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Why are you here?
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Why do we need DBs?



Data

Store

Analyze

Share
}



What can we use as DBs?









Good properties of a DB?



Scalable

Efficient

Durable

Concurrent



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

n by k grid of data

same row length

same column length
same type of data

Schema

anatomy of a table (a.k.a. relation)

table name



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

Database: many tables
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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

Why this design?

Simple!

Intuitive for humans

Easy for machines



Scalable: distributed storage

Table too large?

Split it over machines!



Scalable: distributed storage

Table too large?

Split it over machines!
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Scalable: distributed compute

Computer too slow?

Add more computers!

∑
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Computer too slow?

Add more computers!
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Concurrent access & update

Avoid conflicting 

reads & writes



Concurrent access & update

Avoid conflicting 

reads & writes



Durable: use replication

Make copies of  

critical regions



Durable: use replication

Make copies of  

critical regions



SQL: the DB language



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

CREATE TABLE pets ( 
  name TEXT, 
  age INT, 
  bday DATE, 
  kind TEXT, 
);

pets



INSERT INTO pets values ("casa", 8, 2017-1-1, "cat");

.tables

.schema pets

SELECT name FROM pets;

SELECT age FROM pets;

SELECT * FROM pets;

.mode box

DROP TABLE pets;



SELECT e(columns) 
  FROM table  
 WHERE condition;



SELECT age, name 
  FROM pets 
 WHERE 7*age < 70;

for p in pets: 
  if 7*p.age < 70: 
    print(p.age, p.name)



for p in pets: 
  if 7*p.age < 70: 
    print(p.age, p.name)

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



SELECT age, name 
  FROM pets 
 WHERE 7*age < 70;

(age, name) in output <=> 
  exists p in pets : 
    p.age=age & p.name=name 
    & 7*age < 70



(10, maya) in output <=> 
  exists p in pets : 
    p.age=10 & p.name=maya 
    & 7*10 < 70

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

toby 17 2008-02-03 dog

maya 10 2015-11-21 dog

SELECT age, name 
  FROM pets 
 WHERE 7*age < 70;

name age bday kind

casa 8 2017-01-01 cat

kira 6 2019-09-16 cat

Keep rows: 7*age < 70

name age

casa 8

kira 6

Keep cols: age, name



Keep rows: 7*age < 70

Selection:

Keep cols: age, name

<latexit sha1_base64="2uM+iEHToHPocen5IBS0UejnUW0=">AAACFHicbVDLSgNBEJz1GeMr6tHLYBAShLArEr0IQS8eI+QF2RBmZyfJkJnZZaZXCEs+wou/4sWDIl49ePNvnDwOmljQUFR1090VxIIbcN1vZ2V1bX1jM7OV3d7Z3dvPHRw2TJRoyuo0EpFuBcQwwRWrAwfBWrFmRAaCNYPh7cRvPjBteKRqMIpZR5K+4j1OCVipmzvzDe9L0o0LtSK+xn4K2Jc8xOBzhWvYF0SFOC5AEfvjbi7vltwp8DLx5iSP5qh2c19+GNFEMgVUEGPanhtDJyUaOBVsnPUTw2JCh6TP2pYqIpnppNOnxvjUKiHuRdqWAjxVf0+kRBozkoHtlAQGZtGbiP957QR6V52UqzgBpuhsUS8RGCI8SQiHXDMKYmQJoZrbWzEdEE0o2ByzNgRv8eVl0jgveeVS+f4iX7mZx5FBx+gEFZCHLlEF3aEqqiOKHtEzekVvzpPz4rw7H7PWFWc+c4T+wPn8AS3QnGc=</latexit>

ωp(T ) = {t | t → T ↑ p(t)}

<latexit sha1_base64="irD/6+g0Frs/3PoNlcW0liXF8Zc=">AAACGXicbVBNS8NAEN34WetX1aOXxSJUKCERqV6EohePFVotNKVstpt2cbMJuxMxhv4NL/4VLx4U8agn/43bNgetPpjh8d4Mu/P8WHANjvNlzc0vLC4tF1aKq2vrG5ulre0rHSWKshaNRKTaPtFMcMlawEGwdqwYCX3Brv2b87F/fcuU5pFsQhqzbkgGkgecEjBSr+R4Me9ld9W0ej+qNA/wKfayCth3VQx2Om73B9gLeR+DxyVueqNeqezYzgT4L3FzUkY5Gr3Sh9ePaBIyCVQQrTuuE0M3Iwo4FWxU9BLNYkJvyIB1DJUkZLqbTS4b4X2j9HEQKVMS8ET9uZGRUOs09M1kSGCoZ72x+J/XSSA46WZcxgkwSacPBYnAEOFxTLjPFaMgUkMIVdz8FdMhUYSCCbNoQnBnT/5Lrg5tt2bXLo/K9bM8jgLaRXuoglx0jOroAjVQC1H0gJ7QC3q1Hq1n6816n47OWfnODvoF6/MbGUWd4g==</latexit>

ωx,y,z(T ) = {(t.x, t.y, t.z) | t → T}Projection:

Ext. proj.:
<latexit sha1_base64="iD75foT6Kaoq+P9qjG7Gtkkp9i0="></latexit>

ωe(x,y,z)(T ) = {e(t.x, t.y, t.z) | t → T}



Ext. proj.:
<latexit sha1_base64="iD75foT6Kaoq+P9qjG7Gtkkp9i0="></latexit>

ωe(x,y,z)(T ) = {e(t.x, t.y, t.z) | t → T}

SELECT year(bday) + age 
  FROM pets

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



Selection:
<latexit sha1_base64="2uM+iEHToHPocen5IBS0UejnUW0=">AAACFHicbVDLSgNBEJz1GeMr6tHLYBAShLArEr0IQS8eI+QF2RBmZyfJkJnZZaZXCEs+wou/4sWDIl49ePNvnDwOmljQUFR1090VxIIbcN1vZ2V1bX1jM7OV3d7Z3dvPHRw2TJRoyuo0EpFuBcQwwRWrAwfBWrFmRAaCNYPh7cRvPjBteKRqMIpZR5K+4j1OCVipmzvzDe9L0o0LtSK+xn4K2Jc8xOBzhWvYF0SFOC5AEfvjbi7vltwp8DLx5iSP5qh2c19+GNFEMgVUEGPanhtDJyUaOBVsnPUTw2JCh6TP2pYqIpnppNOnxvjUKiHuRdqWAjxVf0+kRBozkoHtlAQGZtGbiP957QR6V52UqzgBpuhsUS8RGCI8SQiHXDMKYmQJoZrbWzEdEE0o2ByzNgRv8eVl0jgveeVS+f4iX7mZx5FBx+gEFZCHLlEF3aEqqiOKHtEzekVvzpPz4rw7H7PWFWc+c4T+wPn8AS3QnGc=</latexit>

ωp(T ) = {t | t → T ↑ p(t)}

Ext. proj.:
<latexit sha1_base64="iD75foT6Kaoq+P9qjG7Gtkkp9i0="></latexit>

ωe(x,y,z)(T ) = {e(t.x, t.y, t.z) | t → T}

Union:
<latexit sha1_base64="WtiF3zKzLTccAF0j//QM8IxAN3o=">AAACGXicbVC7TsMwFHXKq5RXgZHFokJiqpIKFRakChbGIvUlNVHkuE5r1XEi+wapivobLPwKCwMIMcLE3+C2GaDlTMfn3Ht97wkSwTXY9rdVWFvf2Nwqbpd2dvf2D8qHRx0dp4qyNo1FrHoB0UxwydrAQbBeohiJAsG6wfh25ncfmNI8li2YJMyLyFDykFMCRvLLdst3sEvTBLf8Gr7GbgbYjfgAg8slnptmBFaLV82d+uWKXbXnwKvEyUkF5Wj65U93ENM0YhKoIFr3HTsBLyMKOBVsWnJTzRJCx2TI+oZKEjHtZfPLpvjMKAMcmg3CWAKeq787MhJpPYkCUxkRGOllbyb+5/VTCK+8jMskBSbp4qMwFRhiPIsJD7hiFMTEEEIVN7tiOiKKUDBhlkwIzvLJq6RTqzr1av3+otK4yeMoohN0is6Rgy5RA92hJmojih7RM3pFb9aT9WK9Wx+L0oKV9xyjP7C+fgAvPp34</latexit>

T1 → T2 = {t | t ↑ T1 ↓ r ↑ T2}

Intersect:
<latexit sha1_base64="H8CbGghSxIJ3QcuwRHuBIwZCfV4=">AAACGnicbVDLSsNAFJ3UV62vqks3g0VwVZIi1Y1QdOOyQl/QhDCZTNuhk0mYuRFK6He48VfcuFDEnbjxb5y2WWjrgQtnzrmXufcEieAabPvbKqytb2xuFbdLO7t7+wflw6OOjlNFWZvGIla9gGgmuGRt4CBYL1GMRIFg3WB8O/O7D0xpHssWTBLmRWQo+YBTAkbyy07Ld7BLSYJbfg1fYzcD7EY8xOByieemIDLEavGsuVO/XLGr9hx4lTg5qaAcTb/86YYxTSMmgQqidd+xE/AyooBTwaYlN9UsIXRMhqxvqCQR0142P22Kz4wS4kGsTEnAc/X3REYirSdRYDojAiO97M3E/7x+CoMrL+MySYFJuvhokAoMMZ7lhEOuGAUxMYRQxc2umI6IIhRMmiUTgrN88irp1KpOvVq/v6g0bvI4iugEnaJz5KBL1EB3qInaiKJH9Ixe0Zv1ZL1Y79bHorVg5TPH6A+srx++dJ5A</latexit>

T1 → T2 = {t | t ↑ T1 ↓ r ↑ T2}

Aggregate:
<latexit sha1_base64="kGVZG6tdTT5APJhV5ZDcZEXXnjs=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEdBMSkepGKArFZYU+hDaEyXTaDp1JwsxEWkJx46+4caGIW7/CnX/jtM1CWw9cOJxzL/feE8SMSuU430ZuZXVtfSO/Wdja3tndM/cPmjJKBCYNHLFI3AdIEkZD0lBUMXIfC4J4wEgrGN5M/dYDEZJGYV2NY+Jx1A9pj2KktOSbR50+4hz5adUalSZWvQSvYNWq26OSbxYd25kBLhM3I0WQoeabX51uhBNOQoUZkrLtOrHyUiQUxYxMCp1EkhjhIeqTtqYh4kR66eyFCTzVShf2IqErVHCm/p5IEZdyzAPdyZEayEVvKv7ntRPVu/RSGsaJIiGeL+olDKoITvOAXSoIVmysCcKC6lshHiCBsNKpFXQI7uLLy6R5Zrtlu3x3XqxcZ3HkwTE4ARZwwQWogFtQAw2AwSN4Bq/gzXgyXox342PemjOymUPwB8bnD9u6lSg=</latexit>

ωF (x)(T ) = F (T.x)



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

Bag v.s. Set

SELECT count(kind) FROM pets;



Logistics


