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ZEB ALK T AR

7E{Software Testing: Principles and Practices)— 3 F3Zh a4 RE K 5% 18 -

BEFK

B i A Bl

B ah{e tEgE i 51

AT HERE M A1

AATHEEE MRS R

T BEVAMN

1 R 4t MR (Performance Benchmarking)
REPHEESENEE

NN =
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https://learning.oreilly.com/library/view/software-testing-principles/9788177581218/
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L 2R UIERAN: 45T R aaSE S

o MEH:.CPURT EE.I0F
o HH BERFEMA. AHIRFFEMNAHF

HIFRE
o HRMEFRZELENX, FUEBENTANLMERZXHE
o SHTMIKMZR. EXRNE. RESGIHRIAIAKE

o TAIXMLLMERZAFIZEMIFRETEIIM

o ZEEAEMK CPUMMTHEZRFEEEEFRARZM, ELNKR—RABNATRESIES T
BEiRTt, MEHR T EREMN EASEIERTR

o EMHE(HAE)ERIZFLAERZIBEENZRSEEIRSBNESRTRE
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MR E AN R T ERB IR

AE - ERMNEEET BHRAT, tReER SRERE. TEZN (BEE HEF U Bug)

AILLEHE : B REFE— T AL BNER R (FHBET FHH)
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go test -bench
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BEATTEREE AE M BY 773K

func BenchmarkFoo(b xtesting.B) {
for i := 0; i < b.Nj; i++ {
foo() // #INEEEL
}
+

AT REERAE I -

$ go test -bench=.
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benchstat
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benchstat

benchstat B9ThEEIEE B2, EAR 2T HREMIR G RIFITEHIT 0 H, IHNELERHFITRIZKLIE, M EREROMNIRE
(observational error)

$ go get golang.org/x/perf/cmd/benchstat
$ benchstat --help
usage: benchstat [options] old.txt [new.txt] [more.txt ...]
options:
-alpha a
WELZEEHKTE a B9E (A 0.05)
-delta-test test
HE TEERIEAER, X#F utest/ttest/none (EKIL utest)

-geomean
afa AR GBS S

-sort order
Vs R#THER : [-]1delta, [-]name, none (EXiA{E none)
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https://pkg.go.dev/golang.org/x/perf/cmd/benchstat

benchstat MR : B {EEFRHRIZRIG

B —MEREEENIK B AR R EMIT n R
&, FREEREI b1, .., bn TTREIMER,;
HEMALREE, TRFIZN m T TFRNER
bl ' g ey bm' o

—MAEMEAENR, SRUMTFEENEM
WRE), FRE T EANITE 1.5 EEaaE
3% (1.5 x InterQuartile Range Rule) 85 ;%
FHRFEE,

benchstat MARIAREERFEEZEH

FILHIF M2 B T RIEHLE (Hypothesis
Testing) .

iz EBETRRIZEE,

2020 © Changkun Ou - Go 7% - % Go 2 FFiE{T AT SERGHEREIRYAL, _ 1= deltaTest(old, new) // #fTfRif

type Metrics struct {

Unit string /] PERENXAI% TR
[1floate4 // EAHEENIAMEEE
RValues []float64 // BBRMREE

Values

Min float64 // RValues MIE/IME
Mean float64 // RValues RIFEE
Max float64 // RValues BImRKIH
}
func (m *Metrics) computeStats() {
values := stats.Sample{Xs: m.Values}

ql, g3 := values.Percentile(0.25), values.Percentile(0.75)
lo, hi := gq1-1.5x(gq3-ql), q3+1.5x(q3-ql) // tEZREMMES LR, FHBEREEHE
for _, value := range m.Values {

if lo <= value && value <= hi { m.RValues = append(m.RValues, value) }

1

/] REitE

m.Min, m.Max = stats.Bounds(m.RValues)
m.Mean = stats.Mean(m.RValues)

.. // TE benchstat.Collection.Tables() &



https://pkg.go.dev/golang.org/x/perf/cmd/benchstat
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{5l 1:sync.Map.Delete BI— M1k

£ sync.Map H&FE—MME, REEFABIMERIZE: f£it src/sync/map.go

func BenchmarkDeleteCollision(b *testing.B) ({ e SRR (T eEEE Y, )

benchMap (b, bench{ 275 +e, ok = m.dirtyl[key]

setup: func(_ *testing.B, m mapInterface) { m.LoadOrStore(0, 0) }, A SRR )

perG: func(b *testing.B, pb *testing.PB, i int, m mapInterface) ({
for ; pb.Next(); i++ { m.Delete(0) }
},
}

$ git stash

$ go test -run=none -bench=BenchmarkDeleteCollision -count=20 | tee old.txt
$ git stash pop

$ go test -run=none -bench=BenchmarkDeleteCollision -count=20 | tee new.txt
S benchstat old.txt new.txt . . A A HABENREESRT
name old time/op new time/op delta
DeleteCollision/*sync_test.DeepCopyMap-8 104ns + 0% 103ns + 1% = (p=0.383 n=20+20
DeleteCollision/*sync_test.RWMutexMap-8 67.6ns + 2% 68.2ns * 2% +0.89% (p=0.009 n=2Q,20)
DeleteCollision/*sync.Map-8 94.2ns * 2% 5.7ns * 2% -93.98% (p=0.000 n=2p+19)

+
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Bl 2 AR 3EIR

BIE—BA BN, FERRITF 0 .. nBARXFL BRI G: e , STy e
RBTree_PutWrong/size-0-8 0.65ns + 0%
func BenchmarkRBTree_PutWrong(b *testing.B) { RBTree_PutWrong/size-100-8 14.2us + 3%
for size := 0; size < 1000; size += 100 { Eg$ree_iuzwr°ng;5iZe‘ggg‘g ig-gus i 8?
. . , . . ree_PutWrong/size- - .Ous = 0%
b.Run(fmt.Sprintf("size-%d", s1ze),.func(b *testing.B) { RBTree_PutWrong/size-400-8 63.3pus t 0%
tree := ds.NewRBTree(func(a, b interface{}) bool { RBTree_PutWrong/size-500-8 79.6us + 0%
if a.(int) < b.(int) { return true } RBTree_PutWrong/size-600-8 97.3us + 0%
return false RBTree_PutWrong/size-700-8 113us = 0%
1) RBTree_PutWrong/size-800-8 131ps + 0%
RBTree_PutWrong/size-900-8 1l46us + 0%

RBTree.Put {488 (Fi=FR)

for i t= 03 1 < b.Nj d++ { i
for n := 03 n < size; n++ { tree.Put(n, n) }
}
}) 100
¥
} g
A LB ARERER LR ? L BRBIERAIERETR 2 0(log(n)) B2
RBEEHET...IE...7 .

size
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Bl 2 R AR $E R (4E)

I ERMBEAMERE R SMBIK/N T n-1 A n MERTRITERE:

func BenchmarkRBTree_Put(b *testing.B) {
for size := 0; size < 1000; size += 100 {
b.Run(fmt.Sprintf("size-%d", size), func(b *testing.B) {
tree := ds.NewRBTree(func(a, b interface{}) bool {
if a.(int) < b.(int) { return true }
return false

b
for n := 0§ n < size-1§ n++ { tree.Put(n, n) }
b.ResetTimer ()

for i t= 03 i < b.Nj i++ {
tree.Put(n, n)

b

2020 © Changkun Ou - Go &is - Xt Go 2 Fi# 1T "] SEA T RENIR

name
RBTree_Put/size-0-8

RBTree_Put/size-100-8
RBTree_Put/size-200-8
RBTree_Put/size-300-8
RBTree_Put/size-400-8
RBTree_Put/size-500-8
RBTree_Put/size-600-8
RBTree_Put/size-700-8
RBTree_Put/size-800-8
RBTree_Put/size-900-8

RBTree.Put 48t (IEREAZ)

250

time/op

time/op

55.2ns
158ns
172ns
181ns
202ns
203ns
209ns
209ns
216ns
217ns

+ + + + + + + + + I+

0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

0 200 400

size

600

800




Bl 3: dmiELRMAE

IR ENEREZMENEN BFRTER, X— K7 C++ miFFPHES
&, RIEBMER— TN HRRIER, BREFALUEATHEHRAR, LUEAE
SBER, RELREEMN—H], comp1 #1 comp2 —HRE ?

func compl(sli, s2 []byte) bool {

return string(sl) == string(s2)

func comp2(sli, s2 []byte) bool {

return conv(sl) == conv(s2)

func conv(s []byte) string {

return string(s)
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(FHE A F=iEHh) [Bl/m

o Rk FABEELHARMRMEMES GERME EO)

o BEAR: MEKTBENLEAYA K

o SE:n RRWT, ENEMHLEMNRYRS IR R

o  KEEE: HIRWAH n — co i, SAE—EWMBIEME

o MR SREUHIBINE, HHE2—: 0 P(4)<1

o MI:AANBEHETREM, EZ—: P(AB) = P(A)P(B)

o MHLE 2—NEY SHEMATEMER, REESXEHAWEIE fimn P(X =2) =025
o ML MNTEUHMENNENMNTYE B EX) =) zip;

o FEMARESHEZEMIIEE] BEEXAENTEA, B Var(X) =) (z; — E(X))?
o WEFERH 2 EY SHEMNTENE, EEESMENEERGIZENEE

o RMHTES M T EIENTEMERIHE

o EAHT: —MERMBREEER N(y,o2)

o LRREE: XS4 M MEEN T ROTIIRMIERS S %

* BSMRBANRE £
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iy E

o FUHR—EASMITHUTERMNFERMERR, THNSHMEBERT, AT HERKEMDERMELERNEE, R
—EHFER,

o ZXR4M ME—MEREAEMNKNTITER, RIEFORIRERE, MRBFRHEFE, NMERFRMIERSS .
o HEENTEEMEREEAMNE, benchstat EFRFANFIRIE T —EREE, FNEH T X TERRBERMEFIMES
# E TIMERES MBI —AHER,

o IEMMEEE:
o FBAEZ HARETRBR—L2ME? BHRRH L0 ? MAMHARE HEMNRIFME TH#HTG 2
o BREARNREMAIHEELHE BLBEANTILIEEE ? HRMELENRETE REEEAZHENTHHE

ik ?
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Rz

RiR 66 : FI AR AL MT R R AR B RIR 2 B RS I 78 % Ho 1E48 Ho
E1RI% Ho: MELE AL S

Z1RRIR H EABRIRENE AT, HIVEZIEBML S
p 18 BRI K R

BEMKE ATREE

&S {E

P30 : FERERE R R o,
Ho: KfSEETE, MeemARR 00 P(X < a) P(X > a)
My REGISBURTTS, Ml RE 1R

P < 0.05:Ho KEMET/INT 5%, HED 95% BILIET, MtRRBRERA
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BRIZRIT IR R IE 1

BRI HRER
R
g P
ERFRR BRFRL
FREAE IE LE—LKER
FrigAk LHEREIR IE

o F—I R IEXHIFIRTRLIERY; 55 2 K5E IR R IR RYHI BT O BY

o HRARER, BAOLEIERMMREIGINILS — IR R 255 — R E, ILEPMTENpE
(0.05) Mz AREMEII

o EEBE Ho RBEEMRMSEIEEESE uo — o1 = 0
o &IFBIE Hi: REDMREEESTE o — U1 0
o NMEHESHEARTSE RUMESEHIISIRRAIRT, EREE T (E— R0
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T #2538 . Welch T #£3G %0 Mann-Whitney U 25§

A BRI EEMRLE HO U1 — U2 = O,Hl U1 — U2 7é 0

TR
SERE, RIZEURIRMES S, BAZEMEE
Welch T &5

SHIRW, RIEBMESL T, AE—ETHEE

Mann-Whitney U #1&

ESHRE, RERKD, BERA RBEAREEREER -2, REHELHESR (RSFIKR)

LI EIERIZBOE, S FBEEERIBR, Bt p ESENEX, #MEMREEENREEGEN ™,
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[EIE R SGeleE - perflock

ERZMH CPU BS$h5TER, MIM—ERRE LHRR SXHEaeNAEFIZm, B ERERE, Fmitael
EMERFEB/NMBEMASE, X3F Linux,

$ go get github.com/aclements/perflock/cmd/perflock
$ sudo install SGOPATH/bin/perflock /usr/bin/perflock
$ sudo -b perflock -daemon
$ perflock
Usage of perflock:
perflock [flags] command...
perflock -list
perflock -daemon
-daemon
Bz perflock Sripiftig
-governor percent
WEBTIERATG AN CPU MiZELfl, = none RHFIFHE (EKiL 90%)
-list
FIHE BRI EEFGFHITHG S
-shared

AHERATHRERY (ARARSER)

$ perflock -governor 70% go test -test=none -bench=.
2020 © Changkun Ou - Go &is - Xt Go 2 Fi# 1T "] SEA T RENIR



https://github.com/aclements/perflock

perflock BY[R I

EHATEN DB, BN perflock SR3PIHFE, SPIPIHTRSTF cpufreq BE1T &R, BEE perflock-client &5 E B 57
, @A perflock-client FF#8#1T Benchmark

4 At

Acquire

SetGovernor

. setGovernor HHTIN TS -
/sys/devices/system/cpu/cpu@/cpufreq/scaling_max_freq

run /sys/devices/system/cpu/cpu@/cpufreq/scaling_min_freq

target := (max-min)*percent/100 + min

perflock -governor=70% go ... perflock -daemon
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https://github.com/aclements/perflock
https://www.kernel.org/doc/Documentation/cpu-freq/governors.txt

{$F perflock B;EEEIRN

o  FEEHITHERENIRATEH Kill perflock daemon, &N cpufreq SEITFA IR E
o HHIETREM CPU MZE, FRERHERGEHEMITRE S AER, ZBITHRIRASEITE
o fEANRKE cpufreq BEREBMWBER, TrEEEMN LER. TREERHNER

o  FikFKE /sys/devices/system/cpu/cpu*/cpufreq

2020 © Changkun Ou - Go &is - Xt Go 2 Fi# 1T "] SEA T RENIR


https://github.com/aclements/perflock
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Source: https://xkcd.com/882/
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https://xkcd.com/882/

ZEIERIZIR

[TZEERNARBFANAEER, MPREEREFMETE ENRERR T HETRMER.

=

HEAFRLHTRIERERT, R E DTFROEREMAERERETEEERE, EIIHLTIRESMHE p =5k
BHEBEEKE, ENERFIITRA.
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XTEERFEITEYI, POER AT IR RE T %

- T~
Cgo, Go and C in system call /7 S
3250ns/op l
3000ns/op

2750ns/op

2500ns/op

Ssindin /\J\N\/JVNWWV‘I\W\“/\

aouensrop ‘/\r—/\/\—'\/\'\/\/\A/\/\/I\\/\AJ\/\/\'J‘—'\/\/\_J\ﬁNJ\m

1750ns/op

Cgo system call wrapper
Go syscall
C system call

Go package net

https://github.com/changkun/cgo-benchmarks/tree/master/syscall
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https://github.com/changkun/cgo-benchmarks/tree/master/syscall
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BEAT (PR B TERE M BT IR E

O RHERFEERRE, FEMNXERS:perflock
o PRl CPU BJ$h35i%E : per flock
o (MNRFE)RHI runtime JHERIAFLIR: runtime.SetMaxHeap
o XHEZXEFMIFEREFE..
QO BEMRARAIERE
o & Goroutine ML LLM, BELEHLAMIELEERENRERRE, BLUNERTHEHM
o EFERREBHATTEHEMELIEENAKBARSEERZSBNEREFTER
QO SCHEMEREE AR
o (MBEFE)MMEFRERFHIRE, BSNHE 20 R
o {#FM git stashigRFREEABAMER, HITUXFIERBIRIIERENIKXER
o {#Mgit stash pop k& RIEMEHAE, HITUXFIEREHIERENIKER
o {#/ benchstat XfHEI/ENE ZIFEREN EHTRIZICE
o IFLERAEMME, FIINMIAG RAEE), tEbERTEHER ERATEREEAESE
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https://go-review.googlesource.com/c/go/+/46751

Ci AVINED: S 2B )

. https://dave.cheney.net/high-performance-go-workshop/dotgo-paris.html
o RE-REEZAIMXTCoREFMAEMKMXE, BEmfd THALHEXEEAMN. MiXe Tl FERFXRSZHER
° https://github.com/golang/go/issues/27400
o XE—ARERMIssue, BHIZRE Go BIPAALISTE testing 4 th i A X AYSEH BIGE BIAL MUNE R, HETBE S0 B ASTL N 8 Ao
HaRaja) R
° https://github.com/golang/go/issues/23471
o  RXEB—MKRERHIssue, BHIERHE Go FIRAREB LA —RE /A X F b anfal B2 Hx%T Go 2Rt T4 RENIX
o A KRHEMPPT AR TXNER )
° A Review and Comparison of Methods for Detecting Outliers in Univariate Data Sets, hitp://d-scholarship.pitt.edu/7948/1/Seo.pdf
o BRUEXHRTHITFEFH—LREEENE T E
° Mann, Henry B., and Donald R. Whitney. "On a test of whether one of two random variables is stochastically larger than the other." The
annals of mathematical statistics (1947): 50-60.
o iX2 Mann-Whitney U 138 B R 181t X
° Mytkowicz, Todd, et al. "Producing wrong data without doing anything obviously wrongl." ACM Sigplan Notices 44.3 (2009): 265-
o  REXENETERARRS AL ERE N 38 RN SR E
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https://dave.cheney.net/high-performance-go-workshop/dotgo-paris.html
https://github.com/golang/go/issues/27400
https://github.com/golang/go/issues/23471
http://d-scholarship.pitt.edu/7948/1/Seo.pdf
https://projecteuclid.org/download/pdf_1/euclid.aoms/1177730491
https://www.cis.upenn.edu/~cis501/previous/fall2015/papers/producing-wrong-data.pdf
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=RY i~ s b far .
1Zle], R inakhs:

https://github.com/talk-go/night/issues/564

Go Wik WIBLRE
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https://github.com/talk-go/night/issues/564
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INRIRRA DERRRE R HYTERIIIERER

https://github.com/golang/go/commit/a479a455489bc3600c004367f16c4d452705d2c9
Russ Cox committed on Nov 17, 2011
json.BenchmarkSkipValue 24630036 18557062 -24.66%

I cannot explain why BenchmarkSkipValue gets faster.
Maybe it is one of those code alignment things.

AIREROMERE  ARIEINFHRERE, EHFMNRIAB A ATRAEDTE, EMEZFPHEFEEtBATRL
ATE, W B REREIMEFHBEE, MMERIRRHWAIERERT.....

\@l
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https://github.com/golang/go/commit/a479a455489bc3600c004367f16c4d452705d2c9

ARMBRRBESEREHESSMUEX, RAEHRPORREE, BXFLEEHF A LWEHFOREE
B mMEARESH MR XERERRPIFEER MFEFZAESS M.
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B8 RpEE

HLER I A el @ AT LB B 8 R F

HESEARR (180 MCMC), HinME T & XeERiF*ITEYA, BRA] A TERE T BF
AfFAENS IR, BEPREFAIXS
HIPMEWKRSZE. Go syscall S H%E8 | Gosyscall v.s.C system call

C S Sca” M == C system call
:F y EI] 4000 ns/op R?=0.538
== Go syscall
{BS2EEchixFh 8 ORISR RS J/RI NN VAV NCER
BSEXBE? hiFEE l AP ‘
3000 ns/op
=

B— T REMNISFLERNHEFEER

AT, 827 LB R el B shid iR
R PR IR R RFTTFILE,

2000 ns/op

https://github.com/changkun/cgo-benchmarks/tree/master/syscall
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https://github.com/changkun/cgo-benchmarks/tree/master/syscall

