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• High dim data embeddings often have confounding 
factors. 
• Factors: known, unknown but dominant, sensitive.

Motivation
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• High dim data embeddings often has confounding factors 
• Factors that are known, unknown but dominant, 

sensitive.
• Find embedding with confounding factors explained 

away?

Motivation



Method
tSNE

• High dim proximity
• Low dim proximity
• Objective:

min
y

KL(P ||Q)
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<latexit sha1_base64="A3/wHIDsuF3eLMYxsuvT5bsGTiU=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgadnU2tZb0YvHFmwrtEvJprNtbDa7JFmhlP4CLx4U8epP8ua/Mf0QVPTBwOO9GWbmBYng2njeh5NZWV1b38hu5ra2d3b38vsHLR2nikGTxSJWtwHVILiEpuFGwG2igEaBgHYwupr57XtQmsfyxowT8CM6kDzkjBorNRq9fMFzi6VymZSwJeXzaqViyRmpkguCievNUUBL1Hv5924/ZmkE0jBBte4QLzH+hCrDmYBprptqSCgb0QF0LJU0Au1P5odO8YlV+jiMlS1p8Fz9PjGhkdbjKLCdETVD/dubiX95ndSEVX/CZZIakGyxKEwFNjGefY37XAEzYmwJZYrbWzEbUkWZsdnkbAhfn+L/SavoEs8ljVKhdrmMI4uO0DE6RQRVUA1dozpqIoYAPaAn9OzcOY/Oi/O6aM04y5lD9APO2ycgU40m</latexit><latexit sha1_base64="A3/wHIDsuF3eLMYxsuvT5bsGTiU=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgadnU2tZb0YvHFmwrtEvJprNtbDa7JFmhlP4CLx4U8epP8ua/Mf0QVPTBwOO9GWbmBYng2njeh5NZWV1b38hu5ra2d3b38vsHLR2nikGTxSJWtwHVILiEpuFGwG2igEaBgHYwupr57XtQmsfyxowT8CM6kDzkjBorNRq9fMFzi6VymZSwJeXzaqViyRmpkguCievNUUBL1Hv5924/ZmkE0jBBte4QLzH+hCrDmYBprptqSCgb0QF0LJU0Au1P5odO8YlV+jiMlS1p8Fz9PjGhkdbjKLCdETVD/dubiX95ndSEVX/CZZIakGyxKEwFNjGefY37XAEzYmwJZYrbWzEbUkWZsdnkbAhfn+L/SavoEs8ljVKhdrmMI4uO0DE6RQRVUA1dozpqIoYAPaAn9OzcOY/Oi/O6aM04y5lD9APO2ycgU40m</latexit><latexit sha1_base64="A3/wHIDsuF3eLMYxsuvT5bsGTiU=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgadnU2tZb0YvHFmwrtEvJprNtbDa7JFmhlP4CLx4U8epP8ua/Mf0QVPTBwOO9GWbmBYng2njeh5NZWV1b38hu5ra2d3b38vsHLR2nikGTxSJWtwHVILiEpuFGwG2igEaBgHYwupr57XtQmsfyxowT8CM6kDzkjBorNRq9fMFzi6VymZSwJeXzaqViyRmpkguCievNUUBL1Hv5924/ZmkE0jBBte4QLzH+hCrDmYBprptqSCgb0QF0LJU0Au1P5odO8YlV+jiMlS1p8Fz9PjGhkdbjKLCdETVD/dubiX95ndSEVX/CZZIakGyxKEwFNjGefY37XAEzYmwJZYrbWzEbUkWZsdnkbAhfn+L/SavoEs8ljVKhdrmMI4uO0DE6RQRVUA1dozpqIoYAPaAn9OzcOY/Oi/O6aM04y5lD9APO2ycgU40m</latexit><latexit sha1_base64="A3/wHIDsuF3eLMYxsuvT5bsGTiU=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgadnU2tZb0YvHFmwrtEvJprNtbDa7JFmhlP4CLx4U8epP8ua/Mf0QVPTBwOO9GWbmBYng2njeh5NZWV1b38hu5ra2d3b38vsHLR2nikGTxSJWtwHVILiEpuFGwG2igEaBgHYwupr57XtQmsfyxowT8CM6kDzkjBorNRq9fMFzi6VymZSwJeXzaqViyRmpkguCievNUUBL1Hv5924/ZmkE0jBBte4QLzH+hCrDmYBprptqSCgb0QF0LJU0Au1P5odO8YlV+jiMlS1p8Fz9PjGhkdbjKLCdETVD/dubiX95ndSEVX/CZZIakGyxKEwFNjGefY37XAEzYmwJZYrbWzEbUkWZsdnkbAhfn+L/SavoEs8ljVKhdrmMI4uO0DE6RQRVUA1dozpqIoYAPaAn9OzcOY/Oi/O6aM04y5lD9APO2ycgU40m</latexit>



• Confounding factors are encoded by labels,
denoted by delta matrix
• Formalize lower dim distribution 

• Objective: 

Method
ctSNE

min
y

KL(P ||R)
<latexit sha1_base64="emv5cSKclFQ11uf2P42BQdKXm0o="></latexit><latexit sha1_base64="emv5cSKclFQ11uf2P42BQdKXm0o="></latexit><latexit sha1_base64="emv5cSKclFQ11uf2P42BQdKXm0o="></latexit><latexit sha1_base64="emv5cSKclFQ11uf2P42BQdKXm0o="></latexit>

�
<latexit sha1_base64="tarycSELjDcECn2rNqnmMFwQUAM=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GmbaUuuuqAuXFewD2qFk0jttbCYZkoxQSv/BjQtF3Po/7vwb04egoicEDufcy733hAln2njeh5NZWV1b38hu5ra2d3b38vsHTS1TRaFBJZeqHRINnAloGGY4tBMFJA45tMLR5cxv3YPSTIpbM04giMlAsIhRYqzU7F4BN6SXL3husXReLZewJZWK51UsKflV+7DvenMU0BL1Xv6925c0jUEYyonWHd9LTDAhyjDKYZrrphoSQkdkAB1LBYlBB5P5tlN8YpU+jqSyXxg8V793TEis9TgObWVMzFD/9mbiX14nNVE1mDCRpAYEXQyKUo6NxLPTcZ8poIaPLSFUMbsrpkOiCDU2oJwN4etS/D9pFl3fc/2bcqF2sYwji47QMTpFPjpDNXSN6qiBKLpDD+gJPTvSeXRenNdFacZZ9hyiH3DePgHHiY9D</latexit><latexit sha1_base64="tarycSELjDcECn2rNqnmMFwQUAM=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GmbaUuuuqAuXFewD2qFk0jttbCYZkoxQSv/BjQtF3Po/7vwb04egoicEDufcy733hAln2njeh5NZWV1b38hu5ra2d3b38vsHTS1TRaFBJZeqHRINnAloGGY4tBMFJA45tMLR5cxv3YPSTIpbM04giMlAsIhRYqzU7F4BN6SXL3husXReLZewJZWK51UsKflV+7DvenMU0BL1Xv6925c0jUEYyonWHd9LTDAhyjDKYZrrphoSQkdkAB1LBYlBB5P5tlN8YpU+jqSyXxg8V793TEis9TgObWVMzFD/9mbiX14nNVE1mDCRpAYEXQyKUo6NxLPTcZ8poIaPLSFUMbsrpkOiCDU2oJwN4etS/D9pFl3fc/2bcqF2sYwji47QMTpFPjpDNXSN6qiBKLpDD+gJPTvSeXRenNdFacZZ9hyiH3DePgHHiY9D</latexit><latexit sha1_base64="tarycSELjDcECn2rNqnmMFwQUAM=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GmbaUuuuqAuXFewD2qFk0jttbCYZkoxQSv/BjQtF3Po/7vwb04egoicEDufcy733hAln2njeh5NZWV1b38hu5ra2d3b38vsHTS1TRaFBJZeqHRINnAloGGY4tBMFJA45tMLR5cxv3YPSTIpbM04giMlAsIhRYqzU7F4BN6SXL3husXReLZewJZWK51UsKflV+7DvenMU0BL1Xv6925c0jUEYyonWHd9LTDAhyjDKYZrrphoSQkdkAB1LBYlBB5P5tlN8YpU+jqSyXxg8V793TEis9TgObWVMzFD/9mbiX14nNVE1mDCRpAYEXQyKUo6NxLPTcZ8poIaPLSFUMbsrpkOiCDU2oJwN4etS/D9pFl3fc/2bcqF2sYwji47QMTpFPjpDNXSN6qiBKLpDD+gJPTvSeXRenNdFacZZ9hyiH3DePgHHiY9D</latexit><latexit sha1_base64="tarycSELjDcECn2rNqnmMFwQUAM=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GmbaUuuuqAuXFewD2qFk0jttbCYZkoxQSv/BjQtF3Po/7vwb04egoicEDufcy733hAln2njeh5NZWV1b38hu5ra2d3b38vsHTS1TRaFBJZeqHRINnAloGGY4tBMFJA45tMLR5cxv3YPSTIpbM04giMlAsIhRYqzU7F4BN6SXL3husXReLZewJZWK51UsKflV+7DvenMU0BL1Xv6925c0jUEYyonWHd9LTDAhyjDKYZrrphoSQkdkAB1LBYlBB5P5tlN8YpU+jqSyXxg8V793TEis9TgObWVMzFD/9mbiX14nNVE1mDCRpAYEXQyKUo6NxLPTcZ8poIaPLSFUMbsrpkOiCDU2oJwN4etS/D9pFl3fc/2bcqF2sYwji47QMTpFPjpDNXSN6qiBKLpDD+gJPTvSeXRenNdFacZZ9hyiH3DePgHHiY9D</latexit>

H(Q|�)
<latexit sha1_base64="4dOP3L869YYpXuNJt2qOhv5Zr6U=">AAAB9HicdVDLSgMxFM3UV62vqks3wSLUzZBpS627oi66bME+oB1KJs20oZnMmGQKZex3uHGhiFs/xp1/Y/oQVPRcLhzOuZfcHC/iTGmEPqzU2vrG5lZ6O7Ozu7d/kD08aqkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG1/P/faESsVCcaunEXUDPBTMZwRrI7m1fAPew94N5Rqf97M5ZBeKl5VSERpSLiNUNqToVExBx0YL5MAK9X72vTcISRxQoQnHSnUdFGk3wVIzwuks04sVjTAZ4yHtGipwQJWbLI6ewTOjDKAfStNCw4X6fSPBgVLTwDOTAdYj9dubi3953Vj7FTdhIoo1FWT5kB9zqEM4TwAOmKRE86khmEhmboVkhCUm2uSUMSF8/RT+T1oF20G20yjlqlerONLgBJyCPHDABaiCGqiDJiDgDjyAJ/BsTaxH68V6XY6mrNXOMfgB6+0TWnGRLw==</latexit><latexit sha1_base64="4dOP3L869YYpXuNJt2qOhv5Zr6U=">AAAB9HicdVDLSgMxFM3UV62vqks3wSLUzZBpS627oi66bME+oB1KJs20oZnMmGQKZex3uHGhiFs/xp1/Y/oQVPRcLhzOuZfcHC/iTGmEPqzU2vrG5lZ6O7Ozu7d/kD08aqkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG1/P/faESsVCcaunEXUDPBTMZwRrI7m1fAPew94N5Rqf97M5ZBeKl5VSERpSLiNUNqToVExBx0YL5MAK9X72vTcISRxQoQnHSnUdFGk3wVIzwuks04sVjTAZ4yHtGipwQJWbLI6ewTOjDKAfStNCw4X6fSPBgVLTwDOTAdYj9dubi3953Vj7FTdhIoo1FWT5kB9zqEM4TwAOmKRE86khmEhmboVkhCUm2uSUMSF8/RT+T1oF20G20yjlqlerONLgBJyCPHDABaiCGqiDJiDgDjyAJ/BsTaxH68V6XY6mrNXOMfgB6+0TWnGRLw==</latexit><latexit sha1_base64="4dOP3L869YYpXuNJt2qOhv5Zr6U=">AAAB9HicdVDLSgMxFM3UV62vqks3wSLUzZBpS627oi66bME+oB1KJs20oZnMmGQKZex3uHGhiFs/xp1/Y/oQVPRcLhzOuZfcHC/iTGmEPqzU2vrG5lZ6O7Ozu7d/kD08aqkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG1/P/faESsVCcaunEXUDPBTMZwRrI7m1fAPew94N5Rqf97M5ZBeKl5VSERpSLiNUNqToVExBx0YL5MAK9X72vTcISRxQoQnHSnUdFGk3wVIzwuks04sVjTAZ4yHtGipwQJWbLI6ewTOjDKAfStNCw4X6fSPBgVLTwDOTAdYj9dubi3953Vj7FTdhIoo1FWT5kB9zqEM4TwAOmKRE86khmEhmboVkhCUm2uSUMSF8/RT+T1oF20G20yjlqlerONLgBJyCPHDABaiCGqiDJiDgDjyAJ/BsTaxH68V6XY6mrNXOMfgB6+0TWnGRLw==</latexit><latexit sha1_base64="4dOP3L869YYpXuNJt2qOhv5Zr6U=">AAAB9HicdVDLSgMxFM3UV62vqks3wSLUzZBpS627oi66bME+oB1KJs20oZnMmGQKZex3uHGhiFs/xp1/Y/oQVPRcLhzOuZfcHC/iTGmEPqzU2vrG5lZ6O7Ozu7d/kD08aqkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG1/P/faESsVCcaunEXUDPBTMZwRrI7m1fAPew94N5Rqf97M5ZBeKl5VSERpSLiNUNqToVExBx0YL5MAK9X72vTcISRxQoQnHSnUdFGk3wVIzwuks04sVjTAZ4yHtGipwQJWbLI6ewTOjDKAfStNCw4X6fSPBgVLTwDOTAdYj9dubi3953Vj7FTdhIoo1FWT5kB9zqEM4TwAOmKRE86khmEhmboVkhCUm2uSUMSF8/RT+T1oF20G20yjlqlerONLgBJyCPHDABaiCGqiDJiDgDjyAJ/BsTaxH68V6XY6mrNXOMfgB6+0TWnGRLw==</latexit>

H(P )
<latexit sha1_base64="PJKSzWgzec28TZILSxzcli8JGFw=">AAAB63icdVDLSgMxFM34rPVVdekmWIS6GTJtqXVXdNNlBfuAdiiZNNOGJpkhyQhl6C+4caGIW3/InX9jpq2goicEDufcy733BDFn2iD04aytb2xubed28rt7+weHhaPjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Cbzu/dUaRbJOzOLqS/wWLKQEWwyqVlqXQwLReSWK1f1agVaUqshVLOk4tXtg56LFiiCFVrDwvtgFJFEUGkIx1r3PRQbP8XKMMLpPD9INI0xmeIx7VsqsaDaTxe7zuG5VUYwjJT90sCF+r0jxULrmQhspcBmon97mfiX109MWPdTJuPEUEmWg8KEQxPB7HA4YooSw2eWYKKY3RWSCVaYGBtP3obwdSn8n3TKrodc77ZabFyv4siBU3AGSsADl6ABmqAF2oCACXgAT+DZEc6j8+K8LkvXnFXPCfgB5+0TaMKN0g==</latexit><latexit sha1_base64="PJKSzWgzec28TZILSxzcli8JGFw=">AAAB63icdVDLSgMxFM34rPVVdekmWIS6GTJtqXVXdNNlBfuAdiiZNNOGJpkhyQhl6C+4caGIW3/InX9jpq2goicEDufcy733BDFn2iD04aytb2xubed28rt7+weHhaPjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Cbzu/dUaRbJOzOLqS/wWLKQEWwyqVlqXQwLReSWK1f1agVaUqshVLOk4tXtg56LFiiCFVrDwvtgFJFEUGkIx1r3PRQbP8XKMMLpPD9INI0xmeIx7VsqsaDaTxe7zuG5VUYwjJT90sCF+r0jxULrmQhspcBmon97mfiX109MWPdTJuPEUEmWg8KEQxPB7HA4YooSw2eWYKKY3RWSCVaYGBtP3obwdSn8n3TKrodc77ZabFyv4siBU3AGSsADl6ABmqAF2oCACXgAT+DZEc6j8+K8LkvXnFXPCfgB5+0TaMKN0g==</latexit><latexit sha1_base64="PJKSzWgzec28TZILSxzcli8JGFw=">AAAB63icdVDLSgMxFM34rPVVdekmWIS6GTJtqXVXdNNlBfuAdiiZNNOGJpkhyQhl6C+4caGIW3/InX9jpq2goicEDufcy733BDFn2iD04aytb2xubed28rt7+weHhaPjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Cbzu/dUaRbJOzOLqS/wWLKQEWwyqVlqXQwLReSWK1f1agVaUqshVLOk4tXtg56LFiiCFVrDwvtgFJFEUGkIx1r3PRQbP8XKMMLpPD9INI0xmeIx7VsqsaDaTxe7zuG5VUYwjJT90sCF+r0jxULrmQhspcBmon97mfiX109MWPdTJuPEUEmWg8KEQxPB7HA4YooSw2eWYKKY3RWSCVaYGBtP3obwdSn8n3TKrodc77ZabFyv4siBU3AGSsADl6ABmqAF2oCACXgAT+DZEc6j8+K8LkvXnFXPCfgB5+0TaMKN0g==</latexit><latexit sha1_base64="PJKSzWgzec28TZILSxzcli8JGFw=">AAAB63icdVDLSgMxFM34rPVVdekmWIS6GTJtqXVXdNNlBfuAdiiZNNOGJpkhyQhl6C+4caGIW3/InX9jpq2goicEDufcy733BDFn2iD04aytb2xubed28rt7+weHhaPjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Cbzu/dUaRbJOzOLqS/wWLKQEWwyqVlqXQwLReSWK1f1agVaUqshVLOk4tXtg56LFiiCFVrDwvtgFJFEUGkIx1r3PRQbP8XKMMLpPD9INI0xmeIx7VsqsaDaTxe7zuG5VUYwjJT90sCF+r0jxULrmQhspcBmon97mfiX109MWPdTJuPEUEmWg8KEQxPB7HA4YooSw2eWYKKY3RWSCVaYGBtP3obwdSn8n3TKrodc77ZabFyv4siBU3AGSsADl6ABmqAF2oCACXgAT+DZEc6j8+K8LkvXnFXPCfgB5+0TaMKN0g==</latexit>

H(Q)
<latexit sha1_base64="W0jz3ecRvN5V/J+u8IYy2b94W2Y=">AAAB63icdVDLSgMxFM3UV62vqks3wSLUzZBpS627opsuW7APaIeSSdM2NMkMSUYoQ3/BjQtF3PpD7vwbM20FFT0hcDjnXu69J4g40wahDyezsbm1vZPdze3tHxwe5Y9POjqMFaFtEvJQ9QKsKWeStg0znPYiRbEIOO0Gs9vU795TpVko78w8or7AE8nGjGCTSo1i63KYLyC3VL6uVcrQkmoVoaolZa9mH/RctEQBrNEc5t8Ho5DEgkpDONa676HI+AlWhhFOF7lBrGmEyQxPaN9SiQXVfrLcdQEvrDKC41DZLw1cqt87Eiy0novAVgpspvq3l4p/ef3YjGt+wmQUGyrJatA45tCEMD0cjpiixPC5JZgoZneFZIoVJsbGk7MhfF0K/yedkush12tVCvWbdRxZcAbOQRF44ArUQQM0QRsQMAUP4Ak8O8J5dF6c11Vpxln3nIIfcN4+AWpHjdM=</latexit><latexit sha1_base64="W0jz3ecRvN5V/J+u8IYy2b94W2Y=">AAAB63icdVDLSgMxFM3UV62vqks3wSLUzZBpS627opsuW7APaIeSSdM2NMkMSUYoQ3/BjQtF3PpD7vwbM20FFT0hcDjnXu69J4g40wahDyezsbm1vZPdze3tHxwe5Y9POjqMFaFtEvJQ9QKsKWeStg0znPYiRbEIOO0Gs9vU795TpVko78w8or7AE8nGjGCTSo1i63KYLyC3VL6uVcrQkmoVoaolZa9mH/RctEQBrNEc5t8Ho5DEgkpDONa676HI+AlWhhFOF7lBrGmEyQxPaN9SiQXVfrLcdQEvrDKC41DZLw1cqt87Eiy0novAVgpspvq3l4p/ef3YjGt+wmQUGyrJatA45tCEMD0cjpiixPC5JZgoZneFZIoVJsbGk7MhfF0K/yedkush12tVCvWbdRxZcAbOQRF44ArUQQM0QRsQMAUP4Ak8O8J5dF6c11Vpxln3nIIfcN4+AWpHjdM=</latexit><latexit sha1_base64="W0jz3ecRvN5V/J+u8IYy2b94W2Y=">AAAB63icdVDLSgMxFM3UV62vqks3wSLUzZBpS627opsuW7APaIeSSdM2NMkMSUYoQ3/BjQtF3PpD7vwbM20FFT0hcDjnXu69J4g40wahDyezsbm1vZPdze3tHxwe5Y9POjqMFaFtEvJQ9QKsKWeStg0znPYiRbEIOO0Gs9vU795TpVko78w8or7AE8nGjGCTSo1i63KYLyC3VL6uVcrQkmoVoaolZa9mH/RctEQBrNEc5t8Ho5DEgkpDONa676HI+AlWhhFOF7lBrGmEyQxPaN9SiQXVfrLcdQEvrDKC41DZLw1cqt87Eiy0novAVgpspvq3l4p/ef3YjGt+wmQUGyrJatA45tCEMD0cjpiixPC5JZgoZneFZIoVJsbGk7MhfF0K/yedkush12tVCvWbdRxZcAbOQRF44ArUQQM0QRsQMAUP4Ak8O8J5dF6c11Vpxln3nIIfcN4+AWpHjdM=</latexit><latexit sha1_base64="W0jz3ecRvN5V/J+u8IYy2b94W2Y=">AAAB63icdVDLSgMxFM3UV62vqks3wSLUzZBpS627opsuW7APaIeSSdM2NMkMSUYoQ3/BjQtF3PpD7vwbM20FFT0hcDjnXu69J4g40wahDyezsbm1vZPdze3tHxwe5Y9POjqMFaFtEvJQ9QKsKWeStg0znPYiRbEIOO0Gs9vU795TpVko78w8or7AE8nGjGCTSo1i63KYLyC3VL6uVcrQkmoVoaolZa9mH/RctEQBrNEc5t8Ho5DEgkpDONa676HI+AlWhhFOF7lBrGmEyQxPaN9SiQXVfrLcdQEvrDKC41DZLw1cqt87Eiy0novAVgpspvq3l4p/ef3YjGt+wmQUGyrJatA45tCEMD0cjpiixPC5JZgoZneFZIoVJsbGk7MhfF0K/yedkush12tVCvWbdRxZcAbOQRF44ArUQQM0QRsQMAUP4Ak8O8J5dF6c11Vpxln3nIIfcN4+AWpHjdM=</latexit>

H(�)
<latexit sha1_base64="HH0TOyBebrp2oEUAyR52Lzu2Lao=">AAAB8HicdVDLSgMxFM34rPVVdekmWIS6GTJtqXVX1EWXFexD2qFk0kwbmmSGJCOUoV/hxoUibv0cd/6N6UNQ0RMCh3Pu5d57gpgzbRD6cFZW19Y3NjNb2e2d3b393MFhS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDXz2/dUaRbJWzOJqS/wULKQEWysdFcv9K4pN/isn8sjt1i6qJZL0JJKBaGKJSWvah/0XDRHHizR6Ofee4OIJIJKQzjWuuuh2PgpVoYRTqfZXqJpjMkYD2nXUokF1X46X3gKT60ygGGk7JcGztXvHSkWWk9EYCsFNiP925uJf3ndxIRVP2UyTgyVZDEoTDg0EZxdDwdMUWL4xBJMFLO7QjLCChNjM8raEL4uhf+TVtH1kOvdlPO1y2UcGXAMTkABeOAc1EAdNEATECDAA3gCz45yHp0X53VRuuIse47ADzhvnyP5j/o=</latexit><latexit sha1_base64="HH0TOyBebrp2oEUAyR52Lzu2Lao=">AAAB8HicdVDLSgMxFM34rPVVdekmWIS6GTJtqXVX1EWXFexD2qFk0kwbmmSGJCOUoV/hxoUibv0cd/6N6UNQ0RMCh3Pu5d57gpgzbRD6cFZW19Y3NjNb2e2d3b393MFhS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDXz2/dUaRbJWzOJqS/wULKQEWysdFcv9K4pN/isn8sjt1i6qJZL0JJKBaGKJSWvah/0XDRHHizR6Ofee4OIJIJKQzjWuuuh2PgpVoYRTqfZXqJpjMkYD2nXUokF1X46X3gKT60ygGGk7JcGztXvHSkWWk9EYCsFNiP925uJf3ndxIRVP2UyTgyVZDEoTDg0EZxdDwdMUWL4xBJMFLO7QjLCChNjM8raEL4uhf+TVtH1kOvdlPO1y2UcGXAMTkABeOAc1EAdNEATECDAA3gCz45yHp0X53VRuuIse47ADzhvnyP5j/o=</latexit><latexit sha1_base64="HH0TOyBebrp2oEUAyR52Lzu2Lao=">AAAB8HicdVDLSgMxFM34rPVVdekmWIS6GTJtqXVX1EWXFexD2qFk0kwbmmSGJCOUoV/hxoUibv0cd/6N6UNQ0RMCh3Pu5d57gpgzbRD6cFZW19Y3NjNb2e2d3b393MFhS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDXz2/dUaRbJWzOJqS/wULKQEWysdFcv9K4pN/isn8sjt1i6qJZL0JJKBaGKJSWvah/0XDRHHizR6Ofee4OIJIJKQzjWuuuh2PgpVoYRTqfZXqJpjMkYD2nXUokF1X46X3gKT60ygGGk7JcGztXvHSkWWk9EYCsFNiP925uJf3ndxIRVP2UyTgyVZDEoTDg0EZxdDwdMUWL4xBJMFLO7QjLCChNjM8raEL4uhf+TVtH1kOvdlPO1y2UcGXAMTkABeOAc1EAdNEATECDAA3gCz45yHp0X53VRuuIse47ADzhvnyP5j/o=</latexit><latexit sha1_base64="HH0TOyBebrp2oEUAyR52Lzu2Lao=">AAAB8HicdVDLSgMxFM34rPVVdekmWIS6GTJtqXVX1EWXFexD2qFk0kwbmmSGJCOUoV/hxoUibv0cd/6N6UNQ0RMCh3Pu5d57gpgzbRD6cFZW19Y3NjNb2e2d3b393MFhS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDXz2/dUaRbJWzOJqS/wULKQEWysdFcv9K4pN/isn8sjt1i6qJZL0JJKBaGKJSWvah/0XDRHHizR6Ofee4OIJIJKQzjWuuuh2PgpVoYRTqfZXqJpjMkYD2nXUokF1X46X3gKT60ygGGk7JcGztXvHSkWWk9EYCsFNiP925uJf3ndxIRVP2UyTgyVZDEoTDg0EZxdDwdMUWL4xBJMFLO7QjLCChNjM8raEL4uhf+TVtH1kOvdlPO1y2UcGXAMTkABeOAc1EAdNEATECDAA3gCz45yHp0X53VRuuIse47ADzhvnyP5j/o=</latexit>

KL(P ||R)
<latexit sha1_base64="csi2h/oR7EDsm4u7LfFy3IBmi78=">AAAB+nicdVBNS0JBFJ1nX2ZfWss2QxLYRt6Yqe2kNkEtLNIEFZk3jjo474OZ+yp5+lPatCiibb+kXf+m8SOoqAMXDufcy733OIEUGmz7w4otLC4tr8RXE2vrG5tbydR2TfuhYrzKfOmrukM1l8LjVRAgeT1QnLqO5DfO4HTi39xypYXvXcMw4C2X9jzRFYyCkdrJVBP4PUTnF+NMBY9G+OqgnUzb2Vy+UCB5bEjhqFQsGnJISuSYYJK1p0ijOSrt5Huz47PQ5R4wSbVuEDuAVkQVCCb5ONEMNQ8oG9AebxjqUZfrVjQ9fYz3jdLBXV+Z8gBP1e8TEXW1HrqO6XQp9PVvbyL+5TVC6JZakfCCELjHZou6ocTg40kOuCMUZyCHhlCmhLkVsz5VlIFJK2FC+PoU/09quSyxs+Qyny6fzOOIo120hzKIoCIqozNUQVXE0B16QE/o2RpZj9aL9TprjVnzmR30A9bbJ4E2k4E=</latexit><latexit sha1_base64="csi2h/oR7EDsm4u7LfFy3IBmi78=">AAAB+nicdVBNS0JBFJ1nX2ZfWss2QxLYRt6Yqe2kNkEtLNIEFZk3jjo474OZ+yp5+lPatCiibb+kXf+m8SOoqAMXDufcy733OIEUGmz7w4otLC4tr8RXE2vrG5tbydR2TfuhYrzKfOmrukM1l8LjVRAgeT1QnLqO5DfO4HTi39xypYXvXcMw4C2X9jzRFYyCkdrJVBP4PUTnF+NMBY9G+OqgnUzb2Vy+UCB5bEjhqFQsGnJISuSYYJK1p0ijOSrt5Huz47PQ5R4wSbVuEDuAVkQVCCb5ONEMNQ8oG9AebxjqUZfrVjQ9fYz3jdLBXV+Z8gBP1e8TEXW1HrqO6XQp9PVvbyL+5TVC6JZakfCCELjHZou6ocTg40kOuCMUZyCHhlCmhLkVsz5VlIFJK2FC+PoU/09quSyxs+Qyny6fzOOIo120hzKIoCIqozNUQVXE0B16QE/o2RpZj9aL9TprjVnzmR30A9bbJ4E2k4E=</latexit><latexit sha1_base64="csi2h/oR7EDsm4u7LfFy3IBmi78=">AAAB+nicdVBNS0JBFJ1nX2ZfWss2QxLYRt6Yqe2kNkEtLNIEFZk3jjo474OZ+yp5+lPatCiibb+kXf+m8SOoqAMXDufcy733OIEUGmz7w4otLC4tr8RXE2vrG5tbydR2TfuhYrzKfOmrukM1l8LjVRAgeT1QnLqO5DfO4HTi39xypYXvXcMw4C2X9jzRFYyCkdrJVBP4PUTnF+NMBY9G+OqgnUzb2Vy+UCB5bEjhqFQsGnJISuSYYJK1p0ijOSrt5Huz47PQ5R4wSbVuEDuAVkQVCCb5ONEMNQ8oG9AebxjqUZfrVjQ9fYz3jdLBXV+Z8gBP1e8TEXW1HrqO6XQp9PVvbyL+5TVC6JZakfCCELjHZou6ocTg40kOuCMUZyCHhlCmhLkVsz5VlIFJK2FC+PoU/09quSyxs+Qyny6fzOOIo120hzKIoCIqozNUQVXE0B16QE/o2RpZj9aL9TprjVnzmR30A9bbJ4E2k4E=</latexit><latexit sha1_base64="csi2h/oR7EDsm4u7LfFy3IBmi78=">AAAB+nicdVBNS0JBFJ1nX2ZfWss2QxLYRt6Yqe2kNkEtLNIEFZk3jjo474OZ+yp5+lPatCiibb+kXf+m8SOoqAMXDufcy733OIEUGmz7w4otLC4tr8RXE2vrG5tbydR2TfuhYrzKfOmrukM1l8LjVRAgeT1QnLqO5DfO4HTi39xypYXvXcMw4C2X9jzRFYyCkdrJVBP4PUTnF+NMBY9G+OqgnUzb2Vy+UCB5bEjhqFQsGnJISuSYYJK1p0ijOSrt5Huz47PQ5R4wSbVuEDuAVkQVCCb5ONEMNQ8oG9AebxjqUZfrVjQ9fYz3jdLBXV+Z8gBP1e8TEXW1HrqO6XQp9PVvbyL+5TVC6JZakfCCELjHZou6ocTg40kOuCMUZyCHhlCmhLkVsz5VlIFJK2FC+PoU/09quSyxs+Qyny6fzOOIo120hzKIoCIqozNUQVXE0B16QE/o2RpZj9aL9TprjVnzmR30A9bbJ4E2k4E=</latexit>

rij = P (i, j|�)
<latexit sha1_base64="uynCBbMO9IxwLsSVNsHuht7CGYI=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARKkiZ1NrWhVDUhcsK9gHtMGTStE2beZBkhDLWjb/ixoUibv0Ld/6N6UNQ0QMXDufcy733uCFnUlnWh5GYm19YXEoup1ZW19Y3zM2tmgwiQWiVBDwQDRdLyplPq4opThuhoNhzOa27g/OxX7+hQrLAv1bDkNoe7vqswwhWWnLMHeHErD+Cp7CSYYd9eAtbF5QrfOCYaSubyxcKKA81KRyXikVNjlAJnSCIstYEaTBDxTHfW+2ARB71FeFYyiayQmXHWChGOB2lWpGkISYD3KVNTX3sUWnHkw9GcF8rbdgJhC5fwYn6fSLGnpRDz9WdHlY9+dsbi395zUh1SnbM/DBS1CfTRZ2IQxXAcRywzQQlig81wUQwfSskPSwwUTq0lA7h61P4P6nlssjKoqt8unw2iyMJdsEeyAAEiqAMLkEFVAEBd+ABPIFn4954NF6M12lrwpjNbIMfMN4+AYUilac=</latexit><latexit sha1_base64="uynCBbMO9IxwLsSVNsHuht7CGYI=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARKkiZ1NrWhVDUhcsK9gHtMGTStE2beZBkhDLWjb/ixoUibv0Ld/6N6UNQ0QMXDufcy733uCFnUlnWh5GYm19YXEoup1ZW19Y3zM2tmgwiQWiVBDwQDRdLyplPq4opThuhoNhzOa27g/OxX7+hQrLAv1bDkNoe7vqswwhWWnLMHeHErD+Cp7CSYYd9eAtbF5QrfOCYaSubyxcKKA81KRyXikVNjlAJnSCIstYEaTBDxTHfW+2ARB71FeFYyiayQmXHWChGOB2lWpGkISYD3KVNTX3sUWnHkw9GcF8rbdgJhC5fwYn6fSLGnpRDz9WdHlY9+dsbi395zUh1SnbM/DBS1CfTRZ2IQxXAcRywzQQlig81wUQwfSskPSwwUTq0lA7h61P4P6nlssjKoqt8unw2iyMJdsEeyAAEiqAMLkEFVAEBd+ABPIFn4954NF6M12lrwpjNbIMfMN4+AYUilac=</latexit><latexit sha1_base64="uynCBbMO9IxwLsSVNsHuht7CGYI=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARKkiZ1NrWhVDUhcsK9gHtMGTStE2beZBkhDLWjb/ixoUibv0Ld/6N6UNQ0QMXDufcy733uCFnUlnWh5GYm19YXEoup1ZW19Y3zM2tmgwiQWiVBDwQDRdLyplPq4opThuhoNhzOa27g/OxX7+hQrLAv1bDkNoe7vqswwhWWnLMHeHErD+Cp7CSYYd9eAtbF5QrfOCYaSubyxcKKA81KRyXikVNjlAJnSCIstYEaTBDxTHfW+2ARB71FeFYyiayQmXHWChGOB2lWpGkISYD3KVNTX3sUWnHkw9GcF8rbdgJhC5fwYn6fSLGnpRDz9WdHlY9+dsbi395zUh1SnbM/DBS1CfTRZ2IQxXAcRywzQQlig81wUQwfSskPSwwUTq0lA7h61P4P6nlssjKoqt8unw2iyMJdsEeyAAEiqAMLkEFVAEBd+ABPIFn4954NF6M12lrwpjNbIMfMN4+AYUilac=</latexit><latexit sha1_base64="uynCBbMO9IxwLsSVNsHuht7CGYI=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARKkiZ1NrWhVDUhcsK9gHtMGTStE2beZBkhDLWjb/ixoUibv0Ld/6N6UNQ0QMXDufcy733uCFnUlnWh5GYm19YXEoup1ZW19Y3zM2tmgwiQWiVBDwQDRdLyplPq4opThuhoNhzOa27g/OxX7+hQrLAv1bDkNoe7vqswwhWWnLMHeHErD+Cp7CSYYd9eAtbF5QrfOCYaSubyxcKKA81KRyXikVNjlAJnSCIstYEaTBDxTHfW+2ARB71FeFYyiayQmXHWChGOB2lWpGkISYD3KVNTX3sUWnHkw9GcF8rbdgJhC5fwYn6fSLGnpRDz9WdHlY9+dsbi395zUh1SnbM/DBS1CfTRZ2IQxXAcRywzQQlig81wUQwfSskPSwwUTq0lA7h61P4P6nlssjKoqt8unw2iyMJdsEeyAAEiqAMLkEFVAEBd+ABPIFn4954NF6M12lrwpjNbIMfMN4+AYUilac=</latexit>



Method
A bit of Bayesian

P (�|i, j) = ↵�ij�1��ij
<latexit sha1_base64="Mgy8i8M8k5pIGsehUWHDeTgq0vU="></latexit><latexit sha1_base64="Mgy8i8M8k5pIGsehUWHDeTgq0vU="></latexit><latexit sha1_base64="Mgy8i8M8k5pIGsehUWHDeTgq0vU="></latexit><latexit sha1_base64="Mgy8i8M8k5pIGsehUWHDeTgq0vU="></latexit>

P (�) =
X

i 6=j

P (�|i, j)P (i, j)

<latexit sha1_base64="FUKOdkHpy46WNUE9gTv0BMaa0QE="></latexit><latexit sha1_base64="FUKOdkHpy46WNUE9gTv0BMaa0QE="></latexit><latexit sha1_base64="FUKOdkHpy46WNUE9gTv0BMaa0QE="></latexit><latexit sha1_base64="FUKOdkHpy46WNUE9gTv0BMaa0QE="></latexit>

P (i, j) = qij
<latexit sha1_base64="t0cbowFKj7nbKQSY7kjl5Q5VGuA=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxCBRkmtbZ1IRTduKxgH9AOQyZN27SZh0lGqEO/xI0LRdz6Ke78G9OHoKIHLhzOuZd77/EizqSy7Q8jtbS8srqWXs9sbG5tZ82d3YYMY0FonYQ8FC0PS8pZQOuKKU5bkaDY9zhteqPLqd+8o0KyMLhR44g6Pu4HrMcIVlpyzWwtz46HR/Ac3roJG05cM2dbhWKphIpQk9JppVzW5ARV0BmCyLJnyIEFaq753umGJPZpoAjHUraRHSknwUIxwukk04kljTAZ4T5taxpgn0onmR0+gYda6cJeKHQFCs7U7xMJ9qUc+57u9LEayN/eVPzLa8eqV3ESFkSxogGZL+rFHKoQTlOAXSYoUXysCSaC6VshGWCBidJZZXQIX5/C/0mjYCHbQtfFXPViEUca7IMDkAcIlEEVXIEaqAMCYvAAnsCzcW88Gi/G67w1ZSxm9sAPGG+fZm+SSg==</latexit><latexit sha1_base64="t0cbowFKj7nbKQSY7kjl5Q5VGuA=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxCBRkmtbZ1IRTduKxgH9AOQyZN27SZh0lGqEO/xI0LRdz6Ke78G9OHoKIHLhzOuZd77/EizqSy7Q8jtbS8srqWXs9sbG5tZ82d3YYMY0FonYQ8FC0PS8pZQOuKKU5bkaDY9zhteqPLqd+8o0KyMLhR44g6Pu4HrMcIVlpyzWwtz46HR/Ac3roJG05cM2dbhWKphIpQk9JppVzW5ARV0BmCyLJnyIEFaq753umGJPZpoAjHUraRHSknwUIxwukk04kljTAZ4T5taxpgn0onmR0+gYda6cJeKHQFCs7U7xMJ9qUc+57u9LEayN/eVPzLa8eqV3ESFkSxogGZL+rFHKoQTlOAXSYoUXysCSaC6VshGWCBidJZZXQIX5/C/0mjYCHbQtfFXPViEUca7IMDkAcIlEEVXIEaqAMCYvAAnsCzcW88Gi/G67w1ZSxm9sAPGG+fZm+SSg==</latexit><latexit sha1_base64="t0cbowFKj7nbKQSY7kjl5Q5VGuA=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxCBRkmtbZ1IRTduKxgH9AOQyZN27SZh0lGqEO/xI0LRdz6Ke78G9OHoKIHLhzOuZd77/EizqSy7Q8jtbS8srqWXs9sbG5tZ82d3YYMY0FonYQ8FC0PS8pZQOuKKU5bkaDY9zhteqPLqd+8o0KyMLhR44g6Pu4HrMcIVlpyzWwtz46HR/Ac3roJG05cM2dbhWKphIpQk9JppVzW5ARV0BmCyLJnyIEFaq753umGJPZpoAjHUraRHSknwUIxwukk04kljTAZ4T5taxpgn0onmR0+gYda6cJeKHQFCs7U7xMJ9qUc+57u9LEayN/eVPzLa8eqV3ESFkSxogGZL+rFHKoQTlOAXSYoUXysCSaC6VshGWCBidJZZXQIX5/C/0mjYCHbQtfFXPViEUca7IMDkAcIlEEVXIEaqAMCYvAAnsCzcW88Gi/G67w1ZSxm9sAPGG+fZm+SSg==</latexit><latexit sha1_base64="t0cbowFKj7nbKQSY7kjl5Q5VGuA=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxCBRkmtbZ1IRTduKxgH9AOQyZN27SZh0lGqEO/xI0LRdz6Ke78G9OHoKIHLhzOuZd77/EizqSy7Q8jtbS8srqWXs9sbG5tZ82d3YYMY0FonYQ8FC0PS8pZQOuKKU5bkaDY9zhteqPLqd+8o0KyMLhR44g6Pu4HrMcIVlpyzWwtz46HR/Ac3roJG05cM2dbhWKphIpQk9JppVzW5ARV0BmCyLJnyIEFaq753umGJPZpoAjHUraRHSknwUIxwukk04kljTAZ4T5taxpgn0onmR0+gYda6cJeKHQFCs7U7xMJ9qUc+57u9LEayN/eVPzLa8eqV3ESFkSxogGZL+rFHKoQTlOAXSYoUXysCSaC6VshGWCBidJZZXQIX5/C/0mjYCHbQtfFXPViEUca7IMDkAcIlEEVXIEaqAMCYvAAnsCzcW88Gi/G67w1ZSxm9sAPGG+fZm+SSg==</latexit>

P (i, j|�) =
P (�|i, j)P (i, j)

P (�)
=

↵�ij��ijqij
↵
P

i 6=j:�ij=1 qij + �
P

i 6=j:�ij=0 qij
<latexit sha1_base64="e5V+1vacauhYmIDoeCR59GlcAzQ="></latexit><latexit sha1_base64="e5V+1vacauhYmIDoeCR59GlcAzQ="></latexit><latexit sha1_base64="e5V+1vacauhYmIDoeCR59GlcAzQ="></latexit><latexit sha1_base64="e5V+1vacauhYmIDoeCR59GlcAzQ="></latexit>



Method
Intuition tSNE

@

@yi
KL(P ||Q) /

X

j 6=i

pijqij(yi � yj)�
X

j 6=i

q2ij(yi � yj)

<latexit sha1_base64="5PTUK7uCRxqenCU1t3cDi7MVOHo="></latexit><latexit sha1_base64="5PTUK7uCRxqenCU1t3cDi7MVOHo="></latexit><latexit sha1_base64="5PTUK7uCRxqenCU1t3cDi7MVOHo="></latexit><latexit sha1_base64="5PTUK7uCRxqenCU1t3cDi7MVOHo="></latexit>

Repelling forceAttraction force



Method
Intuition ctSNE

@

@yi
KL(P ||R) /

X

j 6=i

pijqij(yi � yj)�
�ij↵

0 + (1� �ij)�0

O

X

j 6=i

q
2
ij(yi � yj)

<latexit sha1_base64="pvMwj63LP4LFXXJNaF5GSJguqa4="></latexit><latexit sha1_base64="pvMwj63LP4LFXXJNaF5GSJguqa4="></latexit><latexit sha1_base64="pvMwj63LP4LFXXJNaF5GSJguqa4="></latexit><latexit sha1_base64="pvMwj63LP4LFXXJNaF5GSJguqa4="></latexit>

O = ↵
0

X

i 6=j:�ij=1

qij + �
0

X

i 6=j:�ij=0

qij

<latexit sha1_base64="BkwFuZLQpL7F1YdL4SU6UzYLguM="></latexit><latexit sha1_base64="BkwFuZLQpL7F1YdL4SU6UzYLguM="></latexit><latexit sha1_base64="BkwFuZLQpL7F1YdL4SU6UzYLguM="></latexit><latexit sha1_base64="BkwFuZLQpL7F1YdL4SU6UzYLguM="></latexit>

where

Weighted repelling forceAttraction force

1 = ↵0
P

l nl(nl � 1)

n(n� 1)
+ �0

✓
1�

P
l nl(nl � 1)

n(n� 1)

◆

<latexit sha1_base64="KY7UGCYlE97DE21jL6+hCkpWyDM="></latexit><latexit sha1_base64="KY7UGCYlE97DE21jL6+hCkpWyDM="></latexit><latexit sha1_base64="KY7UGCYlE97DE21jL6+hCkpWyDM="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ujmR3pTwYOot8IxApKQGBbn41Oc="></latexit><latexit sha1_base64="FpDC+wYcodT5k77/qiBtCpYnac4="></latexit><latexit sha1_base64="ky2A4XR2KDQ1GV3Zat7bteKJYmw="></latexit><latexit sha1_base64="KY7UGCYlE97DE21jL6+hCkpWyDM="></latexit><latexit sha1_base64="KY7UGCYlE97DE21jL6+hCkpWyDM="></latexit><latexit sha1_base64="KY7UGCYlE97DE21jL6+hCkpWyDM="></latexit><latexit sha1_base64="KY7UGCYlE97DE21jL6+hCkpWyDM="></latexit><latexit sha1_base64="KY7UGCYlE97DE21jL6+hCkpWyDM="></latexit><latexit sha1_base64="KY7UGCYlE97DE21jL6+hCkpWyDM="></latexit>

↵0 , ↵
n!Q
l nl!

, �0 , �
n!Q
l nl!
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where



Method
Intuition ctSNE ranging alpha

• Label information 
allows to achieve a 
closer distribution.



• Exact: 
• High dim: a vantage-point tree 
• Low dim: quad tree
• ctSNE implementation: quad tree with label count.

Algorithm
Barnes-Hut approximation

O(n2)
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Experiments
Case study: UCI Adult dataset
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Case study: UCI Adult dataset
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Experiments
Case study: UCI Adult dataset



• Show me some figures

Experiments
Case study: Facebook dataset



• Construct KNN graph on embedding
• Measure the consistency of a factor over the graph
• Normalized Laplacian score:

• Lager the score, less consistent over the graph

Experiments
Quantitative benchmark
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• Remove label information then apply tSNE
• Example: 

Adversarial Auto Encoder
then tSNE

Experiments
Baseline
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Baseline: AAE + tSNE
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• 100k x 128d data
• 55GiB RAM / 1GiB SWAP                
• 24 x 2.494 GHz
• 9600s without approximation
• 9s per gradient update with tree approximation
• 52s per update with 500k x 128d data

Experiments
Runtime



• Interpret cluster (in)consistent between tSNE and cTSNE
• Automatic cluster/region finding
• Histogram interpretation
• Logistic regression on sparse feature (e.g., links, tags)
• Random Forest on sparse feature
• Embedding space KNN
• Subgroup discovery based methods

Experiments
Interpretation methods



• Generalized framework
• Independence assumption
• Steerable / iterative data exploration: align or explain 

away 
• Privacy preserving data analysis
• Optimization

Future Work
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