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The journey of vectorizing the merge joiner



Agenda 

1. What is a merge join algorithm
2. Outline of the implementation in the volcano model
3. Vectorizing the merge joiner

a. single column equality
b. multi column equality
c. output population
d. more optimizations

Credits: this presentation is largely based on George Utsin’s presentation
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Merge joiner outline

1. consume both inputs a group at a time (all rows identical on equality 

columns)
a. this requires row-at-a-time comparison against the “head” of the group

2. maintaining the cursors in each group, render an output row
a. copying rows from both sides one-at-a-time
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Merge joiner, rendering output
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Vectorized 
execution 

engine

Inspired by MonetDB/X100 paper

Operate on batches of up to 1024 rows at once

Avoid row-at-a-time operations

Doesn’t use vectorized (SIMD) instructions (yet)

http://cidrdb.org/cidr2005/papers/P19.pdf


What does it mean 
to “vectorize”?

Instead of performing 
comparisons “row by row”, 
do it “column by column”
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But what about multi column equality?
Remember, we can only look at one column per input at a time.
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Vectorizing the 
cross product

We can do better with a 
critical observation
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output all at once, and ignore 
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Number of 
times 
repeated: 2

Length: 2

Similarly with the right 
output.
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Thus we have built our cross 
product a column at a time!
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Assignment instead of copy

Typically, it’s faster to use copy than to loop through and assign a range of values

But if it’s one element, it’s faster to perform a length check and assign instead of copy

Making things faster with:

for i := range src {
dest[i] = src[i]

}

copy(dest, src)

copy(dest, src) if len(src) == 1 {
dest[0] = src[0]

} else {
copy(dest, src)

}
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Bounds Check Elimination

https://www.ardanlabs.com/blog/2018/04/bounds-check-elimination-in-go.html

Making things faster with:

for i := range src {
dest[i] = src[i]*2

}

dest = dest[:len(src)]
for i := range src {

dest[i] = src[i]*2
}

https://www.ardanlabs.com/blog/2018/04/bounds-check-elimination-in-go.html
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Templating

Making things faster with:

Regular Go

Templated Go
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Templating

Making things faster with:

for i := range src {
if len(src) > 5 {

dest[i] = src[i]
} else {

dest[i] = src[foo[i]]
}

}

if len(src) > 5 {
for i := range src {

dest[i] = src[i]
}

} else {
for i := range src {

dest[i] = src[foo[i]]
}

}
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Templating

Making things faster with: Repeated code!

for i := range src {
if len(src) > 5 {

dest[i] = src[i]
} else {

dest[i] = src[foo[i]]
}

}

if len(src) > 5 {
for i := range src {

dest[i] = src[i]
}

} else {
for i := range src {

dest[i] = src[foo[i]]
}

}
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Templating

Making things faster with: if len(src) > 5 {
_FOR_LOOP(false)

} else {
_FOR_LOOP(true)

}

for i := range src {
if len(src) > 5 {

dest[i] = src[i]
} else {

dest[i] = src[foo[i]]
}

}
if len(src) > 5 {

for i := range src {
dest[i] = src[i]

}
} else {

for i := range src {
dest[i] = src[foo[i]]

}
}
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*slaps roof of merge joiner*
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Templating, why

❏ different data type support

❏ different join type support

❏ null handling
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Conclusion

❏ vectorized operators can offer orders of magnitude improvements in 

the performance

❏ vectorized execution in CockroachDB on real queries achieves up to 4x 

speed up (limited by the scan speed)

❏ “vectorizing” an operator requires change of the perspective
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Check out our excellent blog!

• How We Built a Vectorized Execution Engine by 

Alfonso Subiotto Marques and Rafi Shamim

• Vectorizing the Merge Joiner by George Utsin

https://www.cockroachlabs.com/blog/how-we-built-a-vectorized-execution-engine/
https://www.cockroachlabs.com/blog/vectorizing-the-merge-joiner-in-cockroachdb/


Questions?

cockroa.ch/earlycareers

github.com/cockroachdb

www.cockroachlabs.com

https://github.com/cockroachdb
http://www.cockroachlabs.com

