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What is this?

- Dave Cheney’s High Performance Go Workshop

- We won't cover the whole workshop 

- Scratching the surface

- How to read the comparison results 

https://dave.cheney.net/high-performance-go-workshop/dotgo-paris.html


● Go development environment

● Clone this git repository:

○ https://github.com/davecheney/high-performance-go-workshop

○ go mod download after fetching, for dependencies.

● Benchstat

○ go install golang.org/x/perf/cmd/benchstat@latest

Prerequisites

https://github.com/davecheney/high-performance-go-workshop


Mechanical Sympathy

To excel in any field, you don't 

need to build the tools you use, 

but you must understand how 

they work to use them 

effectively.



Mechanical Sympathy



Let’s GO!



// Fib computes the n'th number in the Fibonacci series.
func Fib(n int) int {
   switch n {
   case 0:
      return 0
   case 1:
      return 1
   default:
      return Fib(n-1) + Fib(n-2)
   }
}

Calculate Fibonacci



func BenchmarkFibWrong(b *testing.B) {

    Fib(N)

}

Benchmark Test

func BenchmarkFibWrong2(b *testing.B) {

   for n := 0; n < b.N; n++ {

      Fib(n)

   }

}

Benchmark Test (wrong)



func BenchmarkFib20(b *testing.B) {

   b.ReportAllocs()

   b.ResetTimer()

   for n := 0; n < b.N; n++ {

      Fib(20) // run the Fib function b.N times

   }

}

Benchmark Test



func BenchmarkFib20(b *testing.B) {

   b.ReportAllocs()

   b.ResetTimer()

   for n := 0; n < b.N; n++ {

      Fib(20) // run the Fib function b.N times

   }

}

Benchmark Test



func BenchmarkFib20(b *testing.B) {

   b.ReportAllocs()

   b.ResetTimer()

   for n := 0; n < b.N; n++ {

      Fib(20) // run the Fib function b.N times

   }

}

Benchmark Test



func BenchmarkFib20(b *testing.B) {

   b.ReportAllocs()

   b.ResetTimer()

   for n := 0; n < b.N; n++ {

      Fib(20) // run the Fib function b.N times

   }

}

Benchmark Test



go test -benchmem -run=^$ \

 -memprofile mem.out \

 -cpuprofile cpu.out \

 -count 10 \

 -bench ^BenchmarkFib20 ./02-benchmarking/examples/fib | tee old.txt

Run benchmark test



go test -benchmem -run=^$ \

 -memprofile mem.out \

 -cpuprofile cpu.out \

 -count 10 \

 -bench ^BenchmarkFib20 ./02-benchmarking/examples/fib | tee old.txt

Run benchmark test



go test -benchmem -run=^$ \

 -memprofile mem.out \

 -cpuprofile cpu.out \

 -count 10 \

 -bench ^BenchmarkFib20 ./02-benchmarking/examples/fib | tee old.txt

Run benchmark test



go test -benchmem -run=^$ \

 -memprofile mem.out \

 -cpuprofile cpu.out \

 -count 10 \

 -bench ^BenchmarkFib20 ./02-benchmarking/examples/fib | tee old.txt

Run benchmark test



go test -benchmem -run=^$ \

 -memprofile mem.out \

 -cpuprofile cpu.out \

 -count 10 \

 -bench ^BenchmarkFib20 ./02-benchmarking/examples/fib | tee old.txt

Run benchmark test



goos: darwin

goarch: arm64

pkg: ./high-performance-go-workshop/02-benchmarking/examples/fib

BenchmarkFib20-10          41174        29086 ns/op          0 B/op         0 allocs/op

BenchmarkFib20-10          41322        29068 ns/op          0 B/op         0 allocs/op

BenchmarkFib20-10          41119        29074 ns/op          0 B/op         0 allocs/op

BenchmarkFib20-10          41247        29062 ns/op          0 B/op         0 allocs/op

BenchmarkFib20-10          41319        29076 ns/op          0 B/op         0 allocs/op

BenchmarkFib20-10          41229        29100 ns/op          0 B/op         0 allocs/op

BenchmarkFib20-10          41328        29087 ns/op          1 B/op         0 allocs/op

BenchmarkFib20-10          41282        29256 ns/op          0 B/op         0 allocs/op

BenchmarkFib20-10          41300        29083 ns/op          0 B/op         0 allocs/op

BenchmarkFib20-10          41254        29046 ns/op          0 B/op         0 allocs/op

PASS

ok      ./high-performance-go-workshop/02-benchmarking/examples/fib   15.140s

Before improvement



// Fib computes the n'th number in the Fibonacci series.
func Fib(n int) int {
   switch n {
   case 0:
      return 0
   case 1:
      return 1
   case 2:
      return 2
   default:
      return Fib(n-1) + Fib(n-2)
   }
}

Improve the code



// Fib computes the n'th number in the Fibonacci series.
func Fib(n int) int {
   switch n {
   case 0:
      return 0
   case 1:
      return 1
   case 2:
      return 2
   default:
      return Fib(n-1) + Fib(n-2)
   }
}

Improve the code

I can make things very fast 
if they don’t have to be correct.

Russ Cox
https://github.com/rsc/



// Fib computes the n'th number in the Fibonacci series.
func Fib(n int) int {
   switch n {
   case 0:
      return 0
   case 1:
      return 1
   case 2:
      return 2
   default:
      return Fib(n-1) + Fib(n-2)
   }
}

Improve the code

Have unit tests!



// Fib computes the n'th number in the Fibonacci series.
func Fib(n int) int {
   switch n {
   case 0:
      return 0
   case 1:
      return 1
   case 2:
      return 1
   default:
      return Fib(n-1) + Fib(n-2)
   }
}

Improve the code



go test -benchmem -run=^$ \

 -memprofile mem.out \

 -cpuprofile cpu.out \

 -count 10 \

 -bench ^BenchmarkFib20 ./02-benchmarking/examples/fib | tee new.txt

Run benchmark test again



goos: darwin

goarch: arm64

pkg: ./high-performance-go-workshop/02-benchmarking/examples/fib

BenchmarkFib20-10          66427        17889 ns/op          0 B/op         0 allocs/op

BenchmarkFib20-10          67062        17880 ns/op          0 B/op         0 allocs/op

BenchmarkFib20-10          67140        17935 ns/op          0 B/op         0 allocs/op

BenchmarkFib20-10          66949        17923 ns/op          0 B/op         0 allocs/op

BenchmarkFib20-10          67134        19924 ns/op          0 B/op         0 allocs/op

BenchmarkFib20-10          67029        17867 ns/op          0 B/op         0 allocs/op

BenchmarkFib20-10          67058        17869 ns/op          0 B/op         0 allocs/op

BenchmarkFib20-10          67023        17855 ns/op          0 B/op         0 allocs/op

BenchmarkFib20-10          67134        17879 ns/op          0 B/op         0 allocs/op

BenchmarkFib20-10          67088        17869 ns/op          0 B/op         0 allocs/op

PASS

ok      ./high-performance-go-workshop/02-benchmarking/examples/fib   14.369s

After improvement



benchstat old.txt new.txt

goos: darwin

goarch: arm64

pkg: github.com/grafana/high-performance-go-workshop/02-benchmarking/examples/fib

        │   old.txt   │               new.txt               │

        │   sec/op    │   sec/op     vs base                │

Fib20-10   29.08µ ± 0%   17.88µ ± 0%  -38.52% (p=0.000 n=10)

        │  old.txt   │           new.txt            │

        │    B/op    │    B/op     vs base          │

Fib20-10   0.000 ± 0%   0.000 ± 0%  ~ (p=1.000 n=10)

        │  old.txt   │            new.txt             │

        │ allocs/op  │ allocs/op   vs base            │

Fib20-10   0.000 ± 0%   0.000 ± 0%  ~ (p=1.000 n=10) ¹

¹ all samples are equal

Compare the results



benchstat old.txt new.txt

goos: darwin

goarch: arm64

pkg: github.com/grafana/high-performance-go-workshop/02-benchmarking/examples/fib

        │   old.txt   │               new.txt               │

        │   sec/op    │   sec/op     vs base                │

Fib20-10   29.08µ ± 0%   17.88µ ± 0%  -38.52% (p=0.000 n=10)

        │  old.txt   │           new.txt            │

        │    B/op    │    B/op     vs base          │

Fib20-10   0.000 ± 0%   0.000 ± 0%  ~ (p=1.000 n=10)

        │  old.txt   │            new.txt             │

        │ allocs/op  │ allocs/op   vs base            │

Fib20-10   0.000 ± 0%   0.000 ± 0%  ~ (p=1.000 n=10) ¹

¹ all samples are equal

Compare the results

Allocation



benchstat old.txt new.txt

goos: darwin

goarch: arm64

pkg: github.com/grafana/high-performance-go-workshop/02-benchmarking/examples/fib

        │   old.txt   │               new.txt               │

        │   sec/op    │   sec/op     vs base                │

Fib20-10   29.08µ ± 0%   17.88µ ± 0%  -38.52% (p=0.000 n=10)

        │  old.txt   │           new.txt            │

        │    B/op    │    B/op     vs base          │

Fib20-10   0.000 ± 0%   0.000 ± 0%  ~ (p=1.000 n=10)

        │  old.txt   │            new.txt             │

        │ allocs/op  │ allocs/op   vs base            │

Fib20-10   0.000 ± 0%   0.000 ± 0%  ~ (p=1.000 n=10) ¹

¹ all samples are equal

Compare the results

Memory



benchstat old.txt new.txt

goos: darwin

goarch: arm64

pkg: github.com/grafana/high-performance-go-workshop/02-benchmarking/examples/fib

        │   old.txt   │               new.txt               │

        │   sec/op    │   sec/op     vs base                │

Fib20-10   29.08µ ± 0%   17.88µ ± 0%  -38.52% (p=0.000 n=10)

        │  old.txt   │           new.txt            │

        │    B/op    │    B/op     vs base          │

Fib20-10   0.000 ± 0%   0.000 ± 0%  ~ (p=1.000 n=10)

        │  old.txt   │            new.txt             │

        │ allocs/op  │ allocs/op   vs base            │

Fib20-10   0.000 ± 0%   0.000 ± 0%  ~ (p=1.000 n=10) ¹

¹ all samples are equal

Compare the results

CPU



benchstat old.txt new.txt

goos: darwin

goarch: arm64

pkg: github.com/grafana/high-performance-go-workshop/02-benchmarking/examples/fib

        │   old.txt   │               new.txt               │

        │   sec/op    │   sec/op     vs base                │

Fib20-10   29.08µ ± 0%   17.88µ ± 0%  -38.52% (p=0.000 n=10)

        │  old.txt   │           new.txt            │

        │    B/op    │    B/op     vs base          │

Fib20-10   0.000 ± 0%   0.000 ± 0%  ~ (p=1.000 n=10)

        │  old.txt   │            new.txt             │

        │ allocs/op  │ allocs/op   vs base            │

Fib20-10   0.000 ± 0%   0.000 ± 0%  ~ (p=1.000 n=10) ¹

¹ all samples are equal

Compare the results

CPU

Have a stable environment



go test -benchmem -run=^$ \

 -memprofile mem.out \

 -cpuprofile cpu.out \

 -count 10 \

 -bench ^BenchmarkFib20 ./02-benchmarking/examples/fib | tee old.txt

cpu.out & mem.out



go tool pprof -http :9999 cpu.out

go tool pprof -http :7777 mem.out

pprof



Tips & Tricks



// Allocates a buffer

func (r *Reader) Read() ([]byte, error)

// Uses the buffer it was given

func (r *Reader) Read(buf []byte) (int, error)

Reduce Allocations



- In Go string values are immutable, []byte are mutable.

- IO operations prefer [ ]byte

- Avoid [ ]byte to string conversions wherever possible

- bytes package already contains many of the operations

- Split, Compare, HasPrefix, Trim, etc

strings and [ ]byte

https://pkg.go.dev/bytes


● Go strings are immutable. 

● Concatenating two strings generates a third. 

● Which of the following is fastest?

strings



func BenchmarkConcatenate(b *testing.B) {

   // setup test

   var r string

   for n := 0; n < b.N; n++ {

      s := request.ID

      s += " " + client.Addr().String()

      s += " " + time.Now().String()

      r = s

   }

   Result = r

}

Concatenate

https://github.com/davecheney/high-performance-go-workshop/blob/master/examples/concat/concat_test.go#L27-L43

https://github.com/davecheney/high-performance-go-workshop/blob/master/examples/concat/concat_test.go#L27-L43


func BenchmarkFprintf(b *testing.B) {

   // setup test

   var r string

   for n := 0; n < b.N; n++ {

      var b bytes.Buffer

      fmt.Fprintf(&b, "%s %v %v", request.ID, client.Addr(), time.Now())

      r = b.String()

   }

   Result = r

}

Fprintf()

https://github.com/davecheney/high-performance-go-workshop/blob/master/examples/concat/concat_test.go#L45-L60

https://github.com/davecheney/high-performance-go-workshop/blob/master/examples/concat/concat_test.go#L45-L60


func BenchmarkSprintf(b *testing.B) {

   // setup test

   var r string

   for n := 0; n < b.N; n++ {

      r = fmt.Sprintf("%s %v %v", request.ID, client.Addr(), time.Now())

   }

   Result = r

}

Sprintf()

https://github.com/davecheney/high-performance-go-workshop/blob/master/examples/concat/concat_test.go#L62-L75

https://github.com/davecheney/high-performance-go-workshop/blob/master/examples/concat/concat_test.go#L62-L75


func BenchmarkStrconv(b *testing.B) {

   // setup test

   var r string

   for n := 0; n < b.N; n++ {

      b := make([]byte, 0, 40)

      b = append(b, request.ID...)

      b = append(b, ' ')

      b = append(b, client.Addr().String()...)

      b = append(b, ' ')

      b = time.Now().AppendFormat(b, "2006-01-02 15:04:05.999999999 -0700 MST")

      r = string(b)

   }

   Result = r

}

Strconv

https://github.com/davecheney/high-performance-go-workshop/blob/master/examples/concat/concat_test.go#L77-L96

https://github.com/davecheney/high-performance-go-workshop/blob/master/examples/concat/concat_test.go#L77-L96


func BenchmarkStringsBuilder (b *testing.B) {

   // setup test

   var r string

   for n := 0; n < b.N; n++ {

      var b strings.Builder

      b.WriteString(request.ID)

      b.WriteString(" ")

      b.WriteString(client.Addr().String())

      b.WriteString(" ")

      b.WriteString(time.Now().String())

      r = b.String()

   }

   Result = r

}

StringsBuilder

https://github.com/davecheney/high-performance-go-workshop/blob/master/examples/concat/concat_test.go#L98-L117

https://github.com/davecheney/high-performance-go-workshop/blob/master/examples/concat/concat_test.go#L98-L117


Avoid string concatenation



Avoid string concatenation



Avoid string concatenation



func BenchmarkStrconv(b *testing.B) {

   // setup test

   var r string

   for n := 0; n < b.N; n++ {

      b := make([]byte, 0, 40)

      b = append(b, request.ID...)

      b = append(b, ' ')

      b = append(b, client.Addr().String()...)

      b = append(b, ' ')

      b = time.Now().AppendFormat(b, "2006-01-02 15:04:05.999999999 -0700 MST")

      r = string(b)

   }

   Result = r

}

🥇 Strconv

https://github.com/davecheney/high-performance-go-workshop/blob/master/examples/concat/concat_test.go#L77-L96

https://github.com/davecheney/high-performance-go-workshop/blob/master/examples/concat/concat_test.go#L77-L96


// Before

var s []string

for _, v := range fn() {

   s = append(s, v)

}

return s

Preallocate slices if the length is known

// After

vals := fn()

s := make([]string, len(vals))

for i, v := range vals {

   s[i] = v

}

return s

https://github.com/alexkohler/prealloc 

https://github.com/alexkohler/prealloc


Real world examples

BENCHMARKING



Benchmarking in the wild #1







Benchmarking in the wild #2



https://grafana.com/docs/pyroscope/latest/ 

https://grafana.com/docs/pyroscope/latest/










CPU

Memory

Allocations



In conclusion

● Have “Mechanical Sympathy”

● Have unit tests

● Change one thing at a time

● Small changes makes big difference

● Benchmarking is easy

● We have all the tools in place



“
Premature optimization is the root of all evil 

(or at least most of it) in programming.

”
Donald Knuth



- https://playground.flamegraph.com/playground 

- High Performance Go Workshop 

- From slow to SIMD: A Go optimization story 

- High-Performance JSON Parsing in Go

- go-perfbook 

Further Reading

https://playground.flamegraph.com/playground
https://dave.cheney.net/high-performance-go-workshop/dotgo-paris.html
https://sourcegraph.com/blog/slow-to-simd
https://www.cockroachlabs.com/blog/high-performance-json-parsing/
https://github.com/dgryski/go-perfbook/tree/master
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