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Schema design and 
dependencies



name location breed kind job

casa LA tabby cat NULL

kira seattle tuxedo cat NULL

remy LA NULL NULL prof

vincent LA NULL NULL TA



name location breed kind job

casa LA tabby cat NULL

kira seattle tuxedo cat NULL

remy LA NULL NULL prof

vincent LA NULL NULL TA



1 table stores 1 kind of data



name location salary graduate funding

remy LA $30 NULL $10

vincent LA $20 2025 NULL



name location salary graduate funding

remy LA $30 NULL $10

vincent LA $20 2025 NULL



name location salary funding

remy LA $30 $10

name location salary graduate

vincent LA $20 2025



name location salary funding

remy LA $30 $10

name location salary graduate

vincent LA $20 2025



name location salary

remy LA $30

vincent LA $20
name graduate

vincent 2025

payroll

student

name funding

remy $10

prof



each kind of data has its own table



name location salary course

remy LA $30 143

remy LA $30 240

remy LA $30 249



name location salary course

remy LA $30 143

remy LA $30 240

remy LA $30 249

redundancy!

(complicates updates & deletes)



each piece of information stored once



name location salary course

remy LA $30 143

remy LA $30 240

remy LA $30 249

determines

<latexit sha1_base64="UQjsLL51gag7bnwcf2S/sOexLlM=">AAACGHicbVC7SgNBFJ31GeNr1dJmMAgWEndFomXQxjKCeUASwt3JJBkyu7PM3FXDks+w8VdsLBSxTeffOHkUmnhg4HDOucy9J4ilMOh5387S8srq2npmI7u5tb2z6+7tV4xKNONlpqTStQAMlyLiZRQoeS3WHMJA8mrQvxn71QeujVDRPQ5i3gyhG4mOYIBWarlnDeRPmEYQ8iFtaNHtIWitHulUl2oaPKUGJOjBsOXmvLw3AV0k/ozkyAylljtqtBVLQh4hk2BM3fdibKagUTDJh9lGYngMrA9dXrd0vIhpppPDhvTYKm3aUdq+COlE/T2RQmjMIAxsMgTsmXlvLP7n1RPsXDVTEcUJ8ohNP+okkqKi45ZoW2jOUA4sAaaF3ZWyHmhgaLvM2hL8+ZMXSeU87xfyhbuLXPF6VkeGHJIjckJ8ckmK5JaUSJkw8kxeyTv5cF6cN+fT+ZpGl5zZzAH5A2f0A7n3oXU=</latexit>

name → location, salary



functional dependency

<latexit sha1_base64="GA0GAFw/CkMjVlFD2/k/cJbn7pc=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBU9kVqR6LXjxWsB/SLiWbZtvQbLIks0pd+ku8eFDEqz/Fm//GtN2Dtj4YeLw3w8y8MBHcgOd9Oyura+sbm4Wt4vbO7l7J3T9oGpVqyhpUCaXbITFMcMkawEGwdqIZiUPBWuHoeuq3Hpg2XMk7GCcsiMlA8ohTAlbquaU27mo+GALRWj3i+55b9ireDHiZ+Dkpoxz1nvvV7SuaxkwCFcSYju8lEGREA6eCTYrd1LCE0BEZsI6lksTMBNns8Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eZ0Uossg4zJJgUk6XxSlAoPC0xRwn2tGQYwtIVRzeyumQ6IJBZtV0YbgL768TJpnFb9aqd6el2tXeRwFdISO0Sny0QWqoRtURw1EUYqe0St6c56cF+fd+Zi3rjj5zCH6A+fzB085kuI=</latexit>

X → Y
the values of X uniquely determines Y

<latexit sha1_base64="VI6og3DokLOt2HrBI9uWsVRrYi4="></latexit>

→t, t→ ↑ R : ωX(t) = ωX(t→) =↓ ωY (t) = ωY (t
→)



name location salary course

remy LA $30 143

remy LA $30 240

remy LA $30 249

dan seattle $50 344

dan seattle $50 444

<latexit sha1_base64="bJPviWjfU18yyIj9un24iD6rglo="></latexit>

→t, t→ ↑ R : ωname(t) = ωname(t
→) =↓ ωsalary(t) = ωsalary(t

→)

<latexit sha1_base64="Zov9Tkv5x4NYROf/YNtiVKJeT+Q=">AAACDnicbVA9SwNBEN2LXzF+nVraLIaAVbgTiZZBG8sI5gOSEOY2m2TJ3ge7c+px5BfY+FdsLBSxtbbz37hJrtDEBwOP92aYmedFUmh0nG8rt7K6tr6R3yxsbe/s7tn7Bw0dxorxOgtlqFoeaC5FwOsoUPJWpDj4nuRNb3w19Zt3XGkRBreYRLzrwzAQA8EAjdSzSx3kD5gG4PMJ7SgxHCEoFd7Tua5BgkomPbvolJ0Z6DJxM1IkGWo9+6vTD1ns8wCZBK3brhNhNwWFgkk+KXRizSNgYxjytqHT9bqbzt6Z0JJR+nQQKlMB0pn6eyIFX+vE90ynDzjSi95U/M9rxzi46KYiiGLkAZsvGsSSYkin2dC+UJyhTAwBpoS5lbIRKGBoEiyYENzFl5dJ47TsVsqVm7Ni9TKLI0+OyDE5IS45J1VyTWqkThh5JM/klbxZT9aL9W59zFtzVjZzSP7A+vwBF+WdbA==</latexit>

name → salary



first n. last n. location salary course

remy w LA $30 143

remy w LA $30 240

remy w LA $30 249

dan s seattle $50 344

dan s seattle $50 444

dan o zurich $50 101

dan o zurich $50 113

determines



first n. last n. location salary course

remy w LA $30 143

remy w LA $30 240

remy w LA $30 249

dan s seattle $50 344

dan s seattle $50 444

dan o zurich $50 101

dan o zurich $50 113

determines

<latexit sha1_base64="kswmLfnvO/UIwDuQE5xLjZz6M6M=">AAACL3icbVDLSgMxFM34tr6qLt0Ei+BCyoxIdSkK4rKCVaFTyp000wYzyZDcUcswf+TGX+lGRBG3/oXpY+HrkMDh3HO5954olcKi7794U9Mzs3PzC4ulpeWV1bXy+saV1ZlhvMG01OYmAsulULyBAiW/SQ2HJJL8Oro9Hdav77ixQqtL7Ke8lUBXiVgwQCe1y2dhTkPkD5jHwlikqrpHJYxIQUP3jOj2EIzR9zTMx06px9171IIE0y/Col2u+FV/BPqXBBNSIRPU2+VB2NEsS7hC5ubZZuCn2MrBoGCSF6UwszwFdgtd3nRUQcJtKx/dW9Adp3RorI37CulI/d6RQ2JtP4mcMwHs2d+1ofhfrZlhfNTKhUoz5IqNB8WZpKjpMDzaEYYzlH1HgBnhdqWsBwYYuohLLoTg98l/ydV+NahVaxcHleOTSRwLZItsk10SkENyTM5JnTQII49kQF7Jm/fkPXvv3sfYOuVNejbJD3ifX2rkqfo=</latexit>

{first n., last n.} → {location, salary}



Check X → Y using SQL?



Check X → Y using SQL?

SELECT * FROM R 
 GROUP BY X 
HAVING COUNT(Y) > 1



Trivial FDs?

A B C D E



Trivial FDs?

A B C D E

<latexit sha1_base64="np5LrYOYyef4kmIrxhhDHopatJ0=">AAACEXicbVA9TwJBEN3zE/Hr1NJmIzGhIOTOGLQEbCwxkY+EI2RvWWDD3u1ld05DLvwFG/+KjYXG2NrZ+W9c4AoBXzLJy3szmZnnR4JrcJwfa219Y3NrO7OT3d3bPzi0j44bWsaKsjqVQqqWTzQTPGR14CBYK1KMBL5gTX90M/WbD0xpLsN7GEesE5BByPucEjBS185XsKf4YAhEKfmIKwVcXRCqBeyJngTdtXNO0ZkBrxI3JTmUota1v72epHHAQqCCaN12nQg6CVHAqWCTrBdrFhE6IgPWNjQkAdOdZPbRBJ8bpYf7UpkKAc/UvxMJCbQeB77pDAgM9bI3Ff/z2jH0rzsJD6MYWEjni/qxwCDxNB7c44pREGNDCFXc3IrpkChCwYSYNSG4yy+vksZF0S0VS3eXuXI1jSODTtEZyiMXXaEyukU1VEcUPaEX9IberWfr1fqwPueta1Y6c4IWYH39AncknDA=</latexit>

A → A,B → B, . . .

<latexit sha1_base64="MZFDhEdty9M79wkqiInwhABFrso=">AAACE3icbVDLSgNBEJyNrxhfUY9eBoMgEsKuSPSYxIvHCOYBSQizs5NkyOzMMtOrhCX/4MVf8eJBEa9evPk3Th4HTSxoKKq66e7yI8ENuO63k1pZXVvfSG9mtrZ3dvey+wd1o2JNWY0qoXTTJ4YJLlkNOAjWjDQjoS9Ywx9eT/zGPdOGK3kHo4h1QtKXvMcpASt1s2flCm5r3h8A0Vo94HIeLyiVPG6LQIHpZnNuwZ0CLxNvTnJojmo3+9UOFI1DJoEKYkzLcyPoJEQDp4KNM+3YsIjQIemzlqWShMx0kulPY3xilQD3lLYlAU/V3xMJCY0Zhb7tDAkMzKI3Ef/zWjH0rjoJl1EMTNLZol4sMCg8CQgHXDMKYmQJoZrbWzEdEE0o2BgzNgRv8eVlUj8veMVC8fYiV6rM40ijI3SMTpGHLlEJ3aAqqiGKHtEzekVvzpPz4rw7H7PWlDOfOUR/4Hz+AJ5+nMc=</latexit>

AB → A,AB → B, . . .



Trivial FDs?

A B C D E

<latexit sha1_base64="np5LrYOYyef4kmIrxhhDHopatJ0=">AAACEXicbVA9TwJBEN3zE/Hr1NJmIzGhIOTOGLQEbCwxkY+EI2RvWWDD3u1ld05DLvwFG/+KjYXG2NrZ+W9c4AoBXzLJy3szmZnnR4JrcJwfa219Y3NrO7OT3d3bPzi0j44bWsaKsjqVQqqWTzQTPGR14CBYK1KMBL5gTX90M/WbD0xpLsN7GEesE5BByPucEjBS185XsKf4YAhEKfmIKwVcXRCqBeyJngTdtXNO0ZkBrxI3JTmUota1v72epHHAQqCCaN12nQg6CVHAqWCTrBdrFhE6IgPWNjQkAdOdZPbRBJ8bpYf7UpkKAc/UvxMJCbQeB77pDAgM9bI3Ff/z2jH0rzsJD6MYWEjni/qxwCDxNB7c44pREGNDCFXc3IrpkChCwYSYNSG4yy+vksZF0S0VS3eXuXI1jSODTtEZyiMXXaEyukU1VEcUPaEX9IberWfr1fqwPueta1Y6c4IWYH39AncknDA=</latexit>

A → A,B → B, . . .

<latexit sha1_base64="MZFDhEdty9M79wkqiInwhABFrso=">AAACE3icbVDLSgNBEJyNrxhfUY9eBoMgEsKuSPSYxIvHCOYBSQizs5NkyOzMMtOrhCX/4MVf8eJBEa9evPk3Th4HTSxoKKq66e7yI8ENuO63k1pZXVvfSG9mtrZ3dvey+wd1o2JNWY0qoXTTJ4YJLlkNOAjWjDQjoS9Ywx9eT/zGPdOGK3kHo4h1QtKXvMcpASt1s2flCm5r3h8A0Vo94HIeLyiVPG6LQIHpZnNuwZ0CLxNvTnJojmo3+9UOFI1DJoEKYkzLcyPoJEQDp4KNM+3YsIjQIemzlqWShMx0kulPY3xilQD3lLYlAU/V3xMJCY0Zhb7tDAkMzKI3Ef/zWjH0rjoJl1EMTNLZol4sMCg8CQgHXDMKYmQJoZrbWzEdEE0o2BgzNgRv8eVlUj8veMVC8fYiV6rM40ijI3SMTpGHLlEJ3aAqqiGKHtEzekVvzpPz4rw7H7PWlDOfOUR/4Hz+AJ5+nMc=</latexit>

AB → A,AB → B, . . .

<latexit sha1_base64="qKrajKuNvf2UCdVdzuJGRgv760M="></latexit>

X → Y =↑ X ↓ Y



name job location salary tax %

remy prof LA $30 20

dan prof seattle $50 15

vincent TA LA $20 10

<latexit sha1_base64="DuQLtgOut8kawDcjVcdVfNWzZ1E=">AAACEHicbVDLSgMxFM3UV62vUZdugkV0VWZEqsuiG5cV7APaUjJp2oZmkiG5o5ahn+DGX3HjQhG3Lt35N2Y6XWjrgcDhnHPJvSeIBDfged9Obml5ZXUtv17Y2Nza3nF39+pGxZqyGlVC6WZADBNcshpwEKwZaUbCQLBGMLpK/cYd04YreQvjiHVCMpC8zykBK3Xd4zawB0gkCdkEtzUfDIFore5xpguVBSddt+iVvCnwIvFnpIhmqHbdr3ZP0ThkEqggxrR8L4JOQjRwKtik0I4NiwgdkQFrWZouYDrJ9KAJPrJKD/eVtk8Cnqq/JxISGjMOA5sMCQzNvJeK/3mtGPoXnYTLKAYmafZRPxYYFE7bwT2uGQUxtoRQze2umA6JJhRshwVbgj9/8iKpn5b8cql8c1asXM7qyKMDdIhOkI/OUQVdoyqqIYoe0TN6RW/Ok/PivDsfWTTnzGb20R84nz+35p5N</latexit>

name → location

<latexit sha1_base64="WVYw+wV3EgQEP46GJpJf7cCg/wA=">AAACDXicbVA9TwJBEN3DL8Qv1NJmI5JYkTtj0JJoY4mJfCRAyNyywMre7WV3TiUX/oCNf8XGQmNs7e38Ny4fhYIvmeTlvZnMzPMjKQy67reTWlpeWV1Lr2c2Nre2d7K7e1WjYs14hSmpdN0Hw6UIeQUFSl6PNIfAl7zmDy7Hfu2OayNUeIPDiLcC6IWiKxigldrZoybyB0xulT+iTS16fQSt1T2dygYk6OGonc25BXcCuki8GcmRGcrt7Fezo1gc8BCZBGManhthKwGNgkk+yjRjwyNgA+jxhqUhBNy0ksk3I5q3Sod2lbYVIp2ovycSCIwZBvbgfADYN/PeWPzPa8TYPW8lIoxi5CGbLurGkqKi42hoR2jOUA4tAaaFvZWyPmhgaAPM2BC8+ZcXSfWk4BULxevTXOliFkeaHJBDckw8ckZK5IqUSYUw8kieySt5c56cF+fd+Zi2ppzZzD75A+fzB0lhnPw=</latexit>

job → salary

<latexit sha1_base64="YGtAyj2G0DLnOSFODD2jKHpHIwM=">AAACGnicbVC7SgNBFJ2Nrxhfq5Y2g0GwkLArEi1FG8sI5gHZEO5OJsmQ2Z1l5q4alnyHjb9iY6GIndj4N04ehUYPDBzOOZc794SJFAY978vJLSwuLa/kVwtr6xubW+72Ts2oVDNeZUoq3QjBcCliXkWBkjcSzSEKJa+Hg8uxX7/l2ggV3+Aw4a0IerHoCgZopbbrB8jvMZNqKhxRAxL0cEQDLXp9BK3VHZ1mEO5pcDBqu0Wv5E1A/xJ/Ropkhkrb/Qg6iqURj5FJMKbpewm2MtAomOSjQpAangAbQI83LY0h4qaVTU4b0QOrdGhXaftipBP150QGkTHDKLTJCLBv5r2x+J/XTLF71spEnKTIYzZd1E0lRUXHPdGO0JyhHFoCTAv7V8r6oIGhbbNgS/DnT/5Lasclv1wqX58Uzy9mdeTJHtknh8Qnp+ScXJEKqRJGHsgTeSGvzqPz7Lw579NozpnN7JJfcD6/AZi8odY=</latexit>

location, salary → tax %



name job location salary tax %

remy prof LA $30 20

dan prof seattle $50 15

vincent TA LA $20 10

<latexit sha1_base64="DuQLtgOut8kawDcjVcdVfNWzZ1E=">AAACEHicbVDLSgMxFM3UV62vUZdugkV0VWZEqsuiG5cV7APaUjJp2oZmkiG5o5ahn+DGX3HjQhG3Lt35N2Y6XWjrgcDhnHPJvSeIBDfged9Obml5ZXUtv17Y2Nza3nF39+pGxZqyGlVC6WZADBNcshpwEKwZaUbCQLBGMLpK/cYd04YreQvjiHVCMpC8zykBK3Xd4zawB0gkCdkEtzUfDIFore5xpguVBSddt+iVvCnwIvFnpIhmqHbdr3ZP0ThkEqggxrR8L4JOQjRwKtik0I4NiwgdkQFrWZouYDrJ9KAJPrJKD/eVtk8Cnqq/JxISGjMOA5sMCQzNvJeK/3mtGPoXnYTLKAYmafZRPxYYFE7bwT2uGQUxtoRQze2umA6JJhRshwVbgj9/8iKpn5b8cql8c1asXM7qyKMDdIhOkI/OUQVdoyqqIYoe0TN6RW/Ok/PivDsfWTTnzGb20R84nz+35p5N</latexit>

name → location

<latexit sha1_base64="WVYw+wV3EgQEP46GJpJf7cCg/wA=">AAACDXicbVA9TwJBEN3DL8Qv1NJmI5JYkTtj0JJoY4mJfCRAyNyywMre7WV3TiUX/oCNf8XGQmNs7e38Ny4fhYIvmeTlvZnMzPMjKQy67reTWlpeWV1Lr2c2Nre2d7K7e1WjYs14hSmpdN0Hw6UIeQUFSl6PNIfAl7zmDy7Hfu2OayNUeIPDiLcC6IWiKxigldrZoybyB0xulT+iTS16fQSt1T2dygYk6OGonc25BXcCuki8GcmRGcrt7Fezo1gc8BCZBGManhthKwGNgkk+yjRjwyNgA+jxhqUhBNy0ksk3I5q3Sod2lbYVIp2ovycSCIwZBvbgfADYN/PeWPzPa8TYPW8lIoxi5CGbLurGkqKi42hoR2jOUA4tAaaFvZWyPmhgaAPM2BC8+ZcXSfWk4BULxevTXOliFkeaHJBDckw8ckZK5IqUSYUw8kieySt5c56cF+fd+Zi2ppzZzD75A+fzB0lhnPw=</latexit>

job → salary

<latexit sha1_base64="YGtAyj2G0DLnOSFODD2jKHpHIwM=">AAACGnicbVC7SgNBFJ2Nrxhfq5Y2g0GwkLArEi1FG8sI5gHZEO5OJsmQ2Z1l5q4alnyHjb9iY6GIndj4N04ehUYPDBzOOZc794SJFAY978vJLSwuLa/kVwtr6xubW+72Ts2oVDNeZUoq3QjBcCliXkWBkjcSzSEKJa+Hg8uxX7/l2ggV3+Aw4a0IerHoCgZopbbrB8jvMZNqKhxRAxL0cEQDLXp9BK3VHZ1mEO5pcDBqu0Wv5E1A/xJ/Ropkhkrb/Qg6iqURj5FJMKbpewm2MtAomOSjQpAangAbQI83LY0h4qaVTU4b0QOrdGhXaftipBP150QGkTHDKLTJCLBv5r2x+J/XTLF71spEnKTIYzZd1E0lRUXHPdGO0JyhHFoCTAv7V8r6oIGhbbNgS/DnT/5Lasclv1wqX58Uzy9mdeTJHtknh8Qnp+ScXJEKqRJGHsgTeSGvzqPz7Lw579NozpnN7JJfcD6/AZi8odY=</latexit>

location, salary → tax %

<latexit sha1_base64="MACbW9e5R+7oGZGzFklfb+LEY+0="></latexit>

name, job → tax %<latexit sha1_base64="cHUM5pMZTNHEh5kgsU3CM1rc0eQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6fHIbkHdL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m987JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZPU8GXCEzYmIJZYrbWwkbUUWZsRGVbAje8surpHVR9WrV2v1lpX6Tx1GEEziFc/DgCupwBw1oAgMBz/AKb86j8+K8Ox+L1oKTzxzDHzifP0W9kCQ=</latexit>

=→ ?



name job location salary tax %

remy prof LA $30 20

dan prof seattle $50 15

vincent TA LA $20 10

<latexit sha1_base64="DuQLtgOut8kawDcjVcdVfNWzZ1E=">AAACEHicbVDLSgMxFM3UV62vUZdugkV0VWZEqsuiG5cV7APaUjJp2oZmkiG5o5ahn+DGX3HjQhG3Lt35N2Y6XWjrgcDhnHPJvSeIBDfged9Obml5ZXUtv17Y2Nza3nF39+pGxZqyGlVC6WZADBNcshpwEKwZaUbCQLBGMLpK/cYd04YreQvjiHVCMpC8zykBK3Xd4zawB0gkCdkEtzUfDIFore5xpguVBSddt+iVvCnwIvFnpIhmqHbdr3ZP0ThkEqggxrR8L4JOQjRwKtik0I4NiwgdkQFrWZouYDrJ9KAJPrJKD/eVtk8Cnqq/JxISGjMOA5sMCQzNvJeK/3mtGPoXnYTLKAYmafZRPxYYFE7bwT2uGQUxtoRQze2umA6JJhRshwVbgj9/8iKpn5b8cql8c1asXM7qyKMDdIhOkI/OUQVdoyqqIYoe0TN6RW/Ok/PivDsfWTTnzGb20R84nz+35p5N</latexit>

name → location

<latexit sha1_base64="WVYw+wV3EgQEP46GJpJf7cCg/wA=">AAACDXicbVA9TwJBEN3DL8Qv1NJmI5JYkTtj0JJoY4mJfCRAyNyywMre7WV3TiUX/oCNf8XGQmNs7e38Ny4fhYIvmeTlvZnMzPMjKQy67reTWlpeWV1Lr2c2Nre2d7K7e1WjYs14hSmpdN0Hw6UIeQUFSl6PNIfAl7zmDy7Hfu2OayNUeIPDiLcC6IWiKxigldrZoybyB0xulT+iTS16fQSt1T2dygYk6OGonc25BXcCuki8GcmRGcrt7Fezo1gc8BCZBGManhthKwGNgkk+yjRjwyNgA+jxhqUhBNy0ksk3I5q3Sod2lbYVIp2ovycSCIwZBvbgfADYN/PeWPzPa8TYPW8lIoxi5CGbLurGkqKi42hoR2jOUA4tAaaFvZWyPmhgaAPM2BC8+ZcXSfWk4BULxevTXOliFkeaHJBDckw8ckZK5IqUSYUw8kieySt5c56cF+fd+Zi2ppzZzD75A+fzB0lhnPw=</latexit>

job → salary

<latexit sha1_base64="YGtAyj2G0DLnOSFODD2jKHpHIwM=">AAACGnicbVC7SgNBFJ2Nrxhfq5Y2g0GwkLArEi1FG8sI5gHZEO5OJsmQ2Z1l5q4alnyHjb9iY6GIndj4N04ehUYPDBzOOZc794SJFAY978vJLSwuLa/kVwtr6xubW+72Ts2oVDNeZUoq3QjBcCliXkWBkjcSzSEKJa+Hg8uxX7/l2ggV3+Aw4a0IerHoCgZopbbrB8jvMZNqKhxRAxL0cEQDLXp9BK3VHZ1mEO5pcDBqu0Wv5E1A/xJ/Ropkhkrb/Qg6iqURj5FJMKbpewm2MtAomOSjQpAangAbQI83LY0h4qaVTU4b0QOrdGhXaftipBP150QGkTHDKLTJCLBv5r2x+J/XTLF71spEnKTIYzZd1E0lRUXHPdGO0JyhHFoCTAv7V8r6oIGhbbNgS/DnT/5Lasclv1wqX58Uzy9mdeTJHtknh8Qnp+ScXJEKqRJGHsgTeSGvzqPz7Lw579NozpnN7JJfcD6/AZi8odY=</latexit>

location, salary → tax %

<latexit sha1_base64="MACbW9e5R+7oGZGzFklfb+LEY+0="></latexit>

name, job → tax %<latexit sha1_base64="cHUM5pMZTNHEh5kgsU3CM1rc0eQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6fHIbkHdL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m987JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZPU8GXCEzYmIJZYrbWwkbUUWZsRGVbAje8surpHVR9WrV2v1lpX6Tx1GEEziFc/DgCupwBw1oAgMBz/AKb86j8+K8Ox+L1oKTzxzDHzifP0W9kCQ=</latexit>

=→



name job location salary tax %

N J L S T

N J ? ? ?

vincent TA LA $20 10

<latexit sha1_base64="DuQLtgOut8kawDcjVcdVfNWzZ1E=">AAACEHicbVDLSgMxFM3UV62vUZdugkV0VWZEqsuiG5cV7APaUjJp2oZmkiG5o5ahn+DGX3HjQhG3Lt35N2Y6XWjrgcDhnHPJvSeIBDfged9Obml5ZXUtv17Y2Nza3nF39+pGxZqyGlVC6WZADBNcshpwEKwZaUbCQLBGMLpK/cYd04YreQvjiHVCMpC8zykBK3Xd4zawB0gkCdkEtzUfDIFore5xpguVBSddt+iVvCnwIvFnpIhmqHbdr3ZP0ThkEqggxrR8L4JOQjRwKtik0I4NiwgdkQFrWZouYDrJ9KAJPrJKD/eVtk8Cnqq/JxISGjMOA5sMCQzNvJeK/3mtGPoXnYTLKAYmafZRPxYYFE7bwT2uGQUxtoRQze2umA6JJhRshwVbgj9/8iKpn5b8cql8c1asXM7qyKMDdIhOkI/OUQVdoyqqIYoe0TN6RW/Ok/PivDsfWTTnzGb20R84nz+35p5N</latexit>

name → location

<latexit sha1_base64="WVYw+wV3EgQEP46GJpJf7cCg/wA=">AAACDXicbVA9TwJBEN3DL8Qv1NJmI5JYkTtj0JJoY4mJfCRAyNyywMre7WV3TiUX/oCNf8XGQmNs7e38Ny4fhYIvmeTlvZnMzPMjKQy67reTWlpeWV1Lr2c2Nre2d7K7e1WjYs14hSmpdN0Hw6UIeQUFSl6PNIfAl7zmDy7Hfu2OayNUeIPDiLcC6IWiKxigldrZoybyB0xulT+iTS16fQSt1T2dygYk6OGonc25BXcCuki8GcmRGcrt7Fezo1gc8BCZBGManhthKwGNgkk+yjRjwyNgA+jxhqUhBNy0ksk3I5q3Sod2lbYVIp2ovycSCIwZBvbgfADYN/PeWPzPa8TYPW8lIoxi5CGbLurGkqKi42hoR2jOUA4tAaaFvZWyPmhgaAPM2BC8+ZcXSfWk4BULxevTXOliFkeaHJBDckw8ckZK5IqUSYUw8kieySt5c56cF+fd+Zi2ppzZzD75A+fzB0lhnPw=</latexit>

job → salary

<latexit sha1_base64="YGtAyj2G0DLnOSFODD2jKHpHIwM=">AAACGnicbVC7SgNBFJ2Nrxhfq5Y2g0GwkLArEi1FG8sI5gHZEO5OJsmQ2Z1l5q4alnyHjb9iY6GIndj4N04ehUYPDBzOOZc794SJFAY978vJLSwuLa/kVwtr6xubW+72Ts2oVDNeZUoq3QjBcCliXkWBkjcSzSEKJa+Hg8uxX7/l2ggV3+Aw4a0IerHoCgZopbbrB8jvMZNqKhxRAxL0cEQDLXp9BK3VHZ1mEO5pcDBqu0Wv5E1A/xJ/Ropkhkrb/Qg6iqURj5FJMKbpewm2MtAomOSjQpAangAbQI83LY0h4qaVTU4b0QOrdGhXaftipBP150QGkTHDKLTJCLBv5r2x+J/XTLF71spEnKTIYzZd1E0lRUXHPdGO0JyhHFoCTAv7V8r6oIGhbbNgS/DnT/5Lasclv1wqX58Uzy9mdeTJHtknh8Qnp+ScXJEKqRJGHsgTeSGvzqPz7Lw579NozpnN7JJfcD6/AZi8odY=</latexit>

location, salary → tax %

<latexit sha1_base64="MACbW9e5R+7oGZGzFklfb+LEY+0="></latexit>

name, job → tax %<latexit sha1_base64="cHUM5pMZTNHEh5kgsU3CM1rc0eQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6fHIbkHdL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m987JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZPU8GXCEzYmIJZYrbWwkbUUWZsRGVbAje8surpHVR9WrV2v1lpX6Tx1GEEziFc/DgCupwBw1oAgMBz/AKb86j8+K8Ox+L1oKTzxzDHzifP0W9kCQ=</latexit>

=→



FD inference

Given

<latexit sha1_base64="R0zapAhvoegxRunFT4lR/pPtcsI=">AAACPHicbZA7T8MwFIWd8irlVWBksahATFXSosJYwcJYBH2gpoocx22tOnFk34CqqD+MhR/BxsTCAEKszLiPAVquZOnofPfq+h4/FlyDbb9YmaXlldW17HpuY3Nreye/u9fQMlGU1akUUrV8opngEasDB8FasWIk9AVr+oPLMW/eM6W5jG5hGLNOSHoR73JKwFhe/qblOfgYu4r3+kCUkg/4zjium2t5pQVQmoLyAiiPgTFpIEF7+YJdtCeFF4UzEwU0q5qXf3YDSZOQRUAF0brt2DF0UqKAU8FGOTfRLCZ0QHqsbWREQqY76eT4ET4yToC7UpkXAZ64vydSEmo9DH3TGRLo63k2Nv9j7QS6552UR3ECLKLTRd1EYJB4nCQOuGIUxNAIQhU3f8W0TxShYPLOmRCc+ZMXRaNUdCrFyvVpoXoxiyOLDtAhOkEOOkNVdIVqqI4oekSv6B19WE/Wm/VpfU1bM9ZsZh/9Kev7B8x4qlM=</latexit>

X1 → Y1

X2 → Y2

X3 → Y3

· · ·

Does this hold?

<latexit sha1_base64="GA0GAFw/CkMjVlFD2/k/cJbn7pc=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBU9kVqR6LXjxWsB/SLiWbZtvQbLIks0pd+ku8eFDEqz/Fm//GtN2Dtj4YeLw3w8y8MBHcgOd9Oyura+sbm4Wt4vbO7l7J3T9oGpVqyhpUCaXbITFMcMkawEGwdqIZiUPBWuHoeuq3Hpg2XMk7GCcsiMlA8ohTAlbquaU27mo+GALRWj3i+55b9ireDHiZ+Dkpoxz1nvvV7SuaxkwCFcSYju8lEGREA6eCTYrd1LCE0BEZsI6lksTMBNns8Ak+sUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/eZ0Uossg4zJJgUk6XxSlAoPC0xRwn2tGQYwtIVRzeyumQ6IJBZtV0YbgL768TJpnFb9aqd6el2tXeRwFdISO0Sny0QWqoRtURw1EUYqe0St6c56cF+fd+Zi3rjj5zCH6A+fzB085kuI=</latexit>

X → Y



Armstrong's axioms

<latexit sha1_base64="bu5LHO1zX7ORZtsnq+uF0sXu5R8="></latexit>

Y → X =↑ X ↓ Y

X ↓ Y =↑ XZ ↓ Y Z

X ↓ Y ↔ Y ↓ Z =↑ X ↓ Z



Armstrong's axioms

<latexit sha1_base64="bu5LHO1zX7ORZtsnq+uF0sXu5R8="></latexit>

Y → X =↑ X ↓ Y

X ↓ Y =↑ XZ ↓ Y Z

X ↓ Y ↔ Y ↓ Z =↑ X ↓ Z

X Y Z

x y z

x ? z

Augmentation

Reflexivity

Transitivity



<latexit sha1_base64="DuQLtgOut8kawDcjVcdVfNWzZ1E=">AAACEHicbVDLSgMxFM3UV62vUZdugkV0VWZEqsuiG5cV7APaUjJp2oZmkiG5o5ahn+DGX3HjQhG3Lt35N2Y6XWjrgcDhnHPJvSeIBDfged9Obml5ZXUtv17Y2Nza3nF39+pGxZqyGlVC6WZADBNcshpwEKwZaUbCQLBGMLpK/cYd04YreQvjiHVCMpC8zykBK3Xd4zawB0gkCdkEtzUfDIFore5xpguVBSddt+iVvCnwIvFnpIhmqHbdr3ZP0ThkEqggxrR8L4JOQjRwKtik0I4NiwgdkQFrWZouYDrJ9KAJPrJKD/eVtk8Cnqq/JxISGjMOA5sMCQzNvJeK/3mtGPoXnYTLKAYmafZRPxYYFE7bwT2uGQUxtoRQze2umA6JJhRshwVbgj9/8iKpn5b8cql8c1asXM7qyKMDdIhOkI/OUQVdoyqqIYoe0TN6RW/Ok/PivDsfWTTnzGb20R84nz+35p5N</latexit>

name → location

<latexit sha1_base64="WVYw+wV3EgQEP46GJpJf7cCg/wA=">AAACDXicbVA9TwJBEN3DL8Qv1NJmI5JYkTtj0JJoY4mJfCRAyNyywMre7WV3TiUX/oCNf8XGQmNs7e38Ny4fhYIvmeTlvZnMzPMjKQy67reTWlpeWV1Lr2c2Nre2d7K7e1WjYs14hSmpdN0Hw6UIeQUFSl6PNIfAl7zmDy7Hfu2OayNUeIPDiLcC6IWiKxigldrZoybyB0xulT+iTS16fQSt1T2dygYk6OGonc25BXcCuki8GcmRGcrt7Fezo1gc8BCZBGManhthKwGNgkk+yjRjwyNgA+jxhqUhBNy0ksk3I5q3Sod2lbYVIp2ovycSCIwZBvbgfADYN/PeWPzPa8TYPW8lIoxi5CGbLurGkqKi42hoR2jOUA4tAaaFvZWyPmhgaAPM2BC8+ZcXSfWk4BULxevTXOliFkeaHJBDckw8ckZK5IqUSYUw8kieySt5c56cF+fd+Zi2ppzZzD75A+fzB0lhnPw=</latexit>

job → salary

<latexit sha1_base64="YGtAyj2G0DLnOSFODD2jKHpHIwM=">AAACGnicbVC7SgNBFJ2Nrxhfq5Y2g0GwkLArEi1FG8sI5gHZEO5OJsmQ2Z1l5q4alnyHjb9iY6GIndj4N04ehUYPDBzOOZc794SJFAY978vJLSwuLa/kVwtr6xubW+72Ts2oVDNeZUoq3QjBcCliXkWBkjcSzSEKJa+Hg8uxX7/l2ggV3+Aw4a0IerHoCgZopbbrB8jvMZNqKhxRAxL0cEQDLXp9BK3VHZ1mEO5pcDBqu0Wv5E1A/xJ/Ropkhkrb/Qg6iqURj5FJMKbpewm2MtAomOSjQpAangAbQI83LY0h4qaVTU4b0QOrdGhXaftipBP150QGkTHDKLTJCLBv5r2x+J/XTLF71spEnKTIYzZd1E0lRUXHPdGO0JyhHFoCTAv7V8r6oIGhbbNgS/DnT/5Lasclv1wqX58Uzy9mdeTJHtknh8Qnp+ScXJEKqRJGHsgTeSGvzqPz7Lw579NozpnN7JJfcD6/AZi8odY=</latexit>

location, salary → tax %

<latexit sha1_base64="MACbW9e5R+7oGZGzFklfb+LEY+0="></latexit>

name, job → tax %<latexit sha1_base64="cHUM5pMZTNHEh5kgsU3CM1rc0eQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6fHIbkHdL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m987JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZPU8GXCEzYmIJZYrbWwkbUUWZsRGVbAje8surpHVR9WrV2v1lpX6Tx1GEEziFc/DgCupwBw1oAgMBz/AKb86j8+K8Ox+L1oKTzxzDHzifP0W9kCQ=</latexit>

=→

<latexit sha1_base64="CLeB9h2S3YdPXWJKbhEZRzGWKEM=">AAACGXicbVC7SgNBFJ31bXxFLRUZFMFCwq5FtBRtLCMYE8iGcHcySUZnd5aZu+qypPQXbPyRFDYWilhq5Tf4E04eha8DFw7n3Mu99wSxFAZd98MZG5+YnJqemc3NzS8sLuWXV86NSjTjZaak0tUADJci4mUUKHk11hzCQPJKcHnc9ytXXBuhojNMY14PoR2JlmCAVmrkXR/5DWYXKtilEYS8S30t2h0ErdU1HZoGJOh05DfyW27BHYD+Jd6IbB2u904/bzd6pUb+zW8qloQ8QibBmJrnxljPQKNgkndzfmJ4DOwS2rxmaX+JqWeDz7p02ypN2lLaVoR0oH6fyCA0Jg0D2xkCdsxvry/+59USbB3UMxHFCfKIDRe1EklR0X5MtCk0ZyhTS4BpYW+lrAMaGNowczYE7/fLf8n5XsErFoqnNo0jMsQMWSObZId4ZJ8ckhNSImXCyB15IE/k2bl3Hp0X53XYOuaMZlbJDzjvX4OkpPU=</latexit>

job, name → salary, name

<latexit sha1_base64="pnSSztD4zKwBTUkvX6u4ZxlLSu4=">AAACIHicbVC7SgNBFJ31GeMraqnIYBAsJOxaJJZBG0sFYwJJCHcnk2RwdmeZuauGJaWfYeNX2NtYKKKd/oI/4SQrotEDA4dzzmXuPX4khUHXfXMmJqemZ2Yzc9n5hcWl5dzK6plRsWa8wpRUuuaD4VKEvIICJa9FmkPgS171zw+HfvWCayNUeIr9iDcD6IaiIxiglVq5UgP5FSYhBHyXGpCg+wPa0KLbQ9BaXdLUlyod+M60cnm34I5A/xLvi+TLG3cnH9ebd8et3GujrVgc8BCZBGPqnhthMwGNgkk+yDZiwyNg59DldUuHC5lmMjpwQLet0qYdpe0LkY7UnxMJBMb0A98mA8CeGfeG4n9ePcbOfjMRYRQjD1n6USeWFBUdtkXbQnOGsm8JMC3srpT1QAND22nWluCNn/yXnO0VvGKheGLbOCApMmSdbJEd4pESKZMjckwqhJEbck8eyZNz6zw4z85LGp1wvmbWyC8475+1L6hE</latexit>

name, salary → location, salary

<latexit sha1_base64="c884fN6zCEkvq5t7Qa0YPAHUPmQ=">AAACFnicbVDLSgNBEJyNrxhfUY+KDIaABw27HtRj0IvHBEwiZEPonUySwdkHM71qWHL0C7z4KfHiQRGv4s1v8CecPA4aLWgoqrrp7vIiKTTa9qeVmpmdm19IL2aWlldW17LrG1UdxorxCgtlqC490FyKgFdQoOSXkeLge5LXvKuzoV+75kqLMLjAXsQbPnQC0RYM0EjN7IGL/BaTAHy+TzVIUL0+dZXodBGUCm/o2Ee4pW6+38zm7II9Av1LnAnJFbcH5a+7nUGpmf1wWyGLfR4gk6B13bEjbCSgUDDJ+xk31jwCdgUdXjd0eIZuJKO3+jRvlBZth8pUgHSk/pxIwNe653um0wfs6mlvKP7n1WNsnzQSEUQx8oCNF7VjSTGkw4xoSyjOUPYMAaaEuZWyLihgaJLMmBCc6Zf/kuphwTkqHJVNGqdkjDTZIrtkjzjkmBTJOSmRCmHknjySZ/JiPVhP1qv1Nm5NWZOZTfIL1vs3BXmjnQ==</latexit>

name, salary → tax %



FD closure

<latexit sha1_base64="R0zapAhvoegxRunFT4lR/pPtcsI=">AAACPHicbZA7T8MwFIWd8irlVWBksahATFXSosJYwcJYBH2gpoocx22tOnFk34CqqD+MhR/BxsTCAEKszLiPAVquZOnofPfq+h4/FlyDbb9YmaXlldW17HpuY3Nreye/u9fQMlGU1akUUrV8opngEasDB8FasWIk9AVr+oPLMW/eM6W5jG5hGLNOSHoR73JKwFhe/qblOfgYu4r3+kCUkg/4zjium2t5pQVQmoLyAiiPgTFpIEF7+YJdtCeFF4UzEwU0q5qXf3YDSZOQRUAF0brt2DF0UqKAU8FGOTfRLCZ0QHqsbWREQqY76eT4ET4yToC7UpkXAZ64vydSEmo9DH3TGRLo63k2Nv9j7QS6552UR3ECLKLTRd1EYJB4nCQOuGIUxNAIQhU3f8W0TxShYPLOmRCc+ZMXRaNUdCrFyvVpoXoxiyOLDtAhOkEOOkNVdIVqqI4oekSv6B19WE/Wm/VpfU1bM9ZsZh/9Kev7B8x4qlM=</latexit>

X1 → Y1

X2 → Y2

X3 → Y3

· · ·

given
<latexit sha1_base64="WRaSWvQx4f+blyjvHqp3lb4W5Fo=">AAAB6nicbZDLSsNAFIZP6q3GW9Wlm8EiCEJJXFQ3YtGNy4r2Am0sk+mkHTqZhJmJUEIfwY0LRVzqu7h3I76Nk7YLbf1h4OP/z2HOOX7MmdKO823lFhaXllfyq/ba+sbmVmF7p66iRBJaIxGPZNPHinImaE0zzWkzlhSHPqcNf3CZ5Y17KhWLxK0extQLcU+wgBGsjXXTvDvqFIpOyRkLzYM7heL5h30Wv33Z1U7hs92NSBJSoQnHSrVcJ9ZeiqVmhNOR3U4UjTEZ4B5tGRQ4pMpLx6OO0IFxuiiIpHlCo7H7uyPFoVLD0DeVIdZ9NZtl5n9ZK9HBqZcyESeaCjL5KEg40hHK9kZdJinRfGgAE8nMrIj0scREm+vY5gju7MrzUD8uueVS+dopVi5gojzswT4cggsnUIErqEINCPTgAZ7g2eLWo/VivU5Kc9a0Zxf+yHr/ATNskME=</latexit>

X+compute

start w/
<latexit sha1_base64="NZW3QbM3FoBl1eHNEvu/p9+Jm7w=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdi2gjBm0sEzAXSJYwOzmbjJmdXWZmhbDkCWwsFLHVh7G3Ed/GyaXQ6A8DH/9/DnPOCRLOlHbdLyu3tLyyupZftzc2t7Z3Crt7DRWnkmKdxjyWrYAo5ExgXTPNsZVIJFHAsRkMryZ58w6lYrG40aME/Yj0BQsZJdpYtVa3UHRL7lTOX/DmULx4t8+Tt0+72i18dHoxTSMUmnKiVNtzE+1nRGpGOY7tTqowIXRI+tg2KEiEys+mg46dI+P0nDCW5gntTN2fHRmJlBpFgamMiB6oxWxi/pe1Ux2e+RkTSapR0NlHYcodHTuTrZ0ek0g1HxkgVDIzq0MHRBKqzW1scwRvceW/0DgpeeVSueYWK5cwUx4O4BCOwYNTqMA1VKEOFBDu4RGerFvrwXq2XmalOWvesw+/ZL1+AxjhkCQ=</latexit>

X

:

to
<latexit sha1_base64="PBh+QMMphUXPNiUxINsTPEztvsI=">AAAB+HicbVC7SgNBFJ31GeMjq4KNzWAQrMKuRbQMsbFMwCQLSVhmJ3eTIbMP5yHEJV9iY6GIhY3f4BfY2fgtTh6FJh64cDjnXu69J0g5k8pxvqyV1bX1jc3cVn57Z3evYO8fNGWiBYUGTXgivIBI4CyGhmKKg5cKIFHAoRUMryZ+6w6EZEl8o0YpdCPSj1nIKFFG8u2C5zPckTqQoOAWe75ddErOFHiZuHNSrBzVv9lb9aPm25+dXkJ1BLGinEjZdp1UdTMiFKMcxvmOlpASOiR9aBsakwhkN5sePsanRunhMBGmYoWn6u+JjERSjqLAdEZEDeSiNxH/89pahZfdjMWpVhDT2aJQc6wSPEkB95gAqvjIEEIFM7diOiCCUGWyypsQ3MWXl0nzvOSWS+W6SaOKZsihY3SCzpCLLlAFXaMaaiCKNHpAT+jZurcerRfrdda6Ys1nDtEfWO8/DK+WaQ==</latexit>

Xi → X
<latexit sha1_base64="ym+Cip43hk3Goi7xH/qet58l1iA=">AAAB6nicbVC7SgNBFL0TXzG+ooKNzWAQrMKuRbQMsbFM0DwkWcLsZDYZMju7zMwKYckn2FgoYmvrX/gFdjZ+i5NHoYkHLhzOuZd77/FjwbVxnC+UWVldW9/Ibua2tnd29/L7Bw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sOrid+8Z0rzSN6aUcy8kPQlDzglxko3d13ezRecojMFXibunBTKR7Vv/l75qHbzn51eRJOQSUMF0brtOrHxUqIMp4KNc51Es5jQIemztqWShEx76fTUMT61Sg8HkbIlDZ6qvydSEmo9Cn3bGRIz0IveRPzPaycmuPRSLuPEMElni4JEYBPhyd+4xxWjRowsIVRxeyumA6IINTadnA3BXXx5mTTOi26pWKrZNCowQxaO4QTOwIULKMM1VKEOFPrwAE/wjAR6RC/oddaaQfOZQ/gD9PYDE5CRYQ==</latexit>

Yiadd
<latexit sha1_base64="NZW3QbM3FoBl1eHNEvu/p9+Jm7w=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdi2gjBm0sEzAXSJYwOzmbjJmdXWZmhbDkCWwsFLHVh7G3Ed/GyaXQ6A8DH/9/DnPOCRLOlHbdLyu3tLyyupZftzc2t7Z3Crt7DRWnkmKdxjyWrYAo5ExgXTPNsZVIJFHAsRkMryZ58w6lYrG40aME/Yj0BQsZJdpYtVa3UHRL7lTOX/DmULx4t8+Tt0+72i18dHoxTSMUmnKiVNtzE+1nRGpGOY7tTqowIXRI+tg2KEiEys+mg46dI+P0nDCW5gntTN2fHRmJlBpFgamMiB6oxWxi/pe1Ux2e+RkTSapR0NlHYcodHTuTrZ0ek0g1HxkgVDIzq0MHRBKqzW1scwRvceW/0DgpeeVSueYWK5cwUx4O4BCOwYNTqMA1VKEOFBDu4RGerFvrwXq2XmalOWvesw+/ZL1+AxjhkCQ=</latexit>

X if

repeat until no change:



<latexit sha1_base64="DuQLtgOut8kawDcjVcdVfNWzZ1E=">AAACEHicbVDLSgMxFM3UV62vUZdugkV0VWZEqsuiG5cV7APaUjJp2oZmkiG5o5ahn+DGX3HjQhG3Lt35N2Y6XWjrgcDhnHPJvSeIBDfged9Obml5ZXUtv17Y2Nza3nF39+pGxZqyGlVC6WZADBNcshpwEKwZaUbCQLBGMLpK/cYd04YreQvjiHVCMpC8zykBK3Xd4zawB0gkCdkEtzUfDIFore5xpguVBSddt+iVvCnwIvFnpIhmqHbdr3ZP0ThkEqggxrR8L4JOQjRwKtik0I4NiwgdkQFrWZouYDrJ9KAJPrJKD/eVtk8Cnqq/JxISGjMOA5sMCQzNvJeK/3mtGPoXnYTLKAYmafZRPxYYFE7bwT2uGQUxtoRQze2umA6JJhRshwVbgj9/8iKpn5b8cql8c1asXM7qyKMDdIhOkI/OUQVdoyqqIYoe0TN6RW/Ok/PivDsfWTTnzGb20R84nz+35p5N</latexit>

name → location

<latexit sha1_base64="WVYw+wV3EgQEP46GJpJf7cCg/wA=">AAACDXicbVA9TwJBEN3DL8Qv1NJmI5JYkTtj0JJoY4mJfCRAyNyywMre7WV3TiUX/oCNf8XGQmNs7e38Ny4fhYIvmeTlvZnMzPMjKQy67reTWlpeWV1Lr2c2Nre2d7K7e1WjYs14hSmpdN0Hw6UIeQUFSl6PNIfAl7zmDy7Hfu2OayNUeIPDiLcC6IWiKxigldrZoybyB0xulT+iTS16fQSt1T2dygYk6OGonc25BXcCuki8GcmRGcrt7Fezo1gc8BCZBGManhthKwGNgkk+yjRjwyNgA+jxhqUhBNy0ksk3I5q3Sod2lbYVIp2ovycSCIwZBvbgfADYN/PeWPzPa8TYPW8lIoxi5CGbLurGkqKi42hoR2jOUA4tAaaFvZWyPmhgaAPM2BC8+ZcXSfWk4BULxevTXOliFkeaHJBDckw8ckZK5IqUSYUw8kieySt5c56cF+fd+Zi2ppzZzD75A+fzB0lhnPw=</latexit>

job → salary

<latexit sha1_base64="YGtAyj2G0DLnOSFODD2jKHpHIwM=">AAACGnicbVC7SgNBFJ2Nrxhfq5Y2g0GwkLArEi1FG8sI5gHZEO5OJsmQ2Z1l5q4alnyHjb9iY6GIndj4N04ehUYPDBzOOZc794SJFAY978vJLSwuLa/kVwtr6xubW+72Ts2oVDNeZUoq3QjBcCliXkWBkjcSzSEKJa+Hg8uxX7/l2ggV3+Aw4a0IerHoCgZopbbrB8jvMZNqKhxRAxL0cEQDLXp9BK3VHZ1mEO5pcDBqu0Wv5E1A/xJ/Ropkhkrb/Qg6iqURj5FJMKbpewm2MtAomOSjQpAangAbQI83LY0h4qaVTU4b0QOrdGhXaftipBP150QGkTHDKLTJCLBv5r2x+J/XTLF71spEnKTIYzZd1E0lRUXHPdGO0JyhHFoCTAv7V8r6oIGhbbNgS/DnT/5Lasclv1wqX58Uzy9mdeTJHtknh8Qnp+ScXJEKqRJGHsgTeSGvzqPz7Lw579NozpnN7JJfcD6/AZi8odY=</latexit>

location, salary → tax %

<latexit sha1_base64="MACbW9e5R+7oGZGzFklfb+LEY+0="></latexit>

name, job → tax %<latexit sha1_base64="cHUM5pMZTNHEh5kgsU3CM1rc0eQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6fHIbkHdL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m987JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZPU8GXCEzYmIJZYrbWwkbUUWZsRGVbAje8surpHVR9WrV2v1lpX6Tx1GEEziFc/DgCupwBw1oAgMBz/AKb86j8+K8Ox+L1oKTzxzDHzifP0W9kCQ=</latexit>

=→

{name, job}+ = {name, job}



Why FDs?



first n. last n. location salary course

remy w LA $30 143

remy w LA $30 240

remy w LA $30 249

FDs cause anomalies



A1 A2 A3 A4 A5

is a superkey if
<latexit sha1_base64="/gFhrRY/k7sdYjysn29WMbknQPA=">AAACBXicbVC7SgNBFJ2Nrxhfq4KNFoNBsAq7FlGsYmwsEzAPyC7L7GSSDJmdWWZmlbCksfFXbFIoYmvjF9jZ+C1OHoUmHrhwOOde7r0njBlV2nG+rMzS8srqWnY9t7G5tb1j7+7VlUgkJjUsmJDNECnCKCc1TTUjzVgSFIWMNML+9dhv3BGpqOC3ehATP0JdTjsUI22kwD7yOkIixiCFl03oSdrtaSSluIdXAQ3svFNwJoCLxJ2RfOmg+k1H5Y9KYH96bYGTiHCNGVKq5Tqx9lMkNcWMDHNeokiMcB91SctQjiKi/HTyxRCeGKUNzTmmuIYT9fdEiiKlBlFoOiOke2reG4v/ea1Edy78lPI40YTj6aJOwqAWcBwJbFNJsGYDQxCW1NwKcQ9JhLUJLmdCcOdfXiT1s4JbLBSrJo0ymCILDsExOAUuOAclcAMqoAYweABP4Bm8WI/WyHq13qatGWs2sw/+wHr/ASoFm3A=</latexit>

→i : X ↑ Ai

<latexit sha1_base64="hXWIZ7ZgWIH68CdVULUaD+VhLAs=">AAACC3icbVC7SgNBFJ31GeMramkzJAiCIewKRsuojWUE84BsCLOTm2TI7MOZu0JY0tvY+R02ForY+gN2+Rsnj0ITD1w4c869zL3Hi6TQaNsja2l5ZXVtPbWR3tza3tnN7O1XdRgrDhUeylDVPaZBigAqKFBCPVLAfE9Czetfj/3aAygtwuAOBxE0fdYNREdwhkZqZbJ16urY04BwT92EXracPHVlO0SdN48z6g5bmZxdsCegi8SZkVwp6548j0qDcivz7bZDHvsQIJdM64ZjR9hMmELBJQzTbqwhYrzPutAwNGA+6GYyuWVIj4zSpp1QmQqQTtTfEwnztR74nun0Gfb0vDcW//MaMXYumokIohgh4NOPOrGkGNJxMLQtFHCUA0MYV8LsSnmPKcbRxJc2ITjzJy+S6mnBKRaKtyaNKzJFihySLDkmDjknJXJDyqRCOHkkL+SNvFtP1qv1YX1OW5es2cwB+QPr6wcRf5wl</latexit>

X → {A1, . . . , A5}

<latexit sha1_base64="QH1oobrG4i20LA0daoQ8MDwX6tI=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIQktJBKsbodWNywr2AU0Mk8mkHTp5MDMRQihu/AR/wY0LRdz6Fe76N05bF9p64MLhnHu59x43ZlRIwxhruaXlldW1/HphY3Nre0ff3WuLKOGYtHDEIt51kSCMhqQlqWSkG3OCApeRjju8mvide8IFjcJbmcbEDlA/pD7FSCrJ0Q+6d2V4Aa2s4ZgVi3mRFBXYcE6tkaOXjKoxBVwk5g8p1YtW+WlcT5uO/mV5EU4CEkrMkBA904ilnSEuKWZkVLASQWKEh6hPeoqGKCDCzqYvjOCRUjzoR1xVKOFU/T2RoUCINHBVZ4DkQMx7E/E/r5dI/9zOaBgnkoR4tshPGJQRnOQBPcoJlixVBGFO1a0QDxBHWKrUCioEc/7lRdI+qZq1au1GpXEJZsiDQ1AEx8AEZ6AOrkETtAAGD+AZvII37VF70d61j1lrTvuZ2Qd/oH1+AzscmGk=</latexit>

X+ = {A1, . . . , A5}i.e.



name location salary

remy LA $30

vincent LA $20

PK



first n. last n. location salary

remy w LA $30

dan s seattle $50

dan o zurich $50



first n. last n. location salary course

remy w LA $30 143

remy w LA $30 240

remy w LA $30 249

dan s seattle $50 344

dan s seattle $50 444

dan o zurich $50 101

dan o zurich $50 113



name job location salary tax %

remy prof LA $30 20

dan prof seattle $50 15

vincent TA LA $20 10

<latexit sha1_base64="DuQLtgOut8kawDcjVcdVfNWzZ1E=">AAACEHicbVDLSgMxFM3UV62vUZdugkV0VWZEqsuiG5cV7APaUjJp2oZmkiG5o5ahn+DGX3HjQhG3Lt35N2Y6XWjrgcDhnHPJvSeIBDfged9Obml5ZXUtv17Y2Nza3nF39+pGxZqyGlVC6WZADBNcshpwEKwZaUbCQLBGMLpK/cYd04YreQvjiHVCMpC8zykBK3Xd4zawB0gkCdkEtzUfDIFore5xpguVBSddt+iVvCnwIvFnpIhmqHbdr3ZP0ThkEqggxrR8L4JOQjRwKtik0I4NiwgdkQFrWZouYDrJ9KAJPrJKD/eVtk8Cnqq/JxISGjMOA5sMCQzNvJeK/3mtGPoXnYTLKAYmafZRPxYYFE7bwT2uGQUxtoRQze2umA6JJhRshwVbgj9/8iKpn5b8cql8c1asXM7qyKMDdIhOkI/OUQVdoyqqIYoe0TN6RW/Ok/PivDsfWTTnzGb20R84nz+35p5N</latexit>

name → location

<latexit sha1_base64="WVYw+wV3EgQEP46GJpJf7cCg/wA=">AAACDXicbVA9TwJBEN3DL8Qv1NJmI5JYkTtj0JJoY4mJfCRAyNyywMre7WV3TiUX/oCNf8XGQmNs7e38Ny4fhYIvmeTlvZnMzPMjKQy67reTWlpeWV1Lr2c2Nre2d7K7e1WjYs14hSmpdN0Hw6UIeQUFSl6PNIfAl7zmDy7Hfu2OayNUeIPDiLcC6IWiKxigldrZoybyB0xulT+iTS16fQSt1T2dygYk6OGonc25BXcCuki8GcmRGcrt7Fezo1gc8BCZBGManhthKwGNgkk+yjRjwyNgA+jxhqUhBNy0ksk3I5q3Sod2lbYVIp2ovycSCIwZBvbgfADYN/PeWPzPa8TYPW8lIoxi5CGbLurGkqKi42hoR2jOUA4tAaaFvZWyPmhgaAPM2BC8+ZcXSfWk4BULxevTXOliFkeaHJBDckw8ckZK5IqUSYUw8kieySt5c56cF+fd+Zi2ppzZzD75A+fzB0lhnPw=</latexit>

job → salary

<latexit sha1_base64="YGtAyj2G0DLnOSFODD2jKHpHIwM=">AAACGnicbVC7SgNBFJ2Nrxhfq5Y2g0GwkLArEi1FG8sI5gHZEO5OJsmQ2Z1l5q4alnyHjb9iY6GIndj4N04ehUYPDBzOOZc794SJFAY978vJLSwuLa/kVwtr6xubW+72Ts2oVDNeZUoq3QjBcCliXkWBkjcSzSEKJa+Hg8uxX7/l2ggV3+Aw4a0IerHoCgZopbbrB8jvMZNqKhxRAxL0cEQDLXp9BK3VHZ1mEO5pcDBqu0Wv5E1A/xJ/Ropkhkrb/Qg6iqURj5FJMKbpewm2MtAomOSjQpAangAbQI83LY0h4qaVTU4b0QOrdGhXaftipBP150QGkTHDKLTJCLBv5r2x+J/XTLF71spEnKTIYzZd1E0lRUXHPdGO0JyhHFoCTAv7V8r6oIGhbbNgS/DnT/5Lasclv1wqX58Uzy9mdeTJHtknh8Qnp+ScXJEKqRJGHsgTeSGvzqPz7Lw579NozpnN7JJfcD6/AZi8odY=</latexit>

location, salary → tax %

<latexit sha1_base64="MACbW9e5R+7oGZGzFklfb+LEY+0="></latexit>

name, job → tax %<latexit sha1_base64="cHUM5pMZTNHEh5kgsU3CM1rc0eQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6fHIbkHdL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m987JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZPU8GXCEzYmIJZYrbWwkbUUWZsRGVbAje8surpHVR9WrV2v1lpX6Tx1GEEziFc/DgCupwBw1oAgMBz/AKb86j8+K8Ox+L1oKTzxzDHzifP0W9kCQ=</latexit>

=→



is a superkey if
<latexit sha1_base64="/gFhrRY/k7sdYjysn29WMbknQPA=">AAACBXicbVC7SgNBFJ2Nrxhfq4KNFoNBsAq7FlGsYmwsEzAPyC7L7GSSDJmdWWZmlbCksfFXbFIoYmvjF9jZ+C1OHoUmHrhwOOde7r0njBlV2nG+rMzS8srqWnY9t7G5tb1j7+7VlUgkJjUsmJDNECnCKCc1TTUjzVgSFIWMNML+9dhv3BGpqOC3ehATP0JdTjsUI22kwD7yOkIixiCFl03oSdrtaSSluIdXAQ3svFNwJoCLxJ2RfOmg+k1H5Y9KYH96bYGTiHCNGVKq5Tqx9lMkNcWMDHNeokiMcB91SctQjiKi/HTyxRCeGKUNzTmmuIYT9fdEiiKlBlFoOiOke2reG4v/ea1Edy78lPI40YTj6aJOwqAWcBwJbFNJsGYDQxCW1NwKcQ9JhLUJLmdCcOdfXiT1s4JbLBSrJo0ymCILDsExOAUuOAclcAMqoAYweABP4Bm8WI/WyHq13qatGWs2sw/+wHr/ASoFm3A=</latexit>

→i : X ↑ Ai

<latexit sha1_base64="hXWIZ7ZgWIH68CdVULUaD+VhLAs=">AAACC3icbVC7SgNBFJ31GeMramkzJAiCIewKRsuojWUE84BsCLOTm2TI7MOZu0JY0tvY+R02ForY+gN2+Rsnj0ITD1w4c869zL3Hi6TQaNsja2l5ZXVtPbWR3tza3tnN7O1XdRgrDhUeylDVPaZBigAqKFBCPVLAfE9Czetfj/3aAygtwuAOBxE0fdYNREdwhkZqZbJ16urY04BwT92EXracPHVlO0SdN48z6g5bmZxdsCegi8SZkVwp6548j0qDcivz7bZDHvsQIJdM64ZjR9hMmELBJQzTbqwhYrzPutAwNGA+6GYyuWVIj4zSpp1QmQqQTtTfEwnztR74nun0Gfb0vDcW//MaMXYumokIohgh4NOPOrGkGNJxMLQtFHCUA0MYV8LsSnmPKcbRxJc2ITjzJy+S6mnBKRaKtyaNKzJFihySLDkmDjknJXJDyqRCOHkkL+SNvFtP1qv1YX1OW5es2cwB+QPr6wcRf5wl</latexit>

X → {A1, . . . , A5}

A key is a minimal superkey

(no longer a superkey if removing anything)



revisit examples



<latexit sha1_base64="DuQLtgOut8kawDcjVcdVfNWzZ1E=">AAACEHicbVDLSgMxFM3UV62vUZdugkV0VWZEqsuiG5cV7APaUjJp2oZmkiG5o5ahn+DGX3HjQhG3Lt35N2Y6XWjrgcDhnHPJvSeIBDfged9Obml5ZXUtv17Y2Nza3nF39+pGxZqyGlVC6WZADBNcshpwEKwZaUbCQLBGMLpK/cYd04YreQvjiHVCMpC8zykBK3Xd4zawB0gkCdkEtzUfDIFore5xpguVBSddt+iVvCnwIvFnpIhmqHbdr3ZP0ThkEqggxrR8L4JOQjRwKtik0I4NiwgdkQFrWZouYDrJ9KAJPrJKD/eVtk8Cnqq/JxISGjMOA5sMCQzNvJeK/3mtGPoXnYTLKAYmafZRPxYYFE7bwT2uGQUxtoRQze2umA6JJhRshwVbgj9/8iKpn5b8cql8c1asXM7qyKMDdIhOkI/OUQVdoyqqIYoe0TN6RW/Ok/PivDsfWTTnzGb20R84nz+35p5N</latexit>

name → location

<latexit sha1_base64="WVYw+wV3EgQEP46GJpJf7cCg/wA=">AAACDXicbVA9TwJBEN3DL8Qv1NJmI5JYkTtj0JJoY4mJfCRAyNyywMre7WV3TiUX/oCNf8XGQmNs7e38Ny4fhYIvmeTlvZnMzPMjKQy67reTWlpeWV1Lr2c2Nre2d7K7e1WjYs14hSmpdN0Hw6UIeQUFSl6PNIfAl7zmDy7Hfu2OayNUeIPDiLcC6IWiKxigldrZoybyB0xulT+iTS16fQSt1T2dygYk6OGonc25BXcCuki8GcmRGcrt7Fezo1gc8BCZBGManhthKwGNgkk+yjRjwyNgA+jxhqUhBNy0ksk3I5q3Sod2lbYVIp2ovycSCIwZBvbgfADYN/PeWPzPa8TYPW8lIoxi5CGbLurGkqKi42hoR2jOUA4tAaaFvZWyPmhgaAPM2BC8+ZcXSfWk4BULxevTXOliFkeaHJBDckw8ckZK5IqUSYUw8kieySt5c56cF+fd+Zi2ppzZzD75A+fzB0lhnPw=</latexit>

job → salary

<latexit sha1_base64="YGtAyj2G0DLnOSFODD2jKHpHIwM=">AAACGnicbVC7SgNBFJ2Nrxhfq5Y2g0GwkLArEi1FG8sI5gHZEO5OJsmQ2Z1l5q4alnyHjb9iY6GIndj4N04ehUYPDBzOOZc794SJFAY978vJLSwuLa/kVwtr6xubW+72Ts2oVDNeZUoq3QjBcCliXkWBkjcSzSEKJa+Hg8uxX7/l2ggV3+Aw4a0IerHoCgZopbbrB8jvMZNqKhxRAxL0cEQDLXp9BK3VHZ1mEO5pcDBqu0Wv5E1A/xJ/Ropkhkrb/Qg6iqURj5FJMKbpewm2MtAomOSjQpAangAbQI83LY0h4qaVTU4b0QOrdGhXaftipBP150QGkTHDKLTJCLBv5r2x+J/XTLF71spEnKTIYzZd1E0lRUXHPdGO0JyhHFoCTAv7V8r6oIGhbbNgS/DnT/5Lasclv1wqX58Uzy9mdeTJHtknh8Qnp+ScXJEKqRJGHsgTeSGvzqPz7Lw579NozpnN7JJfcD6/AZi8odY=</latexit>

location, salary → tax %

<latexit sha1_base64="MACbW9e5R+7oGZGzFklfb+LEY+0="></latexit>

name, job → tax %<latexit sha1_base64="cHUM5pMZTNHEh5kgsU3CM1rc0eQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6fHIbkHdL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m987JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZPU8GXCEzYmIJZYrbWwkbUUWZsRGVbAje8surpHVR9WrV2v1lpX6Tx1GEEziFc/DgCupwBw1oAgMBz/AKb86j8+K8Ox+L1oKTzxzDHzifP0W9kCQ=</latexit>

=→

to find a key: guess X from small to large, check if X+ = {A1, ..., A5}

job+ = {?} salary+ = {?} name+ = {?}

location+ = {?} tax+ = {?}

{name, job}+ = {?}



<latexit sha1_base64="DuQLtgOut8kawDcjVcdVfNWzZ1E=">AAACEHicbVDLSgMxFM3UV62vUZdugkV0VWZEqsuiG5cV7APaUjJp2oZmkiG5o5ahn+DGX3HjQhG3Lt35N2Y6XWjrgcDhnHPJvSeIBDfged9Obml5ZXUtv17Y2Nza3nF39+pGxZqyGlVC6WZADBNcshpwEKwZaUbCQLBGMLpK/cYd04YreQvjiHVCMpC8zykBK3Xd4zawB0gkCdkEtzUfDIFore5xpguVBSddt+iVvCnwIvFnpIhmqHbdr3ZP0ThkEqggxrR8L4JOQjRwKtik0I4NiwgdkQFrWZouYDrJ9KAJPrJKD/eVtk8Cnqq/JxISGjMOA5sMCQzNvJeK/3mtGPoXnYTLKAYmafZRPxYYFE7bwT2uGQUxtoRQze2umA6JJhRshwVbgj9/8iKpn5b8cql8c1asXM7qyKMDdIhOkI/OUQVdoyqqIYoe0TN6RW/Ok/PivDsfWTTnzGb20R84nz+35p5N</latexit>

name → location

<latexit sha1_base64="WVYw+wV3EgQEP46GJpJf7cCg/wA=">AAACDXicbVA9TwJBEN3DL8Qv1NJmI5JYkTtj0JJoY4mJfCRAyNyywMre7WV3TiUX/oCNf8XGQmNs7e38Ny4fhYIvmeTlvZnMzPMjKQy67reTWlpeWV1Lr2c2Nre2d7K7e1WjYs14hSmpdN0Hw6UIeQUFSl6PNIfAl7zmDy7Hfu2OayNUeIPDiLcC6IWiKxigldrZoybyB0xulT+iTS16fQSt1T2dygYk6OGonc25BXcCuki8GcmRGcrt7Fezo1gc8BCZBGManhthKwGNgkk+yjRjwyNgA+jxhqUhBNy0ksk3I5q3Sod2lbYVIp2ovycSCIwZBvbgfADYN/PeWPzPa8TYPW8lIoxi5CGbLurGkqKi42hoR2jOUA4tAaaFvZWyPmhgaAPM2BC8+ZcXSfWk4BULxevTXOliFkeaHJBDckw8ckZK5IqUSYUw8kieySt5c56cF+fd+Zi2ppzZzD75A+fzB0lhnPw=</latexit>

job → salary

<latexit sha1_base64="YGtAyj2G0DLnOSFODD2jKHpHIwM=">AAACGnicbVC7SgNBFJ2Nrxhfq5Y2g0GwkLArEi1FG8sI5gHZEO5OJsmQ2Z1l5q4alnyHjb9iY6GIndj4N04ehUYPDBzOOZc794SJFAY978vJLSwuLa/kVwtr6xubW+72Ts2oVDNeZUoq3QjBcCliXkWBkjcSzSEKJa+Hg8uxX7/l2ggV3+Aw4a0IerHoCgZopbbrB8jvMZNqKhxRAxL0cEQDLXp9BK3VHZ1mEO5pcDBqu0Wv5E1A/xJ/Ropkhkrb/Qg6iqURj5FJMKbpewm2MtAomOSjQpAangAbQI83LY0h4qaVTU4b0QOrdGhXaftipBP150QGkTHDKLTJCLBv5r2x+J/XTLF71spEnKTIYzZd1E0lRUXHPdGO0JyhHFoCTAv7V8r6oIGhbbNgS/DnT/5Lasclv1wqX58Uzy9mdeTJHtknh8Qnp+ScXJEKqRJGHsgTeSGvzqPz7Lw579NozpnN7JJfcD6/AZi8odY=</latexit>

location, salary → tax %

<latexit sha1_base64="MACbW9e5R+7oGZGzFklfb+LEY+0="></latexit>

name, job → tax %<latexit sha1_base64="cHUM5pMZTNHEh5kgsU3CM1rc0eQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6fHIbkHdL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m987JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZPU8GXCEzYmIJZYrbWwkbUUWZsRGVbAje8surpHVR9WrV2v1lpX6Tx1GEEziFc/DgCupwBw1oAgMBz/AKb86j8+K8Ox+L1oKTzxzDHzifP0W9kCQ=</latexit>

=→

to find a key: guess X from small to large, check if X+ = {A1, ..., A5}

any key must contain name, job



more exercises

<latexit sha1_base64="NRrUM4TXDW2Ppmk8WmJq8tHPEVg=">AAAB73icbVDLSgNBEOz1GeMr6tHLkCBEDGHXQ/QYk4vHKOYByRJmJ7PJkNnZdWZWWEJ+QgQPinj1d7zlb5w8DppY0FBUddPd5UWcKW3bE2ttfWNzazu1k97d2z84zBwdN1QYS0LrJOShbHlYUc4ErWumOW1FkuLA47TpDatTv/lEpWKheNBJRN0A9wXzGcHaSK37/E2hUqiedzM5u2jPgFaJsyC5crZz8TIpJ7Vu5rvTC0kcUKEJx0q1HTvS7ghLzQin43QnVjTCZIj7tG2owAFV7mh27xidGaWH/FCaEhrN1N8TIxwolQSe6QywHqhlbyr+57Vj7V+7IyaiWFNB5ov8mCMdounzqMckJZonhmAimbkVkQGWmGgTUdqE4Cy/vEoal0WnVCzdmTQqMEcKTiELeXDgCspwCzWoAwEOz/AG79aj9Wp9WJ/z1jVrMXMCf2B9/QAAPpGh</latexit>

R(A,B,C)

<latexit sha1_base64="1cBXpUj7WjRNFjkUTs+msS5Wc8c=">AAACD3icbVC7TsMwFHV4lvIKMLJYVFRMVYJQYexjYSwSfUhNVDmu01p17Mh2QFXUP2DhV1gYQIiVlY2/wW0z0JYjXenonHt17z1BzKjSjvNjra1vbG5t53byu3v7B4f20XFLiURi0sSCCdkJkCKMctLUVDPSiSVBUcBIOxjVp377gUhFBb/X45j4ERpwGlKMtJF6drEKi56kg6FGUopHWKtDz8vXFsVqvWcXnJIzA1wlbkYKIEOjZ397fYGTiHCNGVKq6zqx9lMkNcWMTPJeokiM8AgNSNdQjiKi/HT2zwSeG6UPQyFNcQ1n6t+JFEVKjaPAdEZID9WyNxX/87qJDm/8lPI40YTj+aIwYVALOA0H9qkkWLOxIQhLam6FeIgkwtpEmDchuMsvr5LWZcktl8p3V4VKLYsjB07BGbgALrgGFXALGqAJMHgCL+ANvFvP1qv1YX3OW9esbOYELMD6+gXm1Jq2</latexit>

A → BC

B → AC

<latexit sha1_base64="qiDxnnpAJHus0iguAx5Dxadoxi0=">AAAB+XicbVDLSgNBEJyNr7i+Vj16GQyCp7DrIXoRY3LxGME8IFnC7GSSDJmdXWZ6I2HJn3gRUcSrH+Hdi/g3Th4HTSxoKKq66e4KYsE1uO63lVlZXVvfyG7aW9s7u3vO/kFNR4mirEojEalGQDQTXLIqcBCsEStGwkCwejAoT/z6kCnNI3kHo5j5IelJ3uWUgJHajnNdwi3Fe30gSkX3uNx2cm7enQIvE29Oclcf9mX89GVX2s5nqxPRJGQSqCBaNz03Bj8lCjgVbGy3Es1iQgekx5qGShIy7afTy8f4xCgd3I2UKQl4qv6eSEmo9SgMTGdIoK8XvYn4n9dMoHvhp1zGCTBJZ4u6icAQ4UkMuMMVoyBGhhCquLkV0z5RhIIJyzYheIsvL5PaWd4r5Au3bq5YQjNk0RE6RqfIQ+eoiG5QBVURRUP0gJ7Ri5Vaj9ar9TZrzVjzmUP0B9b7D/ZOlj4=</latexit>

AB → C



Decompose relations, finally!



Boyce-Codd Normal Form:

<latexit sha1_base64="YVp47eM5BaJvm5+L6ExAy7W0/4g="></latexit>

→X ↑ Y |= R : Y ↓ X ↔X is a superkey

<latexit sha1_base64="NW3wAf8E+Rbja9LiKrCig8DcFqQ=">AAACF3icbVDLSsNAFJ3UV62vqEs3Q4sgVELiooogVN24rGDbQBPDZDJth04ezEyEEPoX3fgrblwo4lZ3/Runj4W2Hhg4c+493HuPnzAqpGmOtcLK6tr6RnGztLW9s7un7x+0RJxyTJo4ZjG3fSQIoxFpSioZsRNOUOgz0vYHt5N6+4lwQePoQWYJcUPUi2iXYiSV5OmG0405Ygzal9B+rMIraENHmeYfJ7/2rFOlBLEU0Bl6esU0zCngMrHmpFIvO9XRuJ41PP3bCWKchiSSmCEhOpaZSDdHXFLMyLDkpIIkCA9Qj3QUjVBIhJtP7xrCY6UEUC2oXiThVP3tyFEoRBb6qjNEsi8WaxPxv1onld0LN6dRkkoS4dmgbsqgjOEkJBhQTrBkmSIIc6p2hbiPOMJSRVlSIViLJy+T1plh1YzavUrjBsxQBEegDE6ABc5BHdyBBmgCDEbgBbyBd+1Ze9U+tM9Za0Gbew7BH2hfP+n5n6c=</latexit>

→X : X+ = X ↑X+ = {A1, . . .}i.e.



find X → Y violating BCNF

Decomposition

"factor out" X+ from R
repeat



Payroll(name, location, job, salary, tax%)

<latexit sha1_base64="3WnBf8op43epLoEfMQxKqLSg7jU="></latexit>

job → salary name → location location, salary → tax %

(job, salary)(name, location, job, tax%)

(name, location)(name, job, tax%)



Payroll(name, location, job, salary, tax%)

<latexit sha1_base64="3WnBf8op43epLoEfMQxKqLSg7jU="></latexit>

job → salary name → location location, salary → tax %

(location, salary, tax%)(name, job, location, salary)

(name, location)(name, job, salary)

(job, salary)(name, job)



Why care about preserving FDs?



Find tax rate for ("LA", $50)

(job, salary)(name, location)(name, job, tax%)

(location, salary, tax%)(name, location)(job, salary)(name, job)



Other considerations

security & privacy 

compliance 

geolocation 

performance


