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Llenb 3aHATUA OTUS

o Hayuntbcs nucatb 6eHYMapKy

e MI3y4ynTb OCHOBHbIE NOAX0Abl K ONTUMU3aLUMK NporpaMmm B Go @ @

o HaquTbcq noJib30BaTbCA MHCTPYMEHTaMMU I'IpOCbI/IJ'IMpOBaHI/IFI
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Ayaontopus OTUS

HanuwunTe, noxanymncra, B 4aT:

e 0, ecnn Bbl B NepBbIn pas sBuante Go
e 1, ecnun Bbl 4TO-TO nonucbiBaeTe Ha GO BpeMeHaMu

e 2, ecqiv Go Ball OCHOBHOM A3bIK
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[To3HaKOMUMCH OTUS

-- Beaywumn Golang-pa3spaboTunk B “LLeHTp HeABMXMMOCTHU
oT CbepbaHka" (JomMKnuk)

-- OKkoHuun marucTpatypy MI'TY um H.3. baymaHa (kadenpa
“KoMnbloTepHble CUCTEMBI U ceTn")

-- PaspabaTblBan 1 NoanepxXvsan CUCTEMbl MOHUTOPUHTa U
BHYTpeHHue cepBucbl B Mail.Ru Group (Python/Golang)

- _'& _;: "
'”‘! ‘ -- PaspabaTbiBan u nogaepxusan Kaspersky Fraud

AHTOH TenblweB Prevention Cloud (Python/C++)

-- OkoH4Mn TexHonapk Mail.Ru (cMcTeMHbIN apxuTeKTop), rae
BrnocneacTeuu npenoaasan "lloarotoBuTenbHyO NporpamMmmy
no C++"

-- Telegram: @antonboom
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BeHUYMapKUHT OT US

TecT npon3BoaAnNTEJSIbHOCTU - KOHTPOJIbHAA 3a4a4a, Heobxoaumas ans onpeneneHna CpaBHUTEJIbHbIX XapaKTEPUCTUK
npon3BoONTENIbHOCTU KOMI'IbI-OTGpHOVI CUCTEMbI.

https://ru.wikipedia.org/wiki/Benchmark_(computing)

BeHymMapkuHr B Go:

https://golang.org/pkg/testing/#hdr-Benchmarks
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beH4YMapKuHr (NMpuMep NporpaMmmel)

func Fast() int {

acc := new(int)
for i := 0; i < 10; i++ {
acc2 := new(int)
*acc2 = *acc + 1
acc = acc?
}
return *acc
}
func Slow() int {
acc := new(int)
for i := 0; i < 1000; i++ {
acc2 := new(int)
*acc2 = *acc + 1

acc = acc?2

}

return *acc
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beH4YMapKkuHr (NpumMep 6eHYMapKa) OTUS

import "testing"

func BenchmarkFast(b *testing.B) {

for i := 0; i < b.N; i++ {
Fast ()
}
}
func BenchmarkSlow(b *testing.B) {
for i := 0; i < b.N; i++ {
Slow()
}
}
$ go test -bench=. -benchmem .

https://golang.org/cmd/go/#hdr-Testing_flags (go help testflag)
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beH4yMapkuHr (paboTa c TanMepoMm)

func benchSomething(i int, b *testing.B) {
// Hard work with i
b.ResetTimer ()

for i := 0; i < b.N; i++ {
/] ...
b.StopTimer()
time.Sleep(l) // For example
b.StartTimer ()
/] ...

}

func BenchSomethingl00(b *testing.B) {
benchSomething (100, b)

}
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beHYMapKuHT (OWNOKN) OTUS

The benchmark function must run the target code b.N times.
During benchmark execution, b.N is adjusted until the benchmark function lasts long enough to be timed reliably.

import "testing"

func BenchmarkWrong(b *testing.B) {
for n := 0; n < b.N; n++ {
MyFunc (b.N)
}
}

func BenchmarkWrong2(b *testing.B) {
MyFunc (b.N)

}
func BenchmarkWrong3 (b *testing.B) {
for n := 0; n < b.N; n++ {
b.ResetTimer ()
MyFunc ()
}
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beHYMapKuHr (NapannesibHbii 3anycK)

var mu = sync.Mutex{}

func Fast() int {

acc := 0

for i := 0; i < 1000; i++ {
acc++

}

return acc

}

func Slow() int {
mu.Lock ()
defer mu.Unlock()

acc := 0

for i := 0; i < 1000; i++ {
acc++

}

return acc
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beHYMapKuHr (NapannesibHbii 3anycK)

func BenchmarkParallelFast(b *testing.B) {
b.RunParallel (func(pb *testing.PB) {
for pb.Next() {

// It should not use the StartTimer, StopTimer,

// or ResetTimer functions, because they have global effect.
Fast ()

})
}

func BenchmarkParallelSlow(b *testing.B) {
// b.SetParallelism(runtime.NumCPU())

b.RunParallel (func(pb *testing.PB) {
for pb.Next() {
Slow()
}
})

$ go test -bench=. -benchmem -cpu 8
$ go test -bench=. -benchmem -cpu 1
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OnTtumMmunzauumm B Go

14 /55



[Mpeannokauus slices n map OTUS

package prealloc

func Fast() {
const sz = 32000
a := make([]lint, 0, sz)
for i := 0; i < sz; i++ {
a = append(a, i)

}

// https://play.golang.org/p/dHrzhqluUyL
func Slow() {
const sz = 32000

a := make([]int, 0)
for i := 0; 1 < sz; i++ {
a = append(a, i)
}
}
BenchmarkFast-8 33127 36797 ns/op 262144 B/op 1 allocs/op
BenchmarkSlow-8 7012 169300 ns/op 1418496 B/op 25 allocs/op
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[lepencnonb3oBaHne 06LEKTOB OTUS

package reuse
import "encoding/json"

type A struct {

I int
}
func Slow() {
for i := 0; i < 1000; i++ {
a := &A{}
json.Unmarshal ([ Jbyte( {"i": 32}7), a)
}
}
func Fast() {
a := &A{}
for i := 0; i < 1000; i++ {
json.Unmarshal ([ ]Jbyte( {"i": 32}7), a)
}
}
BenchmarkFast-8 1620 648903 ns/op 224001 B/op 5001 allocs/op
BenchmarkSlow-8 1780 678757 ns/op 232002 B/op 6000 allocs/op
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strconv vs fmt OTUS

package fmtvsstrconv

import (
n fmt n
"strconv"

)

func Slow() string {
return fmt.Sprintf("%d", 42) // Reflection

}

func Fast() string {
return strconv.Itoa(42)

}
BenchmarkFast-8 320964528 3.94 ns/op 0 B/op 0 allocs/op
BenchmarkSlow-8 14024606 83.3 ns/op 2 B/op 1 allocs/op
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strings vs regex OTUS

package stringsvsre

import (
llregexpll
"strings"

)
var re *regexp.Regexp

func Fast() bool {
return strings.Contains("Hello world of golang", "world")

}

func VerySlow() bool {
res, _ := regexp.MatchString("world", "Hello world of golang")
return res

}

func Slow() bool {
return re.MatchString("Hello world of golang")

}
func init() {

re, _ = regexp.Compile("world")
}
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strings vs regex OTUS

BenchmarkFast-8 154657551 7.62 ns/op 0 B/op 0 allocs/op
BenchmarkSlow-8 10490900 114 ns/op 0 B/op 0 allocs/op
BenchmarkVerySlow-8 614916 1778 ns/op 1358 B/op 17 allocs/op
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strings.Builder OTUS

package stringbuilder

import "strings"

func Slow() string {

nn

a =

a += "1"
a += ll2ll
a += ll3ll
return a

}

func Fast() string {
builder := strings.Builder{}
builder.WriteString("1")
builder.WriteString("2")
builder.WriteString("3")
return builder.String()

}

func VeryFast() string {
return n 1 n + n 2 n + n 3 n

}
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strings.Builder OTUS

BenchmarkFast-8 33035418 34.2 ns/op 8 B/op 1 allocs/op
BenchmarkSlow-8 7959651 156 ns/op 16 B/op 4 allocs/op
BenchmarkVeryFast-8 1000000000 0.312 ns/op 0 B/op 0 allocs/op
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sync.Pool OT US

https://golang.org/src/sync/pool.go

package syncpool

var pool = sync.Pool{
New: func() interface{} {
return &strings.Builder{}
by
}

func Slow() string {
builder := strings.Builder{}
builder.WriteString("Hello")
return builder.String()

}

func Fast() string {
builder := pool.Get().(*strings.Builder)
defer pool.Put(builder) // Try to comment it out!

builder.Reset()
builder.WriteString("Hello")
return builder.String()
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sync.Pool

sync.Pool

Get()

pool

Internal “poolLocal” creation - one per

yes P1

request intgral First usage of
the pool 7

no P2

-

~
Does the “private”
attribute of the internal

pool have an item?
j

lno

Do the other pools
have any items in their

processors (GOMAXPROCS)

private interface{}
shared[] interface(}

private interface{}
shared[] interface{}

Access to the pool related to the

current processor

'shared’ attribute?

lno

Create an item from
the method “New”
defined in our pool

Does the “private”
attribute of the internal
pool have an item?

no

Store the item in the
“private” attribute

yes Remove this object for
= the internal pool and
return it
yes Steal an item from
—
other processors
yes Store the item in the

‘shared" attribute
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CTPYKTYpbI C YKasaTensiMun Kak 4acTb map

const numElements = 10000000
var foo = map[string]int{}

func timeGC() {
t := time.Now()
runtime.GC()
fmt.Printf("gc took: %s\n", time.Since(t))

}
func main() {
for i := 0; i < numElements; i++ {
foo[strconv.Itoa(i)] = i
}
for {
timeGC ()
time.Sleep(l * time.Second)
}
}

JepxaTb B heap MHOro CTpyKTyp C yKasaTensiMu - 4oporo!
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KonoreHepauusa vs pednekcus OT US

import "encoding/json"
var jsonExample = []byte("{\"I\": 10}")

//easyjson: json

type A struct {
I int

}

func StandardMarshal() {
json.Marshal (A{15})

}

func StandardUnmarshal() {
json.Unmarshal (jsonExample, &A{})

}

func EasyMarshal() {
&A{15} .MarshalJSON()

}

func EasyUnmarshal() {
&A{} .UnmarshalJSON(jsonExample)

}
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KonoreHepauusa vs pednekcus

BenchmarkStandardMarshal-8
BenchmarkStandardUnmarshal-8
BenchmarkEasyMarshal-8
BenchmarkEasyUnmarshal-8

2395393
2244314
13878271
13788298

496 ns/op 216
531 ns/op 200
86.3 ns/op 128
88.1 ns/op 128

B/op
B/op
B/op
B/op

[N NN

allocs/op
allocs/op
allocs/op
allocs/op
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[Nepeuncnonb3oBaHne HTTP-coeanHeHumn

var client = http.Client{

Timeout: 3 * time.Second,
// By default, Transport caches connections for future re-use

Transport: &http.Transport{},

}
func Fast() ([]byte, error) {
// Slow:
// resp, err := http.Get("https://api.vk.com/method/users.get")
resp, err := client.Get("https://api.vk.com/method/users.get")
if err != nil {
return nil, err
}
defer resp.Body.Close() // Baxho!
body, err := ioutil.ReadAll(resp.Body)
return body, nil
}
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Harpys4yHoe TecTupoBaHue (wrk) OTUS

https://github.com/wg/wrk

$ wrk -cl100 -d10s -t50 http://127.0.0.1:8080/
Running 33m test @ http://127.0.0.1:8080/
50 threads and 100 connections

Thread Stats Avg Stdev Max +/- Stdev
Latency 78.24ms 199.19ms 1.09s 91.29%
Reqg/Sec 64.80 45.40 370.00 70.79%

4017 requests in 2.42s, 0.89MB read
Socket errors: connect 0, read 4188, write 4, timeout 0
Non-2xx or 3xX responses: 4017

Requests/sec: 1657.77

Transfer/sec: 374.16KB
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bubnuoteka net/http

package main

import (
n fmt n
"net/http"
)

func main() {

http.HandleFunc("/", func (w http.ResponseWriter, r *http.Request) {
fmt.Fprintf(w, "Hello, world!\n\n")
})

http.ListenAndServe(":8080", nil)
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bubnuoTteka fasthttp OTUS

package main

import (
n fmt n
n logll

"github.com/valyala/fasthttp"
)

func main() {
h := requestHandler
h = fasthttp.CompressHandler (h)

if err := fasthttp.ListenAndServe("127.0.0.1:8080", h); err != nil {
log.Fatalf("Error in ListenAndServe: %s", err)

}

func requestHandler(ctx *fasthttp.RequestCtx) {
fmt.Fprintf(ctx, "Hello, world!\n\n")
}
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nethttp vs fasthttp

nethttp

$ wrk -cl100 -d10s -t50 http://127.0.0.1:8081/
Running 10s test @ http://127.0.0.1:8081/
50 threads and 100 connections

Thread Stats Avg Stdev Max +/- Stdev
Latency 1.47ms 1.52ms 68.91ms 95.79%
Reqg/Sec 1.52k 167.31 1.92k 71.49%

765171 requests in 10.10s, 96.32MB read

Requests/sec: 75743.42 Transfer/sec: 9.53MB
fasthttp

$ wrk -cl00 -d10s -t50 http://127.0.0.1:8081/
Running 10s test @ http://127.0.0.1:8081/
50 threads and 100 connections
Thread Stats  Avg Stdev Max  +/- Stdev
Latency 1.15ms 1.22ms 119.49ms 99.33%
Reqg/Sec 1.80k 177.21 2.24k 74.73%
902465 requests in 10.10s, 129.10MB read
Requests/sec: 89341.82 Transfer/sec: 12.78MB
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[lpoyne onTMMMU3auum OTUS

o N36erante nuiiHMx npeobpasoBaHuit [|byte <-> string

 [poBepsnTe, He AenaeTe NM Bbl B LIMKJIE TO, YTO MOXHO cAeflaTb OAUH pas BHe Hero (annokauumu,
npeobpasoBaHns 1 Np.)

e [1py BO3MOXHOCTU UCNOJIb3YUTE KaHalbl BMECTO MbOTEKCaA

e icnonb3ynTe SIOK Ha YTEHWe, eCnn ropyTUHA TONbKo YnuTaeT (sync.RWMutex)

o [MoMHUTE, 4TO BoJbLLIOE KONNYECTBO MHTepdbencos (abcTpakuuin) 3ameansieT nporpaMmy
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[lpoyne onTMMMU3auum OTUS

KomMnuanpymnte perynsipku 1 wabfoHbl 3apaHee

ACI/IHXpOHHO He BCeraa 3Ha4nT 6bICTp0

He I/ICI'IOJ'Ib3yI7ITe BTOpO€E 3Ha4€eHNE B range for npu nTepaunn no MacCcuBy XUPHbIX CTPYKTYP

MNepenaBanTe MaccuBbl B PYHKLMM MO YKa3aTeno
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MpocunuposaHmne B Go

34 /55



[MpodbunupoBaHue OTUS

C60p xapakTepuUcTuK paboTbl NMporpamMmbl, TakKnX Kak BPEMS BbIMOSHEHUS OTAEeSIbHbIX hparMeHTOB, YNUCJI0 BEPHO
NnpeacKasaHHbIX YCNOBHbIX NEPEX0A0B, YACO K3LL-NPOMAaxoB 1 T.A4.

NHCTpyMeHT, ncnonb3yemMblin 4Ns aHanusa paboTbl, HasblBaOT Npodannepom

35/ 55



Kakne MHCTpPYMeHTbI NpodunnnpoBaHus ncnonbayere? OT US

o C++:

o easy_profiler: https://github.com/yse/easy_profiler
o VerySleepy: http://www.codersnotes.com/sleepy/
o valgrind: http://valgrind.org/

e Python:

o CProfile: https://docs.python.org/3/library/profile.html#module-cProfile
o pycallgraph: http://pycallgraph.slowchop.com/en/master/

o aiomonitor: https://github.com/aio-libs/aiomonitor

o Django Debug Panel: https://github.com/recamshak/django-debug-panel

e Java:

o 777
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pprof - paboTaeM ¢ KOHCONbIO OTU S

dnar -x

$ go test -bench=. -benchmem -cpuprofile=cpu.out -memprofile=mem.out -x

$ go tool pprof 13 pprof console.test cpu.out
(pprof) list Slow
(pprof) list Fast

$ go tool pprof 13 pprof console.test mem.out

(pprof) alloc objects / alloc _space / inuse objects / inuse space
(pprof) list Slow

(pprof) list Fast

$ go tool pprof 13 pprof console.test mem.out
(pprof) pdf >profile.pdf
(pprof) quit
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pprof - pa60TaeM C KOHCOJIbIO

$ go tool pprof -help

YacTto MCMNoJib3yeMble€ KOMaHAbl:

—-disasm
-gif
-list
-pdf
-peek
-png
-svg
-web

Onuwuu:

-sample_index

Output assembly listings annotated with samples
Outputs a graph image in GIF format

Output annotated source for functions matching regexp
Outputs a graph in PDF format

Output callers/callees of functions matching regexp
Outputs a graph image in PNG format

Outputs a graph in SVG format

Visualize graph through web browser

Sample value to report

38/ 55



pprof - 3abbIBaeM Npo KOHCOJIb OTUS

$ go tool pprof -http :8090 our.binary cpu.out
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pprof - web profiling OTUS

package main

import (
"encoding/json"
"fmt"
"net/http"
_ "net/http/pprof" // <- Turn on pprof

)

type Resp struct {
Status int

}
func handler(w http.ResponseWriter, r *http.Request) {
for i := 0; i < 1000; i++ {
res, _ := json.Marshal(Resp{200})
fmt.Fprintln(w, res)
}
fmt.Fprintln(w, "Hello, world!\n\n")
}

func main() {
http.HandleFunc("/", handler)
http.ListenAndServe(":8080", nil)
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pprof - web profiling OTUS

$ wrk -c100 -d2000s -t50 http://127.0.0.1:8080/
$ go tool pprof http://localhost:8080/debug/pprof/profile?seconds=5

$ go tool pprof http://localhost:8080/debug/pprof/goroutines

be3 KkoHcONU:

$ go tool pprof -http :8082 \
http://localhost:8081/debug/pprof/profile?seconds=5

$ go tool pprof -http :8082 \
http://localhost:8081/debug/pprof/heap?seconds=5
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flamegraph ot Uber OTUS

AkTyanbHo 8o Go 1.11, nocne oH cTan YacTbio go tool pprof

$ go get github.com/uber/go-torch

$ git clone https://github.com/brendangregg/FlameGraph
$ cd FlameGraph

$ go-torch -u localhost:8081 -t 10
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OTUS

flamegraph ot Uber

Flame Graph

[ net/http.serverHandler.ServeHTTP
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TpeuncuHr OTUS

https://golang.org/pkg/runtime/trace/

$ wrk -c100 -d2000s -t50 http://127.0.0.1:8080/
$ wget http://localhost:8080/debug/pprof/trace?seconds=5 -o trace.out

$ go tool trace trace?seconds=5
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[MpakTuKa OTUS

ONTUMM3UPYeEM NporpamMmmy
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Ha 3aHaTumn OTUS

o Hayumnnucb nucatb 6eHYMapKu
o M3y4ynnm ocHoBHbIe NOAX0AbI K ONTUMU3ALIMK NporpaMm B Go

o Hayuymnucb nonb3oBaTbCA MHCTPYMEHTaMM NPOOUSIMPOBaHUS
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LlononHuTtenbHoe YTteHne (6eHYMaPKMHI) OTUS

o https://blog.golang.org/subtests (!)

« https://dave.cheney.net/2013/06/30/how-to-write-benchmarks-in-go
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LlononHutensHoe YteHne (MpodannuHr) OTUS

» https://blog.golang.org/profiling-go-programs
o https://habr.com/ru/company/badoo/blog/301990/

e https://habr.com/ru/company/badoo/blog/324682/
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JlononHuTenbHoe YteHne (oNTUMMU3auunn) OTUS

https://stephen.sh/posts/quick-go-performance-improvements

https://habr.com/ru/company/mailru/blog/331784/

https://habr.com/ru/post/443378/

https://segment.com/blog/allocation-efficiency-in-high-performance-go-services/ ()

https://medium.com/a-journey-with-go/go-understand-the-design-of-sync-pool-2dde3024e277
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JlononHuTenbHoe YteHne (oNTUMMU3auunn) OTUS

https://www.signalfx.com/blog/a-pattern-for-optimizing-go-2/

https://codeburst.io/how-to-optimise-your-go-code-c6b27d4f1452

https://medium.com/@val_deleplace/go-code-refactoring-the-23x-performance-hunt-156746b522f7

https://stackimpact.com/docs/go-performance-tuning/

https://github.com/golang/go/wiki/CompilerOptimizations (1)

https://github.com/dgryski/go-perfbook (!)

50/ 55



He paccmoTpenn, HO N0sIe3HO 3HATb OTUS

 [NpodunmpoBaHue cucTeMHbIMU YyTUANTaAMU: top, iotop, perf

e Escape aHanus B Go
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Bonpochbl?
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JleHb OTKpbITbIN ABepen - 26.11 20:00 OTUS

Amutpnun Cmanb

PaspaboTumk Golang

https://otus.ru/events/golang-dod3/376/
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Onpoc OTUS

3anonHuTe NoXxanymcra onpoc

https://otus.pw/VPRZ/
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Cnacunb6o 3a BHMMaHuel

CTuKepbl B npeseHTauunu
n3 github.com/egonelbre/gophers
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