• Learn to associate language with 
images.  

• Pull feature embeddings from 
same (image, text) pairs together.  
Push apart mismatched examples.  

• Can’t generate either signal, 
though learns something akin to 
the conditional distributions: 

 and .p(I ∣ T) p(T ∣ I)

Example: contrastive language-image pretraining



Why generative pretraining?

20

Class discussion.



Why generative pretraining?
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• Lots of raw text and sensory data available. 

• Generating data well requires capturing interesting patterns in 
the data. 

• Recognizing these patterns is often similar to what you do in 
downstream tasks. 

• Many tasks require generating data. 

• Unlike many other unsupervised learning tasks, no simple 
shortcuts.



Generative pretraining: an idea with a long history

22



Generative pretraining
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Is generative modeling a good pretraining task?



● Improving Language Understanding by Generative 
Pre-Training, OpenAI, 2018
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Finetuning GPT

GPT training

Figure source: Jacob Devlin BERT slides
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Limitations

• GPT is a causal model: we predict text left-to-right, 

• Attention is unidirectional 

• Only learns the conditional distributions from 
autoregressive training, i.e., .p(xt ∣ x1, x2, …, xt−1)



26 Figure source: Jacob Devlin BERT slides

• “Fill in the gaps”. Remove tokens at random, introducing special [MASK] tokens. 

• Sometimes introduce random words instead of [MASK] 

• BERT (Bidirectional Encoder Representations from Transformers) masks 15% of tokens. 

• Learns conditional distribution: .  

• Doesn’t aim to directly generate text (though still possible if you’re careful, as we 
discussed in guest lecture on masked diffusion language models!).

∏
i∈M

p(xi ∣ {xj | j ∉ M})

Masked language modeling (MLM)
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MLM vs. causal model finetuning

Figure source: Jacob Devlin and BERT paper



In vision: denoising autoencoder

Noisy image Reconstructed image
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[Vincent et al., 2008]



In vision: denoising autoencoder

Noisy example Reconstructed example
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[Vincent et al., 2008, Pathak et al. 2015, He, 2020]

Other types of “noise”.



Masked autoencoders

[Kaiming He et al., “Masked Autoencoders Are Scalable Vision Learners”, 2021]

image



[Kaiming He et al., “Masked Autoencoders Are Scalable Vision Learners”, 2021]

masked image

Masked autoencoders



Masked autoencoders with transformers

[Kaiming He et al., “Masked Autoencoders Are Scalable Vision Learners”, 2021]

ℒθ = ∥X − X̂∥2

Autoencoder loss:







Feature learning performance

Downstream ImageNet recognition performance



Zero-shot learning



Source: [Radford et al., GPT-2, 2019]

Naturally occurring translation 
demonstrations in internet text



Prompting

• Edit the input to a model to change its behavior. 

• Common in models that take textual instructions as 
input. 

• Can also be used for models that take other inputs, such 
as image inputs.

Source: Isola, Freeman, Torralba. FCV book.



39 Source: [Brown et al., GPT-3]

Prompting

In-context learning: provide training 
examples in a language model’s context 
window (rather than via finetuning).



Source: [Srivastava et al., BIG-bench 2022]

Zero-shot prediction improves with model size
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Prompting

Source: [Srivastava et al., BIG-bench 2022]



42 Source: [Brown et al., GPT-3]

Prompting



43
Source: [Wei et al., “Chain-of-Thought Prompting Elicits Reasoning in Large Language Models”, 2022]

How much does the prompt matter?

Give examples of reasoning in the prompt, making it more likely for “complete-the-
sequence” to yield the right answer.
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Source: [Kojima et al., “Large Language Models are Zero-Shot Reasoners”, 2022]

How much does the prompt matter?

Simply adding the text “Let’s think step by step” has a similar effect!



What else can video models do?



Object segmentation

From [Wiedemer et al., “Video models are zero-shot learners and reasoners”, 2025]

“Create an animation of instance segmentation being 
performed on this photograph: each distinct 
entity is overlaid in a different flat color. 
Scene: 
• The animation starts from the provided, unaltered 
photograph. 
• The scene in the photograph is static and doesn’t 
move. 
• First, the background fades to {white, green}. 
• Then, the first entity is covered by a flat color, 
perfectly preserving its silhouette. 
• Then the second entity, too, is covered by a different 
flat color, perfectly preserving its 
silhouette. 
• One by one, each entity is covered by a different flat 
color. 
• Finally, all entities are covered with different 
colors. 
Camera: 
• Static shot without camera movement. 
• No pan. 
• No rotation. 
• No zoom. 
• No glitches or artifacts.”



Object segmentation

From [Wiedemer et al., “Video models are zero-shot learners and reasoners”, 2025]

Not extremely accurate…



Novel view synthesis

From [Wiedemer et al., “Video models are zero-shot learners and reasoners”, 2025]



Colorization

From [Wiedemer et al., “Video models are zero-shot learners and reasoners”, 2025]



“Doodle-based” editing

From [Wiedemer et al., “Video models are zero-shot learners and reasoners”, 2025]



Intuitive physics

From [Wiedemer et al., “Video models are zero-shot learners and reasoners”, 2025]



Intuitive physics

From [Wiedemer et al., “Video models are zero-shot learners and reasoners”, 2025]



Visual Jenga

Task from [Bhattad, et al. “Visual Jenga: Discovering Object Dependencies via Counterfactual Inpainting”, 2025]

From [Wiedemer et al., “Video models are zero-shot learners and reasoners”, 2025]

"A hand quickly 
removes each of 
the items in 
this image, one 
at a time."



Solving mazes

From [Wiedemer et al., “Video models are zero-shot learners and reasoners”, 2025]

“Without crossing any 
black boundary, the grey 
mouse from the corner 
skillfully navigates the 
maze by walking around 
until it finds the yellow 
cheese.”



Accuracy with different models



Failure cases

From [Wiedemer et al., “Video models are zero-shot learners and reasoners”, 2025]



Failure cases

From [Wiedemer et al., “Video models are zero-shot learners and reasoners”, 2025]



Do we need prompting?

• Clever prompting can only take you so far. 

• Later in the class, we’ll talk about post-training methods 
that adapt generative models in other ways, beyond 
finetuning.



Next class: Diffusion for image manipulation


