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Pyramid wavefront sensor 
also has reduced sensitivity 

The island effect (IE)
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• Strong LWE signal


• Very sensitive WFS 
(Guyon 2005)


• Calibrate upstream 
statics 


• Non-common path 
aberrations



Keller et al. (2012) 
Korkiakoski et al. (2014) 
Wilby et al. (2018) 
Bos et al. (2020)

The Fast&Furious algorithm 

• Sequential phase diversity algorithm (Gonsalves 2002) 
- Can only run in closed loop


• Software only solution to FPWFS  
- Focal-plane images of (non-coronagraphic) PSFs  
- Control of the DM


• Assumptions: 
- Symmetric aperture 
- Monochromatic  
- Small phase approximation  
- No amplitude aberrations 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✓odd
<latexit sha1_base64="Do/MZxH1GtFUfuwNgZAcwypwzVI=">AAAB/HicbVDJSgNBEO2JW4zbaI5eGoPgKcxEQY9BLx4jmAWSEHp6apImPQvdNWIYxl/x4kERr36IN//GznLQxAcFj/eqqKrnJVJodJxvq7C2vrG5Vdwu7ezu7R/Yh0ctHaeKQ5PHMlYdj2mQIoImCpTQSRSw0JPQ9sY3U7/9AEqLOLrHSQL9kA0jEQjO0EgDu9zDESAbZD2ER8xi38/zgV1xqs4MdJW4C1IhCzQG9lfPj3kaQoRcMq27rpNgP2MKBZeQl3qphoTxMRtC19CIhaD72ez4nJ4axadBrExFSGfq74mMhVpPQs90hgxHetmbiv953RSDq34moiRFiPh8UZBKijGdJkF9oYCjnBjCuBLmVspHTDGOJq+SCcFdfnmVtGpV97xau7uo1K8XcRTJMTkhZ8Qll6RObkmDNAknE/JMXsmb9WS9WO/Wx7y1YC1myuQPrM8f0NiVhg==</latexit>

|Eeven|
<latexit sha1_base64="Tw8Xw/Ye44p5pIRBGEynMc0MEbk=">AAAB+nicbVBNS8NAEN3Ur1q/Wj16CRbBU0mqoMeiCB4r2A9oQ9lsp+3SzSbsTqol7U/x4kERr/4Sb/4bt20O2vpg4PHeDDPz/EhwjY7zbWXW1jc2t7LbuZ3dvf2DfOGwrsNYMaixUISq6VMNgkuoIUcBzUgBDXwBDX94M/MbI1Cah/IBxxF4Ae1L3uOMopE6+cLktpO0EZ4wgRHI6XTSyRedkjOHvUrclBRJimon/9XuhiwOQCITVOuW60ToJVQhZwKmuXasIaJsSPvQMlTSALSXzE+f2qdG6dq9UJmSaM/V3xMJDbQeB77pDCgO9LI3E//zWjH2rryEyyhGkGyxqBcLG0N7loPd5QoYirEhlClubrXZgCrK0KSVMyG4yy+vknq55J6XyvcXxcp1GkeWHJMTckZcckkq5I5USY0w8kieySt5sybWi/VufSxaM1Y6c0T+wPr8AVg4lLQ=</latexit>

✓ ⌧ 1
<latexit sha1_base64="CGopW40UoQi/6D1rS4Q20kcmYAM=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM120y7dbMLuRCihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8Lx3czvPHFtRKIecZLyIKZDJSLBKFrJ93HEkRJfSuL1K1W35s5BVolXkCoUaPYrX/4gYVnMFTJJjel5bopBTjUKJvm07GeGp5SN6ZD3LFU05ibI5zdPyblVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XyzC6CXKh0gy5YotFUSYJJmQWABkIzRnKiSWUaWFvJWxENWVoYyrbELzll1dJu17zLmv1h6tq47aIowSncAYX4ME1NOAemtACBik8wyu8OZnz4rw7H4vWNaeYOYE/cD5/ABQ/kQ0=</latexit>

Keller et al. (2012) 
Korkiakoski et al. (2014) 
Wilby et al. (2018) 
Bos et al. (2020)

The Fast&Furious algorithm 



Ii
<latexit sha1_base64="KC99GWWBJMR5w7Bwod8kmm9tTC0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF71VsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJRzOLqS/wWLKQEWwy6X7I0LBac+tuDrRKvILUoEBrWP0ajCKSCCoN4VjrvufGxk+xMoxwOq8MEk1jTKZ4TPuWSiyo9tP81jk6s8oIhZGyJQ3K1d8TKRZaz0RgOwU2E73sZeJ/Xj8x4bWfMhknhkqyWBQmHJkIZY+jEVOUGD6zBBPF7K2ITLDCxNh4KjYEb/nlVdJp1L2LeuPhsta8KeIowwmcwjl4cAVNuIMWtIHABJ7hFd4c4bw4787HorXkFDPH8AfO5w9wvY3X</latexit>

Ii,odd
<latexit sha1_base64="OSKSPtXwrueznlV5iowoVWlzuWw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgQkpSBV0W3eiugn1AG8JkMmmHTh7M3EhLyK+4caGIW3/EnX/jtM1CWw9cOJxzL/fe4yWCK7Csb6O0tr6xuVXeruzs7u0fmIfVjopTSVmbxiKWPY8oJnjE2sBBsF4iGQk9wbre+Hbmd5+YVDyOHmGaMCckw4gHnBLQkmtW792Mn+MBsAlkse/nOXbNmlW35sCrxC5IDRVouebXwI9pGrIIqCBK9W0rAScjEjgVLK8MUsUSQsdkyPqaRiRkysnmt+f4VCs+DmKpKwI8V39PZCRUahp6ujMkMFLL3kz8z+unEFw7GY+SFFhEF4uCVGCI8SwI7HPJKIipJoRKrm/FdEQkoaDjqugQ7OWXV0mnUbcv6o2Hy1rzpoijjI7RCTpDNrpCTXSHWqiNKJqgZ/SK3ozceDHejY9Fa8koZo7QHxifP5jxlCg=</latexit>

Ii,even
<latexit sha1_base64="igzua0hMQ6X+/RE0PcfswG5ZPaE=">AAAB/HicbVDLSgNBEJz1GeMrmqOXwSB4kLAbBT0GvegtgnlAEsLspJMMmZ1dZnqDYVl/xYsHRbz6Id78GyePgyYWNBRV3XR3+ZEUBl3321lZXVvf2MxsZbd3dvf2cweHNRPGmkOVhzLUDZ8ZkEJBFQVKaEQaWOBLqPvDm4lfH4E2IlQPOI6gHbC+Ej3BGVqpk8vfdRJxRlsIj5jACFSa0k6u4BbdKegy8eakQOaodHJfrW7I4wAUcsmMaXpuhO2EaRRcQpptxQYixoesD01LFQvAtJPp8Sk9sUqX9kJtSyGdqr8nEhYYMw582xkwHJhFbyL+5zVj7F21E6GiGEHx2aJeLCmGdJIE7QoNHOXYEsa1sLdSPmCacbR5ZW0I3uLLy6RWKnrnxdL9RaF8PY8jQ47IMTklHrkkZXJLKqRKOBmTZ/JK3pwn58V5dz5mrSvOfCZP/sD5/AF5mJSp</latexit>

Ii�1
<latexit sha1_base64="cuoGo+qfO1MtV1bL4T2LZRSvhME=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbAbBT0GvegtgnlAsoTZSScZMju7zswKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8MOMY/ZAOJO9zRo2VWnfdlJ95E9ItltyyOwNZJl5GSpCh1i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+d3TshJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+SmXcWJQsvmifiKIicj0edLjCpkRY0soU9zeStiQKsqMjahgQ/AWX14mjUrZOy9X7i9K1essjjwcwTGcggeXUIVbqEEdGAh4hld4cx6dF+fd+Zi35pxs5hD+wPn8ARKej1U=</latexit>

✓diversity
<latexit sha1_base64="Dc0IK0gW0JurCrH/OsZ1lbbYjeU=">AAACAnicbVDLSsNAFJ34rPUVdSVugkVwVZIq6LLoxmUF+4C2lMnkph06eTBzI4ZQ3Pgrblwo4tavcOffOE2z0NYDA4dzzuXOPW4suELb/jaWlldW19ZLG+XNre2dXXNvv6WiRDJoskhEsuNSBYKH0ESOAjqxBBq4Atru+Hrqt+9BKh6Fd5jG0A/oMOQ+ZxS1NDAPezgCpIOsh/CAmcfzMKaTycCs2FU7h7VInIJUSIHGwPzqeRFLAgiRCapU17Fj7GdUImcCJuVeoiCmbEyH0NU0pAGofpafMLFOtOJZfiT1C9HK1d8TGQ2USgNXJwOKIzXvTcX/vG6C/mU/42GcIIRstshPhIWRNe3D8rgEhiLVhDLJ9V8tNqKSMtRFlHUJzvzJi6RVqzpn1drteaV+VdRRIkfkmJwSh1yQOrkhDdIkjDySZ/JK3own48V4Nz5m0SWjmDkgf2B8/gDzhJhu</latexit>

Eodd
<latexit sha1_base64="qeiDSZteWsM7i0JjBCIODmImQ9o=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld0q6LEogscK9gPatWSzaRuaTZZkVi3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34LrfztLyyuraemGjuLm1vbNb2ttvGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsHoauK3Hpg2XMk7GMfMj8hA8j6nBKx0f91Lu8CeIFVhmGW9UtmtuFPgReLlpIxy1Hulr26oaBIxCVQQYzqeG4OfEg2cCpYVu4lhMaEjMmAdSyWJmPHT6dUZPrZKiPtK25KAp+rviZRExoyjwHZGBIZm3puI/3mdBPoXfsplnACTdLaonwgMCk8iwCHXjIIYW0Ko5vZWTIdEEwo2qKINwZt/eZE0qxXvtFK9PSvXLvM4CugQHaET5KFzVEM3qI4aiCKNntErenMenRfn3fmYtS45+cwB+gPn8wcw0pL2</latexit>

✓odd
<latexit sha1_base64="Do/MZxH1GtFUfuwNgZAcwypwzVI=">AAAB/HicbVDJSgNBEO2JW4zbaI5eGoPgKcxEQY9BLx4jmAWSEHp6apImPQvdNWIYxl/x4kERr36IN//GznLQxAcFj/eqqKrnJVJodJxvq7C2vrG5Vdwu7ezu7R/Yh0ctHaeKQ5PHMlYdj2mQIoImCpTQSRSw0JPQ9sY3U7/9AEqLOLrHSQL9kA0jEQjO0EgDu9zDESAbZD2ER8xi38/zgV1xqs4MdJW4C1IhCzQG9lfPj3kaQoRcMq27rpNgP2MKBZeQl3qphoTxMRtC19CIhaD72ez4nJ4axadBrExFSGfq74mMhVpPQs90hgxHetmbiv953RSDq34moiRFiPh8UZBKijGdJkF9oYCjnBjCuBLmVspHTDGOJq+SCcFdfnmVtGpV97xau7uo1K8XcRTJMTkhZ8Qll6RObkmDNAknE/JMXsmb9WS9WO/Wx7y1YC1myuQPrM8f0NiVhg==</latexit>

|Eeven|
<latexit sha1_base64="Tw8Xw/Ye44p5pIRBGEynMc0MEbk=">AAAB+nicbVBNS8NAEN3Ur1q/Wj16CRbBU0mqoMeiCB4r2A9oQ9lsp+3SzSbsTqol7U/x4kERr/4Sb/4bt20O2vpg4PHeDDPz/EhwjY7zbWXW1jc2t7LbuZ3dvf2DfOGwrsNYMaixUISq6VMNgkuoIUcBzUgBDXwBDX94M/MbI1Cah/IBxxF4Ae1L3uOMopE6+cLktpO0EZ4wgRHI6XTSyRedkjOHvUrclBRJimon/9XuhiwOQCITVOuW60ToJVQhZwKmuXasIaJsSPvQMlTSALSXzE+f2qdG6dq9UJmSaM/V3xMJDbQeB77pDCgO9LI3E//zWjH2rryEyyhGkGyxqBcLG0N7loPd5QoYirEhlClubrXZgCrK0KSVMyG4yy+vknq55J6XyvcXxcp1GkeWHJMTckZcckkq5I5USY0w8kieySt5sybWi/VufSxaM1Y6c0T+wPr8AVg4lLQ=</latexit>

✓ ⌧ 1
<latexit sha1_base64="CGopW40UoQi/6D1rS4Q20kcmYAM=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM120y7dbMLuRCihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8Lx3czvPHFtRKIecZLyIKZDJSLBKFrJ93HEkRJfSuL1K1W35s5BVolXkCoUaPYrX/4gYVnMFTJJjel5bopBTjUKJvm07GeGp5SN6ZD3LFU05ibI5zdPyblVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XyzC6CXKh0gy5YotFUSYJJmQWABkIzRnKiSWUaWFvJWxENWVoYyrbELzll1dJu17zLmv1h6tq47aIowSncAYX4ME1NOAemtACBik8wyu8OZnz4rw7H4vWNaeYOYE/cD5/ABQ/kQ0=</latexit>

Keller et al. (2012) 
Korkiakoski et al. (2014) 
Wilby et al. (2018) 
Bos et al. (2020)

The Fast&Furious algorithm 



Ii
<latexit sha1_base64="KC99GWWBJMR5w7Bwod8kmm9tTC0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF71VsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJRzOLqS/wWLKQEWwy6X7I0LBac+tuDrRKvILUoEBrWP0ajCKSCCoN4VjrvufGxk+xMoxwOq8MEk1jTKZ4TPuWSiyo9tP81jk6s8oIhZGyJQ3K1d8TKRZaz0RgOwU2E73sZeJ/Xj8x4bWfMhknhkqyWBQmHJkIZY+jEVOUGD6zBBPF7K2ITLDCxNh4KjYEb/nlVdJp1L2LeuPhsta8KeIowwmcwjl4cAVNuIMWtIHABJ7hFd4c4bw4787HorXkFDPH8AfO5w9wvY3X</latexit>

Ii,odd
<latexit sha1_base64="OSKSPtXwrueznlV5iowoVWlzuWw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgQkpSBV0W3eiugn1AG8JkMmmHTh7M3EhLyK+4caGIW3/EnX/jtM1CWw9cOJxzL/fe4yWCK7Csb6O0tr6xuVXeruzs7u0fmIfVjopTSVmbxiKWPY8oJnjE2sBBsF4iGQk9wbre+Hbmd5+YVDyOHmGaMCckw4gHnBLQkmtW792Mn+MBsAlkse/nOXbNmlW35sCrxC5IDRVouebXwI9pGrIIqCBK9W0rAScjEjgVLK8MUsUSQsdkyPqaRiRkysnmt+f4VCs+DmKpKwI8V39PZCRUahp6ujMkMFLL3kz8z+unEFw7GY+SFFhEF4uCVGCI8SwI7HPJKIipJoRKrm/FdEQkoaDjqugQ7OWXV0mnUbcv6o2Hy1rzpoijjI7RCTpDNrpCTXSHWqiNKJqgZ/SK3ozceDHejY9Fa8koZo7QHxifP5jxlCg=</latexit>

Ii,even
<latexit sha1_base64="igzua0hMQ6X+/RE0PcfswG5ZPaE=">AAAB/HicbVDLSgNBEJz1GeMrmqOXwSB4kLAbBT0GvegtgnlAEsLspJMMmZ1dZnqDYVl/xYsHRbz6Id78GyePgyYWNBRV3XR3+ZEUBl3321lZXVvf2MxsZbd3dvf2cweHNRPGmkOVhzLUDZ8ZkEJBFQVKaEQaWOBLqPvDm4lfH4E2IlQPOI6gHbC+Ej3BGVqpk8vfdRJxRlsIj5jACFSa0k6u4BbdKegy8eakQOaodHJfrW7I4wAUcsmMaXpuhO2EaRRcQpptxQYixoesD01LFQvAtJPp8Sk9sUqX9kJtSyGdqr8nEhYYMw582xkwHJhFbyL+5zVj7F21E6GiGEHx2aJeLCmGdJIE7QoNHOXYEsa1sLdSPmCacbR5ZW0I3uLLy6RWKnrnxdL9RaF8PY8jQ47IMTklHrkkZXJLKqRKOBmTZ/JK3pwn58V5dz5mrSvOfCZP/sD5/AF5mJSp</latexit>

Ii�1,even
<latexit sha1_base64="u1ZLMOw+3X4mL5d3esT9vVCiMls=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAIHjTsRkGPQS96i2AekIQwO+kkQ2Znl5neYFgC/ooXD4p49Tu8+TdOHgdNLGgoqrrp7vIjKQy67reTWlpeWV1Lr2c2Nre2d7K7exUTxppDmYcy1DWfGZBCQRkFSqhFGljgS6j6/ZuxXx2ANiJUDziMoBmwrhIdwRlaqZU9uGsl4sw7pQ2ER0xgAGo0oq1szs27E9BF4s1IjsxQamW/Gu2QxwEo5JIZU/fcCJsJ0yi4hFGmERuIGO+zLtQtVSwA00wm54/osVXatBNqWwrpRP09kbDAmGHg286AYc/Me2PxP68eY+eqmQgVxQiKTxd1YkkxpOMsaFto4CiHljCuhb2V8h7TjKNNLGND8OZfXiSVQt47zxfuL3LF61kcaXJIjsgJ8cglKZJbUiJlwklCnskreXOenBfn3fmYtqac2cw++QPn8wdbNpUb</latexit>

Ii�1
<latexit sha1_base64="cuoGo+qfO1MtV1bL4T2LZRSvhME=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbAbBT0GvegtgnlAsoTZSScZMju7zswKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8MOMY/ZAOJO9zRo2VWnfdlJ95E9ItltyyOwNZJl5GSpCh1i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+d3TshJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+SmXcWJQsvmifiKIicj0edLjCpkRY0soU9zeStiQKsqMjahgQ/AWX14mjUrZOy9X7i9K1essjjwcwTGcggeXUIVbqEEdGAh4hld4cx6dF+fd+Zi35pxs5hD+wPn8ARKej1U=</latexit>

✓diversity
<latexit sha1_base64="Dc0IK0gW0JurCrH/OsZ1lbbYjeU=">AAACAnicbVDLSsNAFJ34rPUVdSVugkVwVZIq6LLoxmUF+4C2lMnkph06eTBzI4ZQ3Pgrblwo4tavcOffOE2z0NYDA4dzzuXOPW4suELb/jaWlldW19ZLG+XNre2dXXNvv6WiRDJoskhEsuNSBYKH0ESOAjqxBBq4Atru+Hrqt+9BKh6Fd5jG0A/oMOQ+ZxS1NDAPezgCpIOsh/CAmcfzMKaTycCs2FU7h7VInIJUSIHGwPzqeRFLAgiRCapU17Fj7GdUImcCJuVeoiCmbEyH0NU0pAGofpafMLFOtOJZfiT1C9HK1d8TGQ2USgNXJwOKIzXvTcX/vG6C/mU/42GcIIRstshPhIWRNe3D8rgEhiLVhDLJ9V8tNqKSMtRFlHUJzvzJi6RVqzpn1drteaV+VdRRIkfkmJwSh1yQOrkhDdIkjDySZ/JK3own48V4Nz5m0SWjmDkgf2B8/gDzhJhu</latexit>

Eodd
<latexit sha1_base64="qeiDSZteWsM7i0JjBCIODmImQ9o=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld0q6LEogscK9gPatWSzaRuaTZZkVi3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34LrfztLyyuraemGjuLm1vbNb2ttvGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsHoauK3Hpg2XMk7GMfMj8hA8j6nBKx0f91Lu8CeIFVhmGW9UtmtuFPgReLlpIxy1Hulr26oaBIxCVQQYzqeG4OfEg2cCpYVu4lhMaEjMmAdSyWJmPHT6dUZPrZKiPtK25KAp+rviZRExoyjwHZGBIZm3puI/3mdBPoXfsplnACTdLaonwgMCk8iwCHXjIIYW0Ko5vZWTIdEEwo2qKINwZt/eZE0qxXvtFK9PSvXLvM4CugQHaET5KFzVEM3qI4aiCKNntErenMenRfn3fmYtS45+cwB+gPn8wcw0pL2</latexit>

✓odd
<latexit sha1_base64="Do/MZxH1GtFUfuwNgZAcwypwzVI=">AAAB/HicbVDJSgNBEO2JW4zbaI5eGoPgKcxEQY9BLx4jmAWSEHp6apImPQvdNWIYxl/x4kERr36IN//GznLQxAcFj/eqqKrnJVJodJxvq7C2vrG5Vdwu7ezu7R/Yh0ctHaeKQ5PHMlYdj2mQIoImCpTQSRSw0JPQ9sY3U7/9AEqLOLrHSQL9kA0jEQjO0EgDu9zDESAbZD2ER8xi38/zgV1xqs4MdJW4C1IhCzQG9lfPj3kaQoRcMq27rpNgP2MKBZeQl3qphoTxMRtC19CIhaD72ez4nJ4axadBrExFSGfq74mMhVpPQs90hgxHetmbiv953RSDq34moiRFiPh8UZBKijGdJkF9oYCjnBjCuBLmVspHTDGOJq+SCcFdfnmVtGpV97xau7uo1K8XcRTJMTkhZ8Qll6RObkmDNAknE/JMXsmb9WS9WO/Wx7y1YC1myuQPrM8f0NiVhg==</latexit>

|Eeven|
<latexit sha1_base64="Tw8Xw/Ye44p5pIRBGEynMc0MEbk=">AAAB+nicbVBNS8NAEN3Ur1q/Wj16CRbBU0mqoMeiCB4r2A9oQ9lsp+3SzSbsTqol7U/x4kERr/4Sb/4bt20O2vpg4PHeDDPz/EhwjY7zbWXW1jc2t7LbuZ3dvf2DfOGwrsNYMaixUISq6VMNgkuoIUcBzUgBDXwBDX94M/MbI1Cah/IBxxF4Ae1L3uOMopE6+cLktpO0EZ4wgRHI6XTSyRedkjOHvUrclBRJimon/9XuhiwOQCITVOuW60ToJVQhZwKmuXasIaJsSPvQMlTSALSXzE+f2qdG6dq9UJmSaM/V3xMJDbQeB77pDCgO9LI3E//zWjH2rryEyyhGkGyxqBcLG0N7loPd5QoYirEhlClubrXZgCrK0KSVMyG4yy+vknq55J6XyvcXxcp1GkeWHJMTckZcckkq5I5USY0w8kieySt5sybWi/VufSxaM1Y6c0T+wPr8AVg4lLQ=</latexit>

✓ ⌧ 1
<latexit sha1_base64="CGopW40UoQi/6D1rS4Q20kcmYAM=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM120y7dbMLuRCihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8Lx3czvPHFtRKIecZLyIKZDJSLBKFrJ93HEkRJfSuL1K1W35s5BVolXkCoUaPYrX/4gYVnMFTJJjel5bopBTjUKJvm07GeGp5SN6ZD3LFU05ibI5zdPyblVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XyzC6CXKh0gy5YotFUSYJJmQWABkIzRnKiSWUaWFvJWxENWVoYyrbELzll1dJu17zLmv1h6tq47aIowSncAYX4ME1NOAemtACBik8wyu8OZnz4rw7H4vWNaeYOYE/cD5/ABQ/kQ0=</latexit>

Keller et al. (2012) 
Korkiakoski et al. (2014) 
Wilby et al. (2018) 
Bos et al. (2020)

The Fast&Furious algorithm 



Ii
<latexit sha1_base64="KC99GWWBJMR5w7Bwod8kmm9tTC0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF71VsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJRzOLqS/wWLKQEWwy6X7I0LBac+tuDrRKvILUoEBrWP0ajCKSCCoN4VjrvufGxk+xMoxwOq8MEk1jTKZ4TPuWSiyo9tP81jk6s8oIhZGyJQ3K1d8TKRZaz0RgOwU2E73sZeJ/Xj8x4bWfMhknhkqyWBQmHJkIZY+jEVOUGD6zBBPF7K2ITLDCxNh4KjYEb/nlVdJp1L2LeuPhsta8KeIowwmcwjl4cAVNuIMWtIHABJ7hFd4c4bw4787HorXkFDPH8AfO5w9wvY3X</latexit>

Ii,odd
<latexit sha1_base64="OSKSPtXwrueznlV5iowoVWlzuWw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgQkpSBV0W3eiugn1AG8JkMmmHTh7M3EhLyK+4caGIW3/EnX/jtM1CWw9cOJxzL/fe4yWCK7Csb6O0tr6xuVXeruzs7u0fmIfVjopTSVmbxiKWPY8oJnjE2sBBsF4iGQk9wbre+Hbmd5+YVDyOHmGaMCckw4gHnBLQkmtW792Mn+MBsAlkse/nOXbNmlW35sCrxC5IDRVouebXwI9pGrIIqCBK9W0rAScjEjgVLK8MUsUSQsdkyPqaRiRkysnmt+f4VCs+DmKpKwI8V39PZCRUahp6ujMkMFLL3kz8z+unEFw7GY+SFFhEF4uCVGCI8SwI7HPJKIipJoRKrm/FdEQkoaDjqugQ7OWXV0mnUbcv6o2Hy1rzpoijjI7RCTpDNrpCTXSHWqiNKJqgZ/SK3ozceDHejY9Fa8koZo7QHxifP5jxlCg=</latexit>

Ii,even
<latexit sha1_base64="igzua0hMQ6X+/RE0PcfswG5ZPaE=">AAAB/HicbVDLSgNBEJz1GeMrmqOXwSB4kLAbBT0GvegtgnlAEsLspJMMmZ1dZnqDYVl/xYsHRbz6Id78GyePgyYWNBRV3XR3+ZEUBl3321lZXVvf2MxsZbd3dvf2cweHNRPGmkOVhzLUDZ8ZkEJBFQVKaEQaWOBLqPvDm4lfH4E2IlQPOI6gHbC+Ej3BGVqpk8vfdRJxRlsIj5jACFSa0k6u4BbdKegy8eakQOaodHJfrW7I4wAUcsmMaXpuhO2EaRRcQpptxQYixoesD01LFQvAtJPp8Sk9sUqX9kJtSyGdqr8nEhYYMw582xkwHJhFbyL+5zVj7F21E6GiGEHx2aJeLCmGdJIE7QoNHOXYEsa1sLdSPmCacbR5ZW0I3uLLy6RWKnrnxdL9RaF8PY8jQ47IMTklHrkkZXJLKqRKOBmTZ/JK3pwn58V5dz5mrSvOfCZP/sD5/AF5mJSp</latexit>

Ii�1,even
<latexit sha1_base64="u1ZLMOw+3X4mL5d3esT9vVCiMls=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAIHjTsRkGPQS96i2AekIQwO+kkQ2Znl5neYFgC/ooXD4p49Tu8+TdOHgdNLGgoqrrp7vIjKQy67reTWlpeWV1Lr2c2Nre2d7K7exUTxppDmYcy1DWfGZBCQRkFSqhFGljgS6j6/ZuxXx2ANiJUDziMoBmwrhIdwRlaqZU9uGsl4sw7pQ2ER0xgAGo0oq1szs27E9BF4s1IjsxQamW/Gu2QxwEo5JIZU/fcCJsJ0yi4hFGmERuIGO+zLtQtVSwA00wm54/osVXatBNqWwrpRP09kbDAmGHg286AYc/Me2PxP68eY+eqmQgVxQiKTxd1YkkxpOMsaFto4CiHljCuhb2V8h7TjKNNLGND8OZfXiSVQt47zxfuL3LF61kcaXJIjsgJ8cglKZJbUiJlwklCnskreXOenBfn3fmYtqac2cw++QPn8wdbNpUb</latexit>

Ii�1
<latexit sha1_base64="cuoGo+qfO1MtV1bL4T2LZRSvhME=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbAbBT0GvegtgnlAsoTZSScZMju7zswKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8MOMY/ZAOJO9zRo2VWnfdlJ95E9ItltyyOwNZJl5GSpCh1i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+d3TshJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+SmXcWJQsvmifiKIicj0edLjCpkRY0soU9zeStiQKsqMjahgQ/AWX14mjUrZOy9X7i9K1essjjwcwTGcggeXUIVbqEEdGAh4hld4cx6dF+fd+Zi35pxs5hD+wPn8ARKej1U=</latexit>

✓diversity
<latexit sha1_base64="Dc0IK0gW0JurCrH/OsZ1lbbYjeU=">AAACAnicbVDLSsNAFJ34rPUVdSVugkVwVZIq6LLoxmUF+4C2lMnkph06eTBzI4ZQ3Pgrblwo4tavcOffOE2z0NYDA4dzzuXOPW4suELb/jaWlldW19ZLG+XNre2dXXNvv6WiRDJoskhEsuNSBYKH0ESOAjqxBBq4Atru+Hrqt+9BKh6Fd5jG0A/oMOQ+ZxS1NDAPezgCpIOsh/CAmcfzMKaTycCs2FU7h7VInIJUSIHGwPzqeRFLAgiRCapU17Fj7GdUImcCJuVeoiCmbEyH0NU0pAGofpafMLFOtOJZfiT1C9HK1d8TGQ2USgNXJwOKIzXvTcX/vG6C/mU/42GcIIRstshPhIWRNe3D8rgEhiLVhDLJ9V8tNqKSMtRFlHUJzvzJi6RVqzpn1drteaV+VdRRIkfkmJwSh1yQOrkhDdIkjDySZ/JK3own48V4Nz5m0SWjmDkgf2B8/gDzhJhu</latexit>

Eodd
<latexit sha1_base64="qeiDSZteWsM7i0JjBCIODmImQ9o=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld0q6LEogscK9gPatWSzaRuaTZZkVi3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34LrfztLyyuraemGjuLm1vbNb2ttvGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsHoauK3Hpg2XMk7GMfMj8hA8j6nBKx0f91Lu8CeIFVhmGW9UtmtuFPgReLlpIxy1Hulr26oaBIxCVQQYzqeG4OfEg2cCpYVu4lhMaEjMmAdSyWJmPHT6dUZPrZKiPtK25KAp+rviZRExoyjwHZGBIZm3puI/3mdBPoXfsplnACTdLaonwgMCk8iwCHXjIIYW0Ko5vZWTIdEEwo2qKINwZt/eZE0qxXvtFK9PSvXLvM4CugQHaET5KFzVEM3qI4aiCKNntErenMenRfn3fmYtS45+cwB+gPn8wcw0pL2</latexit>

✓odd
<latexit sha1_base64="Do/MZxH1GtFUfuwNgZAcwypwzVI=">AAAB/HicbVDJSgNBEO2JW4zbaI5eGoPgKcxEQY9BLx4jmAWSEHp6apImPQvdNWIYxl/x4kERr36IN//GznLQxAcFj/eqqKrnJVJodJxvq7C2vrG5Vdwu7ezu7R/Yh0ctHaeKQ5PHMlYdj2mQIoImCpTQSRSw0JPQ9sY3U7/9AEqLOLrHSQL9kA0jEQjO0EgDu9zDESAbZD2ER8xi38/zgV1xqs4MdJW4C1IhCzQG9lfPj3kaQoRcMq27rpNgP2MKBZeQl3qphoTxMRtC19CIhaD72ez4nJ4axadBrExFSGfq74mMhVpPQs90hgxHetmbiv953RSDq34moiRFiPh8UZBKijGdJkF9oYCjnBjCuBLmVspHTDGOJq+SCcFdfnmVtGpV97xau7uo1K8XcRTJMTkhZ8Qll6RObkmDNAknE/JMXsmb9WS9WO/Wx7y1YC1myuQPrM8f0NiVhg==</latexit>

|Eeven|
<latexit sha1_base64="Tw8Xw/Ye44p5pIRBGEynMc0MEbk=">AAAB+nicbVBNS8NAEN3Ur1q/Wj16CRbBU0mqoMeiCB4r2A9oQ9lsp+3SzSbsTqol7U/x4kERr/4Sb/4bt20O2vpg4PHeDDPz/EhwjY7zbWXW1jc2t7LbuZ3dvf2DfOGwrsNYMaixUISq6VMNgkuoIUcBzUgBDXwBDX94M/MbI1Cah/IBxxF4Ae1L3uOMopE6+cLktpO0EZ4wgRHI6XTSyRedkjOHvUrclBRJimon/9XuhiwOQCITVOuW60ToJVQhZwKmuXasIaJsSPvQMlTSALSXzE+f2qdG6dq9UJmSaM/V3xMJDbQeB77pDCgO9LI3E//zWjH2rryEyyhGkGyxqBcLG0N7loPd5QoYirEhlClubrXZgCrK0KSVMyG4yy+vknq55J6XyvcXxcp1GkeWHJMTckZcckkq5I5USY0w8kieySt5sybWi/VufSxaM1Y6c0T+wPr8AVg4lLQ=</latexit>

sign(Eeven)
<latexit sha1_base64="DhVSU5TVeg2c6MHvafJkqWlT4J0=">AAACBXicbVA9SwNBEN3zM8avqKUWh0GITbiLgpZBESwjmA9IQtjbTJIle3vH7lwwHNfY+FdsLBSx9T/Y+W/cJFdo4oOBt+/NsDPPCwXX6Djf1tLyyuraemYju7m1vbOb29uv6SBSDKosEIFqeFSD4BKqyFFAI1RAfU9A3RteT/z6CJTmgbzHcQhtn/Yl73FG0Uid3FEL4QFjzfsyKdx04tkTRiCT5LSTyztFZwp7kbgpyZMUlU7uq9UNWOSDRCao1k3XCbEdU4WcCUiyrUhDSNmQ9qFpqKQ+6HY8vSKxT4zStXuBMiXRnqq/J2Lqaz32PdPpUxzoeW8i/uc1I+xdtmMuwwhBstlHvUjYGNiTSOwuV8BQjA2hTHGzq80GVFGGJrisCcGdP3mR1EpF96xYujvPl6/SODLkkByTAnHJBSmTW1IhVcLII3kmr+TNerJerHfrY9a6ZKUzB+QPrM8fmlOZRQ==</latexit>

✓ ⌧ 1
<latexit sha1_base64="CGopW40UoQi/6D1rS4Q20kcmYAM=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM120y7dbMLuRCihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8Lx3czvPHFtRKIecZLyIKZDJSLBKFrJ93HEkRJfSuL1K1W35s5BVolXkCoUaPYrX/4gYVnMFTJJjel5bopBTjUKJvm07GeGp5SN6ZD3LFU05ibI5zdPyblVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XyzC6CXKh0gy5YotFUSYJJmQWABkIzRnKiSWUaWFvJWxENWVoYyrbELzll1dJu17zLmv1h6tq47aIowSncAYX4ME1NOAemtACBik8wyu8OZnz4rw7H4vWNaeYOYE/cD5/ABQ/kQ0=</latexit>

Keller et al. (2012) 
Korkiakoski et al. (2014) 
Wilby et al. (2018) 
Bos et al. (2020)

The Fast&Furious algorithm 



Ii
<latexit sha1_base64="KC99GWWBJMR5w7Bwod8kmm9tTC0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF71VsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJRzOLqS/wWLKQEWwy6X7I0LBac+tuDrRKvILUoEBrWP0ajCKSCCoN4VjrvufGxk+xMoxwOq8MEk1jTKZ4TPuWSiyo9tP81jk6s8oIhZGyJQ3K1d8TKRZaz0RgOwU2E73sZeJ/Xj8x4bWfMhknhkqyWBQmHJkIZY+jEVOUGD6zBBPF7K2ITLDCxNh4KjYEb/nlVdJp1L2LeuPhsta8KeIowwmcwjl4cAVNuIMWtIHABJ7hFd4c4bw4787HorXkFDPH8AfO5w9wvY3X</latexit>

Ii,odd
<latexit sha1_base64="OSKSPtXwrueznlV5iowoVWlzuWw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgQkpSBV0W3eiugn1AG8JkMmmHTh7M3EhLyK+4caGIW3/EnX/jtM1CWw9cOJxzL/fe4yWCK7Csb6O0tr6xuVXeruzs7u0fmIfVjopTSVmbxiKWPY8oJnjE2sBBsF4iGQk9wbre+Hbmd5+YVDyOHmGaMCckw4gHnBLQkmtW792Mn+MBsAlkse/nOXbNmlW35sCrxC5IDRVouebXwI9pGrIIqCBK9W0rAScjEjgVLK8MUsUSQsdkyPqaRiRkysnmt+f4VCs+DmKpKwI8V39PZCRUahp6ujMkMFLL3kz8z+unEFw7GY+SFFhEF4uCVGCI8SwI7HPJKIipJoRKrm/FdEQkoaDjqugQ7OWXV0mnUbcv6o2Hy1rzpoijjI7RCTpDNrpCTXSHWqiNKJqgZ/SK3ozceDHejY9Fa8koZo7QHxifP5jxlCg=</latexit>

Ii,even
<latexit sha1_base64="igzua0hMQ6X+/RE0PcfswG5ZPaE=">AAAB/HicbVDLSgNBEJz1GeMrmqOXwSB4kLAbBT0GvegtgnlAEsLspJMMmZ1dZnqDYVl/xYsHRbz6Id78GyePgyYWNBRV3XR3+ZEUBl3321lZXVvf2MxsZbd3dvf2cweHNRPGmkOVhzLUDZ8ZkEJBFQVKaEQaWOBLqPvDm4lfH4E2IlQPOI6gHbC+Ej3BGVqpk8vfdRJxRlsIj5jACFSa0k6u4BbdKegy8eakQOaodHJfrW7I4wAUcsmMaXpuhO2EaRRcQpptxQYixoesD01LFQvAtJPp8Sk9sUqX9kJtSyGdqr8nEhYYMw582xkwHJhFbyL+5zVj7F21E6GiGEHx2aJeLCmGdJIE7QoNHOXYEsa1sLdSPmCacbR5ZW0I3uLLy6RWKnrnxdL9RaF8PY8jQ47IMTklHrkkZXJLKqRKOBmTZ/JK3pwn58V5dz5mrSvOfCZP/sD5/AF5mJSp</latexit>

Ii�1,even
<latexit sha1_base64="u1ZLMOw+3X4mL5d3esT9vVCiMls=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAIHjTsRkGPQS96i2AekIQwO+kkQ2Znl5neYFgC/ooXD4p49Tu8+TdOHgdNLGgoqrrp7vIjKQy67reTWlpeWV1Lr2c2Nre2d7K7exUTxppDmYcy1DWfGZBCQRkFSqhFGljgS6j6/ZuxXx2ANiJUDziMoBmwrhIdwRlaqZU9uGsl4sw7pQ2ER0xgAGo0oq1szs27E9BF4s1IjsxQamW/Gu2QxwEo5JIZU/fcCJsJ0yi4hFGmERuIGO+zLtQtVSwA00wm54/osVXatBNqWwrpRP09kbDAmGHg286AYc/Me2PxP68eY+eqmQgVxQiKTxd1YkkxpOMsaFto4CiHljCuhb2V8h7TjKNNLGND8OZfXiSVQt47zxfuL3LF61kcaXJIjsgJ8cglKZJbUiJlwklCnskreXOenBfn3fmYtqac2cw++QPn8wdbNpUb</latexit>

Ii�1
<latexit sha1_base64="cuoGo+qfO1MtV1bL4T2LZRSvhME=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbAbBT0GvegtgnlAsoTZSScZMju7zswKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8MOMY/ZAOJO9zRo2VWnfdlJ95E9ItltyyOwNZJl5GSpCh1i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+d3TshJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+SmXcWJQsvmifiKIicj0edLjCpkRY0soU9zeStiQKsqMjahgQ/AWX14mjUrZOy9X7i9K1essjjwcwTGcggeXUIVbqEEdGAh4hld4cx6dF+fd+Zi35pxs5hD+wPn8ARKej1U=</latexit>

✓diversity
<latexit sha1_base64="Dc0IK0gW0JurCrH/OsZ1lbbYjeU=">AAACAnicbVDLSsNAFJ34rPUVdSVugkVwVZIq6LLoxmUF+4C2lMnkph06eTBzI4ZQ3Pgrblwo4tavcOffOE2z0NYDA4dzzuXOPW4suELb/jaWlldW19ZLG+XNre2dXXNvv6WiRDJoskhEsuNSBYKH0ESOAjqxBBq4Atru+Hrqt+9BKh6Fd5jG0A/oMOQ+ZxS1NDAPezgCpIOsh/CAmcfzMKaTycCs2FU7h7VInIJUSIHGwPzqeRFLAgiRCapU17Fj7GdUImcCJuVeoiCmbEyH0NU0pAGofpafMLFOtOJZfiT1C9HK1d8TGQ2USgNXJwOKIzXvTcX/vG6C/mU/42GcIIRstshPhIWRNe3D8rgEhiLVhDLJ9V8tNqKSMtRFlHUJzvzJi6RVqzpn1drteaV+VdRRIkfkmJwSh1yQOrkhDdIkjDySZ/JK3own48V4Nz5m0SWjmDkgf2B8/gDzhJhu</latexit>

Eodd
<latexit sha1_base64="qeiDSZteWsM7i0JjBCIODmImQ9o=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld0q6LEogscK9gPatWSzaRuaTZZkVi3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34LrfztLyyuraemGjuLm1vbNb2ttvGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsHoauK3Hpg2XMk7GMfMj8hA8j6nBKx0f91Lu8CeIFVhmGW9UtmtuFPgReLlpIxy1Hulr26oaBIxCVQQYzqeG4OfEg2cCpYVu4lhMaEjMmAdSyWJmPHT6dUZPrZKiPtK25KAp+rviZRExoyjwHZGBIZm3puI/3mdBPoXfsplnACTdLaonwgMCk8iwCHXjIIYW0Ko5vZWTIdEEwo2qKINwZt/eZE0qxXvtFK9PSvXLvM4CugQHaET5KFzVEM3qI4aiCKNntErenMenRfn3fmYtS45+cwB+gPn8wcw0pL2</latexit>

✓odd
<latexit sha1_base64="Do/MZxH1GtFUfuwNgZAcwypwzVI=">AAAB/HicbVDJSgNBEO2JW4zbaI5eGoPgKcxEQY9BLx4jmAWSEHp6apImPQvdNWIYxl/x4kERr36IN//GznLQxAcFj/eqqKrnJVJodJxvq7C2vrG5Vdwu7ezu7R/Yh0ctHaeKQ5PHMlYdj2mQIoImCpTQSRSw0JPQ9sY3U7/9AEqLOLrHSQL9kA0jEQjO0EgDu9zDESAbZD2ER8xi38/zgV1xqs4MdJW4C1IhCzQG9lfPj3kaQoRcMq27rpNgP2MKBZeQl3qphoTxMRtC19CIhaD72ez4nJ4axadBrExFSGfq74mMhVpPQs90hgxHetmbiv953RSDq34moiRFiPh8UZBKijGdJkF9oYCjnBjCuBLmVspHTDGOJq+SCcFdfnmVtGpV97xau7uo1K8XcRTJMTkhZ8Qll6RObkmDNAknE/JMXsmb9WS9WO/Wx7y1YC1myuQPrM8f0NiVhg==</latexit>

|Eeven|
<latexit sha1_base64="Tw8Xw/Ye44p5pIRBGEynMc0MEbk=">AAAB+nicbVBNS8NAEN3Ur1q/Wj16CRbBU0mqoMeiCB4r2A9oQ9lsp+3SzSbsTqol7U/x4kERr/4Sb/4bt20O2vpg4PHeDDPz/EhwjY7zbWXW1jc2t7LbuZ3dvf2DfOGwrsNYMaixUISq6VMNgkuoIUcBzUgBDXwBDX94M/MbI1Cah/IBxxF4Ae1L3uOMopE6+cLktpO0EZ4wgRHI6XTSyRedkjOHvUrclBRJimon/9XuhiwOQCITVOuW60ToJVQhZwKmuXasIaJsSPvQMlTSALSXzE+f2qdG6dq9UJmSaM/V3xMJDbQeB77pDCgO9LI3E//zWjH2rryEyyhGkGyxqBcLG0N7loPd5QoYirEhlClubrXZgCrK0KSVMyG4yy+vknq55J6XyvcXxcp1GkeWHJMTckZcckkq5I5USY0w8kieySt5sybWi/VufSxaM1Y6c0T+wPr8AVg4lLQ=</latexit>

sign(Eeven)
<latexit sha1_base64="DhVSU5TVeg2c6MHvafJkqWlT4J0=">AAACBXicbVA9SwNBEN3zM8avqKUWh0GITbiLgpZBESwjmA9IQtjbTJIle3vH7lwwHNfY+FdsLBSx9T/Y+W/cJFdo4oOBt+/NsDPPCwXX6Djf1tLyyuraemYju7m1vbOb29uv6SBSDKosEIFqeFSD4BKqyFFAI1RAfU9A3RteT/z6CJTmgbzHcQhtn/Yl73FG0Uid3FEL4QFjzfsyKdx04tkTRiCT5LSTyztFZwp7kbgpyZMUlU7uq9UNWOSDRCao1k3XCbEdU4WcCUiyrUhDSNmQ9qFpqKQ+6HY8vSKxT4zStXuBMiXRnqq/J2Lqaz32PdPpUxzoeW8i/uc1I+xdtmMuwwhBstlHvUjYGNiTSOwuV8BQjA2hTHGzq80GVFGGJrisCcGdP3mR1EpF96xYujvPl6/SODLkkByTAnHJBSmTW1IhVcLII3kmr+TNerJerHfrY9a6ZKUzB+QPrM8fmlOZRQ==</latexit>

Eeven
<latexit sha1_base64="VLCwVCRTR0wdjpO+hui9PdSdWeY=">AAAB+HicbVBNS8NAEN3Ur1o/WvXoJVgETyWpgh6LInisYD+gDWGznbZLN5uwOynWkF/ixYMiXv0p3vw3bj8O2vpg4PHeDDPzglhwjY7zbeXW1jc2t/LbhZ3dvf1i6eCwqaNEMWiwSESqHVANgktoIEcB7VgBDQMBrWB0M/VbY1CaR/IBJzF4IR1I3ueMopH8UvHWT7sIj5jCGGSW+aWyU3FmsFeJuyBlskDdL311exFLQpDIBNW64zoxeilVyJmArNBNNMSUjegAOoZKGoL20tnhmX1qlJ7dj5QpifZM/T2R0lDrSRiYzpDiUC97U/E/r5Ng/8pLuYwTBMnmi/qJsDGypynYPa6AoZgYQpni5labDamiDE1WBROCu/zyKmlWK+55pXp/Ua5dL+LIk2NyQs6ISy5JjdyROmkQRhLyTF7Jm/VkvVjv1se8NWctZo7IH1ifP4fXk6g=</latexit>

✓ ⌧ 1
<latexit sha1_base64="CGopW40UoQi/6D1rS4Q20kcmYAM=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM120y7dbMLuRCihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8Lx3czvPHFtRKIecZLyIKZDJSLBKFrJ93HEkRJfSuL1K1W35s5BVolXkCoUaPYrX/4gYVnMFTJJjel5bopBTjUKJvm07GeGp5SN6ZD3LFU05ibI5zdPyblVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XyzC6CXKh0gy5YotFUSYJJmQWABkIzRnKiSWUaWFvJWxENWVoYyrbELzll1dJu17zLmv1h6tq47aIowSncAYX4ME1NOAemtACBik8wyu8OZnz4rw7H4vWNaeYOYE/cD5/ABQ/kQ0=</latexit>

Keller et al. (2012) 
Korkiakoski et al. (2014) 
Wilby et al. (2018) 
Bos et al. (2020)

The Fast&Furious algorithm 



Ii
<latexit sha1_base64="KC99GWWBJMR5w7Bwod8kmm9tTC0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF71VsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJRzOLqS/wWLKQEWwy6X7I0LBac+tuDrRKvILUoEBrWP0ajCKSCCoN4VjrvufGxk+xMoxwOq8MEk1jTKZ4TPuWSiyo9tP81jk6s8oIhZGyJQ3K1d8TKRZaz0RgOwU2E73sZeJ/Xj8x4bWfMhknhkqyWBQmHJkIZY+jEVOUGD6zBBPF7K2ITLDCxNh4KjYEb/nlVdJp1L2LeuPhsta8KeIowwmcwjl4cAVNuIMWtIHABJ7hFd4c4bw4787HorXkFDPH8AfO5w9wvY3X</latexit>

Ii,odd
<latexit sha1_base64="OSKSPtXwrueznlV5iowoVWlzuWw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgQkpSBV0W3eiugn1AG8JkMmmHTh7M3EhLyK+4caGIW3/EnX/jtM1CWw9cOJxzL/fe4yWCK7Csb6O0tr6xuVXeruzs7u0fmIfVjopTSVmbxiKWPY8oJnjE2sBBsF4iGQk9wbre+Hbmd5+YVDyOHmGaMCckw4gHnBLQkmtW792Mn+MBsAlkse/nOXbNmlW35sCrxC5IDRVouebXwI9pGrIIqCBK9W0rAScjEjgVLK8MUsUSQsdkyPqaRiRkysnmt+f4VCs+DmKpKwI8V39PZCRUahp6ujMkMFLL3kz8z+unEFw7GY+SFFhEF4uCVGCI8SwI7HPJKIipJoRKrm/FdEQkoaDjqugQ7OWXV0mnUbcv6o2Hy1rzpoijjI7RCTpDNrpCTXSHWqiNKJqgZ/SK3ozceDHejY9Fa8koZo7QHxifP5jxlCg=</latexit>

Ii,even
<latexit sha1_base64="igzua0hMQ6X+/RE0PcfswG5ZPaE=">AAAB/HicbVDLSgNBEJz1GeMrmqOXwSB4kLAbBT0GvegtgnlAEsLspJMMmZ1dZnqDYVl/xYsHRbz6Id78GyePgyYWNBRV3XR3+ZEUBl3321lZXVvf2MxsZbd3dvf2cweHNRPGmkOVhzLUDZ8ZkEJBFQVKaEQaWOBLqPvDm4lfH4E2IlQPOI6gHbC+Ej3BGVqpk8vfdRJxRlsIj5jACFSa0k6u4BbdKegy8eakQOaodHJfrW7I4wAUcsmMaXpuhO2EaRRcQpptxQYixoesD01LFQvAtJPp8Sk9sUqX9kJtSyGdqr8nEhYYMw582xkwHJhFbyL+5zVj7F21E6GiGEHx2aJeLCmGdJIE7QoNHOXYEsa1sLdSPmCacbR5ZW0I3uLLy6RWKnrnxdL9RaF8PY8jQ47IMTklHrkkZXJLKqRKOBmTZ/JK3pwn58V5dz5mrSvOfCZP/sD5/AF5mJSp</latexit>

Ii�1,even
<latexit sha1_base64="u1ZLMOw+3X4mL5d3esT9vVCiMls=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAIHjTsRkGPQS96i2AekIQwO+kkQ2Znl5neYFgC/ooXD4p49Tu8+TdOHgdNLGgoqrrp7vIjKQy67reTWlpeWV1Lr2c2Nre2d7K7exUTxppDmYcy1DWfGZBCQRkFSqhFGljgS6j6/ZuxXx2ANiJUDziMoBmwrhIdwRlaqZU9uGsl4sw7pQ2ER0xgAGo0oq1szs27E9BF4s1IjsxQamW/Gu2QxwEo5JIZU/fcCJsJ0yi4hFGmERuIGO+zLtQtVSwA00wm54/osVXatBNqWwrpRP09kbDAmGHg286AYc/Me2PxP68eY+eqmQgVxQiKTxd1YkkxpOMsaFto4CiHljCuhb2V8h7TjKNNLGND8OZfXiSVQt47zxfuL3LF61kcaXJIjsgJ8cglKZJbUiJlwklCnskreXOenBfn3fmYtqac2cw++QPn8wdbNpUb</latexit>

Ii�1
<latexit sha1_base64="cuoGo+qfO1MtV1bL4T2LZRSvhME=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbAbBT0GvegtgnlAsoTZSScZMju7zswKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8MOMY/ZAOJO9zRo2VWnfdlJ95E9ItltyyOwNZJl5GSpCh1i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+d3TshJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+SmXcWJQsvmifiKIicj0edLjCpkRY0soU9zeStiQKsqMjahgQ/AWX14mjUrZOy9X7i9K1essjjwcwTGcggeXUIVbqEEdGAh4hld4cx6dF+fd+Zi35pxs5hD+wPn8ARKej1U=</latexit>

✓diversity
<latexit sha1_base64="Dc0IK0gW0JurCrH/OsZ1lbbYjeU=">AAACAnicbVDLSsNAFJ34rPUVdSVugkVwVZIq6LLoxmUF+4C2lMnkph06eTBzI4ZQ3Pgrblwo4tavcOffOE2z0NYDA4dzzuXOPW4suELb/jaWlldW19ZLG+XNre2dXXNvv6WiRDJoskhEsuNSBYKH0ESOAjqxBBq4Atru+Hrqt+9BKh6Fd5jG0A/oMOQ+ZxS1NDAPezgCpIOsh/CAmcfzMKaTycCs2FU7h7VInIJUSIHGwPzqeRFLAgiRCapU17Fj7GdUImcCJuVeoiCmbEyH0NU0pAGofpafMLFOtOJZfiT1C9HK1d8TGQ2USgNXJwOKIzXvTcX/vG6C/mU/42GcIIRstshPhIWRNe3D8rgEhiLVhDLJ9V8tNqKSMtRFlHUJzvzJi6RVqzpn1drteaV+VdRRIkfkmJwSh1yQOrkhDdIkjDySZ/JK3own48V4Nz5m0SWjmDkgf2B8/gDzhJhu</latexit>

Eodd
<latexit sha1_base64="qeiDSZteWsM7i0JjBCIODmImQ9o=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld0q6LEogscK9gPatWSzaRuaTZZkVi3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAU34LrfztLyyuraemGjuLm1vbNb2ttvGpVoyhpUCaXbATFMcMkawEGwdqwZiQLBWsHoauK3Hpg2XMk7GMfMj8hA8j6nBKx0f91Lu8CeIFVhmGW9UtmtuFPgReLlpIxy1Hulr26oaBIxCVQQYzqeG4OfEg2cCpYVu4lhMaEjMmAdSyWJmPHT6dUZPrZKiPtK25KAp+rviZRExoyjwHZGBIZm3puI/3mdBPoXfsplnACTdLaonwgMCk8iwCHXjIIYW0Ko5vZWTIdEEwo2qKINwZt/eZE0qxXvtFK9PSvXLvM4CugQHaET5KFzVEM3qI4aiCKNntErenMenRfn3fmYtS45+cwB+gPn8wcw0pL2</latexit>

✓odd
<latexit sha1_base64="Do/MZxH1GtFUfuwNgZAcwypwzVI=">AAAB/HicbVDJSgNBEO2JW4zbaI5eGoPgKcxEQY9BLx4jmAWSEHp6apImPQvdNWIYxl/x4kERr36IN//GznLQxAcFj/eqqKrnJVJodJxvq7C2vrG5Vdwu7ezu7R/Yh0ctHaeKQ5PHMlYdj2mQIoImCpTQSRSw0JPQ9sY3U7/9AEqLOLrHSQL9kA0jEQjO0EgDu9zDESAbZD2ER8xi38/zgV1xqs4MdJW4C1IhCzQG9lfPj3kaQoRcMq27rpNgP2MKBZeQl3qphoTxMRtC19CIhaD72ez4nJ4axadBrExFSGfq74mMhVpPQs90hgxHetmbiv953RSDq34moiRFiPh8UZBKijGdJkF9oYCjnBjCuBLmVspHTDGOJq+SCcFdfnmVtGpV97xau7uo1K8XcRTJMTkhZ8Qll6RObkmDNAknE/JMXsmb9WS9WO/Wx7y1YC1myuQPrM8f0NiVhg==</latexit>

✓even
<latexit sha1_base64="QyG2MY/VXVgbGtmL82qqJ5mJoe4=">AAAB/XicbVBNS8NAEN3Ur1q/4sfNS7AInkpSBT0WvXisYD+gLWWznbZLN5uwOynWEPwrXjwo4tX/4c1/47bNQVsfDDzem2Fmnh8JrtF1v63cyura+kZ+s7C1vbO7Z+8f1HUYKwY1FopQNX2qQXAJNeQooBkpoIEvoOGPbqZ+YwxK81De4ySCTkAHkvc5o2ikrn3UxiEg7SZthAdMYAwyTbt20S25MzjLxMtIkWSodu2vdi9kcQASmaBatzw3wk5CFXImIC20Yw0RZSM6gJahkgagO8ns+tQ5NUrP6YfKlERnpv6eSGig9STwTWdAcagXvan4n9eKsX/VSbiMYgTJ5ov6sXAwdKZROD2ugKGYGEKZ4uZWhw2pogxNYAUTgrf48jKpl0veeal8d1GsXGdx5MkxOSFnxCOXpEJuSZXUCCOP5Jm8kjfryXqx3q2PeWvOymYOyR9Ynz+yfpYH</latexit>

|Eeven|
<latexit sha1_base64="Tw8Xw/Ye44p5pIRBGEynMc0MEbk=">AAAB+nicbVBNS8NAEN3Ur1q/Wj16CRbBU0mqoMeiCB4r2A9oQ9lsp+3SzSbsTqol7U/x4kERr/4Sb/4bt20O2vpg4PHeDDPz/EhwjY7zbWXW1jc2t7LbuZ3dvf2DfOGwrsNYMaixUISq6VMNgkuoIUcBzUgBDXwBDX94M/MbI1Cah/IBxxF4Ae1L3uOMopE6+cLktpO0EZ4wgRHI6XTSyRedkjOHvUrclBRJimon/9XuhiwOQCITVOuW60ToJVQhZwKmuXasIaJsSPvQMlTSALSXzE+f2qdG6dq9UJmSaM/V3xMJDbQeB77pDCgO9LI3E//zWjH2rryEyyhGkGyxqBcLG0N7loPd5QoYirEhlClubrXZgCrK0KSVMyG4yy+vknq55J6XyvcXxcp1GkeWHJMTckZcckkq5I5USY0w8kieySt5sybWi/VufSxaM1Y6c0T+wPr8AVg4lLQ=</latexit>

sign(Eeven)
<latexit sha1_base64="DhVSU5TVeg2c6MHvafJkqWlT4J0=">AAACBXicbVA9SwNBEN3zM8avqKUWh0GITbiLgpZBESwjmA9IQtjbTJIle3vH7lwwHNfY+FdsLBSx9T/Y+W/cJFdo4oOBt+/NsDPPCwXX6Djf1tLyyuraemYju7m1vbOb29uv6SBSDKosEIFqeFSD4BKqyFFAI1RAfU9A3RteT/z6CJTmgbzHcQhtn/Yl73FG0Uid3FEL4QFjzfsyKdx04tkTRiCT5LSTyztFZwp7kbgpyZMUlU7uq9UNWOSDRCao1k3XCbEdU4WcCUiyrUhDSNmQ9qFpqKQ+6HY8vSKxT4zStXuBMiXRnqq/J2Lqaz32PdPpUxzoeW8i/uc1I+xdtmMuwwhBstlHvUjYGNiTSOwuV8BQjA2hTHGzq80GVFGGJrisCcGdP3mR1EpF96xYujvPl6/SODLkkByTAnHJBSmTW1IhVcLII3kmr+TNerJerHfrY9a6ZKUzB+QPrM8fmlOZRQ==</latexit>

Eeven
<latexit sha1_base64="VLCwVCRTR0wdjpO+hui9PdSdWeY=">AAAB+HicbVBNS8NAEN3Ur1o/WvXoJVgETyWpgh6LInisYD+gDWGznbZLN5uwOynWkF/ixYMiXv0p3vw3bj8O2vpg4PHeDDPzglhwjY7zbeXW1jc2t/LbhZ3dvf1i6eCwqaNEMWiwSESqHVANgktoIEcB7VgBDQMBrWB0M/VbY1CaR/IBJzF4IR1I3ueMopH8UvHWT7sIj5jCGGSW+aWyU3FmsFeJuyBlskDdL311exFLQpDIBNW64zoxeilVyJmArNBNNMSUjegAOoZKGoL20tnhmX1qlJ7dj5QpifZM/T2R0lDrSRiYzpDiUC97U/E/r5Ng/8pLuYwTBMnmi/qJsDGypynYPa6AoZgYQpni5labDamiDE1WBROCu/zyKmlWK+55pXp/Ua5dL+LIk2NyQs6ISy5JjdyROmkQRhLyTF7Jm/VkvVjv1se8NWctZo7IH1ifP4fXk6g=</latexit>

✓ ⌧ 1
<latexit sha1_base64="CGopW40UoQi/6D1rS4Q20kcmYAM=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM120y7dbMLuRCihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8Lx3czvPHFtRKIecZLyIKZDJSLBKFrJ93HEkRJfSuL1K1W35s5BVolXkCoUaPYrX/4gYVnMFTJJjel5bopBTjUKJvm07GeGp5SN6ZD3LFU05ibI5zdPyblVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XyzC6CXKh0gy5YotFUSYJJmQWABkIzRnKiSWUaWFvJWxENWVoYyrbELzll1dJu17zLmv1h6tq47aIowSncAYX4ME1NOAemtACBik8wyu8OZnz4rw7H4vWNaeYOYE/cD5/ABQ/kQ0=</latexit>

Keller et al. (2012) 
Korkiakoski et al. (2014) 
Wilby et al. (2018) 
Bos et al. (2020)

The Fast&Furious algorithm 



Ii
<latexit sha1_base64="KC99GWWBJMR5w7Bwod8kmm9tTC0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF71VsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJRzOLqS/wWLKQEWwy6X7I0LBac+tuDrRKvILUoEBrWP0ajCKSCCoN4VjrvufGxk+xMoxwOq8MEk1jTKZ4TPuWSiyo9tP81jk6s8oIhZGyJQ3K1d8TKRZaz0RgOwU2E73sZeJ/Xj8x4bWfMhknhkqyWBQmHJkIZY+jEVOUGD6zBBPF7K2ITLDCxNh4KjYEb/nlVdJp1L2LeuPhsta8KeIowwmcwjl4cAVNuIMWtIHABJ7hFd4c4bw4787HorXkFDPH8AfO5w9wvY3X</latexit>

Ii,odd
<latexit sha1_base64="OSKSPtXwrueznlV5iowoVWlzuWw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgQkpSBV0W3eiugn1AG8JkMmmHTh7M3EhLyK+4caGIW3/EnX/jtM1CWw9cOJxzL/fe4yWCK7Csb6O0tr6xuVXeruzs7u0fmIfVjopTSVmbxiKWPY8oJnjE2sBBsF4iGQk9wbre+Hbmd5+YVDyOHmGaMCckw4gHnBLQkmtW792Mn+MBsAlkse/nOXbNmlW35sCrxC5IDRVouebXwI9pGrIIqCBK9W0rAScjEjgVLK8MUsUSQsdkyPqaRiRkysnmt+f4VCs+DmKpKwI8V39PZCRUahp6ujMkMFLL3kz8z+unEFw7GY+SFFhEF4uCVGCI8SwI7HPJKIipJoRKrm/FdEQkoaDjqugQ7OWXV0mnUbcv6o2Hy1rzpoijjI7RCTpDNrpCTXSHWqiNKJqgZ/SK3ozceDHejY9Fa8koZo7QHxifP5jxlCg=</latexit>

Ii,even
<latexit sha1_base64="igzua0hMQ6X+/RE0PcfswG5ZPaE=">AAAB/HicbVDLSgNBEJz1GeMrmqOXwSB4kLAbBT0GvegtgnlAEsLspJMMmZ1dZnqDYVl/xYsHRbz6Id78GyePgyYWNBRV3XR3+ZEUBl3321lZXVvf2MxsZbd3dvf2cweHNRPGmkOVhzLUDZ8ZkEJBFQVKaEQaWOBLqPvDm4lfH4E2IlQPOI6gHbC+Ej3BGVqpk8vfdRJxRlsIj5jACFSa0k6u4BbdKegy8eakQOaodHJfrW7I4wAUcsmMaXpuhO2EaRRcQpptxQYixoesD01LFQvAtJPp8Sk9sUqX9kJtSyGdqr8nEhYYMw582xkwHJhFbyL+5zVj7F21E6GiGEHx2aJeLCmGdJIE7QoNHOXYEsa1sLdSPmCacbR5ZW0I3uLLy6RWKnrnxdL9RaF8PY8jQ47IMTklHrkkZXJLKqRKOBmTZ/JK3pwn58V5dz5mrSvOfCZP/sD5/AF5mJSp</latexit>

Ii�1,even
<latexit sha1_base64="u1ZLMOw+3X4mL5d3esT9vVCiMls=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAIHjTsRkGPQS96i2AekIQwO+kkQ2Znl5neYFgC/ooXD4p49Tu8+TdOHgdNLGgoqrrp7vIjKQy67reTWlpeWV1Lr2c2Nre2d7K7exUTxppDmYcy1DWfGZBCQRkFSqhFGljgS6j6/ZuxXx2ANiJUDziMoBmwrhIdwRlaqZU9uGsl4sw7pQ2ER0xgAGo0oq1szs27E9BF4s1IjsxQamW/Gu2QxwEo5JIZU/fcCJsJ0yi4hFGmERuIGO+zLtQtVSwA00wm54/osVXatBNqWwrpRP09kbDAmGHg286AYc/Me2PxP68eY+eqmQgVxQiKTxd1YkkxpOMsaFto4CiHljCuhb2V8h7TjKNNLGND8OZfXiSVQt47zxfuL3LF61kcaXJIjsgJ8cglKZJbUiJlwklCnskreXOenBfn3fmYtqac2cw++QPn8wdbNpUb</latexit>
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The Fast&Furious algorithm 
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On-sky results F&F loop open



On-sky results F&F loop closed



On-sky results Performance quantification 

Closed loop 
Strehl = 73%

Open loop 
Strehl = 56%



On-sky results Temporal stability



On-sky results Optical PSF



b)

a) c)

Closed loop  
SRA = 63% 
VAR = 0.05

Open loop 
SRA = 58% 
VAR = 0.17

Open loop, introduced LWE 
SRA = 57% 
VAR = 0.25

Closed loop, introduced LWE  
SRA = 62% 
VAR = 0.04

b) c) d)

e) f) g) h)

30-01-2020

Open loop 
SRA = 13% 
VAR = 0.36

Closed loop  
SRA = 20% 
VAR = 0.29

Open loop, introduced LWE 
SRA = 18% 
VAR = 0.43

Closed loop, introduced LWE  
SRA = 17% 
VAR = 0.25

On-sky results 
Strehl = 58% Strehl = 63%

Strehl = 13% Strehl = 20%



• Timescales  
VLT: t ~ 1-2 sec (Milli et al. 2018) 
Subaru: t >= 4 sec (this work)  
Causes: Dome structure?  


• Pupil-plane morphology  
VLT: LWE by spiders 
Subaru: LWE by spiders and top 
ring
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Future work
SCExAO: 

• Run F&F in the optical, NIR does 
coronagraphy


• Combine with kernel phase measurements 
Collaborator: Romain Laugier 


• Run on central PSF vAPP coronagraph.


Keck: 


• Calibrate low order statics / NCPA  
Collaborators: Michael Bottom, Jacques 
Delorme, Sam Ragland, Sylvain Cetre, 
Laurent Pueyo
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• Combine with kernel phase measurements 
Collaborator: Romain Laugier 


• Run on central PSF vAPP coronagraph.
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Conclusion

• Fast & Furious is a powerful focal-plane wavefront sensing algorithm


• Successful on-sky deployment and correction of LWE.


• LWE at Subaru Telescope: 
- Longer timescales compared to VLT  
- Different pupil-plane phase morphology (also LWE from top ring) 



Thank you! 

• Contact: stevenbos@strw.leidenuniv.nl


• For more information see: 
Bos, S. P., Vievard, S., Wilby, M. J., et al. 2020, A&A, 639, A52

mailto:stevenbos@strw.leidenuniv.nl




a) b) c)

Closed loop  
SRA = 49% 
VAR = 0.03

Open loop 
SRA = 38% 
VAR = 0.19

Closed loop 
SRA = 34% 
VAR = 0.1

12-12-2019

On-sky results: Poor conditions 
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Closed loop  
SRA = 63% 
VAR = 0.05
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Open loop 
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VAR = 0.36

Closed loop  
SRA = 20% 
VAR = 0.29

Open loop, introduced LWE 
SRA = 18% 
VAR = 0.43

Closed loop, introduced LWE  
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On-sky results: Medium conditions 



Closed loop 
SRA = 73% 
VAR = 0.02

Open loop 
SRA = 56% 
VAR = 0.31

Closed loop 
SRA = 71% 
VAR = 0.03

On-sky results: Good conditions 
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• Strehl Ratio Approximation (SRA) 
 


• Variance of the normalized first Airy Ring (VAR) 
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Data Numerical model
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Typical internal source: VAR ~ 0.03



F&F convergence speed

a) b)

Pre NCPA calibration 
SRA = 94% 
VAR = 0.15

Post NCPA calibration 
SRA = 97% 
VAR = 0.03

LWE 
SRA = 50% 
VAR = 1.34

Post LWE calibration 
SRA = 94% 
VAR = 0.03

a) b) c) d)



Temporal stability
F&F 10 minutes run



Temporal stability - Good conditions
Closed loop Closed loopOpen loop



Miyawaki et al. (1994) 
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