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Ngén ngir Golang khéng con qua xa la trong gidi lap trinh niva. Day 1& mét ngdn ngir dé hoc, cac ban cé thé tw hoc
Golang co ban & trang Go by Example. Da phan céc tai liéu vé Golang tlr co' ban hay dén nang cao déu do cac nha
Iap trinh vién nwéc ngoai bién soan. B tai liéu Advanced Go Programming dwgc chiing tdi bién soan hoan toan béng
Tiéng Viét sé trinh bay v& nhitng chd d& nang cao trong Golang nhu CGO, RPC framework, Web framework,
Distributed systems,... va kém theo cac vi du minh hoa cu thé theo tirng chi d&. Ching t6i rAt mong b tai liéu nay sé
gilip cac ban lap trinh vién c6 thém nhiéu kién thirc méi va nang cao k§ nang lap trinh Golang cho ban than.

Tai sao chung t6i thwc hién bo tai liéu nay ?

Chuing t6i thyc hién bo tai liéu nham:

e Tao ra bd tai liéu vé& Go cho ndi bd ZaloPay sir dung.


https://golang.org/
https://gobyexample.com/

e Day la co hoi d& moi ngudi biét téi technical stack ctia ZaloPay.
e Public ra bén ngoai dé céng ddng Golang Viét Nam c6 bd tai liéu tiéng Viét do chinh ngwéi Viét Nam bién soan.
e Ddng thdi tao ra san choi mai cé co hoi giao lvu mé rong mébi quan hé véi cac ban cé cling dam mé 14p trinh.

DPéi twong stir dung

TAt ca cac ban c6 dam mé lap trinh Golang va da ndm dwoc co ban vé I4ap trinh Golang. Ngoai ra, trong bd tai liéu
nay chung t6i cling c6 nh&c lai vai diém co ban trong lap trinh Golang.

= A

Tai liéu tham khao

B6 tai liéu nay dwoc ching toi bién soan dwa trén kinh nghiém va kién thire tich luy trong qua trinh [am viéc tai
ZaloPay. Ddng th&i chiing t6i ¢ tham khao cac tai liéu bén ngoai nhu:

e Advanced Go Programming.

e Khoa hoc Distributed Systems clia Princeton.

Muc luc

Xem muc lyc chinh cda b tai liéu & day.

Phwong thirc doc

e Doc online: GitBook
e Taifile pdf: pdf

- r - R

Tham gia phat trien
Chuing t6i biét tai liéu nay con nhiéu han ché. Bé tré nén hoan chinh hon trong twong lai, ching t6i rt vui khi nhan
dwoc sy dong gop tir moi nguedi.
Cac ban c6 thé déng gop bang cach:

e Lién hé véi ching toi.

e Tra loi cac cau héi trong issues.

e Tao cac issues gap phai trén issues.

Tao pull request trén repository clia chung toi.

Nhém phat trién

Dw an nay dwoc phat trién bdi cac thanh vién sau day.


https://github.com/chai2010/advanced-go-programming-book
https://www.cs.princeton.edu/courses/archive/fall18/cos418/schedule.html
https://zalopay-oss.github.io/go-advanced/
https://github.com/zalopay-oss/go-advanced/issues
https://github.com/zalopay-oss/go-advanced/issues
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ZaloPay la mét trong nhikng vi dién t& dwoc wa chudng hién nay véi nhidu tinh ndng va tién ich h&p dan, gitp ching
ta giao dich tai chinh nhanh chéng hon théng qua ¢ng dung ZaloPay. Chuing t6i ludn mong muédn cé thém cac thanh
vién méi gia nhap doi ngii engineering, cuing gidi quyét cac bai toan hoc bua vé high performance, fault tolerant va
distributed transaction. Java , Golang va Rrust la ngén nglr chinh cda ching téi.

Lién hé
e Github: ZaloPay Open Source
e Facebook: ZaloPay Engineering

e Blog: Medium ZaloPay Engineering

e Bugs report: issues
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Chwong 1. Language Foundation

“Go is no Erlang, Smalltalk or Scheme, nothing pure. But it works great and is fun!”— Frank Mueller (@themue)"

Chuong nay bt dau bang vai & gioi thiéu vé lich st clia ngdn ngir Go va phan tich chi tiét cudc cach mang cua
chuwong trinh "Hello World" v&i nhitng thé hé ngén ngir di trudc. Sau d6, mét sb cAu tric div liéu sé dwoc trinh bay
nhw arrays , strings,Va slices , tinh cht process-oriented VA duck typing dwoc thé hién qua functions ,
methods , Va interfaces , dac biét la mo hinh concurrent programming va error handling cling dwoc gidi thiéu so
qua. Cudi cting, mét sb trong tam trong viéc phat trién chwong trinh trén cac nén tdng macOS, Windows, va Linux,
cling nhw mét vai editor va méi trwérng phat trién tich hop (IDE) cling dwoc dé cap, bdi vi co cong cu tét thi nang suét
lam viéc m&i tang lén.

Tai liéu nay dwoc la mot trong nhivng quyén sach nang cao vé Golang, vi vay nguwdi doc can cé mdt nén tang Golang
nhét dinh. Néu ban khéng biét nhiéu vé Golang, cac ban nén hoc Golang véi mot sb goi y sau:

e Sau khi cai dat Golang va tai hwéng dan bang go get golang.org/x/website/tour , c6 thé xem hwéng dan A Tour
of Go ngay & local béng lénh tour .

e Ban ciing c6 thé doc hwéng dan "Ngon ngi 1ap trinh Go" dwoc xuat ban bédi team Golang chinh thirc . "Ngon
ngtr 1ap trinh Go" dwoc goi 1a Kinh thénh Golang trong cdng ddng Golang ma ban phai doc that bai ban.

Trong khi hoc, hay ¢b gang gidi quyét mot s6 van d& nhé voi Golang. Néu ban mubn tham khado AP, cé thé mé truy
vén tai lidu tich hop béng lénh godoc .

Lién két

e Phan tiép theo: Ngudn gbc clia ngon ngir Go
e Phan trwdc: Loi gioi thigu
e Muc luc


https://tour.golang.org/welcome/1
http://www.gopl.io/
http://www.gopl.io/

Chuong 1: Nén tang ngén ngl Go



1.1. Nguén goc ciia ngdn ngir Go

Ngén ngl* Go ban dau dwoc thiét ké va phat trién béi mot nhém ki sw Google bao gdm Robert Griesemer, Ken
Thompson va Rob Pike vao nam 2007. Muc dich cla viéc thiét k& ngén nglr méi bat ngudn tir mot sé phan héi vé
tinh chét phirc tap ctia C++11 va nhu cu thiét ké lai ngdn ngi C trong méi trwéng network va multi-core.

Vao gira nam 2008, hau hét cac tinh néng duoc thiét ké trong ngdn ngir dwoc hoan thanh, ho bt dau hién thwc trinh
bién dich (compiler) va Go runtime v&i Russ Cox la nha phat trién chinh. Truwdc ndm 2010, ngdn ngir Go dan dan
dwoc hoan thién. Vao thang 9 ciing ndm, ngén ngi Go chinh thirc dwoc cong bd dwéi dang Open source.

Ngén nglr Go thwéng dwoc mé ta la "Ngon ngir twa C" hodc la "Ngén ngtr C cla thé ki 21". T& nhiéu khia canh, ngén
ng Go thira hwédng nhitng y twéng tlr ngdn ngtr C, nhw 1a cl phap, céu trdc diéu khién, kidu di liéu co ban, tha tuc
goi, trd v&, con trd, v,v.., hoan toan ké thira va phat trién ngén ngi¥ C, hinh bén dwdi mé ta sw lién quan cia ngdn ngi
Go v@i cac ngdn ngir khac.

ALGOL 60
(Backus et al., 1960)

l

Pascal
(Wirth, 1970)
C
l (Ritchie, 1972)
Csp
(Hoare, 1978) Modula-2
* (Wirth, 1980)
Squeak
(Cardelli & Pike, 1985) Oberon
* (Wirth & Gutknecht,
1984)
h{lsiﬁscigg;k Object Oberon
* (Mdssenbdck, Templ
& Griesemer, 1990)
Alef Oberon-2 /
(Winterbottom, 1992) (Wirth & Mossenbdck,
1991)
Go

(Griesemer, Pike & Thompson, 2009)

Cay pha hé cua ngén ngir Go
Phia bén trai so' dd thé hién tinh cht concurrency clia ngon nglr Go dwoc phat trién tir hoc thuyét CSP cong bd béi
Tony Hoare vao nadm 1978. Hoc thuyét CSP dan dan dwoc tinh ché va dwoc (ng dung thuc té trong mot sd ngén
ng 1ap trinh nhw 1a Squeak/NewSqueak va Alef, cudi ciing 1a Go.

Chinh gitra so d6 cho thay tinh chat huéng ddi twong va déng goéi ciia Go duoc ké thira tir Pascal va nhirng ngén
ngi lién quan khac dan xuét tir chung. Nhitng tlr khéa package , import @&n tlr ngdn ngl Modula-2. Cu phap hd tro
tinh hwéng ddi twong dén tir ngdn ngtk Oberon, ngdn ngtr Go dwoc phat trién cé thém nhirng tinh chat dic trung nhw
|4 implicit interface dé& chung hd tro md hinh duck typing.


https://golang.org/
https://en.wikipedia.org/wiki/Communicating_sequential_processes
https://en.wikipedia.org/wiki/Duck_typing

Phia bén phai so db cho thay ngén ngii Go ké thira va cai tién tir C, Ciing nhw C, Go la ngén ngi¥ lap trinh cép thép,
né ciing hé trg' con tré (pointer) nhwng it nguy hiém hon C.

link
Mét vai nhirng tinh nang khac cta ngdn ngir Go dén tir mét s6 ngdn ngir khac:

e CuUphap iota duwoc muwon tr ngdn nglr APL.

e Nhirng dac diém nhw 1a lexical scope VA nested functions dén tr Scheme.

e Gohdtro siice d& truy cap phan tlr nhanh va cé thé tw déng ting giam kich thuwde.
e Ménh d& defer trong Go.

1.1.1. Kh&i nguén tir Bell Labs

Tinh chét concurrency clia Go dén tlr hoc thuyét Commutative sequential processes (CSP) dwoc cong bd béi Tony
Hoare tai Bell Labs vao ndm 1978. Bai bao khoa hoc vé& CSP néi rang chwong trinh chi la mot tap hop cac tién trinh
dwoc chay song song, ma khéng c6 s chia sé vé trang thai, s dung channel cho viéc giao tiép va diéu khién dong
bo.

Hoc thuyét CSP clia Tony Hoare chi la mét mé hinh l1ap trinh véi nhitng khai niém co ban vé& concurrency (tinh déng
thoi), né ciing khéng hdn 1a mot ngdn ngi 1ap trinh. Qua viéc thiét k& Go, Rob Pike da tdng hop nhigu thap ky trong
viéc tng dung hoc thuyét CSP trong viéc xay dwng ngédn ngi 1ap trinh.

Ngén ng¥ Erlang la mét hién thwc khac ctia hoc thuyét CSP, ban c6 thé tim kiém théng tin v& ngén nglv nay trén
trang chu Erlang.

Hinh dwai chi ra lich str phat trién ctia ngdn ngir Go qua codebase logs.

0 f ﬁtqdbfqt

Brian Kernighan <bwk:=

Tue Jul 18 19:05:45 1972
S Ummanry : hello, world

hangeset: 1:b Obf&d
Iser: Brian Kerni ghdn
date: Sun Jan 20 01:02:
S UMMAary: convert to C

hangeset: 2:ac3363d7
Iser: i
date: Fr' Apr 01 0“ 02

S Ummanry : convert to Draft-Proposed ANSI C

hangeset:

Iser: Brian K ighan <b research.att.comx>
date: Fri Apr 01 02:0 1¢ -0500

S UMMAary: last-minute fix: convert to ANSI C

hangeset: 4:4e9a5b09553

ISer: Robert Griesemer <griflgolang.org>
date: sun Mar 02 20:47 2008 -0800

S Ummary : Go spec starting point.

\go-tip=

Go language development log
C6 thé nhin thay tir nhitng submission log rdng ngdn ng Go dwoc dan phat trién tir ngdn ngt B - dwoc phat minh
b&i Ken Thompson va ngdn ngir C duwoc phat trién béi Dennis M.Ritchie. D6 1a thé hé ngdn ngir C dau tién, do d6
nhiéu ngudi goi Go la ngén ngiy 1ap trinh C cuia thé ki 21.


https://drewdevault.com/2019/03/25/Rust-is-not-a-good-C-replacement.html
https://www.cs.cmu.edu/~crary/819-f09/Hoare78.pdf
https://www.erlang.org/
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1969 1972 1989 1993 1995 2009
B ¢ Newsqueak Alef Limbo Go

Lich str phét trién cta Iép trinh concurrency trong Go
Trong vong nhitng nd3m gan day, Go la mét ngdn nglr dwoc wa chudng khi viét cac chwong trinh Micro Services, vi
nhirng dac tinh nhé gon, bién dich nhanh, import thw vién tir github, ct phap don gidn nhwng hién dai.

1.1.2. Hello World

Viéc dAu tién |a cai dat chwong trinh Go lang theo hwéng dan trén trang chi golang.org.

D& bat dau, chwong trinh dau tién thwéng in ra dong chir "Hello World", doan code bén dwéi la chwong trinh nay.

// package main chira diém thuc thi dau tién cla toan chwong trinh
package main

// import go6i thu vién "fmt" hé trg in ra man hinh

import "fmt"

// main la ham dau tién duogc chay
func main() {

// in ra dong ch* "Hello World"
fmt.Println("Hello World")

Lwu file trén thanh hello.go va chay bng Iénh sau.

$ go run hello.go

Hello World

// hoac c6 thé bién dich ra file thuc thi
$ go build

$ ./hello

Hello World

Lién két

e Phan tiép theo: Su tién hoa cua "Hello World"
e Phan trwdc: Chuong 1
e Muc luc


https://golang.org/

1.2. Sw tién héa cua "Hello World"

Trong phan trwdrc, ching ta da cung tim hidu so lvgc vé cac ngdn ngir cling ho véi Go va cac ngdn ngi lap trinh
khac duoc Bell Labs phat trién. O phan nay, chiing ta s& nhin lai dong thdi gian phat trién cta tirng ngdn ngir va xem
cach ma chuwong trinh "Hello World" phat trién thanh phién ban ctia ngdn ngi¥ Go hién tai va hoan thién nhirng sy
thay d6i mang tinh cach mang cta né.

1969 1972 1989 1993 1995 2009
B ¢ Newsqueak Alef Limbo Go

Lich st¥ tién héa ctia ngén ngir Go

1.2.1. Ngbén ngir B - Ken Thompson, 1972

B 1a mét ngdn ngi 1ap trinh da dung dwoc phat trién béi Ken Thompson thudc Bell Labs, cha dé clia ngén ngi Go,
duwoc thiét k& dé hd tro phat trién hé théng UNIX. Tuy nhién, B kha thiéu sy linh hoat trong hé théng kiéu khién cho
né rét kho st dung.

Phién ban "Hello World" sau day ndm trong A Tutorial Introduction to the Language B dwoc viét bdi Brian W.
Kernighan (1 ngudi commit d4u tién vao mé code clia Go), chuong trinh nhw sau :

main() {
extrn a, b, c;
putchar(a); putchar(b); putchar(c);
putchar('!*n');

0 W'
‘orld';

}

a 'hell’';
b

(o3

Vi thiéu sy linh hoat ciia kiéu di liéu trong B, cac ndi dung asb/c can in ra chi c6 thé dwoc dinh nghia bang cac bién
toan cuc, ddng thdi chidu dai ctia méi bién phai dwoc can chinh (aligned) vé 4 bytes (cam giac giéng nhu viét ngon
nglr assembly vay). Sau d6 ham putchar dwoc goi nhidu 1an d& 1am nhiém vu output, 13n goi cubi véi 1=n dé xuét
ra mot dong mai.

T khi B dwoc thay thé (b&i C), nd chi con xuét hién trong mét s6 tai liéu va tré thanh lich str.

1.2.2. Ngén ngir C - Dennis Ritchie, 1974 ~ 1989

C dwoc phat trién bdi Dennis Ritchie trén nén tang ctia B, trong do thém cac kidu div liéu phong pht hon va dat dwoc
muc tiéu I6n 1a viét lai UNIX. C6 thé néi C chinh la nén tdng phan mém quan trong nhat ctia nganh CNTT hién dai.
Hién tai, gn nhuw tt ca cac hé diéu hanh chinh thdng d&u dwoc phat trién bang C, cling nhw rat nhidu phan mém co
ban ciing dwoc phat trién bang C. Cac ngdn ngir 1ap trinh clia ho C da théng tri trong nhiéu thap ky va van sé& con strc
anh huéng trong hon niva thé ky niva.

Trong hwéng dan gidi thigéu ngdn nglr C dwoc viét bdi Brian W. Kernighan vao khoang ndm 1974, phién ban ngén
nglr C d4u tién clia chwong trinh "Hello World" da xuét hién. Biéu nay cung cap quy wéc cho chuong trinh dau tién
véi "Hello World" cho hau hét cac hwéng dan ngén ngiy 1ap trinh sau nay.



main()

("Hello World");

Vi du nay cling xuat hién trong ban dAu tién cia C Programming Language xuét ban nam 1978 b&i Brian W.
Kerninghan va Dennis M. Ritchie (K&R).

N&m 1988, 10 ndm sau khi gi¢i thiéu hwéng dan ctia K&R, phién ban thir 2 clia C Programming Language cubi
cuing ciing dwoc xuat ban. Thoi diém nay, viéc chudn héa ngén ngir ANSI C da dwoc hoan thanh so bd, nhung phién
ban chinh thirc ciia document van chwa dwoc céng bb.

#include <stdio.h>

main()

{
("Hello world\n");

}

Dén nam 1989, tiéu chuan quéc t& dau tien cho ANSI C dugc cong bd, thwerng dwoc nhic téi véi tén C89. C89 13 tiéu
chudn phd bién nhét ctia ngdn ngi C va van con dwoc st dung rong réi. Phién ban th 2 clia C Programming
Language cling dwgc in lai ban maéi:

#include <stdio.h>

main(void)
{
("Hello world\n");

}

Tai thoi didm nay, sw phat trién cGia ngdén ngl¥ C vé& co ban da hoan thanh. C92/C99/C11 vé& sau chi hoan thién mot
s chi tiét trong ngdn ngir. Do cac yéu td lich st khac nhau, C89 van 14 tiéu chudn dwoc st dung réng rai nhét.

1.2.3. Newsqueak - Rob Pike, 1989

Newsqueak 1a thé hé tht 2 clia ngdn ngir chudt do Rob Pike séng tao ra, 6ng ding né dé& thwc hanh md hinh CSP lap
trinh song song. Newsqueak nghia la ngdn ngi¥ squeak ma&i, v&i "squeak” la tiéng ctia con chudt, hodc cé thé xem la
gidng tiéng click cla chudt. Ngdn ngi¥ 1ap trinh squeak cung c&p cac co ché xi¥ ly sw kién chudt va ban phim. Phién
ban nang cap ctia Newsqueak cé cti phap cau lénh giébng nhw ctia C va cac biéu thirc c6 cu phap giéng nhw Pascal.
Newsqueak 1& mdt ngdn ngt¥ chirc nang (function language) thuan tly véi bd thu thap rac tw dong cho cac sw kién
ban phim, chudt va ctra sb.

Newsqueak twong tw nhw mét ngdn ngilr kich ban cé chirc néng in tich hop. Chwong trinh "Hello World" ctia né
khéng co gi dac biét:

print("Hello ", "World", "\n");



B&i vi cac tinh nang lién quan dén ngdn ngir Newsqueak va ngdn ngi¥ Go chii yéu la ddng thei (concurrency) va
pipeline nén ta s& xem xét cac tinh n&ng nay théng qua phién ban concurrency ctia thuat toan "sang sé nguyén té".

Nguyén tac "sang s6 nguyén t6" nhuw sau:

—_—
2
3 3 I i = ——
3: 3:
4
L 5 5
[
] 2 | 3 il 5 ;| 7 11
B
9 £l
10,
11 11 11 11 llh

Sang sé nguyén té
Chuong trinh "sang sd nguyén t&" cho phién ban concurrency ctia ngdn ngi¥ Newsqueak nhu sau:

// 'counter' dung dé xudt ra chubdi gbc gébm céc s& tu nhién vao cac channel

counter := prog(c:chan of int) {
i:=2;
for(;;) {

C <-= i++;

}

// Mdi ham 'filter' tuong (ng vGéi méi channel loc s& nguyén td& moi.
// Nhitng channel loc s6 nguyén t6 nay loc cac chudi input theo
// sang sO0 nguyén td hién tai va dua két qua téi channel dau ra.
filter := prog(prime:int, listen, send:chan of int) {

izint;

for(;;) {

if((i = <-listen)%prime) {
send <-= i;

+

// Dong dau tién cha méi channel phadi 1la s6 nguyén t6

// sau d6 xay dung sang nguyén t6 dwa trén s6 nguyén td méi nay

sieve := prog() of chan of int {
// 'mk(chan of int)' tao 1 channel, tuwong tu nhu 'make(chan int)' trong Go.
c := mk(chan of int);

begin counter(c);
prime := mk(chan of int);
begin prog(){
p:int;
newc:chan of int;
for(;i){
prime <-= p =<- c;
newc = mk();

// 'begin filter(p,c,newc)' bat dau mot ham concurrency,
// giéng v6éi cau lénh 'go filter(p,c,newc)' trong Go.
begin filter(p, c, newc);

C = newc;



}
30

// 'become' dung dé tra vé két qua cua ham, tuong ty nhuv 'return
become prime;

i

// két qua la cac s nguyén tdé con lai trén sang
prime := sieve();

Cu phéap x ly concurrency va channel trong ngén ngir Newsqueak kha twong tw véi Go, ngay ca cach khai bao kiéu
dang hau tb ctia 2 ngén ngir nay ciing gibng nhau.

1.2.4. Alef - Phil Winterbottom, 1993

Trwéc khi xuét hién ngén nglr Go, ngdn ngir Alef cé thé xem 1a ngén nglv x ly concurrency hoan hao, hon niva cu
phap va runtime clia Alef v& co ban twong thich hoan hao véi ngdn ngir C. Tuy nhién, do thiéu co ché phuc héi bd
nhé tw dong, viéc quan ly tai nguyén bd nhé clia co ché concurrency 1a vo cling phirc tap. Hon niva, ngdn ngi Alef
chi cung cAp hd tro ngan han trong hé théng Plan9 va cac hé diéu hanh khac khong cé méi trwng phat trién Alef
thue té. Ngon ngl Alef chi c6 hai tai liéu cong khai: Alef Language Specification va the Alef Programming Wizard.
Do d6, khéng cé nhiéu thao luan vé& ngén ngir Alef ngoai Bell Labs.

Hinh sau day la trang thai concurrency cua Alef:

Process 1

Main

hﬂh%&aﬂh‘““‘ﬁ=ahmh_‘_m Process 2

Task 1

Channel

Process 3

Task 1

Mé hinh concurrency trong Alef
Chuwong trinh "Hello World" cho phién ban concurrency clia ngon ngtr Alef:

// Khai bao thw vién runtime chtra
// ngén ngir Alef
#include <alef.h>

void receive(chan(byte*) c) {
byte *s;
s = <- ¢;
print("%s\n", s);
terminate(nil);

}

void main(void) {
chan(byte*) c;

// tao ra mot channel chan(byte*)



// tuong tu make(chan []byte) cla Go
alloc c;

// receive khé&i dong ham trong proc va thread
// tuong Gng.

proc receive(c);

task receive(c);

c <- = "hello proc or task";

c <- = "hello proc or task";

print("done\n");

// két thic b&ng lénh terminate
terminate(nil);

Ngir phap ctia Alef vé co ban gibng nhw ngdn ngir C. N6 cé thé dwoc coi la ngdn ngiv C ++ dwa trén ngiv phap cua
ngdn ng C.

1.2.5. Limbo - Sean Dorward, Phil Winterbottom, Rob Pike,
1995

Limbo (Hell) 1a ngén ngi¥ 1ap trinh d& phat trién cac (ng dung phan tan chay trén may tinh nhé. N6 hé tro 1ap trinh
mo-dun, kidm tra kiéu manh vao thdi gian bién dich va thdi gian chay, lién lac bén trong process thdng qua channel,
¢6 bd thu gom rac tw ddng. Co cac loai di¥ liéu triru twong don gidn. Limbo dwoc thiét ké d& hoat ddng an toan ngay
ca trén cac thiét bi nhd ma khéng can bao vé bd nhé phan cing. Ngén ngir Limbo chay chd yéu trén hé théng
Inferno.

Phién ban Limbo cla chwong trinh "Hello World" nhw sau:

implement Hello;

include "sys.m"; sys: Sys;
include "draw.m";

Hello: module

{
init: fn(ctxt: ref Draw->Context, args: of )38
}i
init(ctxt: ref Draw->Context, args: of )
{
sys = load Sys Sys->PATH;
sys->print("Hello World\n");
}

1.2.6. Ngén ngir Go - 2007 ~ 2009

Bell Labs sau khi trai qua nhiéu bién déng dan t&i viéc nhdm phat trién ban dau ciia dy an Plan9 (bao gdm Ken
Thompson) cudi cling da gia nhap Google. Sau khi phat minh ra ngén ngi tién nhiém la Limbo hon 10 ndm sau, vao
cudi nam 2007, cdm thy kho chiu véi cac tinh ndng "khang khiép" clia C, ba tac gia gbc cia ngén nglr Go da tap
hop lai quyét dinh diing 20% thi gian ranh ctia minh dé tao ngdn ngtk mdt ngdn ngl® méi, chéng lai sw théng tri ctia
C/C++ & Google Itc bay gio.



Déc ta ngdn ngir Go ban dau dwoc viét vao thang 3 nam 2008 va chuong trinh Go gbc dwoc bién dich trwc tiép vao
C va sau dé dwogc dich thanh ma may. Thang 5 nam 2008, cac nha lanh dao Google cudi cung da phat hién ra tiém
n&ng to I&n chia ngdn ngir Go va bat dau hé tre cho dw an, cho phép cac tac gid danh toan bo thei gian ctia minh dé
hoan thién ngdn ngi. Sau khi phién ban dAu tién ctia déc ta ngdn ngir Go dwgc hoan thanh, trinh bién dich ngén ng
Go cudi cung cé thé tao ra ma may truc tiép (ma khong phai théng qua C).

hello.go - Thang 6 nam 2008

package main
func main() int {

"Hello World\n";

return 0;

hello.go - 27 thang 6 nam 2008

package main

func main() {
"Hello World\n";

hello.go - 11 thang 8 nam 2008

package main
func main() {

("Hello World\n");

hello.go - 24 thang 10 nam 2008

package main
import "fmt"

func main() {

fmt.printf("Hello World\n");

hello.go - 15 thang 1 nam 2009



package main

import "fmt"

func main() {
// chit 'P' viét hoa chi ra rang ham duwgc export
// céac chr viét thuong chi ra ham dwoc dung trong

// ndi bd package
fmt.Printf("Hello world\n");

hello.go - 11 thang 12 nam 2009

package main
import "fmt"
func main() {

// dau ';"' cubi cung cling dugc loai bd
fmt.Printf("Hello wWorld\n")

1.2.7. Hello World! - V2.0

Sau ntra thé ky phat tridn, ngon ngir Go khéng chi cé thé in dwoc phién ban Unicode cda "Hello World", ma con co
thé cung cAp service twong tw cho ngwéi dung trén toan thé gidi. Phién ban sau day in ra ki tu tiéng Viét "Xin chao"
va thoi gian hién tai cila méi client truy cap vao service.

package main

import (
"fmt"
"1og"
"net/http"
"time"

)

func main() {
fmt.Println("Please visit http://127.0.0.1:12345/")

// st dung giao thirc http dé in ra chudi b&ng lénh 'fmt.Fprintf'

// thoéng qua log package

http.HandleFunc("/", func(w http.ResponseWriter, req *http.Request) {
s := fmt.Sprintf("Xin chao - Thoi gian hién tai: %s", time.Now().String())
fmt.Fprintf(w, "%v\n", s)
log.Printf("%v\n", s)

H

// kh&i dong service http
if err := http.ListenAndServe(":12345", ); err 1= {
log.Fatal("ListenAndServe: ", err)

Luc nay, Go cudi cling da hoan thanh viéc chuyé&n ddi tir ngdn ngir C ctia ky nguyén don 18i sang mot ngdn ngiv 1ap
trinh da dung ctia méi trwdng da I8i trong ky nguyén Internet thé ky 21.

Lién két



1.2 Sw tién hoa cua chwong trinh "Hello World"

e Phan tiép theo: Array, strings va slices
e Phén trwéc: Ngudn gbc cia ngdn nglr Go
e Muc luc
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1.3. Array, strings va slices

Arrays va mot sb cAu tric div liéu lien quan khac dwoc str dung thwdng xuyén trong cac ngdn ngi 1ap trinh. Chi khi
chiing khéng déap (ng dwoc yéu cau ching ta méi can nhéc str dung linked lists (danh sach lién két) va hash
tables (bdng bam) hodc nhidu cAu tric di¥ liéu tw dinh nghta phirc tap khac.

Arrays , strings VA slices trong ngdn ngir Go la cac cAu truc di¥ liéu lién quan mat thiét v&i nhau. Ba kiéu d ligu
do ¢c6 cling cAu tric ving nhé lwu triy bén dwéi, va chi cé nhivng hanh vi thé hién ra bén ngoai khac nhau tuy thudc
vao rang budc nglr nghia.

1.3.1. Array

Array size =10

l1e | 20 | 30 | 40 | 50 60 | 70 | 80 | 90 | 100

e 1 2 3 4 5 6 7 8 9

array

Array
Trong ngdn ngl* Go, array la mét kiéu gia tri. Mdc du nhirng phan t&r cGa array co6 thé dwoc chinh stra, phép gan
ca array hodc khi truy&n array nhw 1& mét tham s clia ham thi ching sé dwoc x ly toan bd, cé thé hidu 1a khi dé
ching dwoc sao chép lai toan bd thanh moét ban sao rdi mai x@ ly trén ban sao dé (khac véi kiéu truyén tham khao).

Mét array 1& mot chudi dd dai cb dinh clia cac phan t& co kidu div liéu nao do, mét array cé thé bao gdm khong hodc
nhiéu phan tt. Do dai cia array la mét phan théng tin dwoc chira trong né, cac array c6 do dai khac nhau hoc kiéu
phan t& bén trong khac nhau dwoc xem 13 cac kiéu dir liéu khac nhau, va khong dwoc phép gan cho nhau, vi thé
array hiém khi dwoc st dung trong Go.

Cach dinh nghia mét array:

var a [3]int

var b = [...]int{1, 2, 3}
var ¢ = [...]int{2: 3, 1: 2}
var d = [...]int{1, 2, 4: 5, 6}

CAu truc vung nh& cuda array thi rat don gian. Vi du cho mét array [4]int{2,3,5,7} thi cAu truc bén dwdi sé nhu sau:

Array layout



Khi bién array dwoc gan hodc truyén, thi toan b array sé dwoc sao chép. Néu kich thwdc cla array Ién, thi phép gan
array s& chju tén phi I&n. D& tranh viéc overhead (t6n phi) trong viéc sao chép array, ban c6 thé truyén con tré cla
array.

Lwu y: con tré array thi khdng phai la mét array.

// a la mot array

var a = [...]int{1, 2, 3}

// b la mot con trd téi array a

var b = &a

// in ra hai phan t& dau tién cla array a

fmt.Println(a[0], a[1])

// truy xudt cac phan tl cta con troé array cling giéng nhuv truy xudt cac phan tt clha array

fmt.Println(b[0], b[1])

// duyét qua cac phan ti trong con trdé array, giong nhuv duyét qua array

for index, value := range b {

// thay d6éi tung phan ti trong
b[index] +=
fmt.Println(index, value)

D

}

// giéd tri cla cac phan t& trong a bi thay déi vi b
for index, value := range a {
fmt.Println(index, value)

N
@
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go run main.go
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Ham 1len co thé& dung dé lay thong tin v& d6 dai cla array, va ham cap sé tinh toan do dai tdi da cla array. Nhwng
trong kiéu array ca hai ham nay sé cling tra v& mat gia tri gibng nhau (diéu nay khac vdi slice).

Chuing ta c6 thé dung vong 18p for dé duyét qua cac phan tir clia array. Sau day la nhirng cach thwong ding dé
duyét qua mét array

for i := range a {
fmt.Printf("a[%d]: %d\n", i, a[i])
}
for i, v := range b {
fmt.Printf("b[%d]: %d\n", i, v)
}

for i :=0; 1< (c); i++ {
fmt.Printf("c[%d]: %d\n", i, c[i])

for range la cach t&t nhat dé& duyét qua cac phan t trong array, bdi vi cach nay sé dam cac viéc truy xuét sé khong
vuwot qua gidi han cla array.

Cac phan tir ciia array khong nhét thiét 13 kiéu s6 hoc, nén cling co thé [a string, struct, function, interface, va
channel, v,v..

// Mang string
var s1 = [2]string{"hello", "world"}



var s2 = [...]string{"Hello!", "world"}
var s3 = [...]string{1: "Hello", ©: "world", }

// Mang struct

var linel [2]image.Point

var line2 = [...]image.Point{image.Point{X: 0, Y: 0}, image.Point{X: 1, Y: 1}}
var line3 = [...]image.Point{{0, 0}, {1, 1}}

// Mang decoder cla hinh anh

var decoderl [2]func(io.Reader) (image.Image, error)

var decoder2 = [...]func(io.Reader) (image.Image, error){
png.Decode,
jpeg.Decode,

// Mang interface{}

var unknownl [2]interface{}

var unknown2 = [...]interface{}{123, "Hello!"}
// Mang channel

var chanList = [2]chan int{}

Chung ta ciing c6 thé dinh nghia mét array réng.

// Binh nghia mot array chiéu dai 0
var d [0]int

// Tuong tu trén

var e = [0]int{}

// Tuong tu nhu trén

var f = [...]int{}

Mét array c6 chiéu dai 0 thi khéng chiém khéng gian lwu triv.

1.3.2. String

s 1= "hello"
: 5 string

pir len

hle|1|T|o| [5]byte

s[2:3]
: 1 string

string cling 14 mot array ctia cac byte di liéu, nhwng khac véi array nhitng phan t&r cla string 1a immutable.

§ B0

CAu truc reflect. StringHeader dwoc dung dé biéu dién string :

type StringHeader struct {
// chta dia chi trong bdé nhé cua con tréd tré tédi underlying array cua string
Data uintptr
// chiéu dai cla string
Len int


https://en.wikipedia.org/wiki/Immutable_object
https://golang.org/src/reflect/value.go?s=56526:56578#L1873

Mét string la mét cu tric, do dé phép gan string thuwc chét 1a viéc sao chép cAu tric reflect.StringHeader , va khong

gay ra viéc sao chép bén dwéi phan di liéu.

Céu trdc ving nhé twong tng véi string "Hello World" la:

hello, world
e o v ol ] Jwfof -]

=2

EE’

hello, world hello world

String layout
C6 thé thay rang bén duéi string "Hello World" 1a mét array nhw sau:

var data = [...] byte {

Méc du string khéng phai la slice nhwng né ciing hd tre thao tac (slicing) cat. Mot vai phan clia viing nhé ciing dugc

truy cap bén dudi slice tai mot sd noi khac nhau:

// s la bién string

var s = "hello world"

// lay phan tr tlr index 0 t6i 4
hello := s[:5]

// lay phan t tir index 6 tdi hét
world := s[6:]

// c6 thé thao tac truc tiép

sl := "hello world"[:5]

s2 := "hello world"[6:]

Twong tw nhw array, ching ta cé thé ding ham built-in 1en @& tra vé& chidu dai cta string, ngoai ra ban c6 thé dung

reflect.StringHeader (& truy xuét chiéu dai cla string theo cach nhw sau

fmt.Println("len(s): ", (*reflect.StringHeader)(unsafe.Pointer(&s)).Len)

1.3.3. Slice

ptr @
(*Elem) Length

Len=3
(int)

10 20 30 40 50 60

Cap=5
(int)

Capacity

Céu tric Slice



slices thi phirc tap hon, cAu tric ctia ching cling nhw string , tuy nhién viéc gii han chi-doc nhuw string dwoc
lwoc bd.

Céu trdc clia slice la reflect.SliceHeader

type SliceHeader struct {
Data uintptr
Len int
Cap int

Slice dwoc xem |4 fat pointer, cac ban c6 thé doc thém & bai viét sau dé hidu hon vé fat pointer trong Go. Céu tric
slice bao gom:

e Dpata : chira dia chi trong bd nhé clia con trd tré t&i underlying array cla slice.
e Len : d0 dai cua slice.
e cap : kich thwdc téi da ma ving nhé trd téi slice dwoc cAp phat.

Hinh bén dwdi sé miéu ta slice x := []int{2,3,5,7,11} vaslice y := x[1:3] :

ptr len 5 cap 5 [lint

2 3 5 7 11 [5]int

ptr len 2 cap 4 [lint

Slice layout
Cac cach dinh nghia slice:

var (
a = []int
b = [Jint{}

¢ = [lint{1,2,3}

d=c[:?2]
e = c[0:2:cap(c)]
f=c[:0]
g = ([1int,3)

=
I

([1int,2,3)


https://nullprogram.com/blog/2019/06/30/

is= ([1int,0,3)

Khi chuing ta st dung cl phap tao slice tlr mét slice cho trudrc nhw sau: d = ¢[:2] thi ching ta nén lvu y & didm sau.
Slice sé& khong sao chép di liéu cla slice gbc ¢ qua d ma né tao ra mét gia tri slice mai tré dén mang ban dau. Do d6,
stra dbi cac phan t&r cla slice vira dwoc tao sé stra ddi cac phan t&r cla slice gbc. Vi du minh hoa:

old := [Ibyte{'r', 'o', 'a', 'd'}

1= old[2:]

Céc tac vu co ban trong slice bao gdm:

e Duyét qua céc phan t&r cla slice
e Thém phén tt vao slice
e Xéa phan t& trong slice

Duyét qua slice

Chuing ta c6 thé str dung for ... range dé duyét qua slice.
for i := range a {
fmt.Printf("a[%d]: %d\n", i, a[i])
}
for i, v := range b {
fmt.Printf("b[%d]: %d\n", i, v)
}
for i :=0; 1< (c); i++ {
fmt.Printf("c[%d]: %d\n", i, c[i])
}

Thém phan tr vao slice
Ham append c6 thé thém phan tlr thtr n vao cudi cung cda slice:

var a []int
a= (a, 1)
a = (a, 1, 2, 3)

a= (a, [1int{1,2,3}...)

Trong trweng hop slice ban dau khéng du stre chira khi thém vao phan ttr, ham append sé hién thuc cap phat lai
vung nh¢ co kich thuéce:

o Néu kich thwéce cii (cap) < 1024: cip phat gap doi (x2) ving nhé cd.
o Néu kich thwéc cli >= 1024: cip phat 1.25x ving nhé cd.

Sau d6, di¥ liéu cii s& dwgc sao chép sang. CAc ban co6 thé xem doan ma ngudn vé viéc cap phap lai viing nhé cho
slice & day.


https://golang.org/src/runtime/slice.go?fbclid=IwAR0xgVnf7SFJu_Kai8zo_5PZXolsuEL3JgfKejj7Ww0CpO1G82rbXbcWosQ#L66

Slice s

Data @ s = append(s,2) 1
_______________________ -
Len=2 - E@n:opy data
0 1 é
Cap=2
1 2 "

(1) allocate new memory with double size

Céu tric Slice
Vi du bén duwéi cho thay gia tri cap tang gap 2 khi thwc thi ham append vwot qua kich thwéc ban dau (< 1024).

func myAppend(sl []int, val int) []int{
sl = append(sl, val)
printSlice(sl)
return sl

func printSlice(sl []int) {
fmt.Printf("Slice %v\n", sl)
fmt.Printf("Len %v, Cap %v\n\n", len(sl), cap(sl))

func main() {
sl := make([]int, 1)
printSlice(sl)
for i :=1; i <5; i ++ {
sl = myAppend(sl, i)

Jr
* Slice [0]

* Len 1, Cap 1
* Slice [0 1]
* Len 2, Cap 2

* Slice [0 1 2]
* Len 3, Cap 4

* Slice [0 1 2 3]
* Len 4, Cap 4

* Slice [0 1 2 3 4]
* Len 5, Cap 8
*/

Bén canh thém phan tt vao cudi slice, chiing ta ciing cé thé thém phan ttr vao dau slice nhw sau

var a = []int{1,2,3}

// thém phan t 0 vao dau slice a

a = append([]int{0}, a...)

// thém cac phan t& -3, -2, -1 vao dau slice a
a = append([]int{-3,-2,-1}, a...)

Thém phan t& vao dau slice sé& gay ra viéc cap phat lai viing nhé va lam nhirng phan t& dang tdn tai trong slice sé
duwoc sao chép mot 1an niva. Do d6, hiéu suét ctia viéc thém phan t& vao dau slice sé thap hon thém phan ti vao
cuéi slice.

Do ham append sé trd vé mot slice m&i, chiing ta co thé két hop nhiéu ham append dé chén mot vai phan tir vao
gitra slice.



// khai bao slice a
var a []int

// chen x & vi tri the i

a = (
a[:1],
// tao ra mot slice tam thoi dé ndéi voi a[:i]
(
[Jint{x},a[i:]...
Yoo
)
// chen mot slice con vao slice & vi tri tht i
a = (
a[:i],
(
[1int{1,2,3},
af[i:]...
Yoo
)

Ban ciing c6 thé st dung ham copy va append két hop v&i nhau dé tranh viéc khéi tao nhirng slice tam théi nhuw

vay:

// thém phan t& 0@ vao cubéi slice a

a = (a, 0)

// 1ui nhitng phan t& twr i tréd vé sau
(a[i+1:], a[i:])

// gan vi tri tht i bang x

a[i] = x

Chuing ta ciing c6 thé chén nhiéu phan ti vao vi tri chinh gitra bang viéc két hop ham copy va append nhw sau

// m& roéng khong gian cula slice a v6i array X
a= (a, x...)
// sao chép len(x) phan t& lui vé sau
(a[i+ (x):], a[i:])
// sao chép array x vao gitra

(ali:], x)
X6a nhirng phan tir trong slice
C6 ba trwong hop x6a cac phan ti:

e Odau

O gitra
o O cubdi

Trong d6 x6a phan t&r & cudi la nhanh nhét

a = []int{1l, 2, 2}

// x6a mot phan tlr & cudi
a = a[:len(a)-1]

// x6a N phan t&r & cubi

a = a[: (a)-N]

X6a phan t&r & dau thi thuc chét [a di chuyén con trd di liéu vé sau

a = [lint{1, 2, 3}

// x6a phan tir dau tién

a = af[l:]

// x6a N phan t& dau tién



a = a[N:]

Khi x6a phan t&r & gilra, ban can dich chuyén nhitng phan tt&r & phia sau lén trwéc, didu d6 cé thé dwoc thuc hién
nhw sau

a = []int{l, 2, 3, ...}

a = (a[:1], a[i+1:]...)
a= (a[:1], a[i+N:]...)
a = a[:i+ (a[i:], a[i+1:])]
a = a[:i+ (a[i:], a[i+N:])]

Ky thuat quan ly viing nhé trong slice

Ham Trimspace sau sé x6a di cac khoang trang. Hién thwc ham nay véi do phirc tap O(n) dé dat dwoc sy hiéu qua
va don gian.

func TrimSpace(s []byte) []byte {

b := s[:0]
for _, x := range s {
if x ="' ' {
b = (b, x)
3
}
return b

Thuc t&, nhirng gidi thuat twong tw dé& xéa nhirng phan tt trong slice thda mét didu kién nao do, cé thé dwoc xi ly
theo cach trén.

Lwu y: ham append() khong cap phat lai viing nhé khi chwa dat téi stre chiva ti da cap .

Ham Filter s& loc cac phan tlr thoa didu kién trong slice.

func Filter(s []byte, fn func(x byte) bool) []byte {

b := s[:0]
for _, x := range s {
if 1fn(x) {
b = (b, x)
3
}
return b

Diém chinh ctia nhirng tac vy lam viéc hiéu qua trén slice 13 han ché viéc phai cap lai viing nhé, cb gang d& ham
append S& khong dat t&i cap strc chira cla slice, la gidm sé 1an cap phat viing nhé va gidm kich thwéc viing nhé
cAp phat tai moi thoi diém.

Tranh gay ra memory leak trén slice

Nhirng tac vu trén slice sé& khong thay ddi ving nhé bén dwéi slice, ma thwe chét Ia thay ddi cac tham sé nhw pata |
Len . VUng nhé bén dwédi van con cho dén khi nao khong con dwoc tham chiéu niva.



Thinh thoang toan bo di¥ liéu bén dudi slice sé c6 thé mang mét trang thai dang dwoc str dung vi chi cé6 mot phan
nhd viing nhé dwoc tham chiéu téi, né sé tri hoan qua trinh tw dong thu gom viing nhé dé doi lai ving nhé da cép
phat.

Vi du la hdm FindPhoneNumber s& tai todn bo file vao bo nhé, va sau do tim kiém sé dién thoai dau tién xuét hién
trong file, va két qua cudi cling sé tra vé mot array.

func FindPhoneNumber(filename string) []byte {
b, _ := ioutil.ReadFile(filename)
return regexp.MustCompile("[0-9]+").Find(b)

Ma& ngudn nay sé tra vé mot mang cac byte trd t&i toan bo file. B&i vi slice tham khao t&i toan bo array géc, co ché
tw dong thu gom rac khong thé giai phong khong gian bén dwéi array trong thoi gian d6. Mét yéu ciu két qua nhd,
nhirng phai lwu trlr toan bé di liéu trong mot théi gian dai. Mac du né khong phai la memory 1eak trong nglr cdnh
truy&n thdng, no co thé lam cham hiéu suét cla toan hé théng.

D& khéc phuc van dé nay, ban cé thé sao chép di¥ liéu can thiét thanh mot slice mai.

func FindPhoneNumber (filename string) []byte {

b, _ := ioutil.ReadFile(filename)
b = regexp.MustCompile("[0-9]+").Find(b)
return ([1byte{}, b...)

Van dé twong tw cé thé gap phai khi xéa nhirng phan t& trong slice. Gia st réng con trd déi twong dwoc lwu tri trong
cAu tric cla slice, sau khi xéa di phan t& cudi, thi phan tir dwoc x6a c6 thé con dwoc tham khao bén dwédi mang
slice, viing nhé c6 thé dwoc giai phdng tw dong trong thdi gian d6 (nd phu thudc vao cach hién thwc co ché thu hdi
vung nho)

var a []*int{ ... }
// phan t& cuéi cung du dugc x6a nhung van dugc tham chiéu
// do dé co ché thu gom rac tu dong khéng thu héi né

a = a[:len(a)-1]

Céach giai quyét 1a dau tién thiét Iap phan tl can thu hdi v& ni1 dé& dam bao gia tri thu gom tw dong co thé tim thay
chung, sau do xoa slices do.

var a []*int{ ... }
// phan t& cuéi cung sé dugc gan gia tri nil
a[len(a)-1] =

// x6a phan ttr cudi cung ra khoéi slice

a=a[:len(a)1]
Cac ban c6 thé tham khao thém bai blog clia Golang v& phan nay & day.
Lién két

e Phan tiép theo: Functions, Methods va Interfaces
e Phan trwéc: Su tién hoa cia "Hello World"
e Muc luc


https://go.dev/blog/slices

1.3 Array, strings va slices
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1.4. Functions, Methods va Interfaces

Trong phan nay chung ta s& tim hiéu cu thé vé cac khai niém co ban trong Golang: Function, Method va Interface.

1.4.1. Function

Ham (function) 1& thanh phan co ban cia chwong trinh. Cac ham trong ngén ngir Go cé thé cé tén hodc &n danh

(anonymous function):

func Add(a, b int) int {
return a+b

}

var Add = func(a, b int) int {
return a+b

}

Mét ham trong ngdn ngi» Go c6 thé cé nhiéu tham sb va nhiéu gia tri tra v&. Ca tham sb va gia tri tra vé trao dbi div
liéu vé&i ham theo cach truyén vao gia tri (pass by value). V& mat ct phap, ham ciing hd trg s lwong tham sé thay
ddi, bién sb lwgng tham sb phai 1a tham sé cubi cling va bién nay phai Ia kiéu slice.

func Swap(a, b int) (int, int) {
return b, a

}
func Sum(a int, more ...int) int {
for _, v := range more {
a+=v
}
return a
}

Khi dbi s6 co thé thay ddi la mot kidu interface null, viéc nguwdi goi ¢ phan giai (unpack) déi s6 dé hay khéng sé dan

dén nhitng két qua khac nhau:

func main() {
var a = []interface{}{ , "abc"}

Print(a...)
Print(a)

}

func Print(a ...interface{}) {
fmt.Println(a...)

}

Ca tham sb truyén vao va cac gia tri tra vé déu cé thé duoc dat tén:



func Find(m map[int]int, key int) (value int, ok bool) {
value, ok = m[key]
return

Defer trong Function

Lénh defer tri hodn viéc thwc thi ham cho t&i khi ham bao ngoai né return. Cac déi sb trong 161 goi defer dwgc danh
gia ngay Iap t&rc nhwng 107 goi khéng dwoc thye thi cho téi khi ham bao ngoai né return.

func main() {
defer fmt.Println("world")

fmt.Println("hello")

}
// két qua: hello world

M&i I goi defer duwoc push vao stack va thue thi theo thir tw ngwoc lai khi ham bao ngoai né két thuc.
Ta thwong str dung defer cho viéc déng hoac gidi phdng tai nguyén:

e Dong file gibng nhu try-finally :

func main() {
f, err := os.Create('"file")
if err I= {
("cannot create file")

// ch&c chdn file sé& duoc close du ham cé bi panic hay return
defer f.Close()
fmt.Fprintf(f, "hello")

e Dong file va xt ly panic gibng nhw try-catch-finally :

func main() {
defer func() {
msg := 0)
fmt.Println(msg)
10

// . la folder hién tai
f, err := os.Create(".")
if err I= {
("cannot create file")

}
defer f.Close()

// khéng quan trong chuyén gi xay ra thi file ciling sé duoc close
// d€ don gian nén & day bd qua budc kiém ra close result
fmt.Fprintf(f, "hello")

e Ciing gibng nhw block finally thi I&i goi defer cling c6 thé lam cho két qua tra vé thay doi:

func yes() (text string) {
defer func() {
text = "no"

10

return "yes"



}

func main() {
fmt.Println(yes())
3

Slice trong Function

0x1040alalb

ptr ——

len=3

cap=4

Minh hoa slice
Moi thir trong Go d&u dwoc truyén theo kiéu pass by value, slice ciling thé. Nhwng vi gia tri cia slice 1a mot header
(chtra con tré t&i di¥ liéu array bén dudi) nén khi truyén slice vao ham, qua trinh copy sé bao gém luén dia chi tdi
array chra di¥ liéu thue su.

Vi du sau cho thay y nghia cta viéc truyén tham sé kiéu slice vao ham thay vi array:

func once(x [3]int) {
for i := range x {
x[i] *=

}

func twice(x []int) {

for i := range x {
x[1i] *=
}
}
func main() {
data := [3]int{8,9,0}
once(data)

fmt.Println(data)

twice(data[0:])
fmt.Println(data)

Tham so tra ve dwoc dat tén
Ciing nhw tham s6 nhan vao, gia tri tra v& ciing cé thé dwoc dat tén, nhor d6 ¢ thé don gidn hoa 1énh return:

func ReadFull(r Reader, buf []byte) (n int, err error) {



for (buf) > 0 && err == {
var nr int
nr, err = r.Read(buf)
n += nr
buf = buf[nr:]

return

1.4.2. Method

Go khéng c6 class, tuy nhién ching ta c6 thé dinh nghfa cac phwong thirc (Method) cho type (kiéu).

Phuwong thirc la mot ham vai dbi s6 (argument) dac biét goi la receiver.

type Vertex struct {
X, Y float64

}

func (v Vertex) Abs() float64 {
return math.Sqrt(v.X*v.X + v.Y*v.Y)

}

func main() {
v := Vertex{3, 4}
fmt.Println(v.Abs())

Phuwong thire (Method) 1& mét tinh nang cia 1ap trinh hwéng déi twong (OOP). Trong ngdn ngir C++, phwong thirc
twong (ng v&i mdt ham thanh vién ctia mot class, lién két véi mot déi twong cu thé. Tuy nhién, phwong thire trong
ngdn ngtr Go dwoc lién két véi kiéu, do do lién két tinh ctia phwong thirc cé thé dworc tao thanh trong giai doan bién
dich.

Mét chwong trinh hwéng ddi twong st dung cac phwong thire dé thé hién nhirng thao tac trén thudc tinh (properties)
clia no, qua dé ngudi ding cé thé str dung déi twoeng ma khong can phai thao tac truc tiép véi déi twong ma la thong
qua cac phwong thirc. C++ thwdng dwoc xem 1a mot ddu méc ma 1ap trinh huéng ddi twong bét dau phat trién manh
mé, n6 hd tro cac tinh nang hwéng déi twong (nhw class) dwa trén co s& ngdn nglr C. K& dén Ia Java, ngdn ngl
dwoc goi la huwdng déi twong thuan tay vi cac ham clia né khong thé ton tai doc [ap ma phai thudc vé mot class nhét
dinh.

Déi véi mot kiéu nhét dinh, tén clia mdi phwong thire phai 1a duy nhéat va cac phwong thire cling nhw ham déu khong

hé tro overload.

Duwai day la hién thue cac phwong thive lam viéc véi File theo kiéu ngdn ngity C:

type File struct {
fd int
}

func OpenFile(name string) (f *File, err error) {
fmt.Println("Opening file ", name)
return 0



// déng file

func (f *File) Close() error {
fmt.Println("Close file")
return

// doc dir 1liéu tu file

func (f *File) Read(offset int64, data []byte) int {
fmt.Println("Read file")
return

Ta st dung cac phwong thirc nay nhu sau:

func main() {
var data []byte

// khé&i tao mot do6i tuwong File
f, _ := OpenFile("foo.dat")

f.Read(0, data)
f.Close()

Trong mét sb tinh hudng, ta quan tam nhiéu hon dén maét chudi thao tac vi du nhw read doc mét sé mang va sau doé
goi close d& déng, trong ngl canh nay, ngwdi ding khéng quan tam dén kiéu ctia déi twong, mién 1a né cé thé dap
rng dwoc cac thao tac clia Read VA close . Tuy nhién trong cac biéu thirc phwong thirc clia ReadFile , CloseFile
c6 chi rd kidu File trong tham sd kidu sé& khién chiing khéng bi phu thudc vao déi twong nao cu thé. Viéc nay co thé
khéc phuc béng cach s dung thudc tinh closure (closure property):

func main() {
var data []byte

// kh&i tao mot doi tuwong File
f, _ := OpenFile("foo.dat")

// mot ham closure cé thé goi tédi déi twong f ngoai ham
// sé lién két voi déi tuwong f
var Close = func() error {

return (*File).Close(f)

// tuong tu véi ham Close
var Read = func (offset int64, data []byte) int {
return (*File).Read(f, offset, data)

// xt ly file
Read(0, data)
Close()

Chuing ta c6 thé don gian héa thanh nhw sau:

func main() {
var data []byte

// m& d6i tuong file
f, _ := OpenFile("foo.dat")

// rang budc véi doi tuong f
var Close = f.Close



// rang budc véi déi tuwong f
var Read = f.Read

// khi goi khong can chi ré déi tuwgng nita
// vi da duoc rang budc trudc do

Read(0, data)

Close()

Ké thira phwong thirc

Go khéng hé trg tinh nang ké thira nhw cac ngdn ngir hwéng dbi twong truyén thbng ma cé cach cla riéng minh.
Tinh ké thira dat dworc bang cach xay dung cac thudc tinh &n danh trong struct:

type Point struct{ X, Y float64 }

type ColoredPoint struct {
// thudc tinh an danh
Point

// thudc tinh binh thudng
Color color.RGBA

Chuing ta c6 thé dinh nghia coloredproint nhw mét struct co 3 trwéng, nhwng & day ching ta sé& dung struct point
chra x va v dé thay thé.

// khai bao mot d6i tuwong thudc struct
var cp ColoredPoint

// c6 thé gan thdng vao thudc tinh X
// khdéng can phai thong qua Point
cp.X =1

// c6 thé truy cap X bang cach nay
fmt.Println(cp.Point.X)
/) "n

// hoac gan vao Y thong qua Point
cp.Point.Y = 2

// va truy cap Y b&ng céach nay
fmt.Println(cp.Y)
/) mon

C6 thé dat dwoc két qua twong tw ngay ca véi phwong thirc.

// lay vi du véi struct Mutex c6 sén
type Mutex struct {}

func (m *Mutex) Lock()

func (m *Mutex) Unlock()

// struct Cache ké thira Mutex bang cach
// khai bao mot thudc tinh &n danh la sync.Mutex
type Cache struct {

m map[string]string

sync.Mutex

// Lookup tim trén Cache vé&i dir 1iéu key va trad vé value tuong (ng
func (p *Cache) Lookup(key string) string {



// p c6 thé goi thang t&i phuong thirc Lock va Unlock
// nho ké thlra tlr sync.Mutex

p.Lock()

defer p.Unlock()

return p.m[key]

Kha nang lién két truc tiép téi kibu duoc ké thira nay dwoc hoan thanh luc bién dich va khéng méat chi phi runtime.

Vi du trén c6 thé [am ta nghirdng sync.mutex 1a mot1op co s& va cache | 16p ké thira hodc I&p con clia nd. Tuy
nhién, phwong thirc dwoc ké thira theo cach nay khéng thé hién dwoc tinh da hinh béi vi cai ma déi twong p goi téi
Ia phwong thire géc ma khéng phai clia né (cla struct Cache).

Néu can tinh chat da hinh nhw cac ngén nglr OOP khac, ching ta cn trién khai né véi Interface.

1.4.3. Interface

Céc interface trong Go cung cap mot cach dé xac dinh hanh vi cia mét déi twong: néu ddi tweng do co thé lam
nhirng viéc nhw thé nay, thi né cé thé dwoc siv dung & day.

Ngén ng* Go hién thwc mé hinh hwéng déi twong théng qua co ché Interface.
Rob Pike, cha d& clia ngdn ngir Go, da tirng ndi mét cau noi néi tiéng:
Languages that try to disallow idiocy become themselves idiotic

Cac ngodn ngi 1ap trinh tinh ndi chung cé cac hé thdng kidu nghiém ngét, cho phép trinh bién dich di sau vao xem liéu
1ap trinh vién c6 thwc hién bat ky dong thai bat thuwdng nao khéng. Tuy nhién, mét hé théng kidu qua nghiém ngét c6
thé 1am cho viéc lap trinh tré nén qua cdng k&nh va khién chiing ta phai mat nhiéu thoi gian cho né.

Ngén ng¥ Go vi thé cb géng cung c&p sw can bang gitra sw linh hoat va tinh an toan: cé co ché duck-typing théng
qua interface nhwng ddng thdi cling kiém tra kiéu nghiém ngét.
Duck typing

Duck-typing vé&i y twdng don gian:

If something looks like a duck, swims like a duck and quacks like a duck then it's probably a duck.
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FINALLY EXPLAINED: DUCK TYPING

Vi du c6 mét interface con vit, xac dinh kha nang quacks :

type Duck interface {
Quacks()

Va cach ta ap dung duck-typing:

// mot struct dong vat bat ki
type Animal struct {

}

// con nay c6 kha nang "Quacks® nhu vit
func (a Animal) Quacks() {
fmt.Println("The animal quacks");

// ham danh cho vit
func Scream(duck Duck) {
duck.Quacks()

func main() {
// a la mdot mdét vat thudc struct Animal
a := Animal{}



Scream(a)

Thiét k& nay cho phép chung ta tao ra mét interface méi thda man kiéu hién cé ma khéng phai hdy di dinh nghia ban
dau cla ching, didu nay dac biét linh hoat va hivu ich khi cac kidu ma ta sir dung dén tlr nhivng package khéng thudc
quyén kiém soat ctia minh.

Chuyén d6i kiéu trong Go

Trong Golang, chuyé&n ddi kiéu ngdm dinh khéng dwoc hd tro véi cac kidu co ban (kiéu khéng co interface): khong
thé gan gia tri cila mot bién kiéu int truc tiép cho mot bién kiéu intes .

Cac yéu cau vé tinh nhat quan cia ngdn nglr Go ddi véi kidu co ban nghiém ngat la thé, nhwng né lai kha linh hoat
d& chuyén dbi kiéu gitva cac interface: Chuyén ddi gitra ddi twong - interface hodc chuyén ddi gitra interface -
interface dé&u c6 thé 1a chuyén d6i ngadm dinh. Ban cé thé xem vi du sau:

var (

a io.ReadCloser = (*os.File)(f)

b io.Reader = a
c io.Closer = a
d io.Reader = c.(io.Reader)

M6t s6 sai Iam khi sir dung Interface

Dai khi d6i twong va interface qua linh hoat dan dén viéc ching ta c¢é thé méac sai 1dm khi struct khac vé tinh diéu
chinh interface. D& khéc phuc ta dinh nghia mét phwong thirc déc biét d& phan biét cac interface:

type runtime.Error interface {
error

RuntimeError()

Trong protobuf, interface Message cling ap dung mét phuong thire twong tw: dinh nghia mét phwong thire duy nhét
ProtoMessage d& ngan cac kiéu di¥ liéu khac vé tinh thda man interface:

type proto.Message interface {
Reset ()
String() string
ProtoMessage( )



Interface proto.Message rat dé bi "gid mao", dé tranh diéu d6 ta nén dinh nghia mét phuong thirc riéng cho né. Chi
cac dbi twong thda man phuwong thirc riéng nay méi cé thé théa man interface do va tén clia phwong thirc riéng chiva
tén dwdng dan tuyét déi clia package, vi vay phwong thirc nay chi cé thé dwoc hién thuc bén trong package dé dap
trng interface. testing.TB la interface trong package test s dung ky thuat nay:

type testing.TB interface {

Error(args ...interface{})
Errorf(format string, args ...interface{})
private()

Kha nang bi "lam gia" phwong thirc thudc interface

Nhw da dé& cap trong phan Method, ta cé thé ké thira cac phwong thirc clia kidu an danh bang cach thém cac thudc
tinh &n danh thuéc kiéu doé vao struct. Vay didu gi xay ra néu thudc tinh 4n danh nay khéng phai 1a mét kiéu binh
thwerng ma 1a mot kiéu interface?

Chuing ta c6 thé lam gid phwong thirc private clla testing.TB bang cach nhing vao struct T8 interface &n danh:

package main

import (
"fmt"
"testing"

type TB struct {
testing.TB

}

func (p *TB) Fatal(args ...interface{}) {
fmt.Println("TB.Fatal disabled!")

}
func main() {

var tb testing.TB = (TB)

tb.Fatal("Hello, playground")

1.4.4. Luong thwc thi cia mét chwong trinh Go

Viéc khi tao va thyc thi chuong trinh Go ludn bat d&u tlr ham main.main . Néu package main cO import cac

package khac, chung sé dwoc thém vao package main theo th& tw khai bao.
init khong phaila ham thong thuwéng, né cé thé cé nhiéu dinh nghta, va cac ham khac khong thé st dung né.

o Néu mét package dwoc import nhiéu lan, sé chi dwoc tinh [a mét khi thue thi.

e Khi mét package dwgc import ma né lai import cac package khac, trwedc tién Go sé import cac package khac do
trwéde, sau do khdi tao cac hang va bién cla package, réi goi ham init trong tirng package.

o Né&u mét package cé nhiéu ham init va th® tw goi khéng dwoc xac dinh cu thé thi chiing sé dwoc goi theo thir
tw xuét hién. Cubi cung, khi main @& c6 dU tit ca hang va bién & package-level thi n6 sé& dwoc khdi tao bang



cach thuc thi ham init , tiép theo chwong trinh di vao hdm main.main va bét dau thyc thi. Hinh dwéi day 1a so
dd nguyén ly mét chudi bat diu cla chwong trinh ham trong Go:

main pkgl pkg2 pkg3
—p| importpkgl f---9| importpkg2 F---9| importpkg3 [---Pp const
i i i i
i i i i
A A \j A
const 4-, const 4 -, const < ~ wvar
| | : | i : |
\ : v : \ |
var : var : var | init()
; I : I : ! :
: \ T S '
init() | ir'|it8 | init()
| I init I .
l : : 1
Y | p— L '
main() Ut gt s ,

Tién trinh khéi tao package
Can lwu y rang trdc khi ham nao khac duoc thue thi thi tAt ca code déu chay trong cling mét Goroutine main.main |
day la thread chinh cta chwong trinh. Do d6, néu mét Goroutine kh&i chay trong ham main.main thi né chi cé thé
dwoc thye thi sau khi vao chwong trinh da thwe thi xong init .

Lién két

e Phan tiép theo: M hinh 1ap trinh ddng thdi va lap trinh song song
e Phan trudc: Array, strings va slices
e Muc luc



1.5. Md hinh 1ap trinh déng th&i va lap trinh song song

Thei gian dau, CPU chi cé moét nhan duy nhét, cac ngdn ngiy khi dé sé& theo mé hinh 1ap trinh tuan tw, dién hinh 14
ngén ngl* C. Ngay nay, v&i sw phat trién ctia cong nghé da x& ly, dé tan dung tbi da strc manh ctia CPU, mé hinh lap
trinh song song hay multi-threading) thwéng théy trén cac ngén ngi I4p trinh ra d&i. Ngén ngir Go cling phat trién mo
hinh Iap trinh ddng thoi rat hiéu qua véi khai niém Goroutines.

Lap trinh tuan tw Lap trinh song song
Problem Instructions
JI—T— - -
* Instructions _.l"l' l . . > m
s -
od | IR BRSO
N (=] [ "
N (2] 2 "

O phan nay chdng ta sé di tim hiéu v& mé hinh lap trinh ddng thei trong Golang nhw thé nao. Truwéc hét ching ta
cung nhac lai moét sb kién thirc lién quan dén xi ly ddng thdi va xt ly song song (parallelism).

1.5.1 Xtr ly déng thei la gi ?

X ly ddng thoi 1a khd nang phan chia va diéu phdi nhiéu tac vu khac nhau trong ciing mét khoang thdi gian va tai
mot thdi diém chi co thé xd ly mét tac vu. Khai niém nay trai ngwoc véi xte ly tudn tw (sequential processing). X ly
tuan tw 14 khd nang xt ly chi mét tac vu trong mot khodng thdi gian, cac tac vu sé dugc thuc thi theo thir tw hét tac vu
nay sé thue thi tiép tac vu khac.

Concurrency is about dealing with lots of things at once-Rob Pike

Vi du nhw chiing ta vira mudn nghe nhac viva doc Advanced Go book va trong IGc doc ban mudn tai bo tai liéu vé t
zalopay-oss. Néu nhw theo md hinh x(& ly tudn tw thi tring duyét web sé& phai thuc hién viéc nghe nhac xong, rdi téi
viéc mé& Advanced Go book online d& doc va sau khi doc xong chiing ta méi cé thé tai v& dwoc. B6i vai mé hinh xt ly
ddng thoi thi ta cé thé 1am 3 tac vu trén trong cling mot khodng thdi gian. Chung ta cé thé viva nghe nhac vira lwét
doc tai liéu ma vira co thé tai bo tai liéu nay v& may. Vay lam thé nao dé co thé xir ly déng thoi nhw vay ?

TAt ca cac chwong trinh dang chay trong may tinh ching ta chay d&u do hé diéu hanh quan ly, véi méi chwong trinh
dang chay nhw vay dwoc goi la mot process (tién trinh) va dwoc cAp mot process id (PID) dé hé diéu hanh dé
dang quan li. Cac tac vu cla tién trinh s& dwoc cpu core (nhan CPU) clia may tinh x& ly. Vay 1am sao 1 may tinh co
CPU 1 nhan cé thé 1am duoc viéc xtr ly ddng thoi nhidu tac vu ctia cac tién trinh ciing IGc. B&i vi ban chét tai mot thoi
diém nhan CPU chi cé thé xt Iy mét tac vu.

Nhw cau néi ctia Rob Pike, 6ng da s dung tir dealing (phan chia x(& ly) dé& noi dén khai niém concurrency. That nhw
vay, nhan CPU khdng bao gi¢» doi xt ly xong mét tac vu réi méi xt ly tiép tac vu khac, ma nhan CPU da chia cac tac
vu l&n thanh cac tac vu nho hon va Sép xép xen ké 1an nhau. Nhan CPU xé tan dung th&i gian ranh cla tac vu nay dé
di lam tac vu khac, mét luc thi lam tac vu nhd nay, mét ltc khac thi lam tac vu nhd khac. Nhw vay chiing ta sé cam
thay may tinh x ly nhiéu viéc clng Itc tai cling thdi diém. Nhwng ban chét bén dwéi nhan CPU thi né chi ¢ thé thuc
thi mot tac vu nho trong tac vu 1&n tai thoi diém do.


https://en.wikipedia.org/wiki/Multithreading_(computer_architecture
https://zalopay-oss.github.io/go-advanced/
https://github.com/zalopay-oss/go-advanced
https://zalopay-oss.github.io/go-advanced/

1.5 Khai niém xt ly ddng thdi va song song

CPU time
Chia nhd tac vu va xt ly trong mé hinh concurrency
Nghe nhac Render tai liéu T4i tai lidu
CPU time

M6 hinh xi¥ ly tuén tw

1.5.2 Xt ly song song la gi ?

Xt ly song song |a kha nang xt ly nhidu tac vu khac nhau trong cling mét thi diém, cac tac vu nay hoan toan doc lap
v&i nhau. X ly song song chi cé thé thuc hién trén may tinh ¢ s& nhan Ién hon 1. Thay vi mét nhan CPU chung ta
chi c6 thé xt Iy mét tac vu nhd tai mot thoi didm thi khi sé nhan CPU c¢é nhiéu hon ching ta cé thé xt Iy cac tac vu
song song v&i nhau cung ldc trén cac nhan CPU.

Parallelism is about doing lots of things at once-Rob Pike

Ciing l4y vi du nghe nhac, doc tai liéu va tai tai liéu & trén, thi trong mé hinh x& ly song song sé nhuw sau.

MNghe nhac Core 1
Render tai liéu Core 2
Tai tai lieu Core 3

CPU time

M6 hinh x ly song song céc tac vu cting mét thoi diém
Trong thwc t&, trén méi nhan cla CPU van xay ra qué trinh x ly ddng thdi mién 13 tai mot thoi diém khong cé xay ra
viéc xt ly cing mét tac vu trén hai nhan CPU khac nhau, mé hinh trén vé lai nhu sau:
Core 1

Core 2

Core 3

v

CPU time

Mé hinh xt ly song song
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Chung ta nén ndm dwoc mé hinh x@ ly déng théi khac véi mé hinh x@ Iy song song, tuy hai mé hinh déu néu lén viéc
xt Iy nhidu tac vu trong cting mét thdi diém. Trong mot bai dién thuyét ciia Rob Pike, &ng ciing da trinh bay va phan
biét hai mé hinh trén. Cac ban c6 thé xem buébi di&n thuyét & day.

1.5.3 Xtr ly déng th&i trong Golang

Trwéc khi tim hiéu vé cach Golang xtr ly ddng thdi nhw thé nao, ching ta cling nhéc lai mét s6 khai niém vé tién trinh
(process) va ludng (thread) trong hé diéu hanh.

Process

Tién trinh c6 thé hiéu don gian 1& mét chwong trinh dang chay trong may tinh. Khi chiing ta mé trinh duyét web dé&
doc Advanced Go book thi day dworc xem la mét tién trinh. Khi chung ta viét 1 chwong trinh may tinh bang ngén ngir
lap trinh nhw C, Java, hay Go, sau khi tién hanh bién dich va chay chwong trinh thi hé diéu hanh sé& c&p cho chuong
trinh mot khéng gian bd nhé nhét dinh, PID (process ID),... Méi tién trinh c6 it nhat mét ludng chinh (main thread) dé
chay chwong trinh, né nhw 1a xwong séng clia chwong trinh vay. Khi ludng chinh nay ngirng hoat déng twong tng
véi viéc chwong trinh bij tat.

Thread

Thread hay dwoc goi la tiéu trinh né 1a mét ludng trong tién trinh dang chay. Cac ludng dwoc chay song song trong
mdi tién trinh va cé thé truy cap dén ving nhé dwoc cung c&p bdi tién trinh, cac tai nguyén cla hé didu hanh, ...

Process
Thread 1 Thread 1 Thread 1
Resgisters Resgisters Resgisters
Stack Stack Stack

Mé hinh xtr ly song song
Cac thread trong process sé dwoc cap phat riéng mot ving nhé stack dé lwu cac bién riéng cla thread dé. Stack
dwoc cip phat ¢b dinh khoang 1me-2vB . Ngoai ra cac thread chia sé chung viing nhé heap cla process. Khi
process tao qua nhiéu thread sé& dan dén tinh trang stack overflow. Khi cac thread s dung chung ving nh¢ sé dé
gay ra hién twong race condition. O phan sau ching ta sé& tim hiéu cach Golang xt Iy nhw thé nao dé tranh 16i race
condition.


https://blog.golang.org/concurrency-is-not-parallelism
https://zalopay-oss.github.io/go-advanced/
https://en.wikipedia.org/wiki/Stack_overflow
https://en.wikipedia.org/wiki/Race_condition

O cac phan trén ching ta da clting nhau thdo luan v& mé hinh xt ly ddng thdi va xt Iy song song cac tac vu, cac tac
vu & day sé duwoc thye hién béi cac thread khac nhau. Vi vay twong quan & day la khi chung ta x& ly cac tac vu theo
mo hinh déng thoi hay song song ciing c6 nghia la cé nhiéu thread chay ddng thei hay song song (multi-threading).
Sé lwong thread chay song song trong cting mét thdi diém sé bang véi sb lwong nhan CPU ma may tinh ching ta cé.
Vi vay khi ching ta lap trinh ma tao qua nhiéu thread thi ciing khéng c¢é gitip cho chuwong trinh ching ta chay nhanh
hon, ma con gay ra 16i va lam cham chwong trinh. Theo kinh nghiém 1ap trinh ching ta chi nén tao sé thread bang s6

nhan CPU * 2 .

Nhw minh d trinh bay & phan trén thi khi x ly ddng thi thi tai mét thdi diém chi co mét tac vu dwoc xi ly hay mét
thread dwoc chay trén mét nhan CPU. Khi nhan CPU chuyén qua xt ly tac vu khac cling c6 nghia la thread khac
dwoc chay. Thao tac d6 dwoc goi la context switch . Cac ban cé thd xem chi tiét & day.

Goroutines va system threads

Goroutines la mét don vi concurrency ctia ngén ngi» Go. Hay néi cach khac Golang st dung goroutine dé xu ly déng
thoi nhidu tac vu. Viéc khéi tao goroutines sé it tn chi phi hon khéitao thread so véi cac ngdn ngir khac. Cach
khai tao goroutine chi don gian théng qua tir khda go . V& gdc nhin hién thwc, goroutines va thread khéng giéng
nhau.

DAu tién, system thread s& cé mét kich thuwéc viing nhé stack cb dinh (théng thudng vao khoang 2MB). Ving nhé
stack chl yéu dwoc dung dé lwu triy nhirng tham sé, bién cuc bo va dia chi tra v& khi ching ta goi ham.

Kich thwoc cb dinh clia stack sé dan dén hai van dé:

e Stack overflow v&i nhirng chwong trinh goi ham dé quy sau.
e Lang phi viing nhé dbi v&i chwong trinh don gian.

Giai phap cho vén dé& nay chinh 1a cip phat linh hoat viing nhé stack:

o Mot Goroutines sé& dwoc bat dau bang mét viing nhé nhé (khoang 2KB hodc 4KB).

e Khi goi dé quy sau (khong gian stack hién tai la khong di) Goroutines sé tw dong tdng khong gian stack (kich
thwéc tdi da cia stack co thé dwoc dat téi 1GB).

e B&i vi chi phi clia viéc khéi tao la nhd, ching ta cé thé d& dang giai phdng hang ngan goroutines.

V&i ngdn ngir 1ap trinh khac nhw Java thi cac thread duwoc quan ly bdi hé didu hanh, c¢é nghia 1a chwong trinh chiing
ta dang x( ly ddng thoi bj phu thudc vao hé didu hanh. Trong Golang st dung Go runtime ¢é riéng co' ché dinh thoi
cho Goroutines, né ding mot sé k§ thuat d& ghép M coroutines trén N thread cUa hé didéu hanh. Co ché dinh thoi
Goroutines twong ty véi co ché dinh thdi ciia hé didu hanh nhwng chi & mirc chwong trinh. Bién runtime.GoMAXPROCS
quy dinh sb lwgng thread hién thoi chay trén cac Goroutines.

Chung ta cung xem qua bang so sanh gitba Gorountines va Thread dwgc tham khdo & day:


https://en.wikipedia.org/wiki/Context_switch
https://golang.org/pkg/runtime/
https://medium.com/rungo/achieving-concurrency-in-go-3f84cbf870ca

Thread

Goroutines

Thread dugc quan Iy boi hé digu hanh va phu thudc vao
s nhan CPU

Goroutines dugc quan Iy béi go runtime va khdng phu

thudc vao so nhan CPU

Thread thudng c6 kich c@ stack cd dinh tir 1-2MB

Goroutines co kich c@ stack tir 8KB (2 ¢ Go1.4) & phién

ban méi

ving nhé stack dwgc cdp phat trong thoi gian compile

va khong dugc tang thém

Viing nhd stack cé thé ting dén 1GB

Giao tiép giira cac thread kha khd. C6 d tré I6n trong

viéc tuong téc gira céc thread

Goroutine sir dung channels dé twang tac véi nhau véi do

tré thap

Thread c6 dinh danh bang TID trong mdi process

Goroutines khéng cé dinh danh vi Golang khéng cé

Thread Local Storage

Viéc khdi tao, giai phong thread ton nhiéu thoi gian

Goroutines dugc tao va giai phong bdi go runtime nén rat

nhanh

Ton nhiéu chi phi context switch trong thread, do hé diéu

hanh x&p lich

Tén ich chi phi hon do go runtime quan Iy

M6 hinh xtr ly song song

1.5.4 Vi du Goroutine
Vidu 1:

func main() {
// st dung tir khoa go dé tao goroutine
go fmt.Println("Xin chao goroutine")
fmt.Println("Xin chao main goroutine ")

Chuwong trinh trén c6 luc in ra ca hai cau khéng dung nhw thir tw trén, cé ltic sé chi in dwgc mbi cau "Xin chdo main
goroutin”. Chuing ta da biét khi ham main chay xong thi chwong trinh sé& divng. Hadm main ciing 1& mét goroutine va

chay ddng thoi véi ham  fmt.Printin . Nén cé trweéng hop ham main chay xong va dirng trwéc khi ham  fmt.Printlni

dwoc chay.

Chuing ta c6 thé lam nhw sau dé c6 thé in ra ca hai cau:

func main() {
// st dung tir khoa go dé tao goroutine
go fmt.Println("Hello from another goroutine")




fmt.Println("Hello from main goroutine")

// cho 1 giay dé co6 thé chay dugc goroutine
//cta ham fmt.Println truéc khi ham main két thuc
time.Sleep(time.Second)

Sau khi chuwong trinh chay xong cac goroutine sé bj huy.

Vidu 2:
Chuing ta c6 thé str dung goroutine bang cach sau.

func MyPrintln(id int, delay time.Duration) {

go func() {

time.Sleep(delay)

fmt.Println("Xin chao, t6i la goroutine: ", id)
30

func main() {
for i :=0; 1< ;oit+ {
MyPrintln(i, 1*time.Second)

time.Sleep( * time.Second)
fmt.Println("Chuong trinh két thudc")

O phén tiép theo chiing ta sé di t&i nhirng vi du phirc tap hon nhw cach xi ly race-condition trong Golang, st dung
channel d& chan cac goroutine,...

Lién két

e Phan tiép theo: M hinh thuc thi dong thoi
e Phan trwdc: Functions, Methods va Interfaces
e Muc luc



1.6. Md hinh thwc thi dong thoi

Mét diém manh cla Golang la tich hop s8n co ché xt ly ddng thdi (concurrency). Ly thuyét vé hé théng twong tranh
ctia Go la CSP (Communicating Sequential Process) dwoc dé& xuét béi Hoare vao nam 1978. CSP duoc &p dung lan
dau cho may tinh da dung T9000 ma Hoare c6 tham gia. Ty NewSqueak, Alef, Limbo dén Golang hién tai, Rob Pike,
ngwdi cé hon 20 ndm kinh nghiém thwc té véi CSP, rat quan tam dén tiém néng ap dung CSP vao ngén ngi 1ap trinh
da dung. Khai niém cét 16i cta ly thuyét CSP ciing dwoc 4p dung vao lap trinh concurrency trong Go.
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Go concurrency
O phan nay chiing ta cling xem qua céc cach dung goroutine ciing nhw cac cach x ly goroutine ma ching ta thuwdng
gap trong lac lap trinh.

1.6.1. Phién ban concurrency véi Hello World

Trong h&u hét cac ngdn ngi¥ hién dai, van d& chia sé tai nguyén dwoc gidi quyét bdng co ché ddng bd héa nhw khéa
(lock) nhwng Golang cé cach tiép can riéng 1a chia sé gia tri théng qua channel.

Channel (pipe)

@%@ ' ' @@@

Goroutine 1 Goroutine 2

Goroutine trao déi gia tri qua channel
Trén thue t& khi nhiéu thread thwc thi dc lap ching hiém khi cht dong chia sé tai nguyén. Tai bat ky thdi diém nao,
tdt nhét la chi Goroutine s& hiru tai nguyén clia chinh minh. Golang cé mét triét ly dwoc thé hién bang slogan:

Do not communicate by sharing memory; instead, share memory by communicating.
Do not communicate through shared memory, but share memory through communication.

Méc dU cac van dé twong tranh don gidn nhw tham chiéu dén bién dém co thé dwoc hién thwe bang atomic
operations ho3C mutex lock , nhwng viéc kiém soat truy cap thdng qua Channel gitip cho code ctia chiing ta clean va

"Golang" hon.

Ap dung Mutex

Xem xét doan code sau:



func main() {
var mu sync.Mutex

// khéi chay moét goroutine chay dong thoi véi main
go func(){
fmt.Println("Hello World")

// khéng thé dam bdo ham nay sé& chay trudc “mu.Unlock()  phia dudi
mu.Lock()
10

// xay ra 16i vi “mu’ dang & trang thai unlocked
mu.Unlock()

o day, mu.Lock() va mu.unlock() khong & trong cung mét Goroutine, vi vay n6 khong dap rng dwgrc md hinh bd
nhé nhéat quan tuan tw (sequential consistency memory model).

Stra lai doan code trén nhw sau:

func main() {
var mu sync.Mutex

// 1lénh nay khién main thread bi block
mu.Lock()

go func(){
fmt.Println("Hello World")

// 1lénh nay Unlock cho main thread
mu.Unlock()

30

mu.Lock()

Ap dung Channel

DBdng bo héa véi mutex 1a mét cach tiép can & mirc d6 twong ddi don gian. Bay gid ta sé st dung mét unbuffered
channel @& hién thwc ddng bd hda:

func main() {
done := (chan int)

go func(){
fmt.Println("Hello World")

// chi sau khi goroutine nay hoan thanh thao tac nhan
// thi thao tac gli & main thread méi dugc két thuc
<-done

30

// thao tac g&ri qua channel “done"
done <-

Cach nay gap bat cap véi buffered channel vi ltc d6 khéng cé gi d@m bao réng goroutine sé in ra trwdc khi thoat
main . Cach tiép can tt hon 1& hoan ddi hwéng glvi va nhan ctia channel dé tranh cac sw kién ddng bo héa bi anh
hwéng béi kich thwdc buffer ctia né:

func main() {
done := (chan int, 1)



go func(){
fmt.Println("Hello World")

// gli 1 gid tri vao channel théng bao két thic goroutine nay
done <-

10
// main thread nhan gia tri t& channel va thoat khoéi

// trang thai block
<-done

Duwa trén buffered channel, ching ta c6 thé d& dang mé rong thread print d&n N. Vi du sau l1a mé& 10 goroutine dé in
riéng biét:

func main() {
done := (chan int, )

// m& ra N goroutine

for i :=0; i< (done); i++ {
go func(){
fmt.Println("Hello World")
done <-
10
}
// doi ca 10 goroutine hoan thanh
for i :=0; i< (done); i++ {
<-done
}

St dung sync.WaitGroup thay cho Channel
Mét cach don gidn hon [a st dung sync.waitGroup d& che mét tap cac su kién:

func main() {
var wg sync.WaitGroup

// m& N goroutine

for i :=0; i< ;i {
// tang s0 luong su kién cho, ham nay phai duoc
// dam bado thyc thi trudc khi b&t dau 1 goroutine chay nén
wg.Add(1)

go func() {
fmt.Println("Hello World")

// cho biét hoan thanh mdét su kién

wg.Done()
30

// doi N goroutine hoan thanh
wg.Wait()

1.6.2. Tac vu Atomic



Téac vu atomic trén mét viing nhé chia sé thi d@m bao rang viing nhé d6 chi cé thé dwoc truy cap béi mét Goroutine

tai mot thoi diém. Dé dat dwoc didu nay ta cé thé dung sync.Mutex.

St dung sync.Mutex

import

(

// package can dung

"sync"

// total la mdt atomic struct
var total struct {

sync.Mutex

value int

func worker(wg *sync.wWaitGroup) {

//

théong bao hoan thanh khi ra khéi ham

defer wg.Done()

for i :=0; 1 <= ;oit+ {

// chan cac Goroutines khac vao

total.Lock()

// bay gio, lénh total.value += i dwoc dam bdo la atomic (don nguyén)
total.value += i

// bd chan

total.uUnlock()

func main() {

//

khai bao wg dé main Goroutine ditng ch& céac Goroutines khac trudc khi két thuc chuwong trinh

var wg sync.WaitGroup

//
wg
//
go
//
go
//
wg
//

wg can cho 2 Goroutines khac

LAdd(2)

thuc thi Goroutines th& nhat

worker (&wg)

thuc thi Goroutines th& hai

worker (&wg)

wg bat dau dgi dé 2 Goroutines kia xong
.Wait()

in ra két qua thuc thi

fmt.Println(total.value)

Trong mét chwong trinh ddng thoi, ta can c6 co ché d& 1ock va unlock trwdc va sau khi truy cap vao vang critical
section. Néu khdng co sw bao vé bién total , két qua cudi cung cé thé bi sai khac do sw truy cap dong thdi cla
nhiéu thread.

S dung sync/atomic

Thay vi diing mutex, chuing ta ciing cé thé ding package sync/atomic, day la gidi phap hiéu qua hon déi véi mot bién

sb hoc.

import

(

"sync"

//

khai bao bién géi sync/atomic

"sync/atomic"

// bién total duwgc truy cap dong thoi

var total uint64


https://preshing.com/20130618/atomic-vs-non-atomic-operations/
https://golang.org/pkg/sync/#Mutex
https://en.wikipedia.org/wiki/Critical_section
https://golang.org/pkg/sync/atomic/

1.6 M6 hi

func wo
//
def

var
for

func ma
//
var
//
wg
//
go
//
go
//
wg
//
fmt

D& ghi va doc atomic trén nhitng dbi twong phirc tap hon thi ta dung kiéu atomic.Value, vi du:

package

import

nh thwe thi ddng thoi

rker(wg *sync.WaitGroup) {
wg thong bao hoan thanh khi ra khéi ham

er wg.Done()

i uint64

i=0; i<=100; i++ {

// 1énh cong atomic.Adduint64 total dugc dam bado la atomic (don nguyén)
atomic.Adduint64(&total, i)

in() {
wg dugc dung dé dirng ham main doi cac Goroutines khac

wg sync.WaitGroup
wg can doi hai Goroutines goi 1lénh Done() méi thuc thi tiép

.Add(2)

tao Goroutines thir nhat
worker (&wg)

tao Goroutines th& hai
worker (&wg)

bat dau viéc doi

Wait()

in ra két qua
.Println(total)

main

(

"sync/atomic"

"time"

func loadConfig() map[string]string {

ret

urn make(map[string]string)

func requests() chan int {

ret

urn make(chan int)

func main() {

//

ndm gilr thong tin cdu hinh cla server

var config atomic.Value

//

khéi tao giad tri ban dau

config.Store(loadConfig())

go
//

30
//

//

func() {
cap nhat théng tin sau méi 10 giay
for {
time.Sleep(10 * time.Second)
config.Store(loadConfig())

tao nhiéu worker s ly request
dung thong tin cdu hinh gan nhat

for i := 0; 1 < 10; i++ {

go func() {
for r := range requests() {
c := config.Load()
// xt ly request véi cdu hinh c
_, _=1r,¢C

10
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https://golang.org/pkg/sync/atomic/#Value

1.6 M6 hinh thuc thi déng thoi

1.6.3. Mo hinh Producer Consumer

e

-
Channel

Producer Consumer

Mé hinh Producer - Consumer
Vi du phd bién nhét vé Iap trinh concurrency 1a mé hinh Producer Consumer, gitp ting téc do xtr ly chung cla
chwong trinh bang cach can bang strc manh clia cac thread "san xuét" (produce) va "tiéu thy" (consume).

Producer tao ra mét sé di¥ liéu va sau d6 dwa né vao hang dei, ciing lic d6 consumer ciing 14y di¥ liéu tir hang doi
nay ra dé xt ly. Didu nay lam cho produce va consume tr& thanh hai qua trinh bat ddng bo. Khi khéng co di liéu
trong hang doi két qua, consumer sé chd doi & trang thai "déi", con khi di liéu trong hang dgi bi ddy, producer phai
dbi mé&t véi van d& mét mat div liéu khi CPU phai loai bd bét dir liéu trong d6 dé nap thém.

Golang hién thuc co ché nay kha don gian:

// producer: lién tuyc tao ra mot chudi s6 nguyén dya trén boi s6 factor va dua vao channel
func Producer(factor int, out chan<- int) {
for i 1= 0; ; i++ {
out <- i*factor
}
}

// consumer: lién tuc ldy cac s6 tir channel ra dé print
func Consumer (in <-chan int) {

for v := range in {

fmt.Println(v)

}
}
func main() {

// hang doi

ch := make(chan int, 64)

// tao mot chudi sé véi boi sé 3
go Producer(3, ch)

// tao mot chudi s6 véi boi sé 5
go Producer(5, ch)

// tao consumer
go Consumer(ch)

// thoat ra sau khi chay trong mdt khodng thoi gian nhat dinh
time.Sleep(5 * time.Second)

Chuing ta c6 thé dé& ham main gilr trang thai block ma khang thoat va chi thoat khéi chuong trinh khi ngwdi ding gé

Ctrl-C :

53



func main() {
// hang doi
ch := (chan int, )
go Producer(3, ch)
go Producer(5, ch)
go Consumer(ch)
// Ctrl+C dé thoat
sig := (chan os.Signal, 1)

signal.Notify(sig, syscall.SIGINT, syscall.SIGTERM)
fmt.Printf("quit (%v)\n", <-sig)

C6 2 producer trong vi du trén va khéng cé sy kién ddng bd nao gitra hai producer ma chiing concurrency. Do d, thiy
tw clia chubi output & consumer la khdng xac dinh.

1.6.4. Mo hinh Publish Subscribe

Mb hinh publish-and-subscribe thwéng dwoc viét tt 1a mé hinh pub/sub. Trong mé hinh nay, producer tré thanh
publisher va consumer tré thanh subscriber, ddng thdi producer:consumer l1a méi quan hé M:N.

__ &

PUBLISHER
—
—

— TOPIC

=
Y. @

SUBSCRIBER

Il

SUBSCRIBER

M®é hinh Publish - Subscribe
Trong mé hinh producer-consumer truyén thdng, thong diép dwoc givi dén hang doi va mé hinh publish-subscription
sé& publish théng diép dén mot topic.

D& hién thwe md hinh nay ta implement package pubsub :

// package pubsub implements a simple multi-topic pub-sub library.
package pubsub

import (
"sync"
"time"

)

type (
// subscriber thudc kiéu channel



subscriber chan interface{}

// topic la mot filter
topicFunc func(v interface{}) bool

type Publisher struct {
// Read/Write Mutex
m sync.RwWMutex

// kich thuéc hang doi
buffer int

// timeout cho viéc publishing
timeout time.Duration

// subscriber da subscribe vao topic nao
subscribers map[subscriber]topicFunc

// constructor véi timeout va do dai hang doi
func NewPublisher (publishTimeout time.Duration, buffer int) *Publisher {
return &Publisher{
buffer: buffer,
timeout: publishTimeout,
subscribers: make(map[subscriber]topicFunc),

// thém subscriber méi, dang ky hét tdt ca topic
func (p *Publisher) Subscribe() chan interface{} {
return p.SubscribeTopic(nil)

// thém subscriber md&i, subscribe cac topic da duoc filter loc
func (p *Publisher) SubscribeTopic(topic topicFunc) chan interface{} {
ch := make(chan interface{}, p.buffer)
p.m.Lock()
p.subscribers[ch] = topic
p.m.Unlock()
return ch

// hly subscribe

func (p *Publisher) Evict(sub chan interface{}) {
p.m.Lock()
defer p.m.Unlock()

delete(p.subscribers, sub)
close(sub)

// publish ra 1 topic

func (p *Publisher) Publish(v interface{}) {
p.m.RLock()
defer p.m.RUnlock()

var wg sync.WaitGroup

for sub, topic := range p.subscribers {
wg.Add(1)
go p.sendTopic(sub, topic, v, &wg)
}
wg.Wait()

// déng 1 doi tuwong publisher va déng tat ca cac subscriber
func (p *Publisher) Close() {

p.m.Lock()

defer p.m.Unlock()



for sub := range p.subscribers {
delete(p.subscribers, sub)
close(sub)

// gii 1 topic c6 thé duy tri trong thoi gian cho wg
func (p *Publisher) sendTopic(
sub subscriber, topic topicFunc, v interface{}, wg *sync.WaitGroup,

) {
defer wg.Done()
if topic != nil && !topic(v) {
return
}
select {
case sub <- v:
case <-time.After(p.timeout):
}
}

Trong vi du sau day, 2 subscriber d&ng ky hét tat c& cac topic v&i "golang”:

import (
"./pubsub"
"time"
"strings"
"

)

func main() {
// khé&i tao 1 publisher
p := pubsub.NewPublisher(100*time.Millisecond, 10)

// dé dam bao p dugc déng trudc khi exit
defer p.Close()

// “all® subscribe hét tdt ca topic
all := p.Subscribe()

// subscribe cac topic c6 "golang"
golang := p.SubscribeTopic(func(v interface{}) bool {
if s, ok := v.(string); ok {
return strings.Contains(s, '"golang")
}

return false

)]

// publish ra 2 topic
p.Publish("hello, world!")
p.Publish("hello, golang!")

// print nhitng gi subscriber “all’ nhan duoc
go func() {
for msg := range all {
fmt.Println("all:", msg)
}
} O

// print nhitng gi subscriber “golang’ nhan duwoc
go func() {
for msg := range golang {
fmt.Println("golang:", msg)
3
} O

// thoat ra sau khi chay 3 giay



time.Sleep(23 * time.Second)

Trong mé hinh pub/sub, méi théng diép dwoc givi t¢i nhidu subscriber. Publisher thudng khong biét hodc khong quan
tam subscriber nao nhan dwoc thong diép. Subscriber va publisher c6 thé dwoc thém vao dong & thei diém thue thi,
cho phép cac hé théng phirc tap co thé phat trién theo thdi gian. Trong thuc té, nhitng (rng dung nhw dy bao thoi tiét
c6 thé ap dung mé hinh concurrency nay.

1.6.5. Kiém soat sé lwong goroutine

Goroutine I& mét tinh nang manh mé cla Go, mét chi phi rat it d& st dung, nhitng tat nhién néu dung véi sé lwong
quaé I&n sé chiém gay nhiéu 1ang phi va can cé mét co ché dé kidm soat. Mot cach thong dung dé dat dwoc muc dich
trén la dung worker pool.

WORKER POOL

[ s | oo ||| [ ao | [ | | o || s
s | | s | e || acac | [ ||| o | | |
|
wWork gueue v

Worker 1 Worker 2 Worker 3 |

worker pool

M6 hinh Worker pool
DAu tién tao ra cac worker:

func worker(queue chan int, worknumber int, done chan bool) {
for j := range queue {
fmt.Println("worker", worknumber, "finished job", j)
done <-

Sau d6 c6 thé ap dung nhw sau:

func main() {

// queue of jobs
q := (chan int)

// done channel lay ra két qua cua jobs
done := (chan bool)

// s6 luong worker trong pool

numberOfWorkers :=

for i := 0; 1 < numberOfWorkers; i++ {
go worker(q, i, done)



// dua job vao queue

number0fJobs :=

for j := 0; j < numberOflobs; j++ {
go func(j int) {

q<-j

()

}

// cho nhan da két qua

for ¢ := 0; ¢ < numberOfJobs; c++ {
<-done

}

1.6.6. Don dep Goroutine

Sau khi job queue réng, ta s& phai dirng tit ca worker. Goroutine du kha nhe nhwng van khéng phai mién phi, nhat 1a
vé&i cac hé théng Ién, du chi la cac chi phi nhé nhét cling c6 thé tré nén khac biét Ién néu thay dbi.

Céch don gian la dung kill channel dé phat ra tin hiéu ngirng cho goroutine.

func main() {
// channel dé terminate cac worker
killsignal := (chan bool)

// queue cac jobs

q := (chan int)

// done channel nhan vao két qua cla cac job
done := (chan bool)

// s6 luong worker trong pool

numberOfWorkers :=

for i := 0; i < numberOfWorkers; i++ {
go worker(q, i, done, killsignal)

// dua job vao queue
number0fJobs :=
for j := 0; j < numberOfJobs; j++ {
go func(j int) {
q<-]
}(3)

// cho dé nhan du két qua
for ¢ := 0; ¢ < numberOflobs; c++ {
<-done

// don dep cac worker
(killsignal)
time.Sleep(2 * time.Second)

Trong d6 cac worker dwoc thiét ké nhw sau:

func worker(queue chan int, worknumber int, done, ks chan bool) {
for {
// dung select dé cho cung luc trén ca 2 channel
select {
// xt ly job trong channel queue
case k := <-queue:



fmt.Println("doing work!", k, "worknumber", worknumber)
done <-

// néu nhan dugc kill signal thi return

case <-ks:
fmt.Println("worker halted, number", worknumber)
return

}

1.6.7. Sang s6 nguyén to6

Trong phan 1.2, ching t6i d4 trinh bay viéc trién khai phién ban concurrency ctia sang s nguyén té d& chirng minh
tinh concurrency ctia Newsqueak. Nguyén tic "sang s nguyén t8" nhw sau:
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Sang sé nguyén té
Chuing ta can khéi tao mot chudi cac sé tw nhién 2, 3, 4, ... (khdng bao gdm 0, 1):

// tra vé channel tao ra chuéi sé6: 2, 3, 4,
func GenerateNatural() chan int {
ch := (chan int)
go func() {
for i := 2; ; i++ {
ch <- i

30

return ch
Tiép theo xay dwng mot sang cho mdi sd nguyén té: d& xuat mot sb 1a bdi sb clia sd nguyén t trong chudi dau vao va
tra v& mot chudi mai, do 1a moét channel mai.

// bd loc: xdéa cac sb6 c6 thé chia hét cho sé nguyén toé
func PrimeFilter(in <-chan int, prime int) chan int {

out := (chan int)
go func() {
for {
if 1 := <-in; i%prime != {
out <- i
}
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return out

Bay gi¢ ta c6 thé str dung bd loc nay trong ham main :

func main() {
// chuéi s6: 2, 3, 4,
ch := GenerateNatural()
for i :=0; i< ; i+ {
// s6 nguyén tdé moéi
prime := <-ch

// BO loc dwa trén sO nguyén to moi
fmt.Printf("%v: %v\n", i+1, prime)
ch = PrimeFilter(ch, prime)

// dya trén chudi s6 con lai trong channel dé loc
// céac sb6 nguyén t6 tiép theo voi cac sbé duoc
// trich xuat duéi dang filter. Cac channel tuwong uing

// vé&i cac sang s6 nguyén td khac nhau duoc két n6i 1lién tiép nhau.

1.6.8. Ké thang lam vua

C6 nhiéu dong lwc d& 1ap trinh concurrency nhwng tiéu biéu la vi 1ap trinh concurrency cé thé don gian hoa cac van
d&. Lap trinh concurrency cling co thé cai thién hiéu n&ng. Mé& hai thread trén CPU da 16i thuwdng nhanh hon mé mat
thread. Trén thuc t& vé mat cai thién hiéu suét, chwong trinh khéng chi don gian 1a chay nhanh, ma trong nhiéu
trworng hop chwong trinh c6 thé dap (rng yéu cau clia ngwdi diing mét cach nhanh chéng 13 didu quan trong nhét. Khi
khong c6 yéu cau tir ngwdi diing can x@ ly, nén xr ly mot sb tac vu nén cé do wu tién thap.

Gia st chiing ta mudn nhanh chéng tim kiém cac chi dé lién quan dén "golang", ¢ th& mé nhidu cong cu tim kiém
nhw Bing, Google hodc Yahoo. Khi tim kiém tra vé& két qua trudrc, ta co thé déng cac trang tim kiém khac. Do anh
hwéng clia méi trwérng mang va thuat toan clia cong cu tim kiém ma mot sé cong cu tim kiém cé thé tra vé két qua
tim kiém nhanh hon. Chuing ta c6 thé str dung mét chién lwoc twong tw dé viét chuong trinh nay:

func main() {
// tao ra mot channel véi buffer du 1lén dé dam bao
// khéng bi block do kich thuéc cua buffer.
ch := (chan string, )

// chay nhiéu goroutine dud¢i nén va gri yéu cau
// tim kiém dén cac cong cu tim kiém khac nhau
go func() {
ch <- searchByBing('"golang")
}0)
go func() {
ch <- searchByGoogle('"golang")
10
go func() {
ch <- searchByBaidu('"golang")
0

// khi bat ky céng cu tim kiém nao co6 két qua
// né sé ngay lap thc gui két qua dén channel
// ta chi lay két qua dau tién tir channel
fmt.Println(<-ch)



Ap dung y twéng trén cé thé gitp cai thién hiéu suét bang cach chon lay ké chién thang trong cuéc dua thdi gian.

1.6.9. Context package

O thoi diém phat hanh Go1.7, thw vién tiéu chuan da thém mot package context d& don gian hoa hoat déng ciia dir

liéu, thoi gian chd va thoat gitka nhiéu Goroutines. Package context dinh nghia kiéu Context, chiva deadline,

cancelation signal va cac gia tri request-scope gilra cac API va gilra cac process.

Chung ta c6 thé str dung package context dé hién thuc lai co ché kiém soat timeout:

func worker(ctx context.Context, wg *sync.WaitGroup) error {

defer wg.Done()

for {
select {
default:
fmt.Println("hello")
case <-ctx.Done():
return ctx.Err()

}

}

func main() {

ctx, cancel := context.wWithTimeout(context.Background(),

var wg sync.WaitGroup

for i :=0; 1 < 10; i++ {
wg.Add(1)
go worker(ctx, &wg)

}

time.Sleep(time.Second)

cancel()

wg.Wait()

*time.Second)

Golang ty dong Iy lai bd nhé, do d6 bd nhé thuwdng khdng bi rd ri (memory leak). Trong vi du trwdc vé sang sé

nguyén t6, mdt Goroutine méi dwgc dwa vao bén trong ham eenerateNatural va Goroutine nén PrimeFilter CO

nguy co bj leak khi ham main khong con st dung channel. Ching ta c6 thé tranh van dé nay véi package context.

Duwoi day la phan trién khai sang sé nguyén té dwoc cai thién:

func GenerateNatural(ctx context.Context) chan int {

ch := (chan int)
go func() {
for i := 2; ; i++ {
select {

case <- ctx.Done():
return
case ch <- 1i:

}
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return ch

// bd loc: x6a cac sé c6 thé chia hét cho s6 nguyén té
func PrimeFilter(ctx context.Context, in <-chan int, prime int) chan int {

out := (chan int)
go func() {
for {
if 1 := <-in; i%prime != {
select {
case <- ctx.Done():
return

case out <- 1i:

}

10

return out

func main() {
// kiém soat trang thai Goroutine nén théng qua context
ctx, cancel := context.wWithCancel(context.Background())

ch := GenerateNatural(ctx) // chudi so: 2, 3, 4,
for i :=0; i< ; i+ {
prime := <-ch // sd nguyén td mo6i
fmt.Printf("%v: %v\n", i+1, prime)
ch = PrimeFilter(ctx, ch, prime) // BO loc dwa trén sd nguyén td moi

cancel()

Khi ham main két thic hoat ddng, né dwoc thdng bdo bang 1&nh cancel() goi dén Goroutine nén dé thoat, do d6
tranh khai viéc leak Goroutine.

Concurrency la mot cha dé rat Ién, va & day chung toi chi dwa ra mot vai vi du vé 1ap trinh concurrency rat co ban.
Tai liéu chinh thire cling co rat nhidu cudc thdo luan vé 1ap trinh concurrency, cé kha nhidu cudn sach thao luan cu
thé vé& 1ap trinh concurrency trong Golang. Bac gid cé thé tham khao cac tai liéu lién quan theo nhu cdu cia minh.

Lién két

e Phan tiép theo: Error va Exceptions
e Phan trwéc: Mo hinh |ap trinh ddng thi va 1ap trinh song song
e Muc luc



1.7. Error va Exceptions

Error handling (x ly 16i) 1& mét cha @& quan trong dwoc d& cap trong méi ngdn ngi 1ap trinh. Go cé mét co ché xi ly
I6i don gidn khac véi try catch trén cac ngdn ngi 1ap trinh khac dwa vao gia tri I6i tra vé cia ham. Ngoai ra,
package errors gilp ching ta dinh nghia cac 16i.

1.7.1. Ngir canh thwong gap

C6 mot sd ham trong chwong trinh ludn yéu cau phai chay thanh céng. Vidu strconv.Itoa chuy&n mét sd nguyén
thanh string, doc va ghi phan tt tir array hoéc slice, doc mot phan tor tn tai trong map va twong tuw.

Nhirng tac vu nhuw thé sé& kho dé c6 16i trong thdi gian chay trir phicé bug trong chwong trinh hodc nhirng tinh
hudng khéng thé doan trwéc dwgc nhw [a memory leak tai thoi diém chay. Néu ban thuc sy bat gédp mét tinh hudng
khac thwong nhuw thé, chwong trinh sé ngirng thuc thi.

Khi mét chwong trinh bj 16i va dirng, ching ta cé thé can nhic mot s6 kha néng xay ra. Di véi cac ham xd ly 16i tét,
né sé tra vé& thém mot gia tri phuy, thudng thi gia tri nay dwoc dung dé chira thong diép 16i. Néu chi cé mét ly do dan
dén 16i, gia tri thém vao nay co thé la mot bién Boolean, thwéng dét tén 1a ok . Vi du nhw bén dwdi :

if v, ok := m["key"]; ok {
return v

}

Nhwng théng thwéng sé cé nhidu hon mét nguyén nhan gay ra I6i, va nhidu khi user muédn biét nhiéu thém vé 16i d6.
Néu ban chi st dung mét bién boolean, thi ban sé& khong giai quyét dwoc yéu cu trén. Trong ngdn ngtr C, mot sb
nguyén errno dwoc st dung mac dinh dé thé hién 18i, do d6 ban cé thé dinh nghia nhiéu loai error theo nhu cau.
Trong ngdn ngl¥ Go, c6 thé goi syscall.Errno gibng nhw v&i ma 16i errno trong ngdn ngi C.

Vi du, khi chiing ta diing syscall.chmod dé thay ddi mode clia mot file, chiing ta c6 thé thay théng tin v& 16i qua bién
err nhw bén duwdi :

err := syscall.Chmod(":invalid path:", )

if err I= {
log.Fatal(err.(syscall.Errno))

}

Trong ngdn ng Go, errors dwoc xem xét nhw la mot két qua da dwoc doan trwdc; exceptions la mot két qua khong
thé doan trwdc dwoc, va mdt ngoai 1é c6 thé chi ra ring mét bug trong chuong trinh hodc moét van dé& nao dé khong
dwoc kiém soat. Ngdn ngtr Go dé xuét diing ham recover dé chuyé&n ddi exceptions thanh error handling, chting cho
phép users thyc sy quan tam v& nhirng 18i lién quan dén business.

Néu mot interface don gian ném tat ca nhirng 18i thong thwong nhw 1a mét ngoai 18, ching sé 1am théng bao 18i 16n
x6n va khong cé gia tri. Nhw main truc tiép bao gdm moi thir trong mét ham, né khéng mang lai y nghia gi.

func main() {
defer func() {
if r := (); rt= {
log.Fatal(r)
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Bao boc mét mé 16i khéng phai la mot két qua cudi cling. Néu mét ngoai 1& khéng thé doan trwédc dwoc, truc tiép gay
ra mét ngoai 1& la mét cach tdt nhat dé& xa ly chang.

1.7.2. Chién lwoe xtr ly 16i

Hay minh hoa cho vi du vé& sao chép file: m6t ham can phai mé hai file va sau d6 sao chép toan bd néi dung ctia mét
file nao dé vé& mét file khac.

func CopyFile(dstName, srcName string) (written int64, err error) {
src, err := o0s.0Open(srcName)
if err 1= {
return

}

dst, err := os.Create(dstName)
if err I= {
return

}

written, err = io.Copy(dst, src)
dst.Close()

src.Close()

return

Khi doan code trén chay, sé& tim an rli ro. N&éu dau tién os.open goi thanh cong, nhwng 1&nh goi thi hai os.create
goi bi failed, n6 sé& tra vé ngay lap tlrc ma khéng giai phéng tai nguyén file.

Méc di ching ta co thé fix bug bang viéc goi src.close() trwdc lénh return vé& ménh dé return th& hai; nhung khi
code tr& nén phirc tap hon, nhitng van dé twong ty sé khé dé tim thay va giai quyét. Ching ta c6 thé str dung ménh
d& defer d& dam bao ring mot file binh thweng khi dwoc mé cling sé dwoc déng.

func CopyFile(dstName, srcName string) (written int64, err error) {
src, err := 0s.Open(srcName)
if err I= {
return

}

defer src.Close()

dst, err := os.Create(dstName)
if err I= {
return

3
defer dst.Close()

return io.Copy(dst, src)

Ménh d& defer dwoc thwe thi khi ra khdi tim viee cla ham, chiing ta nght vé 1am cach nao d& déng moét file ngay khi
m& file d6. Bat k& lam thé nao ham dwoc tra vé, béi vé ménh dé close c6 thé ludn ludn dwoc thue thi. Cling mot thoi
diém, ménh dé defer s& dam bao rang io.copy file c6 thé dwoc ddng an toan néu mot ngoai 1& xay ra.

Nhw ching ta d& dé cap trwdc d6, ham export trong ngdn ngir Go sé théng thuwdng ném ra moét ngoai &, va mét ngoai
1& khéng dwoc kiém soat ¢ thé xem la mot bug trong mét chwong trinh. Nhwng véi nhivtng framework Web services,
chung thwéng can s truy cap tir bén thir ba & middleware.

Bd&i vi thw vién middleware thir ba cé bug, khi ma mot ngoai 1é ném mét exception, web framework ban than né khéng
chac chén. Dé cai thién sw bén virng cla hé thdng, web framework thwéng thu hdi chinh xac nhét cé thé nhivtng ngoai
1& trong ludng thwe thi clia chwong trinh va sau dé sé gay exception vé bang cach return error théng thwong.



Chung ta hdy xem JSON parse la mét vi du minh hoa cho viéc dung ngir canh cla viéc phuc hdi. Cho mét hé théng
JSON parser phtrc tap, mac du mot ngdn ngir parse c6 thé lam viéc mot cach phi hop, cé mét didu khéng chéc chan
réng né khong c6 16 héng. Do dd, khi mét ngoai 1& xay ra, ching ta s& khéng chon cach crash parser. Thay vi thé
chung ta sé& lam viéc v&i ngoai 1& panic nhwng la mét I16i parsing théng thwong va dinh kém ching véi mét thong tin
thém dé théng bao cho user biét ma bao céo 16i.

func ParseJSON(input string) (s *Syntax, err error) {
defer func() {
if p := )i p!= {
err = fmt.Errorf("JSON: internal error: %v", p)
3
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Goi json trong mot thw vién chuén, néu ching gap phai mét error khi dé quy parsing di liéu JSON bén trong, ching
s& nhanh chéng nhay vé murc cao nhét & phia ngoai, va sau d6 sé tra vé thong diép 16i twong rng.

Ngén ng¥ Go ¢co cach hién thue thw vien nhw vay; méc du st dung package panic , chiing sé& co thé dwgc chuyén
ddi dén mot gia tri 16i cu thé khi mot ham duwoc export.

1.7.3. Trieorng hop dan dén 16i sai

Thinh thodng rat d& cho nhitng upper user hiéu ring bén duwdi sw hién thwc sé déng gai lai error nhw 14 mét loai error
m&i va tra két qua vé cho user.

if _, err := html.Parse(resp.Body); err != {
return , fmt.Errorf("parsing %s as HTML: %v", url,err)

}

Khi mot upper user bat gdp mat 18i, né co thé dé dang dé hidu rang 16i d6 dwoc gay ra trong thoi gian chay tr cap
business. Nhwng rat khé dé c6 ca hai. Khi mét upper user nhan dwoc mét sai sét mai, chiing ta cling mat nhivng error
type bén dwai (chi nhivng thong tin vé mo ta sé b mét).

D& ghi nhan théng tin v& kidu 16i, ching ta théng thwong sé dinh nghia mot ham wraperror chiing boc &y 16i gbc. Dé
tao didu kién cho nhitng van d& nhu vay, va dé& ghi nhan lai trang thai ciia ham khi mét 16i xay ra, ching ta s& mudn
Iwu trir toan bo thong tin vé& ham thwe thi khi mét 18i xay ra. Lac nay, dé hd tro transition nhw [a RPC, ching ta can
phai serialize error thanh nhirng di¥ liéu twong tw nhw dinh dang JSON, va sau dé khéi phuc lai err ttr viéc decoding
dir lieu.

D& 1am viéc dd, chiing ta sé phai ty dinh nghta cAu tric 16i riéng vi du nhw github.com/chai2010/errors véi nhitng kidu
co ban sau:

type Error interface {
Caller() []CallerInfo
Wraped() [Jerror
Code() int
error

private()

}

type CallerInfo struct {
FuncName string
FileName string
FileLine int


https://github.com/chai2010/errors

Trong sb nhitng Error , interface error la Mot mé rong cla kidu interface, né sé& dwoc dung dé thém thong tin |&i
goi ham vao call stack, va hdi trg wrong muti-level géi 16ng va hé tro' dinh dang code. Cho tinh dé& st dung, ching ta
c6 thé dinh nghia mét sb ham giup ich nhu sau:

func New(msg string) error
func NewWithCode(code int, msg string) error

func Wrap(err error, msg string) error
func WrapwithCode(code int, err error, msg string) error

func FromJson(json string) (Error, error)
func ToJdson(err error) string

New dung dé tao ra mét loai error m&i twong tw nhw errors.new trong thw vién chuan, nhwng véi viéc thém vao
thong tin goi ham tai thdi diém gay ra error. Fromison dwgc dung dé& khoi phuc maét kiéu déi twong error tir chubi
JSON. Newwithcode N6 cling gay dwng mét error véi mot ma error, ching ciing cé thé chira théng tin vé& goi ham call
stack. wrap va wrapwithcode la mét ham error secondary wrapper chung sé goi error nhw Ia mét error méi, nhwng
sé gilr lai message error gc. Di twong error sé tra vé tir day va co thé truc tiép goi json.Marshal dé encode error
nhw [a JSON string.

Chuing ta c6 thé str dung wrapper function nhu sau:

import (
"github.com/chai2010/errors"

func loadConfig() error {
_, err := ioutil.ReadFile("/path/to/file")
if err I= {
return errors.Wrap(err, "read failed")

/T

func setup() error {
err := loadConfig()
if err I= {
return errors.Wrap(err, "invalid config")

}
7 aao
3
func main() {
if err := setup(); err I= {
log.Fatal(err)
3
70 aao

O vi du trén, error sé dwoc bao boc trong hai Ip. chiing ta c6 thé duyét quy trinh déng géi va bd qua.
for i, e := range err.(errors.Error).Wraped() {
fmt.Printf("wraped(%d): %v\n", i, e)
Chuing ta c6 thé 14y thong tin goi ham cho méi wrapper error:

for i, x := range err.(errors.Error).Caller() {



fmt.Printf("caller:%d: %s\n", i, X.FuncName)

Néu chung ta can truyén mét error théng qua network. ching ta cé thé encode errors.Todson(err) nhw la JSON
string.

func sendError(ch chan<- string, err error) {
ch <- errors.ToJson(err)

}

func recvError(ch <-chan string) error {

p, err := errors.FromJson(<-ch)
if err I= {
log.Fatal(err)
}
return p

Cho web service dwa trén http protocol, chiing ta ciing c6 thé két hop trang thai http véi error.

err := errors.NewWithCode( , "http error code")

fmt.Println(err)
fmt.Println(err.(errors.Error).Code())

Trong ngén ng Go, error handling ciing cé mét coding style duy nhat. Sau khi kiém tra néu chirc ndng phu bij failed,
chuing ta thweng dét logic code tai sao chung failed vao process trwéc khi code process thanh céng. Néu mot error
gay ra function return, sau dé logic code vé& thanh cong sé& khong dwoc dat trén ménh dé& else , N6 nén dwoc dét tryc
tiép trong body ctia function.

f, err := os.0Open("filename.ext")
if err = {
}

CAu tric code ctia hau hét cac ham trong ngdn ngl? Go cling twong tw, bat dau béi mot chudi khdi tao viéc kiém tra
d& ngan chan 16i xay ra, theo sau bi nhitng logic thwc sw trong function.

1.7.4. Tra vé két qua sai

Error trong ngdn ngt¥ Go la mét kidu interface. Thong tin vé interface sé chiva kiéu di liéu nguyén mau, va kidu div
lidu gbc. Gia tri ctia interface chi twong (rng néu nhuw ca kiéu interface va gia tri géc ca hai d&u empty ni1 . Thyc té,
khi kiéu cua interface la empty, kiéu gbc sé twong trng véi interface sé khong can thiét phai empty.

Vi du sau, tdi thlr cb gang tra v& mot custom error type va tra vé chi khi khéng co errors nil :

func returnskrror() error {
var p *MyError =
if bad() {
p = ErrBad
}

return p



Tuy nhién, k&t qua tra vé& cudi cling sé thuc sy khéng phai nil , né 1a mét 16i théng thwdng, gia tri saila myerror
type clia con tré null. Sau day la mot sw cai thién clla returnsError :

func returnskrror() error {
if bad() {
return (*MyError)(err)

}

return

Do d6, khi di mat v&i gia tri error dwoc return vé&, gia tri error return sé thich hop khi dwoc gan truc tiép thanh nil .

Ngén ngi¥ Go sé& co mét kiéu dir liéu manh, va cu thé chuyén dbi sé dwoc thuc hién gitva nhitng kidu khac nhau (va
sé& phai bén dwai cling kidu di¥ liéu). Tuy nhién, interface la mot ngoai lé clia ngdn ngi® Go: non-interface kiéu dén
kiéu interface, hodc chuyén ddi tr interface type la cu thé. N6 cling sé hé tro' ducktype, di nhién, ching sé théda man
cap do 3 vé bao mat.

1.7.5. Phan tich ngoai lé

panic |& mdt ham dwng s&n dwoc dung dé dirng ludng thwc thi thong thudng va bat dau panicking . Khi ham
goi panic , ham F s& dirng thuc thi, b4t civ ham lién quan t&i F sé thwc thi mét cach binh thudng, va sau dé lénh
return F sé dwoc goi.

panic dwoc hd tro d& ném ra mét kidu ngoai 1& tly y (khong chi la kidu error ), recover sé& trd vé mét gia tri cia 1o
goi ham va panic cling nhw thong tin v& kiéu tham sé cGa ham va nhirng nguyén mau clia ham sé nhuw sau:

func (interface{})
func () interface{}

Ludng théng thwerng trong ngdn ngir Go la két qua tra vé cia viéc thuce thi 1énh return. D6 khong phai la mot
exception trong ludng, do d6 ludng thuc thi clia ngoai I& recover sé catch function trong process sé ludn ludn tra vé
nil . Cai khac la ngoai 1€ exception. Khi mét 1&i goi panic s& ném ra mét ngoai 1€, function sé két thuc viéc thue thi
Iénh con, nhwng vi 1&i goi registered defer sé van dwoc thwe thi mét cach binh thwong va sau do tra vé caller. Caller
trong ham hién tai, b&i vi trang thai xt ly ngoai l1é chwa dwoc bat, panic sé twong tw nhw hanh vi goi ham mét cach
trwec tiép. Khi mot ngoai lé xay ra, néu defer dwoc thue thi 101 goi recover , N6 co thé dwoc bat bang viéc trigger
tham sd panic, va tra vé ludng thuc thi binh thwéng.

defer sé& thwc hién 1&nh goi recover né thwong gay khé khan cho nhitng ngwdi méi bt dau.
func main() {

if r := (); rt= {
log.Fatal(r)

}
(123)
if r := (); rt= {
log.Fatal(r)
}

Ca hai 161 goi trén khong cé thé catch exceptions. Khi & goi recover du tién dwoc thwe thi, ham sé phai dwoc trong
mot thi tw thwe thi binh thuwéng, tai mot diém ma recover cé thé tra vé ni1 . Khi ma mot exception xay ra, 16 goi
recover thr hai sé& khong lam thay dbi viéc thwe thi, bdi vi [énh goi panic s& giyra defer ham sé tra v& ngay lap
tirc sau khi thue thi registered function.



Trong thwc t&, ham recover & c6 nhivng yéu cau nghiém ngét: ching ta phai goi Iénh defer dé goi ching mot
cach truc tiép tir ham recover . Néu ham wrapper defer dwoc goi, recover s& catchup ngoailé sé bi fail. Vi du,
thoéng thwerng ching ta s& mudn goéi ham mMyrecover va thém nhivng log can thiét nhivtng théng tin bén trong, va sau
dé goi ham recover . Day la mot hwéng tiép can sai.

func main() {
defer func() {

if r := MyRecover(); r != {
fmt.Println(r)

30
}

func MyRecover() interface{} {
log.Println("trace...")
return ()

Mét cach twong tw, néu chiing ta goi defer trong ham nested, recover sé& ciing sé gay ra mét ngoai lé cé thé duwoc
bét.

func main() {
defer func() {
defer func() {

if r := (), r!= {
fmt.Println(r)

10
30

defer sé truc tiép goi two level nested function giébng nhw wrapper function recover & I&p mét defer function.
MyRecover la ham truc tiép trong statement sé& work again.

func MyRecover () interface{} {
return ()

}
func main() {

defer MyRecover()
(1)

Tuy nhién, néu defer statement trwec tiép goi ham recover , thi ngoai 1& s& khong dwoc bat mét cach phu hop.

func main(){
defer ()

(1)

N6 s& phai tach biét tlr stack frame v&i mot ngoai 1& bdi stack frame, do d6 ham recover s& c6 thé ném mat ngoai 1é
mét cach binh thwong. Hay néi cach khac, ham recover sé bét ngoai I& clia mie trén goi ham stack frame (chi 1a
mét layer defer function).



D7 nhién, d& tranh viéc goi recover khéng nhan ra duoc ngoai I8, ching ta nén tranh ném ra ngoai 1& nil nhu la
mét tham sé.

func main() {
defer func() {
if r := (); r '= { ...}
10

Khi chiing ta muén tra vé viéc ném ngoai 1& vao error, néu chiing ta muén trung thanh tra vé théng tin gbc, ban sé
phai can st ly ching mét céch r&i rac cho nhivng kiéu khac nhau.

func foo() (err error) {
defer func() {
if r := (); r = {
switch x := r.(type) {
case string:
err = errors.New(x)
case error:

err = x
default:
err = fmt.Errorf("Unknown panic: %v", r)
}
3
10
("TODO")

Dwa trén mau code trén, chuing ta ¢ thé mé phdng nhiéu kiéu exception. B&i viéc dinh nghia nhirng kidu khac nhau
cla viéc bao vé interface, chiing ta ¢ th& phan biét kiéu ctia ngoai lé.

func main {
defer func() {
if r := (); r = {
switch x := r.(type) {
case runtime.Error:
// ngoai 1lé do qua trinh chay
case error:
// ngoai 1é do 16i théng thuong
default:
// ngoai 1lé khac

30

7/ aao

Nhuwng lam nhw vay sé& di ngwoc lai véi triét ly 1ap trinh don gian va dé hiéu cta Go.

Lién két
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1.7 Error va Exceptions
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Chuwong 2: Lap trinh CGO

Chapter 2: CGO Programming

“C makes it easy to shoot yourself in the foot; C++ makes it harder, but when you do it blows your whole leg off

(Bjarne Stroustrup)

Sau nhiéu thap ky phat trién, v&i sé lwgng 16n phan mém dwoc viét bing C/C++, nhiéu trong s6 dé dwoc kiém thir va
tdi wu hiéu nang. Ngén ngtr Go nén tan dung wu thé to Ién d6 clia C/C++.

Go hd trg cac 161 goi ham tir C thdng qua mét cong cu goi la ceo , do d6 ta cé thé str dung Go dé& dwa thw vién dong
ctia C (C dynamic libraby) sang cac ngén ngir khac. Chwong nay sé di sau vao tim hidu cac van dé lien quan dén lap
trinh v&i CGO.

Tuy nhién ta ciing khéng nén lam dung CGO vi van d& hiéu suét, vi du néu so sanh v&i Rust: rustgo chicham hon
goi ham Go trwc tiép khodng 11%, nhwng né lai nhanh hon gép 15 1an ceo , mdt vai con s6 cu thé tiy link sau:
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https://blog.filippo.io/rustgo/

name
CallOverhead/Inline
CallOverhead/Go
CallOverhead/rustgo
CallOverhead/cgo

Lién két

e Phan tiép theo: Quick Start
e Phan trwéc: Chuwong 1: Loi néi thém
e Muc luc

time/op
1.67ns = 2%
4.49ns + 3%
4.58ns + 3%

69.4ns + 0%



2.1. Quick Start

Trong phan nay, ching ta sé tim hidu cach st dung CGO co ban théng qua loat vi du tir don gidn dén phic tap.

2.1.0. Cai dat

Linux, Mac
e CGO dugc tich hop sén, ngudi dung Linux va Mac chi can cai dat Go.
Windows

e CGO khéng twong thich véi Cygwin
e D& dung dwoc CGO ban phai cai dat MingGW va st dung cmd ctia Windows

2.1.1. Chwong trinh CGO don gian

Dau tién 1a mot chwong trinh CGO don gian nhét:

package main
import "C"

func main() {
("hello cgo")

}

Chuing ta import package CGO théng qua cau lénh import "c" . Chwong trinh trén chwa thwe hién bat ki thao tac nao
v&i CGO, chi méi théng bao sén sang cho viéc 1ap trinh véi CGO. Méc du chwa st dung gi dén CGO nhuwng 1énh go
build van sé goi trinh bién dich gcc trong suét qua trinh bién dich do day dwgc 1a mét chwong trinh CGO hoan
chinh.

2.1.2. Xuat chubi dwa trén thw vién chuan caa C

package main

import "C"

func main() {
C.puts(C.CString("Hello World\n"))

}

import package "c" dé thwc hién cac chirc ndng clia CGO va include thw vién cia ngdn ngir C (trong comment code
I& ct phap ctia CGO, khong phai phadn comment nhw thdng thudng). Tiép theo, chudi string trong c.cstring cla
ngdn ngtr Go dwoc chuyén ddi thanh chudi string trong ngdn ngtr C bang phuong thirc c.puts clia package CGO.



Viéc 16i xay ra khi khong giai phong chubi dwoc tao bang C.CString clia ngdén ngiv C sé& dan dén rd ri bd nhé (memory
leak). Nhwng d6i v&i chuong trinh nhé & trén didu nay khéng dang lo ngai vi hé didu hanh sé tw dong 4y lai cac tai
nguyén ctia chwong trinh sau khi chwong trinh két thuc.

2.1.3. Str dung ham C tw khai bao

Phan trén chung ta da st dung cac ham d& cé trong stdio . Bay gi¢ ta s& s& dung mot ham sayHello cla ngén
ng C. Chirc ndng ham nay la in ra chudi ching ta truyén vao ham. Sau dé goi ham sayHello trong ham main:

package main

import "C"
func main() {

C.SayHello(C.CString("Hello World\n"))
}

Hod&c c6 thé d&t ham saykello trong file hello.c nhw sau:

#include <stdio.h>
void const char {

(s);
}

Sau d6 bén file main.go chiing chi can khai bdo ham sayHello trong phdn CGO nhw bén duéi.

package main

import "C"
func main() {

C.SayHello(C.CString("Hello World\n"))
}

Hién tai thw muc lam viéc cé ciu tric nhw sau:

f— hello.c
L— main.go

Luwu y : thay vi chay Iénh go run main.go hodcC go build main.go , ching ta phai st dung go run "tén/cta/package”
hodc go build "ten/cta/package” . Néu dang dirng trong thw muc chira ma ngudn thi ban cé thé chay chwong trinh
b&ng Iénh go run . hodc go build

2.1.4. Module héa C code



Trivu tweng va module héa la cach dé don gian héa cac van dé trong lap trinh:

e Khi code qua dai, ta cé thé dwa cac lénh twong tw nhau vao chung mét ham.
o Khi c6 nhidu ham hon, ta chia ching vao céc file ho&c module.

Trong vi du trwéc, ta trivu twong héa mét module tén [ hello va tAt cd cac interface ctia module dé dwoc khai bao
trong file header hello.h :

void const char g

Va hién thwc ham sayHello trong file hello.c :

#include "hello.h"
#include <stdio.h>

void const char {

(s);

Ngoai ra ta c6 thé hién thuc ham nay béng C++ ciing duoc:

#include <iostream>

extern "C" {
#include "hello.h"

}

void const char {
<< s;

}

Trong ham main cta Go ta goi file header nhw sau:

package main

import "C"
func main() {

C.SayHello(C.CString("Hello wWorld"))
}

V6i viéc 1ap trinh C théng qua interface, ta cé thé hién thwc module béng nhiéu ngdn ngt khac nhau, mi&n la dap tng
dwoc interface: SayHello c6 thé dwoc viét bang C, C++, Go hodc ké ca Assembly.

2.1.5. Str dung Go dé hién thwec ham trong C

Trong thuc t&, CGO khdng chi dwoc str dung dé goi cac ham ctia C béng ngdn ngir Go ma con ¢é thé cho phép C goi
cac ham Go trong code ctia minh.



Trong vi du trwéc, ching ta da triru twong hdéa mot module cé tén hello va tat ca céac chirc néng interface ctia module
dwoc xac dinh trong file header hello.h :

void const char g

Bay gi®, chling ta tao mot file hello.go va hién thwc lai ham sayHello cla interface bang ngdn ngl Go:

package main

import "C"

import "fmt"

func SayHello(s *C.char) {

fmt.Print(C.GoString(s))
}

St dung chi thi //export sayHello ctia CGO d& export ham dwoc hién thwe bdng Go sang ham st dung dugc cho
C.

Can chu y |a ta s& c6 hai phién ban sayHello : m6t la trong méi trwéng cuc bd clia Go, hai 1a clia C. Phién ban
sayHello cla C duwgec sinh ra béi CGO cudi cuing ciing sé& goi phién ban sayHello cla Go thdng qua bridge code .

Véi viéc lap trinh ngén ngir C qua inteface, ta c6 thé tw do hién thuc va don gian héa viéc str dung ham. Bay gio ta

c6 thé ding SayHello nhw [a mét thw vién:

package main

import "C"
func main() {

C.SayHello(C.CString("Hello World\n"))
}

CAu truc thw muc Idc nay:

}— hello.go
}— hello.h
L— main.go

2.1.6. Str dung Go dé lap trinh interface cho C

Dé& cho don gian ching ta sé gop tat ca thanh mot file main.go duy nhét nhw vi du dwdi day.

package main

import "C"

import (
"fmt"

)



func main() {
C.SayHello(C.CString("Hello World\n"))

}

//export SayHello

func SayHello(s *C.char) {
fmt.Print(C.GoString(s))

}

Tilé code C trong chwong trinh bay gi& it hon. Tuy nhién van phai st dung chudi trong C thédng qua ham c.cstring
cht khéng thé ding truc tiép chudi ciia Go. Trong Go1.10 , CGO da thém kiéu _costring pred d& thé hién chuéi
trong ngén ngl* Go. Sau day la code da dwoc cai tién:

// +build gol.10
package main

//void SayHello(_GoString_ s);
import "C"

import (
"t
)

func main() {
C.SayHello("Hello world\n")

}

//export SayHello

func SayHello(s string) {
fmt.Print(s)

}

C6 vé nhu tat ca déu dwoc viét bang Go, nhuwng viéc trién khai tir ham main() ctia ngdn ngtr Go dén phién ban
ngdn ngtr C da ty dong tao ra ham sayello , réi cudi cling tré lai madi trwérng ngdn ngl Go.

Lién két

e Phan tiép theo: CGO Foundation
e Phan trwdc: Chuong 1
e Muc luc



2.2. CGO Foundation

D& s dung tinh nang CGO, ban can cai d&t compiler C/C++ trén macOS va Linux 1a ecc con trén Windows 1a
minew . DANng thdi, cAn d&m bao réng bién méi trudng ceo_enasLep dwoc d&t thanh 1.

2.2.1.Lénh import "c"

Lénh import "c" xudt hién trong code néi cho compiler réing tinh n&ng CGO sé dwoc sir dung. Code trong cép /*
*/ trwdce 1énh d6 la cu phap dé Go nhan ra code clia C. Luc nay, ta cé thé thém céc file code ctia C/C++ tuwong (rng
trong thw muc hién tai.

Vi du:

package main

import "C"

func main() {
v o=

C.printint(C.int(v))

TAt ca cac thanh phan ngdn ngir C trong file header sau khi dwoc include sé dwoc thém vao package "C" do. Can luu
y rng cau lénh import "c" yéu cAu mot dong riéng va khang thé dwoc import cling véi cac package khac.

Can lwu y rAng Go 1a ngdn ngir rang budc kiéu manh, do d6 tham sb duoc truyén phai ding kidu khai bao, va phai
dwoc chuyé&n ddi sang kiéu trong C béng cac ham chuyén dbi trwdc khi truyén, khong thé truyén tryc tiép bang kiéu
cuia Go.

Cac ky hiéu ctia C dwoc import thong qua package C thi khéng cén phai viét hoa, khdng can phai tuan theo quy tic
cua Go.

Vi du tiép theo ta dinh nghia kiu cchar twong (rng véi con trd char ctia C trong Go va sau dé thém phwong thire
Gostring dé tra vé& chudi trong ngdn ngtr Go:

package cgo_helper

import "C"

type CChar C.char

func (p *CChar) GoString() string {
return C.GoString((*C.char)(p))
}



func PrintCString(cs *C.char) {
C.puts(cs)
}

Bay gi¢ c6 thé ta mubn str dung ham nay trong cac package Go khac:

package main
import "C"
import "./cgo_helper"

func main() {

cgo_helper.PrintCString(C.cs)

Cac tham s6 dwoc chuyén dbi kiéu rdi méi truyén vao co dwoc khong?

Cau tra |&i 13 khong, bdi vi cac tham sb clia cgo_helper.printcstring la kiéu *c.char dwoc dinh nghia trong
package riéng clia né va khong thé truy cap tryc tiép tir bén ngoai.

Noi cach khac, néu mot package st dung trwc tiép mot kiéu thudc package C &o (twong tw nhw *c.char ) trong mot
interface chung thi cac package khac sé khong thé st dung tryc tiép cac kidu d6 trir khi package kia ciing cung cap
ham tao *c.chartype .

2.2.2. Lénh #cgo

Trwéc dong import "c" ta co thé dét cac tham sé cho qua trinh bién dich (compile phase) va qua trinh lién két (link
phase) thdng qua cac Iénh #cgo .

e Cac tham sb ctia qua trinh bién dich chi yéu dwoc st dung dé& xac dinh cac macro lién quan va dwéong dan truy
xuét file header da chi dinh.

e Cac tham sb ctia qua trinh lién két chd yéu 13 dé xac dinh duwdng dan truy xuét file thw vién va file thw vién sé
dwoc lién két.

import "C"

Trong doan ma trén:

e Phan crLags : -p dinh nghia macro PNG_DEBUG , gia trila 1
e -1 xac dinh thw muc tim kiém co trong file header.
e Phan prLacs : -L chira thw muc truy xuét cac file thw vién, -1 chi dinh thw vién png la bat budc.

Do cac van d& ma C/C ++ dé lai, dwdng dan truy xuét file header C cé thé 13 relative path, nhwng dudng dan truy
xuét file thw vién bat budc phai 1a absolute path. Absolute path ctia thuw muc package hién tai cé thé dwoc biéu dién
béng bién s${srcpir} trong thw muc truy xuét cac file thw vién:



// #cgo LDFLAGS: -L${SRCDIR}/1libs -1foo

Doan code trén sé dwoc phan gidi trong link phase va tré thanh:

// #cgo LDFLAGS: -L/go/src/foo/libs -1foo

Lénh #cgo chl yéu anh hudng dén mét s bién méi trwéng clia trinh bién dich nhw CFLAGS, CPPFLAGS,
CXXFLAGS, FFLAGS va LDFLAGS. LDFLAGS dwoc st dung dé d&t tham sé cla lién két, CFLAGS dwoc st dung
dé dat tham sé bién dich cho code ngén ngi C.

Déi véi ngudi dung st dung C va C++ trong méi trwerng CGO, ¢é thé ¢é ba tly chon bién dich khac nhau:

e CFLAGS cho cac tuy chon bién dich theo ngén ngir C.
e CPPFLAGS cho céc tuy chon bién dich cu thé C++.
o CXXFLAGS cho cac bién dich C va C++.

Caclénh #cgo ciing hd tro tly chon bién dich hodc lién két v&i cac hé diéu hanh hodc mét kiéu kién tric CPU khac

nhau:

// tuy chon cho Windows
// #cgo windows CFLAGS: -DX86=1

// tuy chon cho non-windows platforms

// #cgo !windows LDFLAGS: -1m

Mét vi du d& xac dinh hé thdng nao dang chay CGO:

package main

/%
#cgo windows CFLAGS: -DCGO_0S_WINDOWS=1
#cgo darwin CFLAGS: -DCGO_0S_DARWIN=1
#cgo linux CFLAGS: -DCGO_O0S_LINUX=1

#if defined(CGO_OS_WINDOWS)

const char* os = "windows";
#elif defined(CGO_OS_DARWIN)

const char* os = "darwin";
#elif defined(CGO_OS_LINUX)

const char* os = "linux";
#else

# error(unknown os)
#endif

x/

import "C"

func main() {

(C.GoString(C.o0s))
}

Bang cach nay, chuing ta cé thé biét dwoc hé théng ma code dang van hanh, nhd d6 ap dung céc ki thuat riéng cho
cac nén tang khac nhau.

2.2.3. Bién dich véi tag



Build tag 1a mét comment dac biét & dau file C/C++ trong méi trwéng Go hodc CGO. Bién dich cé diéu kién twong tw
nhw s dung macro #cgo @& xac dinh cac nén tang khac nhau (vi du trén). Code dwoc build sau khi macro clia nén
tang twong rng dwoc xac dinh.

Vi du trinh bay mét cach khéac khi cac file ngudn sau sé chi dwoc tao khi debug build flag dwoc thiét lap:
// +build debug
package main
var buildMode = "debug"

C6 thé dwoc build bang Iénh sau:

go build -tags="debug"
go build -tags="windows debug"

Chuing ta c6 thé dung -tags chi dinh nhiéu build flag cing mét IGc thdng qua cac dbi sé dong Iénh.

Vi du céc build flag sau chi ra ring viéc build chi dwoc thuc hién trong kién tric "linux/386" hodc "non-cgo
environment" trong nén tang darwin.

// +build linux, 386 darwin, !cgo
Trong d6, d4u phay ( , ) nghia la va. Khoang trang () nghia la hoéc.
Lién ket
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2.3. Chuyeén doi kieu dir liéu
Ban dau, CGO duoc tao ra dé thuan loi cho viéc str dung cac ham trong C (cac ham hién thuc khai bao Golang trong
C) d& st dung lai cac tai nguyén ciia C. Ngay nay, CGO da phat trién thanh cAu néi giao tiép hai chiéu gitra C va Go.
D& tan dung tinh nang ctia CGO, viéc hiéu cac quy tc chuyén dbi kiéu gitra hai loai ngén ngir la diéu quan trong.

2.3.1. Cac kiéu dir liéu s6 hoc

Khi ta st¢ dung cac ky hiéu ctia C trong Golang, thwéng né sé truy cap thong qua package "C" do, chdng han nhw
kiéu int twong (rng v&i c.int . M6t sb kiéu trong C bao gdm nhiéu tir khéa, nhwng khi truy cap ching théng qua
package "C" &o, phan tén khéng thé c6 ky tw khodng trng, vi du unsigned int khdéng thé truy cap bang c.unsigned
int . Do d6, CGO cung cép quy tic chuyén dbi twong (rng cho cac kiéu trong C:

Kiéu trong C Ki€u trong CGO  Kiéu trong Go
char C.char byte
singed char C.schar int8
unsigned char C.uchar uint8
short C.short int16
unsigned short C.ushort uint16
int C.int int32
unsigned int C.uint uint32
long C.long int32
unsigned long C.ulong uint32
long long int C.longlong int64
unsigned long long int ~ C.ulonglong uint64
float C.float float32
double C.double float64
size_t C.size_t uint

Bang so sénh kiéu trong céc ngén ngi¥ Go va C
Méc du kich thwdc ctia nhirng kidu khdng chi ré kich thwée (trong C) nhw int , short , ..., kich thwéc clia chiing
déu duoc xac dinh trong CGO: kiéu int va uint cta C d&u co kich thwdc 4 byte, kidu size_t c6 thé dwoc coi la
kiéu s6 nguyén khong ddu uint clia ngdn ngt Go .

Mac di kidu int va uint clia C d&u cé kich thwdce cb dinh, nhwng v&i Go thi int va uint co thé 1a 4 byte hoac 8
byte (tuy platform). Néu can st dung dung kiéu int cla C trong Go, ban cé thé st dung kiéu eoInt duoc xac dinh
trong file header _cgo_export.h dwoc tao ra bdi cdng cu CGO. Trong file header nay, mdi kiéu gia tri co' ban ctia Go
sé xac dinh kiéu twong (ng trong C (kidu cé tién t& "Go"). Vi du sau trong hé théng 64-bit, file header _cgo_export.h
dinh nghta cac kiéu gia tri:



typedef signed char GoInt8;
typedef unsigned char GoUint8;
typedef short GoInti16;

typedef unsigned short GoUinti16;
typedef int GoInt32;

typedef unsigned int GoUint32;
typedef long long GoInt64;
typedef unsigned long long GoUint64;
typedef GoInt64 GoInt;

typedef GoUint64 GouUint;

typedef float GoFloat32;

typedef double GoFloat64;

Trir coInt va Gouint , chiing t6i khong khuyén khich ban st dung truc tiép GoInt32 , coIntes va cac kiéu khéc.

Mét céch t6t hon la s dung céac kiéu co trong khai bao file header (chuan C99):

KiéutrongC Kiéutrong CGO Kiéu trong Go

int8_t C.int8 t int8
uint8_t C.uint8 _t uint8
int16_t C.intl6_t intl6
uintl6_t C.uintl6_t uint16
int32_t C.int32_t int32
uint32_t C.uint32_t uint32
int64_t C.int64_t int64
uinté4_t C.uint64_t uint64

Bang so sénh kiéu trong “stdint.h’
Nhw da dé cap truwdc do, néu kidu trong C bao gdm nhidu tlr, né khdng thé dwoc siv dung trwe tiép thong qua
package "C" @0 (vi du: unsigned short khong thé dwoc truy cap trwc tiép c.unsigned short ). Tuy nhién, sau khi dinh
nghta lai kidu trong bang cach st dung typedef , chiing ta cé thé truy cap t&i kidu gbc. Doi véi cac kiéu trong C phirc
tap hon thi nén s dung typeder dé& dat lai tén cho nd, thuan tién cho viéc truy cap tir CGO.

2.3.2. Go Strings va Slices

Trong file header _cgo_export.h dwoc tao ra bdi CGO, kiéu trong C twong trng ciing dwoc tao cho Go string, slice,
dictionary, interface va channel:

typedef struct { const char *p; GoInt n; } GoString;

typedef void *GoMap;

typedef void *GoChan;

typedef struct { void *t; void *v; } GoInterface;

typedef struct { void *data; GoInt ; GoInt ; } GoSlice;

Tuy nhién, can lwu y réng chi cac string va slice 1a ¢6 gia tri st dung trong CGO, vi CGO tao ra cac phién ban ngon
ngl C cho mét s6 ham trong Go, vi vay ca hai déu c6 thé goi cac ham C trong Go, diéu nay duoc thiwc hién ngay 14p
ttrc va CGO khong cung c&p cac ham hd tro lién quan cho cac kiéu khac, ddng thdi mé hinh bd nhé danh riéng cho
ngdn ngtr Go ngan chuing ta duy tri cac kiéu con tré t¢i cac ving bd nhé Go quan Iy, vi vay ma mai trwdng ngdn ngi
C clia cac kiéu d6 khong co gia tri st dung.



Trong ham C d& export, chiing ta c6 thé truc tiép str dung céc string va slice trong Go. Gia sv cé hai ham export sau:

func helloString(s string) {}
func helloSlice(s []byte) {}

File header _cgo_export.h dwgc CGO tao ra sé chira khai bao ham sau:

extern void 2

extern void 3

Nhung lwu ¥ rdng néu ban s dung kiéu costring thi s& phu thudc vao file header _cgo_export.h va file ndy co noi
dung hay thay déi do CGO sinh ra.

Phién ban Go1.10 thém mot chudi kidu _eostring_ , c6 thé lam gidm code c6 rdi ro phu thudc file header

_cgo_export.h . Ching ta cé thé diéu chinh khai bao ngén ng C clia ham hellostring thanh:

extern void ;

B&ivi _eostring_ la kiéu dinh nghia trwéc, ta khong thé truy cap ruc tiép cac thong tin nhw length hay pointer clia
string qua kiéu nay. Go1.10 thém vao 2 ham sau dé bd sung:

size t _GoStringLen(_GoString_ s);
const char *_GoStringPtr(_GoString_ s);

2.3.3. Struct, Union, Enum

Céc kiéu struct, Union va Enum ctia ngdn ngi¥ C khéng thé duoc thém vao struct dwdi dang thudc tinh &n danh.

Struct

Trong Go, chuing ta cé thé truy cap cac kiéu struct nhw struct xxx twong ng la c.struct_xxx trong ngén ngtr C.
T4 chirc bd nhé cla struct tuan theo cac quy tic alignment. Trong méi trwéng ngdn ngtr Go 32 bit, struct clia C tuan
theo quy tac alignment 32 bit va mdi trwdng ngdn nglr Go 64 bit tuan theo quy tic alignment 64 bit. Déi véi cac struct
c6 quy tac alignment déc biét dwoc chi dinh, ching khong thé dwoc truy cap trong CGO.

Cach str dung struct don gian nhw sau:

import "C"
import "fmt"

func main() {
var a C.struct_A
fmt.Println(a.i)
fmt.Println(a.f)



Néu tén thanh phan cta struct tinh c& 1a mét tir khéa trong Go, ban cé thé truy cap né bang cach thém mot dau gach
dwdi & dau tén thanh vién:

/%
struct A {

int type;

// type la mot tw khdéa trong Golang
1
*/
import "C"
import "fmt"

func main() {
var a C.struct_A
fmt.Println(a._type)
// _type tuong tng voi type

Nhung néu cé 2 thanh phan: mét thanh phan dwoc dat tén theo tir khda clia Go va phan kia la tring khi thém vao dau
gach dwi, thi cac thanh phan dwoc dat tén theo tir khéa ngdn ngi Go sé khong thé truy cap:

/*
struct A {
int type; // type la mot tuw khdéa trong Go
float _type; // chan CGO truy cap type trén kia
1
*x/
import "C"

import "fmt"

func main() {
var a C.struct_A
fmt.Println(a._type) // _type tuwong Gng véi _type

Cac thanh phan twong (ng véi trong bit (thudc tinh dwoc dinh nghia véi gia tri dd I6n kém theo) trong cAu trdc ngén
ngl C khéng thé dwoc truy cap bang ngdn ng? Go. Néu ban can thao tac véi cac thanh phan nay, ban can dinh
nghia ham hb tro trong C.

/*
struct A {

int size: 10; // Truong bit khoéng thé truy cap

float arr[]; // Mang c6 do dai bang O ciing khong thé truy cap dugc
¥
x/
import "C"

import "fmt"

func main() {
var a C.struct_A
fmt.Println(a.size) // L6i khong thé truy cap truong bit
fmt.Println(a.arr) // L&i mang c6 do dai bang 0

Trong ngdn ngt¥ C, ching ta khdng thé truy cap trwc tiép vao kidu struct dwoc dinh nghia béi Go.

Union

Déi véi cac kiéu union, ching ta ¢ thé truy cap cac kidu union xxx twong (*ng la c.union_xxx trong ngdn ngik C.
Tuy nhién, cac kiéu union trong C khdng dwoc hé tre trong Go va ching duoc chuyén ddi thanh cac mang byte co
kich thwéc twong rng.


https://www.tutorialspoint.com/cprogramming/c_bit_fields

import "C"
import "fmt"

func main() {
var bl C.union_B1;
fmt.Printf("%T\n", b1l)

var b2 C.union_B2;
fmt.Printf("%T\n", b2)

Néu ban can thao téac bién kiéu 16ng nhau trong C (union):

e Cach thir nht 4 dinh nghia ham hé tro trong C,

e Cach tht hai la phan giai thG cong céc thanh phan d6 théng qua "encoding/binary” ctia ngén ngi® Go (khéng phai
van dé big endian),

e Cach thir ba 1a str dung package unsafe dé chuyén sang kidu twong trng (day la cach t6t nhat dé thuc hién).

Sau day cho thAy cach truy cap cac thanh vién kiéu union théng qua package unsafe :

import "C"
import "fmt"

func main() {
var b C.union_B;
fmt.Println("b.i:", *(*C.int)(unsafe.Pointer(&b)))
fmt.Println("b.f:", *(*C.float)(unsafe.Pointer(&b)))

Méc dU truy cap béng package unsafe |a cach dé& nhat va tét nhat vé hiéu suét, n6 co thé lam phirc tap hoa van dé
v&i cac tinh hudng ma trong d6 cac kidu union 1dng nhau dwoc xi ly. Ddi véi cac kiéu nay ta nén xt Iy ching bang
cach dinh nghia cac ham ho tro trong C.

Enum

Déi voi cac kiéu liét ké (enum), ching ta cé thé truy cap cac kiu enum xxx twong &ng 13 c.enum_xxx trong C.



2.3 Chuyén déi kiéu

¥

*/

import "C"
import "fmt"

func main() {
var ¢ C.enum_C = C.TWO
fmt.Println(c)
fmt.Println(C.ONE)
fmt.Println(C.TWO)

Trong ngdn ng¥ C, kidu int bén dwéi kiéu liét ké hd tro gia tri am. Chang ta cé thé truy cap truc tiép cac gia tri liét
ké dwoc xac dinh bdng c.one , c.Two , ...

2.3.4. Array, String va Slice

Chubi (string) trong C 1a mot mang kiéu char va do dai ctia né phai dwoc xac dinh theo vi tri cla ky tw NULL (dai dién
két thiic mang). Khong c6 kiéu slice trong ngdn ngi C.

Array

Trong C, bién mang thwc ra twong (rng véi mét con trd trd t¢i mot phan bd nhé cé d6 dai cu thé clia mot kiéu cu thé,
con tré nay khong thé dwoc stra ddi, khi truyén bién mang vao mot ham, thue ra |4 truyén dia chi phan tir dau tién cla
mang.

array variable
k\ index of the element

arr [0 ];

to be accessed

Array trong C
Trong Go, mang 1& mot kiéu gia trj va do dai clia mang la mot phan ciia kiéu mang. Chudi trong Go tuwong ¢ng véi
mot viing nhé "chi doc" ¢ dd dai nhat dinh. Slice trong Go la phién ban don gian hon ctia mang dong (dynamic
array).

Array size = 10

lo | 20 30 | 40 | 5@ | 60 | /0 | 8@ | 90 | 100

e 1 2 3 4 5 6 7 8 9

array

Array trong Go
Chuyén dbi gitra Go va C v6i cac kiéu array, string va slice c6 thé dwoc don gidn hdéa thanh chuyén dbi gitra Go slice
va C pointer trd t&i viing nhé co d6 dai nhét dinh.

Package C &o ctia CGO cung cap tap cac ham sau dé chuyén dbi hai chiéu array va string giita Go va C:
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// Go string -> C string

// C string duoc cdp phat trong C heap s dung malloc.

// Caller c6 trach nhiém free no
// bang cach nhu goi C.free (nhé
func C.CString(string) *C.char

// Go []byte slice -> C array

// C array dugc cdp phat trong C
// Caller c6 trach nhiém free no
// bang cach nhu goi C.free (nhé

sau khi

include

heap st

sau khi

include

func C.CBytes([]byte) unsafe.Pointer

// C string -> Go string
func C.GoString(*C.char) string

// C data v6i length duoc chi dinh -> Go

func C.GoStringN(*C.char, C.int)

string

st dung
stdlib.h

dung malloc.
st dung
stdlib.h

string

// C data v6i length duoc chi dinh -> Go []byte
func C.GoBytes(unsafe.Pointer, C.int) []byte

Khi string va slice ctia Go dwgc chuyén ddi thanh phién ban trong C, ham mallec cla C cip phat mét viing nhé méi
va cudi cuing cé thé dwoc gidi phéng bdng free . Nguwoc lai khi mét string hodc array trong C dwoc chuy&n ddi thanh
kiéu twong &ng trong Go, viing nhé cla di¥ liéu dwgc chuyén ddi dwoc quan ly bdi ngdn ngl Go.

V6i cac ham chuyén ddi nay, viing nhé trwéc chuyén ddi va sau chuyén ddi van & trong viing nhé cuc viing tuwong
(rng clia ching. Uu diém cua viéc chuyén dbi nay la quan ly interface va viing nhé rat don gian. Nhwoc diém la can
cAp phat viing nhé méi va cac hoat déng sao chép clia né sé dan nhiéu dén chi phi phu.

String va Slice

Cac dinh nghta cho string va slice trong package reflect :

type StringHeader struct {
Data uintptr
Len int

type SliceHeader struct {
Data uintptr
Len int
Cap int

Néu khong mudn c&p phat viing nhé riéng, ban cé thé truy cap trwc tiép vao khdéng gian bd nhé cia C bang Go:

J*
#include <string.h>
char arr[10];
char *s = "Hello";
x/
import "C"
import (
"reflect"
"unsafe"
"fmt"

func main() {

// chuyén d6i bdng reflect.SliceHeader

var arr@ []byte

var arrOHdr = (*reflect.SliceHeader)(unsafe.Pointer(&arro0))



arr@Hdr.Data = uintptr(unsafe.Pointer(&C.arr[0]))

arrOHdr.Len

arrOHdr.Cap
arrl := (*[31]byte)(unsafe.Pointer(&C.arr[0]))[:10:10]

var s@ string

var sOHdr = (*reflect.StringHeader)(unsafe.Pointer(&s0))
sOHdr.Data = uintptr(unsafe.Pointer(C.s))

sOHdr.Len = int(C.strlen(C.s))

sLen := int(C.strlen(C.s))
sl := string((*[31]byte)(unsafe.Pointer(C.s))[:sLen:sLen])

fmt.Println("arri: ", arril)
fmt.Println("s1: ", s1)

Vi chudi trong Go la chudi chi doc, ngwdi diing can dadm bao réng ndi dung clia chudi C bén dudi sé khong thay ddi
trong qua trinh s dung chubi d6 trong Go va bd nhé sé khong duoc gidi phéng truée.

Trong CGO, phién ban ngdn ngir C cula struct twong rng véi struct string va slice trén:

typedef struct { const char *p; GoInt n; } GoString;
typedef struct { void *data; GoInt ; GoInt ; } GoSlice;

Trong C c6 thé diing eostring V& Goslice d& truy cap string va slice trong Go. Néu la mét kiéu mang trong Go, ban
¢6 thé chuy&n ddi mang thanh mét slice va sau dé chuyén ddi né. Néu khong gian bd nhé bén duéi twong tng véi
mot string hodc slice dwgc quan ly béi runtime cla Go thi dbi twong bd nhé Go cé thé dugc lwu trong mét thei gian
dai trong ngén ngi» C.

Chi tiét v& mé hinh bo nhé CGO sé dwoc thao luan ki hon trong cac chuong sau.

2.3.5. Chuyén doi giira cac con tré

Trong ngdn ngi¥ C, cac kiéu con tré khac nhau cé thé dwoc chuy&n di twéng minh hodc ngdm dinh. Viéc chuyén déi
gitra cac con tré ciing 1a van d& quan trong dau tién can dwoc gidi quyét trong code CGO.

Trong ngdn ng* Go, néu madt kiéu con tré dwoc xay dwng dwa trén mot kiéu con tré khac, néi cach khac, hai con tré
bén dwéi la cac con trd c6 cling cAu tric, thi ching ta c¢é thé chuyén ddi gitra cac con trd bang cu phap cast tryc tiép.
Tuy nhién, CGO thwdng phai déi phé véi viec chuyén ddi gitra hai kidu con tré hoan toan khac nhau. V& nguyén tic,
thao tac nay bi nghiém cam trong code Go thuan.

Mot trong nhirng muc dich cia CGO la pha v sy cAm doan noi trén va khoi phuc cac thao tac chuyén dbi con trd tw

do ma ngdn ngir C nén cé. Poan code sau trinh bay cach chuyén ddi mét con trd kiéu X thanh mét con tré kiéu Y:

var p *X
var q *Y

g = (*Y)(unsafe.Pointer(p))
(*X) (unsafe.Pointer(q))

©
1



Dé chuyén dbi con tré kiéu X thanh con tré kiéu Y, ching ta c&n hién thwc ham unsafe.Pointer chuyén ddi gitra cac
kiéu con tré khac nhau nhu mét kiéu cau néi trung gian. Kiéu con trd unsafe.pointer twong tw véi ngdn ngir C voi
con tré void* .

Sau day la so db qua trinh chuyén ddi gitra cac con tré:

X <= Y
"X unsafe Pointer A
| | i
: *N=="Y E :
E *¥ to unsafe.Pointer )J: E
E : unsafe Pointer to *Y }i
: Y ==*X E :
é i{ *¥ to unsafe.Pointer é
:l{ unsafe. Pointer to *x E E
"X unsafe.Pointer Y

Con tré kiéu X thanh con tré kiéu Y
Bat ky kiéu con tré ndo cling ¢ thé dwgc chuyén sang kiéu con tré unsafe.Pointer d& b di thong tin kidu ban dau,
sau do6 gan lai mét kiéu con tré méi d& dat dwo'c muc dich chuyén dbi.

2.3.6. Chuyén doi gia tri va con tré

Trong ngdn ng¥ C, ta thuwdng gap trweng hop con trd dwoc biéu dién bai gia tri thong thweng, lam thé nao dé hién
thuwe viéc chuy&n ddi gia tri va con tré cling la mot van d& ma CGO can phai dbi mat.

D& kiém soat chat ché viéc si dung con trd, ngdn ng® Go khdng cho phép chuyén ddi cac kiéu sb truc tiép thanh cac
kiéu con trd. Tuy nhién, Go da déc biét dinh nghia mot kiéu uintptr cho cac kiéu con trd unsafe.pPointer . Ching ta
c6 thé st dung uintptr lam trung gian dé hién thuc cac kiéu sé thanh cac kidu unsafe.pointer .

Biéu dd sau day trinh bay cach hién thwe chuyén ddi 1an nhau cla kidu int32 sang kiéu con tré char* la chudi
trong ngén ngir C:



int32 <=> *C.char

int32 uintptr unsafe Pointer *C.char

Go |

int32 to uintptr _ !
L

" uintptr to unsafe.Pointer

el

CGO

unsafe.Pointer to *C.char

*C.char to unsafe.Pointer

-

Go |

I I
] ]
\ _ unsafe.Pointer to uintptr |
|{ ]
] ]
] ]
] ]

uintptr to int32
< P

int32 uintptr unsafe Pointer *C.char

Int32 va char chuyén déi con tré
Viéc chuyén ddi dwoc chia thanh nhidu giai doan: d3u tién la kiéu int32 sang uintptr ,sau dd la uintptr thanh
kiéu con trd unsafe.Pointr va cudi cling la kiéu con tré unsafe.pointr thanh kiéu *c.char .

2.3.7. Chuyén doi giira kiéu slice

Mang ciing la mét loai con tré trong ngdn ngi¥ C, vi vay viéc chuyén déi gitra hai kiéu mang khac nhau vé co ban
twong tw nhw chuyén ddi gitka cac con trd. Tuy nhién trong ngdn ngi Go, slice thuc ra la mot con tré téi mdt mang
(fat pointer), vi vay chiing ta khong thé chuyén déi tryc tiép gitra cac kidu slice khac nhau.

Tuy nhién, package reflection clia ngdn ngtr Go da cung cAp sén cAu tric co ban cla kiéu slice nhd d6 chuyén ddi
slice c6 thé duoc hién thyec:

var p []X
var q []Y

pHdr := (*reflect.SliceHeader)(unsafe.Pointer(&p))

gHdr := (*reflect.SliceHeader)(unsafe.Pointer(&q))

pHdr.Data = gHdr.Data

pHdr.Len = gHdr.Len * unsafe.Sizeof(q[0]) / unsafe.Sizeof(p[0])
pHdr.Cap = gHdr.Cap * unsafe.Sizeof(q[©]) / unsafe.Sizeof(p[0])

Can Iwu y rang néu X hodc Y 1a kiéu null, doan code trén cé thé gay ra I8i chia cho 0 va code thuc té can duoc xt ly
khi thich hop.

Sau day cho thay ludng cu thé ctia thao tac chuyén dbi gitra cac slice:



[IX <=> [IY

var x []X var px "SliceHeader
var y [1Y var py "SliceHeader

——— 1 [IX and [IY to *reflectSliceHeader f—ono—su—

px = (*reflect.SliceHeaderXunsafe.Pointer| &)
py 1= (*reflect.SliceHeaderunsafe.Pointer{ &y)) -

* * I
copy *px to *py [

y changed by *py i..

Y o=x
var x []X var px "SliceHeader
var y [1Y var py "SliceHeader

kiéu cat X thanh slice Y
Déi v&i cac tinh ndng thudng dwoc sl dung trong CGO, tac gid package github.com/chai2010/cgo, d& cung cip cac
chtrc néng chuyén d@di co ban. D& biét thém chi tiét hay tham khao code hién thuc.

Lién két

e Phan tiép theo: L&i goi ham
e Phan trwdc: Chuyén doi kiéu div lieu
e Muc luc


https://github.com/chai2010/cgo

2.4 Loi goi ham

Théng qua cong cu CGO, ching ta khéng chi cé thé goi ham clia ngén ngir C bang Go ma con cé thé export ham cla
Go dé st dung nhw 1a ham ngén ngi C.

241 GogoihamC

Déi v&i chwong trinh kich hoat céc tinh nang CGO, CGO xay dung mét package C ao. Ham ngdn ngiv C c6 thé duoc
goi qua package C ao nay.

import "C"
func main() {

c.add(1, 1)
}

Code CGO & trén trwdce tién xac dinh ham add hién thj trong file hién tai va sau do chuyén sang c.add .

2.4.2 Gia tri tra vé cia ham C

Déi véi ham ctia C cé gia tri trd v&, chuiing ta cé thé nhan gia tri tra vé binh thwong.

import "C"
import "fmt"

func main() {
v := C.div(6, 3)
fmt.Println(v)

Ham div & trén thwe hién mot phép toan chia sé nguyén va tra vé két qua ctia phép chia.

Tuy nhién, khdng co cach xt ly d&c biét ndo cho trwdng hop sé chia la 0. Vi ngdn ngl C khdng hd tro tra vé nhiéu két
qua nén néu ban mudn tra vé 18i khi s chia la 0 thi c6 thé xem errno 1& mot bién toan cuc thread-safe cé thé dwoc
st dung dé ghi lai ma trang thai ctia 16i day day nhét.

CGO hé tro cadc macro errno thudc thw vién tiéu chuén : néu co hai gia tri tra vé& khi CGO goi ham C thi gia tri tra vé

th& hai s& twong (rng v&i trang thai 16i errno .



import "C"
import "fmt"

func main() {
vO, err@ := C.div(2, 1)

fmt.Println(ve, erro)

vl, errl := C.div(1, 0)
fmt.Println(vl, erril)

Thuyce thi doan code trén sé cho output nhw sau:

2 <nil>
0 invalid argument

Chuing ta c6 thé xem ham div twong (ng véi mot ham trong Go nhw sau:

func C.div(a, b C.int) (C.int, error)

Tham sé th(r hai tra vé (gia tri error) c6 thé bd qua, dwoc hién thwe bén dwdi 1a kiéu syscall.Errno .

2.4.3 Gia tri tra vé caa ham void

Trong C ciing c6 ham khéng tra vé kiéu gia tri (thay vao dé tra vé void). Chung ta khong thé nhan dwoc gia tri tra vé
ctia ham kiéu void vi d6 thuwc sw khdng phai gia tri!?.

Nhw da dé& cap trong vi du trwdrc, CGO hién thwe mdt phwong phap déc biét cho errno va cé thé nhan vé trang thai I6i
ctia ngdn ng C théng qua gid tri tra vé the hai. Tinh nang nay van hop 1é cho cac ham kiéu void. Poan code sau dé&
l4y ma trang thai I&i cGia ham khéng cé gia tri tra vé:

import "C"
import "fmt"

func main() {

_, err := C.noreturn()
fmt.Println(err)

Luc nay, ching ta bd qua gia tri trd v& dau tién va chi nhan dwoc ma 16i twong (ng véi gia tri tra vé thir hai.

Chuing ta ciing c6 thé thir 14y gia tri tra v& dAu tién, cling chinh Ia kiéu twong trng v&i kidu void trong ngdn ngik C:

import "C"
import "fmt"

func main() {
v, _ := C.noreturn()
fmt.Printf("%#v", v)



Chay code nay sé& thu dwoc két qua:

main._C _void{}

Chuing ta c6 thé thay rang kiéu void clia ngdn ngir C twong (rng véi kiéu trong package main _ctype_void . Trong
thuwc t&, ham noreturn clia ngdn ngir C ciing dwoc coi la mot ham vai kidu trd v& _ctype_void , do d6 ban cé thé
trwec tiép nhan gia tri trad vé& cGa ham kiéu void:

import "C"
import "fmt"

func main() {
fmt.Println(C.noreturn())
}

Chay code nay sé& cho ra két qua sau:

[1

Trong thuc té, trong code dwoc CGO tao ra, kiéu _ctype_void twong ing véi kiéu mang cé do dai 0 ( [e]byte ), do
doé output fmt.Println & mot cdp ddu ngodc vudng biéu thi mot gia tri null.

2.4.4 C goi ham do Go export

CGO cé mét tinh nang manh mé la export cac ham Go thanh cac ham ngén ngi¥ C. Trong trwdng hop nay, ching ta
¢6 thé dinh nghta interface bang C va sau dé trién khai né théng qua Go. Trong phan d4u tién clia chwong nay ciing
da co6 mot sb vi du vé ham ngdn ngi¥ C goi ham do Go export.

Nhé&c lai mét chit v& ham add trong chwong dau:

import "C"

func add(a, b C.int) C.int {
return a+b

}

Tén ham add bat dau béng mot chik cai viét thwong va la mot ham private trong package ciia Go. Nhwng theo cai
nhin ctia ngdn ngtr C thi ham add & ham ngdn ngl C cé thé dwoc truy cap toan cuc. Néu c6 mot ham add cling
tén dwoc export dwdi dang ham ngdn ngl C trong hai package ngdn ngl¥ Go khac nhau, van dé vé triing tén sé xay
ra trong link phase.

Chuing ta c6 thé include file header _cgo_export.h dé thém tham chiéu dén cac ham export. Néu ban mudn st dung
ngay lap trc ham add cla C dugc export trong file CGO hién tai, ban khong thé tham khdo dén file _cgo_export.h |
b&i vi viéc tao file _cgo_export.h can phu thudc vao file hién tai ma trong file hién tai lai tham khao t&i _cgo_export.h
(file chwa dwoc tao) thi s& gay ra 16i.

#include "_cgo_export.h"

void {
add(1, 1);



Khi export interface clia ngén ngir C, ta can dam béo rang cac tham sb ham va kiéu gia trj tra v& 1a kiéu "than thién"
v6i C (xem lai 2.3) ddng thoi gia tri trd v& khong dwoc truc tiép hodc gian tiép chira con tré vao khong gian bd nhé

ngdn ngl Go.

Lién két

e Phan tiép theo: Co ché bén trong CGO
e Phan trwdc: Chuyén doi kiéu div lieu

e Muc luc



2.5. Co’ ché bén trong CGO

D& hiéu rd hon cach CGO van hanh, trong phan nay ching ta sé phan tich ludng hoat déng ctia cac ham ngén ngi
Go va C tr code dworc tao.

2.5.1. Cac file trung gian dworc CGO tao ra

D& hiéu co ché clia CGO, truwdc tién ta can biét cac file trung gian ma CGO tao ra. Ta cé thé thém mot thw muc -
work chtra file trung gian output khi build package cgo va git¥ file trung gian khi qua trinh build hoan tat. Néu 1a mot
doan code cgo don gidn, ching ta ciing c6 thé trwc tiép xem file trung gian dwoc tao bang cach goi lénh go tool

cgo .

Trong file ngudn Go, néu mét Iénh import "c* thuwc thi thi Iénh cgo s& dwoc goi dé tao ra file trung gian twong tng.
Dwoi day la so dd don gidn mé ta cac file trung gian dwoc cgo tao ra:

package main

nocgo_l.go nocgo_x.go

— e

go: generated fileds

Cac file trung gian dwgc CGO tao ra
Cé 4 file Go trong package, trong do cac file nocgo chira import "c" va hai file con lai chira code cgo. Lénh cgo tao
ra hai file trung gian cho méi file chra ma cgo. Vi du: main.go tao ra hai file trung gian 14 main.cgol.go va

main.cgo2.c .

Ké d6 file _cgo_gotypes.go dwoc tao cho toan bd package chira mot phan code hd tro ctia Go. Bdng thoi qua trinh
nay cling tao ra cac file _cgo_export.h VA _cgo_export.c , & export cac kiéu va ham trong Go t&i kiéu va ham twong
trng trong C.

2.5.2. Gogoihamcua C

Go goi cac ham trong C 14 trwérng hop (ng dung phd bién nhét cia CGO. Chung ta sé bt dau véi vi du don gian
nhét d& phan tich chi tiét ludbng hoat déng clia qua trinh nay.



DPoan code cu thé nhw sau:

package main

import "C"

func main() {
(C.sum(1, 1))

Tiép theo ta tao mét file trung gian trong thw muc _obj théng qua command line cgo:

$ go tool cgo main.go

Vao thv muc _obj d& xem céc file trung gian:

$ 1s _obj
_Cgo_.0
_cgo_export.c
_cgo_export.h
_cgo_flags
_cgo_gotypes.go
_cgo_main.c
main.cgol.go
main.cgo2.c

Trong d0 _cgo_.o, _cgo_flags VA _cgo_main.c c6 code khdng lién quan logic tryc tiép v&i nhau, ban cé thé bé qua.

Trwéc tién ching ta hay xem file main.cgoi.go chira code Go sau khi file main.go expand cac ham va bién sé lién
quan trong package C ao:

package main

import _ "unsafe"

func main() {
((_Cfunc_sum) (1, 1))

L&igoi c.sum(1, 1) duogc thay thé thanh (_cfunc_sum)(1, 1) . M&idang c.xxx ca ham dugc thay thé bang ham
Go thuan tdy dang _cfunc_xxx , trong d6 tién t& _cfunc_ chira rAng day la ham C.

Ham _cfunc_sum dwgc dinh nghia trong file cgo gotypes.go do CGO tao ra nhw sau:

func _Cfunc_sum(p® _Ctype_int, pl _Ctype_int) (r1 _Ctype_int) {
_cgo_runtime_cgocall(_cgo_506f45f9fa85_Cfunc_sum, uintptr(unsafe.Pointer(&p0®)))
if _Cgo_always_false {
_Cgo_use(p0)
_Cgo_use(pl)
}

return

Tham s6 cla ham _cfunc_sum va kidu _ctype_int cUa gid tri trd vé& twong trng véi kiu c.int , cac quy tic dat tén
_cfunc_xxx la twong tw nhau va cac tién td khac nhau dwoc str dung dé phan biét gitra cac ham va kiéu.



Ham _cgo_runtime_cgocall twong (rng v&i runtime.cgocall , khai bdo cia ham nhw sau:

func runtime.cgocall(fn, arg unsafe.Pointer) int32

Tham sb6 dau tién la dia chi cia ham ngén ngi¥ C va tham sé th(r hai 1a dia chi cla struct tham sb twong (ng véi ham
ngdn ng C.

Trong vi du nay, ham dwoc truyén Vao: _cgo_506f45fofass_cfunc_sum cling la mét ham trung gian dwgc CGO tao ra.
Ham dwoc dinh nghia trong main.cgo2.c1 :

void _cgo_506f45f9fa85_Cfunc_sum(void *v) {

struct {

int po;

int p1;

int r;

char __padi2[4];
} __attribute_ ((__packed__)) *a = v;
char *stktop = _cgo_topofstack();
__typeof__(a->r) r;
_cgo_tsan_acquire();
r = sum(a->p0, a->pl);
_cgo_tsan_release();
a = (void*)((char*)a + (_cgo_topofstack() - stktop));
a->r =r;

Tham s6 ham nay chi c6 mét con tré tré t&i kiéu void va ham khéng cé gia tri tra vé.

Struct dworc tré t&i b&i con tré ham _cgo_s506f45f9fass_cfunc_sum la:

struct {
int po;
int p1;
int r;
char __padi12[4];
} __attribute_ ((__packed__)) *a = v;

Thanh phan p0 twong (ng véi tham sé dau tién cla sum , thanh phan p1 twong (rng v&i tham sb th hai va thanh
phdn __padi2 dwoc str dung dé dién vao struct cho muc dich ddm bao alignment ctia CPU.

Sau khi cé dwoc cac tham sb (trd tdi struct), ham sum cla phién ban ngdn ngir C dwoc goi va gia tri trd vé& dwoc luu
vao thanh phan twong trng trong than struct.

Toan bd biéu dd ludng hoat dong clia cudc goi ¢.sum nhw sau:



C.sum(2, 3)
main.cgol.go _cgo_types.go runtime.cgocall main.cgo2.c _cgo_export.c

func maing {

C.sum(z, 3))

func maing {

_Cfunc_sum(z, 3))

¥

func _Cfunc_sumi2, 3) double {
_cgo_runtime_cgocall...)
return

}

_cgo_runtime_cgocall(. .}

§

¥
¥

double _cgo_xxx_Cfunc_sum(2, 3) {
return sumiz, 3)
}

[

sumiz, 3)

_cgo_runtime_cgocall(. .}

L

Goiham C
Trong d6 ham runtime.cgocall la chia khoa dé thuwc hién cudc goi vrot ranh gidi clia ham ngén ngir Go sang ham
ngdn ngtr C. Thang tin chi tiét cé thé tham khao https://golang.org/src/cmd/cgo/doc.go.

2.5.3. C goi ham cua Go

Bay gi¢ chuing ta s& phan tich ludng ctia cudc goi ngwoc lai: C goi dén ham Go. Tuong tw, ta cling khéi tao mot ham
Go, tén file la sum.go:
package main

//int sum(int a, int b);
import "C"

//export sum

func sum(a, b C.int) C.int {
return a + b

func main() {}

Cac chi tiét vé cu phap ctia CGO khéng duoc mo ta & day. Dé st dung ham sum trong C, chiing ta c&n bién dich ma
Go vao thw vién tinh cda C:

$ go build -buildmode=c-archive -o sum.a sum.go

Néu khéng c6 18i, 1énh bién dich & trén s& tao ra mot thw vién tinh sum.a va file header sum.h . File nay sé& chira khai
bao ciia ham sum va thw vién tinh sé chira hién thwc cla ham.

D& phan tich ludng hoat dong clia cudc goi ham tir phién ban ngdn ngtr C ta cling can phai phan tich cac file trung
gian do CGO tao ra:


https://golang.org/src/cmd/cgo/doc.go

$ go tool cgo sum.go

Thu muc _obj van chira céc file trung gian dwoc tao twong tw nhw phan trwéc. D& ngén gon, ta bé qua mét vai file
khéng lién quan:

$ 1s _obj
_cgo_export.c
_cgo_export.h
_cgo_gotypes.go
main.cgol.go
main.cgo2.c

Trong d6 ndi dung cla file _cgo_export.h va file do C tao ra khi né tao thw vién tinh sum.h 1& gibng nhau, déu khai
bdo ham sum.

Vi ngén ngl C 1a bén goi, ching ta can bat du vai viéc hién thue phién ban ngén ngi» C ctia ham sum. Phién ban
nay ndm trong file _cgo_export.c (file chira phan hién thuwc ham ctia C twong (rng v&i ham export ctia Go):

int int int

_ SIZE_TYPE__ _cgo_ctxt = _cgo_wait_runtime_init_done();
struct {
int po;
int p1;
int ro;
char __pad0[4];
} __attribute_ ((__packed__)) a;
a.pd = po;
a.pl = pi;
_cgo_tsan_release();
crosscall2(_cgoexp_8313eaf44386_sum, &a, , _cgo_ctxt);
_cgo_tsan_acquire();
_cgo_release_context(_cgo_ctxt);
return a.ro;

Ham sum s dung mét k¥ thuat twong tw nhw phan trudc trinh bay dé déng géi cac tham sé va tra vé cac gia tri cia
ham thanh mét struct, sau dé truyén struct runtime/cgo.crosscall2 vao ham thyc thi thong qua ham

_cgoexp_8313eaf44386_sum

Ham runtime/cgo.crosscall2 dwoc hién thwc béng hop nglr va khai bao ham clia né nhw sau:

func runtime/cgo.crosscall2(
fn func(a unsafe.Pointer, n int32, ctxt uintptr),
a unsafe.Pointer, n int32,
ctxt uintptr,

DPiémcanchuy & dayla fn va a, fn la con trd t&i ham trung gian (proxy) va a 1a con trd t&i struct twong (ng
v&i dbi sb truyén di khi goi (va cling chiva ludn gia tri tra vé).

Ham trung gian _cgoexp_8313eaf44386_sum cO trong file cgo gotypes.go :

func _cgoexp_8313eaf44386_sum(a unsafe.Pointer, n int32, ctxt uintptr) {
fn := _cgoexpwrap_8313eaf44386_sum
_cgo_runtime_cgocallback(**(**unsafe.Pointer)(unsafe.Pointer(&fn)), a, uintptr(n), ctxt);

func _cgoexpwrap_8313eaf44386_sum(p® _Ctype_int, pl _Ctype_int) (r@ _Ctype_int) {
return sum(p®, p1l)



Ham bao ngoai _cgoexpwrap_8313eaf44386_sum cla sum dwoc st dung nhw mét con tré ham. Ham
_cgo_runtime_cgocallback tu’o’ng l',l’ng v&i ham runtime.cgocallback :

func runtime.cgocallback(fn, frame unsafe.Pointer, framesize, ctxt uintptr)

Cac tham s6 la con tréd ham, tham s ham va gia tri tra vé& twong (ng vé&i con tré cla struct, kich thuwéc frame cla |&i
goi ham va tham sb ngir canh.
Toan bd biéu dd ludng cudc goi nhw sau:

c call go func
_testmain.c _cgo_export.c runtime/cgo/*.asm _cgo_types.go main.go

int maing {
extern int sum(int a, int b)
sum(l, 2)

return 0

int sum(int po, im pi) {
struct { int pO, L, 10; }a
_€go_ctxt = _cgo_wait_runtime_init_doneq
crosscall2(_cgoexp_xxx_sum, &a, 16, _coo_ctxt)
_cgo_release_context(_cao_ctxt)
return aro

[

TEXT crosscall2 (S8, NOSPLIT, §0

¥
¥

func _cgoexp_xoc_sum(a unsafe. Fointer, n im32, cixt uintptr) {
= _cgoexpwrap_xxx_sum
_cgo_runtime_cgocallback(
_CO0eXpWrap _Xxx_sum,

)
}

func _cgoexpwrap oo sumipo, pl) r0 {
rewrn sum(po, pl)

[{export sum
func sumia, b C.int) Cint {

return a + b

}

TEXT crosscall2 (S8, NOSPLIT, §0

Goi ham Go da export
Trong d6, hdm runtime.cgocallback la chia khéa dé thuc hién cudc goi vuot ranh gidi tir ngdn nglr C sang Go. Chi
tiét co thé dwoc tim thdy trong hién thwe runtime.cgocallback.go

Lién két

e Phan tiép theo: Tao ra package gsort
e Phan trwéc: Loi goi ham
e Muc luc


https://github.com/golang/go/blob/master/src/runtime/cgocallback.go

2.9. Thw vién tinh va dong

C6 ba cach dé s dung ma ngudn C/C++ trong CGO:

1. Dung tryc tiép ma ngudn (thém doéng import "c" va chd thich m& ngudn C phia trén, hodc bao gép ma ngudn
c/c++ trong package hién tai).

2. Lién két tinh ma ngudn (khai bao thw vién lién két trong c& LDFLAGS ).

3. Lién két dong ma ngudn.

g Program X Program
£
% Static libraries Static libraries
7 (*a) (*.a)
Static linking
at compile-time
g
= Pragram X Program
: __________
E .' R
3 , Shared libraries |
& | (*.80) ' Dynamic linking
"""""" of shared libraries
at run-time

Chi tiét v& sy khéac biét gitra thw vién tinh va déng ban doc c6 thé xem thém tai day: What-is-the-difference-between-
static-and-dynamic-linking.

Sau day chung ta sé di vao cach dung thw vién tinh va thw vién déng trong CGO.

2.9.1. Dung thw vién C tinh

Né&u ma ngudn C/C++ dwgc diing trong CGO c6 kich thwéc nhd thi cach dwa trye tiép chiing vao chuwong trinh 13 mot
y twéng phd bién nhat, nhwng nhidu lic ching ta khdng tw xay dwng ma ngudn, hodc qua trinh xay dwng ma ngudn
C/C++ rét phirc tap thi day la luc thw vién C tinh phat huy thé manh ciia minh.

O vi du dau tién, chiing ta sé xay dwng mot thw vién tinh don gidn dwoc goi la number , chi cé mot ham
number_add_mod trong thw vién diing d& 14y modulo ctia mét téng hai s& cho mét sé thir ba, nhirng files cla thw vién
number dat trong cung mét thu muc:

number/number.h : header chira prototype clia ham:

int number_add_mod(int int int ;

number/number.c: phén hién thwwre ham nhw sau:

#include "number.h"

int number_add_mod(int int int {
return (atb)%mod;

}


https://www.quora.com/What-is-the-difference-between-static-and-dynamic-linking

B&i vi CGO dung Iénh GCC dé bién dich va lién k&t ma ngudn C va Go lai, do d6 thw vién tinh can phai twong thich
véi GCC compiler.

Thuw vién tinh 1libnumber.a cd thd dwoc sinh ra béng 1énh sau:

// di chuyén téi thu muc md ngudn

$ ./number

// bién dich ra file object ti& file ma ngudn

$ gcc -c -0 number.o number.c

// 1lénh tao ra thuw vién tinh libnumber.a t&r file object

// chi tiét vé 1lénh ar c6 thé xem tai https://linux.die.net/man/1/ar
$ ar rcs libnumber.a number.o

Sau khi sinh ra thw vién tinh mang tén 1ibnumber.a , ching ta dung n6 trong CGO.

main.go dwoc tao ra nhw sau:

package main

import "C"
import "fmt"

func main() {
fmt.Println(C.number_add_mod(10, 5, ))
}

Hai lénh #cgo trén dung dé bién dich va lién két ma ngudn véi nhau:

e CO cFLAGS -I./number : khai bao dwérng dan dén thw muc ma ngudn.
e CO LDFLAGS: -L${SRCDIR}/number -lnumber : khai bdo dwérng din dén thw vién tinh 1libnumber.a v&i search path

-lnumber .

Chu y réing: dwong dan trong lién két khong thé dung relative path ma phai ding mét absolute path, ngoai ra dwdng
dan khong dwoc chira bat ky khoang trdng nao.

Vidu: LDFLAGS: -L/home/mypc/number -lnumber

Két qua nhw sau:

$ go run main.go
3

Néu ching ta st dung thw vién tinh tlr bén tht ba, ching ta can phai tai ching va cai dat thw vién tinh dén mot noi
phu hop, sau dé dac ta location ctia header files va libraries qua c& crLaes va LprFLAGs trong lénh #cgo .

Trong méi treeng Linux, cé mdt 1énh pkg-config dwge diing dé truy van cac tham sé compile va link khi diing cac thw
vién tinh, chung ta cé thé ding lénh pkg-config tric tiép trong lénh #cgo dé generate compilation va linking
parameters, ban c6 thé customize I&nh pkg-config v&i bién mdi trwdng pKe_CONFIG .

2.9.2. Str dung thw vién C ddng

Y twéng cla thw vién dong 1a shared library, cac process khac nhau co thé chia sé trén cling mot tai nguyén bd nhé
trén RAM hoéc dia cirng, nhwng hién nay gia thanh dia ctrng va RAM ciing twong déi ré, nén hai vai trd sé tré nén
khéng dang quan tam, do d6 dau la gia tri clia thw vién dong & day?


https://support.dtsearch.com/webhelp/dtsearch/relative_paths.htm
http://www.linfo.org/absolute_pathname.html
https://linux.die.net/man/1/pkg-config

T géc nhin cda viéc phat trién thw vién, thw vién dong co thé tach biét nhau va giadm thidu rdi ro cla viéc xung dot
trong khi lién két, véi nhitng nén tdng nhu Windows, thw vién dong la mét cach kha thi @& mé réng cac nén tang bién
dich nhw gce .

Trong méi trwérng gec  dwdi MacOS hodc Linux, ching ta c6 thé sinh ra thuw vién dong ctia mét sb thu vién véi
nhirng Iénh sau:

$ cd number
$ gcc -shared -o libnumber.so number.c

B&i vi, base names cla thw vién déng va tinh 1a Libnumber , chi phAn hau tb 14 sé& khac. Do d6 trong ma ngudn cla
ngdn ngir Go sé& gibng chinh xac v&i phién ban thw vién tinh.

package main

import "C"
import "fmt"

func main() {
fmt.Println(C.number_add_mod(10, 5, ))

c60 S& tw dong tim libnumber.a hodc libnumber.so & bwdc lién két trong thdi gian bién dich.

Vi nén tdng Windows, chiing ta c6 thé dung céng cu VVC d& sinh ra thw vién dong (sé co mét sb thw vien Windows
phtrc tap chi c6 thé dwoc build véi ve ). DAu tién, ching ta phai tao mét file dinh nghia cho number.d11 d& quan ly
céac ki hiéu dung dé& export thw vién dong.

Noi dung cla file number.def nhw sau:

LIBRARY number.dll

EXPORTS
number_add_mod

Dong dau tién LIBrRARY S& chira tén cua file va tén cla thw vién dong, va sau d6 la ménh d& exports theo sau bdi
mot danh sach cac tén dung dé export.

Gid& day, ching ta c6 thé dung nhirng I&énh sau dé tao ra thw vién dong (can dung vc tools).

$ cl /c number.c
$ link /DLL /0UT:number.dll number.obj number.def

Vao Itc nay, mdt export library number.1ib sé& sinhra d1l cung lic. Nhwng trong ceo , ching ta khéng thé dung
link library trong dinh dang 1ib .

Dé sinh ra dinh dang .a cho viéc export library can dung mingw Toolbox dlltool command :

$ dlltool -dllname number.dll --def number.def --output-lib libnumber.a

Mot khi libnumber.a dwoc sinh ra, co thé dung -1number thdng qua cac link parameters.


https://en.wikipedia.org/wiki/Microsoft_Visual_C%2B%2B

Nén chl y rang, tai thei diém thuc thi, thw vién dong can dwoc dét & cung noi dé system c6 thé thay. Trén Windows,
ban cé thé dat dynamic library va executable program trong cting mét thw muc, hoéc thém dwdng dan tuyét déi cta
thw muc trong khi dynamic library dwgc dwa vao bién méi trwéng PATH. Trong MacOS, ban can phai thiét Iap bién
moi trng DYLD _LIBRARY_PATH. Trong hé théng Linux, ban can thiét 1ap bién LD _LIBRARY_ PATH.

2.9.3. Exporting thw viéc C tinh

CGO khong chi dwoc dung trong thw vién C tinh, cac export functions dwoc hién thye bédi Go hoadc C static libraries.
Chung ta c6 thé dung Go d& hién thwc modulo addition function nhw phan trwéc & vi du nhw sau day.

Tao number.go V@i ndi dung nhuw sau:

package main

import "C"

func main() {}

func number_add_mod(a, b, mod C.int) C.int {

return (a + b) % mod

}

Theo nhw mé ta cua tai liéu CGO, ching ta can export C function trong main package. Vé&i cach xay dung thw vién C
tinh, ham main trong main package dwoc bd qua, va ham C sé don gidn dwoc export. Xay dwng cac lénh sau:

$ go build -buildmode=c-archive -o number.a

Khi sinh ra thw vién tinh number.a , cgo cling s€ sinh ra file number.h .

Noi dung clia number.h S& nhw sau:

#ifdef __cplusplus

extern "C" {

#endif

extern int int int int ;
#ifdef __cplusplus

}
#endif

Phan ngir phap extern "c" dwoc thém vao dé dung dong thdi trén ca ngdn ngir C va C++. Noi dung ctia phan 16i sé
dinh nghfa ham number_add_mod d& dwoc export.

Sau d6 chuing ta tao ra file _test_main.c d& kiém tra viéc sinh ra C static library (bé&n dw&i 1a phan prefix dung cho viéc
xay dung C static library dé& bé qua file do).

#include "number.h"

#include <stdio.h>

int {
int a = 2

o
|

int

’

int c 2

int x number_add_mod(a, b, c);

" (%d+%d)%%%d = %d\n", a, b, c, x);

—~



return 0;

Bién dich va chay chung v&i nhirng 1énh sau:

$ gcc -0 a.out _test_main.c number.a
$ ./a.out

2.9.4. Exporting thw vién C déng

Qua trinh exporting mét thw vién déng bang CGO sé twong tw nhw mét thw vién tinh, ngoai trir build mode sé thay dbi
c-shared va output file name dwoc ddi thanh number. so .

$ go build -buildmode=c-shared -o number.so

Noi dung cua file _test_main.c sé& khong thay ddi, sau do bién dich va chay chiing v&i cac 1énh sau:

$ gcc -0 a.out _test_main.c number.so
$ ./a.out

Lién két

e Phan tiép theo: Bién dich va lién két cac tham sb
e Phan trwdgc: C++ Class Packaging
e Muc luc



2.10. Bién dich va lién két cac tham s6

Bién dich va lién két cac parameters la mot van d& ma cac lap trinh vién C/C++ thwéng gép phai. Trong phan nay,
chung téi sé gidi thiéu ngan cac bwéc bién dich va link parameters thwong dwoc dung trong CGO.

Acpp B.cpp C.cpp
Source  [aranies & variables variables b
Code functions fa functions: o functions: main
calls: fo(a) calls: (1) calls: fa(a.b), fo(a), o)
COMPILING
Y
Ao B.o Co
Object  [ax000 b %2000 b ¥3000
Code fa” ¥12A0 main: x3400
calls: fb(x1000) uses: x2000(1) calls: fa(a,x3000 ), o(a),
io(x3000)
LINKING /
foo.exe
¥2000(x1000)
Executable x2000(1)

x12a0(X1000,X3000),
X2000(X1000), X2000(X3000)

2.10.1. Tham sé bién dich :

CGO cung cap ba tham s6 CFLAGS/CPPFLAGS/CXXFLAGS. Trong d6:

e CFLAGS sé (rng v&i viéc bién dich ngdn ngi¥ C (.c).
e CPPFLAGS sé rng v6i C/C++ (.c, .cc, .cpp, .CXX).
e CXXFLAGS (rng v&i C++ thuan (.cc, .cpp, *.CxX).

2.10.2. Tham sé lién két :

Trong CGO s{srcpIr} |a mdt dwong dan tuyét dbi trong thw muc hién tai, cac file dinh dang ctia déi twong C va C++
sau khi dwgc bién dich la nhw nhau, do d6 LbFLAcs s€ (rng v&i cac C/C++ link parameters.

2.10.3. Lénh pkg-config

Dung cdng cu pkg-config dé thuan tién cho viéc compile va link parameter:

e Lénh #cgo pkg-config abc dé sinh ra lénh compile va link parameter cho thw vién abc .
o Lénh pkg-config abc --cflags SE€ sinh ra compiler parameters .
e Lénh pkg-config abc --libs @& sinh ra links parameters.

C6 mot sb thw vién C/C++ non-standard ma pkg-config khéng hd tro. Khi d6, chiing ta co thé hién thwc thi cong
compilation va link parameter.

2.10.4. Chudi cai dat package


https://www.ardanlabs.com/blog/2013/08/using-cgo-with-pkg-config-and-custom.html

Lénh go get package sé lién két cac package phu thuéc lién quan. Mét chudi cac package phu thudc sau nhw pkgA
-> pkgB -> pkgC -> pkgD. Sau khi go get A_package , ching sé& get B, C, D package. Néu viéc build héng sau khi get
package_ B, né s& dan t6i viéc hdng toan bd chudi , két qua 1a Iénh get package_A bi héng.

Sé& c6 mét sb ly do cho viéc hdng chudi get, day la mét s ly do phd bién:

o Mét s6 hé thédng khéng hé tro, viéc bién dich s& héng.
e Phu thudc vao cgo

o Userkhéng cé gec dwoc cai dat san.

o Nhirng thw vién ddc Iap khdng dwoc cai dat.

Phu thudc vao pkg-config
o Khdng dwoc cai dat trén windows.
o Khong co file be dugc tim thdy twong tng.
Phu thudc vao custom pkg-config : yéu cau mot sb thiét 1ap thém.

Phu thudc vao swig : user chwa cai dat swig , hodc phién ban khéng twong thich.

Lién két

e Phan tiép theo: Loi néi thém
e Phan trwdc: Thu vién tinh va dong

e Muc luc



2.11. Loi néi thém

Théng qua CGO, ban co thé ké thira nhitng phadn mém viét bang C/C++ néi tiéng hang thap ky, cé thé dung Go dé
viét shared libraries trén giao dién C cho cac hé théng khac hodc diing ma nguén dwoc viét bdi Go dé tich hop tbt voi
cac phan mém co sén tao thanh mét hé sinh thai.

Bay gi®, cac phan mém chinh théng thwdng dwoc viét bdi ngdn ngik C/C++. S& rat nang né dé cé thé thay thé toan
bd ching bang Go, do d6 viéc hoc cach chuyén déi C/C++ sang Go béng CGO |a rt dang cho du ban cé 1a mét nha
1ap trinh vién Go chuyén nghiép.

Lién két

e Phan tiép theo: Chuong 3
e Phan trwdc: Bién dich va lién két cac tham sb

e Muc luc



Chwong 3: Remote Procedure Call

“Go is not meant to innovate programming theory. It's meant to innovate programming practice.” — Samuel

Tesla

Remote Procedure Call 1a ky thuat cho phép chiing ta goi ham tir mot process khac ndm ciing mot may hodc & hai
may tinh khac nhau. Muc tiéu chinh ctia phwong phap nay la gitp 107 goi RPC twong tw nhw 107 goi tha tuc théng
thworng va an di phan x@ ly két néi mang phirc tap. Chwong nay sé trinh bay vé& cach st dung RPC, thiét ké RPC
service, va hé sinh thai RPC dwoc xay dwng dwa trén nén tang Protobuf ctia Google.

Lién két

e Phan tiép theo: Gisi thieu vé RPC
e Phan trwéc: Chuwong 2: Loi néi thém
e Muc luc



3.1. Gi&i thiéu vé RPC

Remote Procedure Call (RPC) la phwong phap goi ham tir mot may tinh & xa dé lay vé két qua. Trong lich st phat
trién cda Internet, RPC d tré thanh mét co s& ha tAng khéng thé thiéu ciing giébng nhw 1a IPC (Inter Process
Communication).

Client Machine Server Machine

Client

I Return Call

Server

Execute
I Call Return

Server stub

Y
l Unpack Pack

RPC Runtimsg

Client stub

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 Y 1
1 lﬂaok Pack 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

RPC Runtime

Y
Fie;ceive <Vait Send

Y
Receive Send

Call Packet

Result Packet

Implementation of RPC mechanism

Mé hinh giao tiép client/server trong RPC

3.1.1 Chwong trinh RPC dau tién

Chuong trinh RPC dau tién duwoc xay dwng dwa trén package net/rpc sé in ra chudi "Hello World" dwoc tao ra va tra
vé tir process khac:

server/main.go: chwong trinh phia server.

package main

import (
"log"
"het"
"net/rpc"

)

// dinh nghia service struct
type HelloService struct{}

// dinh nghia ham service Hello, quy té&c:
// 1. Ham service phai public (viét hoa)


https://en.wikipedia.org/wiki/Remote_procedure_call
https://golang.org/pkg/net/rpc/

3.1 Gioi thiéu vé RPC

// 2. C6 hai tham sd trong ham
// 3. Tham s& th& hai phai kiéu con tro
// 4. Phai tra vé kiéu error

func (p *HelloService) Hello(request string,
*reply = "Hello " + request
// trad vé error = nil néu thanh cong
return nil

func main() {

reply *string) error {

rpc.RegisterName("HelloService", new(HelloService))

// chay rpc server trén port 1234

listener, err := net.Listen("tcp", ":1234")
// néu c6 16i thi in ra
if err != nil {
log.Fatal("ListenTCP error:", err)
}
// vong lap dé phuc vu nhiéu client
for {
// accept mot connection dén
conn, err := listener.Accept()
// in ra 16i néu cé
if err != nil {
log.Fatal("Accept error:", err)
}
// phuc vu client trén mt goroutine khac
// dé giai phong main thread tiép tuc vong lap
go rpc.ServeConn(conn)
}

client/main.go: chwong trinh phia client.

package main

import (
"fmt"
"log"
"net/rpc"
)

func main() {
// két nbéi dén rpc server

client, err := rpc.Dial("tcp", "localhost:1234")

// in ra 16i néu cé
if err != nil {
log.Fatal("dialing:", err)
}
// bién chtra giad tri tra vé sau 1loi goi
var reply string
// gol rpc voi tén service da register
err = client.Call("HelloService.Hello",
if err != nil {
log.Fatal(err)
}
// in ra két qua
fmt.Println(reply)

Chay server :

$ go run server/main.go

Chay client :

rpc

"World", &reply)
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$ go run client/main.go
Hello World

Qua vi du trén, cé thé thay rang viéc dung RPC trong Go that sw don gian.

3.1.2 Ham giam sat bang RPC

Ta mong mubn khi hé théng g&p phai nhitng diéu kién nhat dinh thi c6 thé nhan vé két qua théng béo. Vi du sau s&
xay dung phuong thirc watch dé lam didu do.

Y twdng la gia lap mot key-value store don gian, méi khi cé sy thay ddi vé value thi s& gt vé théng bao cho client.

-Key—value store sen.ricé
;Watch%l—-Return key changed—l

A

A
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¥

GCet <

F Y
b J

v

Set «

2

Key-value store — Client

M®é hinh str dung ham Watch

Trwdc tién xay dwng co s& dir liéu Key-Value don gidn thong qua RPC, xay dwng service nhw sau:

type KVStoreService struct {
// map luu tri&r di*r 1liéu key value
m map[string]string

// map chtra danh sach cac ham filter
// dugc xac dinh trong méi 1loi goi
filter map[string]func(key string)

// bado vé cac thanh phan khac khi dwoc truy cap
// va sltra doi tr nhiéu Goroutine cung luac
mu sync.Mutex

func NewKVStoreService() *KVStoreService {
return &KVStoreService{
m: (map[string]string),
filter: (map[string]func(key string)),

Tiép theo la phwong thirc Get va Set:

func (p *KVStoreService) Get(key string, value *string) error {
p.mu.Lock()
defer p.mu.Unlock()

if v, ok := p.m[key]; ok {
*value = v
return



return fmt.Errorf("not found")

func (p *KVStoreService) Set(kv [2]string, reply *struct{}) error {
p.mu.Lock()
defer p.mu.Unlock()

key, value := kv[0], kv[1]

if oldvalue := p.m[key]; oldvalue != value {
// ham filter duwoc goi khi value tuong tng
// voi key bi stra d6i
for _, fn := range p.filter {
fn(key)

p.m[key] = value
return nil

Céc filter s& dwoc cung cp trong phuwong thirc watch :

// Watch tra vé key mdéi khi nhan thdy c6 thay déi

func (p *KVStoreService) Watch(timeoutSecond int, keyChanged *string) error {
// id la mdt string ghi lai thoi gian hién tai
id := fmt.Sprintf("watch-%s-%03d", time.Now(), rand.Int())

// buffered channel ch&a key
ch := make(chan string, 10)

// filter dé theo d&éi key thay doi
p.mu.Lock()

p.filter[id] = func(key string) { ch <- key }
p.mu.Unlock()

select {

// tra vé timeout sau mot khodng thoi gian

case <-time.After(time.Duration(timeoutSecond) * time.Second):
return fmt.Errorf("timeout")

case key := <-ch:
*keyChanged = key
return nil

return nil

Qua trinh d&ng ky va khéi dong service kvstoreservice ban c6 thé xem lai phan trwéc. Hay xem cach st dung
phuwong thirc watch tw client:

func doClientWork(client *rpc.Client) {
// kh&i chay mot Goroutine riéng biét dé giam sat khoa thay doi
go func() {
var keyChanged string
// 1oi goi “watch® synchronous sé& block cho dén khi
// co6 khéa thay d6i hodc timeout
err := client.Call("KVStoreService.watch", 30, &keyChanged)
if err 1= nil {
log.Fatal(err)
3
fmt.Println("watch:", keyChanged)



err := client.Call(
// gia tri KV dugc thay d6i bang phuong thic “Set®
"KVStoreService.Set", [2]string{"abc", "abc-value"},
(struct{}),

// set lai lan nita dé gia tri value cUa key 'abc' thay déi
err = client.Call(
"KVStoreService.Set", [2]string{"abc", "another-value"},
(struct{}),
)

if err = {
log.Fatal(err)
}

time.Sleep(time.Second*3)

Két qua nhan dworc & client:

watch: abc

Server sé tra vé key da thay doi (thdng qua phuwong thirc watch ) cho client. Bang cach nay ching ta c6 thé giam sat
viéc thay ddi trang thai cla key tir phia ngudi goi.

3.1.3 Reverse RPC

RPC théng thwéng chi do client goi téi, server méi gii lai phan hdi. Nhuwng co6 mét sb trweeng hop dac biét ma ta
mubn server déng vai trd nguwdi goi (caller) d& goi cho client khi can thiét. M6 hinh nay twong tw véi reverse proxy:
trong mang ndi bd cac service clia ching ta goi nhau bang RPC va khéng cho phép bén ngoai goi truc tiép vao day.
Khi d6 can mét server dirng trung gian goi t&i cac service trong ndi bd va gii lai phan hdi cho cac yéu cau tiy client

-

bén ngoai.

ke d
PC

Server 1

<“+—Request

4~ —Response—»
Server proxy :>r:}

Client

\ Server 2

M6 hinh dung reverse proxy
Luc nay Server Proxy déng vai trd nhw server con Server 1 déng vai trd nhw client trong mét I&i goi RPC, hodc ta cé
thé goi qua trinh nay la Reverse RPC.

DAu tién client két ndi t¢i Server proxy bang TCP, Server proxy sé chi dong két ndi véi cac Server trong ndi bd bang
RPC @& nhan vé két qua va tra vé cho client.

Sau day l1a ma ngudn dé khéi ddéng mét reverse RPC service:

server/main.go



func main() {
rpc.Register( (HelloService))

for {
// chd dong goi tdéi client
conn, _ := net.Dial("tcp", "localhost:1234")
if conn == {
time.Sleep(time.Second)
continue

rpc.ServeConn(conn)
conn.Close()

Reverse RPC service s& khong con cung cAp service ldng nghe TCP, thay vao d6 né sé chi dong két ndi véi server
TCP cla client. RPC service sau d6 dwgc cung cap dwa trén méi lién két TCP duwoc thiét 1ap.

RPC client cn cung c&p mét service TCP c6 dia chi cong khai d& ch&p nhan request tr RPC server:

client/main.go

func main() {
// listen trén port 1234 chd server goi

listener, err := net.Listen("tcp", ":1234")
if err I= {
log.Fatal("ListenTCP error:", err)
}
clientChan := (chan *rpc.Client)
go func() {
for {
conn, err := listener.Accept()
if err != {
log.Fatal("Accept error:", err)
}
// khi méi duong link duoc thiét lap, d6i tuogng
// RPC client duoc khdi tao dwa trén link dé va
// gii téi client channel
clientChan <- rpc.NewClient(conn)
}
10

doClientWork(clientChan)

Client thire hién 161 goi RPC trong ham  doclientwork :

func doClientWork(clientChan <-chan *rpc.Client) {
// nhan vao déi tuong RPC client t&r channel
client := <-clientChan

// déng két nbéi voi client trudc khi ham exit
defer client.Close()

var reply string

// thuc hién 1oi goi rpc binh thuong
err := client.Call("HelloService.Hello", "hello", &reply)
if err I= {

log.Fatal(err)



fmt.Println(reply)

Lién két

e Phan tiép theo: Protobuf
e Phan truéc: Chuong 2
e Muc luc



3.2 Protobuf

3.2. Protobuf

Protobuf hay Protocols Buffer la mot ngén ngir dung d& mé ta cac cAu tric div liéu, chung ta ding protoc dé bién dich
chung thanh ma nguén cla cac ngdn ngi |ap trinh khac nhau c6 chirc nang serialize va deserialize cac cu tric di
liéu nay thanh dang binary stream. So v&i dang XML ho&c JSON thi di liéu d6 nhé gon gap 3-10 lan va dwoc xi ly
rat nhanh.

Size comparison in bytes

AVRO

PROTOBUF

J50M

¥MIL

BINARY

430

BINARY

PROTOBUF

J50M

¥MIL

AVRO

1] 50 100 150 200 250 300 350 400 450 500
Xem thém: Benchmarking Protocol Buffers, JSON and XML in Go.

Ban doc c6 thé cai dat va 1am quen véi cac vi du Protobuf trén trang chi trwdre khi di vao noéi dung chinh.

3.2.1 Két hop Protobuf véi RPC

Dau tién chung ta tao file hello.proto chtra kiéu String dwoc dung trong RPC HelloService.

hello.proto:

// phién ban proto3

syntax = "proto3";

// tén package duwgc sinh ra

package main;

// message la mot don vi dit 1iéu trong Protobuf

message String {
// chudi string duoc truy@n vao ham RPC
string value = 1;

Dé sinh ra ma ngudn Go tlr file hello.proto & trén, diu tién & cai d&t bo bién dich protoc qua lién két & day, sau
do la cai dat mét plugin cho Go théng qua Iénh:
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https://developers.google.com/protocol-buffers/
https://medium.com/@shijuvar/benchmarking-protocol-buffers-json-and-xml-in-go-57fa89b8525
https://developers.google.com/protocol-buffers/docs/gotutorial
https://github.com/google/protobuf/releases

$ go get github.com/golang/protobuf/protoc-gen-go

Chung ta sé sinh ra ma ngudn Go bang |énh sau:

$ protoc --go_out=. hello.proto

// Trong do,

// protoc: chuwong trinh sinh ma ngudn

// go_out: chi cho protoc tai plugin protoc-gen-go, (cling c6 java_out, python_out,..)
// --go_out=.: sinh ra ma ngudn tai thu myc hién tai

// hello.proto: file Protobuf

Sé& cé mot file hello.pb.go dwgc sinh ra, trong d6 cAu tric String dwgc dinh nghia la:

hello.pb.go:

type String struct {
Value string “protobuf:"bytes,1,opt,name=value" json:"value,omitempty""
I aaa

func (m *String) Reset() { *m = String{} }
func (m *String) String() string { return proto.CompactTextString(m) }
func (*String) ProtoMessage() {3
func (*String) Descriptor() ([]byte, []int) {

return fileDescriptor_hello_069698f99dd8f029, []int{0}
}
/7. ..
func (m *String) GetValue() string {

if m = {

return m.value

}

return ""

O phén 3.1 ching ta da xay dwng mot RPC HelloService don gian dwa trén thw vién chuan net/rpc ¢6 kiéu di liéu
request, reply do ngu®i dung tw dinh nghta, bay gi® dwa trén kiéu String méi dwoc sinh ra tir Protobuf, ching ta cé
thé viét lai RPC HelloService nhw sau:

hello.go:

// RPC struct
type HelloService struct{}
// dinh nghia ham Hello RPC, v&i tham s6 la kiéu String vwra dinh nghia trong Protobuf
func (p *HelloService) Hello(request *String, reply *String) error {
// cac ham nhu .GetValue() da dugc tao ra trong file hello.pb.go
reply.Value = "Hello, " + request.GetValue()
// trd vé nil khi thanh cdng
return

Chuing ta van phai ty xay dwng ham Hello(request, reply) bang cach tw viét. Khi st dung Protobuf ching ta cé thé tw
dinh nghia luén service minh cé nhixng ham rpc nao, nhan vao request va tré vé reply ra sao. Ching ta dinh nghia
HelloService trong file proto nhw sau:

hello.proto

/7 ...
// dinh nghia service
service HelloService {


https://godoc.org/net/rpc

// dinh nghia 10i goi ham RPC
rpc Hello (String) returns (String);

Chung ta can c6 mét plugin dé sinh ra ma ngudn service twong (rng véi dinh nghia & trén. Hién nay Google da phat
trién bd gRPC plugin gilp tao ra ma ngudn twong (ng véi file proto. O’ phdn dwdi sé trinh bay cach xay dwng mot
plugin dwa trén ma ngudn gRPC plugin, chi tiét v& gRPC chung téi sé dé& cap & cac phan sau.

3.2.2 Viét plugin sinh ma nguon RPC service

T ma ngudn gRPC plugin, ching ta cé thé thdy ham generator.Registerplugin dwoc dung dé dang ki plugin d6,
Interface ctia moét plugin sé nhu sau:

type Plugin interface {
// Name() trad vé tén cula plugin.
Name() string
// Init() dugc goi sau khi data structures built xong
// va truéc khi qua trinh sinh code bat dau.
Init(g *Generator)
// Generate() la ham sinh ra ma nguén vao file
Generate(file *FileDescriptor)
// Ham nay duoc goi sau khi Generate().
GenerateImports(file *FileDescriptor)

Do d6, ching ta co thé xay dwng mét plugin mang tén netrpcplugin dé sinh ra ma ngudn RPC service cho Go ti file
Protobuf.

import (
// import goi thuw vién dé sinh ra plugin
"github.com/golang/protobuf/protoc-gen-go/generator"
)
// dinh nghia struct netrpcPlugin xay dung interface Plugin
type netrpcPlugin struct{ *generator.Generator }
// dinh nghia Name() function
func (p *netrpcPlugin) Name() string { return "netrpc" }
// dinh nghia Init() function
func (p *netrpcPlugin) Init(g *generator.Generator) { p.Generator = g }
// dinh nghia GenerateImports()
func (p *netrpcPlugin) GenerateImports(file *generator.FileDescriptor) {
if (file.Service) > {
p.genImportCode(file)

}
// dinh nghia Generate()
func (p *netrpcPlugin) Generate(file *generator.FileDescriptor) {
for _, svc := range file.Service {
p.genServiceCode(svc)

Hién tai, phwong thirc genimportCode va genservicecode tam th&i nhw sau:

func (p *netrpcPlugin) genImportCode(file *generator.FileDescriptor) {
p.P("// TODO: import code")

func (p *netrpcPlugin) genServiceCode(svc *descriptor.ServiceDescriptorProto) {
p.P("// TODO: service code, Name = " + svc.GetName())


https://github.com/golang/protobuf/blob/master/protoc-gen-go/grpc/grpc.go
https://github.com/golang/protobuf/blob/master/protoc-gen-go/grpc/grpc.go

Dé st dung plugin, chung ta can phai d&ng ki plugin d6 v&i ham generator.RegisterPlugin , ching c6 thé dwoc xay
dwng ching nhd vao ham init() .

func init() {
generator.RegisterPlugin( (netrpcPlugin))

B&i vi trong ngbn ngir Go, package chi dwoc import tinh, chiing ta khéng thé thém plugin méi vao plugin da c6 sén la
protoc-gen-go . Chiing ta s& re-clone lai ham main @& build lai protoc-gen-go .

package main

import (
"io/ioutil"

Ty

0s
// import cac package can thiét
"github.com/golang/protobuf/proto"
"github.com/golang/protobuf/protoc-gen-go/generator"
)
// bat dau ham main
func main() {
// sinh ra mot d6i tuwong plugin méi
g := generator.New()
// doc lénh ti&r console vao bién data
data, err := ioutil.ReadAll(os.Stdin)
// in ra 16i néu c6
if err 1= {
g.Error(err, "reading input")

}
// unmarsal data thanh céu tric Request
if err := proto.Unmarshal(data, g.Request);
// in ra 16i néu cé6
err != {
g.Error(err, "parsing input proto")
}
// kiém tra xem tén file cdé hop 1lé khong
if (g.Request.FileToGenerate) == {
g.Fail("no files to generate")
}

// dang ky cac tham sé
g.CommandLineParameters(g.Request.GetParameter())
g.WrapTypes()

// thiét lap tén package

g.SetPackageNames ()

g.BuildTypeNameMap ()

// sinh ra cac file md@ nguon
g.GenerateAllFiles()

// Tra vé két qua
data, err = proto.Marshal(g.Response)
if err I= {
g.Error(err, "failed to marshal output proto")

// ghi két qua ra man hinh
_, err = os.Stdout.Write(data)
// in ra 16i néu cé
if err != {
g.Error(err, "failed to write output proto")

Dé tranh viéc triing tén véi protoc-gen-go plugin, ching ta sé dét tén cho plugin maila protoc-gen-go-netrpc , va dw
dinh bién dich lai hello.proto v&ilénh sau:



$ protoc --go-netrpc_out=plugins=netrpc:. hello.proto

Tham sb --go-netrpc_out S& néi cho bd bién dich protoc biét la né phai tai mot plugin véi tén goi la protoc-gen-go-
netrpc. Bay gi®, tiép tuc phat trién netrpcPlugin plugin véi muc tiéu cudi cung 1a sinh ra I6p Interface RPC. DAu tién
chuiing ta sé phai xay dwng genlmportCode:

func (p *netrpcPlugin) genImportCode(file *generator.FileDescriptor) {
p.P( import "net/rpc"’)

Chung ta sé dinh nghia kiéu ServiceSpec dwgc mé ta nhw |a théng tin thém vao cua service.

type ServiceSpec struct {
// Tén cua service
ServiceName string
// Danh sach cach Service method
MethodList []ServiceMethodSpec

type ServiceMethodSpec struct {
MethodName string
InputTypeName string
OutputTypeName string

Chung ta sé tao ra mét phuwong thirc buildservicespec , N6 sé parse thdng tin thém vao service dwgc dinh nghia
trong ServiceSpec cho méi service.

// phuong thic buildServiceSpec
func (p *netrpcPlugin) buildServiceSpec(
// tham sbé truyén vao thudc kiéu ServiceDescriptorProto
// md tad thong tin vé service
svc *descriptor.ServiceDescriptorProto,
) *ServiceSpec {
// kh&i tao déi tugng
spec := &ServiceSpec{
// svc.GetName(): lay tén service dugc dinh nghia & Protobuf file
// sau do6 chuyén d6i chung vé style CamelCase
ServiceName: generator.CamelCase(svc.GetName()),

}
// méi mbdi phuong thirc RPC, ta thém mot cidu tric tuong ung vao danh sach
for _, m := range svc.Method {

spec.MethodList = (spec.MethodList, ServiceMethodSpec{

// m.GetName(): lay tén phuong thtc
MethodName: generator.CamelCase(m.GetName()),
// m.GetInputType(): lay kiéu d&r liéu tham s6 dau vao
InputTypeName: p.TypeName(p.ObjectNamed(m.GetInputType())),
OutputTypeName: p.TypeName(p.ObjectNamed(m.GetOutputType())),
1)
}

// trad vé cau truc trén
return spec

Sau d6 chung ta sé sinh ra ma ngudn cla service dwa trén thong tin mé t& d6, dwoc xay dwng b&i phuong thire

buildServiceSpec

func (p *netrpcPlugin) genServiceCode(svc *descriptor.ServiceDescriptorProto) {
// goi ham duwoc dinh nghia & trén
spec := p.buildServiceSpec(svc)
// buf la bién chia dir liéu



var buf bytes.Buffer
// dung tmplService cho viéc sinh m& ngudn
t := template.Must(template.New("").Parse(tmplService))
// thyc thi viéc sinh ma ngudn
err := t.Execute(&buf, spec)
// in ra 16i néu co6
if err != nil {
log.Fatal(err)
}
// ghi buf.String() vao file
p.P(buf.String())

Chuling ta mong dgi vao ma ngudn cudi cing dwoc sinh ra nhu sau:

type HelloServicelInterface interface {
Hello(in String, out *String) error

func RegisterHelloService(srv *rpc.Server, x HelloService) error {
if err := srv.RegisterName('"HelloService", x); err != nil {
return err

}

return nil

type HelloServiceClient struct {
*rpc.Client

var _ HelloServiceInterface = (*HelloServiceClient)(nil)

func DialHelloService(network, address string) (*HelloServiceClient, error) {
c, err := rpc.Dial(network, address)
if err != nil {
return nil, err

}

return &HelloServiceClient{Client: c}, nil

func (p *HelloServiceClient) Hello(in String, out *String) error {
return p.Client.Call("HelloService.Hello", in, out)

Dé& 1am dwoc nhw vay, template cla ching ta dwoc viét nhw sau:

const tmplService = °

{{$root := .}}

type {{.ServiceName}}Interface interface {

{{- range $_, $m := .MethodList}}
{{$m.MethodName}}(*{{$m.InputTypeName}}, *{{$m.OutputTypeName}}) error
{{- end}}

func Register{{.ServiceName}}(
srv *rpc.Server, x {{.ServiceName}}Interface,
) error {
if err := srv.RegisterName("{{.ServiceName}}", x); err != nil {
return err

}

return nil

type {{.ServiceName}}Client struct {
*rpc.Client



var _ {{.ServiceName}}Interface = (*{{.ServiceName}}Client)(nil)

func Dial{{.ServiceName}}(network, address string) (
*{{.ServiceName}}Client, error,
) {
c, err := rpc.Dial(network, address)
if err 1= nil {
return nil, err

}

return &{{.ServiceName}}Client{Client: c}, nil

{{range $_, $m := .MethodList}}
func (p *{{$root.ServiceName}}Client) {{$m.MethodName}}(
in *{{$m.InputTypeName}}, out *{{$m.OutputTypeName}},
) error {
return p.Client.Call("{{$root.ServiceName}}.{{$m.MethodName}}", in, out)
}
{{end}}"

Khi plugin méi cia protoc dwoc hoan thanh, ma ngudn co thé dwgc sinh ra méi khi RPC service thay di trong
hello.proto file. Chiing ta c6 thé diéu chinh hodc thém ndi dung clia ma ngudn dwoc sinh ra bang viéc cap nhat
template plugin.

Lién két

e Phan tiép theo: Lam quen v&i gRPC
e Phan trudc: Gioi thieu vé RPC

e Muc luc



3.3 Lam quen v&i gRPC

3.3 Lam quen vé&i gRPC

‘GRPC:

gRPC la mét framework RPC Open source da ngdn ngir dwoc Google phat trién dwa trén Protobuf va giao thirc
HTTP/2. Phan nay sé gidi thidu mét sb cach s dung gRPC dé xay dwng service don gian.

3.3.1 Kién truc gRPC

Kién tric gRPC trong Go:

gRPC technology stack
Lép dudi cling la giao thirc TCP hodc Unix Socket. Ngay trén déy 1a phan hién thuwc ctia giao thiec HTTP/2. Thu vién
gRPC core cho Go dwoc xay dwng & I6p ké. Stub code dugc tao ra bdi chwong trinh théng qua plug-in gRPC giao
tiép voi thw vién gRPC core.

3.3.2 Lam quen vé&i gRPC

Tl quan diém clia Protobuf, gRPC khong gi khac hon 1a mét trinh tao code cho interface service.

Tao file hello.proto va dinh nghia interface Helloservice :

syntax = "proto3";
package main;
message String {

string value = 1;

}
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https://grpc.io/
https://developers.google.com/protocol-buffers/
https://en.wikipedia.org/wiki/Unix_domain_socket
https://en.wikipedia.org/wiki/HTTP/2

service HelloService {
rpc Hello (String) returns (String);

Tao gRPC code st dung ham dung sén trong gRPC plugin tir protoc-gen-go:

$ protoc --go_out=plugins=grpc:. hello.proto

gRPC plugin tao ra cac interface khac nhau cho server va client:

type HelloServiceServer interface {
Hello(context.Context, *String) (*String, error)

type HelloServiceClient interface {
Hello(context.Context, *String, ...grpc.CallOption) (*String, error)

gRPC cung cép hd trg context cho méi Iénh goi phwong thire théng qua tham sé context.context . Khi client goi
phwong thirc, né c6 thé cung cap thong tin context bd sung thong qua cac tham sé tuy chon clia kiéu
grpc.Calloption

Chuing ta st dung struct Helloservicempl d& thwc hién service Helloservice duwa trén interface Hellosercieserver :

type HelloServiceImpl struct{}

func (p *HelloServiceImpl) Hello(
ctx context.Context, args *String,

) (*String, error) {
reply := &String{Value: "hello:" + args.GetValue()}
return reply,

Qua trinh khéi dong ctia gRPC service tuwong tw nhw qué trinh khéi dong RPC service cua thw vién chuén:

func main() {
// kh&i tao mét do6i tuwong gRPC service
grpcServer := grpc.NewServer ()

// dang ky service véi grpcServer (cla gRPC plugin)
RegisterHelloServiceServer(grpcServer, (HelloServiceImpl))

// cung cap gRPC service trén port "1234°
1lis, err := net.Listen("tcp", ":1234")
if err != {
log.Fatal(err)
}

grpcServer .Serve(lis)

Tiép theo ban da c6 thé két néi t&i gRPC service tir client:

func main() {
// thiét lap két noi vdi gRPC service
conn, err := grpc.Dial("localhost:1234", grpc.WithInsecure())
if err I= {
log.Fatal(err)
}

defer conn.Close()



// xay dung d6i tuong "HelloServiceClient  duya trén két néi da thiét lap

client := NewHelloServiceClient(conn)
reply, err := client.Hello(context.Background(), &String{Value: "hello"})
if err != {

log.Fatal(err)

}
fmt.Println(reply.GetValue())

C6 mot sy khéac biét gitta gRPC va framework RPC clia thw vién chudn: gRPC khéng hé tre goi asynchronous. Tuy
nhién, ta c6 thé chia sé két n6i HTTP/2 trén nhiéu Goroutines, vi vy cé thé mé phdng cac I&i goi bat ddng bod bang
cach block cac |oi goi trong Goroutine khac.

3.3.3 gRPC streaming

RPC la I&i goi ham tir xa, vi vay cac tham sb ham va gia tri trd vé ctia mdi cudc goi khéng thé qua Ién, néu khong thoi
gian phan hdi ctia méi i goi sé bj &nh huéng nghiém trong. Do dd, céc I&i goi phwong thire RPC truyén théng khéng
phu hop dé tai 1én va tai xudng trong trudng hop khéi lwong div liéu I6n. D& khéc phuc diém nay, framework gRPC
cung cAp cac chirc ndng stream cho phia server va client twong tng.

Ta viét thém phwong thirc channel hd trg ludng hai chiéu (Bidirect Streaming) trong Helloservice :

service HelloService {
rpc Hello (String) returns (String);

// nhan vao tham s6 mot stream va tra vé gia tri la mdot stream.
rpc Channel (stream String) returns (stream String);

Tao lai code dé thay dinh nghia mé&i dwoc thém vao phuong thire kiu channel trong interface:

type HelloServiceServer interface {
Hello(context.Context, *String) (*String, error)

// tham s0 kiéu HelloService_ChannelServer dugc st dung
// dé lién lac hai chiéu v6i client.
Channel(HelloService_ChannelServer) error

type HelloServiceClient interface {
Hello(ctx context.Context, in *String, opts ...grpc.CallOption) (
*String, error,

// trd vé gia tri trd vé thudc kiéu “HelloService_ChannelClient"

// c6 thé duoc sir dung dé lién lac hai chiéu véi server.

Channel(ctx context.Context, opts ...grpc.CallOption) (
HelloService_ChannelClient, error,

HelloService_ChannelServer Va HelloService_Channelclient thudc interface:

type HelloService_ChannelServer interface {
Send(*String) error
Recv() (*String, error)
grpc.ServerStream



type HelloService_ChannelClient interface {
Send(*String) error
Recv() (*String, error)
grpc.ClientStream

Co thé thay cac interface hd trg server va client stream déu c6 dinh nghia phwong thirc send va Rrecv cho giao tiép
hai chiéu cia di liéu streaming.

Bay gi¢ ta c6 thé xay dwng cac streaming service:

func (p *HelloServiceImpl) Channel(stream HelloService_ChannelServer) error {
for {
// Server nhan dit 1iéu dugc giri t&r client
// trong vong lap.
args, err := stream.Recv()
if err 1= {
// Néu gap "10.EOF , client stream sé& dong.
if err == i0.EOF {
return

}

return err

reply := &String{value: "hello:" + args.GetValue()}

// D 1iéu tra vé duoc gOi dén client
// théng qua stream va viéc gri nhan
// dir 1liéu stream hai chiéu la hoan toan doc lap
err = stream.Send(reply)
if err 1= {
return err

Client can goi phwong thirc Channel dé 14y d6i twong stream tra vé:

stream, err := client.Channel(context.Background())
if err I= {
log.Fatal(err)

O phia client ta thém vao cac thao tac g&i va nhan trong cac Goroutine riéng biét. Trwdc hét [a dé gl dir liéu toi
server

go func() {
for {
if err := stream.Send(&String{value: "hi"}); err != {
log.Fatal(err)
3

time.Sleep(time.Second)

10

Ké& dén 1a nhan di liéu tra vé tr server trong vong lap:

for {
reply, err := stream.Recv()
if err != {

if err == io.EOF {
break



3
log.Fatal(err)

}
fmt.Println(reply.GetValue())

Ban c6 thé xem code cu thé tai day

3.3.4 M6 hinh Publishing - Subscription

Trong phan trwdc ching ta da xay dung phién ban don gidn cia phwong thirc watch dwa trén thw vién RPC dwng
sén ctia Go. Y twdng d6 c6 thé str dung cho hé théng publish-subscribe, nhwng béi vi RPC thiéu di co ché streaming
nén no chi cé thé tra vé 1 két qua trong 1 1an. Trong ché dd publish-subscribe, hanh déng publish dwa ra béi caller
gibng véi 61 goi ham théng thudng, trong khi subscriber bj dong thi giéng véi receiver trong gRPC client stream mét
chiéu. Bay gi¢ ta c6 thé thir xay dwng mot hé théng publish - subscribe dwa trén déc didm stream ctia gRPC.

__ 508

PUBLISHER
—
—
= TOPIC
—_ jj SUBSCRIBER
PUBLISHER @

SUBSCRIBER

Nhé&c lai mé hinh Pub/Sub
Publishing - Subscription 1& mét mau thiét ké thong dung va da co nhiéu cai d&t ciia mau thiét k& nay trong cong ddng
Open source. Doan code sau day xay dwng co ché publish - subscription dwa trén package pubsub:

import (
"github.com/moby/moby/pkg/pubsub"
"time"
"fmt"
"strings"

)

func main() {
// xay dung mot doi twong dé publish
p := pubsub.NewPublisher ( *time.Millisecond, )

// subscribe cac topic "go"
go := p.SubscribeTopic(func(v interface{}) bool {
if key, ok := v.(string); ok {
if strings.HasPrefix(key, "go:") {
return

}



}

return

9]

// subscribe cac topic "docker"
docker := p.SubscribeTopic(func(v interface{}) bool {
if key, ok := v.(string); ok {
if strings.HasPrefix(key, "docker:") {
return

}

return

9]

go p.Publish("hi")

go p.Publish("go: https://go.org")

go p.Publish("docker: https://www.docker.com/")
time.Sleep(1)

go func() {
fmt.Println("go topic:", <-go)
10
go func() {
fmt.Println("docker topic:", <-docker)
10
<- (chan bool)

Gi® chung ta thtr cung cAp mét hé théng publishing-subscription khac mang dwa trén gRPC va pubsub package. Dau
tién dinh nghfa mét service publish subscription interface bang protobuf:

service PubsubService {
// phuong thic RPC thong thuong
rpc Publish (String) returns (String);

// service server streaming
rpc Subscribe (String) returns (stream String);

gRPC plugin sé tao ra interface twong (rng cho server va client:

type PubsubServiceServer interface {
Publish(context.Context, *String) (*String, error)
Subscribe(*String, PubsubService_SubscribeServer) error

3

type PubsubServiceClient interface {
Publish(context.Context, *String, ...grpc.CallOption) (*String, error)
Subscribe(context.Context, *String, ...grpc.CallOption) (

PubsubService_SubscribeClient, error,

type PubsubService_SubscribeServer interface {
Send(*String) error
grpc.ServerStream

B&i vi subscribe la stream 1 chiéu phia server nén chi cé phwong thirc send dwoc tao ra trong interface

HelloService_SubscribeServer

Sau d6 c6 thé xay dwng céc service publish va subscribe nhw sau:

type PubsubService struct {



pub *pubsub.Publisher

func NewPubsubService() *PubsubService {
return &PubsubService{
pub: pubsub.NewPublisher ( *time.Millisecond, ),

Ké dén la cac phwong thirc publishing va subscription:

func (p *PubsubService) Publish(
ctx context.Context, arg *String,
) (*String, error) {
p.pub.Publish(arg.GetValue())
return &String{},

func (p *PubsubService) Subscribe(
arg *String, stream PubsubService_SubscribeServer,
) error {
ch := p.pub.SubscribeTopic(func(v interface{}) bool {
if key, ok := v.(string); ok {
if strings.HasPrefix(key,arg.GetvValue()) {

return
}
}
return
)]
for v := range ch {
if err := stream.Send(&String{value: v.(string)}); err !=
return err
}
}
return

Ham main cho phép dang mai thong tin tw client t&i server:

func main() {
conn, err := grpc.Dial("localhost:1234", grpc.WithInsecure())
if err I= {
log.Fatal(err)
}

defer conn.Close()
client := NewPubsubServiceClient(conn)

_, err = client.Publish(
context.Background(), &String{Value: "go: hello Go"},

)

if err != {
log.Fatal(err)

}

_, err = client.Publish(
context.Background(), &String{Value: "docker: hello Docker"},

)

if err != {
log.Fatal(err)

}

Chi tiét: clientpub.



Sau d6 c6 thé subscribe thong tin d6 t mét client khac:

func main() {
conn, err := grpc.Dial("localhost:1234", grpc.WithInsecure())
if err 1= {
log.Fatal(err)
}

defer conn.Close()

client := NewPubsubServiceClient(conn)

stream, err := client.Subscribe(
context.Background(), &String{value: "go:"},

)

if err I= {
log.Fatal(err)
}
for {
reply, err := stream.Recv()
if err = {
if err == i0.EOF {
break
}
log.Fatal(err)
}
fmt.Println(reply.GetValue())
}

Chi tiét; clientsub.

Cho dén gi® ching ta da xay dwng duoc service publishing va subscription khac mang dwa trén gRPC. Trong phan
ké tiép chuing ta sé xét mdt s6 (rng dung nang cao hon clia Go trong gRPC.

Lién két

e Phan tiép theo: M6t s6 van dé khac clia gRPC
e Phan trwéc: Protobuf
e Muc luc



3.4 M6t s6 van dé khac cuaa gRPC
D& nang cao kha néng bao mat, ta c6 thé ap dung chirc nang xac thwe vao hé théng. Hai mirc xac thye dung trong
RPC:

e Mot l1a khi thiét lap két ndi giva client - server (st¢ dung chirng chi)
oMbt Ia dbi v&i mbi & goi dwoc thue hién gitra client - server (siv dung token).

Phan nay sé ta sé tim hidu cach hién thuc cac co ché xac thwc nay, sau dé la st dung interceptor cho
request/response va gRPC két hop véi web service.

3.4.1 Xac thuc qua chirng chi (certificate)

gRPC dugc xay dung dwa trén giao thirc HTTP/2 va hé trg TLS kha hoan thién. gRPC service trong chwong trwdc
chuing ta khéng hd tro' xac thwe qua ching chi, vi vay client grpc.withinsecure() c¢6 thé théng qua tlly chon ma bd
qua viéc xac thuc trong server duoc két ndi.

Certificate Authority

Verifies server Verifies client
certificate certificate

@ server.crt client.crt @

@—Pmtected service requested ™

©,
Provides server cerfificate -
—{ : }—Prwides client cerfficate———————»

‘—®—PFGTEC1:E-E| service executed———™, server /
Client key Sernver key

store

Xac thuc bang chiing chi
gRPC service khdng co xac thuc chirng chi (certificate) s& phai giao tiép hoan toan béng plain-text vai client va cé
nguy co cao bj giam sat bdi mot bén thir ba khac. D& khéc phuc yéu diém nay, ching ta ¢ thé st dung ma hoa TLS
trén server.

Dau tién tao private key va certificate cho server va client riéng biét bang cac lénh sau:

$ openssl genrsa -out server.key 2048

$ openssl req -new -x509 -days 3650 \
-subj "/C=GB/L=China/0O=grpc-server/CN=server.grpc.io" \
-key server.key -out server.crt

$ openssl genrsa -out client.key 2048

$ openssl req -new -x509 -days 3650 \
-subj "/C=GB/L=China/0O=grpc-client/CN=client.grpc.io" \
-key client.key -out client.crt



Lénh trén sé tao ra 4 file: server.key, server.crt, client.key va client.crt. File private key c6 phadn mé rong .key va dwoc
can dwoc gilr bdo mat an toan. File certificate c6 phan mé réng .crt dwoc hidu nhu public key va khéng can gid bi
mat.

V6i certificate d4y ta co thé truyén no vao tham sb dé& bat ddu mot gRPC service:

func main() {
// khé&i tao déi tuwgng certificate tir file cho server
creds, err := credentials.NewServerTLSFromFile("server.crt", "server.key")
if err 1= {
log.Fatal(err)

// truyén certificate dudi dang tham sé
// cho ham kh&i tao mdét server
server := grpc.NewServer(grpc.Creds(creds))

Server c6 thé dwoc xac thwc & client dwa trén chirng chi clia server va tén cla né:

func main() {
// client x&c thuc server bang cach dua vao
// chiing chi CA root va tén cla server
creds, err := credentials.NewClientTLSFromFile(
"server.crt", "server.grpc.io",

)
if err I= {
log.Fatal(err)
}
conn, err := grpc.Dial("localhost:5000",
grpc.WithTransportCredentials(creds),
)
if err != {
log.Fatal(err)
}

defer conn.Close()

Khi client lién két voi server, trwdc tién, né sé yéu cau chirng chi clia server, sau dé st dung chirng chi CA root dé&
xac minh chirng chi phia server ma né nhan dwoc.

Néu chirng chi cla client ciing dwoc ky bdi CA root, server cling c6 thé thuc hién xac thwe chirng chi trén client. &
day ta st dung chirng chi CA root dé ky chirng chi client:

$ openssl req -new \
-subj "/C=GB/L=China/0O=client/CN=client.io" \
-key client.key \
-out client.csr
$ openssl x509 -req -sha256 \
-CA ca.crt -CAkey ca.key -CAcreateserial -days 3650 \
-in client.csr \
-out client.crt

Xem Makefile

Chung chi root dwgc ciu hinh ltic khéi dong server:



func main() {

certificate, err := tls.LoadX509KeyPair('"server.crt", "server.key")
if err 1= {
log.Fatal(err)
}
certPool := x509.NewCertPool()
ca, err := ioutil.ReadFile("ca.crt")
if err 1= {

log.Fatal(err)

}

if ok := certPool.AppendCertsFromPEM(ca); !ok {
log.Fatal("failed to append certs")

// Server ciling s dung ham “credentials.NewTLS  dé tao ching chi
creds := credentials.NewTLS(&tls.Config{
Certificates: []Jtls.Certificate{certificate},

// cho phép Client duoc xac thuc
ClientAuth: tls.RequireAndVerifyClientCert,

// chon ching chi CA root théng qua ClientCA,
// this is optional!
ClientCAs: certPool,

)]

server := grpc.NewServer(grpc.Creds(creds))

Nhw vay ching ta da xay dwng dwoc mét hé théng gRPC dang tin cay dé két ndi gitva Client va Server théng qua xac
thuwc chirng chi tlr ca 2 chiéu.

3.4.2 Xac thwe bang token

Xéac thwe dwa trén chirng chi dwoc mé ta & trén 1a danh cho tirng két ndi gRPC. Ngoai ra gRPC ciing hd tro xac thuwc
cho méi I&nh goi gRPC, d& viéc quan ly quyén cé thé thuc hién trén cac két néi khac nhau dwa trén user token.

D& hién thuc co ché xac thuc cho tirng phuong thirc gRPC, ta can trién khai interface grpc.perrpccredentials !

type PerRPCCredentials interface {
// GetRequestMetadata get request vé metadata hién tai,
// refresh lai token. Ham nay nén duoc goi t&r transport layer
// trén mbéi request va dit 1liéu phdi dugc dién vao header
// hoac trong context. Néu status code dugc tra ve,
// né sé dugc sir dung lam status cho RPC.
// uri la URI entry point cla request.
// ctx c6 thé dung cho timeout va cancellation.
GetRequestMetadata(ctx context.Context, uri ...string) (
map[string]string, error,

// RequireTransportSecurity thé hién cho viéc credentials
// c6 yéu cau két ndi bao mat (TLS) khoéng.

// Nén la true dé thong tin xac thuc khdng c6 nguy co
// bi xam pham va gia mao.

RequireTransportSecurity() bool

Ta c6 thé tao ra struct Authentication @& xac thwc username va password:



type Authentication struct {

User string
Password string

}

// tra vé thong tin xac thuwc cuc bo gbébm ca user va password.

func (a *Authentication) GetRequestMetadata(context.Context, ...string) (
map[string]string, error,

) {

return map[string]string{"user":a.User, "password": a.Password}, nil

// dé code dugc don gidn hon nén "RequireTransportSecurity’

// khbéng can thiét.

func (a *Authentication) RequireTransportSecurity() bool {
return false

Théng tin token co thé dwoc truyén vao nhw tham sb cho méi gRPC service dwoc yéu cau:

func main() {
auth := Authentication{
Login: "gopher",
Password: "password",

// d6i tuogng “Authentication’ duwoc chuyén d6i thanh tham sé
// cba “grpc.Dial’ ba&ng ham “grpc.wWithPerRPCCredentials’
// Vi secure link khdng dugc kich hoat nén can phai
// truyén vao “grpc.WithInsecure() dé bd qua budc
// xac thuc chiing chi bao mat
conn, err := grpc.Dial("localhost"+port, grpc.WithInsecure(), grpc.WithPerRPCCredentials(&auth))
if err != nil {
log.Fatal(err)
}

defer conn.Close()

Ké do trong mdi phwong thire clia gRPC server, danh tinh ngwdi diing dwoc xac thwe bdi phwong thirc Autn

Authentication

type grpcServer struct { auth *Authentication }

func (p *grpcServer) SomeMethod(
ctx context.Context, in *HelloRequest,
) (*HelloReply, error) {
if err := p.auth.Auth(ctx); err != nil {
return nil, err

return &HelloReply{Message: "Hello " + in.Name}, nil

// phuong thtc thyc hién viéc xac thuc
func (a *Authentication) Auth(ctx context.Context) error {
// meta information dwoc ldy t&r bién ngl canh “ctx’
md, ok := metadata.FromIncomingContext(ctx)
if tok {
return fmt.Errorf("missing credentials")

var appid string
var appkey string



if val, ok := md["login"]; ok { appid = val[0] }
if val, ok := md["password"]; ok { appkey = val[0] }

// Néu xac thuc that bai sé& tra vé 16i

if appid !'= a.Login || appkey != a.Password {
return grpc.Errorf(codes.Unauthenticated, "invalid token")

return

3.4.3 Interceptor

Grpc.UnaryInterceptor VA grpc.StreamInterceptor trong gRPC hé tro interceptor cho cac phwong thirc théng
thweng va phuong thire stream. O’ day ching ta hay tim hiéu vé viéc st dung interceptor cho phuwong thirc théng
thwong.

D& s dung ham interceptor filter , chi can truyén né vao I&i goi ham khi bt dadu mét gRPC service:

server := grpc.NewServer(grpc.UnaryInterceptor(filter))
Interceptor
&
| Request >
Client Server
RS -
L 3 Respans

Interceptor véi ham filter
D& hién thuc mét interceptor nhw vay, ta tao ra ham rilter nhw sau:

// ctx va req la tham s6 cla phuwong thirc RPC binh thuodng.
// info chi ra phuong thic gRPC tuwong (ing
// hién dang duoc s& dung va tham s6 handler
// tuong Gtng véi ham gRPC hién tai
func filter(ctx context.Context,
req interface{},
info *grpc.UnaryServerInfo,
handler grpc.UnaryHandler,
) (resp interface{}, err error) {
// ghi log tham s6 info
log.Println("filter:", info)

// goi téi phuong thic gRPC gén véi “handler®
return handler(ctx, req)

Né&u ham interceptor tra vé& 16i thi 1énh goi phwong thirc gRPC sé dwoc coi la failure. Ching ta loi dung diém nay dé
thuwe hién mot sé xac thue trén cac tham sd dau vao va ca két qua tra vé cia Interceptor.

Sau day la moét interceptor cé chirc nang thém maot exception cho phwong thirc gRPC:

func filter(
ctx context.Context,
req interface{},
info *grpc.UnaryServerInfo,
handler grpc.UnaryHandler,

) (resp interface{}, err error) {
log.Println("filter:", info)



// néu co6 exception thi throw veé
defer func() {
// recover bat gia tri cla goroutine bi panic
if r := (); r = {
err = fmt.Errorf("panic: %v", r)

30

return handler(ctx, req)

Ta ap dung cho ham sayHello cla service Greeter :

type myGrpcServer struct{}

func (s *myGrpcServer) SayHello(ctx context.Context, in *HelloRequest) (*HelloReply, error) {

// gid s&r & ham nay ta gap panic, né sé& throw ra panic nay
("debug")
return &HelloReply{Message: "Hello " + in.Name},

Chi tiét vé& code c6 thé xem tai day

Chay thtr chwong trinh clia chung ta:

$ make gen
$ go build
$ ./3-interceptor

2019/09/06 16:17:38 [server] filter: &{0xceb050 /main.Greeter/SayHello}

2019/09/06 16:17:38 [server] validate req
2019/09/06 16:17:38 [client] could not greet: rpc error: code

= panic: debug

Két qua cho thay request ctia client di qua ham filter (1 interceptor) gdp ham saykello throw ra panic, filter |y panic

nay tra vé cho client.

Tuy nhién, chi mét interceptor c6 thé dwoc gén cho mét service trong gRPC framework, cho nén tat ca chirc nang

interceptor chi c6 thé thuc hién trong mot ham. Package go-grpc-middleware trong project opensource grpc-

ecosystem ¢é hién thuc co ché hd tro cho mét chudi interceptor dwa trén gRPC.

Mét vi du vé cach si dung mét chudi interceptor trong package go-grpc-middleware:

import "github.com/grpc-ecosystem/go-grpc-middleware"

myServer := grpc.NewServer (
grpc.UnaryInterceptor(grpc_middleware.ChainUnaryServer (
filterl, filter2,
)

grpc.StreamInterceptor(grpc_middleware.ChainStreamServer (
filterl, filter2,

)y

Xem chi tiét: go-grpc-middleware

Lién két
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3.5. gRPC va Protobuf extensions

Hién nay, cong ddng Open source da phat trién rat nhidu extensions xung quanh Protobuf va gRPC, tao thanh mét hé
sinh thai to Ion. O’ phan nay sé trinh bay v& mot sé extensions thong dung.

3.5.1 Validator

Trong Protobuf chiing ta c6 thé quy dinh gia tri mé&c dinh cla cac trwéng théng qua phan mé réng, vi du:

hello.proto:

syntax = "proto3";
package main;
// import phan mé& rong cua protobuf
import "google/protobuf/descriptor.proto";
// dinh nghia mdt sé truwong trong phan mé rong
extend google.protobuf.FieldOptions {
// nhitng con s6 nhu: 50000, 50001 la duy nhdt cho mdéi truong
string default_string = ;
int32 default_int = ;
}
// dinh nghia ndi dung message
message Message {
// default_string la giad tri mac dinh cho name

string name = [(default_string) = "gopher"];
// tuong tu, age s& c6 gia tri 10 néu khéng khdi tri
int32 age = 2[(default_int) = 1,

Trong céng ddng Open source, thuw vién go-proto-validators |a mot extension clia Protobuf c¢é chirc nang validator rat
manh mé dya trén phan mé réng tw nhién clia Protobuf. D& st dung validator dau tién ta can phai tai plugin sinh ma
ngudn bén dwdi:

$ go get github.com/mwitkow/go-proto-validators/protoc-gen-govalidators

Sau d6 thém phan validation rules vao cac thanh vién clia Message dwa trén rules clia go-proto-validators
validator.

hello.proto: (dung thw vién validator)

syntax = "proto3";

package main;
// import file validator.proto
import "github.com/mwitkow/go-proto-validators/validator.proto";
// dinh nghia message
message Message {
// dau ngoac vuéng mang y nghia la phan tuy chon
string important_string = [
// regex sé validate truong important_string dung theo syntax hay khong
(validator.field) = {regex: "A[a-z]{2,5}$"}

1;

int32 age = [
// tuong tu, gia tri cua a sé duwgc validate 1én hon @ va nhé hon 100
(validator.field) = {int_gt: 0, int_1t: 3

1;


https://github.com/mwitkow/go-proto-validators

T4t ca nhirng validation rules dwoc dinh nghia trong message Fieldvalidator trong file validator.proto. Trong dé ta
sé& thdy moét sb trwong duoc dung & vi du trén nhu sau:

mwitkow/go-proto-validators/validator.proto:

syntax = "proto2";
package validator;

import "google/protobuf/descriptor.proto";
extend google.protobuf.FieldOptions {

optional Fieldvalidator field = ]

message Fieldvalidator {
// st dung Golang RE2-syntax regex dé match véi ndi dung cac field

optional string regex = 1;

// gi& tri cla bién integer binh thuwong 16n hon gia tri nay.
optional int64 int_gt = 2;

// gi& tri cla bién integer binh thuwong nhé hon gia tri nay.
optional int64 int_1lt = 3;

//

Phan chu thich ctia méi trwéng & trén sé& cho ching ta théng tin vé& chirc néng ctia ching. Sau khi chon duoc cac
chtrc nang validate can thiét, chiing ta dung 1énh sau dé sinh ra ma ngudn validator:

$ protoc \
--proto_path=${GOPATH}/src \
--proto_path=${GOPATH}/src/github.com/google/protobuf/src \
--proto_path=. \
--govalidators_out=. --go_out=plugins=grpc:.\
hello.proto

// Trong d6:

// - proto_path: duong dan dén t&t cad cac file .proto dugc s dung
// - govalidators_out: plugin sinh ra ma ngudn validator

// chu y:

// - Trong Windows, ta thay thé ${GOPATH} thanh %GOPATH%

Lénh trén sé goi chwong trinh protoc-gen-govalidators dé sinh ra file v&i tén hello.validator.pb.go , NOi dung cua
no sé nhw sau:

hello.validator.pb.go:

// dinh nghia chudi regex
var _regex_Message_ImportantString = regexp.MustCompile("/[a-z]{2,5}$")
// ham Validate() sé& chay cac rules va bat 16i néu c6
func (this *Message) Validate() error {
// rule 1 kiém tra ImportantString cé theo regex hay khéng, néu c6 16i s& ném ra
if !'_regex_Message_ImportantString.MatchString(this.ImportantString) {
return go_proto_validators.FieldError("ImportantString", fmt.Errorf(
“value '%v' must be a string conforming to regex "A[a-z]{2,5}$"",
this.ImportantString,
))

// rule 2 kiém tra Age > @ hay khong, néu c6é 16i s& ném ra
if I (this.Age > 0) {
return go_proto_validators.FieldError("Age", fmt.Errorf(
‘value '%v' must be greater than '0'", this.Age,

))

// rule 3 kiém tra Age < 100 hay khéng, néu c6é 16i sé& ném ra
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if !(this.Age < ) {
return go_proto_validators.FieldError("Age", fmt.Errorf(
“value '%v' must be less than '100'", this.Age,
)
}

// tra vé nil néu kiém tra tdt cad cac rules trén déu hop 1é
return

Théng qua ham Validate() dwgc sinh ra, ching cé thé dwoc két hop véi gree interceptor , chiing ta c6 thé dé dang
validate gia tri cia tham s dau vao va két qua tra vé ctia méi ham.

3.5.2 REST interface

Hién nay RESTful JSON API van | s lwa chon hang dau cho cac trng dung web hay mobile. Vi tinh tién lgi va dé
diing ctia RESTful API nén ching ta van st dung né dé frondend co thé giao tiép véi hé théng backend. Nhwng khi
chuing ta st dung framework gRPC clia Google dé& xay duwng cac service. Cac service stv dung gRPC thi dé& dang trao
ddi di¥ liéu v&i nhau dwa trén giao thirc HTTP/2 va protobuf, nhung & phia frontend lai st dung RESTful API API hoat
dong trén giao thirc HTTP/1. VAn d& dat ra 1a ching ta can phai chuy&n ddi cac yéu ciu RESTful API thanh cac yéu
cau gRPC dé hé thdng cac service gRPC ¢6 thé hiéu duorc.

Cong ddng Open source da xay dwng mot project véi tén goi 1a grpc-gateway, né sé sinh ra mét proxy co vai trd
chuyén cac yéu cau REST HTTP thanh cac yéu cau gRPC HTTP2.

API Client

RESTful AP || PUT /vi/user/123/profile

(Typically JSON over HTTP 1.1}
(Typically JSON over / {*email”: “fooRexample.com”, ..}

\

Reverse Proxy

example.ProfileService.Update

. user id:123
IJI'Of"E‘SEI'VICE-DT'OtO gRPC email: “fooRexample.com”

Your gRPC

service /

gRPC-Gateway workflow

Trong file Protobuf (chi cé & proto3), chiing ta sé& thém théng tin phan routing trng véi cac ham trong gRPC service,
dé& dwa vao do grpc-gateway sé sinh ra ma nguén proxy twong tng.

rest_service.proto:

// phién ban proto3

syntax = "proto3";

// tén package dugc sinh ra

package main;

// chu y: import annotations.proto dé dung chirc nang grpc-gateway
import "google/api/annotations.proto";

// dinh nghia message trao doi

message StringMessage {


https://restfulapi.net/
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string value = 1;
}
// dinh nghia RestService
service RestService {
// dinh nghia ham RPC Get trong service
rpc Get(StringMessage) returns (StringMessage) {
// ndi dung phan option trong nay dinh nghia Rest API ra bén ngoai
option (google.api.http) = {
// get: la tén phuong thic duoc si dung
get: "/get/{value}"
// "/get/{value}" : la duong dan uri,
// trong doé {value} duoc pass vao uri la ndi dung StringMessage request
3
}
// dinh nghia ham RPC Post trong service
rpc Post(StringMessage) returns (StringMessage) {
option (google.api.http) = {
// dung phuong thic post
post: "/post"
// StringMessage sé& dudi dang chudéi Json khi gti Request (vd:
body: "*"

'{"value":"Hello, World"}")

Chung ta cai dat plugin protoc-gen-grpc-gateway véi nhirng 1énh sau:

$ go get -u github.com/grpc-ecosystem/grpc-gateway/protoc-gen-grpc-gateway

Sau d6 chung ta sinh ra ma ngudn routing cho grpc-gateway théng qua plugin sau:

$ protoc -I/usr/ /include -I. \
-I$GOPATH/src \
-I$GOPATH/src/github.com/grpc-ecosystem/grpc-gateway/third_party/googleapis \
--grpc-gateway_out=. --go_out=plugins=grpc:.\
hello.proto

// Trong windows: Thay thé ${GOPATH} v&i %GOPATH%.

Plugin sé sinh ra ham RegisterRestServiceHandlerFromEndpoint() cho RestService service nhuw sau:

func RegisterRestServiceHandlerFromEndpoint (
ctx context.Context, mux *runtime.ServeMux, endpoint string,
opts []grpc.DialOption,

) (err error) {

Ham RegisterRestServiceHandlerFromEndpoint dwoc diing d& chuyén tiép nhirng request dwoc dinh nghia trong
REST interface dén gRPC service. Sau khi registering cac Route handle, chiing ta sé& chay proxy web service trong
ham main nhw sau:

proxy/main.go:

func main() {
// khai bao bién context dé x& ly signal két thulc goroutine
ctx := context.Background()
ctx, cancel := context.WithCancel(ctx)
// ham cancel() sé& kich hoat ctx.Done()
defer cancel()
// mux dugc dung cho viéc routing
mux := runtime.NewServeMux()



// goi ham dé dang ki RestService cho proxy

err := RegisterRestServiceHandlerFromEndpoint (
// truyén vao bién ctx, mux, va dia chi gRPC service
ctx, mux, "localhost:5000",
[Igrpc.DialOption{grpc.WithInsecure()},

)

// in ra 10i néu co

if err 1= {
log.Fatal(err)

}

// bat dau 1lang nghe http client trén port 8080

http.ListenAndServe(":8080", mux)

// $ go run proxy/main.go

Tiép theo ta sé& chay gRPC service:

restservice/main.go:

// khai bao struct xay dung RestService

type RestServiceImpl struct{}

// ham Get RPC duoc xay dung nhu sau

func (r *RestServiceImpl) Get(ctx context.Context, message *StringMessage) (*StringMessage, error) {
return &StringMessage{Value: "Get hi:" + message.value + "#"},

}

// tuong ty véi ham Post RPC duwoc xay dung voi

func (r *RestServiceImpl) Post(ctx context.Context, message *StringMessage) (*StringMessage, error) {
return &StringMessage{value: "Post hi:" + message.Value + "@"},

}

// ham main cua gRPC service

func main() {
// kh&i tao mot grpc Server méi

grpcServer := grpc.NewServer ()

// register grpc Server voi d6i tuwong xay dung cac ham RPC
RegisterRestServiceServer(grpcServer, (RestServiceImpl))

// listen gRPC Service trén port 5000, bd qua 16i trd vé néu cé
lis, _ := net.Listen("tcp", ":5000")

grpcServer .Serve(lis)

// $ go run restservice/main.go

Sau khi chay hai chwong trinh gRPC va REST services, chiing ta co thé tao request REST service v&i lénh curl:

// goi service Get

$ curl localhost:8080/get/gopher

{"value":"Get: gopher"}

// goi service Post

$ curl localhost:8080/post -X POST --data '{"value":"grpc"}'
{"value":"Post: grpc"}

Khi chuing ta publishing REST interface thong qua Swagger, mdt swagger file ¢ thé dwoc sinh ra nhér vao cong cu
grpc-gateway bang 1&nh bén duai:

// chay lénh sau dé cai dit néu chua c6 sé&n

$ go get -u github.com/grpc-ecosystem/grpc-gateway/protoc-gen-swagger

// 1énh sinh ra swagger file

$ protoc -I. \
-I$GOPATH/src/github.com/grpc-ecosystem/grpc-gateway/third_party/googleapis \
--swagger_out=. \
hello.proto

// Trong do,
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// - --swagger_out=.: dung plugin swagger dé sinh ra swagger file tai thu muc hién tai

File hello.swagger.json s& dwoc sinh ra sau do. Trong trwérng hop nay, ching ta c6 thé ding swagger-ui project
dé cung cAp tai liéu ResT interface va testing dwdi dang web pages.

3.5.3 Dung Docker grpc-gateway

V6i nhivng 1ap trinh vién phat trién gRPC Services trén cac ngdn ngi» khéng phai Golang nhw Java, C++, ... c6 nhu
cau sinh ra grpc gateway cho cac services clia ho nhung gap kha nhidu kho khén tir viéc cai d&t méi trwéng Golang,
Protobuf, cac Iénh generate,v,v.. C6 mét gidi phap don gian hon dé 1a si dung Docker dé xay dwng grpc-gateway
theo bai hwéng dan chi tiét sau buildingdocker-grpc-gateway.

3.5.4 Nginx

Nhirng phién ban Nginx vé sau ciing da hé trg grec  v&i kha nang register nhiéu gRPC service instance gitp load
balancing (can béng tai) d& dang hon. Nhirng extension ctia Nginx v& gRPC 1a mét cha dé Ién, & day chung t6i khong
trinh bay hét dwoc, cac ban cé thé tham khao cac tai liéu trén trang chi ciia Nginx nhw & day.

Lién két
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3.6. Cong cu grpcurl

Ban than Protobuf da cé chirc nang phan chiéu (reflection) lai file Proto ctia di twong khi thwe thi. gRPC ciing cung
cAp mét package reflection dé& thuc hién cac truy van cho gRPC service. Méc di gRPC c6 mét hién thyc bang C++
clia céng cu grpe_cli , ¢ thé dwoc st dung dé truy van danh sach gRPC hodc goi phuwong thirc gRPC, nhuwng béi
vi phién ban d6 cai d&t kha phirc tap nén & day ching ta sé ding cdng cu grpeurl dwoc hién thuc thuan béng
Golang. Phan nay ta s& cung tim hiéu cach st dung céng cu nay.

3.6.1 Kh&i dong mét reflection service

Chi c6 duy nhat ham Rregister trong package reflection, ham nay dung dé& dang ky grpc.server véi reflection
service. Trong document clia package c6 hwdng dan nhu sau:

import (
"google.golang.org/grpc/reflection"
)

func main() {
s := grpc.NewServer()
pb.RegisterYourOwnServer(s, &server{})

reflection.Register(s)

s.Serve(lis)

Néu gRPC reflection service dwoc khdi chay thi cac gRPC service c6 thé dwoc truy van hodc goi ra béng reflection
service do package reflection cung cap.

3.6.2 Xem danh sach service
Grpeurl 1a cdng cu dugc cdng ddng Open source clia Golang phat trién, qua trinh cai dat nhuw sau:

$ go get github.com/fullstorydev/grpcurl
$ go install github.com/fullstorydev/grpcurl/cmd/grpcurl

St dung phd bién nhét trong grpcurl 14 1énh list, dwoc st dung dé 14y danh sach céc service hodc cac phwong thire
trong service. Vi duy, grpcurl localhost:1234 list la lénh sé& nhan dwgc mot danh sach cac service gRPC trén port
1234 & localhost.

Khi st dung grpcurl véi giao thirc TLS ta can chi dinh cac dwéng dan tdi public key -cert va private key -key . Ddi
v&i gRPC service khdng cé giao thirc TLS, quy trinh xac minh chirng chi TLS c6 thé b qua bang tham s6 -
plaintext . Néu do I giao thirc Unix Socket, can chi dinh tham s -unix .

Néu cac file public va private key chwa dwoc cau hinh va qua trinh xac minh chirng chi bi b qua, ta cé thé sé& gap 18i
nhw sau:

$ grpcurl localhost:1234 list
Failed to dial target host "localhost:1234": tls: first record does not \
look like a TLS handshake



Néu gRPC service binh thwérng nhung dwoc khéi dong reflection service thi sé cé théng bao 16i:

$ grpcurl -plaintext localhost:1234 list
Failed to list services: server does not support the reflection API

Gia dinh réing gRPC sercie da duoc kich hoat reflection service, file Protobuf clia service nhu sau:

syntax = "proto3";

package HelloService;

message {

value = 1;
}
service {

rpc Hello (String) returns (String);
rpc Channel (stream String) returns (stream String);

Két qua vé&i lénh 1ist :

$ grpcurl -plaintext localhost:1234 list
HelloService.HelloService
grpc.reflection.vilalpha.ServerReflection

Trong d6 HelloService.Helloservice la service dwgc dinh nghia trong file protobuf. serverreflection la reflection
service dwoc package reflection dang ky. Thong qua service nay ching ta cé thé truy van thong tin clia tat ca cac
gRPC service bao gébm chinh né.

3.6.3 Danh sach cac phwong thirc cua service

Néu tiép tuc st dung lénh 1ist ta co thé xem dwoc ca danh sach cac phwong thirc trong Helloservice :

$ grpcurl -plaintext localhost:1234 list HelloService.HelloService
Channel
Hello

T két qua cho thay service nay cung c&p 2 phwong thirc 14 channel va Hello , twong (rng v&i cac dinh nghia trong
file Protobuf.

Néu mudn biét chi tiét ctia tirng phwong thirc, ta cé thé st dung cau 1énh describe :

$ grpcurl -plaintext localhost:1234 describe HelloService.HelloService
HelloService.HelloService is a service:
service HelloService {
rpc Channel ( stream .HelloService.String ) returns ( stream .HelloService.String );
rpc Hello ( .HelloService.String ) returns ( .HelloService.String );

Két qua Ia danh sach cac phwong thirc co trong service cling véi md ta cac tham sé input cling nhw gia tri tra vé
twong ng clia chung.

3.6.4 LAy thong tin kiéu dir liéu



Sau khi ¢é dwoc danh sach cac phwong thire va kidu cla gia ti trd v&, ching ta co thé tiép tuc xem thong tin chi tiét
hon vé& kiéu ctia cac bién nay. Sau day 1a cac s dung Iénh describe d& xem théng tin ctia tham sb

HelloService.String

$ grpcurl -plaintext localhost:1234 describe HelloService.String
HelloService.String is a message:
message String {

string value = 1;

Két qua tra vé ding v&i md ta trong file protobuf clia service.

3.6.5 Lénh goi phwong thirc

Ta c6 thé goi phwong thirc gRPC béng cach truyén thém tham sb -d va mét chudi json nhw input clia ham va goi t&i
phwong thirc Hello trong Helloservice , chi tiét nhw sau:

$ grpcurl -plaintext -d '{"value": "gopher"}' localhost:1234 HelloService.HelloService/Hello

"value": "hello:gopher"

Néu co thamsd -d, @ nghia la doc vao tham sb dang json tir input chun (stdin), cach nay thwong ding dé test
cac phwong thirc stream.

Vi du sau day két ndi t¢i phwong thirc stream tén channel va doc tham sé input stream tly input chuan:

$ grpcurl -plaintext -d @ localhost:1234 HelloService.HelloService/Channel
{"value":"gopher-vn"}

{
"value": "hello:gopher-vn"
}
{"value": "vietnamese-vng"}
{
"value": "hello:vietnamese-vng"
}

Lién két
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3.7. Loi noi thém

Chung ta nén doc thém céc tai liéu va vi du duoc trang cha Protobuf va gRPC cung cép. Trong chwong nay tap trung
vao RPC cla thw vién chudn Go va framework gRPC dua trén Protobuf. Song song dé la tim hidu cach tw minh tay
chinh framework RPC. Hién tai, céng ddng Open source cé rat nhiéu framework RPC riéng biét, cling nhw cac hé
thdng RPC dé tuy bién trén cac hé thdng phan tan. Ngwoi dung nén chon ding céng cu theo nhu cau thyc té cla

minh.
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https://developers.google.com/protocol-buffers/
https://grpc.io/

Chuwong 4: Go va Web

Chwong 4: Go va Web

“I have reimplemented a networking project from Scala to Go. Scala code is 6000 lines. Go is about 3000. Even

though Go does not have the power of abbreviation, the flexible type system seems to out-run Scala when the

programs start getting longer. Hence, Go produces much shorter code asymptotically.” — Petar Maymounko
Nganh céng nghiép phdn mé&m hién dai khong thé tach khdi Web. Cho di muc tiéu 1 tré thanh mét k§ sw phan mém,
hay mot nha tw van vé ky thuat thi kién thirc vé Web nén 1a mot trong nhirng kién thirc nén tadng ma ta can phai biét

dén.
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4.1. Gi&i thiéu chwong trinh Web

Trong lap trinh web, dbi véi cac trang web nhé va don gian (nhw blog, portfolio, ...) ta sé& st dung template, d6i voi
céac trang web phirc tap va phat trién vé& lau dai ta s& can chia thanh front end, back end riéng biét dé tién cho cac
team lam viéc doc lap va dé dang phat trién mé rong.

Ngay nay c6 rat nhiéu cong nghé hd tro' cho phat trién front end, ma ndi bat 1a Vue, React. Front end server duoc
build d& xtr ly viéc hién thi giao dién con cac xt ly logic lién quan t&i database né sé& phai goi xudng api & back end.

Back end ciing co thé& chia thanh nhiéu service nhé (dé scale dwgc) va cung cép cac api viét bing gRPC hodc
RESTful, tAt c& co thé viét béng nhidu ngdn ngi¥ nhw Java, C#, JS, PHP, Python, Rust,... nhwng & day ching ta sé
tim hiéu vé Go.

Phan nay sé dé& cap vé& cach xay dwng mét chuong trinh web don gian béng thw vién chuén clia Go, sau dé gidi thiéu
cac framework web trong cong déng Open source.

4.1.1 Dung thw vién chuan net/http

Goai thw vién net/http d& cung cip nhirng ham co ban cho viéc routing URL, chiing ta sé dung né dé viét mot chwong
trinh nhttp echo server

echo.go:

package main

import (
"io/ioutil"
"Iog"
"net/http"

func echo(wr http.ResponseWriter, r *http.Request) {
msg, err := ioutil.ReadAll(r.Body)
if err = {

wr . Write([]byte("echo error"))
return

}

writeLen, err := wr.Write(msg)

if err I= || writeLen != (msg) {
log.Println(err, "write len:", writelen)
3
}

func main() {
http.HandleFunc("/", echo)
err := http.ListenAndServe(":8080", )
if err 1= {

log.Fatal(err)
}


https://gowebexamples.com/templates/
https://golang.org/pkg/net/http/

Két qua khi chay chwong trinh:

$ go run echo.go &
$ curl http://127.0.0.1:8080/ -d '"Hello, World"'
"Hello, World"

4.1.2 Dung thw vién bén ngoai

B&i vi g6i thw vién chuan net/http clia Golang chi hd tro' nhirng ham routing va ham chirc ndng co ban. Cho nén trong
coéng ddng Golang cé y twéng 1a viét thém cac thw vién hd tro routing khac ngoai net/http .

Théng thwéng, néu cac dw an routing HTTP clia ban ¢é nhitng d3c diém sau: URI cb dinh, va tham s khong truyén
théng qua URI, thi nén ding thw vién chuén la di. Nhwng véi nhitng trwdng hop phirc tap hon, thw vién chuan
net/http van con thiéu cac chirc ndng hd trg. Vi du, xét cac route sau:

GET /card/:id

POST /card/:id

DELETE /card/:id

GET /card/:id/name

GET /card/:id/relations

Co thé thay ring, cling 1a dwong dan c6 chva /card/:id , nhwng c6 phwong thirc khac nhau hodc nhanh con khac
nhau s& dan dén logic x ly khac nhau, cach xt ly nhitng dworng dan triing tén nhw vay thudng sé phic tap. Khi dé
chuing ta cé thé nght dén viéc st dung mét s framework routing bén ngoai tir cong ddng Open source nhuw
HttpRouter, Gin, Gorilla, Revel, Beego, Iris,...
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https://golang.org/pkg/net/http/
https://vi.wikipedia.org/wiki/URI
https://github.com/julienschmidt/httprouter
https://github.com/gin-gonic/gin
https://github.com/gorilla/mux
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https://github.com/astaxie/beego
https://github.com/kataras/iris

4.2. Routing trong Web

Trong phan trwdc, ching ta da tim hidu cach dung thw vién chuén http/net @& hién thwc ham routing don gian. Tuy
nhién mét framework web sé& cé nhiéu thanh phan khac ngoai viéc dinh tuyén nhw xt ly tham sé URI, phuong thirc,
ma 16i.

4.2.1 RESTful API

RESTful la mét tiéu chuén thiét ké API trong nganh céng nghiép web hién dai. Ngoai nhitng phwong thirc GET,
POST thi RESTful ciing dinh nghfa vai phuong thirc khac trong giao thirc HTTP bao gém:

Phwong thirec HTTP:

const (
MethodGet = "GET"
MethodHead = "HEAD"
MethodPost = "pPOST"
MethodPut = "put"
MethodPatch = "PATCH"
MethodDelete = "DELETE"

MethodConnect = "CONNECT"
MethodOptions = "OPTIONS"
MethodTrace = "TRACE"

Nhin vao nhitng dwong dén RESTful API sau:

// mdi API s& c6 moét phuong thic tuong (ng
// tham s6 dugc truyén vao thong qua URI

GET /repos/:owner/:repo/comments/:id/reactions
POST /projects/:project_id/columns

PUT /user/starred/:owner/:repo

DELETE /user/starred/:owner/:repo

Néu hé thdng web ctia chiing ta can cé nhitng API twong tw trén, viéc st dung thw vién chuan net/http hién nhién la
khong dd. Nhivtng API chira parameters nhw trén ctia Github cé thé dugc hd tro hién thwe béi thw vién HttpRouter.

4.2.1 Tim hiéu thw vién HttpRouter

Nhiéu Open source web framework phd bién ctia Go thwdng dwoc xay dwng dwa trén HttpRouter nhw 13 Gin
framework, hodc hd tro cho routing dwa trén nhirng bién thé ctia HttpRouter. Khi st¢ dung cac framework d6, ching ta
can phai tranh mét sb treéng hop ma né dan dén xung dot routing khi thiét ké.

Vi du:

// xung d0t trong trudong hgp dac biét id la 'info'

// vi cung phuong thrc nén cung ndm trén mot 'cay dinh tuyén'
// 'cay dinh tuyén' dwgc néi & phan sau

GET /user/info/:name

GET /user/:id

// khdéng xung dot vi khac phuong thic
// nén sé tao ra hai 'cay dinh tuyén' cho hai phuong thtc khac nhau
GET /user/info/:name


https://golang.org/pkg/net/http/
https://restfulapi.net/
https://github.com/julienschmidt/httprouter
https://github.com/julienschmidt/httprouter
https://github.com/gin-gonic

POST /user/:id

// céc 16i trén s& bi bat 16i panic trong HttpRouter

HttpRouter hé tro ki tw dac biét * trong dworng dan.

Vi du:

Pattern: /src/*filepath

/src/ filepath = ""
/src/somefile.go filepath = "somefile.go"
/src/subdir/somefile.go filepath = "subdir/somefile.go"

// thiét k& nay thudong dung dé xay dung moét static file server

HttpRouter cling hién thwc tly chinh ham callback trong mét vai trwéng hop dac biét nhw 1a 16i 404:

Vi du:

r := httprouter.New()

r.NotFound = http.HandlerFunc(func(w http.ResponseWriter, r *http.Request) {
w.Write([]byte("oh no, not found"))

1)

Hodc tuy chinh ham callback khi panic bén trong:

Vi du:

r.PanicHandler = func(w http.ResponseWriter, r *http.Request, c interface{}) {
log.Printf("Recovering from panic, Reason: %#v", c.(error))
w.WriteHeader (http.StatusInternalServerError)
w.Write([]byte(c.(error).Error()))

4.2.2 Cau truc dir liéu trong HttpRouter

CAu truc dir liéu dwgc dung bdi HttpRouter va nhidu framework routing d&n xuét khac 1a Radix Tree. Cay Radix
thweorng dwoc dung dé truy xuét chubi, d& xem ching cé nam trong cay hay khong va &y théng tin gén véi chudi do,
phwong phap tim kiém theo chiéu sau sé bat diu tlr node gbc, va thdi gian xap xi 1& o(n) , va n 1a chidu sau cla cay.


https://en.wikipedia.org/wiki/Radix_tree

romane
romanus

romulus
rubens Z \
ruber lom| [ub]

rubicon / N\

rubicundus P
@E/j R

® ®
EE’:EI IE(EQ Qn'undus
© @ ® 6 ® O
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Kiéu chudi khong phai la mét kidu sé hoc nén khdng thé so sanh trwc tiép nhw kiéu sd, va thdi gian xap xi clia viéc so
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sanh hai chudi la phu thudc vao dé dai ctia chudi, va sau dé dlng gidi thuat nhw 1& binary search dé tim kiém, do
phurc tap vé thoi gian cé thé cao. Dung Radix tree d& lwu tri va truy xuét chudi 1a mét cach dadm bao tdi wu vé thoi
gian, mi phan trong dwéng dan dwoc xem 1a mot chubi va dwoc lwu trir trong cay Radix nhw vi du sau:

luser
I
finfo/ /addr /search/
id id :city_id
|
type

4.2.3 Xay dwng Radix tree

Hay xét quy trinh ctia mot Radix tree trong HttpRouter. Phan thiét 1ap routing cé thé nhw sau:

PUT /user/installations/:installation_id/repositories/:repository_id

GET /marketplace_listing/plans/

GET /marketplace_listing/plans/:id/accounts
GET /search

GET /status


https://vi.wikipedia.org/wiki/Tìm_kiếm_nhị_phân
https://en.wikipedia.org/wiki/Radix_tree

GET /support

GET /marketplace_listing/plans/ohyes

4.2.3.1 Khéi tao

Radix tree c6 thé dwoc lwu triv trong cu tric ctia Router trong HttpRouter s&v dung mét sb cAu trdc div liéu sau:

// Router struct
type Router struct {
7 aaa
trees map[string]*node
// Trong do,
// key: GET, HEAD, OPTIONS, POST, PUT, PATCH hoac DELETE
// value: node cha cla cay Radix
//

M&i phuong thirc sé twong ng véi mot Radix tree ddc 1ap va khong chia sé div liéu véi cac cay khac. Déc biét dbi
v&i route chiing ta diing & trén, puT va eeT la hai Radix tree thay vi mot. DAu tién, chén route putT vao Radix tree:

r := httprouter.New()
r.PUT("/user/installations/:installation_id/repositories/:reposit", Hello)

path : "/user/installations/"

wildChild: true

nType: root
indices: ™"

path : ":installation_id"
wildChild: false

nType: param

indices: ™"
path : "/repositories/"

wildChild: true

nType: default
path : ":reposit"

indices: "™

wildChild: false
nType: param
indices: ™

Mot cay tor dién nén duwoc insert vao route
Kiéu ctia méi node trong Radix tree 1& *httprouter.node , trong d6, mot sd trwdng mang y nghia sau:

path: // dudong dan Gng véi node hién tai
wildChild: // cho du la ndt con tham s6, nghia la nat cé ky tu dai dién hoac :id
nType: // loai nat c6é bdn gia tri 1iét ké static/root/param/catchAll

static // chubi binh thudng cho céc node khéng géc

root // nut goc

param // nat tham sé vi du :id



catch // cac nat ky tu dai dién, ch&ng han nhu * anyway
indices:

Tiép theo, chiing ta chén cac route GET con lai trong vi du dé giai thich vé& quy trinh chén vao mét node con.

4.2.3.2 Chén cac route khac

Khi ching ta chén GET /marketplace listing/plans , qua trinh nay sé twong ty nhuw treéc nhwng &@ mét Radix tree
khac:

path : "/marketplace_listing/plans/"

wildChild : false
nType : root
indices : ""

Chén node dau tién vao Radix tree
Sau d6 chén dwong dan GET /marketplace_listing/plans/:id/accounts CAu truc Radix tree dwoc hoan thanh sé nhuw
sau:

path : "/marketplace_listing/plans/

wildChild : true

nType : root
path : ":id"

indices : "

wildChild : false
nType : param
indices : "

path : "/accounts"
wildChild : false
nType : default
indices : ""

Chen node thir hai vao Radix tree

##H 4.2.3.3 Phan nhanh Tiép theo chiing ta chén "GET /search’, sau d6 sé sinh ra split tree nhw hinh 5.6:



path : "/"
wildChild : false
nType : root
indices : "ms"

e —

path : "search"

path : o wildChild : false
"marketplace_listing/plans/" nType : default
wildChild : true indices : ™
nType : default
indices : ""

path : ":id"

wildChild : false

nType : param

indices : "

fJ

path : "/accounts”
wildChild : false
nType : default
indices : ""

Chén vao node thir ba sé gay ra viéc phan nhanh
Node gbc bay gi¢r sé bt ddu tir ky tw / , chubi truy van phai bt ddu tir node gbc chinh, sau dé mét route [ search
dwoc phan nhanh tir gbc. Tiép theo chén GET /status VA GET /support vao Redix tree. Lic nay, s& dan dén node
search bj tdch mot 1an niva, va két qua cubi cling dwoc nhin thay & hinh dwéi:

path : "/"

wildChild : false

nType : root

indices : "ms'

H path : "s"

pamn : . .
"marketplace_listing/plans/" wildChild : false
wildChild : true [1T¥pe '.d..EfaL.J.n
nType : default indices : "etu

path : "earch" path : "tatus" path : "upport"
path : "id" wildChild : false wildChild : false wildChild : false
wildChild : false nType : default nType : default nType : default
nType : param indices : "" indices : "" indices : ™"
indices : ™

J,J

path : "/accounts"
wildChild : false
nType : default
indices : ™"

Sau khi chén tat ca cac node
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4.3 Middleware

4.3 Middleware

Phan nay sé phan tich tinh huéng dan t&i viéc sir dung middleware, sau dé trinh bay cach hién thwc mét middleware
don gian dé tach biét ma ngudn business va non-business. Truwéc hét ching ta cling nhac lai khai niém middleware |a
gi? Cé thé noi ngan gon middleware 1a nhirng doan ma trung gian ndm & gitra request va response cua (rng dung
web clia chung ta.

Middleware

Middleware

Application

Middleware thwéng dwoc dung trong mét sé trwdng hop ching ta mudn ghi log hoat dong clia hé théng, bao céo thoi
gian thyee thi, xac thyec,..

4.3.1 Tinh huéng dat ra

Hay nhin vao doan ma ngudn sau:

main.go:

package main

func hello(wr http.ResponseWriter, r *http.Request) {
wr.Write([]byte("hello"))
}

func main() {
http.HandleFunc("/", hello)

err := http.ListenAndServe(":8080", nil)
/7.

Bay gi& 6 mdt s6 nhu cadu méi, ching tdi mudn tinh dwoc thoi gian xt ly ctia Hello service dwoc viét & trén, nhu cau
nay rat don gian, ching toi sé 1am mét s thay ddi nhé trén chwong trinh & trén.

var logger = log.New(os.Stdout, "", 0)

func hello(wr http.ResponseWriter, r *http.Request) {
timeStart := time.Now()
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wr.Write([]byte("hello"))
timeElapsed := time.Since(timeStart)
logger.Println(timeElapsed)

Doan ma ngudn thém vao & trén da giai quyét dwoc yéu cau dét ra, tuy nhién trong qua trinh phat trién, sé lwong API
ngay moét tang 1én nhw sau:

main.go:

package main

func helloHandler (wr http.ResponseWriter, r *http.Request) {

func showInfoHandler(wr http.ResponseWriter, r *http.Request) {

func showEmailHandler (wr http.ResponseWriter, r *http.Request) {

}

func showFriendsHandler (wr http.ResponseWriter, r *http.Request) {
timeStart := time.Now()
wr.Write([]byte("your friends is tom and alex"))
timeElapsed := time.Since(timeStart)

logger.Println(timeElapsed)

func main() {
http.HandleFunc("/", helloHandler)
http.HandleFunc("/info/show", showInfoHandler)
http.HandleFunc("/email/show", showEmailHandler)
http.HandleFunc("/friends/show", showFriendsHandler)

M&i handler c6 mot doan ma ngudn dé ghi lai thoi gian dwgc dé cap tir truge. Mbi 1an ching toi thém vao moét route
m&i, can phai sao chép nhi*ng ma ngudn twong tw t&i noi ching ta ta can, béi vi s lvong route it, nén khong phai la
van dé I&n khi hién thuc.

Bay gi®, chling ta c&n ban bao cdo v& di¥ liéu thdi gian chay service cho hé théng metrics. Nén can phai thay dbi ma
ngudn va gtvi thoi gian dén hé théng metrics thong qua HTTP POST. Hay thay ddi né helloandler() :

main.go:

func helloHandler (wr http.ResponseWriter, r *http.Request) {

timeStart := time.Now()
wr.Write([]byte("hello"))
timeElapsed := time.Since(timeStart)

logger.Println(timeElapsed)

metrics.Upload("timeHandler", timeElapsed)

Mai khi thay @di, chuing ta c6 thé d& dang thay rang céng viéc phat trién sé roi vao bé tac. B4t k& nhu ciu phi chirc
néng hoac thdng ké trén hé théng Web trong twong lai, cac stra doi s& anh hudng toi toan bd. Cling nhw khi ta thém
mét nhu ciu thdng ké don gidn, ching ta can phai thém hang ta nhivng ma ngudn déc lap vé&i business. Méc du
dwong nhw ching khéng ¢ 18i trong thdi gian ddu, nhwng sé thay rd hon khi business cang phat trién.



4.3.2 Hién thwc middleware

Thuc t&, van dé la ching ta gay ra la d&t ma ngudn business va non-business cling nhau. Trong hau hét trwong hop,
nhirng yéu cau non-business thwdng 1a lam moét thir gi d6 trude khi xt Iy HTTP request, va lam mét thir gi d6 ngay
sau khi ching hoan thanh. Y twéng & day la tai cAu truc lai ma ngudn dé tach riéng ma ngudn ctia non-business
riéng, nhw sau:

main.go (version2):

// ham business logic cOa ching ta
func hello(wr http.ResponseWriter, r *http.Request) {
wr.Write([]byte("hello"))
}
// day la mot ham thuc hién viéc déng géi ham truyén vao
// dé ghi nhan thoi gian thuc thi service
// ham nay dugc xem nhu la mot Middleware
func timeMiddleware(next http.Handler) http.Handler {
return http.HandlerFunc(func(wr http.ResponseWriter, r *http.Request) {
// ghi nhan thoi gian trudc khi chay
timeStart := time.Now()

// next la ham business logic dugc truyén vao
next.ServeHTTP(wr, r)
// tinh toan thoi gian thuc thi
timeElapsed := time.Since(timeStart)
// log ra thoi gian thuc thi
logger.Println(timeElapsed)
1
}
// Trong do6, http.Handler:
// type Handler interface {
// ServeHTTP(ResponseWriter, *Request)
// }
func main() {
http.Handle("/", timeMiddleware(http.HandlerFunc(hello)))
err := http.ListenAndServe(":8080", )
//

Bét clr ham nao dinh nghia servenTTP , cling déu 1a mot d6i twong nttp.Handler . Nhibng gi ma middleware lam 13
nhan vao ham handler va tra v& ham handler khac kém theo non-business logic. Chuing ta co thé dung cac
middleware 16ng vao nhau nhw bén dwéi:

customizedHandler = logger(timeout(ratelimit(helloHandler)))

Ngir canh cla chudi cac ham trong qua trinh thuc thi co thé dwoc thé hién dwoi day:



http request

l tlogger

context of logger
{
contéxigf timeout
ratelimit
context of ratelimit
next:Serveki. TP next.ServeHTTP next.ServeHTTP %’ helloHandler

context of ratelimit

t context of timeout

context of logger

http response

Tuy nhién cach dung middleware 16ng vao nhau nhw trén con kha phirc tap.

4.3.3 Cach viét middleware thanh lich hon

Trong phan trwdc, sw tach biét vé ma ngudn ham business va non-business function dwoc giai quyét. Nhwng néu ban
can phai thay ddi thr tw cGa nhitng ham do, hodc thém, hodc xéa middleware van con mét s khé khan, phan nay
chuing ta sé thwc hién viéc t6i wu nhw sau.

Vi du:

= NewRouter ()
.Use(logger)
.Use(timeout)
.Use(ratelimit)
.Add("/", helloHandler)

i B B B B |

Qua nhiéu bwoc thiét Iap, chung ta cé mot chudi thwe thi cac ham twong ty nhw vi du trweéc. Cach lam nay giup
chuing ta d& hiéu hon. Néu ban mudn thém hoéc xéa middleware, don gidn thém va xéa dong (ng véi 161 goi use() .

Tt goc nhin vé framework, 1am sao dé viét dwoc ham nhw vay?

Hién thwc:

type middleware func(http.Handler) http.Handler

type Router struct {



// slice gbm cac ham middleware
middlewareChain [] middleware
// mapping céu truc routing v&i name
mux map[string] http.Handler
}
func NewRouter() *Router{
return &Router{}
}
// moi khi goi Use la thém ham middleware vao slice
func (r *Router) Use(m middleware) {
r.middlewareChain = append(r.middlewareChain, m)
}
// moi khi goi Add la thém phan routing trong d6, ap dung cac middleware vao
func (r *Router) Add(route string, h http.Handler) {
var mergedHandler = h
// duyét theo th& tv nguoc lai dé apply middleware
for 1 := len(r.middlewareChain) - 1; i >= 0; i-- {
mergedHandler = r.middlewareChain[i](mergedHandler)
}
// cubi cung register ham handler vao name route tuong (ng
r.mux[route] = mergedHandler
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4.4 Kiém tra tinh hop Ié cua request

Mét nguyén tac quan trong trong lap trinh web 1a khéng dwoc hoan toan tin nhitng gi ma user guvi Ién, ludn phai co
cac co ché xac thye, kiém tra tinh hop & clia cac request tir client dé tranh nguy co’ bado mat, pha rdi hé théng. Tw
cau chuyén xac thuwc request da ndy sinh cac van dé& xung quanh khac ma chuing ta sé giai quyét tiép sau day.

C6 |8 ban da bat gap dau d6 tAm hinh ma moi ngudi dung dé ché giéu cAu tric cta PHP:

fusction reglater()
i

if (lempty($ POST)) {

jong = i

if (% POST[

if (5 POST]

iE 15 M uaer_§ e = §_PMOBT[ "woer_pasaword copoat’]) {
if (strlon{f_POST['user _pany paw' )} >=5) {
if (atrlon(f POET['user. o']) € 65 L& strlen(f TOET|' ]
if (prog_mateh('/"[a-z\d]{2,64}8/L", §_POGT[ ' una
fugar = [nld_unarli POST["user nama'])}
Af (limmek({funer|’un name” } 1) {
if (¢ _POAT[aaet iy ¢

if (etrlon(f_POBT[ user email]) < 65) |

it (fllter var(§ POST| ‘waer amail'], FILTER VALIDATE EMAIL}) {
areate_user())
§_AEABTON['mag’] = 'You are snow rog y ploas 8
hoader| ' Locatior « ‘B _BERVER[ " DHT
axik();

} alpo Emag = 'You sust provide a valid emall address’j

} alpe fmig = "Emall sust be leans than €4 charactors’)
} olaa Smag = ]
} olsa fmsg = 'Uaprname s
} alaa fmag = 'Uporname muat be o B=3 £, 0=9")
$mig = "Uasrnang sost be
= "Pi gat b A a i
} else Smag = mat
} alaa Feag = L
} eleso §msg = ‘Empty Uncrnamo’)
£ SESSION[ 'mog') = §maq)
1
return reglster_form();
}
'Hadouken' if-else

Thuc té day la mot trwdng hop khong lién quan gi t&i ngdn ngtr ma chi la cach tb chirc code rwdm ra khi gap truong
hop ma nhiéu field can phai validate.

Trong phan nay chiing ta sé& dung Go dé viét mét vi du validate va xem xét cai tién né theo 2 bwéc. Cubi cling 1a phan
tich co ché d& hiéu rd hon cach mét validator hoat dong.

4.4.1 Cai tien 1: Tai cau truc ham validation

Gia st div lidu dwoc lien két toéi mot struct cu thé théng qua binding béng mét thw vien Open source.

type RegisterReq struct {
// tag giup json package encode gia tri cua Username
// thanh gia tri tuong &ng voi key username trong json obj

Username string “json:"username""
PasswordNew string “json:"password_new""
PasswordRepeat string “json:"password_repeat""
Email string “json:"email""

// register nhan vao obj kiéu RegisterReq va thuc hién validate
// cac truong trong do.



func register(req RegisterReq) error{

if (req.Username) > {
if (req.PasswordNew) > 0 && (req.PasswordRepeat) > {
if req.PasswordNew == req.PasswordRepeat {

if emailFormatValid(req.Email) {
createUser()

return
} else {
return errors.New("invalid email")
}
} else {
return errors.New("password and reinput must be the same")
}
} else {
return errors.New("password and password reinput must be longer than 0")
3
} else {

return errors.New("length of username cannot be 0")

Gi& code clia ching ta cé vé kha gibng mét "Hadouken™" nhc & phan dau rdi, vay lam thé nao dé t6i wu doan code
trén?

Co6 mot giai phap da dwoc dwa ra trong Refactoring.com - Guard Clauses, thtr &p dung cho trwdng hop clia ching ta:
func register(req RegisterReq) error{

if (req.Username) == {
return errors.New("length of username cannot be 0")

}
if (req.PasswordNew) == | (req.PasswordRepeat) == {
return errors.New("password and password reinput must be longer than 0")
}
if req.PasswordNew != req.PasswordRepeat {
return errors.New("password and reinput must be the same")
}

if emailFormatValid(req.Email) {
return errors.New("invalid email")

createUser()
return

Nho bd di cach viét if-else 1dng nhau ma code tré nén "clean" hon. Tuy vay ching ta van phai viét kha nhiéu ham
validate cho mdi field trong mét kiéu request.

C6 mot cach gilp ching ta giam kha nhiéu code Ia s dung validator.

4.4.2 Cai tién 2: Str dung validator

°2

L)

Thuw vién validator hé tro viéc validate bang cach st dung cac tag luc dinh nghia struct. M6t vi du nhé:


https://refactoring.com/catalog/replaceNestedConditionalWithGuardClauses.html
https://github.com/go-playground/validator

import (
"gopkg.in/go-playground/validator.v9"
"t

// RegisterReq la struct can dugc validate

type RegisterReq struct {
// gt = 0 cho biét do dai chubi phai > 0, gt: greater than
Username string “json:"username" validate:"gt=0""
PasswordNew string “json:"password_new" validate:'"gt=0""

// eqfield kiém tra cac truong bang nhau
PasswordRepeat string “json:"password_repeat" validate:"eqfield=PasswordNew""

// kiém tra dinh dang email thich hop
Email string “json:"email" validate:"email""

// dung 1 instance cla Validate, cache lai struct info
var validate *validator.validate

// validatefunc dé wrap ham validate.Struct
func validatefunc(req RegisterReq) error {
err := validate.Struct(req)
if err != nil {
return err

}

return nil
func main() {
validate = validator.New()

// khéi tao obj dé test validator
a := RegisterReq{

Username : "Alex",
PasswordNew g 0o,
PasswordRepeat : "z",
Email : "z@z.z",
}
err := validatefunc(a)
fmt.Println(err)
}
// két qua:

// Key: 'RegisterReq.PasswordNew' Error:Field validation for 'PasswordNew' failed on the 'gt' tag
// Key: 'RegisterReq.PasswordRepeat' Error:Field validation for 'PasswordRepeat' failed on the 'eqfield' tag

Mat lwu y nhd 1a error message tra vé cho nguwdi diing thi khdng nén viét tryc tiép bang tiéng Anh ma théng tin vé
error nén duwoc té chirc theo tirng tag dé& nguwdi ding theo dé tra ctru.

4.4.3 Co’ ché cua validator

T&r quan diém cAu tric, mdi struct cé thé dwoc xem nhw mot cay. Gia st chiing ta c6 mét struct dwoc dinh nghia nhuw
sau:

type Nested struct {
Email string “validate:"email""
}
type T struct {
Age int “validate:"eq=10""
Nested Nested



Sé dwoc vé thanh mét cdy nhw bén dudi:

struct T

Age struct Nested

Email

Cay validator
Viéc validate cac triwerng cé thé thwe hién khi di qua cAu tric cay nay (bing cach duyét theo chiéu sau hodc theo
chiéu rong). Tiép theo chung ta s& minh hoa co ché validate trén mét cAu trdc nhw thé, muc dich @é hiéu rd hon cach
ma validator thwc hién.

DAu tién xac dinh 2 struct nhw hinh trén:

package main

import (
"fmt"
"reflect"
"regexp"
"strconv"
"strings"

type Nested struct {
// validate dinh dang email
Email string “validate:"email""
}
type T struct {
// chi cho phép age = 10
Age int “validate:"eq=10""
Nested Nested

Dinh nghia ham validate:

// validateEmail giup x&* ly cac tag email
func validateEmail(input string) bool {
if pass, _ := regexp.MatchString(
TACCLA<>ONININNL 5 :\8@" 1+ (N [A<> ONININNL, 5 :\s@"1+) *) [ (".+"))@((\[[0-91{1,3}\.[0-9]{1, 3}\.[0-9]{1, 3}\.
[0-9]{1,3}\]1) | (([a-zA-Z\-0-9]+\.)+[a-zA-Z]{2,3}))$ , input,
)i pass {
return true

}

return false

// validate thuc hién cong viéc validate cho interface bat ky
// & day chi hién thyc cho kiéu T
func validate(v interface{}) (bool, string) {

validateResult := true

errmsg := "success"

// xac dinh type va value cla interface input



vt := reflect.TypeOf(v)
vv := reflect.ValueOf(v)

// lan lugt duyét trén méi field clha struct

for i := 0; 1 < vv.NumField(); i++ {
// phan giai tag dé ap dung validate thich hop
fieldval := vv.Field(i)
tagContent := vt.Field(i).Tag.Get("validate")
k := fieldval.Kind()

// diéu kién xét trén kiéu field cla struct can validate
switch k {

// truong hop field la int

case reflect.Int:
// thuc hién validate cho tag eq=10
val := fieldval.Int()

tagvalStr := strings.Split(tagContent, "=")
tagval, _ := strconv.ParseInt(tagvalStr[1], 10, 64)
if val != tagval {
errmsg = "validate int failed, tag is: "+ strconv.FormatInt(

tagval, 10,
)

validateResult = false

// truong hop field la string
case reflect.String:
val := fieldval.String()
tagvalStr := tagContent
switch tagvalStr {

// néu tag la email thi thuc hién validate tuong (ng
case "email":

nestedResult := validateEmail(val)
if nestedResult == false {
errmsg = "validate mail failed, field val is: "+ val

validateResult = false

// néu cé struct 1léng bén trong thi truyén
// xubéng dé quy theo chiéu sau
case reflect.Struct:
valInter := fieldval.Interface()
nestedResult, msg := validate(valInter)
if nestedResult == false {
validateResult = false
errmsg = msg

}

return validateResult, errmsg

Sau day la cach str dung trong ham main:

func main() {
// khoi tao obj dé test
var a = T{Age: 10, Nested: Nested{Email: "abc@adfgom"}}

validateResult, errmsg := validate(a)
fmt.Println(validateResult, errmsg)

}

// két qua:

// false validate mail failed, field val is: abc@adfgom



Thuw vién validator dwgc gi6i thiéu trong phan trwdc phirc tap hon vé mat chirc ndng so véi vi du & day. Nhung
nguyén tac chung ciing la duyét cay ctia mét struct véi reflection.

4.4.4 Xac thwc request bang JWT

Phan trén da trinh bay qua trinh validate cac thong tin vé& email va password khi ding ky mét tai khoan. Sau d6, néu
ho dang nhap vao tai khodn bang email va password thi trang thai phién lam viéc ctia ho sé& dwoc gilr cho cac yéu
cau ké tiép. Co mot sb gidi phap dé lwu triv phién lam viéc béng session/cookie, mét gidi phap khac la dung co ché
cAp token JWT sau khi dang nhap, va dlng token nay dé& xac thwc cac yéu cau vé sau.

Khéng chi lwu trk phién 1am viéc, token JWT ciing hay di kém trong cac 1énh goi API d& xac thwc phia client khi goi
dén web service. Sau day la mot doan chwong trinh middleware xac thuwe yéu cau bing JWT:

auth.go:

var JwtAuthentication = func(next http.Handler) http.Handler {
return http.HandlerFunc(func(w http.ResponseWriter, r *http.Request) {
// danh sach cédc API khéng can xac thuc bang token
notAuth := []string{"/api/user/new", "/api/user/login"}
requestPath := r.URL.Path

for _, value := range notAuth {
if value == requestPath {
next.ServeHTTP(w, r)
return
}
}
response := (map[string] interface{})
tokenHeader := r.Header.Get("Authorization")
// thiéu jwt token, tra vé 16i
if tokenHeader == "" {
response = u.Message( , "Missing auth token")

w.WriteHeader (http.StatusForbidden)
w.Header().Add("Content-Type", "application/json")
u.Respond(w, response)

return
}
// thoéng thuong chuoi token cé dinh dang: Bearer {token-body}, nén can tach phan token ra
splitted := strings.Split(tokenHeader, " ")
if (splitted) != {
response = u.Message( , "Invalid/Malformed auth token")
w.WriteHeader (http.StatusForbidden)
w.Header ().Add("Content-Type", "application/json")
u.Respond(w, response)
return
3

// chuoi jwt token trong phan header cla request
tokenPart := splitted[1]
tk := &models.Token{}

token, err := jwt.ParseWithClaims(tokenPart, tk, func(token *jwt.Token) (interface{}, error) {
return []byte(os.Getenv("token_password")),
1))
if err 1= {
response = u.Message( , "Malformed authentication token")
w.WriteHeader (http.StatusForbidden)
w.Header().Add("Content-Type", "application/json")
u.Respond(w, response)
return
3

if !token.valid {
response = u.Message( , "Token is not valid.")


https://astaxie.gitbooks.io/build-web-application-with-golang/en/06.1.html
https://jwt.io/
https://github.com/thoainguyen/go-hackercamp/blob/master/go-contacts/app/auth.go

w.WriteHeader (http.StatusForbidden)
w.Header().Add("Content-Type", "application/json")
u.Respond(w, response)

return

}

ctx := context.withvalue(r.Context(), "user", tk.UserId)
r = r.withContext(ctx)

// tiép tuc thyc hién request

next.ServeHTTP(w, r)

1)

Lién két

e Phan tiép theo: Lam viéc véi Database
e Phan trwdc: Middleware
e Muc luc



4.5 Lam viéc v&i Database

Phan nay sé phan tich cac thw vién database/sql tiéu chudn, gi¢i thiéu mot s6 ORM (Object Relational Mapping) va
SQL Builder Open source dwoc st dung rong réi. Cubi ciing la danh gia céng nghé nao phi hop nhét dirng & goc do
phat trién ’ng dung doanh nghiép.

4.5.1 Bat dau tir database/sq|

Go cung cip mét package database/sql dé lam viéc v&i co s& div liéu cho ngudi dung. Package nay cung cip mét
interface va cac ham dé van hanh co sé di liéu nhw quan ly nhom két néi, lien két div liéu (data binding), transaction,
x@ ly 16i, va vai chirc nang khéc.

Dé giao tiép v&i mot co s& dir lieu nhat dinh nhw MySQL, ban phai cung cap driver MySQL nhu sau:

import "database/sql"

import "github.com/go-sql-driver/mysql"

db, err := sql.Open("mysql", "user:password@/dbname")

Xem mot chit vé ham  init :

func init() {
sql.Register("mysql", &MySQLDriver{})

Interface priver trong package sql :

type Driver interface {
Open(name string) (Conn, error)

}

sql.open() trd vé doitwong db tir 167 goi ham conn

type Conn interface {
Prepare(query string) (Stmt, error)
Close() error
Begin() (Tx, error)

Trong thwc t&, néu nhin vao code cla database/sql/driver/driver.go sé& thdy rdng tat ca cac thanh phan trong file d&u
Ia interface ca. Tuy vao kiéu trong nay ma ta sé phai goi t&i nhirtng phwong thikc driver phi hop.

O phia nguwdi diing, trong process s dung package databse/sql , ta c6 thé str dung cac ham dwoc cung cap trong
nhirng interface ké trén, hay nhin vao mét vi du hoan chinh st» dung database/sql va go-sql-driver/mysql :
package main
import (

"database/sql"
_ "github.com/go-sql-driver/mysql"


https://en.wikipedia.org/wiki/Object-relational_mapping
https://golang.org/pkg/database/sql/
https://golang.org/src/database/sql/driver/driver.go

)

func main() {
// db la mét déi tuong cla kiéu sql.DB,
// tuy chon két n6i cé thé dugc dat trong phuong thtc sql.DB, & day bé qua
db, err := sql.Open("mysql", "user:password@tcp(127.0.0.1:3306)/hello")
if err 1= {
log.Fatal(err)

}
defer db.Close()

var (
id int
name string

)

// Query thyc thi cau query va tra vé cac rows.
rows, err := db.Query("select id, name from users where id = ?", 1)
if err 1= {
log.Fatal(err)
}

// gidi phéng két n6éi khi rows.Close() thuc thi
defer rows.Close()

// Next chudn bi row két quad ké tiép dé doc véi Scan
for rows.Next() {
err := rows.Scan(&id, &name)
if err 1= {
log.Fatal(err)
}

log.Println(id, name)
}
// Err tra vé 16i néu c6 trong qua trinh 1ldp
err = rows.Err()

if err 1= {
log.Fatal(err)

Néu ban doc mudn biét database/sql chi tiét hon, cé thé xem tai http:/go-database-sql.org/.

Mét vai hién thwe bao gdm cac ham, gidi thiéu, cach str dung, cac canh bao va cac phan trwc quan (counter-intuition)
vé thu vién (vi du nhw sql.pB , cac truy van trong cling goroutine co thé & trén nhidu connections) déu dwoc dé cap,
va chuing sé khong dwoc nhic téi niva trong chwong nay.

Co6 thé thay ring ham cung cdp db cla thw vién chuan qua don gidn. Chung ta can phai viét code SQL méi lan truy
cap database dé doc dir liéu, didu nay co6 thé dan dén nguy co' SQL Injection néu xt ly khéng can than.

Sau day sé 1a 2 cach khac dé lam didu twong tw: SQL Builder va ORM.

4.5.2 Dung ORM dé tang hiéu suat

Hay xem dinh nghta ctia ORM trén wikipedia:

Object-relational mapping (ORM, O/RM, and O/R mapping tool) trong khoa hoc may tinh la mét ki thuat [ap
trinh cho phép chuyén ddi di¥ liéu gitra cac hé théng kiéu khong twong thich bang ngén ngir huéng déi twong.
Diéu nay tao ra mét "co s& di liéu hwéng dbi twong do" c6 thé dwoc st dung tir trong ngdn ngi 1ap trinh.

Thong thwdng ORM thure hién viéc mapping tir database t@i cac class hodc struct ciia chwong trinh.


http://go-database-sql.org/
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Minh hoa mapping giira Database va Struct trong memory

Muc dich cia ORM |a che chén I&p DB khéi ngwdi siv dung. ORM dinh nghia class hodc struct, sau d6 st dung mét
¢l phap cu thé dé tao ra struct twong (ing 1-1. Sau do, ta cé thé thwc hién cac thao tac khac nhau trén cac déi twong
da map tlr cac bang trong co s& di¥ liéu nhw SAVE, CREATE, DELETE,... . B6i v&i nhitng gi ORM da thwc hién &n
bén dudi, ta khéng can phai rd rang. Khi str dung ORM, chuing ta thwéng sé khong quan tam co sé di liéu.

Vi du: ta ¢é nhu cau hién thi cho ngudi dung danh sach san phdm méi nhét, gia dinh rdng product va shop cé mdi
quan hé 1:1, ¢ thé thé hién béng doan code sau:

# mad gia
shopList := []
for product in productList {
shopList = (shopList, product.GetShop)
}

Cong cu nhw ORM & dé bao vé co sé dir liéu ngay tir diém bét diu, cho phép van hanh co sé& di liéu gan hon véi
cach suy nghf ctia con ngudi. Vi vay, nhidu lap trinh vién du méi tiép xuc véi ORM ciing c6 thé code dwoc.

Doan code trén sé& phong to yéu cau doc co s& di¥ liéu theo hé sb ctia N. Noi cach khac, néu danh sach san pham co
15 SKU (Stock-Keeping Unit), méi [&n ngudi dung mé trang, it nhat 1 (danh sach muc truy van) + 15 (yéu ciu théng
tin ctra hang lién quan dén truy van) la bat budc. & day N [a 16. Néu trang danh sach kha I6n, gia st 600 muc, thi ta
phai thwe hién it nhat 1 + 600 truy van.

Néu sb lwong truy van don gian I6n nhat ma co s& div liéu co thé chiu dwoc 1a 120 000 QPS va truy van trén chi la
truy van dwoc st dung phd bién nhét, thi kha ndng service cé thé cung cép la bao nhiéu? 200 QPS! Mét trong nhirng
nguyén tac cdm ky ctia cac hé thdng trén Internet 13 sw khuéch dai s6 lwong thao tac doc khong can thiét nay.

Tét nhién ban c6 thé néi rdng d6 khong phai la van d& cia ORM. Néu viét bing sql ta van co thé viét dwoc mot
chwong trinh gidng vay, hay nhin vao demo sau:

0 := orm.NewOrm()
num, err := o.QueryTable("cardgroup").Filter("Cards__ Card__Name", cardName).All(&cardgroups)

Nhiéu ORM cung cép kiéu truy v&n Filter nay, nhwng trén thuc té, ddng sau ORM con &n nhiéu thao tac chi tiét
khac, chang han nhw tao ra cau lénh SQL tw déng limit 1000 .



C6 I8 nhiéu nguwdi trong ching ta khéng hé biét c6 thao tac d6. Thuc ra trong tai liéu chinh thirc cia ORM da néi qua
réng tat ca cac truy van sé tw déng 1imit 1000 ma khong can chi dinh ré, chinh vi vay ma didu nay tr& nén kho
kh&n d6i véi nhidu ngudi chua doc tai liéu hodc doc ma ngudn ciia ORM. Nhikng 1ap trinh vién thich ngén ng rang
budc kiéu manh thwéng khéng thich nhivng gi ngdn ngir tw thwe hién ngdm dinh, chdng han nhw chuyén dbi kiéu
ngadm cla cac ngdn ngl¥ khac nhau trong thao tac gan dé rdi mét di 6 chinh xac trong chuyén déi, diéu nay chac
chén sé khién ho dau dau. Vi vay, cang cd it thr ma thw vién lam an bén dwéi thi cang tét. Néu ta can thuc hién diédu
gi hay thuc hién n6é & mét noi dé thay. Trong vi du trén, t6t hon hét la loai bé hanh vi tw hanh déng ngdm dinh nay
hoéc la bat budc nguwdi dung phai truyén vao tham sé 1imit .

Ngoai vAn d& 1itmit , ching ta hay xem truy van nay dwéi day:

num, err := o0.QueryTable("cardgroup").Filter("Cards__Card__Name'", cardName).All(&cardgroups)

Ban c6 thdy ring Filter nay la mét thao tac JOIN khong? Rat khé dé& nhan ra vi ORM da che gidu qua nhiéu chi tiét
khoi thiét ké&. Cai gia cla sy tién lgi la nhirng hoat déng &n dang sau né hoan toan ndm ngoai kiém soat. Mot dy an
nhw vay sé tr& nén ngay cang khé theo dai va bao tri chi sau mét vai lan nang cp.

TAt nhién chung ta khéng thé phi nhan dwoc tAm quan trong ctia ORM. Muc dich ban dau ciia né 13 loai bd viéc trién
khai cu thé cac hoat dong v&i database va lwu triy div liéu. Nhwng mét s6 cong ty da dan xem ORM 1a mot thiét ké
that bai vi cac chi tiét quan trong bi an gidu kha nhiéu. C4c chi tiét nay rat quan trong dbi véi sy phat trién vé lau dai
clia cac hé théng can mé réng quy mé.

4.5.3 Dung SQL Builder dé ting hiéu suat

So sanh véi ORM, SQL Builder dat dwoc s can béng tét hon gitka SQL va kha nang bao tri ctia dw an. Pau tién, sql
builder khéng &n qua nhiéu chi tiét nhw ORM nhung ciing kha don gian dé st dung:

where := map[string]interface{} {
"order_id > ?" : 0,
"customer_id !'= ?" : 0,
}
limit := []int{o, }
orderBy := []string{"id asc", '"create_time desc"}
orders := orderModel.GetList(where, limit, orderBy)

Viéc code va doc hiéu SQL Builder d&u khong gap khé khan gi. Chuyén ddi nhirng dong code nay thanh sql ciing
khong can qua nhiéu nd lwc.

No6i mdt cach dé hiéu, SQL Builder 1a mot cach biéu dién ngon nglr dac biét cla sql trong ma. Néu ban khong co
DBA, nhung R&D cé kha ndng phan tich va tdi wu hda sql hodc DBA ctia cong ty ban khong phan ddi cac kiéu ngon
ng® sql nhw thé nay thi ban str dung SQL Builder 1a mét lwa chon tét.

4.5.4 Stir dung connection pool dé tiang hiéu suat
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Minh hoa Connection Pool

Mot trong nhirng ki thuat quan trong khi lam viéc véi database la st dung connection pool. M6t connection xem nhw
I& mdt bd dém duy tri cac két ndi téi database. Mot connection pool 1a tap hop nhidu connection téi database.

Co ché hoat déng clia connection pool kha don gian, khi mét connection dwoc tao thi conneciton do sé dwoc dwa
vao pool va dugc sl dung lai cho cac yéu cau két ndi tiép theo cho dén khi bi dong hodc hét thdi gian che (timeout).
Khi ngwoi dung gt yéu cau glvi dén hé théng, hé théng sé kiém tra xem trong pool c6 connection nao chwa duoc s
dung khong. Co6 hai trwdng hop xay ra:

e Né&u c6 conneciton chwa dwoc siv dung, hé théng sé cung cap connecion d6 cho ngwdi diing dé xt ly cac yéu
cu két ndi téi database.

o Né&u trong pool khong réng hodc khéng cé conneciton nao dang ranh va sé lwong két ndi trong pool van chua
vuot qua sb lwong connection quy dinh (max conneciton) thi hé théng sé& tao mét connection méi t&i database va
cung cap cho ngudi diing connection do.

o Né&u trong pool da hét connection ranh va pool da dat s6 lwgng conntion cho phép tao thi ngudi ding phai doi
cho dén khi cé mot connection ranh dwoc dwa vao pool.

St dung connection pool ¢é nhiéu wu diém:

e Tang hiéu suét khi lam viéc v&i database, vi ching ta ¢ nhidu két ndi t¢i database cung lic ma khong phai doi
tuan tw.

o Khong phai tén chi phi thoi gian khéi tao conneciton va déng connection cho mdi yéu cau két ndi t&i database vi
trong pool da co s&n connection dwoc khdi tao roi.

e Sir dung tai nguyén hé théng hop ly, khi chiing ta c6 thé tan dung lai cac connection da st dung va gi6i han
duwoc sb lwgng connection dwgc maé.

Khi str dung package database/sql , thi mac dinh package da hd tro chiing ta phan connection pool. Nhwng chting ta
¢6 thé cAu hinh lai connection pool @& st dung hiéu qua hon.

Str dung ham SetMaxOpenConns C4u hinh sb lwgng connection I&n nhat cé thé duoc mé.

func main() {
db, err := sql.Open('"mysql",
"username:password@tcp(127.0.0.1:3306)/hello")

if err != {
log.Fatal(err)
}
defer db.Close()
// mac dinh la 0 (khdng giéi han)
// néu gia tri truyén vao max <= 0 cling sé& la khong gidi han

db.SetMax0OpenConns(10)



Str dung ham SetMaxIdleConns CAu hinh sé lwong connetion ranh cé trong pool. Chi sé nay luén nhé hon hodc
béng chi s& MaxOpenConns. Néu ching ta cAu hinh cao hon thi thu viéc sé& tw diéu chinh gidm lai cho phu hop voi
chi s MaxOpenConns.

func main() {
db, err := sql.Open("mysql",
"username:password@tcp(127.0.0.1:3306)/hello")
if err 1= {
log.Fatal(err)

}
defer db.Close()

db.SetMaxIdleConns(10)

Str dung ham SetConnMaxLifetime CAu hinh thoi gian téi da clia mot connection dwoc st dung lai. Sau khi hét thei
gian quy dinh thi connection sé bj déng lai.

func main() {
db, err := sql.Open('"mysql",
"username:password@tcp(127.0.0.1:3306)/hello")
if err I= {
log.Fatal(err)

}
defer db.Close()

db.SetConnMaxLifetime( * time.Hour)

Cac ban c6 thé tim hidu thém vé cau hinh connection pool & day.

> R ~ L. A
4.5.5 Str dung Prepared Statement de tang hiéu suat
Dé tdi wu hiéu nang clia hé thdng, c6 rat nhidu cach dé thwe hién nhwng hiéu qua nhét van 1a téi wu cac cau truy van
database. Mot trong sb nay d6 1a st dung prepared statement d& truy van.

Prepared statement la mét tinh nang dwoc str dung dé thwe hién Iap lai cac cau lénh SQL twong tw nhau véi hiéu qua
cao. Vi du minh hoa sau:


http://go-database-sql.org/connection-pool.html
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Minh hoa co' ché Prepare statemnt

package main
import (
_ "github.com/go-sql-driver/mysql"
"database/sql"
"log"
)

func main(){
db, err := sql.Open("mysql", "root:root@tcp(127.0.0.1:3306)/hello")
if err = {
log.Fatal(err)
}

stmt, err := db.Prepare("SELECT * FROM accounts WHERE id = ?;")
res,err:=stmt.Exec(2)
res,err=stmt.Exec(3)

if err!=nil{
log.Fatal(err)
}

log.Println(res)

e Prepare: dau tién, (rng dung tao ra 1 statement template va gri né cho DBMS. Céc gia tri khéng dwoc chi ra va
dwoc goila parameters (dAu 2 bén dwdi) SELECT * FROM accounts WHERE id = ?;

e Compile: (parse, optimizes va translates) statement template , store két qua ma khong thwc thi. Qua trinh nay do
DBMS thwc hién.

e Execute: (rng dung gii gia tri clia parametes clia statement template va DBMS thuc thi né. 'ng dung c6 thé
thuc thi statement nhiéu 14n vé&i nhiéu gia tri khac nhau.

Uu diém khi str dung prepared statement:

e Overhead clia compile statement di&n ra 1 14n con statement dwoc thue thi nhidu 1an. V& ly thuyét, khi st dung
prepared statement, ta sé tiét kiém dwoc: cost_of_prepare_preprocessing * (#statement_executions - 1) . Nhwng
thue té, tuy tirng loai query sé& c6 cach optimize khac nhau (chi tiét).

e Chébng SQL injection.

e Phat hién s&m cac 16i ci phap trong cau statement.

e COthé cache prepared statement Vva st dung lai sau nay.

Cac ban c6 thé xem chi tiét hon bai blog nay.


http://s.petrunia.net/blog/?p=16
https://vi.wikipedia.org/wiki/SQL_injection
https://medium.com/zalopay-engineering/hi%E1%BB%83u-s%C3%A2u-v%E1%BB%81-prepared-statement-trong-sql-bc79d85f9b98

Lién két

e Phan tiép theo: Giti han luu lwvong Service
e Phan trwdc: Kiém tra tinh hop |& cla request
e Muc luc



4.6 Gi¢#i han lwu lwong Service

Mét chwong trinh may tinh cé thé méc phai mot sé cac van dé bottleneck (tc nghén):

e Bottleneck do CPU tinh toan.
e Bottleneck do bang thong mang.
e Doi khi do external system gay ra tinh trang bottleneck trong chinh hé théng phan tan cta né.

Phan quan trong nhat clia mét hé théng Web la mang. Cho du dd |a tiép nhan, phan tich request clia ngwdi dung, truy
cap bod nhé hay tra vé dir liéu response déu can phai truy cap trwc tuyén. Trwdc khi xuat hién 10 multiplexing interface
epoll/kqueue do hé thdng cung cép thi tirng cé6 mot sw cd C10k trong may tinh da 16i.

Process-for F

: Iocess
client 2
Process
client 1
Process-for
Server : Process
client 2
client 2
_ Process-for oeess
clinet 3 client 2 p

Van dé C10k xay ra khi sé luong client gitr két ndi virot 10000

K& ttr khi trén Linux cé epoll , FreeBSD hién thwc kqueue , chiing ta c6 thé dé dang giai quyét van d& C10k va&i API
do kernel cung cap.

Thu vién net cla Go déng géi cac syscall APl khac nhau cho cac nén tang khac nhau. Thw vién nttp dugc xay
dwng trén nén cta thw vién net , trong Golang chiing ta co thé viét cac service nttp hiéu suét cao vé&i sw tro gidp
cta thw vién chuan. Pay 14 mét service hello world don gian:

package main

import (
nigh
"1og"
"net/http"
)

func sayhello(wr http.ResponseWriter, r *http.Request) {
wr.WriteHeader ( )
io.WriteString(wr, "hello world")

}

func main() {
http.HandleFunc("/", sayhello)
err := http.ListenAndServe(":9090", )
if err != {
log.Fatal("ListenAndServe:", err)

}


http://www.kegel.com/c10k.html

Chung ta sé do throughput ctia Web service nay: sir dung wrk trén may tinh ca nhan cé cau hinh:

ThinkPad-T470

0S: Ubuntu 18.04.2 LTS x86_64
Host: 20HES39900 ThinkPad T470
Kernel: 4.15.0-52-generic

CPU: Intel i5-7200U (4) @ 3.100GHz
GPU: Intel HD Graphics 620
Memory: 2977MiB / 15708MiB

Két qua test:

$ wrk -c 10 -d 10s -t10 http://localhost:9090

Running 10s @ http://localhost:9090
10 threads and 10 connections
Thread Stats Avg Stdev Max +/- Stdev
Latency 360.57us 769.72us 14.27ms 91.45%
Req/Sec 7.07k 0.91k 9.25k 76.10%

704529 requests in 10.01s, 86.00MB
Requests/sec: 70363.89
Transfer/sec: 8.59MB

$ wrk -c 10 -d 10s -t10 http://localhost:9090

Running 10s @ http://localhost:9090
10 threads and 10 connections
Thread Stats Avg Stdev Max  +/- Stdev
Latency 395.85us 0.90ms 18.93ms 91.88%
Req/Sec 6.92k 0.95k 9.34k 75.30%

688941 requests in 10.02s, 84.10MB
Requests/sec: 68783.96
Transfer/sec: 8.40MB

$ wrk -c 10 -d 10s -t10 http://localhost:9090

Running 10s @ http://localhost:9090
10 threads and 10 connections
Thread Stats Avg Stdev Max  +/- Stdev
Latency 374.92us 814.34us 13.76ms 91.47%
Req/Sec 7.09k 1.03k 21.18k 82.82%

706968 requests in 10.09s, 86.30MB
Requests/sec: 70040.20
Transfer/sec: 8.55MB

Két qua ctia thir nghiém 1a khoang 70.000 QPS va thdi gian phan héi la khoang 15ms. Déi véi mét ing dung web,
day da la mot két qua rat tot. Bay chi & mdt may tinh ca nhan nén véi server ¢ cdu hinh cao hon sé dat dwoc két
qua con tét hon niva.

Chuwong trinh ctia ching ta chwa cé chtra logic nghiép vu nén cé thé dé dang danh gia dwgc QPS nhu thé, trén thuc
té khi gdp mot mo-dun cé sb lwong logic nghiép vu Ién va sb lwgng code I&n, thi van dé& bottleneck cé thé phai tra
qua nhiéu 1an stress test m&i c6 thé phat hién ra.

Mot sb hé thdng thudng bi bottleneck do mang, chdng han nhw dich vu CDN va dich vu Proxy. Mét s6 la do
CPU/GPU, nhw céc dich vu xac minh dang nhap va dich vu x& ly hinh anh. Sé khac do truy cap vao disk bj tdc nghén
nhuw hé th(“')ng lwu tri, co s& dir lieu. Cac nut that chwong trinh khac nhau dwgc phan anh & nhirng noi khac nhau va
céac dich vu don chirc nang dwoc dé cap & trén twong dbi dé& phan tich.


https://github.com/wg/wrk

Data Flow fram Disk to Nefwark

Bottleneck 1 Bottleneck 2 Bottleneck 3

3 noi ¢ kha nang tac nghén: disk, CPU, NIC

Déi v&i truerng hop nut cd chai IO/Network, throughput & chd NIC/disk 10 (NIC - Network Interface Card) sé day truédc
CPU. Trong trudng hop nay, ngay ca khi CPU dwoc ti wu hda, throughput ctia toan bod hé thdng van khong thé cai
thién ma chi cé thé tang tbc 6 doc ghi cla dia lén. Kich thwéc memory I&n c6 thé lam tang béng théng cia NIC dé
cai thién hiéu suét tdng thé. Chuwong trinh bottleneck & CPU 1a khi mirc s& dung CPU dat 100% truéc lic bd nhé va
NIC day. CPU luén & tinh trang "busy" v&i nhiéu tac vu tinh toan khéac nhau trong khi cac thiét bi 10 thwong twong dbi
nhan rdi (phan Ién thoi gian & trang thai cho).

Bat k& la loai service nao, mét khi tai nguyén st dung dat dén gidi han cac request sé bj dén lai, khi hét timeout ma
khong kip xt |i sé dan dén treo hé thdng (khéng phan hdi) va anh hwéng tryc tiép téi ngudi ding cudi. Béi véi cac

Web service phan tan, bottleneck khdng phai Ilic ndo cling nam trong hé théng ma né cé thd ndm & bén ngoai. Cac
hé théng khéng chuyén vé tinh toan cé xu huwéng sé gép van dé & co sé dir liéu quan hé va Iic dé chinh ban than

mo-dun Web da bi bottleneck.

Khéng quan trong service clia chiing ta bi bottleneck tai dau, van d& cudi cung van giéng nhau dé&u ndm & cong viéc
quan ly lwu lwgng (traffic).

4.6.1 Tam quan trong cua gi®i han lwu lwong

C6 nhiéu cach d& gi6i han luu lwgng. Phd bién nhét la leaky buckets va token buckets.

1. Leaky bucket c6 thé hidu ring chiing ta c6 mét cai xé chira day nuéc, va mét giot nwdc rod ri ra sau mdi khodng
thoi gian ¢b dinh. Néu nhan dwoc "giot nwdc” thi co thé tiép tuc yéu cau dich vu, ngwoc lai thi cin phai doi dén
1&4n nho giot tiép theo.
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1. Token bucket v&i nguyén tic token dwoc thém vao bucket véi tbc do (rate) khong ddi. Bé cé dwoc token tir
bucket, s lwgng token cé thé duwoc didu chinh theo sb tai nguyén can st dung. Néu khéng co token, ta co thé
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Minh hoa Token bucket
o Tbc dd ma leaky bucket bj ro ri (leak) 13 c6 dinh con token trong token bucket cé thé dwoc 14y ra chi khi co token
trong bucket.



e Diéu d6 nghta la token bucket chi cho phép mét mirc d6 ddng théi nhét dinh. Vi du cling lic c6 100 yéu cau
ngwoi dung gi t6i, mién 1a co 100 token trong bucket thi tAt ca 100 yéu ciu sé dwoc dua ra.
e Token bucket ciing c6 thé suy bién thanh mé hinh leaky bucket néu khéng cé token trong bucket.

Trong cac tng dung thuc té, token bucket dwoc str dung réng réi va hau hét cac limiter phd bién hién nay trong céng
ddng Open source déu duwa trén token bucket. Trén co s& nay, cé mot phién ban limiter Ia juju/ratelimit cung cAp moét
sb phuwong thirc thém vao token véi cac dac diém khac nhau nhw sau:

// fillInterval v6i y nghia moi token s& dugc dat trong bucket

// mot khoang thoi gian time.Duration, sé luong téi da la

// capacity cla bucket, phan vuot qua capacity sé& bi loai bd.

// céac bucket duoc kh&i tao ban dau déu & trang thai day.

func NewBucket(fillInterval time.Duration, capacity int64) *Bucket

// khac biét so véi NewBucket() thong thuong la cho phép dua vao

// mét kich thudc quantum nhat dinh - quantum tokens & mdi

// khoang thoi gian fillInterval.

func NewBucketwWithQuantum(fillInterval time.Duration, capacity, quantum int64) *Bucket

// NewBucketWithRate tra vé mot bucket token véi sé token duoc
// dua vao mdi gidy dat dén cong sudt t6i da rate.

// Do dé phan giadi han ché cla clock nén & toéc do cao thi ty 1é
// thuc té c6 thé khac tédi 1% so véi ty 1é dugc chi dinh.

// Vi du capacity=100, va rate=0.1, sé& dugc m0t bucket c6 thé
// thém vao 10 tokens mdi giay.

func NewBucketWithRate(rate float64, capacity int64) *Bucket

Viéc nhan token tir bucket cling dwoc cung cip mot s6 API:

func (tb *Bucket) Take(count int64) time.Duration {}

func (tb *Bucket) TakeAvailable(count int64) int64 {}

func (tb *Bucket) TakeMaxDuration(count int64, maxWait time.Duration)
(time.Duration, bool,) {}

func (tb *Bucket) Wait(count int64) {3}

func (tb *Bucket) WaitMaxDuration(count int64, maxwWait time.Duration) bool {}

Tén va chirc nang twong cua ching kha don gian nén ta sé& khang di vao chi tiét & day. So v&i cong cu ratelimiter do
thw vién Java clia Google cung cap 1& Guava ndi tiéng hon trong cdng ddng Open source, thw vién nay khéng hé tro
khdi tao token va khong thé stra dbi dung lwgng token ban dau, do d6 co thé khong dap (rng dwoc hét cac yéu cau
trong cac trwong hop riéng 1.

4.6.2 Nguyén tac
Mb hinh token bucket thuc ra 1& mét qua trinh cong trir vao mot bién dém toan cuc, nhung viéc st dung bién chung
doi héi chuing ta phai thém cac khoa doc-ghi, chinh vi vay ma tré nén phire tap. Néu ching ta da quen thudc véi ngon
ngl Go, ban c6 thé nght ngay dén viéc dung mét buffered channel d& hoan thanh thao tac tao ra token bucket don
gian:

var tokenBucket = (chan struct{}, capacity)

tokenBucket th&m token vao theo thdi gian, néu bucket da day thi bd qua:

fillToken := func() {

ticker := time.NewTicker(fillInterval)
for {
select {

case <-ticker.C:
select {


https://github.com/juju/ratelimit

case tokenBucket <- struct{}{}:
default:

}

fmt.Println("current token cnt:", (tokenBucket), time.Now())

Két hop vao code:

package main

import (
"t

"time"

func main() {
var fillInterval = time.Millisecond *
var capacity =
var tokenBucket = (chan struct{}, capacity)

fillToken := func() {

ticker := time.NewTicker(fillInterval)
for {
select {
case <-ticker.C:
select {
case tokenBucket <- struct{}{}:
default:
}
fmt.Println("current token cnt:", (tokenBucket), time.Now())
}
}

go fillToken()
time.Sleep(time.Hour)

Két qua sau khi thwc thi thu dwoc:

current token cnt: 98 2019-06-21 13:49:01.932273966 +0700 +07 m=+0.980163041
current token cnt: 99 2019-06-21 13:49:01.942302937 +0700 +07 m=+0.990192005
current token cnt: 100 2019-06-21 13:49:01.952350569 +0700 +07 m=+1.000239633
current token cnt: 100 2019-06-21 13:49:01.962330944 +0700 +07 m=+1.010220033
current token cnt: 100 2019-06-21 13:49:01.972302925 +0700 +07 m=+1.020191986
current token cnt: 100 2019-06-21 13:49:01.982292881 +0700 +07 m=+1.030181989
current token cnt: 100 2019-06-21 13:49:01.992308344 +0700 +07 m=+1.040197432
current token cnt: 100 2019-06-21 13:49:02.002350638 +0700 +07 m=+1.050239734
current token cnt: 100 2019-06-21 13:49:02.012318649 +0700 +07 m=+1.060207734
current token cnt: 100 2019-06-21 13:49:02.022282122 +0700 +07 m=+1.070171206

Trong th&i gian 1s chwong trinh dwa ra 100 token. Tuy nhién cé thé thdy bd dém thoi gian clia Go ¢ 16i khoang
0,001 giay, vi vay néu kich thwéc bucket I&n hon 1000, cé thé xdy ra mot s6 16i. Méc du ddi véi phan 16n service thi
16i nay khéng dang ké.

Thao tac cap token ctia token bucket & trén ciing d& hién thwe hon, dé don gian héa van dé, ta chi ldy mét token nhw
sau day:

func TakeAvailable(block bool) bool{
var takenResult bool
if block {



select {
case <-tokenBucket:
takenResult =
3
} else {
select {
case <-tokenBucket:
takenResult =
default:
takenResult =
3
}

return takenResult

O day chl y mot chit, token bucket dwa token vao bucket theo cac khoang thei gian ¢b dinh. Gia str:

e Lan cudi token dwoc dwa vao la t1,
o Sb token tai thoi diém d6 1a ki,

e Time interval la ti,

e Madi lan dwa x token vao bucket,

e Dung lwgng clia bucket la gi¢i han.

Bay gi& néu ai d6 goi TakeAvailable dé l&y n token, ta s& ghi lai khodnh khac nay la t2. Vay tai t2 nén cé bao nhiéu
token trong bucket token? Ma gia nhw sau:

cur = k1 + ((t2 - t1)/ti) * x
cur = cur > ? . cur

Chuing ta str dung chénh léch thoi gian gitra t1, t2 két hop v&i cac tham sb ti, k1 thi cé thé biét dugc sb lvong token
trong bucket trwéc khi lay ra token. V& mét ly thuyét 1a khéng can thiét st dung hoat dong dién token vao channel &
vi du trwéc. Mién 1& mdi 1an ta déu tinh sb lwong token trong bucket thi ¢ thé nhan dwoc sé lwong token chinh xac.
Sau khi nhan dwoc sé lweng token rdi thi chi cin thuwe hién nhitng thao tac can thiét nhw phép trir sb lwong token.
Hay nhé s dung lock d& d&m bao an toan véi tinh concurrency. Thw vién juju/ratelimit dang thwe hién theo cach nay.

4.6.3 Van de tac nghén Service va Quality of Service

Trwéc day ching ta da néi nhidu vé viéc bottleneck & CPU, 10 va mét s6 loai khac niva, van d& nay cé thé phat hién
twong déi nhanh chéng tir hau hét cac cong ty coé monitoring, néu hé théng gap van dé v& hiéu suét thi quan sat bidu
dd monitor vé response la phwong an nhanh nhét dé phat hién nguyén nhan.


https://github.com/juju/ratelimit
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Méc du céc sb liéu hiéu sudt 1a quan trong, QoS (Quality of Service) tdng thé cla dich vu ciling can duwgc xem xét khi
cung cép dich vu cho ngudi dung. QoS bao gbm cac sé liéu nhuw tinh s&n sang (availability), théng lwong
(throughput), dé tré (latency, delay variation), mat mat d liéu, ...

Nhin chung, ta c6 thé& cai thién viéc st dung CPU ctia cac dich vu Web bang cach téi wu hoa hé thdng, tir d6 tang
throughput clia toan bd hé théng.

Nhung khi throughput dwoc cai thién, chwa chéc da co thé cai thién trai nghiém nguwoi dung. Nguwdi dung rat nhay
cadm v&i do tré. DU throughput ctia hé thédng cao, nhwng néu khong phan héi dwoc trong mot thei gian dai sé 1am
ngwdi ding rat kho chiu. Do d6, trong cac chi sé hiéu suét dich vu Web clia cac cong ty I&n, ngoai do tr& phan hoi
trung binh, thdi gian phan hdi 95% (p95) va 99% (p99) ciing dwoc lay ra lam tiéu chudn hiéu suét. Thoi gian phan hdi
trung binh thweng khong anh hwédng nhidu dén viéc cai thién hiéu suat st dung CPU, quan trong 1a thoi gian phan
hdi 99% so v&i 95% cé thé tang dang ké&. T d6 ta co thé xem xét liéu chi phi cai thién hiéu suét st dung CPU nay cé
dang hay khéng.

Lién két

e Phan tiép theo: Md hinh clia cac dw an web
e Phan trwdc: Lam viéc voi Database
e Muc luc


https://stackoverflow.com/questions/12808934/what-is-p99-latency

4.7. M6 hinh cua cac dw an web

Phan nay sé trinh bay mé hinh MVC va di vao chi tiét cac I&p trong mot dw an web.

4.7.1 M6 hinh MVC

MVC frameworks & nhivrng framework rat phé bién trong viéc phat trién web, khai niem MVC dwoc d& xuat dau tién
b&i Trygve Reenskaug vao nam 1978, chwong trinh MVC gdm ba thanh phan:

e Model : Ia noi chtra nhirng nghiép vu twong tac voi div liéu hodc hé quan tri co s& div liéu (mysql, mssql... ); n6é
sé& bao gdm cac class/function xt Iy nhidu nghiép vu nhw két néi database, truy van dir liéu, thém - xoa - stra dir
liéu...

e View : 12 noi c6 nhirng giao dién nhuw mét nat bAm, khung nhap, menu, hinh anh... né d@m nhiém nhiém vu hién
thi dir liéu va gitip nguoi ding twong tac véi hé théng.

e Controller : Ia noi tiép nhan nhirng yéu ciu x& ly dwgc givi tir ngudi dung, né sé gdm nhirng class/ function xir
ly nhiéu nghiép vu logic gitp lay dung di¥ liéu thong tin can thiét nhér cac nghiép vu Iép Model cung cap va hién
thi d@ liéu d6 ra cho ngwdi dung nhd I6p View.

Trai qua qua trinh phat trién, phan back-end ctia chwong trinh ngay cang phirc tap. D& quan ly tét hon, nhitng phan
nhw thé s& thwong phan chia ra thanh nhiéu kién tric con. Hinh sau 1a mét lwu db ctia hé théng tir front-end t&i back-
end:

request in

; "
Vue/React Golang ‘ Controller ‘J requestin

request out

ajax POST site.com/api/v1l/books
h- > request in

request out Model

POST ip:port/api/v1/books

201 Created

request out

remote storage
Kién tric mét dw an web
Vue va React trong hinh 13 hai frameworks front-end phd bién trén thé gidi, b&i vi chiing ta khéng tap trung néi vé no,
do d6 cAu truc front-end ctia dw an khong dwoc nh&n manh trén lwu dd. Thwe té trong vai dw an don gian, nganh
coéng nghiép khdng hoan toan tuan theo mé hinh MVC, déc biét 1a phan M va C. C6 nhiéu cong ty ma dw an cla ho
¢6 rat nhidu phan logic bén trong I&p Controller, va chi quan ly phan lwu triv div liéu & I&p Model.

Tuy nhién, theo nhw y twéng clia ngudi sang lap MVC thi mét business process ciing thuéc mét loai "model”. Néu
chung ta d&t ma ngudn thao tac véi div liéu va business process vao Iép M clia MVC, thi I6p M sé& quéa cdng kénh.
Trong nhirng du an phirc tap, mot I&p C hodc M hién nhién 1a khdng dt ma phai cé nhiéu Iép pure back-end APl bén
dwdi nlra:

4.7.2 M6 hinh 3 I&p


https://en.wikipedia.org/wiki/Trygve_Reenskaug

Gi&i thiéu md hinh 3 1&p

User Inteface
Views render in browser, CLI, Win from,...

gL AN .| JSON object,
TR e H-------- Protobuf,...
Controller Layer

App.Controllers, Event listeners,...

JL
h 4 | | " Data Transfer
Object

Business Logic Layer
Handler logic, Computing logic....

| | S e

o | |

Data Access Layer
Persistance data, query data,...

Database

Three layer model
Mb hinh 3 1&p 1a m6 hinh kha quen thudc véi chiing ta tir thdi con ngdi ghé nha trwérng dai hoc. Khi ching ta da hidu
duwoc tw twéng ctia mo hinh 3 1&p thi ching ta cé thé bién thé né cho phi hop véi bai toan hay hé thdng ctia minh. O
hinh trén la mdt mo hinh 3 I¢p theo kinh nghiém cta minh hay lam:

1. User Interface: |a phan giao dién tvong tac véi ngudi diing nhw web browser, winform, ... Day la noi nguoi
diing gt cac yéu cdu RESTful hodc yéu cdu gRPC t&i hé théng ching ta.

2. Controller Layer: twong tw nhw & trén, 1a mot diém dau vao clia service, 1a noi nhan cac goi tin yéu ciu va phan
hdi v& User Interface. Layer chiu trach nhiém xt ly cac logic routing, kiém tra tham sb, chuyén tiép request, ...

3. Business Logic Layer: 13 I&p x& Iy chinh cac business ctia hé thdng. Khi nhan cac yéu cau tir Controller layer,
tuy vao loai yéu cau sé cé cach x& ly, tinh toan khac nhau. Nhitng yéu cau can dén div liéu hay thay ddi div liéu
sé dwoc |op nay day xudng Data Access Layer tinh toan.

4. Data Access Layer: |a lop duy nhat co thé truy van dén database cuia service, layer thuc hién cac thao tac co
li&n quan dén dir liéu nhw (select, insert, update, delete, ...).

Viéc phan chia thanh céac I6p khac nhau gitp cho ching ta d& dang phat trién va bao tri hé thdng. Cac I&p ddm nhan
vai trd khac nhau, giam sw phu thudc gitka cac I&p khi hé thdng to ra. Bdng thdi cac I&p dwoc phan tach gitp ching

ta co thé tai str dung lai kha nhiéu, tiét kiém dwoc thoi gian xay dwng. Nhw minh da ndi & trén, tuy vao nghiép vu va

hé th(")ng chung ta sé Iya chon cho minh mét mé hinh phu hep, khéng nén clirng nhac qua cho mét md hinh. Mét khi
da hiéu dwoc y twédng thi ching ta cé thé linh hoat trong viéc thiét ké mé hinh cho hé théng.

St dung thém middleware



HTTP middleware gRPC middleware

— =

[ Controller ]
l

Business Logic Layer

l

Data Access Layer

Three layer model

Bén canh cac yéu cau business logic, hé théng web con phai hién thuc phan non-business logic nhuw xac thuc token,
glri s6 liéu bao céo, kiém tra tin hop 1& yéu cau, ... dé tach riéng hai phan nay, cac Iép middleware dwgc thém vao.

Lién két

e Phan tiép theo: Loi noi them
e Phan trudc:
e Muc luc



4.8 L&i n6i thém
Két thic chwong nay hi vong ban doc d& c6 mét cai nhin cu thé vé 1ap trinh web ciing nhw ndm dwoc mot sé
framework hé tro Golang trong Iap trinh web.

B&i vi web la mét Iinh vire kha réng, trong chwong nay ching t6i chwa thé dé cap téi cac van dé nhw Iap trinh front-
end, back-end cu th& nhw thé nao ciing nhw cac van dé vé xac thuc ngudi dung. Ban doc c6 thé tham khao thém tai:

e Building Web Apps with Go - codegansta
e Build web application with Golang - astaxie

Lién két

e Phan tiép theo: Chuong 5: Hé théng phéan tan
e Phan trwdc: Mé hinh clia cac dw an web

e Muc luc


https://legacy.gitbook.com/book/codegangsta/building-web-apps-with-go/details
https://astaxie.gitbooks.io/build-web-application-with-golang

Chwong 5: Hé théng phan tan

Chapter 5 Hé thong phan tan

DISTRIBUTED
SYSTEM

“We used it to write our own simple distributed computing software after realizing hadoop was too complicated
(and thus bug prone) for our embarrassingly parallel needs. It took us less time to get the system written, stable
and up and running then it had to get hadoop setup” — micro_cam in Hacker News

Ngén ngl¥ Go ngay cang tré nén phd bién va dang dan thay thé cac ngdn ngir truyén thdng vi cac wu didm vuwot troi
clia né. Bén canh dé, sw phat trién manh mé cla dién toan dam may nhuw AWS, Azure, ... da mang lai nhiéu loi ich
cho cac doanh nghiép. Va khong thé khong k& dén cac hé thdng nhw Docker, Kubernetes dwoc xay dung bang Go,
nhd chiing ma ky nguyén dam may da phat trién manh mé va nhanh chéng. Cling v&i d6, né lai kéo theo la cac mod
hinh thiét k& hién dai ra d&i nhw serverless, microservices, ..., noi ma phan ctvrng da dat gi¢i han cta no, ta khéng thé
tiép tuc mé rong theo kiéu vertical ma thay vao d6 phai tap trung theo horizontal hay chia nhé van d& Ion thanh
nhidu van dé nhd dé giai quyét. Luc nay, ta sé gap lai cac cau hoi quen thudc trong hé théng phan tan nhw:

e Lam sao tao mét ID duy nhét trong hé théng phan tan?

e Lam saotao ramét 1ock phan tan trén nhiéu hé théng?

e Lam sao can bang tai trong hé théng?

Tinh théng nhét khi nhiéu hé théng s& dung chung cau hinh?
e Thu thap d liéu Ion?

Cac van dé trén tuy khdng méi nhung & day, ching ta sé giai quyét chiing theo cach ciia Go.

Lién ket
e Phan tiép theo: Distributed ID generator

e Phan trwéc: Chuong 4: Loi noi them
e Muc luc
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5.1 Distributed ID generator

Daéi khi chiing ta can tao ra mét ID twong tw nhw ID téng tw déng clia MySQL va c6 tinh chat khong dwgc trung 13p.
Chung ta c6 thé si dung ID dé hé trg cac ngi canh trong kinh doanh. Dién hinh, khi cé chwong trinh khuyén mai
trong thwong mai dién tl, mot sd lwong Ién don dat hang sé tran vao hé théng trong mét khoang thei gian ngén, tao
ra khodng 10 ngan don méi gidy, méi don sé& twong tng véi mot ID dinh danh.

Trwéc khi chén vao co sé& dir liéu, ching ta cAn cung cap cho cac théng tin d6 mét ID, sau d6 chén né vao co sé div
liéu. Yéu cau dbi v&i ID nay 1a co théng tin vé& thdi gian. Nhd vay, co sé di liéu ctia ching ta van cé thé sap xép cac
tin nhan dé theo th( tw thoi gian.

Thuat toan snowflake ctia Twitter la gidi phap dién hinh trong ngir canh nay. Hay nhin vao hinh sau:

datacenter_id sequence_id
unused

v 41 bits v v

a 2eee 0000 0000 QODO 00OR QORR PEOR PODE P0OD Q0RO @ pagaa | paesa ‘ oeee epep oeee

& &

time in milliseconds worker_id

Phan phéi Bit trong snowflake
Dau tién, ta xac dinh réng gia tri [a 64 bit, kidu dir liéu twong (rng bén Go la int64, chiing dwoc chia thanh bdn phan:

e Khong st dung bit dau tién vi bit nay 1a bit d4u.

e timestamp : st dung 41 bit d& bidu thj imestamp khi nhan dwoc yéu cau, tinh béng milliseconds.
e datacenter_id : 5 chi¥ s& dé biéu thi id cha trung tam dir liéu.

e worker_id : 5 chir sb d& biéu thi id cla server.

e sequence_id : cudi cling la id tdng vong lap 12 bit ( tang tr 0 dén 111111111111 rdi tré vé 0).

Co ché nay co thé hd tro ching tataora 2 » 12 = 4896 tin nhan trong ciing moét millisecond trén cling mat server.
Vay chuing ta cé tdng cdng cé 4096 triéu tin nhan trong mét gidy. N6 1a hoan toan di dé st dung trong cac truéong
hop can mét sé lweng ID I&n trong théi gian ngén.

timestamp gOm 41 chi¥ s6 nén cé thé hd tro chiing ta trong 69 ndm. T4t nhién, thoi gian tinh bang mili giay ctia
chuing ta cé thé khong thuwc sw bat dau tir ndm 1970, vi néu nhw vay thi hé thdng sé chi hoat dong dén 2e39/9/7
23:47:35 , do d8, chling chi nén tang so v&i mot mdc thoi gian nhét dinh. Vi du: hé théng clia chiing ta la bat dau
chay vao 2018-08-01, thi chuing ta c6 thé coi mbc thdi gian nay 14 2018-08-01 e0: ee: e0.000 VA tang lén tr do.

5.1.1 Phan céng worker_id

timestamp , datacenter_id , worker_id VA sequence_id la bdn trwong, riéng timestamp va sequence_id duwgc tao
b&i chwong trinh khi chay. Con datacenter_id va worker_id can 14y trong giai doan trién khai va khi chwong trinh da
dwoc khéi dong, né khong thé thay dbi.


https://developer.twitter.com/en/docs/basics/twitter-ids.html

Nhin chung, cac server trong cac trung tam di¥ liéu khac nhau sé cung c&p cac API twong (rng dé 4y id cla trung tam
di liéu, vi vay datacenter_id co6 thé dé& dang |4y trong giai doan trién khai. Con worker_id 1a mét id ma chung ta gan
mot cach "logically" cho tirng may. Ching ta nén xt ly thé nao? Y twéng don gian l1a si dung cac céng cu cung cap
tinh n&ng ID tw téng, chang han nhu trong MySQL:

mysgl> insert into a (ip) values("10.1.2.101");
Query OK, 1 row affected (0.00 sec)

mysgql> select last_insert_id();

doccooooocooooccooo +
| 2|
e mmmmmeemmeas +
1 row in (0.00 sec)

Khi ban da nhan duoc ID tr MySQL, worker_id s& dwoc duy tri cuc bd, tranh duoc trwdng hop lam méi méi khi ban
truy cap worker_id.

TAt nhién, st dung MySQL ddng nghia vé&i viéc thém mot phu thudc bén ngoai vao service tao ID. Ching ta déu biét
viéc cang thém nhiéu phu thudc, kha ndng phuc vu cla service cang té.

Xem xét dén viéc co moét service tao ID b 16i trong cluster, mot phan cua ID bi mat trong mét khoang thoi gian, thi
chuing ta can gén truc tiép worker_id vao c&u hinh clia worker. Khi hé théng dé hoat déng lai, doan script trién khai sé
quy dinh gia tri worker_id.

5.1.2 Cac Open source hién cé

5.1.2.1 Hién thwc theo snowflake chuan

Snowflake Ia mét hién thwc Snowflake clia Go kha nhe. Ban c6 thé str dung phan dinh nghia clia n6, xem duwéi day.

1 Bit Unused 41 Bit Timestamp 10 Bit ModelD 12 Bit Sequence ID

Thu vién snowflake
N6 gibng hoan toan nhu snowflake tiéu chuén. Va twong déi don gian dé& s& dung nhw vi du sau:

main.go

package main
import (
"t

"os"

"github.com/bwmarrin/snowflake"

)

func main() {

n, err := snowflake.NewNode(1)
if err != {
(err)
0s.Exit(1)



for 1 :=0; 1< 3; i++ {
// tao ID
id := n.Generate()
fmt.Println("id", id)
fmt.Println(
"node: ", id.Node(),
"step: ", id.Step(),
"time: ", id.Time(),
"\n",

// output:
// id 1160090501362225152
// node: 1 step: 0 time: 1565422103621

// id 1160090501362225153
// node: 1 step: 1 time: 1565422103621

// id 1160090501362225154
// node: 1 step: 2 time: 1565422103621

DT nhién, thw vién nay ciing cho phép chiing ta tly chinh vai théng sé, cac trwéng cé thé tiy chinh nhu:

// Epoch la thoi gian bat dau

// Epoch duoc thiét 1lap theo twitter snowflake epoch vao thdi diém Nov 04 2010 01:42:54 UTC
// ban c6 thé thiét lap Epoch theo thoi gian cla ¢ng dung cla ban.

Epoch int64 =

// dd dai bit cua may chu hoat doéng
// nh¢ r&ng, ban c6 téng 22 bits chia sé gilta Node/Step

NodeBits uint8 =

// sb6 bit dé st dung cho Step
StepBits uint8 =

5.1.2.2 Sonyflake

Sonyflake I& mét dw an Open source clia Sony. Y tuwdng co ban twong tw nhw snowflake, nhwng phan bé bit hoi
khac.

1 Bit Unused 39 Bit Timestamp 8 Bit Sequence 1D 16 Bit Machine 1D

Sonyflake
Thoi gian & day chi st dung 39 bit, nhwng don vi thdi gian tré thanh 10ms. V& mat ly thuyét, né dai hon thoi gian cia
snowflake chudn dén 41 bit (174 n&m).

Sequence ID giéng v@i voi dinh nghia trwdc do, machine 10 thwc sw la id cia Node. Sy khac biét gitka sonyflake la

cac tham sb cau hinh trong qua trinh khéi dong:

CAu tric cla settings nhw sau:

type Settings struct {
// tuwong tu nhu Epoch
// mac dinh b&t dau vao ngay 2014-09-01 00:00:00 +0000 UTC
StartTime time.Time
// ham do nguoi dung dinh nghia
// mac dinh la 16bit cu6i clha IP goéc
MachineID func() (uintl6, error)
// ham kiém tra MachineID c6 trung hay khéng



https://github.com/sony/sonyflake

CheckMachineID func(uint16) bool

S dung checkMachineIp & thiét ké kha thong minh. Néu cé mét bd lwu triy tap trung va hé tre kiém tra sw triing lap,
thi chiing ta c6 thé tly chinh logic d& kiém tra xem machine1d c6 tring khéng. Néu cong ty cé cum Redis duoc tao
sén, thi chiing d& dang kiém tra tring bang céc loai collection ctia Redis.

Redis 127.0.0.1:6379> SADD base64_encoding_of_last16bits MzI®Mgo=
(integer) 1
Redis 127.0.0.1:6379> SADD base64_encoding_of_last16bits MzI®Mgo=
(integer) ©

main.go

package main

import (
[
"ogh

"time"

""github.com/sony/sonyflake"

// getMachineID ham ldy MachineID
func getMachineID() (uint16, error) {
var machineID uint16
var err error

// doc MachineID tir file & local
machineID = readMachineIDFromLocalFile()
if machineID == 0 {

// néu khoéng co

// goi ham generateMachineID dé tao ID

machineID, err = generateMachineID()

If err != {

return 0, err

return machineID,

// checkMachineID ham kiém tra MachineID c6 trung khdng
func checkMachineID(machineID uint16) bool {
// thém machineID vao redis
saddResult, err := saddMachineIDToRedisSet()
if err I= || saddResult == {
return

// lwu lai machineID xuéng file & local
err := saveMachineIDToLocalFile(machineID)
if err I= {

return

return

func main() {
t, _ := time.Parse("2006-01-02", "2018-01-01")

// khdi tao struct setting
settings := sonyflake.Settings{



StartTime: t,
MachineID: getMachinelID,
CheckMachineID: checkMachinelID,

// tao sonyflake struct
sf := sonyflake.NewSonyflake(settings)

// lay ID

id, err := sf.NextID()

if err = nil {
fmt.Println(err)
0s.Exit(1)

fmt.Println("ID: ", id)

// output:
// ID: 84989976554504193

Lién két

e Phan tiép theo: Lock phan tan (Distributed lock)
e Phan trwdc: Chuong 5: Distributed System
e Muc luc



5.2 Lock phan tan

Distributed lock
Trwdce khi di vao ndi dung chinh la pistributed lock chung ta cung xem xét bai toan sau. Khi mét chwong trinh chay

ddng thdi hodc song song slra dbi bién toan cuc, hanh vi stva ddi nay can phai dwoc 1ock dé tranh trwdng hop race
conditions. Tai sao ban can phai lock ? Hay xem diéu gi xay ra khi trong bai toan dém sb mét cach ddng thdi ma
khoéng lock dwéi day.

main.go

package main

import (
"sync"
"

// bién dém toan cuc
var counter int

func main() {
var wg sync.WaitGroup
for i := 0; i < 1000; i++ {
wg.Add(1)
go func() {
defer wg.Done()
// tang bién counter 1én mot don vi
counter++

30

wg.Wait()
fmt.Println("Counter: ", counter)

Khi ta chay nhiéu 1an, cac két qua sé khac nhau:

$ go run local_lock.go
Counter: 945
$ go run local_lock.go


https://en.wikipedia.org/wiki/Race_condition

Counter 937
$ go run _lock.go
Counter: 959

5.2.1 Lock qua trinh dang thwc hién

D& c6 két qua chinh xac, lock phan code thyc thi ciia bé dém nhw vi du dwéi day.

var wg sync.WaitGroup
var 1 sync.Mutex
for i := 0; 1< ; i+t {
wg.Add(1)
go func() {
defer wg.Done()

1.Lock()
counter++

1.Unlock()
10
}

wg.Wait()
fmt.Println("Counter: ", counter)

Céc lan chay déu cho ra cung mét két qua:

$ go run local_lock.go
1000

5.2.2 Str dung Trylock

Trong mét sb tinh hudng, ching ta chi mudn mét tién trinh thwe thi mot nhiém vu. & vi du dém sé & trén, tat ca
goroutines déu thuc hién thanh cong. Gia st ¢ goroutine that bai trong khi thwc hién, chiing ta can phai bé qua tién
trinh cGa né. Pay 1a lic can trylock .

Trylock, nhw t&n cla né, cd gang lock va néu lock thanh cdng thi thwe hién cac cong viéc tiép theo. Néu lock bij 16i, n6
sé& khong bi chén lai ma sé tra vé két qua lock. Trong l&p trinh Go, chuing ta c6 thé mo phdng mét trylock véi channel
c6 kich thwée buffer la 1.

main.go

package main

import (
"sync"

)

type Lock struct {
c chan struct{}

}

func NewLock() Lock {
var 1 Lock
l.c = (chan struct{}, 1)
l.c <- struct{}{}



//

return 1

Lock try lock,

trd vé két qua lock la true/false

func (1 Lock) Lock() bool {

//

lockResult :=

select {

case <-l.c:
lockResult =

default:

3

return lockResul

Unlock , gidi p

t

héng lock

func (1 Lock) Unlock() {

//
va

fu

//
//
//
//
//
//
//
//
//
//
//

B&i vi logic clia chiing ta gi¢i han b&i mdi goroutine chi thuwe hién logic sau khi né Lock thanh cong. Con dbi voi
Unlock, né dadm bao réng channel clia Lock & doan code trén phai tréng, nén né sé khong bi chdn hodc that bai gitra
chirng. Poan code trén st dung channel cé kich thwéc 1 d& md phdng mét tryLock. V& Iy thuyét, ban c6 thé str dung
CAS trong thw vién chuan dé dat dwoc chirc ndng twong tw véi chi phi thap hon. Ban c6 thé thir diing no.

Trong mét hé thdng don, trylock khdng phai 1a mét lwa chon tét. B&i vi khi cd mét lwgng 16n lock goroutine cé thé gay
1ang phi tai nguyén trong CPU mét cach vo nghta. Cé mét danh tir thich hop dwoc st dung d& md ta kich ban khoa

nay:

l.c <- struct{}{

bién dém toan c

r counter int

nc main() {
var 1 = NewLock(

}

uc

)

var wg sync.wWaitGroup

for 1 :=0; i<
wg.Add(1)
go func() {
defer wg.Don
if !1l.Lock()
// log err
fmt.Printli
return
}
counter++
fmt.Println(
1.uUnlock()
0
3
wg.Wait()

output

lock failed
lock failed
lock failed
lock failed
lock failed
lock failed
current counter
lock failed
lock failed
lock failed

livelock .

;i {

e()
{

or
n("lock failed")

"current counter", counter)

1


https://en.wikipedia.org/wiki/Compare-and-swap

livelock nghia la chwong trinh tréng c6 vé dang thuc thi binh thuwdng, nhwng trén thwe té, CPU bj Iang phi khi phéi
lo 14y lock thay vi thye thi tac vu, do dé viéc thue thi ciia chwong trinh khéng hiéu qua. VAn dé cua livelock sé gay ra
réat nhiéu hau qua xau. Do d6, trong ngl* canh may don, khéng nén st dung loai lock nay.

5.2.3 Redis dwa trén setnx

Trong ngir cnh phan tan, ching ta ciing cAn mét loai logic "wu tién". Lam sao d& cé dwgc né? Chung ta c6 thé st
dung lénh setnx do Redis cung cAp:

main.go

package main

import (
"fmt"
"sync"
"time"

"github.com/go-redis/redis"

func incr() {
client := redis.NewClient(&redis.Options{
Addr: "localhost:6379",
// khéng can khéi tao password
Password: "',
// khdéng dung database
DB:

1

’

var lockKey = "counter_lock"
var counterKey = "counter"

// lay lock
resp := client.SetNX(lockKey, 1, time.Second*5)
lockSuccess, err := resp.Result()

if err 1= || !'lockSuccess {
fmt.Println(err, "lock result: ", lockSuccess)
return

// tang cntValue 1lén mot don vi
getResp := client.Get(counterKey)
cntValue, err := getResp.Int64()

if err == || err == redis.Nil {
cntValue++
resp := client.Set(counterKey, cntValue, 0)
_, err := resp.Result()
if err I= {
// log err
fmt.Println("set value error!")
}
3

fmt.Println("current counter is ", cntValue)

delResp := client.Del(lockKey)
// gidi phoéng lock
unlockSuccess, err := delResp.Result()
if err == && unlockSuccess > {
fmt.Println("unlock success!")
} else {
fmt.Println("unlock failed", err)


https://github.com/go-redis/redis

func main() {
var wg sync.wWaitGroup
for i 1= 0; 1 < 10; i++ {
wg.Add(1)
go func() {
defer wg.Done()
incr()
0
3
wg.Wait()
}

Nhin vao két qua khi chay:

$ go run redis_setnx.go
<nil> lock result: false
<nil> lock result: false
<nil> lock result: false
<nil> lock result: false
<nil> lock result: false
<nil> lock result: false
<nil> lock result: false
<nil> lock result: false
<nil> lock result: false
Current counter is 2028
Unlock success!

Théng qua ma ngudn va két qua chay thuc té, ching ta co thé thdy réng khi goi setnx thuc sw rat gidng véi mot
trylock. Néu khéa bj 16i, logic cla tac vu lién quan sé& khong duoc thue thi.

setnx tuyét v&i cho cac nglk canh can tinh ddng thdi cao va dwoc st dung dé gianh mot s tai nguyén "duy nhét". Vi
du: trong hé thdng kiém tra giao dich, ngudi ban tao mot don dét hang va nhiéu ngwdi mua sé gianh lay né. Trong vi
du nay, chiing ta khéng cé cach nao dwa vao thdi gian cu thé dé& phan doan thr tw. B&i vi, du d6 13 thdi gian cda thiét
bi ngwdi dung hay thei gian clia mdi server trong hé thdng phan tan, khdng cé cach nao dé dam bao thdi gian chinh
xac sau khi téng hop lai. Ngay ca khi ching ta da dat cac service chung mét server thi van cé sw khac biét nho.

Do d6, chiing ta can dwa vao tht tw clia cac yéu cau nay dé node Redis thuwc hién thao tac khoa chinh xac. Néu méi
trwérng mang ctia ngudi ding twong ddi kém, thi ho chi can tao thém yéu ciu. Cac ban cé thé xem chi tiét phan
Distributed lock bang Redis & day.

5.2.4 Str dung ZooKeeper

Chuing ta cling xem qua mét vi du v& diing lock trong ZooKeeper.

main.go

package main

import (
et
"time"

"github.com/samuel/go-zookeeper/zk"

)

func main() {
c, _, err := zk.Connect([]string{"127.0.0.1"}, time.Second)
if err I= {
(err)


https://redis.io/topics/distlock
https://github.com/samuel/go-zookeeper

1 := zk.NewLock(c, "/lock", zk.WorldACL(zk.PermAll))

err = 1.Lock()
if err != {
(err)

}

fmt.Println("lock succ, do your business logic")

time.Sleep(time.Second * )

1.Unlock()
fmt.Println("unlock succ, finish business logic")

Lock dwa trén ZooKeeper khac véi lock dwa trén Redis & chd né sé& chén cho dén khi l4y lock thanh cong, twong tw

nhw mutex.Lock .

Nguyén tc nay ciing dwa trén node (mot server trong hé théng phan tan) thir tw tam thoi va quan sat API. Vi du,
chuing ta str dung node /1ock . Cac Lock sé chén gia tri clia chinh n6 vao danh sach node bén dwéi node nay. Khi
cac node con & dwéi node nay thay ddi, né sé& théng bao cho tat ca cac chuong trinh quan sat gia tri clia node. Luc
nay, chuong trinh sé kiém tra xem ID cta node con gan node hién tai nhat c6 gibng v&i gia tri ctia chinh né khong.
Néu ching gidng nhau thi viéc lock di&n ra thanh céng.

Loai lock phan tan nay phu hgp hon cho cac nglr canh dinh thoi tac vu phan tan, nhwng né khéng phu hgp trong cac
ngl canh thwong xuyén can lock trong thei gian lau. Theo bai bao Chubby ctia Google, cac lock dwa trén cac giao
thirc nhat quan cao ap dung cho loai khoa "coarse-grained”. Loai "coarse-grained” ¢ nghia 1a khéa méat nhiéu thoi
gian. Chuing ta nén xem xét liéu lock nay c6 phi hop dé str dung véi muc dich clia ching ta hay khéng.

5.2.5 Str dung etcd

Etcd 1& mét thu vién thweng dwoc dung trong cac hé théng phan tan, né cé chivc nang gan gibng véi ZooKeeper va
da tré nén "hot" hon trong hai ndm qua. Dya trén ZooKeeper, chiing toi da trién khai distributed lock. V&i etcd, ching
ta cling co thé thwe hién cac chirc nang twong ty:

main.go

package main

import (
"1og"

"github.com/zieckey/etcdsync"

)
func main() {

m, err := etcdsync.New("/lock", , [Jstring{"http://127.06.0.1:2379"})
if m == || err != {

log.Printf("etcdsync.New failed")

return

}

err = m.Lock()

if err != {
log.Printf("etcdsync.Lock failed")
return


https://static.googleusercontent.com/media/research.google.com/en//archive/chubby-osdi06.pdf
https://github.com/etcd-io/etcd

}

log.Printf("etcdsync.Lock OK")
log.Printf("Get the lock. Do something here.")

err = m.Unlock()
if err != {
log.Printf("etcdsync.Unlock failed")
} else {
log.Printf("etcdsync.Unlock OK")
}
}

Khong cé node th tw nhw ZooKeeper trong eted. Vi vay, viéc thiye hién lock cla né khac véi ZooKeeper. Qua trinh
lock cho etcdsync clia doan code mau & trén cu thé nhw sau:

1. Kiém tra xem c6 gia tri ndo trong dwérng dan /1ock khéng. Néu coé moét gia tri, khda da bi ngudi khac ly.

2. Néu khéng co gia tri, né sé ghi gia tri cda chinh né vao. Khi ghi gia tri thanh céng thi lock da thanh céng. Gia s
¢6 mét node dang ghi thi node khac dén ghi, diéu nay khién khoa bi 16i. Tiép budc 3.

3. Kiém tra sw kién trong /lock , cai ma dang bi ket tai ltc nay.

4. Khi mot sy kién xay ra trong dwdng dan /1ock , process hién tai dwoc danh thirc. Kiém tra xem sw kién xay ra
c6 phai la sw kién x6a khdng (chirng t6 réng lock dang dwgc mé) hodc sw kién da hét han (cho biét khda da hét
han). Néu vay, quay lai buéc 1 va thuc hién tudn tw cac budec.

Diéu dang nai 1a trong etcdv3 API da chinh thirc cung cip API lock ma c6 thé st dung tryc tiép. Cac ban cé thé tham
khao tai liéu etcdv3 dé nghién ctu thém.

5.2.7 Lam sao dé chon duang loai lock

Néu ban phat trién mét dich vu phan tan, nhwng quy mé dich vu kinh doanh khéng I6n, thi st dung lock nao ciing nhw
nhau. Néu ban cé mét cum ZooKeeper, etcd hodc Redis c6 sdn trong cong ty, hay st dung cai cé sén dé dap trng
nhu cau kinh doanh ctia ban ma khéng can cac cong nghé mai.

Néu doanh nghiép phat tri&n dén mot mirc do nhét dinh, thi ching ta can xem xét & nhiéu khia canh. DAu tién 1a hay
xem xét liéu lock ctia ban cé cho phép mét di¥ liéu trong bt ky didu kién nao khong. Néu khong, thi divng str dung
khoa setnx cua Redis.

Néu do tin cay cla di¥ liéu lock 14 rat cao, thi chi co khoa etcd hodc ZooKeeper ddm bao do tin cay cla div liéu.
Nhuwng mét trai ctia s dang tin cay 1a throughput thap hon va latency cao hon. Can phai cé nhirng bai kiém tra ky
lwdng theo tirng cap do kinh doanh dé dam bao ring cac lock phan tan bang cum etcd hodc ZooKeeper c6 thé chiu
dwoc &p lwe cla cac yéu cau kinh doanh thuc té.

Luu y: sé& khong co cach ndo dé cai thién hiéu suét ciia cum etcd va Zookeeper bang cach thém cac node. D& mé
réng quy md theo chidu ngang, ban chi c6 thé tang sé lwong cum dé hd trg nhiéu yéu cau hon. Diéu nay sé tang
thém cac chi phi van hanh, bao tri va giam sat. Nhiéu cum cé th& can phai thém proxy. Néu khéng cé proxy, dich vu
can dwoc phan phéi theo mot ID nhat dinh. Néu dich vu da dwoc mé rong, ban cling nén xem xét viéc di chuyén di
liéu dong. Bay khong phai 1a didu dé dang.

Lién két

e Phan tiép theo: Hé théng tac vu co tri hodn
e Phan truwdc: Distributed ID generator
e Muc luc


https://github.com/etcd-io/etcd/releases/tag/v3.3.13

5.2 Lock phan tan
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5.3 Hé thong tac vu c6 tri hoan

Khi ching ta xay dung hé théng, ching ta thwéng xr ly cac cdng viéc trén thoi gian thwe. Ngudi ding g yéu clu va
sau do6 dwoc phan hdi ngay lap tirc. Nhwng déi khi ban sé gép cac cong viéc khéng theo thdi gian thuwe, chang han
nhw dwa ra cac théng bao quan trong tai mot thdi diém cu thé. Hodc ban cAn lam mét cai gi d6 cu thé sau khi ngudi
dung da thyc hién mét vai thir trong X phat /'Y gid, chéng han nhu théng bao, phat hanh trai phiéu,

Néu quy mé business con nhd, chiing ta ¢ thé si dung co s& di liéu dé& x ly cac cong viéc loai nay, nhwng cac
cbng ty co quy md I&n hon sé tim ra cac giai phap linh hoat hon dé giai quyét van dé nay.

Nhin chung, c6 hai cach dé giai quyét van dé trén:

1. Hién thwc mot hé théng phan tan dé quan ly tac vu theo thdi gian twong tw nhw crontab.
2. Hién thwc mot hang doi tin nhén (message queue) ma hé tro' cac tin nhan duogc dinh thoi trwde.

Hai y twdng trén da tao ra nhiéu hé théng khac nhau, nhwng ban chét 1a giéng nhau. Ta can hién thywc mét bd dém
thoi gian. Bd dém thoi gian khong phai 1a hiém trong ngl cadnh cé mét server. Vi duy, ching ta thudng goi ham
setReadDeadline() khilam viéc véi thw vien mang. Bidu nay thuc sy tao ra mot bd dém thdi gian (timer) cuc bd. Sau
khi hét thoi gian quy dinh, ching ta s& nhan mét théng bao tir bd dém théi gian néi réng thdi gian da hét. Tai thoi
diém nay, néu viéc doc chwa hoan thanh, thi coi nhw da xay ra sw ¢ mang, do do chiing ta cé thé ngirng lai viéc doc.

Hay bat diu v&i bo dém thoi gian va kham pha viéc hién thwe hé thdng tac vu c6 tri hoan.
5.3.1 Hién thwc bé dem théi gian
Viéc hién thuc cac bd dém thoi gian da 1a mot van d& quen thudc. Phd bién 14 time heap va time wheel.

5.3.1.1 Time heap

Time heap & phd bién nhét va thuwdng dwoc hién thuc bang min heap. Min heap 1a mét cay nhi phan déc biét.

Céu tric heap nhi phan


https://en.wikipedia.org/wiki/Cron

Nhirng lgi ich cGia min heap la gi? Trong thuc té, d6i véi bd dém théi gian, néu phan td trén cung Ién hon thi gian
hién tai, thi tt c& cac phan t& trong heap déu Ién hon thoi gian hién tai. Hon niva, chuing ta khéng can quan tam gi
vé time heap. Do phirc tap thdi gian clia viéc kidm tra nay la o(1) .

Khi ta thdy cac phan t&r dau ctia heap nhé hon thei diém hién tai, thi c6 thé mot loat cac sw kién da bat dau hét han,
thi cac 1énh pop-up va diéu chinh heap di&n ra. D6 phirc tap thdi gian ctia méi 1an diéu chinh heap la o (Lgn) .

B0 dém thoi gian tich hop s&n cta Go dwoc hién thuc véi mét time heap, nhwng thay vi str dung mot heap nhi phan,
c6 mét gidi phap tét hon dwoc siv dung. Hay nhin vao min heap véi bén canh trong nhw thé nao:

20 | 4 5|13 99 |13 | 11 | 12

12| 14 | 15 | 16 3 (10| 5 | 4

Quad Cross Stack Structure
Ban chét clia min heap, node cha nhé hon bdn node con ctia no, khong cé méi quan hé kich thwéc dac biét gitra cac
node con.

Khoéng c6 sw khac biét gitka thoi gian qua han cla phan tir va didu chinh heap trong heap bén node VA heap nhi

phéan .

5.3.1.2 Time Wheel

task linked list

task linked list

task linked list

task linked list

task linked list

LT T]

Time Wheel
Khi st dung time wheel d& hién thwc bd dém thoi gian, chiing ta can xac dinh ty 1e cGa mdi 6. Banh xe thoi gian ¢
thé dwoc twéng twong nhw mét chiéc ddng hd va trung tam cé kim giay theo chiéu kim ddng hd. Mai 14n ching ta
chuyé&n sang mét 9, chiing ta can xem danh sach nhiém vu dwoc gan trén 6 dé ¢é nhiém vu da dén han hay khong.

Vé mét cAu tric, time wheel twong tw nhw bang badm, néu ching ta dinh nghta thuat toan bam Ia: th&i gian kich hoat
% s6 phan tir ctia time wheel. Thi day la mét bang bam don gian. Trong trwdng hop xung dét bdm, mét danh sach

lién két dwoc st dung.



Ngoai time wheel moét I&p, c6 mot sb time wheel trong thwc té st dung nhiéu I&p. Tuy nhién, t6i sé khéng di vao chi
tiét & day.

5.3.2 Phan phoi céng viéc

Théng qua cach hién thuc bd dém thdi gian co ban, néu ching ta dang phat trién mot hé théng trén mot server,
chuing ta cé thé st dung chiing. Nhuwng trong chwong nay ching ta dang néi vé ngir canh hé thdng phan tan, van con
mot khodng cach nhd dé co thé ap dung vao hé théng phan tan.

Chuing ta can phan b cac céng viéc theo "thoi gian" hodc "tri hoan" cong viéc (vé& co ban ciing la thei gian). Y twéng
& day la:
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M&i gi¢r, mdi instance s& vao co s& dir liéu dé truy xuat cac tac vu dwoc dinh thoi trwdc dé xir ly trong gid tiép theo.

Chi can chon céc tac vu d6 véi task_id % shard_count = shard_id.

Khi cac tac vu thoi gian nay dwoc kich hoat, ban can théng bao cho phia ngwdi diing. Cé hai cach dé lam diéu nay:

1. Déng géi cac théng tin dwoc kich hoat béi tac vu dwdi dang tin nhén va gt né vao mét hang doi. Phia nguoi
diing chi can lang nghe hang doi tin nhan nay.
2. Goi mét ham callback do ngwoi dung dinh cAu hinh.

Ca hai cach nay déu cé wu didm va nhwoc diém riéng. Néu ban st dung cach 1, thi khi hang doi tin nhan bj 16i, toan
bd hé théng sé& unavailable . TAt nhién, hang doi tin nhan thwdng sé cé gidi phap ddm bdo high-availability . Phan
I&n thoi gian, ching ta khong phai lo 1ng vé& van dé nay.

The hai, néu hang doi tin nhan dwoc str dung & gilba qua trinh cia nghiép vu business, do tré clia cho mot xt ly
businesssé tang lén. Néu tac vu dwoc tinh thoi gian phai dwoc hoan thanh trong vong hang chuc millisecond dén vai
tram millisecond sau khi kich hoat, thi hang dogi tin nhan sé cé nhirng rdi ro nhét dinh.

Néu ban &p dung cach th(r hai, nd sé tang ganh nang ctia hé thdng tac vu thoi gian. Chuing t6i biét ring viéc thue thi
dang so nhat clia bo dém thoi gian trén mét server 13 chirc nang callback mat qua nhiéu thoi gian dé thuce thi, didu
nay sé anh huwéng dén viéc thuc thi tac vu tiép theo. Trong mét kich ban phan tan, mdi quan tam nay van dwoc ap
dung. Mét callback khong tét cé thé trirc tiép kéo toan bd hé thdng nhiém vu theo thdi gian di xudng. Bén canh, chiing
ta cling can xem xét viéc thém cai d&t thoi gian timeout cho callback va xem xét can than khoang thoi gian chd ma
nguwdi ding cau hinh.

5.3.3 Can bang dir liéu va can nhac tinh bat bién



Khi tac vu cla chung ta thyc hién 16i do mot may nao do trong cum co van d&, tac vu can dwoc thwe hién lai. Theo
chién lwgc modulo phia trén, viéc phan phéi lai cac tac vu chwa dwoc x ly béi server nay sé rac réi hon. Néu dé 1a
mot hé théng dang thwe sw chay, ban phai chu y nhidu hon dén viéc can bang cac nhiém vu trong tredng hop c6 16i
xay ra.

Chuing ta c6 thé tham khao thiét ké phan phéi di¥ liéu cha ElasticSearch, méi di¥ liéu clia tac vu cé nhidu ban sao. Gia
st co hai ban sao nhw hinh sau:

Node 1
0 1 3 4
Node 2
0 2 3
Node 3
1 3 4

Task Data Distribution
Mac du cé hai node cuing s& hiru mot di liéu, div liéu sé cé sw phan biét: ban chinh hay ban phy . Ban chinh la 6
vudng c6 t& dam vién trong hinh va ban phu cé vién binh thwéng. Mét tac vu sé& chi duwgc thwe hién trén node c6 ban
chinh.

Khi cé node bij 18i, ta can phan phéi cac dir liéu cla tac vu trén node nay. Vi dy, node 1 bi treo, chiing ta cling xem
hinh sau.


https://www.elastic.co/

Node 1

Node 2

Node 3

Data distribution at fault
Dt liéu ctia node 1 sé& dwoc di chuyén dén node 2 va node 3.

TAt nhién, ban ciing c6 thé st dung mét y twéng phirc tap hon mét chut, chdng han nhw phan chia vai trd clia cac
node trong cum va node diéu phéi s& phan phéi lai cac tac vu trong tredng hop cé 18i. Xem xét tinh high
availability , node diéu phéi ciing can 1 dén 2 Node di phong dé ngén ngira tai nan.

Nhw da dé& cap, ching ta sé st dung hang doi tin nhan dé théng bao cho ngudi dung. Khi st dung hang doi tin nhan,
nhidu hang doi khéng hd tro exactly once. Trong trwdng hop nay, ching ta can dé ngwoi diing tw x( ly viéc nhan tin
nhén 2 1&n hoac thiéu tin nhan (xt ly tam thoi).

Lién két

e Phan tiép theo: Can bang tai
e Phan trwdc: Lock phan tan
e Muc luc


https://streaml.io/blog/exactly-once

5.4 Can bang tai

Loadbalancer
Phan nay sé thao luan vé& cac phwong phap phd bién trong can béng tai hé théng phan tan.

5.4.1 Y twéng can bang tai

Can bang tai ludn Ia mdt van d& dang chu trong khi xay dwng mot hé théng phan tan. C6 rat nhidu mé hinh dé dat can
béng tai: & phia client, & phia gateway, & sidecar,... M6i m6 hinh d&u cé wu nhwoc didm riéng, tly vao nhu cau va
didu kién hién tai ciia ban d& chon mot cach phl hop nhat. Nhwng, du né dét & dau, van dé clia can bang tai van luén
Ia giai thuat can bang tai nhw thé nao d& mang lai tinh can béng nhéat cho cac hé théng con. Mét gidi thuat tét sé dem
lai m&t hiéu nang t6t cho toan hé théng, giam kha ndng bottleneck khi lwgng truy cap I&n chi ddn vao service. Trong
chwong nay, ta sé& tim hiéu vé cach can bang tai va cac lwu y khi str dung cac thuat toan can bang tai.

Khi ¢6 N node cling cung cép service va ching ta can chon mét trong s do dé thuwc hién quy trinh business. Cé mot
sb y twéng:

1. Chon theo th tw: 14n gan nh4t ban chon cai dau tién, thi 1An nay ban chon cai thir hai, rdi cir thé véi cai tiép
theo. Néu ban da dat dén cai cudi cuing, thi cai tiép theo bat ddu tir cai dau tién. Trong trwdng hop nay, ching ta
c6 thé lwu trir thong tin node dich vu trong mdt mang. Sau khi mdi y&u ciu dwoc hoan thanh xudi dong, ching ta
di chuyén chi muc di tiép. Di chuyén tré lai dau ctia mang khi ban di chuyén dén cubi.

2. Chon ngéu nhién: Chon node mét cach ngéu nhién. Gia st réng may th& X dwoc chon, thi x co thé dwoc chon tir

ham rand.Intn()%n .
3. Sap xép cac node theo mét trong lweng nhat dinh va chon mét node c6 trong lwong I&n nhat hodc nhé nhét.

Néu yéu cau khong thanh cdng, chiing ta van can co ché dé thir lai. B4i véi thuat toan ngau nhién, c¢é kha nang ban

s& chon node 16i 14n niva.

5.4.2 Can bang tai dwa trén thuat toan xao trén



Gia st ching ta cAn chon ngAu nhién node gl yéu cau va thi lai cac node khac khi cé 16i tra vé. Vi vay, ching ta
thiét k& mot mang chi muc véi kich thwéc béng sd node. Méi 1an ching ta c6 mét yéu cau méi, ching ta x&o tron
mang chi muc, sau dé lay phan tir d4u tién 1am node dich vu. Néu yéu cau that bai, ta chon node tiép theo. Clr thir lai
va tiép tuc, ...

var endpoints = []string {

"100.69.62.1:3232",

"100.69.62.32:3232",
"100.69.62.42:3232",
"100.69.62.81:3232",
"100.69.62.11:3232",
"100.69.62.113:3232",
"100.69.62.101:3232",

// shuffle ham xdo tron chi muc
func shuffle(slice []int) {
for i := 0; i< (slice); i++ {
a := rand.Intn( (slice))
b := rand.Intn( (slice))
slice[a], slice[b] = slice[b], slice[a]

func request(params map[string]interface{}) error {
var indexes = []int {0,1,2,3,4,5,6}
var err error

// goi shuffle dé xa&o trdon cac index
shuffle(indexes)

// s6 lan thr lai la 3

maxRetryTimes :=

idx :=
for i := 0; i < maxRetryTimes; i++ {
err = apiRequest(params, indexes[idx])
if err == {
break

}

idx++

if err I= {
// logging
return err

return

Chuing ta duyét qua cac chi muc va hoan déi chiing, twong tw nhw phwong phap xdo tron ma ching ta thudng st
dung khi choi bai.
5.4.2.1 Van dé sinh s6 ngau nhién
Thue sw khdng c6 van d&? Trong thwc t&, van con van dé&. Cé hai cam bay tiém an trong chwong trinh trén 1a:
1. Khoéng cdé random seed. Khi khong cd random seed , trinh tw clia cac I&n random rand.Intn() la cé dinh.

2. Xao tron khong déu, diéu nay sé khién node dau tién ctia toan bd mang cé xac suét duwgc chon cao va phan phéi
tai gitba cac node khoéng can bang.



Diém dau tién twong d6i don gidn nén ching t6i khéng néu vi du cu thé. V& diém thir hai, ching ta co thé st dung
kién thirc v& xac suat dé chirng minh didu d6. Gia str rding méi lwa chon la thwe sw ngau nhién, xac suat ma node & vi
tri dau tién khéng dwoc chon trong trao ddi len(slice) 1a ((6/7)*(6/7))A7 = 0.34 . Trong truwdng hop phan phéi
ddng déu, ching ta chdc chan mudn xac suét phan t&r dau tién dwoc phan phéi tai bat ky vi tri nao bang nhau, do d6
xac suét dwoc chon ngdu nhién phai x&p xi bang 1/7=0.14 .

R rang, thuat toan xao tron dwoc dua ra & day cé xac suat 30% khong hoan déi cac yéu té cho bat ky vi tri nao. Vi
vay, tAt ca cac yéu td cé xu hwéng & lai vi tri ban dau clia ching. Béi vi méi lan ching ta nhap cung mét chudi cho
mang shuffle , phan t& dau tién cé xac suat dwoc chon cao hon. Trong trudng hep can béng tai, cé nghia | tai may
d4u tién trong mang node sé& cao hon nhiéu so v&i cac may khac (it nhat gp 3 Ian).

5.4.2.2 Stra thuat toan xao tron

Thuat toan fishing-yates da chirng minh tinh ding d&n vé& mét toan hoc. Y twéng chinh cia né 1 chon mét gia tri
ngau nhién rdi dat & cudi mang, va ct thé tiép tuc. Vi du:

func shuffle(indexes []int) {

for i:= (indexes); i>0; i-- {
lastIdx := i -
idx := rand.Int(i)

indexes[lastIdx], indexes[idx] = indexes[idx], indexes[lastIdx]

Thuat toan da dwoc hién thue trong thw vién chudn math/rand cta Go:

func shuffle(n int) []int {
b := rand.Perm(n)
return b

Hién tai, ching ta c6 thé st dung rand.perm dé I4y mang chi muc ma ching ta muén.

5.4.3 Kiém tra tinh anh hwéng cta thuat toan can bang tai

Gia s, ta can chon mot node tir N node dé gli yéu cu. Sau khi yéu cdu ban dau két thic, cac yéu cau tiép theo sé
x40 trén lai mang, do d6 khéng cé méi quan hé nao gitra hai y&u cau. Vi thé, thuat toan & trén sé khdng can khéi tao
bét ki random seed nao.

Tuy nhién, trong mot sb trwong hop dac biét, chéng han nhw khi str dung ZooKeeper, khi may khach khai tao viéc Iya
chon node tr nhiéu node dich vu, mét két ndi dwoc thiét 1ap cho node. Yéu cau may khach sau dé dugc giri dén
node. Node tiép theo trong danh sach dwoc chon cho dén khi khdng con node nao cé san. Luc nay, viéc lwa chon
node két ndi ban dau 1a "ding chudn" ngau nhién. Tuy nhién, tit ca cac may khach sé& két ndi vai cling mot
ZooKeeper khi chiing kh&i dong cuing ltc, Itc nay sé khong c6 tai can bang. Néu doanh nghiép ctia ban can phat trién
tinh nang hang ngay, thi ban phai xem xét liéu cé mét tinh hudng twong tw nhw trén xay ra khong. Cach dat random
seed cho thw vién rand:

rand.Seed(time.Now().UnixNano())

Ly do cho nhirng két luan nay 1a phién ban trwéc clia thw vién Open source ZooKeeper duoc st dung rong rai da
mac phai nhirng 18i trén va mai dén dau nam 2016, van d& mdi dwoc khéc phuc.


https://en.wikipedia.org/wiki/Fisher%E2%80%93Yates_shuffle
https://golang.org/pkg/math/rand/

5.4.4 Kiém tra lai anh hwéng cua thuat toan can bang tai

Chuing ta khong xét treéyng hop can bang tai cé trong sb & day. Bay gid, didu quan trong nhét la sy can bang. Chung
ta chi don gian so sanh thuat toan x&o trén trong phan mé dau véi két qua cla thuat toan Fisher-Yates:

main.go

package main

import (
"fmt"
"math/rand"
"time"

)

func init() {
rand.Seed(time.Now().UnixNano())

}
func shufflel(slice []int) {
for i :=0; i< (slice); i++ {
a := rand.Intn( (slice))

b := rand.Intn( (slice))
slice[a], slice[b] = slice[b], slice[a]

}
}
func shuffle2(indexes []int) {
for i := (indexes); i > 0; i-- {
lastIdx := i -
idx := rand.Intn(i)

indexes[lastIdx], indexes[idx] = indexes[idx], indexes[lastIdx]

}

func main() {
var cntl = map[int]int{}

for i :=0; 1< ;i {
var sl = []int{o, 1, 2, 3, 4, 5, 6}
shufflel(sl)
cntl[sl[0]]++

}

var cnt2 = map[int]int{}

for i :=0; 1< ;oi++ {
var sl = []int{o, 1, 2, 3, 4, 5, 6}
shuffle2(sl)
cnt2[sl[0]]++

}

fmt.Println(cnt1, "\n", cnt2)

}
Két qua:

map[0:224436 1:128780 5:129310 6:129194 2:129643 3:129384 4:129253]
map[6:143275 5:143054 3:143584 2:143031 1:141898 0:142631 4:142527]

Dwa vao két qua trén ching ta thy dwoc sau khi st dung thuat toan Fisher-Yates thi sy can béng dworc tét hon, rai
déu tir cac node 0 -> node 6, trung binh khodng 142000. Con di v&i thuat toan ban dau thi & node 0 da chiém hon
220000, cac node sau thi trung binh khoang 128000.
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5.5 Quan ly cau hinh trong hé thong phan tan

Trong hé théng phan tan, thwéng cé nhitng van dé gay phién cho ching ta. Mac du, hién tai cé mét sé cach dé thay
ddi cAu hinh nhwng van bi han ché bdi cach hoat dong néi bd cla hé théng va lic nay sé khong cé cach nao dé thay
ddi cAu hinh mét cach thuan tién nhét. Vi du: dé gi¢i han dong chay xuéng downstream , chlng ta co thé tich luy di
liéu lai va sau d6, néu lwgng tich luy dén nguéng vé thdi gian hay sb lwong thi ta bt dau gii di, didu nay tranh dwoc
viéc glri qua nhidu cho downstream . V&i trwéng hop nay, ta lai rat khé dé thay déi cau hinh.

Do d6, trong chwong nay, ta s& tim hidu cach cAu hinh cho hé théng phan tan bang Go va cac van dé can can nhéc
khi str dung cach cau hinh truc tuyén.

Quan ly cAu hinh trong hé théng phan tan 1a mot van dé cuc ki khd. Ngay ca mot cong ty cong nghé hang dau thé
gi¢i nhw Google cling da g&p van d& va 1am cho ho gidm chét lwong dich vu rat nhiéu. Chi tiét bai viét clia Google &
day.

5.5.1 Thao luan cac vi du

5.5.1.1 Hé thong bao cao

Trong cac hé thédng OLAP (Online analytical processing) hodc mot sé nén tang di liéu ngoai tuyén, sau mét thdi gian
dai phat trién, cac chirc ndng cla toan bd hé thdng da dan n dinh. Cac di¥ liéu da cé san va hau hét cac thay ddi dé
hié&n thi chi lién quan t&i viéc thay dbi cau truy van SQL. Lic nay, ta nghi t&i viéc cé thé cau hinh dwoc cac cau truy
van SQL ma khéng can phai stra dbi code.

Khi doanh nghiép dwa ra cac yéu cdu méi, viéc ching ta can lam la cAu hinh lai cau SQL cho hé thdng. Nhirng thay
ddi nay co thé dwoc thuc hién truc tiép ma khong can khéi déng lai.

5.5.1.2 C4u hinh mang tinh doanh nghiép

Né&n tang (Platform) clia mét cong ty I&n ludn phuc vu cho nhiéu business khac nhau va méi business dwoc gan mot
ID duy nhét. N&n tdng nay dwoc tao thanh tir nhiéu module va ciing chia sé mot business. Khi cong ty mé mot day
chuyé&n san phadm mai, né can phai dwoc thdng qua bdi tat ca cac hé thdng trong nén tang. Luc nay, chac chén 13 sé
tdn rat nhidu thoi gian d& né cé thé chay dwoc. Ngoai ra, cac loai cu hinh toan cuc can phai dwoc quan ly theo cach
thdng nhét, cac logic cong va trir cling phai dwgc quan ly theo cach thédng nhat. Khi ciu hinh nay dwoc thay ddi, hé
thdng can phai tw dong théng bao cho toan bd hé thdng cla nén tdng ma khéng can sw can thiép ctia con ngudi
(hodc chi can thiép rat don gian, chang han nhw kiém toan nhap chudt mot phat).

Ngoai quan Iy trong linh virc kinh doanh, nhiéu céng ty Internet con phai kinh doanh theo quy dinh ctia thanh phd. Khi
doanh nghiép dwoc mé& & mét thanh phd, ID thanh phd mai sé tw dong dwoc thém vao danh sach trong hé théng.
Bang cach nay, qua trinh kinh doanh c6 thé chay tw dong.

Mat vi du khac, cé nhidu loai hoat dong trong hé diéu hanh ctia mot cong ty. Mot s hoat dong co thé gap nhirng sw
kién b4t ngd (nhw khiing hodng quan hé céng ching), va hé thdng can tat chirc nang lién quan Iinh vwc do di. Luc
nay, mot s6 cong tac sé dwoc stv dung dé tat nhanh cac chirc nang twong (ng. Hodc nhanh chéng x6a ID ctia hoat
dong ma ban mudn khdi danh sach chira. Trong chwong Web, chiing ta biét rdng doi khi can phai cé mét hé théng dé
do dwoc lwu lwong truy cap vao cac chirc ndng. Chuing ta cé thé chi dong lay thdng tin nay két hop véi cdu hinh hé
thdng dé tt mot tinh ndng trong trwdng hop 6 lwu lwong I&n bat thwong.

5.5.2 Str dung etcd dé thwc hién cap nhat cau hinh


https://cloud.google.com/blog/topics/inside-google-cloud/an-update-on-sundays-service-disruption
https://en.wikipedia.org/wiki/Online_analytical_processing

etcd 1a mot kho lwu trir key-value phan tan, né cé tinh nhat quan manh mé, cé kha néng chiu 16i cao khi cé6 mét node
trong cluster c6 sw cb hay 16i do network. etcd duoc viét bang ngdn ngiv Go, st dung thuat toan ddng thuan Raft dé
giao tiép va binh chon leader gitra cac node trong hé thdng. Hién nay c6 kha nhiéu san phdm céng nghé st dung
etcd nhw Kubernetes, Rook,...

O vidu nay ching ta sé st dung etcd dé thwe hién doc cAu hinh va cap nhat ty ddng cau hinh cho cac may khach.

5.5.2.1 Dinh nghia c4u hinh
Céu hinh don gian, ban c6 thé lwu tri® ndi dung hoan toan trong etcd. Vi du:

etcdctl get /configs/remote_config.json

{
"addr" : "127.0.0.1:1080",
"aes_key" : "01B345B7A9ABCOOF0123456789ABCDAF",
"https" : false,
"secret" : "

: ’

"private_key_path" :
"cert_file_path" : ""

5.5.2.2 Tao trng dung khach etcd
CAu truc khéi tao két ndi bang package etcd cho ngwdi ding.

cfg := client.Config{
Endpoints: [I1string{"http://127.0.0.1:2379"},
Transport: client.DefaultTransport,
HeaderTimeoutPerRequest: time.Second,

}

5.5.2.3 LAy cAu hinh

resp, err = kapi.Get(context.Background(), "/path/to/your/config", )
if err != {

log.Fatal(err)
} else {

log.Printf("Get is done. Metadata is %g\n", resp)
log.Printf("%q key has %q value\n", resp.Node.Key, resp.Node.Value)

}

Dung phuong thirc eet() ctia KeysAPI trong etcd twong déi don gian. Cac ban cé thé tham khao thém cac API
khac & day.

5.5.2.4 Pang ky tw déng cap nhat cau hinh

kapi := client.NewKeysAPI(c)

w := kapi.watcher("/path/to/your/config", )
go func() {
for {
resp, err := w.Next(context.Background())

log.Println(resp, err)
log.Println("new values is ", resp.Node.Value)
3
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https://etcd.io/
https://raft.github.io/
https://kubernetes.io
https://rook.io/
https://godoc.org/github.com/coreos/etcd/client

Bang cach theo dai nhitng thay dbi su kién ctia dweng dan cu hinh, khi cé néi dung thay dbi trong dwéng dan,
chung ta cé thé nhan dwoc théng bao thay dbi cung véi gia tri da thay déi.

5.5.2.5 Chwong trinh hoan chinh

package main
import (
"log"
"time"
"golang.org/x/net/context"
"github.com/coreos/etcd/client"
var configPath = “/configs/remote_config.json"

var kapi client.KeysAPI

type ConfigStruct struct {

Addr string “json:"addr""
AesKey string “json:"aes_key""
HTTPS bool “json:"https""®
Secret string “json:"secret""

PrivateKeyPath string “json:"private_key_path""

CertFilePath string “json:"cert_file path""

var appConfig ConfigStruct

func init() {
cfg := client.Config{

Endpoints: [1string{"http://127.0.0.1:2379"},
Transport: client.DefaultTransport,
HeaderTimeoutPerRequest: time.Second,

}

c, err := client.New(cfg)

if err = {
log.Fatal(err)

}

kapi = client.NewKeysAPI(c)
initConfig()

}
func watchAndUpdate() {
w := kapi.Watcher(configPath, )
go func() {
for {
resp, err := w.Next(context.Background())
if err I= {
log.Fatal(err)
}

log.Println("new values is ", resp.Node.Value)

err = json.Unmarshal([]byte(resp.Node.Value), &appConfig)
if err != {
log.Fatal(err)
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func initConfig() {
resp, err = kapi.Get(context.Background(), configPath, )
if err 1= {
log.Fatal(err)



err := json.Unmarshal(resp.Node.Value, &appConfig)
if err I= {
log.Fatal(err)
}
}

func getConfig() ConfigStruct {
return appConfig

}

func main() {

}

Néu la doanh nghiép nhd, cé thé st dung ludn vi du trén dé hién thwc chirc ndng ma ban can.

C6 mot vai lwu y & day, ching ta sé lam rat nhiéu th khi cap nhat cAu hinh: phan hdi watch, phan tich json, va cac
hoat déng nay khéng phai la atomic . Khi cAu hinh bj thay dbi nhiéu 1&n trong mét quy trinh dich vy, c6 thé xuét hién
sw khong thdng nhét logic gitra cac yéu cau xay ra trwéc va sau khi ciu hinh thay ddi. Do d6, khi ban s dung cach
tiép can trén d& cap nhat c&u hinh clia minh, ban can st dung cling mét cau hinh trong subt vong doi cia mot yéu
clu. Cach thire thwe hién cu thé nén 14y ciu hinh mét 1an khi yéu ciu bat ddu, va sau dé duoc truyén tiép di cho dén
hét vong doi clia yéu cau.

5.5.3 Sw phinh to cta cau hinh

Khi doanh nghiép phat trién, 4p lwc 1én hé thdng cAu hinh cé thé ngay cang Ién hon va sé lwong tép cAu hinh cé thé
14 hang chuc nghin. May khach ciing c6 hang chuc nghin va viéc lwu trir ndi dung cau hinh bén trong etcd khong con
phu hop niva. Khi sb lwong tép ciu hinh mé rong, ngoai cac van dé vé thong lwong cla hé théng lwu trik, con cé cac
van dé& vé& quan ly di vai thdng tin ciu hinh. Chuiing ta can quan ly cac quyén ciia cu hinh twong (ng va ching ta
can cAu hinh cum lwu tri theo lwu lwgng truy cap. Néu cé qué nhiéu may khach, khién hé théng Iwu trir ciu hinh
khong thé chiu dwoc lwgng 16n QPS, thi cé thé can phai thuc hién tdi wu hda cache & phia may khach, ....

D6 1a ly do tai sao cac cong ty I6n ludn phai phat trién mét hé thdéng ciu hinh phirc tap cho doanh nghiép cla ho.

5.5.4 Quan ly phién ban cta cau hinh

Trong quy trinh quan Iy cdu hinh, khdng thé tranh khai viéc nguwdi diéu hanh thwe hién sai. Vi du: khi cap nhat cau
hinh, mét cAu hinh khong thé doc dwoc. Luc ndy, ching ta gidi quyét bang cach kiém tra toan bo.

Dai khi viéc sai cAu hinh c6 thé khong phai 13 do van dé véi dinh dang, ma 1a van dé logic. Vi du: khi ching ta viét
SQL, chung ta chon it trwérng hon. Khi ching ta cap nhat cAu hinh, ching ta vé tinh lam méat mét trwéng trong chudi
json va khién chwong trinh hiéu ciu hinh mé&i va thwe hién mot logic mai. Cach nhanh nhat va hiéu qua nhat d& ngan
chan nhirng 16i 1Am nay nhanh choéng la quén ly phién ban va hé tre khoi phuc theo phién ban.

Khi cAu hinh dwoc cap nhat, ching ta sé chi dinh sb phién ban cho tirng ndi dung cua cAu hinh, va luén ghi lai ndi
dung va sb phién ban trwdc méi 1an thay ddi, thwe hién quay ngwoc ban trwdc khi phat hién sy ¢b véi cdu hinh méi.

Mét cach phd bién trong thuc té 1a st dung MySQL dé Iwu tri cac phién ban khac nhau cla t&p cAu hinh hodc chudi
c4u hinh. Khi ban can quay lai, chi cin thwc hién mét truy van don gian.

5.5.5 Kha nang chiu 16i & may khach



Sau khi c&u hinh ctia hé théng kinh doanh dwoc chuyén dén trung tam cu hinh, diéu d6 khong cé nghia la hé théng
clia ching ta da hoan thanh nhiém vu. Khi trung tdm c&u hinh ngirng hoat déng, ching ta ciing cadn mét vai co ché
chiu I8i, it nhat Ia d& dam bao rang doanh nghiép van cé thé hoat dong trong thdi gian nay. Diéu nay doi héi hé théng
phai lay da thong tin cu hinh can thiét tridc khi trung tam cAu hinh nglrng hoat ddng. Ngay ca khi théng tin nay
khong dd méi.

Cu thé, khi cung cip SDK doc cAu hinh cho mét dich vy, tét nhét Ia Iwu cache cAu hinh thu dwoc trén dia ctia may

nghiép vu. Khi trung tdm cAu hinh khéng hoat déng, ban cé thé truc tiép st dung néi dung ctia dia cirng. Khi két néi
lai dwgc véi trung tdm cAu hinh, cac ndi dung sé& dwoc cap nhat.

Hay xem xét ki van d& thdng nhét di liéu khi thém cache. Cac may kinh doanh cé thé khong thdng nhét vé cAu hinh
do 16i mang, chiing ta c6 thé biét dwoc né dang dién ra bang hé théng giam sat.

Chung ta st dung mot cach dé giai quyét cac van dé cla viéc cap nhat ciu hinh, nhwng déng thei ching ta lai mang
dén nhirng van d& mai bang viéc st dung cach dé. Trong thuc té, chiing ta phai suy nghi rat nhidu vé tirng quyét
dinh @& chung ta khong bi thiét hai qua nhiéu khi van d& xay ra.
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5.6 Trinh thu thap théng tin phan tan

Sw buing nd théng tin trong ky nguyén Internet Ia mét van dé khién nhiéu nguwdi cdm thay dau dau. Vé sb tin tic,
théng tin va video dang xam chiém dan thoi gian cla ching ta. Mat khac, khi ching ta thwe sw can di liéu, ching ta
cam thay réng di liéu khéng dé dang gi cé dwoc. Vi du: ching ta mubn biét vé nhitng gi moi ngwoi dang théo luan
va quan tam. Nhung ching ta khéng co thei gian d& doc tirng dién dan dwoc yéu thich, Itc nay ching ta mubn st
dung céng nghé dé& dwa nhirng théng tin can vao co s& div liéu. Qua trinh nay c6 thé tén mét vai thang hodc mét
nam. Ciing c6 thé ching ta muén lwu nhirng théng tin hiru ich ma vé tinh gap trén Internet nhw cac cudc thao luan
chét lwgng cao ctia nhirng nguwoi tai ndng dwoc tap hop trong mot dién dan rat nhé. Vao mét luc nao dé trong twong
lai, chuing ta tim lai dwgc nhirng théng tin d6 va rat ra dwec nhivng két luan gia tri ma dén IGc nay méi nhan ra.

Ngoai nhu cau giai tri, co rat nhiéu tai liéu mé quy gia trén Internet. Trong nhirng ndm gan day, Deep learning da va
dang rat hot , va machine learning thuwdng khéng quan tam dén viéc thiét Iap ban dau dung hay khong, cac thong sb
¢6 dwoc didu chinh chinh xac khéong, ma 1a & giai doan khéi tao ban dau: khéng co div liéu.

Viéc cdé mét chwong trinh phuc vu viéc thu thap thdng tin hién nay rat quan trong.

5.6.1 Trinh thu thap théng tin doc lap dwa trén Collly

Vi du sau dwa ra mot vi du vé trinh thu thap théng tin don gidn st dung thw vién Collly. Viéc ding Go sé cwe ki thuan
tien dé& viét mot trinh thu thap théng tin cho trang web, chdng han nhw viéc thu thap théng tin trang web
(www.abcdefg.com la trang web 2o):

main.go

package main

import (
"fmt"
"regexp"
"time"

"github.com/gocolly/colly"
)

var visited = map[string]bool{}
func main() {

c := colly.NewCollector(
colly.AllowedDomains("www.abcdefg.com"),
colly.MaxDepth(1),

)

detailRegex, _ := regexp.Compile( /go/go\?p=\d+$")

listRegex, _ := regexp.Compile( /t/\d+#\w+ )

C.OnHTML("a[href]", func(e *colly.HTMLElement) {
link := e.Attr("href")

if visited[link] && (detailRegex.Match([]byte(link)) || listRegex.Match([]byte(link))) {
return

}


https://en.wikipedia.org/wiki/Deep_learning
https://en.wikipedia.org/wiki/Machine_learning
https://github.com/gocolly/colly

if !detailRegex.Match([]byte(link)) && !'listRegex.Match([]byte(link)) {
("not match", link)
return

time.Sleep(time.Second)
("match", 1link)

visited[link] =

time.Sleep(time.Millisecond * 2)
c.Visit(e.Request.AbsoluteURL(1link))

1

err := c.Visit("https://www.abcdefg.com/go/go")
if err 1= {fmt.Println(err)}

}

5.6.2 Trinh thu thap théng tin phan tan

Hay twéng twong réng hé théng phan tich théng tin ciia ban dang chay rt nhanh. Téc d6 thu thap thong tin da tré
thanh nat cd chai. M&c du ban cé thé st dung tat ca cac tinh ndng x& ly ddng thoi tuyét voi clia Go dé dung hét hiéu
suat CPU va béng théng mang, nhuwng ban van mudn tang tbc do thu thap thong tin cta trinh thu thap théng tin.
Trong nhiéu ngi¥ cénh, téc d& mang nhiéu y nghia:

1. Di v&i thwong mai dién t&, cu thé 1a cudc chién gia ca, t6i sé hy vong minh cé dwoc gia méi nhat ctia dbi tha khi
chuing thay ddi, va hé thdng sé tw dong diéu chinh gia cla sa&n pham cla téi lai sao cho phu hop.

2. Déi véi cac dich vu cung cp théng tin Feed , tinh kip thoi clia thong tin rat quan trong. Néu tin tire thu thap 13 tin
tlrc clia ngay hdm qua, né sé khong cé y nghia gi v&i nguoi dung.

Vi vay, ching ta can hé théng thu thap thong tin phan tan. V& ban chat, cac trinh thu thap thong tin phan tan 13 tap
hop ctia mét hé théng phan phéi va thuc thi tac vu. Trong cac hé théng phan phéi tac vu phd bién, sé c6 sw sai léch
tdc d6 gitba upstream VA& downstream Nné&n sé& ludn tdn tai mot hang doi tin nhan.

Cong viéc chinh clia upstream la thu thap thong tin tat ca cac "trang” dich tir mot diém bat dau dwoc cAu hinh sén.
N&i dung html cla trang danh sach sé& chira cac lién két dén cac trang chi tiét. S6 lwong trang chi tiét thwong gap 10
dén 100 1an so v&i trang danh sach, vi vay chiing ta xem cac trang chi tiét nay nhw "tac vu" va phan phéi chiing thong
qua hang doi tin nhan.

Dé thu thap thong tin trang, didu quan trong la khdng cé sw 13p lai xay ra thwong xuyén trong qua trinh thue thi, vi né
sé tao cac két qua sai (vi du trén sé& chi thu thap noi dung trang chir khdng phai phan binh luan).

Trong phan nay, ching ta sé hién thwc trinh thu thap théng tin don gidn dwa trén hang doi tin nhan. Cu thé & day 1a
st dung cac NATS dé phan phéi tac vu. Trong thwe t&, tuy vao yéu ciu vé do tin cay cla thdng diép va co sé ha tang
clia cong ty nén sé anh hwdng téi viéc chon cong nghé clia tirng doanh nghiép.

5.6.2.1 Gi&i thiéu vé NATS

NATS la mét hang dei tin nhan phan tan (distributed message queue) hiéu nang cao dwoc 1ap trinh béng Go, ta nén
st dung né cho cac tinh hudng yéu cau tinh ddng thoi cao, théng lwong cao. Nhivng phién ban NATS ban ddu mang
thién hwong vé tdc dd va khdng hd tro tinh persistence . K& tir 16 ndm trwdc, NATS da ho tro tinh persistence dwa
trén log thong qua NATS Streaming, cling nhw nhan tin dang tin cay. Dwéi day la nhitng vi du don gian vé NATS.

May chii ctia NATS 13 gnatsd . Phwong thire giao tiép gitka may khach va gnatsd la giao thirc van ban dwa trén tcp:


https://nats.io/
https://github.com/nats-io

GUWi tin nhan di c6 chtra ch d& cho mét tac vu:

m—
pub tasks 16

A

length = 16
»

Hello world

Pub trong giao thirc NATS
Theo d&i cac tac vu bang chd dé trén hang doi clia cac worker:

tasks workers | 10.10.12.1

sid

Sub trong giao thirc NATS
Tham s hang doi 1a tily chon. Néu ban mudn can bang tai cac tac vu & phia ngudi dung, thay vi tat cd moi ngudi
nhan cung mot kénh, ban nén gan mét tén hang dgi cho mét ngwoi dung.

San xuat tin nhan
San xuét tin nhan duoc chi dinh bang topic :

nc, err := nats.Connect(nats.DefaultURL)
if err I= {return}

// tham s6 dau tién tasks la tén topic
// tham s6 tiép theo 1la noéi dung tin nhdn goi di

err = nc.Publish("tasks", []byte("your task content"))

nc.Flush()

Tiéu thu tin nhan

Viéc st dung truc tiép API dang ky ctia Nats khéng thé thoa dwoc muc dich phan phdi tac vu, vi pub-sub la
broadcast Nén tAtca consumer s& nhan dwoc cung mot thong diép.



Ngoai cach ding ky binh thwéng, Nats da cung cap chirc nang déng ky hang doi. Bang cach cung cép tén nhém
hang doi (twong tw nhw nhém comsumer  trong Kafka), cac tac vu cé thé dwoc phan phdi cho consumer moét cach can
bang.

nc, err := nats.Connect(nats.DefaultURL)
if err I= {return}

// dang ki hang doi dong nghia véi viéc gilp cho hé théng can bang tdi cho viéc phan phéitask.

// hng doi trong Nats twong tu vé mat khai niém véi group consumber & Kafka

sub, err := nc.QueueSubscribeSync("tasks", "workers")
if err != {return}

var msg *nats.Msg

for {
msg, err = sub.NextMsg(time.Hour * )
if err 1= {break}

// x& ly tin nhdn nhan duoc

5.6.3 Tao tin nhan bang cach két hop NATS va Colly

Bén dw&i la mot trinh thu thap dwoc tuy chinh cho trang web [a www. abcdefg.com , www.hijklmn.com (vi du bén dwdi),
va st dung mét phwong thirc factory don gidn dé anh xa trinh thu thap téi ding server. Khi trang web dang duyét
I& mét trang danh sach, ta can phan tich tAt ca cac lién két trong trang hién tai va giri lién két cha trang chi tiét dén
hang dgi tin nhan.

M6 hinh hoat dong:

publish subscribe

Colly Collector Consumer

main.go

package main
import (
"fmt"

"net/url"

"github.com/gocolly/colly"

va

=

domain2Collector = map[string]*colly.Collector{}
var nc *nats.Conn

var maxDepth =

var natsURL = "nats://localhost:4222"

=

func factory(urlStr string) *colly.Collector {
u, _ := url.Parse(urlstr)
return domain2Collector[u.Host]

func initABCDECollector() *colly.Collector {
c := colly.NewCollector(
colly.AllowedDomains("www.abcdefg.com"),
colly.MaxDepth(maxDepth),

c.0nResponse(func(resp *colly.Response) {
// thuyc hién mot s6 xac nhan



// vi du nhu xac nhan trang da thu thap thong tin da duwoc luu & MySQL

1

C.OnHTML("a[href]", func(e *colly.HTMLElement) {
// chién lugc chéng anti-reptile
link := e.Attr("href")
time.Sleep(time.Second * 2)

// duyét qua list trang théng thuong

if listRegex.Match([]byte(link)) {
c.Visit(e.Request.AbsoluteURL(1ink))

}

// gi céc lién két trong list trang vao hang dgi tin nhén

if detailRegex.Match([]byte(link)) {
err = nc.Publish("tasks", []byte(link))
nc.Flush()

}

1)

return c

func initHIJKLCollector() *colly.Collector {
c := colly.NewCollector(
colly.AllowedDomains("www.hijklmn.com"),
colly.MaxDepth(maxDepth),

C.OnHTML("a[href]", func(e *colly.HTMLElement) {
H

return c

func init() {
domain2Collector["www.abcdefg.com"] = initV2exCollector()
domain2Collector["www.hijklmn.com"] = initV2fxCollector()

var err error
nc, err = nats.Connect(natsURL)
if err != {os.Exit(1)}

func main() {
urls := []string{"https://www.abcdefg.com", "https://www.hijklmn.com"}

for _, url := range urls {
instance := factory(url)
instance.Visit(url)

3

5.6.4 Két hop trinh tiéu thu tin nhan véi Collly

Phia consumer sé& don gian hon, ching ta chi can déng ky cht dé& twong trng va truy cap truc tiép vao trang chi tiét.

main.go

package main
import (
et

"net/url"

"github.com/gocolly/colly"



var domain2Collector = map[string]*colly.Collector{}
var nc *nats.Conn

var maxDepth =

var natsURL = "nats://localhost:4222"

func factory(urlStr string) *colly.Collector {
u, _ := url.Parse(urlstr)
return domain2Collector[u.Host]

func initv2exCollector() *colly.Collector {
c := colly.NewCollector(
colly.AllowedDomains ("www.abcdefg.com"),
colly.MaxDepth(maxDepth),
)

return c

func initv2fxCollector() *colly.Collector {
c := colly.NewCollector(
colly.AllowedDomains("www.hijklmn.com"),
colly.MaxDepth(maxDepth),
)

return c

func init() {
domain2Collector["www.abcdefg.com"] = initABCDECollector()
domain2Collector["www.hijklmn.com"] = initHIJKLCollector()

var err error
nc, err = nats.Connect(natsURL)

if err 1= {os.Exit(1)}
}
func startConsumer() {
nc, err := nats.Connect(nats.DefaultURL)
if err 1= {return}
sub, err := nc.QueueSubscribeSync("tasks", "workers")
if err 1= {return}

var msg *nats.Msg

for {
msg, err = sub.NextMsg(time.Hour * )
if err 1= {break}

urlStr := string(msg.Data)

ins := factory(urlStr)

// vi phan downstream chic chin la trang chi tiét nén chi can 1ldy théng tin tw trang nay
ins.Visit(urlStr)

// prevent being blocked

time.Sleep(time.Second)

func main() {
startConsumer ()

V& co ban, khi 1ap trinh thi cic producer va consumer la gibng nhau. Néu ching ta mudn c6 tinh linh hoat trong viéc
tang va giam sb cac trang web dé thu thap thong tin trong twong lai, chiing ta nén suy nghi vé cac tham sé va chién
lwgc ciu hinh cho trinh thu thap théng tin cang nhiéu cang tét.

Viéc st dung hé thdng cu hinh da dwoc dé cap trong phan cau hinh phan tan nén cac ban co thé tw minh ding thir
no.



Lién két

e Phan tiép theo: Loi noi thém
e Phan trwéc: Quan Iy cdu hinh trong hé théng phan tan
e Muc luc



5.7 Loi n6i thém

Hé thdng phan tan la mét linh vue I&n, nhitng phan chung toi gidi thiéu trong chwong nay chi 1a mét cai nhin téng
quan. Vi cac hé théng 1én thweng cé lwu lwgng 16N va tinh ddng thoi cao, cac giai phap don gidn thweng khéng dap
rng dwoc yéu cau. Bé giai quyét van dé trong hé théng cé quy mé Ién, ching ta phai phat trién nhidu hé thdng phan
tan. Mot s hé thdng rat don gian, chang han nhw trinh tao ID phan tan va mét sb hé thdng co thé rat phirc tap, chang
han nhw cong cu tim kiém phan tan.

DU cho d6 1a mét hé théng don gidn hay phirc tap, né ciing sé co gia tri quan trong trong mét ngi¥ canh cu thé. Chung
t6i hy vong ngudi doc sé tiép xtic nhiéu hon véi Open source, tich Iily cac cong cu cho riéng minh, va "standing on
the shoulders of giants" (hoc tr kinh nghiém clia nhirng ngu&i di trwéde).

Lién két

e Phan tiép theo: Chuong 6: Go best practice
e Phan trwdc: Trinh thu thap théng tin phan tan

e Muc luc
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