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Translation Is One-To-Many

danke 

thank you 

thanks 

thank you very much

German 

English 

                     is multi-modal, a sentence can have different translationsp(y|x)
<latexit sha1_base64="tztAjwhAtFKiswW299CVPwXiEfA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPRY8OKxgv2AdinZNNvGZpMlyYrL2v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcj3zOw9UaSbFnUlj6kd4JFjICDZWasfV9OnxfFCuuDV3DrRKvJxUIEdzUP7qDyVJIioM4VjrnufGxs+wMoxwOi31E01jTCZ4RHuWChxR7Wfza6fozCpDFEplSxg0V39PZDjSOo0C2xlhM9bL3kz8z+slJrzyMybixFBBFovChCMj0ex1NGSKEsNTSzBRzN6KyBgrTIwNqGRD8JZfXiXti5rn1rzbeqVRz+MowgmcQhU8uIQG3EATWkDgHp7hFd4c6bw4787HorXg5DPH8AfO5w84So7W</latexit><latexit sha1_base64="tztAjwhAtFKiswW299CVPwXiEfA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPRY8OKxgv2AdinZNNvGZpMlyYrL2v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcj3zOw9UaSbFnUlj6kd4JFjICDZWasfV9OnxfFCuuDV3DrRKvJxUIEdzUP7qDyVJIioM4VjrnufGxs+wMoxwOi31E01jTCZ4RHuWChxR7Wfza6fozCpDFEplSxg0V39PZDjSOo0C2xlhM9bL3kz8z+slJrzyMybixFBBFovChCMj0ex1NGSKEsNTSzBRzN6KyBgrTIwNqGRD8JZfXiXti5rn1rzbeqVRz+MowgmcQhU8uIQG3EATWkDgHp7hFd4c6bw4787HorXg5DPH8AfO5w84So7W</latexit><latexit sha1_base64="tztAjwhAtFKiswW299CVPwXiEfA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPRY8OKxgv2AdinZNNvGZpMlyYrL2v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcj3zOw9UaSbFnUlj6kd4JFjICDZWasfV9OnxfFCuuDV3DrRKvJxUIEdzUP7qDyVJIioM4VjrnufGxs+wMoxwOi31E01jTCZ4RHuWChxR7Wfza6fozCpDFEplSxg0V39PZDjSOo0C2xlhM9bL3kz8z+slJrzyMybixFBBFovChCMj0ex1NGSKEsNTSzBRzN6KyBgrTIwNqGRD8JZfXiXti5rn1rzbeqVRz+MowgmcQhU8uIQG3EATWkDgHp7hFd4c6bw4787HorXg5DPH8AfO5w84So7W</latexit><latexit sha1_base64="tztAjwhAtFKiswW299CVPwXiEfA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPRY8OKxgv2AdinZNNvGZpMlyYrL2v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcj3zOw9UaSbFnUlj6kd4JFjICDZWasfV9OnxfFCuuDV3DrRKvJxUIEdzUP7qDyVJIioM4VjrnufGxs+wMoxwOi31E01jTCZ4RHuWChxR7Wfza6fozCpDFEplSxg0V39PZDjSOo0C2xlhM9bL3kz8z+slJrzyMybixFBBFovChCMj0ex1NGSKEsNTSzBRzN6KyBgrTIwNqGRD8JZfXiXti5rn1rzbeqVRz+MowgmcQhU8uIQG3EATWkDgHp7hFd4c6bw4787HorXg5DPH8AfO5w84So7W</latexit>

sie brauchen zeit 

you need time 

they need time 

it takes time
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Translation Is One-To-Many

danke 

thank you 

thanks 

thank you very much

German 

English 

                     is multi-modal, a sentence can have different translationsp(y|x)
<latexit sha1_base64="tztAjwhAtFKiswW299CVPwXiEfA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPRY8OKxgv2AdinZNNvGZpMlyYrL2v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcj3zOw9UaSbFnUlj6kd4JFjICDZWasfV9OnxfFCuuDV3DrRKvJxUIEdzUP7qDyVJIioM4VjrnufGxs+wMoxwOi31E01jTCZ4RHuWChxR7Wfza6fozCpDFEplSxg0V39PZDjSOo0C2xlhM9bL3kz8z+slJrzyMybixFBBFovChCMj0ex1NGSKEsNTSzBRzN6KyBgrTIwNqGRD8JZfXiXti5rn1rzbeqVRz+MowgmcQhU8uIQG3EATWkDgHp7hFd4c6bw4787HorXg5DPH8AfO5w84So7W</latexit><latexit sha1_base64="tztAjwhAtFKiswW299CVPwXiEfA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPRY8OKxgv2AdinZNNvGZpMlyYrL2v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcj3zOw9UaSbFnUlj6kd4JFjICDZWasfV9OnxfFCuuDV3DrRKvJxUIEdzUP7qDyVJIioM4VjrnufGxs+wMoxwOi31E01jTCZ4RHuWChxR7Wfza6fozCpDFEplSxg0V39PZDjSOo0C2xlhM9bL3kz8z+slJrzyMybixFBBFovChCMj0ex1NGSKEsNTSzBRzN6KyBgrTIwNqGRD8JZfXiXti5rn1rzbeqVRz+MowgmcQhU8uIQG3EATWkDgHp7hFd4c6bw4787HorXg5DPH8AfO5w84So7W</latexit><latexit sha1_base64="tztAjwhAtFKiswW299CVPwXiEfA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPRY8OKxgv2AdinZNNvGZpMlyYrL2v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcj3zOw9UaSbFnUlj6kd4JFjICDZWasfV9OnxfFCuuDV3DrRKvJxUIEdzUP7qDyVJIioM4VjrnufGxs+wMoxwOi31E01jTCZ4RHuWChxR7Wfza6fozCpDFEplSxg0V39PZDjSOo0C2xlhM9bL3kz8z+slJrzyMybixFBBFovChCMj0ex1NGSKEsNTSzBRzN6KyBgrTIwNqGRD8JZfXiXti5rn1rzbeqVRz+MowgmcQhU8uIQG3EATWkDgHp7hFd4c6bw4787HorXg5DPH8AfO5w84So7W</latexit><latexit sha1_base64="tztAjwhAtFKiswW299CVPwXiEfA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPRY8OKxgv2AdinZNNvGZpMlyYrL2v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcj3zOw9UaSbFnUlj6kd4JFjICDZWasfV9OnxfFCuuDV3DrRKvJxUIEdzUP7qDyVJIioM4VjrnufGxs+wMoxwOi31E01jTCZ4RHuWChxR7Wfza6fozCpDFEplSxg0V39PZDjSOo0C2xlhM9bL3kz8z+slJrzyMybixFBBFovChCMj0ex1NGSKEsNTSzBRzN6KyBgrTIwNqGRD8JZfXiXti5rn1rzbeqVRz+MowgmcQhU8uIQG3EATWkDgHp7hFd4c6bw4787HorXg5DPH8AfO5w84So7W</latexit>

sie brauchen zeit 

you need time 

they need time 

it takes time

Goal: efficiently decode a diverse set of hypotheses
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Neural Machine Translation

Input: source sentence 
Output: target translation 

x = x1, · · · , xL
<latexit sha1_base64="XrNOH4O+lwepr1S4l0KMSaKrYXs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBQymJFPQiFLx48FDBfkAbwmazbZduNmF3UlpC/4kXD4p49Z9489+4bXPQ1gcDj/dmmJkXJIJrcJxvq7CxubW9U9wt7e0fHB7ZxyctHaeKsiaNRaw6AdFMcMmawEGwTqIYiQLB2sHobu63x0xpHssnmCbMi8hA8j6nBIzk2/bkduK7lR4NY9CVif/g22Wn6iyA14mbkzLK0fDtr14Y0zRiEqggWnddJwEvIwo4FWxW6qWaJYSOyIB1DZUkYtrLFpfP8IVRQtyPlSkJeKH+nshIpPU0CkxnRGCoV725+J/XTaF/42VcJikwSZeL+qnAEON5DDjkilEQU0MIVdzciumQKELBhFUyIbirL6+T1lXVdaruY61cr+VxFNEZOkeXyEXXqI7uUQM1EUVj9Ixe0ZuVWS/Wu/WxbC1Y+cwp+gPr8weZWJLu</latexit><latexit sha1_base64="XrNOH4O+lwepr1S4l0KMSaKrYXs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBQymJFPQiFLx48FDBfkAbwmazbZduNmF3UlpC/4kXD4p49Z9489+4bXPQ1gcDj/dmmJkXJIJrcJxvq7CxubW9U9wt7e0fHB7ZxyctHaeKsiaNRaw6AdFMcMmawEGwTqIYiQLB2sHobu63x0xpHssnmCbMi8hA8j6nBIzk2/bkduK7lR4NY9CVif/g22Wn6iyA14mbkzLK0fDtr14Y0zRiEqggWnddJwEvIwo4FWxW6qWaJYSOyIB1DZUkYtrLFpfP8IVRQtyPlSkJeKH+nshIpPU0CkxnRGCoV725+J/XTaF/42VcJikwSZeL+qnAEON5DDjkilEQU0MIVdzciumQKELBhFUyIbirL6+T1lXVdaruY61cr+VxFNEZOkeXyEXXqI7uUQM1EUVj9Ixe0ZuVWS/Wu/WxbC1Y+cwp+gPr8weZWJLu</latexit><latexit sha1_base64="XrNOH4O+lwepr1S4l0KMSaKrYXs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBQymJFPQiFLx48FDBfkAbwmazbZduNmF3UlpC/4kXD4p49Z9489+4bXPQ1gcDj/dmmJkXJIJrcJxvq7CxubW9U9wt7e0fHB7ZxyctHaeKsiaNRaw6AdFMcMmawEGwTqIYiQLB2sHobu63x0xpHssnmCbMi8hA8j6nBIzk2/bkduK7lR4NY9CVif/g22Wn6iyA14mbkzLK0fDtr14Y0zRiEqggWnddJwEvIwo4FWxW6qWaJYSOyIB1DZUkYtrLFpfP8IVRQtyPlSkJeKH+nshIpPU0CkxnRGCoV725+J/XTaF/42VcJikwSZeL+qnAEON5DDjkilEQU0MIVdzciumQKELBhFUyIbirL6+T1lXVdaruY61cr+VxFNEZOkeXyEXXqI7uUQM1EUVj9Ixe0ZuVWS/Wu/WxbC1Y+cwp+gPr8weZWJLu</latexit><latexit sha1_base64="XrNOH4O+lwepr1S4l0KMSaKrYXs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBQymJFPQiFLx48FDBfkAbwmazbZduNmF3UlpC/4kXD4p49Z9489+4bXPQ1gcDj/dmmJkXJIJrcJxvq7CxubW9U9wt7e0fHB7ZxyctHaeKsiaNRaw6AdFMcMmawEGwTqIYiQLB2sHobu63x0xpHssnmCbMi8hA8j6nBIzk2/bkduK7lR4NY9CVif/g22Wn6iyA14mbkzLK0fDtr14Y0zRiEqggWnddJwEvIwo4FWxW6qWaJYSOyIB1DZUkYtrLFpfP8IVRQtyPlSkJeKH+nshIpPU0CkxnRGCoV725+J/XTaF/42VcJikwSZeL+qnAEON5DDjkilEQU0MIVdzciumQKELBhFUyIbirL6+T1lXVdaruY61cr+VxFNEZOkeXyEXXqI7uUQM1EUVj9Ixe0ZuVWS/Wu/WxbC1Y+cwp+gPr8weZWJLu</latexit>

y = y1, · · · , yT
<latexit sha1_base64="4mIwO9g/YsCP0M6qyLZ8mGeuTJM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBQymJFPQiFLx4rNAvaEPYbLbt0s0m7G4KIfSfePGgiFf/iTf/jds2B219MPB4b4aZeUHCmdKO822VtrZ3dvfK+5WDw6PjE/v0rKviVBLaITGPZT/AinImaEczzWk/kRRHAae9YPqw8HszKhWLRVtnCfUiPBZsxAjWRvJtO7vPfLc2JGGsVS3z275dderOEmiTuAWpQoGWb38Nw5ikERWacKzUwHUS7eVYakY4nVeGqaIJJlM8pgNDBY6o8vLl5XN0ZZQQjWJpSmi0VH9P5DhSKosC0xlhPVHr3kL8zxukenTn5UwkqaaCrBaNUo50jBYxoJBJSjTPDMFEMnMrIhMsMdEmrIoJwV1/eZN0b+quU3efGtVmo4ijDBdwCdfgwi004RFa0AECM3iGV3izcuvFerc+Vq0lq5g5hz+wPn8AqiKS+Q==</latexit><latexit sha1_base64="4mIwO9g/YsCP0M6qyLZ8mGeuTJM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBQymJFPQiFLx4rNAvaEPYbLbt0s0m7G4KIfSfePGgiFf/iTf/jds2B219MPB4b4aZeUHCmdKO822VtrZ3dvfK+5WDw6PjE/v0rKviVBLaITGPZT/AinImaEczzWk/kRRHAae9YPqw8HszKhWLRVtnCfUiPBZsxAjWRvJtO7vPfLc2JGGsVS3z275dderOEmiTuAWpQoGWb38Nw5ikERWacKzUwHUS7eVYakY4nVeGqaIJJlM8pgNDBY6o8vLl5XN0ZZQQjWJpSmi0VH9P5DhSKosC0xlhPVHr3kL8zxukenTn5UwkqaaCrBaNUo50jBYxoJBJSjTPDMFEMnMrIhMsMdEmrIoJwV1/eZN0b+quU3efGtVmo4ijDBdwCdfgwi004RFa0AECM3iGV3izcuvFerc+Vq0lq5g5hz+wPn8AqiKS+Q==</latexit><latexit sha1_base64="4mIwO9g/YsCP0M6qyLZ8mGeuTJM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBQymJFPQiFLx4rNAvaEPYbLbt0s0m7G4KIfSfePGgiFf/iTf/jds2B219MPB4b4aZeUHCmdKO822VtrZ3dvfK+5WDw6PjE/v0rKviVBLaITGPZT/AinImaEczzWk/kRRHAae9YPqw8HszKhWLRVtnCfUiPBZsxAjWRvJtO7vPfLc2JGGsVS3z275dderOEmiTuAWpQoGWb38Nw5ikERWacKzUwHUS7eVYakY4nVeGqaIJJlM8pgNDBY6o8vLl5XN0ZZQQjWJpSmi0VH9P5DhSKosC0xlhPVHr3kL8zxukenTn5UwkqaaCrBaNUo50jBYxoJBJSjTPDMFEMnMrIhMsMdEmrIoJwV1/eZN0b+quU3efGtVmo4ijDBdwCdfgwi004RFa0AECM3iGV3izcuvFerc+Vq0lq5g5hz+wPn8AqiKS+Q==</latexit><latexit sha1_base64="4mIwO9g/YsCP0M6qyLZ8mGeuTJM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBQymJFPQiFLx4rNAvaEPYbLbt0s0m7G4KIfSfePGgiFf/iTf/jds2B219MPB4b4aZeUHCmdKO822VtrZ3dvfK+5WDw6PjE/v0rKviVBLaITGPZT/AinImaEczzWk/kRRHAae9YPqw8HszKhWLRVtnCfUiPBZsxAjWRvJtO7vPfLc2JGGsVS3z275dderOEmiTuAWpQoGWb38Nw5ikERWacKzUwHUS7eVYakY4nVeGqaIJJlM8pgNDBY6o8vLl5XN0ZZQQjWJpSmi0VH9P5DhSKosC0xlhPVHr3kL8zxukenTn5UwkqaaCrBaNUo50jBYxoJBJSjTPDMFEMnMrIhMsMdEmrIoJwV1/eZN0b+quU3efGtVmo4ijDBdwCdfgwi004RFa0AECM3iGV3izcuvFerc+Vq0lq5g5hz+wPn8AqiKS+Q==</latexit>

p(y|x; ✓) =
TY

t=1

p(yt|y1:t�1, x; ✓)
<latexit sha1_base64="Q3GtsOIa0jcHZaK/uEqaf5s4690=">AAACHnicbVDLSgMxFM34rPU16tJNsAgVtExEUZRCwY3LCtYKbR0yadqGZh4kd8RhnC9x46+4caGI4Er/xrQW0eqBwOGcc7m5x4uk0OA4H9bE5NT0zGxuLj+/sLi0bK+sXugwVozXWChDdelRzaUIeA0ESH4ZKU59T/K61z8Z+PVrrrQIg3NIIt7yaTcQHcEoGMm196Nicntz3IQeB7pVbkYqbLsplEl2dY6N58Jt4qbkCHZItv2dc+2CU3KGwH8JGZECGqHq2m/NdshinwfAJNW6QZwIWilVIJjkWb4Zax5R1qdd3jA0oD7XrXR4XoY3jdLGnVCZFwAeqj8nUuprnfieSfoUenrcG4j/eY0YOoetVARRDDxgX4s6scQQ4kFXuC0UZyATQyhTwvwVsx5VlIFpNG9KIOMn/yUXuyXilMjZXqGyN6ojh9bRBioigg5QBZ2iKqohhu7QA3pCz9a99Wi9WK9f0QlrNLOGfsF6/wQjOaHK</latexit><latexit sha1_base64="Q3GtsOIa0jcHZaK/uEqaf5s4690=">AAACHnicbVDLSgMxFM34rPU16tJNsAgVtExEUZRCwY3LCtYKbR0yadqGZh4kd8RhnC9x46+4caGI4Er/xrQW0eqBwOGcc7m5x4uk0OA4H9bE5NT0zGxuLj+/sLi0bK+sXugwVozXWChDdelRzaUIeA0ESH4ZKU59T/K61z8Z+PVrrrQIg3NIIt7yaTcQHcEoGMm196Nicntz3IQeB7pVbkYqbLsplEl2dY6N58Jt4qbkCHZItv2dc+2CU3KGwH8JGZECGqHq2m/NdshinwfAJNW6QZwIWilVIJjkWb4Zax5R1qdd3jA0oD7XrXR4XoY3jdLGnVCZFwAeqj8nUuprnfieSfoUenrcG4j/eY0YOoetVARRDDxgX4s6scQQ4kFXuC0UZyATQyhTwvwVsx5VlIFpNG9KIOMn/yUXuyXilMjZXqGyN6ojh9bRBioigg5QBZ2iKqohhu7QA3pCz9a99Wi9WK9f0QlrNLOGfsF6/wQjOaHK</latexit><latexit sha1_base64="Q3GtsOIa0jcHZaK/uEqaf5s4690=">AAACHnicbVDLSgMxFM34rPU16tJNsAgVtExEUZRCwY3LCtYKbR0yadqGZh4kd8RhnC9x46+4caGI4Er/xrQW0eqBwOGcc7m5x4uk0OA4H9bE5NT0zGxuLj+/sLi0bK+sXugwVozXWChDdelRzaUIeA0ESH4ZKU59T/K61z8Z+PVrrrQIg3NIIt7yaTcQHcEoGMm196Nicntz3IQeB7pVbkYqbLsplEl2dY6N58Jt4qbkCHZItv2dc+2CU3KGwH8JGZECGqHq2m/NdshinwfAJNW6QZwIWilVIJjkWb4Zax5R1qdd3jA0oD7XrXR4XoY3jdLGnVCZFwAeqj8nUuprnfieSfoUenrcG4j/eY0YOoetVARRDDxgX4s6scQQ4kFXuC0UZyATQyhTwvwVsx5VlIFpNG9KIOMn/yUXuyXilMjZXqGyN6ojh9bRBioigg5QBZ2iKqohhu7QA3pCz9a99Wi9WK9f0QlrNLOGfsF6/wQjOaHK</latexit><latexit sha1_base64="Q3GtsOIa0jcHZaK/uEqaf5s4690=">AAACHnicbVDLSgMxFM34rPU16tJNsAgVtExEUZRCwY3LCtYKbR0yadqGZh4kd8RhnC9x46+4caGI4Er/xrQW0eqBwOGcc7m5x4uk0OA4H9bE5NT0zGxuLj+/sLi0bK+sXugwVozXWChDdelRzaUIeA0ESH4ZKU59T/K61z8Z+PVrrrQIg3NIIt7yaTcQHcEoGMm196Nicntz3IQeB7pVbkYqbLsplEl2dY6N58Jt4qbkCHZItv2dc+2CU3KGwH8JGZECGqHq2m/NdshinwfAJNW6QZwIWilVIJjkWb4Zax5R1qdd3jA0oD7XrXR4XoY3jdLGnVCZFwAeqj8nUuprnfieSfoUenrcG4j/eY0YOoetVARRDDxgX4s6scQQ4kFXuC0UZyATQyhTwvwVsx5VlIFpNG9KIOMn/yUXuyXilMjZXqGyN6ojh9bRBioigg5QBZ2iKqohhu7QA3pCz9a99Wi9WK9f0QlrNLOGfsF6/wQjOaHK</latexit>

(opennmt.net)
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Search for Multiple Modes Is Difficult…

参与投票的成员中，58% 反对该合同交易易。Source

<start> Of

Fifty-eight per cent of

It

those

the voting members

opposed the contract dealvoting

transaction

the

was

opposed the contract deal

argmax
y1,··· ,yT

TY

t=1

p(yt|y1:t�1, x; ✓)
<latexit sha1_base64="M91vrXHhD/YFbR3k6gYioJvEJZ0="></latexit>

Beam search can effectively find one likely 
but cannot explore multiple modes

y
<latexit sha1_base64="q2OsRi/D7+gLM5Had4JK6Bd4pHQ="></latexit>

It was rejected by 58 % of its members who voted in the ballot .  
Of the members who voted , 58 % opposed the contract transaction .  
Of the members who participated in the vote , 58 % opposed the contract . 

References
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Explicitly Model Uncertainty

Introduce a latent variable      to capture different translation modes 

Better explore the search space, decode different      from different      

z
<latexit sha1_base64="oCAYtjJw99PyQ+7TjfQnEP3CphU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQa+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A5QuM8A==</latexit><latexit sha1_base64="oCAYtjJw99PyQ+7TjfQnEP3CphU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQa+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A5QuM8A==</latexit><latexit sha1_base64="oCAYtjJw99PyQ+7TjfQnEP3CphU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQa+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A5QuM8A==</latexit><latexit sha1_base64="oCAYtjJw99PyQ+7TjfQnEP3CphU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9oQ9lsJ+3azSbsboQa+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXrFXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A5QuM8A==</latexit>

z
<latexit sha1_base64="DIMa96tE0BEv8cegxXCJbAY0slk=">AAACPHicfZDLSgMxFIYzXut4a3XpZrAURKTM1IIuC7pwI7ZgL9ApciY9rcFMZkgyYh36BG71dXwP9+7ErWvTi6BVPBD4+M+f5Jw/iDlT2nVfrLn5hcWl5cyKvbq2vrGZzW01VJRIinUa8Ui2AlDImcC6ZppjK5YIYcCxGdycjPrNW5SKReJSD2LshNAXrMcoaCPV7q+yebfojsv5Dd4U8mRa1aucVfC7EU1CFJpyUKrtubHupCA1oxyHtp8ojIHeQB/bBgWEqDrpeNKhUzBK1+lF0hyhnbH6/UYKoVKDMDDOEPS1mu2NxL967UT3jjspE3GiUdDJR72EOzpyRms7XSaRaj4wAFQyM6tDr0EC1SYc2z9Fs4vEc/PuRYwSdCT3Ux9kP4S7odmt7x+M6D8jE19GQ7ZtgvVmY/wNjVLROyyWauV8pTyNOEN2yC7ZIx45IhVyRqqkTihB8kAeyZP1bL1ab9b7xDpnTe9skx9lfXwCXBKtxw==</latexit>

y
<latexit sha1_base64="faCM3g7a4Aa4XC5m0Cb7S1w+ycU=">AAACPHicfZDLSgMxFIYzXut4a3XpZrAIIlJmakGXBV24EVuwF+iUciY9bYOZzJBkxDL0Cdzq6/ge7t2JW9emF0GteCDw8Z8/yTl/EHOmtOu+WAuLS8srq5k1e31jc2s7m9upqyiRFGs04pFsBqCQM4E1zTTHZiwRwoBjI7g9H/cbdygVi8SNHsbYDqEvWI9R0EaqDjvZvFtwJ+XMgzeDPJlVpZOzDvxuRJMQhaYclGp5bqzbKUjNKMeR7ScKY6C30MeWQQEhqnY6mXTkHBil6/QiaY7QzkT9fiOFUKlhGBhnCHqgfvfG4l+9VqJ7Z+2UiTjRKOj0o17CHR0547WdLpNINR8aACqZmdWhA5BAtQnH9i/Q7CLxyrx7HaMEHcmj1AfZD+F+ZHbr+8dj+s/IxJfRkG2bYL3fMc5DvVjwTgrFailfLs0izpA9sk8OiUdOSZlckgqpEUqQPJBH8mQ9W6/Wm/U+tS5Yszu75EdZH59aOq3G</latexit>

z1
<latexit sha1_base64="q2m+QClZrjmZag1SWNhRoJPTc8M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+iWru7rNRreRxFOIFTOAcPrqAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AELOo2W</latexit>

z2
<latexit sha1_base64="p4v7YnSsI/U8A2kkx4ptrfByLbA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mioMeCF48V7Qe0oWy2k3bpZhN2N0It/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+HoZua3HlFpnsgHM04xiOlA8ogzaqx0/9Tze+WKW3XnIKvEy0kFctR75a9uP2FZjNIwQbXueG5qgglVhjOB01I305hSNqID7FgqaYw6mMxPnZIzq/RJlChb0pC5+ntiQmOtx3FoO2NqhnrZm4n/eZ3MRNfBhMs0MyjZYlGUCWISMvub9LlCZsTYEsoUt7cSNqSKMmPTKdkQvOWXV0nTr3oXVf/uslLz8ziKcAKncA4eXEENbqEODWAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMMvo2X</latexit>

z3
<latexit sha1_base64="2wm32G2s6xtgSpqkip0VWQy03iE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY8FLx4r2lZoQ9lsN+3SzSbsToQa+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMb6IaCGS6F4CwVK/pBoTqNA8k4wvp75nUeujYjVPU4S7kd0qEQoGEUr3T316/1yxa26c5BV4uWkAjma/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0m7VvXq1drtRaVRy+Mowgmcwjl4cAkNuIEmtIDBEJ7hFd4c6bw4787HorXg5DPH8AfO5w8OQo2Y</latexit>

It was rejected by 58 % of its 
members who voted in the ballot .

Of the members who voted , 58 % 
opposed the contract transaction .

Of the members who participated in the 
vote , 58 % opposed the contract . 

p(y|z, x)
<latexit sha1_base64="6afeClXAO4QGbyztJPmf/vpJN8w="></latexit>
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Previous Attempt: Conditional VAE

log p(y|x; ✓) � Eq(z|x,y;�)[log p(y|z, x; ✓)]�DKL(q(z|x, y;�)kp(z|x; ✓))
<latexit sha1_base64="pV0ivcWSlxmCnM5iDOuoW1LA/p8="></latexit>

(Kingma & Welling, 2014; Zhang et al., 2016)

“Posterior collapse” in language modeling, the latent variable is ignored 
(Bowman et al., 2016)

Gaussian     , z
<latexit sha1_base64="DIMa96tE0BEv8cegxXCJbAY0slk=">AAACPHicfZDLSgMxFIYzXut4a3XpZrAURKTM1IIuC7pwI7ZgL9ApciY9rcFMZkgyYh36BG71dXwP9+7ErWvTi6BVPBD4+M+f5Jw/iDlT2nVfrLn5hcWl5cyKvbq2vrGZzW01VJRIinUa8Ui2AlDImcC6ZppjK5YIYcCxGdycjPrNW5SKReJSD2LshNAXrMcoaCPV7q+yebfojsv5Dd4U8mRa1aucVfC7EU1CFJpyUKrtubHupCA1oxyHtp8ojIHeQB/bBgWEqDrpeNKhUzBK1+lF0hyhnbH6/UYKoVKDMDDOEPS1mu2NxL967UT3jjspE3GiUdDJR72EOzpyRms7XSaRaj4wAFQyM6tDr0EC1SYc2z9Fs4vEc/PuRYwSdCT3Ux9kP4S7odmt7x+M6D8jE19GQ7ZtgvVmY/wNjVLROyyWauV8pTyNOEN2yC7ZIx45IhVyRqqkTihB8kAeyZP1bL1ab9b7xDpnTe9skx9lfXwCXBKtxw==</latexit>

p(y|x; ✓) =
Z

z
p(z|x; ✓)p(y|z, x; ✓)

<latexit sha1_base64="XSwoBvuWDHHU3hrYtyI/e4YpGDU=">AAACGnicbVDLSgMxFM34rPVVdekmWIQKUmaqoCBCwY3LCvYBbRkyadqGZjJDckec1n6HG3/FjQtF3Ikb/8a0HXy0HgicnHMuyT1eKLgG2/605uYXFpeWUyvp1bX1jc3M1nZFB5GirEwDEaiaRzQTXLIycBCsFipGfE+wqte7GPnVG6Y0D+Q1xCFr+qQjeZtTAkZyM06Yi+9uzxrQZUAOzhtcgtvHYa7/I44S/cPvq5vJ2nl7DDxLnIRkUYKSm3lvtAIa+UwCFUTrumOH0BwQBZwKNkw3Is1CQnukw+qGSuIz3RyMVxvifaO0cDtQ5kjAY/X3xID4Wse+Z5I+ga6e9kbif149gvZpc8BlGAGTdPJQOxIYAjzqCbe4YhREbAihipu/YtolilAwbaZNCc70yrOkUsg7R/nC1XG2WEjqSKFdtIdyyEEnqIguUQmVEUX36BE9oxfrwXqyXq23SXTOSmZ20B9YH1+7c6Ce</latexit>
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Our Approach: Mixture Model

p(y|x; ✓) =
KX

z=1

p(z|x; ✓)p(y|z, x; ✓)
<latexit sha1_base64="e4OiAUC4pQ1ODNr8+e3EG+6rQMk="></latexit>

Simplest, enumerable, exact marginal

Multinomial     , taking values in                             z
<latexit sha1_base64="DIMa96tE0BEv8cegxXCJbAY0slk=">AAACPHicfZDLSgMxFIYzXut4a3XpZrAURKTM1IIuC7pwI7ZgL9ApciY9rcFMZkgyYh36BG71dXwP9+7ErWvTi6BVPBD4+M+f5Jw/iDlT2nVfrLn5hcWl5cyKvbq2vrGZzW01VJRIinUa8Ui2AlDImcC6ZppjK5YIYcCxGdycjPrNW5SKReJSD2LshNAXrMcoaCPV7q+yebfojsv5Dd4U8mRa1aucVfC7EU1CFJpyUKrtubHupCA1oxyHtp8ojIHeQB/bBgWEqDrpeNKhUzBK1+lF0hyhnbH6/UYKoVKDMDDOEPS1mu2NxL967UT3jjspE3GiUdDJR72EOzpyRms7XSaRaj4wAFQyM6tDr0EC1SYc2z9Fs4vEc/PuRYwSdCT3Ux9kP4S7odmt7x+M6D8jE19GQ7ZtgvVmY/wNjVLROyyWauV8pTyNOEN2yC7ZIx45IhVyRqqkTihB8kAeyZP1bL1ab9b7xDpnTe9skx9lfXwCXBKtxw==</latexit>

{1, · · · ,K}
<latexit sha1_base64="4SqczfAWNBe86LhFZJBHukolDiM="></latexit>
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Even simpler:

p(y|x; ✓) =
KX

z=1

p(z|x; ✓)p(y|z, x; ✓)
<latexit sha1_base64="e4OiAUC4pQ1ODNr8+e3EG+6rQMk="></latexit>

=
1

K

KX

z=1

p(y|z, x; ✓)
<latexit sha1_base64="tO7NeAjTv6kK5ienHhr+hzl1RRM="></latexit>

p(z|x; ✓) = 1/K
<latexit sha1_base64="ECb2CLXpQN0pblz9YOpwuPzTEko="></latexit>

—set                                          , each component is equally likely a priori

Our Approach: Mixture Model

Multinomial     , taking values in                             z
<latexit sha1_base64="DIMa96tE0BEv8cegxXCJbAY0slk=">AAACPHicfZDLSgMxFIYzXut4a3XpZrAURKTM1IIuC7pwI7ZgL9ApciY9rcFMZkgyYh36BG71dXwP9+7ErWvTi6BVPBD4+M+f5Jw/iDlT2nVfrLn5hcWl5cyKvbq2vrGZzW01VJRIinUa8Ui2AlDImcC6ZppjK5YIYcCxGdycjPrNW5SKReJSD2LshNAXrMcoaCPV7q+yebfojsv5Dd4U8mRa1aucVfC7EU1CFJpyUKrtubHupCA1oxyHtp8ojIHeQB/bBgWEqDrpeNKhUzBK1+lF0hyhnbH6/UYKoVKDMDDOEPS1mu2NxL967UT3jjspE3GiUdDJR72EOzpyRms7XSaRaj4wAFQyM6tDr0EC1SYc2z9Fs4vEc/PuRYwSdCT3Ux9kP4S7odmt7x+M6D8jE19GQ7ZtgvVmY/wNjVLROyyWauV8pTyNOEN2yC7ZIx45IhVyRqqkTihB8kAeyZP1bL1ab9b7xDpnTe9skx9lfXwCXBKtxw==</latexit>

{1, · · · ,K}
<latexit sha1_base64="4SqczfAWNBe86LhFZJBHukolDiM="></latexit>



—assume                              is large for one    , but nearly zero for others 

      a particular translation is only explained by a particular component 
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Even simpler:

p(y|x; ✓) =
KX

z=1

p(z|x; ✓)p(y|z, x; ✓)
<latexit sha1_base64="e4OiAUC4pQ1ODNr8+e3EG+6rQMk="></latexit>

=
1

K

KX

z=1

p(y|z, x; ✓)
<latexit sha1_base64="tO7NeAjTv6kK5ienHhr+hzl1RRM="></latexit>

� 1

K
max

z
p(y|z, x; ✓)

<latexit sha1_base64="up+1g61C6DAi6tsNrifWmGr8vUo="></latexit>

p(y|z, x; ✓)
<latexit sha1_base64="MMVQQKhACLVPSO3+tjTy93YInMk="></latexit>

z
<latexit sha1_base64="DIMa96tE0BEv8cegxXCJbAY0slk=">AAACPHicfZDLSgMxFIYzXut4a3XpZrAURKTM1IIuC7pwI7ZgL9ApciY9rcFMZkgyYh36BG71dXwP9+7ErWvTi6BVPBD4+M+f5Jw/iDlT2nVfrLn5hcWl5cyKvbq2vrGZzW01VJRIinUa8Ui2AlDImcC6ZppjK5YIYcCxGdycjPrNW5SKReJSD2LshNAXrMcoaCPV7q+yebfojsv5Dd4U8mRa1aucVfC7EU1CFJpyUKrtubHupCA1oxyHtp8ojIHeQB/bBgWEqDrpeNKhUzBK1+lF0hyhnbH6/UYKoVKDMDDOEPS1mu2NxL967UT3jjspE3GiUdDJR72EOzpyRms7XSaRaj4wAFQyM6tDr0EC1SYc2z9Fs4vEc/PuRYwSdCT3Ux9kP4S7odmt7x+M6D8jE19GQ7ZtgvVmY/wNjVLROyyWauV8pTyNOEN2yC7ZIx45IhVyRqqkTihB8kAeyZP1bL1ab9b7xDpnTe9skx9lfXwCXBKtxw==</latexit>

Our Approach: Mixture Model

Multinomial     , taking values in                             z
<latexit sha1_base64="DIMa96tE0BEv8cegxXCJbAY0slk=">AAACPHicfZDLSgMxFIYzXut4a3XpZrAURKTM1IIuC7pwI7ZgL9ApciY9rcFMZkgyYh36BG71dXwP9+7ErWvTi6BVPBD4+M+f5Jw/iDlT2nVfrLn5hcWl5cyKvbq2vrGZzW01VJRIinUa8Ui2AlDImcC6ZppjK5YIYcCxGdycjPrNW5SKReJSD2LshNAXrMcoaCPV7q+yebfojsv5Dd4U8mRa1aucVfC7EU1CFJpyUKrtubHupCA1oxyHtp8ojIHeQB/bBgWEqDrpeNKhUzBK1+lF0hyhnbH6/UYKoVKDMDDOEPS1mu2NxL967UT3jjspE3GiUdDJR72EOzpyRms7XSaRaj4wAFQyM6tDr0EC1SYc2z9Fs4vEc/PuRYwSdCT3Ux9kP4S7odmt7x+M6D8jE19GQ7ZtgvVmY/wNjVLROyyWauV8pTyNOEN2yC7ZIx45IhVyRqqkTihB8kAeyZP1bL1ab9b7xDpnTe9skx9lfXwCXBKtxw==</latexit>

{1, · · · ,K}
<latexit sha1_base64="4SqczfAWNBe86LhFZJBHukolDiM="></latexit>
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Training Objective

p(y|x; ✓) =
KX

z=1

p(z|x; ✓)p(y|z, x; ✓)
<latexit sha1_base64="e4OiAUC4pQ1ODNr8+e3EG+6rQMk="></latexit>

=
1

K

KX

z=1

p(y|z, x; ✓)
<latexit sha1_base64="tO7NeAjTv6kK5ienHhr+hzl1RRM="></latexit>

� 1

K
max

z
p(y|z, x; ✓)

<latexit sha1_base64="up+1g61C6DAi6tsNrifWmGr8vUo="></latexit>

L(✓) = E(x,y)⇠data

h
min
z

� log p(y|z, x; ✓)
i

<latexit sha1_base64="VYvw/SzpQxGc6JY55tK+7bANItw="></latexit>
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EM Training

E-step (hard): estimate the responsibility of each component                                                              

M-step: update      through each component with gradients✓
<latexit sha1_base64="olE99BNnOy76kelxs8YwZDXm1MQ="></latexit>

Take a mini-batch

L(✓) = E(x,y)⇠data

h
min
z

� log p(y|z, x; ✓)
i

<latexit sha1_base64="VYvw/SzpQxGc6JY55tK+7bANItw="></latexit>

{(x(i), y(i))}mi=1
<latexit sha1_base64="lNyX88U4as39w9KNNFAljODC2UI="></latexit>

Just like training mixture of Gaussians but 
in text space and conditioned on source

r(i)z ·r✓ log p(y
(i)|z, x(i); ✓)

<latexit sha1_base64="+h9Y3JU9fu2i6ZUb74+2snzl82A="></latexit>

r(i)z  1[z = argmax
z0

p(y(i)|z0, x(i); ✓)]
<latexit sha1_base64="5VrLCL/pHgVoOYRYWzTH9An7Bq8="></latexit>
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Parameterization
log p(y|x; ✓)

<latexit sha1_base64="p9SI7o9Nn3Px/tZIEA2EpWatQms="></latexit>

Before:



log p(y|z, x; ✓)
<latexit sha1_base64="aQoyxBwiYueY0q2qwajeIChGqeY="></latexit>
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Parameterization

z
<latexit sha1_base64="F7pW+gUMlkgWAWuO4b2U/AKL+p0=">AAACEXicbVDLSsNAFJ34rPFVdekmWASRUhIRdFnQhRuxBfuAJpTJ9CYdOpmEmYlQQ7/Apfox7sStX+C3uHHSZqGtBwYO59x7597jJ4xKZdtfxtLyyuraemnD3Nza3tkt7+23ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj+6yv3OAwhJY36vxgl4EQ45DSjBSkvNx365YtfsKaxF4hSkggo0+uVvdxCTNAKuCMNS9hw7UV6GhaKEwcR0UwkJJiMcQk9TjiOQXjZddGIda2VgBbHQjytrqv7uyHAk5TjydWWE1VDOe7n4n9dLVXDpZZQnqQJOZh8FKbNUbOVXWwMqgCg21gQTQfWuFhligYnS2ZjuNehbBNzquXcJCKxicZq5WIQR5RN9W+hWc2bqtJz5bBZJ+6zm2DWneV6pV4vcSugQHaET5KALVEc3qIFaiCBAT+gFvRrPxpvxbnzMSpeMoucA/YHx+QM42p3E</latexit><latexit sha1_base64="F7pW+gUMlkgWAWuO4b2U/AKL+p0=">AAACEXicbVDLSsNAFJ34rPFVdekmWASRUhIRdFnQhRuxBfuAJpTJ9CYdOpmEmYlQQ7/Apfox7sStX+C3uHHSZqGtBwYO59x7597jJ4xKZdtfxtLyyuraemnD3Nza3tkt7+23ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj+6yv3OAwhJY36vxgl4EQ45DSjBSkvNx365YtfsKaxF4hSkggo0+uVvdxCTNAKuCMNS9hw7UV6GhaKEwcR0UwkJJiMcQk9TjiOQXjZddGIda2VgBbHQjytrqv7uyHAk5TjydWWE1VDOe7n4n9dLVXDpZZQnqQJOZh8FKbNUbOVXWwMqgCg21gQTQfWuFhligYnS2ZjuNehbBNzquXcJCKxicZq5WIQR5RN9W+hWc2bqtJz5bBZJ+6zm2DWneV6pV4vcSugQHaET5KALVEc3qIFaiCBAT+gFvRrPxpvxbnzMSpeMoucA/YHx+QM42p3E</latexit><latexit sha1_base64="F7pW+gUMlkgWAWuO4b2U/AKL+p0=">AAACEXicbVDLSsNAFJ34rPFVdekmWASRUhIRdFnQhRuxBfuAJpTJ9CYdOpmEmYlQQ7/Apfox7sStX+C3uHHSZqGtBwYO59x7597jJ4xKZdtfxtLyyuraemnD3Nza3tkt7+23ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj+6yv3OAwhJY36vxgl4EQ45DSjBSkvNx365YtfsKaxF4hSkggo0+uVvdxCTNAKuCMNS9hw7UV6GhaKEwcR0UwkJJiMcQk9TjiOQXjZddGIda2VgBbHQjytrqv7uyHAk5TjydWWE1VDOe7n4n9dLVXDpZZQnqQJOZh8FKbNUbOVXWwMqgCg21gQTQfWuFhligYnS2ZjuNehbBNzquXcJCKxicZq5WIQR5RN9W+hWc2bqtJz5bBZJ+6zm2DWneV6pV4vcSugQHaET5KALVEc3qIFaiCBAT+gFvRrPxpvxbnzMSpeMoucA/YHx+QM42p3E</latexit><latexit sha1_base64="F7pW+gUMlkgWAWuO4b2U/AKL+p0=">AAACEXicbVDLSsNAFJ34rPFVdekmWASRUhIRdFnQhRuxBfuAJpTJ9CYdOpmEmYlQQ7/Apfox7sStX+C3uHHSZqGtBwYO59x7597jJ4xKZdtfxtLyyuraemnD3Nza3tkt7+23ZZwKAi0Ss1h0fSyBUQ4tRRWDbiIARz6Djj+6yv3OAwhJY36vxgl4EQ45DSjBSkvNx365YtfsKaxF4hSkggo0+uVvdxCTNAKuCMNS9hw7UV6GhaKEwcR0UwkJJiMcQk9TjiOQXjZddGIda2VgBbHQjytrqv7uyHAk5TjydWWE1VDOe7n4n9dLVXDpZZQnqQJOZh8FKbNUbOVXWwMqgCg21gQTQfWuFhligYnS2ZjuNehbBNzquXcJCKxicZq5WIQR5RN9W+hWc2bqtJz5bBZJ+6zm2DWneV6pV4vcSugQHaET5KALVEc3qIFaiCBAT+gFvRrPxpvxbnzMSpeMoucA/YHx+QM42p3E</latexit>

After:
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Testing

Generate        hypotheses by greedily decoding        K
<latexit sha1_base64="9kthJbSaWO6Chn0Yr4v6lC7IAx4="></latexit>

p(y|z, x; ✓), z = 1, · · · ,K
<latexit sha1_base64="KeWX3h6bZaQ43ZHWGiit+Pq5+YM=">AAACB3icbVDJSgNBEO1xjXEb9ShIYxAiDGEmCgoiBLwIXiKYBZIQejo9SZOehe4aMRnjyYu/4sWDIl79BW/+jZ3loIkPCh7vVVFVz40EV2Db38bc/MLi0nJqJb26tr6xaW5tl1UYS8pKNBShrLpEMcEDVgIOglUjyYjvClZxuxdDv3LLpOJhcAO9iDV80g64xykBLTXNvSjbu+9bd2d16DAgh9YD7p87Vp22QlDWVdPM2Dl7BDxLnAnJoAmKTfOr3gpp7LMAqCBK1Rw7gkZCJHAq2CBdjxWLCO2SNqtpGhCfqUYy+mOAD7TSwl4odQWAR+rviYT4SvV8V3f6BDpq2huK/3m1GLzTRsKDKAYW0PEiLxYYQjwMBbe4ZBRETxNCJde3YtohklDQ0aV1CM70y7OknM85R7n89XGmkJ/EkUK7aB9lkYNOUAFdoiIqIYoe0TN6RW/Gk/FivBsf49Y5YzKzg/7A+PwBEjeYGg==</latexit>

Solely depend on the latent variable to produce different hypotheses  

Computationally efficient and parallelizable 

No heuristic diverse decoding methods
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Try It Out

参与投票的成员中，58% 反对该合同交易易。Source 

Hypotheses z = 1
<latexit sha1_base64="K18wLbWwo9RKDGgFvI9aIg17Q38="></latexit>

z = 2
<latexit sha1_base64="0d7zVLl5Ru9tsEhVI9bLZKMN48c="></latexit>

z = 3
<latexit sha1_base64="sldPL8C4xniLrP0Iec/VyzL5m5k="></latexit>

p(y|z, x; ✓) ! p(y|x; ✓)
<latexit sha1_base64="iLbIeTs0Ow64o5e6RdVf1kzXvq0="></latexit>

The latent variable is ignored (as in VAE)

Sharing too many parameters that                               does not differentiate? 

       —use independently parameterized decoders

p(y|z, x; ✓)
<latexit sha1_base64="ye+J+0l8OYQqPwXCp7EJCX69ViU="></latexit>

Fifty-eight per cent of those voting opposed the contract deal . 
Fifty-eight per cent of those voting opposed the contract deal . 
Fifty-eight per cent of those voting opposed the contract deal .



“Rich gets richer”—once a component is better than others, it receives 
more gradients while others starve and eventually die (Teh, 2010)
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Try Again with Independent Decoders

参与投票的成员中，58% 反对该合同交易易。Source 

Hypotheses z = 1
<latexit sha1_base64="K18wLbWwo9RKDGgFvI9aIg17Q38="></latexit>

z = 2
<latexit sha1_base64="0d7zVLl5Ru9tsEhVI9bLZKMN48c="></latexit>

z = 3
<latexit sha1_base64="sldPL8C4xniLrP0Iec/VyzL5m5k="></latexit>

Only one component gets trained                             is poor except for onep(y|z, x; ✓)
<latexit sha1_base64="vvexUNlMRguQhwDARY4VFIodUQ4="></latexit>

z
<latexit sha1_base64="Asm5uNaqoyCOUikxdm9dAYz4zGQ="></latexit>

Fifty-eight per cent of those voting opposed the contract deal . 
.  
. 
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Mixture Models Are Prone to Degeneracies

D1: all components behave the same, the latent variable is ignored 

D2: only one component gets trained, other components are poor

Turns out how to train mixture models is not obvious…

Let’s take a closer look
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EM Training

E-step (hard): estimate the responsibility of each component                                                              

M-step: update      through each component with gradients✓
<latexit sha1_base64="olE99BNnOy76kelxs8YwZDXm1MQ="></latexit>

r(i)z ·r✓ log p(y
(i)|z, x(i); ✓)

<latexit sha1_base64="+h9Y3JU9fu2i6ZUb74+2snzl82A="></latexit>

r(i)z  1[z = argmax
z0

p(y(i)|z0, x(i); ✓)]
<latexit sha1_base64="5VrLCL/pHgVoOYRYWzTH9An7Bq8="></latexit>

Shared params, latent variable is ignored
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Effect of Dropout

Dropout noise here can confuse 
latent variable assignments

0.0 0.1 0.2 0.3 0.4 0.5
dropout probability

0.0

0.1

0.2

0.3

0.4

0.5

re
sp

on
si
bi

lit
y

fl
ip

ra
te

fo
r

hM
up

0.0 0.1 0.2 0.3 0.4 0.5
dropout probability

0.0

0.1

0.2

0.3

0.4

0.5

re
sp

on
si
bi

lit
y

fl
ip

ra
te

fo
r

hM
up

E-step (hard): estimate the responsibility of each component                                                              

M-step: update      through each component with gradients✓
<latexit sha1_base64="olE99BNnOy76kelxs8YwZDXm1MQ="></latexit>

r(i)z ·r✓ log p(y
(i)|z, x(i); ✓)

<latexit sha1_base64="+h9Y3JU9fu2i6ZUb74+2snzl82A="></latexit>

r(i)z  1[z = argmax
z0

p(y(i)|z0, x(i); ✓)]
<latexit sha1_base64="5VrLCL/pHgVoOYRYWzTH9An7Bq8="></latexit>

Shared params, latent variable is ignored
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Fix Dropout

E-step (hard): estimate the responsibility of each component                                                              

M-step: update      through each component with gradients✓
<latexit sha1_base64="olE99BNnOy76kelxs8YwZDXm1MQ="></latexit>

r(i)z ·r✓ log p(y
(i)|z, x(i); ✓)

<latexit sha1_base64="+h9Y3JU9fu2i6ZUb74+2snzl82A="></latexit>

r(i)z  1[z = argmax
z0

p(y(i)|z0, x(i); ✓)]
<latexit sha1_base64="5VrLCL/pHgVoOYRYWzTH9An7Bq8="></latexit>

Shared params, latent variable is ignored

no dropout

dropout
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Try Our Modified Dropout Strategy

参与投票的成员中，58% 反对该合同交易易。Source 

Hypotheses z = 1
<latexit sha1_base64="K18wLbWwo9RKDGgFvI9aIg17Q38="></latexit>

z = 2
<latexit sha1_base64="0d7zVLl5Ru9tsEhVI9bLZKMN48c="></latexit>

z = 3
<latexit sha1_base64="sldPL8C4xniLrP0Iec/VyzL5m5k="></latexit>

It works!  : )

Fifty-eight per cent of the members who voted opposed the contract deal .              
Of the members who voted , 58 % opposed the deal .                   
Fifty-eight per cent of the voting members opposed the contract deal . 
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Design Space

Model variants
hard mixture

Regularization no dropout at E-step, dropout at M-step

maxz(1/K) · p(y|z, x; ✓)
<latexit sha1_base64="ZGWkf9rPXIoL1rYJ1qUj2EMfFlw="></latexit>

uniform prior

Training schedule
online

Parameterization
shared
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Design Space

Model variants
hard mixture

Regularization no dropout at E-step, dropout at M-step

maxz(1/K) · p(y|z, x; ✓)
<latexit sha1_base64="ZGWkf9rPXIoL1rYJ1qUj2EMfFlw="></latexit>

uniform prior

Training schedule

Parameterization

online

shared

D2: only one component gets trainedindependent

offline perform E-step for all training examples before M-step

interleave E-step and M-step for each mini-batch
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Design Space

Training schedule

Model variants
hard mixture

soft mixture

Regularization no dropout at E-step, dropout at M-step

X
z
p(z|x; ✓) · p(y|z, x; ✓)

<latexit sha1_base64="fOeNzRiTjF2o5gXALlzQPjVBiAg="></latexit>

X
z
(1/K) · p(y|z, x; ✓)

<latexit sha1_base64="igh3Kvn1qDEVqTpnvOGfjKjKDSE="></latexit>

maxz p(z|x; ✓) · p(y|z, x; ✓)
<latexit sha1_base64="T8vfdwmKOaMMMrS7jw+cUOsNXx0="></latexit>

maxz(1/K) · p(y|z, x; ✓)
<latexit sha1_base64="ZGWkf9rPXIoL1rYJ1qUj2EMfFlw="></latexit>

uniform prior
learned prior

uniform prior

learned prior

offline

Parameterization
independent

online

shared
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Metrics

BLEU (Papineni et al., 2002): modified n-gram precision metric for sentence similarity

from 0 (no overlap) to 100 (same)
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Metrics

• BLEU (quality): average BLEU of each hypothesis against the references

Source: Thanks a lot! 

Hypo1: Merci! 
Hypo2: Merci merci! 
Hypo3: Merci beaucoup!

Ref1: Merci beaucoup! 
Ref2: Merci beaucoup. 
Ref3: Merci!
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Metrics

• BLEU (quality): average BLEU of each hypothesis against the references 

• Pairwise-BLEU (diversity): average BLEU over each pair of hypotheses 

Source: Thanks a lot! 

Hypo1: Merci! 
Hypo2: Merci merci! 
Hypo3: Merci beaucoup!
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Metrics

• BLEU (quality): average BLEU of each hypothesis against the references 

• Pairwise-BLEU (diversity): average BLEU over each pair of hypotheses  

Also compute human BLEU and Pairwise-BLEU
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Datasets

WMT’17 English-German: 

WMT’14 English-French: 

WMT’17 Chinese-English:

 #train, #ref                  #test, #ref 

1 

1 

1

4.5M, 

36M, 

20M,

 500, 

 500, 

2001,

10 

10 

 3
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Goal: High Quality and Diversity

WMT English-German (K=3)

bad, diverse

good, similar good, diverse : )

bad, similar

Human

shared params

indep params

hard mixture

soft mixture

online training

uniform prior

learned prior

offline training
shared params

indep params

uniform prior

learned prior

Variational NMT
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Model Exploration

good, similar good, diverse : )

Human

shared params

indep params

hard mixture

soft mixture

online training

uniform prior

learned prior

offline training
shared params

indep params

uniform prior

learned prior

Variational NMT

WMT English-German (K=3)

bad, diversebad, similar
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Model Exploration

WMT English-German (K=3)

bad, diverse

good, similar good, diverse : )

bad, similar

D1: latent var is ignored

Human

shared params

indep params

hard mixture

soft mixture

online training

uniform prior

learned prior

offline training
shared params

indep params

uniform prior

learned prior

Variational NMT
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Model Exploration

WMT English-German (K=3)

bad, diverse

good, similar good, diverse : )

bad, similar

D1: latent var is ignored

Human

shared params

indep params

hard mixture

soft mixture

online training

uniform prior

learned prior

offline training
shared params

indep params

uniform prior

learned prior

Variational NMT
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Model Exploration

WMT English-German (K=3)

bad, diverse

good, similar good, diverse : )

bad, similar

D1: latent var is ignored

D2: only one compo gets trained

Human

shared params

indep params

hard mixture

soft mixture

online training

uniform prior

learned prior

offline training
shared params

indep params

uniform prior

learned prior

Variational NMT
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Model Exploration

WMT English-German (K=3)

bad, diverse

good, similar good, diverse : )

bad, similar

D1: latent var is ignored

D2: only one compo gets trained

• online shared has higher quality than offline indep 
• hard mixture is more diverse than soft mixture

Human

shared params

indep params

hard mixture

soft mixture

online training

uniform prior

learned prior

offline training
shared params

indep params

uniform prior

learned prior

Variational NMT
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Winning Model

WMT English-German (K=3)

bad, diverse

good, similar good, diverse : )

bad, similar

• only one backward pass 

• no prior predictor 

• negligible extra params 

• no responsibility storage

fast 

simple 

memory-

efficient

Human

shared params

indep params

hard mixture

soft mixture

online training

uniform prior

learned prior

offline training
shared params

indep params

uniform prior

learned prior

Variational NMT
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Large Scale Evaluation



他 从不不 愿意 与 家⼈人 争吵 。 

He never wanted to be in any kind of altercation . 

He never liked to quarrel with his family .           
He never wants to quarrel with his family           
He never likes to argue with his family .
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Latent Variable Captures Consistent Translation Styles

不不断 的 恐怖袭击 显然 已 对 他 造成 很⼤大 打击 。 

Repeat terror attacks on Turkey have clearly shaken him too . 

The continuing terrorist attacks had apparently hit him hard .           
He is clearly already being hit hard by the continuing terrorist attacks . 
Repeated terrorist attacks have apparently hit him hard .

Source 

Reference 

hMup

Source 

Reference 

hMup

frequency of  was,  were,  had: 
        z=1’s > 3 * z=3’s 

frequency of  has,  says: 
        z=3’s > 2 * z=1’s

this  vs.  that,    per  cent  vs.  %  …



• Conditional text generation                       is multi-model

!40

Conclusions

• Search for multiple modes                                                                                                   is difficult

p(y|x)
<latexit sha1_base64="oJz/AE5FJ3Iu9Tl3sAkWDcfRGyU=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY8OKxgv2AdinZNG1Ds9mQZMVl7Y/w4kERr/4eb/4bs+0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto5iRWiLRDxS3QBrypmgLcMMp12pKA4DTjvB9CbzOw9UaRaJe5NI6od4LNiIEWys1JHV5OnxvDQoV9yaOwdaJV5OKpCjOSh/9YcRiUMqDOFY657nSuOnWBlGOJ2V+rGmEpMpHtOepQKHVPvp/NwZOrPKEI0iZUsYNFd/T6Q41DoJA9sZYjPRy14m/uf1YjO69lMmZGyoIItFo5gjE6HsdzRkihLDE0swUczeisgEK0yMTSgLwVt+eZW06zXvola/u6w06nkcRTiBU6iCB1fQgFtoQgsITOEZXuHNkc6L8+58LFoLTj5zDH/gfP4Ab0KO7A==</latexit>

z1
<latexit sha1_base64="q2m+QClZrjmZag1SWNhRoJPTc8M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+iWru7rNRreRxFOIFTOAcPrqAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AELOo2W</latexit>

z2
<latexit sha1_base64="p4v7YnSsI/U8A2kkx4ptrfByLbA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mioMeCF48V7Qe0oWy2k3bpZhN2N0It/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+HoZua3HlFpnsgHM04xiOlA8ogzaqx0/9Tze+WKW3XnIKvEy0kFctR75a9uP2FZjNIwQbXueG5qgglVhjOB01I305hSNqID7FgqaYw6mMxPnZIzq/RJlChb0pC5+ntiQmOtx3FoO2NqhnrZm4n/eZ3MRNfBhMs0MyjZYlGUCWISMvub9LlCZsTYEsoUt7cSNqSKMmPTKdkQvOWXV0nTr3oXVf/uslLz8ziKcAKncA4eXEENbqEODWAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMMvo2X</latexit>

z3
<latexit sha1_base64="2wm32G2s6xtgSpqkip0VWQy03iE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY8FLx4r2lZoQ9lsN+3SzSbsToQa+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMb6IaCGS6F4CwVK/pBoTqNA8k4wvp75nUeujYjVPU4S7kd0qEQoGEUr3T316/1yxa26c5BV4uWkAjma/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0m7VvXq1drtRaVRy+Mowgmcwjl4cAkNuIEmtIDBEJ7hFd4c6bw4787HorXg5DPH8AfO5w8OQo2Y</latexit>

It was rejected by 58 % of its 
members who voted in the ballot .

Of the members who voted , 58 % 
opposed the contract transaction .

Of the members who participated in the 
vote , 58 % opposed the contract . 

• explicitly model uncertainty with latent variables

argmax
y1,··· ,yT

YT

t=1
p(yt|y1:t�1, x; ✓)

<latexit sha1_base64="vfIENHzHvkDEvQ0NsZYmnsZdj2Q="></latexit>

p(y|z, x)
<latexit sha1_base64="6afeClXAO4QGbyztJPmf/vpJN8w="></latexit>
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• Mixture models work pretty well but hardly explored for text generation

• Training is not obvious, sub-optimal design choices can lead to degeneracies

Conclusions Poster #106 tonight!

• A strong baseline for work on latent 

variable text modeling 

• More applications to dialogue, image 

captioning, summarization… 

• Code: https://github.com/pytorch/fairseq
Training schedule

Model variants

Parameterization
shared
independent

hard Mixture

soft Mixture

online

Regularization no dropout at E-step, dropout at M-step

uniform prior
learned prior

uniform prior
learned prior

offline


