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The Light Switch Problem
Micro variable data 

(e.g. about all the atoms in the switch) 
Outcome we 
care about

Macro variable description

switch
--- ------
t=0 off
t=1 off
t=2 off

t=3 on
t=4 on
t=5 on

...
--- ----- ----- ----- ---- -----
t=0
t=1 
t=2

t=3 
t=4 
t=5 

010011101010111010111100101010011111010101010111010111100101010001010111010111

010011101010111010111101011101011110010101000101011101011101010100111110101010

101111001010100111110101010101110101111001010100010101110101110100111010101110

010011101010111010111100101010011111010101010111010111100101010001010111010111

010011101010111010111101011101011110010101000101011101011101010100111110101010

101111001010100111110101010101110101111001010100010101110101110100111010101110

“Light switch” science is easy!

Problem: Hard to identify “macro” switch states from “micro” data
Outcome we 
care about

Macro variable descriptionMicro variable data 

?

“curse of dimensionality” with more variables

Human behavior
Macro state of individual

Gene 
expression Phenotypes Response to treatment 



Human Behavior Gene expression Brain imaging

Discovered factors with 4x gene 
ontology enrichment leading to new, 
targeted treatment options for 
ovarian cancer
http://corex.isi.edu
http://wapo.st/2sabpAg

(Metastasis)

(Immune activation)

Z2
<latexit sha1_base64="sJI8IUTq1/rpE2zNYiJISt7COr8=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWNE88BkCbOT2WTIPJaZWSEs+QSvevYmXv0aj/6Jk2QPJrGgoajqprsrSjgz1ve/vbX1jc2t7cJOcXdv/+CwdHTcNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWj26nfeqbaMCUf7TihocADyWJGsHXSw1Ov2iuV/Yo/A1olQU7KkKPeK/10+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx26gSdO6WPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNaiXwK8H9Zbl2k6dTgFM4gwsI4ApqcAd1aACBAbzAK7x5mffufXif89Y1L585gQV4X7+LXJQZ</latexit><latexit sha1_base64="sJI8IUTq1/rpE2zNYiJISt7COr8=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWNE88BkCbOT2WTIPJaZWSEs+QSvevYmXv0aj/6Jk2QPJrGgoajqprsrSjgz1ve/vbX1jc2t7cJOcXdv/+CwdHTcNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWj26nfeqbaMCUf7TihocADyWJGsHXSw1Ov2iuV/Yo/A1olQU7KkKPeK/10+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx26gSdO6WPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNaiXwK8H9Zbl2k6dTgFM4gwsI4ApqcAd1aACBAbzAK7x5mffufXif89Y1L585gQV4X7+LXJQZ</latexit><latexit sha1_base64="sJI8IUTq1/rpE2zNYiJISt7COr8=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWNE88BkCbOT2WTIPJaZWSEs+QSvevYmXv0aj/6Jk2QPJrGgoajqprsrSjgz1ve/vbX1jc2t7cJOcXdv/+CwdHTcNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWj26nfeqbaMCUf7TihocADyWJGsHXSw1Ov2iuV/Yo/A1olQU7KkKPeK/10+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx26gSdO6WPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNaiXwK8H9Zbl2k6dTgFM4gwsI4ApqcAd1aACBAbzAK7x5mffufXif89Y1L585gQV4X7+LXJQZ</latexit><latexit sha1_base64="sJI8IUTq1/rpE2zNYiJISt7COr8=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWNE88BkCbOT2WTIPJaZWSEs+QSvevYmXv0aj/6Jk2QPJrGgoajqprsrSjgz1ve/vbX1jc2t7cJOcXdv/+CwdHTcNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWj26nfeqbaMCUf7TihocADyWJGsHXSw1Ov2iuV/Yo/A1olQU7KkKPeK/10+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx26gSdO6WPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNaiXwK8H9Zbl2k6dTgFM4gwsI4ApqcAd1aACBAbzAK7x5mffufXif89Y1L585gQV4X7+LXJQZ</latexit>

Z1
<latexit sha1_base64="LGm2Nnlic5xEPCm3s3wX6SPk1WE=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOTJcxOZpMh81hmZoWw5BO86tmbePVrPPonTpI9mMSChqKqm+6uKOHMWN//9gpr6xubW8Xt0s7u3v5B+fCoaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGt1O/9Uy1YUo+2nFCQ4EHksWMYOukh6de0CtX/Ko/A1olQU4qkKPeK/90+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx26gSdOaWPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNi2rgV4P7y0rtJk+nCCdwCucQwBXU4A7q0AACA3iBV3jzMu/d+/A+560FL585hgV4X7+JyZQY</latexit><latexit sha1_base64="LGm2Nnlic5xEPCm3s3wX6SPk1WE=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOTJcxOZpMh81hmZoWw5BO86tmbePVrPPonTpI9mMSChqKqm+6uKOHMWN//9gpr6xubW8Xt0s7u3v5B+fCoaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGt1O/9Uy1YUo+2nFCQ4EHksWMYOukh6de0CtX/Ko/A1olQU4qkKPeK/90+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx26gSdOaWPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNi2rgV4P7y0rtJk+nCCdwCucQwBXU4A7q0AACA3iBV3jzMu/d+/A+560FL585hgV4X7+JyZQY</latexit><latexit sha1_base64="LGm2Nnlic5xEPCm3s3wX6SPk1WE=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOTJcxOZpMh81hmZoWw5BO86tmbePVrPPonTpI9mMSChqKqm+6uKOHMWN//9gpr6xubW8Xt0s7u3v5B+fCoaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGt1O/9Uy1YUo+2nFCQ4EHksWMYOukh6de0CtX/Ko/A1olQU4qkKPeK/90+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx26gSdOaWPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNi2rgV4P7y0rtJk+nCCdwCucQwBXU4A7q0AACA3iBV3jzMu/d+/A+560FL585hgV4X7+JyZQY</latexit><latexit sha1_base64="LGm2Nnlic5xEPCm3s3wX6SPk1WE=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOTJcxOZpMh81hmZoWw5BO86tmbePVrPPonTpI9mMSChqKqm+6uKOHMWN//9gpr6xubW8Xt0s7u3v5B+fCoaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGt1O/9Uy1YUo+2nFCQ4EHksWMYOukh6de0CtX/Ko/A1olQU4qkKPeK/90+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx26gSdOaWPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNi2rgV4P7y0rtJk+nCCdwCucQwBXU4A7q0AACA3iBV3jzMu/d+/A+560FL585hgV4X7+JyZQY</latexit>

Z1
<latexit sha1_base64="LGm2Nnlic5xEPCm3s3wX6SPk1WE=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOTJcxOZpMh81hmZoWw5BO86tmbePVrPPonTpI9mMSChqKqm+6uKOHMWN//9gpr6xubW8Xt0s7u3v5B+fCoaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGt1O/9Uy1YUo+2nFCQ4EHksWMYOukh6de0CtX/Ko/A1olQU4qkKPeK/90+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx26gSdOaWPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNi2rgV4P7y0rtJk+nCCdwCucQwBXU4A7q0AACA3iBV3jzMu/d+/A+560FL585hgV4X7+JyZQY</latexit><latexit sha1_base64="LGm2Nnlic5xEPCm3s3wX6SPk1WE=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOTJcxOZpMh81hmZoWw5BO86tmbePVrPPonTpI9mMSChqKqm+6uKOHMWN//9gpr6xubW8Xt0s7u3v5B+fCoaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGt1O/9Uy1YUo+2nFCQ4EHksWMYOukh6de0CtX/Ko/A1olQU4qkKPeK/90+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx26gSdOaWPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNi2rgV4P7y0rtJk+nCCdwCucQwBXU4A7q0AACA3iBV3jzMu/d+/A+560FL585hgV4X7+JyZQY</latexit><latexit sha1_base64="LGm2Nnlic5xEPCm3s3wX6SPk1WE=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOTJcxOZpMh81hmZoWw5BO86tmbePVrPPonTpI9mMSChqKqm+6uKOHMWN//9gpr6xubW8Xt0s7u3v5B+fCoaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGt1O/9Uy1YUo+2nFCQ4EHksWMYOukh6de0CtX/Ko/A1olQU4qkKPeK/90+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx26gSdOaWPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNi2rgV4P7y0rtJk+nCCdwCucQwBXU4A7q0AACA3iBV3jzMu/d+/A+560FL585hgV4X7+JyZQY</latexit><latexit sha1_base64="LGm2Nnlic5xEPCm3s3wX6SPk1WE=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOTJcxOZpMh81hmZoWw5BO86tmbePVrPPonTpI9mMSChqKqm+6uKOHMWN//9gpr6xubW8Xt0s7u3v5B+fCoaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGt1O/9Uy1YUo+2nFCQ4EHksWMYOukh6de0CtX/Ko/A1olQU4qkKPeK/90+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx26gSdOaWPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNi2rgV4P7y0rtJk+nCCdwCucQwBXU4A7q0AACA3iBV3jzMu/d+/A+560FL585hgV4X7+JyZQY</latexit>

Z2
<latexit sha1_base64="sJI8IUTq1/rpE2zNYiJISt7COr8=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWNE88BkCbOT2WTIPJaZWSEs+QSvevYmXv0aj/6Jk2QPJrGgoajqprsrSjgz1ve/vbX1jc2t7cJOcXdv/+CwdHTcNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWj26nfeqbaMCUf7TihocADyWJGsHXSw1Ov2iuV/Yo/A1olQU7KkKPeK/10+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx26gSdO6WPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNaiXwK8H9Zbl2k6dTgFM4gwsI4ApqcAd1aACBAbzAK7x5mffufXif89Y1L585gQV4X7+LXJQZ</latexit><latexit sha1_base64="sJI8IUTq1/rpE2zNYiJISt7COr8=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWNE88BkCbOT2WTIPJaZWSEs+QSvevYmXv0aj/6Jk2QPJrGgoajqprsrSjgz1ve/vbX1jc2t7cJOcXdv/+CwdHTcNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWj26nfeqbaMCUf7TihocADyWJGsHXSw1Ov2iuV/Yo/A1olQU7KkKPeK/10+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx26gSdO6WPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNaiXwK8H9Zbl2k6dTgFM4gwsI4ApqcAd1aACBAbzAK7x5mffufXif89Y1L585gQV4X7+LXJQZ</latexit><latexit sha1_base64="sJI8IUTq1/rpE2zNYiJISt7COr8=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWNE88BkCbOT2WTIPJaZWSEs+QSvevYmXv0aj/6Jk2QPJrGgoajqprsrSjgz1ve/vbX1jc2t7cJOcXdv/+CwdHTcNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWj26nfeqbaMCUf7TihocADyWJGsHXSw1Ov2iuV/Yo/A1olQU7KkKPeK/10+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx26gSdO6WPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNaiXwK8H9Zbl2k6dTgFM4gwsI4ApqcAd1aACBAbzAK7x5mffufXif89Y1L585gQV4X7+LXJQZ</latexit><latexit sha1_base64="sJI8IUTq1/rpE2zNYiJISt7COr8=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWNE88BkCbOT2WTIPJaZWSEs+QSvevYmXv0aj/6Jk2QPJrGgoajqprsrSjgz1ve/vbX1jc2t7cJOcXdv/+CwdHTcNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWj26nfeqbaMCUf7TihocADyWJGsHXSw1Ov2iuV/Yo/A1olQU7KkKPeK/10+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx26gSdO6WPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNaiXwK8H9Zbl2k6dTgFM4gwsI4ApqcAd1aACBAbzAK7x5mffufXif89Y1L585gQV4X7+LXJQZ</latexit>

Z3 . . .
<latexit sha1_base64="c6S5RLwmURaoC4iQJ9hjNmOy2sQ=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0DJoYxnBfJDkCHt7e8mS3b1jd08IRxp/g63WdmLrP7H0n7hJrjCJDwYe780wMy9IONPGdb+dwtr6xuZWcbu0s7u3f1A+PGrqOFWENkjMY9UOsKacSdowzHDaThTFIuC0FYzupn7riSrNYvloxgn1BR5IFjGCjZU6nf4l6vEwNrpfrrhVdwa0SrycVCBHvV/+6YUxSQWVhnCsdddzE+NnWBlGOJ2UeqmmCSYjPKBdSyUWVPvZ7OIJOrNKiKJY2ZIGzdS/ExkWWo9FYDsFNkO97E3F/7xuaqIbP2MySQ2VZL4oSjkyMZq+j0KmKDF8bAkmitlbERlihYmxIS1sCcTEZuItJ7BKmhdVz616D1eV2m2eThFO4BTOwYNrqME91KEBBCS8wCu8Oc/Ou/PhfM5bC04+cwwLcL5+AcJZlwI=</latexit><latexit sha1_base64="c6S5RLwmURaoC4iQJ9hjNmOy2sQ=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0DJoYxnBfJDkCHt7e8mS3b1jd08IRxp/g63WdmLrP7H0n7hJrjCJDwYe780wMy9IONPGdb+dwtr6xuZWcbu0s7u3f1A+PGrqOFWENkjMY9UOsKacSdowzHDaThTFIuC0FYzupn7riSrNYvloxgn1BR5IFjGCjZU6nf4l6vEwNrpfrrhVdwa0SrycVCBHvV/+6YUxSQWVhnCsdddzE+NnWBlGOJ2UeqmmCSYjPKBdSyUWVPvZ7OIJOrNKiKJY2ZIGzdS/ExkWWo9FYDsFNkO97E3F/7xuaqIbP2MySQ2VZL4oSjkyMZq+j0KmKDF8bAkmitlbERlihYmxIS1sCcTEZuItJ7BKmhdVz616D1eV2m2eThFO4BTOwYNrqME91KEBBCS8wCu8Oc/Ou/PhfM5bC04+cwwLcL5+AcJZlwI=</latexit><latexit sha1_base64="c6S5RLwmURaoC4iQJ9hjNmOy2sQ=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0DJoYxnBfJDkCHt7e8mS3b1jd08IRxp/g63WdmLrP7H0n7hJrjCJDwYe780wMy9IONPGdb+dwtr6xuZWcbu0s7u3f1A+PGrqOFWENkjMY9UOsKacSdowzHDaThTFIuC0FYzupn7riSrNYvloxgn1BR5IFjGCjZU6nf4l6vEwNrpfrrhVdwa0SrycVCBHvV/+6YUxSQWVhnCsdddzE+NnWBlGOJ2UeqmmCSYjPKBdSyUWVPvZ7OIJOrNKiKJY2ZIGzdS/ExkWWo9FYDsFNkO97E3F/7xuaqIbP2MySQ2VZL4oSjkyMZq+j0KmKDF8bAkmitlbERlihYmxIS1sCcTEZuItJ7BKmhdVz616D1eV2m2eThFO4BTOwYNrqME91KEBBCS8wCu8Oc/Ou/PhfM5bC04+cwwLcL5+AcJZlwI=</latexit><latexit sha1_base64="c6S5RLwmURaoC4iQJ9hjNmOy2sQ=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0DJoYxnBfJDkCHt7e8mS3b1jd08IRxp/g63WdmLrP7H0n7hJrjCJDwYe780wMy9IONPGdb+dwtr6xuZWcbu0s7u3f1A+PGrqOFWENkjMY9UOsKacSdowzHDaThTFIuC0FYzupn7riSrNYvloxgn1BR5IFjGCjZU6nf4l6vEwNrpfrrhVdwa0SrycVCBHvV/+6YUxSQWVhnCsdddzE+NnWBlGOJ2UeqmmCSYjPKBdSyUWVPvZ7OIJOrNKiKJY2ZIGzdS/ExkWWo9FYDsFNkO97E3F/7xuaqIbP2MySQ2VZL4oSjkyMZq+j0KmKDF8bAkmitlbERlihYmxIS1sCcTEZuItJ7BKmhdVz616D1eV2m2eThFO4BTOwYNrqME91KEBBCS8wCu8Oc/Ou/PhfM5bC04+cwwLcL5+AcJZlwI=</latexit>

Factor discovery applications and impact

Life of 
the 
party? 

Talk
a lot?

Z1
<latexit sha1_base64="LGm2Nnlic5xEPCm3s3wX6SPk1WE=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOTJcxOZpMh81hmZoWw5BO86tmbePVrPPonTpI9mMSChqKqm+6uKOHMWN//9gpr6xubW8Xt0s7u3v5B+fCoaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGt1O/9Uy1YUo+2nFCQ4EHksWMYOukh6de0CtX/Ko/A1olQU4qkKPeK/90+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx26gSdOaWPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNi2rgV4P7y0rtJk+nCCdwCucQwBXU4A7q0AACA3iBV3jzMu/d+/A+560FL585hgV4X7+JyZQY</latexit><latexit sha1_base64="LGm2Nnlic5xEPCm3s3wX6SPk1WE=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOTJcxOZpMh81hmZoWw5BO86tmbePVrPPonTpI9mMSChqKqm+6uKOHMWN//9gpr6xubW8Xt0s7u3v5B+fCoaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGt1O/9Uy1YUo+2nFCQ4EHksWMYOukh6de0CtX/Ko/A1olQU4qkKPeK/90+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx26gSdOaWPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNi2rgV4P7y0rtJk+nCCdwCucQwBXU4A7q0AACA3iBV3jzMu/d+/A+560FL585hgV4X7+JyZQY</latexit><latexit sha1_base64="LGm2Nnlic5xEPCm3s3wX6SPk1WE=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOTJcxOZpMh81hmZoWw5BO86tmbePVrPPonTpI9mMSChqKqm+6uKOHMWN//9gpr6xubW8Xt0s7u3v5B+fCoaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGt1O/9Uy1YUo+2nFCQ4EHksWMYOukh6de0CtX/Ko/A1olQU4qkKPeK/90+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx26gSdOaWPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNi2rgV4P7y0rtJk+nCCdwCucQwBXU4A7q0AACA3iBV3jzMu/d+/A+560FL585hgV4X7+JyZQY</latexit><latexit sha1_base64="LGm2Nnlic5xEPCm3s3wX6SPk1WE=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOTJcxOZpMh81hmZoWw5BO86tmbePVrPPonTpI9mMSChqKqm+6uKOHMWN//9gpr6xubW8Xt0s7u3v5B+fCoaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGt1O/9Uy1YUo+2nFCQ4EHksWMYOukh6de0CtX/Ko/A1olQU4qkKPeK/90+4qkgkpLODamE/iJDTOsLSOcTkrd1NAEkxEe0I6jEgtqwmx26gSdOaWPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNi2rgV4P7y0rtJk+nCCdwCucQwBXU4A7q0AACA3iBV3jzMu/d+/A+560FL585hgV4X7+JyZQY</latexit>

Easily 
stressed? 

Mood 
swings?

Z2
<latexit sha1_base64="sJI8IUTq1/rpE2zNYiJISt7COr8=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWNE88BkCbOT2WTIPJaZWSEs+QSvevYmXv0aj/6Jk2QPJrGgoajqprsrSjgz1ve/vbX1jc2t7cJOcXdv/+CwdHTcNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWj26nfeqbaMCUf7TihocADyWJGsHXSw1Ov2iuV/Yo/A1olQU7KkKPeK/10+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx26gSdO6WPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNaiXwK8H9Zbl2k6dTgFM4gwsI4ApqcAd1aACBAbzAK7x5mffufXif89Y1L585gQV4X7+LXJQZ</latexit><latexit sha1_base64="sJI8IUTq1/rpE2zNYiJISt7COr8=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWNE88BkCbOT2WTIPJaZWSEs+QSvevYmXv0aj/6Jk2QPJrGgoajqprsrSjgz1ve/vbX1jc2t7cJOcXdv/+CwdHTcNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWj26nfeqbaMCUf7TihocADyWJGsHXSw1Ov2iuV/Yo/A1olQU7KkKPeK/10+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx26gSdO6WPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNaiXwK8H9Zbl2k6dTgFM4gwsI4ApqcAd1aACBAbzAK7x5mffufXif89Y1L585gQV4X7+LXJQZ</latexit><latexit sha1_base64="sJI8IUTq1/rpE2zNYiJISt7COr8=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWNE88BkCbOT2WTIPJaZWSEs+QSvevYmXv0aj/6Jk2QPJrGgoajqprsrSjgz1ve/vbX1jc2t7cJOcXdv/+CwdHTcNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWj26nfeqbaMCUf7TihocADyWJGsHXSw1Ov2iuV/Yo/A1olQU7KkKPeK/10+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx26gSdO6WPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNaiXwK8H9Zbl2k6dTgFM4gwsI4ApqcAd1aACBAbzAK7x5mffufXif89Y1L585gQV4X7+LXJQZ</latexit><latexit sha1_base64="sJI8IUTq1/rpE2zNYiJISt7COr8=">AAAB+XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWNE88BkCbOT2WTIPJaZWSEs+QSvevYmXv0aj/6Jk2QPJrGgoajqprsrSjgz1ve/vbX1jc2t7cJOcXdv/+CwdHTcNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWj26nfeqbaMCUf7TihocADyWJGsHXSw1Ov2iuV/Yo/A1olQU7KkKPeK/10+4qkgkpLODamE/iJDTOsLSOcTord1NAEkxEe0I6jEgtqwmx26gSdO6WPYqVdSYtm6t+JDAtjxiJynQLboVn2puJ/Xie18XWYMZmklkoyXxSnHFmFpn+jPtOUWD52BBPN3K2IDLHGxLp0FrZEYuIyCZYTWCXNaiXwK8H9Zbl2k6dTgFM4gwsI4ApqcAd1aACBAbzAK7x5mffufXif89Y1L585gQV4X7+LXJQZ</latexit>

(Extroversion) (Neuroticism)

Used by Pew Research in “Where 
Americans Find Meaning” study
to discover latent factors from open-
ended responses.  
https://bit.ly/2UKWcad

Blessing of dimensionality
New biomarkers for disease 
progression
(Ver Steeg et al, NeurIPS 2019)

http://corex.isi.edu/
http://wapo.st/2sabpAg
https://bit.ly/2UKWcad


“Gene expression programs” via “q-diffusion”

a) q-diffusion involves multilevel
interactions and power-law decay
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a) q-diffusion involves multilevel
interactions and power-law decay
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A “program” or “meta-gene” is a large set of genes 
that change in coordinated ways, as part of some 

biological process

How should we identify gene expression programs?
Don’t say single gene association studies

“q-diffusion” , a similarity measure 
for high-dimensional data:
- non-Euclidean
- Multi-level interactions
- Power law decayProgram 1

Program 2
Program 3



q-diffusive embedding reveals “light switches” 
in colorectal cancer study

Patient embeddings • Single cell RNAseq study for colorectal 
cancer
• Few samples, high-d
• Single cell data more targeted, but 

inherently noisy

• Unlike embeddings from PCA, ICA, NMF…, 
q-diffusive embeddings reveal 
characteristic branching structures

• “Programs” exhibit 2-10x gene ontology 
enrichment compared to other methods

• Branches reveal differential outcomes for 
treatments: bevacizumab, cetuximab

“switch” 
states

Local
Intrinsic
Dimensionality



Conclusion: discover macro “switch” states 
from microscopic data

Thanks to collaborators: 
Heinz-Josef Lenz (Keck), Joshua Millstein (Keck), and group, 
working on colorectal cancer
Paul Thompson (Keck) group, neuroimaging
Jose-Luis Ambite’s (ISI) group: bioinformatics, federated learning

Myrl Marmarelis (ISI), PhD student in my group

Contact: gversteeg@gmail.com
Thanks!

mailto:gversteeg@gmail.com

