
Remy Wang, 4/3/2025

Breaking tables apart and 
putting them back together 



  SELECT kind, avg(age*7) 
    FROM pets 
   WHERE year(bday)>2010; 
GROUP BY kind

name age bday kind

casa 8 2017-01-01 cat

kira 6 2019-09-16 cat

toby 17 2008-02-03 dog

maya 10 2015-11-21 dog

name age bday kind

casa 8 2017-01-01 cat

kira 6 2019-09-16 cat

maya 10 2015-11-21 dog

age kind

49 cat

70 dog



name breed age origin kind

casa tabby 8 seatte cat

kira tuxedo 6 hawaii cat

toby
border 
collie 17 seattle dog

maya husky 10 LA dog

pets
name pet addr. phone job

remy casa LA ### UCLA

people

name addr. type

UCLA LA edu.

places



pet breed age origin kind person addr. phone job

casa tabby 8 seattle cat remy LA ### UCLA

kira tuxedo 6 hawaii cat remy LA ### UCLA

toby border 
collie

17 seattle dog remy LA ### UCLA

maya husky 10 LA dog remy LA ### UCLA

... ... ... ... ... ... ... ... ...

everything



pet breed age origin kind person addr. phone job

casa tabby 8 seattle cat remy LA ### UCLA

kira tuxedo 6 hawaii cat remy LA ### UCLA

toby border 
collie

17 seattle dog remy LA ### UCLA

maya husky 10 LA dog remy LA ### UCLA

... ... ... ... ... ... ... ... ...

everything

addr. type

LA edu

LA edu

LA edu

LA edu

... ...



pet breed age origin kind person addr. phone job

casa tabby 8 seattle cat remy LA ### UCLA

kira tuxedo 6 hawaii cat remy LA ### UCLA

toby border 
collie

17 seattle dog remy LA ### UCLA

maya husky 10 LA dog remy LA ### UCLA

... ... ... ... ... ... ... ... ...

everything



pet breed age origin kind person addr. phone job

casa tabby 8 seattle cat remy LA ### UCLA

kira tuxedo 6 hawaii cat remy LA ### UCLA

toby border 
collie

17 seattle dog remy LA ### UCLA

maya husky 10 LA dog remy LA ### UCLA

casa tabby 8 seattle cat remy seattle ### UW

kira tuxedo 6 hawaii cat remy seattle ### UW

toby border 
collie

17 seattle dog remy seattle ### UW

maya husky 10 LA dog remy seattle ### UW

everything



Problem: job independent from pet!

But what does that mean?

(a detour to probabilities)



<latexit sha1_base64="blCUc1Yn3UV+RVtwFVEjuaTnuKQ=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUlKqW4KRTcuK9gHNLFMJpN26GQSZiZCCVm68VfcuFDErZ/gzr9x2mahrQcuHM65l3vv8WJGpbKsb2NldW19Y7OwVdze2d3bNw8OOzJKBCZtHLFI9DwkCaOctBVVjPRiQVDoMdL1xtdTv/tAhKQRv1OTmLghGnIaUIyUlgbmSavMG7bDEPchbqBz2IBOIBBO7Syt3VezgVmyKtYMcJnYOSmBHK2B+eX4EU5CwhVmSMq+bcXKTZFQFDOSFZ1EkhjhMRqSvqYchUS66eyRDJ5pxYdBJHRxBWfq74kUhVJOQk93hkiN5KI3Ff/z+okKLt2U8jhRhOP5oiBhUEVwmgr0qSBYsYkmCAuqb4V4hHQOSmdX1CHYiy8vk061Ytcr9dtaqXmVx1EAx+AUlIENLkAT3IAWaAMMHsEzeAVvxpPxYrwbH/PWFSOfOQJ/YHz+AKgFl98=</latexit>

P (n = 1 → c = a) =
1

42
<latexit sha1_base64="8Iwa4/Adt6v/H+KSc9bx0BTO9J8=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiRSqptC0Y3LCvYBTSiT6aQdOjMJMxOhhKzc+CtuXCji1m9w5984bbPQ1gMXDufcy733BDGjSjvOt7Wyura+sVnYKm7v7O7t2weHbRUlEpMWjlgkuwFShFFBWppqRrqxJIgHjHSC8c3U7zwQqWgk7vUkJj5HQ0FDipE2Ut8+aZZF3YUepwOI6+gc1qEXSoRTN0urWd8uORVnBrhM3JyUQI5m3/7yBhFOOBEaM6RUz3Vi7adIaooZyYpeokiM8BgNSc9QgThRfjp7I4NnRhnAMJKmhIYz9fdEirhSEx6YTo70SC16U/E/r5fo8MpPqYgTTQSeLwoTBnUEp5nAAZUEazYxBGFJza0Qj5BJQZvkiiYEd/HlZdK+qLi1Su2uWmpc53EUwDE4BWXggkvQALegCVoAg0fwDF7Bm/VkvVjv1se8dcXKZ47AH1ifPwHElvY=</latexit>

P (n = 1 | c = a) =
1

4

c

a

b

c

d

n

1

2

3

4

<latexit sha1_base64="+4zt3hhsEQjKQDwNa129Pv7ruEI=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQNyWRUt0Uim5cVrAPaEOZTCft0MkkzEyEGoq/4saFIm79D3f+jdM2C209cOFwzr3ce48fc6a043xbK6tr6xubua389s7u3r59cNhUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6mfqtByoVi8S9HsfUC/FAsIARrI3Us4/rRVF1z1EVdQOJSepO0vKkZxeckjMDWiZuRgqQod6zv7r9iCQhFZpwrFTHdWLtpVhqRjid5LuJojEmIzygHUMFDqny0tn1E3RmlD4KImlKaDRTf0+kOFRqHPqmM8R6qBa9qfif10l0cOWlTMSJpoLMFwUJRzpC0yhQn0lKNB8bgolk5lZEhtikoE1geROCu/jyMmlelNxKqXJXLtSuszhycAKnUAQXLqEGt1CHBhB4hGd4hTfryXqx3q2PeeuKlc0cwR9Ynz8jNpPF</latexit>

P (n = 1) =
1

4

<latexit sha1_base64="U7JqsVhK2tvq5kjxTTrQXZUVXWs=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIvQboZMbWu7EGrduKxgH9AOJZNJ29DMgyQjlqG/4saFIm79EXf+jelDUNEDF07OuZfce9yIM6kQ+jBSa+sbm1vp7czO7t7+gXmYbcswFoS2SMhD0XWxpJwFtKWY4rQbCYp9l9OOO7ma+507KiQLg1s1jajj41HAhoxgpaWBmW3mL2HfZx5sFOAF1K/CwMwhq1ZDJbsGkVVGqFitaILOitVyGdoWWiAHVmgOzPe+F5LYp4EiHEvZs1GknAQLxQins0w/ljTCZIJHtKdpgH0qnWSx+wyeasWDw1DoChRcqN8nEuxLOfVd3eljNZa/vbn4l9eL1bDqJCyIYkUDsvxoGHOoQjgPAnpMUKL4VBNMBNO7QjLGAhOl48roEL4uhf+TdtGyK1blppSrN1ZxpMExOAF5YINzUAfXoAlagIB78ACewLMxMx6NF+N12ZoyVjNH4AeMt09NtZIP</latexit>

P (A | B) = P (A)

A independent from B
<latexit sha1_base64="2zp2aCnnxtzrtVL/u8uDh+nT1KY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRah3ZQZkepGqHXjsoJ9QDuUTJppQzOZIckUytA/ceNCEbf+iTv/xrSdhbYeuNzDOfeSm+PHnCntON9WbmNza3snv1vY2z84PLKPT1oqSiShTRLxSHZ8rChngjY105x2Yklx6HPa9sf3c789oVKxSDzpaUy9EA8FCxjB2kh9226U7upldItMLzdK9XLfLjoVZwG0TtyMFCFDo29/9QYRSUIqNOFYqa7rxNpLsdSMcDor9BJFY0zGeEi7hgocUuWli8tn6MIoAxRE0pTQaKH+3khxqNQ09M1kiPVIrXpz8T+vm+jgxkuZiBNNBVk+FCQc6QjNY0ADJinRfGoIJpKZWxEZYYmJNmEVTAju6pfXSeuy4lYr1cerYq2exZGHMziHErhwDTV4gAY0gcAEnuEV3qzUerHerY/laM7Kdk7hD6zPHxb1kLw=</latexit>

P (AB) = P (A)P (B)
<latexit sha1_base64="uxJ8O7LWX0QnN/33VqDVR8spu6Y=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ6a2td3VunFZwT6gHUomzbShmWRMMkIZ+hNuXCji1t9x59+YPgQVPXDhcM693HtPEHOmDUIfzsrq2vrGZmYru72zu7efOzhsaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfjq5nfvqdKMyluzSSmfoSHgoWMYGOlziXsBdLAej+XR261iopeFSK3hFChUrYEnRcqpRL0XDRHHizR6OfeewNJkogKQzjWuuuh2PgpVoYRTqfZXqJpjMkYD2nXUoEjqv10fu8UnlplAEOpbAkD5+r3iRRHWk+iwHZG2Iz0b28m/uV1ExNW/JSJODFUkMWiMOHQSDh7Hg6YosTwiSWYKGZvhWSEFSbGRpS1IXx9Cv8nrYLrld3yTTFfqy/jyIBjcALOgAcuQA1cgwZoAgI4eABP4Nm5cx6dF+d10briLGeOwA84b59Mk4+F</latexit>

A→B

<latexit sha1_base64="tMcDoui10FPBacmBFJ4YpFz6GRc=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQNyWRUt0Uim5cVrAPaEOZTCft0MkkzEyEGoq/4saFIm79D3f+jdM2C209cOFwzr3ce48fc6a043xbK6tr6xubua389s7u3r59cNhUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6mfqtByoVi8S9HsfUC/FAsIARrI3Us4/rRVLF56iKuoHEJHUnaXnSswtOyZkBLRM3IwXIUO/ZX91+RJKQCk04VqrjOrH2Uiw1I5xO8t1E0RiTER7QjqECh1R56ez6CTozSh8FkTQlNJqpvydSHCo1Dn3TGWI9VIveVPzP6yQ6uPJSJuJEU0Hmi4KEIx2haRSozyQlmo8NwUQycysiQ2xS0CawvAnBXXx5mTQvSm6lVLkrF2rXWRw5OIFTKIILl1CDW6hDAwg8wjO8wpv1ZL1Y79bHvHXFymaO4A+szx9dX5Pq</latexit>

P (c = a) =
1

4



pet breed age origin kind person addr. phone job

casa tabby 8 seattle cat remy LA ### UCLA

kira tuxedo 6 hawaii cat remy LA ### UCLA

toby border 
collie

17 seattle dog remy LA ### UCLA

maya husky 10 LA dog remy LA ### UCLA

casa tabby 8 seattle cat remy seattle ### UW

kira tuxedo 6 hawaii cat remy seattle ### UW

toby border 
collie

17 seattle dog remy seattle ### UW

maya husky 10 LA dog remy seattle ### UW

everything



pet breed age origin kind person addr. phone job

casa tabby 8 seattle cat remy LA ### UCLA

kira tuxedo 6 hawaii cat remy LA ### UCLA

toby border 
collie

17 seattle dog remy LA ### UCLA

maya husky 10 LA dog remy LA ### UCLA

casa tabby 8 seattle cat remy seattle ### UW

kira tuxedo 6 hawaii cat remy seattle ### UW

toby border 
collie

17 seattle dog remy seattle ### UW

maya husky 10 LA dog remy seattle ### UW

everything

<latexit sha1_base64="Q29RvgUfeH80BaICQJxzvts+XPA=">AAACDnicbZDLSsNAFIYn9VbrLerSTbAU6qYkRaqbQtGNywr2Ak0pk+mkHTqZhJkTsYQ8gRtfxY0LRdy6dufbOG2z0NYDAx//fw5nzu9FnCmw7W8jt7a+sbmV3y7s7O7tH5iHR20VxpLQFgl5KLseVpQzQVvAgNNuJCkOPE473uR65nfuqVQsFHcwjWg/wCPBfEYwaGlglpplF+gDJBMmhml9wdpMz+quLzFJnDSppgOzaFfseVmr4GRQRFk1B+aXOwxJHFABhGOleo4dQT/BEhjhNC24saIRJhM8oj2NAgdU9ZP5OalV0srQ8kOpnwBrrv6eSHCg1DTwdGeAYayWvZn4n9eLwb/sJ0xEMVBBFov8mFsQWrNsrCGTlACfasBEMv1Xi4yxTgF0ggUdgrN88iq0qxWnVqndnhcbV1kceXSCTlEZOegCNdANaqIWIugRPaNX9GY8GS/Gu/GxaM0Z2cwx+lPG5w/UZpye</latexit>

P (kind = cat) =
1

2
<latexit sha1_base64="mp7C87Mej8vNh7DS9dlKzoykYls=">AAACDnicbZC7SgNBFIZn4y3GW9TSZjEEYhN2g0SbQDSNhUUEc4HsEmYns8mY2QszZ8Ww7BPY+Co2ForYWtv5Nk6SLTTxh4GP/5zDmfM7IWcSDONby6ysrq1vZDdzW9s7u3v5/YO2DCJBaIsEPBBdB0vKmU9bwIDTbigo9hxOO864Ma137qmQLPBvYRJS28NDn7mMYFBWP19sliygDxDfBU5Sm2OrcX2RnNQsV2ASm0lcSfr5glE2ZtKXwUyhgFI1+/kvaxCQyKM+EI6l7JlGCHaMBTDCaZKzIklDTMZ4SHsKfexRacezcxK9qJyB7gZCPR/0mft7IsaelBPPUZ0ehpFcrE3N/2q9CNxzO2Z+GAH1yXyRG3EdAn2ajT5gghLgEwWYCKb+qpMRVimASjCnQjAXT16GdqVsVsvVm9NC/TKNI4uO0DEqIROdoTq6Qk3UQgQ9omf0it60J+1Fe9c+5q0ZLZ05RH+kff4ADe6cIA==</latexit>

P (job = UCLA) =
1

2
<latexit sha1_base64="HA5yh6twAnGNyYuhTQmjSluiSck=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSK0m5JIqW6EajcuXFSwD2hKmUwn7dDJJMzciCXkG9z4K25cKOLWlTv/xuljoa0HLpw5517m3uNFnCmw7W8js7K6tr6R3cxtbe/s7pn7B00VxpLQBgl5KNseVpQzQRvAgNN2JCkOPE5b3qg28Vv3VCoWijsYR7Qb4IFgPiMYtNQzi/WCC/QBEi2kLseiP3s2ajeXafHC9SUmiZMm5bRn5u2SPYW1TJw5yaM56j3zy+2HJA6oAMKxUh3HjqCbYAmMcJrm3FjRCJMRHtCOpgIHVHWT6UmpdaKVvuWHUpcAa6r+nkhwoNQ48HRngGGoFr2J+J/XicE/7yZMRDFQQWYf+TG3ILQm+Vh9JikBPtYEE8n0rhYZYp0C6BRzOgRn8eRl0jwtOZVS5bacr17N48iiI3SMCshBZ6iKrlEdNRBBj+gZvaI348l4Md6Nj1lrxpjPHKI/MD5/AIY3ngU=</latexit>

P (cat →UCLA) =
1

4
<latexit sha1_base64="Ef2ysBrMM4lIuL5t6Y3UEdnuR5A=">AAACBnicbVDLSgNBEJyNrxhfqx5FGAyCp7ArEj0GvXiMYB6QLGF2MknGzM4sM71iWPbkxV/x4kERr36DN//GyeOgiQUNRVU33V1hLLgBz/t2ckvLK6tr+fXCxubW9o67u1c3KtGU1agSSjdDYpjgktWAg2DNWDMShYI1wuHV2G/cM224krcwilkQkb7kPU4JWKnjHraBPUA65LKLM9wOFeCpgu9UmHXcolfyJsCLxJ+RIpqh2nG/2l1Fk4hJoIIY0/K9GIKUaOBUsKzQTgyLCR2SPmtZKknETJBO3sjwsVW6uKe0LQl4ov6eSElkzCgKbWdEYGDmvbH4n9dKoHcRpFzGCTBJp4t6icCg8DgT3OWaURAjSwjV3N6K6YBoQsEmV7Ah+PMvL5L6ackvl8o3Z8XK5SyOPDpAR+gE+egcVdA1qqIaougRPaNX9OY8OS/Ou/Mxbc05s5l99AfO5w9TT5kM</latexit>

kind → job



kind person job

cat remy UCLA

dog remy UCLA

cat remy UW

dog remy UW

cat vincent UCLA

<latexit sha1_base64="ghAhbjOUFsXTw5xxpov7G/MsKco=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7DrI9oIQRvLCOYB2RBmJ7PJkNkHM3fFsGxh46/YWChi60fY+TdOki008cCFwzn3cu89biS4Asv6NnJLyyura/n1wsbm1vaOubvXVGEsKWvQUISy7RLFBA9YAzgI1o4kI74rWMsdXU/81j2TiofBHYwj1vXJIOAepwS01DOL9bID7AESLaRH+BI7niQ0OUmTs7RnlqyKNQVeJHZGSihDvWd+Of2Qxj4LgAqiVMe2IugmRAKngqUFJ1YsInREBqyjaUB8prrJ9IkUH2qlj71Q6goAT9XfEwnxlRr7ru70CQzVvDcR//M6MXgX3YQHUQwsoLNFXiwwhHiSCO5zySiIsSaESq5vxXRIdAqgcyvoEOz5lxdJ87hiVyvV29NS7SqLI4+K6ACVkY3OUQ3doDpqIIoe0TN6RW/Gk/FivBsfs9ackc3soz8wPn8AssqXgw==</latexit>

P (cat) =
3

5
<latexit sha1_base64="9WszRgwYy9tZPi9bEs7RUh+s3To=">AAACFHicbVC7SgNBFJ31GeNr1dJmMAgRIexGiTZCNI2FRQTzgGwIs5PZZMjsg5m7Ylj2I2z8FRsLRWwt7PwbJ49CEw9cOHPOvcy9x40EV2BZ38bC4tLyympmLbu+sbm1be7s1lUYS8pqNBShbLpEMcEDVgMOgjUjyYjvCtZwB5WR37hnUvEwuINhxNo+6QXc45SAljrmcTXvAHuARAup4/MunjxrlZvL9AhfYMeThCbFNDlJO2bOKlhj4HliT0kOTVHtmF9ON6SxzwKggijVsq0I2gmRwKlgadaJFYsIHZAea2kaEJ+pdjI+KsWHWuliL5S6AsBj9fdEQnylhr6rO30CfTXrjcT/vFYM3nk74UEUAwvo5CMvFhhCPEoId7lkFMRQE0Il17ti2ic6BdA5ZnUI9uzJ86ReLNilQun2NFe+msaRQfvoAOWRjc5QGV2jKqohih7RM3pFb8aT8WK8Gx+T1gVjOrOH/sD4/AHb6J4U</latexit>

P (cat | UCLA) =
2

3

Not independent!



kind person job

cat remy UCLA

dog remy UCLA

cat remy UW

dog remy UW

cat vincent UCLA

Break down by person

<latexit sha1_base64="IJr0U+WFRjdtf5BPajTaMqAp6C4=">AAACI3icbVC7SgNBFJ31GeMramkzGITYhN0gUQQhmsbCIoJ5QDaE2clsMmT2wcxdMSz7Lzb+io2FEmws/BcnyRYx8cDAuefcy517nFBwBab5baysrq1vbGa2sts7u3v7uYPDhgoiSVmdBiKQLYcoJrjP6sBBsFYoGfEcwZrOsDrxm09MKh74jzAKWccjfZ+7nBLQUjd3VSvYwJ4h1kJyhq/xfG17vDer6tX7m6ltu5LQ2EriUtLN5c2iOQVeJlZK8ihFrZsb272ARh7zgQqiVNsyQ+jERAKngiVZO1IsJHRI+qytqU88pjrx9MYEn2qlh91A6ucDnqrzEzHxlBp5ju70CAzUojcR//PaEbiXnZj7YQTMp7NFbiQwBHgSGO5xySiIkSaESq7/iumA6BRAx5rVIViLJy+TRqlolYvlh/N85TaNI4OO0QkqIAtdoAq6QzVURxS9oDf0gT6NV+PdGBtfs9YVI505Qn9g/PwCHOej9w==</latexit>

P (cat) = P (cat | UCLA) =
1

2

<latexit sha1_base64="hRhShs9w0GKVGpZiT7QezTnSydM=">AAACGXicbVC7SgNBFJ31GeNr1dJmMAixCbsi0UaIprGwiGAekF3C7OxsMmT2wcxdMSz5DRt/xcZCEUut/BsnjyImHhg495x7uXOPlwiuwLJ+jKXlldW19dxGfnNre2fX3NtvqDiVlNVpLGLZ8ohigkesDhwEayWSkdATrOn1qyO/+cCk4nF0D4OEuSHpRjzglICWOqZVKzrAHiHTwvAEX+LZ2gm5P6nq1dursW13zIJVssbAi8SekgKaotYxvxw/pmnIIqCCKNW2rQTcjEjgVLBh3kkVSwjtky5raxqRkCk3G182xMda8XEQS/0iwGN1diIjoVKD0NOdIYGemvdG4n9eO4Xgws14lKTAIjpZFKQCQ4xHMWGfS0ZBDDQhVHL9V0x7RBIKOsy8DsGeP3mRNE5LdrlUvjsrVK6nceTQITpCRWSjc1RBN6iG6oiiJ/SC3tC78Wy8Gh/G56R1yZjOHKA/ML5/AbJfn3k=</latexit>

P (cat) = P (cat | UCLA) = 1

<latexit sha1_base64="WfKfW5FNYYyUtZ5LZ2YzTu7wumI="></latexit>

kind → job | person



kind person job

cat remy UCLA

dog remy UCLA

cat remy UW

dog remy UW

cat vincent UCLA

no probabilities? no prob

kind = cat, job = {UCLA, UW}

kind = dog, job = {UCLA, UW}

check for each person: 

every kind has same set of jobs?



kind person job

cat remy UCLA

dog remy UCLA

cat remy UW

dog remy UW

cat vincent UCLA

#{(k,j)} = #{k} * #{j}

#{ } = COUNT DISTINCT

<latexit sha1_base64="NAu3tXTQ4mdkE1eRoHdds+0aV5E=">AAACGHicbZDLSgMxFIbP1Futt1GXboJFqJs6I1LdCEU3opsK9gLtUDJppg3NXEgyQhnmMdz4Km5cKOK2O9/GtJ1FbT0Q+PP955Cc3404k8qyfozcyura+kZ+s7C1vbO7Z+4fNGQYC0LrJOShaLlYUs4CWldMcdqKBMW+y2nTHd5O/OYzFZKFwZMaRdTxcT9gHiNYadQ1zzqewCSx06RWerg/TdE1micazF213zWLVtmaFloWdiaKkFWta447vZDEPg0U4VjKtm1FykmwUIxwmhY6saQRJkPcp20tA+xT6STTxVJ0okkPeaHQJ1BoSucnEuxLOfJd3eljNZCL3gT+57Vj5V05CQuiWNGAzB7yYo5UiCYpoR4TlCg+0gITwfRfERlgHYTSWRZ0CPbiysuicV62K+XK40WxepPFkYcjOIYS2HAJVbiDGtSBwAu8wQd8Gq/Gu/FlfM9ac0Y2cwh/yhj/AvwSnoE=</latexit>

1

P (KJ)
=

1

P (K)

1

P (J)
<latexit sha1_base64="O970HldZyZLYlsEH6S0l65btD1g=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL6KXCOYByRJmJ5NkyOzOOtMrhCU/4cWDIl79HW/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGkYlmvE6U1LpVkANlyLidRQoeSvWnIaB5M1gdD31m09cG6GiBxzH3A/pIBJ9wShaqXVHOoFCctstltyyOwNZJl5GSpCh1i1+dXqKJSGPkElqTNtzY/RTqlEwySeFTmJ4TNmIDnjb0oiG3Pjp7N4JObFKj/SVthUhmam/J1IaGjMOA9sZUhyaRW8q/ue1E+xf+qmI4gR5xOaL+okkqMj0edITmjOUY0so08LeStiQasrQRlSwIXiLLy+TxlnZq5Qr9+el6lUWRx6O4BhOwYMLqMIN1KAODCQ8wyu8OY/Oi/PufMxbc042cwh/4Hz+APnbj0s=</latexit>

K→J



Dependence is bad,  
now what?



pet breed age origin kind person addr. phone job

casa tabby 8 seattle cat remy LA ### UCLA

kira tuxedo 6 hawaii cat remy LA ### UCLA

toby border 
collie

17 seattle dog remy LA ### UCLA

maya husky 10 LA dog remy LA ### UCLA

casa tabby 8 seattle cat remy seattle ### UW

kira tuxedo 6 hawaii cat remy seattle ### UW

toby border 
collie

17 seattle dog remy seattle ### UW

maya husky 10 LA dog remy seattle ### UW



pet breed age origin kind person addr. phone job

casa tabby 8 seattle cat remy LA ### UCLA

kira tuxedo 6 hawaii cat remy LA ### UCLA

toby border 
collie

17 seattle dog remy LA ### UCLA

maya husky 10 LA dog remy LA ### UCLA

casa tabby 8 seattle cat remy seattle ### UW

kira tuxedo 6 hawaii cat remy seattle ### UW

toby border 
collie

17 seattle dog remy seattle ### UW

maya husky 10 LA dog remy seattle ### UW

pet breed age origin kind person

casa tabby 8 seattle cat remy

kira tuxedo 6 hawaii cat remy

toby border 
collie

17 seattle dog remy

maya husky 10 LA dog remy

person addr. phone job

remy LA ### UCLA

remy seattle ### UW

How?
SELECT DISTINCT ..., person  
  FROM everything

SELECT DISTINCT ... 
  FROM everything



person addr. phone job job addr.

remy ... 123 UCLA LA

zifan ... 234 UCLA LA

vincent ... 345 UCLA LA

remy ... 123 UW seattle

dan ... 456 UW seattle

magda ... 567 UW seattle

job determines job addr.

<latexit sha1_base64="MwoatR4fGcC9IgA1XO0ND8EbMgQ=">AAACCXicbVC7SgNBFJ2Nrxhfq5Y2g0GITdgViTZCNI2FRQTzgGwIs7OzyZDZBzN3xbCktfFXbCwUsfUP7PwbJ8kWmnhg4Nxz7uXOPW4suALL+jZyS8srq2v59cLG5tb2jrm711RRIilr0EhEsu0SxQQPWQM4CNaOJSOBK1jLHdYmfuueScWj8A5GMesGpB9yn1MCWuqZuF5ygD1AenM5dgLu4VnVqOn6GF9gu2cWrbI1BV4kdkaKKEO9Z345XkSTgIVABVGqY1sxdFMigVPBxgUnUSwmdEj6rKNpSAKmuun0kjE+0oqH/UjqFwKeqr8nUhIoNQpc3RkQGKh5byL+53US8M+7KQ/jBFhIZ4v8RGCI8CQW7HHJKIiRJoRKrv+K6YBIQkGHV9Ah2PMnL5LmSdmulCu3p8XqVRZHHh2gQ1RCNjpDVXSN6qiBKHpEz+gVvRlPxovxbnzMWnNGNrOP/sD4/AFph5jf</latexit>

P (LA | UCLA) = 1



job job addr.

UCLA LA

UW seattle

person addr. phone job

remy ... 123 UCLA

zifan ... 234 UCLA

vincent ... 345 UCLA

remy ... 123 UW

dan ... 456 UW

magda ... 567 UW



job job addr.

UCLA LA

UW seattle

person addr. phone job

remy ... 123 UCLA

zifan ... 234 UCLA

vincent ... 345 UCLA

remy ... 123 UW

dan ... 456 UW

magda ... 567 UW

Where's Remy's office?



pet breed age origin kind person

casa tabby 8 seattle cat remy

kira tuxedo 6 hawaii cat remy

toby border 
collie

17 seattle dog remy

maya husky 10 LA dog remy

name addr. phone job

remy LA ### UCLA

remy seattle ### UW

Where do cat people work?



pet breed age origin kind person addr. phone job

casa tabby 8 seattle cat remy LA ### UCLA

kira tuxedo 6 hawaii cat remy LA ### UCLA

toby border 
collie

17 seattle dog remy LA ### UCLA

maya husky 10 LA dog remy LA ### UCLA

casa tabby 8 seattle cat remy seattle ### UW

kira tuxedo 6 hawaii cat remy seattle ### UW

toby border 
collie

17 seattle dog remy seattle ### UW

maya husky 10 LA dog remy seattle ### UW

pet breed age origin kind person

casa tabby 8 seattle cat remy

kira tuxedo 6 hawaii cat remy

toby border 
collie

17 seattle dog remy

maya husky 10 LA dog remy

name addr. phone job

remy LA ### UCLA

remy seattle ### UW

JOIN
<latexit sha1_base64="OuT4VWEhWxM3zxn7keKmReop7PA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbSbt0sxt2N0oJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0jJVFJtUcqk6IdHImcCmYYZjJ1FI4pBjOxzfzvz2IyrNpHgwkwSDmAwFixglxkrtXiifDMN+ueJVvTncVeLnpAI5Gv3yV28gaRqjMJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSwWJUQfZ/Nype2aVgRtJZUsYd67+nshIrPUkDm1nTMxIL3sz8T+vm5roOsiYSFKDgi4WRSl3jXRnv7sDppAaPrGEUMXsrS4dEUWosQmVbAj+8surpHVR9WvV2v1lpX6Tx1GEEziFc/DhCupwBw1oAoUxPMMrvDmJ8+K8Ox+L1oKTzxzDHzifP37Ij7E=</latexit>

ωε



pet breed age origin kind person

casa tabby 8 seattle cat remy

kira tuxedo 6 hawaii cat remy

toby border 
collie

17 seattle dog remy

maya husky 10 LA dog remy

name addr. phone job

remy LA ### UCLA

remy seattle ### UW

Join key

SELECT job FROM  
 pets JOIN people 
      ON pets.person = people.name



pet breed age origin kind person

casa tabby 8 seattle cat remy

kira tuxedo 6 hawaii cat remy

toby border 
collie

17 seattle dog remy

maya husky 10 LA dog remy

name addr. phone job

remy LA ### UCLA

remy seattle ### UW

Join key

for pet in pets: 
  for person in people: 
     if pet.person = person.name: 
       print(job)



pet breed age origin kind person

casa tabby 8 seattle cat remy

kira tuxedo 6 hawaii cat remy

toby border 
collie

17 seattle dog remy

maya husky 10 LA dog remy

name addr. phone job

remy LA ### UCLA

remy seattle ### UW

Join key

for pet in pets: 
  for person in people: 

       print(job)



<latexit sha1_base64="4lZ2GoCTQ2MzsJ7nOHt8tlwtu5M=">AAACFXicbVDLSgNBEJyNrxhfqx69DAYhgoTdINGLEPTiMUJekF2W2ckkGTK7O8z0KiHkJ7z4K148KOJV8ObfOHkcNLGgoajqprsrlIJrcJxvK7Oyura+kd3MbW3v7O7Z+wcNnaSKsjpNRKJaIdFM8JjVgYNgLakYiULBmuHgZuI375nSPIlrMJTMj0gv5l1OCRgpsM9qgYu9MHkAzgKJa0EJX2FP815EAlmYmsAjpifOaWDnnaIzBV4m7pzk0RzVwP7yOglNIxYDFUTrtutI8EdEAaeCjXNeqpkkdEB6rG1oTMwmfzT9aoxPjNLB3USZigFP1d8TIxJpPYxC0xkR6OtFbyL+57VT6F76Ix7LFFhMZ4u6qcCQ4ElEuMMVoyCGhhCquLkV0z5RhIIJMmdCcBdfXiaNUtEtF8t35/nK9TyOLDpCx6iAXHSBKugWVVEdUfSIntErerOerBfr3fqYtWas+cwh+gPr8wfSopy9</latexit>

T1 ωεp T2 = ϑp(T1 → T2)



SELECT job FROM  
 pets JOIN people 
      ON pets.person = people.name

SELECT job  
  FROM pets, people 
 WHERE pets.person = people.name

<latexit sha1_base64="8ez19tE9dzS/gPOec6Ms6hZLdN8=">AAACBXicbVDLSgMxFM3UV62vUZe6CJaCqzIjUl0W3bisYB/QDiWTpm1sJhmSO2IZunHjr7hxoYhb/8Gdf2PazkKrBwIn5+SSe04YC27A876c3NLyyupafr2wsbm1vePu7jWMSjRldaqE0q2QGCa4ZHXgIFgr1oxEoWDNcHQ59Zt3TBuu5A2MYxZEZCB5n1MCVuq6hx1g95DeqnCCO1zi+VUlECcw6bpFr+zNgP8SPyNFlKHWdT87PUWTiEmgghjT9r0YgpRo4FSwSaGTGBYTOiID1rZUkoiZIJ2lmOCSVXq4r7Q9EvBM/TmRksiYcWQXLUUEhmbRm4r/ee0E+udByqWNxCSdf9RPBAaFp5XgHteMghhbQqjmdldMh0QTCra4gi3BX4z8lzROyn6lXLk+LVYvsjry6AAdoWPkozNURVeohuqIogf0hF7Qq/PoPDtvzvv8ac7JZvbRLzgf37WPmV8=</latexit>

job → output

<latexit sha1_base64="P59kQn0cqjqcC+w3SjxXYLj1i6I="></latexit>

→a ↑ pets, p ↑ people : p.job = job

↓ a.person = p.name

<latexit sha1_base64="vj8QB2rmbEf5b/CGyzsLc7ufXNc=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjcsKthY6Q8lkMm1oJgl5WMrQ33DjQhG3/ow7/8a0nYW2HrhwOOde7r0nloxq4/vfXmltfWNzq7xd2dnd2z+oHh51tLAKkzYWTKhujDRhlJO2oYaRrlQEZTEjj/HoduY/PhGlqeAPZiJJlKEBpynFyDgpDK1MxJgjpcS4X635dX8OuEqCgtRAgVa/+hUmAtuMcIMZ0roX+NJEOVKGYkamldBqIhEeoQHpOcpRRnSUz2+ewjOnJDAVyhU3cK7+nshRpvUki11nhsxQL3sz8T+vZ016HeWUS2sIx4tFqWXQCDgLACZUEWzYxBGEFXW3QjxECmHjYqq4EILll1dJ56IeNOqN+8ta86aIowxOwCk4BwG4Ak1wB1qgDTCQ4Bm8gjfPei/eu/exaC15xcwx+APv8wew+JIh</latexit>

→



  SELECT R.x, AVG(T.z) 
    FROM R, S, T 
   WHERE R.x = S.x 
     AND S.y = T.y 
GROUP BY R.x

<latexit sha1_base64="gA+KaQ8q4BwMGmTB+QI+KZDk2aQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALAzjOE=</latexit>

R
<latexit sha1_base64="TEqbuCHL1I00E/bpyOoYq5+Wvy4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALG3jOI=</latexit>

S

<latexit sha1_base64="drGvets+KJpHALdFxONk5W6j9nY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TyAuSJcxOOsmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsriAXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHqBFSj4BKbhhuBnVghDQOB7WByP/fbT6g0j2TDTGP0QzqSfMgZNVaqN/rFklt2FyDrxMtICTLU+sWv3iBiSYjSMEG17npubPyUKsOZwFmhl2iMKZvQEXYtlTRE7aeLQ2fkwioDMoyULWnIQv09kdJQ62kY2M6QmrFe9ebif143McNbP+UyTgxKtlw0TAQxEZl/TQZcITNiagllittbCRtTRZmx2RRsCN7qy+ukdVX2KuVK/bpUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPszuM4w==</latexit>

T
<latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>→

<latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>→

<latexit sha1_base64="bJxOpL8zo1/dXhzIRvq1M6cKStI=">AAACCnicbZC7TsMwFIadcivlFmBkMVRITFGCUGFBqmBhLNCb1ESV4zqtVceJbAc1ijqz8CosDCDEyhOw8Ta4bQZo+SVLn/9zjuzz+zGjUtn2t1FYWl5ZXSuulzY2t7Z3zN29powSgUkDRywSbR9JwignDUUVI+1YEBT6jLT84fWk3nogQtKI11UaEy9EfU4DipHSVtc8dCXth6ib3VkjeAnvrZHLEO9pSPW1bqXjrlm2LXsquAhODmWQq9Y1v9xehJOQcIUZkrLj2LHyMiQUxYyMS24iSYzwEPVJRyNHIZFeNl1lDI+104NBJPThCk7d3xMZCqVMQ193hkgN5HxtYv5X6yQquPAyyuNEEY5nDwUJgyqCk1xgjwqCFUs1ICyo/ivEAyQQVjq9kg7BmV95EZqnllOxKrdn5epVHkcRHIAjcAIccA6q4AbUQANg8AiewSt4M56MF+Pd+Ji1Fox8Zh/8kfH5A01NmL8=</latexit>ωR.x=S.x→S.y=T.y

<latexit sha1_base64="78pFQG9tL0XCBy86S/ght3ZC/6w=">AAACAnicbVDLSgNBEJz1GeMr6km8DAZBQcKuSPQY9OIxgkmE7BJ6J5M4OLO7zPSGxCV48Ve8eFDEq1/hzb9x8jj4Kmgoqrrp7goTKQy67qczMzs3v7CYW8ovr6yurRc2NusmTjXjNRbLWF+HYLgUEa+hQMmvE81BhZI3wtvzkd/ocW1EHF3hIOGBgm4kOoIBWqlV2Pa7oBS0sv4h9ZH3MYNed7h/dzBsFYpuyR2D/iXelBTJFNVW4cNvxyxVPEImwZim5yYYZKBRMMmHeT81PAF2C13etDQCxU2QjV8Y0j2rtGkn1rYipGP1+0QGypiBCm2nArwxv72R+J/XTLFzGmQiSlLkEZss6qSSYkxHedC20JyhHFgCTAt7K2U3oIGhTS1vQ/B+v/yX1I9KXrlUvjwuVs6mceTIDtkl+8QjJ6RCLkiV1Agj9+SRPJMX58F5cl6dt0nrjDOd2SI/4Lx/ASl9l0w=</latexit>ωx,avg(z)
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<latexit sha1_base64="IksX52OSp+tBzewG6ZihRejM6FQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cKpi20oWw2m3bpZjfsToRS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZelAlu0PO+nNLa+sbmVnm7srO7t39QPTxqG5VrygKqhNLdiBgmuGQBchSsm2lG0kiwTjS+nfudR6YNV/IBJxkLUzKUPOGUoJWCvooVDqo1r+4t4P4lfkFqUKA1qH72Y0XzlEmkghjT870MwynRyKlgs0o/NywjdEyGrGepJCkz4XRx7Mw9s0rsJkrbkugu1J8TU5IaM0kj25kSHJlVby7+5/VyTK7DKZdZjkzS5aIkFy4qd/65G3PNKIqJJYRqbm916YhoQtHmU7Eh+Ksv/yXti7rfqDfuL2vNmyKOMpzAKZyDD1fQhDtoQQAUODzBC7w60nl23pz3ZWvJKWaO4Recj2/u8I7J</latexit>→
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<latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>→



<latexit sha1_base64="kmjtBeKQ5PQMWGDQ6AOZBQ1+7v8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZDHzPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VBK7JMjm107dM6sM3EhpWxLdufp7IiOxMZM4tJ0xwZFZ9mbif143xeg6yLhMUmSSLhZFqXBRubPX3QHXjKKYWEKo5vZWl46IJhRtQCUbgr/88ippXVT9WrV2f1mp3+RxFOEETuEcfLiCOtxBA5pA4RGe4RXeHOW8OO/Ox6K14OQzx/AHzucPub2PPw==</latexit>→ 1 2 3 4 5 6
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<latexit sha1_base64="GTunUSAlBTD5TnT8AzXuOQvDKdM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cKpi20oWw2m3bpZjfsToRS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZelAlu0PO+nNLa+sbmVnm7srO7t39QPTxqG5VrygKqhNLdiBgmuGQBchSsm2lG0kiwTjS+nfudR6YNV/IBJxkLUzKUPOGUoJWCPo0VDqo1r+4t4P4lfkFqUKA1qH72Y0XzlEmkghjT870MwynRyKlgs0o/NywjdEyGrGepJCkz4XRx7Mw9s0rsJkrbkugu1J8TU5IaM0kj25kSHJlVby7+5/VyTK7DKZdZjkzS5aIkFy4qd/65G3PNKIqJJYRqbm916YhoQtHmU7Eh+Ksv/yXti7rfqDfuL2vNmyKOMpzAKZyDD1fQhDtoQQAUODzBC7w60nl23pz3ZWvJKWaO4Recj2/cnI69</latexit>· <latexit sha1_base64="IwOILBR2phtjr+XTq4Ahb4u5iGs=">AAACA3icbZDLSsNAFIYn9VbrLerOboYGwVVJXFQ3QtFFXVawF2hCmUwm7dBJJsxMCiUUXOiruHGhiFtfwp1v4zTtQlt/GPj5zjmcOb+fMCqVbX8bhbX1jc2t4nZpZ3dv/8A8PGpLngpMWpgzLro+koTRmLQUVYx0E0FQ5DPS8Uc3s3pnTISkPL5Xk4R4ERrENKQYKY365kkKXRxwBcfwCroyjaAGPAd907Krdi64apyFseoVt1FuPFrNvvnlBhynEYkVZkjKnmMnysuQUBQzMi25qSQJwiM0ID1tYxQR6WX5DVN4qkkAQy70ixXM6e+JDEVSTiJfd0ZIDeVybQb/q/VSFV56GY2TVJEYzxeFKYOKw1kgMKCCYMUm2iAsqP4rxEMkEFY6tpIOwVk+edW0z6tOrVq7c6z6NZirCMqgAs6AAy5AHdyCJmgBDB7AM3gFb8aT8WK8Gx/z1oKxmDkGf2R8/gC1i5iB</latexit>

u · v =
∑

u→ v



1 1 1

2 2 2

3 3 3

1 2 3

1 2 3

1 2 3

1 2 3

2 4 6

3 6 9

1 2 3

2 4 6

3 6 9

1 2 3

2 4 6

3 6 9

<latexit sha1_base64="D33YN4E8d5oUGByW7MGx6zpUheY=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVBKGwlKpLQtjkehDaqLIcZzWrfOQ7SBVUWYGFj6BX2BhACEkJsTIxt/gPgYoHMnSuefcq+t73JhRIQ3jS8stLa+sruXXCxubW9s7+u5eW0QJx6SFIxbxrosEYTQkLUklI92YExS4jHTc0fnE71wTLmgUXslxTOwA9UPqU4ykkhy9VG84KR1lsAotkQTOENZVPcygJWlABFTucJQ5etEoG1PAv8Sck2Lt+O3+5sOrNh390/IinAQklJghIXqmEUs7RVxSzEhWsBJBYoRHqE96ioZI7bLT6TkZLCnFg37E1QslnKo/J1IUCDEOXNUZIDkQi95E/M/rJdI/s1MaxokkIZ4t8hMGZQQn2UCPcoIlGyuCMKfqrxAPEEdYqgQLKgRz8eS/pH1SNivlyqVZrDXADHlwAA7BETDBKaiBC9AELYDBLXgAT+BZu9MetRftddaa0+Yz++AXtPdvG3ifRA==</latexit>

ABik =
∑

j Aij →Bjk
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<latexit sha1_base64="aPMwk1mCiSMfIsVZjFZkxb1wawk=">AAAB6HicbZC7SgNBFIbPxluMt6ilIoNBsAq7FtEyaGOZgLlAsoTZydlkzOyFmVkhLCmtbCwUsfUp8hx2PoMv4eRSaOIPAx//fw5zzvFiwZW27S8rs7K6tr6R3cxtbe/s7uX3D+oqSiTDGotEJJseVSh4iDXNtcBmLJEGnsCGN7iZ5I0HlIpH4Z0exugGtBdynzOqjVX1O/mCXbSnIsvgzKFQPh5Xvx9PxpVO/rPdjVgSYKiZoEq1HDvWbkql5kzgKNdOFMaUDWgPWwZDGqBy0+mgI3JmnC7xI2leqMnU/d2R0kCpYeCZyoDqvlrMJuZ/WSvR/pWb8jBONIZs9pGfCKIjMtmadLlEpsXQAGWSm1kJ61NJmTa3yZkjOIsrL0P9ouiUiqWqUyhfw0xZOIJTOAcHLqEMt1CBGjBAeIIXeLXurWfrzXqflWasec8h/JH18QO70pCd</latexit>

f
<latexit sha1_base64="oyJvpSmb0btIewiFfIstO0kFcXs=">AAAB6HicbZC7SgNBFIbPxluMt6ilIotBsAq7FtEyaGOZgLlAsoTZydlkzOzsMjMrhCWllY2FIrY+RZ7DzmfwJZxcCk38YeDj/89hzjl+zJnSjvNlZVZW19Y3spu5re2d3b38/kFdRYmkWKMRj2TTJwo5E1jTTHNsxhJJ6HNs+IObSd54QKlYJO70MEYvJD3BAkaJNla118kXnKIzlb0M7hwK5eNx9fvxZFzp5D/b3YgmIQpNOVGq5Tqx9lIiNaMcR7l2ojAmdEB62DIoSIjKS6eDjuwz43TtIJLmCW1P3d8dKQmVGoa+qQyJ7qvFbGL+l7USHVx5KRNxolHQ2UdBwm0d2ZOt7S6TSDUfGiBUMjOrTftEEqrNbXLmCO7iystQvyi6pWKp6hbK1zBTFo7gFM7BhUsowy1UoAYUEJ7gBV6te+vZerPeZ6UZa95zCH9kffwAvVaQng==</latexit>g <latexit sha1_base64="IGComwlIuaR7tEVCbxWD2/BVfFc=">AAACAHicbZDLSsNAFIYnXmu9RV24cDO0CC1CSVxUN0LQjcsK9gJNKJPpJB06mYSZiRhCNz6Db+DGhSJufQx3fRunl4W2/jDw8Z9zOHN+P2FUKssaGyura+sbm4Wt4vbO7t6+eXDYknEqMGnimMWi4yNJGOWkqahipJMIgiKfkbY/vJnU2w9ESBrze5UlxItQyGlAMVLa6pnHIXQxFRgGsPJYhVcwrAQaqj2zbNWsqeAy2HMoOyX37HnsZI2e+e32Y5xGhCvMkJRd20qUlyOhKGZkVHRTSRKEhygkXY0cRUR6+fSAETzVTh8GsdCPKzh1f0/kKJIyi3zdGSE1kIu1iflfrZuq4NLLKU9SRTieLQpSBlUMJ2nAPhUEK5ZpQFhQ/VeIB0ggrHRmRR2CvXjyMrTOa3a9Vr+zy841mKkATkAJVIANLoADbkEDNAEGI/AC3sC78WS8Gh/G56x1xZjPHIE/Mr5+ANy2lv8=</latexit>

g → f(x) = g(f(x))
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