
Image Quality?

LowHigh

Cell Quality?

AdequateBloodClot

Abnormality?

NoYes

Cell Proliferation?

Plasma CellsBlast Cells None

Diagnosis?

Multiple MyelomaAcute Myeloid Leukemia Healthy Inconclusive

(a) Symbolic representation of clinical reasoning in blood cancer diagnosis

Input Image

(b) Symbolic rules for generating and evaluating validity of clinical reasoning processes

• (Low image quality)  → Inconclusive

• (High image quality ⋀ Abnormality ⋀	Plasma cell 
proliferation) → Multiple Myeloma

• (High image quality ⋀ No abnormality) → Healthy

• (High image quality ⋀ Abnormality ⋀ Blast cell 
proliferation) → Acute Myeloid Leukemia

• (Low image quality)  → Acute Myeloid Leukemia

• (High image quality ⋀ Abnormality ⋀	Plasma cell 
proliferation) → Healthy

• (Low image quality ⋀ No abnormality) → Healthy

• (High image quality ⋀ Abnormality ⋀	Blast cell 
proliferation) → Healthy

<latexit sha1_base64="qSQG+bKQbYNSp2Ohk8I47EJOoiI=">AAAB9HicbVDLSsNAFL2pr1pfUZduBlvBVUmKqMuiG91VsA9oQ5lMJ+3QySTOTAol9DvcuFDErR/jzr9x0mahrQcGDufcyz1z/JgzpR3n2yqsrW9sbhW3Szu7e/sH9uFRS0WJJLRJIh7Jjo8V5UzQpmaa004sKQ59Ttv++Dbz2xMqFYvEo57G1AvxULCAEayN5FV6IdYjgnl6P6v07bJTdeZAq8TNSRlyNPr2V28QkSSkQhOOleq6Tqy9FEvNCKezUi9RNMZkjIe0a6jAIVVeOg89Q2dGGaAgkuYJjebq740Uh0pNQ99MZhnVspeJ/3ndRAfXXspEnGgqyOJQkHCkI5Q1gAZMUqL51BBMJDNZERlhiYk2PZVMCe7yl1dJq1Z1L6sXD7Vy/SavowgncArn4MIV1OEOGtAEAk/wDK/wZk2sF+vd+liMFqx85xj+wPr8ATwMkcI=</latexit>

I

Valid symbolic rules
<latexit sha1_base64="kXae7XaKGl5oacH+N8LKx4EL61w=">AAAB9HicbVDLSsNAFL2pr1pfVZduBlvBVUmKqMuiG5cV7QPaUCbTSTt0Mokzk0IJ/Q43LhRx68e482+cpFlo64GBwzn3cs8cL+JMadv+tgpr6xubW8Xt0s7u3v5B+fCorcJYEtoiIQ9l18OKciZoSzPNaTeSFAcepx1vcpv6nSmVioXiUc8i6gZ4JJjPCNZGcqv9AOsxwTx5mFcH5YpdszOgVeLkpAI5moPyV38YkjigQhOOleo5dqTdBEvNCKfzUj9WNMJkgke0Z6jAAVVukoWeozOjDJEfSvOERpn6eyPBgVKzwDOTaUa17KXif14v1v61mzARxZoKsjjkxxzpEKUNoCGTlGg+MwQTyUxWRMZYYqJNTyVTgrP85VXSrtecy9rFfb3SuMnrKMIJnMI5OHAFDbiDJrSAwBM8wyu8WVPrxXq3PhajBSvfOYY/sD5/AEtIkcw=</latexit>

S

Invalid symbolic rules
<latexit sha1_base64="6ICVc8l2YunjRvqRC0peyCgaFsY=">AAACCHicbVC7TsMwFHXKq5RXgJEBixaJhSqpEDBWsDAWQR9SE1U3rtNadR6yHaQqysjCr7AwgBArn8DG3+C2GUrhSJaOz7lX997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8V+OYugEMQuYzAkpLPfOw4nggUicANSTA07ssO537VHpm2apaU+C/xM5JGeVo9Mwvpx+RJKChIhyk7NpWrNwUhGKE06zkJJLGQEYwoF1NQwiodNPpIRk+1kof+5HQL1R4qs53pBBIOQ48XTnZUS56E/E/r5so/9JNWRgnioZkNshPOFYRnqSC+0xQovhYEyCC6V0xGYIAonR2JR2CvXjyX9KqVe3z6tltrVy/yuMoogN0hE6QjS5QHd2gBmoigh7RM3pFb8aT8WK8Gx+z0oKR9+yjXzA+fwDnF5no</latexit>

S̄ � S
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...

Input Image
<latexit sha1_base64="qSQG+bKQbYNSp2Ohk8I47EJOoiI=">AAAB9HicbVDLSsNAFL2pr1pfUZduBlvBVUmKqMuiG91VsA9oQ5lMJ+3QySTOTAol9DvcuFDErR/jzr9x0mahrQcGDufcyz1z/JgzpR3n2yqsrW9sbhW3Szu7e/sH9uFRS0WJJLRJIh7Jjo8V5UzQpmaa004sKQ59Ttv++Dbz2xMqFYvEo57G1AvxULCAEayN5FV6IdYjgnl6P6v07bJTdeZAq8TNSRlyNPr2V28QkSSkQhOOleq6Tqy9FEvNCKezUi9RNMZkjIe0a6jAIVVeOg89Q2dGGaAgkuYJjebq740Uh0pNQ99MZhnVspeJ/3ndRAfXXspEnGgqyOJQkHCkI5Q1gAZMUqL51BBMJDNZERlhiYk2PZVMCe7yl1dJq1Z1L6sXD7Vy/SavowgncArn4MIV1OEOGtAEAk/wDK/wZk2sF+vd+liMFqx85xj+wPr8ATwMkcI=</latexit>

I
Conversational 

dataset
<latexit sha1_base64="k3lAILJB+q6fF8z7yIO2IL/mKew=">AAACFnicbVDJSgNBEO1xjXEb9eilMQgeYpiRoF6EoB70FsEskklCT6eTNOlZ6K4RwjBf4cVf8eJBEa/izb+xJwmiiQ8KXr2qoqqeGwquwLK+jLn5hcWl5cxKdnVtfWPT3NquqiCSlFVoIAJZd4ligvusAhwEq4eSEc8VrOYOLtJ67Z5JxQP/FoYha3qk5/MupwS01DYPHY9AnxIRXyb4DDvxT36d5HVab0Ee37XASdppmDmrYI2AZ4k9ITk0QbltfjqdgEYe84EKolTDtkJoxkQCp4IlWSdSLCR0QHqsoalPPKaa8eitBO9rpYO7gdThAx6pvydi4ik19FzdmR6tpmup+F+tEUH3tBlzP4yA+XS8qBsJDAFOPcIdLhkFMdSEUMn1rZj2iSQUtJNZbYI9/fIsqR4V7ONC8aaYK51P7MigXbSHDpCNTlAJXaEyqiCKHtATekGvxqPxbLwZ7+PWOWMys4P+wPj4BoYMnvw=</latexit>

D = {I, {Xt, Y t}t}

<latexit sha1_base64="EwD0tz/PnVkcQhr70p0Ki0bTAZc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh07f65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHdz42J</latexit>

X1

<latexit sha1_base64="WJePRISR2/d2BKomVhi4F99FYic=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/DEY38z8xyeujYjVA04S7kd0qEQoGEUr3Xf6tX654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6Rdq3oX1fpdvdK4zuMowgmcwjl4cAkNuIUmtIDBEJ7hFd4c6bw4787HorXg5DPH8AfO5w/fU42K</latexit>

X2

<latexit sha1_base64="xJHhtAIEo/3mH9bNIHIvvfSoX0M=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokW9Vj04rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpod276JXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFe+yUr2vlms3eRwFOIYTOAMPrqAGd1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QPg142L</latexit>

X3

<latexit sha1_base64="2aeo/606jILSp0W8CK0QTKeby70=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh06/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqt5ltXZfq9Rv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QPiW42M</latexit>

X4

<latexit sha1_base64="gGdKGzdGMxtzkNZutm0krZiaJKA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj04rGi/ZA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFe+iUr2rlmvXeRwFOIYTOAMPLqEGt1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QPj4Y2N</latexit>

Y4

<latexit sha1_base64="X9BNnHiNbTq4gP3w2qoXTQzJ+L4=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEeiF48Y5WFgQ2aHBibMzm5mZk3Ihk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HoZuo3n1BpHskHM47RD+lA8j5n1Fjp/rF73i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7J3Ua7cVUrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4A4l2NjA==</latexit>

Y3

<latexit sha1_base64="49bSGhutnDvDkG4uobJBe63ek38=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4xysPAhswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJYPZpygH9GB5CFn1Fjp/rFX6RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStm7KFfvqqXadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8A4NmNiw==</latexit>

Y2

<latexit sha1_base64="CbOBnFDhmjLozWHRyj3yNGu2sus=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9kPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+ien53Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wffVY2K</latexit>
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