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COSI 167A 
Advanced Data Systems

Data Systems Architecture

https://ssd-brandeis.github.io/COSI-167A/

https://ssd-brandeis.github.io/COSI-167A/


Today in COSI 167A
What’s on the cards?

introduction to row-stores and column-stores 

fundamentals of data storage 



Class logistics
and administrivia 

Project 1 (C++/Java) has been released (due on Sep 20). 

C/C++ learning resources at: https://ssd-brandeis.github.io/COSI-167A/assignments/

The first technical question is now available on the class website 
(due before the class on Sep 10).

https://ssd-brandeis.github.io/COSI-167A/assignments/


Recap: Storage hierarchy
How data moves!

Faster
Expensive
Smaller

Volatile

Non-volatile

Random access
Byte accessible

Sequential access
Block accessible

read
write

magnetic storage (HDD/tape)

flash storage (SSD/NVM)

DRAM / memory

on-board cache

on-chip caches

registers

CPU



Memory wall

magnetic storage

Try not to jump the wall

flash storage

memory 

on-board cache 

on-chip cache

register

CPU

computations 
happen here

10 ns

100 ns

be careful when you go below the green line4 ns

1 ns



Memory wall

magnetic storage

Try not to jump the wall

flash storage

memory 

on-board cache 

on-chip cache

register

CPU

computations 
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10 ns

100 ns

be careful when you go below the green line

4 ns

1 ns

CPU ~20-25% perf in
crease annually

DRAM ~2-11% perf increase annually
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Memory wall

magnetic storage

Try not to jump the wall

flash storage

memory 

on-board cache 

on-chip cache

register

CPU

computations 
happen here

10 ns

100 ns

be careful when you go below the green line

4 ns

1 ns

CPU perf in
crease

DRAM perf increase
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old times

memory wall 

doesn’t matter how much 
faster CPUs become!



Memory wall

magnetic storage

Try not to jump the wall

flash storage

memory 

on-board cache 

on-chip cache

register

CPU

computations 
happen here

10 ns

100 ns

16,000 ns

2 ms

be VERY careful when you go below the red line

4 ns

1 ns

be careful when you go below the green line



Recap: Storing data
Things to keep in mind

Disk is 6 orders of magnitude slower than CPU 
SSDs are 4 orders of magnitude slower 
Memory is 3 orders of magnitude slower 



Recap: Random vs. Sequential access
So, be VERY careful!

Avoid disk accesses (reads/writes) whenever possible
I/Os to secondary storage is always slow!

Sequential access
read each block exactly once; process it; discard it; read next block
modern hardware can predict and prefetch; maximize performance

Random access
read a block; process it partially; discard it; may read the block again
often leads to read amplification



Project 1
Testing the waters!

Implementing a Simple Zone Map

heap file

page 0

page 1

page 2

page 3

3  16  34  31  21

1  5  12  24  23

2  7  13  9  8

10  11  6  14  15

w/o ZM: queries take 4 I/Os

query: x<4:with ZM: 3 I/Os
x<12: 4 I/O

x=1: 1 I/O
x=20: 4 I/O

3, 34

1, 24

2, 13

6, 15
zone map

Thought Experiment
Are zone maps more or less 
useful if data is sorted?



zone map

Project 1
Testing the waters!

Implementing a Simple Zone Map

page 0

page 1

page 2

page 3

1  2  3  5  6

7  8  9  10  11

12  13  14  15  16

21  23  24  31  34

query: x<4:

w/o ZM: queries take 4 I/Os

with ZM: 1 I/O
x<12: 2 I/Os

x=1: 1 I/O
x=20: 0 I/Os

1, 6

7, 11

12, 16

21, 34

sorted file

Sorting is inherent indexing!
Zone map is a second index!



How we store (write) data heavily determines the 
performance of the system



… and process/analyze 
that data quickly

build databases that can  
write data fast …

The design goals
Biulding “efficient” data systems

Well, just get to work then!



Query / Read Insert / Update
R:  
U:

<latexit sha1_base64="/wXDRxqMPbrLuOXvsLSy7iCDlCU=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzTAzfborunGlFWwttGPJpJk2NJMZkoxShv6HGxeKuPVf3Pk3ZtoKKnogcDjnXu7J8SJGpbKsDyOztLyyupZdz21sbm3v5Hf32jKMBSYtHLJQdDwkCaOctBRVjHQiQVDgMXLjjc9S/+aOCElDfq0mEXEDNOTUpxgpLd32AqRGGLHkclq8OO7nC5Z5Uq86FQdapmXVnFI1JU6t7JSgrZUUBbBAs59/7w1CHAeEK8yQlF3bipSbIKEoZmSa68WSRAiP0ZB0NeUoINJNZqmn8EgrA+iHQj+u4Ez9vpGgQMpJ4OnJNKX87aXiX143Vn7dTSiPYkU4nh/yYwZVCNMK4IAKghWbaIKwoDorxCMkEFa6qJwu4eun8H/Sdky7alauyoXG6aKOLDgAh6AIbFADDXAOmqAFMBDgATyBZ+PeeDRejNf5aMZY7OyDHzDePgFZ2pJw</latexit>

O(N)

sorted 
array 

<latexit sha1_base64="F6u8Wlu375nIfC3XNhJ8rGnSW1U=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQN0Om2truim5caQVbC+1QMmmmDc08SDJiGeZX3LhQxK0/4s6/MdNWUNEDgcM593JPjhtxJhVCH0ZuaXlldS2/XtjY3NreMXeLHRnGgtA2CXkoui6WlLOAthVTnHYjQbHvcnrrTs4z//aOCsnC4EZNI+r4eBQwjxGstDQwi30fqzHBPLlKyzwcwcujgVlCFqpVG6gBkVVFdn1GEKrVK8fQ1iRDCSzQGpjv/WFIYp8GinAsZc9GkXISLBQjnKaFfixphMkEj2hP0wD7VDrJLHsKD7UyhF4o9AsUnKnfNxLsSzn1XT2ZJZW/vUz8y+vFyqs7CQuiWNGAzA95MYcqhFkRcMgEJYpPNcFEMJ0VkjEWmChdV0GX8PVT+D/pVCy7ZlWvT0rNs0UdebAPDkAZ2OAUNMEFaIE2IOAePIAn8GykxqPxYrzOR3PGYmcP/IDx9gmakJQu</latexit>

O(logN) R:  
U:

<latexit sha1_base64="yoseEY89tbXomV72iDjnjXY/G0A=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzZCptra7oht3VrAPaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQVVPRA4HDOvdyT40WcKY3Qh5VZWl5ZXcuu5zY2t7Z38rt7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1744vUb99RqVgobvQkom6Ah4L5jGBtpNtegPWIYJ5cTYvOcT9fQDaqlGuoBpFdRk51RhCqVEsn0DEkRQEs0Ojn33uDkMQBFZpwrFTXQZF2Eyw1I5xOc71Y0QiTMR7SrqECB1S5ySz1FB4ZZQD9UJonNJyp3zcSHCg1CTwzmaZUv71U/MvrxtqvugkTUaypIPNDfsyhDmFaARwwSYnmE0MwkcxkhWSEJSbaFJUzJXz9FP5PWiXbqdjl69NC/XxRRxYcgENQBA44A3VwCRqgCQiQ4AE8gWfr3nq0XqzX+WjGWuzsgx+w3j4BMdOSVg==</latexit>

O(1)

<latexit sha1_base64="/wXDRxqMPbrLuOXvsLSy7iCDlCU=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzTAzfborunGlFWwttGPJpJk2NJMZkoxShv6HGxeKuPVf3Pk3ZtoKKnogcDjnXu7J8SJGpbKsDyOztLyyupZdz21sbm3v5Hf32jKMBSYtHLJQdDwkCaOctBRVjHQiQVDgMXLjjc9S/+aOCElDfq0mEXEDNOTUpxgpLd32AqRGGLHkclq8OO7nC5Z5Uq86FQdapmXVnFI1JU6t7JSgrZUUBbBAs59/7w1CHAeEK8yQlF3bipSbIKEoZmSa68WSRAiP0ZB0NeUoINJNZqmn8EgrA+iHQj+u4Ez9vpGgQMpJ4OnJNKX87aXiX143Vn7dTSiPYkU4nh/yYwZVCNMK4IAKghWbaIKwoDorxCMkEFa6qJwu4eun8H/Sdky7alauyoXG6aKOLDgAh6AIbFADDXAOmqAFMBDgATyBZ+PeeDRejNf5aMZY7OyDHzDePgFZ2pJw</latexit>

O(N)

log

hashmap

R:  
U:

<latexit sha1_base64="yoseEY89tbXomV72iDjnjXY/G0A=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzZCptra7oht3VrAPaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQVVPRA4HDOvdyT40WcKY3Qh5VZWl5ZXcuu5zY2t7Z38rt7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1744vUb99RqVgobvQkom6Ah4L5jGBtpNtegPWIYJ5cTYvOcT9fQDaqlGuoBpFdRk51RhCqVEsn0DEkRQEs0Ojn33uDkMQBFZpwrFTXQZF2Eyw1I5xOc71Y0QiTMR7SrqECB1S5ySz1FB4ZZQD9UJonNJyp3zcSHCg1CTwzmaZUv71U/MvrxtqvugkTUaypIPNDfsyhDmFaARwwSYnmE0MwkcxkhWSEJSbaFJUzJXz9FP5PWiXbqdjl69NC/XxRRxYcgENQBA44A3VwCRqgCQiQ4AE8gWfr3nq0XqzX+WjGWuzsgx+w3j4BMdOSVg==</latexit>

O(1)

<latexit sha1_base64="yoseEY89tbXomV72iDjnjXY/G0A=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzZCptra7oht3VrAPaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQVVPRA4HDOvdyT40WcKY3Qh5VZWl5ZXcuu5zY2t7Z38rt7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1744vUb99RqVgobvQkom6Ah4L5jGBtpNtegPWIYJ5cTYvOcT9fQDaqlGuoBpFdRk51RhCqVEsn0DEkRQEs0Ojn33uDkMQBFZpwrFTXQZF2Eyw1I5xOc71Y0QiTMR7SrqECB1S5ySz1FB4ZZQD9UJonNJyp3zcSHCg1CTwzmaZUv71U/MvrxtqvugkTUaypIPNDfsyhDmFaARwwSYnmE0MwkcxkhWSEJSbaFJUzJXz9FP5PWiXbqdjl69NC/XxRRxYcgENQBA44A3VwCRqgCQiQ4AE8gWfr3nq0XqzX+WjGWuzsgx+w3j4BMdOSVg==</latexit>

O(1)

Performance tradeoff
The tug of war



R:  
U:

<latexit sha1_base64="/wXDRxqMPbrLuOXvsLSy7iCDlCU=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzTAzfborunGlFWwttGPJpJk2NJMZkoxShv6HGxeKuPVf3Pk3ZtoKKnogcDjnXu7J8SJGpbKsDyOztLyyupZdz21sbm3v5Hf32jKMBSYtHLJQdDwkCaOctBRVjHQiQVDgMXLjjc9S/+aOCElDfq0mEXEDNOTUpxgpLd32AqRGGLHkclq8OO7nC5Z5Uq86FQdapmXVnFI1JU6t7JSgrZUUBbBAs59/7w1CHAeEK8yQlF3bipSbIKEoZmSa68WSRAiP0ZB0NeUoINJNZqmn8EgrA+iHQj+u4Ez9vpGgQMpJ4OnJNKX87aXiX143Vn7dTSiPYkU4nh/yYwZVCNMK4IAKghWbaIKwoDorxCMkEFa6qJwu4eun8H/Sdky7alauyoXG6aKOLDgAh6AIbFADDXAOmqAFMBDgATyBZ+PeeDRejNf5aMZY7OyDHzDePgFZ2pJw</latexit>

O(N)

sorted 
array 

<latexit sha1_base64="F6u8Wlu375nIfC3XNhJ8rGnSW1U=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQN0Om2truim5caQVbC+1QMmmmDc08SDJiGeZX3LhQxK0/4s6/MdNWUNEDgcM593JPjhtxJhVCH0ZuaXlldS2/XtjY3NreMXeLHRnGgtA2CXkoui6WlLOAthVTnHYjQbHvcnrrTs4z//aOCsnC4EZNI+r4eBQwjxGstDQwi30fqzHBPLlKyzwcwcujgVlCFqpVG6gBkVVFdn1GEKrVK8fQ1iRDCSzQGpjv/WFIYp8GinAsZc9GkXISLBQjnKaFfixphMkEj2hP0wD7VDrJLHsKD7UyhF4o9AsUnKnfNxLsSzn1XT2ZJZW/vUz8y+vFyqs7CQuiWNGAzA95MYcqhFkRcMgEJYpPNcFEMJ0VkjEWmChdV0GX8PVT+D/pVCy7ZlWvT0rNs0UdebAPDkAZ2OAUNMEFaIE2IOAePIAn8GykxqPxYrzOR3PGYmcP/IDx9gmakJQu</latexit>

O(logN) R:  
U:

<latexit sha1_base64="yoseEY89tbXomV72iDjnjXY/G0A=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzZCptra7oht3VrAPaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQVVPRA4HDOvdyT40WcKY3Qh5VZWl5ZXcuu5zY2t7Z38rt7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1744vUb99RqVgobvQkom6Ah4L5jGBtpNtegPWIYJ5cTYvOcT9fQDaqlGuoBpFdRk51RhCqVEsn0DEkRQEs0Ojn33uDkMQBFZpwrFTXQZF2Eyw1I5xOc71Y0QiTMR7SrqECB1S5ySz1FB4ZZQD9UJonNJyp3zcSHCg1CTwzmaZUv71U/MvrxtqvugkTUaypIPNDfsyhDmFaARwwSYnmE0MwkcxkhWSEJSbaFJUzJXz9FP5PWiXbqdjl69NC/XxRRxYcgENQBA44A3VwCRqgCQiQ4AE8gWfr3nq0XqzX+WjGWuzsgx+w3j4BMdOSVg==</latexit>

O(1)

<latexit sha1_base64="/wXDRxqMPbrLuOXvsLSy7iCDlCU=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzTAzfborunGlFWwttGPJpJk2NJMZkoxShv6HGxeKuPVf3Pk3ZtoKKnogcDjnXu7J8SJGpbKsDyOztLyyupZdz21sbm3v5Hf32jKMBSYtHLJQdDwkCaOctBRVjHQiQVDgMXLjjc9S/+aOCElDfq0mEXEDNOTUpxgpLd32AqRGGLHkclq8OO7nC5Z5Uq86FQdapmXVnFI1JU6t7JSgrZUUBbBAs59/7w1CHAeEK8yQlF3bipSbIKEoZmSa68WSRAiP0ZB0NeUoINJNZqmn8EgrA+iHQj+u4Ez9vpGgQMpJ4OnJNKX87aXiX143Vn7dTSiPYkU4nh/yYwZVCNMK4IAKghWbaIKwoDorxCMkEFa6qJwu4eun8H/Sdky7alauyoXG6aKOLDgAh6AIbFADDXAOmqAFMBDgATyBZ+PeeDRejNf5aMZY7OyDHzDePgFZ2pJw</latexit>

O(N)

log

hashmap

R:  
U:

<latexit sha1_base64="yoseEY89tbXomV72iDjnjXY/G0A=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzZCptra7oht3VrAPaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQVVPRA4HDOvdyT40WcKY3Qh5VZWl5ZXcuu5zY2t7Z38rt7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1744vUb99RqVgobvQkom6Ah4L5jGBtpNtegPWIYJ5cTYvOcT9fQDaqlGuoBpFdRk51RhCqVEsn0DEkRQEs0Ojn33uDkMQBFZpwrFTXQZF2Eyw1I5xOc71Y0QiTMR7SrqECB1S5ySz1FB4ZZQD9UJonNJyp3zcSHCg1CTwzmaZUv71U/MvrxtqvugkTUaypIPNDfsyhDmFaARwwSYnmE0MwkcxkhWSEJSbaFJUzJXz9FP5PWiXbqdjl69NC/XxRRxYcgENQBA44A3VwCRqgCQiQ4AE8gWfr3nq0XqzX+WjGWuzsgx+w3j4BMdOSVg==</latexit>

O(1)

<latexit sha1_base64="yoseEY89tbXomV72iDjnjXY/G0A=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzZCptra7oht3VrAPaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQVVPRA4HDOvdyT40WcKY3Qh5VZWl5ZXcuu5zY2t7Z38rt7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1744vUb99RqVgobvQkom6Ah4L5jGBtpNtegPWIYJ5cTYvOcT9fQDaqlGuoBpFdRk51RhCqVEsn0DEkRQEs0Ojn33uDkMQBFZpwrFTXQZF2Eyw1I5xOc71Y0QiTMR7SrqECB1S5ySz1FB4ZZQD9UJonNJyp3zcSHCg1CTwzmaZUv71U/MvrxtqvugkTUaypIPNDfsyhDmFaARwwSYnmE0MwkcxkhWSEJSbaFJUzJXz9FP5PWiXbqdjl69NC/XxRRxYcgENQBA44A3VwCRqgCQiQ4AE8gWfr3nq0XqzX+WjGWuzsgx+w3j4BMdOSVg==</latexit>

O(1)

Query / Read Insert / Update

Performance tradeoff
Storage / Memory

M M

M

The tug of war



R:  
U:

<latexit sha1_base64="/wXDRxqMPbrLuOXvsLSy7iCDlCU=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzTAzfborunGlFWwttGPJpJk2NJMZkoxShv6HGxeKuPVf3Pk3ZtoKKnogcDjnXu7J8SJGpbKsDyOztLyyupZdz21sbm3v5Hf32jKMBSYtHLJQdDwkCaOctBRVjHQiQVDgMXLjjc9S/+aOCElDfq0mEXEDNOTUpxgpLd32AqRGGLHkclq8OO7nC5Z5Uq86FQdapmXVnFI1JU6t7JSgrZUUBbBAs59/7w1CHAeEK8yQlF3bipSbIKEoZmSa68WSRAiP0ZB0NeUoINJNZqmn8EgrA+iHQj+u4Ez9vpGgQMpJ4OnJNKX87aXiX143Vn7dTSiPYkU4nh/yYwZVCNMK4IAKghWbaIKwoDorxCMkEFa6qJwu4eun8H/Sdky7alauyoXG6aKOLDgAh6AIbFADDXAOmqAFMBDgATyBZ+PeeDRejNf5aMZY7OyDHzDePgFZ2pJw</latexit>

O(N)

sorted 
array 

<latexit sha1_base64="F6u8Wlu375nIfC3XNhJ8rGnSW1U=">AAAB+3icdVDLSgMxFM3UV62vsS7dBItQN0Om2truim5caQVbC+1QMmmmDc08SDJiGeZX3LhQxK0/4s6/MdNWUNEDgcM593JPjhtxJhVCH0ZuaXlldS2/XtjY3NreMXeLHRnGgtA2CXkoui6WlLOAthVTnHYjQbHvcnrrTs4z//aOCsnC4EZNI+r4eBQwjxGstDQwi30fqzHBPLlKyzwcwcujgVlCFqpVG6gBkVVFdn1GEKrVK8fQ1iRDCSzQGpjv/WFIYp8GinAsZc9GkXISLBQjnKaFfixphMkEj2hP0wD7VDrJLHsKD7UyhF4o9AsUnKnfNxLsSzn1XT2ZJZW/vUz8y+vFyqs7CQuiWNGAzA95MYcqhFkRcMgEJYpPNcFEMJ0VkjEWmChdV0GX8PVT+D/pVCy7ZlWvT0rNs0UdebAPDkAZ2OAUNMEFaIE2IOAePIAn8GykxqPxYrzOR3PGYmcP/IDx9gmakJQu</latexit>

O(logN) R:  
U:

<latexit sha1_base64="yoseEY89tbXomV72iDjnjXY/G0A=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzZCptra7oht3VrAPaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQVVPRA4HDOvdyT40WcKY3Qh5VZWl5ZXcuu5zY2t7Z38rt7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1744vUb99RqVgobvQkom6Ah4L5jGBtpNtegPWIYJ5cTYvOcT9fQDaqlGuoBpFdRk51RhCqVEsn0DEkRQEs0Ojn33uDkMQBFZpwrFTXQZF2Eyw1I5xOc71Y0QiTMR7SrqECB1S5ySz1FB4ZZQD9UJonNJyp3zcSHCg1CTwzmaZUv71U/MvrxtqvugkTUaypIPNDfsyhDmFaARwwSYnmE0MwkcxkhWSEJSbaFJUzJXz9FP5PWiXbqdjl69NC/XxRRxYcgENQBA44A3VwCRqgCQiQ4AE8gWfr3nq0XqzX+WjGWuzsgx+w3j4BMdOSVg==</latexit>
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RUM conjecture
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… setting an upper bound for two of the 
RUM axes, implies a hard lower bound 

for the third axis
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Thought Experiment 1
Where does a                  stand for 
memory, update, and read costs?

Read Update

Memory

RUM conjecture
A three-way tradeoff

hashmap

point read 

range read 
vs
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Range read Update

MemoryPoint read

But, what about deletes?

Are updates the same as inserts?

What about selectivity of 
range reads?

Extending the RUM tradeoff
A multi-way tradeoff



Short range 
read

Update

Memory

Point read

But, what about deletes?

Are updates the same as inserts?

What about selectivity of 
range reads?

Insert

Delete

Long 
range read

Extending the RUM tradeoff
A multi-way tradeoff



Designing data systems

index 
design 

data structure  
&  

access method application 
requirements 

performance 
tradeoffshardware

cloud 
cost

Designing data systems = HARD PROBLEM
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Designing data systems
Solving a hard problem

No one knows everything!

Lesley Lamport, Microsoft Research 
MA ’63, PhD ’72 Brandeis University 
ACM Turing Award 2013



Designing data systems
Solving a hard problem

Patrick O’Neil, UMass Boston 
Co-inventor of the LSM-tree

pa
pe

rs
 p

ub
lis

he
d

2023
0

200

100

*

1996 2006 2016

* data from Google scholar 

first paper 
on LSM

Google 
Bigtable

No one knows everything!
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Designing data systems
Solving a hard problem

Get the COSI 167 students

Perfectly tuned data system!

Self-designing, self-tuning, and 
adaptive data systems

Adaptive data layouts: row stores vs. column stores vs. hybrids 
Self-tuning LSM-engines 

Adaptive (adaptive) indexing 
Workload-aware data re-organization 

Self-designing storage engines 
Hardware-conscious memory manager 

Cloud cost-optimized data systems
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Querying over slotted pages
Understanding the schema

schema: R (A, B, C, D)

A         B         C         D
A         B         C         D
A         B         C         D
A         B         C         D
A         B         C         D
A         B         C         D
A         B         C         D
A         B         C         D

file
Thought Experiment 2
select A,B,C,D from R 

Thought Experiment 3
select A from R 

Problem?
Read amplification 

Solution?
Column stores



Querying over slotted pages
Understanding the schema

schema: R (A, B, C, D)

A 

file
Thought Experiment 3
select A from R 

B C D 
Problem?

Thought Experiment 2
select A,B,C,D from R 

Tuple reconstruction



Querying over slotted pages
Understanding the schema

schema: R (A, B, C, D)

A 

file
Thought Experiment 4
select A+B from R 

B C D 

Can we do something better?



Querying over slotted pages
Understanding the schema

schema: R (A, B, C, D)

A 

file
Thought Experiment 4
select A+B from R 

B C D 

Can we do something better?



Querying over slotted pages
Understanding the schema

schema: R (A, B, C, D)

A 

file
Thought Experiment 5
select A+B from R 

B C D 
What if we have all three queries?

select A,B,C,D from R 
select A from R 

What if we only have inserts/updates?
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Querying over slotted pages
Understanding the schema

schema: R (A, B, C, D)

Thought Experiment 6
When would you have this 
data layout?

Queries on a subset of data



60s 70s 80s 90s 00s 10s 20s

rows rows rows rows rows rows*

1985: first complete 
column-store model

2000: first complete 
column-store system

2001: first idea for 
hybrid layouts

2012: expanding on 
hybrid layouts

Evolution of column store 
From row sotres to column stores



Querying over slotted pages
Understanding the schema

schema: R (A, B, C, D)

A 

file
Thought Experiment

select max(B) from R 
    where A>5 and C<10 

B C D 
Home work!



Row stores vs. Column stores

Next time in COSI 167A
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Prof. Subhadeep Sarkar         
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COSI 167A 
Advanced Data Systems

Data Systems Architecture

https://ssd-brandeis.github.io/COSI-167A/

https://ssd-brandeis.github.io/COSI-167A/

