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if (WSAStartup(MAKEWORD(2, 2), &wsaData) != 0) {
fprintf(stderr, "WSAStartup failed.\n");
exit(1);

if (LOBYTE(wsaData.wVersion) = 2 ||
HIBY TE(wsaData.wVersion) != 2)

fprintf(stderr,"Versiion 2.2 of Winsock is not available.\n");
WSACleanup();
exit(2);
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1.9 Copyright, Distribution, and Legal
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(Translator's Note : This section has not been translated to keep it's legal information) (&%t & : o] ®
HESLY| loh HABIX| A/USLICL)

Beej's Guide to Network Programming is Copyright © 2019 Brian “Beej Jorgensen” Hall.

With specific exceptions for source code and translations, below, this work is licensed under the Creative Commons
Attribution- Noncommercial- No Derivative Works 3.0 License. To view a copy of this license, visit

https://creativecommons.org/licenses/by-nc-nd/3.0/
or send a letter to Creative Commons, 171 Second Street, Suite 300, San Francisco, California, 94105, USA.

One specific exception to the “No Derivative Works" portion of the license is as follows: this guide may be freely
translated into any language, provided the translation is accurate, and the guide is reprinted in its entirety. The same
license restrictions apply to the translation as to the original guide. The translation may also include the name and
contact information for the translator.

The C source code presented in this document is hereby granted to the public domain, and is completely free of any
license restriction.

Educators are freely encouraged to recommend or supply copies of this guide to their students.

Unless otherwise mutually agreed by the parties in writing, the author offers the work as-is and makes no represen-
tations or warranties of any kind concerning the work, express, implied, statutory or otherwise, including, without
limitation, warranties of title, merchantability, fithess for a particular purpose, noninfringement, or the absence of
latent or other defects, accuracy, or the presence of absence of errors, whether or not discoverable.

Except to the extent required by applicable law, in no event will the author be liable to you on any legal theory for
any special, incidental, consequential, punitive or exemplary damages arising out of the use of the work, even if the
author has been advised of the possibility of such damages.

Contact beej@beej.us for more information.
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'-*'UP‘:’ £ = A= sHo| HRYSLICE (IS S0{ 255.255.255.252 2 HOtATZ 30H|EQ| HEY I 21 2H|EQ)
SAE(4719] ZAE)E HEfy HaIt JUSLICE) (Bi'ﬂfiﬂ': AHLE O3] 7HOl HIE 1 Flof FI2tRE= o2 JHel HIE 0RlS
7|43HMIR.)
T2t 255192.0.0€2 7 2AEE UASI R M= 242 EEASLICE A HMZ AIZES0| 2|0 20| H HIEQIX| &7|7t
SEUD £ HYZ 2 ZASLICE J2HM MZ2 LA{0] S AN SUASLICE IP T4 F o tII:‘( If FEUAM EE NS
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H HEAIHIES £E HEI+2 X ALt oAl= o|F&LICt 192.0.212/30

IPv6S fldiM= Ol g AYLICH: 2001:db8::/32 &= 2001:db8:5413:4028::9db9/64

ofefZE It H|5S HIEST DHOIN SAE O SAE T4 AZ(TCP and UDP) 2 E2|2! QIE{ #IZ (IP)O|
C}. Ctg 2EHOE 71| F0j| 8 ¥ O AHEME FaLich

I'|I'

CP (stream sockets)2t UDP (datagram sockets)= 2™
E HzQJLICL 0|2 16H|E <XI0|H HAS 23t 22 FAZ2 AYLICH

e
X
ol
=}
>
ol
. of
=1
o
N
b
na
=
H
_|

Y HS 2t WS Q. 0|2 1 HE e H| LT oW LS| XtSA

042{20| O|H| =41t FAMH|AE X2[5H= AREIE 7K

0 UACHD SHFAICE SILIS| IPFAZ OfEA O £ LS AR = ASTR?

OIE{HIo] M2 CIE MH[ASS AMZ CH2 “E& YBZI" TEHSE JIX|1 YHLICEL M 222 7ol IANA ZE 223 e
O2{20| REIA EX|E ALESHICHH [etc/servicesTIUON = = UELICE HTTP(E)= 808 EZEE AE3t, telnet2 23HZ,
SMTP= 255 M1 A0 DOOM*2 6668 (TR : S2 X|29| 240l MR LIEC| A/0|H, 6662 7| S m0j|A] 20| £A12

UM ASLICH EEE AFSHMSLICE 10248 of2fe] IE= E35| EHs O =2 FZE0f, ALE3L7| A= 2E 2FH(X SO
2ptL|C}

rI

ZE Ho0f| Ch3liM = OIH =2 SHAELICE

3.2 HOIE =X

Y=ol LR, A== "YEZ|"et "2 W HX"Q £ JH2| HIO|E &=A{7t S ALICH
SEYLICE J2Lt gt Zo| ChE ZEOHH EEULC )

Lot 32U 5152 & 2R b 04222 HFE = FlollA HIO| ES S 21 20| d2dt=
=2 2.

Abal O Zd0]| chal = &2t A W2 Qe = BREUD
St AAS == AFLICH OFRE 0|HS K2 Z0lA| Y2410 HOJSHR| 24AS AYLIC

A BitHEl = M2 MES

LI

Q% A2 B MAI2l ZE AZIE0] b34fE2 16T!s= 2HI0|E 5 EHSI DAL & U b30| 2A0H| 210 4f0] Fof] 2= HLE
Hf IEE MEdt= Aol thul2 Sl f*'%"—l'ih 01242 20| £|7|= 3k, Wilford Brimley® 2t 0|Z10i| ChasiA "0 sfof
2t g ALch Z 20| 20l XMEE|= o] YAlZ Big-Endian(HAIC|H)0[2t 1 BTt

|'|.|0}

CLEFZAIZ H MA| O|2X{R0l| E0{Tl Y2 HEEE, J2{Lnt Q1Y =2 QIE %t EHIH FEE2 HIO|EE dirf &AMZ
XEEtL|CE O2fM b34f= 4fF[0ll b30| U= =AY HIO|ESZ MZEHEILICE 0|2 XZHHE Little-Endian(2IE 2C|)0l2tT
gLt

OF%] 20f 8l Mo] =2 HUELICH E S0M & 4AHOZ Ho|&= 2L A2 | EQ| 3 HIO|E 2 A (Network Byte Order)2t 1 =
ghLICh HIESI0AN 22[7F 2| vio|ES T&oh| mi2LIct.

(i

022l AREE XAE SAE HIOIE —’.-_‘— M(Host Byte Order)= MFeILICL QIE 80x860[2tH 1742 2|SAC|AL|Ct.

DEEE 68katH SAE HIOIE &M= BIUCIARLICE. PowerPCEIH ZAE HIOIE &M=, &bghof wzt CHELICH (HXF 3=
M 22| X0]= x86-64 ZERMMS2 2|S QAC|A0|H, 0|22 E3] X0|= ARMEZA|A2L OfEAE|2 S ARMHBME
SYGLCE 2|S/=AC]l of ol A glo] Bt HIOIE LjollM= R21 MSBZH 20l 2Ch= A= 7[fdlof SfLIct. 2EXo=

CHE 20| AREISC 2 AE HIOIE 27t |-1| 3 HIO|E U2} CHELICE)

A

=]

T X
|'|:|

'E7iLi 71 B Sl B Y0 ol Of2fie] 2401 S adjol= £IE0| HIEAII OIS S
E2 SHOFRILICE. SHXIBE 2IA| SAE BO|E £AS DECIR OfFA| 021 22 B 4 US7HR?

ﬂ mjo

N

k>
>
o
L
i
]
i
}0}

i HIOIE &Mt 5 EXCID JhEst, IS HIEQIS HIO|E M2 MEESH= a0l @M. O
9 ..?.h—fé% XH2leta, of2{Eel Z=E MZ CHE HIOIE F& ¢AlE 1Tl J|A AtojoilM =2ty s 7H

=Yoot o
2 > 1o
L)
e
o
Ot
_lj'_
_f?_

[

Hr
o
T
riot

9|_I
4>
30

Hered = ZXoll= F 7HX| SR 7} JAELICE short(2HI0|E) 1t long(4HIO|E)LICE oA 2et H2[Et+EL B
ROz MU & QEL|CE SAE HIO|E &MZ J|2El short2 WIES3 HIO|E M2 HEFSID AICHH, “host”2] "h"2
1 "to"E O|0{A H1 “network”2| “n"g &H11 “short”2| "s"& HOM|R. Ct 20|H htons()0| E/LIC}. (%= & : Host to
Network Short)

> g0 Q
2orr
OBt

of

3https://www.iana.orglassignments/port—numbers
*https://en.wikipedia.org/wiki/Doom_(1993_video_game)
5https://en.wikipedia.org/wiki/WiIford_BrimIey


https://www.iana.org/assignments/port-numbers
https://en.wikipedia.org/wiki/Doom_(1993_video_game)
https://en.wikipedia.org/wiki/Wilford_Brimley
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HY XL,
"n"dth tst U1 RE XEE HoteiR £ o YUSLICH HYUR HiEZe Zigt Meistn LL|C ol §0 stolh() J2{LI7t
“Short to Long Host"= gi&LICt CHAl 0|2 Z450| UASLICH

htons()  host to network short
htonl() host to network long
ntohs()  network to host short
ntohl() network to host long

THs| LSRR X7 S EFD LZE| Holl HIES|S HIO|E 242 WO} 8lH MO SOI2 Tl SAE Ho|E a2
sts{of gL}

gl

rE

64H|E ZR0]| thai M= K= & ZELICH 22|10 2tof RSASFO| tieh 242 sHICHH SH of2iof /= 2Est HE HEsHMQ.

e

2| Y5IX| gb= 0|4 O] 2MO| XIS 2 ZAE HIOIE & MEta H25tM Q.

3.3 struct=

O Of774R] SLSLIE. T2 2ol ciofAl 28 XfARLIC 0f oM A2 QIEHOIAT} ABSH Cletet Hlole] Bl
Al =2 20I0} 1 5 T WU ofSLI,

712 A FE AEBIZUELICE 220 QYXLICE A7 AHXL= of2Ho] A AlQ]LTt.

07| MEE] O HBHFLICE Kot & &= 1 MEtHMR.

Lte| & ¥ LEH|™—struct addrinfo. 0| =M= HiLl 2|2o| LUHEQILICE 0|H2 0|2 AHES fltt A% FA FXHE
ZHst7| 2Ish AFSEILICE ESt SAE 0| &7|Lt MH|A O|F &7] o= AAEELICE LS| AX| ALS OAIS 2A|H 0|87}
S22 X222 AZS O f ¢ K SESH= HUE F stLietn YoLRMK.

struct addrinfo {

int ai_flags; // AI_PASSIVE, A_.CANONNAME .
int ai_family: // AF_INET, AF_INET6, AF_UNSPEC
int ai_socktype; // SOCK_STREAM, SOCK_DGRAM
int ai_protocol; // "O|X[E"E 2[iA 02 MMQ

size_t ai_addrlen; // ai_addro| HIO|E £tQ| 37|

struct sockaddr *ai_addr;  // sockaddr_in &&= _in6 L&A
char *ai_canonname; // 288t HstEl SAEOQ|IS

struct addrinfo *ai_next;  //linked list, next node

h

of EA0| LISS £ 1
FEHO| YIS B|AES vzt

(Ll

0
(i

2 Z0|| getaddrinfo() 2 &Y HQYLICt O] g4= {20 BR3Pt ZE ASE MYUZ, 0
b LIt

Ok
|;|o

1l

ai_family2E0{lA IPv4LL IPvES ZHIE &= AT FAR0|E H2QICHH AF_UNSPEC 22 & == JELICH 0|H2 K2{2e ZET;
IPEEO| 2K =F sF= 2 71SYLICh

0|Zi0| 2I3E B|AEQIZS 7
olmjLict. XMEtHE & + A
8= 2Lt

AHSIM|R: ai_next= CHE R4S 7I2|ZLICt 02{20| 1E %= U= o2 7He] 2ot S0tk2 = UACk=
= A W 7S LAGLICE O2{L 62E2 CHE HIZH A 2FARI0] ASK|= ZELICEL M= &+

struct addrinfo2t2| ai_addro| struct sockaddr Of| CHgt OIE{RIS EA & UEL|CE Of7|MEE IP A AXM|Q| LHEE 4HE
uhof] XX 281X 7| A== 2IL|Ct.

22 OiHZ o] FEMS &7| zPS o 2ol S AYLICh.  CiMZ o222l struct addrinfo2 xHL7| 2IsHA
getaddrinfo()S **‘H: 210| 024 20| l{of 2 Lo| MELICE. T2{Lt 1 QoA ZHE THLHRT| ISHME 1 ebg SOTtetopat
SIEZ O|HRE dHSHUSLICE

I_I
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]
Uin
2
o
ot
>
C
n
Rl
N
[as
o
0=
k=)
rr
0%
ot
Ot
|J
r
e
1o
Of
rr

(struct addrinfo7t 2HE(7| Mo FEOMz ZE HEHE 202 A
IPvAZEES 30| A 5~ UELICE O] ChfM Q| QefE HHES Iakst of2] ZLoilA TRILICE)

HH struct= IPv4E0|1, OfH 22 IPv6E0|H OffH 212 &% ZR0f| RUIL|CH 7t FAAX = HEHELICE
O{E struct sockaddr2 02| EFS| 2212 fleh 271 T HEE MFRILIC

struct sockaddr {
unsigned short sa_family; // &2 AE, AF_xxx

char sa_data[14]; // 14 HIO|EQ| ZZEZE FA
h
sa_family= R 7tX| WS & StL7L E = Y0, 22|71 0] EM0llN St 2E Aol CH3l M= AF_INET (IPv4) O|Lt AF_INET6
(IPv6)7t 2 ARLICE sa_datas AZE 2ot FHX| At ZE H 7L EA JUELICE 0|0 FAE 2H Mojd= 22 XIFst1

SHeLIC

struct sockaddrg ACHsL7| oA T2 I2HHEL IPv4E 2lct HEXMQl AEH|Ql struct sockaddr_in (“Internet”2| "in")&

BEASLICE

J2|71 o|Zio] £t EEQILICE: struct sockaddr_in0f| CH3E ZOIE{&= struct sockaddrof| CHeE TOIEZ &t & Qi 1
St = 7HsEiLICt T2 A connect()7t struct sockaddr*2 &ISIC2HE struct sockaddr_in2 AtE& Q11 0 a
51 == AL|CH

/I (IPv4 only--see struct sockaddr_in6 for IPv6)

struct sockaddr_in {
short int sin_family; // &4 AIE, AF_INET
unsigned short int sin_port; // ZE #HZ
structin_addr sin_addr; // QIE{4l =&
unsigned char  sin_zero[8]; // sockaddr T1Z=H|QF Z+2 37|

L

O] IEHM= A2l FTAO| QASS KFdt= U2 #A| 8l FLICL sin_zero (struct sockaddrz} Z0|Z 27| QIsHA SICHE
Z)2 memset()2 O|2dHA 022 HHE|0{0F &2 J7|HStMR. S sin_family2 struct sockaddre| sa_familyoll CHSE[H
"AF_INET"CE MME[0{0F S 7|AStMIR. OHX|LOE sin_port2 BHEA| HIER3 HIO|E &A 2 7|S3l{of ghg 7|AHBIMIK.(
htons()2 MoFatCH= 20| iL|Ct.)

O ZA MU S07HE AL structin_addrofl= sin_addr2=7F AELICH MA0| RALNL? XILHX|A| 2 EE 2= XA HA2
XSA JAAH 71 M2 SEH (FAE = : ot HE22| FHE M2 CHE CIO[EEIUME i & = QA 8l F=C
Iel o

re
2
I
N
ar

/I (IPv4 H&--IPv6E 2l = in6_addr LEKIE EZSHMR)

[ QUEL A (A QI 0| R 2 EXH St FZ=AH|)
struct in_addr {

uint32_t s_addr; // 32H|E F4= (4 HIO|E)
)

of AMd O|Z2 ZF8A| FELICH J2iLt o[ O A X|t&LICH ZE AJyL|Ch TJ2iu|7t 2tek o220 struct sockaddr_in
O =Z jnaE MAURMCIH ina.sin_addr.s_addrO| (HES3 HIO|E &=MZ H3l) 4HI0|EQ| IPFAE 7122 AHYYLICH o2&
AABIO| struct in_addroil CHeHA O1F13| HHGl= SEHME AT {22 X7t IolM o A1t SUSH WAooz 4HIO|E

in_
IPFAE EHZES 4 JUSLICE (0|2 #define HEQILICE)
IPv6O]| CHH A &= FAFSE struct7t UELICE:

/] (IPv6 HE2--IPv4Z Q8 M= sockaddr_in LZ=H|2F in_addr FXH|S & XSHMIR)

struct sockaddr_in6 {
u_int16_t  sin6_family; // &2 A, AF_INET6
u_int16_t  sin6_port; //ZE H3S HESR3I HIO|E &A
u_int32_t  sin6_flowinfo; // IPv6 S &
struct in6_addr sin6_addr; //IPv6 =2
u_int32_t  sin6_scope_id; // 22X Of0|C]|

L
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struct in6_addr {
unsigned char s6_addr[16]; //IPv6 =2
h

IPv4E8 T ZM|7} 20| IPv6 XM T IPv6FT AL ZEHSE 77 Zi0f| F2SIM|R.
X322 IPv6S| SE MEL} Scope ID L0 2%t LHE2 CHEX| b2 HALICE 0|22 XX+ CHiA0|7| MiERLICY. :-)

OIX|Yo 2 ZQ3H 42, 047|0f| IPv4Qt IPv6S| ZE TZA|S 2|0 23] 24| MAE struct sockaddr_storage2h= I 5iLI2|
Chaot TZN7F UCH= AFLLICE THIE o™ g =0 CisiM 22 2 &7t 229 struct sockaddrE IPV4AFAZ
KEX| OFLIH IPV6FAZE MEX| & = gl= ZR7F ASLICH 1222 o B ZNIE g7|H gL} 0|AR2 & ¢ 3Ck= T2
HI2ISHH struct sockaddrzt OF3 H|X5HH, 02122 0| S o2{20| /{dh= WAlo= FWHSH & 4= UELICE
struct sockaddr_storage {
sa_family_t ss_family; //F£ A<E

/| OIAEE 25 IHF0| 1 720 EFZQl LHERILICE FAISHA|R.
char  _ss_pad1[_SS_PAD1SIZE];

int64_t __ss_align;

char  _ss_pad2[_SS_PAD2SIZE];

55

rot
o
ro

UACh= ARAQILICE  TJ230] AF_INETEE= AF_INET6QIX]

ol2{20| ss_family HEONM FA AES T
3 5| ZRSICHH struct sockaddr_in EE= struct sockaddr_in622

HHIR(IPV4_._._ IPVERIX| =tRI5E7| 2IsHA).

02k it ofy
g ro o
OF

riot
gt
4
3

3.4 IPFA,OIE2

O2{20i|A= CRIAZAIE, IP FAE OE £ U siF= B2 &7t USLICL 202 XY ZRE YoHHD longdf| <<HAXE
US MALS LRI USLICEL (YR F: << HIE §7(|7| AAMXIo|H 2 Hi22| @Hof| &2 gh2 Ho{daxt & o =35| A8 ELICt)
M Oo2{£0| struct sockaddr_in inaE 7KK QUCtD THA|CH “‘EI_' &St A2 =9l F&, "1012.110.57"2

“2001:db8:63b3:1:3490" 7t ULt THAICE Of2{20| ALZBHOF SH= &4 inet_pton() RILICE 0|22 2Xtet B EI|HO=Z
X3l IPFAE {2{&20| AF_INETEEE AF_INET6 £ XIH™st= 20 matA struct in_addrE= struct in6_addrO 2 #HetptL|Ct,
("pton”"&= “presentation to network”(HX} F : HHOM HERIR)Q <fo{o|H A 7|t HCHH “printable to
network”2t1 s ElL|C}.) HEL2 of2fiet 20| O|Fo{FL|CE:

struct sockaddr_in sa; // IPv4

struct sockaddr_in6 sa6; // IPv6

inet_pton(AF_INET, "10.12.110.57", &(sa.sin_addr)); // IPv4
inet_pton(AF_INET6, "2001:db8:63b3:1::3490", &(sab.sin6_addr)); // IPv6

(W2 LE: 0| Y3 St= of|H A2 inet_addr()O|Lt inet_aton() Bt +-E AFERHELICE 0|ZIE2 O|A| 0|1 IPv6Ite SESHA|

f/2| FE O|F|E JCHK| ASHX| o420 2F &el0] 37| HEYLICE. inet_pton() 2 2F 7+ Z4IsHH -1
02 SHELICL 2L ZHES AFBSHY| Tof| 570] 0Lt 2X| 2RIsHA Q.

mjo

SHFL FAT

2

go|H

ZE&LICL O[M| 622 IPFA EXIES J29| O|Fl EFOZ HIE £ JUELICL RIHZE= o{E@HA| st=X| 236HU7tR? struct
in_addr =M 7HX| 0 U1 T30 extet M HI|HE Z2st2 fotAICHH B A sHOFEILR? (& structinb_addrE 16%14=24
22 F|HoZ EHICIH oA s{oFettR?) 0] AL K222 inet_ntop() & AH2dH0f BiLICE. (“ntop™E “network to pre-
sentation"& 2|0|3tH &A| 7|245t2{H “network to printable”0|2tx1 2 M= ElL|Ct) OIF|= of2Het ZEL Ch

[/ 1Pv4:

char ip4[INET_ADDRSTRLEN]; // IPv4 EXIEE otz 57t
struct sockaddr_in sa;  // O|X20f| RHITt EFARQUICHT 7P BiL|Ct

inet_ntop(AF_INET, &(sa.sin_addr), ip4, INET_ADDRSTRLEN);

printf("The IPv4 address is: %s\n", ip4);
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[l 1Pv6:

char ip6[INET6_ADDRSTRLEN]; // IPv6 -E—ﬂ'%% EotE 37¢
struct sockaddr_in6 sa6; // O|Z20{ £U7t HARJUCID THHSL|Ct

inet_ntop(AF_INET6, &(sa6.sin6_addr), ip6, INET6_ADDRSTRLEN);

printf("The address is: %s\n", ip6);

0| g+E T ESIHH T4 EF(IPv4 E= IPv6)et T4, ZUHE HE EXHA0| e ZQIE, O -E—Xf% | Z|C ZO0|E YAFOF BLICH.
(5 712l tH=2 22! INET_ADDRSTRLENZ} INET6_ADDRSTRLENO| H2[|SIA| = 71& 71 IPvAE= IPVEEXIE S HOotE EAHEQ

(0] ¢2 stz 22l 2halof chigh CHE O[0FY| : o] Mt ZAS St AAAQl o= inet_ntoa()LICE. DREZIX|Z FA0|1

OfX|2tO 2 0] BE2 Xt YEHQ| IP FA0T AFST £ USLICE 0] E+E2 "www.example.com”Z2 SAEO|S0]| Chst
LM DNS EME SHX| gb&LICH O EH g 2= CHaoll 24 getaddrinfo()S MOFeLICE

O REQ| HSE EXNOZ EQIAE QEZREE &7|= gt %7|-X|_Tl_ QU&LICE J2|1 &3] o] eatHE2 Network Address

Translation=== NATO|2H= HAIE E8iA “LIE" IP TAE (MAIQ| CHE AFZEE0| Of=) Q| Bt IPFAZ tHEFSL|CY,
Hu ZIZE|LER? “0] O|Afst AEZ H Sl2{= AZt0|Z?"2t 1 StAl= = BhL|Ch

TSt FHE(OLLH LE0| A=)SESE FEHISHHR. NAT2 GEEE ?loiA FEotA M2|=22(FAt 5 & 2RIt 84,
HO|X| 9H|) EEXH= NATOH| CHell M AlFes Her YELICH J2{Lt M= 62{20] BE WEXI £AHZ QI 2 20| =S
Yot Fo HIEX oM ChsiA 0f0F7 |5t HUAELICH

AN
=
A

o|S S0 ® Eoll= atHo] AELICE XMoiAHl= CIXIE 7+ XL 2|4 (DSL) S| Aol A| il sH & & 712l FA IPv4AFATt AELICH
T3 ® HEH I A= FREI= €S O YLICh 00| 01%171| 7tsstLinR? = olel FREZLE2 ofo|IE & = ST
T =™ H0|E{7} 0T 2 7toFetX| & 4= i ElLIC.

E2 O|ZELIC AREIS2 ofo|L| FAE SRHK| GELICH DRSS 2H4MTTLO| ofo|m| A7 SEEl A HIEH A0 £l
AELICE IRE TH7L MTES 213 AL 2|28 MollAl= 2FELICH f2|= o|FELICk

JZ2 M7t 192.0.2.3301 A 2Ot SHFLICE 2 FA= | ES MH|A HSKEZH K of| A
. 3L HTE 22 ARE0IA Mo FAE S0{EH 302 10.0.0.52t 0 EHLICE It IPFAS
LIt HEZ SopHlL|Ch 2210] NATE +=&sh= A LICY.

=
=
A
=

10.x.x.xE 27| Rt AEHEl HIEYS E= Yot F|o| UEAITH0| ArBSIES ofofel 3 7Ho| HIERS iy F StitLc.
ol AHM HIEQ|T £X17} AHS 7HSBHRIE= RFC 1918°01] MIAIZ|0] U&LICE J2iLt 0f2{20] HA uHHQl HE2 10.x.x.x £
192.168.x.xYLICt. xOfl= & 00M 255A1012] =7t SO{ZLICE & B 2HHQ A2 172.y.x.x7t AFLICE yoll= 165E
31At0|f =7t FLIC.

NATSZE +3S}
SR

I'|I'

Aot Fof A= B(HEHI)0] 02 AHE HERIS F StLt ooft h= 22 ofgLICt. J2iLt B

(MOIA= AL H| 2| ofojm| =4It M2 192.0.2.3321 2 OFLICE. 192.0.2.x HIERIS= SM0f| “TIM" Ofo|m| FAT}
M LA 37| 2lohA oflefE! CHHYULITE HEZ 0] QFLHA{o]| Aol Zd X7 RERiL|CH —?-QPOPOF t)

IPv6 OfH o0|2= AMEYE 7K /UEFLICE RS2 fdXXQE AFELCE (020l foXXQE AlFfg £k
UFLICE) RFC 41937 2Mof m2Xpe JELICL 2Lt NAT IPVGS U= 20| MO|X| #ELTE  (IPV6 to
IPv4 H|0|E90](gateway) &2 A S THEX| b=CHH ZRILICH 02|10 22 0] 2M2| HelE o dLICt) OIFE O|BX 2=
Of2{=0Al= 2L B2 F47t A0M Hod NATSE & BRIt §l2 AHLIEP. ™ o2=20| 2Rt SOHX| = FAE
gest A, 210 M2 i e & 4 ACh= olojuct

Shttps://tools.ietf.org/html/rfc1918
7https://tools.ietf.org/html/rfc4193


https://tools.ietf.org/html/rfc1918
https://tools.ietf.org/html/rfc4193
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Chapter 4

IPv40j|A| IPV6 LR M Is}y|

"OFRE XM IPv6eO|AM SESI2H & 2=2| 0fC|E HHYOF SH=X| AN E ZOloR! P& AAFHIR!"
Bora! E&LCH

07| M2 LHE2| LHREE 2 M7t fI0llM CHE LHESOIX|2t 0| A2 EEY Sl= 252 flet B2 HHEYLICE (F2 o|AEN H B2
LHEO[ AZKI T, 0] QHLhMof A= UHE2 ol H )LL)

1. @M struct sockaddr HEZE ALY | 2|81 M £ZHH CHA getaddrinfo() & 42 AF2SHA|Q. O|ZA| 8HH O{2{E22 IPHTO|

HZME k2 4 T, FIni2E Be $4 A2 ¥ TRt gl o B
IP B0l EAIE AS StEDTISH RS AOMY HOICH B B ZMES H2IS SIS,

AF_INETE AF_INET6Z HIAH|R.

P WD

PF_INETE PF_INET6Z HHM|K.

5. INADDR_ANY CHYE inBaddr_anyC 22 HHLM|R. 0|2 Xt0|7} U&LICH

struct sockaddr_in sa;
struct sockaddr_in6 sa6;

sa.sin_addr.s_addr = INADDR_ANY; // use my IPv4 address
sab.sin6_addr = inBaddr_any; // use my IPv6 address

3t struct in6_addre MQ1E! o INGADDR_ANY_INITS £7|2t0 2 ALRE 4 QI&LICE of2Het 20| Eh|ct.

struct in6_addr ia6 = INGADDR_ANY_INIT;

6. struct sockaddr_in CH&0f| struct sockaddr_in62 AF83HA|ILL, Heot B0 “6"2 XES| HE0|MK. (912l structsS
A 08HMIR) sin6_zeroZ E= Qi&LICE

7. structin_addr CHAI0f| struct in6_addrE AFESHA| L, HRot HE| "6"S MAES| AE0|MK. (/12 structs2 &16HM|R)

8. inet_aton()O|L} inet_addr() CHAI0f| inet_pton()2 AtESHA|R.

9. inet_ntoa() CHAI0|| inet_ntop()S AESHMIR.

10. gethostbyname()CHA10f| Cf ¥ 0{':t getaddrinfo()E AESHAIR.

11. gethostbyaddr() CHAIO| Cf F{0fct getnameinfo()E AESHMIR.  (gethostbyaddr()7h IPv6E QISiA = 0N
EE517|= L.

12. INADDR_BROADCAST= [ 0|2} ZE3IX| gt&LICH CHA IPve HEIFHAES AMZSHM K.
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Chapter 5

AMAH Z0| OlLH ZES

O] Zol|M 22l RLEA ZAILE7|[EFAZI APIS X|@ISH= CH2 & X|(BSD, |IER X, 254, M, 6{2{20]| 71Xl CH2 ZHK|)o| M HIERIS
7|50 H2E £ YA 8l T= A|A” SZ(System call) (2} CHE 2to|HE{2| =& (lerary Call))oll CHsi A C}E Z4IL|Ct. o] &
B SILIE =&6H 7{'do| EAHE T o222 2o ZE YS NSO = OHHZ0| X2|FLICt

thezol AlRISO| Of2iefsts ME o] B4SS Ot 2AZ HBI0 SH=Jt YLICE  0fo] AopPAAA|R I3 mozs
manmo|X= OFS BB lELICH 1 B A3S SZet| Sioh AAYBSS Hers|(cheh) ofzi2o] ZRI0N S0}
8= 24 T2 of2ofl Olofl= HS0 HAIBALICE

DLt o710l A= HE N 2=t 2K, BAHOINE2 ZIH FH|SHMOF RiLICH 12|10 S53 st 7|2t AL K22
o PA

= 5|
QIE{LIO] MOl M & ZA-O| OFS XY HO|EIE LIS 4= A 2 AYLICL(HAL = : John Postel2 IE{LlI9] £7|0f 2 7|0 o
HFE SR 5 o HYLIct)

(or2Hel ol ZESS 7 EXQl o2{2EE ZiRfES 7| QdiM MERMSE 71, J2|n ofF FES2 ol
getaddrinfo()2| =Z0| 433t HEZAEZ Mot ANlES SHHELIL JFYHLICE o] a2 ST 4¥d T2l :=

M2 ME2|=|of AL, AHES XIH2Z H2AHR.)

5.1 getaddrinfo()—&A}l =H|!

O|A2 of2f FMS J1xl T YERULICE 2Lt AFRH2 Ate B ZHEHILICE 0|22 Of2{=0| LIS 2RZE 3h= structS2
E7|tgL|ct.

A SHEER ;- O H0l= DNS ZHME QoA gethostbyname()2 S=oloF f&LICE O2(1 O HEE HEAHOE struct
sockaddr_in0i| B 11 0|29| SZE0|A AtZsHot FHELIC

IYAE o o|&2 O™ 7t giELICL (02120] IPv4et IPveetd RF0IM SE5h= RES MIHCHH J2fM e oF ELICH)
M= getaddrinfo()0l2h= 210] RL0{A DNS 2t MH|A 0|5 M, structLi8 Med7| 2 ZEeiM o{2{20| HRE 5= H=
AUS off FLICh

O|H| & AICH

#include <sys/types.h>
#include <sys/socket.h>
#include <netdb.h>

int getaddrinfo(const char *node, // e.g. "www.example.com" E.—L |P
const char *service, // e.g. "http" EE= X E Xt "otof| ZHA] EE=Ct
const struct addrinfo *hints,
struct addrinfo **res);

0] g=0ll= 3712 3 7HHS~E EAHFLICE J2|1 At AZE|AEQ| IQIEQI resE S2{SLICE
nodef7itHL= H&812{= SAE 0|Z20|Lt IPFAQILICE

CHS Of7HEHS= serviceULICE 0|72 “80"Z2 IE HSLE "http” “ftp” “telnet” EEE= “smitp"Z2 EXTH AH|A 0|20| € £
QUBLICE (IANA ZE 22" 22 0f2{20| QA FA|S 2L Jetc/servicesOIM & 4= UELICH

1https://www.iana.org/as,signments/port—numbers
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mjo

OFX|2HO 2 hintsONZHHS= of2{20| 22El ME 2 0]0] MLILL struct addrinfo £ 72|ZILIC

04710l 0f2{20| ZTAE IPFAC| ZE 34902 1A & M| el S = X7t QLELICE 0]ZI0] E7| ZAOILt HIERZ s
SIX|= 422 7|ABHMIR. 0| A2 CTHX| LEZS0l| ALY 7 ZMISS A Lt
int status;

struct addrinfo hints;
struct addrinfo *servinfo; // 22t 7t2[Z ZQL|Ct

memset(&hints, 0, sizeof hints); // +ZH|E 2t 6| H|IFHR
hints.ai_family = AF_UNSPEC; //IPv4 O|E IPv6 O|E AQiCt
hints.ai_socktype = SOCK_STREAM; // TCP AE& A3
hints.ai_flags = AI_PASSIVE; // L =&E 'd&LICH

if ((status = getaddrinfo(NULL, "3490", &hints, &servinfo)) != 0) {
fprintf(stderr, "getaddrinfo error: %s\n", gai_strerror(status));
exit(1);

// servinfo= O|X| 17§ £ 1 O|At9| addrinfo FEAH|0f| it HEZ|AEE 7t2|ZIL|Ct

/] ... servinfoZ} 40| & E RIS WA ZE AS BfLC..

=

mjo

freeaddrinfo(servinfo); // HZZ|AEZS sl

ai_familyS AF_UNSPEC2 =

A IPVAE IPVBOIE MBMX| k52 LIEHH Zi0] FE3HMQ. TheF EXTH LIS RIBHTHH
AF_INETO|Lt AF_INET6S L

ct.

23
A ol
T M

g

| A
=

AI_PASSIVEE = = J&LICE 0|2 getaddrinfo()oilAl 22 FEA|0f| L 22 SAEQ| FAE SEsiHetn LsiFELICE o|H2
Of2{20| SIEZYE LR E QIofZF7(0f| E&LICt. (O™ 2{0lA NULLS ‘€2 getaddrinfo()2| A H Oi7iH 40l EXT FAE

¥E 4 UBLich)

O|&H| et+-E ==ELICE 277} UCHH(getaddrinfo()0] 00| O EI% % {ZCHH) HAICIA|D] O @82 gai_strerror()&t42
= Ct. 2tet 2 E 70| Mch2 SEHSCHH servinfo= Q2|7+ LIS £ 4= 4= struct sockaddrbL} H|Zst Zig
HAZ|AEE 72| ALICE 2Abst|R!

7%l struct addrinfo2

OFRIS{O 2 getaddrinfo()7h 281E7 S2loii| Befsl & HH2IAES Cf HCte 2|t freeaddrinfo()S L&A 1% Bt
SRt 4 QUELIC (A BHEA] BfofetLict)

o710 o2{20| EHT F4, 0| E0 "www.example.net”2| 3490E E0f| 4ot uxt sh= S20|[HEY HR9| =
USLICE  CHA| HZEZX|Z O|HCEE AX| HZAO| O|RO{X|X| gb&LICE 1

AHSHFELICE

int status;

struct addrinfo hints;

struct addrinfo *servinfo; // 2122 7I2|7|A| ElLICt

memset(&hints, 0, sizeof hints); // Bt=A| H|?|%l0 FELIEf
hints.ai_family = AF_UNSPEC; // IPv4L} IPve2 AMZAM
hints.ai_socktype = SOCK_STREAM; // TCP AEZ!| 43l

/| HE Z=H|

status = getaddrinfo("www.example.net”, "3490", &hints, &servinfo);

/I servinfo= OIH| 17§ =2 11 0|&t2| addrinfo A0l CHEt HERAES Jt2|ZL|Ct

servinfo= 2= %Ergl T FEE VT HZEAERD HE YELICE ol FEE HI| 3 A2 AlH T2OMS ZHGSiFAIC
]2l
I:I

o #2 =1

2ht'(ps://beej.us/guide/bgnet/examples/showip.c


https://beej.us/guide/bgnet/examples/showip.c
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5. GETADDRINFO()—fAt ZH]!

/*
** showip.c -- BEEUAN FOZI SAEQ| FAES EHTLCt

*/

#include <stdio.h>
#include <string.h>
#include <sys/types.h>
#include <sys/socket.h>
#include <netdb.h>
#include <arpa/inet.h>
#include <netinet/in.h>

int main(int argc, char *argv([])

{
struct addrinfo hints, *res, *p;
int status;
char ipstr[INET6_ADDRSTRLEN];

if (argc = 2) {
fprintf(stderr,"usage: showip hostname\n");
return 1;

memset(&hints, O, sizeof hints);
hints.ai_family = AF_UNSPEC; // T & X|Z5t2{™ AF_INETEE= AF_INET62 ALE
hints.ai_socktype = SOCK_STREAM;

if ((status = getaddrinfo(argv[1], NULL, &hints, &res)) != 0) {
fprintf(stderr, "getaddrinfo: %s\n", gai_strerror(status));
return 2;

printf("IP addresses for %s:\n\n", argv[1]);

for(p = res;p != NULL; p = p->ai_next) {
void *addr;
char *ipver;

[ 324 REA|ol| TSt ZQIE S HHEL|CH

/] 1Pv4et IPv62 EET} CHELICE

if (p->ai_family == AF_INET) {// IPv4
struct sockaddr_in *ipv4 = (struct sockaddr_in *)p->ai_addr;
addr = &(ipv4->sin_addr);
ipver = "IPv4";

}else {// IPv6
struct sockaddr_in6 *ipv6 = (struct sockaddr_in6 *)p->ai_addr;
addr = &(ipv6->sin6_addr);
ipver = "IPv6";

/I IPFAE EXEE Hetst £ Ct
inet_ntop(p->ai_family, addr, ipstr, sizeof ipstr);
printf(" %s: %s\n", ipver, ipstr);

1IN
o
Ju
fjo
St
>
o
il
il

freeaddrinfo(res); // ¢

return O;
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BAICHAI) 0] AL of2iz0] BHF0l 97l H0| RAOIE getaddrinfo()2 SHILICL 1217 resoll ¢ZS2e| HOIE(S
EHELIC J2iM 22 0l SRS SolohH BHSLICIE YS ¥ 4 USLIC

(M dIFMZE0= IP T 2t THE ZF/Q| struct sockaddrE M2|sHjoF StCh= HollA g3t £20] AHLICE 2 FHoil T A
AMBEZLCE 22{LE O L2 ol JA=EXE & ZEWUELIC)

Al o|H|l REIF AT RIARS ZE0FEfL|C}

$ showip www.example.net
IP addresses for www.example.net:

IPv4:192.0.2.88

$ showip ipv6.example.com
IP addresses for ipv6.example.com:

IPv4:192.0.2.101
IPv6: 2001:db8:8c00:22::171

OH| MZS THE 4= ALLI, getaddrinfo()0ilA H2 ZHE CHE A2 40 EI|0 ZUNOZRE HEXI HES EE + AT
8l SAICH A% HOEM !

5.2 socket()—It MHX}E WolRXH

O o4t O|F 47} 2l X ELICL OIX| socket() AIAE Z0f CH3HA{ O|0F7[sHOF BfL|Ct. JiR:= O|H&LICE

#include <sys/types.h>
#include <sys/socket.h>

int socket(int domain, int type, int protocol);

_'Eil-f 0| Ql~50| R2oRIX| RE AYULICL O|HE2 ofH BF AZUS RUSH=X| HE & U2 off FLIC(IPv4 E= IPve, AEY
E1IOIE1" , TCP 22 UDP)

ALEXPZE O g AF Hojof 1, XF= J™A & £ JUEBLICE  (domain2 PFINETO|Lt PF_INET60|1, type2
SOCK_STREAMEIE= SOCK_DGRAM O[O, protocol2 O typeol ZEst Z2 AESO2 MENSIH| dta{H 02 HAFL
"tep”LE "udp” & Asts ZEEEQ| g2 7| 2l M getprotobyname() £ £ £k UYSLICH)

(O] PF_INET2 sin_familyZE=0]| Ho{F=E= AF_INETRH RAISH ZARLICL O|ZHE ofshstz{™ ¥ O[0F7|7t ZRBtL|ct. ofF H
Slhol|= O™ SILte| F=A AE (Address Family) ("AF_INET"2tof| S0{U= “AF")7t 0f2] ZF7e| T2 EE 7|E(Protocol Fam-
ily)(“PF_INET"Q| "PF"))2 XI&g Zio[2tn ‘H2istH AI”O| QJUASFLICE 2Lt 3 U2 AOILEX| AUSLICE T2|n 2%
HESHH 2afaf B AJATIT FLICE 0| O|0F7|ILICE. J2fM & 4 U= 7Har M&st A2 struct sockaddr_inOllA AF_INETS
M3 socket()0lA PFLINETS At&38H= ZQILICt

ot

SIL|C}. of2{ 20| LR stnH2 U2 getaddrinfo()= =Es AWE S0t= LS of2i2t 20| socket()ofl =IH

struct addrinfo hints, *res;

TS RNE
[/ ["hints" T ZH|= 0]0] X2 A2 FHHSILICH
getaddrinfo("www.example.com”, "http", &hints, &res);

/] CHAl ZSERIH 22 (0] ehfA 2| ofFIE0] SF50]) A M Z30] ZCt
/| 7} 8H= Al getaddrinfo()0ll CHal M @7 &tel2 stn

[ "res"H3E B|AEE &3[6lOF RLICH

/[ client/server®e| ZIMt O|H|SE & ISHM| K.

s = socket(res->ai_family, res->ai_socktype, res->ai_protocol);



5.3. BIND()—LH= 0oft ZEO]| AULIR? 31

socket()2 Had 71| O|=9| AlA™ SEOM & = A 23 XS SHELILE 2RI ALH 18 SHELICL T H
tF| 2t

errnoZt L& 2 MHELCE (KMt MEE= errno 2| HHH[O|X|S A DSIMIR.)

ZELICE J2{H O[H| o] £2UE ofC|ofl & = ASTR? YHS OFA & 2Chs AYULICH AHZ M| 3iME ALHME B 8
O|Z0| SESIAH| 81| 218t AlAH =E2S ¢ sHof BiL|Ct.

5.3 bind()—Lt= oftH ZEO)| ALIR?

S 7HA[H o2 20| HX|o| ZEOf AS5tn AS AULILE (0] ZP2 BE 0f2{20] listen() 22 EY ZEO|IM S0{=HEE
E1XH(listen) & ©f O|ROTLICE. —LHES ALK HIERIZ AIYE2 "192.168.5102 3490EEOH cZgfL|ctetn et o ojH
S LICh) (AL 5 - 90T~ 2000'—:'EH Zo| HE|Z20|0] AYES0| HHAl0f 0|2 21 23| E6FELICL) ZE Has
HE0| £ Z2AHA9| 431 XL 01£E H2lat HART| 2IshM At LT 2hef 0431—.-_—0| connect()2h & ‘4zfo|2tH
bind()= EZagL|ct. J2Lt JKHDI LUt o AIL.

0]2d0] bind() AIAH E2| JHRYIL|C.

#include <sys/types.h>

#include <sys/socket.h>

int bind(int sockfd, struct sockaddr *my_addr, int addrlen);

sockfd2 socket()0] E&{ZF A7 Tt MHXIQIL|CE my_addr2 Of2{&29| F& LSIXIH ZEQ} IPFEAE 77 struct sockaddr
Oil CHEH ZRIE{RIL|CE. addrlen2 1 29| HIO|E £l ZO|LICt.

ool 5t Hof| o] HiRISLICH 20| k= SAEQ| 3490 LEO| AFE HIQIESH= OXE SAICH

struct addrinfo hints, *res;

int sockfd;

/| X getaddrinfo()22 TxH|0f| HEE =2 SLICH

memset(&hints, O, sizeof hints);

hints.ai_family = AF_UNSPEC; // IPv4L} [Pv6 & OFF Zi0[L} &L Ch
hints.ai_socktype = SOCK_STREAM;

hints.ai_flags = AI_PASSIVE; // IP= Lt2| OI0|I|Z X{ZL|Ct

getaddrinfo(NULL, "3490", &hints, &res);

sockfd = socket(res->ai_family, res->ai_socktype, res->ai_protocol);
/] getaddrinfo()0i| E X E ZEO| HFQI=BHL|CE.
bind(sockfd, res->ai_addr, res->ai_addrlen);

AIPASSIVEZ IS i T2 2ol A| Al

HAZEQl SAEQ| |Poj HIRIESHE D LB FLICH EFT 22 IPFA0| HIQIESI DA CHH
AI_PASSIVEZ Hz2| 1 getaddrinfo()2| & Hij

o
CI£Z IPFAE EHONM L.
bind()= 277t L sIH -12 E2{F1 errno2 72| gt = MHBILICE

e el I=E0| bind()2 =E8H7| Mol struct sockaddr_in2 ZE MQULELICE. 0|2 EHY| IPv4 ME0|X|gH 22
US IPv6eO] CHSHA = 2 & 0 I%E SAELICE THX| getaddrinfo()S A= Mo| YHIMOR O £l&LICE OME oM Z== O]
=]

=
/IO 2 of T Al |CH I
int sockfd;

struct sockaddr_in my_addr;

sockfd = socket(PF_INET, SOCK_STREAM, 0);
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my_addr.sin_family = AF_INET;

my_addr.sin_port = htons(MYPORT); // short, H|E®3 HIO|E #=A]
my_addr.sin_addr.s_addr = inet_addr("10.12.110.57");
memset(my_addr.sin_zero, '\0', sizeof my_addr.sin_zero);

bind(sockfd, (struct sockaddr *)&my_addr, sizeof my_addr);

2ol TEOM 22 2Z IP FA0| HIRIESIT HNRJUCHH(RIS| AI_PASSIVEXE) s_addrZ=0{ INADDR_ANYS CHIE
4 AELICE  IPvEHZTSl INADDR_ANYS OJ2129| struct sockaddr_in62| sin6_addrZ=0f| CHRISHOF ot= 40l
inBaddr_anyIL|C}. (== X720 £ 4 L= INBADDR_ANY_INITO|2h= HF 2= JELICE)

bind()E =& mff FOfslol & & : ZE M= U2 S MX| OIMR. 1024 of2le] RE EEE O 0] JSLICHAFHRK 7}

Ottt o2l 1 9|o| ZE Mz = (CHE IZ340| 0|0] A1 QUX| Q¥CHH) 6553577kK| OFF Z10|Lt £ 5= UELICH

=X = JX0| 2 MHE CHA| A5t 1 S1H bind()7H AIiStD “=A71 0[0] AFBEIL|CE "2t & w7t JELICH I
a 2| E o7k 18

HEC|AE 22 F LRI} TS| 20| M CH7|F0|2 ZES ARSI Arh= A2 Ql0jgLTt. o222 2240| F
HES J|C2| AL o2 2ol =20l ZEE MAEY £ JULE o= ZEE EE = YSFUILCH
int yes=1;
/[char yes="1"; [| £2I2|A= O|H S AL
/] "F271 0|0 MAEFLICHE= 2F HIAIXIE HAH
if (setsockopt(listener,SOL_SOCKET,SO_REUSEADDR,&yes,sizeof yes) == -1) {
perror("setsockopt");
exit(1);
}
bind()0ll CH3iAM BHOC| I : O] E4+-5 =&Y HaJt HE gl= 2R ASLICH connect()E =ESHM ¥4 FX|of| 2&sI2{ 11 511,
tH(telnete] 22X AX OF MZAME A2) connect()7t RSS2 AFO| HIQIEE[X|

2 ILE thsiME HBRXK] ‘Es*E
25X

| ZED
SAUAEX| efelstn LQSILIH ALZSHX| §42 22 ZE0| bind()shE AL

5.4 connect()—7{7| ghd!

H 22 o 20| AUl SBLZMO| EQUCHD WZBHFAICE o222 AFBXS0| A% It HFXE A7| shA o220l
TS LHZLICH IS EROMMAR). o2{22 J0l| 2t socket()g SEELICE CHOE AFEXITL02{ 2017 “10.12.110.57"2
3"H ZE(AU BE ZE)0f| AESI2t0 LT oEA siorenta?

23 of21F, connect()0fl et BS 2= FOI2tL| 20| ZEULTH O 2 #H SAE0| OfEH JASH=X|0f ChsH
LICt AHEGLO| HOIFAICH GHIZ AJZHO] Rl&LICH

ne oo
v
IH)I |H

connect()ol| CHet S &2 ofzhet Z&LICk

#include <sys/types.h>
#include <sys/socket.h>

int connect(int sockfd, struct sockaddr *serv_addr, int addrlen);

sockfdE socket() g4 20| E2{F= 2|9 F
ZEQLOlO|I| FAE 1 UELICE addrlen A

C]
M
it
-
%
>+
10
T
S

]
rin

HMEE 97X getaddrinfo()==2| Zntof|M FEE 4= QELICE

of3Hi7t |7| AEBHLER? M= ChEE S8 + glell % Aol S2SIRAELICE "www.example.com”2| 3490ZEZ 47
HES TEE OIHIE 4TS AICH

|_

struct addrinfo hints, *res;
int sockfd;

/| getaddrinfo()22 F4 AZEH|IE AMFLICH
memset(&hints, O, sizeof hints);

hints.ai_family = AF_UNSPEC;
hints.ai_socktype = SOCK_STREAM,;
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getaddrinfo("www.example.com", "3490", &hints, &res);

/| 220S BHELIC

sockfd = socket(res->ai_family, res->ai_socktype, res->ai_protocol);
[/ HEELICH

connect(sockfd, res->ai_addr, res->ai_addrlen);

CtA| O|OF7|8HAtH Al T2 AME2 connect()0ll ' SAHE struct sockaddr_in 2 ZH HYEUSLICE. IHA| stnACHH i
EILICE 2ol QU= bind() & 0l BHIXE LHES ADstHIR.
connect()2| SHZS EA0lSHE HE AUX|OIML. LFIL LASHH 182 E2{F T errnoH 42 A ZIQILICEH

LIEL 22|7toL=2
0| IHE xt502

22|7t bind()& ZEBIX| AAZ | F=SHMIR. ZHEHS] HSHRIH 22(9|
=X MFELICH (RHK EE). 7go| 22| il 22 ZEE 1
E|0fAIM oL MAMM BRIt GELIC.

rlr |1|>

f

5.5 listen()—7t o2t E s Z2HR?

rr

SEO| HY mULICE 22|17t HAHK| SAE0| HEStD HX| o2 Z22HH ofEH &7te? S| TN S0
7|EfEII'_ JRE offd HAOZ Mashof BICHH ofEA ete? 1 IHE2

2o
ﬁEE

=
o =

= SHAIQLICE A listen()E &322, accept()

listen() g4 = &2 B Tk 2 2F7to| 40| HastL(Ch

int listen(int sockfd, int backlog);

1

sockfd2 socket()A|AE! Bt SEZ A0 R Yo A2 IHY MHXIQJLICE backloge EHRE 70| S18E= HE S| =XtL|CE
0|Zi0] 2& SEQIX| F237te? E0{QE HASS 62{&20| accept()E diF7| HMX|(OI2HE &1SIMR) O] 7 ol 7|CH
Zdo|1 o|Z2 = JHe E’a‘ol EH7| 2 UAETHE HYLICL CH7HS AA-2 O] 3t8 =8F| 20 M2 MEFefL|Ct 2Lt 5Lt

OlOtE & &tShA o= UAKITE ML EF ZEO|M HHETE 57| 2I3ilM= listen()S =E35H7| Mol bind()2 =Z8H0F ©LICh
(2| HASoA o ZEZ HZESHOF &X| HE 4= U0{0F SLICH) O AIL|Ct.

getaddrinfo();

socket();

bind();

listen();

[* accept()= Of2Holl SLICH*/

PPIEEH0|1E2 MAS ol& 2=29| oLVt GO{=7|2 SHASLITE (accept() el 2EE & O TYLILE)

L X
—
HUZ BESHHEO gccept() S 2ESH= REQILICE

5.6 accept()—"3490EE0)| M&slF=MA ZAFE|CL"

o O|&fiLICt XIZHRE 42 U2 Ch3at ZELICE ofF H 20| Q= £2717t o2 ZX|of|
connect() e42 HZSHE{ D SILICH G322 EX ZEO|A I|sten()% Alistn UELICH 159 HAR accept()E HOIEHE
m7EX] CH7 |0l A Zded ELICL accept()= o] HAERS
QA & TS| MES & = l s FolelaZg FHK|A| A& LI
2lefel 272 ofFS| M HZEES E1 U1, MEH ST A2 send ()2t recv() XS 2ol ZH|=IUASLICE OfH Ct HELQ!

2 Ot2i2t 0] gL |C.

#include <sys/types.h>
#include <sys/socket.h>
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int accept(int sockfd, struct sockaddr *addr, socklen_t *addrlen);

sockfd2 listen()2 stORU= Azl MEXIQILICE  OfFX| ALICE  addr2 CHI 22 struct sockaddr_storageoil Chst
ZQIERILICE of7]0fl E0{E HZEQ HETIH E0{7H] ELCHO2| D ORE SdhA o™ SAETL O ZEO|A o2{2S =E3tn
UEX| & 2 AELICE) addrlen2 sockaddr_storage2 accept()dl E717| Hof| sizeof(struct sockaddr_storage)2 2
MHE|ofof ot 22 H4 HAQILICL accept()= addrol| addrlen2| 37| 0|AkQ| HIO|ES HX| o2 HRULICE accept()= 2F7t
LUSIH -12 SHFT1 errno0| ZfS AFELICE O H= olatstE o]t M2tet|C,

2 DREEX| 2 ot tHofl Ofedtr |ofl = B2 WEYLITE J2hM of2{2e] SME 2t olFl 2= =2{0| ASLIC,.

#include <string.h>
#include <sys/types.h>
#include <sys/socket.h>
#include <netdb.h>

#tdefine MYPORT "3490" // AF2XIE0| H&4E
#define BACKLOG 10 // CHZ |0l CH7|& 4= Ql= HAQ| 2t

int main(void)
{
struct sockaddr_storage their_addr;
socklen_t addr_size;
struct addrinfo hints, *res;
int sockfd, new_fd;

/[ o] =ES0f| it F =telS IX| otMI 1t

// getaddrinfo()22 MEE ML &LICH

memset(&hints, O, sizeof hints);

hints.ai_family = AF_UNSPEC; // IPvVAEEE IPv6, OFRZI0|Lt &L Ct
hints.ai_socktype = SOCK_STREAM;

hints.ai_flags = AI_PASSIVE; //LIZ 2l XIS = L IPE *e{ESLIC
getaddrinfo(NULL, MYPORT, &hints, &res);

[ 222 TS0, HIRIESH D, E7| AlZ

sockfd = socket(res->ai_family, res->ai_socktype, res->ai_protocol);
bind(sockfd, res->ai_addr, res->ai_addrlen);

listen(sockfd, BACKLOG);

[ E02= AEE st

addr_size = sizeof their_addr;
new_fd = accept(sockfd, (struct sockaddr *)&their_addr, &addr_size);

[l new_fd 221 AHXOM Stigh Z=H| 2tz

Ot B E send ()2 recv() =01l CHoH A new_fdE AtEet ZAQILICE Dtek Tk 3t 70| HZADHS HHotE0|Z ISHAICHH
Z = S 97| 3l M sockfdS close()X2|E 4= Q&LICE
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5.7 send()2l recv()—Talk to me, baby!

(Y%} = : Talk to me, baby!= Eimore James?| 2{QIL|C}) O] & &5 AER A30|Lt HZE MoK

B) 2 2SS
SA16E7| SohAl MULICE UHEQl HFE|X| §2 HO|EI 1 AS MDA sendto()2t recvirom() HS BAH ELICE

send() &=

int send(int sockfd, const void *msg, int len, int flags);

sockfd 2 H[O|E{E ELHT 42 A7 MHEX}(socket() 22 THEJUE accept()Z HHEUE)JLICE msge 6220 2 H[0[E{of|
CHEE EQIE{O|, len2 1 ZO|QLICE flagse I 092 HESIML. (flagsdll CHol Cf XtM[s| 204 CHHE send()2| HEH|O|X|E
ERi=3)

olH| == OFA & 5= AVSLICE

char *msg = "Beej was herel!";
int len, bytes_sent;

len = strlen(msg);
bytes_sent = send(sockfd, msg, len, 0);

send()= &M Z &t HIO|EQ| 45 S2FLICL 0] 242 2 20| ELi2t St £ HE 4 ASLTH W2 JHt 37|19
ClolEiE ’.‘i—é‘-ﬁfﬂfﬂ 2FSHH 20| O H2|=|X| R 4= A= AYLICE A= WS 7Hs Aot 2D, LIHXE 62120
LEZO0ll CA| 2 Zd0[2t UELICt send ()7t SHE 40| lenzt LX|SHX| Qb=CtH EXIEL| LHHAIE H&dh= L2 o2i=0l7|
2RSS 71 3H\1IR O|Z0f| 2ot 2 442 20| HCHH(Tkb 0|2t HE) OA2 Ol of Hof| 2= HE 22 4 AL2[Ek=
HYLITh THA| ZZIX|2E 27 7t At -10| Higte| 1 errmo?t 2F H= 2 AFE T

recv() &= B2 MM SARLICH

int recv(int sockfd, void *buf, int len, int flags);

sockfd2 OIS 27 MHX0|H, bufs HEES HOSY HIHO|L, len2 HIHS| £|C Z0]0| 12 flags= H7|ME 022 MEE
2 &LICE (Baia FE| thsi A= recv()2l man pageE H1ISHAIR.)

recv()= &NZ HIHO| 2{0{SQI HIO|EQ| 5 S2{FTILI LFE 7 Yle HL (errno E HES 2O 2 HHstD) -12 S2{FELICL

E2H recv() A2 o 7tX| ofn|YLICt HAX] oA of2{20fl et HAS B2 ALch 573k 02

recv()7H 2120| ZOIRS S Faizs wAlRlLC

rr
o
1o
i
)
A
4>
30
o>
T
_l:l_
o

A, dE 2XIR? OlF O2E2 AEY AN XA=2E FaE £ AFLCEL 2H OF K22
ZT22HULCH

rlo
2
2
_(31
Jo
in
>
firs
m
f
]

5.8 sendto()2} recvfrom()—Talk to me, DGRAM-4!

"O[H| C} ZE35tD EH|IR 2t THSIAI= 2271 SRILICE "J¥X|2t HF0| gl= CIo[E 23 422 o{EA| X2|stX|R?"2tnE
SHAl=2Q. 2H| ofZ|otd, ERQCHX|Q(HAL 5= : ’IZ2 “No problemo, amigo.”, ZEEZ0{Z “"ZH| gi&LCH 2L"). & S=
20| AELICE

CIO|E O3 222 HAX| A HAE0] AX| oLz mizls 2 ol AR Y= =5 THELICE HIZ SHX| Fa00
ZQTIL|CE. O AjLCt.

int sendto(int sockfd, const void *msg, int len, unsigned int flags
const struct sockaddr *to, socklen_t tolen);

1’

HACIAI] send()2t ZX[2t &= 7He] HEJL O JELICE tos= SHX|Q IPFAR} TEE B2 struct sockaddr Of CHEt
ITOIE{O|H (OlOF= 0422 0] HEHEs A AF23HA! struct sockaddr_inO|Lt struct sockaddr_inG EE= struct sockaddr_storage®
ZQULICL) tolen2 WENOZ = int0|H ZHHSHA| sizeof *toLt sizeof(struct sockaddr_storage) =2 A& stH ElL|Ct

SNX| F& FENE P 22{H getaddrinfo()0[Lt OF2H2| recvfrom()2 AFBSHAIZLE AR 2 S MeEE == USBLICH
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send()2t OFXZHXI 2 sendto()= M2 HHll HIO|E +8 SSFLICE (2 T2 22|10 ot HI0|E9| =HTt M2 7t E0k2 +
ACH= 2|0|YLIC}) 2F It LSt -18 SHELCL

0|2 SAFSt 2tA|7} recv() 2+ recvfrom()LICE. recvfrom()2| JHR= O|&H&LICE

int recvfrom(int sockfd, void *buf, int len, unsigned int flags,
struct sockaddr *from, int *fromlen);

I CRA 2 B JHe FIHAQl WETL U= recv()Z2 HYULICE from2 K| ZK|Q| ofo|m| FAet ZEZ QT 2
struct sockaddr_storageOil Cist ZQIEQILICE.  fromlen2 2Z intdl| CHEE EQIE{O|H sizeof *fromO|Lt sizeof(struct
sockaddr_storage) 22 Z7|5}z|0fof BL|Ct. a7} BietEl o fromlen2 fromo0l| X2 MEHEl FA0| Zo|2 M™E N US
ZeiLct.

recvfrom()2 2t2 HIO|EQ| 45 HIElSHH Q& 7t LHH (errnoZ HES| MHstD) -12 Sa{FLICt

7| A2o0| stLt UELICE off R2|& struct sockaddr_storageS £7l19| EtQIOZ A&7 off O struct sockaddr_inS
= SIEMR? 0|R= EAICIAL| 2|7} IPv4Lt IPv6E LI 40|11 AX| @47 hELICE J2iM R2|= Y7 2R S23
1 2dtXol struct sockaddr_storageS AF2RLICE

U e 2

]

’|]

.. 0470l CHE =2 Lt off struct sockaddrE BE FAE B2 £ B2 3A UEX| AUSNE? 2
I struct sockaddr_storage £ CIA| Yt 2X9| struct sockaddr 2 Akt Q&LICH 0|2 S&te a5t
LIt of7|of| chst CHER2 ' O] struct sockaddr2 PHEO|E WEE JFA| 3 X| YUACH= Zd0|1, O|H|etM I
EHe] AX|7t UChH= AYLICH TJ2iM 352 2 M22 EfS BHEJASLICH) (FXE =« struct sockaddr% ES
(o]

AN
710]| ZESO{Tl FZH|0|2 = IPvES H7[0l ZESIA| b2 A2 st YL

40

_IHJ
o 3

A
-
=3
i

o
o gz

X
42
O
l:i
o
=

BN HT

2toF 042{20| CIO|E{ I 4212 connect()SHA| £ ZE S0 send()ﬂrecv()%%#%‘%% [AABtMIR. 22 RiHl= TS|
Glo|E{ 2y 221 Z10|10 THZI2 G TS| UDPE AFR'E Z10[X| 2k A2 QIEH|0| A7 IS L 2 K22 S 2IeiM S MKt VX HEE
F7re ALck

5.9 close()2} shutdown()—Li Lol 7HX!

Tl o222 ot B send ()2t recv()2 AT, O[X| ZE2LICE 0[N of2{22| A7 HEXIE TS FH[7}F =JAELICE oA
2 S
= [=}

.
ot U A mb MHXt BH| &40l close() £ £ £ USLICE

i}
i
iul
[

T
=
12

d2 sig 2200] Tt 2% ¢{7|2t MI|S WX|g AJLICE FHK0M O] AHUE MI{LL glodi= BE MEs 2RE Hhetd

int shutdown(int sockfd, int how);

sockfd= Z&st1 A2 A7 MU HHXI0| 1, hows CHE & SLtLICH

how =1}
0 =& 40| SX|ELCH
1 =& &40 SX|ELCH
2 sS4 &40 FXIELICE (close()ME)

Z=|X| 242 Clo[E| a3 22U0f| 7|7H0] shutdown()S S ACHH, 22 Erad| sl 22U0f send()2t recv()E AHEE = GI=R
S AYLICHEIOIE 2 A710fl connect()E AFESHH O] & &5 A8 &= U S 7|2AstMIR).

shutdown()0| &x|= It BHXIE BHX|= AZ0l| FFHMRQ. 421 BEXAE SIS | fI81M = close()E =E3H0f RLICt.
g A e=2e.

(dll2lH o2 of2{20| §=2=2t WinsockS A3t AL close()CH4l closesocket()2 S ZdH0f BiL|Ct.)
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510 getpeername()—+1MIR?
ol g4 L2 2lBLTh,

LR +9IM 0] Foll B0l HE FXIx USLICH OFFE LHEZZELICE

getpeername ()&= HEE AEZ A9 HITHH Zof| F£7t A=K

il

2LeE ALt iUt

#include <sys/socket.h>
int getpeername(int sockfd, struct sockaddr *addr, int *addrlen);
HEXALICE  addr2 HZQ| BithH Z0f chet MEE EE struct sockaddr (& struct

o o
sockaddr |n) off cht IQIE{QILICE.  addrlen® int0| CHt EQIE{O|H sizeof *addrO|Lt sizeof(struct sockaddr)2=E
et IPv6t SE5t7| oA struct sockaddr_storage 2 AFEE & USLICEH)

O] gE @RIt LYSIH -18 E24F 1 ermoE LA EFELICL

02| 20| Mol FAE JHX[H RS inet_ ntop() getnameinfo() = gethostbyaddr()0ll HO1A 2HHO|| S2BEALE FI15Ql
FHE JtME + ASLICL 352 2792 0|82 71NE £ YSULh (ESLIC, Fot’. U XMZ AFETt ident HE2S
ABF0|2HH FHsTILICE J2iLt 1242 0] 2412 HIS HofigLIch O XiM3t HEE et RFC 1413°2 HT5HMR.)

511 gethostname()—Lt= 5121712

getpeername()=ECt O #|2 20| HtE gethostname() E+2ILICE O|AH2 of2{2el 20| MHE D U= AFES| 0|52
EHELICL S22 0|52 2|0l Y= getaddrinfo() £ MA {222 2H ZX|2| IPFAE Yot Uof| A 2 JUSLICE

O] 20t MO|AE L2 Mol RAFLICE A & 7EX| W22 SL|Thek 420 T2 2iof| it 240| OFL|Z K. OFRE F2|SHAtH
o|™&LIct

#include <unistd.h>

int gethostname(char *hostname, size_t size);

Q452 ChagiLICE hostname &7t Eletsh=s SAE 0|58 B2 char?| o] chst ZQIE{ILICE size= hostnametiE
2lole

g4E 43R g 20 02 HHEeln, 2F0)| tisiM=E 2

of
[
o
Hn
(0]
3
>
[e]
Tl
of
=]
fjo
L
o
ot
~
il

3https://tools.ietf.org/html/rfc1413
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=CAE-AMH HZX| 4]

Z20|HE-Atol| Chsh 0|oF7 | X QLICE EML0| A= HO| ZE AS2 MH T2M| 2047 0[0F7|5h= S2I0|HE T2NAE
HstAL O HITHRILTE telnetS G2 SHEAICE O21=0] B (22H0|UE)Z YAX| TAEQ| 23 ZEQ| F& uf O
SAEQ| T2 (telnetd2}T 2l AH)0| YHS PECH 120| SoioE WY @S X2/5iD of2i20H 219 ZERES
n:|o XL =o olo 7(-|E_|°H_|E|-

T o

request

send ( )/ {t;\recv ()
Client | ~ 5 . |Server

send ()

Figure 6.1: 22I0|AUE - M 45%E

?1o =H0f| S20|HES} M| FHE weto] F2|=|of AFLICH

22I0|HE- Mt 42 SOCK_STREAMO|LI SOCK_DGRAM EE= CHE O Z10[2t e 4= US S 7|SIMIR. (0| 22 WAlo=E
k7| ok SHCHH) S2L0|HE-AMH A9| £2 OlA|= telnet/telnetd, ftp/ftpd EE= Firefox/Apache ILICtL. O{2{&20] ftpE £
THOICH of2{ 22| @XM HotS0l= JAX| ZEIMQI ftpd7t USLICH

rulru

=3| ot el Koz 2 SiLte] AHTHo] S Z10]H 11 M= fork() £ Sl 02| 22I0IHES M| AJLICH (IR =« 3t
CHol FXIOflM o2 7HO| MHE AlSH= B2 Y#O| UAX|2t 0] ZMQ| X2 90 ACHOf| ZHYE|ASLICE. ) 72Xl 2-E2 o2t
ZEUCE MEIL HES 7ICH2|3, accept()Rt , RES M2|E A ZZHAE fork()EILICE. 0|210] THS EoilAM 22]2] o

1

ME{7} SH= YLICt

St L2 2EZ HEO| "Hello, world!"g M&3h= 2 ERILICh 0] MHE AlS7| 2IsiM & 22 StLte] HojlM oS
Mgt = Tk Hojld Lulof of2f o= HAshs o el
$ telnet remotehostname 3490
remotehostname2 042{20| AA:st= ZX[Q| oto|m|L|C}.
M 2E":

/*
** server.c -- a stream socket server demo

1https://beej.us/guide/bgnet/examples/server.c

39


https://beej.us/guide/bgnet/examples/server.c

33

34

35

36

38

39

40

4

42

43

45

46

47

48

49

40

*

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <errno.h>
#include <string.h>
#include <sys/types.h>
#include <sys/socket.h>
#include <netinet/in.h>
#include <netdb.h>
#include <arpa/inet.h>
#include <sys/wait.h>
#include <signal.h>

#define PORT "3490" // AFEXIS0| H&T &L

[m

#define BACKLOG 10 // % 7Hel th7|5Q! HE0| |X|E 217t

void sigchld_handler(int s)

{

1

/] waitpid()O| errnoE HO{E &= YEE NAEMCEIL E|ATICE
int saved_errno = errno;

while(waitpid(-1, NULL, WNOHANG) > 0);

errno = saved_errno;

IPv4 EE= IPv6 sockaddre 2HoF2CE

void *get_in_addr(struct sockaddr *sa)

{

if (sa->sa_family == AF_INET) {
return &(((struct sockaddr_in*)sa)->sin_addr);

return &(((struct sockaddr_in6*)sa)->sin6_addr);

int main(void)

{

int sockfd, new_fd; // sock_fdoi|lA] CH7|6t11 S0{2= HER new_fdoi| A{Z
struct addrinfo hints, *servinfo, *p;

struct sockaddr_storage their_addr; // &Ate| 4 HE

socklen_t sin_size;

struct sigaction sa;

int yes=1;

char s[INET6_ADDRSTRLEN];

intry;

memset(&hints, O, sizeof hints);
hints.ai_family = AF_UNSPEC;
hints.ai_socktype = SOCK_STREAM;
hints.ai_flags = AI_PASSIVE; // use my IP

if ((rv = getaddrinfo(NULL, PORT, &hints, &servinfo)) != 0) {
fprintf(stderr, "getaddrinfo: %s\n", gai_strerror(rv));

CHAPTER 6. S2I2IE-AMH HiZX|A]
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return 1;

/| BE ZoE R3I5tn 2 4= U= A B AS AL
for(p = servinfo; p != NULL; p = p->ai_next) {
if ((sockfd = socket(p->ai_family, p->ai_socktype,
p->ai_protocol)) == -1) {
perror("server: socket");
continue;

}

if (setsockopt(sockfd, SOL_SOCKET, SO_REUSEADDR, &yes,
sizeof(int)) == -1) {
perror("setsockopt");
exit(1);

1

if (bind(sockfd, p->ai_addr, p->ai_addrlen) == -1) {
close(sockfd);
perror("server: bind");
continue;

}

break;

freeaddrinfo(servinfo); // O] &A= O O|& 2RSS

if (p == NULL) {
fprintf(stderr, "server: failed to bind\n");
exit(1);

if (listen(sockfd, BACKLOG) == -1) {
perror(“listen");
exit(1);

sa.sa_handler = sigchld_handler; // 52 T2 M|AE Ct AT S0[Xt
sigemptyset(&sa.sa_mask);
sa.sa_flags = ;
if (sigaction(SIGCHLD, &sa, NULL) == -1) {
perror("sigaction”);
exit(1);

printf("server: waiting for connections...\n");

while(1) { // & accept() FZ
sin_size = sizeof their_addr;
new_fd = accept(sockfd, (struct sockaddr *)&their_addr, &sin_size);
if (new_fd == -1) {
perror("accept”);
continue;

}

inet_ntop(their_addr.ss_family,
get_in_addr((struct sockaddr *)&their_addr),

41
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42

s, sizeof s);
printf("server: got connection from %s\n", s);

if (!fork()) { // Rt T2 M| AL|CE
close(sockfd); // AtAI2 2| AL 7 Hegl&LICH
if (send(new_fd, "Hello, world!", 13, 0) == -1)
perror("send");
close(new_fd);
exit(0);
}

close(new_fd); // 2= 0]Zi0| Hegl&L|Ch

-

(otot= 0] sigaction()2 ME £ 4= Y=o MECE o] FEE

{3l HA20|XH P22 =S PISHA Sttel 2 main()g4 kol 2=

CHAPTER 6. S2I2IE-AMH HiZX|A]

7HE0l= | AL ELICH EH| EEHI*S BO| BFS11 A RISO0IX| o™ A|AH 22Xt S22 AYLICH)

CHS 2ol Lt S2t0|AEE AFZ3M 0] MHZRE HIO[HE A

O] M2 MHECHE: & Z&LICt 0] Z2I0|AET 8H= 22 of2{=20|

A
0|2 M7} EiH BEXHE S BrELICE
S210|QIE AA2:
/*
** client.c -- AEZ| A3l S210|HEQ| 0f|A|
i

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <errno.h>
#include <string.h>
#include <netdb.h>
#include <sys/types.h>
#include <netinet/in.h>
#include <sys/socket.h>

#include <arpa/inet.h>

#tdefine PORT "3490" // 22I0|HEJ H&E ZE

oHe

=

#define MAXDATASIZE 100 // et H0j| 2= == U= Z|CH HIO|E ZH=

/] IPv4 = IPv6 sockaddrE 2HOF2C}
void *get_in_addr(struct sockaddr *sa)

{
if (sa->sa_family == AF_INET) {
return &(((struct sockaddr_in*)sa)->sin_addr);

2ht'(ps://beej.us/guide/bgnet/examples/client.c

+ AFLICE

AEQ| 3490 ZEE H&S=

Al

A

EE O} MASFLIC ottt of 22

fork()El x| T2AIAT} ZRE|HM M| B T2NAS

LT
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6.2. Chast AEZI 220|HE

[}

2 return &(((struct sockaddr_in6*)sa)->sin6_addr);
» }

30

x int main(int argc, char *argv[])

2 |

33 int sockfd, numbytes;

3 char buf[MAXDATASIZE];

35 struct addrinfo hints, *servinfo, *p;

36 intrv;

& char s[INET6_ADDRSTRLEN];
38

39 if (argc 1= 2) {

2 fprintf(stderr,"usage: client hostname\n");
@ exit(1);

@ )

43

as memset(&hints, O, sizeof hints);

a5 hints.ai_family = AF_UNSPEC;
46 hints.ai_socktype = SOCK_STREAM;
47

a8 if ((rv = getaddrinfo(argv[1], PORT, &hints, &servinfo)) != 0) {

a9 fprintf(stderr, "getaddrinfo: %s\n", gai_strerror(rv));
50 return 1;

g }

52

53 /| BE ZOE &3I5tHM £ £ = 71 A | S AHEITt
54 for(p = servinfo; p != NULL; p = p->ai_next) {

55 if ((sockfd = socket(p->ai_family, p->ai_socktype,
56 p->ai_protocol)) == -1) {

57 perror(“client: socket");

58 continue;

59 }

60

61 if (connect(sockfd, p->ai_addr, p->ai_addrlen) == -1) {
62 close(sockfd);

63 perror(“client: connect");

64 continue;

6 }

66

67 break;

68 }

69

70 if (p == NULL) {

7 fprintf(stderr, "“client: failed to connect\n");

7 return 2;

73 }

74

75 inet_ntop(p->ai_family, get_in_addr((struct sockaddr *)p->ai_addr),
76 s, sizeof s);

77 printf(“client: connecting to %s\n", s);

78

79 freeaddrinfo(servinfo); // O| =M= O 0|4 2@ QICt

80

& if ((numbytes = recv(sockfd, buf, MAXDATASIZE-1, 0)) == -1) {
82 perror("recv");

83 exit(1);
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buf[numbytes] = \0";

printf("client: received '%s'\n",buf);

close(sockfd);

return O;

—

ZIO|HEE Aldtisty| HMoj| MHE ABIX| 2tO™ connect()= “Connection refused"E HIEISICHE Mg J[SIMIRQ. OFF

6.3 HIOJE{a3 A7

2l0llM sendto()2t recvfrom()0ll CHel =2/ ti UDP Ci|O|E{ O3 AZo| 7|20 CHeliA] O|0] LOLEJUALICH D222 HEZ 27H9)
Of|x| =2 M E MAISIZSLICE. talker.ct listener.cRILICt.

i)
i
rot

listeneri= H0A EE 495002 02 I3!S tY7IBILICE talkers XIZet B sz EER AL BHZO|
e e gre mag =L,

HIO|E a2 422 HEO| gl AZUS O|E o] E&st = 3 oR= HFMX] of7| 2ol 22t0|AEL} MO IPvES ALESI=S

. StH ATt IPvEOIM =1 22I0|HUETL IPvAOIA E&SHA CIOIEE #E + = JdE2 1E = US
WYLt (R2[ef TCP AER 2721 MYOIME 0|2 SUX|7H 2l 4= AX|ZE connect()0llA StLte| F=2 7|0l chal ol2E
LHAIF| 2 CTHE FAMAE MEE SiFLICL)

of710]| listener.ce| AARET} U&LICES:

/*

** listener.c -- CI|O[E{ 32 A2 "ME{"2| Of|A|
*/

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <errno.h>
#include <string.h>
#include <sys/types.h>
#include <sys/socket.h>
#include <netinet/in.h>
#include <arpa/inet.h>
#include <netdb.h>

#define MYPORT "4950" [/ H&E ZE
#define MAXBUFLEN 100

// get sockaddr, IPv4 or IPv6:
void *get_in_addr(struct sockaddr *sa)

{
if (sa->sa_family == AF_INET) {
return &(((struct sockaddr_in*)sa)->sin_addr);

return &(((struct sockaddr_in6*)sa)->sin6_addr);

int main(void)

{

3https://beej.us/guide/bgnet/exampIes/Iis’fener.a::
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int sockfd;

struct addrinfo hints, *servinfo, *p;
intrv;

int numbytes;

struct sockaddr_storage their_addr;
char buf[MAXBUFLEN];

socklen_t addr_len;

char s[INET6_ADDRSTRLEN];

memset(&hints, O, sizeof hints);

hints.ai_family = AF_INET®; // IPv4E M2{H AF_INETS 2 AEgiL|Ct
hints.ai_socktype = SOCK_DGRAM;

hints.ai_flags = AI_PASSIVE; // W] =22 &L|Ct

if ((rv = getaddrinfo(NULL, MYPORT, &hints, &servinfo)) != 0) {
fprintf(stderr, "getaddrinfo: %s\n", gai_strerror(rv));
return 1;

[ B BUE &2I5tHM 75t A 230 Hiel =SfL|Ct
for(p = servinfo; p != NULL; p = p->ai_next) {
if ((sockfd = socket(p->ai_family, p->ai_socktype,
p->ai_protocol)) == -1) {
perror("listener: socket");
continue;

}

if (bind(sockfd, p->ai_addr, p->ai_addrlen) == -1) {
close(sockfd);
perror("listener: bind");
continue;

}

break;

if (p == NULL) {
fprintf(stderr, "listener: failed to bind socket\n");
return 2;

freeaddrinfo(servinfo);
printf("listener: waiting to recvfrom...\n");

addr_len = sizeof their_addr;

if ((numbytes = recvfrom(sockfd, buf, MAXBUFLEN-1, O,
(struct sockaddr *)&their_addr, &addr_len)) == -1) {
perror("recvfrom");
exit(1);

printf("listener: got packet from %s\n",
inet_ntop(their_addr.ss_family,
get_in_addr((struct sockaddr *)&their_addr),
s, sizeof s));
printf("listener: packet is %d bytes long\n", numbytes);
buf[numbytes] = '\0’;

45
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printf("listener: packet contains \"%s\"\n", buf);
close(sockfd);

return O;

getaddrinfo()0llA 22|7} OFELY SOCK_DGRAME AME%HCH= 20l F=3HM|K.
M J|AstM|R. 0240] HAQ= HIOIE{ O AHNS AFSY mio| &F F siLtL|Ch

LIS OZ talker.cQ AATE4QILICE

/*

** tglker.c -- H|O|E{ 12 "S2I0|HE"9| of|A|
*/

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <errno.h>
#include <string.h>
#include <sys/types.h>
#include <sys/socket.h>
#include <netinet/in.h>
#include <arpa/inet.h>
#include <netdb.h>

#define SERVERPORT "4950" [/ AtEXIS0| &S XE

int main(int argc, char *argv([])
{
int sockfd;
struct addrinfo hints, *servinfo, *p;
intry;
int numbytes;

if (argc != 3) {
fprintf(stderr,"usage: talker hostname message\n");
exit(1);

memset(&hints, O, sizeof hints);
hints.ai_family = AF_INET®; // IPv42 M2{H AF_INETO 2 MHgtL|Ct
hints.ai_socktype = SOCK_DGRAM;

if ((rv = getaddrinfo(argv[1], SERVERPORT, &hints, &servinfo)) != 0) {
fprintf(stderr, "getaddrinfo: %s\n", gai_strerror(rv));
return 1;

/| 2E AUE &25HHAM A2US oHELICH
for(p = servinfo; p != NULL; p = p->ai_next) {
if ((sockfd = socket(p->ai_family, p->ai_socktype,
p->ai_protocol)) == -1) {
perror(“talker: socket");
continue;

}

4ht'(ps://beej.us/guide/bgnet/examples/talker.c
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break;

if (p == NULL) {
fprintf(stderr, "talker: failed to create socket\n");
return 2;

if ((numbytes = sendto(sockfd, argv[2], strlen(argv([2]), O
p->ai_addr, p->ai_addrlen)) == -1) {
perror(“talker: sendto");
exit(1);

freeaddrinfo(servinfo);

printf("talker: sent %d bytes to %s\n", numbytes, argv[1]);
close(sockfd);

return O;
}
O|Zdo| MEQILICH L] EX|0f|A listenerS A&t talkerS CHE EX|0fA MHSIM Q. (SR F= : stLte] FX[OIME AT
S| HAsHH EXle ELICE o BOIES SAl0l & & U= Chet 8ol JUELICE) 2RE0| ELsk= A2 XAHRME. 2
7IES flet EH2 M7t E Zol2t =Hlgt|ct

talkerS =Xt HYAI7|H IHZIS YRS LESt, OFFE BIHZO|A recvfrom()E

L|cH .
SESIK| QH=CHH O IHZI2 AF2FE! #ElL|Ct, UDP GIO|E{ 13 AZIO 2 HH G|O|E{= EAHS HESIX| == HE 7|HsINR!
Tof| R 2ot AtATH A B TIX|E wiH MR ALCE AZE Clo[E{ I AZio] JZL|CE T230] tHehA o7 |0l A ZrsHoFsh=C,
0| 2A12| H|o|e{ o] chst 20| HEZ 047|0|7| WiE2ILICE 212| talker 7t listenere| F=AE X|&St1 connect()& TESICHD
ALt O &7H2E talker= connect()E X[ &t FAZUHO|O|HE HL 1 BHS 4~ AISLICE 0| O ]2 sendto()2t recvfrom()2
£ LIt &L T3] send() 2F recv()E AH ElLICH
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71 E=2%U
S22, 2 HE SO EANES AYULICL T3 FALNtR? 7iTts] YRE2|XHH "S5 "EX7|"of| thet 7|=X S0{L|Ct. (oA
listenerE AlstH oiZlo| =g ui7bx] JCH2 7|Ct2|a JUCk= A
HIo|E{7t 1B 2 recvfrom()&= ClIO|E{7F =&fgt mf77tX| “SE"El AEfQl AJLICH(Z 2HE ZE0 YA ELICE)

I-h

W2 &S50 SEMENTt ELICE accept()= 222 &
: A20IME blockXtHIE SALE HLICE) J250| £ U =2
socket()22 A% MHXIE MS 0Hs 1 70| 0| AZE S22 AZIOE HHBILICE ghef
fentl() ofl Chet ==& sofetL|ct.

}
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k=l
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Jhu
ofn

#include <unistd.h>
#include <fcntl.h>

sockfd = socket(PF_INET, SOCK_STREAM, 0);
fentl(sockfd, F_SETFL, O_NONBLOCK);

27g =22ZOR MFSIH MHE Y| 26iM MEFo=Z 4G "ZAM & = JELICEL = S2Z(FX = : Non blocking)
S glodin o 1 HEIt QITHH 20| 25 SEE St A2 SI=EX| eh&LICh 2R2 18 Hreke 20| 2 errno2 EAGAIN
O|L} EWOULDBLOCKE d& & ALt

(&7, EAGAIN O|L} EWOULDBLOCK £ SZZELIL| SRS &felshof oith= Ht? FMMoll= AMY 62{22] A|ARO0| o
S ST 0L Sh=X| Fl&|of AX| pHELICH J2HEZ 0|AHE 2= S2 2F 2helshof BiLith)

CH2|HAM HHE CH7|

T2t YUBHEOE SRR O[3 WAle] FAHS F2 4240| OFgLICE Of2ie] Z2Io| A% KBS 7|
Aei7h |3 ofejo] mR IS HEC| MR LM CPUAIZHS B0 AHBE HRILICE (AR 3 : S8t x2S 21X ow
Q24 UBLIC) 27| SIS JICtals MEot X Boloh| 13t £3 H okt HZAE poll()

A|Cf| T F0{ 5HHE100% H
C

Chall Che= Chg =oll AEH

b

7.2 poll()—S7| Y& Cl=s

C2{20| HEZ dlorst= Y2 472U ot 2L7|E ot Hofl ZAIS: T S0l HlOo[E{ 7} ZH|E g XM2[ots AYLICh ofH Halg
SHM 22 ZE 273 XEX Q2 ZARSH| 240t 0f2{ 74Ol 42U F 0t 20| HIO|E{ 7} EH|=|U=X| & == UFLICE.
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A1 : poll()2 ML B2 £2| HAS Ma|g uf BWsHA =24FLICt 0] AZoME libevent' 22 OJHIE

20|E2{2] & AFZSIHE O E2 952 Y2 4 ASBLICL 0|2 2H0|HE{2|= of2E2] RIHFM AIRE £ A=

THE WHE WS ALES 0 Al AL CH
J20M oA EAS LE = ASNR? SEIE poll() AILE 45 A ZALE T2 4= AFLICE (FALF: poll2 FE, 22,
O3t #F72| ZARRbE SYILICE) ZHCTHS| 2oHAE 2SAF0A 2E HAZR 2P S 22| il 5t ofE 22000 Xt2 7t =AHSHH
LI RESHE AYLICH O ¢ R2|9f Z2M|AE th7| HERTL = 4= AL A AR AHHE OFZ 4= ASFLICH

HHHQl A=l 22|7t ZASt D A2 A% HHXIe 22|71 ZA5tD 42 o[HIES| ZF0] Chst HEE ©2 struct pollfd2| HIE
Basts ALCh 2FHNIE siests ZF2| OHIET LM (0IE S0 "AZI0l| el2 Xt=7t UYCH” 22 O[HE)stAHLL AF%XPF
X"t gt Alzto] X|E i77kX| poll() = &2 =5 AYULICH

21| listen() AEHQ 222 M2 HZAO| accept()E = U= MEHTZL =S W “ready to read”E BHetet Z4QIL|CE
O|2tstH 23| 0|0F7| RELICE 0|2 M= HHH2 O{'YX| ZAICEH

#include <poll.h>

int poll(struct pollfd fds[], nfds_t nfds, int timeout);
fds= 22|29 HE(OE A2S FAS I8 ZAIZX])2 HHEYLICE nfds= BIEO| B 49| HULICE timeout2 T2|E
EF2I9| TISHAIZHILICE. O|H2 O[HIE T} w3t @40| 242

2ol SEBh= F =M= FAUX| HTFAICH

struct polifd {
int fd; [ 220 AEXt

short events; // ?2|7t 2&U= O|HIES| HIEH

short revents; // poll()0| Btetst= AlEof| st O|HIES| HIEHY
b
O Z=A| EfRIo| BiE S stLt MBI T 2tZto| fdL =5 2|7t 2Hatstn A2 A7 MFAIZ MFEL|C 32|21 22to| eventsTEE
2|7t BadEs O|HIER MHst= AL

eventsZE= Of2ff ZtSS HIETHR| =2 Attt ZnigtL|ct.

a2 el
POLLIN 0| 2710| HI0|E{ S recv() & ZH|Jt &|H Y2{FLICE
POLLOUT 0| 27llof 222 ¢l0| CIO|[E{E send()E 4= U™ AZ{FL|C.
struct pollfde| EHES ZH[SIH poll()ofl IS €& £ USLICE  HIES 3|9t La|x Theo] FstA|Zt= Zo| Aok

SLICh (B3| 7|Ci2|2E S48 X1FotH ELit)

poll()0| EretstH OJHIET} W3S LIEHH = POLLINO|L} POLLOUTO| HEEIRU=A| H7|LI8HM revents EEE =oleh &
UAFLICE

(HHZE poll()TEZ & 4= A= AE0| O USLICE KMzt LIE-2 022 poll() PHH[O|X|E £ n6IMR.)
07| EZ 2{0f| A HIO[EIE OIS £ UL M7IX| (0| S S0 02| 20| ZHIES YT wi7IX|) 2.5XE 7|Ct2|= of|m|2 7} QU&LIC.
#include <stdio.h>

#include <poll.h>

int main(void)

{

struct pollfd pfds[1]; // O B2 WSS &St A0HH O 37| M 2.

pfds[0].fd = O; /| BE 4™
pfds[0].events = POLLIN; // 212

N
[n
N
o
r2

(]
]

K
C
o

/] Bro} CHE S RHESED Ak

—=

Thttps://libevent.org/
2https://beej.us/guide/bgnet/examples/poll.c
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//pfds[1].fd = some_socket; // &12[9]
/Ipfds[1].events = POLLIN; // & &H|7} £|H L2{FL|CL

printf("AE{7|E FEHLE MAIZE ZEE 2l 2.5EXE 7|CH2|MHQ\n");
int num_events = poll(pfds, 1, 2500); // 2.5% H|gt A7t
if (num_events == 0) {
printf("Poll A[ZF Z=2H\n");
}else {

int pollin_happened = pfds[0].revents & POLLIN;

if (pollin_happened) {
printf("ItY HHX %dS S EH|7} =[}ASLICAN", pfds[0].fd);

}else {
printf("0ll&SHA| 2ot O|MIEZE LS LICE %d\n", pfds[0].revents);
}
}
return O;

poll()0l pfdsHH"'OHM O[HIET} Mot @40 A5 EHECHE AS CHA 7|StMIR. HiE S| OfHRQ A0 M O|HIETL LAY =X=
LHFX| X[ R T4 revents TETL 00| Ofl IO R HHEIREX= OE FLICh O|NS 28el A ghetel =X2tZ 2| 00] OF:l
L

reventsE 2 2oll= AUS BT = ASLICH

HIHK| ZE0| HRE AULICH poll()oll GAHZE TEHoll M It BHXIE F=7H512{H o @A| SHoFe7tR? 0|E fI8iM tad] o222
SE Q0 e HE 2T 27|19 HIES BEL MRl S70| 2RE M realloc()S AFESHHIL.

ol R4 ®7HsI2{H o€ SHoFE7tR? O|XS 2UsHM O2{E2 HIES| OIX|Y 245 AHIE 2400 HOXR1, poll()2l
countoi dtLt O &2 g2 TEHBIMR. (X F: 0|A2 B0 M &ole] 24 THE WEA| H|H37| I8 LEEHOZ A=
YHYLICL) CHE T 7K YH2 fdHES S+2 HFsh= 20IH poll()2 diE R4E FAIE AU

O] 2E AS K2 20| telnet = A= StLI2| k- MEHO|| ZX|2{H OfEH| sforgnte?

PETL Y L2 AL 2AS AZS 20| IS poll()2 It HFXF HEl| ks UL (O MHUEHIE=E S0{2= HEO
A2 W 47| EH|E HERZEE AALICE)

I
ot
2
=
Hu
Ho
e
Y
o
4o
u
lo
43
=
Q
©
o
=
o
=
2
=2
N
£\
o
g
o
i
o
=]
0
12
1o
U
N
N
4r
1M
Ot
il
rg
ofn
i)
|o
Hu
N
)
g
o
i
_l:|_

2= 220l M HIO|HE elojSel = CHE RE A TS

1

LICE. J%A siA AFRAIES MET} Q2ist

OIx O] 2 MH{>E 3t H AIHSHEMIR. 0ZS tLtel Kol Astist
HHSHEMR. o2 20| StLto| HoilM Yst= e (K220 AEFIE

4r ot

= Jio| CH2 E{0|'d Hof|A telnet localhost 90345
2 20f|) L2 &E0lA 2 5= A0{OoFEfLICE
374 & ofL|2t 0f2{20] CTRL-]E %2 F quit2 Yol A telnetS SE2E A MHE HESE
HHZollA MI7AE ZALCE
/*
** pollserver.c -- @M= CHl CHRE AH
*/

i

Yx|stn 2 AZS e 2EXG

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <unistd.h>
#include <sys/types.h>
#include <sys/socket.h>

3https://l:seej.us/guide/bgne’(/examples/polls,erver.c
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#include <netinet/in.h>
#include <arpa/inet.h>
#include <netdb.h>
#include <poll.h>

#define PORT "9034" /] 2&[7t E=(listening) ZE

// Get sockaddr, IPv4 or IPv6:
void *get_in_addr(struct sockaddr *sa)
{
if (sa->sa_family == AF_INET) {
return &(((struct sockaddr_in*)sa)->sin_addr);

return &(((struct sockaddr_in6*)sa)->sin6_addr);

// Return a listening socket

int get_listener_socket(void)

{
int listener; // E= 22 A}
intyes=1; /| setsockopt() SO_REUSEADDRE 23l A= of2HE EM|R
intry;

struct addrinfo hints, *ai, *p;

[ 22 BrobA HiRIEBL|Ct

memset(&hints, O, sizeof hints);

hints.ai_family = AF_UNSPEC;

hints.ai_socktype = SOCK_STREAM:;

hints.ai_flags = AI_PASSIVE;

if ((rv = getaddrinfo(NULL, PORT, &hints, &ai)) != 0) {
fprintf(stderr, "selectserver: %s\n", gai_strerror(rv));
exit(1);

for(p = ai; p != NULL; p = p->ai_next) {
listener = socket(p->ai_family, p->ai_socktype, p->ai_protocol);
if (listener < 0) {
continue;

}

[ FIEE2 "F2Tt0]0] AFBSYLICHOIHAIXIS HHAE LT
setsockopt(listener, SOL_SOCKET, SO_REUSEADDR, &yes, sizeof(int));

I

if (bind(listener, p->ai_addr, p->ai_addrlen) < 0) {
close(listener);
continue;

}

break;

freeaddrinfo(ai); // &f 0|4 Zei&LICH

[/ 4717t HAE[H R2[7} HERI =8| RYCH= 2f0| LTt
if (p == NULL) {
return -1;
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7.2. POLL()—57| el== ctEst

I2lE
if (listen(listener, 10) == -1) {
return -1;

return listener;

/1 HEfoll A bt BEXLS Z=IFSILICE

void add_to_pfds(struct polifd *pfds[], int newfd, int *fd_count, int *fd_size)

{

/] 37to] E&35IH pfds HIE S SEILICH
if (*fd_count == *fd_size) {

*fd_size *= 2; // FHIZ BfLICH

*pfds = realloc(*pfds, sizeof(**pfds) * (*fd_size));
(*pfds)[*fd_count].fd = newfd;

(*pfds)[*fd_count].events = POLLIN; // ¢12 &H|7t =R}=X] kelgt|ch

(*fd_count)++

/] EeollA StLtel QI A S H|H gL T
void del_from_pfds(struct pollfd pfds[], int i, int *fd_count)

{

[/ OEX[2fOl| A SHLES AMK| CHA QIEiA = SALSHZLICH
pfdsl[i] = pfds[*fd_count-1];

(*fd_count)--

A
int main(void)

{

int listener;  // 2|& A2 AHX;

intnewfd;  // A{E2 accept()gt 221 MExt
struct sockaddr_storage remoteaddr; // 22I0|HE F4
socklen_t addrlen;

char buf[256]; // 22I0IUE GH|0|HE fIet HIY
char remotelP[INET6_ADDRSTRLEN];

/] 5712 HZEES 2let Z7+S JHX| 1 A|EFELICtH

/] (BR8iX|H realloc® HLICE)

int fd_count = O;

int fd_size = 5;

struct pollfd *pfds = malloc(sizeof *pfds * fd_size);

I £7|3t = 2|Ad A7 LT

listener = get_listener_socket();

if (listener == -1) {
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fprintf(stderr, "2|AE 471 27| ATf\n");
exit(1);

/] BIAHE Egof =7+
pfds[0].fd = listener;
pfds[0].events = POLLIN; // £0{2= HZEE S TH[7t =|H E1E BH&L|CH

fd_count = 1; // 2|ALE It M

I e

T ==

for(;) {
int poll_count = poll(pfds, fd_count, -1);

if (poll_count == -1) {
perror("poll");
exit(1);

}

I/ OIS HIOIEIS K7 oM Exfots HHE 28

for(inti=0; i< fd_count; i++) {

I 2917} 242 FHI7} =IA=T| ol

if (pfds[i].revents & POLLIN) {// StLtE &Qt&LICH!

if (pfds[i].fd == listener) {
[/ BIAHE 2HS FH|7} E|JACHH A HES M2 efL|Ct

addrlen = sizeof remoteaddr;
newfd = accept(listener,
(struct sockaddr *)&remoteaddr,
&addrlen);

if (newfd == -1) {
perror("accept");
}else {
add_to_pfds(&pfds, newfd, &fd_count, &fd_size);

printf("EAMH: MES HZE %s"
" 22 %d\n",
inet_ntop(remoteaddr.ss_family,
get_in_addr((struct sockaddr*)&remoteaddr),
remotelP, INET6_ADDRSTRLEN),
newfd);
}
}else {
[ BIAHTtObd AR YRl S20|HEYL|CE
int nbytes = recv(pfds[i].fd, buf, sizeof buf, 0);

int sender_fd = pfds][i].fd;

if (nbytes <= 0) {
[| LFE7F LEMILE AZO0| S2I0|HEO| ofsh HAELICH
if (nbytes == 0) {
/| BEO| FRELICH
printf("ZA{H: 271 %d 0| Z0{Z\n", sender_fd);
}else {
perror('recv");
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close(pfds[i].fd); // 2HE3s|7HMIR!
del_from_pfds(pfds, i, &d_count);

}else {
/| 2RIO|HEZRE] }7} £2 H|O|E S LUASLICH

for(intj = 0; j < fd_count; j++) {
[ 25OllAH ERAICH
int dest_fd = pfdsJj].fd;

[ BlAU 2 HiE AZES H|QIgL|C
if (dest_fd != listener && dest_fd != sender_fd) {
if (send(dest_fd, buf, nbytes, 0) == -1) {
perror("send");

}
} /| 2EIO0IAEZRE 2 HO|EE ME[5ts RE2 2
I poll()0llM 82 EH|7t &l 222 2
oY 2R 220 2

I for(;;)e E--2 & o7|0fl 5= L2 IS AOo[L|CH
return O;
}
CHS HOIME BIZBIRIDH Qe B840l select()S ATHE Z4QILITE select()2 poll() 5 HI%3t 7150 452 MBstn M=

=3 X L= S
o =2 = X
YAQE =5 CHELICH select()%0] =3 O 0|4140| 22X ZEL AIE3|0l= =3 O o14E HULICE K2{=22] AIAHA
H&|7|2h SICHA o OF30) E= B2 MESHMIR.

7.3 select()—S7|2}El 1/0 HE|IS3| Y, 0f|™ WA

0] Bl=p= O|ASHX|TE OFF RERLICH CHE3 22 &8s MZEMRQ. 22 MH0|1 S0{2= HAS X2t SAlo) o|0|
7H AHZRE A& X2 S A0S0| 1 A ELICtH

[l
T Hg
11
r
o

H EA7t QICtD TB/SHAXIE ZELICL. O accept()2t R 7He| recv()E MH SHX|OH MUE J-NR?
accept()T£0| E2 MEiZ SOZCHH O{EH ENtR? A recv()Z SA0f| CIOIHE #E + JASWR? "= 22 A7
MEAICH” SA| s1Z20] OFELICE CPUS ZX2| A1 X 2 ZYLICH O™ of g A siorenta?

o

2= 5218 FLICk 2200] OfH 20| S FHI7} SIQUX, Ofst 20| 2 FbI7t EIRET,
o

AN -
Tt LUAEXIMA| LHE AT

oz 2

o

Z1 BHOtC]: select()7+ 0|4]0] OtF EX|2H HZO| OFF B2 420z GHSHA ={F LI}
o Lt
= —

ai
Ol2{22| A|AHIOIM £ 4 Q= THE HHE WHES AZ8Hs libevent® 22 O[HIE Bto|HE{2|E MH O

or =

mo rir

EHE2 285t select()2] 7HRE MAISHAELICE

#include <sys/time.h>
#include <sys/types.h>
#include <unistd.h>

int select(int numfds, fd_set *readfds, fd_set *writefds
fd_set *exceptfds, struct timeval *timeout);

1

“https://libevent.org/
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= EH%t readfdsdt writefds 32|10 exceptfdsZ O|R0{Zl Mt MEXte| "ZetE"g BETILICL Tt o220 EE
Hat 3 oHo| A% HHEXIZRE HEY 2 UE=X| 2Holstn ACHH readfds Z 0l 02t sockfdE F7ISHMIR. numfds= 7+
o & 12 Cist Zto 2 MAsljof BL|Ct. of oi|X|of|l A& sockfd+10| & Z40|H Of S| J70| E= =H(0)=LCH 2

select()7t ket mf readfds= Of2{:20| BT It AHX S0l A7|E 2fsl ZH|El WSS LF6H7| 2IshM HaliUS AL
o222 2SS of2Holl LIR= FD_ISSET()IHIZ2 ZAFY 4= AUELICE

PN

ook
nx
02

FD_SET(int fd, fd_set *set); fdE setol| gfLICE

FD_CLR(int fd, fd_set *set); fdE setOl|l A F|HghL|Ct.
FD_ISSET(int fd, fd_set *set);  fdO| set0f| QCHH (2 S{FLIC.
FD_ZERO(fd_set *set); set 2E 245 MAHLICE

OHX|22 2 0] O] &4%t struct timeval2 FAYUNR? £ 7t O{2{=0|AH A2 S 2 W7HK] 23H5| 7|CHa| 0 HX| 942 w7t AELIC

OfOte Of 96EDiC) MHZ= OfF UL UOILEX| U0 “FHF.."0|2t0 £t HE = AFHLE 0] Mzt F=AT
HigtA|ZtS X1 F e 4= JA=E off FLITH AlZH0] X115t select() 7t ZH|E! THY HEXIE X R FL, 222 BHekst of
HE|E Al = AELICH

struct timeval= Of2iet 22 HEE 7tX|1 JLELICH

struct timeval {
inttv_sec; // %
inttv_usec; //O0|3 2%

S5

Ete3| tv_sec2 7|Ci2| 0 A2 X£E, tv_usecS 7|Ci2|1 42 OIO|T2XE MHSIMKR. JFSLICL 00|32 XLt 2 =Tt
opglLich 1¥2|%< 1,0000(0|22£QL|Ct 12|3 1,000L2|xE 1£L|Ch J2{B2 1= 1,000,000010| I 2LILICE of
"usec"YNK? "u"s 2|7t "Ot0|FE"E SL6kY| IS M= TB|A EXFu(R)} HU7| ERJILICE EE gkt gheke ol time-
out2 HOUE= AlZtE EO{F7| oA HO[0|E & & JSLICL O|H2 o2{20| MHFl FEAS ZF0 w2t CHELIC

oh P2l DojaZE YOl EOIHE JHHALICH AHM 2 JIckstR] st 20| BALICE Cf2{£0] struct timevalg 0f22]
| MFHE ofeiEo] BE QUA ElISAH0|A (AR X : HH0| ZRHA AAFYO| 4 TI9IZ M AIZHEIZS JICkio}
o

= QELICE struct timeval2 022 MASIH select()= H2{E9| g0 U= DE THYU MHXIZ TAISHFA|
L|C]

=
AlZEED7EE AALICE Oj7H8E 2 timeoutE NULL 2 AXsHH HOH A|Ztxnt7} =|X| gboH %%‘ {7} ZHIE m7tx| 7 |CH
AYL|CE Ofx|eto = ghof £ Tehs 7|CHE 2ot giCkH 1 Hel2 select()E =£E © NULLZ BF51H L)

ofzel F= F2U°2 BE YU2{of It LIEHS WHX| 2.5%8 7|CHLICh

** select.c -- select()2| GilA]

*/

#include <stdio.h>
#include <sys/time.h>
#include <sys/types.h>
#include <unistd.h>

#define STDIN 0 // EZ /29| ot

ne
nx
02
Pl

int main(void)

{
struct timeval tv;
fd_set readfds;

5https://beej.us/guide/bgnet/examples/select.c
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tv.tv_sec = 2;
tv.tv_usec = 500000;

FD_ZERO(&readfds);
FD_SET(STDIN, &readfds);

/] writefds@t exceptfds= AMAMX| E&LICH
select(STDIN+1, &readfds, NULL, NULL, &tv);

if (FD_ISSET(STDIN, &readfds))
printf("7|7t S &LICH\N");

else
printf("A|Zt0] ZEIHE|ASLICEAN");

return O;
}
Orok o421 20| & tHel2 HIHX2| == E0|E S AESHTHH A E F2X| o™ HMiehA|Zto| X3hE Z)L|Ch

A

2 WHo|X| HES FI8HOF LI

LR FHAE MBAZIO] ZREZIMX] "2 Al 5| lshA 2{29| struct timevalE YCIOIEFLICE. 2Lt
CHE AS2 227 StX| 4&UTh  2hof o[AdU= TES FHdstaxt iCtH JZio) o|EsME AtELICE  (Bakst Azt
2 n4lCiHgettimeofday() S AFESHMIR. AYARZX|TE 2240] SHHE WHeILICE)

Dtok of7] TT0]| Sl= £7210] HES F=ChH O 0| HANK? T FR select()= I 221 HHIIE “of7| FH|E Mef"2 H¥Y
AYLICE HMZ 2 230 recv()3HH recv()= 02 S2{E AYLICE J20| S2O0[AET HES HASS LOth= LYULICH
select()0fl 2t¢t SO|22 0[0F7|7} Bt Cf ABLICE Btk listen()ZASFQ 422 7HX|1 UAS FR, 2 2309 njd HEXE
readfds T2l 20 MZ2 HEO| A=K & £ AFLIC

J2U B 2771 AL of2fio] MU= HIME HRLLICE SHSHAT f/2l OFF thath ofid|2t of2fel o= &est
KHo|7t QIELICE JFX| 2ot tH AR FIt2E @EE A0{EM K.

0| ZZIHC 2 CHASHCHE AR M AJHXZ SEFSLICE 3tLE| KollM 0|42 MSH = CI2 Hof|A telnet S3l H&3IM Q.
("telnet hostname 9034") 5tLt2| telnetA|Mof|l A 27t 2SHH LIHX| ZF0i|A 1 LHE0| LIEFOF BHL|C.

/*
** selectserver.c -- 5|&%t LS AF2 X CHS} A{H
&

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <unistd.h>
#include <sys/types.h>
#include <sys/socket.h>
#include <netinet/in.h>
#include <arpa/inet.h>
#include <netdb.h>

#define PORT "9034" // R2|7} E= XE

/] get sockaddr, IPv4 or IPv6:
void *get_in_addr(struct sockaddr *sa)

{

6https://l:seej.us/guide/bgne’(/examples/selectserver.c
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if (sa->sa_family == AF_INET) {
return &(((struct sockaddr_in*)sa)->sin_addr);

return &(((struct sockaddr_in6*)sa)->sin6_addr);

int main(void)

{

fd_set master; //OtAE| It MEX} 2|AE
fd_set read_fds; // select()E 2Iot YA| It HHX} Z|AE
intfdmax;  // 7P 2 Tt X HS

int listener; /| E£ 271 X}
intnewfd;  // M& accept() H2|et 271 MHEX}
struct sockaddr_storage remoteaddr; // 2
socklen_t addrlen;

char buf[256]; // 22I0|HE H|0|EE 2|2t HIY
int nbytes;

char remotelP[INET6_ADDRSTRLEN];

intyes=1;  // setsockopt() SO_REUSEADDRZ |8l A= OfZiE EM|Q
inti, j, rv;

struct addrinfo hints, *ai, *p;

FD_ZERO(&master); // OtAEQL Al ZHehe £7(st
FD_ZERO(&read_fds);

/] 2221& StL} 2hotebA HiQIEBHL|CE

memset(&hints, O, sizeof hints);

hints.ai_family = AF_UNSPEC;

hints.ai_socktype = SOCK_STREAM;

hints.ai_flags = AI_PASSIVE;

if ((rv = getaddrinfo(NULL, PORT, &hints, &ai)) != 0) {
fprintf(stderr, "selectserver: %s\n", gai_strerror(rv));
exit(1);

for(p = ai; p!= NULL; p = p->ai_next) {
listener = socket(p->ai_family, p->ai_socktype, p->ai_protocol);
if (listener < 0) {
continue;

}

/| MBLH= "address already in use" 27 HIAIXIE KL
setsockopt(listener, SOL_SOCKET, SO_REUSEADDR, &yes, sizeof(int));

if (bind(listener, p->ai_addr, p->ai_addrlen) < 0) {
close(listener);
continue;

}

break;
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/[ 0|320] HME[H HIRI=T} £[X] 942 A RULICEH

if (p == NULL) {
fprintf(stderr, "selectserver: failed to bind\n");
exit(2);

freeaddrinfo(ai); // Cf O| A ZRei&LICH

/| E&LICt

if (listen(listener, 10) == -1) {
perror("listen");
exit(3);

}

[ BIAHE ORAE ol Z=IFetL|Ct
FD_SET (listener, &master);

/] 74 2 ohd MEXLE 7|1 SLict
fdmax = listener; // 2AxH7EX|= O| A ILICH

/| FEEE
for(;;) {
read_fds = master; // SAFL|C
if (select(fdmax+1, &read_fds, NULL, NULL, NULL) == -1) {
perror(“select");
exit(4);

/| EMots AAS 200k 242 HIO[E7L A=K ZelgtL|ct
for(i = 0; i <= fdmax; i++) {
if (FD_ISSET (i, &read_fds)) { // we got one!!
if (i == listener) {
[ M HEES XMa2|efe(ct
addrlen = sizeof remoteaddr;
newfd = accept(listener,
(struct sockaddr *)&remoteaddr,
&addrlen);

if (newfd == -1) {
perror("accept");
}else {
FD_SET(newfd, &master); // OtAE] Zlgtof| Z=7psfL|ct
if (newfd > fdmax) { // 7% 2 A2 7|=&L|ct
fdmax = newfd;
}
printf("selectserver: new connection from %s on "
"socket %d\n",
inet_ntop(remoteaddr.ss_family,
get_in_addr((struct sockaddr*)&remoteaddr),
remotelP, INET6_ADDRSTRLEN),
newfd);
}
}else {
/| SRIO|AEO|M 2 XZE HM2[RL|Ct
if ((nbytes = recv(i, buf, sizeof buf, 0)) <= 0) {

[l 2F7F AEAHLE S2t0[HE0| of3f HEO| S=EUSLITE

if (nbytes == 0) {
/| €E0| B=E|A}ELICH
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printf("selectserver: socket %d hung up\n", i);
}else {
perror(“recv");
}
close(i); // etds|7tNIR!
FD_CLR(i, &master); // OFAE] ZIStof| A AFR[SHL|C
}else {
/| 2EI0|AEZRH H|0|E7} SO{RtE&LICE
for(j = 0; j <= fdmax; j++) {
[ 250lAH 2L
if (FD_ISSET(j, &master)) {
/] BlALRE O XHAE M 2lhL|CH
if (j != listener &&j!=1) {
if (send(j, buf, nbytes, 0) == -1) {
perror("send");

}
}
}
}
}
}// 2EI0IANEZRE 2 HO|HE LR = BE9| &2
IMEZES HE BEe 2
} oY 2R 22 ZEQ| 2
}/FSRIO| 2. 28 o7(0] =2 Y 4= glELTH

return O;
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o o
~u Of
2

>\.l

i
fot
i
_O'_I-
rir
N

SHXIZE 32 RE7F MZ22 HZES AE WOttt 12 S masterE =0l F=7F8H0F Stth= 2|0f7t obot? Sith 12
miotCh masterE eloll A &|7{3OF SHXIk27t? SECt, %A soFelLict.
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listener2210| 1S FH|7t EIU=X| SIS A0 FFSHMR. FH|7t E[O{UCHH Ch7|S5el =22 HZ0| ACk= 2lnjo|1
HI=SHA SEH0|HE HES 818 FH|7t E[1 recv()7t 02 SHELIH Z2t0|AETL
HES HACHE AHE & 4= A1, RE|= 2 AEE master HEOIA FZHsHOF LT

F

SE10|AE0| LTt recv()7t 00| OF:l 2t SHHECHH 2= O HIO|E7F AL HE & £ AFLICL 2E= It2E 22
20l masterSE2 £2(5lHAM ZE LIHX| AZEE S2O|AESHAH 2 Xt=E HHLCH

XIS7HX| HET select()eh+=0il Cliet B2 hadtA| 842 JH2to|ASLICH

DE 2|5A HES 2t W2 0|07t YELICH EF HE AN M2 2[5AQ| select() £ AMZE S FH[7H EO{/UX|
S0 = “Qlg FH|7t E|QUCH" T SHHA BhEFstL|Ct 0|42 select()7t Y47| SEtof| Cist £220| @12 Z0|2tD Ystof| T read()
7t E2E Z1E o|0|BtL L}, OFRE siAM2 212 A710| O_NONBLOCK Z2|1Z MAsiA{ EWOULDBLOCKR R 7} dMist==
Sste HRALICE (O] 2F7t MAHE RASHE ELICL) AE =822 ZEE MMsi= whHo| tishMe fentl() &= HO|XIE
ESaniet (ko)
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a7t ABLICE 3 H Sols MUt F ¢ 0] BE2 pollEh40of i3t MECH HA ZHYE ZHI02 HeL|CH I 7| 2419
AL E0|AM poll()oil CHoHA dHBHO| = =75t man page @3E HA|ot JELICE)
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Z, INE2 TS| of2{ 22| 22 HI{of ot HLHX|Z 7|Ct2| 2 ASLICE of2{22] SH| ol l=
&

2 0] 7{20| Hlo[HE
ot JOol2|= R HUiX|= ¢47|2 2ot ALt a2(1 F7106q, OfH| 52 CIO|EE EUi= U2 K220

U= AYLITE

#include <sys/types.h>
#include <sys/socket.h>

int sendall(int s, char *buf, int *len)

{
int total = O; /| R HIO|EE HH=7F
int bytesleft = *len; // 2L{OFS5H= H|O|E= YOt} HOIRU=7F
intn;

while(total < *len) {
n = send(s, buf+total, bytesleft, 0);
if (n == -1) { break; }

total +=n;
bytesleft -=n;
}
*len = total; // AX|Z 2'H HIO|E Z 7|28 M SHFLICH

return n==-1?-1:0; // HI{A[0]l= -12, HSAl0l= 02 SHELICH

o] oilFlollM s= O42{20] HO|EIE ELiT 42 A210|1 buf= AHEE B2 HEYLICE len2 HIHO| 7! HIO|ES| A5 B2
intofl CHek ZRIE{ LT},

4t ORI HHSHE 18 S21ZCHermoks send()0ll et SEZ Q16 Of3t8] AHE|of UBLICH. E3t MHZ HEE Hlol=e]
2471 len2 S WHEHEILICE. O] 22 QE 7} HASHK] b 014} 0f2{120] Z&of2tn Q3 HI0|E9| 49t ZALICH sendall)2

ClIOIEE H&317| ohAf 2|MS CISIX| 2 2F 7 LrdlidtH HHZ o2 20i|A| 22 ALt

AEYS 2I%l o] E=r0f Chit =& Oof|R|7t of7] AFLIC

char buf[10] = "Beej!";
int len;

len = strlen(buf);
if (sendall(s, buf, &len) == -1) {
perror("sendall");
printf("QF 7+ LHMsH A %dHEO|EQ FMEMELICH\N", len);

XL Hof| mHZle| LRI EASHH R 20| HO{EIIQ? Btof IiZI0] JHH Z0[Y F =4IXH= OfEA| stLte| mZlo] ELtU CHE
SHLIZE AREE g 27t? DZELICH HAMAS] ALIZ|2= FIXIAH DSA-ELICE 6222 ofit: &S sliof Z LI,
(AMEFSOf AT 0| izt BS 7|ASIAILIR?) RhAITE LHES LNHLHH A% 02K

7.5 Z|Es—OI0|EIE E¥oh= UH

HESIZES St 2XtE H0IEIS Eils 22 B HChs RS 0fH| L RYLICH SHX|2 2rof intLt floatZe "0l 2" A2 S Hastz 1
SHH o{EA| sorette? H 7+X| wHo|

[I|> |'
-
0

T, SprINT(RE B8 WA 28 A2 HEelD SAEE TEHY

(=3
ZAZ HEtetL|Ct

[ml

f. =Zh= striol()22 B8 WA HAES CHA

-

2. send()0il CllO|E1E 7t2|7|= ZRIEIE HESHAM #A| CIO|EIE 22 M&EL
3. GCIO|EIE =8ty QU= Hio|L2| YEHZ IR =Lt ~4Xh= C|R =R CH
LYo EE AfAZ!

[7£0] gafzich
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Beej7t &BILICK: “Rii= 12| Al $if W2 FoeILICE”
[2] (24t % : 0] 22 sfol xj21Z2 HRULICE)

(o 2 7|1A| AZfst7|0l M, O] L2 3t7| fI3t 2to|=222|S0| o|0] ACH= HE 0[2| of FUEL
A= OZ{20to| 2to|H2{2|E TEE AHYUR W 0{2i2 20| E NYLICh JEZ O3 s ZH 5ty
St CHE 28 M2Ish= 20| LIS AYLICE XM= O3 20| ofEH| SESH=X| 358 SAEE 4

of
Bg wolLch)

-

At 2ol iget RE Yol 2tzte| FEm BHEO| AFLICE J2{LE 2|0 B, XM= LPHOZ A Hn| HHE ML,
Tt MK CHE & 74X 2ol FTHE| thsi M =3 O 2okEAICH

L2 HU7| M| IAER QI ALSH= K
Relay Chat (IRC)” A& QIZt0] 9i2 4=
J2{Lt 2Zde Heto] L2|Chs tHEo| Q)

HA Y2 WS Bt 2 FRHE 25t 40{=Y |7 Hih= FHO| ABLICE Internet
A= ZREE2 (iuiz WS IS0l 2ZSH] 22 SEollA AFgst7[of oFF 2 FRfLICE
anj MLt HE2 +EO H B2 322 AHX|siths HEo| AU

== T

X
i)
{0
rlo
2

= I dhH: 2IA HIO|E{(RI2: raw data)E E717|. 0|72 1 ZHEH(stn 2f&)ELict 2 HIO|Eof thst ZOIHE ¥ = JZ40
send& SEELICH

double d = 3490.15926535;

send(s, &d, sizeof d, 0);

[* 2IE--0|A M ASI (ARt F=: O| A M2 AFE T2OZMO|L} AATET}
MZ CHE PZE 717 AEE 0N SEfst= EMS 9O|EtLCt) */

=4XH= O|ZS of2et 20| WEL|Th

double d;

recv(s, &d, sizeof d, 0); /* 2|&--0|AlM IS */

B2, ZHEREILICk—2E 20| Gl0{=0IXIQ? AR, BE OFIHKS0| double (OILF CHE U2 int)S St bIE EHOIL}
7101 B! OIS &M EABIE 212 OfJeh A} B 519] 222 Aok 0l 80] ghtick (32—0l480] B
gis M4BT UK 227197 1 F20) 0] WAL F1 82 W] FLIch)

B ASEE TEY 1 nons( -+ UESID OIS SN WA SRe) B4E ol HEX, 2207 2201 of gaex
0[] MTHEQULLICH BHSHAE floatkt2HOl A RASH 8147} SISLICE B120| Bl HUtQ?

S2{9J5tx] DRHIRI(EA| PHX IALIR? B2 3T 24| eiotrtnR?) Lelof weo] LTk 21 HlolEiS Hx oA
Zo{u 4 s YeiH WAIOZ BRH(AE : pack) (S “marshal” S "X 121 ofLp 18 of et Heblel Tk olZ)2

0 g4lo| 20|=ZH0| HEHA
HIO|E &M=Z Heh(EEs "IFE", O|3x0| O ofsiisto| *'Ef““')°”—||1f —1‘—3 <>JEHEHE HEI|(CIZE) 2ASHA = |Xf: ntohs()E

SIX|2 M7t =5 FHofl HI-F4= EFofl oAM= 23 w7t QITt XIQ? a-ELICH J2|10 CollM 0|HE M2k BE 2O
27| W0l 0| N2 Z=F MMLtZ2 LYLICE (To|H WS2 0| RS o LeJt gls AYLICE)

o4

LS U2 HIO|EE 2T Aoz THSI RUMOZE HojEUl= AYLICE HE S0AM floats ZFt= ZAS st
Zhehstn XM st JjME ®ol B o RIZES 7t UL

#include <stdint.h>
uint32_t htonf(float f)

uint32_t p;
uint32_t sign;

if (f<0){sign=1;f=-f}
else {sign =0; }

p = ((((uint32_t)f)&0x7fff)<<16) | (sign<<31); // K| F210t £=

7https://en.wikipedia.org/wiki/Internet_Relay_Chat
8https://beej.us/guide/bgnet/examples/pack.c
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p |= (UInt32_t)(((f - (int)f) * 65536.0f))&OxFfff; // A4E

return p;
}
float ntohf(uint32_t p)
{
float f = ((p>>16)&0x7fff); // ZIA|
f += (p&Oxffff) / 65536.0f; // AT
if (((p>>31)&0x1) == 0x1) {f = -f; } // F= HIE 4F
return f;
}
91o] AL floatS 32H|E 0l M| 23t st PHRALICL K49 HIE(31)7} 42l RS2 XFst7| 98 LIt (“170]
S5 ol0[gdL|ct) CHE 15HIE(30-16) (Xt 3= : FIZ0IM= 7H|E2tn XE oLt BEQ| LY QEIZ EY)7t floate| HA| 4=
BEES ME57| oM MJLICE DFX|HO 2 H2 HIES(15-0)0| =2 AT BEE 7|12517| 2I61M A L(Ct
ArgEe o ZIBHRILICE

#include <stdio.h>

int main(void)

{
float f = 31415926, f2;
uint32_t netf;

netf = htonf(f); // "HIERIZ" JAIO= Het
2 = ntohf(netf); // Al&S ?lo RHCH=E Het

printf("Original: %f\n", f); // 3141593
printf(" Network: 0x%08X\n", netf); // 0x0003243F
printf("Unpacked: %f\n", f2);  // 3141586

return O;
}
TS BAIS, 0| S 1 ZHCHSID] HELICH S BXIR O] WAL 378 B8N0 MX| 0N EH HeI7H AEs| Histelof
A&LICt 327678Ct 2 #% MES D ot o] WHE MCHZ SZISHK| 942 AYLICH ot o222 2|9 oiFollM AF o)

0|2 s ZsI2A™ O LA SHOFNR? AMM BEASH 25 XMEB| /3t BES IEEE-754°2 Ya{M JAGLICH iR AREE=
RS 2+H AUS M LIENOZ 0| § —!% AEgLTE 23{22 07 ZRatH LS| OIAMHE Hats st W= ELIC
J2Lt o2 Ee] AATETHO|AHO| Q7|E HIZICHH 21 7S o o= RUELICH (SHHO R Qiof £ 5 B HE0| EQgl=
EANZ0IM= Mt ZUS M= 2| HS}E sHoketa 2n|ELTh htons()H 1ot RAFSH S22 T2 HAloZ SAIBL|CE)

07| ChEYE BEA4T ol HIEUE REALH EIJS IEEE-7542 QIACSHE IEJL ALK (YFUslE 72 tirEs
QIFESLCE. 0] 2== NaNO|Lt InfinityE X2[SHA| Rb&LICE J2{Lt O K27t 7Hs3HA| 3 sk ASLICH)

#define pack754_32(f) (pack754((f), 32, 8))

#define pack754_64(f) (pack754((f), 64, 11))

#define unpack754_32(i) (unpack754((i), 32, 8))
#define unpack754_64(i) (unpack754((i), 64, 11))

uint64_t pack754(long double f, unsigned bits, unsigned expbits)
{

long double fnorm;

®https://en.wikipedia.org/wiki/IEEE_754
Ohttps://beej.us/guide/bgnet/examples/icee754.c
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int shift;
long long sign, exp, significand;
unsigned significandbits = bits - expbits - 1; // £% HEZ 2[sf| 12 #L|C}

if (f == 0.0) return O; // E&%t 22| X{2|

/| R=E =I5t HotE AEELC
if (f < 0) { sign = 1; fnorm = -f; }
else { sign = 0; fnorm = f; }

/1 BrretE "ejo| fE FojLi XI5 FHFILICH
shift = 0

while(fnorm >= 2.0) { fnorm /= 2.0; shift++; }
while(fnorm < 1.0) { fnorm *= 2.0; shift--; }
fnorm = fnorm - 1.0;

I Mol HEALHO| ofLl 0JF! EFS TRILICH

To-L-To

significand = fnorm * ((1LL<<significandbits) + 0.5f);

[/ HIO|{AS et X825 FefL|Ct

/I (B4Rt = : IEEE75401 A= X|45E U H|E0| M2 LIEHHD,

/[ HIO|O{A KLt 2 4== HIO|O{ A2t A|&k5k Xfo| HLlgt 2hE2| 2kl K|,

[/ HFO|0{A D2k HEO|O| A A &kt Kfo| HhzgtRtE ol Sof X|4=8 LEFHLICH
exp = shift + ((1<<(expbits-1)) - 1); // shift + bias

1 25 e 2B

return (sign<<(bits-1)) | (exp<<(bits-expbits-1)) | significand;

long double unpack754(uint64_t i, unsigned bits, unsigned expbits)

{

long double result;

long long shift;

unsigned bias;

unsigned significandbits = bits - expbits - 1; // £ HEZ 2|sl{A -1

if (i == 0) return 0.0;

/| H2E EOHHCE

result = (i&((1LL<<significandbits)-1)); // OtA = X2|
result /= (1LL<<significandbits); // S 52 4+FHOZ et
result += 1.0f; // 1€ CIA| C{gHL|C

/| XI=5E MafgL|ct

bias = (1<<(expbits-1)) - 1;

shift = ((i>>significandbits)&((1LL<<expbits)-1)) - bias;
while(shift > 0) { result *= 2.0; shift--; }

while(shift < 0) { result /= 2.0; shift++; }

[ R=XE|
result *= (i>>(bits-1))&1? -1.0: 1.0;

return result;

32H|E(OtOI: float)2t 64H|E(OIOtT double) & ¢t Mt A HI2E 9lof YOFASLCE.  T2{Lt bits37]9|
x

CIOIEIE 2L 817|2IshM pack754()&+E ZIY &Y = AS AULICh(expbits 22| X|+=27t FH2tE 29| X|+2

ZE AYLict)
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07| AE OlIAI7 AE LT

#include <stdio.h>
#include <stdint.h> // uintN_t &=
#include <inttypes.h> // PRIx 12252 &olgtL|Ct

int main(void)
{
float f = 31415926, f2;
double d = 3.14159265358979323, d2;
uint32_t fi;
uint64_t di;

fi = pack754_32(f);
f2 = unpack754_32(fi);

di = pack754_64(d);
d2 = unpack754_64(di);

printf("float before : %.7f\n", f);
printf("float encoded: 0x%08" PRIx32 "\n", fi);
printf("float after : %.7f\n\n", 2);

printf("double before : %.20If\n", d);
printf("double encoded: 0x%016" PRIx64 "\n", di);
printf("double after : %.20If\n", d2);

return O;

-

9lo| B ofefe F2i8 MABILIC

float before : 3.1415925
float encoded: 0x40490FDA
float after : 3.1415925

double before : 314159265358979311600
double encoded: 0x400921FB54442D18
double after : 3.14159265358979311600

U= £ CHE BE22 Y7 sturctE ZHSH=7MULILE S| ALY = structe 2 X0l AREA
EE = UAELICE 22|20 N2 PEA TAIE B Hol| HIES 30| HEE 4= gltt=s AS 20[FLICt (012 =", 0| A ote|a”
== W0l XARItQ? Z|&ELICh H HTel 2 He|XtH "It #RE[H OA4 L Of0|22ATE ZYLICL" 0] F20
ofot= Opo|AZAZEQ| ZRT2 OFE AYLICH J2{Lt /| Tle| &2 2bHS| F&LICH)

rir i mio

of2{22 0|2i0| ZEs| 2 ZAY Zd0|2t of|AlE ZAULICH ELICE of2{20| B U2 H|0[E S EXStE US ToE 20| 42
st AULICE MolUS AL|chH M=

KernighanZ} Pike7} X|2 The Practice of Programming™ 0ilA I52 HIZ 1 U2 SIZZE printf()2 AR pack()dt un-
pack(B4-8 MARSLICL 1200] Tt YAE MBh AX|H 1 HA5T M| 12 AATEE 22jeloz MBSIK| 8D
USLICE

(The Practice of Programming2 Z2 MQL|C} M7t 2 MES FHY mioiCh XA Ao n2ko|E ot Of2 |4 REL|Ct) (FAt

o
: dlo| HEFS B B OfF 2 HOI2Hs FYLICE)

HEZE 2 O

Ol AIFolIM M Z2ES HIHo| C A" of cHet A3 S HSsta] BLICH M= 0|22 M 2 Xo| gloLt 288t ISR BeLCt

Mhttps://beej.us/guide/url/tpop
2https://github.com/protobuf-c/protobuf-c
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= % =
QAL A O 2 AT 4 QU= Serializable QIE{H|0|A
Foq 1$0|Xf oko| IjZl QEIZ|E|E CHZ R4St AlckH
rintf()2t FAFSH &8 fteE=

LIt

|10'o JO

(0| acs
htons() Al g2t FASHA| SZfefL|Ct.)
#include <stdio.h>

#include <ctype.h>

#include <stdarg.h>

#include <string.h>

/*

** packi16() -- 16H|EE char HI{0l| HZRLICE. (htons()XE)
*/

void packi16(unsigned char *buf, unsigned int i)

{

*puf++ = i>>8; *buf++ = i;

/*

** packi32() -- 32H|EZ char HIH0|| MZEStL|CE. (htonl()HEH)
*/

void packi32(unsigned char *buf, unsigned long int i)

{
*buf++ = i>>24; *buf++ = i>>16;
*puf++ = i>>8; *buf++ =;

}

/*

** packib4() -- 64H|EE char HIOf| K{ZLICE (htonl() A &)
*/
void packi64(unsigned char *buf, unsigned long long int i)
{

*puf++ = i>>56; *buf++ = i>>48;

*puf++ = i>>40; *buf++ = i>>32;

*buf++ = i>>24; *buf++ = i>>16;

*puf++ = i>>8; *buf++ =;
}
/*
** unpacki16() -- 16H|E H4Z char HI{0| A Z0{HL|Ct. (ntohs()A]
*/
int unpacki16(unsigned char *buf)
{

unsigned inti2 = ((unsigned int)buf[0]<<8) | buf[1];
inti;

// change unsigned numbers to signed

if (i2 <= Ox7fffu) {i=i2;}

else {i = -1 - (unsigned int)(0xffffu - i2); }

return i;

Bhttps://beej.us/guide/bgnet/examples/pack2.c

= 219 pack754()&t+E HZLICE packi*()&4= ELCHE H

2 U2 57| M 352 207t FHEl pack()2t unpack() g4
£ 71X JAELICt.

AQLICE of7] &7t BHE H{FO| lom™ of2fEo]

27} Ot chare| HHO]| £~

)

CHAPTER 7. 22t gAR R 7|&

£ =ele =2 gLt XHHh=

, K&P2| S22 TZ1S BHS 7| 2o 7h Zo| ol 42

12 20| oA SEBHEX 270l

£ Hielhs ®e MelstH
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/*

** unpacku16() -- 16H|E 25 ¢l= M5 char HIHOA] E0{HLICE (ntohs()XEH)

*/

unsigned int unpackul16(unsigned char *buf)

{

}

/*

** unpacki32() -- 32H|E H4E char HIHO|A Z0{HL|CE. (ntohl() X&)

*/

return ((unsigned int)buf[0]<<8) | buf[1];

long int unpacki32(unsigned char *buf)

{

/*

** unpacku32() -- 32H|E 25 gl= H4E char HI0|A Z0{HLI|CL (ntohl() X&)

*/

unsigned long int i2 = ((unsigned long int)buf[0]<<24) |
((unsigned long int)buf[1]<<16) |
((unsigned long int)buf[2]<<8) |
buf[3];

long int i;

// change unsigned numbers to signed
if (i2 <= Ox7fffffffu) {i=i2;}
else {i = -1 - (long int) (Oxffffffffu - i2); }

returni;

unsigned long int unpacku32(unsigned char *buf)

{

/*

** unpacki64() -- 32H|E F4E char HI{O|A] Z20{HLICL (ntohl()AH)

*/

return ((unsigned long int)buf[0]<<24) |
((unsigned long int)buf[1]<<16) |
((unsigned long int)buf[2]<<8) |
buf[3];

long long int unpacki64(unsigned char *buf)

{

unsigned long long int i2 = ((unsigned long long int)buf[0]<<56) |
((unsigned long long int)buf[1]<<438) |
((unsigned long long int)buf[2]<<40) |
((unsigned long long int)buf[3]<<32) |
((unsigned long long int)buf[4]<<24) |
((unsigned long long int)buf[5]<<16) |
((unsigned long long int)buf[6]<<8) |
buf[7];

long long int i;

// change unsigned numbers to signed
if (i2 <= Ox7ffffffffffffffu) {i=1i2;}
else {i = -1 -(long long int) (Oxffffffffffffffffu - i2); }

returni;
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/*

** unpacku64() -- 64H|E 25 8l= H+E char HIHO|A ZO0{RLICE. (ntohl()X{H)

*/

unsigned long long int unpacku64(unsigned char *buf)

{

return ((unsigned long long int)buf[0]<<56) |

((unsigned long long int)buf[1]<<48) |
((unsigned long long int)buf[2]<<40) |
((unsigned long long int)buf[3]<<32) |
((unsigned long long int)buf[4]<<24) |
((unsigned long long int)buf[5]<<16) |
((unsigned long long int)buf[6]<<8) |
buf[7];

/*
** pack() -- HIEo| HAlst 2XtEO0| XAl YA Q2 C|0|EIE MEFLICH

kK

** pits |signed unsigned float string

w32 | L d
¥ 64l g Q g
k% - | s

k%
** (16H|E R2gl= 2O7t (S22 EAIE| ool 25LC)

*/

unsigned int pack(unsigned char *buf, char *format, ...)

{

va_list ap;

signed char c; /| 8HIE
unsigned char C;

inth; /[ 16H|E
unsigned int H;

long int I; /] 32H|IE
unsigned long int L;

long long int g; /] 64H|E
unsigned long long int Q;

float f; /| RS2
double d;
long double g;

unsigned long long int fhold;

char *s; /| EXtE
unsigned int len;

unsigned int size = 0;

va_start(ap, format);

CHAPTER 7. &F
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for(; *format != "\0'; format++) {
switch(*format) {
case 'c:// 8H|E
size +=1;
¢ = (signed char)va_arg(ap, int); // *t2H &5
*puf++ = c;
break;

case 'C": /| 2=8l= 8HIE

size +=1;

C = (unsigned char)va_arg(ap, unsigned int); // {2 &5
*puf++ = C;

break;

case 'h': // 16H|IE
size += 2;
h = va_arg(ap, int);
packi16(buf, h);
buf +=2;
break;

case 'H': /| = 8l= 16HIE
size += 2;
H = va_arg(ap, unsigned int);
packi16(buf, H);
buf += 2;
break;

case 'l // 32H|E
size +=4;
| = va_arg(ap, long int);
packi32(buf, I);
buf += 4;
break;

case 'L /[ #=8l= 32HE
size +=4;
L = va_arg(ap, unsigned long int);
packi32(buf, L);
buf +=4;
break;

case 'q" /| 64H|E
size += 8;
q = va_arg(ap, long long int);
packi64(buf, q);
buf += 8;
break;

case 'Q": // £28l= 64H|E
size += 8;
Q = va_arg(ap, unsigned long long int);
packi64(buf, Q);
buf += 8;
break;

case f: /| 2544+H 16H|E
2;

size +=

69
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223 f = (float)va_arg(ap, double); // AI2H &&
224 fhold = pack754_16(f); // IEEE 754 = Hgt
225 packi16(buf, fhold);

226 buf += 2;

227 break;

228

20 case 'd: /| REA+T 32H|E

230 size += 4;

231 d = va_arg(ap, double);

23 fhold = pack754_32(d); // IEEE 7542 et
233 packi32(buf, fhold);

234 buf += 4,

235 break;

236

237 case ' /| 54+ 64H|IE

238 size += 8;

239 g = va_arg(ap, long double);

240 fhold = pack754_64(g); // IEEE 754 = 2t
21 packi64(buf, fhold);

242 buf += 8;

243 break;

244

245 case 's" /| 2Xt&E

246 s = va_arg(ap, char*);

247 len = strlen(s);

208 size +=len + 2;

249 packi16(buf, len);

250 buf += 2;

251 memcpy (buf, s, len);

252 buf += len;

253 break;

254 }

5 }

256

257 va_end(ap);

258

259 return size;

w )

261

262 /*

25 **unpack() -- 2Alst 2X1E0| X|IFSH=CHZ HIHO|| CI0[E S E0{s&LICH
k%

s ** bits |signed unsigned float string

*k  _____ e

267 Ak 8| © C

68 ** 16| h H f

we  *¥* 32| | L d
270 ** 64 | q Q g
271 *x o | S

272 Hk

7 (EXE2 MTE Zolofl 2AHBHM FEEILICE J2{Lt st | Hof| Z|CH 20| E ol XI™E =~ AUSLICE)
274 &

25 void unpack(unsigned char *buf, char *format, ...)

o {

277 va_list ap;

278

279 signed char *c; /| 8HIE

280 unsigned char *C;
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int *h; /[ 16H|E
unsigned int *H;

long int *I; /| 32H|E
unsigned long int *L;

long long int *q; /| 64H|E
unsigned long long int *Q;

float *f; /| REAH
double *d;

long double *g;

unsigned long long int fhold;

char *s;
unsigned int len, maxstrlen=0, count;

va_start(ap, format);

for(; *format != "\0'; format++) {
switch(*format) {
case 'c': // 8H|E
¢ = va_arg(ap, signed char*);

if (*buf <= 0x7f) { *c = *buf;} // £S = CtA| 2QLICt
else { *c = -1 - (unsigned char)(0xffu - *buf); }

buf++;
break;

case 'C": /| #=8l= 8HIE
C = va_arg(ap, unsigned char*);
*C = *buf++;
break;

case 'h": // 16H|E
h = va_arg(ap, int*);
*h = unpacki16(buf);
buf += 2;
break;

case 'H": /| §#58l= 16H|E
H = va_arg(ap, unsigned int*);
*H = unpackul16(buf);
buf +=2;
break;

case ' // 32H|E
| = va_arg(ap, long int*);
*| = unpacki32(buf);
buf +=4;
break;

case 'L // R28lE= 32H|E

L = va_arg(ap, unsigned long int*);

*L = unpacku32(buf);
buf += 4;
break;
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case 'q' /| 64H|E
q = va_arg(ap, long long int*);
*q = unpacki64(buf);
buf +=8;
break;

case 'Q:// #=8l= 64H|E
Q = va_arg(ap, unsigned long long int*);
*Q = unpacku64(buf);
buf +=8;
break;

case 'f: /| RS2 +H
f = va_arg(ap, float*);
fhold = unpacku16(buf);
*f = unpack754_16(fhold);
buf +=2;
break;

case 'd: /[ 32H|E BS54 47
d = va_arg(ap, double*);
fhold = unpacku32(buf);
*d = unpack754_32(fhold);
buf += 4;
break;

case 'g" // 64H|E EE5A+H
g = va_arg(ap, long double*);
fhold = unpacku64(buf);
*g = unpack754_64(fhold);
buf +=8;
break;

case 's" /| 2XI<&
s = va_arg(ap, char*);
len = unpacku16(buf);
buf += 2;
if (maxstrlen > 0 && len >= maxstrlen) count = maxstrlen - 1;
else count = len;
memcpy(s, buf, count);
s[count] = '\0;
buf += len;
break;

default:

if (isdigit(*format)) { // Z|CH X2 Z0|Z 7[SSLICE
maxstrlen = maxstrlen * 10 + (*format-'0');

if (lisdigit(*format)) maxstrlen = O;

va_end(ap);

}
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TEE NfsHs Z20210] 0f7]0f ULICE 0] ZRIBE bufo| 2FH| HOIEIS A 3 ThA| ¥i4:0f BofsLict
mma@%§ 2 Dl 2 SESHS ZD(HA RER ") BT Qu{2S WIS AsHH "96s M Aok oIS Yol Eol=
8 JISiIS. N S B2 OISR Bofe@ ol S0t SCk SR 4SO
SIshAl otolxio THE TS B 4 LT

#include <stdio.h>

/| B8 25F "ol Cifst H|EQ| HE
/] OF7 |5 E2 CHELICH
typedef float float32_t;

typedef double float64._t;

int main(void)
{
unsigned char buf[1024];
int8_t magic;
int16_t monkeycount;
int32_t altitude;
float32_t absurdityfactor;
char *s = "Great unmitigated Zot! You've found the Runestaff!";
char s2[96];
int16_t packetsize, ps2;

packetsize = pack(buf, "chhlsf", (int8_t)'B', (int16_t)0, (int16_t)37,
(int32_t)-5, s, (float32_t)-3490.6677);
packi16(buf+1, packetsize); // A& /ol IHZ! AFO|=E TiZlof| DO SLICt

printf("packet is %" PRId32 " bytes\n", packetsize);

unpack(buf, "chhl96sf", &magic, &ps2, &monkeycount, &altitude, s2,
&absurdityfactor);

printf("'%c' %" PRId32" %" PRId16 " %" PRId32
“\"%s\" %f\n", magic, ps2, monkeycount,
altitude, s2, absurdityfactor);

return O;
}
Of2{ 20| Z|F DHE FSE M7 CHE AJ2I0| BHASH 242 MA, D ZHH|ES 502 LASII|HCH= S £ FofHI| SlshAl
Uutxol 0[] T2 REIS AFRSH= 20| E2 HatelL|Ct
HIO[EIS ERE miof 47| E2 WAle BTAUNR? OFF F2 TEQLICL CRYS|E RFC 4506, 2% CI0|E E3H EZO|
HEANTI M HIY S Chkst X2 0| oA 0| WAIS Mo|stL|C). Pof C|o|ES B Ha|gt Mzto|2tH 0| 7S F4st=
742 MEBiLC) "Eﬂ-r HEEA| T120f 3h= Z42 OFElLICt, THZ! ZAE0| 2 9Hoj X|7|1 M QU= 242 OFelLIC), X| A3t K= 13X

mo mo o
N T

olatm Azttt

ot ZR0|| e, HIo[HE ELh7] Fol| 1T ESH= 20| 2 LYLICH

7.6 2 OojE| A=t

OFFE HIO|E] &3yt HRE 20[5ts A2 FALNK? JHY Ehett 22 22 of2{20| HO|E{of| of7te| A FELt 13l 0|

=22 & Z5E g2 96 E 20EC0h= 50| gLtk

S| 71 ot RS St OjoF ER? Ated o222 Z2HEE BUKY| ffshA RSt =77 oftH 0| E H|o|E{H EL|CY.

me

of. Y& et O|of7| LT,

https://beej.us/guide/bgnet/examples/pack2.c
®https://tools.ietf.org/html/rfc4506
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(Zol= B2 HIET HIOIE 242 712 El0f UBLICE. 0 F L0I7} £ BO|E0|22 J%0| SRSHXIS X/, YstsiozL
of2i2| Tf20| K| BE O H47H LIEYT HIO|E 2AZ 7ISE7IS & HYULICE)
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AZE recv()ME[E MotCt ORE Y HEo| 20|10 TiZl0] AYE|UEX| elFfL|ct. HIEHo|| B2l HIO|EQ| =7t S|E o
TAIE ZO|ECH BALE Z2X] Hlotths STULICHAMR SiiCof slie] XHh2| Zo|7t ZRE|X| gieO2 +12 S{OFRtCY). ghef
HI{O| HIO|E =7} 12t MLIH S & 22 FE(X| 22 AYLICE 3t 0] ZR HI{C A HIO|ES {0SICtn o= a%2
23|7|gfo|22 O%s st H2|E soFetL|ct.

[l

Ij210| RHYEIH Of2{E2 D0 of2{=0| stz 22 2 =

$0

SLICE S AFZSIALY, OUE o222l 2 HIHo|M HHE

! OFZ| EI£0| 0{X|2127tR? 07| AEHK|Q| & Hilf £:20| LELICE 22| recv()=EZ 2T
7t AELCE = EUHI 0| SHLfo] TS IfZlat Chg THAlo| 24T
HE[5t7| IeA of2i2el 2 IS = JHel S E7(o| =8 27| = BHS0E AUTt)

A mizlel ZOo|E SlICIE Soll LR 2 HI{o]| Q= HIO|EQ| 5 &t Qo0 Z, WHls HH e HIof| A= HFOIE 4
707t CHE(012HE Bl TH2I0) SSHR_AEKR] AL 4= AELITE R Hm TS A Hs 2
T H2S B FFO= FAHM LHF recv()E Ml EHIE T = UE
(SAHO2E & YR = 2N & Hi IS =Y Kol ¢Foz F7(= Aol AlZto] 221, gy H
QK| fith= Ao == Zd?:I'-IEh oHE IPEOHHI._ S|, gh HIHo|| Cist =2|= 0] 29| Y
=
=

o= A
RACHA HO|E] #z= %

i

7.7 BEERLCI|AE(Broadcast) Il2! — Hello, World!

XIZ7HX] 0] AHLHMOlM= HIO|EE StLto] SAEO|M LIE SAER Hifl= 20i| CHoljA O[0F7| et J2iLt XESH Hel
ot ol o2 =2 AE02| A= E HE 4= ACH

UDP(TCP= ¢t ELIChet EZE IPv4OiA OIZiS B2 CilAE(Broadcasting)0l2lk= DHALIZERZ 7HsSEILICE  IPVEOlA
HECIHALS XX AOH, O 499 7|&Q1 HEPHAE (Multicasting)S AHdH{Of BHL|CH. TJ2{Lt o|Hofl= J240f| ChehA
CHEX| g2 AYLICE ZYE= DJ2Hol| chsi M= Z‘F_* O[oF7|EAILt. 22|= 32H|E2Q| FHxHO|| ZSHASLICH

FHh D2iLt REFY HZEINARS ARY = YELICH HERISN E2EIHAE THZIS TS| Mol SO_BROADCAST 22
SMS EYolof BLICt 0|2 OIAIY EAL A9|X|0fl HOLR= Z2tAE BUiZ2 AULCh J2F Z=st =q2h= LI
OfFE ZTIXI5HH| HoIAIH HREIHAE IiZle M= Loz fIR0] MELL. EREHNAE IS He ZE AIAHR HEA
J GOl ofH ZES JSHXIZ H=X| 07| fI3iM 2| HIo|E &3t AB0|2k= YUPUES HALHOF St O
HHZ DJLICE %A St S0j|oF A|ARE CIO[EE XEO| ZILIEX| OlLIH FAIXE 2FLLE. o 3d 22
HIROHAE WS Ee 22| FX[oA| 2 20|, 5| 2 FAIS0| 22 &S & = ASLICE A1Y S0l M Mo
LIS wf T2 HEX S 20 chigh 8ol o] Z{0|RUct.

8171 QO Of2] WHO| IS 4 UOL| EZH JICIIZAICE (HRH 5 : MYl S8) B2, 22
10| 7HES 71 Uof of2 weo] ASTHQ? 2|0 HREHAE S HLf= g

ol I
A =
HHS LOIAIH O|AYLICE. OEH B2EHAE HAXI SHX| FAE XFEY 4= ASTR? F 7HQ| LEHEQ| HHO| JAELIC.

1. HIO[EE §X MEUlo] EEEFHAE FAZ HYLICL 022 —’F—AQI HESAE BRHEJHZ FE MEH HESRR
ZFAYULICE OIE 0] Mol HERI3= Eol|lA 192.1681.00| 10 SI0tAT = 255.255.255.01L|Ct J2{E2 2 F49| OFX|9}
HIO|ET} 2 AE HZL|CHUDASO| w2t R M| HO|E7} WERIS iOI7I mEALICH. J222 Mo EREHAE
FAE 1921681255 LTt |HAOM= ifconfig EHO| 0] 2E HEE £ AYLICL (ST =2 I8 XA
HELIHAE FAE 7| f/ot HIEH| =2|dM2 HERZ HS OR (NOT 4llotAI)QLICE) o222 o 372

EZEIAE IS 22 WESRS & o2t #F HEI0 = H £ JAELICH 2Lt 0] 2L SHX|Q| 2tRE7L Al

LAl 7H5 50| ERBILICL (0] RS TS %00 TR HECHAE SNS Tl 2T + YBLICH)

2. HO|EE "MH" HEEIHAE FAZ HHLICE 0|2 255.255.255.255, S& INADDR_BROADCASTL}. H2 HX|E2

01242 RHEOE Ofi2o| UIERT HSot HIECH] ANDSIM A LIESIS HECHAE FAR Wit 21Lich J2it

AR | BK 842 HYLICE IS AR CHELICE AMROPIE 29E{SS 0| SRO| HRCHAE S 2
HIESIS LI H&5HR YLIC

SO_BROADCAST 22 842 XI&x| 9km HREFAE 40| Hlo|EIS 2UfiD 5181 ofE Yo| MUNR? LalsiX|et 8t

talker2t listener 2 E'ao”ﬁHE_Tl_ 22 20| MI|=X| FAICE

$ talker 192.168.1.2 foo
sent 3 bytes to0 192.168.1.2
$ talker 192.168.1.255 foo
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sendto: Permission denied
$ talker 255.255.255.255 foo
sendto: Permission denied

2 EX| gf2 HEYL|Ct. SO_BROADCASTS HH3IX| oit7| WZLICt HFE o Floll= fdt= 2 OLI0IE sendto()E &

AR O740| HEEIHAEES & 4 Q= UDP S2IzZ 12n J2X| o2 2guz ol Qs xto|ch, 2Lt 22HE talker
22n 200 SO_BROADCAST A7l M8 MAsl= HES St 2JREAICt. 0] Z2IWS broadcaster.c'®2tn 22
ALct

/*

** proadcaster.c -- talker.c2t Z'2 H|0|E{ 12 S2t0|HE, Ctat

ok O| ZZ2 M2 HECIHAES & 4= QUEL|CL

*/

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <errno.h>
#include <string.h>
#include <sys/types.h>
#include <sys/socket.h>
#include <netinet/in.h>
#include <arpa/inet.h>
#include <netdb.h>

#define SERVERPORT 4950 // AF2AHE0| st ZE

int main(int argc, char *argv([])
{
int sockfd;
struct sockaddr_in their_addr; // HZXt(Connector)2| F4 HE
struct hostent *he;
int numbytes;
int broadcast = 1;
/Ichar broadcast = "1'; // S&tSHX| 2 OH 0|ZUS M MR

if (argc != 3) {
fprintf(stderr,"usage: broadcaster hostname message\n");
exit(1);

if ((he=gethostbyname(argv[1])) == NULL) { // SAE HEE 2otgL[Ch
perror("gethostbyname");
exit(1);

if ((sockfd = socket(AF_INET, SOCK_DGRAM, 0)) == -1) {
perror("socket");
exit(1);

/| 0| SZ0| HEEEIHAE T3S HH 4= UA| gHSL|C}
if (setsockopt(sockfd, SOL_SOCKET, SO_BROADCAST, &broadcast,
sizeof broadcast) == -1) {
perror("setsockopt (SO_BROADCAST)");
exit(1);

16ht'(ps://beej.us/guide/bgnet/examples/l:»roac:icas’(er.c
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their_addr.sin_family = AF_INET; // SAE HIO|E &AM
their_addr.sin_port = htons(SERVERPORT); // £, HIE/F HIO|E &M
their_addr.sin_addr = *((struct in_addr *)he->h_addr);
memset(their_addr.sin_zero, "\0', sizeof their_addr.sin_zero);

if ((numbytes=sendto(sockfd, argv[2], strlen(argv[2]), O
(struct sockaddr *)&their_addr, sizeof their addr)) ==-1){
perror("sendto");
exit(1);

printf("sent %d bytes to %s\n", numbytes,
inet_ntoa(their_addr.sin_addr));

close(sockfd);

return O;

O] T2 I35t "It UDP Z2t0|AHE/MHo| A&tofl= ofH Xt0|7} AS7R? OFF HE GiELICH (0] 0= E2to|HET}
HEREIHAE IZIS B'E & UCHE ™S #ifH) ALt OFEE7EX|Z 0|0l AZ$H UDP listeners ot &fof| Aldtist CH2 0] broad-
casterE H&stM|R. [0l Mozt M&0| Mg AdL|Ch.

$ broadcaster 192.168.1.2 foo

sent 3 bytes t0 192.168.1.2

$ broadcaster 192.168.1.255 foo
sent 3 bytes to 192.168.1.255

$ broadcaster 255.255.255.255 foo
sent 3 bytes to 255.255.255.255

listenerZt =215t THZ0f| BHS3h= 238 & = AO{OF RILICE (T listenert BHSSHX| b=CHH 20| IPvEFA0 HAE| 0| 2
2 UASLICL listener.ce| AF_INET6E AF_INETE HIFY A IPv4E ZHISHEAM R.)

Xt O7|7RI = =2 MO|JA}ASLICE 2Lt o{2{20| 74X CH2 &%| & Z2 WES30| = Zol|A listenerS AatshAf 2t Zkx|of|
RN MHE|AH| 3t 20f| broadcasterd]] EZEIHAE FAE '@ CHA| MlsiFAICE sendto()E o HEF AHHSHT F 749
listener 257t I{Zl S #EL|CH X4 L!

2tof listener’t AlEl ZX[Q| ofo|m| FAE FHX|Z LSE HOH = T HREHNAE FA2 Hl O0|E = #X| Zot
OfOte USHHO| FHX|0fl AOIA THZAIS 21 S HYLICE (220K, Pat, Bapper. O | ‘.‘:”’E‘ TEJH SEIX| g2 o= A= 0 Rt
QS LIEO MK THEORRIAM 10t Q. QiAo (22 S ASSIZC XL, HIZ o 20| HABLICE)

CIA| Z5HX[2t HEEFHAE THZI S CHE MHoll= F2ISHMR. LAN(ZXLZ=: Local Area Network) Of 1= 2E ZX|E0| recvfrom()
¥ of2et Mtglo] THZIS Melsiof StEE FA| ZRE LHESRI0 MYt 215 & o+ USLICL HEEIHAE THZI2 BHEA|
JHEOE 2|3 FESEAE0)| AT Mojof BHLICY,
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Chapter 8

o] JicmUS2 o{C|A &2 5= ASNK?

0
o

3

{2 22| A|AHI0| |Cmbio] {CHH ofat: J230] HRSHK]|
2|5l Ztedsta QUCHH #include <winsock.h>2t St ElL|CE

NYLICH AESC EHE2 HYME H5HH K. WindowsE

-

bind()7I “Address already in use” & E115}H o2 sjjolsiLiR?

2|AaE A200]| setsockopt()E SO_REUSEADDRE M1} BH| ArZsH{of LTt Of|X|7tH ZRSICHH bind ()0l 2ot E2t select()oll
et Hg HI6HMR.

A AR @2l 230| RES Ho2{H oA sljolsiLiR?

netstatE AFESINIR. 27X e HEO| Chsi A= man 2 & sljof
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$ netstat
H|Z2 oftH 4710| o T2 It AZAEO JLEX| Lokl= HYULIC. :-)
2}2E E|o|ES B2{H o{ ¥ sljofsiLiR?

routedH (CH7H2| 2lSA FX|0IA /sbindl| JACH) S MHSIHR. OIL|™ netstat -r HHES MASINR. =2 ip route HHY £
UA&LICE

FE{7L SILIYtol| SACHH o 2| S2t0o|AERL M ZEOHS HWSILIR? HIESI TEIWS ZHYSI2{H HIEY 37t AojofSh=
3! of:lztg?

O{2{ 20l Al= CHYS| 0 AME Y BE FX|7F 0| A2 [ED HEHZ Ft=0l X ot 2L H|EQI "FA|"E AHTUICE (01R2

2t E Ell0|S0M “lo"2t= 0|E2 = HEA|El= QBT ARILICE)
042{20| "goat"2h= O|F2| FX|0of ZIAMCIT BFAICE EEFOI?JE% StLiel HoilM st MHE CHE HojlM eIt
OfL|H MHE #2220 M ’é‘%‘Oh_( server &") 22I0[HEES Z2 HojlA HAFAIL B ZX|= 042120 client goatet

f 2o
client localhost("localhost"= O{2{1&29] Jetc/hostsIHU0| HO|Z|of US HLICL) = OofH ZO0|E & 4 AUA & & Zo|n
HIES|Z g0l MtHet Chatsh= S20|UE T2 AlFe = AS WYLICH

recv()7t 02 EHFE A= & 4= ASFLICH

“ping” S2|EIS ThS2{H oL s{oksiLiR? ICMPE 22171 raw 273} SOCK_RAW 0l LHSHAl:= ofC|oflA Cf 2tops 5=
ASNK?

5]
rot

raw A2l0]| Ci$t 2= Z22 W. Richard Stevens' UNIX Network Programming books OlA B2 & £ UELICE
2z10102 AI2 JH53H Stevens’ UNIX Network Programming source code0i|Al ping/ SHICIZIEZ|E ATHEN L.

connect()0f] CHEt H|EtA|IZES HASIALE THEE £ ASNIR?

1http://www.unpbook.com/src.html
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uin

W. Richard StevensO| 0{2{120{A| & = U= Eot ST &2 E2|= oY, UNIX Network Programming source code2l
lib/connect_nonb.c? £ ohiisi=2|ZlL|Ct.

Q2 socket() Q2 A% MUK UE F = 2220 5t
ZA| -12 gHket Z40| T erroi= EINPROGRESSE ANE Z{0[2H= HYILICE 1 & select()2 358 nf A2 HHXIS EJISEP
M7| Egof| RE YoM of2{20| /st= HStAIZHS |7g6|-|_ EIL|CH A|ZEE 1}7} E“g'ﬁ}XI 2%9™ connect() 0

o|o|ct. o] A|HoilM getsockopt()2 SO_ERRORS M1} &HH| =Z3| A connect()Z&2|

242 00]ofof SfLct.
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OHX|2te 2 of2{=2 oot sifE 2210] CIO|E S H&s/| Hoi| A2US ChA| 222 ZEZ 8Fs;
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select_restart:
if ((err = select(fdmax+1, &readfds, NULL, NULL, NULL)) == -1) {
if (errno == EINTR) {
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goto select_restart;
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#include <unistd.h>
#include <sys/time.h>
#include <sys/types.h>
#include <sys/socket.h>

int recvtimeout(int s, char *buf, int len, int timeout)
fd_set fds;

intn;
struct timeval tv;

2http://www.unpbook.com/src.html
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[/ oY 2ER Eeh Wl

FD_ZERO(&fds);
FD_SET(s, &fds);

/] Nzt HEtE 2l3t timeval A M4
tv.tv_sec = timeout;
tv.tv_usec = 0;

[/ HIOIEIE &AL AlZto] bl wh7bx| Z|CHich
n = select(s+1, &fds, NULL, NULL, &tv);

if (n == 0) return -2; // timeout!

if (n == -1) return -1; // error
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return recv(s, buf, len, 0);

/] recvtimeout()0i| CHt S Of|A|
n = recvtimeout(s, buf, sizeof buf, 10); // A|ZtH|SE 10

if (n==-1){
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}
else if (n == -2) {
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9.1 accept()

Accept an incoming connection on a listening socket

Synopsis

#include <sys/types.h>
#include <sys/socket.h>

int accept(int s, struct sockaddr *addr, socklen_t *addrlen);

Description

Once you've gone through the trouble of getting a SOCK_STREAM socket and setting it up for incoming connections
with listen(), then you call accept() to actually get yourself a new socket descriptor to use for subsequent communi-
cation with the newly connected client.

The old socket that you are using for listening is still there, and will be used for further accept() calls as they come in.

Paramé&escription

S The listen()ing socket descriptor.

addr This is filled in with the address of the site that's connecting to you.

addrleThis is filled in with the sizeof() the structure returned in the addr parameter. You can safely ignore it if
you assume you're getting a struct sockaddr_in back, which you know you are, because that's the type
you passed in for addr.

accept() will normally block, and you can use select() to peek on the listening socket descriptor ahead of time to see
if it's “ready to read”. If so, then there's a new connection waiting to be accept()ed! Yay! Alternatively, you could set
the O_NONBLOCK flag on the listening socket using fcntl(), and then it will never block, choosing instead to return -1
with errno set to EWOULDBLOCK.

The socket descriptor returned by accept() is a bona fide socket descriptor, open and connected to the remote host.
You have to close() it when you're done with it.

Return Value

accept() returns the newly connected socket descriptor, or -1 on error, with errno set appropriately.

Example

struct sockaddr_storage their_addr;
socklen_t addr_size;

struct addrinfo hints, *res;

int sockfd, new_fd;

// first, load up address structs with getaddrinfo():
memset(&hints, O, sizeof hints);

hints.ai_family = AF_UNSPEC; // use IPv4 or IPv6, whichever
hints.ai_socktype = SOCK_STREAM;

hints.ai_flags = AI_PASSIVE; //fillin my IP for me
getaddrinfo(NULL, MYPORT, &hints, &res);

// make a socket, bind it, and listen on it:

sockfd = socket(res->ai_family, res->ai_socktype, res->ai_protocol);



91. ACCEPT()

bind(sockfd, res->ai_addr, res->ai_addrlen);
listen(sockfd, BACKLOG);

// now accept an incoming connection:

addr_size = sizeof their_addr;

new_fd = accept(sockfd, (struct sockaddr *)&their_addr, &addr_size);

// ready to communicate on socket descriptor new_fd!

See Also

socket(), getaddrinfo(), listen(), struct sockaddr_in

1
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9.2 bind()

Associate a socket with an IP address and port number

Synopsis

#include <sys/types.h>
#include <sys/socket.h>

int bind(int sockfd, struct sockaddr *my_addr, socklen_t addrlen);

Description

When a remote machine wants to connect to your server program, it needs two pieces of information: the IP address
and the port number. The bind() call allows you to do just that.

First, you call getaddrinfo() to load up a struct sockaddr with the destination address and port information. Then you
call socket() to get a socket descriptor, and then you pass the socket and address into bind(), and the IP address and
port are magically (using actual magic) bound to the socket!

If you don't know your IP address, or you know you only have one IP address on the machine, or you don't care which
of the machine’s IP addresses is used, you can simply pass the AI_PASSIVE flag in the hints parameter to getaddrinfo().
What this does is fill in the IP address part of the struct sockaddr with a special value that tells bind() that it should
automatically fill in this host's IP address.

What what? What special value is loaded into the struct sockaddr’s IP address to cause it to auto-fill the address with
the current host? I'll tell you, but keep in mind this is only if you're filling out the struct sockaddr by hand:; if not, use
the results from getaddrinfo(), as per above. In IPv4, the sin_addr.s_addr field of the struct sockaddr_in structure is
set to INADDR_ANY. In IPv6, the sin6_addr field of the struct sockaddr_in6 structure is assigned into from the global
variable in6addr_any. Or, if you're declaring a new struct in6_addr, you can initialize it to INGADDR_ANY_INIT.

Lastly, the addrlen parameter should be set to sizeof my_addr.

Return Value

Returns zero on success, or -1 on error (and errno will be set accordingly).

Example

// modern way of doing things with getaddrinfo()

struct addrinfo hints, *res;
int sockfd;

// first, load up address structs with getaddrinfo():
memset(&hints, 0, sizeof hints);

hints.ai_family = AF_UNSPEC; // use IPv4 or IPv6, whichever
hints.ai_socktype = SOCK_STREAM;

hints.ai_flags = AI_PASSIVE; //fillin my IP for me

getaddrinfo(NULL, "3490", &hints, &res);

/] make a socket:
/I (you should actually walk the "res" linked list and error-check!)

sockfd = socket(res->ai_family, res->ai_socktype, res->ai_protocol);

// bind it to the port we passed in to getaddrinfo():
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bind(sockfd, res->ai_addr, res->ai_addrlen);

// example of packing a struct by hand, IPv4

struct sockaddr_in myaddr;
ints;

myaddr.sin_family = AF_INET;
myaddr.sin_port = htons(3490);

/] you can specify an IP address:
inet_pton(AF_INET, "63.161.169.137", &(myaddr.sin_addr));

// or you can let it automatically select one:
myaddr.sin_addr.s_addr = INADDR_ANY;

s = socket(PF_INET, SOCK_STREAM, 0);
bind(s, (struct sockaddr*)&myaddr, sizeof myaddr);

See Also

getaddrinfo(), socket(), struct sockaddr_in, struct in_addr
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9.3 connect()

Connect a socket to a server

Synopsis

#include <sys/types.h>
#include <sys/socket.h>

int connect(int sockfd, const struct sockaddr *serv_addr,
socklen_t addrlen);

Description

Once you've built a socket descriptor with the socket() call, you can connect() that socket to a remote server using
the well-named connect() system call. All you need to do is pass it the socket descriptor and the address of the
server you're interested in getting to know better. (Oh, and the length of the address, which is commonly passed to
functions like this.)

Usually this information comes along as the result of a call to getaddrinfo(), but you can fill out your own struct
sockaddr if you want to.

If you haven't yet called bind() on the socket descriptor, it is automatically bound to your IP address and a random
local port. This is usually just fine with you if you're not a server, since you really don't care what your local port is;
you only care what the remote port is so you can put it in the serv_addr parameter. You can call bind() if you really
want your client socket to be on a specific IP address and port, but this is pretty rare.

Once the socket is connect()ed, you're free to send() and recv() data on it to your heart's content.

Special note: if you connect() a SOCK_DGRAM UDP socket to a remote host, you can use send() and recv() as well
as sendto() and recvfrom(). If you want.

Return Value

Returns zero on success, or -1 on error (and errno will be set accordingly).

Example

// connect to www.example.com port 80 (http)

struct addrinfo hints, *res;
int sockfd;

// first, load up address structs with getaddrinfo():
memset(&hints, O, sizeof hints);
hints.ai_family = AF_UNSPEC; // use IPv4 or IPv6, whichever

hints.ai_socktype = SOCK_STREAM,;

// we could put "80" instead on "http" on the next line:
getaddrinfo("www.example.com", "http", &hints, &res);

// make a socket:
sockfd = socket(res->ai_family, res->ai_socktype, res->ai_protocol);
// connect it to the address and port we passed in to getaddrinfo():

connect(sockfd, res->ai_addr, res->ai_addrlen);
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See Also

socket(), bind()
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9.4 close()

Close a socket descriptor

Synopsis
#include <unistd.h>

int close(int s);

Description

After you've finished using the socket for whatever demented scheme you have concocted and you don't want to
send() or recv() or, indeed, do anything else at all with the socket, you can close() it, and it'll be freed up, never to be
used again.

The remote side can tell if this happens one of two ways. One: if the remote side calls recv(), it will return 0. Two: if
the remote side calls send(), it'll receive a signal SIGPIPE and send() will return -1 and errno will be set to EPIPE.

Windows users: the function you need to use is called closesocket(), not close(). If you try to use close() on a socket
descriptor, it's possible Windows will get angry... And you wouldn't like it when it's angry.

Return Value

Returns zero on success, or -1 on error (and errno will be set accordingly).

Example

s = socket(PF_INET, SOCK_DGRAM, 0);

/I a whole lotta stuff.. *\BRRRONNNN!*

close(s); // not much to it, really.

See Also

socket(), shutdown()
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9.5 getaddrinfo(), freeaddrinfo(), gai_strerror()

Get information about a host name and/or service and load up a struct sockaddr with the result.

Synopsis

#include <sys/types.h>
#include <sys/socket.h>
#include <netdb.h>

int getaddrinfo(const char *nodename, const char *servname

1

const struct addrinfo *hints, struct addrinfo **res);
void freeaddrinfo(struct addrinfo *ai);
const char *gai_strerror(int ecode);

struct addrinfo {
int ai_flags; // AI_PASSIVE, AI_CANONNAME, ...
int  ai_family; /I AF_xxx
int ai_socktype; // SOCK_xxx
int  ai_protocol;  // O (auto) or IPPROTO_TCP, IPPROTO_UDP

socklen_t ai_addrlen; //length of ai_addr

char *ai_canonname; // canonical name for nodename
struct sockaddr *ai_addr; // binary address

struct addrinfo *ai_next; // next structure in linked list

h

Description

getaddrinfo() is an excellent function that will return information on a particular host name (such as its IP address)
and load up a struct sockaddr for you, taking care of the gritty details (like if it's IPv4 or IPv6). It replaces the old
functions gethostbyname() and getservbyname().The description, below, contains a lot of information that might be
a little daunting, but actual usage is pretty simple. It might be worth it to check out the examples first.

The host name that you're interested in goes in the nodename parameter. The address can be either a host name,
like "www.example.com”, or an IPv4 or IPv6 address (passed as a string). This parameter can also be NULL if you're
using the AI_PASSIVE flag (see below).

The servname parameter is basically the port number. It can be a port number (passed as a string, like "80"), or it
can be a service name, like “http” or “tftp"” or “smtp” or “pop”, etc. Well-known service names can be found in the
IANA Port List' or in your /etc/services file.

Lastly, for input parameters, we have hints. This is really where you get to define what the getaddrinfo() function is
going to do. Zero the whole structure before use with memset(). Let's take a look at the fields you need to set up
before use.

The ai_flags can be set to a variety of things, but here are a couple important ones. (Multiple flags can be specified
by bitwise-ORing them together with the | operator). Check your man page for the complete list of flags.

AI_CANONNAME causes the ai_canonname of the result to the filled out with the host's canonical (real) name.
AI_PASSIVE causes the result's IP address to be filled out with INADDR_ANY (IPv4) or in6addr_any (IPv6); this causes
a subsequent call to bind() to auto-fill the IP address of the struct sockaddr with the address of the current host.
That's excellent for setting up a server when you don't want to hardcode the address.

If you do use the AI_PASSIVE, flag, then you can pass NULL in the nodename (since bind() will fill it in for you later).

Continuing on with the input parameters, you'll likely want to set ai_family to AF_UNSPEC which tells getaddrinfo() to
look for both IPv4 and IPv6 addresses. You can also restrict yourself to one or the other with AF_INET or AF_INET®6.

1https://www.iana.org/as,signments/port—numbers
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Next, the socktype field should be set to SOCK_STREAM or SOCK_DGRAM, depending on which type of socket you
want.

Finally, just leave ai_protocol at 0 to automatically choose your protocol type.
Now, after you get all that stuff in there, you can finally make the call to getaddrinfo()!

Of course, this is where the fun begins. The res will now point to a linked list of struct addrinfos, and you can go
through this list to get all the addresses that match what you passed in with the hints.

Now, it's possible to get some addresses that don't work for one reason or another, so what the Linux man page
does is loops through the list doing a call to socket() and connect() (or bind() if you're setting up a server with the
AI_PASSIVE flag) until it succeeds.

Finally, when you're done with the linked list, you need to call freeaddrinfo() to free up the memory (or it will be leaked,
and Some People will get upset).

Return Value

Returns zero on success, or nonzero on error. If it returns nonzero, you can use the function gai_strerror() to get a
printable version of the error code in the return value.

Example

// code for a client connecting to a server
// namely a stream socket to www.example.com on port 80 (http)
/[ either IPv4 or IPv6

int sockfd;
struct addrinfo hints, *servinfo, *p;
intry;

memset(&hints, O, sizeof hints);
hints.ai_family = AF_UNSPEC; // use AF_INET® to force IPv6
hints.ai_socktype = SOCK_STREAM;

if ((rv = getaddrinfo("www.example.com", "http", &hints, &servinfo)) != 0) {
fprintf(stderr, "getaddrinfo: %s\n", gai_strerror(rv));
exit(1);

// loop through all the results and connect to the first we can
for(p = servinfo; p != NULL; p = p->ai_next) {
if ((sockfd = socket(p->ai_family, p->ai_socktype,
p->ai_protocol)) == -1) {
perror("socket");
continue;

}

if (connect(sockfd, p->ai_addr, p->ai_addrlen) == -1) {
perror("connect");
close(sockfd);
continue;

}

break; // if we get here, we must have connected successfully

if (p == NULL) {
// looped off the end of the list with no connection
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fprintf(stderr, "failed to connect\n");
exit(2);

freeaddrinfo(servinfo); // all done with this structure

// code for a server waiting for connections
// namely a stream socket on port 3490, on this host's IP
[/ either IPv4 or IPv6.

int sockfd;
struct addrinfo hints, *servinfo, *p;
intry;

memset(&hints, O, sizeof hints);

hints.ai_family = AF_UNSPEC; // use AF_INET® to force IPv6
hints.ai_socktype = SOCK_STREAM;

hints.ai_flags = AI_PASSIVE; // use my IP address

if ((rv = getaddrinfo(NULL, "3490", &hints, &servinfo)) != 0) {
fprintf(stderr, "getaddrinfo: %s\n", gai_strerror(rv));
exit(1);

// loop through all the results and bind to the first we can
for(p = servinfo; p != NULL; p = p->ai_next) {
if ((sockfd = socket(p->ai_family, p->ai_socktype,
p->ai_protocol)) == -1) {
perror("socket");
continue;

}

if (bind(sockfd, p->ai_addr, p->ai_addrlen) == -1) {
close(sockfd);
perror("bind");
continue;

}

break; // if we get here, we must have connected successfully

if (p == NULL) {
// looped off the end of the list with no successful bind
fprintf(stderr, "failed to bind socket\n");
exit(2);

freeaddrinfo(servinfo); // all done with this structure

See Also

gethostbyname(), getnameinfo()
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9.6 gethostname()

Returns the name of the system

Synopsis
#include <sys/unistd.h>

int gethostname(char *name, size_t len);

Description

Your system has a name. They all do. This is a slightly more Unixy thing than the rest of the networky stuff we've
been talking about, but it still has its uses.

For instance, you can get your host name, and then call gethostbyname() to find out your IP address.

The parameter name should point to a buffer that will hold the host name, and len is the size of that buffer in bytes.
gethostname() won't overwrite the end of the buffer (it might return an error, or it might just stop writing), and it will
NUL-terminate the string if there's room for it in the buffer.

Return Value

Returns zero on success, or -1 on error (and errno will be set accordingly).
Example
char hostname[128];

gethostname(hostname, sizeof hostname);
printf("My hostname: %s\n", hostname);

See Also

gethostbyname()
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9.7 gethostbyname(), gethostbyaddr()

Get an IP address for a hostname, or vice-versa

Synopsis

#include <sys/socket.h>
#include <netdb.h>

struct hostent *gethostbyname(const char *name); // DEPRECATED!
struct hostent *gethostbyaddr(const char *addr, int len, int type);

Description

PLEASE NOTE: these two functions are superseded by getaddrinfo() and getnameinfo()! In particular, gethostbyname()
doesn’t work well with IPv6.

These functions map back and forth between host names and IP addresses. For instance, if you have
“www.example.com”, you can use gethostbyname() to get its IP address and store it in a struct in_addr.

Conversely, if you have a struct in_addr or a struct in6_addr, you can use gethostbyaddr() to get the hostname back.
gethostbyaddr() is IPv6 compatible, but you should use the newer shinier getnameinfo() instead.

(If you have a string containing an IP address in dots-and-numbers format that you want to look up the hostname of,
you'd be better off using getaddrinfo() with the AI_CANONNAME flag.)

gethostbyname() takes a string like "www.yahoo.com”, and returns a struct hostent which contains tons of informa-
tion, including the IP address. (Other information is the official host name, a list of aliases, the address type, the
length of the addresses, and the list of addresses—it's a general-purpose structure that's pretty easy to use for our
specific purposes once you see how.)

gethostbyaddr() takes a struct in_addr or struct in6_addr and brings you up a corresponding host name (if there is
one), so it's sort of the reverse of gethostbyname(). As for parameters, even though addr is a char*, you actually
want to pass in a pointer to a struct in_addr. len should be sizeof(struct in_addr), and type should be AF_INET.

So what is this struct hostent that gets returned? It has a number of fields that contain information about the host in
question.

Field Description

char The real canonical host name.

*h_name

char A list of aliases that can be accessed with arrays—the last element is NULL
**h_aliases

int The result's address type, which really should be AF_INET for our purposes.
h_addrtype

int length The length of the addresses in bytes, which is 4 for IP (version 4) addresses.

char A list of IP addresses for this host. Although this is a char**, it's really an array of struct
**h_addr_list  in_addr*s in disguise. The last array element is NULL.

h_addr A commonly defined alias for h_addr_list[0]. If you just want any old IP address for this host

(yeah, they can have more than one) just use this field.

Return Value

Returns a pointer to a resultant struct hostent on success, or NULL on error.

Instead of the normal perror() and all that stuff you'd normally use for error reporting, these functions have parallel
results in the variable h_errno, which can be printed using the functions herror() or hstrerror(). These work just like
the classic errno, perror(), and strerror() functions you're used to.
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Example

// THIS IS A DEPRECATED METHOD OF GETTING HOST NAMES
// use getaddrinfo() instead!

#include <stdio.h>
#include <errno.h>
#include <netdb.h>
#include <sys/types.h>
#include <sys/socket.h>
#include <netinet/in.h>
#include <arpa/inet.h>

int main(int argc, char *argv[])

{

}

inti;
struct hostent *he;
struct in_addr **addr_list;

if (argc != 2) {
fprintf(stderr,"usage: ghbn hostname\n");
return 1;

if ((he = gethostbyname(argv[1])) == NULL) { // get the host info

herror("gethostbyname");
return 2;

/] print information about this host:

printf("Official name is: %s\n", he->h_name);

printf(" IP addresses: ");

addr_list = (struct in_addr **)he->h_addr_list;

for(i = 0; addr_list[i] != NULL; i++) {
printf("%s ", inet_ntoa(*addr_list[i]));

}

printf("\n");

return O;

/I THIS HAS BEEN SUPERSEDED
// use getnameinfo() instead!

struct hostent *he;
struct in_addr ipv4addr;
struct in6_addr ipv6addr;

inet_pton(AF_INET, "192.0.2.34", &ipv4addr);
he = gethostbyaddr(&ipv4addr, sizeof ipv4addr, AF_INET);
printf("Host name: %s\n", he->h_name);

inet_pton(AF_INET6, "2001:db8:63b3:1::beef", &ipv6addr);
he = gethostbyaddr(&ipv6addr, sizeof ipv6addr, AF_INET6);
printf("Host name: %s\n", he->h_name);

CHAPTER 9. MAN PAGES
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See Also

getaddrinfo(), getnameinfo(), gethostname(), errno, perror(), strerror(), struct in_addr
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9.8 getnameinfo()

Look up the host name and service name information for a given struct sockaddr.

Synopsis

#include <sys/socket.h>
#include <netdb.h>

int getnameinfo(const struct sockaddr *sa, socklen_t salen,
char *host, size_t hostlen,
char *serv, size_t servlen, int flags);

Description

This function is the opposite of getaddrinfo(), that is, this function takes an already loaded struct sockaddr and does
a name and service name lookup on it. It replaces the old gethostbyaddr() and getservbyport() functions.

You have to pass in a pointer to a struct sockaddr (which in actuality is probably a struct sockaddr_in or struct
sockaddr_in6 that you've cast) in the sa parameter, and the length of that struct in the salen.

The resultant host name and service name will be written to the area pointed to by the host and serv parameters. Of
course, you have to specify the max lengths of these buffers in hostlen and servlen.

Finally, there are several flags you can pass, but here a a couple good ones. NI_NOFQDN will cause the host to only
contain the host name, not the whole domain name. NI_NAMEREQD will cause the function to fail if the name cannot
be found with a DNS lookup (if you don't specify this flag and the name can’t be found, getnameinfo() will put a string
version of the IP address in host instead).

As always, check your local man pages for the full scoop.

Return Value

Returns zero on success, or non-zero on error. If the return value is non-zero, it can be passed to gai_strerror() to get
a human-readable string. See getaddrinfo for more information.
Example

struct sockaddr_in6 sa; // could be IPv4 if you want
char host[1024];
char service[20];

// pretend sa is full of good information about the host and port...
getnameinfo(&sa, sizeof sa, host, sizeof host, service, sizeof service, 0);

1

printf(" host: %s\n", host); // e.g. "www.example.com"
printf("service: %s\n", service); // e.g. "http"

See Also

getaddrinfo(), gethostbyaddr()
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9.9 getpeername()

Return address info about the remote side of the connection

Synopsis
#include <sys/socket.h>

int getpeername(int s, struct sockaddr *addr, socklen_t *len);

Description

Once you have either accept()ed a remote connection, or connect()ed to a server, you now have what is known as a
peer. Your peer is simply the computer you're connected to, identified by an IP address and a port. So...

getpeername() simply returns a struct sockaddr_in filled with information about the machine you're connected to.

Why is it called a “name"? Well, there are a lot of different kinds of sockets, not just Internet Sockets like we're using
in this guide, and so “name” was a nice generic term that covered all cases. In our case, though, the peer's “name”
is it's IP address and port.

Although the function returns the size of the resultant address in len, you must preload len with the size of addr.

Return Value

Returns zero on success, or -1 on error (and errno will be set accordingly).

Example

// assume s is a connected socket

socklen_t len;

struct sockaddr_storage addr;
char ipstr[INET6_ADDRSTRLEN];
int port;

len = sizeof addr;
getpeername(s, (struct sockaddr*)&addr, &len);

/] deal with both IPv4 and IPv6:
if (addr.ss_family == AF_INET) {
struct sockaddr_in *s = (struct sockaddr_in *)&addr;
port = ntohs(s->sin_port);
inet_ntop(AF_INET, &s->sin_addr, ipstr, sizeof ipstr);
}else { // AF_INET6
struct sockaddr_in6 *s = (struct sockaddr_in6 *)&addr;
port = ntohs(s->sin6_port);
inet_ntop(AF_INET6, &s->sin6_addr, ipstr, sizeof ipstr);

printf("Peer IP address: %s\n", ipstr);
printf("Peer port  : %d\n", port);

See Also

gethostname(), gethostbyname(), gethostbyaddr()
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910 errno

Holds the error code for the last system call

Synopsis
#include <errno.h>

int errno;

Description

This is the variable that holds error information for a lot of system calls. If you'll recall, things like socket() and listen()
return -1 on error, and they set the exact value of errno to let you know specifically which error occurred.

The header file errno.h lists a bunch of constant symbolic names for errors, such as EADDRINUSE, EPIPE, ECONNRE-
FUSED, etc. Your local man pages will tell you what codes can be returned as an error, and you can use these at run
time to handle different errors in different ways.

Or, more commonly, you can call perror() or strerror() to get a human-readable version of the error.

One thing to note, for you multithreading enthusiasts, is that on most systems errno is defined in a threadsafe man-
ner. (That is, it's not actually a global variable, but it behaves just like a global variable would in a single-threaded
environment.)

Return Value

The value of the variable is the latest error to have transpired, which might be the code for “success” if the last action
succeeded.

Example

s = socket(PF_INET, SOCK_STREAM, 0);
if (s==-1){
perror("socket"); // or use strerror()

tryagain:
if (select(n, &readfds, NULL, NULL) == -1) {
// an error has occurred!!

// if we were only interrupted, just restart the select() call:
if (errno == EINTR) goto tryagain; // AAAA! goto!!!

// otherwise it's a more serious error:
perror("select");
exit(1);

See Also

perror(), strerror()
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911 fentl()

Control socket descriptors

Synopsis
#include <sys/unistd.h>

#include <sys/fcntl.h>

int fentl(int s, int cmd, long arg);

Description

This function is typically used to do file locking and other file-oriented stuff, but it also has a couple socket-related
functions that you might see or use from time to time.

Parameter s is the socket descriptor you wish to operate on, cmd should be set to F_SETFL, and arg can be one of the
following commands. (Like | said, there's more to fcntl() than I'm letting on here, but I'm trying to stay socket-oriented.)

cmd Description

Set the socket to be non-blocking. See the section on blocking for more details.
O_NONBLOCK

Set the socket to do asynchronous I/0. When data is ready to be recv()'d on the socket, the
O_ASYNC

signal SIGIO will be raised. This is rare to see, and beyond the scope of the guide. And | think
it's only available on certain systems.

Return Value
Returns zero on success, or -1 on error (and errno will be set accordingly).

Different uses of the fcntl() system call actually have different return values, but | haven't covered them here because
they're not socket-related. See your local fcntl() man page for more information.

Example
int s = socket(PF_INET, SOCK_STREAM, 0);

fentl(s, F_SETFL, O_NONBLOCK); // set to non-blocking
fentl(s, F_SETFL, O_ASYNC); // set to asynchronous I/O

See Also

Blocking, send()
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912 htons(), htonl(), ntohs(), ntohl()

Convert multi-byte integer types from host byte order to network byte order

Synopsis
#include <netinet/in.h>

uint32_t htonl(uint32_t hostlong);
uint16_t htons(uint16_t hostshort);
uint32_t ntohl(uint32_t netlong);
uint16_t ntohs(uint16_t netshort);

Description

Just to make you really unhappy, different computers use different byte orderings internally for their multibyte integers
(i.e. any integer that's larger than a char). The upshot of this is that if you send() a two-byte short int from an Intel
box to a Mac (before they became Intel boxes, too, | mean), what one computer thinks is the number 1, the other will
think is the number 256, and vice-versa.

The way to get around this problem is for everyone to put aside their differences and agree that Motorola and IBM
had it right, and Intel did it the weird way, and so we all convert our byte orderings to “big-endian” before sending
them out. Since Intel is a "little-endian” machine, it's far more politically correct to call our preferred byte ordering
"Network Byte Order". So these functions convert from your native byte order to network byte order and back again.

(This means on Intel these functions swap all the bytes around, and on PowerPC they do nothing because the bytes
are already in Network Byte Order. But you should always use them in your code anyway, since someone might want
to build it on an Intel machine and still have things work properly.)

Note that the types involved are 32-bit (4 byte, probably int) and 16-bit (2 byte, very likely short) numbers. 64-bit
machines might have a htonll() for 64-bit ints, but I've not seen it. You'll just have to write your own.

Anyway, the way these functions work is that you first decide if you're converting from host (your machine’s) byte
order or from network byte order. If “host”, the the first letter of the function you're going to call is “h". Otherwise it's
“n" for "network”. The middle of the function name is always “to"” because you're converting from one “to"” another,
and the penultimate letter shows what you're converting to. The last letter is the size of the data, “s" for short, or “I"
for long. Thus:

Function  Description

htons() host to network short

htonl() host to network long
ntohs() network to host short
ntohl() network to host long

Return Value

Each function returns the converted value.

Example

uint32_t some_long = 10;
uint16_t some_short = 20;

uint32_t network_byte_order;
// convert and send

network_byte_order = htonl(some_long);
send(s, &network_byte_order, sizeof(uint32_t), 0);
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1 some_short == ntohs(htons(some_short)); // this expression is true
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9.13 inet_ntoa(), inet_aton(), inet_addr

Convert IP addresses from a dots-and-number string to a struct in_addr and back

Synopsis

#include <sys/socket.h>
#include <netinet/in.h>
#include <arpa/inet.h>

// ALL THESE ARE DEPRECATED! Use inet_pton() or inet_ntop() instead!!
char *inet_ntoa(struct in_addr in);

int inet_aton(const char *cp, struct in_addr *inp);
in_addr_t inet_addr(const char *cp);

Description

These functions are deprecated because they don't handle IPv6! Use (inet_ntop()) [#inet_ntopman] or (inet_pton()) [#inet_ntopman]

instead! They are included here because they can still be found in the wild.

All of these functions convert from a struct in_addr (part of your struct sockaddr_in, most likely) to a string in dots-
and-numbers format (e.g. “192.168.5.10") and vice-versa. If you have an IP address passed on the command line or
something, this is the easiest way to get a struct in_addr to connect() to, or whatever. If you need more power, try
some of the DNS functions like gethostbyname() or attempt a coup d'Etat in your local country.

The function inet_ntoa() converts a network address in a struct in_addr to a dots-and-numbers format string. The
“n"in "ntoa” stands for network, and the “a" stands for ASCII for historical reasons (so it's “Network To ASCII"—the
"toa" suffix has an analogous friend in the C library called atoi() which converts an ASCII string to an integer).

The function inet_aton() is the opposite, converting from a dots-and-numbers string into a in_addr_t (which is the
type of the field s_addr in your struct in_addr).

Finally, the function inet_addr() is an older function that does basically the same thing as inet_aton(). It's theoretically
deprecated, but you'll see it a lot and the police won't come get you if you use it.

Return Value

inet_aton() returns non-zero if the address is a valid one, and it returns zero if the address is invalid.

inet_ntoa() returns the dots-and-numbers string in a static buffer that is overwritten with each call to the function.

inet_addr() returns the address as an in_addr_t, or -1 if there's an error. (That is the same result as if you tried to
convert the string “255.255.255.255" which is a valid IP address. This is why inet_aton() is better.)

Example

struct sockaddr_in antelope;
char *some_addr;

inet_aton("10.0.0.1", &antelope.sin_addr); // store IP in antelope

some_addr = inet_ntoa(antelope.sin_addr); // return the IP
printf("%s\n", some_addr); // prints "10.0.0.1"

// and this call is the same as the inet_aton() call, above:
antelope.sin_addr.s_addr = inet_addr("10.0.0.1");

See Also

inet_ntop(), inet_pton(), gethostbyname(), gethostbyaddr()
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9.14 inet_ntop(), inet_pton()

Convert IP addresses to human-readable form and back.

Synopsis

#include <arpa/inet.h>

const char *inet_ntop(int af, const void *src,
char *dst, socklen_t size);

int inet_pton(int af, const char *src, void *dst);

Description

These functions are for dealing with human-readable IP addresses and converting them to their binary representation
for use with various functions and system calls. The “n" stands for “network”, and “p" for “presentation”. Or “text
presentation”. But you can think of it as “printable”. “ntop” is “network to printable". See?

Sometimes you don't want to look at a pile of binary numbers when looking at an IP address. You want it in a nice
printable form, like 192.0.2.180, or 2001:db8:8714:3a90::12. In that case, inet_ntop() is for you.

inet_ntop() takes the address family in the af parameter (either AF_INET or AF_INET6). The src parameter should be
a pointer to either a struct in_addr or struct in6_addr containing the address you wish to convert to a string. Finally
dst and size are the pointer to the destination string and the maximum length of that string.

What should the maximum length of the dst string be? What is the maximum length for IPv4 and IPv6 addresses?
Fortunately there are a couple of macros to help you out. The maximum lengths are: INET_ADDRSTRLEN and
INET6_ADDRSTRLEN.

Other times, you might have a string containing an IP address in readable form, and you want to pack it into a struct
sockaddr_in or a struct sockaddr_in6. In that case, the opposite function inet_pton() is what you're after.

inet_pton() also takes an address family (either AF_INET or AF_INET®) in the af parameter. The src parameter is a
pointer to a string containing the IP address in printable form. Lastly the dst parameter points to where the result
should be stored, which is probably a struct in_addr or struct in6_addr.

These functions don't do DNS lookups—you'll need getaddrinfo() for that.

Return Value
inet_ntop() returns the dst parameter on success, or NULL on failure (and errno is set).

inet_pton() returns 1 on success. It returns -1if there was an error (errno is set), or O if the input isn't a valid IP address.

Example

/] IPv4 demo of inet_ntop() and inet_pton()

struct sockaddr_in sa;
char str[INET_ADDRSTRLEN];

// store this IP address in sa:
inet_pton(AF_INET, "192.0.2.33", &(sa.sin_addr));

/I now get it back and print it
inet_ntop(AF_INET, &(sa.sin_addr), str, INET_ADDRSTRLEN);

1

printf("%s\n", str); // prints "192.0.2.33"
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// IPv6 demo of inet_ntop() and inet_pton()
// (basically the same except with a bunch of 6s thrown around)

struct sockaddr_in6 sa;
char str[INET6_ADDRSTRLEN];

// store this IP address in sa:
inet_pton(AF_INET6, "2001:db8:8714:3290::12", &(sa.sin6_addr));

/I now get it back and print it
inet_ntop(AF_INET6, &(sa.sin6_addr), str, INET6_ADDRSTRLEN);

printf("%s\n", str); // prints "2001:db8:8714:3a290::12"

/] Helper function you can use:
//Convert a struct sockaddr address to a string, IPv4 and IPv6:

char *get_ip_str(const struct sockaddr *sa, char *s, size_t maxlen)
{
switch(sa->sa_family) {
case AF_INET:
inet_ntop(AF_INET, &(((struct sockaddr_in *)sa)->sin_addr),
s, maxlen);
break;

case AF_INETG6:
inet_ntop(AF_INET6, &(((struct sockaddr_in6 *)sa)->sin6_addr),
s, maxlen);
break;

default:

strnepy(s, "Unknown AF", maxlen);
return NULL;

returns;

See Also

getaddrinfo()

CHAPTER 9.
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915 listen()

Tell a socket to listen for incoming connections
Synopsis
#include <sys/socket.h>

int listen(int s, int backlog);

Description

You can take your socket descriptor (made with the socket() system call) and tell it to listen for incoming connections.
This is what differentiates the servers from the clients, guys.

The backlog parameter can mean a couple different things depending on the system you on, but loosely it is how
many pending connections you can have before the kernel starts rejecting new ones. So as the new connections
come in, you should be quick to accept() them so that the backlog doesn't fill. Try setting it to 10 or so, and if your
clients start getting “Connection refused” under heavy load, set it higher.

Before calling listen(), your server should call bind() to attach itself to a specific port number. That port number (on
the server’s IP address) will be the one that clients connect to.

Return Value

Returns zero on success, or -1 on error (and errno will be set accordingly).

Example

struct addrinfo hints, *res;
int sockfd;

/[ first, load up address structs with getaddrinfo():

memset(&hints, O, sizeof hints);

hints.ai_family = AF_UNSPEC; // use IPv4 or IPv6, whichever
hints.ai_socktype = SOCK_STREAM;

hints.ai_flags = AI_PASSIVE; //fillin my IP for me
getaddrinfo(NULL, "3490", &hints, &res);

// make a socket:

sockfd = socket(res->ai_family, res->ai_socktype, res->ai_protocol);
// bind it to the port we passed in to getaddrinfo():

bind(sockfd, res->ai_addr, res->ai_addrlen);

listen(sockfd, 10); // set s up to be a server (listening) socket

// then have an accept() loop down here somewhere

See Also

accept(), bind(), socket()
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916 perror(), strerror()

Print an error as a human-readable string

Synopsis
#include <stdio.h>

#include <string.h> // for strerror()

void perror(const char *s);
char *strerror(int errnum);

Description

Since so many functions return -1 on error and set the value of the variable errno to be some number, it would sure
be nice if you could easily print that in a form that made sense to you.

Mercifully, perror() does that. If you want more description to be printed before the error, you can point the parameter
s to it (or you can leave s as NULL and nothing additional will be printed).

In a nutshell, this function takes errno values, like ECONNRESET, and prints them nicely, like “Connection reset by
peer.”

The function strerror() is very similar to perror(), except it returns a pointer to the error message string for a given
value (you usually pass in the variable errno).

Return Value

strerror() returns a pointer to the error message string.

Example

ints;
s = socket(PF_INET, SOCK_STREAM, 0);

if (s == -1) {// some error has occurred
/] prints "socket error: " + the error message:
perror("socket error");

// similarly:

if (listen(s, 10) == -1) {
// this prints "an error: " + the error message from errno:
printf("an error: %s\n", strerror(errno));

See Also

errno
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917 poli()

Test for events on multiple sockets simultaneously

Synopsis
#include <sys/poll.h>

int poll(struct pollfd *ufds, unsigned int nfds, int timeout);

Description

This function is very similar to select() in that they both watch sets of file descriptors for events, such as incoming
data ready to recv(), socket ready to send() data to, out-of-band data ready to recv(), errors, etc.

The basic idea is that you pass an array of nfds struct pollfds in ufds, along with a timeout in milliseconds (1000
milliseconds in a second). The timeout can be negative if you want to wait forever. If no event happens on any of the
socket descriptors by the timeout, poll() will return.

Each element in the array of struct pollfds represents one socket descriptor, and contains the following fields:

struct pollfd {
int fd; /] the socket descriptor
short events; // bitmap of events we're interested in
short revents; // when poll() returns, bitmap of events that occurred

L

Before calling poll(), load fd with the socket descriptor (if you set fd to a negative number, this struct pollfd is ignored
and its revents field is set to zero) and then construct the events field by bitwise-ORing the following macros:

Macro Description

POLLIN Alert me when data is ready to recv() on this socket.
POLLOUT  Alert me when | can send() data to this socket without blocking.
POLLPRI Alert me when out-of-band data is ready to recv() on this socket.

Once the poll() call returns, the revents field will be constructed as a bitwise-OR of the above fields, telling you which
descriptors actually have had that event occur. Additionally, these other fields might be present:

Macro Description
POLLERR An error has occurred on this socket.
POLLHUP The remote side of the connection hung up.

POLLNVAL Something was wrong with the socket descriptor fd—maybe it's uninitialized?

Return Value

Returns the number of elements in the ufds array that have had event occur on them; this can be zero if the timeout
occurred. Also returns -1 on error (and errno will be set accordingly).

Example

int s1, s2;

intrv;

char buf1[256], buf2[256];
struct pollfd ufds[2];

s1 = socket(PF_INET, SOCK_STREAM, 0);
s2 = socket(PF_INET, SOCK_STREAM, 0);
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// pretend we've connected both to a server at this point
//connect(sT, ...)...
//connect(s2, ...)...

/] set up the array of file descriptors.

/1

// in this example, we want to know when there's normal or out-of-band
// data ready to be recv()'d...

ufds[0].fd = s1;
ufds[0].events = POLLIN | POLLPRI; // check for normal or out-of-band

ufds[1].fd = s2;
ufds[1].events = POLLIN; // check for just normal data

/] wait for events on the sockets, 3.5 second timeout
rv = poll(ufds, 2, 3500);

if (rv==-1){
perror("poll"); // error occurred in poll()
}elseif (rv == 0) {
printf("Timeout occurred! No data after 3.5 seconds.\n");
}else {
/] check for events on s1:
if (ufds[0].revents & POLLIN) {
recv(s1, buf1, sizeof buf1, 0); // receive normal data
}
if (ufds[0].revents & POLLPRI) {
recv(s1, buf1, sizeof buf1, MSG_OOB); // out-of-band data

// check for events on s2:
if (ufds[1].revents & POLLIN) {
recv(s1, buf2, sizeof buf2, 0);

See Also

select()

MAN PAGES
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918 recv(), recvfrom()

Receive data on a socket

Synopsis

#include <sys/types.h>
#include <sys/socket.h>

ssize_t recv(int s, void *buf, size_t len, int flags);
ssize_t recvfrom(int s, void *buf, size_t len, int flags,
struct sockaddr *from, socklen_t *fromlen);

Description

Once you have a socket up and connected, you can read incoming data from the remote side using the recv() (for
TCP SOCK_STREAM sockets) and recvfrom() (for UDP SOCK_DGRAM sockets).

Both functions take the socket descriptor s, a pointer to the buffer buf, the size (in bytes) of the buffer len, and a set
of flags that control how the functions work.

Additionally, the recvfrom() takes a struct sockaddr*, from that will tell you where the data came from, and will fill in
fromlen with the size of struct sockaddr. (You must also initialize fromlen to be the size of from or struct sockaddr.)

So what wondrous flags can you pass into this function? Here are some of them, but you should check your local
man pages for more information and what is actually supported on your system. You bitwise-or these together, or
just set flags to O if you want it to be a regular vanilla recv().

Macro Description
Receive Out of Band data. This is how to get data that has been sent to you with the
MSG_00B MSG_OOB flag in send(). As the receiving side, you will have had signal SIGURG raised telling
you there is urgent data. In your handler for that signal, you could call recv() with this
MSG_OOB flag.
If you want to call recv() “just for pretend”, you can call it with this flag. This will tell you what's
MSG_PEEK waiting in the buffer for when you call recv() “for real” (i.e. without the MSG_PEEK flag. It's like
a sneak preview into the next recv() call.
Tell recv() to not return until all the data you specified in the len parameter. It will ignore your
MSG_WAITALL

wishes in extreme circumstances, however, like if a signal interrupts the call or if some error
occurs or if the remote side closes the connection, etc. Don’t be mad with it.

When you call recv(), it will block until there is some data to read. If you want to not block, set the socket to non-
blocking or check with select() or poll() to see if there is incoming data before calling recv() or recvfrom().

Return Value

Returns the number of bytes actually received (which might be less than you requested in the len parameter), or -1
on error (and errno will be set accordingly).

If the remote side has closed the connection, recv() will return 0. This is the normal method for determining if the
remote side has closed the connection. Normality is good, rebel!
Example

// stream sockets and recv()

struct addrinfo hints, *res;
int sockfd;
char buf[512];
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int byte_count;

/I get host info, make socket, and connect it

memset(&hints, O, sizeof hints);

hints.ai_family = AF_UNSPEC; // use IPv4 or IPv6, whichever
hints.ai_socktype = SOCK_STREAM,;
getaddrinfo("www.example.com”, "3490", &hints, &res);

sockfd = socket(res->ai_family, res->ai_socktype, res->ai_protocol);
connect(sockfd, res->ai_addr, res->ai_addrlen);

// all right! now that we're connected, we can receive some data!
byte_count = recv(sockfd, buf, sizeof buf, 0):
printf("recv()'d %d bytes of data in buf\n", byte_count);

// datagram sockets and recvfrom()

struct addrinfo hints, *res;

int sockfd;

int byte_count;

socklen_t fromlen;

struct sockaddr_storage addr;
char buf[512];

char ipstr[INET6_ADDRSTRLEN];

// get host info, make socket, bind it to port 4950

memset(&hints, O, sizeof hints);

hints.ai_family = AF_UNSPEC; // use IPv4 or IPv6, whichever
hints.ai_socktype = SOCK_DGRAM;

hints.ai_flags = AI_PASSIVE;

getaddrinfo(NULL, "4950", &hints, &res);

sockfd = socket(res->ai_family, res->ai_socktype, res->ai_protocol);
bind(sockfd, res->ai_addr, res->ai_addrlen);

// no need to accept(), just recvfrom():

fromlen = sizeof addr;
byte_count = recvfrom(sockfd, buf, sizeof buf, 0, &addr, &romlen);

printf("recv()'d %d bytes of data in buf\n", byte_count);
printf("from IP address %s\n",
inet_ntop(addr.ss_family,
addr.ss_family == AF_INET?
((struct sockadd_in *)&addr)->sin_addr:
((struct sockadd_in6 *)&addr)->sin6_addr,
ipstr, sizeof ipstr);

See Also

send(), sendto(), select(), poll(), Blocking

CHAPTER 9.
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9.19 select()

Check if sockets descriptors are ready to read/write

Synopsis
#include <sys/select.h>

int select(int n, fd_set *readfds, fd_set *writefds, fd_set *exceptfds,
struct timeval *timeout);

FD_SET(int fd, fd_set *set);
FD_CLR(int fd, fd_set *set);
FD_ISSET(int fd, fd_set *set);
FD_ZERO(fd_set *set);

Description

The select() function gives you a way to simultaneously check multiple sockets to see if they have data waiting to be
recv()d, or if you can send() data to them without blocking, or if some exception has occurred.

You populate your sets of socket descriptors using the macros, like FD_SET(), above. Once you have the set, you
pass it into the function as one of the following parameters: readfds if you want to know when any of the sockets in
the set is ready to recv() data, writefds if any of the sockets is ready to send() data to, and/or exceptfds if you need
to know when an exception (error) occurs on any of the sockets. Any or all of these parameters can be NULL if you're
not interested in those types of events. After select() returns, the values in the sets will be changed to show which
are ready for reading or writing, and which have exceptions.

The first parameter, n is the highest-numbered socket descriptor (they're just ints, remember?) plus one.

Lastly, the struct timeval, timeout, at the end—this lets you tell select() how long to check these sets for. It'll return
after the timeout, or when an event occurs, whichever is first. The struct timeval has two fields: tv_sec is the number
of seconds, to which is added tv_usec, the number of microseconds (1,000,000 microseconds in a second).

The helper macros do the following:

Macro Description

FD_SET(int fd, fd_set *set); Add fd to the set.

FD_CLR(int fd, fd_set *set); Remove fd from the set.
FD_ISSET(int fd, fd_set *set);  Return true if fd is in the set.
FD_ZERO(fd_set *set); Clear all entries from the set.

Note for Linux users: Linux's select() can return “ready-to-read” and then not actually be ready to read, thus causing
the subsequent read() call to block. You can work around this bug by setting O_NONBLOCK flag on the receiving
socket so it errors with EWOULDBLOCK, then ignoring this error if it occurs. See the fcntl() man page for more info
on setting a socket to non-blocking.

Return Value

Returns the number of descriptors in the set on success, 0 if the timeout was reached, or -1 on error (and errno will
be set accordingly). Also, the sets are modified to show which sockets are ready.

Example

ints1,s2, n;

fd_set readfds;

struct timeval tv;

char buf1[256], buf2[256];
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// pretend we've connected both to a server at this point
//s1 = socket(...);

//s2 = socket(...);

/Iconnect(sT, ...)...

//connect(s2, ...)...

// clear the set ahead of time
FD_ZERO(&readfds);

// add our descriptors to the set
FD_SET(s1, &readfds);
FD_SET(s2, &readfds);

// since we got s2 second, it's the "greater", so we use that for
/] the n param in select()
n=s2+1;

// wait until either socket has data ready to be recv()d (timeout 10.5 secs)
tv.tv_sec = 10;

tv.tv_usec = 500000;

rv = select(n, &readfds, NULL, NULL, &tv);

if (rv=="-1){
perror("select"); // error occurred in select()
}elseif (rv == 0) {
printf("Timeout occurred! No data after 10.5 seconds.\n");
}else {
// one or both of the descriptors have data
if (FD_ISSET(s1, &readfds)) {
recv(s1, buf1, sizeof buf1, 0);
}
if (FD_ISSET(s2, &readfds)) {
recv(s2, buf2, sizeof buf2, 0);

See Also

poll()
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9.20 setsockopt(), getsockopt()

Set various options for a socket

Synopsis

#include <sys/types.h>
#include <sys/socket.h>

int getsockopt(int s, int level, int optname, void *optval,
socklen_t *optlen);

int setsockopt(int s, int level, int optname, const void *optval,
socklen_t optlen);

Description

Sockets are fairly configurable beasts. In fact, they are so configurable, I'm not even going to cover it all here. It's
probably system-dependent anyway. But | will talk about the basics.

Obviously, these functions get and set certain options on a socket. On a Linux box, all the socket information is in the
man page for socket in section 7. (Type: “man 7 socket” to get all these goodies.)

As for parameters, s is the socket you're talking about, level should be set to SOL_SOCKET. Then you set the optname
to the name you're interested in. Again, see your man page for all the options, but here are some of the most fun
ones:

optname Description

Bind this socket to a symbolic device name like eth0 instead of using bind() to bind it to an
SO_BINDTODEVICE b aqgress. Type the command ifconfig under Unix to see the device names.
Allows other sockets to bind() to this port, unless there is an active listening socket bound
to the port already. This enables you to get around those “Address already in use"” error
messages when you try to restart your server after a crash.
Allows UDP datagram (SOCK_DGRAM) sockets to send and receive packets sent to and
from the broadcast address. Does nothing—NOTHING!'—to TCP stream sockets! Hahaha!

SO_REUSEADDR

SOCK_DGRAM

As for the parameter optval, it's usually a pointer to an int indicating the value in question. For booleans, zero is false,
and non-zero is true. And that's an absolute fact, unless it's different on your system. If there is no parameter to be
passed, optval can be NULL.

The final parameter, optlen, should be set to the length of optval, probably sizeof(int), but varies depending on the
option. Note that in the case of getsockopt(), this is a pointer to a socklen_t, and it specifies the maximum size object
that will be stored in optval (to prevent buffer overflows). And getsockopt() will modify the value of optlen to reflect
the number of bytes actually set.

Warning: on some systems (notably Sun and Windows), the option can be a char instead of an int, and is set to, for
example, a character value of "1' instead of an int value of 1. Again, check your own man pages for more info with
“man setsockopt” and “man 7 socket"!

Return Value

Returns zero on success, or -1 on error (and errno will be set accordingly).

Example

int optval;
int optlen;
char *optval2;
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// set SO_REUSEADDR on a socket to true (1):
optval = 1;
setsockopt(s1, SOL_SOCKET, SO_REUSEADDR, &optval, sizeof optval);

/] bind a socket to a device name (might not work on all systems):
optval2 = "eth1"; /| 4 bytes long, so 4, below:
setsockopt(s2, SOL_SOCKET, SO_BINDTODEVICE, optval2, 4);

/] see if the SO_BROADCAST flag is set:
getsockopt(s3, SOL_SOCKET, SO_BROADCAST, &optval, &optlen);
if (optval != 0) {
print("SO_BROADCAST enabled on s3\n");
}

See Also

fentl()
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9.21 send(), sendto()

Send data out over a socket

Synopsis

#include <sys/types.h>
#include <sys/socket.h>

ssize_t send(int s, const void *buf, size_t len, int flags);
ssize_t sendto(int s, const void *buf, size_t len,

int flags, const struct sockaddr *to,

socklen_t tolen);

Description

These functions send data to a socket. Generally speaking, send() is used for TCP SOCK_STREAM connected sockets,
and sendto() is used for UDP SOCK_DGRAM unconnected datagram sockets. With the unconnected sockets, you
must specify the destination of a packet each time you send one, and that's why the last parameters of sendto()
define where the packet is going.

With both send() and sendto(), the parameter s is the socket, buf is a pointer to the data you want to send, len is the
number of bytes you want to send, and flags allows you to specify more information about how the data is to be sent.
Set flags to zero if you want it to be “normal” data. Here are some of the commonly used flags, but check your local
send() man pages for more details:

Macro Description

Send as "out of band"” data. TCP supports this, and it's a way to tell the receiving system that this
data has a higher priority than the normal data. The receiver will receive the signal SIGURG and it
can then receive this data without first receiving all the rest of the normal data in the queue.

Don't send this data over a router, just keep it local.
MSG_DONTROUTE

If send() would block because outbound traffic is clogged, have it return EAGAIN. This is like a
MSG_DONTWAl 5pje non-blocking just for this send.” See the section on blocking for more details.

If you send() to a remote host which is no longer recv()ing, you'll typically get the signal SIGPIPE.
MSG-NOS|GN%ding this flag prevents that signal from being raised.

MSG_OOB

Return Value

Returns the number of bytes actually sent, or -1 on error (and errno will be set accordingly). Note that the number of
bytes actually sent might be less than the number you asked it to send! See the section on handling partial send()s
for a helper function to get around this.

Also, if the socket has been closed by either side, the process calling send() will get the signal SIGPIPE. (Unless send()
was called with the MSG_NOSIGNAL flag.)

Example

int spatula_count = 3490;
char *secret_message = "The Cheese is in The Toaster";

int stream_socket, dgram_socket;
struct sockaddr_in dest;
int temp;

// first with TCP stream sockets:

/] assume sockets are made and connected



120

//stream_socket = sockety...
//connect(stream_socket, ...

// convert to network byte order

temp = htonl(spatula_count);

// send data normally:

send(stream_socket, &temp, sizeof temp, 0);

// send secret message out of band:
send(stream_socket, secret_message, strlen(secret_message)+1, MSG_OOB);

// now with UDP datagram sockets:

//getaddrinfo(...

//dest = ... /[ assume "dest" holds the address of the destination
//dgram_socket = socket(...

// send secret message normally:
sendto(dgram_socket, secret_message, strlen(secret_message)+1, O,
(struct sockaddr*)&dest, sizeof dest);

See Also

recv(), recvfrom()

CHAPTER 9. MAN PAGES
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9.22 shutdown()

Stop further sends and receives on a socket

Synopsis
#include <sys/socket.h>

int shutdown(int s, int how);

Description

That's it! I've had it! No more send()s are allowed on this socket, but | still want to recv() data on it! Or vice-versa!
How can | do this?

When you close() a socket descriptor, it closes both sides of the socket for reading and writing, and frees the socket
descriptor. If you just want to close one side or the other, you can use this shutdown() call.

As for parameters, sis obviously the socket you want to perform this action on, and what action that is can be specified
with the how parameter. how can be SHUT_RD to prevent further recv()s, SHUT_WR to prohibit further send()s, or
SHUT_RDWR to do both.

Note that shutdown() doesn't free up the socket descriptor, so you still have to eventually close() the socket even if
it has been fully shut down.

This is a rarely used system call.

Return Value

Returns zero on success, or -1 on error (and errno will be set accordingly).

Example

int s = socket(PF_INET, SOCK_STREAM, 0);
// ...do some send()s and stuff in here...

/] and now that we're done, don't allow any more sends()s:
shutdown(s, SHUT_WR);

See Also

close()



122 CHAPTER 9. MAN PAGES

9.23 socket()

Allocate a socket descriptor

Synopsis

#include <sys/types.h>
#include <sys/socket.h>

int socket(int domain, int type, int protocol);

Description

Returns a new socket descriptor that you can use to do sockety things with. This is generally the first call in the
whopping process of writing a socket program, and you can use the result for subsequent calls to listen(), bind(),
accept(), or a variety of other functions.

In usual usage, you get the values for these parameters from a call to getaddrinfo(), as shown in the example below.
But you can fill them in by hand if you really want to.

Paraniddscription

domaitomain describes what kind of socket you're interested in. This can, believe me, be a wide variety of
things, but since this is a socket guide, it's going to be PF_INET for IPv4, and PF_INET®6 for IPv6.

type Also, the type parameter can be a number of things, but you'll probably be setting it to either
SOCK_STREAM for reliable TCP sockets (send(), recv()) or SOCK_DGRAM for unreliable fast UDP sockets
(sendto(), recvfrom()). (Another interesting socket type is SOCK_RAW which can be used to construct
packets by hand. It's pretty cool.)

proto&ahally, the protocol parameter tells which protocol to use with a certain socket type. Like I've already said,
for instance, SOCK_STREAM uses TCP. Fortunately for you, when using SOCK_STREAM or SOCK_DGRAM,
you can just set the protocol to 0, and it'll use the proper protocol automatically. Otherwise, you can use
getprotobyname() to look up the proper protocol number.

Return Value

The new socket descriptor to be used in subsequent calls, or -1 on error (and errno will be set accordingly).

Example

struct addrinfo hints, *res;
int sockfd;

// first, load up address structs with getaddrinfo():

memset(&hints, O, sizeof hints);

hints.ai_family = AF_UNSPEC; // AF_INET, AF_INET6, or AF_UNSPEC
hints.ai_socktype = SOCK_STREAM; // SOCK_STREAM or SOCK_DGRAM

getaddrinfo("www.example.com”, "3490", &hints, &res);

// make a socket using the information gleaned from getaddrinfo():
sockfd = socket(res->ai_family, res->ai_socktype, res->ai_protocol);

See Also

accept(), bind(), getaddrinfo(), listen()



9.24. STRUCT SOCKADDR AND PALS

9.24 struct sockaddr and pals

Structures for handling internet addresses

Synopsis

#include <netinet/in.h>

// All pointers to socket address structures are often cast to pointers

// to this type before use in various functions and system calls:

struct sockaddr {
unsigned short sa_family; //address family, AF_xxx
char sa_data[14]; // 14 bytes of protocol address
h

// IPv4 AF_INET sockets:

struct sockaddr_in {
short sin_family; //e.g. AF_INET, AF_INET6
unsigned short sin_port; //e.g. htons(3490)
struct in_addr sin_addr; // see structin_addr, below
char sin_zero[8]; // zero this if you want to

h

struct in_addr {
unsigned long s_addr; // load with inet_pton()

h

/I 1Pv6 AF_INET6 sockets:

struct sockaddr_in6 {
u_int16_t  sin6_family; // address family, AF_INET6
u_int16_t  sin6_port; // port number, Network Byte Order
u_int32_t  sin6_flowinfo; // IPv6 flow information
struct in6_addr sin6_addr; // IPv6 address
u_int32_t  sin6_scope_id; // Scope ID

h

struct in6_addr {
unsigned char s6_addr[16]; //load with inet_pton()

h

// General socket address holding structure, big enough to hold either

// struct sockaddr_in or struct sockaddr_in6 data:

struct sockaddr_storage {
sa_family_t ss_family; // address family

// all this is padding, implementation specific, ignore it:
char  _ss_pad1[_SS_PAD1SIZE];
int64_t __ss_align;
char  _ss_pad2[_SS_PAD2SIZE];
h
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Description

These are the basic structures for all syscalls and functions that deal with internet addresses. Often you'll use
getaddrinfo() to fill these structures out, and then will read them when you have to.

In memory, the struct sockaddr_in and struct sockaddr_in6 share the same beginning structure as struct sockaddr,
and you can freely cast the pointer of one type to the other without any harm, except the possible end of the universe.

Just kidding on that end-of-the-universe thing...if the universe does end when you cast a struct sockaddr_in* to a
struct sockaddr*, | promise you it's pure coincidence and you shouldn’t even worry about it.

So, with that in mind, remember that whenever a function says it takes a struct sockaddr* you can cast your struct
sockaddr_in*, struct sockaddr_in6*, or struct sockadd_storage* to that type with ease and safety.

struct sockaddr_in is the structure used with IPv4 addresses (e.g. “192.0.2.10"). It holds an address family (AF_INET),
a port in sin_port, and an IPv4 address in sin_addr.

There's also this sin_zero field in struct sockaddr_in which some people claim must be set to zero. Other people don't
claim anything about it (the Linux documentation doesn’t even mention it at all), and setting it to zero doesn't seem
to be actually necessary. So, if you feel like it, set it to zero using memset().

Now, that struct in_addr is a weird beast on different systems. Sometimes it's a crazy union with all kinds of #defines
and other nonsense. But what you should do is only use the s_addr field in this structure, because many systems
only implement that one.

struct sockadd_in6 and struct in6_addr are very similar, except they're used for IPv6.

struct sockaddr_storage is a struct you can pass to accept() or recvfrom() when you're trying to write IP version-
agnostic code and you don't know if the new address is going to be IPv4 or IPv6. The struct sockaddr_storage
structure is large enough to hold both types, unlike the original small struct sockaddr.

Example

// 1Pv4:

struct sockaddr_in ip4addr;
ints;

ip4addr.sin_family = AF_INET;
ip4addr.sin_port = htons(3490);
inet_pton(AF_INET, "10.0.0.1", &ip4addr.sin_addr);

s = socket(PF_INET, SOCK_STREAM, 0):
bind(s, (struct sockaddr*)&ip4addr, sizeof ip4addr);

/] 1PV6:

struct sockaddr_in6 ip6addr;
ints;

ip6addr.sin6_family = AF_INET6;
ip6addr.sin6_port = htons(4950);
inet_pton(AF_INET6, "2001:db8:8714:3290::12", &ip6addr.sin6_addr);

1

s = socket(PF_INET6, SOCK_STREAM, 0);
bind(s, (struct sockaddr*)&ip6addr, sizeof ip6addr);

See Also

accept(), bind(), connect(), inet_aton(), inet_ntoa()
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