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<latexit sha1_base64="e7Vm5oEZCQmKiU3mcXei3exqJ1I=">AAACJHicbVDLSgMxFM34tr6qLt0Ei+BCyoz4WongRnCjaFuhLSWT3mlDM8mQ3CmWod/iTvRf3IkLN36IKzNtF74OBA7n3Ms9OWEihUXff/empmdm5+YXFgtLyyura8X1jarVqeFQ4VpqcxcyC1IoqKBACXeJARaHEmph7zz3a30wVmh1i4MEmjHrKBEJztBJreJmA+Ees0sDkdyjN6BVZ9gqlvyyPwL9S4IJKZEJrlrFz0Zb8zQGhVwya+uBn2AzC10OMMPCTiO1kDDeYx2oO6qcbJvZKPyQ7jilTSNt3FNIR2rh20bGYmsHcegmY4Zd+9vLxf+8eorRSTMTKkkRFB8filJJUdO8CdoWBjjKgSOMG4GCU95lhnF0fRUaFnD8AYQ4kQwhU6wvOqPeaB5ISzvM8rKC39X8JdX9cnBUPrw+KJ2dTmpbIFtkm+ySgByTM3JBrkiFcDIgD+SJPHuP3ov36r2NR6e8yc4m+QHv4wuQKKYa</latexit>

Krefl, Seong
<latexit sha1_base64="8p9WN2YlcmQ2h6P3Qn9VYs2VTgs="></latexit>

Phys. Rev. D 96, 066014 (2017)
<latexit sha1_base64="MwihbEOYe+gU9fBc6uwwO+C81zI="></latexit>

[arXiv:1706.03346]
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University of 
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2017
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QUESTION 

Can machine learning tell us about critical phenomena 
in physics (and mathematics)? 
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Critical Phenomena in Physics

• Phase Transitions

Critical phase transitions are one of the most 
fascinating physical phenomena in nature.

<latexit sha1_base64="AEulNwlzk0YLpqYcsrh/RMIudEY=">AAACI3icbVDLSgMxFM34rPU11qWbYBHqpsyIqMuiG5cVbBXaUjLpbRvMJENyR1qG/oo70X9xJ25c+COuzLRd+DoQOJxzL/fkRIkUFoPg3VtYXFpeWS2sFdc3Nre2/Z1S0+rUcGhwLbW5jZgFKRQ0UKCE28QAiyMJN9HdRe7f3IOxQqtrHCfQidlAib7gDJ3U9UtthBFmggOtWC1F73DS9ctBNZiC/iXhnJTJHPWu/9nuaZ7GoJBLZm0rDBLsZJGLAWZSPGinFhLG79gAWo4qJ9tONs0+oQdO6dG+Nu4ppFO1+G0jY7G14zhykzHDof3t5eJ/XivF/lknEypJERSfHeqnkqKmeRG0JwxwlGNHGDcCBad8yAzj6Ooqti3g7AMIcSIZQqbYvRhMa6N5IC3tJMvLCn9X85c0j6rhSfXk6rhcO5/XViB7ZJ9USEhOSY1ckjppEE5G5IE8kWfv0XvxXr232eiCN9/ZJT/gfXwBkRillg==</latexit>

ice (solid)

<latexit sha1_base64="gtuO8Ea9ECX4Ga9gHybSF8xofe0=">AAACJnicbZDNSgMxFIUz9a/Wv6q4chMsBd2UGZHqUnTjsoJVoS0lk97W0ExmTO6oZZiHcSf6Lu5E3Pkcrsy0s9DqhcDhnHuTm8+PpDDouh9OYWZ2bn6huFhaWl5ZXSuvb1yaMNYcmjyUob72mQEpFDRRoITrSAMLfAlX/vA0y6/uQBsRqgscRdAJ2ECJvuAMrdUtb7URHjC5Zwia7kpxG4veXtotV9yaOy76V3i5qJC8Gt3yV7sX8jgAhVwyY1qeG2En8e0moNNStR0biBgfsgG0rFTWNp1kvH5Kq9bp0X6o7VFIx27px0TCAmNGgW87A4Y3ZjrLzP+yVoz9o04iVBQjKD55qB9LiiHNWNCe0MBRjqxgXAsUnPIbphm3MOxNBnDyAYQgkpZQotidGIzJ0WyhUJo0yWB502j+isv9mlev1c8PKscnObYi2SY7ZJd45JAckzPSIE3CSUIeyTN5cZ6cV+fNeZ+0Fpx8ZpP8KufzG2TEpxM=</latexit>

water (liquid)

<latexit sha1_base64="5Hd4QqTCqpvoyXr2yxgnvSpl/Gg=">AAACJHicbVDLSgMxFM3U9/iqunQTLIW6KTMi1aXoxqWCfUBbSia9U4OZzJDcKZah3+JO9F/ciQs3fogrM9MufB0IHM65Nzk5QSKFQc97d0oLi0vLK6tr7vrG5tZ2eWe3ZeJUc2jyWMa6EzADUihookAJnUQDiwIJ7eDuIvfbY9BGxOoGJwn0IzZSIhScoZUG5b0ewj1mY5bYG2ltxMzhdFCueHWvAP1L/DmpkDmuBuXP3jDmaQQKuWTGdH0vwX4W2Bygp261lxpIGL9jI+haqqxs+lkRfkqrVhnSMNb2KKSF6n7byFhkzCQK7GTE8Nb89nLxP6+bYnjaz4RKUgTFZw+FqaQY07wJOhQaOMqJJYxrgYJTfss042j7cnsGcPYBhCiRDCFTbCxGRW80DxRLM83ysvzf1fwlraO636g3ro8rZ+fz2lbJPjkgNeKTE3JGLskVaRJOJuSBPJFn59F5cV6dt9loyZnv7JEfcD6+AKp3piw=</latexit>

vapour (gas)
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• Phase Transitions 

Gauge theories realized in string theory also 
exhibit critical phase transitions.

Critical Phenomena in Physics



<latexit sha1_base64="RIcmwZvj8+zXXyBIfOeTDJO75+E="></latexit>

brane configuration in 10d string theory

<latexit sha1_base64="qqTkcOjD3l9F0qHgZTnfVkfGWSc=">AAACInicbVDLSgMxFM34tr6munQTLIKrMiNaXRbduBJF2wqdWjLpbQ1mMkNyp1qG+RR3ov/iTlwJfokr08fC14HA4Zx7uScnTKQw6HnvztT0zOzc/MJiYWl5ZXXNLa7XTZxqDjUey1hfhcyAFApqKFDCVaKBRaGERnh7PPQbfdBGxOoSBwm0ItZTois4Qyu13WKAcI/Z6cV+fh0kWkTQdkte2RuB/iX+hJTIBGdt9zPoxDyNQCGXzJim7yXYykKbAnRe2A5SAwnjt6wHTUuVlU0rG0XP6bZVOrQba/sU0pFa+LaRsciYQRTayYjhjfntDcX/vGaK3cNWJlSSIig+PtRNJcWYDnugHaGBoxxYwrgWKDjlN0wzjratQmAAxx9AiBLJEDLF+qI3ao0OA8XS5Fluy/J/V/OX1HfLfqVcOd8rVY8mtS2QTbJFdohPDkiVnJAzUiOc3JEH8kSenUfnxXl13sajU85kZ4P8gPPxBUsRpXw=</latexit>

NS5→

11

Brane Engineering of Gauge Theories

• Brane Boxes and Brane Tilings

3

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2

<latexit sha1_base64="bXzDFBfxJQB4u4s0DVEXNO3ns2k="></latexit>

5

<latexit sha1_base64="C1qZnTjylYCcnWb9XvcpsGeQlnA="></latexit>

7
<latexit sha1_base64="qqTkcOjD3l9F0qHgZTnfVkfGWSc=">AAACInicbVDLSgMxFM34tr6munQTLIKrMiNaXRbduBJF2wqdWjLpbQ1mMkNyp1qG+RR3ov/iTlwJfokr08fC14HA4Zx7uScnTKQw6HnvztT0zOzc/MJiYWl5ZXXNLa7XTZxqDjUey1hfhcyAFApqKFDCVaKBRaGERnh7PPQbfdBGxOoSBwm0ItZTois4Qyu13WKAcI/Z6cV+fh0kWkTQdkte2RuB/iX+hJTIBGdt9zPoxDyNQCGXzJim7yXYykKbAnRe2A5SAwnjt6wHTUuVlU0rG0XP6bZVOrQba/sU0pFa+LaRsciYQRTayYjhjfntDcX/vGaK3cNWJlSSIig+PtRNJcWYDnugHaGBoxxYwrgWKDjlN0wzjratQmAAxx9AiBLJEDLF+qI3ao0OA8XS5Fluy/J/V/OX1HfLfqVcOd8rVY8mtS2QTbJFdohPDkiVnJAzUiOc3JEH8kSenUfnxXl13sajU85kZ4P8gPPxBUsRpXw=</latexit>

NS5→

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5

<latexit sha1_base64="lBblxH7Pja9HRGoVL75NAeVG5jU=">AAACGHicbVA9SwNBEN3zM8avqKXNYghYhTvRaBnUwjKC+ZAkhL3NJC7u7R27c8Fw5FfYif4XO7G1869YuXdJodEHA4/3ZpiZ50dSGHTdT2dhcWl5ZTW3ll/f2NzaLuzsNkwYaw51HspQt3xmQAoFdRQooRVpYIEvoenfX6R+cwTaiFDd4DiCbsCGSgwEZ2il2w7CAyaXJ5NeoeiW3Qz0L/FmpEhmqPUKX51+yOMAFHLJjGl7boTdxLe7QU/ypU5sIGL8ng2hbamysukm2cETWrJKnw5CbUshzdT8j4mEBcaMA992BgzvzLyXiv957RgHZ91EqChGUHy6aBBLiiFNv6d9oYGjHFvCuBYoOOV3TDOONqN8xwBOH0AIIskQEsVGYphlRdODQmkmSRqWNx/NX9I4KnuVcuX6uFg9n8WWI/vkgBwSj5ySKrkiNVInnATkkTyTF+fJeXXenPdp64Izm9kjv+B8fAMiU6HH</latexit>

D5

<latexit sha1_base64="K0fZCIfBDlVnoiUjv2KZAn3vgEg="></latexit>

0 1 2 3 4 5 6 7 8 9
D5 → → → → · → · → · ·
NS5 → → → → → → · · · ·
NS5→ → → → → · · → → · ·

<latexit sha1_base64="a0lLJQe6ZL6OjTRSy0II+cR98L0="></latexit>

5,7-directions in 10d

Brane boxes consisting of D5-branes and NS5-branes realize 4d N=1 supersymmetric gauge theories.



<latexit sha1_base64="6KSQUjVNlHsDrZmDGue4PTIgpHM="></latexit>

4d N = 1 gauge theory

<latexit sha1_base64="nROsPVi0gJx8lrStrUVWTMcKEYk="></latexit>

0 1 2 3 4 5 6 7 8 9
D5 → → → → · → · → · ·
NS5 → → → → → → · · · ·
NS5→ → → → → · · → → · ·

<latexit sha1_base64="qqTkcOjD3l9F0qHgZTnfVkfGWSc=">AAACInicbVDLSgMxFM34tr6munQTLIKrMiNaXRbduBJF2wqdWjLpbQ1mMkNyp1qG+RR3ov/iTlwJfokr08fC14HA4Zx7uScnTKQw6HnvztT0zOzc/MJiYWl5ZXXNLa7XTZxqDjUey1hfhcyAFApqKFDCVaKBRaGERnh7PPQbfdBGxOoSBwm0ItZTois4Qyu13WKAcI/Z6cV+fh0kWkTQdkte2RuB/iX+hJTIBGdt9zPoxDyNQCGXzJim7yXYykKbAnRe2A5SAwnjt6wHTUuVlU0rG0XP6bZVOrQba/sU0pFa+LaRsciYQRTayYjhjfntDcX/vGaK3cNWJlSSIig+PtRNJcWYDnugHaGBoxxYwrgWKDjlN0wzjratQmAAxx9AiBLJEDLF+qI3ao0OA8XS5Fluy/J/V/OX1HfLfqVcOd8rVY8mtS2QTbJFdohPDkiVnJAzUiOc3JEH8kSenUfnxXl13sajU85kZ4P8gPPxBUsRpXw=</latexit>

NS5→

12

Brane Engineering of Gauge Theories

3

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2

<latexit sha1_base64="bXzDFBfxJQB4u4s0DVEXNO3ns2k="></latexit>

5

<latexit sha1_base64="C1qZnTjylYCcnWb9XvcpsGeQlnA="></latexit>

7
<latexit sha1_base64="qqTkcOjD3l9F0qHgZTnfVkfGWSc=">AAACInicbVDLSgMxFM34tr6munQTLIKrMiNaXRbduBJF2wqdWjLpbQ1mMkNyp1qG+RR3ov/iTlwJfokr08fC14HA4Zx7uScnTKQw6HnvztT0zOzc/MJiYWl5ZXXNLa7XTZxqDjUey1hfhcyAFApqKFDCVaKBRaGERnh7PPQbfdBGxOoSBwm0ItZTois4Qyu13WKAcI/Z6cV+fh0kWkTQdkte2RuB/iX+hJTIBGdt9zPoxDyNQCGXzJim7yXYykKbAnRe2A5SAwnjt6wHTUuVlU0rG0XP6bZVOrQba/sU0pFa+LaRsciYQRTayYjhjfntDcX/vGaK3cNWJlSSIig+PtRNJcWYDnugHaGBoxxYwrgWKDjlN0wzjratQmAAxx9AiBLJEDLF+qI3ao0OA8XS5Fluy/J/V/OX1HfLfqVcOd8rVY8mtS2QTbJFdohPDkiVnJAzUiOc3JEH8kSenUfnxXl13sajU85kZ4P8gPPxBUsRpXw=</latexit>

NS5→

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5

<latexit sha1_base64="lBblxH7Pja9HRGoVL75NAeVG5jU=">AAACGHicbVA9SwNBEN3zM8avqKXNYghYhTvRaBnUwjKC+ZAkhL3NJC7u7R27c8Fw5FfYif4XO7G1869YuXdJodEHA4/3ZpiZ50dSGHTdT2dhcWl5ZTW3ll/f2NzaLuzsNkwYaw51HspQt3xmQAoFdRQooRVpYIEvoenfX6R+cwTaiFDd4DiCbsCGSgwEZ2il2w7CAyaXJ5NeoeiW3Qz0L/FmpEhmqPUKX51+yOMAFHLJjGl7boTdxLe7QU/ypU5sIGL8ng2hbamysukm2cETWrJKnw5CbUshzdT8j4mEBcaMA992BgzvzLyXiv957RgHZ91EqChGUHy6aBBLiiFNv6d9oYGjHFvCuBYoOOV3TDOONqN8xwBOH0AIIskQEsVGYphlRdODQmkmSRqWNx/NX9I4KnuVcuX6uFg9n8WWI/vkgBwSj5ySKrkiNVInnATkkTyTF+fJeXXenPdp64Izm9kjv+B8fAMiU6HH</latexit>

D5

<latexit sha1_base64="RIcmwZvj8+zXXyBIfOeTDJO75+E="></latexit>

brane configuration in 10d string theory

<latexit sha1_base64="a0lLJQe6ZL6OjTRSy0II+cR98L0="></latexit>

5,7-directions in 10d

• Brane Boxes and Brane Tilings

Brane boxes consisting of D5-branes and NS5-branes realize 4d N=1 supersymmetric gauge theories.



<latexit sha1_base64="FcYvy8Uwx+NZaLDCzwbI0c0R2Zg="></latexit>

0 1 2 3 4 5 6 7 8 9
D5 → → → → · → · → · ·
NS5 → → → → → → · · · ·
NS5→ → → → → · · → → · ·

<latexit sha1_base64="qqTkcOjD3l9F0qHgZTnfVkfGWSc=">AAACInicbVDLSgMxFM34tr6munQTLIKrMiNaXRbduBJF2wqdWjLpbQ1mMkNyp1qG+RR3ov/iTlwJfokr08fC14HA4Zx7uScnTKQw6HnvztT0zOzc/MJiYWl5ZXXNLa7XTZxqDjUey1hfhcyAFApqKFDCVaKBRaGERnh7PPQbfdBGxOoSBwm0ItZTois4Qyu13WKAcI/Z6cV+fh0kWkTQdkte2RuB/iX+hJTIBGdt9zPoxDyNQCGXzJim7yXYykKbAnRe2A5SAwnjt6wHTUuVlU0rG0XP6bZVOrQba/sU0pFa+LaRsciYQRTayYjhjfntDcX/vGaK3cNWJlSSIig+PtRNJcWYDnugHaGBoxxYwrgWKDjlN0wzjratQmAAxx9AiBLJEDLF+qI3ao0OA8XS5Fluy/J/V/OX1HfLfqVcOd8rVY8mtS2QTbJFdohPDkiVnJAzUiOc3JEH8kSenUfnxXl13sajU85kZ4P8gPPxBUsRpXw=</latexit>

NS5→
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1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2

<latexit sha1_base64="bXzDFBfxJQB4u4s0DVEXNO3ns2k="></latexit>

5

<latexit sha1_base64="C1qZnTjylYCcnWb9XvcpsGeQlnA="></latexit>

7
<latexit sha1_base64="qqTkcOjD3l9F0qHgZTnfVkfGWSc=">AAACInicbVDLSgMxFM34tr6munQTLIKrMiNaXRbduBJF2wqdWjLpbQ1mMkNyp1qG+RR3ov/iTlwJfokr08fC14HA4Zx7uScnTKQw6HnvztT0zOzc/MJiYWl5ZXXNLa7XTZxqDjUey1hfhcyAFApqKFDCVaKBRaGERnh7PPQbfdBGxOoSBwm0ItZTois4Qyu13WKAcI/Z6cV+fh0kWkTQdkte2RuB/iX+hJTIBGdt9zPoxDyNQCGXzJim7yXYykKbAnRe2A5SAwnjt6wHTUuVlU0rG0XP6bZVOrQba/sU0pFa+LaRsciYQRTayYjhjfntDcX/vGaK3cNWJlSSIig+PtRNJcWYDnugHaGBoxxYwrgWKDjlN0wzjratQmAAxx9AiBLJEDLF+qI3ao0OA8XS5Fluy/J/V/OX1HfLfqVcOd8rVY8mtS2QTbJFdohPDkiVnJAzUiOc3JEH8kSenUfnxXl13sajU85kZ4P8gPPxBUsRpXw=</latexit>

NS5→

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5

<latexit sha1_base64="lBblxH7Pja9HRGoVL75NAeVG5jU=">AAACGHicbVA9SwNBEN3zM8avqKXNYghYhTvRaBnUwjKC+ZAkhL3NJC7u7R27c8Fw5FfYif4XO7G1869YuXdJodEHA4/3ZpiZ50dSGHTdT2dhcWl5ZTW3ll/f2NzaLuzsNkwYaw51HspQt3xmQAoFdRQooRVpYIEvoenfX6R+cwTaiFDd4DiCbsCGSgwEZ2il2w7CAyaXJ5NeoeiW3Qz0L/FmpEhmqPUKX51+yOMAFHLJjGl7boTdxLe7QU/ypU5sIGL8ng2hbamysukm2cETWrJKnw5CbUshzdT8j4mEBcaMA992BgzvzLyXiv957RgHZ91EqChGUHy6aBBLiiFNv6d9oYGjHFvCuBYoOOV3TDOONqN8xwBOH0AIIskQEsVGYphlRdODQmkmSRqWNx/NX9I4KnuVcuX6uFg9n8WWI/vkgBwSj5ySKrkiNVInnATkkTyTF+fJeXXenPdp64Izm9kjv+B8fAMiU6HH</latexit>

D5

<latexit sha1_base64="047hTJeaItTNpaqTiufOGL8hKk0="></latexit>

2-torus T 2

<latexit sha1_base64="K2ONX9nvwzkMka1kODTmJ/PkkHk="></latexit>

(x5, x7) → T 2

<latexit sha1_base64="RIcmwZvj8+zXXyBIfOeTDJO75+E="></latexit>

brane configuration in 10d string theory

<latexit sha1_base64="a0lLJQe6ZL6OjTRSy0II+cR98L0="></latexit>

5,7-directions in 10d

• Brane Boxes and Brane Tilings

Brane boxes consisting of D5-branes and NS5-branes realize 4d N=1 supersymmetric gauge theories.



<latexit sha1_base64="Zs5vELrfqDtAyB1luizFgSaQz44="></latexit>

0 1 2 3 4 5 6 7 8 9
D5 → → → → · → · → · ·
NS5 → → → → → → · · · ·
NS5→ → → → → · · → → · ·

<latexit sha1_base64="qqTkcOjD3l9F0qHgZTnfVkfGWSc=">AAACInicbVDLSgMxFM34tr6munQTLIKrMiNaXRbduBJF2wqdWjLpbQ1mMkNyp1qG+RR3ov/iTlwJfokr08fC14HA4Zx7uScnTKQw6HnvztT0zOzc/MJiYWl5ZXXNLa7XTZxqDjUey1hfhcyAFApqKFDCVaKBRaGERnh7PPQbfdBGxOoSBwm0ItZTois4Qyu13WKAcI/Z6cV+fh0kWkTQdkte2RuB/iX+hJTIBGdt9zPoxDyNQCGXzJim7yXYykKbAnRe2A5SAwnjt6wHTUuVlU0rG0XP6bZVOrQba/sU0pFa+LaRsciYQRTayYjhjfntDcX/vGaK3cNWJlSSIig+PtRNJcWYDnugHaGBoxxYwrgWKDjlN0wzjratQmAAxx9AiBLJEDLF+qI3ao0OA8XS5Fluy/J/V/OX1HfLfqVcOd8rVY8mtS2QTbJFdohPDkiVnJAzUiOc3JEH8kSenUfnxXl13sajU85kZ4P8gPPxBUsRpXw=</latexit>

NS5→
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1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2

<latexit sha1_base64="bXzDFBfxJQB4u4s0DVEXNO3ns2k="></latexit>

5

<latexit sha1_base64="C1qZnTjylYCcnWb9XvcpsGeQlnA="></latexit>

7
<latexit sha1_base64="qqTkcOjD3l9F0qHgZTnfVkfGWSc=">AAACInicbVDLSgMxFM34tr6munQTLIKrMiNaXRbduBJF2wqdWjLpbQ1mMkNyp1qG+RR3ov/iTlwJfokr08fC14HA4Zx7uScnTKQw6HnvztT0zOzc/MJiYWl5ZXXNLa7XTZxqDjUey1hfhcyAFApqKFDCVaKBRaGERnh7PPQbfdBGxOoSBwm0ItZTois4Qyu13WKAcI/Z6cV+fh0kWkTQdkte2RuB/iX+hJTIBGdt9zPoxDyNQCGXzJim7yXYykKbAnRe2A5SAwnjt6wHTUuVlU0rG0XP6bZVOrQba/sU0pFa+LaRsciYQRTayYjhjfntDcX/vGaK3cNWJlSSIig+PtRNJcWYDnugHaGBoxxYwrgWKDjlN0wzjratQmAAxx9AiBLJEDLF+qI3ao0OA8XS5Fluy/J/V/OX1HfLfqVcOd8rVY8mtS2QTbJFdohPDkiVnJAzUiOc3JEH8kSenUfnxXl13sajU85kZ4P8gPPxBUsRpXw=</latexit>

NS5→

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5

<latexit sha1_base64="lBblxH7Pja9HRGoVL75NAeVG5jU=">AAACGHicbVA9SwNBEN3zM8avqKXNYghYhTvRaBnUwjKC+ZAkhL3NJC7u7R27c8Fw5FfYif4XO7G1869YuXdJodEHA4/3ZpiZ50dSGHTdT2dhcWl5ZTW3ll/f2NzaLuzsNkwYaw51HspQt3xmQAoFdRQooRVpYIEvoenfX6R+cwTaiFDd4DiCbsCGSgwEZ2il2w7CAyaXJ5NeoeiW3Qz0L/FmpEhmqPUKX51+yOMAFHLJjGl7boTdxLe7QU/ypU5sIGL8ng2hbamysukm2cETWrJKnw5CbUshzdT8j4mEBcaMA992BgzvzLyXiv957RgHZ91EqChGUHy6aBBLiiFNv6d9oYGjHFvCuBYoOOV3TDOONqN8xwBOH0AIIskQEsVGYphlRdODQmkmSRqWNx/NX9I4KnuVcuX6uFg9n8WWI/vkgBwSj5ySKrkiNVInnATkkTyTF+fJeXXenPdp64Izm9kjv+B8fAMiU6HH</latexit>

D5

<latexit sha1_base64="xx7zmfxMpwDM9t0LFUBW2oP501c="></latexit>

combine into a single NS5-brane

<latexit sha1_base64="RIcmwZvj8+zXXyBIfOeTDJO75+E="></latexit>

brane configuration in 10d string theory

<latexit sha1_base64="a0lLJQe6ZL6OjTRSy0II+cR98L0="></latexit>

5,7-directions in 10d

We can combine the NS5-branes to a single NS5-brane wrapping a holomorphic curve.

• Brane Boxes and Brane Tilings



<latexit sha1_base64="JyCiJavzy0J2eIVFbGofHM1grz4="></latexit>

0 1 2 3 4 5 6 7 8 9
D5 → → → → · → · → · ·
NS5 → → → → ↑!(x , y)↑ · ·
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1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2

<latexit sha1_base64="bXzDFBfxJQB4u4s0DVEXNO3ns2k="></latexit>

5

<latexit sha1_base64="C1qZnTjylYCcnWb9XvcpsGeQlnA="></latexit>

7

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5

<latexit sha1_base64="lBblxH7Pja9HRGoVL75NAeVG5jU=">AAACGHicbVA9SwNBEN3zM8avqKXNYghYhTvRaBnUwjKC+ZAkhL3NJC7u7R27c8Fw5FfYif4XO7G1869YuXdJodEHA4/3ZpiZ50dSGHTdT2dhcWl5ZTW3ll/f2NzaLuzsNkwYaw51HspQt3xmQAoFdRQooRVpYIEvoenfX6R+cwTaiFDd4DiCbsCGSgwEZ2il2w7CAyaXJ5NeoeiW3Qz0L/FmpEhmqPUKX51+yOMAFHLJjGl7boTdxLe7QU/ypU5sIGL8ng2hbamysukm2cETWrJKnw5CbUshzdT8j4mEBcaMA992BgzvzLyXiv957RgHZ91EqChGUHy6aBBLiiFNv6d9oYGjHFvCuBYoOOV3TDOONqN8xwBOH0AIIskQEsVGYphlRdODQmkmSRqWNx/NX9I4KnuVcuX6uFg9n8WWI/vkgBwSj5ySKrkiNVInnATkkTyTF+fJeXXenPdp64Izm9kjv+B8fAMiU6HH</latexit>

D5

<latexit sha1_base64="ZtkrMGhgZbz2Jxfscj8s3Jkaqwg="></latexit>

x → x4 + ix5
<latexit sha1_base64="Cjd5BcumjPRGhbysF+MyWbdBt5k="></latexit>

y → x6 + ix7

<latexit sha1_base64="wMdBLc6nfCLtHqaqmgMBxzcO0Ns="></latexit>

holomorphic curve !(x , y) : P(x , y) = 0
<latexit sha1_base64="+D0WRzqn9saj5f6fVh01wPF9DOQ="></latexit>

(characteristic polynomial P(x , y))
<latexit sha1_base64="Vq4A9XHye75prbkvttrnSnIVdmY="></latexit>

mirror curve of a toric Calabi-Yau 3-fold

<latexit sha1_base64="RIcmwZvj8+zXXyBIfOeTDJO75+E="></latexit>

brane configuration in 10d string theory

<latexit sha1_base64="a0lLJQe6ZL6OjTRSy0II+cR98L0="></latexit>

5,7-directions in 10d

We can combine the NS5-branes to a single NS5-brane wrapping a holomorphic curve.

• Brane Boxes and Brane Tilings

<latexit sha1_base64="LpfKA73lxtUaXFMhw9T1h2A6nAM="></latexit>

x , y → C→
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1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2

<latexit sha1_base64="bXzDFBfxJQB4u4s0DVEXNO3ns2k="></latexit>

5

<latexit sha1_base64="C1qZnTjylYCcnWb9XvcpsGeQlnA="></latexit>

7

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5

<latexit sha1_base64="lBblxH7Pja9HRGoVL75NAeVG5jU=">AAACGHicbVA9SwNBEN3zM8avqKXNYghYhTvRaBnUwjKC+ZAkhL3NJC7u7R27c8Fw5FfYif4XO7G1869YuXdJodEHA4/3ZpiZ50dSGHTdT2dhcWl5ZTW3ll/f2NzaLuzsNkwYaw51HspQt3xmQAoFdRQooRVpYIEvoenfX6R+cwTaiFDd4DiCbsCGSgwEZ2il2w7CAyaXJ5NeoeiW3Qz0L/FmpEhmqPUKX51+yOMAFHLJjGl7boTdxLe7QU/ypU5sIGL8ng2hbamysukm2cETWrJKnw5CbUshzdT8j4mEBcaMA992BgzvzLyXiv957RgHZ91EqChGUHy6aBBLiiFNv6d9oYGjHFvCuBYoOOV3TDOONqN8xwBOH0AIIskQEsVGYphlRdODQmkmSRqWNx/NX9I4KnuVcuX6uFg9n8WWI/vkgBwSj5ySKrkiNVInnATkkTyTF+fJeXXenPdp64Izm9kjv+B8fAMiU6HH</latexit>

D5

3

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2

<latexit sha1_base64="bXzDFBfxJQB4u4s0DVEXNO3ns2k="></latexit>

5

<latexit sha1_base64="C1qZnTjylYCcnWb9XvcpsGeQlnA="></latexit>

7

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5
<latexit sha1_base64="lBblxH7Pja9HRGoVL75NAeVG5jU=">AAACGHicbVA9SwNBEN3zM8avqKXNYghYhTvRaBnUwjKC+ZAkhL3NJC7u7R27c8Fw5FfYif4XO7G1869YuXdJodEHA4/3ZpiZ50dSGHTdT2dhcWl5ZTW3ll/f2NzaLuzsNkwYaw51HspQt3xmQAoFdRQooRVpYIEvoenfX6R+cwTaiFDd4DiCbsCGSgwEZ2il2w7CAyaXJ5NeoeiW3Qz0L/FmpEhmqPUKX51+yOMAFHLJjGl7boTdxLe7QU/ypU5sIGL8ng2hbamysukm2cETWrJKnw5CbUshzdT8j4mEBcaMA992BgzvzLyXiv957RgHZ91EqChGUHy6aBBLiiFNv6d9oYGjHFvCuBYoOOV3TDOONqN8xwBOH0AIIskQEsVGYphlRdODQmkmSRqWNx/NX9I4KnuVcuX6uFg9n8WWI/vkgBwSj5ySKrkiNVInnATkkTyTF+fJeXXenPdp64Izm9kjv+B8fAMiU6HH</latexit>

D5

<latexit sha1_base64="WC80ooAjfS9R6Omz+WJdLVD/Uks="></latexit>

!(x , y) : P(x , y) = 0
<latexit sha1_base64="WC80ooAjfS9R6Omz+WJdLVD/Uks="></latexit>

!(x , y) : P(x , y) = 0
<latexit sha1_base64="mU7aOIb5Hj0fqO1dtsypxEl+JUY="></latexit>

P(x , y) = x +
1

x
+ y +

1

y
+ 1

<latexit sha1_base64="rH+U+BIZb7msP212h1qDCTu+4FM="></latexit>

P(x , y) = x + y +
1

xy
+ 1

Different Calabi-Yau mirror curves give different brane configurations realizing  
different 4d supersymmetric gauge theories.

Example Example
<latexit sha1_base64="8mcb9pZG+00dJa6InHSaUoF2DHY="></latexit>

Hirzebruch
<latexit sha1_base64="YuQIkNwxVpgs3HDQQXgdc27ITIQ="></latexit>

F0

<latexit sha1_base64="h233SDf1BeeyjXjzJgaao/H1YNI="></latexit>

del Pezzo
<latexit sha1_base64="6HbtTSWu2nBhzbGEZ042UuxshQQ="></latexit>

dP0

• Brane Boxes and Brane Tilings
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3

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2

<latexit sha1_base64="bXzDFBfxJQB4u4s0DVEXNO3ns2k="></latexit>

5

<latexit sha1_base64="C1qZnTjylYCcnWb9XvcpsGeQlnA="></latexit>

7

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5

<latexit sha1_base64="lBblxH7Pja9HRGoVL75NAeVG5jU=">AAACGHicbVA9SwNBEN3zM8avqKXNYghYhTvRaBnUwjKC+ZAkhL3NJC7u7R27c8Fw5FfYif4XO7G1869YuXdJodEHA4/3ZpiZ50dSGHTdT2dhcWl5ZTW3ll/f2NzaLuzsNkwYaw51HspQt3xmQAoFdRQooRVpYIEvoenfX6R+cwTaiFDd4DiCbsCGSgwEZ2il2w7CAyaXJ5NeoeiW3Qz0L/FmpEhmqPUKX51+yOMAFHLJjGl7boTdxLe7QU/ypU5sIGL8ng2hbamysukm2cETWrJKnw5CbUshzdT8j4mEBcaMA992BgzvzLyXiv957RgHZ91EqChGUHy6aBBLiiFNv6d9oYGjHFvCuBYoOOV3TDOONqN8xwBOH0AIIskQEsVGYphlRdODQmkmSRqWNx/NX9I4KnuVcuX6uFg9n8WWI/vkgBwSj5ySKrkiNVInnATkkTyTF+fJeXXenPdp64Izm9kjv+B8fAMiU6HH</latexit>

D5

3

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2

<latexit sha1_base64="bXzDFBfxJQB4u4s0DVEXNO3ns2k="></latexit>

5

<latexit sha1_base64="C1qZnTjylYCcnWb9XvcpsGeQlnA="></latexit>

7

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5
<latexit sha1_base64="lBblxH7Pja9HRGoVL75NAeVG5jU=">AAACGHicbVA9SwNBEN3zM8avqKXNYghYhTvRaBnUwjKC+ZAkhL3NJC7u7R27c8Fw5FfYif4XO7G1869YuXdJodEHA4/3ZpiZ50dSGHTdT2dhcWl5ZTW3ll/f2NzaLuzsNkwYaw51HspQt3xmQAoFdRQooRVpYIEvoenfX6R+cwTaiFDd4DiCbsCGSgwEZ2il2w7CAyaXJ5NeoeiW3Qz0L/FmpEhmqPUKX51+yOMAFHLJjGl7boTdxLe7QU/ypU5sIGL8ng2hbamysukm2cETWrJKnw5CbUshzdT8j4mEBcaMA992BgzvzLyXiv957RgHZ91EqChGUHy6aBBLiiFNv6d9oYGjHFvCuBYoOOV3TDOONqN8xwBOH0AIIskQEsVGYphlRdODQmkmSRqWNx/NX9I4KnuVcuX6uFg9n8WWI/vkgBwSj5ySKrkiNVInnATkkTyTF+fJeXXenPdp64Izm9kjv+B8fAMiU6HH</latexit>

D5

<latexit sha1_base64="WC80ooAjfS9R6Omz+WJdLVD/Uks="></latexit>

!(x , y) : P(x , y) = 0
<latexit sha1_base64="WC80ooAjfS9R6Omz+WJdLVD/Uks="></latexit>

!(x , y) : P(x , y) = 0
<latexit sha1_base64="mU7aOIb5Hj0fqO1dtsypxEl+JUY="></latexit>

P(x , y) = x +
1

x
+ y +

1

y
+ 1

<latexit sha1_base64="rH+U+BIZb7msP212h1qDCTu+4FM="></latexit>

P(x , y) = x + y +
1

xy
+ 1

Different Calabi-Yau mirror curves give different brane configurations realizing  
different 4d supersymmetric gauge theories.

Example Example
<latexit sha1_base64="8mcb9pZG+00dJa6InHSaUoF2DHY="></latexit>

Hirzebruch
<latexit sha1_base64="YuQIkNwxVpgs3HDQQXgdc27ITIQ="></latexit>

F0

<latexit sha1_base64="h233SDf1BeeyjXjzJgaao/H1YNI="></latexit>

del Pezzo
<latexit sha1_base64="6HbtTSWu2nBhzbGEZ042UuxshQQ="></latexit>

dP0

• Brane Boxes and Brane Tilings



<latexit sha1_base64="CHjUdjIecc7qkkIobfsWJKgpsts=">AAACFXicbVA9SwNBEN3zM8avqKXNYghYhTuVaBmwsYxgPiAJYW8zSdbs7R27c4Fw5D/Yif4XO7G19q9YuZdcoYkPBh7vzTAzz4+kMOi6X87a+sbm1nZuJ7+7t39wWDg6bpgw1hzqPJShbvnMgBQK6ihQQivSwAJfQtMf36Z+cwLaiFA94DSCbsCGSgwEZ2ilRquXXHqzXqHolt056CrxMlIkGWq9wnenH/I4AIVcMmPanhthN/HtYtCzfKkTG4gYH7MhtC1VVjbdZH7tjJas0qeDUNtSSOdq/tdEwgJjpoFvOwOGI7PspeJ/XjvGwU03ESqKERRfLBrEkmJI09dpX2jgKKeWMK4FCk75iGnG0QaU7xjAxQMIQSQZQqLYRAznQdH0oFCaWZKG5S1Hs0oaF2WvUq7cXxWr5Sy2HDklZ+SceOSaVMkdqZE64eSRPJEX8uo8O2/Ou/OxaF1zspkT8gfO5w8jAqAW</latexit>

X31

1

2

<latexit sha1_base64="woX1z7pTamLebDKsPJzIFUAN0xA=">AAACFXicbVA9SwNBEN3zM8avqKXNYghYhbsg0TJgYxnBfEASwt5mkqzZ2zt25wLhyH+wE/0vdmJr7V+xci+5QhMfDDzem2Fmnh9JYdB1v5yNza3tnd3cXn7/4PDouHBy2jRhrDk0eChD3faZASkUNFCghHakgQW+hJY/uU391hS0EaF6wFkEvYCNlBgKztBKzXY/8SrzfqHolt0F6DrxMlIkGer9wnd3EPI4AIVcMmM6nhthL/HtYtDzfKkbG4gYn7ARdCxVVja9ZHHtnJasMqDDUNtSSBdq/tdEwgJjZoFvOwOGY7PqpeJ/XifG4U0vESqKERRfLhrGkmJI09fpQGjgKGeWMK4FCk75mGnG0QaU7xrA5QMIQSQZQqLYVIwWQdH0oFCaeZKG5a1Gs06albJXLVfvr4q1chZbjpyTC3JJPHJNauSO1EmDcPJInsgLeXWenTfn3flYtm442cwZ+QPn8wchU6AV</latexit>

X12

<latexit sha1_base64="8IkgKokbcw4xw/P48huFZ4xeLFU=">AAACFXicbVA9TwJBEN3DL8Qv1NJmIyGxIndo0JLExhIT+UiAkL1lgJW9vcvuHAm58B/sjP4XO2Nr7V+xcg8oFHzJJC/vzWRmnh9JYdB1v5zMxubW9k52N7e3f3B4lD8+aZgw1hzqPJShbvnMgBQK6ihQQivSwAJfQtMf36Z+cwLaiFA94DSCbsCGSgwEZ2ilRquXlC9nvXzBLblz0HXiLUmBLFHr5b87/ZDHASjkkhnT9twIu4lvF4Oe5Yqd2EDE+JgNoW2psrLpJvNrZ7RolT4dhNqWQjpXc78mEhYYMw182xkwHJlVLxX/89oxDm66iVBRjKD4YtEglhRDmr5O+0IDRzm1hHEtUHDKR0wzjjagXMcALh5ACCLJEBLFJmI4D4qmB4XSzJI0LG81mnXSKJe8Sqlyf1WolpaxZckZOScXxCPXpEruSI3UCSeP5Im8kFfn2Xlz3p2PRWvGWc6ckj9wPn8AJK6gFw==</latexit>

X23

3
<latexit sha1_base64="fMvaT81sRjVI02TzLILeE1HE0RI=">AAACFXicbVA9TwJBEN3DL8Qv1NJmIyGxIndq0JLExhIT+TBAyN4ywMre3mV3joRc+A92Rv+LnbG19q9YuQcUCr5kkpf3ZjIzz4+kMOi6X05mbX1jcyu7ndvZ3ds/yB8e1U0Yaw41HspQN31mQAoFNRQooRlpYIEvoeGPblK/MQZtRKjucRJBJ2ADJfqCM7RS/aGbXHjTbr7gltwZ6CrxFqRAFqh289/tXsjjABRyyYxpeW6EncS3i0FPc8V2bCBifMQG0LJUWdl0ktm1U1q0So/2Q21LIZ2puV8TCQuMmQS+7QwYDs2yl4r/ea0Y+9edRKgoRlB8vqgfS4ohTV+nPaGBo5xYwrgWKDjlQ6YZRxtQrm0A5w8gBJFkCIliYzGYBUXTg0JppkkalrcczSqpn5e8cql8d1molBaxZckJOSVnxCNXpEJuSZXUCCeP5Im8kFfn2Xlz3p2PeWvGWcwckz9wPn8AJLOgFw==</latexit>

Y31

<latexit sha1_base64="WXQD0h8wXy01W4P0pxg6cAQIcrw=">AAACFXicbVA9TwJBEN3DL8Qv1NJmIyGxInfEoCWJjSUm8hGBkL1lgJW9vcvuHAm58B/sjP4XO2Nr7V+xcg8oFHzJJC/vzWRmnh9JYdB1v5zMxubW9k52N7e3f3B4lD8+aZgw1hzqPJShbvnMgBQK6ihQQivSwAJfQtMf36R+cwLaiFDd4zSCbsCGSgwEZ2ilxkMv8cqzXr7gltw56DrxlqRAlqj18t+dfsjjABRyyYxpe26E3cS3i0HPcsVObCBifMyG0LZUWdl0k/m1M1q0Sp8OQm1LIZ2ruV8TCQuMmQa+7QwYjsyql4r/ee0YB9fdRKgoRlB8sWgQS4ohTV+nfaGBo5xawrgWKDjlI6YZRxtQrmMAFw8gBJFkCIliEzGcB0XTg0JpZkkalrcazTpplEtepVS5uyxUS8vYsuSMnJML4pErUiW3pEbqhJNH8kReyKvz7Lw5787HojXjLGdOyR84nz8ktaAX</latexit>

Z12

<latexit sha1_base64="/Kv4gwvd8eCO8+XBqZwrXG3Z1Mw=">AAACFXicbVA9TwJBEN3zE/ELtbTZSEisyB0atCSxscREPiIQsrcMsLK3d9mdIyEX/oOd0f9iZ2yt/StW7gGFgi+Z5OW9mczM8yMpDLrul7O2vrG5tZ3Zye7u7R8c5o6O6yaMNYcaD2Womz4zIIWCGgqU0Iw0sMCX0PBHN6nfGIM2IlT3OImgE7CBEn3BGVqp/tBNShfTbi7vFt0Z6CrxFiRPFqh2c9/tXsjjABRyyYxpeW6EncS3i0FPs4V2bCBifMQG0LJUWdl0ktm1U1qwSo/2Q21LIZ2p2V8TCQuMmQS+7QwYDs2yl4r/ea0Y+9edRKgoRlB8vqgfS4ohTV+nPaGBo5xYwrgWKDjlQ6YZRxtQtm0A5w8gBJFkCIliYzGYBUXTg0JppkkalrcczSqpl4peuVi+u8xXiovYMuSUnJFz4pErUiG3pEpqhJNH8kReyKvz7Lw5787HvHXNWcyckD9wPn8AKBCgGQ==</latexit>

Z23

<latexit sha1_base64="8x7OqThXtwAXaF+iOO8WV9zQmxs=">AAACFXicbVA9TwJBEN3DL8Qv1NJmIyGxIndq0JLExhIT+YhAyN4ywMre3mV3joRc+A92Rv+LnbG19q9YuQcUCr5kkpf3ZjIzz4+kMOi6X05mbX1jcyu7ndvZ3ds/yB8e1U0Yaw41HspQN31mQAoFNRQooRlpYIEvoeGPblK/MQZtRKjucRJBJ2ADJfqCM7RS/aGbXHjTbr7gltwZ6CrxFqRAFqh289/tXsjjABRyyYxpeW6EncS3i0FPc8V2bCBifMQG0LJUWdl0ktm1U1q0So/2Q21LIZ2puV8TCQuMmQS+7QwYDs2yl4r/ea0Y+9edRKgoRlB8vqgfS4ohTV+nPaGBo5xYwrgWKDjlQ6YZRxtQrm0A5w8gBJFkCIliYzGYBUXTg0JppkkalrcczSqpn5e8cql8d1molBaxZckJOSVnxCNXpEJuSZXUCCeP5Im8kFfn2Xlz3p2PeWvGWcwckz9wPn8AJmSgGA==</latexit>

Z31

<latexit sha1_base64="P5FeLanwHpWZNUukQ1rXobflkrI=">AAACFXicbVA9TwJBEN3DL8Qv1NJmIyGxInfEoCWJjSUm8mGAkL1lgJW9vcvuHAm58B/sjP4XO2Nr7V+xcg8oFHzJJC/vzWRmnh9JYdB1v5zMxubW9k52N7e3f3B4lD8+aZgw1hzqPJShbvnMgBQK6ihQQivSwAJfQtMf36R+cwLaiFDd4zSCbsCGSgwEZ2ilxkMv8cqzXr7gltw56DrxlqRAlqj18t+dfsjjABRyyYxpe26E3cS3i0HPcsVObCBifMyG0LZUWdl0k/m1M1q0Sp8OQm1LIZ2ruV8TCQuMmQa+7QwYjsyql4r/ee0YB9fdRKgoRlB8sWgQS4ohTV+nfaGBo5xawrgWKDjlI6YZRxtQrmMAFw8gBJFkCIliEzGcB0XTg0JpZkkalrcazTpplEtepVS5uyxUS8vYsuSMnJML4pErUiW3pEbqhJNH8kReyKvz7Lw5787HojXjLGdOyR84nz8jBKAW</latexit>

Y12

<latexit sha1_base64="mGBK5MHeUjv9OqRMZffJPig2KlY=">AAACFXicbVA9TwJBEN3zE/ELtbTZSEisyB0atCSxscREPgwQsrcMsLK3d9mdIyEX/oOd0f9iZ2yt/StW7gGFgi+Z5OW9mczM8yMpDLrul7O2vrG5tZ3Zye7u7R8c5o6O6yaMNYcaD2Womz4zIIWCGgqU0Iw0sMCX0PBHN6nfGIM2IlT3OImgE7CBEn3BGVqp/tBNShfTbi7vFt0Z6CrxFiRPFqh2c9/tXsjjABRyyYxpeW6EncS3i0FPs4V2bCBifMQG0LJUWdl0ktm1U1qwSo/2Q21LIZ2p2V8TCQuMmQS+7QwYDs2yl4r/ea0Y+9edRKgoRlB8vqgfS4ohTV+nPaGBo5xYwrgWKDjlQ6YZRxtQtm0A5w8gBJFkCIliYzGYBUXTg0JppkkalrcczSqpl4peuVi+u8xXiovYMuSUnJFz4pErUiG3pEpqhJNH8kReyKvz7Lw5787HvHXNWcyckD9wPn8AJl+gGA==</latexit>

Y23

3

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23
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3

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2 3

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5

<latexit sha1_base64="WC80ooAjfS9R6Omz+WJdLVD/Uks="></latexit>

!(x , y) : P(x , y) = 0
<latexit sha1_base64="WC80ooAjfS9R6Omz+WJdLVD/Uks="></latexit>

!(x , y) : P(x , y) = 0
<latexit sha1_base64="mU7aOIb5Hj0fqO1dtsypxEl+JUY="></latexit>

P(x , y) = x +
1

x
+ y +

1

y
+ 1

<latexit sha1_base64="rH+U+BIZb7msP212h1qDCTu+4FM="></latexit>

P(x , y) = x + y +
1

xy
+ 1

The corresponding 4d supersymmetric gauge theories are given by periodic quivers wrapping  
the 2-torus along the 5,7-directions.

• 4d N=1 Gauge Theories

Example Example
<latexit sha1_base64="8mcb9pZG+00dJa6InHSaUoF2DHY="></latexit>

Hirzebruch
<latexit sha1_base64="YuQIkNwxVpgs3HDQQXgdc27ITIQ="></latexit>

F0

<latexit sha1_base64="h233SDf1BeeyjXjzJgaao/H1YNI="></latexit>

del Pezzo
<latexit sha1_base64="6HbtTSWu2nBhzbGEZ042UuxshQQ="></latexit>

dP0



<latexit sha1_base64="/C3YrUy9mSc1QE5NB4z3tnIA3Ls="></latexit>

U(1)1 U(1)2 U(1)3 U(1)4
X12, Y12 +1 -1 0 0
X23, Y23 0 +1 -1 0
X34, Y34 0 0 +1 -1
X41, Y41 0 0 +1 -1

<latexit sha1_base64="HzTjl+H6H8VQOLSCWdDNJBfaJEc="></latexit>

X34

<latexit sha1_base64="L/X+UYPJonYUn0QptNKKbVQg9e8="></latexit>

X12

<latexit sha1_base64="LQA8aJPcO7LPRJlCsIgMD+D3GNY="></latexit>

X23

<latexit sha1_base64="V45+UOwrWd1kNzODQ0uG7rObhyY="></latexit>

X41

3 3

3

4

2
<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

3

4

2

1
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3

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2
<latexit sha1_base64="Mhe2Uy+ZVNI+tB+zgX1S2zI5gds=">AAACJnicbVDLSgMxFM34tr6q4spNsAiuyoxIdSm6cVnB1kKnlEx62wYzk5DcKZahH+NO9F/cibjzO1yZaWfh60DgcM495N4TaSks+v67Nze/sLi0vLJaWlvf2Nwqb+80rUoNhwZXUplWxCxIkUADBUpoaQMsjiTcRneXuX87AmOFSm5wrKETs0Ei+oIzdFK3vBci3GNmUw1GK4QEBZOTbrniV/0p6F8SFKRCCtS75c+wp3gauzyXzNp24GvsZJHbBMykdBimFjTjd2wAbUcTJ9tONl1/Qg+d0qN9ZdxLkE7V0rdExmJrx3HkJmOGQ/vby8X/vHaK/bNOJhKdusP47KN+KikqmndBe8IARzl2hHEjUHDKh8wwjq6xUmgBZwcgxFoyhCxhIzGYNkfzhZS0kywvK/hdzV/SPK4GtWrt+qRyflHUtkL2yQE5IgE5JefkitRJg3CSkQfyRJ69R+/Fe/XeZqNzXpHZJT/gfXwB5kWn9g==</latexit>

superpotential

<latexit sha1_base64="0s3GZ0Hr8wsMqtXlO14n4ccNMqE="></latexit>

chiral matter fields

<latexit sha1_base64="ngDhUzljaMlIADeYKUY7rTrKNzs="></latexit>

W = X12X23X34X41 + Y12Y23Y34Y41
<latexit sha1_base64="RvxxM3Gg4fi+H/HK6WlOgmMMXc4="></latexit>

→X12Y23X34Y41 → Y12X23Y34X41

Example
<latexit sha1_base64="8mcb9pZG+00dJa6InHSaUoF2DHY="></latexit>

Hirzebruch
<latexit sha1_base64="YuQIkNwxVpgs3HDQQXgdc27ITIQ="></latexit>

F0

We can identify the 4d supersymmetric gauge theory from the periodic quiver on the 2-torus.

<latexit sha1_base64="frlrSabNxr1iNBP+e77jz4dkhcg="></latexit>

positive W -term
<latexit sha1_base64="Rap6yzn1ioEoKhCtl0uh7OpyYoo="></latexit>

(clockwise)

• 4d N=1 Gauge Theories

<latexit sha1_base64="Kk5fEjlSPWGJtRodPEa74OBdn0g="></latexit>

abelian theory (N=1)



<latexit sha1_base64="Ec9BZ1XP5lYegwPSpqohaSClGY8="></latexit>

W = X12X23X34X41 + Y12Y23Y34Y41

<latexit sha1_base64="sdsaM82SMqSjbFV6sp32hIUETwM="></latexit>

U(1)1 U(1)2 U(1)3 U(1)4
X12, Y12 +1 -1 0 0
X23, Y23 0 +1 -1 0
X34, Y34 0 0 +1 -1
X41, Y41 0 0 +1 -1

<latexit sha1_base64="ts6x+2ucxVlOu34bljFgReen3OY="></latexit>

Y41

<latexit sha1_base64="v7ZW7OFItKncndMQpI9sXCrl+8A="></latexit>

Y34

<latexit sha1_base64="xPB9thIrYJojzOa44EV9hPorDf8="></latexit>

Y23

<latexit sha1_base64="gysW/yT36ebZlywJwa/DEOtUa1s="></latexit>

Y12

3

3

3

4

2

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

3

4

2

1
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3

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2
<latexit sha1_base64="Mhe2Uy+ZVNI+tB+zgX1S2zI5gds=">AAACJnicbVDLSgMxFM34tr6q4spNsAiuyoxIdSm6cVnB1kKnlEx62wYzk5DcKZahH+NO9F/cibjzO1yZaWfh60DgcM495N4TaSks+v67Nze/sLi0vLJaWlvf2Nwqb+80rUoNhwZXUplWxCxIkUADBUpoaQMsjiTcRneXuX87AmOFSm5wrKETs0Ei+oIzdFK3vBci3GNmUw1GK4QEBZOTbrniV/0p6F8SFKRCCtS75c+wp3gauzyXzNp24GvsZJHbBMykdBimFjTjd2wAbUcTJ9tONl1/Qg+d0qN9ZdxLkE7V0rdExmJrx3HkJmOGQ/vby8X/vHaK/bNOJhKdusP47KN+KikqmndBe8IARzl2hHEjUHDKh8wwjq6xUmgBZwcgxFoyhCxhIzGYNkfzhZS0kywvK/hdzV/SPK4GtWrt+qRyflHUtkL2yQE5IgE5JefkitRJg3CSkQfyRJ69R+/Fe/XeZqNzXpHZJT/gfXwB5kWn9g==</latexit>

superpotential

<latexit sha1_base64="0s3GZ0Hr8wsMqtXlO14n4ccNMqE="></latexit>

chiral matter fields

<latexit sha1_base64="RvxxM3Gg4fi+H/HK6WlOgmMMXc4="></latexit>

→X12Y23X34Y41 → Y12X23Y34X41

Example
<latexit sha1_base64="8mcb9pZG+00dJa6InHSaUoF2DHY="></latexit>

Hirzebruch
<latexit sha1_base64="YuQIkNwxVpgs3HDQQXgdc27ITIQ="></latexit>

F0

<latexit sha1_base64="frlrSabNxr1iNBP+e77jz4dkhcg="></latexit>

positive W -term
<latexit sha1_base64="Rap6yzn1ioEoKhCtl0uh7OpyYoo="></latexit>

(clockwise)

We can identify the 4d supersymmetric gauge theory from the periodic quiver on the 2-torus.

• 4d N=1 Gauge Theories

<latexit sha1_base64="Kk5fEjlSPWGJtRodPEa74OBdn0g="></latexit>

abelian theory (N=1)



<latexit sha1_base64="UrRqnXudhY+YW3JiLxLyEjbLbDg="></latexit>

U(1)1 U(1)2 U(1)3 U(1)4
X12, Y12 +1 -1 0 0
X23, Y23 0 +1 -1 0
X34, Y34 0 0 +1 -1
X41, Y41 0 0 +1 -1

<latexit sha1_base64="BDbQScLhmeducc/BIKlftZ2t+j0="></latexit>

→X12Y23X34Y41 → Y12X23Y34X41

<latexit sha1_base64="cXWDuCWNP67/c77tNLhpVYXZhrQ="></latexit>

W = X12X23X34X41 + Y12Y23Y34Y41

<latexit sha1_base64="xPB9thIrYJojzOa44EV9hPorDf8="></latexit>

Y23

<latexit sha1_base64="HzTjl+H6H8VQOLSCWdDNJBfaJEc="></latexit>

X34

<latexit sha1_base64="ts6x+2ucxVlOu34bljFgReen3OY="></latexit>

Y41

<latexit sha1_base64="L/X+UYPJonYUn0QptNKKbVQg9e8="></latexit>

X12

3

3 3

4

2

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34
<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

3

4

2

1
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1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2
<latexit sha1_base64="Mhe2Uy+ZVNI+tB+zgX1S2zI5gds=">AAACJnicbVDLSgMxFM34tr6q4spNsAiuyoxIdSm6cVnB1kKnlEx62wYzk5DcKZahH+NO9F/cibjzO1yZaWfh60DgcM495N4TaSks+v67Nze/sLi0vLJaWlvf2Nwqb+80rUoNhwZXUplWxCxIkUADBUpoaQMsjiTcRneXuX87AmOFSm5wrKETs0Ei+oIzdFK3vBci3GNmUw1GK4QEBZOTbrniV/0p6F8SFKRCCtS75c+wp3gauzyXzNp24GvsZJHbBMykdBimFjTjd2wAbUcTJ9tONl1/Qg+d0qN9ZdxLkE7V0rdExmJrx3HkJmOGQ/vby8X/vHaK/bNOJhKdusP47KN+KikqmndBe8IARzl2hHEjUHDKh8wwjq6xUmgBZwcgxFoyhCxhIzGYNkfzhZS0kywvK/hdzV/SPK4GtWrt+qRyflHUtkL2yQE5IgE5JefkitRJg3CSkQfyRJ69R+/Fe/XeZqNzXpHZJT/gfXwB5kWn9g==</latexit>

superpotential

<latexit sha1_base64="0s3GZ0Hr8wsMqtXlO14n4ccNMqE="></latexit>

chiral matter fields
Example

<latexit sha1_base64="8mcb9pZG+00dJa6InHSaUoF2DHY="></latexit>

Hirzebruch
<latexit sha1_base64="YuQIkNwxVpgs3HDQQXgdc27ITIQ="></latexit>

F0

<latexit sha1_base64="yS6NORY4S91CF/JJy5ARp1hxtNE="></latexit>

negative W -term
<latexit sha1_base64="mgvFsbtUC/wwas5KdSq89rfclKg="></latexit>

(a-clockwise)

• 4d N=1 Gauge Theories

We can identify the 4d supersymmetric gauge theory from the periodic quiver on the 2-torus.

<latexit sha1_base64="Kk5fEjlSPWGJtRodPEa74OBdn0g="></latexit>

abelian theory (N=1)



<latexit sha1_base64="Eufjp2q0RoIEPX5TROpFR/V/8hs="></latexit>

U(1)1 U(1)2 U(1)3 U(1)4
X12, Y12 +1 -1 0 0
X23, Y23 0 +1 -1 0
X34, Y34 0 0 +1 -1
X41, Y41 0 0 +1 -1

<latexit sha1_base64="+Ti6w6xZnLqPUw8bif962uhdhE8="></latexit>

→X12Y23X34Y41 → Y12X23Y34X41

<latexit sha1_base64="8Ku6rtOU3uQD8GckYUTt8PxwEXE="></latexit>

Y34

<latexit sha1_base64="GLKvOh9pRQqux1g61IY9jjYmzOU="></latexit>

Y12

<latexit sha1_base64="l1qUomqXW63diQJXtmD59dEkQJQ="></latexit>

X23

<latexit sha1_base64="ERjMzUDSbA8OAK6d1p0jC0e+kes="></latexit>

X41

3

3

3

4

2

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41 <latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

3

4

2

1

<latexit sha1_base64="cXWDuCWNP67/c77tNLhpVYXZhrQ="></latexit>

W = X12X23X34X41 + Y12Y23Y34Y41
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3

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2
<latexit sha1_base64="Mhe2Uy+ZVNI+tB+zgX1S2zI5gds=">AAACJnicbVDLSgMxFM34tr6q4spNsAiuyoxIdSm6cVnB1kKnlEx62wYzk5DcKZahH+NO9F/cibjzO1yZaWfh60DgcM495N4TaSks+v67Nze/sLi0vLJaWlvf2Nwqb+80rUoNhwZXUplWxCxIkUADBUpoaQMsjiTcRneXuX87AmOFSm5wrKETs0Ei+oIzdFK3vBci3GNmUw1GK4QEBZOTbrniV/0p6F8SFKRCCtS75c+wp3gauzyXzNp24GvsZJHbBMykdBimFjTjd2wAbUcTJ9tONl1/Qg+d0qN9ZdxLkE7V0rdExmJrx3HkJmOGQ/vby8X/vHaK/bNOJhKdusP47KN+KikqmndBe8IARzl2hHEjUHDKh8wwjq6xUmgBZwcgxFoyhCxhIzGYNkfzhZS0kywvK/hdzV/SPK4GtWrt+qRyflHUtkL2yQE5IgE5JefkitRJg3CSkQfyRJ69R+/Fe/XeZqNzXpHZJT/gfXwB5kWn9g==</latexit>

superpotential

<latexit sha1_base64="0s3GZ0Hr8wsMqtXlO14n4ccNMqE="></latexit>

chiral matter fields
Example

<latexit sha1_base64="8mcb9pZG+00dJa6InHSaUoF2DHY="></latexit>

Hirzebruch
<latexit sha1_base64="YuQIkNwxVpgs3HDQQXgdc27ITIQ="></latexit>

F0

<latexit sha1_base64="yS6NORY4S91CF/JJy5ARp1hxtNE="></latexit>

negative W -term
<latexit sha1_base64="mgvFsbtUC/wwas5KdSq89rfclKg="></latexit>

(a-clockwise)

• 4d N=1 Gauge Theories

We can identify the 4d supersymmetric gauge theory from the periodic quiver on the 2-torus.

<latexit sha1_base64="Kk5fEjlSPWGJtRodPEa74OBdn0g="></latexit>

abelian theory (N=1)



3

3 3

3

4 4

2

2

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

1
<latexit sha1_base64="S5opsIe8oSE9ImbAayC/bQ9+FDU="></latexit>

1
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2

<latexit sha1_base64="nDJZRW8bqTTR3/pSL+ARL8tFhOM="></latexit>

D5

23
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3

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 23

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 23

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2

<latexit sha1_base64="vRYvzYNDNlUur3Njt0rxssaLlEM=">AAACK3icbZBNSwMxEIazflu/qt70EiwFT2VXpHoUvXhUsFpoS8mmszWYTZZkVixLwV/jTfS/eFK8+ic8md32oK0DgZf3nSEzT5hIYdH3372Z2bn5hcWl5dLK6tr6Rnlz69rq1HBocC21aYbMghQKGihQQjMxwOJQwk14d5bnN/dgrNDqCgcJdGLWVyISnKGzuuWdNsIDZqFhCijXKhL91BTZsFuu+DW/KDotgrGokHFddMvf7Z7maQwKuWTWtgI/wU4WunXADEvVdmohYfyO9aHlpHK27WTFDUNadU6PRtq4p5AWbunXRMZiawdx6Dpjhrd2MsvN/7JWitFxJxMqSREUH30UpZKipjkQ2hMGOMqBE4wbgYJTfssM4+iwldoWcHQAQpxIhpApdi/6BSKaL6SlHWY5rGASzbS4PqgF9Vr98rBycjrGtkR2yR7ZJwE5IifknFyQBuHkkTyRF/LqPXtv3of3OWqd8cYz2+RPeV8/hBCpyQ==</latexit>

brane configuration
<latexit sha1_base64="oV6lxBw0X1IBrZD3JjI8IumnKfs="></latexit>

brane tiling (dimer)
<latexit sha1_base64="yTam89+k7k8cM/9KHS7mrOLPbic=">AAACHHicbVDLSsNAFJ34rPVVdelmsBRclUSkuiy6cVnBPqANZTK9bYdOJmnmplhCv8Od6L+4E7eCv+LKSdqFth4YOJx77mOOF0qh0ba/rLX1jc2t7dxOfndv/+CwcHTc0EEccajzQAZRy2MapFBQR4ESWmEEzPckNL3RbVpvTiDSIlAPOA3B9dlAib7gDI3kdhAeMRnHwnhm3ULRLtsZ6CpxFqRIFqh1C9+dXsBjHxRyybRuO3aIbuKZ/WZcvtSJNYSMj9gA2oYqI2s3yY6e0ZJRerQfROYppJma/9WRMF/rqe8Zp89wqJdrqfhfrR1j/9pNhApjBMXni/qxpBjQNAHaExFwlFNDGI8ECk75kEWMo8kp39GA8w8g+KFkCIliEzHI8qLpQYHUsyQNy1mOZpU0LspOpVy5vyxWbxax5cgpOSPnxCFXpEruSI3UCSdj8kReyKv1bL1Z79bH3LpmLXpOyB9Ynz9cc6QS</latexit>

quiver

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5

<latexit sha1_base64="L+IXTswVwtqTyhenXr4t8olcsyc="></latexit>

D5-brane
<latexit sha1_base64="xhXUXu3+8tmh0ogtcvhJffeuB28="></latexit>

face
<latexit sha1_base64="bTeGAIxorHUH7eyeCqsP7zaw/+k="></latexit>gauge group

• Brane Tilings (Dimers)

We can encode the 4d gauge theory with a bipartite graph on the 2-torus known as a dimer model.

<latexit sha1_base64="Fkc4tDaT6gNjAb4zQrE9FrG3cJ8="></latexit>

[Franco, Hanany, Kennaway, Vegh, Wecht 2005]



<latexit sha1_base64="Z2j5pnUmMgobdGugClMP9/VxvMI=">AAACEHicdVDJagJBEO0xmzGbSY65NBEhJ5kR0eQm5JKjQlxARXraUht7eobuGkEGvyC3kPxLbiHX/EF+Jae0SyDrg4LHe1VU1fMjKQy67puT2tjc2t5J72b29g8Oj7LHJ00TxppDg4cy1G2fGZBCQQMFSmhHGljgS2j5k+uF35qCNiJUtziLoBewkRJDwRlaqe71szm3UCqWy5US/U28grtEjqxR62ffu4OQxwEo5JIZ0/HcCHuJb3eCnmfy3dhAxPiEjaBjqbKy6SXLQ+c0b5UBHYbalkK6VDNfJhIWGDMLfNsZMBybn95C/MvrxDi87CVCRTGC4qtFw1hSDOniazoQGjjKmSWMa4GCUz5mmnG02WS6BnD1AEIQSYaQKDYVo2VGdHFQKM08mduwPhOh/5NmseCVC6V6KVe9WseWJmfknFwQj1RIldyQGmkQToDckQfy6Nw7T86z87JqTTnrmVPyDc7rB8x4nmI=</latexit>

1
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2

<latexit sha1_base64="QGTzhjfFJajpd1Cx+ewGrsZFOfg="></latexit>

X41

3

3 3

3

4

2

2

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

4 1

24

Brane Engineering of Gauge Theories

3

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 23

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 23

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2

<latexit sha1_base64="vRYvzYNDNlUur3Njt0rxssaLlEM=">AAACK3icbZBNSwMxEIazflu/qt70EiwFT2VXpHoUvXhUsFpoS8mmszWYTZZkVixLwV/jTfS/eFK8+ic8md32oK0DgZf3nSEzT5hIYdH3372Z2bn5hcWl5dLK6tr6Rnlz69rq1HBocC21aYbMghQKGihQQjMxwOJQwk14d5bnN/dgrNDqCgcJdGLWVyISnKGzuuWdNsIDZqFhCijXKhL91BTZsFuu+DW/KDotgrGokHFddMvf7Z7maQwKuWTWtgI/wU4WunXADEvVdmohYfyO9aHlpHK27WTFDUNadU6PRtq4p5AWbunXRMZiawdx6Dpjhrd2MsvN/7JWitFxJxMqSREUH30UpZKipjkQ2hMGOMqBE4wbgYJTfssM4+iwldoWcHQAQpxIhpApdi/6BSKaL6SlHWY5rGASzbS4PqgF9Vr98rBycjrGtkR2yR7ZJwE5IifknFyQBuHkkTyRF/LqPXtv3of3OWqd8cYz2+RPeV8/hBCpyQ==</latexit>

brane configuration
<latexit sha1_base64="oV6lxBw0X1IBrZD3JjI8IumnKfs="></latexit>

brane tiling (dimer)
<latexit sha1_base64="yTam89+k7k8cM/9KHS7mrOLPbic=">AAACHHicbVDLSsNAFJ34rPVVdelmsBRclUSkuiy6cVnBPqANZTK9bYdOJmnmplhCv8Od6L+4E7eCv+LKSdqFth4YOJx77mOOF0qh0ba/rLX1jc2t7dxOfndv/+CwcHTc0EEccajzQAZRy2MapFBQR4ESWmEEzPckNL3RbVpvTiDSIlAPOA3B9dlAib7gDI3kdhAeMRnHwnhm3ULRLtsZ6CpxFqRIFqh1C9+dXsBjHxRyybRuO3aIbuKZ/WZcvtSJNYSMj9gA2oYqI2s3yY6e0ZJRerQfROYppJma/9WRMF/rqe8Zp89wqJdrqfhfrR1j/9pNhApjBMXni/qxpBjQNAHaExFwlFNDGI8ECk75kEWMo8kp39GA8w8g+KFkCIliEzHI8qLpQYHUsyQNy1mOZpU0LspOpVy5vyxWbxax5cgpOSPnxCFXpEruSI3UCSdj8kReyKv1bL1Z79bH3LpmLXpOyB9Ynz9cc6QS</latexit>

quiver

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5

<latexit sha1_base64="lBblxH7Pja9HRGoVL75NAeVG5jU=">AAACGHicbVA9SwNBEN3zM8avqKXNYghYhTvRaBnUwjKC+ZAkhL3NJC7u7R27c8Fw5FfYif4XO7G1869YuXdJodEHA4/3ZpiZ50dSGHTdT2dhcWl5ZTW3ll/f2NzaLuzsNkwYaw51HspQt3xmQAoFdRQooRVpYIEvoenfX6R+cwTaiFDd4DiCbsCGSgwEZ2il2w7CAyaXJ5NeoeiW3Qz0L/FmpEhmqPUKX51+yOMAFHLJjGl7boTdxLe7QU/ypU5sIGL8ng2hbamysukm2cETWrJKnw5CbUshzdT8j4mEBcaMA992BgzvzLyXiv957RgHZ91EqChGUHy6aBBLiiFNv6d9oYGjHFvCuBYoOOV3TDOONqN8xwBOH0AIIskQEsVGYphlRdODQmkmSRqWNx/NX9I4KnuVcuX6uFg9n8WWI/vkgBwSj5ySKrkiNVInnATkkTyTF+fJeXXenPdp64Izm9kjv+B8fAMiU6HH</latexit>

D5

<latexit sha1_base64="zLdDB86f19x+BWtsGbqR/IqAqjM="></latexit>

open string
<latexit sha1_base64="puwGOg3iV+eWenGV5uRMqRuiyCc="></latexit>

between two D5-branes

<latexit sha1_base64="KLaAuRDtsNNwTHj15bLkxPkZabI="></latexit>

edge
<latexit sha1_base64="UWMEHOWxs4IA4vZLKKYaOhWN32E="></latexit>

bifundamental chiral field

• Brane Tilings (Dimers)

We can encode the 4d gauge theory with a bipartite graph on the 2-torus known as a dimer model.

<latexit sha1_base64="Fkc4tDaT6gNjAb4zQrE9FrG3cJ8="></latexit>

[Franco, Hanany, Kennaway, Vegh, Wecht 2005]



<latexit sha1_base64="sIWZVq3cSqeGfsiAELbiu/i7Fxk="></latexit>

multiple open strings

<latexit sha1_base64="HzTjl+H6H8VQOLSCWdDNJBfaJEc="></latexit>

X34

<latexit sha1_base64="L/X+UYPJonYUn0QptNKKbVQg9e8="></latexit>

X12

<latexit sha1_base64="LQA8aJPcO7LPRJlCsIgMD+D3GNY="></latexit>

X23

<latexit sha1_base64="V45+UOwrWd1kNzODQ0uG7rObhyY="></latexit>

X41

3 3

3

4

2
<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

3

4

2

1
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3

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2

<latexit sha1_base64="Z2j5pnUmMgobdGugClMP9/VxvMI=">AAACEHicdVDJagJBEO0xmzGbSY65NBEhJ5kR0eQm5JKjQlxARXraUht7eobuGkEGvyC3kPxLbiHX/EF+Jae0SyDrg4LHe1VU1fMjKQy67puT2tjc2t5J72b29g8Oj7LHJ00TxppDg4cy1G2fGZBCQQMFSmhHGljgS2j5k+uF35qCNiJUtziLoBewkRJDwRlaqe71szm3UCqWy5US/U28grtEjqxR62ffu4OQxwEo5JIZ0/HcCHuJb3eCnmfy3dhAxPiEjaBjqbKy6SXLQ+c0b5UBHYbalkK6VDNfJhIWGDMLfNsZMBybn95C/MvrxDi87CVCRTGC4qtFw1hSDOniazoQGjjKmSWMa4GCUz5mmnG02WS6BnD1AEIQSYaQKDYVo2VGdHFQKM08mduwPhOh/5NmseCVC6V6KVe9WseWJmfknFwQj1RIldyQGmkQToDckQfy6Nw7T86z87JqTTnrmVPyDc7rB8x4nmI=</latexit>

1
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2

3

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 23

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2

<latexit sha1_base64="vRYvzYNDNlUur3Njt0rxssaLlEM=">AAACK3icbZBNSwMxEIazflu/qt70EiwFT2VXpHoUvXhUsFpoS8mmszWYTZZkVixLwV/jTfS/eFK8+ic8md32oK0DgZf3nSEzT5hIYdH3372Z2bn5hcWl5dLK6tr6Rnlz69rq1HBocC21aYbMghQKGihQQjMxwOJQwk14d5bnN/dgrNDqCgcJdGLWVyISnKGzuuWdNsIDZqFhCijXKhL91BTZsFuu+DW/KDotgrGokHFddMvf7Z7maQwKuWTWtgI/wU4WunXADEvVdmohYfyO9aHlpHK27WTFDUNadU6PRtq4p5AWbunXRMZiawdx6Dpjhrd2MsvN/7JWitFxJxMqSREUH30UpZKipjkQ2hMGOMqBE4wbgYJTfssM4+iwldoWcHQAQpxIhpApdi/6BSKaL6SlHWY5rGASzbS4PqgF9Vr98rBycjrGtkR2yR7ZJwE5IifknFyQBuHkkTyRF/LqPXtv3of3OWqd8cYz2+RPeV8/hBCpyQ==</latexit>

brane configuration
<latexit sha1_base64="oV6lxBw0X1IBrZD3JjI8IumnKfs="></latexit>

brane tiling (dimer)
<latexit sha1_base64="yTam89+k7k8cM/9KHS7mrOLPbic=">AAACHHicbVDLSsNAFJ34rPVVdelmsBRclUSkuiy6cVnBPqANZTK9bYdOJmnmplhCv8Od6L+4E7eCv+LKSdqFth4YOJx77mOOF0qh0ba/rLX1jc2t7dxOfndv/+CwcHTc0EEccajzQAZRy2MapFBQR4ESWmEEzPckNL3RbVpvTiDSIlAPOA3B9dlAib7gDI3kdhAeMRnHwnhm3ULRLtsZ6CpxFqRIFqh1C9+dXsBjHxRyybRuO3aIbuKZ/WZcvtSJNYSMj9gA2oYqI2s3yY6e0ZJRerQfROYppJma/9WRMF/rqe8Zp89wqJdrqfhfrR1j/9pNhApjBMXni/qxpBjQNAHaExFwlFNDGI8ECk75kEWMo8kp39GA8w8g+KFkCIliEzHI8qLpQYHUsyQNy1mOZpU0LspOpVy5vyxWbxax5cgpOSPnxCFXpEruSI3UCSdj8kReyKv1bL1Z79bH3LpmLXpOyB9Ynz9cc6QS</latexit>

quiver

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5

<latexit sha1_base64="lBblxH7Pja9HRGoVL75NAeVG5jU=">AAACGHicbVA9SwNBEN3zM8avqKXNYghYhTvRaBnUwjKC+ZAkhL3NJC7u7R27c8Fw5FfYif4XO7G1869YuXdJodEHA4/3ZpiZ50dSGHTdT2dhcWl5ZTW3ll/f2NzaLuzsNkwYaw51HspQt3xmQAoFdRQooRVpYIEvoenfX6R+cwTaiFDd4DiCbsCGSgwEZ2il2w7CAyaXJ5NeoeiW3Qz0L/FmpEhmqPUKX51+yOMAFHLJjGl7boTdxLe7QU/ypU5sIGL8ng2hbamysukm2cETWrJKnw5CbUshzdT8j4mEBcaMA992BgzvzLyXiv957RgHZ91EqChGUHy6aBBLiiFNv6d9oYGjHFvCuBYoOOV3TDOONqN8xwBOH0AIIskQEsVGYphlRdODQmkmSRqWNx/NX9I4KnuVcuX6uFg9n8WWI/vkgBwSj5ySKrkiNVInnATkkTyTF+fJeXXenPdp64Izm9kjv+B8fAMiU6HH</latexit>

D5

<latexit sha1_base64="sWkd+zpa7HucBFYsp57XANSac6o="></latexit>

meet

<latexit sha1_base64="7uNR79szfBsu7aSk3vjFr5KAKMA="></latexit>

white node
<latexit sha1_base64="1ETkdvApw+BlYdGZ31zjpXSH3Qc="></latexit>

(clockwise)

<latexit sha1_base64="frlrSabNxr1iNBP+e77jz4dkhcg="></latexit>

positive W -term

• Brane Tilings (Dimers)

We can encode the 4d gauge theory with a bipartite graph on the 2-torus known as a dimer model.

<latexit sha1_base64="Fkc4tDaT6gNjAb4zQrE9FrG3cJ8="></latexit>

[Franco, Hanany, Kennaway, Vegh, Wecht 2005]



<latexit sha1_base64="9ltI/llJIXbY8/E6tSszsiAw85o="></latexit>

black node
<latexit sha1_base64="yS6NORY4S91CF/JJy5ARp1hxtNE="></latexit>

negative W -term

<latexit sha1_base64="8Ku6rtOU3uQD8GckYUTt8PxwEXE="></latexit>

Y34

<latexit sha1_base64="GLKvOh9pRQqux1g61IY9jjYmzOU="></latexit>

Y12

<latexit sha1_base64="l1qUomqXW63diQJXtmD59dEkQJQ="></latexit>

X23

<latexit sha1_base64="ERjMzUDSbA8OAK6d1p0jC0e+kes="></latexit>

X41

3

3

3

4

2

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41 <latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

3

4

2

1
<latexit sha1_base64="Z2j5pnUmMgobdGugClMP9/VxvMI=">AAACEHicdVDJagJBEO0xmzGbSY65NBEhJ5kR0eQm5JKjQlxARXraUht7eobuGkEGvyC3kPxLbiHX/EF+Jae0SyDrg4LHe1VU1fMjKQy67puT2tjc2t5J72b29g8Oj7LHJ00TxppDg4cy1G2fGZBCQQMFSmhHGljgS2j5k+uF35qCNiJUtziLoBewkRJDwRlaqe71szm3UCqWy5US/U28grtEjqxR62ffu4OQxwEo5JIZ0/HcCHuJb3eCnmfy3dhAxPiEjaBjqbKy6SXLQ+c0b5UBHYbalkK6VDNfJhIWGDMLfNsZMBybn95C/MvrxDi87CVCRTGC4qtFw1hSDOniazoQGjjKmSWMa4GCUz5mmnG02WS6BnD1AEIQSYaQKDYVo2VGdHFQKM08mduwPhOh/5NmseCVC6V6KVe9WseWJmfknFwQj1RIldyQGmkQToDckQfy6Nw7T86z87JqTTnrmVPyDc7rB8x4nmI=</latexit>

1
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2
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3

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 23

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 23

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2

<latexit sha1_base64="vRYvzYNDNlUur3Njt0rxssaLlEM=">AAACK3icbZBNSwMxEIazflu/qt70EiwFT2VXpHoUvXhUsFpoS8mmszWYTZZkVixLwV/jTfS/eFK8+ic8md32oK0DgZf3nSEzT5hIYdH3372Z2bn5hcWl5dLK6tr6Rnlz69rq1HBocC21aYbMghQKGihQQjMxwOJQwk14d5bnN/dgrNDqCgcJdGLWVyISnKGzuuWdNsIDZqFhCijXKhL91BTZsFuu+DW/KDotgrGokHFddMvf7Z7maQwKuWTWtgI/wU4WunXADEvVdmohYfyO9aHlpHK27WTFDUNadU6PRtq4p5AWbunXRMZiawdx6Dpjhrd2MsvN/7JWitFxJxMqSREUH30UpZKipjkQ2hMGOMqBE4wbgYJTfssM4+iwldoWcHQAQpxIhpApdi/6BSKaL6SlHWY5rGASzbS4PqgF9Vr98rBycjrGtkR2yR7ZJwE5IifknFyQBuHkkTyRF/LqPXtv3of3OWqd8cYz2+RPeV8/hBCpyQ==</latexit>

brane configuration
<latexit sha1_base64="oV6lxBw0X1IBrZD3JjI8IumnKfs="></latexit>

brane tiling (dimer)
<latexit sha1_base64="yTam89+k7k8cM/9KHS7mrOLPbic=">AAACHHicbVDLSsNAFJ34rPVVdelmsBRclUSkuiy6cVnBPqANZTK9bYdOJmnmplhCv8Od6L+4E7eCv+LKSdqFth4YOJx77mOOF0qh0ba/rLX1jc2t7dxOfndv/+CwcHTc0EEccajzQAZRy2MapFBQR4ESWmEEzPckNL3RbVpvTiDSIlAPOA3B9dlAib7gDI3kdhAeMRnHwnhm3ULRLtsZ6CpxFqRIFqh1C9+dXsBjHxRyybRuO3aIbuKZ/WZcvtSJNYSMj9gA2oYqI2s3yY6e0ZJRerQfROYppJma/9WRMF/rqe8Zp89wqJdrqfhfrR1j/9pNhApjBMXni/qxpBjQNAHaExFwlFNDGI8ECk75kEWMo8kp39GA8w8g+KFkCIliEzHI8qLpQYHUsyQNy1mOZpU0LspOpVy5vyxWbxax5cgpOSPnxCFXpEruSI3UCSdj8kReyKv1bL1Z79bH3LpmLXpOyB9Ynz9cc6QS</latexit>

quiver

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5

<latexit sha1_base64="lBblxH7Pja9HRGoVL75NAeVG5jU=">AAACGHicbVA9SwNBEN3zM8avqKXNYghYhTvRaBnUwjKC+ZAkhL3NJC7u7R27c8Fw5FfYif4XO7G1869YuXdJodEHA4/3ZpiZ50dSGHTdT2dhcWl5ZTW3ll/f2NzaLuzsNkwYaw51HspQt3xmQAoFdRQooRVpYIEvoenfX6R+cwTaiFDd4DiCbsCGSgwEZ2il2w7CAyaXJ5NeoeiW3Qz0L/FmpEhmqPUKX51+yOMAFHLJjGl7boTdxLe7QU/ypU5sIGL8ng2hbamysukm2cETWrJKnw5CbUshzdT8j4mEBcaMA992BgzvzLyXiv957RgHZ91EqChGUHy6aBBLiiFNv6d9oYGjHFvCuBYoOOV3TDOONqN8xwBOH0AIIskQEsVGYphlRdODQmkmSRqWNx/NX9I4KnuVcuX6uFg9n8WWI/vkgBwSj5ySKrkiNVInnATkkTyTF+fJeXXenPdp64Izm9kjv+B8fAMiU6HH</latexit>

D5

<latexit sha1_base64="sIWZVq3cSqeGfsiAELbiu/i7Fxk="></latexit>

multiple open strings
<latexit sha1_base64="sWkd+zpa7HucBFYsp57XANSac6o="></latexit>

meet
<latexit sha1_base64="1ETkdvApw+BlYdGZ31zjpXSH3Qc="></latexit>

(clockwise)

• Brane Tilings (Dimers)

We can encode the 4d gauge theory with a bipartite graph on the 2-torus known as a dimer model.

<latexit sha1_base64="Fkc4tDaT6gNjAb4zQrE9FrG3cJ8="></latexit>

[Franco, Hanany, Kennaway, Vegh, Wecht 2005]
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• Brane Tilings (Dimers)

We can encode the 4d gauge theory with a bipartite graph on the 2-torus known as a dimer model.

<latexit sha1_base64="Fkc4tDaT6gNjAb4zQrE9FrG3cJ8="></latexit>

[Franco, Hanany, Kennaway, Vegh, Wecht 2005]

<latexit sha1_base64="tcfN4WQXRDuO/D04D8f4LfJ5XAg="></latexit>

L =
1

16ω

∫
d2ε ϑf Tr(W

ω
f Wfω) +

∫
d4ε !e

†eVf !ee
→Vf +

∫
d2ε W + h.c.

<latexit sha1_base64="RHKRqja7VDfIRg2m3a6qqC7WKI4="></latexit>

chiral field term
<latexit sha1_base64="RXWeGCtKV7QF5mN4a9sMSE3lTmo="></latexit>

superpotential term

Lagrangian of the 4d N=1 Theory



<latexit sha1_base64="8G94tLn5fzb7DqCMpBNwj5C2jtQ="></latexit>

P(x , y) =
∑

(nx ,ny )→!

c(nx ,ny ) x
nx yny

<latexit sha1_base64="l88Y4CPlZHgAsAvJHZMOrymrHVg="></latexit>

= x +
1

x
+ c1

(
y +

1

y

)
+ c2

<latexit sha1_base64="cYuLnp7+UhXSLGPxw+XSn+7Bw9Y="></latexit>

x+1y0 + x→1y0 + x0y+1 + x0y→1 + x0y0

<latexit sha1_base64="PkNE7gs57/Z1tbnWHDYz6MIFvmc="></latexit>

(0, 0)

<latexit sha1_base64="Vdzvhu/7hsyedmrsH5QNV5tRDRw="></latexit>

(0,→1)

<latexit sha1_base64="ogrij2pJTn+UPVkfUGOe3KI9Zok="></latexit>

(0,+1)

<latexit sha1_base64="Em+9erx14cWy1ncEWN+4X9X7MUg="></latexit>

(→1, 0)
<latexit sha1_base64="6h2NL6E/zixOcQdXrVyXKBQ13+U="></latexit>

(+1, 0)
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• Toric Varieties and Toric Diagrams

<latexit sha1_base64="bwGjL4pnwgHcvrL8fUEDy7OFwDo="></latexit>

Z2

<latexit sha1_base64="s3Vag1DkSt3hiJK1NYHOMDu2Pas="></latexit>

! =
<latexit sha1_base64="J5HyRs216VGX3PGNt7aTFccA8us="></latexit>

P(x , y) =

<latexit sha1_base64="QyCC9g74797f0UCRb6SQ9VFA0Xs="></latexit>

x , y → C→

<latexit sha1_base64="K3n22SKUL23kS6zkPxhTnMA9HYU="></latexit>

! : P(x , y) = 0

<latexit sha1_base64="oltK+ceG42BEocX/I4mJLW4IwVU="></latexit>

complex structure moduli

<latexit sha1_base64="OjF0J56TVgNQ5a9e8W5FB7yz5PQ="></latexit>

independent complex structure moduli

Example
<latexit sha1_base64="8mcb9pZG+00dJa6InHSaUoF2DHY="></latexit>

Hirzebruch
<latexit sha1_base64="YuQIkNwxVpgs3HDQQXgdc27ITIQ="></latexit>

F0

<latexit sha1_base64="CPSBMhqRo6G3tn6xAsNnHyq3eC4="></latexit>

mirror curve

<latexit sha1_base64="v06u9QW3/ROB7AQEY4x7KjSPfPo="></latexit>

Newton polynomial
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• Brane Tilings and Calabi-Yau Mirror Symmetry

3

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5
<latexit sha1_base64="lBblxH7Pja9HRGoVL75NAeVG5jU=">AAACGHicbVA9SwNBEN3zM8avqKXNYghYhTvRaBnUwjKC+ZAkhL3NJC7u7R27c8Fw5FfYif4XO7G1869YuXdJodEHA4/3ZpiZ50dSGHTdT2dhcWl5ZTW3ll/f2NzaLuzsNkwYaw51HspQt3xmQAoFdRQooRVpYIEvoenfX6R+cwTaiFDd4DiCbsCGSgwEZ2il2w7CAyaXJ5NeoeiW3Qz0L/FmpEhmqPUKX51+yOMAFHLJjGl7boTdxLe7QU/ypU5sIGL8ng2hbamysukm2cETWrJKnw5CbUshzdT8j4mEBcaMA992BgzvzLyXiv957RgHZ91EqChGUHy6aBBLiiFNv6d9oYGjHFvCuBYoOOV3TDOONqN8xwBOH0AIIskQEsVGYphlRdODQmkmSRqWNx/NX9I4KnuVcuX6uFg9n8WWI/vkgBwSj5ySKrkiNVInnATkkTyTF+fJeXXenPdp64Izm9kjv+B8fAMiU6HH</latexit>

D5

<latexit sha1_base64="QUovjc4cMGu9sRwb8dS+w2Wzmu0=">AAACGXicbVA9SwNBEN3zM8avqKXNYghYhTvRaBm0sZKI5gOTEPY2k2Rxb+/YnQuGI//CTvS/2ImtlX/Fyr0khUYfDDzem2Fmnh9JYdB1P52FxaXlldXMWnZ9Y3NrO7ezWzNhrDlUeShD3fCZASkUVFGghEakgQW+hLp/f5H69SFoI0J1i6MI2gHrK9ETnKGV7loID5hc3ZyMO7m8W3QnoH+JNyN5MkOlk/tqdUMeB6CQS2ZM03MjbCe+XQ56nC20YgMR4/esD01LlZVNO5lcPKYFq3RpL9S2FNKJmv0xkbDAmFHg286A4cDMe6n4n9eMsXfWToSKYgTFp4t6saQY0vR92hUaOMqRJYxrgYJTPmCacbQhZVsGcPoAQhBJhpAoNhT9SVg0PSiUZpykYXnz0fwltaOiVyqWro/z5fNZbBmyTw7IIfHIKSmTS1IhVcKJIo/kmbw4T86r8+a8T1sXnNnMHvkF5+Mb5o+iLg==</latexit>

NS5

<latexit sha1_base64="lBblxH7Pja9HRGoVL75NAeVG5jU=">AAACGHicbVA9SwNBEN3zM8avqKXNYghYhTvRaBnUwjKC+ZAkhL3NJC7u7R27c8Fw5FfYif4XO7G1869YuXdJodEHA4/3ZpiZ50dSGHTdT2dhcWl5ZTW3ll/f2NzaLuzsNkwYaw51HspQt3xmQAoFdRQooRVpYIEvoenfX6R+cwTaiFDd4DiCbsCGSgwEZ2il2w7CAyaXJ5NeoeiW3Qz0L/FmpEhmqPUKX51+yOMAFHLJjGl7boTdxLe7QU/ypU5sIGL8ng2hbamysukm2cETWrJKnw5CbUshzdT8j4mEBcaMA992BgzvzLyXiv957RgHZ91EqChGUHy6aBBLiiFNv6d9oYGjHFvCuBYoOOV3TDOONqN8xwBOH0AIIskQEsVGYphlRdODQmkmSRqWNx/NX9I4KnuVcuX6uFg9n8WWI/vkgBwSj5ySKrkiNVInnATkkTyTF+fJeXXenPdp64Izm9kjv+B8fAMiU6HH</latexit>

D5

3

3 3

3

4 4

2

2

1
<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="alh9VJsEGTv0CA19wYaduqGbWbY="></latexit>

X12

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="rWr41fa29UsZq3skHzX/cb628ts="></latexit>

X41

<latexit sha1_base64="dYUrr6tj99ONaRTF9prSJ5OsFC4="></latexit>

Y12

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="VUdOzqLYwBuJ7VOT804/kyP1h+M="></latexit>

Y41

<latexit sha1_base64="7/MDR61IizcLBktzTyYS5cCsxrs="></latexit>

Y34

<latexit sha1_base64="bCAciu8vwcPf55Wu4I2W2O3OxvI="></latexit>

X34

<latexit sha1_base64="4o+t0EDq5z484v0hDNgNZxGUlHc="></latexit>

Y23

<latexit sha1_base64="csxE1Azc7gKAb+A85cpi7l2dxvQ="></latexit>

X23

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2

<latexit sha1_base64="BJo8ECyKN/0Irm1BgVCUDAW6Mgo="></latexit>

P(x , y) = x +
1

x
+ c1

(
y +

1

y

)
+ c2

<latexit sha1_base64="f+PTc8OJb4gxXFLleWWLEM5P+uU="></latexit>

P(x , y) = x +
1

x
+ c →1

(
y +

1

y

)
+ c →2

Changing the complex structure moduli changes 
the NS5- and D5-brane configuration.

<latexit sha1_base64="y8DVTve0R9ShaNNX3sf8J+1ylAs="></latexit>

complex
<latexit sha1_base64="BFACMt0oZYao1EOi5/4nP8fQ+Cg="></latexit>

structure
<latexit sha1_base64="DQl59ubR777+wYqcco7Q8DFLnJk="></latexit>

moduli

<latexit sha1_base64="QyCC9g74797f0UCRb6SQ9VFA0Xs="></latexit>

x , y → C→

<latexit sha1_base64="QyCC9g74797f0UCRb6SQ9VFA0Xs="></latexit>

x , y → C→



3

3 3

3

4 4

2

2

1

3

3 3

3

4 4

2

2

1
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<latexit sha1_base64="Z2j5pnUmMgobdGugClMP9/VxvMI=">AAACEHicdVDJagJBEO0xmzGbSY65NBEhJ5kR0eQm5JKjQlxARXraUht7eobuGkEGvyC3kPxLbiHX/EF+Jae0SyDrg4LHe1VU1fMjKQy67puT2tjc2t5J72b29g8Oj7LHJ00TxppDg4cy1G2fGZBCQQMFSmhHGljgS2j5k+uF35qCNiJUtziLoBewkRJDwRlaqe71szm3UCqWy5US/U28grtEjqxR62ffu4OQxwEo5JIZ0/HcCHuJb3eCnmfy3dhAxPiEjaBjqbKy6SXLQ+c0b5UBHYbalkK6VDNfJhIWGDMLfNsZMBybn95C/MvrxDi87CVCRTGC4qtFw1hSDOniazoQGjjKmSWMa4GCUz5mmnG02WS6BnD1AEIQSYaQKDYVo2VGdHFQKM08mduwPhOh/5NmseCVC6V6KVe9WseWJmfknFwQj1RIldyQGmkQToDckQfy6Nw7T86z87JqTTnrmVPyDc7rB8x4nmI=</latexit>

1
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2

<latexit sha1_base64="Z2j5pnUmMgobdGugClMP9/VxvMI=">AAACEHicdVDJagJBEO0xmzGbSY65NBEhJ5kR0eQm5JKjQlxARXraUht7eobuGkEGvyC3kPxLbiHX/EF+Jae0SyDrg4LHe1VU1fMjKQy67puT2tjc2t5J72b29g8Oj7LHJ00TxppDg4cy1G2fGZBCQQMFSmhHGljgS2j5k+uF35qCNiJUtziLoBewkRJDwRlaqe71szm3UCqWy5US/U28grtEjqxR62ffu4OQxwEo5JIZ0/HcCHuJb3eCnmfy3dhAxPiEjaBjqbKy6SXLQ+c0b5UBHYbalkK6VDNfJhIWGDMLfNsZMBybn95C/MvrxDi87CVCRTGC4qtFw1hSDOniazoQGjjKmSWMa4GCUz5mmnG02WS6BnD1AEIQSYaQKDYVo2VGdHFQKM08mduwPhOh/5NmseCVC6V6KVe9WseWJmfknFwQj1RIldyQGmkQToDckQfy6Nw7T86z87JqTTnrmVPyDc7rB8x4nmI=</latexit>

1
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2

<latexit sha1_base64="El5oNI1ecfpzqXbiXX//cBJb2wc="></latexit>

RG flow

<latexit sha1_base64="A6y9Tt9NXuTFSNkZ1aCtCncfmW8="></latexit>

IR fixed point

<latexit sha1_base64="El5oNI1ecfpzqXbiXX//cBJb2wc="></latexit>

RG flow

<latexit sha1_base64="GPE59KC/WNfyhkjoQgFWPi8JelQ="></latexit>

Seiberg duality

<latexit sha1_base64="PHSnu9pyNHsOZRkqqucBGNvjS3Y="></latexit> G
au
ge

T
he
or
y
1

<latexit sha1_base64="kNwQof3uAvnzKfmtdiBxAQHX3b0="></latexit> G
au
ge

T
he
or
y
2

<latexit sha1_base64="fOYR1u1EQna9MGg3JS+Tvl2887U="></latexit>

(same toric Calabi-Yau 3-fold)

• 4d N=1 Gauge Theory Duality (Seiberg Duality)
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<latexit sha1_base64="Z2j5pnUmMgobdGugClMP9/VxvMI=">AAACEHicdVDJagJBEO0xmzGbSY65NBEhJ5kR0eQm5JKjQlxARXraUht7eobuGkEGvyC3kPxLbiHX/EF+Jae0SyDrg4LHe1VU1fMjKQy67puT2tjc2t5J72b29g8Oj7LHJ00TxppDg4cy1G2fGZBCQQMFSmhHGljgS2j5k+uF35qCNiJUtziLoBewkRJDwRlaqe71szm3UCqWy5US/U28grtEjqxR62ffu4OQxwEo5JIZ0/HcCHuJb3eCnmfy3dhAxPiEjaBjqbKy6SXLQ+c0b5UBHYbalkK6VDNfJhIWGDMLfNsZMBybn95C/MvrxDi87CVCRTGC4qtFw1hSDOniazoQGjjKmSWMa4GCUz5mmnG02WS6BnD1AEIQSYaQKDYVo2VGdHFQKM08mduwPhOh/5NmseCVC6V6KVe9WseWJmfknFwQj1RIldyQGmkQToDckQfy6Nw7T86z87JqTTnrmVPyDc7rB8x4nmI=</latexit>

1
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2

<latexit sha1_base64="Z2j5pnUmMgobdGugClMP9/VxvMI=">AAACEHicdVDJagJBEO0xmzGbSY65NBEhJ5kR0eQm5JKjQlxARXraUht7eobuGkEGvyC3kPxLbiHX/EF+Jae0SyDrg4LHe1VU1fMjKQy67puT2tjc2t5J72b29g8Oj7LHJ00TxppDg4cy1G2fGZBCQQMFSmhHGljgS2j5k+uF35qCNiJUtziLoBewkRJDwRlaqe71szm3UCqWy5US/U28grtEjqxR62ffu4OQxwEo5JIZ0/HcCHuJb3eCnmfy3dhAxPiEjaBjqbKy6SXLQ+c0b5UBHYbalkK6VDNfJhIWGDMLfNsZMBybn95C/MvrxDi87CVCRTGC4qtFw1hSDOniazoQGjjKmSWMa4GCUz5mmnG02WS6BnD1AEIQSYaQKDYVo2VGdHFQKM08mduwPhOh/5NmseCVC6V6KVe9WseWJmfknFwQj1RIldyQGmkQToDckQfy6Nw7T86z87JqTTnrmVPyDc7rB8x4nmI=</latexit>

1
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2

<latexit sha1_base64="/4WS7+/WMyfqSBN10BcJb8wwOv0="></latexit>

cluster mutation

<latexit sha1_base64="ICdl7y7fZlt6cairLkf/4vxcfnk="></latexit>

’spider move’
<latexit sha1_base64="xWQeKZkmWyrljCIZCghcSuh+wEE="></latexit>

(’urban renewal’)

<latexit sha1_base64="PHSnu9pyNHsOZRkqqucBGNvjS3Y="></latexit> G
au
ge

T
he
or
y
1

<latexit sha1_base64="kNwQof3uAvnzKfmtdiBxAQHX3b0="></latexit> G
au
ge

T
he
or
y
2

<latexit sha1_base64="El5oNI1ecfpzqXbiXX//cBJb2wc="></latexit>

RG flow

<latexit sha1_base64="A6y9Tt9NXuTFSNkZ1aCtCncfmW8="></latexit>

IR fixed point

<latexit sha1_base64="El5oNI1ecfpzqXbiXX//cBJb2wc="></latexit>

RG flow

<latexit sha1_base64="fOYR1u1EQna9MGg3JS+Tvl2887U="></latexit>

(same toric Calabi-Yau 3-fold)

<latexit sha1_base64="GPE59KC/WNfyhkjoQgFWPi8JelQ="></latexit>

Seiberg duality

• 4d N=1 Gauge Theory Duality (Seiberg Duality)
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<latexit sha1_base64="Z2j5pnUmMgobdGugClMP9/VxvMI=">AAACEHicdVDJagJBEO0xmzGbSY65NBEhJ5kR0eQm5JKjQlxARXraUht7eobuGkEGvyC3kPxLbiHX/EF+Jae0SyDrg4LHe1VU1fMjKQy67puT2tjc2t5J72b29g8Oj7LHJ00TxppDg4cy1G2fGZBCQQMFSmhHGljgS2j5k+uF35qCNiJUtziLoBewkRJDwRlaqe71szm3UCqWy5US/U28grtEjqxR62ffu4OQxwEo5JIZ0/HcCHuJb3eCnmfy3dhAxPiEjaBjqbKy6SXLQ+c0b5UBHYbalkK6VDNfJhIWGDMLfNsZMBybn95C/MvrxDi87CVCRTGC4qtFw1hSDOniazoQGjjKmSWMa4GCUz5mmnG02WS6BnD1AEIQSYaQKDYVo2VGdHFQKM08mduwPhOh/5NmseCVC6V6KVe9WseWJmfknFwQj1RIldyQGmkQToDckQfy6Nw7T86z87JqTTnrmVPyDc7rB8x4nmI=</latexit>

1
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2

<latexit sha1_base64="Z2j5pnUmMgobdGugClMP9/VxvMI=">AAACEHicdVDJagJBEO0xmzGbSY65NBEhJ5kR0eQm5JKjQlxARXraUht7eobuGkEGvyC3kPxLbiHX/EF+Jae0SyDrg4LHe1VU1fMjKQy67puT2tjc2t5J72b29g8Oj7LHJ00TxppDg4cy1G2fGZBCQQMFSmhHGljgS2j5k+uF35qCNiJUtziLoBewkRJDwRlaqe71szm3UCqWy5US/U28grtEjqxR62ffu4OQxwEo5JIZ0/HcCHuJb3eCnmfy3dhAxPiEjaBjqbKy6SXLQ+c0b5UBHYbalkK6VDNfJhIWGDMLfNsZMBybn95C/MvrxDi87CVCRTGC4qtFw1hSDOniazoQGjjKmSWMa4GCUz5mmnG02WS6BnD1AEIQSYaQKDYVo2VGdHFQKM08mduwPhOh/5NmseCVC6V6KVe9WseWJmfknFwQj1RIldyQGmkQToDckQfy6Nw7T86z87JqTTnrmVPyDc7rB8x4nmI=</latexit>

1
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4
<latexit sha1_base64="L8YG8UmTl4fMUaLc8QVXiVQQlGU=">AAACDHicdVDJSgNBEO1xjeMWvXppDAFPwySERG8BLx4jmAWSIfR0KkmTnp6huyYQhnyBN9F/8ebVX/BXPNlZBNcHBY/3qqiqFyZSGPT9N2djc2t7Zze35+4fHB4d592TlolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPJ9cJvT0EbEas7nCUQRGykxFBwhla6rfTzBd+rlKvVWoX+JiXPX6JA1mj08++9QczTCBRyyYzplvwEgyy0O0HP3WIvNZAwPmEj6FqqrGyCbHnonBatMqDDWNtSSJeq+2UiY5Exsyi0nRHDsfnpLcS/vG6Kw8sgEypJERRfLRqmkmJMF1/TgdDAUc4sYVwLFJzyMdOMo83G7RnA1QMIUSIZQqbYVIyWGdHFQbE082xuw/pMhP5PWmWvVPUqhfrVOrQcOSPn5IKUSI3UyQ1pkCbhBMg9eSRPzoPz7LysGjec9cQp+Qbn9QMcKJ0T</latexit>

4

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3
<latexit sha1_base64="Gl9k52D3LeNc0KGCD5ZG7lm4ShY=">AAACEHicdVDJSgNBEO1xjXGLevTSGAKewiQOid4CXjwmYBZIQujpVJImPT1Dd00gDPkCb6L/4k28+gf+iic7i+D6oODxXhVV9fxICoOu++asrW9sbm2ndtK7e/sHh5mj44YJY82hzkMZ6pbPDEihoI4CJbQiDSzwJTT98fXcb05AGxGqW5xG0A3YUImB4AytVLvoZbJu3iuWSmWP/iaFvLtAlqxQ7WXeO/2QxwEo5JIZ0y64EXYT3+4EPUvnOrGBiPExG0LbUmVl000Wh85ozip9Ogi1LYV0oaa/TCQsMGYa+LYzYDgyP725+JfXjnFw2U2EimIExZeLBrGkGNL517QvNHCUU0sY1wIFp3zENONos0l3DODyAYQgkgwhUWwihouM6PygUJpZMrNhfSZC/yeNYr5Qyns1L1u5WsWWIqfkjJyTAimTCrkhVVInnAC5Iw/k0bl3npxn52XZuuasZk7INzivH8/QnmQ=</latexit>

3

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2

<latexit sha1_base64="oRJfTpQZTTh2YtMKuoLnqf27qRw=">AAACEHicbVDLagJBEJw1L2NeJjnmMkSEnGRXJI+bkEuOCvEBKjI7tjo4O7vM9Aqy+AW5heRfcgu55g/yKzll1D0kmoKGoqqb7i4/ksKg6345ma3tnd297H7u4PDo+CR/etY0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lf+K0paCNC9YizCHoBGykxFJyhlerlfr7gltwl6CbxUlIgKWr9/Hd3EPI4AIVcMmM6nhthL/HtTtDzXLEbG4gYn7ARdCxVVja9ZHnonBatMqDDUNtSSJdq7tdEwgJjZoFvOwOGY7PuLcT/vE6Mw9teIlQUIyi+WjSMJcWQLr6mA6GBo5xZwrgWKDjlY6YZR5tNrmsAVw8gBJFkCIliUzFaZkQXB4XSzJO5Dctbj2aTNMsl77pUqVcK1bs0tiy5IJfkinjkhlTJA6mRBuEEyBN5Ia/Os/PmvDsfq9aMk86ckz9wPn8AQrmeDA==</latexit>

2

<latexit sha1_base64="/4WS7+/WMyfqSBN10BcJb8wwOv0="></latexit>

cluster mutation

<latexit sha1_base64="ICdl7y7fZlt6cairLkf/4vxcfnk="></latexit>

’spider move’
<latexit sha1_base64="xWQeKZkmWyrljCIZCghcSuh+wEE="></latexit>

(’urban renewal’)

<latexit sha1_base64="PHSnu9pyNHsOZRkqqucBGNvjS3Y="></latexit> G
au
ge

T
he
or
y
1

<latexit sha1_base64="kNwQof3uAvnzKfmtdiBxAQHX3b0="></latexit> G
au
ge

T
he
or
y
2

<latexit sha1_base64="BJo8ECyKN/0Irm1BgVCUDAW6Mgo="></latexit>

P(x , y) = x +
1

x
+ c1

(
y +

1

y

)
+ c2

<latexit sha1_base64="f+PTc8OJb4gxXFLleWWLEM5P+uU="></latexit>

P(x , y) = x +
1

x
+ c →1

(
y +

1

y

)
+ c →2

<latexit sha1_base64="y8DVTve0R9ShaNNX3sf8J+1ylAs="></latexit>

complex
<latexit sha1_base64="BFACMt0oZYao1EOi5/4nP8fQ+Cg="></latexit>

structure
<latexit sha1_base64="DQl59ubR777+wYqcco7Q8DFLnJk="></latexit>

moduli

• 4d N=1 Gauge Theory Duality (Seiberg Duality)
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QUESTION 

Given a mirror curve with a choice of complex structure moduli,  
can we visualize the shape of the curve and 

the corresponding brane configuration? 

<latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]

<latexit sha1_base64="HQ2EQF8h1zi/M30XnqX70M9JEzw="></latexit>

[Feng, He, Kennaway, Vafa 2005]
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Coamoeba
<latexit sha1_base64="9go95vQes7VDN4/KQCubtTT9Ppc="></latexit>

(x = rxe
i✓x , y = rye

i✓y ) 7! (✓x , ✓y ) 2 T 2

Tropical Geometry

<latexit sha1_base64="sjCSxGQSfnzYFRhuaCESgvIF7i8="></latexit>

✓x

<latexit sha1_base64="FM+VbPEPmkkFMlQmZHQSa8pwwPs="></latexit>

✓y

<latexit sha1_base64="xPmYz2oT6su15Kk/Z6tFk+dDq6o=">AAACEHicdVDLSgNBEJz1bXxFPXoZDAFPy2w0US8iePGoYBIhCWF20omDs7PLTK8QlnyBN9F/8SZe/QN/xZOzSQQVLWgoqrrp7goTJS0y9u7NzM7NLywuLRdWVtfWN4qbWw0bp0ZAXcQqNtcht6CkhjpKVHCdGOBRqKAZ3p7lfvMOjJWxvsJhAp2ID7TsS8HRSZesWywxn9Wq+8dVyvwqC44qOalUA8b2aeCzMUpkiotu8aPdi0UagUahuLWtgCXYyUK3E8yoUG6nFhIubvkAWo5qJ9tONj50RMtO6dF+bFxppGO18G0i45G1wyh0nRHHG/vby8W/vFaK/aNOJnWSImgxWdRPFcWY5l/TnjQgUA0d4cJIlIKKG264QJdNoW0BJw8gRIniCJnmd3IwzojmB8XKjrKRC+srEfo/aVT8oObXLg9KpyfT2JbIDtkleyQgh+SUnJMLUieCALknj+TJe/CevRfvddI6401ntskPeG+fokSeTQ==</latexit>

0
<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="9kkUD11gPE/nKHxXLzZJ0vys1Jk="></latexit>

! : P(x , y) = 0
<latexit sha1_base64="QyCC9g74797f0UCRb6SQ9VFA0Xs="></latexit>

x , y → C→

<latexit sha1_base64="HcTmgE5CTl3oZy/ynmQmoKjUyZA="></latexit>

T 2

<latexit sha1_base64="P5bI8gpayEil95f9H1r7PlIoCEo="></latexit>

Nω = 0
<latexit sha1_base64="SIAaxXsCnlufQ5y2nx/w/mnbCQ4="></latexit>

mapped solutions:

• Coamoeba Projection We can visualize the mirror curve under a projection onto the 2-torus  
known as the coamoeba projection.

<latexit sha1_base64="CPSBMhqRo6G3tn6xAsNnHyq3eC4="></latexit>

mirror curve

<latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]

<latexit sha1_base64="HQ2EQF8h1zi/M30XnqX70M9JEzw="></latexit>

[Feng, He, Kennaway, Vafa 2005]



<latexit sha1_base64="Th75tQ0j/ceSaoYxYas4QGCUebE="></latexit>

! : P(x , y) = x +
1

x
+ c1

(
y +

1

y

)
+ c2 = 0

35

Coamoeba
<latexit sha1_base64="9go95vQes7VDN4/KQCubtTT9Ppc="></latexit>

(x = rxe
i✓x , y = rye

i✓y ) 7! (✓x , ✓y ) 2 T 2

Tropical Geometry

<latexit sha1_base64="sjCSxGQSfnzYFRhuaCESgvIF7i8="></latexit>

✓x

<latexit sha1_base64="FM+VbPEPmkkFMlQmZHQSa8pwwPs="></latexit>

✓y

<latexit sha1_base64="xPmYz2oT6su15Kk/Z6tFk+dDq6o=">AAACEHicdVDLSgNBEJz1bXxFPXoZDAFPy2w0US8iePGoYBIhCWF20omDs7PLTK8QlnyBN9F/8SZe/QN/xZOzSQQVLWgoqrrp7goTJS0y9u7NzM7NLywuLRdWVtfWN4qbWw0bp0ZAXcQqNtcht6CkhjpKVHCdGOBRqKAZ3p7lfvMOjJWxvsJhAp2ID7TsS8HRSZesWywxn9Wq+8dVyvwqC44qOalUA8b2aeCzMUpkiotu8aPdi0UagUahuLWtgCXYyUK3E8yoUG6nFhIubvkAWo5qJ9tONj50RMtO6dF+bFxppGO18G0i45G1wyh0nRHHG/vby8W/vFaK/aNOJnWSImgxWdRPFcWY5l/TnjQgUA0d4cJIlIKKG264QJdNoW0BJw8gRIniCJnmd3IwzojmB8XKjrKRC+srEfo/aVT8oObXLg9KpyfT2JbIDtkleyQgh+SUnJMLUieCALknj+TJe/CevRfvddI6401ntskPeG+fokSeTQ==</latexit>

0
<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="HcTmgE5CTl3oZy/ynmQmoKjUyZA="></latexit>

T 2

<latexit sha1_base64="QyCC9g74797f0UCRb6SQ9VFA0Xs="></latexit>

x , y → C→

<latexit sha1_base64="P5bI8gpayEil95f9H1r7PlIoCEo="></latexit>

Nω = 0

<latexit sha1_base64="36zmR25Kl9SJuGdQn+gqHmE+pCI="></latexit>

c1 = →3 + 6i
<latexit sha1_base64="KUaqkm3fuud1cnuOArkNGZqRH7g="></latexit>

c2 = →3→ 6i

<latexit sha1_base64="SIAaxXsCnlufQ5y2nx/w/mnbCQ4="></latexit>

mapped solutions:

• Coamoeba Projection

Example
<latexit sha1_base64="8mcb9pZG+00dJa6InHSaUoF2DHY="></latexit>

Hirzebruch
<latexit sha1_base64="YuQIkNwxVpgs3HDQQXgdc27ITIQ="></latexit>

F0

We can visualize the mirror curve under a projection onto the 2-torus  
known as the coamoeba projection.

<latexit sha1_base64="zkxxvRBLAdt1XrYsoZ7JD/yXLCY="></latexit>

choice:

<latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]

<latexit sha1_base64="HQ2EQF8h1zi/M30XnqX70M9JEzw="></latexit>

[Feng, He, Kennaway, Vafa 2005]



36

Coamoeba
<latexit sha1_base64="9go95vQes7VDN4/KQCubtTT9Ppc="></latexit>

(x = rxe
i✓x , y = rye

i✓y ) 7! (✓x , ✓y ) 2 T 2

Tropical Geometry

<latexit sha1_base64="sjCSxGQSfnzYFRhuaCESgvIF7i8="></latexit>

✓x

<latexit sha1_base64="FM+VbPEPmkkFMlQmZHQSa8pwwPs="></latexit>

✓y

<latexit sha1_base64="xPmYz2oT6su15Kk/Z6tFk+dDq6o=">AAACEHicdVDLSgNBEJz1bXxFPXoZDAFPy2w0US8iePGoYBIhCWF20omDs7PLTK8QlnyBN9F/8SZe/QN/xZOzSQQVLWgoqrrp7goTJS0y9u7NzM7NLywuLRdWVtfWN4qbWw0bp0ZAXcQqNtcht6CkhjpKVHCdGOBRqKAZ3p7lfvMOjJWxvsJhAp2ID7TsS8HRSZesWywxn9Wq+8dVyvwqC44qOalUA8b2aeCzMUpkiotu8aPdi0UagUahuLWtgCXYyUK3E8yoUG6nFhIubvkAWo5qJ9tONj50RMtO6dF+bFxppGO18G0i45G1wyh0nRHHG/vby8W/vFaK/aNOJnWSImgxWdRPFcWY5l/TnjQgUA0d4cJIlIKKG264QJdNoW0BJw8gRIniCJnmd3IwzojmB8XKjrKRC+srEfo/aVT8oObXLg9KpyfT2JbIDtkleyQgh+SUnJMLUieCALknj+TJe/CevRfvddI6401ntskPeG+fokSeTQ==</latexit>

0
<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="HcTmgE5CTl3oZy/ynmQmoKjUyZA="></latexit>

T 2

<latexit sha1_base64="P5bI8gpayEil95f9H1r7PlIoCEo="></latexit>

Nω = 0

<latexit sha1_base64="36zmR25Kl9SJuGdQn+gqHmE+pCI="></latexit>

c1 = →3 + 6i
<latexit sha1_base64="KUaqkm3fuud1cnuOArkNGZqRH7g="></latexit>

c2 = →3→ 6i

<latexit sha1_base64="sjCSxGQSfnzYFRhuaCESgvIF7i8="></latexit>

✓x

<latexit sha1_base64="FM+VbPEPmkkFMlQmZHQSa8pwwPs="></latexit>

✓y

<latexit sha1_base64="xPmYz2oT6su15Kk/Z6tFk+dDq6o=">AAACEHicdVDLSgNBEJz1bXxFPXoZDAFPy2w0US8iePGoYBIhCWF20omDs7PLTK8QlnyBN9F/8SZe/QN/xZOzSQQVLWgoqrrp7goTJS0y9u7NzM7NLywuLRdWVtfWN4qbWw0bp0ZAXcQqNtcht6CkhjpKVHCdGOBRqKAZ3p7lfvMOjJWxvsJhAp2ID7TsS8HRSZesWywxn9Wq+8dVyvwqC44qOalUA8b2aeCzMUpkiotu8aPdi0UagUahuLWtgCXYyUK3E8yoUG6nFhIubvkAWo5qJ9tONj50RMtO6dF+bFxppGO18G0i45G1wyh0nRHHG/vby8W/vFaK/aNOJnWSImgxWdRPFcWY5l/TnjQgUA0d4cJIlIKKG264QJdNoW0BJw8gRIniCJnmd3IwzojmB8XKjrKRC+srEfo/aVT8oObXLg9KpyfT2JbIDtkleyQgh+SUnJMLUieCALknj+TJe/CevRfvddI6401ntskPeG+fokSeTQ==</latexit>

0
<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="HcTmgE5CTl3oZy/ynmQmoKjUyZA="></latexit>

T 2

<latexit sha1_base64="ZfuT8lY2XdrOISIDVIdgRViHat4="></latexit>

Nω = 100
<latexit sha1_base64="SIAaxXsCnlufQ5y2nx/w/mnbCQ4="></latexit>

mapped solutions:

• Coamoeba Projection

<latexit sha1_base64="Th75tQ0j/ceSaoYxYas4QGCUebE="></latexit>

! : P(x , y) = x +
1

x
+ c1

(
y +

1

y

)
+ c2 = 0

<latexit sha1_base64="QyCC9g74797f0UCRb6SQ9VFA0Xs="></latexit>

x , y → C→
Example

<latexit sha1_base64="8mcb9pZG+00dJa6InHSaUoF2DHY="></latexit>

Hirzebruch
<latexit sha1_base64="YuQIkNwxVpgs3HDQQXgdc27ITIQ="></latexit>

F0

We can visualize the mirror curve under a projection onto the 2-torus  
known as the coamoeba projection.

<latexit sha1_base64="zkxxvRBLAdt1XrYsoZ7JD/yXLCY="></latexit>

choice:

<latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]

<latexit sha1_base64="HQ2EQF8h1zi/M30XnqX70M9JEzw="></latexit>

[Feng, He, Kennaway, Vafa 2005]



37

Coamoeba
<latexit sha1_base64="9go95vQes7VDN4/KQCubtTT9Ppc="></latexit>

(x = rxe
i✓x , y = rye

i✓y ) 7! (✓x , ✓y ) 2 T 2

Tropical Geometry

<latexit sha1_base64="sjCSxGQSfnzYFRhuaCESgvIF7i8="></latexit>

✓x

<latexit sha1_base64="FM+VbPEPmkkFMlQmZHQSa8pwwPs="></latexit>

✓y

<latexit sha1_base64="xPmYz2oT6su15Kk/Z6tFk+dDq6o=">AAACEHicdVDLSgNBEJz1bXxFPXoZDAFPy2w0US8iePGoYBIhCWF20omDs7PLTK8QlnyBN9F/8SZe/QN/xZOzSQQVLWgoqrrp7goTJS0y9u7NzM7NLywuLRdWVtfWN4qbWw0bp0ZAXcQqNtcht6CkhjpKVHCdGOBRqKAZ3p7lfvMOjJWxvsJhAp2ID7TsS8HRSZesWywxn9Wq+8dVyvwqC44qOalUA8b2aeCzMUpkiotu8aPdi0UagUahuLWtgCXYyUK3E8yoUG6nFhIubvkAWo5qJ9tONj50RMtO6dF+bFxppGO18G0i45G1wyh0nRHHG/vby8W/vFaK/aNOJnWSImgxWdRPFcWY5l/TnjQgUA0d4cJIlIKKG264QJdNoW0BJw8gRIniCJnmd3IwzojmB8XKjrKRC+srEfo/aVT8oObXLg9KpyfT2JbIDtkleyQgh+SUnJMLUieCALknj+TJe/CevRfvddI6401ntskPeG+fokSeTQ==</latexit>

0
<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="HcTmgE5CTl3oZy/ynmQmoKjUyZA="></latexit>

T 2

<latexit sha1_base64="P5bI8gpayEil95f9H1r7PlIoCEo="></latexit>

Nω = 0

<latexit sha1_base64="36zmR25Kl9SJuGdQn+gqHmE+pCI="></latexit>

c1 = →3 + 6i
<latexit sha1_base64="KUaqkm3fuud1cnuOArkNGZqRH7g="></latexit>

c2 = →3→ 6i

<latexit sha1_base64="sjCSxGQSfnzYFRhuaCESgvIF7i8="></latexit>

✓x

<latexit sha1_base64="FM+VbPEPmkkFMlQmZHQSa8pwwPs="></latexit>

✓y

<latexit sha1_base64="xPmYz2oT6su15Kk/Z6tFk+dDq6o=">AAACEHicdVDLSgNBEJz1bXxFPXoZDAFPy2w0US8iePGoYBIhCWF20omDs7PLTK8QlnyBN9F/8SZe/QN/xZOzSQQVLWgoqrrp7goTJS0y9u7NzM7NLywuLRdWVtfWN4qbWw0bp0ZAXcQqNtcht6CkhjpKVHCdGOBRqKAZ3p7lfvMOjJWxvsJhAp2ID7TsS8HRSZesWywxn9Wq+8dVyvwqC44qOalUA8b2aeCzMUpkiotu8aPdi0UagUahuLWtgCXYyUK3E8yoUG6nFhIubvkAWo5qJ9tONj50RMtO6dF+bFxppGO18G0i45G1wyh0nRHHG/vby8W/vFaK/aNOJnWSImgxWdRPFcWY5l/TnjQgUA0d4cJIlIKKG264QJdNoW0BJw8gRIniCJnmd3IwzojmB8XKjrKRC+srEfo/aVT8oObXLg9KpyfT2JbIDtkleyQgh+SUnJMLUieCALknj+TJe/CevRfvddI6401ntskPeG+fokSeTQ==</latexit>

0
<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="HcTmgE5CTl3oZy/ynmQmoKjUyZA="></latexit>

T 2

<latexit sha1_base64="sjCSxGQSfnzYFRhuaCESgvIF7i8="></latexit>

✓x

<latexit sha1_base64="FM+VbPEPmkkFMlQmZHQSa8pwwPs="></latexit>

✓y

<latexit sha1_base64="xPmYz2oT6su15Kk/Z6tFk+dDq6o=">AAACEHicdVDLSgNBEJz1bXxFPXoZDAFPy2w0US8iePGoYBIhCWF20omDs7PLTK8QlnyBN9F/8SZe/QN/xZOzSQQVLWgoqrrp7goTJS0y9u7NzM7NLywuLRdWVtfWN4qbWw0bp0ZAXcQqNtcht6CkhjpKVHCdGOBRqKAZ3p7lfvMOjJWxvsJhAp2ID7TsS8HRSZesWywxn9Wq+8dVyvwqC44qOalUA8b2aeCzMUpkiotu8aPdi0UagUahuLWtgCXYyUK3E8yoUG6nFhIubvkAWo5qJ9tONj50RMtO6dF+bFxppGO18G0i45G1wyh0nRHHG/vby8W/vFaK/aNOJnWSImgxWdRPFcWY5l/TnjQgUA0d4cJIlIKKG264QJdNoW0BJw8gRIniCJnmd3IwzojmB8XKjrKRC+srEfo/aVT8oObXLg9KpyfT2JbIDtkleyQgh+SUnJMLUieCALknj+TJe/CevRfvddI6401ntskPeG+fokSeTQ==</latexit>

0
<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="HcTmgE5CTl3oZy/ynmQmoKjUyZA="></latexit>

T 2

<latexit sha1_base64="ZfuT8lY2XdrOISIDVIdgRViHat4="></latexit>

Nω = 100
<latexit sha1_base64="Tc3bmhgC4Q6rbhwV3R99XLpMlVo="></latexit>

Nω = 1000
<latexit sha1_base64="SIAaxXsCnlufQ5y2nx/w/mnbCQ4="></latexit>

mapped solutions:

• Coamoeba Projection

<latexit sha1_base64="Th75tQ0j/ceSaoYxYas4QGCUebE="></latexit>

! : P(x , y) = x +
1

x
+ c1

(
y +

1

y

)
+ c2 = 0

<latexit sha1_base64="QyCC9g74797f0UCRb6SQ9VFA0Xs="></latexit>

x , y → C→
Example

<latexit sha1_base64="8mcb9pZG+00dJa6InHSaUoF2DHY="></latexit>

Hirzebruch
<latexit sha1_base64="YuQIkNwxVpgs3HDQQXgdc27ITIQ="></latexit>

F0

We can visualize the mirror curve under a projection onto the 2-torus  
known as the coamoeba projection.

<latexit sha1_base64="zkxxvRBLAdt1XrYsoZ7JD/yXLCY="></latexit>

choice:

<latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]

<latexit sha1_base64="HQ2EQF8h1zi/M30XnqX70M9JEzw="></latexit>

[Feng, He, Kennaway, Vafa 2005]



<latexit sha1_base64="3VAtHVvKihJNK3cRdueVsFiVIyg="></latexit>

Nω = 2000
38

Coamoeba
<latexit sha1_base64="9go95vQes7VDN4/KQCubtTT9Ppc="></latexit>

(x = rxe
i✓x , y = rye

i✓y ) 7! (✓x , ✓y ) 2 T 2

Tropical Geometry

<latexit sha1_base64="sjCSxGQSfnzYFRhuaCESgvIF7i8="></latexit>

✓x

<latexit sha1_base64="FM+VbPEPmkkFMlQmZHQSa8pwwPs="></latexit>

✓y

<latexit sha1_base64="xPmYz2oT6su15Kk/Z6tFk+dDq6o=">AAACEHicdVDLSgNBEJz1bXxFPXoZDAFPy2w0US8iePGoYBIhCWF20omDs7PLTK8QlnyBN9F/8SZe/QN/xZOzSQQVLWgoqrrp7goTJS0y9u7NzM7NLywuLRdWVtfWN4qbWw0bp0ZAXcQqNtcht6CkhjpKVHCdGOBRqKAZ3p7lfvMOjJWxvsJhAp2ID7TsS8HRSZesWywxn9Wq+8dVyvwqC44qOalUA8b2aeCzMUpkiotu8aPdi0UagUahuLWtgCXYyUK3E8yoUG6nFhIubvkAWo5qJ9tONj50RMtO6dF+bFxppGO18G0i45G1wyh0nRHHG/vby8W/vFaK/aNOJnWSImgxWdRPFcWY5l/TnjQgUA0d4cJIlIKKG264QJdNoW0BJw8gRIniCJnmd3IwzojmB8XKjrKRC+srEfo/aVT8oObXLg9KpyfT2JbIDtkleyQgh+SUnJMLUieCALknj+TJe/CevRfvddI6401ntskPeG+fokSeTQ==</latexit>

0
<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="HcTmgE5CTl3oZy/ynmQmoKjUyZA="></latexit>

T 2

<latexit sha1_base64="P5bI8gpayEil95f9H1r7PlIoCEo="></latexit>

Nω = 0

<latexit sha1_base64="36zmR25Kl9SJuGdQn+gqHmE+pCI="></latexit>

c1 = →3 + 6i
<latexit sha1_base64="KUaqkm3fuud1cnuOArkNGZqRH7g="></latexit>

c2 = →3→ 6i

<latexit sha1_base64="sjCSxGQSfnzYFRhuaCESgvIF7i8="></latexit>

✓x

<latexit sha1_base64="FM+VbPEPmkkFMlQmZHQSa8pwwPs="></latexit>

✓y

<latexit sha1_base64="xPmYz2oT6su15Kk/Z6tFk+dDq6o=">AAACEHicdVDLSgNBEJz1bXxFPXoZDAFPy2w0US8iePGoYBIhCWF20omDs7PLTK8QlnyBN9F/8SZe/QN/xZOzSQQVLWgoqrrp7goTJS0y9u7NzM7NLywuLRdWVtfWN4qbWw0bp0ZAXcQqNtcht6CkhjpKVHCdGOBRqKAZ3p7lfvMOjJWxvsJhAp2ID7TsS8HRSZesWywxn9Wq+8dVyvwqC44qOalUA8b2aeCzMUpkiotu8aPdi0UagUahuLWtgCXYyUK3E8yoUG6nFhIubvkAWo5qJ9tONj50RMtO6dF+bFxppGO18G0i45G1wyh0nRHHG/vby8W/vFaK/aNOJnWSImgxWdRPFcWY5l/TnjQgUA0d4cJIlIKKG264QJdNoW0BJw8gRIniCJnmd3IwzojmB8XKjrKRC+srEfo/aVT8oObXLg9KpyfT2JbIDtkleyQgh+SUnJMLUieCALknj+TJe/CevRfvddI6401ntskPeG+fokSeTQ==</latexit>

0
<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="HcTmgE5CTl3oZy/ynmQmoKjUyZA="></latexit>

T 2

<latexit sha1_base64="sjCSxGQSfnzYFRhuaCESgvIF7i8="></latexit>

✓x

<latexit sha1_base64="FM+VbPEPmkkFMlQmZHQSa8pwwPs="></latexit>

✓y

<latexit sha1_base64="xPmYz2oT6su15Kk/Z6tFk+dDq6o=">AAACEHicdVDLSgNBEJz1bXxFPXoZDAFPy2w0US8iePGoYBIhCWF20omDs7PLTK8QlnyBN9F/8SZe/QN/xZOzSQQVLWgoqrrp7goTJS0y9u7NzM7NLywuLRdWVtfWN4qbWw0bp0ZAXcQqNtcht6CkhjpKVHCdGOBRqKAZ3p7lfvMOjJWxvsJhAp2ID7TsS8HRSZesWywxn9Wq+8dVyvwqC44qOalUA8b2aeCzMUpkiotu8aPdi0UagUahuLWtgCXYyUK3E8yoUG6nFhIubvkAWo5qJ9tONj50RMtO6dF+bFxppGO18G0i45G1wyh0nRHHG/vby8W/vFaK/aNOJnWSImgxWdRPFcWY5l/TnjQgUA0d4cJIlIKKG264QJdNoW0BJw8gRIniCJnmd3IwzojmB8XKjrKRC+srEfo/aVT8oObXLg9KpyfT2JbIDtkleyQgh+SUnJMLUieCALknj+TJe/CevRfvddI6401ntskPeG+fokSeTQ==</latexit>

0
<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="HcTmgE5CTl3oZy/ynmQmoKjUyZA="></latexit>

T 2

<latexit sha1_base64="sjCSxGQSfnzYFRhuaCESgvIF7i8="></latexit>

✓x

<latexit sha1_base64="FM+VbPEPmkkFMlQmZHQSa8pwwPs="></latexit>

✓y

<latexit sha1_base64="xPmYz2oT6su15Kk/Z6tFk+dDq6o=">AAACEHicdVDLSgNBEJz1bXxFPXoZDAFPy2w0US8iePGoYBIhCWF20omDs7PLTK8QlnyBN9F/8SZe/QN/xZOzSQQVLWgoqrrp7goTJS0y9u7NzM7NLywuLRdWVtfWN4qbWw0bp0ZAXcQqNtcht6CkhjpKVHCdGOBRqKAZ3p7lfvMOjJWxvsJhAp2ID7TsS8HRSZesWywxn9Wq+8dVyvwqC44qOalUA8b2aeCzMUpkiotu8aPdi0UagUahuLWtgCXYyUK3E8yoUG6nFhIubvkAWo5qJ9tONj50RMtO6dF+bFxppGO18G0i45G1wyh0nRHHG/vby8W/vFaK/aNOJnWSImgxWdRPFcWY5l/TnjQgUA0d4cJIlIKKG264QJdNoW0BJw8gRIniCJnmd3IwzojmB8XKjrKRC+srEfo/aVT8oObXLg9KpyfT2JbIDtkleyQgh+SUnJMLUieCALknj+TJe/CevRfvddI6401ntskPeG+fokSeTQ==</latexit>

0
<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="TtvhQYWcS8kUYbDaEhfqcSreV1E="></latexit>

2⇡

<latexit sha1_base64="HcTmgE5CTl3oZy/ynmQmoKjUyZA="></latexit>

T 2

<latexit sha1_base64="ZfuT8lY2XdrOISIDVIdgRViHat4="></latexit>

Nω = 100
<latexit sha1_base64="Tc3bmhgC4Q6rbhwV3R99XLpMlVo="></latexit>

Nω = 1000
<latexit sha1_base64="SIAaxXsCnlufQ5y2nx/w/mnbCQ4="></latexit>

mapped solutions:

• Coamoeba Projection

<latexit sha1_base64="Th75tQ0j/ceSaoYxYas4QGCUebE="></latexit>

! : P(x , y) = x +
1

x
+ c1

(
y +

1

y

)
+ c2 = 0

<latexit sha1_base64="QyCC9g74797f0UCRb6SQ9VFA0Xs="></latexit>

x , y → C→
Example

<latexit sha1_base64="8mcb9pZG+00dJa6InHSaUoF2DHY="></latexit>

Hirzebruch
<latexit sha1_base64="YuQIkNwxVpgs3HDQQXgdc27ITIQ="></latexit>

F0

We can visualize the mirror curve under a projection onto the 2-torus  
known as the coamoeba projection.

<latexit sha1_base64="zkxxvRBLAdt1XrYsoZ7JD/yXLCY="></latexit>

choice:

<latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]

<latexit sha1_base64="HQ2EQF8h1zi/M30XnqX70M9JEzw="></latexit>

[Feng, He, Kennaway, Vafa 2005]
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<latexit sha1_base64="w1h/byB0mf91CWpBbklK0QnCubA=">AAACJnicbVDLSgMxFM3UV62vqrhyEyyCqzIjoi4LinRZwT6gLSWT3rahmcyQ3BHrMP6LO9F/cSfizu9wZfpYqPVA4HDOvdyT40dSGHTdDyezsLi0vJJdza2tb2xu5bd3aiaMNYcqD2WoGz4zIIWCKgqU0Ig0sMCXUPeHF2O/fgvaiFDd4CiCdsD6SvQEZ2ilTn6vhXCHSVnoe/B1zAfpw1XH7eQLbtGdgM4Tb0YKZIZKJ//V6oY8DkAhl8yYpudG2E58mwR0mjtsxQYixoesD01LlZVNO5nET+mhVbq0F2r7FNKJmvuxkbDAmFHg28mA4cD89cbif14zxt55OxEqihEUnx7qxZJiSMdd0K7QwFGOLGFcCxSc8gHTjKNtLNcygNMPIASRZAiJYreiP2mOjgOF0qRJasvy/lYzT2rHRe+0eHJ9UihdzmrLkn1yQI6IR85IiZRJhVQJJwl5JM/kxXlyXp035306mnFmO7vkF5zPb+iCp2A=</latexit>

Hirzebruch F0

<latexit sha1_base64="qIg0H+ycxJgLHvnn2YD41I6JacE="></latexit>

P(x , y) = x +
1

x
+ c1

✓
y +

1

y

◆
+ c2

<latexit sha1_base64="E9XMs+SoSpEClN6sPwAAIuaIwsE="></latexit>

c1, c2 2 C⇤

<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="OrihT8Y+/cQ3q0kziWRMy8Oj4zQ="></latexit>

c1 = �3� 6i , c2 = �3 + 6i

Tropical Geometry
<latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]

<latexit sha1_base64="HQ2EQF8h1zi/M30XnqX70M9JEzw="></latexit>

[Feng, He, Kennaway, Vafa 2005]

Example
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<latexit sha1_base64="w1h/byB0mf91CWpBbklK0QnCubA=">AAACJnicbVDLSgMxFM3UV62vqrhyEyyCqzIjoi4LinRZwT6gLSWT3rahmcyQ3BHrMP6LO9F/cSfizu9wZfpYqPVA4HDOvdyT40dSGHTdDyezsLi0vJJdza2tb2xu5bd3aiaMNYcqD2WoGz4zIIWCKgqU0Ig0sMCXUPeHF2O/fgvaiFDd4CiCdsD6SvQEZ2ilTn6vhXCHSVnoe/B1zAfpw1XH7eQLbtGdgM4Tb0YKZIZKJ//V6oY8DkAhl8yYpudG2E58mwR0mjtsxQYixoesD01LlZVNO5nET+mhVbq0F2r7FNKJmvuxkbDAmFHg28mA4cD89cbif14zxt55OxEqihEUnx7qxZJiSMdd0K7QwFGOLGFcCxSc8gHTjKNtLNcygNMPIASRZAiJYreiP2mOjgOF0qRJasvy/lYzT2rHRe+0eHJ9UihdzmrLkn1yQI6IR85IiZRJhVQJJwl5JM/kxXlyXp035306mnFmO7vkF5zPb+iCp2A=</latexit>

Hirzebruch F0

<latexit sha1_base64="qIg0H+ycxJgLHvnn2YD41I6JacE="></latexit>

P(x , y) = x +
1

x
+ c1

✓
y +

1

y

◆
+ c2

<latexit sha1_base64="E9XMs+SoSpEClN6sPwAAIuaIwsE="></latexit>

c1, c2 2 C⇤

<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="OrihT8Y+/cQ3q0kziWRMy8Oj4zQ="></latexit>

c1 = �3� 6i , c2 = �3 + 6i
<latexit sha1_base64="qDSvpdXYaj6RBHPzplLrLCNpwZ8="></latexit>

c1 = �9i , c2 = �3� 3i

Tropical Geometry
<latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]

<latexit sha1_base64="HQ2EQF8h1zi/M30XnqX70M9JEzw="></latexit>

[Feng, He, Kennaway, Vafa 2005]

Example
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<latexit sha1_base64="w1h/byB0mf91CWpBbklK0QnCubA=">AAACJnicbVDLSgMxFM3UV62vqrhyEyyCqzIjoi4LinRZwT6gLSWT3rahmcyQ3BHrMP6LO9F/cSfizu9wZfpYqPVA4HDOvdyT40dSGHTdDyezsLi0vJJdza2tb2xu5bd3aiaMNYcqD2WoGz4zIIWCKgqU0Ig0sMCXUPeHF2O/fgvaiFDd4CiCdsD6SvQEZ2ilTn6vhXCHSVnoe/B1zAfpw1XH7eQLbtGdgM4Tb0YKZIZKJ//V6oY8DkAhl8yYpudG2E58mwR0mjtsxQYixoesD01LlZVNO5nET+mhVbq0F2r7FNKJmvuxkbDAmFHg28mA4cD89cbif14zxt55OxEqihEUnx7qxZJiSMdd0K7QwFGOLGFcCxSc8gHTjKNtLNcygNMPIASRZAiJYreiP2mOjgOF0qRJasvy/lYzT2rHRe+0eHJ9UihdzmrLkn1yQI6IR85IiZRJhVQJJwl5JM/kxXlyXp035306mnFmO7vkF5zPb+iCp2A=</latexit>

Hirzebruch F0

<latexit sha1_base64="qIg0H+ycxJgLHvnn2YD41I6JacE="></latexit>

P(x , y) = x +
1

x
+ c1

✓
y +

1

y

◆
+ c2

<latexit sha1_base64="E9XMs+SoSpEClN6sPwAAIuaIwsE="></latexit>

c1, c2 2 C⇤

<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="OrihT8Y+/cQ3q0kziWRMy8Oj4zQ="></latexit>

c1 = �3� 6i , c2 = �3 + 6i
<latexit sha1_base64="qDSvpdXYaj6RBHPzplLrLCNpwZ8="></latexit>

c1 = �9i , c2 = �3� 3i
<latexit sha1_base64="S9URkicb0VWbDP0gGPtC+iLvkNk="></latexit>

c1 = 9 + 9i , c2 = 9� 6i

Tropical Geometry
<latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]

<latexit sha1_base64="HQ2EQF8h1zi/M30XnqX70M9JEzw="></latexit>

[Feng, He, Kennaway, Vafa 2005]

Example
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<latexit sha1_base64="w1h/byB0mf91CWpBbklK0QnCubA=">AAACJnicbVDLSgMxFM3UV62vqrhyEyyCqzIjoi4LinRZwT6gLSWT3rahmcyQ3BHrMP6LO9F/cSfizu9wZfpYqPVA4HDOvdyT40dSGHTdDyezsLi0vJJdza2tb2xu5bd3aiaMNYcqD2WoGz4zIIWCKgqU0Ig0sMCXUPeHF2O/fgvaiFDd4CiCdsD6SvQEZ2ilTn6vhXCHSVnoe/B1zAfpw1XH7eQLbtGdgM4Tb0YKZIZKJ//V6oY8DkAhl8yYpudG2E58mwR0mjtsxQYixoesD01LlZVNO5nET+mhVbq0F2r7FNKJmvuxkbDAmFHg28mA4cD89cbif14zxt55OxEqihEUnx7qxZJiSMdd0K7QwFGOLGFcCxSc8gHTjKNtLNcygNMPIASRZAiJYreiP2mOjgOF0qRJasvy/lYzT2rHRe+0eHJ9UihdzmrLkn1yQI6IR85IiZRJhVQJJwl5JM/kxXlyXp035306mnFmO7vkF5zPb+iCp2A=</latexit>

Hirzebruch F0

<latexit sha1_base64="qIg0H+ycxJgLHvnn2YD41I6JacE="></latexit>

P(x , y) = x +
1

x
+ c1

✓
y +

1

y

◆
+ c2

<latexit sha1_base64="E9XMs+SoSpEClN6sPwAAIuaIwsE="></latexit>

c1, c2 2 C⇤

<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="OrihT8Y+/cQ3q0kziWRMy8Oj4zQ="></latexit>

c1 = �3� 6i , c2 = �3 + 6i
<latexit sha1_base64="qDSvpdXYaj6RBHPzplLrLCNpwZ8="></latexit>

c1 = �9i , c2 = �3� 3i
<latexit sha1_base64="S9URkicb0VWbDP0gGPtC+iLvkNk="></latexit>

c1 = 9 + 9i , c2 = 9� 6i

Tropical Geometry
<latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]

<latexit sha1_base64="HQ2EQF8h1zi/M30XnqX70M9JEzw="></latexit>

[Feng, He, Kennaway, Vafa 2005]

Example
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<latexit sha1_base64="w1h/byB0mf91CWpBbklK0QnCubA=">AAACJnicbVDLSgMxFM3UV62vqrhyEyyCqzIjoi4LinRZwT6gLSWT3rahmcyQ3BHrMP6LO9F/cSfizu9wZfpYqPVA4HDOvdyT40dSGHTdDyezsLi0vJJdza2tb2xu5bd3aiaMNYcqD2WoGz4zIIWCKgqU0Ig0sMCXUPeHF2O/fgvaiFDd4CiCdsD6SvQEZ2ilTn6vhXCHSVnoe/B1zAfpw1XH7eQLbtGdgM4Tb0YKZIZKJ//V6oY8DkAhl8yYpudG2E58mwR0mjtsxQYixoesD01LlZVNO5nET+mhVbq0F2r7FNKJmvuxkbDAmFHg28mA4cD89cbif14zxt55OxEqihEUnx7qxZJiSMdd0K7QwFGOLGFcCxSc8gHTjKNtLNcygNMPIASRZAiJYreiP2mOjgOF0qRJasvy/lYzT2rHRe+0eHJ9UihdzmrLkn1yQI6IR85IiZRJhVQJJwl5JM/kxXlyXp035306mnFmO7vkF5zPb+iCp2A=</latexit>

Hirzebruch F0

<latexit sha1_base64="qIg0H+ycxJgLHvnn2YD41I6JacE="></latexit>

P(x , y) = x +
1

x
+ c1

✓
y +

1

y

◆
+ c2

<latexit sha1_base64="E9XMs+SoSpEClN6sPwAAIuaIwsE="></latexit>

c1, c2 2 C⇤

<latexit sha1_base64="OrihT8Y+/cQ3q0kziWRMy8Oj4zQ="></latexit>

c1 = �3� 6i , c2 = �3 + 6i
<latexit sha1_base64="qDSvpdXYaj6RBHPzplLrLCNpwZ8="></latexit>

c1 = �9i , c2 = �3� 3i
<latexit sha1_base64="S9URkicb0VWbDP0gGPtC+iLvkNk="></latexit>

c1 = 9 + 9i , c2 = 9� 6i

Tropical Geometry
<latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]

<latexit sha1_base64="HQ2EQF8h1zi/M30XnqX70M9JEzw="></latexit>

[Feng, He, Kennaway, Vafa 2005]

<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

change in the choice of complex structure moduli generates local mutations of the dimer 

Example
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<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="OrihT8Y+/cQ3q0kziWRMy8Oj4zQ="></latexit>

c1 = �3� 6i , c2 = �3 + 6i
<latexit sha1_base64="qDSvpdXYaj6RBHPzplLrLCNpwZ8="></latexit>

c1 = �9i , c2 = �3� 3i
<latexit sha1_base64="S9URkicb0VWbDP0gGPtC+iLvkNk="></latexit>

c1 = 9 + 9i , c2 = 9� 6i

different choices of complex structure moduli correspond to Seiberg dual 4d N=1 theories

Seiberg dual Seiberg dual

<latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]Tropical Geometry
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<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="OrihT8Y+/cQ3q0kziWRMy8Oj4zQ="></latexit>

c1 = �3� 6i , c2 = �3 + 6i
<latexit sha1_base64="qDSvpdXYaj6RBHPzplLrLCNpwZ8="></latexit>

c1 = �9i , c2 = �3� 3i
<latexit sha1_base64="S9URkicb0VWbDP0gGPtC+iLvkNk="></latexit>

c1 = 9 + 9i , c2 = 9� 6i

Seiberg dual Seiberg dual

<latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]

different choices of complex structure moduli correspond to Seiberg dual 4d N=1 theories

Tropical Geometry
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<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="fmrjBuhHEyxv3XT+eL0lAAlwzAE=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbgTUcuAFpYRzAckIextJsmSvb1jdy4YjvwJO9H/Yie2lv4VKzfJFZr4YODx3gwz84JYCoOe9+Xk1tY3Nrfy2+7O7t7+QeHwqG6iRHOo8UhGuhkwA1IoqKFACc1YAwsDCY1gdDPzG2PQRkTqAScxdEI2UKIvOEMrNds4BGTdx26h6JW9Oegq8TNSJBmq3cJ3uxfxJASFXDJjWr4XYycN7GrQU7fUTgzEjI/YAFqWKiubTjq/d0pLVunRfqRtKaRz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+6kwoVJwiKLxb1E0kxorPnaU9o4CgnljCuBQpO+ZBpxtFG5LYN4OIBhDCWDCFVbCwG86jo7KBImmk6tWH5y9Gskvp52b8sX9xfFCu3WWx5ckJOyRnxyRWpkDtSJTXCiSRP5IW8Os/Om/PufCxac042c0z+wPn8AX+poXQ=</latexit>

✓x

<latexit sha1_base64="eWTiYm9x9q+paAwXyZh6NxCwBSA=">AAACF3icbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevAYwTwgu4TZSScZMju7zPQGwpKf8Cb6L97Eq0d/xZOTx0ETCxqKqm66u8JECoOu++XkNja3tnfyu4W9/YPDo+LxSdPEqebQ4LGMdTtkBqRQ0ECBEtqJBhaFElrh6Hbmt8agjYjVI04SCCI2UKIvOEMrtX0cArLupFssuRV3DrpOvCUpkSXq3eK334t5GoFCLpkxHc9NMMhCuxr0tFD2UwMJ4yM2gI6lysomyOb3TmnZKj3aj7UthXSuFn5NZCwyZhKFtjNiODSr3kz8z+uk2L8JMqGSFEHxxaJ+KinGdPY87QkNHOXEEsa1QMEpHzLNONqICr4BXDyAECWSIWSKjcVgHhWdHRRLM82mNixvNZp10ryseFeV6kO1VLtbxpYnZ+ScXBCPXJMauSd10iCcSPJEXsir8+y8Oe/Ox6I15yxnTskfOJ8/gVWhdQ==</latexit>

✓y

<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="CspqciPUVm5DJFqncu2lmGFGhBY=">AAACEHicbVDLSgNBEJyNrxhfUY9eBkPAU9iVoB4DevCYgEmEZAmzk04yZHZ2mekNhGW/wJvov3gTr/6Bv+LJyeOgiQUNRVU33V1BLIVB1/1ychubW9s7+d3C3v7B4VHx+KRlokRzaPJIRvoxYAakUNBEgRIeYw0sDCS0g/HtzG9PQBsRqQecxuCHbKjEQHCGVmq4vWLJrbhz0HXiLUmJLFHvFb+7/YgnISjkkhnT8dwY/TSwO0FnhXI3MRAzPmZD6FiqrGz8dH5oRstW6dNBpG0ppHO18GsiZaEx0zCwnSHDkVn1ZuJ/XifBwY2fChUnCIovFg0SSTGis69pX2jgKKeWMK4FCk75iGnG0WZT6BrAxQMIYSwZQqrYRAznGdHZQZE0WZrZsLzVaNZJ67LiXVWqjWqpdreMLU/OyDm5IB65JjVyT+qkSTgB8kReyKvz7Lw5787HojXnLGdOyR84nz9CsJ4V</latexit>

0
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡
<latexit sha1_base64="X6On7feoVS10NCmu7oHzaiFMz/U=">AAACE3icbVDLSgNBEJz1GeMr6tHLYAh4CrshqMeAHjxGMA9IQpiddJIhs7PLTG8gLPkFb6L/4k28+gH+iidnkz1oYkFDUdVNd5cfSWHQdb+cjc2t7Z3d3F5+/+Dw6Lhwcto0Yaw5NHgoQ932mQEpFDRQoIR2pIEFvoSWP7lN/dYUtBGhesRZBL2AjZQYCs4wlSrdSPQLRbfsLkDXiZeRIslQ7xe+u4OQxwEo5JIZ0/HcCHuJb9eCnudL3dhAxPiEjaBjqbKy6SWLW+e0ZJUBHYbalkK6UPO/JhIWGDMLfNsZMBybVS8V//M6MQ5veolQUYyg+HLRMJYUQ5o+TgdCA0c5s4RxLVBwysdMM442nnzXAC4fQAgiyRASxaZitIiJpgeF0syTuQ3LW41mnTQrZe+qXH2oFmt3WWw5ck4uyCXxyDWpkXtSJw3CyZg8kRfy6jw7b86787Fs3XCymTPyB87nD7uqn2o=</latexit>

2⇡

<latexit sha1_base64="OrihT8Y+/cQ3q0kziWRMy8Oj4zQ="></latexit>

c1 = �3� 6i , c2 = �3 + 6i
<latexit sha1_base64="qDSvpdXYaj6RBHPzplLrLCNpwZ8="></latexit>

c1 = �9i , c2 = �3� 3i
<latexit sha1_base64="S9URkicb0VWbDP0gGPtC+iLvkNk="></latexit>

c1 = 9 + 9i , c2 = 9� 6i

Seiberg dual Seiberg dual

<latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]

different choices of complex structure moduli correspond to Seiberg dual 4d N=1 theories

Tropical Geometry
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QUESTION 

Can an unsupervised ML model learn about the following?  

1. Phase Transitions and Seiberg Duality 

2. Phase Spaces of SUSY Gauge Theories 

<latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]



<latexit sha1_base64="TFOnHSrgtYY9rqA2IlcruzDcoLg="></latexit>

[arXiv:2309.05702]
48

<latexit sha1_base64="+LN52nqcBGnYxoeceq6IItqnZLY="></latexit>

Seong
<latexit sha1_base64="EO0Ld76CDjgXnq2aF9nAWeDUD70="></latexit>

Phys. Rev. D 108, 106009 (2023)

2023
<latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]



<latexit sha1_base64="idge79K/jHe8Ngc3nGPJUJxbDzg="></latexit>. . .
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Unsupervised Machine Learning <latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]

• Principal Component Analysis (CPA)
<latexit sha1_base64="h0UqdIF60rsl0P/TBP7DQIpIGAU="></latexit>

! : P(x , y) = x +
1

x
+ (c11 + ic12)

(
y +

1

y

)
+ (c21 + ic22) = 0

<latexit sha1_base64="4wc2H3uI5N0qsDWpJlNbZdtis4Y="></latexit>

(�3,�6,�3, 6)

<latexit sha1_base64="D5EjARLWds+4hvFHnhz4moIALN4="></latexit>

(�6,�3, 0, 6)
<latexit sha1_base64="1MqIAaJPQiWzfH2KhBNCc7GZCbc="></latexit>

(9, 9, 9,�6)

<latexit sha1_base64="MaG8f1nhE6UWCm0yIYnR5XvYww4="></latexit>

(0,�9,�3,�3)

<latexit sha1_base64="/Q4yCcZCb8QnMGUWb6TBQSuu8oM="></latexit>

cij → {↑9,↑6,↑3, 0, 3, 6, 9}<latexit sha1_base64="hRfisUrNK0EqO5kNKwXrbtUllYU="></latexit>

sample domain:
<latexit sha1_base64="XYvQHI9WH+UGZF4MhZfrFESwlas="></latexit>

N = 2304

<latexit sha1_base64="idge79K/jHe8Ngc3nGPJUJxbDzg="></latexit>

...

<latexit sha1_base64="FVmRXIi27dZ+YHeY41+5Fq34T7A="></latexit>

63

<latexit sha1_base64="FVmRXIi27dZ+YHeY41+5Fq34T7A="></latexit>

63

<latexit sha1_base64="QHBAWSQh4qgo6m1l/SnnZxjkuJg="></latexit>

xa 2 R3969

<latexit sha1_base64="fxQrUr8KCm102jjwio8yjMxLlVs="></latexit>

flatten the coamoeba projection
<latexit sha1_base64="+bkOFayEaloYKfrsqEWMhU84gzE="></latexit>

as a vector in R3969

The coamoeba projections of the mirror 
curve for different complex structure  
moduli become a set of  
3969-dimensional vectors.
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Unsupervised Machine Learning <latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]

• Principal Component Analysis (CPA)
<latexit sha1_base64="h0UqdIF60rsl0P/TBP7DQIpIGAU="></latexit>

! : P(x , y) = x +
1

x
+ (c11 + ic12)

(
y +

1

y

)
+ (c21 + ic22) = 0

<latexit sha1_base64="4wc2H3uI5N0qsDWpJlNbZdtis4Y="></latexit>

(�3,�6,�3, 6)

<latexit sha1_base64="D5EjARLWds+4hvFHnhz4moIALN4="></latexit>

(�6,�3, 0, 6)
<latexit sha1_base64="1MqIAaJPQiWzfH2KhBNCc7GZCbc="></latexit>

(9, 9, 9,�6)

<latexit sha1_base64="MaG8f1nhE6UWCm0yIYnR5XvYww4="></latexit>

(0,�9,�3,�3)

<latexit sha1_base64="/Q4yCcZCb8QnMGUWb6TBQSuu8oM="></latexit>

cij → {↑9,↑6,↑3, 0, 3, 6, 9}<latexit sha1_base64="hRfisUrNK0EqO5kNKwXrbtUllYU="></latexit>

sample domain:
<latexit sha1_base64="XYvQHI9WH+UGZF4MhZfrFESwlas="></latexit>

N = 2304

<latexit sha1_base64="9gx5WHb1q5KvWUAHjJKuLqCqzxg="></latexit>x1

<latexit sha1_base64="nIfrUEZjZg2Ufqr6c7aeRyn1DrY="></latexit>x2
<latexit sha1_base64="RbxdGeOIIDxXchoSi+VmZm5fl9Y="></latexit>x3

<latexit sha1_base64="idge79K/jHe8Ngc3nGPJUJxbDzg="></latexit>. . . <latexit sha1_base64="fvSN/P1g9mdeieD8+nzC5pcqXx4="></latexit>x2303

<latexit sha1_base64="vh7By9LpPKqSlVx7kFzR4gnwyDI="></latexit>x2304

<latexit sha1_base64="awk07V+qMIR1/2UHm1Z6AE72qNc="></latexit>

R3969

The coamoeba projections of the mirror 
curve for different complex structure  
moduli become a set of  
3969-dimensional vectors.
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Unsupervised Machine Learning <latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]

• Principal Component Analysis (CPA)
<latexit sha1_base64="h0UqdIF60rsl0P/TBP7DQIpIGAU="></latexit>

! : P(x , y) = x +
1

x
+ (c11 + ic12)

(
y +

1

y

)
+ (c21 + ic22) = 0

<latexit sha1_base64="4wc2H3uI5N0qsDWpJlNbZdtis4Y="></latexit>

(�3,�6,�3, 6)

<latexit sha1_base64="D5EjARLWds+4hvFHnhz4moIALN4="></latexit>

(�6,�3, 0, 6)
<latexit sha1_base64="1MqIAaJPQiWzfH2KhBNCc7GZCbc="></latexit>

(9, 9, 9,�6)

<latexit sha1_base64="MaG8f1nhE6UWCm0yIYnR5XvYww4="></latexit>

(0,�9,�3,�3)

<latexit sha1_base64="/Q4yCcZCb8QnMGUWb6TBQSuu8oM="></latexit>

cij → {↑9,↑6,↑3, 0, 3, 6, 9}<latexit sha1_base64="hRfisUrNK0EqO5kNKwXrbtUllYU="></latexit>

sample domain:
<latexit sha1_base64="XYvQHI9WH+UGZF4MhZfrFESwlas="></latexit>

N = 2304

<latexit sha1_base64="9gx5WHb1q5KvWUAHjJKuLqCqzxg="></latexit>x1

<latexit sha1_base64="nIfrUEZjZg2Ufqr6c7aeRyn1DrY="></latexit>x2
<latexit sha1_base64="RbxdGeOIIDxXchoSi+VmZm5fl9Y="></latexit>x3

<latexit sha1_base64="idge79K/jHe8Ngc3nGPJUJxbDzg="></latexit>. . . <latexit sha1_base64="fvSN/P1g9mdeieD8+nzC5pcqXx4="></latexit>x2303

<latexit sha1_base64="vh7By9LpPKqSlVx7kFzR4gnwyDI="></latexit>x2304

<latexit sha1_base64="TdLobKSwFTg31tqSgTcX1rJuYFg="></latexit>

Û → R3969
<latexit sha1_base64="BYKkHdqawl8AL79y7HJW+0boy/Q="></latexit>

za = (z1a, z2a) → Û

<latexit sha1_base64="awk07V+qMIR1/2UHm1Z6AE72qNc="></latexit>

R3969

Using PCA, we want to find an optimal 
2-dimensional subspace of the original 
3969-dimensional vector space  
representation of the coamoeba.
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ML-generated Phase Space

<latexit sha1_base64="1MqIAaJPQiWzfH2KhBNCc7GZCbc="></latexit>

(9, 9, 9,�6)

<latexit sha1_base64="urO8P4L5u2qJknpc68NijQxnL9g="></latexit>

(3,�9,�6, 6)

<latexit sha1_base64="MaG8f1nhE6UWCm0yIYnR5XvYww4="></latexit>

(0,�9,�3,�3)

<latexit sha1_base64="D5EjARLWds+4hvFHnhz4moIALN4="></latexit>

(�6,�3, 0, 6)

<latexit sha1_base64="4wc2H3uI5N0qsDWpJlNbZdtis4Y="></latexit>

(�3,�6,�3, 6)

<latexit sha1_base64="PRUYYI9DtkFxgWKx/MHhTjuaP4M="></latexit>

m = 2 phase diagram for F0

<latexit sha1_base64="RRXZj2lbF2K/LTf8SEgRubsFono=">AAACG3icbZA9TwJBEIb3/Ba/UEubjYQEG3JHiB8dCY0lJqIkHCF7ywAb9vYuu3NEcuFv2Bn9L3bG1sK/YuUeUKj4Jpu8eWcmM/sEsRQGXffTWVldW9/Y3NrO7ezu7R/kD4/uTJRoDk0eyUi3AmZACgVNFCihFWtgYSDhPhjVs/r9GLQRkbrFSQydkA2U6AvO0Ea+j/CAaalRr5xNu/mCW3ZnosvGW5gCWajRzX/5vYgnISjkkhnT9twYO2lg14Oe5op+YiBmfMQG0LZW2dh00tnNU1q0SY/2I22fQjpLcz8mUhYaMwkD2xkyHJq/tSz8r9ZOsH/ZSYWKEwTF54v6iaQY0QwA7QkNHOXEGsa1QMEpHzLNOFpMOd8Azj+AEMaSIaSKjcVghotmB0XSTNMMlvcXzbK5q5S983L1plqoXS2wbZETckpKxCMXpEauSYM0CScxeSTP5MV5cl6dN+d93rriLGaOyS85H9+fVKJ3</latexit>

(PC2)

<latexit sha1_base64="fHZ+bGkD73KyLqx4E2WRkkJXDPw=">AAACJXicbVDLSgMxFM34tr7qY+cmWAXdlBkpPnaFblxWsK3QlpJJb9vQTGZI7hTrMP/iTvRf3Ingyv9wZabtwteBwOGce7knx4+kMOi6787c/MLi0vLKam5tfWNzK7+9UzdhrDnUeChDfeszA1IoqKFACbeRBhb4Ehr+sJL5jRFoI0J1g+MI2gHrK9ETnKGVOvm9FsIdJof3ncRLD+lxteKdpJ18wS26E9C/xJuRApmh2sl/trohjwNQyCUzpum5EbYT3wYBneaOWrGBiPEh60PTUmVl004m6VN6ZJUu7YXaPoV0oua+bSQsMGYc+HYyYDgwv71M/M9rxti7aCdCRTGC4tNDvVhSDGlWBe0KDRzl2BLGtUDBKR8wzTjawnItAzj9AEIQSYaQKDYS/UlxNAsUSpMmWVne72r+kvpp0Tsrlq5LhfLlrLYVsk8OyDHxyDkpkytSJTXCyT15IE/k2Xl0XpxX5206OufMdnbJDzgfX3pUpWE=</latexit>

z1 (PC1)

<latexit sha1_base64="5B24MY8OYzOcBD0KRe6ZJpUhBv8=">AAACEnicbVDLTgJBEJz1ifhCPXqZSEg8kV1CfNxIvHjEKI8ECJkdGpgwO7uZ6SXBDZ/gzei/eDNe/QF/xZPDwkHBSjqpVHWnu8uPpDDoul/O2vrG5tZ2Zie7u7d/cJg7Oq6bMNYcajyUoW76zIAUCmooUEIz0sACX0LDH93M/MYYtBGhesBJBJ2ADZToC87QSveP3VI3l3eLbgq6SrwFyZMFqt3cd7sX8jgAhVwyY1qeG2En8e1W0NNsoR0biBgfsQG0LFVWNp0kPXVKC1bp0X6obSmkqZr9NZGwwJhJ4NvOgOHQLHsz8T+vFWP/qpMIFcUIis8X9WNJMaSzv2lPaOAoJ5YwrgUKTvmQacbRppNtG8D5AwhBJBlCothYDNKU6OygUJppMrVhecvRrJJ6qehdFMt35XzlehFbhpySM3JOPHJJKuSWVEmNcDIgT+SFvDrPzpvz7nzMW9ecxcwJ+QPn8wf5AZ75</latexit>z2

<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2
<latexit sha1_base64="NVngyHX+aH8C/9QJAJB6tGG2CYI="></latexit>

T 2

<latexit sha1_base64="AZNCpLDqvSUjzM0o9izzuE03t48=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmamirkRw47KibYV2KJn0tg3NJENyRyxDv8Wd6L+4Exdu/BBXZtoufB0IHM65l3tyokQKi77/7s3NLywuLa+sFtbWNza3its7DatTw6HOtdTmNmIWpFBQR4ESbhMDLI4kNKPhRe4378BYodUNjhIIY9ZXoic4Qyd1iqU2wj1mrWvQqk+rfvUwHHeKZb/iT0D/kmBGymSGWqf42e5qnsagkEtmbSvwEwyzyOUAMy7st1MLCeND1oeWo8rJNswm4cd03yld2tPGPYV0oha+bWQstnYUR24yZjiwv71c/M9rpdg7DTOhkhRB8emhXiopapo3QbvCAEc5coRxI1BwygfMMI6ur0LbAk4/gBAnkiFkit2J/qQ3mgfS0o6zvKzgdzV/SaNaCY4rR1dH5fOzWW0rZJfskQMSkBNyTi5JjdQJJyPyQJ7Is/fovXiv3tt0dM6b7ZTID3gfX4FUpXg=</latexit>

[Seong 2023]

<latexit sha1_base64="YpEoOEyCk6Ddzox0O4uw6Peh/Z4="></latexit>

every point corresponds to
<latexit sha1_base64="XhH7WyyU6Sr0kK/xThNS+pFWi+U="></latexit>

a coamoeba, a brane tilings
<latexit sha1_base64="Lc++M1Cs/uK7hU0va2beKmTy4yM="></latexit>

and a choice of complex
<latexit sha1_base64="Q4d1jx4CA+/67WCgEzL/XDtWujo="></latexit>

structure moduli

• Principal Component Analysis (CPA)



<latexit sha1_base64="E1zRBH39NVR6q1eXA/IlbKo1PrM="></latexit>

[Seong 2024]
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Generative AI

QUESTION 

Can a Generative AI model learn the following?  

1. Coamoeba 

2. Brane Configurations 

3. 4d N=1 Gauge Theories 



<latexit sha1_base64="j4ZQ7dZXQFLkwoI/rt1y9JrTMWM="></latexit>

Phys. Rev. D 111, 086013 (2025)
<latexit sha1_base64="2cGAZA5p1XvqZOPIKSQFvlnNZo0="></latexit>

[arXiv:2411.16033]

<latexit sha1_base64="E1zRBH39NVR6q1eXA/IlbKo1PrM="></latexit>

[Seong 2024]
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<latexit sha1_base64="+LN52nqcBGnYxoeceq6IItqnZLY="></latexit>

Seong

2024



<latexit sha1_base64="E1zRBH39NVR6q1eXA/IlbKo1PrM="></latexit>

[Seong 2024]
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Generative AI

Explainability

Training Cost /  
Hyperparameter Sensitivity

VAE

GAN

Diffusion
Auto- 

regressive

Variational Autoencoder



<latexit sha1_base64="+LLFpvipo8MxKBTpLzdX0Eid8LM="></latexit>

p(x|c) =
∫

L
p(x|z, c) p(z|c) dz

<latexit sha1_base64="E1zRBH39NVR6q1eXA/IlbKo1PrM="></latexit>

[Seong 2024]
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Generative AI

• Conditional Variational Autoencoder (CVAE)

marginal likelihood

complex structure moduli latent space

likelihood

prior

coamoeba for a choice of complex 
structure moduli are modeled in terms of 
probability distributions

<latexit sha1_base64="0uN8InaD0Q1KCzs5Mz/IZv2St5c=">AAACIHicbVBNSwMxFMz6WetX1aOXYBE8lV2RKp4KXjxWsK3QLiWbvq3BbLIkb8Wy9Jd4E/0v3sSj/hRPZtsetDoQGGbe400mSqWw6Psf3sLi0vLKammtvL6xubVd2dltW50ZDi2upTY3EbMghYIWCpRwkxpgSSShE91dFH7nHowVWl3jKIUwYUMlYsEZOqlf2e4hPGDONUs0RGzcr1T9mj8B/UuCGamSGZr9yldvoHmWgEIumbXdwE8xzCOXAcy4fNjLLKSM37EhdB1VTrZhPgk+podOGdBYG/cU0ola/rGRs8TaURK5yYThrZ33CvE/r5thfBbmQqUZguLTQ3EmKWpatEAHwgBHOXKEcSNQcMpvmWEcXVflngWcfgAhSSVDyBW7F8NJZ7QIpKUd50VZwXw1f0n7uBbUa/Wrk2rjfFZbieyTA3JEAnJKGuSSNEmLcJKRR/JMXrwn79V7896nowvebGeP/IL3+Q0uw6Tq</latexit>

coamoeba
<latexit sha1_base64="/6nFY+sdQY/ZeZ88NEEgJ/igl2E="></latexit>

(brane configuration)



<latexit sha1_base64="+LLFpvipo8MxKBTpLzdX0Eid8LM="></latexit>

p(x|c) =
∫

L
p(x|z, c) p(z|c) dz

<latexit sha1_base64="E1zRBH39NVR6q1eXA/IlbKo1PrM="></latexit>

[Seong 2024]
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Generative AI

• Conditional Variational Autoencoder (CVAE)

marginal likelihood

complex structure moduli latent space

likelihood

prior

coamoeba for a choice of complex 
structure moduli are modeled in terms of 
probability distributions

evidence lower bound (ELBO)

<latexit sha1_base64="YjLvLbMq/vrMs0uOMl9RSWNA6BQ="></latexit>

log p(x|c) → Ep(z|x,c) [log p(x|z, c)] + Ep(z|x,c) [log p(z|c)]↑ Ep(z|x,c) [log p(z|x, c)]

estimated posterior

estimated prior
<latexit sha1_base64="uFoQdyGEDTjtL9TnGDvksvfVj78="></latexit>

p(z|c) → N (z; 0, 1)estimated likelihood
<latexit sha1_base64="GRMDDqeckEZrRYaNnyeYO8z2E+8="></latexit>

p(x|z, c) → Bernoulliωd (xij = 1)

<latexit sha1_base64="nP9N7BgK3QPZqK/I+MEEVlmN5SY="></latexit>

p(z|x, c) → N (z;µ(ωe),ε
2(ωe))

<latexit sha1_base64="0uN8InaD0Q1KCzs5Mz/IZv2St5c=">AAACIHicbVBNSwMxFMz6WetX1aOXYBE8lV2RKp4KXjxWsK3QLiWbvq3BbLIkb8Wy9Jd4E/0v3sSj/hRPZtsetDoQGGbe400mSqWw6Psf3sLi0vLKammtvL6xubVd2dltW50ZDi2upTY3EbMghYIWCpRwkxpgSSShE91dFH7nHowVWl3jKIUwYUMlYsEZOqlf2e4hPGDONUs0RGzcr1T9mj8B/UuCGamSGZr9yldvoHmWgEIumbXdwE8xzCOXAcy4fNjLLKSM37EhdB1VTrZhPgk+podOGdBYG/cU0ola/rGRs8TaURK5yYThrZ33CvE/r5thfBbmQqUZguLTQ3EmKWpatEAHwgBHOXKEcSNQcMpvmWEcXVflngWcfgAhSSVDyBW7F8NJZ7QIpKUd50VZwXw1f0n7uBbUa/Wrk2rjfFZbieyTA3JEAnJKGuSSNEmLcJKRR/JMXrwn79V7896nowvebGeP/IL3+Q0uw6Tq</latexit>

coamoeba
<latexit sha1_base64="/6nFY+sdQY/ZeZ88NEEgJ/igl2E="></latexit>

(brane configuration)



evidence lower bound (ELBO)

<latexit sha1_base64="E1zRBH39NVR6q1eXA/IlbKo1PrM="></latexit>

[Seong 2024]
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Generative AI

• Conditional Variational Autoencoder (CVAE)

<latexit sha1_base64="YjLvLbMq/vrMs0uOMl9RSWNA6BQ="></latexit>

log p(x|c) → Ep(z|x,c) [log p(x|z, c)] + Ep(z|x,c) [log p(z|c)]↑ Ep(z|x,c) [log p(z|x, c)]

estimated posterior
<latexit sha1_base64="6+TX403gHdlPtq7fuhaRZkoG2Sw="></latexit>

qωe (z|x, c) → N (z;µ(ωe),ε
2(ωe))

estimated prior
<latexit sha1_base64="uFoQdyGEDTjtL9TnGDvksvfVj78="></latexit>

p(z|c) → N (z; 0, 1)estimated likelihood
<latexit sha1_base64="GRMDDqeckEZrRYaNnyeYO8z2E+8="></latexit>

p(x|z, c) → Bernoulliωd (xij = 1)



evidence lower bound (ELBO)

<latexit sha1_base64="E1zRBH39NVR6q1eXA/IlbKo1PrM="></latexit>

[Seong 2024]
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Generative AI

• Conditional Variational Autoencoder (CVAE)

<latexit sha1_base64="YjLvLbMq/vrMs0uOMl9RSWNA6BQ="></latexit>

log p(x|c) → Ep(z|x,c) [log p(x|z, c)] + Ep(z|x,c) [log p(z|c)]↑ Ep(z|x,c) [log p(z|x, c)]

estimated posterior
<latexit sha1_base64="6+TX403gHdlPtq7fuhaRZkoG2Sw="></latexit>

qωe (z|x, c) → N (z;µ(ωe),ε
2(ωe))

estimated prior
<latexit sha1_base64="uFoQdyGEDTjtL9TnGDvksvfVj78="></latexit>

p(z|c) → N (z; 0, 1)estimated likelihood
<latexit sha1_base64="GRMDDqeckEZrRYaNnyeYO8z2E+8="></latexit>

p(x|z, c) → Bernoulliωd (xij = 1)

Reconstruction Loss Kullback-Leibler (KL) Divergence

DECODER ENCODER
<latexit sha1_base64="7R+CbKt42mxA3qY7Glj0f739YVE="></latexit>

ωd
<latexit sha1_base64="uB9/++mlfJLfOA/Bj2iymiF50UA="></latexit>

ωe



<latexit sha1_base64="E1zRBH39NVR6q1eXA/IlbKo1PrM="></latexit>

[Seong 2024]
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<latexit sha1_base64="yws4FYJHnYIQgSnmZXRrYPchtkU=">AAACKXicbVDLSsNAFJ34tr6qbgpuBovgQkoiUl0KblxWsCq0oUymN+3QySTM3BRqiF/jTvRf3Klb/8KVk7aCrwMDh3PuZc49QSKFQdd9dWZm5+YXFpeWSyura+sb5c2tKxOnmkOTxzLWNwEzIIWCJgqUcJNoYFEg4ToYnBX+9RC0EbG6xFECfsR6SoSCM7RSp1xptSOG/SDMbvMD+sV57nfKVbfmjkH/Em9KqmSKRqf80e7GPI1AIZfMmJbnJuhngQ0DOi/ttVMDCeMD1oOWpcrKxs/GF+R0zypdGsbaPoV0rJa+bWQsMmYUBXayiGh+e4X4n9dKMTzxM6GSFEHxyUdhKinGtKiDdoUGjnJkCeNaoOCU95lmHG1ppbYBnByAECWSIWSKDUVvXB4tAsXS5Fluy/J+V/OXXB3WvHqtfnFUPa1Ma1siO2SX7BOPHJNTck4apEk4uSP35JE8OQ/Os/PivE1GZ5zpzjb5Aef9E+g8qD8=</latexit>

[z, c]

<latexit sha1_base64="Nv7dCSyWsbLPwXSL2Np6mQ+LAs0=">AAACGXicbVBNS8NAEN34WetX1YvgZbEInkoiUj0WvHisYD+wKWWzndTFzSbsTool9F94E/0v3sSrJ/+KJzdpD349GHi8N8PMvCCRwqDrfjgLi0vLK6ultfL6xubWdmVnt23iVHNo8VjGuhswA1IoaKFACd1EA4sCCZ3g7iL3O2PQRsTqGicJ9CM2UiIUnKGVbvyI4W0QZvfTQaXq1twC9C/x5qRK5mgOKp/+MOZpBAq5ZMb0PDfBfhbY5aCn5SM/NZAwfsdG0LNUWdn0s+LiKT2yypCGsbalkBZq+dtExiJjJlFgO/MLzW8vF//zeimG5/1MqCRFUHy2KEwlxZjm79Oh0MBRTixhXAsUnPJbphlHG1LZN4CzBxCiRDKETLGxGBVh0fygWJpplofl/Y7mL2mf1Lx6rX51Wm3sz2MrkQNySI6JR85Ig1ySJmkRThR5IE/k2Xl0XpxX523WuuDMZ/bIDzjvX13folM=</latexit>x

<latexit sha1_base64="6kUcjyqh7w/0hvgninB5vLEzoJE="></latexit>

c11 · 164→64
<latexit sha1_base64="kbDI0KwDEHnus2AAi56Rw3+DsBI="></latexit>

c12 · 164→64
<latexit sha1_base64="8NpewAr41DWXMayS0RqPDXbUZUE="></latexit>

c21 · 164→64
<latexit sha1_base64="dBe6ABbJOnJ+eTELNrVGvuQJqPc="></latexit>

c22 · 164→64
<latexit sha1_base64="/5eipb1qDJcBjsCs5pqPLkPt6Fc=">AAACIXicbVDLSsNAFJ3UV62vqBvBzWARXJVEpLosuHFZwVahKWUyvalDJ5Mwc1MoIX/iTvRf3Ik78U9cOWm78HVg4HDOvdwzJ0ylMOh5705laXllda26XtvY3NrecXf3uibJNIcOT2Si70JmQAoFHRQo4S7VwOJQwm04viz92wloIxJ1g9MU+jEbKREJztBKA9cNQqbzIGZ4H0Y5L4qBW/ca3gz0L/EXpE4WaA/cz2CY8CwGhVwyY3q+l2I/D20I0EXtOMgMpIyP2Qh6liorm34+S17QY6sMaZRo+xTSmVr7tpGz2JhpHNrJMqL57ZXif14vw+iinwuVZgiKzw9FmaSY0LIGOhQaOMqpJYxrgYJTfs8042jLqgUGcP4BhDiVDCFXbCJGs9JoGSiRpsjLsvzf1fwl3dOG32w0r8/qrYNFbVVySI7ICfHJOWmRK9ImHcLJhDyQJ/LsPDovzqvzNh+tOIudffIDzscX8fqlNA==</latexit>

c̄

<latexit sha1_base64="xtDT0wtSl0THiDQZvxcnZBq1Clc="></latexit>

x̄ = [x, c̄]

<latexit sha1_base64="agMV7IaAHIFXP/S3ipRblMEaIbk=">AAACG3icbZC7SgNBFIZnvcZ4i9oINoMhYBV2JayWARvLCOYC2RBmJyfJkNnZZeZsICx5DTvRd7ETWwtfxcrJpdDEHwZ+/nMO58wXJlIYdN0vZ2Nza3tnN7eX3z84PDounJw2TJxqDnUey1i3QmZACgV1FCihlWhgUSihGY7uZvXmGLQRsXrESQKdiA2U6AvO0EaBX6EBiggM9SvdQtEtu3PRdeMtTZEsVesWvoNezNMIFHLJjGl7boKdLLTrQU/zpSA1kDA+YgNoW6tsbDrZ/OYpLdmkR/uxtk8hnaf5XxMZi4yZRKHtjBgOzWptFv5Xa6fYv+1kQiUpguKLRf1UUozpDADtCQ0c5cQaxrVAwSkfMs04Wkz5wAAuPoAQJZIhZIqNxWCOi84OiqWZZlMLy1tFs24a12XPL/sPlWL1fIktRy7IJbkiHrkhVXJPaqROOEnIE3khr86z8+a8Ox+L1g1nOXNG/sj5/AGJy6G7</latexit>

64→ 64

<latexit sha1_base64="agMV7IaAHIFXP/S3ipRblMEaIbk=">AAACG3icbZC7SgNBFIZnvcZ4i9oINoMhYBV2JayWARvLCOYC2RBmJyfJkNnZZeZsICx5DTvRd7ETWwtfxcrJpdDEHwZ+/nMO58wXJlIYdN0vZ2Nza3tnN7eX3z84PDounJw2TJxqDnUey1i3QmZACgV1FCihlWhgUSihGY7uZvXmGLQRsXrESQKdiA2U6AvO0EaBX6EBiggM9SvdQtEtu3PRdeMtTZEsVesWvoNezNMIFHLJjGl7boKdLLTrQU/zpSA1kDA+YgNoW6tsbDrZ/OYpLdmkR/uxtk8hnaf5XxMZi4yZRKHtjBgOzWptFv5Xa6fYv+1kQiUpguKLRf1UUozpDADtCQ0c5cQaxrVAwSkfMs04Wkz5wAAuPoAQJZIhZIqNxWCOi84OiqWZZlMLy1tFs24a12XPL/sPlWL1fIktRy7IJbkiHrkhVXJPaqROOEnIE3khr86z8+a8Ox+L1g1nOXNG/sj5/AGJy6G7</latexit>

64→ 64
<latexit sha1_base64="agMV7IaAHIFXP/S3ipRblMEaIbk=">AAACG3icbZC7SgNBFIZnvcZ4i9oINoMhYBV2JayWARvLCOYC2RBmJyfJkNnZZeZsICx5DTvRd7ETWwtfxcrJpdDEHwZ+/nMO58wXJlIYdN0vZ2Nza3tnN7eX3z84PDounJw2TJxqDnUey1i3QmZACgV1FCihlWhgUSihGY7uZvXmGLQRsXrESQKdiA2U6AvO0EaBX6EBiggM9SvdQtEtu3PRdeMtTZEsVesWvoNezNMIFHLJjGl7boKdLLTrQU/zpSA1kDA+YgNoW6tsbDrZ/OYpLdmkR/uxtk8hnaf5XxMZi4yZRKHtjBgOzWptFv5Xa6fYv+1kQiUpguKLRf1UUozpDADtCQ0c5cQaxrVAwSkfMs04Wkz5wAAuPoAQJZIhZIqNxWCOi84OiqWZZlMLy1tFs24a12XPL/sPlWL1fIktRy7IJbkiHrkhVXJPaqROOEnIE3khr86z8+a8Ox+L1g1nOXNG/sj5/AGJy6G7</latexit>

64→ 64
<latexit sha1_base64="agMV7IaAHIFXP/S3ipRblMEaIbk=">AAACG3icbZC7SgNBFIZnvcZ4i9oINoMhYBV2JayWARvLCOYC2RBmJyfJkNnZZeZsICx5DTvRd7ETWwtfxcrJpdDEHwZ+/nMO58wXJlIYdN0vZ2Nza3tnN7eX3z84PDounJw2TJxqDnUey1i3QmZACgV1FCihlWhgUSihGY7uZvXmGLQRsXrESQKdiA2U6AvO0EaBX6EBiggM9SvdQtEtu3PRdeMtTZEsVesWvoNezNMIFHLJjGl7boKdLLTrQU/zpSA1kDA+YgNoW6tsbDrZ/OYpLdmkR/uxtk8hnaf5XxMZi4yZRKHtjBgOzWptFv5Xa6fYv+1kQiUpguKLRf1UUozpDADtCQ0c5cQaxrVAwSkfMs04Wkz5wAAuPoAQJZIhZIqNxWCOi84OiqWZZlMLy1tFs24a12XPL/sPlWL1fIktRy7IJbkiHrkhVXJPaqROOEnIE3khr86z8+a8Ox+L1g1nOXNG/sj5/AGJy6G7</latexit>

64→ 64
<latexit sha1_base64="agMV7IaAHIFXP/S3ipRblMEaIbk=">AAACG3icbZC7SgNBFIZnvcZ4i9oINoMhYBV2JayWARvLCOYC2RBmJyfJkNnZZeZsICx5DTvRd7ETWwtfxcrJpdDEHwZ+/nMO58wXJlIYdN0vZ2Nza3tnN7eX3z84PDounJw2TJxqDnUey1i3QmZACgV1FCihlWhgUSihGY7uZvXmGLQRsXrESQKdiA2U6AvO0EaBX6EBiggM9SvdQtEtu3PRdeMtTZEsVesWvoNezNMIFHLJjGl7boKdLLTrQU/zpSA1kDA+YgNoW6tsbDrZ/OYpLdmkR/uxtk8hnaf5XxMZi4yZRKHtjBgOzWptFv5Xa6fYv+1kQiUpguKLRf1UUozpDADtCQ0c5cQaxrVAwSkfMs04Wkz5wAAuPoAQJZIhZIqNxWCOi84OiqWZZlMLy1tFs24a12XPL/sPlWL1fIktRy7IJbkiHrkhVXJPaqROOEnIE3khr86z8+a8Ox+L1g1nOXNG/sj5/AGJy6G7</latexit>

64→ 64

<latexit sha1_base64="DYcXufnaqN75iOuBh87KMBSGiNE=">AAACJnicbVDLSgMxFM3UV62vqgiCm2ApuCozUqvLghuXFewD2lIy6W0bmskMyZ1CGfox7kT/xZ2IO7/DlekD1NYDgcM593JPjh9JYdB1P5zU2vrG5lZ6O7Ozu7d/kD08qpkw1hyqPJShbvjMgBQKqihQQiPSwAJfQt0f3k79+gi0EaF6wHEE7YD1legJztBKnezJFW2hCMDQUvGHdbI5t+DOQFeJtyA5skClk/1qdUMeB6CQS2ZM03MjbCe+TQJ6ksm3YgMR40PWh6alysqmncziT2jeKl3aC7V9CulMzfzaSFhgzDjw7WTAcGCWvan4n9eMsXfTToSKYgTF54d6saQY0mkXtCs0cJRjSxjXAgWnfMA042gby7QM4PwDCEEkGUKi2Ej0Z83RaaBQmkkysWV5y9WsktplwSsVSvfFXPl0UVuanJFzckE8ck3K5I5USJVwkpBH8kxenCfn1Xlz3uejKWexc0z+wPn8BnK5pTk=</latexit>

5→ 64→ 64

<latexit sha1_base64="e/k+/997JbEb0iCexMO1qNhckiQ=">AAACJ3icbVDLSgMxFM34rPVVFURwEywFV2WmSnVZcOOygn1AW0omvW1DM5khuVMoY3/Gnei/uBNd+huuTB+L2nogcDjnXu7J8SMpDLrul7O2vrG5tZ3aSe/u7R8cZo6OqyaMNYcKD2Wo6z4zIIWCCgqUUI80sMCXUPMHdxO/NgRtRKgecRRBK2A9JbqCM7RSO3N6VaBNFAEYusjamaybd6egq8SbkyyZo9zO/DQ7IY8DUMglM6bhuRG2Et9GAT1O55qxgYjxAetBw1JlZdNKpvnHNGeVDu2G2j6FdKqmFzYSFhgzCnw7GTDsm2VvIv7nNWLs3rYSoaIYQfHZoW4sKYZ0UgbtCA0c5cgSxrVAwSnvM8042srSTQM4+wBCEEmGkCg2FL1pdXQSKJRmnIxtWd5yNaukWsh7xXzx4TpbOpvXliLn5IJcEo/ckBK5J2VSIZw8kWfySt6cF+fd+XA+Z6NrznznhPyB8/0L20+laQ==</latexit>

32→ 32→ 32

<latexit sha1_base64="0ujkTPE2eR+ytOKly8gvTVOHSi4="></latexit>

64→ 16→ 16

<latexit sha1_base64="MfHfPecoLlvdtE0bTRgnfgIvLhE="></latexit>

128→ 8→ 8

<latexit sha1_base64="RtxFzrfEE3A4WDquf7SYzhqzuvA="></latexit>

256→ 4→ 4

<latexit sha1_base64="cv0Urr+xqJYs8+Up7RzaIwhPTUo=">AAACGHicbVA9SwNBEN3zM8avqI1gsxgEbcKdRbQzYGMZwXxIEsPeZi4u7u0du3NCPPIfBMFC9J9Y2Imtnf9ErNxLLPx6MPB4b4aZeX4shUHXfXMmJqemZ2Zzc/n5hcWl5cLKat1EieZQ45GMdNNnBqRQUEOBEpqxBhb6Ehr+xWHmNy5BGxGpExzE0AlZX4lAcIZWOg26cJZuezvDbqHoltwR6F/ifZHiwXv5avn69rHaLXy0exFPQlDIJTOm5bkxdlLf7gY9zG+1EwMx4xesDy1LlZVNJx0dPKRbVunRINK2FNKRmv82kbLQmEHo286Q4bn57WXif14rwWC/kwoVJwiKjxcFiaQY0ex72hMaOMqBJYxrgYJTfs4042gzyrcN4PgBhDCWDCFV7FL0R1nR7KBImmGaheX9juYvqe+WvHKpfOwWK+tkjBzZIJtkm3hkj1TIEamSGuEkJDfknjw4d86T8+y8jFsnnK+ZNfIDzusn5vOk4Q==</latexit>

f (1)e

<latexit sha1_base64="UwuwMy4pFQhNC9P8z978T6/swpU=">AAACGHicbVA9SwNBEN3zM8aPRG0Em8UgaBPuUkQ7BRvLCEYjSQx7m7m4uLd37M4J8ch/EAQL0X9iYSe2dv4TsXIvSeHXg4HHezPMzPNjKQy67rszMTk1PTObm8vPLywuFYrLKycmSjSHOo9kpBs+MyCFgjoKlNCINbDQl3DqXx5k/ukVaCMidYz9GNoh6ykRCM7QSmdBB87Trcr2oFMsuWV3CPqXeGNS2vuoXhdu7p5qneJnqxvxJASFXDJjmp4bYzv17W7Qg/xmKzEQM37JetC0VFnZtNPhwQO6aZUuDSJtSyEdqvlvEykLjemHvu0MGV6Y314m/uc1Ewx226lQcYKg+GhRkEiKEc2+p12hgaPsW8K4Fig45RdMM442o3zLAI4eQAhjyRBSxa5Eb5gVzQ6KpBmkWVje72j+kpNK2auWq0duaX+NjJAj62SDbBGP7JB9ckhqpE44CckteSCPzr3z7Lw4r6PWCWc8s0p+wHn7AuihpOI=</latexit>

f (2)e

<latexit sha1_base64="snj4GYpXuW1yS7Jj+VBU2kSA+V8=">AAACGHicbVA9SwNBEN3z2/iRqI1gsxgEbcKdQrQzYGOpYDSSxLC3mYuLe3vH7lwgHvkPgmAh+k8s7MTWzn8iVu4lKfx6MPB4b4aZeX4shUHXfXfGxicmp6ZnZnNz8wuL+cLS8qmJEs2hyiMZ6ZrPDEihoIoCJdRiDSz0JZz5VweZf9YFbUSkTrAXQzNkHSUCwRla6TxowUW6ubPVbxWKbskdgP4l3ogU9z/K1/mbu6ejVuGz0Y54EoJCLpkxdc+NsZn6djfofm6jkRiIGb9iHahbqqxsmung4D7dsEqbBpG2pZAO1Ny3iZSFxvRC33aGDC/Nby8T//PqCQZ7zVSoOEFQfLgoSCTFiGbf07bQwFH2LGFcCxSc8kumGUebUa5hAIcPIISxZAipYl3RGWRFs4MiafppFpb3O5q/5HS75JVL5WO3WFklQ8yQNbJONolHdkmFHJIjUiWchOSWPJBH5955dl6c12HrmDOaWSE/4Lx9AepPpOM=</latexit>

f (3)e

<latexit sha1_base64="OEQ/lU0KPT/tg3ngV4v0ffdVohM=">AAACE3icbVA9SwNBEN3z2/gVtREEWQyCVbgTiVop2FhGMEZIQtjbTJLFvb1jdy4QjpS2dqKVvyNgJ7b+AH+D/8DKvVwKjT4YeLw3w8w8P5LCoOt+OFPTM7Nz8wuLuaXlldW1/PrGtQljzaHCQxnqG58ZkEJBBQVKuIk0sMCXUPVvz1O/2gNtRKiusB9BI2AdJdqCM0ylQ/ek1MwX3KI7Av1LvDEpnD4PLz/vdoblZv6r3gp5HIBCLpkxNc+NsJH4di3oQW6vHhuIGL9lHahZqqxsGsno1gHds0qLtkNtSyEdqbkfEwkLjOkHvu0MGHbNpJeK/3m1GNvHjUSoKEZQPFvUjiXFkKaP05bQwFH2LWFcCxSc8i7TjKONJ1c3gNkDCEEkGUKiWE90RjHR9KBQmkEysGF5k9H8JdcHRa9ULF26hbMtkmGBbJNdsk88ckTOyAUpkwrhpEvuySN5ch6cF+fVectap5zxzCb5Bef9G/nSotQ=</latexit>

4096<latexit sha1_base64="CecYQO66GkCwd/Jno0gSUj772fo=">AAACGHicbVA9SwNBEN3z2/iRqI1gsxgEbcKdSLQzYGOpYDSSxLC3mYuLe3vH7lwgHvkPgmAh+k8s7MTWzn8iVu4lKfx6MPB4b4aZeX4shUHXfXfGxicmp6ZnZnNz8wuL+cLS8qmJEs2hyiMZ6ZrPDEihoIoCJdRiDSz0JZz5VweZf9YFbUSkTrAXQzNkHSUCwRla6TxowUW6ubPVbxWKbskdgP4l3ogU9z/K1/mbu6ejVuGz0Y54EoJCLpkxdc+NsZn6djfofm6jkRiIGb9iHahbqqxsmung4D7dsEqbBpG2pZAO1Ny3iZSFxvRC33aGDC/Nby8T//PqCQZ7zVSoOEFQfLgoSCTFiGbf07bQwFH2LGFcCxSc8kumGUebUa5hAIcPIISxZAipYl3RGWRFs4MiafppFpb3O5q/5HS75JVL5WO3WFklQ8yQNbJONolHdkmFHJIjUiWchOSWPJBH5955dl6c12HrmDOaWSE/4Lx9Aev9pOQ=</latexit>

f (4)e
<latexit sha1_base64="eX6nr/PqKh1+AQ5duk9zHGNFdo8=">AAACEnicbVC7SgNBFJ31GeMraiPYDAYhVdi1iHYGbCwjmgckIcxObpIhs7PLzN1AWPIJYiP6L3aa1h/wIyxtrJw8CjUeuHA4517uvcePpDDouu/O0vLK6tp6aiO9ubW9s5vZ26+YMNYcyjyUoa75zIAUCsooUEIt0sACX0LV719O/OoAtBGhusVhBM2AdZXoCM7QSje9FrQyWTfvTkEXiTcn2YuP1/tG7nNcamW+Gu2QxwEo5JIZU/fcCJuJb7eCHqVPGrGBiPE+60LdUmVl00ymp47oiVXatBNqWwrpVE3/mEhYYMww8G1nwLBn/noT8T+vHmPnvJkIFcUIis8WdWJJMaSTv2lbaOAoh5YwrgUKTnmPacbRppNuGMDZAwhBJBlCothAdKcp0clBoTSjZGTD8v5Gs0gqp3mvkC9cu9niIZkhRY7IMckRj5yRIrkiJVImnHTJHXkkT86D8+y8OONZ65Iznzkgv+C8fQM886Ow</latexit>

he

<latexit sha1_base64="aAtfwLRexFJKYYrl97X3JV2kbcg=">AAACHHicbVDJSgNBEO1xjXGLehG8NAZBL2HGg3oz4MVjBLNAZgw9nUrS2NMzdtcIcch3eFL0X7yJV8EfEfFkZzm4PSh4vFdFVb0wkcKg6745U9Mzs3PzuYX84tLyymphbb1m4lRzqPJYxroRMgNSKKiiQAmNRAOLQgn18PJk6NevQRsRq3PsJxBErKtER3CGVgr8KN31sQfIWrDXKhTdkjsC/Uu8CSkef9y8l/ndRaVV+PTbMU8jUMglM6bpuQkGWWj3gx7kd/zUQML4JetC01JlZRNko6MHdMcqbdqJtS2FdKTmv01kLDKmH4W2M2LYM7+9ofif10yxcxRkQiUpguLjRZ1UUozpMAHaFho4yr4ljGuBglPeY5pxtDnlfQM4fgAhSiRDyBS7Ft1RXnR4UCzNIBvYsLzf0fwltf2Sd1A6OHOL5U0yRo5skW2ySzxySMrklFRIlXByRW7JA3l07p0n59l5GbdOOZOZDfIDzusXJBOnOQ==</latexit>

µ(ωe)

<latexit sha1_base64="RtxFzrfEE3A4WDquf7SYzhqzuvA="></latexit>

256→ 4→ 4

<latexit sha1_base64="MfHfPecoLlvdtE0bTRgnfgIvLhE="></latexit>

128→ 8→ 8

<latexit sha1_base64="0ujkTPE2eR+ytOKly8gvTVOHSi4="></latexit>

64→ 16→ 16

<latexit sha1_base64="e/k+/997JbEb0iCexMO1qNhckiQ=">AAACJ3icbVDLSgMxFM34rPVVFURwEywFV2WmSnVZcOOygn1AW0omvW1DM5khuVMoY3/Gnei/uBNd+huuTB+L2nogcDjnXu7J8SMpDLrul7O2vrG5tZ3aSe/u7R8cZo6OqyaMNYcKD2Wo6z4zIIWCCgqUUI80sMCXUPMHdxO/NgRtRKgecRRBK2A9JbqCM7RSO3N6VaBNFAEYusjamaybd6egq8SbkyyZo9zO/DQ7IY8DUMglM6bhuRG2Et9GAT1O55qxgYjxAetBw1JlZdNKpvnHNGeVDu2G2j6FdKqmFzYSFhgzCnw7GTDsm2VvIv7nNWLs3rYSoaIYQfHZoW4sKYZ0UgbtCA0c5cgSxrVAwSnvM8042srSTQM4+wBCEEmGkCg2FL1pdXQSKJRmnIxtWd5yNaukWsh7xXzx4TpbOpvXliLn5IJcEo/ckBK5J2VSIZw8kWfySt6cF+fd+XA+Z6NrznznhPyB8/0L20+laQ==</latexit>

32→ 32→ 32

<latexit sha1_base64="cUfvSvk225w1moU/O5+H2Lubid0="></latexit>

64→ 64

<latexit sha1_base64="riDa8sW5mbE7LPaGUVP93K/eHxc="></latexit>

ω2(εe)

<latexit sha1_base64="Wof8w0KfBloVknilVU7nymEpRY4="></latexit>

ωReLU,W
(1)
e , b(1)e

<latexit sha1_base64="DC0wvN8qVw32GFch/CG0nnZHs+M="></latexit>

ωReLU,W
(2)
e , b(2)e

<latexit sha1_base64="kH3pX8pwYCCwNodRWHjUbuYYJFU="></latexit>

ωReLU,W
(3)
e , b(3)e

<latexit sha1_base64="FHe0fxieVppyS5w5+N1GqaxcMns="></latexit>

ωReLU,W
(4)
e , b(4)e

<latexit sha1_base64="MJD2ENMR+R/qYuaDWNwba5USIk4="></latexit>

W µ
e , b

µ
e

<latexit sha1_base64="NMmQ1ckQsaxjK098amWw/2djpW8="></latexit>

ωReLU,W
(1)
d , b(1)e

<latexit sha1_base64="u5jXWma5KGh2dJrJyGuz1Gp1XrI="></latexit>

ωReLU,W
(2)
d , b(2)e

<latexit sha1_base64="Mdm7NlSmJm18upg90d47dxSCaIA="></latexit>

ωReLU,W
(3)
d , b(3)e

<latexit sha1_base64="g2PdwaEvhuUhm975/vTeIs4E1bY="></latexit>

ωsigmoid,W
(4)
d , b(4)e <latexit sha1_base64="x+5VRAYQq4W1AyL7nBNvHCLrrsM="></latexit>

f (3)d

<latexit sha1_base64="3vY0pTifCIy+m742Lna4lv2XtEI="></latexit>

f (2)d

<latexit sha1_base64="x6Ch7BMvI+zkB9tw6KLqvOEk3Ow="></latexit>

f (1)d

<latexit sha1_base64="ar5NPuplar/ug4kFzoDyTXY+l8c="></latexit>

x̂ = f (4)d

<latexit sha1_base64="ekNvrr2+yofr87oJ/PqQ4OOw614="></latexit>

hd

<latexit sha1_base64="OEQ/lU0KPT/tg3ngV4v0ffdVohM=">AAACE3icbVA9SwNBEN3z2/gVtREEWQyCVbgTiVop2FhGMEZIQtjbTJLFvb1jdy4QjpS2dqKVvyNgJ7b+AH+D/8DKvVwKjT4YeLw3w8w8P5LCoOt+OFPTM7Nz8wuLuaXlldW1/PrGtQljzaHCQxnqG58ZkEJBBQVKuIk0sMCXUPVvz1O/2gNtRKiusB9BI2AdJdqCM0ylQ/ek1MwX3KI7Av1LvDEpnD4PLz/vdoblZv6r3gp5HIBCLpkxNc+NsJH4di3oQW6vHhuIGL9lHahZqqxsGsno1gHds0qLtkNtSyEdqbkfEwkLjOkHvu0MGHbNpJeK/3m1GNvHjUSoKEZQPFvUjiXFkKaP05bQwFH2LWFcCxSc8i7TjKONJ1c3gNkDCEEkGUKiWE90RjHR9KBQmkEysGF5k9H8JdcHRa9ULF26hbMtkmGBbJNdsk88ckTOyAUpkwrhpEvuySN5ch6cF+fVectap5zxzCb5Bef9G/nSotQ=</latexit>

4096

<latexit sha1_base64="najGDTzUVAS3ran4P+Lxmw1AhHI="></latexit>

flatten
<latexit sha1_base64="j5D7WCTm+zT7rJauS8vaL11mi5Q="></latexit>

reshape
<latexit sha1_base64="jRK7Fs6uRBO4jXjwQHHfrmrc4jQ="></latexit>

ω → N (0, 1)

<latexit sha1_base64="JT2yRJkP5xrnUHCASZ4oSpONZxk="></latexit>

c = (c11, c12, c21, c22)

<latexit sha1_base64="zVdw46O1f7/0PrXfdwJjXadtIeQ="></latexit>

W log ω2

e , blog ω
2

e

<latexit sha1_base64="dn+gpRdahDl/D99eS2ZxBgQr5po="></latexit>

Encoder
<latexit sha1_base64="OsXUxrxg+ky05L0gBFqeuEhZlps="></latexit>

Decoder

<latexit sha1_base64="Nv7dCSyWsbLPwXSL2Np6mQ+LAs0=">AAACGXicbVBNS8NAEN34WetX1YvgZbEInkoiUj0WvHisYD+wKWWzndTFzSbsTool9F94E/0v3sSrJ/+KJzdpD349GHi8N8PMvCCRwqDrfjgLi0vLK6ultfL6xubWdmVnt23iVHNo8VjGuhswA1IoaKFACd1EA4sCCZ3g7iL3O2PQRsTqGicJ9CM2UiIUnKGVbvyI4W0QZvfTQaXq1twC9C/x5qRK5mgOKp/+MOZpBAq5ZMb0PDfBfhbY5aCn5SM/NZAwfsdG0LNUWdn0s+LiKT2yypCGsbalkBZq+dtExiJjJlFgO/MLzW8vF//zeimG5/1MqCRFUHy2KEwlxZjm79Oh0MBRTixhXAsUnPJbphlHG1LZN4CzBxCiRDKETLGxGBVh0fygWJpplofl/Y7mL2mf1Lx6rX51Wm3sz2MrkQNySI6JR85Ig1ySJmkRThR5IE/k2Xl0XpxX523WuuDMZ/bIDzjvX13folM=</latexit>x <latexit sha1_base64="k5oTv+kgskgxSeSw9ZwMMXnNeXo=">AAACIXicbVBNS8NAFNz4WetX1IvgZbEUPJVEpHosePGoYFVoStlsX9rFzSbsvhRLyD/xJvpfvIk38Z94ctP2oNaBhWHmPd7shKkUBj3vw1lYXFpeWa2sVdc3Nre23Z3dG5NkmkObJzLRdyEzIIWCNgqUcJdqYHEo4Ta8Py/92xFoIxJ1jeMUujEbKBEJztBKPdcNhgzzIGY4DKP8oSh6bs1reBPQeeLPSI3McNlzv4J+wrMYFHLJjOn4XordPLQhQBfVepAZSBm/ZwPoWKqsbLr5JHlB61bp0yjR9imkE7X6YyNnsTHjOLSTZUTz1yvF/7xOhtFZNxcqzRAUnx6KMkkxoWUNtC80cJRjSxjXAgWnfMg042jLqgYGcPoBhDiVDCFXbCQGk9JoGSiRpsjLsvy/1cyTm+OG32w0r05qrf1ZbRVyQA7JEfHJKWmRC3JJ2oSTEXkkz+TFeXJenTfnfTq64Mx29sgvOJ/fIxulUQ==</latexit>

x̂

<latexit sha1_base64="Olo3dLf8PkOFL0WM4VhhNDgTXAs="></latexit>

reference coamoeba
<latexit sha1_base64="Z+USTUosXLKi9ECMjDo7FXFyJEY="></latexit>

generated coamoeba

Generative AI
Variational  

Autoencoder

DECODERENCODER



61

Generative AI
<latexit sha1_base64="XqOFl4GPMXQo0XE+l9ewLmTHGfI="></latexit>

(�6.0,�9.0,�3.0,�3.0)
<latexit sha1_base64="zRSyDDP2kLxyRfpAvbb6RuFg/3w="></latexit>

(�5.5,�9.0,�3.0,�3.0)
<latexit sha1_base64="ZFi9eok+ikYVIS7Dngc1eegCTvk="></latexit>

(�5.0,�9.0,�3.0,�3.0)
<latexit sha1_base64="K6f8rpN5mb0ozOxWfOjXFKKJMWc="></latexit>

(�4.5,�9.0,�3.0,�3.0)
<latexit sha1_base64="ZGVIMrJ5AaiL5zPDSOtGL4t7Ino="></latexit>

(�4.0,�9.0,�3.0,�3.0)

<latexit sha1_base64="z0660EnEe+sfrvSv9GyUQ6cm2kg="></latexit>

(�3.5,�9.0,�3.0,�3.0)
<latexit sha1_base64="AHODzT3vLINYEHVUPLI2vAnRsfU="></latexit>

(�3.0,�9.0,�3.0,�3.0)
<latexit sha1_base64="l5xbOioJBA5ogcyGvXbdLB3MnYE="></latexit>

(�2.5,�9.0,�3.0,�3.0)
<latexit sha1_base64="ECNM9aJhfxtOLvgqd+MK0RjuDVI="></latexit>

(�2.0,�9.0,�3.0,�3.0)
<latexit sha1_base64="S62v7S/VbGMqDggtq+IV4Uu8VTo="></latexit>

(�1.5,�9.0,�3.0,�3.0)

<latexit sha1_base64="9Pn0bChytBBSNGwRjEeIMl8YX+I="></latexit>

(�1.0,�9.0,�3.0,�3.0)
<latexit sha1_base64="bEhTr+xpaA64QKWciJMoxLgd6+Y="></latexit>

(�0.5,�9.0,�3.0,�3.0)
<latexit sha1_base64="AIhdcZxTwLAVGkxG8emKlggkW/k="></latexit>

(0.0,�9.0,�3.0,�3.0)
<latexit sha1_base64="BvuomqXcmdrTSmIWNm38JxPAfn4="></latexit>

(+0.5,�9.0,�3.0,�3.0)
<latexit sha1_base64="fwgChIJudphO/sKLBlA61CCX3dc="></latexit>

(+1.0,�9.0,�3.0,�3.0)

<latexit sha1_base64="eP6ogmgAzbvLSERluU5+vfbN5Jo="></latexit>

(+1.5,�9.0,�3.0,�3.0)
<latexit sha1_base64="GFJXUMbzMwqoxwHzuiQZgRmnim4="></latexit>

(+2.0,�9.0,�3.0,�3.0)
<latexit sha1_base64="ZJslPfjFyBL4KAlB6he/xhGiSSQ="></latexit>

(+2.5,�9.0,�3.0,�3.0)
<latexit sha1_base64="nro86vX4YJMHem3DBCKWagarQFY="></latexit>

(+3.0,�9.0,�3.0,�3.0)
<latexit sha1_base64="grIgN4lhQ7PwQmPajtQQ51ECClI="></latexit>

(+3.5,�9.0,�3.0,�3.0)

<latexit sha1_base64="2KId7fvWG5bqHVSO3zR+2U3VEN8="></latexit>

(+4.0,�9.0,�3.0,�3.0)
<latexit sha1_base64="9qyaDvRzMsxcmxm4jBhSPVaMqkg="></latexit>

(+4.5,�9.0,�3.0,�3.0)
<latexit sha1_base64="BELu01oyU1W5d/ouSSu9LWjI+b8="></latexit>

(+5.0,�9.0,�3.0,�3.0)
<latexit sha1_base64="eZNVV/uyzY/E67/4o/gitJW6lv4="></latexit>

(+5.5,�9.0,�3.0,�3.0)
<latexit sha1_base64="3fQ3WdokdDV3/UMCBeHc6h+KGL4="></latexit>

(+6.0,�9.0,�3.0,�3.0)

<latexit sha1_base64="XqOFl4GPMXQo0XE+l9ewLmTHGfI="></latexit>

(�6.0,�9.0,�3.0,�3.0)
<latexit sha1_base64="AHODzT3vLINYEHVUPLI2vAnRsfU="></latexit>

(�3.0,�9.0,�3.0,�3.0)
<latexit sha1_base64="AIhdcZxTwLAVGkxG8emKlggkW/k="></latexit>

(0.0,�9.0,�3.0,�3.0)
<latexit sha1_base64="nro86vX4YJMHem3DBCKWagarQFY="></latexit>

(+3.0,�9.0,�3.0,�3.0)
<latexit sha1_base64="3fQ3WdokdDV3/UMCBeHc6h+KGL4="></latexit>

(+6.0,�9.0,�3.0,�3.0)

<latexit sha1_base64="tqRSgPfLGfyDxWmXrWSvP46MuMQ=">AAACKnicbZBNSwMxEIazflu/Vj2Jl2AVPJVd8esoePFYwWqhLSWbTmswmyzJbLEsxV/jTfS/eCte/RWezLZ7UOsLgZd3ZsjMEyVSWAyCkTczOze/sLi0XFpZXVvf8De3bq1ODYca11KbesQsSKGghgIl1BMDLI4k3EUPl3n9rg/GCq1ucJBAK2Y9JbqCM3RR299pIjxi1gMFhiF0KNcs1hCxYdsvB5VgLDptwsKUSaFq2/9qdjRPY1DIJbO2EQYJtrLIbQNmWDpophYSxh9YDxrOKhfbVjY+YUgPXNKhXW3cU0jHaenHRMZiawdx5Dpjhvf2by0P/6s1UuyetzKhkhRB8clH3VRS1DTnQTvCAEc5cIZxI1Bwyu+ZYRwdtVLTAk4OQIgT6QhlivVFb0yP5gtpaYdZDiv8i2ba3B5VwtPKyfVx+WK/wLZEdskeOSQhOSMX5IpUSY1w8kSeySt58168d2/kfUxaZ7xiZpv8kvf5DUpNqQY=</latexit>

ge
ne
ra
te
d
co
am

oe
ba

<latexit sha1_base64="PeEPVK0AMu7fuBX9ad/acPuS7Tc=">AAACKnicbVDLSgMxFM34tr6qrsRNsBZclRnxtRTcuKxgW6EtJZPeqcFMMiR3imUofo070X9xV9z6Fa7MtF1o9UDgcM695J4TJlJY9P2RNze/sLi0vLJaWFvf2Nwqbu/UrU4NhxrXUpu7kFmQQkENBUq4SwywOJTQCB+ucr/RB2OFVrc4SKAds54SkeAMndQp7rUQHjEzEIEBxYFyzWINIRt2iiW/4o9B/5JgSkpkimqn+NXqap7GoJBLZm0z8BNsZ6G7BsywUG6lFhLGH1gPmo4qJ9t2No4wpGWndGmkjXsK6Vgt/NjIWGztIA7dZMzw3s56ufif10wxumhnQiUpunyTj6JUUtQ074N2hQGOcuAI40ag4JTfM8M4utYKLQs4CYAQJ5IhZIr1RW/cHs0P0tIOs7ysYLaav6R+XAnOKqc3J6XLw2ltK2SfHJAjEpBzckmuSZXUCCdP5Jm8kjfvxXv3Rt7HZHTOm+7skl/wPr8BSnOpBg==</latexit> re
fe
re
nc
e
co
am

oe
ba

Coamoeba
Brane Configurations

<latexit sha1_base64="E1zRBH39NVR6q1eXA/IlbKo1PrM="></latexit>

[Seong 2024]
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Generative AI
Phase Spaces

<latexit sha1_base64="WPGnNrWnPtQEJzRmI6/gzrTw7Lo="></latexit>

mPCA = 2 phase diagram for reference
<latexit sha1_base64="zydTzc1ljy4bJNB5iTtPcfFjjto="></latexit>

mPCA = 2 phase diagram for generated
<latexit sha1_base64="9aw0/cN5b8kMaFp/r88Aj57sOY4="></latexit>

coamoeba for F0 (N=2304)
<latexit sha1_base64="GtKbQM1Xlhab2DHFtprd3lJq6dw="></latexit>

coamoeba for F0 (N=389376)

<latexit sha1_base64="Y623Z1zI3LW5ikaQ7Tc1BLWgSQ0=">AAACI3icbVC7SgNBFJ31GeNrjaXNYAjEJuyKqKWQxjKCeUASltnJTRycnV1m7qphWT/FTvRf7MTGwh+xcvIofB0YOJxzL/fMCRMpDHreu7OwuLS8slpYK65vbG5tuzullolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPr+sRv34A2IlaXOE6gH7GREkPBGVopcEu3gU/vqz2EO8wa9TzwDwK37NW8Kehf4s9JmczRCNzP3iDmaQQKuWTGdH0vwX4W2hig82KllxpIGL9mI+haqqxs+tk0e04rVhnQYaztU0inavHbRsYiY8ZRaCcjhlfmtzcR//O6KQ5P+5lQSYqg+OzQMJUUYzopgg6EBo5ybAnjWqDglF8xzTjauoo9Azj7AEKUSIaQKXYjRtPa6CRQLE2e5bYs/3c1f0nrsOYf144ujspn/ry2Atkj+6RKfHJCzsg5aZAm4eSOPJAn8uw8Oi/Oq/M2G11w5ju75Aecjy9yb6Tf</latexit>

w1 (PC1)
<latexit sha1_base64="Y623Z1zI3LW5ikaQ7Tc1BLWgSQ0=">AAACI3icbVC7SgNBFJ31GeNrjaXNYAjEJuyKqKWQxjKCeUASltnJTRycnV1m7qphWT/FTvRf7MTGwh+xcvIofB0YOJxzL/fMCRMpDHreu7OwuLS8slpYK65vbG5tuzullolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPr+sRv34A2IlaXOE6gH7GREkPBGVopcEu3gU/vqz2EO8wa9TzwDwK37NW8Kehf4s9JmczRCNzP3iDmaQQKuWTGdH0vwX4W2hig82KllxpIGL9mI+haqqxs+tk0e04rVhnQYaztU0inavHbRsYiY8ZRaCcjhlfmtzcR//O6KQ5P+5lQSYqg+OzQMJUUYzopgg6EBo5ybAnjWqDglF8xzTjauoo9Azj7AEKUSIaQKXYjRtPa6CRQLE2e5bYs/3c1f0nrsOYf144ujspn/ry2Atkj+6RKfHJCzsg5aZAm4eSOPJAn8uw8Oi/Oq/M2G11w5ju75Aecjy9yb6Tf</latexit>

w1 (PC1)

<latexit sha1_base64="sum728SM/UW1QIvWoeGrwJeqtEw=">AAACI3icbVC7SgNBFJ31GeMrxtJmMAS0CbshqKVgYxnBJEISltnJTRycnV1m7saEZf0UO9F/sRMbC3/Eysmj0OiBgcM593LPnCCWwqDrfjhLyyura+u5jfzm1vbObmGv2DRRojk0eCQjfRMwA1IoaKBACTexBhYGElrB3cXEbw1BGxGpaxzH0A3ZQIm+4Ayt5BeK936VPhx1EEaY1i8yv3rsF0puxZ2C/iXenJTIHHW/8NXpRTwJQSGXzJi258bYTQMbA3SWL3cSAzHjd2wAbUuVlU03nWbPaNkqPdqPtH0K6VTN/9hIWWjMOAzsZMjw1ix6E/E/r51g/6ybChUnCIrPDvUTSTGikyJoT2jgKMeWMK4FCk75LdOMo60r3zGAsw8ghLFkCKliQzGY1kYngSJpsjSzZXmL1fwlzWrFO6nUrmqlc29eW44ckENyRDxySs7JJamTBuFkRB7JM3lxnpxX5815n40uOfOdffILzuc3ddek4Q==</latexit> w
2
(P

C
2
)

<latexit sha1_base64="sum728SM/UW1QIvWoeGrwJeqtEw=">AAACI3icbVC7SgNBFJ31GeMrxtJmMAS0CbshqKVgYxnBJEISltnJTRycnV1m7saEZf0UO9F/sRMbC3/Eysmj0OiBgcM593LPnCCWwqDrfjhLyyura+u5jfzm1vbObmGv2DRRojk0eCQjfRMwA1IoaKBACTexBhYGElrB3cXEbw1BGxGpaxzH0A3ZQIm+4Ayt5BeK936VPhx1EEaY1i8yv3rsF0puxZ2C/iXenJTIHHW/8NXpRTwJQSGXzJi258bYTQMbA3SWL3cSAzHjd2wAbUuVlU03nWbPaNkqPdqPtH0K6VTN/9hIWWjMOAzsZMjw1ix6E/E/r51g/6ybChUnCIrPDvUTSTGikyJoT2jgKMeWMK4FCk75LdOMo60r3zGAsw8ghLFkCKliQzGY1kYngSJpsjSzZXmL1fwlzWrFO6nUrmqlc29eW44ckENyRDxySs7JJamTBuFkRB7JM3lxnpxX5815n40uOfOdffILzuc3ddek4Q==</latexit> w
2
(P

C
2
)

Quiver Gauge Theories

<latexit sha1_base64="SrXGeLMYAMsO1vHgL2ts77EG9vA="></latexit>

[Seong 2023]
<latexit sha1_base64="zSbV72DRv8IRhtiwsPYuO6Bv1gI="></latexit>

[Seong 2024]

<latexit sha1_base64="E1zRBH39NVR6q1eXA/IlbKo1PrM="></latexit>

[Seong 2024]

generated coamoebareference coamoeba



<latexit sha1_base64="FVOA2XmyC/MctB83lMfGm8Zu7Dw="></latexit>

(c11,→9,→3,→3)
63

PCA Phase Diagram Generated Coamoeba

Generative AI Movements of Branes / Phase Paths <latexit sha1_base64="E1zRBH39NVR6q1eXA/IlbKo1PrM="></latexit>

[Seong 2024]
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PCA Phase Diagram Generated Coamoeba

Generative AI Movements of Branes / Phase Paths

<latexit sha1_base64="KKykhNXb+1NeQ+vp8Z0SO++vtb0="></latexit>

(c11,+6,+3,→3)

<latexit sha1_base64="E1zRBH39NVR6q1eXA/IlbKo1PrM="></latexit>

[Seong 2024]
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Generative AI Movements of Branes / Phase Paths

<latexit sha1_base64="zydTzc1ljy4bJNB5iTtPcfFjjto="></latexit>

mPCA = 2 phase diagram for generated

<latexit sha1_base64="q2X+kRdhTgwbc9BVQ2UyWEamyFg=">AAACI3icbVC7SgNBFJ2N7/iKsbQZDEJswm4QtQyksYxgTCAJy+zkJg7Ozi4zdzVhWT/FTvRf7MTGwh+xcvIoNHpg4HDOvdwzJ4ilMOi6H05uaXlldW19I7+5tb2zW9grXpso0RyaPJKRbgfMgBQKmihQQjvWwMJAQiu4rU/81h1oIyJ1heMYeiEbKjEQnKGV/ELx3q/Sh3IXYYRpo5753rFfKLkVdwr6l3hzUiJzNPzCV7cf8SQEhVwyYzqeG2MvDWwM0Fn+qJsYiBm/ZUPoWKqsbHrpNHtGj6zSp4NI26eQTtX8j42UhcaMw8BOhgxvzKI3Ef/zOgkOznupUHGCoPjs0CCRFCM6KYL2hQaOcmwJ41qg4JTfMM042rryXQM4+wBCGEuGkCp2J4bT2ugkUCRNlma2LG+xmr/kulrxTiunlyelmjevbZ0ckENSJh45IzVyQRqkSTgZkUfyTF6cJ+fVeXPeZ6M5Z76zT37B+fwGdM6k4g==</latexit> w
2
(P

C
1
)

<latexit sha1_base64="7FY3UVVYR4G5sMAaCGjv2pmvpXM=">AAACI3icbVC7SgNBFJ31GeNrjaXNYAjEJuyKqKWQxjKCeUASltnJTRycnV1m7qphWT/FTvRf7MTGwh+xcvIofB0YOJxzL/fMCRMpDHreu7OwuLS8slpYK65vbG5tuzullolTzaHJYxnrTsgMSKGgiQIldBINLAoltMPr+sRv34A2IlaXOE6gH7GREkPBGVopcEu3gU/vqz2EO8wa9TzwDwK37NW8Kehf4s9JmczRCNzP3iDmaQQKuWTGdH0vwX4W2hig82KllxpIGL9mI+haqqxs+tk0e04rVhnQYaztU0inavHbRsYiY8ZRaCcjhlfmtzcR//O6KQ5P+5lQSYqg+OzQMJUUYzopgg6EBo5ybAnjWqDglF8xzTjauoo9Azj7AEKUSIaQKXYjRtPa6CRQLE2e5bYs/3c1f0nrsOYf144vjspn/ry2Atkj+6RKfHJCzsg5aZAm4eSOPJAn8uw8Oi/Oq/M2G11w5ju75Aecjy9zE6Th</latexit>

w1 (PC1)

<latexit sha1_base64="pJTaayCOFOLv+JdVpEXFtXx5Wss="></latexit>

(c11,→9.0,→3.0,→3.0)
<latexit sha1_base64="qSmBqH0/LojcQDaedTpbR6DZa/0="></latexit>

(c11,+6.0,+3.0,→3.0)

<latexit sha1_base64="Cfz5/LzWt48pMA/s0fQBb5uKgxk=">AAACKnicbZBNS8NAEIY3ftb6VfUkXhZrwVNJRKrHgiAeK1gV2lI220ld3OyG3UmxhOKv8Sb6X7wVr/4KTyZpEbXO6eV9Z5iZx4+ksOi6Y2dufmFxabmwUlxdW9/YLG1tX1sdGw5NrqU2tz6zIIWCJgqUcBsZYKEv4ca/P8vymwEYK7S6wmEEnZD1lQgEZ5ha3dJuG+EBE65ZqMFnNNCGHpx33YNRt1R2q25e9Ft4f0WZTKvRLX22e5rHISjkklnb8twIO4mfXgNmVKy0YwsR4/esD61UqtS2nSR/YUQrqdPLtwdaIc3d4o+JhIXWDkM/7QwZ3tm/WWb+l7ViDE47iVBRjKD4ZFEQS4qaZjxoTxjgKIepYNwIFJzyO2YYx5RasW0BJw8ghJFkCIliA9HP6dHsIC3tKMlgzaCZFddHVa9WrV0el+veFFuB7JF9ckg8ckLq5II0SJNw8kieyAt5dZ6dN2fsvE9a55zpzA75Vc7HF1clp+o=</latexit>

coamoeba for F0
<latexit sha1_base64="mLJ4+x4JfSEehyV/i4EQ+Fud1zU="></latexit>

(+1.5,→9.0,→3.0,→3.0)

<latexit sha1_base64="YWUb7xXoDkL9m+9G8iAn4gW4HWs="></latexit>

(+9.0,→9.0,→3.0,→3.0)

<latexit sha1_base64="fM9w7y19i0CMe//CVBGH3lQNqQQ="></latexit>

(0.0,→9.0,→3.0,→3.0)

<latexit sha1_base64="7WkYXbPrhQbDyFeruOgOC0fvtXM="></latexit>

(→6.5,→9.0,→3.0,→3.0)

<latexit sha1_base64="v0lK4mj1MoT3zdKlwqMKb9/9+8E="></latexit>

(→9.0,→9.0,→3.0,→3.0)

<latexit sha1_base64="bkZ2thAa5ql69aG1br5T6Z+FLsY="></latexit>

(+1.5,+6.0,+3.0,→3.0)

<latexit sha1_base64="g7Zzi2rE/tZecz4PguLGLU32Y/g="></latexit>

(+9.0,+6.0,+3.0,→3.0)
<latexit sha1_base64="uswbiHv/82hDNaOAgvwAmWG2u/Y="></latexit>

(→9.0,+6.0,+3.0,→3.0)

<latexit sha1_base64="rBCvtELGl2iD/yN0ZMBfHoHyCp4="></latexit>

(→6.5,+6.0,+3.0,→3.0)

<latexit sha1_base64="FRUgrUicb9ZvuBb8hWCZB6dPWts="></latexit>

(0.0,+6.0,+3.0,→3.0)

<latexit sha1_base64="E1zRBH39NVR6q1eXA/IlbKo1PrM="></latexit>

[Seong 2024]
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<latexit sha1_base64="yws4FYJHnYIQgSnmZXRrYPchtkU=">AAACKXicbVDLSsNAFJ34tr6qbgpuBovgQkoiUl0KblxWsCq0oUymN+3QySTM3BRqiF/jTvRf3Klb/8KVk7aCrwMDh3PuZc49QSKFQdd9dWZm5+YXFpeWSyura+sb5c2tKxOnmkOTxzLWNwEzIIWCJgqUcJNoYFEg4ToYnBX+9RC0EbG6xFECfsR6SoSCM7RSp1xptSOG/SDMbvMD+sV57nfKVbfmjkH/Em9KqmSKRqf80e7GPI1AIZfMmJbnJuhngQ0DOi/ttVMDCeMD1oOWpcrKxs/GF+R0zypdGsbaPoV0rJa+bWQsMmYUBXayiGh+e4X4n9dKMTzxM6GSFEHxyUdhKinGtKiDdoUGjnJkCeNaoOCU95lmHG1ppbYBnByAECWSIWSKDUVvXB4tAsXS5Fluy/J+V/OXXB3WvHqtfnFUPa1Ma1siO2SX7BOPHJNTck4apEk4uSP35JE8OQ/Os/PivE1GZ5zpzjb5Aef9E+g8qD8=</latexit>

[z, c]

<latexit sha1_base64="Nv7dCSyWsbLPwXSL2Np6mQ+LAs0=">AAACGXicbVBNS8NAEN34WetX1YvgZbEInkoiUj0WvHisYD+wKWWzndTFzSbsTool9F94E/0v3sSrJ/+KJzdpD349GHi8N8PMvCCRwqDrfjgLi0vLK6ultfL6xubWdmVnt23iVHNo8VjGuhswA1IoaKFACd1EA4sCCZ3g7iL3O2PQRsTqGicJ9CM2UiIUnKGVbvyI4W0QZvfTQaXq1twC9C/x5qRK5mgOKp/+MOZpBAq5ZMb0PDfBfhbY5aCn5SM/NZAwfsdG0LNUWdn0s+LiKT2yypCGsbalkBZq+dtExiJjJlFgO/MLzW8vF//zeimG5/1MqCRFUHy2KEwlxZjm79Oh0MBRTixhXAsUnPJbphlHG1LZN4CzBxCiRDKETLGxGBVh0fygWJpplofl/Y7mL2mf1Lx6rX51Wm3sz2MrkQNySI6JR85Ig1ySJmkRThR5IE/k2Xl0XpxX523WuuDMZ/bIDzjvX13folM=</latexit>x

<latexit sha1_base64="6kUcjyqh7w/0hvgninB5vLEzoJE="></latexit>

c11 · 164→64
<latexit sha1_base64="kbDI0KwDEHnus2AAi56Rw3+DsBI="></latexit>

c12 · 164→64
<latexit sha1_base64="8NpewAr41DWXMayS0RqPDXbUZUE="></latexit>

c21 · 164→64
<latexit sha1_base64="dBe6ABbJOnJ+eTELNrVGvuQJqPc="></latexit>

c22 · 164→64
<latexit sha1_base64="/5eipb1qDJcBjsCs5pqPLkPt6Fc=">AAACIXicbVDLSsNAFJ3UV62vqBvBzWARXJVEpLosuHFZwVahKWUyvalDJ5Mwc1MoIX/iTvRf3Ik78U9cOWm78HVg4HDOvdwzJ0ylMOh5705laXllda26XtvY3NrecXf3uibJNIcOT2Si70JmQAoFHRQo4S7VwOJQwm04viz92wloIxJ1g9MU+jEbKREJztBKA9cNQqbzIGZ4H0Y5L4qBW/ca3gz0L/EXpE4WaA/cz2CY8CwGhVwyY3q+l2I/D20I0EXtOMgMpIyP2Qh6liorm34+S17QY6sMaZRo+xTSmVr7tpGz2JhpHNrJMqL57ZXif14vw+iinwuVZgiKzw9FmaSY0LIGOhQaOMqpJYxrgYJTfs8042jLqgUGcP4BhDiVDCFXbCJGs9JoGSiRpsjLsvzf1fwl3dOG32w0r8/qrYNFbVVySI7ICfHJOWmRK9ImHcLJhDyQJ/LsPDovzqvzNh+tOIudffIDzscX8fqlNA==</latexit>

c̄

<latexit sha1_base64="xtDT0wtSl0THiDQZvxcnZBq1Clc="></latexit>

x̄ = [x, c̄]

<latexit sha1_base64="agMV7IaAHIFXP/S3ipRblMEaIbk=">AAACG3icbZC7SgNBFIZnvcZ4i9oINoMhYBV2JayWARvLCOYC2RBmJyfJkNnZZeZsICx5DTvRd7ETWwtfxcrJpdDEHwZ+/nMO58wXJlIYdN0vZ2Nza3tnN7eX3z84PDounJw2TJxqDnUey1i3QmZACgV1FCihlWhgUSihGY7uZvXmGLQRsXrESQKdiA2U6AvO0EaBX6EBiggM9SvdQtEtu3PRdeMtTZEsVesWvoNezNMIFHLJjGl7boKdLLTrQU/zpSA1kDA+YgNoW6tsbDrZ/OYpLdmkR/uxtk8hnaf5XxMZi4yZRKHtjBgOzWptFv5Xa6fYv+1kQiUpguKLRf1UUozpDADtCQ0c5cQaxrVAwSkfMs04Wkz5wAAuPoAQJZIhZIqNxWCOi84OiqWZZlMLy1tFs24a12XPL/sPlWL1fIktRy7IJbkiHrkhVXJPaqROOEnIE3khr86z8+a8Ox+L1g1nOXNG/sj5/AGJy6G7</latexit>

64→ 64

<latexit sha1_base64="agMV7IaAHIFXP/S3ipRblMEaIbk=">AAACG3icbZC7SgNBFIZnvcZ4i9oINoMhYBV2JayWARvLCOYC2RBmJyfJkNnZZeZsICx5DTvRd7ETWwtfxcrJpdDEHwZ+/nMO58wXJlIYdN0vZ2Nza3tnN7eX3z84PDounJw2TJxqDnUey1i3QmZACgV1FCihlWhgUSihGY7uZvXmGLQRsXrESQKdiA2U6AvO0EaBX6EBiggM9SvdQtEtu3PRdeMtTZEsVesWvoNezNMIFHLJjGl7boKdLLTrQU/zpSA1kDA+YgNoW6tsbDrZ/OYpLdmkR/uxtk8hnaf5XxMZi4yZRKHtjBgOzWptFv5Xa6fYv+1kQiUpguKLRf1UUozpDADtCQ0c5cQaxrVAwSkfMs04Wkz5wAAuPoAQJZIhZIqNxWCOi84OiqWZZlMLy1tFs24a12XPL/sPlWL1fIktRy7IJbkiHrkhVXJPaqROOEnIE3khr86z8+a8Ox+L1g1nOXNG/sj5/AGJy6G7</latexit>

64→ 64
<latexit sha1_base64="agMV7IaAHIFXP/S3ipRblMEaIbk=">AAACG3icbZC7SgNBFIZnvcZ4i9oINoMhYBV2JayWARvLCOYC2RBmJyfJkNnZZeZsICx5DTvRd7ETWwtfxcrJpdDEHwZ+/nMO58wXJlIYdN0vZ2Nza3tnN7eX3z84PDounJw2TJxqDnUey1i3QmZACgV1FCihlWhgUSihGY7uZvXmGLQRsXrESQKdiA2U6AvO0EaBX6EBiggM9SvdQtEtu3PRdeMtTZEsVesWvoNezNMIFHLJjGl7boKdLLTrQU/zpSA1kDA+YgNoW6tsbDrZ/OYpLdmkR/uxtk8hnaf5XxMZi4yZRKHtjBgOzWptFv5Xa6fYv+1kQiUpguKLRf1UUozpDADtCQ0c5cQaxrVAwSkfMs04Wkz5wAAuPoAQJZIhZIqNxWCOi84OiqWZZlMLy1tFs24a12XPL/sPlWL1fIktRy7IJbkiHrkhVXJPaqROOEnIE3khr86z8+a8Ox+L1g1nOXNG/sj5/AGJy6G7</latexit>

64→ 64
<latexit sha1_base64="agMV7IaAHIFXP/S3ipRblMEaIbk=">AAACG3icbZC7SgNBFIZnvcZ4i9oINoMhYBV2JayWARvLCOYC2RBmJyfJkNnZZeZsICx5DTvRd7ETWwtfxcrJpdDEHwZ+/nMO58wXJlIYdN0vZ2Nza3tnN7eX3z84PDounJw2TJxqDnUey1i3QmZACgV1FCihlWhgUSihGY7uZvXmGLQRsXrESQKdiA2U6AvO0EaBX6EBiggM9SvdQtEtu3PRdeMtTZEsVesWvoNezNMIFHLJjGl7boKdLLTrQU/zpSA1kDA+YgNoW6tsbDrZ/OYpLdmkR/uxtk8hnaf5XxMZi4yZRKHtjBgOzWptFv5Xa6fYv+1kQiUpguKLRf1UUozpDADtCQ0c5cQaxrVAwSkfMs04Wkz5wAAuPoAQJZIhZIqNxWCOi84OiqWZZlMLy1tFs24a12XPL/sPlWL1fIktRy7IJbkiHrkhVXJPaqROOEnIE3khr86z8+a8Ox+L1g1nOXNG/sj5/AGJy6G7</latexit>

64→ 64
<latexit sha1_base64="agMV7IaAHIFXP/S3ipRblMEaIbk=">AAACG3icbZC7SgNBFIZnvcZ4i9oINoMhYBV2JayWARvLCOYC2RBmJyfJkNnZZeZsICx5DTvRd7ETWwtfxcrJpdDEHwZ+/nMO58wXJlIYdN0vZ2Nza3tnN7eX3z84PDounJw2TJxqDnUey1i3QmZACgV1FCihlWhgUSihGY7uZvXmGLQRsXrESQKdiA2U6AvO0EaBX6EBiggM9SvdQtEtu3PRdeMtTZEsVesWvoNezNMIFHLJjGl7boKdLLTrQU/zpSA1kDA+YgNoW6tsbDrZ/OYpLdmkR/uxtk8hnaf5XxMZi4yZRKHtjBgOzWptFv5Xa6fYv+1kQiUpguKLRf1UUozpDADtCQ0c5cQaxrVAwSkfMs04Wkz5wAAuPoAQJZIhZIqNxWCOi84OiqWZZlMLy1tFs24a12XPL/sPlWL1fIktRy7IJbkiHrkhVXJPaqROOEnIE3khr86z8+a8Ox+L1g1nOXNG/sj5/AGJy6G7</latexit>

64→ 64

<latexit sha1_base64="DYcXufnaqN75iOuBh87KMBSGiNE=">AAACJnicbVDLSgMxFM3UV62vqgiCm2ApuCozUqvLghuXFewD2lIy6W0bmskMyZ1CGfox7kT/xZ2IO7/DlekD1NYDgcM593JPjh9JYdB1P5zU2vrG5lZ6O7Ozu7d/kD08qpkw1hyqPJShbvjMgBQKqihQQiPSwAJfQt0f3k79+gi0EaF6wHEE7YD1legJztBKnezJFW2hCMDQUvGHdbI5t+DOQFeJtyA5skClk/1qdUMeB6CQS2ZM03MjbCe+TQJ6ksm3YgMR40PWh6alysqmncziT2jeKl3aC7V9CulMzfzaSFhgzDjw7WTAcGCWvan4n9eMsXfTToSKYgTF54d6saQY0mkXtCs0cJRjSxjXAgWnfMA042gby7QM4PwDCEEkGUKi2Ej0Z83RaaBQmkkysWV5y9WsktplwSsVSvfFXPl0UVuanJFzckE8ck3K5I5USJVwkpBH8kxenCfn1Xlz3uejKWexc0z+wPn8BnK5pTk=</latexit>

5→ 64→ 64

<latexit sha1_base64="e/k+/997JbEb0iCexMO1qNhckiQ=">AAACJ3icbVDLSgMxFM34rPVVFURwEywFV2WmSnVZcOOygn1AW0omvW1DM5khuVMoY3/Gnei/uBNd+huuTB+L2nogcDjnXu7J8SMpDLrul7O2vrG5tZ3aSe/u7R8cZo6OqyaMNYcKD2Wo6z4zIIWCCgqUUI80sMCXUPMHdxO/NgRtRKgecRRBK2A9JbqCM7RSO3N6VaBNFAEYusjamaybd6egq8SbkyyZo9zO/DQ7IY8DUMglM6bhuRG2Et9GAT1O55qxgYjxAetBw1JlZdNKpvnHNGeVDu2G2j6FdKqmFzYSFhgzCnw7GTDsm2VvIv7nNWLs3rYSoaIYQfHZoW4sKYZ0UgbtCA0c5cgSxrVAwSnvM8042srSTQM4+wBCEEmGkCg2FL1pdXQSKJRmnIxtWd5yNaukWsh7xXzx4TpbOpvXliLn5IJcEo/ckBK5J2VSIZw8kWfySt6cF+fd+XA+Z6NrznznhPyB8/0L20+laQ==</latexit>

32→ 32→ 32

<latexit sha1_base64="0ujkTPE2eR+ytOKly8gvTVOHSi4="></latexit>

64→ 16→ 16

<latexit sha1_base64="MfHfPecoLlvdtE0bTRgnfgIvLhE="></latexit>

128→ 8→ 8

<latexit sha1_base64="RtxFzrfEE3A4WDquf7SYzhqzuvA="></latexit>

256→ 4→ 4

<latexit sha1_base64="cv0Urr+xqJYs8+Up7RzaIwhPTUo=">AAACGHicbVA9SwNBEN3zM8avqI1gsxgEbcKdRbQzYGMZwXxIEsPeZi4u7u0du3NCPPIfBMFC9J9Y2Imtnf9ErNxLLPx6MPB4b4aZeX4shUHXfXMmJqemZ2Zzc/n5hcWl5cLKat1EieZQ45GMdNNnBqRQUEOBEpqxBhb6Ehr+xWHmNy5BGxGpExzE0AlZX4lAcIZWOg26cJZuezvDbqHoltwR6F/ifZHiwXv5avn69rHaLXy0exFPQlDIJTOm5bkxdlLf7gY9zG+1EwMx4xesDy1LlZVNJx0dPKRbVunRINK2FNKRmv82kbLQmEHo286Q4bn57WXif14rwWC/kwoVJwiKjxcFiaQY0ex72hMaOMqBJYxrgYJTfs4042gzyrcN4PgBhDCWDCFV7FL0R1nR7KBImmGaheX9juYvqe+WvHKpfOwWK+tkjBzZIJtkm3hkj1TIEamSGuEkJDfknjw4d86T8+y8jFsnnK+ZNfIDzusn5vOk4Q==</latexit>

f (1)e

<latexit sha1_base64="UwuwMy4pFQhNC9P8z978T6/swpU=">AAACGHicbVA9SwNBEN3zM8aPRG0Em8UgaBPuUkQ7BRvLCEYjSQx7m7m4uLd37M4J8ch/EAQL0X9iYSe2dv4TsXIvSeHXg4HHezPMzPNjKQy67rszMTk1PTObm8vPLywuFYrLKycmSjSHOo9kpBs+MyCFgjoKlNCINbDQl3DqXx5k/ukVaCMidYz9GNoh6ykRCM7QSmdBB87Trcr2oFMsuWV3CPqXeGNS2vuoXhdu7p5qneJnqxvxJASFXDJjmp4bYzv17W7Qg/xmKzEQM37JetC0VFnZtNPhwQO6aZUuDSJtSyEdqvlvEykLjemHvu0MGV6Y314m/uc1Ewx226lQcYKg+GhRkEiKEc2+p12hgaPsW8K4Fig45RdMM442o3zLAI4eQAhjyRBSxa5Eb5gVzQ6KpBmkWVje72j+kpNK2auWq0duaX+NjJAj62SDbBGP7JB9ckhqpE44CckteSCPzr3z7Lw4r6PWCWc8s0p+wHn7AuihpOI=</latexit>

f (2)e

<latexit sha1_base64="snj4GYpXuW1yS7Jj+VBU2kSA+V8=">AAACGHicbVA9SwNBEN3z2/iRqI1gsxgEbcKdQrQzYGOpYDSSxLC3mYuLe3vH7lwgHvkPgmAh+k8s7MTWzn8iVu4lKfx6MPB4b4aZeX4shUHXfXfGxicmp6ZnZnNz8wuL+cLS8qmJEs2hyiMZ6ZrPDEihoIoCJdRiDSz0JZz5VweZf9YFbUSkTrAXQzNkHSUCwRla6TxowUW6ubPVbxWKbskdgP4l3ogU9z/K1/mbu6ejVuGz0Y54EoJCLpkxdc+NsZn6djfofm6jkRiIGb9iHahbqqxsmung4D7dsEqbBpG2pZAO1Ny3iZSFxvRC33aGDC/Nby8T//PqCQZ7zVSoOEFQfLgoSCTFiGbf07bQwFH2LGFcCxSc8kumGUebUa5hAIcPIISxZAipYl3RGWRFs4MiafppFpb3O5q/5HS75JVL5WO3WFklQ8yQNbJONolHdkmFHJIjUiWchOSWPJBH5955dl6c12HrmDOaWSE/4Lx9AepPpOM=</latexit>

f (3)e

<latexit sha1_base64="OEQ/lU0KPT/tg3ngV4v0ffdVohM=">AAACE3icbVA9SwNBEN3z2/gVtREEWQyCVbgTiVop2FhGMEZIQtjbTJLFvb1jdy4QjpS2dqKVvyNgJ7b+AH+D/8DKvVwKjT4YeLw3w8w8P5LCoOt+OFPTM7Nz8wuLuaXlldW1/PrGtQljzaHCQxnqG58ZkEJBBQVKuIk0sMCXUPVvz1O/2gNtRKiusB9BI2AdJdqCM0ylQ/ek1MwX3KI7Av1LvDEpnD4PLz/vdoblZv6r3gp5HIBCLpkxNc+NsJH4di3oQW6vHhuIGL9lHahZqqxsGsno1gHds0qLtkNtSyEdqbkfEwkLjOkHvu0MGHbNpJeK/3m1GNvHjUSoKEZQPFvUjiXFkKaP05bQwFH2LWFcCxSc8i7TjKONJ1c3gNkDCEEkGUKiWE90RjHR9KBQmkEysGF5k9H8JdcHRa9ULF26hbMtkmGBbJNdsk88ckTOyAUpkwrhpEvuySN5ch6cF+fVectap5zxzCb5Bef9G/nSotQ=</latexit>

4096<latexit sha1_base64="CecYQO66GkCwd/Jno0gSUj772fo=">AAACGHicbVA9SwNBEN3z2/iRqI1gsxgEbcKdSLQzYGOpYDSSxLC3mYuLe3vH7lwgHvkPgmAh+k8s7MTWzn8iVu4lKfx6MPB4b4aZeX4shUHXfXfGxicmp6ZnZnNz8wuL+cLS8qmJEs2hyiMZ6ZrPDEihoIoCJdRiDSz0JZz5VweZf9YFbUSkTrAXQzNkHSUCwRla6TxowUW6ubPVbxWKbskdgP4l3ogU9z/K1/mbu6ejVuGz0Y54EoJCLpkxdc+NsZn6djfofm6jkRiIGb9iHahbqqxsmung4D7dsEqbBpG2pZAO1Ny3iZSFxvRC33aGDC/Nby8T//PqCQZ7zVSoOEFQfLgoSCTFiGbf07bQwFH2LGFcCxSc8kumGUebUa5hAIcPIISxZAipYl3RGWRFs4MiafppFpb3O5q/5HS75JVL5WO3WFklQ8yQNbJONolHdkmFHJIjUiWchOSWPJBH5955dl6c12HrmDOaWSE/4Lx9Aev9pOQ=</latexit>

f (4)e
<latexit sha1_base64="eX6nr/PqKh1+AQ5duk9zHGNFdo8=">AAACEnicbVC7SgNBFJ31GeMraiPYDAYhVdi1iHYGbCwjmgckIcxObpIhs7PLzN1AWPIJYiP6L3aa1h/wIyxtrJw8CjUeuHA4517uvcePpDDouu/O0vLK6tp6aiO9ubW9s5vZ26+YMNYcyjyUoa75zIAUCsooUEIt0sACX0LV719O/OoAtBGhusVhBM2AdZXoCM7QSje9FrQyWTfvTkEXiTcn2YuP1/tG7nNcamW+Gu2QxwEo5JIZU/fcCJuJb7eCHqVPGrGBiPE+60LdUmVl00ymp47oiVXatBNqWwrpVE3/mEhYYMww8G1nwLBn/noT8T+vHmPnvJkIFcUIis8WdWJJMaSTv2lbaOAoh5YwrgUKTnmPacbRppNuGMDZAwhBJBlCothAdKcp0clBoTSjZGTD8v5Gs0gqp3mvkC9cu9niIZkhRY7IMckRj5yRIrkiJVImnHTJHXkkT86D8+y8OONZ65Iznzkgv+C8fQM886Ow</latexit>

he

<latexit sha1_base64="aAtfwLRexFJKYYrl97X3JV2kbcg=">AAACHHicbVDJSgNBEO1xjXGLehG8NAZBL2HGg3oz4MVjBLNAZgw9nUrS2NMzdtcIcch3eFL0X7yJV8EfEfFkZzm4PSh4vFdFVb0wkcKg6745U9Mzs3PzuYX84tLyymphbb1m4lRzqPJYxroRMgNSKKiiQAmNRAOLQgn18PJk6NevQRsRq3PsJxBErKtER3CGVgr8KN31sQfIWrDXKhTdkjsC/Uu8CSkef9y8l/ndRaVV+PTbMU8jUMglM6bpuQkGWWj3gx7kd/zUQML4JetC01JlZRNko6MHdMcqbdqJtS2FdKTmv01kLDKmH4W2M2LYM7+9ofif10yxcxRkQiUpguLjRZ1UUozpMAHaFho4yr4ljGuBglPeY5pxtDnlfQM4fgAhSiRDyBS7Ft1RXnR4UCzNIBvYsLzf0fwltf2Sd1A6OHOL5U0yRo5skW2ySzxySMrklFRIlXByRW7JA3l07p0n59l5GbdOOZOZDfIDzusXJBOnOQ==</latexit>

µ(ωe)

<latexit sha1_base64="RtxFzrfEE3A4WDquf7SYzhqzuvA="></latexit>

256→ 4→ 4

<latexit sha1_base64="MfHfPecoLlvdtE0bTRgnfgIvLhE="></latexit>

128→ 8→ 8

<latexit sha1_base64="0ujkTPE2eR+ytOKly8gvTVOHSi4="></latexit>

64→ 16→ 16

<latexit sha1_base64="e/k+/997JbEb0iCexMO1qNhckiQ=">AAACJ3icbVDLSgMxFM34rPVVFURwEywFV2WmSnVZcOOygn1AW0omvW1DM5khuVMoY3/Gnei/uBNd+huuTB+L2nogcDjnXu7J8SMpDLrul7O2vrG5tZ3aSe/u7R8cZo6OqyaMNYcKD2Wo6z4zIIWCCgqUUI80sMCXUPMHdxO/NgRtRKgecRRBK2A9JbqCM7RSO3N6VaBNFAEYusjamaybd6egq8SbkyyZo9zO/DQ7IY8DUMglM6bhuRG2Et9GAT1O55qxgYjxAetBw1JlZdNKpvnHNGeVDu2G2j6FdKqmFzYSFhgzCnw7GTDsm2VvIv7nNWLs3rYSoaIYQfHZoW4sKYZ0UgbtCA0c5cgSxrVAwSnvM8042srSTQM4+wBCEEmGkCg2FL1pdXQSKJRmnIxtWd5yNaukWsh7xXzx4TpbOpvXliLn5IJcEo/ckBK5J2VSIZw8kWfySt6cF+fd+XA+Z6NrznznhPyB8/0L20+laQ==</latexit>

32→ 32→ 32

<latexit sha1_base64="cUfvSvk225w1moU/O5+H2Lubid0="></latexit>

64→ 64

<latexit sha1_base64="riDa8sW5mbE7LPaGUVP93K/eHxc="></latexit>

ω2(εe)

<latexit sha1_base64="Wof8w0KfBloVknilVU7nymEpRY4="></latexit>

ωReLU,W
(1)
e , b(1)e

<latexit sha1_base64="DC0wvN8qVw32GFch/CG0nnZHs+M="></latexit>

ωReLU,W
(2)
e , b(2)e

<latexit sha1_base64="kH3pX8pwYCCwNodRWHjUbuYYJFU="></latexit>

ωReLU,W
(3)
e , b(3)e

<latexit sha1_base64="FHe0fxieVppyS5w5+N1GqaxcMns="></latexit>

ωReLU,W
(4)
e , b(4)e

<latexit sha1_base64="MJD2ENMR+R/qYuaDWNwba5USIk4="></latexit>

W µ
e , b

µ
e

<latexit sha1_base64="NMmQ1ckQsaxjK098amWw/2djpW8="></latexit>

ωReLU,W
(1)
d , b(1)e

<latexit sha1_base64="u5jXWma5KGh2dJrJyGuz1Gp1XrI="></latexit>

ωReLU,W
(2)
d , b(2)e

<latexit sha1_base64="Mdm7NlSmJm18upg90d47dxSCaIA="></latexit>

ωReLU,W
(3)
d , b(3)e

<latexit sha1_base64="g2PdwaEvhuUhm975/vTeIs4E1bY="></latexit>

ωsigmoid,W
(4)
d , b(4)e <latexit sha1_base64="x+5VRAYQq4W1AyL7nBNvHCLrrsM="></latexit>

f (3)d

<latexit sha1_base64="3vY0pTifCIy+m742Lna4lv2XtEI="></latexit>

f (2)d

<latexit sha1_base64="x6Ch7BMvI+zkB9tw6KLqvOEk3Ow="></latexit>

f (1)d

<latexit sha1_base64="ar5NPuplar/ug4kFzoDyTXY+l8c="></latexit>

x̂ = f (4)d

<latexit sha1_base64="ekNvrr2+yofr87oJ/PqQ4OOw614="></latexit>

hd

<latexit sha1_base64="OEQ/lU0KPT/tg3ngV4v0ffdVohM=">AAACE3icbVA9SwNBEN3z2/gVtREEWQyCVbgTiVop2FhGMEZIQtjbTJLFvb1jdy4QjpS2dqKVvyNgJ7b+AH+D/8DKvVwKjT4YeLw3w8w8P5LCoOt+OFPTM7Nz8wuLuaXlldW1/PrGtQljzaHCQxnqG58ZkEJBBQVKuIk0sMCXUPVvz1O/2gNtRKiusB9BI2AdJdqCM0ylQ/ek1MwX3KI7Av1LvDEpnD4PLz/vdoblZv6r3gp5HIBCLpkxNc+NsJH4di3oQW6vHhuIGL9lHahZqqxsGsno1gHds0qLtkNtSyEdqbkfEwkLjOkHvu0MGHbNpJeK/3m1GNvHjUSoKEZQPFvUjiXFkKaP05bQwFH2LWFcCxSc8i7TjKONJ1c3gNkDCEEkGUKiWE90RjHR9KBQmkEysGF5k9H8JdcHRa9ULF26hbMtkmGBbJNdsk88ckTOyAUpkwrhpEvuySN5ch6cF+fVectap5zxzCb5Bef9G/nSotQ=</latexit>

4096

<latexit sha1_base64="najGDTzUVAS3ran4P+Lxmw1AhHI="></latexit>

flatten
<latexit sha1_base64="j5D7WCTm+zT7rJauS8vaL11mi5Q="></latexit>

reshape
<latexit sha1_base64="jRK7Fs6uRBO4jXjwQHHfrmrc4jQ="></latexit>

ω → N (0, 1)

<latexit sha1_base64="JT2yRJkP5xrnUHCASZ4oSpONZxk="></latexit>

c = (c11, c12, c21, c22)

<latexit sha1_base64="zVdw46O1f7/0PrXfdwJjXadtIeQ="></latexit>

W log ω2

e , blog ω
2

e

<latexit sha1_base64="dn+gpRdahDl/D99eS2ZxBgQr5po="></latexit>

Encoder
<latexit sha1_base64="OsXUxrxg+ky05L0gBFqeuEhZlps="></latexit>

Decoder

<latexit sha1_base64="Nv7dCSyWsbLPwXSL2Np6mQ+LAs0=">AAACGXicbVBNS8NAEN34WetX1YvgZbEInkoiUj0WvHisYD+wKWWzndTFzSbsTool9F94E/0v3sSrJ/+KJzdpD349GHi8N8PMvCCRwqDrfjgLi0vLK6ultfL6xubWdmVnt23iVHNo8VjGuhswA1IoaKFACd1EA4sCCZ3g7iL3O2PQRsTqGicJ9CM2UiIUnKGVbvyI4W0QZvfTQaXq1twC9C/x5qRK5mgOKp/+MOZpBAq5ZMb0PDfBfhbY5aCn5SM/NZAwfsdG0LNUWdn0s+LiKT2yypCGsbalkBZq+dtExiJjJlFgO/MLzW8vF//zeimG5/1MqCRFUHy2KEwlxZjm79Oh0MBRTixhXAsUnPJbphlHG1LZN4CzBxCiRDKETLGxGBVh0fygWJpplofl/Y7mL2mf1Lx6rX51Wm3sz2MrkQNySI6JR85Ig1ySJmkRThR5IE/k2Xl0XpxX523WuuDMZ/bIDzjvX13folM=</latexit>x <latexit sha1_base64="k5oTv+kgskgxSeSw9ZwMMXnNeXo=">AAACIXicbVBNS8NAFNz4WetX1IvgZbEUPJVEpHosePGoYFVoStlsX9rFzSbsvhRLyD/xJvpfvIk38Z94ctP2oNaBhWHmPd7shKkUBj3vw1lYXFpeWa2sVdc3Nre23Z3dG5NkmkObJzLRdyEzIIWCNgqUcJdqYHEo4Ta8Py/92xFoIxJ1jeMUujEbKBEJztBKPdcNhgzzIGY4DKP8oSh6bs1reBPQeeLPSI3McNlzv4J+wrMYFHLJjOn4XordPLQhQBfVepAZSBm/ZwPoWKqsbLr5JHlB61bp0yjR9imkE7X6YyNnsTHjOLSTZUTz1yvF/7xOhtFZNxcqzRAUnx6KMkkxoWUNtC80cJRjSxjXAgWnfMg042jLqgYGcPoBhDiVDCFXbCQGk9JoGSiRpsjLsvy/1cyTm+OG32w0r05qrf1ZbRVyQA7JEfHJKWmRC3JJ2oSTEXkkz+TFeXJenTfnfTq64Mx29sgvOJ/fIxulUQ==</latexit>

x̂

<latexit sha1_base64="Olo3dLf8PkOFL0WM4VhhNDgTXAs="></latexit>

reference coamoeba
<latexit sha1_base64="Z+USTUosXLKi9ECMjDo7FXFyJEY="></latexit>

generated coamoeba

Generative AI
Latent Space

Latent Space

Physical and Geometric 
Significance of the  

Latent Space

<latexit sha1_base64="E1zRBH39NVR6q1eXA/IlbKo1PrM="></latexit>

[Seong 2024]
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Generative AI
Latent Space

Physical and Geometric 
Significance of the  

Latent Space

<latexit sha1_base64="E1zRBH39NVR6q1eXA/IlbKo1PrM="></latexit>

[Seong 2024]
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Generative AI
Latent Space

Physical and Geometric 
Significance of the  

Latent Space

<latexit sha1_base64="E1zRBH39NVR6q1eXA/IlbKo1PrM="></latexit>

[Seong 2024]
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Beyond Generative AI <latexit sha1_base64="a8cgaK4FwjAyo4o/d2bsfxfTZMM=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmSm+ViK4cVnRtkI7lEx624ZmkiG5I5ah3+JO9F/ciQs3fogrM20Xvg4EDufcyz05USKFRd9/9+bmFxaXlldWC2vrG5tbxe2dhtWp4VDnWmpzGzELUiioo0AJt4kBFkcSmtHwIvebd2Cs0OoGRwmEMesr0ROcoZM6xVIb4R6z1jVo1adVv3oUjjvFsl/xJ6B/STAjZTJDrVP8bHc1T2NQyCWzthX4CYZZ5HKAGRf226mFhPEh60PLUeVkG2aT8GO675Qu7WnjnkI6UQvfNjIWWzuKIzcZMxzY314u/ue1UuydhplQSYqg+PRQL5UUNc2boF1hgKMcOcK4ESg45QNmGEfXV6FtAacfQIgTyRAyxe5Ef9IbzQNpacdZXlbwu5q/pFGtBMeV46vD8vnZrLYVskv2yAEJyAk5J5ekRuqEkxF5IE/k2Xv0XrxX7206OufNdkrkB7yPL4VUpXw=</latexit>

[Seong 2025]



<latexit sha1_base64="a8cgaK4FwjAyo4o/d2bsfxfTZMM=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmSm+ViK4cVnRtkI7lEx624ZmkiG5I5ah3+JO9F/ciQs3fogrM20Xvg4EDufcyz05USKFRd9/9+bmFxaXlldWC2vrG5tbxe2dhtWp4VDnWmpzGzELUiioo0AJt4kBFkcSmtHwIvebd2Cs0OoGRwmEMesr0ROcoZM6xVIb4R6z1jVo1adVv3oUjjvFsl/xJ6B/STAjZTJDrVP8bHc1T2NQyCWzthX4CYZZ5HKAGRf226mFhPEh60PLUeVkG2aT8GO675Qu7WnjnkI6UQvfNjIWWzuKIzcZMxzY314u/ue1UuydhplQSYqg+PRQL5UUNc2boF1hgKMcOcK4ESg45QNmGEfXV6FtAacfQIgTyRAyxe5Ef9IbzQNpacdZXlbwu5q/pFGtBMeV46vD8vnZrLYVskv2yAEJyAk5J5ekRuqEkxF5IE/k2Xv0XrxX7206OufNdkrkB7yPL4VUpXw=</latexit>

[Seong 2025]

70

Beyond Generative AI



<latexit sha1_base64="a8cgaK4FwjAyo4o/d2bsfxfTZMM=">AAACJHicbVDLSgMxFM34tr6qXboJFsFVmSm+ViK4cVnRtkI7lEx624ZmkiG5I5ah3+JO9F/ciQs3fogrM20Xvg4EDufcyz05USKFRd9/9+bmFxaXlldWC2vrG5tbxe2dhtWp4VDnWmpzGzELUiioo0AJt4kBFkcSmtHwIvebd2Cs0OoGRwmEMesr0ROcoZM6xVIb4R6z1jVo1adVv3oUjjvFsl/xJ6B/STAjZTJDrVP8bHc1T2NQyCWzthX4CYZZ5HKAGRf226mFhPEh60PLUeVkG2aT8GO675Qu7WnjnkI6UQvfNjIWWzuKIzcZMxzY314u/ue1UuydhplQSYqg+PRQL5UUNc2boF1hgKMcOcK4ESg45QNmGEfXV6FtAacfQIgTyRAyxe5Ef9IbzQNpacdZXlbwu5q/pFGtBMeV46vD8vnZrLYVskv2yAEJyAk5J5ekRuqEkxF5IE/k2Xv0XrxX7206OufNdkrkB7yPL4VUpXw=</latexit>

[Seong 2025]
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Beyond Generative AI
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Calabi-Yau 3-folds

Calabi-Yau 4-folds

Calabi-Yau 5-folds

<latexit sha1_base64="p+1Ru6LCKmdy0/obvVlFvWwkgjE="></latexit>

0 1 2 3 4 5 6 7 8 9
D1 ⇥ ⇥ · · · · · · · ·
CY4 · · ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥

<latexit sha1_base64="RkL1pYSjFzAGljWN/rb5wYK+g/o="></latexit>

0 1 2 3 4 5 6 7 8 9
D3 ⇥ ⇥ ⇥ ⇥ · · · · · ·
CY3 · · · · ⇥ ⇥ ⇥ ⇥ ⇥ ⇥

<latexit sha1_base64="ai4xKR42CuZb8YT1rqrV1o0D8ro="></latexit>

0 1 2 3 4 5 6 7 8 9
D(-1) · · · · · · · · · ·
CY5 ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥

<latexit sha1_base64="He+B2MI1WMLKd4P0DPCGNLKOAgk=">AAACGXicbVDLSgNBEJyNr7i+oh69DIaAp7CrQT0G9eAxgvFBEsLspJMMmZ1dZnqDYdmv8Kh+jDfx6slv8eLkcVBjQUNR1U13VxBLYdDzPp3cwuLS8kp+1V1b39jcKmzv3Jgo0RzqPJKRvguYASkU1FGghLtYAwsDCbfB4Hzs3w5BGxGpaxzF0ApZT4mu4AytdN9EeMD04ihrF4pe2ZuAzhN/Ropkhlq78NXsRDwJQSGXzJiG78XYSgO7G3TmlpqJgZjxAetBw1JlZdNKJwdntGSVDu1G2pZCOlHdHxMpC40ZhYHtDBn2zV9vLP7nNRLsnrZSoeIEQfHpom4iKUZ0/D3tCA0c5cgSxrVAwSnvM8042ozcpgGcPoAQxpIhpIoNRW+SFR0fFEmTpZlr0/L/ZjNPbg7L/nG5clUpVs9mueXJHtknB8QnJ6RKLkmN1AknIXkkz+TFeXJenTfnfdqac2Yzu+QXnI9vtQ2h0w==</latexit>

D3

<latexit sha1_base64="qroufYAV4Bb53Vx5GCMblkfYW5E=">AAACGXicbVA9SwNBEN2L3+dX1NJmMQSswp2IWga1sFQwGklC2NtMkiV7e8fuXDAc9yss1R9jJ7ZW/hYbN5cUmvhg4PHeDDPzglgKg5735RQWFpeWV1bX3PWNza3t4s7unYkSzaHGIxnpesAMSKGghgIl1GMNLAwk3AeDi7F/PwRtRKRucRRDK2Q9JbqCM7TSQxPhEdNLP2sXS17Fy0HniT8lJTLFdbv43exEPAlBIZfMmIbvxdhKA7sbdOaWm4mBmPEB60HDUmVl00rzgzNatkqHdiNtSyHNVffXRMpCY0ZhYDtDhn0z643F/7xGgt2zVipUnCAoPlnUTSTFiI6/px2hgaMcWcK4Fig45X2mGUebkds0gJMHEMJYMoRUsaHo5VnR8UGRNFmauTYtfzabeXJ3VPFPKsc3x6Xq+TS3VbJPDsgh8ckpqZIrck1qhJOQPJEX8uo8O2/Ou/MxaS0405k98gfO5w+xsaHR</latexit>

D1

<latexit sha1_base64="Zx4J40dpreVmbDBNpc3/uEEX5t8=">AAACHHicbZBNS8NAEIY3fhu/qh69LBahHiyJFPUo6sGjgrVCU8pmO22XbjZhdyKWkL/hUf0x3sSr4G/x4jbtQa0vLLy8M8PMPmEihUHP+3RmZufmFxaXlt2V1bX1jdLm1q2JU82hzmMZ67uQGZBCQR0FSrhLNLAolNAIB+ejeuMetBGxusFhAq2I9ZToCs7QRkGA8IDZReXA38/bpbJX9QrRaeNPTJlMdNUufQWdmKcRKOSSGdP0vQRbWWjXg87dvSA1kDA+YD1oWqtsbFpZcXNO92zSod1Y26eQFqn7YyJjkTHDKLSdEcO++Vsbhf/Vmil2T1qZUEmKoPh4UTeVFGM6AkA7QgNHObSGcS1QcMr7TDOOFpMbGMDxBxCiRDKETLF70Stw0dFBsTR5lruWlv+XzbS5Paz6R9Xada18ejbhtkR2yC6pEJ8ck1NySa5InXCSkEfyTF6cJ+fVeXPex60zzmRmm/yS8/EN/mSibQ==</latexit>

D(-1)

<latexit sha1_base64="A+7CdXUK084saYYD7+4hHqUzU80=">AAACG3icbVA9SwNBEN3zM55fUUubxRCwCnca1FJMY6lgTCQJYW8ziYt7u8funBiO+xmW6o+xE1sLf4uNm49CjQ8GHu/NMDMvSqSwGASf3tz8wuLScmHFX11b39gsbm1fW50aDnWupTbNiFmQQkEdBUpoJgZYHEloRHe1kd+4B2OFVlc4TKATs4ESfcEZOqnVRnjArHaTdw+7xVJQCcagsySckhKZ4qJb/Gr3NE9jUMgls7YVBgl2sshtB5P75XZqIWH8jg2g5ahysu1k45NzWnZKj/a1caWQjlX/x0TGYmuHceQ6Y4a39q83Ev/zWin2TzqZUEmKoPhkUT+VFDUd/U97wgBHOXSEcSNQcMpvmWEcXUp+2wJOHkCIE8kQMsXuxWCcFh0dpKXNs9x3aYV/s5kl1weV8KhSvayWTs+muRXILtkj+yQkx+SUnJMLUiecaPJInsmL9+S9em/e+6R1zpvO7JBf8D6+ATn/op4=</latexit>

CY3

<latexit sha1_base64="DRVI5G20M7OMYiKTTwZyqE7gOzM=">AAACG3icbVA9SwNBEN3zM55fUUubxRCwCncS1FK0sYxgNJKEsLeZxMW93WN3LhiO+xmW6o+xE1sLf4uNm49CEx8MPN6bYWZelEhhMQi+vIXFpeWV1cKav76xubVd3Nm9sTo1HOpcS20aEbMghYI6CpTQSAywOJJwGz1cjPzbARgrtLrGYQLtmPWV6AnO0EnNFsIjZhd3eafaKZaCSjAGnSfhlJTIFLVO8bvV1TyNQSGXzNpmGCTYziK3HUzul1uphYTxB9aHpqPKybadjU/OadkpXdrTxpVCOlb9XxMZi60dxpHrjBne21lvJP7nNVPsnbYzoZIUQfHJol4qKWo6+p92hQGOcugI40ag4JTfM8M4upT8lgWcPIAQJ5IhZIoNRH+cFh0dpKXNs9x3aYWz2cyTm6NKeFypXlVLZ+fT3ApknxyQQxKSE3JGLkmN1AknmjyRF/LqPXtv3rv3MWld8KYze+QPvM8fO6yinw==</latexit>

CY4

<latexit sha1_base64="10Ii1+AUu6NGKt062+/owld9DEQ=">AAACG3icbVDJSgNBEO1xjeMW9eilMQiewoy4HYO5eIxgXEhC6OlUkiY93UN3TTAM8xke1Y/xJl49+C1e7CwHtwcFj/eqqKoXJVJYDIIPb25+YXFpubDir66tb2wWt7avrU4NhzrXUpvbiFmQQkEdBUq4TQywOJJwEw2qY/9mCMYKra5wlEArZj0luoIzdFKjiXCPWfUubx+3i6WgHExA/5JwRkpkhlq7+NnsaJ7GoJBLZm0jDBJsZZHbDib395uphYTxAetBw1HlZNvKJifndN8pHdrVxpVCOlH9bxMZi60dxZHrjBn27W9vLP7nNVLsnrUyoZIUQfHpom4qKWo6/p92hAGOcuQI40ag4JT3mWEcXUp+0wJOH0CIE8kQMsWGojdJi44P0tLmWe67tMLf2fwl14fl8KR8dHlUqpzPciuQXbJHDkhITkmFXJAaqRNONHkgT+TZe/RevFfvbdo6581mdsgPeO9fPVmioA==</latexit>

CY5

4d N=1 supersymmetric gauge theory 

2d (0,2) supersymmetric gauge theory

0d N=1 supersymmetric matrix model
Brane Hyper-Brick Models

Brane Brick Models

Brane Tilings (Dimers)

Unification across Dimensions <latexit sha1_base64="eH/o5OZfz6xJlpWmPmzWsqU1lc4="></latexit>

[Franco, Lee, Seong, Vafa 2017]
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<latexit sha1_base64="eYSBNt5Csm+BlwHP1UtcMpt3hLw=">AAACGHicbVA9SwNBEN2LX/H8ilraLIaAVbgTUcugjWUE8wFJCHubSbJkb+/YnQuGI3/CUv0xdmJr52+xcS9JoYkPBh7vzTAzL4ilMOh5X05ubX1jcyu/7e7s7u0fFA6P6iZKNIcaj2SkmwEzIIWCGgqU0Iw1sDCQ0AhGt5nfGIM2IlIPOImhE7KBEn3BGVqp2cYhIOs+dgtFr+zNQFeJvyBFskC1W/hu9yKehKCQS2ZMy/di7KSBXQ166pbaiYGY8REbQMtSZWXTSWf3TmnJKj3aj7QthXSmur8mUhYaMwkD2xkyHJplLxP/81oJ9q87qVBxgqD4fFE/kRQjmj1Pe0IDRzmxhHEtUHDKh0wzjjYit20A5w8ghLFkCKliYzGYRUWzgyJppunUtWn5y9mskvp52b8sX9xfFCs3i9zy5ISckjPikytSIXekSmqEE0meyAt5dZ6dN+fd+Zi35pzFzDH5A+fzBxWOoYI=</latexit>

✓x
<latexit sha1_base64="6SXZkV2aR9vc+gHQsBsyAVT5wb0=">AAACGHicbVA9SwNBEN2LX/H8ilraLIaAVbiToJZBG8sI5gOSEPY2k2TJ3t6xOxcIR/6Epfpj7MTWzt9i4ya5QhMfDDzem2FmXhBLYdDzvpzcxubW9k5+193bPzg8KhyfNEyUaA51HslItwJmQAoFdRQooRVrYGEgoRmM7+Z+cwLaiEg94jSGbsiGSgwEZ2ilVgdHgKw37RWKXtlbgK4TPyNFkqHWK3x3+hFPQlDIJTOm7XsxdtPArgY9c0udxEDM+JgNoW2psrLppot7Z7RklT4dRNqWQrpQ3V8TKQuNmYaB7QwZjsyqNxf/89oJDm66qVBxgqD4ctEgkRQjOn+e9oUGjnJqCeNaoOCUj5hmHG1EbscALh9ACGPJEFLFJmK4iIrOD4qkmaUz16blr2azThqXZf+qXHmoFKu3WW55ckbOyQXxyTWpkntSI3XCiSRP5IW8Os/Om/PufCxbc042c0r+wPn8ARc7oYM=</latexit>

✓y

<latexit sha1_base64="77kkUJBThAwfFhSkRA7B7vPX26c=">AAACGHicbVA9SwNBEN2LX/H8ilraLIaAVbgTUcugjWUE8wFJCHubSbJkb+/YnQvEI3/CUv0xdmJr52+xcS9JoYkPBh7vzTAzL4ilMOh5X05ubX1jcyu/7e7s7u0fFA6P6iZKNIcaj2SkmwEzIIWCGgqU0Iw1sDCQ0AhGt5nfGIM2IlIPOImhE7KBEn3BGVqp2cYhIOs+dgtFr+zNQFeJvyBFskC1W/hu9yKehKCQS2ZMy/di7KSBXQ166pbaiYGY8REbQMtSZWXTSWf3TmnJKj3aj7QthXSmur8mUhYaMwkD2xkyHJplLxP/81oJ9q87qVBxgqD4fFE/kRQjmj1Pe0IDRzmxhHEtUHDKh0wzjjYit20A5w8ghLFkCKliYzGYRUWzgyJppunUtWn5y9mskvp52b8sX9xfFCs3i9zy5ISckjPikytSIXekSmqEE0meyAt5dZ6dN+fd+Zi35pzFzDH5A+fzBxjooYQ=</latexit>

✓z

<latexit sha1_base64="WLhGvRGdMQwMsyARiT8OsRRKKHU="></latexit>

NS500-Brane

<latexit sha1_base64="S7b13BxY0260N1/sTMmtoseIelY="></latexit>

NS50-Brane

<latexit sha1_base64="bRTAYbkfsVpuvdN/bmpRnHw1TaM="></latexit>

NS5-Brane

<latexit sha1_base64="QxTPqYMd5LXHc/NLWcbwJvGdMlg="></latexit>

D4-Brane

<latexit sha1_base64="SXZDCont2pPlTUUqLPNjtnis8I4="></latexit>

T 3

Coamoeba for Calabi-Yau 4-folds

<latexit sha1_base64="5XOnMg1WK9H2kjhfk2Zgwx5P3ig="></latexit>

C4 Model

<latexit sha1_base64="8jwLriwroFjrO40Kinc78CmgFXg="></latexit>

[Franco, Lee, Seong 2016]

Example
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