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Tigrinya

Task: Candidate Generation (CG) for  
cross-lingual entity linking. 
Example: A mention of “Chicago” in Amharic  
is first transliterated from ሺካጎ, and then  
candidate entities are generated. 
 
 
 
Languages: Macedonian and Tigrinya 
Evaluation Metric: if the gold entity for the query 
is in the top-20 candidates (Recall@20). 
 

ሺካጎ በዎድስቶክ ይጫወታል. 
(Chicago will play at Woodstock.) 




Low Resource Experiment 













Transliteration Inherent Challenges of  Transliteration 

Full Supervision Experiment 
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Our Work: Generation in low-resource settings. 

Idea: Discovery is a easier task. Use it to aid Generation. 
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Contributions of  Our Work 

h0
<latexit sha1_base64="W5gbBIUMwR1pmk85wA2YpTUee2k=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJpG1oJhmSTKEM/RM3LhRx65+482/MtLPQ1gMhh3PuJScnSjnTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJfeF3p1RpJsWTmaU0SPBIsCEj2FgpdN1BJHmsZ4m98vE89EK37jW8BdA68UtShxKt0P0axJJkCRWGcKx13/dSE+RYGUY4ndcGmaYpJhM8on1LBU6oDvJF8jm6sEqMhlLZIwxaqL83cpzoIpydTLAZ61WvEP/z+pkZ3gY5E2lmqCDLh4YZR0aiogYUM0WJ4TNLMFHMZkVkjBUmxpZVsyX4q19eJ52rhu81/MfrevOurKMKZ3AOl+DDDTThAVrQBgJTeIZXeHNy58V5dz6WoxWn3DmFP3A+fwDh3pPN</latexit><latexit sha1_base64="W5gbBIUMwR1pmk85wA2YpTUee2k=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJpG1oJhmSTKEM/RM3LhRx65+482/MtLPQ1gMhh3PuJScnSjnTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJfeF3p1RpJsWTmaU0SPBIsCEj2FgpdN1BJHmsZ4m98vE89EK37jW8BdA68UtShxKt0P0axJJkCRWGcKx13/dSE+RYGUY4ndcGmaYpJhM8on1LBU6oDvJF8jm6sEqMhlLZIwxaqL83cpzoIpydTLAZ61WvEP/z+pkZ3gY5E2lmqCDLh4YZR0aiogYUM0WJ4TNLMFHMZkVkjBUmxpZVsyX4q19eJ52rhu81/MfrevOurKMKZ3AOl+DDDTThAVrQBgJTeIZXeHNy58V5dz6WoxWn3DmFP3A+fwDh3pPN</latexit><latexit sha1_base64="W5gbBIUMwR1pmk85wA2YpTUee2k=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJpG1oJhmSTKEM/RM3LhRx65+482/MtLPQ1gMhh3PuJScnSjnTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJfeF3p1RpJsWTmaU0SPBIsCEj2FgpdN1BJHmsZ4m98vE89EK37jW8BdA68UtShxKt0P0axJJkCRWGcKx13/dSE+RYGUY4ndcGmaYpJhM8on1LBU6oDvJF8jm6sEqMhlLZIwxaqL83cpzoIpydTLAZ61WvEP/z+pkZ3gY5E2lmqCDLh4YZR0aiogYUM0WJ4TNLMFHMZkVkjBUmxpZVsyX4q19eJ52rhu81/MfrevOurKMKZ3AOl+DDDTThAVrQBgJTeIZXeHNy58V5dz6WoxWn3DmFP3A+fwDh3pPN</latexit><latexit sha1_base64="W5gbBIUMwR1pmk85wA2YpTUee2k=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ae0w5DJpG1oJhmSTKEM/RM3LhRx65+482/MtLPQ1gMhh3PuJScnSjnTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJfeF3p1RpJsWTmaU0SPBIsCEj2FgpdN1BJHmsZ4m98vE89EK37jW8BdA68UtShxKt0P0axJJkCRWGcKx13/dSE+RYGUY4ndcGmaYpJhM8on1LBU6oDvJF8jm6sEqMhlLZIwxaqL83cpzoIpydTLAZ61WvEP/z+pkZ3gY5E2lmqCDLh4YZR0aiogYUM0WJ4TNLMFHMZkVkjBUmxpZVsyX4q19eJ52rhu81/MfrevOurKMKZ3AOl+DDDTThAVrQBgJTeIZXeHNy58V5dz6WoxWn3DmFP3A+fwDh3pPN</latexit>

h1
<latexit sha1_base64="GVm9L2JBLp8+5tOqn5N5bm35lpA=">AAACC3icbVDLSsNAFJ34rPVVdekmtAiuSiKCLotuXFawD2hDmExu2qGTBzM3YgnZu/FX3LhQxK0/4M6/cZpmoa0Hhjmcc++dO8dLBFdoWd/Gyura+sZmZau6vbO7t187OOyqOJUMOiwWsex7VIHgEXSQo4B+IoGGnoCeN7me+b17kIrH0R1OE3BCOop4wBlFLbm1+hDhAYs5mSdSyLOhFwtfTUN9ZePctXO31rCaVgFzmdglaZASbbf2NfRjloYQIRNUqYFtJehkVCJnAvLqMFWQUDahIxhoGtEQlJMVO+TmiVZ8M4ilPhGahfq7I6Ohmm2nK0OKY7XozcT/vEGKwaWT8ShJESI2fyhIhYmxOQvG9LkEhmKqCWWS611NNqaSMtTxVXUI9uKXl0n3rGlbTfv2vNG6KuOokGNSJ6fEJhekRW5Im3QII4/kmbySN+PJeDHejY956YpR9hyRPzA+fwAieZxa</latexit><latexit sha1_base64="GVm9L2JBLp8+5tOqn5N5bm35lpA=">AAACC3icbVDLSsNAFJ34rPVVdekmtAiuSiKCLotuXFawD2hDmExu2qGTBzM3YgnZu/FX3LhQxK0/4M6/cZpmoa0Hhjmcc++dO8dLBFdoWd/Gyura+sZmZau6vbO7t187OOyqOJUMOiwWsex7VIHgEXSQo4B+IoGGnoCeN7me+b17kIrH0R1OE3BCOop4wBlFLbm1+hDhAYs5mSdSyLOhFwtfTUN9ZePctXO31rCaVgFzmdglaZASbbf2NfRjloYQIRNUqYFtJehkVCJnAvLqMFWQUDahIxhoGtEQlJMVO+TmiVZ8M4ilPhGahfq7I6Ohmm2nK0OKY7XozcT/vEGKwaWT8ShJESI2fyhIhYmxOQvG9LkEhmKqCWWS611NNqaSMtTxVXUI9uKXl0n3rGlbTfv2vNG6KuOokGNSJ6fEJhekRW5Im3QII4/kmbySN+PJeDHejY956YpR9hyRPzA+fwAieZxa</latexit><latexit sha1_base64="GVm9L2JBLp8+5tOqn5N5bm35lpA=">AAACC3icbVDLSsNAFJ34rPVVdekmtAiuSiKCLotuXFawD2hDmExu2qGTBzM3YgnZu/FX3LhQxK0/4M6/cZpmoa0Hhjmcc++dO8dLBFdoWd/Gyura+sZmZau6vbO7t187OOyqOJUMOiwWsex7VIHgEXSQo4B+IoGGnoCeN7me+b17kIrH0R1OE3BCOop4wBlFLbm1+hDhAYs5mSdSyLOhFwtfTUN9ZePctXO31rCaVgFzmdglaZASbbf2NfRjloYQIRNUqYFtJehkVCJnAvLqMFWQUDahIxhoGtEQlJMVO+TmiVZ8M4ilPhGahfq7I6Ohmm2nK0OKY7XozcT/vEGKwaWT8ShJESI2fyhIhYmxOQvG9LkEhmKqCWWS611NNqaSMtTxVXUI9uKXl0n3rGlbTfv2vNG6KuOokGNSJ6fEJhekRW5Im3QII4/kmbySN+PJeDHejY956YpR9hyRPzA+fwAieZxa</latexit><latexit sha1_base64="GVm9L2JBLp8+5tOqn5N5bm35lpA=">AAACC3icbVDLSsNAFJ34rPVVdekmtAiuSiKCLotuXFawD2hDmExu2qGTBzM3YgnZu/FX3LhQxK0/4M6/cZpmoa0Hhjmcc++dO8dLBFdoWd/Gyura+sZmZau6vbO7t187OOyqOJUMOiwWsex7VIHgEXSQo4B+IoGGnoCeN7me+b17kIrH0R1OE3BCOop4wBlFLbm1+hDhAYs5mSdSyLOhFwtfTUN9ZePctXO31rCaVgFzmdglaZASbbf2NfRjloYQIRNUqYFtJehkVCJnAvLqMFWQUDahIxhoGtEQlJMVO+TmiVZ8M4ilPhGahfq7I6Ohmm2nK0OKY7XozcT/vEGKwaWT8ShJESI2fyhIhYmxOQvG9LkEhmKqCWWS611NNqaSMtTxVXUI9uKXl0n3rGlbTfv2vNG6KuOokGNSJ6fEJhekRW5Im3QII4/kmbySN+PJeDHejY956YpR9hyRPzA+fwAieZxa</latexit>

h2
<latexit sha1_base64="H++9pV9/gXZYhPTBW+wAPFeMpLg=">AAAB+3icdVBLSwMxGMz6rPW11qOXYBE8Ldlitb0VvXisYB/QLks2m21Dsw+SrFiW/StePCji1T/izX9jtl1BRQdChpnvI5PxEs6kQujDWFldW9/YrGxVt3d29/bNg1pfxqkgtEdiHouhhyXlLKI9xRSnw0RQHHqcDrzZVeEP7qiQLI5u1TyhTognEQsYwUpLrlnLxl7MfTkP9ZVNc7eRu2YdWWgBiKwmstvntiaNJmq3ELRLqw5KdF3zfezHJA1ppAjHUo5slCgnw0IxwmleHaeSJpjM8ISONI1wSKWTLbLn8EQrPgxioU+k4EL9vpHhUBbp9GSI1VT+9grxL2+UqqDlZCxKUkUjsnwoSDlUMSyKgD4TlCg+1wQTwXRWSKZYYKJ0XVVdwtdP4f+k37BsZNk3Z/XOZVlHBRyBY3AKbHABOuAadEEPEHAPHsATeDZy49F4MV6XoytGuXMIfsB4+wT3i5UJ</latexit><latexit sha1_base64="H++9pV9/gXZYhPTBW+wAPFeMpLg=">AAAB+3icdVBLSwMxGMz6rPW11qOXYBE8Ldlitb0VvXisYB/QLks2m21Dsw+SrFiW/StePCji1T/izX9jtl1BRQdChpnvI5PxEs6kQujDWFldW9/YrGxVt3d29/bNg1pfxqkgtEdiHouhhyXlLKI9xRSnw0RQHHqcDrzZVeEP7qiQLI5u1TyhTognEQsYwUpLrlnLxl7MfTkP9ZVNc7eRu2YdWWgBiKwmstvntiaNJmq3ELRLqw5KdF3zfezHJA1ppAjHUo5slCgnw0IxwmleHaeSJpjM8ISONI1wSKWTLbLn8EQrPgxioU+k4EL9vpHhUBbp9GSI1VT+9grxL2+UqqDlZCxKUkUjsnwoSDlUMSyKgD4TlCg+1wQTwXRWSKZYYKJ0XVVdwtdP4f+k37BsZNk3Z/XOZVlHBRyBY3AKbHABOuAadEEPEHAPHsATeDZy49F4MV6XoytGuXMIfsB4+wT3i5UJ</latexit><latexit sha1_base64="H++9pV9/gXZYhPTBW+wAPFeMpLg=">AAAB+3icdVBLSwMxGMz6rPW11qOXYBE8Ldlitb0VvXisYB/QLks2m21Dsw+SrFiW/StePCji1T/izX9jtl1BRQdChpnvI5PxEs6kQujDWFldW9/YrGxVt3d29/bNg1pfxqkgtEdiHouhhyXlLKI9xRSnw0RQHHqcDrzZVeEP7qiQLI5u1TyhTognEQsYwUpLrlnLxl7MfTkP9ZVNc7eRu2YdWWgBiKwmstvntiaNJmq3ELRLqw5KdF3zfezHJA1ppAjHUo5slCgnw0IxwmleHaeSJpjM8ISONI1wSKWTLbLn8EQrPgxioU+k4EL9vpHhUBbp9GSI1VT+9grxL2+UqqDlZCxKUkUjsnwoSDlUMSyKgD4TlCg+1wQTwXRWSKZYYKJ0XVVdwtdP4f+k37BsZNk3Z/XOZVlHBRyBY3AKbHABOuAadEEPEHAPHsATeDZy49F4MV6XoytGuXMIfsB4+wT3i5UJ</latexit><latexit sha1_base64="H++9pV9/gXZYhPTBW+wAPFeMpLg=">AAAB+3icdVBLSwMxGMz6rPW11qOXYBE8Ldlitb0VvXisYB/QLks2m21Dsw+SrFiW/StePCji1T/izX9jtl1BRQdChpnvI5PxEs6kQujDWFldW9/YrGxVt3d29/bNg1pfxqkgtEdiHouhhyXlLKI9xRSnw0RQHHqcDrzZVeEP7qiQLI5u1TyhTognEQsYwUpLrlnLxl7MfTkP9ZVNc7eRu2YdWWgBiKwmstvntiaNJmq3ELRLqw5KdF3zfezHJA1ppAjHUo5slCgnw0IxwmleHaeSJpjM8ISONI1wSKWTLbLn8EQrPgxioU+k4EL9vpHhUBbp9GSI1VT+9grxL2+UqqDlZCxKUkUjsnwoSDlUMSyKgD4TlCg+1wQTwXRWSKZYYKJ0XVVdwtdP4f+k37BsZNk3Z/XOZVlHBRyBY3AKbHABOuAadEEPEHAPHsATeDZy49F4MV6XoytGuXMIfsB4+wT3i5UJ</latexit>

h3
<latexit sha1_base64="mUJe0rVFsv35aZNGOXptDRrXO7s=">AAAB+XicdVDLSsNAFL2pr1pfUZdugkVwFRIf6LLoxmUF+4A2hMlk0g6dzISZSaGE/okbF4q49U/c+TdO2xRU9MAwh3Pu5R5OlDGqtOd9WpWV1bX1jepmbWt7Z3fP3j9oK5FLTFpYMCG7EVKEUU5ammpGupkkKI0Y6USj25nfGROpqOAPepKRIEUDThOKkTZSaNv9SLBYTVLzFcNpeB7add/15nA893JJSmVp1aFEM7Q/+rHAeUq4xgwp1fO9TAcFkppiRqa1fq5IhvAIDUjPUI5SooJinnzqnBgldhIhzePamavfNwqUqlk4M5kiPVS/vZn4l9fLdXIdFJRnuSYcLw4lOXO0cGY1ODGVBGs2MQRhSU1WBw+RRFibsmrfS/iftM9c33P9+4t646asowpHcAyn4MMVNOAOmtACDGN4hGd4sQrryXq13hajFavcOYQfsN6/AO8zk9Y=</latexit><latexit sha1_base64="mUJe0rVFsv35aZNGOXptDRrXO7s=">AAAB+XicdVDLSsNAFL2pr1pfUZdugkVwFRIf6LLoxmUF+4A2hMlk0g6dzISZSaGE/okbF4q49U/c+TdO2xRU9MAwh3Pu5R5OlDGqtOd9WpWV1bX1jepmbWt7Z3fP3j9oK5FLTFpYMCG7EVKEUU5ammpGupkkKI0Y6USj25nfGROpqOAPepKRIEUDThOKkTZSaNv9SLBYTVLzFcNpeB7add/15nA893JJSmVp1aFEM7Q/+rHAeUq4xgwp1fO9TAcFkppiRqa1fq5IhvAIDUjPUI5SooJinnzqnBgldhIhzePamavfNwqUqlk4M5kiPVS/vZn4l9fLdXIdFJRnuSYcLw4lOXO0cGY1ODGVBGs2MQRhSU1WBw+RRFibsmrfS/iftM9c33P9+4t646asowpHcAyn4MMVNOAOmtACDGN4hGd4sQrryXq13hajFavcOYQfsN6/AO8zk9Y=</latexit><latexit sha1_base64="mUJe0rVFsv35aZNGOXptDRrXO7s=">AAAB+XicdVDLSsNAFL2pr1pfUZdugkVwFRIf6LLoxmUF+4A2hMlk0g6dzISZSaGE/okbF4q49U/c+TdO2xRU9MAwh3Pu5R5OlDGqtOd9WpWV1bX1jepmbWt7Z3fP3j9oK5FLTFpYMCG7EVKEUU5ammpGupkkKI0Y6USj25nfGROpqOAPepKRIEUDThOKkTZSaNv9SLBYTVLzFcNpeB7add/15nA893JJSmVp1aFEM7Q/+rHAeUq4xgwp1fO9TAcFkppiRqa1fq5IhvAIDUjPUI5SooJinnzqnBgldhIhzePamavfNwqUqlk4M5kiPVS/vZn4l9fLdXIdFJRnuSYcLw4lOXO0cGY1ODGVBGs2MQRhSU1WBw+RRFibsmrfS/iftM9c33P9+4t646asowpHcAyn4MMVNOAOmtACDGN4hGd4sQrryXq13hajFavcOYQfsN6/AO8zk9Y=</latexit><latexit sha1_base64="mUJe0rVFsv35aZNGOXptDRrXO7s=">AAAB+XicdVDLSsNAFL2pr1pfUZdugkVwFRIf6LLoxmUF+4A2hMlk0g6dzISZSaGE/okbF4q49U/c+TdO2xRU9MAwh3Pu5R5OlDGqtOd9WpWV1bX1jepmbWt7Z3fP3j9oK5FLTFpYMCG7EVKEUU5ammpGupkkKI0Y6USj25nfGROpqOAPepKRIEUDThOKkTZSaNv9SLBYTVLzFcNpeB7add/15nA893JJSmVp1aFEM7Q/+rHAeUq4xgwp1fO9TAcFkppiRqa1fq5IhvAIDUjPUI5SooJinnzqnBgldhIhzePamavfNwqUqlk4M5kiPVS/vZn4l9fLdXIdFJRnuSYcLw4lOXO0cGY1ODGVBGs2MQRhSU1WBw+RRFibsmrfS/iftM9c33P9+4t646asowpHcAyn4MMVNOAOmtACDGN4hGd4sQrryXq13hajFavcOYQfsN6/AO8zk9Y=</latexit>

h4
<latexit sha1_base64="r5WkFixmx1CIs3JuTt+11CVaNBo=">AAACC3icbVDLSsNAFJ3UV62vqks3oUVwVRIp6LLoxmUF+4CmhMnkth06eTBzI5aQvRt/xY0LRdz6A+78GydtFtp6YJjDOffeuXO8WHCFlvVtlNbWNza3ytuVnd29/YPq4VFXRYlk0GGRiGTfowoED6GDHAX0Ywk08AT0vOl17vfuQSoehXc4i2EY0HHIR5xR1JJbrTkIDzifk0rws9TxIuGrWaCvdJK5zaziVutWw5rDXCV2QeqkQNutfjl+xJIAQmSCKjWwrRiHKZXImYCs4iQKYsqmdAwDTUMagBqm8x0y81QrvjmKpD4hmnP1d0dKA5WvpysDihO17OXif94gwdHlMOVhnCCEbPHQKBEmRmYejOlzCQzFTBPKJNe7mmxCJWWo48tDsJe/vEq65w3bati3zXrrqoijTE5IjZwRm1yQFrkhbdIhjDySZ/JK3own48V4Nz4WpSWj6Dkmf2B8/gCQ4pv6</latexit><latexit sha1_base64="r5WkFixmx1CIs3JuTt+11CVaNBo=">AAACC3icbVDLSsNAFJ3UV62vqks3oUVwVRIp6LLoxmUF+4CmhMnkth06eTBzI5aQvRt/xY0LRdz6A+78GydtFtp6YJjDOffeuXO8WHCFlvVtlNbWNza3ytuVnd29/YPq4VFXRYlk0GGRiGTfowoED6GDHAX0Ywk08AT0vOl17vfuQSoehXc4i2EY0HHIR5xR1JJbrTkIDzifk0rws9TxIuGrWaCvdJK5zaziVutWw5rDXCV2QeqkQNutfjl+xJIAQmSCKjWwrRiHKZXImYCs4iQKYsqmdAwDTUMagBqm8x0y81QrvjmKpD4hmnP1d0dKA5WvpysDihO17OXif94gwdHlMOVhnCCEbPHQKBEmRmYejOlzCQzFTBPKJNe7mmxCJWWo48tDsJe/vEq65w3bati3zXrrqoijTE5IjZwRm1yQFrkhbdIhjDySZ/JK3own48V4Nz4WpSWj6Dkmf2B8/gCQ4pv6</latexit><latexit sha1_base64="r5WkFixmx1CIs3JuTt+11CVaNBo=">AAACC3icbVDLSsNAFJ3UV62vqks3oUVwVRIp6LLoxmUF+4CmhMnkth06eTBzI5aQvRt/xY0LRdz6A+78GydtFtp6YJjDOffeuXO8WHCFlvVtlNbWNza3ytuVnd29/YPq4VFXRYlk0GGRiGTfowoED6GDHAX0Ywk08AT0vOl17vfuQSoehXc4i2EY0HHIR5xR1JJbrTkIDzifk0rws9TxIuGrWaCvdJK5zaziVutWw5rDXCV2QeqkQNutfjl+xJIAQmSCKjWwrRiHKZXImYCs4iQKYsqmdAwDTUMagBqm8x0y81QrvjmKpD4hmnP1d0dKA5WvpysDihO17OXif94gwdHlMOVhnCCEbPHQKBEmRmYejOlzCQzFTBPKJNe7mmxCJWWo48tDsJe/vEq65w3bati3zXrrqoijTE5IjZwRm1yQFrkhbdIhjDySZ/JK3own48V4Nz4WpSWj6Dkmf2B8/gCQ4pv6</latexit><latexit sha1_base64="r5WkFixmx1CIs3JuTt+11CVaNBo=">AAACC3icbVDLSsNAFJ3UV62vqks3oUVwVRIp6LLoxmUF+4CmhMnkth06eTBzI5aQvRt/xY0LRdz6A+78GydtFtp6YJjDOffeuXO8WHCFlvVtlNbWNza3ytuVnd29/YPq4VFXRYlk0GGRiGTfowoED6GDHAX0Ywk08AT0vOl17vfuQSoehXc4i2EY0HHIR5xR1JJbrTkIDzifk0rws9TxIuGrWaCvdJK5zaziVutWw5rDXCV2QeqkQNutfjl+xJIAQmSCKjWwrRiHKZXImYCs4iQKYsqmdAwDTUMagBqm8x0y81QrvjmKpD4hmnP1d0dKA5WvpysDihO17OXif94gwdHlMOVhnCCEbPHQKBEmRmYejOlzCQzFTBPKJNe7mmxCJWWo48tDsJe/vEq65w3bati3zXrrqoijTE5IjZwRm1yQFrkhbdIhjDySZ/JK3own48V4Nz4WpSWj6Dkmf2B8/gCQ4pv6</latexit>
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Transliteration as Monotonic Seq2Seq Generation 

Encoding the Input 
•  The encoder encodes the character embeddings of the input 

characters using a bidirectional RNN.  
 
Decoding with Hard Monotonic Attention 
•  The decoder generates a sequence of actions, where each action  

is either a character from the output alphabet, or a step action. 
•  At any time, the decoder RNN is attending on a single input  

character’s hidden vector to generate output character(s). 
•  The step action increments the attention position by one. 
•  The stepping mechanism ensures that the decoding is monotonic. 
•  Inspired by Aharoni (2017)’s approach for morphological inflection. 
 
Training 
The oracle sequence of actions is generated from name pairs  
using Algorithm 1 from Aharoni (2017), and the latent character-level 
alignments are derived using the algorithm from Cotterell (2016). 
 
Inference Strategies 
•  Unconstrained (U) – pick the most likely transliteration from beam. 
•  Dictionary Constrained (DC) – pick the most likely transliteration  

from beam that appears in a name dictionary, else default to  
unconstrained strategy. 

Inference using Hard Monotonic Attention 
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Full Supervision Setting (~10k training examples)

Bengali Hindi Kannada Hebrew Tamil Average 

Constrained Inference Unconstrained Inference 




Source Driven Errors 




Target Driven Errors 
Beam  

Search 

Generation Model 

Train 

… tomaz, tomas, thomas …  
… landan, london, londun, … 

… interpole, interpoll, inturpol, … 

K-Best Predictions 

 
thomas 
london 
albert 

interpol 
 

Eng. Names 

Constraints 

Discovery 

Using all available 
supervision. 

With only 500 examples. 
(No Bootstrapping) 

After  
6 iterations of 
bootstrapping  

Bootstrapping Transliteration with Constrained Discovery for Low-Resource Languages  
 Shyam Upadhyay    Jordan Kodner     Dan Roth 

University of Pennsylvania, Philadelphia PA, USA 

Tamil: {ta, da, tha, dha} à {த} 
Hindi: {ta, da, tha, dha} à {त, द, थ, ध} 

Acc@1 Hindi as Src Hindi as Trg 
Tamil  31% 15% 

• Irregular Spelling 
[Ph]iladel[ph]ia, So[ph]ia, [F]rance 
[K]ansas, [C]ardiff, [Q]uinn, Bro[ck] 

 
• Inconsistency with Devoicing 
(Медведе[в], Medvede[v]), (Ивано[в], Ivano[v]) 
(Смирно[в], Smirno[ff]), (Рахманино[в], Rachmanino[ff]) 
 
• Silent Letters 
Marsei[lle], Versai[lles], Bruxell[es] 

 
 




Native vs Foreign Names 
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Transliterating Wickramsinghe vs Brussels from Tamil. 

brussels ब्रसेल्स
thomas 
brussels 
rupert 

Name List 

ब्रसेल्स

Generation Discovery 

Bootstrapping with Constrained Discovery 

Manual Annotation Exercise 

After every iteration, purge the set of mined name pairs to prevent  
new model to be affected by (bad) pairs mined in earlier iterations. 
 

Constraints 
•  Minimum length of exact match - False positives in early iterations  

were usually short transliterations. 
•  The length ratio of output string and input string should be  

close to ratio estimated from training data. 
 

Convergence 
Keep bootstrapping until accuracy@1 stops increasing on dev set. 

•  Languages: Punjabi and Armenian. 
•  Two subtasks for each annotator. 
•  Task 1: Two annotations per letter  

(“[J]ulia”, “Ben[j]amin”) 
•  Task 2: Transliterate list of English words. 

•  Evaluation Dataset: NEWS 2015 
•  Each language has ~10k (or more) name pairs for supervision. 

•  Models Compared 
1.  Pasternack (2009) – probabilistic transliteration approach that uses 

alignment b/w substrings in both source and target names.  
2.  DirecTL+ (2009) - HMM-like discriminative string transduction model. 
3.  Lin (2016) – A transliteration approach based on the joint source-channel 

model, that uses many-2-many alignments b/w source and target.  
4.  Lin (2016) + EL – re-rank transliterations lang-indep. entity linking. 
5.  Ours(U & DC) – unconstrained and dict. constrained version of our model. 

•  Only 500 name pairs available in each language as supervision. 
•  Train a weak generation model and bootstrap using a name dict. 

Ravi and Knight (2009), Irvine et al. (2010) Sproat et al. (2006), Klementiev and Roth (2008) 

Generate transliteration  
in a open-ended way. 
(a transduction task) 

Select transliteration for a word 
from a (long) list of names. 

(a ranking task) 

 
 

Our Work 
 
 
 
 
 
 
 

 
 
 
 

Previous Work 
 
 
 
 
 
 
 

Lang. Punjabi Armenian 
Time (hours) 5 4 

Pairs ~500 ~600 
Ours (U) 33.4 49.9 

Ours(U) + Boot. 44.5 55.8 

 
 

Foreign Vocab 
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Monotonic (latent) Alignments 
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Hard Monotonic Attention Model is better than SoTA. 
Simple dictionary constrained inference, does much better  

than the expensive SoTA + Entity Linking approach 

Starting with only 500 examples, bootstrapping achieves  
competitive performance to full supervision. 

•  A seq2seq generation model, tailored for transliteration. 
•  A bootstrapping algorithm, that uses constrained discovery 

 to improve a weak generation model. 

Manual annotation is practical and effective! 
Enough supervision to bootstrap a model. 
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