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Our multi-stage pipeline



The multi-stage pipeline for CLIR

Retrieval Re-rankingTranslation
<latexit sha1_base64="pr1iXMOIAQtmbGCm7m9WQHlkcaE=">AAAB9HicbVA9SwNBEJ3zM8avqKXNaRCswp2IWkkgjWUE8wHJEfY2m2TJ3t5ldy4SjiusrcXGQhFbf4yd/8bNR6GJDwYe780wM8+PBNfoON/W0vLK6tp6ZiO7ubW9s5vb26/qMFaUVWgoQlX3iWaCS1ZBjoLVI8VI4AtW8/ulsV8bMqV5KO9wFDEvIF3JO5wSNJLX7BFMBmkrwS6mrVzeKTgT2IvEnZF88ehePJaeHsqt3FezHdI4YBKpIFo3XCdCLyEKORUszTZjzSJC+6TLGoZKEjDtJZOjU/vEKG27EypTEu2J+nsiIYHWo8A3nQHBnp73xuJ/XiPGzpWXcBnFyCSdLurEwsbQHidgt7liFMXIEEIVN7fatEcUoWhyypoQ3PmXF0n1rOBeFM5vTRrXMEUGDuEYTsGFSyjCDZShAhQG8Ayv8GYNrRfr3fqYti5Zs5kD+APr8wfd7pXN</latexit>

q̂tgt
<latexit sha1_base64="pr1iXMOIAQtmbGCm7m9WQHlkcaE=">AAAB9HicbVA9SwNBEJ3zM8avqKXNaRCswp2IWkkgjWUE8wHJEfY2m2TJ3t5ldy4SjiusrcXGQhFbf4yd/8bNR6GJDwYe780wM8+PBNfoON/W0vLK6tp6ZiO7ubW9s5vb26/qMFaUVWgoQlX3iWaCS1ZBjoLVI8VI4AtW8/ulsV8bMqV5KO9wFDEvIF3JO5wSNJLX7BFMBmkrwS6mrVzeKTgT2IvEnZF88ehePJaeHsqt3FezHdI4YBKpIFo3XCdCLyEKORUszTZjzSJC+6TLGoZKEjDtJZOjU/vEKG27EypTEu2J+nsiIYHWo8A3nQHBnp73xuJ/XiPGzpWXcBnFyCSdLurEwsbQHidgt7liFMXIEEIVN7fatEcUoWhyypoQ3PmXF0n1rOBeFM5vTRrXMEUGDuEYTsGFSyjCDZShAhQG8Ayv8GYNrRfr3fqYti5Zs5kD+APr8wfd7pXN</latexit>

q̂tgt

<latexit sha1_base64="742Pp+uR+Yf0nlmAnMgoNtAhafE=">AAAB7XicbVC7SgNBFL0bXzE+ErWwsBkMglXYFVELkYCNZQTzgGQJs5PZZMzszDozK4Ql/2BjoYitH+Cf2PkBtvkGJ49CowcuHM65l3vvCWLOtHHdTyezsLi0vJJdza2tb2zmC1vbNS0TRWiVSC5VI8CaciZo1TDDaSNWFEcBp/Wgfzn26/dUaSbFjRnE1I9wV7CQEWysVLtrp1QM24WiW3InQH+JNyPF8u5olD9//6q0Cx+tjiRJRIUhHGvd9NzY+ClWhhFOh7lWommMSR93adNSgSOq/XRy7RAdWKWDQqlsCYMm6s+JFEdaD6LAdkbY9PS8Nxb/85qJCc/8lIk4MVSQ6aIw4chINH4ddZiixPCBJZgoZm9FpIcVJsYGlLMhePMv/yW1o5J3Ujq+tmlcwBRZ2IN9OAQPTqEMV1CBKhC4hQd4gmdHOo/Oi/M6bc04s5kd+AXn7RtghZNo</latexit>qen
<latexit sha1_base64="742Pp+uR+Yf0nlmAnMgoNtAhafE=">AAAB7XicbVC7SgNBFL0bXzE+ErWwsBkMglXYFVELkYCNZQTzgGQJs5PZZMzszDozK4Ql/2BjoYitH+Cf2PkBtvkGJ49CowcuHM65l3vvCWLOtHHdTyezsLi0vJJdza2tb2zmC1vbNS0TRWiVSC5VI8CaciZo1TDDaSNWFEcBp/Wgfzn26/dUaSbFjRnE1I9wV7CQEWysVLtrp1QM24WiW3InQH+JNyPF8u5olD9//6q0Cx+tjiRJRIUhHGvd9NzY+ClWhhFOh7lWommMSR93adNSgSOq/XRy7RAdWKWDQqlsCYMm6s+JFEdaD6LAdkbY9PS8Nxb/85qJCc/8lIk4MVSQ6aIw4chINH4ddZiixPCBJZgoZm9FpIcVJsYGlLMhePMv/yW1o5J3Ujq+tmlcwBRZ2IN9OAQPTqEMV1CBKhC4hQd4gmdHOo/Oi/M6bc04s5kd+AXn7RtghZNo</latexit>qen

<latexit sha1_base64="pr1iXMOIAQtmbGCm7m9WQHlkcaE=">AAAB9HicbVA9SwNBEJ3zM8avqKXNaRCswp2IWkkgjWUE8wHJEfY2m2TJ3t5ldy4SjiusrcXGQhFbf4yd/8bNR6GJDwYe780wM8+PBNfoON/W0vLK6tp6ZiO7ubW9s5vb26/qMFaUVWgoQlX3iWaCS1ZBjoLVI8VI4AtW8/ulsV8bMqV5KO9wFDEvIF3JO5wSNJLX7BFMBmkrwS6mrVzeKTgT2IvEnZF88ehePJaeHsqt3FezHdI4YBKpIFo3XCdCLyEKORUszTZjzSJC+6TLGoZKEjDtJZOjU/vEKG27EypTEu2J+nsiIYHWo8A3nQHBnp73xuJ/XiPGzpWXcBnFyCSdLurEwsbQHidgt7liFMXIEEIVN7fatEcUoWhyypoQ3PmXF0n1rOBeFM5vTRrXMEUGDuEYTsGFSyjCDZShAhQG8Ayv8GYNrRfr3fqYti5Zs5kD+APr8wfd7pXN</latexit>

q̂tgt
<latexit sha1_base64="pr1iXMOIAQtmbGCm7m9WQHlkcaE=">AAAB9HicbVA9SwNBEJ3zM8avqKXNaRCswp2IWkkgjWUE8wHJEfY2m2TJ3t5ldy4SjiusrcXGQhFbf4yd/8bNR6GJDwYe780wM8+PBNfoON/W0vLK6tp6ZiO7ubW9s5vb26/qMFaUVWgoQlX3iWaCS1ZBjoLVI8VI4AtW8/ulsV8bMqV5KO9wFDEvIF3JO5wSNJLX7BFMBmkrwS6mrVzeKTgT2IvEnZF88ehePJaeHsqt3FezHdI4YBKpIFo3XCdCLyEKORUszTZjzSJC+6TLGoZKEjDtJZOjU/vEKG27EypTEu2J+nsiIYHWo8A3nQHBnp73xuJ/XiPGzpWXcBnFyCSdLurEwsbQHidgt7liFMXIEEIVN7fatEcUoWhyypoQ3PmXF0n1rOBeFM5vTRrXMEUGDuEYTsGFSyjCDZShAhQG8Ayv8GYNrRfr3fqYti5Zs5kD+APr8wfd7pXN</latexit>

q̂tgt

<latexit sha1_base64="5rQS0qEREV8GG/PF0nlv9wDuK9A=">AAAB9HicbVDLSsNAFJ3UV62vqks3wSLWTUmKqCBIwY3LCvYBbSyTyaQdOpnEmZtCCfkLwU0Xirhx4ce480dcO30stPXAhcM593LvPW7EmQLL+jIyS8srq2vZ9dzG5tb2Tn53r67CWBJaIyEPZdPFinImaA0YcNqMJMWBy2nD7V+P/caASsVCcQfDiDoB7grmM4JBS47XSaAL6X1SLJ+knXzBKlkTmIvEnpFC5fhy9Pg9eq928p9tLyRxQAUQjpVq2VYEToIlMMJpmmvHikaY9HGXtjQVOKDKSSZHp+aRVjzTD6UuAeZE/T2R4ECpYeDqzgBDT817Y/E/rxWDf+EkTEQxUEGmi/yYmxCa4wRMj0lKgA81wUQyfatJelhiAjqnnA7Bnn95kdTLJfusdHqr07hCU2TRATpERWSjc1RBN6iKaoigB/SEntGLMTBGxqvxNm3NGLOZffQHxscP5dCV7g==</latexit>

d
(2)
tgt

<latexit sha1_base64="5rQS0qEREV8GG/PF0nlv9wDuK9A=">AAAB9HicbVDLSsNAFJ3UV62vqks3wSLWTUmKqCBIwY3LCvYBbSyTyaQdOpnEmZtCCfkLwU0Xirhx4ce480dcO30stPXAhcM593LvPW7EmQLL+jIyS8srq2vZ9dzG5tb2Tn53r67CWBJaIyEPZdPFinImaA0YcNqMJMWBy2nD7V+P/caASsVCcQfDiDoB7grmM4JBS47XSaAL6X1SLJ+knXzBKlkTmIvEnpFC5fhy9Pg9eq928p9tLyRxQAUQjpVq2VYEToIlMMJpmmvHikaY9HGXtjQVOKDKSSZHp+aRVjzTD6UuAeZE/T2R4ECpYeDqzgBDT817Y/E/rxWDf+EkTEQxUEGmi/yYmxCa4wRMj0lKgA81wUQyfatJelhiAjqnnA7Bnn95kdTLJfusdHqr07hCU2TRATpERWSjc1RBN6iKaoigB/SEntGLMTBGxqvxNm3NGLOZffQHxscP5dCV7g==</latexit>

d
(2)
tgt

….

<latexit sha1_base64="pr1iXMOIAQtmbGCm7m9WQHlkcaE=">AAAB9HicbVA9SwNBEJ3zM8avqKXNaRCswp2IWkkgjWUE8wHJEfY2m2TJ3t5ldy4SjiusrcXGQhFbf4yd/8bNR6GJDwYe780wM8+PBNfoON/W0vLK6tp6ZiO7ubW9s5vb26/qMFaUVWgoQlX3iWaCS1ZBjoLVI8VI4AtW8/ulsV8bMqV5KO9wFDEvIF3JO5wSNJLX7BFMBmkrwS6mrVzeKTgT2IvEnZF88ehePJaeHsqt3FezHdI4YBKpIFo3XCdCLyEKORUszTZjzSJC+6TLGoZKEjDtJZOjU/vEKG27EypTEu2J+nsiIYHWo8A3nQHBnp73xuJ/XiPGzpWXcBnFyCSdLurEwsbQHidgt7liFMXIEEIVN7fatEcUoWhyypoQ3PmXF0n1rOBeFM5vTRrXMEUGDuEYTsGFSyjCDZShAhQG8Ayv8GYNrRfr3fqYti5Zs5kD+APr8wfd7pXN</latexit>

q̂tgt
<latexit sha1_base64="pr1iXMOIAQtmbGCm7m9WQHlkcaE=">AAAB9HicbVA9SwNBEJ3zM8avqKXNaRCswp2IWkkgjWUE8wHJEfY2m2TJ3t5ldy4SjiusrcXGQhFbf4yd/8bNR6GJDwYe780wM8+PBNfoON/W0vLK6tp6ZiO7ubW9s5vb26/qMFaUVWgoQlX3iWaCS1ZBjoLVI8VI4AtW8/ulsV8bMqV5KO9wFDEvIF3JO5wSNJLX7BFMBmkrwS6mrVzeKTgT2IvEnZF88ehePJaeHsqt3FezHdI4YBKpIFo3XCdCLyEKORUszTZjzSJC+6TLGoZKEjDtJZOjU/vEKG27EypTEu2J+nsiIYHWo8A3nQHBnp73xuJ/XiPGzpWXcBnFyCSdLurEwsbQHidgt7liFMXIEEIVN7fatEcUoWhyypoQ3PmXF0n1rOBeFM5vTRrXMEUGDuEYTsGFSyjCDZShAhQG8Ayv8GYNrRfr3fqYti5Zs5kD+APr8wfd7pXN</latexit>

q̂tgt

<latexit sha1_base64="nyis653UUPIQc4P+rfxGKmQxdXU=">AAAB+nicbVC7SgNBFJ2NrxhfGy1tRoNgFXZF1EoCsbCMYB6QLMvsZDYZMvtg5q4hrCmsrS1tLBSx9Uvs/BtnkxSaeGDgcM693DPHiwVXYFnfRm5peWV1Lb9e2Njc2t4xi7sNFSWSsjqNRCRbHlFM8JDVgYNgrVgyEniCNb1BNfObd0wqHoW3MIqZE5BeyH1OCWjJNYudgECfEpFejd0UejB2zZJVtibAi8SekVLlYCgeq08PNdf86nQjmgQsBCqIUm3bisFJiQROBRsXOoliMaED0mNtTUMSMOWkk+hjfKSVLvYjqV8IeKL+3khJoNQo8PRkFlTNe5n4n9dOwL9wUh7GCbCQTg/5icAQ4awH3OWSURAjTQiVXGfFtE8koaDbKugS7PkvL5LGSdk+K5/e6DYu0RR5tI8O0TGy0TmqoGtUQ3VE0RA9o1f0ZtwbL8a78TEdzRmznT30B8bnDy4El5Y=</latexit>Dtgt
<latexit sha1_base64="nyis653UUPIQc4P+rfxGKmQxdXU=">AAAB+nicbVC7SgNBFJ2NrxhfGy1tRoNgFXZF1EoCsbCMYB6QLMvsZDYZMvtg5q4hrCmsrS1tLBSx9Uvs/BtnkxSaeGDgcM693DPHiwVXYFnfRm5peWV1Lb9e2Njc2t4xi7sNFSWSsjqNRCRbHlFM8JDVgYNgrVgyEniCNb1BNfObd0wqHoW3MIqZE5BeyH1OCWjJNYudgECfEpFejd0UejB2zZJVtibAi8SekVLlYCgeq08PNdf86nQjmgQsBCqIUm3bisFJiQROBRsXOoliMaED0mNtTUMSMOWkk+hjfKSVLvYjqV8IeKL+3khJoNQo8PRkFlTNe5n4n9dOwL9wUh7GCbCQTg/5icAQ4awH3OWSURAjTQiVXGfFtE8koaDbKugS7PkvL5LGSdk+K5/e6DYu0RR5tI8O0TGy0TmqoGtUQ3VE0RA9o1f0ZtwbL8a78TEdzRmznT30B8bnDy4El5Y=</latexit>Dtgt

<latexit sha1_base64="742Pp+uR+Yf0nlmAnMgoNtAhafE=">AAAB7XicbVC7SgNBFL0bXzE+ErWwsBkMglXYFVELkYCNZQTzgGQJs5PZZMzszDozK4Ql/2BjoYitH+Cf2PkBtvkGJ49CowcuHM65l3vvCWLOtHHdTyezsLi0vJJdza2tb2zmC1vbNS0TRWiVSC5VI8CaciZo1TDDaSNWFEcBp/Wgfzn26/dUaSbFjRnE1I9wV7CQEWysVLtrp1QM24WiW3InQH+JNyPF8u5olD9//6q0Cx+tjiRJRIUhHGvd9NzY+ClWhhFOh7lWommMSR93adNSgSOq/XRy7RAdWKWDQqlsCYMm6s+JFEdaD6LAdkbY9PS8Nxb/85qJCc/8lIk4MVSQ6aIw4chINH4ddZiixPCBJZgoZm9FpIcVJsYGlLMhePMv/yW1o5J3Ujq+tmlcwBRZ2IN9OAQPTqEMV1CBKhC4hQd4gmdHOo/Oi/M6bc04s5kd+AXn7RtghZNo</latexit>qen
<latexit sha1_base64="742Pp+uR+Yf0nlmAnMgoNtAhafE=">AAAB7XicbVC7SgNBFL0bXzE+ErWwsBkMglXYFVELkYCNZQTzgGQJs5PZZMzszDozK4Ql/2BjoYitH+Cf2PkBtvkGJ49CowcuHM65l3vvCWLOtHHdTyezsLi0vJJdza2tb2zmC1vbNS0TRWiVSC5VI8CaciZo1TDDaSNWFEcBp/Wgfzn26/dUaSbFjRnE1I9wV7CQEWysVLtrp1QM24WiW3InQH+JNyPF8u5olD9//6q0Cx+tjiRJRIUhHGvd9NzY+ClWhhFOh7lWommMSR93adNSgSOq/XRy7RAdWKWDQqlsCYMm6s+JFEdaD6LAdkbY9PS8Nxb/85qJCc/8lIk4MVSQ6aIw4chINH4ddZiixPCBJZgoZm9FpIcVJsYGlLMhePMv/yW1o5J3Ujq+tmlcwBRZ2IN9OAQPTqEMV1CBKhC4hQd4gmdHOo/Oi/M6bc04s5kd+AXn7RtghZNo</latexit>qen

<latexit sha1_base64="mZ7tUsbyDSTK9ci5SmLgc0wCVa4=">AAAB8HicbVC7SgNBFJ2NrxhfUUubwSBahV0RtZKAjYVFBPOQzRpmZyfJkJmdZeauEJZ8hY2FIraWfoqdv+EXOHkUmnjgwuGce7n3njAR3IDrfjm5hcWl5ZX8amFtfWNzq7i9Uzcq1ZTVqBJKN0NimOAxqwEHwZqJZkSGgjXC/uXIbzwwbbiKb2GQsECSbsw7nBKw0l3UzqALw3uvXSy5ZXcMPE+8KSlVDq8/wP9W1XbxsxUpmkoWAxXEGN9zEwgyooFTwYaFVmpYQmifdJlvaUwkM0E2PniID6wS4Y7StmLAY/X3REakMQMZ2k5JoGdmvZH4n+en0DkPMh4nKbCYThZ1UoFB4dH3OOKaURADSwjV3N6KaY9oQsFmVLAheLMvz5P6cdk7LZ/c2DQu0AR5tIf20RHy0BmqoCtURTVEkUSP6Bm9ONp5cl6dt0lrzpnO7KI/cN5/AKtOlAM=</latexit>

d1
tgt

<latexit sha1_base64="mZ7tUsbyDSTK9ci5SmLgc0wCVa4=">AAAB8HicbVC7SgNBFJ2NrxhfUUubwSBahV0RtZKAjYVFBPOQzRpmZyfJkJmdZeauEJZ8hY2FIraWfoqdv+EXOHkUmnjgwuGce7n3njAR3IDrfjm5hcWl5ZX8amFtfWNzq7i9Uzcq1ZTVqBJKN0NimOAxqwEHwZqJZkSGgjXC/uXIbzwwbbiKb2GQsECSbsw7nBKw0l3UzqALw3uvXSy5ZXcMPE+8KSlVDq8/wP9W1XbxsxUpmkoWAxXEGN9zEwgyooFTwYaFVmpYQmifdJlvaUwkM0E2PniID6wS4Y7StmLAY/X3REakMQMZ2k5JoGdmvZH4n+en0DkPMh4nKbCYThZ1UoFB4dH3OOKaURADSwjV3N6KaY9oQsFmVLAheLMvz5P6cdk7LZ/c2DQu0AR5tIf20RHy0BmqoCtURTVEkUSP6Bm9ONp5cl6dt0lrzpnO7KI/cN5/AKtOlAM=</latexit>

d1
tgt

<latexit sha1_base64="cG0/7J8Ha93iVU6zttxsTSV3cK4=">AAAB8HicbVC7SgNBFJ2NrxhfUUubwSBahd0gaiUBGwuLCOYhyRpmZ2eTITOzy8xdISz5ChsLRWwt/RQ7f8MvcJJYaOKBC4dz7uXee4JEcAOu++nkFhaXllfyq4W19Y3NreL2TsPEqaasTmMR61ZADBNcsTpwEKyVaEZkIFgzGFyM/eY904bH6gaGCfMl6SkecUrASrdhN4MejO4q3WLJLbsT4Hni/ZBS9fDqHdpfca1b/OiEMU0lU0AFMabtuQn4GdHAqWCjQic1LCF0QHqsbakikhk/mxw8wgdWCXEUa1sK8ET9PZERacxQBrZTEuibWW8s/ue1U4jO/IyrJAWm6HRRlAoMMR5/j0OuGQUxtIRQze2tmPaJJhRsRgUbgjf78jxpVMreSfn42qZxjqbIoz20j46Qh05RFV2iGqojiiR6QE/o2dHOo/PivE5bc87PzC76A+ftG6zSlAQ=</latexit>

d2
tgt

<latexit sha1_base64="cG0/7J8Ha93iVU6zttxsTSV3cK4=">AAAB8HicbVC7SgNBFJ2NrxhfUUubwSBahd0gaiUBGwuLCOYhyRpmZ2eTITOzy8xdISz5ChsLRWwt/RQ7f8MvcJJYaOKBC4dz7uXee4JEcAOu++nkFhaXllfyq4W19Y3NreL2TsPEqaasTmMR61ZADBNcsTpwEKyVaEZkIFgzGFyM/eY904bH6gaGCfMl6SkecUrASrdhN4MejO4q3WLJLbsT4Hni/ZBS9fDqHdpfca1b/OiEMU0lU0AFMabtuQn4GdHAqWCjQic1LCF0QHqsbakikhk/mxw8wgdWCXEUa1sK8ET9PZERacxQBrZTEuibWW8s/ue1U4jO/IyrJAWm6HRRlAoMMR5/j0OuGQUxtIRQze2tmPaJJhRsRgUbgjf78jxpVMreSfn42qZxjqbIoz20j46Qh05RFV2iGqojiiR6QE/o2dHOo/PivE5bc87PzC76A+ftG6zSlAQ=</latexit>

d2
tgt

<latexit sha1_base64="GhdYoe3LnYNRMDuyEEh8jtRPeO0=">AAAB9XicbVDLSsNAFJ34rPVVdekmWERXZSKirqTgxoWLCvYBaVomk0k7dJIJMzdKCfkPNy4UcSv4Ke78Db/A6WOhrQcuHM65l3vv8RPBNWD8ZS0sLi2vrBbWiusbm1vbpZ3dhpapoqxOpZCq5RPNBI9ZHTgI1koUI5EvWNMfXI385j1Tmsv4DoYJ8yLSi3nIKQEjdYJuBj3IO5mDMc67pTKu4DHseeJMSbl6dPMB7resdUuf7UDSNGIxUEG0dh2cgJcRBZwKlhfbqWYJoQPSY66hMYmY9rLx1bl9aJTADqUyFYM9Vn9PZCTSehj5pjMi0Nez3kj8z3NTCC+8jMdJCiymk0VhKmyQ9igCO+CKURBDQwhV3Nxq0z5RhIIJqmhCcGZfnieNk4pzVjm9NWlcogkKaB8doGPkoHNURdeohuqIIoUe0TN6sR6sJ+vVepu0LljTmT30B9b7D8vGlb0=</latexit>

d1000
tgt

<latexit sha1_base64="GhdYoe3LnYNRMDuyEEh8jtRPeO0=">AAAB9XicbVDLSsNAFJ34rPVVdekmWERXZSKirqTgxoWLCvYBaVomk0k7dJIJMzdKCfkPNy4UcSv4Ke78Db/A6WOhrQcuHM65l3vv8RPBNWD8ZS0sLi2vrBbWiusbm1vbpZ3dhpapoqxOpZCq5RPNBI9ZHTgI1koUI5EvWNMfXI385j1Tmsv4DoYJ8yLSi3nIKQEjdYJuBj3IO5mDMc67pTKu4DHseeJMSbl6dPMB7resdUuf7UDSNGIxUEG0dh2cgJcRBZwKlhfbqWYJoQPSY66hMYmY9rLx1bl9aJTADqUyFYM9Vn9PZCTSehj5pjMi0Nez3kj8z3NTCC+8jMdJCiymk0VhKmyQ9igCO+CKURBDQwhV3Nxq0z5RhIIJqmhCcGZfnieNk4pzVjm9NWlcogkKaB8doGPkoHNURdeohuqIIoUe0TN6sR6sJ+vVepu0LljTmT30B9b7D8vGlb0=</latexit>

d1000
tgt

…

<latexit sha1_base64="JcSeDVaqqP8Wc8TLQmQ1QjWH86U=">AAACAHicbVBNS8NAEN34WetX1IMHL9EieCqJiHqSQj14rGA/oA1hs920SzebsDtRSshBr579BV48KOLVn+HNf+Om7UFbHww83pthZp4fc6bAtr+NufmFxaXlwkpxdW19Y9Pc2m6oKJGE1knEI9nysaKcCVoHBpy2Yklx6HPa9AfV3G/eUqlYJG5gGFM3xD3BAkYwaMkzdzs+lmknxNAnmKeXWeal0IPMM0t22R7BmiXOhJQq+3f8sfp0X/PMr043IklIBRCOlWo7dgxuiiUwwmlW7CSKxpgMcI+2NRU4pMpNRw9k1qFWulYQSV0CrJH6eyLFoVLD0Ned+aVq2svF/7x2AsG5mzIRJ0AFGS8KEm5BZOVpWF0mKQE+1AQTyfStFuljiQnozIo6BGf65VnSOC47p+WTa53GBRqjgPbQATpCDjpDFXSFaqiOCMrQM3pFb8aD8WK8Gx/j1jljMrOD/sD4/AEU5Zpb</latexit>

D̄tgt

<latexit sha1_base64="JcSeDVaqqP8Wc8TLQmQ1QjWH86U=">AAACAHicbVBNS8NAEN34WetX1IMHL9EieCqJiHqSQj14rGA/oA1hs920SzebsDtRSshBr579BV48KOLVn+HNf+Om7UFbHww83pthZp4fc6bAtr+NufmFxaXlwkpxdW19Y9Pc2m6oKJGE1knEI9nysaKcCVoHBpy2Yklx6HPa9AfV3G/eUqlYJG5gGFM3xD3BAkYwaMkzdzs+lmknxNAnmKeXWeal0IPMM0t22R7BmiXOhJQq+3f8sfp0X/PMr043IklIBRCOlWo7dgxuiiUwwmlW7CSKxpgMcI+2NRU4pMpNRw9k1qFWulYQSV0CrJH6eyLFoVLD0Ned+aVq2svF/7x2AsG5mzIRJ0AFGS8KEm5BZOVpWF0mKQE+1AQTyfStFuljiQnozIo6BGf65VnSOC47p+WTa53GBRqjgPbQATpCDjpDFXSFaqiOCMrQM3pFb8aD8WK8Gx/j1jljMrOD/sD4/AEU5Zpb</latexit>

D̄tgt

<latexit sha1_base64="pfqsy5Lc0wEb1/mJIxiAVgZt4d8=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahXkoiRT1JwYvHCvYD2lg2m027dLOJu5NCCfkdXjwo4tUf481/47bNQVsfDDzem2FmnhcLrsG2v63C2vrG5lZxu7Szu7d/UD48ausoUZS1aCQi1fWIZoJL1gIOgnVjxUjoCdbxxrczvzNhSvNIPsA0Zm5IhpIHnBIwkusPUhhC9phWnfNsUK7YNXsOvEqcnFRQjuag/NX3I5qETAIVROueY8fgpkQBp4JlpX6iWUzomAxZz1BJQqbddH50hs+M4uMgUqYk4Ln6eyIlodbT0DOdIYGRXvZm4n9eL4Hg2k25jBNgki4WBYnAEOFZAtjnilEQU0MIVdzciumIKELB5FQyITjLL6+S9kXNuazV7+uVxk0eRxGdoFNURQ66Qg10h5qohSh6Qs/oFb1ZE+vFerc+Fq0FK585Rn9gff4AdBSR4w==</latexit>

d
(1)
tgt

<latexit sha1_base64="pfqsy5Lc0wEb1/mJIxiAVgZt4d8=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahXkoiRT1JwYvHCvYD2lg2m027dLOJu5NCCfkdXjwo4tUf481/47bNQVsfDDzem2FmnhcLrsG2v63C2vrG5lZxu7Szu7d/UD48ausoUZS1aCQi1fWIZoJL1gIOgnVjxUjoCdbxxrczvzNhSvNIPsA0Zm5IhpIHnBIwkusPUhhC9phWnfNsUK7YNXsOvEqcnFRQjuag/NX3I5qETAIVROueY8fgpkQBp4JlpX6iWUzomAxZz1BJQqbddH50hs+M4uMgUqYk4Ln6eyIlodbT0DOdIYGRXvZm4n9eL4Hg2k25jBNgki4WBYnAEOFZAtjnilEQU0MIVdzciumIKELB5FQyITjLL6+S9kXNuazV7+uVxk0eRxGdoFNURQ66Qg10h5qohSh6Qs/oFb1ZE+vFerc+Fq0FK585Rn9gff4AdBSR4w==</latexit>

d
(1)
tgt

• Query translation: Google’s translator, NLLB [5].

• Candidate passage retrieval: Top-1000 passages from BM25(+PRF).

• Cross-language passage re-ranking: using q̂tgt , and qen as well.
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Cross-language Query

We fine-tuned mT5 models [6] for passage re-ranking followed [1]:

• Dataset: mMARCO [1]

• Iteration: 100K fine-tuning steps.

• Objective: ”yes” and ”no” target tokens for d+
tgt and d−

tgt passages.

Particularly, we constructed two settings of cross-language query:

Settings mT5 Text-to-text Formulation

Baseline mT5 Query: q̂tgt Document: dtgt Relevant:

Cross-lingual query mT5-cl Query: qen Document: dtgt Relevant:

Bilingual query mT5-bq Query: qen Query Translation: q̂tgt Document: dtgt Relevant:
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Experiments & Results

Experimental setups:

• Evaluation data: HC4 testing query and collections.

• in Persian, Russian and Chinese.

• Top-1000 candidate passages: retrieved from BM25 with

Human-translated queries.

Zero-shot capability.

Rerankers Size nDCG@20 mAP@20 MAP@100 MAP@1K

Target language: Persian (fas)

mT5 large 0.5488 0.3987 0.4253 0.4285

mT5-cl large 0.5491 0.4078 0.4296 0.4330

mT5-bq large 0.5644 0.4123 0.4411 0.4442
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Experiments & Results

Inconsistent impact of cross-language query.

The opposite trends in Chinese, especially mT5-bq (i.e., bilingual query).

Rerankers Size nDCG@20 mAP@20 MAP@100 MAP@1K

Target language: Russian (rus)

mT5-mono large 0.3698 0.2564 0.3168 0.3243

mT5-cl large 0.3757 0.2603 0.3172 0.3251

mT5-bq large 0.3822 0.2768 0.3377 0.3450

Target language: Chinese (zho)

mT5-mono large 0.5778 0.4473 0.4817 0.4851

mT5-cl large 0.5924 0.4450 0.4794 0.4823

mT5-bq large 0.5743 0.4246 0.4574 0.4621
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Experiments & Results

Take MAP@20 judgement as an example,

Persian and Russian (left) v.s. Chinese (right) showed differently.

fas rus
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The linguistic English-Chinese gap is larger than English-Russian

• Linguistic differences: grammar, tokenization, inversion, sentence

• Confused attention: results in ineffective contextualization

• More empirical evaluation1

1mT5-bq is the best one among other our submitted runs in Chinese :)
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Conclusion

Cross-lingual IR pre-trained language models

• Cross-language pre-training. (e.g. TLM [3])

• Retrieval-oriented pre-training. (e.g. coCondenser [2], ICT [4])

Dense retriever

• Multi-tasking (e.g. query translation)
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Thank You!
Are there any questions you’d like to ask?

Jia-Huei Ju jhjoo@citi.sinica.edu.tw

Ming-Feng Tsai mftsai@nccu.edu.tw

Chuan-Ju Wang cjwang@citi.sinica.edu.tw
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