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Motivation

I YourSQL is designed for data-intensive database queries

I Intuition: ↓ data transferred ⇒ ↑ query speed

I Early filtering is data-intensive but non-complex

I Number of I/O requests is largest contributor to cost of
data-itensive operations
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In-storage computing (ISC) in Solid State Drives (SSDs)

Figure: From Bae, et al.[1]
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SSD photo from YourSQL

4/32



Background
Implementation (SELECT)

Implementation (JOIN)
Evaluation
References

Motivation
SSD Basics
DB Architecture

Database Architecture

5/32



Background
Implementation (SELECT)

Implementation (JOIN)
Evaluation
References

Definitions
Index Condition Pushdown (ICP)
Filtering Condition Pushdown (FCP)
Revamped DB Architecture
Prefetcher

Definitions

I Selectivity: fraction of
relevant rows from row set

I 0 is highest (most
selective)

I 1 is lowest

I ↑ selectivity 6⇒ ↑ query
speed

I Filtering ratio: fraction of
relevant pages from page set

I Filtering ratio is much better
indicator of speed-up
guarantees
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Query 1

What if the WHERE predicates are indices?
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Index Condition Pushdown (ICP)1

1https://mariadb.com/kb/en/mariadb/index-condition-pushdown/
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Query 1 (again)

What if the WHERE predicates are not indices?
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Filtering Condition Pushdown (FCP)
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Hardware filtering

X = lots of dates between 1990 and 2020

M2016,9 = dates in 2016 September

M2016,10 = dates in 2016 October

M2016,11 = dates in 2016 November

Y2016 = dates in 2016

[
X ∩M2016,9

]
∪
[
X ∩M2016,10

]
∪
[
X ∩M2016,11

]
⊆

[
X ∩ Y2016

]
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Hardware filtering

date >= ‘1995-09-01’ AND date < ‘1995-10-01’

date >= 0x8F9721 AND date < 0x8F9741

date.startswith(0x8F97)
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Hardware filtering inherent limitations

X = lots of dates between 1990 and 2020

M2016,12 = dates in 2016 December

M2017,1 = dates in 2017 January

[
X ∩M2016,12

]
∪
[
X ∩M2017,1

]
⊆

[
X ∩ Y??

]
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Hardware filtering

[
X ∩M2016,9

]
∪
[
X ∩M2016,10

]
∪
[
X ∩M2016,11

]
⊆

[
X ∩ Y2016

][
X ∩M2016,12

]
∪
[
X ∩M2017,1

]
⊆

[
X ∩ Y??

]
False positives? Possibly.
False negatives? No.
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Filtering Condition Pushdown (FCP)
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Software filtering

I Only activated in some cases
(depending on filter query)

I Removes (un-matches)
pages that are 100% false
positives
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YourSQL architecture
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ISC-enabled queries
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Prefetcher

I Bulk read from match hints
I Choosing the size of bulk match size (number of

match-hinted pages) is important
I SSD can concurrently process requests up to a certain

bulk match size
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Goal

Put the smallest table first in
JOIN order

I Nested-loop algorithm

I Why smallest first?
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Estimating I/O reduction per table

Nominate by heuristic → accept/reject by estimate

I Limiting score (heuristic)
I Threshold set presumably

through experimentation

I Estimated filter ratio
I Much more complex
I is quantitatively

correlated with actual
filtering ratio

I Requires FCP

22/32



Background
Implementation (SELECT)

Implementation (JOIN)
Evaluation
References

Goal
Estimating table sizes
Choosing smallest table for JOIN
ISC Sampler

Estimating I/O reduction per table

Nominate by heuristic → accept/reject by estimate

I Limiting score (heuristic)
I Threshold set presumably

through experimentation

I Estimated filter ratio
I Much more complex
I is quantitatively

correlated with actual
filtering ratio

I Requires FCP

22/32



Background
Implementation (SELECT)

Implementation (JOIN)
Evaluation
References

Goal
Estimating table sizes
Choosing smallest table for JOIN
ISC Sampler

Estimating I/O reduction per table

Nominate by heuristic → accept/reject by estimate

I Limiting score (heuristic)
I Threshold set presumably

through experimentation

I Estimated filter ratio
I Much more complex
I is quantitatively

correlated with actual
filtering ratio

I Requires FCP

22/32



Background
Implementation (SELECT)

Implementation (JOIN)
Evaluation
References

Goal
Estimating table sizes
Choosing smallest table for JOIN
ISC Sampler

Best-guessing smallest table
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Bandwidth comparisons

Figure: From Gu, et al.[2]
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Speed of queries

I 7× speed up

I 6.7% of pages needed to answer
query

I 44× speed up

26/32



Background
Implementation (SELECT)

Implementation (JOIN)
Evaluation
References

Speed
Power consumption
Effect of System RAM
TCP-H queries
Impact of optimization

Power consumption

I 44× speed up
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Effect of system memory size
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TCP-H queries
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Impact of optimization

HABP == prefetching
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Column store
*Lower (i.e., shorter bars) is better
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