
http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/fall2017/
http://15445.courses.cs.cmu.edu/fall2017/
http://www.cs.cmu.edu/~pavlo/
http://www.cs.cmu.edu/~pavlo/


→
→
→

→
→
→

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/
http://db.cs.cmu.edu/events/time-series-database-lectures-karthik-ramasamy-streamlio/
http://db.cs.cmu.edu/events/db-seminar-fall-2017-ben-darnell-cockroachdb/


http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→

→

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→

→

page1 page2 page3 page4

page1

page2

page3

page4

page1 page1

page3

page3

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→ madvise

→ mlock

→ msync

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→

→
→

→

→
→

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


frame1

frame2

frame3

frame4

page1

page3

page1 page2 page3 page4

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


frame1

frame2

frame3

frame4

page1

page3

page1 page2 page3 page4

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→ page1 page2 page3 page4

frame1

frame2

frame3

frame4

page1

page3

page1

page3

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→ page1 page2 page3 page4

frame1

frame2

frame3

frame4

page1

page3

page1

page3

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→ page1 page2 page3 page4

frame1

frame2

frame3

frame4

page1

page3

page1

page3

page2

page2

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→
→

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→

page0

page0

page1

page2

page3

page4

page5

Q1

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→

page0

page1

page0

page1

page2

page3

page4

page5

Q1

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→

page0

page1

page0

page1

page2

page3

page4

page5

Q1

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→

page1

page2

page0

page1

page2

page3

page4

page5

Q1

page3

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→

page1

page2

page0

page1

page2

page3

page4

page5

Q1

page3

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→

page0

page1

page2

page3

page4

page5Q1

page3

page4

page5

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


index-page0

index-page0

index-page1

index-page2

index-page3

index-page4

index-page5

Q1
index-page0

index-page4index-page1

index-page2 index-page5index-page3 index-page6

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


index-page0

index-page1

index-page0

index-page1

index-page2

index-page3

index-page4

index-page5

Q1

index-page0

index-page4index-page1

index-page2 index-page5index-page3 index-page6

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


index-page0

index-page1

index-page0

index-page1

index-page2

index-page3

index-page4

index-page5

Q1

index-page0

index-page4index-page1

index-page2 index-page5index-page3 index-page6

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→

→
→

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


page0

page0

page1

page2

page3

page4

page5

SELECT SUM(val) FROM AQ1 Q1

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


page0

page1

page2

page0

page1

page2

page3

page4

page5

SELECT SUM(val) FROM AQ1

Q1

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


page1

page2

page0

page1

page2

page3

page4

page5

SELECT SUM(val) FROM AQ1

Q1page3

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


page1

page2

page0

page1

page2

page3

page4

page5

SELECT SUM(val) FROM AQ1

SELECT AVG(val) FROM AQ2

Q1page3

Q2

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


page1

page2

page0

page1

page2

page3

page4

page5

SELECT SUM(val) FROM AQ1

SELECT AVG(val) FROM AQ2

Q1page3 Q2

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


page0

page1

page2

page3

page4

page5

SELECT SUM(val) FROM AQ1

SELECT AVG(val) FROM AQ2

Q1

page3

Q2

page4

page5

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


page0

page1

page2

page3

page4

page5

SELECT SUM(val) FROM AQ1

SELECT AVG(val) FROM AQ2

page3

Q2

page4

page5

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


page0

page1

page2

page0

page1

page2

page3

page4

page5

SELECT SUM(val) FROM AQ1

SELECT AVG(val) FROM AQ2

Q2

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→
→
→

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→

→

→

page1

page3

page4 page2

ref=0

ref=0

ref=0

ref=0

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→

→

→

page1

page3

page4 page2

ref=1

ref=0

ref=0

ref=0

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→

→

→

page1

page3

page4 page2

ref=1

ref=0

ref=0

ref=0

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→

→

→

page1

page3

page4 page2

ref=0

ref=0

ref=0

ref=0

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→

→

→

page1

page3

page4 page2

ref=0

ref=0

ref=0

ref=0

X

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→

→

→

page1

page3

page4 page2

ref=0

ref=0

ref=1

ref=1
page5

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→

→

→

page1

page3

page4 page2

ref=0

ref=0

ref=0

ref=0
page5

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→

→

→

page1

page3

page4 page2

ref=0

ref=0

ref=0

ref=0
page5

X

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


page0

page0

page1

page2

page3

page4

page5

SELECT * FROM A WHERE id = 1Q1
Q1

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


page0

page0

page1

page2

page3

page4

page5

SELECT * FROM A WHERE id = 1Q1

SELECT AVG(val) FROM AQ2
Q2

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


page0

page1

page2

page0

page1

page2

page3

page4

page5

SELECT * FROM A WHERE id = 1Q1

SELECT AVG(val) FROM AQ2

Q2

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


page1

page2

page0

page1

page2

page3

page4

page5

SELECT * FROM A WHERE id = 1Q1

SELECT AVG(val) FROM AQ2

page3 Q2

SELECT * FROM A WHERE id = 1Q3

Q2

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


page1

page2

page0

page1

page2

page3

page4

page5

SELECT * FROM A WHERE id = 1Q1

SELECT AVG(val) FROM AQ2

page3 Q2

SELECT * FROM A WHERE id = 1Q3

Q2

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→

→

→

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


→
→
→
→
→

http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/


http://db.cs.cmu.edu/
http://15445.courses.cs.cmu.edu/

