
Remy Wang 04/24/2025

Normal forms cont. & 
intro to transactions



A1 A2 A3 A4 A5

superkey <latexit sha1_base64="N1Fp/WIlnqTMOy3zQ1XdfNx2IBQ=">AAACC3icbVC7SgNBFJ2Nrxhfq5Y2Q4JgEcKuaLRMtLGMYB6QDcvsZJIMmd1ZZu4qYUlv46/YWChi6w/Y+TdOHoUmHrhwOOde7r0niAXX4DjfVmZldW19I7uZ29re2d2z9w8aWiaKsjqVQqpWQDQTPGJ14CBYK1aMhIFgzWB4PfGb90xpLqM7GMWsE5J+xHucEjCSb+db2FO8PwCilHzAXlr13SL2RFeCLuKqf+6NfbvglJwp8DJx56SA5qj59pfXlTQJWQRUEK3brhNDJyUKOBVsnPMSzWJCh6TP2oZGJGS6k05/GeNjo3RxTypTEeCp+nsiJaHWozAwnSGBgV70JuJ/XjuB3mUn5VGcAIvobFEvERgkngSDu1wxCmJkCKGKm1sxHRBFKJj4ciYEd/HlZdI4LbnlUvn2rFC5mseRRUcoj06Qiy5QBd2gGqojih7RM3pFb9aT9WK9Wx+z1ow1nzlEf2B9/gDtrJm3</latexit>

X → {A1, . . . , A5}



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>

=→



BNCF

<latexit sha1_base64="SoshSnah0LJZB2Ir2/ufpJK5nSQ="></latexit>

X → Y :

{
Y ↑ X (trivial FD)

X is a superkey



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>

=→



Decomposition

<latexit sha1_base64="SoshSnah0LJZB2Ir2/ufpJK5nSQ="></latexit>

X → Y :

{
Y ↑ X (trivial FD)

X is a superkey

Factor out violating FDs

Make new table over 
<latexit sha1_base64="ISlZNkv8uZtJO5gvJcN+7t1R8w4=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGCbSNtKJvtpF262cTdjVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6iRTDBssEYnyQ6pRcIkNw41AP1VI41BgKxzeTP3WEyrNE3lvRikGMe1LHnFGjZV8n3RYlpKHbqnsVtwZyDLxclKGHPVu6avTS1gWozRMUK3bnpuaYEyV4UzgpNjJNKaUDWkf25ZKGqMOxrN7J+TUKj0SJcqWNGSm/p4Y01jrURzazpiagV70puJ/Xjsz0VUw5jLNDEo2XxRlgpiETJ8nPa6QGTGyhDLF7a2EDaiizNiIijYEb/HlZdI8r3jVSvXuoly7zuMowDGcwBl4cAk1uIU6NICBgGd4hTfn0Xlx3p2PeeuKk88cwR84nz8pT49q</latexit>

X → Y

Drop  from old table (keep )
<latexit sha1_base64="v6xj/JJiL0Awf0au9+omAX/20SE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkYeBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALrPjOg=</latexit>

Y
<latexit sha1_base64="mPRS8oqs1MtCkTrnRwAs1qMhR5o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqdPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDuUuM5w==</latexit>

X



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



first n. last n. location salary

remy w LA $30

remy w LA $30

remy w LA $30

dan s seattle $50

dan s seattle $50

dan o zurich $50

dan o zurich $50

first n. last n.

remy w

remy w

remy w

dan s

dan s

dan o

dan o

course

143

240

249

344

444

101

113



first n. last n. location salary

remy w LA $30

remy w LA $30

remy w LA $30

dan s seattle $50

dan s seattle $50

dan o zurich $50

dan o zurich $50

first n. last n.

remy w

remy w

remy w

dan s

dan s

dan o

dan o

course

143

240

249

344

444

101

113



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

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

name

remy

dan

vincent

job

prof

prof

TA

location

LA

seattle

LA

salary

$30

$50

$20

tax %

20

15

10



3rd Normal Form

<latexit sha1_base64="RNPLFPaS1SJsjZV5j8UEugn9m5g="></latexit>

X → Y :






Y ↑ X (trivial FD)

X is a superkey

↓y ↔ Y : y ↔ key



3rd Normal Form

<latexit sha1_base64="RNPLFPaS1SJsjZV5j8UEugn9m5g="></latexit>

X → Y :






Y ↑ X (trivial FD)

X is a superkey

↓y ↔ Y : y ↔ key

never loses FDs

decomposition in P time



3rd Normal Form

<latexit sha1_base64="RNPLFPaS1SJsjZV5j8UEugn9m5g="></latexit>

X → Y :






Y ↑ X (trivial FD)

X is a superkey

↓y ↔ Y : y ↔ key

never loses FDs

decomposition in P time



Transactions: it's a wild world out there





exercise 1: free points for all!



a TX either completes

or leaves no trace

atomicity



exercise 2: playing favorites!



a TX should leave the DB

in a consistent state

consistency



exercise 3: armageddon!



multiple concurrent TX

should not interfere

isolation



exercise 4: blackout!



completed TX are forever

durability



SQLite demo





import sqlite3 as sql 

con = sql.connect("bank.db") 
cur = con.cursor() 

res = cur.execute("SELECT * FROM acc")



a set of read & write ops

transaction







a set of read & write ops

either execute all, or nothing

transaction

A 
C 
I 
D

2 transactions do not interfere



an interleaving & read/writes

schedule

from different TXs





"one at a time!"

serial schedule







equivalent to "one at a time!"

serializable schedule





serializable = serial

serial → isolation

serializable → isolation


