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char yes="1";
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#include <winsock2.h>
#include <ws2tcpip.h>
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SHSHAIE of2{20| windows.hE QZER=8HH 1710| X522 M 121 221l winsock.h £ B0{211 winsock2.het ZE2
ozl HALICEH ML UK.

J2{2 2 2tk windows.hE QIEFEdlof $HCHH 1240 22fE §CE EetstX| = F ofzio| tHa=2E Ho|s{of BL|Ct.
#define WIN32_LEAN_AND_MEAN // O|& A HoN|R.

#include <windows.h> // OH| 0|71 Q2R = ElL|Ct.
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#include <winsock2.h>

WSADATA wsaData;

Thttps://www.linux.com/

https://bsd.org/
Shttps://learn.microsoft.com/en-us/windows/wsl/
4https://cygwin.com/


https://www.linux.com/
https://bsd.org/
https://learn.microsoft.com/en-us/windows/wsl/
https://cygwin.com/

CHAPTER 1. =& 7

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");
WSACIeanup();
exit(2);

}
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(Translator’s Note : This section has not been translated to keep it's legal information) (&%} & : 0| &
HESL| Il HASIK| ptASLICE)

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, fitness 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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B0I5 0J212 elefilel Eatsiol BR0) uls) A RAE HOR ERfISLICk C B HERAE WA 25D 2%
AZYAL 0[0] Tt AZIEIIOL| B2 HE YSLICE O 4213 EPHEL| 2IhA BOILE 16, 247HO] HIE  ofLiat golo] HIES
o |‘*:'§ £ = U= SHo| HRMSLICH (0l S0 255.255.255.252 #2 UlOIAIE 30H|EQ| HEY3 F&21} 2H|EQ)
SAE(4He] SAE)S sl2tet Bavt AABLICE) (A0LAIE IRILE of2] JHol HIE 1 S0 SRt of2f el BIE oY
7|oistHL.)

J2{Lt 255192.0.0Z2 7| 2XES UllotAIz M A2 SHAUSUCE K HMZ AHS0| 27/0| 2240] R H|IEQIX| &7|7t
[=1

AN
JEUD FHMZ HF ZASLICE M MZ2 20| STHD FN SASLIC IP =2 F o tII:L( X &AM EE )2
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MO U EQIZ HIES #E T2 N AYLICH olAl= O|F&LICH 192.0.2.12/30

IPv6S fIshA= OIEA & ARILICE 2001:db8::/32 = 2001:db8:5413:4028::9db9/64

AES HENI ZHM STAE O TAE H& AE(TCP and UDP)zt 22|l Q1L AIE (IP)O]
Ch CtZ 2Ete2 717| Tof ot 1 O #HEMNE Z&LCH

=) IPFA ZE TCP (stream sockets)2t UDP (datagram sockets)= 9
b Z LI 0|2 16H|E £XI0|H HAS 2let 2 FAZE2 AYULICH

22 2 4 ABLICH OIS B2 ZE
P R4S SHo| E20 FART M2SHD, EE WSS @ HS2tD M2HSHHIR. 0|22 1) SRS HIQLLICE OfHD LIZO| XS}
Aint 22T C2 HIRE H2Y 4 USKIE D2ABLICL

O42{:=20| O|H| Y =40t MBI AE K25tz ARE S 71K 2 ATHD SHFAICE StLte| IPFAZ OfEAH O F LS RS £ ASTNK?

Qo] MZ CIE MH[ASR MEZE LCIE "H X" ZIEHSE LiCh F¥| 222 st IANA ZE 223 £
O{20| FLA EX|E AHESHACHH /etc/serV|cesllk°'01IM = 3 AELICE HTTP (i.)E 80 TEE AE3t1, telnet2 23HE
L

SMTPL 255 11 729l DOOM* £ 666% (R 5 : S2 XS] ofutet i g Aioln], 6662 7IS oA ottte] 2712
efX YSLich EES ABHASLICE 102421 Ofehe] BEL £8) S3t 1O 50|, ALBSH| A HE 2K/ S0l
=QBhct,

EE H20| cHefAls OFES SIALIC

3.2 HOIE =M
20| WO, Yoz "YE2|"e "2 2 BH"Ql £ JHo| HIO|E &7} Qg ZlLICH

SHYLICE. a8t 3t 20| CHE ZEL | EELUC )

AR O|240] CsH =t Aot e w2 QIS LICE J2{L 652 B BABLIC of2{2e] AFEI= Fl0IA BlO|ESS of2i 20| M2tots
2} BICHE| = £ME AT UUS 4= USLIC OfF= O[22 %2

0|2 o2 201 &2{1 HOJSX| iRt AULITh

2% A2 AU HA2] ZE MES0| b34fE2 167! 2HI0|E =5 EHSIIX} o I b30| A0l 211 4f0] Fof 2= ALE
HIO|E 2 MZEsH= Zi0fl ChH| 2 S2UFMCH= AFMQILICE 0|42 o] &|7|= 3111, Wilford Brimley® 2t3 0|240i| CHatiAf “OHE 3] sHof
o grojat g ALCt 2 Z0| ol XE == 0] YAS Big-Endian(2IAC| )02t BHL|CH,

CHEFAAIZ M MA| o|2XXRof| 2017 Y& HFEE, J2{Li7t Q12 52 Q1Y S T2 HA HEHES HIO|EES it &A
XEELICE J2iM b34fz 4fFI0 b30| U= =X HIO|ESE MAELICE. 0|2 XEHE Little-Endian(2lE 2IC|)0l2t
giLich

R H

-

OFx| 801 t410] £3 HYBLICH S B0l 5 Cf A0 KoL HIQIC|of LIE SIS HH0|E 2A (Network Byte Order)2tnz
BILICE WIESIT0IA D217 1| HiO|ES H&sh| H2elLict.

o{2{29| HHEEE= XS SAE HIO|E #X(Host Byte Order)2 XMZEL|CE QI 80x860(2tH 1742 2|EMC|AILICE
DEE2} 68k2IH TAE HIO|E @A HAC|AALICE PowerPC2IH SAE HIOE AME.. Agof mat CHELICH
4IH 22| M0|i= x86-64 ZZMMS2 2|E QlCI0|0Y, 0|2 =3| M0|= ARMEZ MM} O EAE|E 52| ARMEH
gLt 2|S/HlACiet of ol 2tA| 2{o] Bt HIOIE LjolM= f2H MSBZH 2ol RCh= A= 7[sHof SLict. &
Ho| HEEE9 SAE HIO|E QO7} L|E3 HIO|E Qr{9} CHEL|CE)

o

2 UEHLI AZ RS MelE = B2 Z20 6222 ¢2{22| 2HI0|E = 4H[0|E ALS0| HEQII HIO|E =M 2 &H4l3|
SHOFZIL|CE. SIX|ZH MA| SAE HIO|E &=ME ZELHH OEH 0| AUS & 4= ASWK?

[CH O AE HIOIE M7t 5 SR 716k, RS HIERS HIO|E &M 2 MEBSH= 4ol 22AMR. 2
tCHH Opgol Hetabg s XMelsta, o229l == MZ CHE HI0|E Y& A4S 71 717 Mojof|M 2etdE 7+

O{2{20| Hete £ = Xtoll= T 7HK| SR 7L USLICE short(2HIO|E) 2t long(4HI0|E) IL|CE. loilM T3t He2|gt+EL2 B
Sle SRz MY 2 QBLI|CH SAE HIO|E M2 7|2 shortS HIES3 HIO|E &M 2 HEFstD ACHH, “host”9| "h"2
AIZFSED “t0"E 0| A M1 “network”2| “n"S X1 “short"2| "s"E HMOM|R. Ct £0|H htons()0| EL|Ct. (%".: & : Host to
Network Short)

3https://www.iana.org/assignments/port—numbers
4https://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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HE XL,
“nUIL R Yst 1ro] BE KBS YSH=CiE & 4 QALICH HUR HHEZS Zi0k X|Qlsta LILICE o] S0f stolh() 22L|7t
“Short to Long Host"= I&LICt CHAl 0| ZS0| USLICEH

htons()  host to network short
) host to network long

ntohs()  network to host short
) network to host long

ZHES| SIAMHE X7t S Bt LE7EY| Ho| HIEQIS HIO|E &M 2 HErsHof 5t M0l M S012 Mol ZAE HIOIE &=MZ2
|

64H|E ZF0i| thsii M= M= & ZELICE 22|10 ghof SEAHo|| thet A2

— A

rﬂQ

SHAICHH BHEH ool A= Xt BE BESHIAR.

ee| LSHX| b= 0|4 O] EMQ XIS 2 SAE HIO|E &AMEt MASHAIR.

3.3 structs

apEILy of 2| 7Ex

| 2AEL IEP T2 Yol chaliA 2 XRHLIT O FojlA= 220 QIEfHO| AT AFESH= THefet HIO|E] &40
oS =& 20| 2 & t

8 -iﬂl'i Q-iEdaL_l

w~

T2 A RE ARBIASLICE 220 AERIYLICE A2 HHX = Of2Hol ALY

' HWHS intLCh

07| M EE] O 4HFLICE X2t e &= H1 MEtHM K.

x4 DENE

Lol R W PEM™—struct addrinfo. O] TZA= Lt £[22] YHFRULICE 0|22 0|F2| AHES I3 47
A2 OIAIE EAIH OfsH7t

ZH|[3t7| 2ol AFZELICE. ESH SAE 0|F RIILE MH|A 0|F 7| ol AFBE U LS| &X|
CIZX XZ2 HES US O U XZ SESHE US 5 Sttt LoLEM Q.

[

struct addrinfo {

int ai_flags; // AI_LPASSIVE, ALCANONNAME S.
int ai_family; // AF_INET, AF_INET6, AF_UNSPEC
int ai_socktype; // SOCK_STREAM, SOCK_DGRAM
int ai_protocol; // "O|X|H"E IsiA 02 M AHR

size_t ai_addrlen; // ai_addr2| HIO|E £t 37|

struct sockaddr *ai_addr;  // sockaddr_in &= _in6 &
char *ai_canonname; // &%t HHStEl SAEOQ|E

struct addrinfo *ai_next;  // linked list, next node
2

of TEHof LhgS =3 H9)
TEHO| YAE BAES vzt

=

[/in

2 20il getaddrinfo() & =EE AYLICE. 0] F4= OR{Z0H 2ot 2E A
F AL

2 x9E, of

of
fuin

Il

ai_family2E0llM IPv4Lt IPve2 ZAIe 4= U1 F910|= H2RICHH AF_UNSPEC 22 & & JA&LIC 0|AH2 02|29l ZETt
IPHTIO| RYSHX=F siF= E2 7ISYLICH

0|7{0] A3 E Z|AE/UZS 7|ABHM|R: ai_next= CHE R4S 7I2|ZLIC 021=0] 1E = A= of2{ JHe| 2t Sots &= Att=
oO|YLICt MatH £ = = R Hn A2 MASLHCE D2{LE 6222 CHE H|ZLA QFAIYO0| JASXE ZELICE XM ¥ £+
oL olol| |_||:|.
BAC = H

struct addrinfo@t2| ai_addroO| struct sockaddr O CHet ZOIE{RUS HAl 4= QUIELICE O7|MEE] IP T4 AZAHQ| LHEE ATHE
ol X| X 231X 7| AlZtSH= ZULICE

G222 THHZ o PEMSH M7| ZPS o Lol S AYLICL  CiHZ o=E2 struct addrinfo2 *HL7| LISHA
getaddrinfo()& =&3h= 20| o{2{20| siof & & f. J32ILt 3 QoM 2EE THLHR7| fIBiME 1 ek SOChetorat
StEZ O|H|FE 2HSUELICY.

3
1_6
ra
Hr
2
r

n
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(struct addrinfo7t 2EE|7| Ho| FENME ZE FEE 202 X/ Eofof YELITE X HE opdol= Fets| O S ot
IPvATEE Ol 24 4= AFLICE O] etiMe| 2:E HEE '°E.3J 02 2ol LITE)

HY struct= IPv480|1, OffH 212 IPvEE0|H O 22 A% R0 Lt |7t FARUX| = HO{FZUELICE

O®E struct sockaddr2 0{2] 72| A7

2]
mjo
—o
ot
b

>

struct sockaddr {
unsigned short sa_family; // &4 AIE, AF_xxx
char sa_data[14]; // 14 HIO|EQ| Z2EZE =4

h

sa_family= % 7HX| AE & SiL7E & 4= A=, 22|17t 0] 2M0i|M SH= 2 Lof| sl A= AF_INET (IPv4) O|Lt AF_INET6
(IPvB)7t & ALt sa_data= £7E 2ot SXK| F40k LE HS Tt HA JAFLICEL O|H0f FAE 2 Ho{E= Y2 X|Fot
SHLIC

struct sockaddrE &TH5H| 2[3iA ZEIMSE2 IPv4E ITF HEHQI =Ml struct sockaddr_in (“Internet”?| "in")&

2EASLICE.

Rt g

12|11 0]Z0| Z23t BEQULICE struct sockaddr_in0f| CHEt ZRIE= struct sockaddrof| CHEE ZOIE{Z
HiCH = 7bsELICE 320M connect()7t struct sockaddr*S ISHHZEE struct sockaddr_inS AFEE 4= QL
SHH E[= HAL|CH

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

struct sockaddr_in {

short int sin_family; // & A€, AF_INET

unsigned short int sin_port; // ZE Hs

structin_addr sin_addr; // QIE{4ll =&

unsigned char  sin_zero[8]; // sockaddr XXt 22 27|
2

O] PEM= A% FAO| QASS &Xdt= S & ol BLICL sin_zero (struct sockaddrzt Z0|E 37| 2lshA HCHZ
Z)2 memset()2 0|B8HM 022 HHE|0{of &2 7|AHstMR. L3t sin_family2 struct sockaddre| sa_familyol CHSE|H
"AF_INET"Q2 MNE|0{of BE 7|2fstM|R. QXL R sin_port2 SHEA| HIES|T HIO|E &M 2 7|ZsHiof &2 7|AstMIR.(
htons()& MoFtCH= oo ]L|ct)

O ZA D S0{7HZAICE structin_addrofl= sin_addrE2 =7t UELICH XMZ0] RALUNR? XL A 2HEE He= Xt M A2
XS4 UAAH 71 FM2 SEH| (FAL F : otte| H22| FHE M= CHE CIO|EEIJME i1 & + | 8 F= Cofe] 715)
& StLtLct

/I (IPv4 M&--IPv6E QoM = in6_addr LEXH|E HZ5HM|R)
/] QIES =4 (HAHERQI O|R 2 EXlfsts FXA)

struct in_addr {
uint32_t s_addr; // 32H|E &= (4 HIO|E)

h

ot AHA 0]ZI2 S8M| FELICE J2iLt O[M| I A|-2 XIkt&LIct &g delL|ct J={L|nt gtek 6f2{20] struct sockaddr_in
SHOR jnaZ t SHCHH ina.sin_addr.s_addro| (|-1IE 2|3 HIO|E &=MZ H3l) 4HI0|EQ| IPFAE 7t2|Z ZiQLICL o229
A|AEIO| struct in_addrof| CHsHA OiXS| WMGl= S EHE ALSHT O2{22 X7t oM o Zint SUPH BAIOR 4HIO|E

IPEAE &z ¢ auaucr.(owdo #define 522 'LIEH
IPv6Ol| CHSHA = FALSH structZt AELICE

/] (IPv6 TE2--IPv4E Q8= sockaddr_in XM} in_addr FXA|E &xsHM|R)

struct sockaddr_in6 {
u_int16_t  sin6_family; // & AE, AF_INET6
u_int16_t  sin6_port; // ZE H3 HEQI HIOIE &M
u_int32_t  sin6_flowinfo; // IPv6 S5 M&
struct in6_addr sin6_addr; // IPv6 =&
u_int32_t  sin6_scope_id; // 23X 0t0|C|
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struct in6_addr {
unsigned char s6_addr[16]; //IPv6 &2

b
IPv48 RAZM|7F JHSO0| IPv6 XM E IPvEFTAL TEHS E J1HEl 240 T2HM|Q.
X|22 IPv6e| SE MEL} Scope ID 20| 2ot L2 CHEX| 42 ZQLICE 0|22 XEXHE QA 0|7| mERLICE. :-)

OIX|He 2 F2%t A2, o47]0]| IPv4et IPveel 2E —T‘"HIE Ehlofl 23| 3| MA|El struct sockaddr_storagegt= EE StLEQ|

Thedt EM|7F QUCHs AFMQLICE THIHE o gt S0 CHoA o222 O &7t 0{2{29| struct sockaddrE IPv4AFAR

KH2X| OFL|™H IPv6FAE KX & 4 els EL7L %l%l—l . 32|22 o] HE 2xH|E H7|H gLict 0|2 & ¢ 3ct= Me
-

AT =

H|2I5HH struct sockaddrt OFF H|X5HH, (2{ 22 0|AS H2{=0| flots YAlo= HiHet o & QUELICE

struct sockaddr_storage {
sa_family_t ss_family; // &2 A

ne

[/ OIRE2 E5 TE0| 1 70l EFHQI LHE LT FASHAIR.
char _ss_pad1[_SS_PAD1SIZE];

int64_t __ss_align;

char _ss_pad2[_SS_PAD2SIZE];

L

2%t A2 of2{E20| ss_family ZEOAN FA AES = £ JChs AFAQLICL.  3240] AF_INETEE AF_INET6QIX]
SOISHM|R (IPVAEE= IPVERIX| =Holsty| QIshA]). 1 % ERSICHH struct sockaddr_in E= struct sockaddr_in62=
gestal 4= Qlg AL

34 IPFA IOIE2

GE{20Al= RARA T, IP FAE THE 4= A s B2 27t ASLICEL 222 2 ZSFE 2O longll <<HMAIZ
AUS MALS BRI USLICH(AAL F: <<2 HIE F717] AUXI0|H 2 H=22] FHoi| 22 2t HO{EuA & o 23| AFSRiLICE)

M of2{20| struct sockaddr_in inaE ZHX|1 QUCt TAICE. 32|10 XMESID A2 FIHO F4&, “1012.110.57"2t
"2001:db8:63b3:1:3490" 7t ACH TFAICE 042{=20] ALB3H{OF Sh= BH4== inet_pton() YLICt 0|2 i‘xfﬂ H#olHeR
H3l IPFAE o2{20| AF_INETEE AF_INET6 £ X|Hst= 20i| [t struct in_addriE« struct in6_addrQ=2 HetgiL|Ct
(“pton"= “presentation to network”(ZXt F : EHHOAN HEYIZ)S| 2o{0|H HA 7|Hstn HCHH “printable to
network"2t11 SH& ElL|C}) HEH2 ofzlet 20| O|FoTL|Ch:

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 E: 0| Y2 ot= o™ LAI2 inet_addr()OILt inet_aton (&5 AFERELICE O|XE2 OIM| &HO|1 IPveIt= SESHA|

SeiFn FA7t oo

HIIO

22| ZE ol|H|i= OCHK| ASHX
pc]

| pt20| 2F £4210] gl7| IEULICE inet_pton() 2 LFE7H 5 -1
02 SHFLICEL 2L BH=ES A

Festo| ol 5212501 0L 2X| &elstM Q.

Z5LICL O 62HER IPFA EXEE 49| O[T HTIOE HIE = JUELICH HHHEE OEA| st=X| 235HI7I2? struct
in_addrtZ=H|1E 7kX| 10 U1 249 Xt F B[ e £ |SHAICHH OEA| s{oFetR? (& struct in6_addrS 16%14-2t
EE HI|HOZ ZH3ICHH o8| siofe7tR?) 0| A2 622 inet_ntop() 2 AHEdH0F ELICE (“ntop”& “network to pre-
sentation”2 2|0|6HH £/A| 7|218}2{™ “network to printable”0|2t1 22 M T ElL|Ct) Of|F|= of2Het Z+&L|Ch

/] IPv4:
char ipA[INET_ADDRSTRLEN]; // IPv4 EXIE& Hots 32t
struct sockaddr_in sa;  // O|320f 2QITt BARUCHT Fp-EL|Ct

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

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

char ip6[INET6_ADDRSTRLEN]; // IPv6 2Xt&S HHots 27t
struct sockaddr_in6 sa6; /[ O|X0ll RAQITt SHAJUCID FH-BIL|CH

inet_ntop(AF_INET6, &(sab.sin6_addr), ip6, INET6_LADDRSTRLEN);

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

0| gt=8 T &SI T4 EF(IPv4 = IPv6)2t 4, Z21HE HE A0 CHEt EC’JH, 0 2XrEel Aoy ZolE "*74%‘40 guct.
(% 7He| Bi= =2l INET_ADDRSTRLENZ} INET6_ADDRSTRLEN0| HE[SHAIZ 71 21 IPv4AEE IPvBEXIE S HOlE 2R

(O] €2 3tz QalEl 2Alof CHSt CHE 0[0F7| : O ME HAUS St FAEQl e4-= inet_ntoa()LICH OREIIXIZ 40|12
Sf

StrE2 =1y I&LICE O] &4E2 “www.example.com"Z2 SAEO|E0| Chst
LA DNS EIME oFX| &LICE O 2YE QM= CHSof| 24 getaddrinfo()2 MoFetLICt.

O
)
o
0
Hu
o
9|_}
4>
In
)
H>
>
ot
L)
°
]
b
>
=2
=}
>
ol
gl
4>
;O

3.41 M= 2ag) o

B S0 HSE 2HOR HEYIE IRBLE £71E WIS 71X 1 USLICH 2|1 B3 0] WEHSES Network Address
Translation&= NATOI2H= HALS SaiM "R IP FAS (Mae] CHE MRHS0| 0hs) 2R IPFAR HStLIC,

EH
=

=

UHE|LIR? “0] Oldst AS2 E st = M20|Z?"2t1 StAlE = LT

= o7

ZFSn FLUF(OHH LE0| A=)BESE ZHISHMR. NAT2 K2HE2S 2IsiM FHA Me|= 22 (A = . & 2RIt A,
2O|X| g4Al) ZEXH= NATO| CHaliA AFE ERE QST J2{L M= of2120| 2= HIERZ A2 l3f A2 20| fi=F
Yoty Flof HEX 30| thiAf O]of7 |5t HRASLICE.

OlE S01 ® Zoil= Yt o| AELICE HMol|Al= CIXIE 7HUXL 2] (DSL) SIAZHAOIA| s & &+ 7Hel FHA IPvAFATt ASLICH
D2 ® HEXAR0 A= BFREI= LS O YLICh 0|Z0] ofFH| 7455t R? F 72 ARE 7L €2 Olo|I|E £ == }IELIC
T2 =|H C0|E{7t OfC| 2 7o X| & 4= GiA| ElLITh

ofo|m| FAE SFIX| HSLICE

B2 | JS2 2HAMATYO| ofo|m| ATt SEHE A HIEQIZ0]| £3]
UELICE IARE HHTL M-S et HYLICH ZAvt Moj|AHlE

A
&L 2l old&u Tk

N

aZ
a

M7t 2A HAEEO| Elﬂa’tﬂ, 742 ®|7} 192.0.2.330| A 2IQIZHCED USHFL|CE I A A| QIE{Ul MH|A ®ZXI7F X Of|A|
= 42 10.0.0.52t11 CHEIRILICL 7t IPRAE

S ofo|m| ¥_+_°'|—|Ef. a 1|—f M7t 22 AREOA KMo Fo
| 2

OolE™ 172 10.
Ch. HiZ WsteQL|ct O340 NATS A

=
=
A -
A=

10.x.x.x= P3| 2ot XITHEl HEY 3 = gietd Flo| WEQIT0| AFSSIEE of|2FEl R 7He| WERY 3 thE F SHLtLICE
O™ Atd WIERS =Xt f% SHX|= RFC 1918%01| HMAIE|0] U&LICE J2{Lf o2 20] Al UHHHOl HES 10.x.x.X E=
192168.x.xULICE. x0ll= 25 00|A 255A10(9] 47t S0{ZLICE & & LHEQI WO 2 172.y.x.x7t YELICE yol= 16 2E

31At0[2| 7} FL|Ct.

NATSES +dsts oty Flof s L(HIERZ)0| 0] AHd HIESRZ & StLt ookt St A2 ObglLICE J2iLt & O3

SR

(MO|A= AL H| 25 otolm| A1 AXIZ 192.0.2.33¢2! 22 OFEL|C 192.0.2.x HER A= SM0f “ZInt" ofo|m| A7}
MACHD LA 517 I3 of 2! CHAILICE HEZ O] QHLiA{of Mol 24 k{7 2rRiL|CH 22t0t0toH)

IPv6E OfH QO|E= AtMTE 7iX|n JELICE  IA
QUELICE) RFC 41937 2ol mE2xte 2™ AL|D

H

2 fdxx o=z AI RSHLICE  (O2H0lE fcXX:Q2 AIRFE %
Lt N r UHIMoZ ZH0| MO|X| %*aucr (IPV6 t

_,_
o}

A
IPv4 A|O|E<[0|(gateway)Z2 XS HHEX| Q=LA HL|C] EI.T'_ O| =AMl HelE "ojdLLt) OtRE o|2Xo=
o

(@]
G 20AlE HRLE B2 F271 A0M ol NATSE 2 ’éﬂﬂ ns 3d::l'—|'1f. J™0I= o2{=20| et %OW AE T

et AICH, 9l0f M Chi2 & 4 YICHs SlojLct.

] I'II'

Shttps://tools.ietf.org/html/rfc1918
7https://tools.ietf.org/html/rfc4193
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Chapter 4

IPv40j|A IPV6 L2 HIs}7|

"OFRE M IPvEOllN SEBI2H M| 2=2| 0fC|E HHHOF Sh=X| AT o0 2! g FAL!"
Eora! E&UCH

07| M2 LiE2 LHRE2 M7t ?lolM CHE LI S0IX|2t 0| A2 EHaH §
LHEO| AZUKIT, O] LAl A= LHE2 oI F=LICL)

rr

TS Ple B2 HEYUL (22 OIRECHH B2

1. @M struct sockaddr HEE HO{LE7| I8l A $=ZHed T Al getaddrinfo() Bi4=2 AFRSHMIR. O|ZH| 1 62|22 IPHFO||
A ot

MAMK| b2 = U1, Fl2= B2 =4 2AS o TR} QA 38l FLICh
2. IP Ol 2AIEl NS StER TS XS R0t wioict A g2 ZMF= X2 S HFMR.
3. AF_INETZ AF_INET6Z HIIAM|R.
4. PF_INETE PF_INET6Z HIAH|R.
5. INADDR_ANY CHRIS in6addr_anyCi IS 2 HFRAM|R. O] Xto|7t UELICh
struct sockaddr_in sa;
struct sockaddr_in6 sa6;
sa.sin_addr.s_addr = INADDR_ANY; // use my IPv4 address
sab.sin6_addr = in6addr_any; // use my IPv6 address
St struct in6_addrg 4121t i INGADDR_ANY_INITE X7(2/O 2 M8 = USLICE of2iet 20| FL|ct.

struct in6_addr ia6 = INGADDR_ANY_INIT;

6. struct sockaddr_in CH210f| struct sockaddr_in62 AESHA| D, oot HEo| "6"2 MES| WE0|MIR. (?I2l structs2
A 08IMR) sin6_zeroE == giELICE
7. structin_addr CHAIOf| struct in6_addrE A23SHA| D, R E o) “6"2 MES| AE0[M. (212 structsE A T8IMR)
8. inet_aton()O|Lt inet_addr() CHAI0]| inet_pton()2 AFESIMIR.
9. inet_ntoa() CHA0l| inet_ntop ()2 AFESIAIR.
10. gethostbyname()Ci2loll & F 0t getaddrinfo()E AH&SHMILR.

1. gethostbyaddr() CH&O| Cf F ot getnameinfo()E A&SHMIR.  (gethostbyaddr()7t IPv6ES fISHAE TG
AE5t7| = gL,

12. INADDR_BROADCAST:= [ Ol¢} 2S3HX| e4&LICE Tl IPve HEIFHAES AFESHM K.

20



Chapter 5

AMAH SO| OlLH ZSS

O HollM 22| = CHE ZHX|(BSD, )I=2Z, 2|54, W 0f2{20| 7HXI CHE ZX|)ol|l M WEK 2
7|50 M2E & QU 8l T= A AH SZ(System call) (2t CHE 20222 o= (L|brary Call))ofl CHsiA{ CHE ZdIL|CE. O]
T olLIE sESHH 7{do| AL of2{2 S 2lof 2E LS XSO 2 0pHZ0| AH2|gLict.

40
I
[>
0
>
=
N
m
-
X4
>
T
i
E
g

CHE-E2Q| AFRIS0| of2ifshs F2 0] B52 o &MZ ZEM0F h=7t YTt 00| HOIEMAXIT 2 Roz=
manH|0|X|:= OtF ZR2= RELICE 1 BN 423 o Z57| 2o AAHESS Y|(Th2) o2=el ZZI0i|M ZES|o}
S

St A JCHZ of2hof| 0|ofX|= B E0l| ARSI,

J2{Lt o710 A= RE oIF| 2=t 2, HAHOINE2 Y FHISHMOF ghLICH 2|10 53t Bt 87|12 ACHH of2{2
QUE{LIO| MAHIOIM & ZAHO| OFSHEY E1|0|E1§ LIS = U2 2 ZULICH (YRt Z= @ John Postel2 QIEHIC] x7]0f 2 7|HE Bt
HFE TR 5 o HYLIct)

0 FIO
mﬂ ff

(or2Hel ojF| ZESS CHIf TLH 2l a
getaddrinfo()2| Z£0| 43351 HAHZAEZ XAt A= SHECID 7PYELICL O A =7 A4y EE:E.:OHME
HICHZ HM2|=|of JoL, THES XIHOZ AoMR.)

5.1 getaddrinfo()—ZA} =H|!

0|2 of2f SMS 71T T LEYULICE J2{LE A2 AFY B ZHEHRILIDE 0|22 Of2{=0| LIS Q2 = structE2

18
=
rot
tm
.2
n 2
3]
N

e

i

o= DNS ZMZS 2[8iA gethostbyname()S = =sl{oF f&LICE. 12| $EAOZ struct

sockaddr inoil B 0|2 =E0||A AHESHOF ELICH.

A O O[A2 T TR} QLI (01220 IPvAS IPV62E RE0IN SHSts ASE MDAICIH J2ME o ELiCH)
szAH= getaddrinfo()0l2H= 40| 21014 DNS 2 AH|A O[S ZAY, structLiE Aig/27| S8 TEA ol220| BRE 3= RE
A o FLict.

OfH| #T{ZAICH

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

int getaddrinfo(const char *node, // e.g. "www.example.com" &£—L |P
const char *service, // e.g. "http" EE= TE $XIZ "otof] ZEMPA] Fi=Ct.
const struct addrinfo *hints,
struct addrinfo **res);
0| gh==0ll= 3712 U= DiviH~E EAFLICL J2|10 Anp FH2|AEQ| ZQIEQl resE S2{EHELICE

nodeli7iHa= F&S = SAE 0O|F0|Lt IPFAYLICE

CHS Oi7HtH 4= serviceRILICH 0|42 “80"&2 I E MLt "http” “ftp”, “telnet” L= "smtp"Z2 EXTH MH|A 0|S0| & £
QUBLICE (IANA ZE 227 =2 of2{20| QLA ZX|S 2C1H Jetc/servicesOll A & 4= Q&LITH

"https://www.iana.org/assignments/port-numbers

21
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OHX|2O 2 hintsOi7HHA= of2{ 20| 2HHEl HEZ 00| AL struct addrinfo 2 7t2|Z2ILICt.
017|0ll 6{2{20| SAE IPFAQ XE 34908 £t & o] gt & of[x|7t UASLICL 0]Zi0] =7 ZUo|Lt HIERS 4ES

=
SHA|E S22 7|13tMIQ. 0|2 TX| LISo| MBS FZAHISS 2FY #LICh

int status;
struct addrinfo hints;
struct addrinfo *servinfo; // 212 7t2|Z! ZHLIC

memset(&hints, 0, sizeof hints); // =X 245| HIYFAHL
hints.ai_family = AF_UNSPEC; // IPv4 O|E IPv6 O|E AMateirt
hints.ai_socktype = SOCK_STREAM; // TCP AE& A7l
hints.ai_flags = AI_PASSIVE; [/ Wl ZAE d&LICt

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

// servinfo= O|H| 17§ £ 1 0|At9| addrinfo LZEX|0] LS HAZ|AEE J2|ZL|Ct
/] ... servinfoZt 0| & HRQiS W7tX| 2E =S gLt

freeaddrinfo(servinfo); /| HZ2|AEE Sl{X|

ai_family2 AF_UNSPEC2Z HF3 A IPvAE IPVEO|E MBMX| 4SS LEMH 0]l FZ5tMQ. ek EXTH SHLIE JBICHH
AF_INETO|L} AF_INET6E & == U&LICH

= &= AFLICL 0|H2 getaddrinfo()ollA| 221 X0 L 2 SAEQ| FAS HHBHEID HSFLICE 0|H2
0131-5-0| f'zz"é'se* ERE QloiF710ll ZELICE. (OHLH 2|0l NULLS 2 getaddrinfo()2| & ] Oi7iH0f ST FAE

o

S = =
Ol 348 SBBLICL 287t AUCHR(getaddrinfo()0] 00| Ol S SBAECIH) HAICHIT] 1 28E gai_strerror()&4-2
Sl 2 4 YALICH 2ot DE 20| THE SABHCHE servinfol 217} LI & 4 QU struct sockaddrLt Hl&3H %S

AN
=
o mE
E
=

=
71%l struct addrinfol| HAZ|AEE Jt2|Z HLICL 2ALSHA|R!

OfX|2e 2 getaddrinfo()7t 26IEA 22|0lAH gt & HZHZ|AEE Ct MCHH R2|= freeaddrinfo()2 S &AM IS g
SR 4~ ASLICE (AHA BEEA| sHofgtL|Ct)

0f7[0ll of2{20| EFt F4, o|E S0 "www.example.net”2| 3490 E0| E&3I 1At = 22I0[AUEY AR =E Of|H|7t
UAFLICE  CRA] REEZX|2 0|2 = MA| HZO| O|ROX|X| gk&ULt. 2Lt o2 227t LIS A" ENE
AFFLICE

int status;

struct addrinfo hints;

struct addrinfo *servinfo; // 2122 7I2|7|A| ELICt
memset(&hints, 0, sizeof hints); // BIEA| H|SIOF rL|CH
hints.ai_family = AF_UNSPEC; // IPvALt IPv62 AIBMX| b2
hints.ai_socktype = SOCK_STREAM,; // TCP AEZ Azl

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

// servinfo= O|H| 17§ £ 1 0|Ate| addrinfo LZEM|0]| LS HAZ|AEE J2|ZL|Ct

servinfo= 2E S/2| 4 YHE 71T AZZAEED HE HYSLICEL 0| HEE 27| 9leh B2 AlY Z20H:S ZHddiEAlCt

/*

2https://beej‘us/guide/bgnet/examples/showip.c
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** showip.c -- SYE0|M FO{T zAEQ| FASE EHYLIC

*/

#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; // & X|ZH5t2{™ 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;

/] F24 R0l CHEE ZQIEE BhELIC

/[ 1PvAgtIPv62 BETL CHELILE.

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";

/[ PFAE EAIER Hetstn 2L Ct
inet_ntop(p->ai_family, addr, ipstr, sizeof ipstr);
printf(" %s: %s\n", ipver, ipstr);

freeaddrinfo(res); /| & S22 SiMELICH

return O;

23
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HAICIA|T] O] RELE 0f2{E0|

g ZdOI £90|E getaddrinfo()2 ZTZYLICL. 2|1 resoll HE=52| Z2IHE
HAFLICE J2iM 22|= 0| EES

(M dMZ =0 IP HFo| w2t 2 Z]9| struct sockaddra A2[siof stihe Mol B8t 2E20| QELICH 3 Hofl chsiAf
APDEZILICE J2iLp O LH2 ghHo| JleXl= & BEMSLIC)

Al ofld|l BETF AFRIAES FOtelLICt
$ 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:db8:8¢00:22::1171
O|Xl MZ4S CIE 4 oL, getaddrinfo()0ll A YIS HIE CHE A3 &40 7|1 ZaiH o= HEQI HAS MRS £ UEE
S ZAICH 7% glof= AR

5.2 socket()—II MHXIE ulojxH
Cf 014} O 47} 812 = SILIC}. 0J%| socket() AIAE) 2ol CisHA] O[OF7[eHOF SHLICE. R o[ SLICH

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

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

gLt 0] Q1=S0] RARAX| 2E AYLICE O|AS2 ofiH BRI AUS Yst=X FE £ U 8 FLCh(IPv4 E= IPve, AEZ

S2 Hlo|E{23Y, TCP =2 UDP)

ARBXPZE O Zke Y Hofof n XZE JA & £ JSELICE (domain2 PF_INETO|LE PF_INET60|1, type2
SOCK_STREAMEEE SOCK_| DGRAM O|H, protocol2 F0{Zl typeo] XMEst 32 AHS2= MEsHA| st2{H 08 HAFIHLE
"tep"Lt "udp” & At TEEZC| ¢S 7| 2IsHAM getprotobyname() € £ = USLICH)

(Ol PF_INET2 sin_familyZ =0l H0{F= AF_INETS RAFSE ALICE O|HS O[sHstHH %2 0|0F7|7t HREfL|ct ofF |
clitofl= Of I StLte| F=4 S (Address Family) (“AF_INET"2t0f| S0{Ql= “AF")7t 0l2] 72| T2 EE A|lE (Protocol Fam-
ily)("PF_INET"2] "PF"))& XIigt Zi0[2tn MZistH AIHO0| JJUFLICE D2iLf 2 U2 UOILEX| AUFLICH 22|10 2=
HESHA 2efe 2 ARUCID Lt O|F ojoF7|LICh JaiM & = = 7Ha Mest A2 struct sockaddr_in0llA AF_INETS
M1 socket()OllA PF_INETS AtEst= Z4iL|ch

|®| ZE2tL|Ct. of2{20| HUZ stu42 UL getaddrinfo()2 =E$H Z1t2 S0t S of2Het 20| socket()ofl ZIF
QiL|ct.

struct addrinfo hints, *res;

/] EFA A|EE
[/ ["hints"=A|= 0|0] A2 HS = JPgELIcH
getaddrinfo("www.example.com", "http", &hints, &res);

[/ CA| HSER|H e (0] QHHAS| KIM[S0] 3t%0]) A Hm| Zd0| ZCta
/| 7F88H= ChAl getaddrinfo()Oll CHEHA 25 2012 st

/] "res"dIE BE|AEE &3|dljof FL|Ct.

/] client/server®e| ZIMt GHES A D8IMK.

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

P

q

r
el
&
1

o

socket()% Chad) 7LII 0|29 A|AH SEOIM £ = A= 221 HEXE ESHFULL 277 ALH 12 SHELICL
Fol

errno?t 2 2 MYENLCE (KNSt MEE errno 9 MHH|O|X|E A SINIR.)
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Ch. 22{H O[d| o] 2212 ofC|of & += ASNR? YH2 oA =
SEISHA| 67| 2lot A2l ZE2 O ofjofF SLCt

I'Ii

Ch= AYLICH AXz 27| M= QHIME Cf el

o UHH

AL
bl
0|zio

5.3 bind()—Lt= o' ZE0| ALIR?

ZIS JHKH o2 2 T2 ZEO| ASstl A AYLICE (0] Y2 28 ¢2{=0] listen() 22 §EF ZEO|M S0{=H
X} (listen) & o O|FOTLICH —LHS AFEAL HIERIZ HI%%% 192.168.5.102] 3490 E0|| HZTILICI 2t 2t j
24 g SfLICh)(FAL 2= - 90'FCi~2000CH x2| HE|ER |S0| "LAlol o]z 27 B3| EoFELICH) ZEH

20| £ ZRHAQ A% HHXIE '=019" A fﬁ?ﬂ’/‘ﬁl LUSHA AFBILICE. BHef 02{20| connect()2t & 4ztolaf
bind()= SEQeILICE. 2Lt OIS LIsH HOIFAICH

|0+2ru}£

2o

0|Z40] bind() AIAE 22| JHRLICE

#include <sys/types.h>

#include <sys/socket.h>

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

sockfd2 socket()0] E2HZE A2l ! MHXIQILICE my_addr O2{29] T4, UtAH EEQ} IPFAE 7HE struct sockaddr

ol chst BOIEf2ILIC, addrlens 1 4] o[ £19] ZolelLIck

1

oo, o #Hoj| B0 B ELICH Z220| MAE|= SAEOQ| 34908 LEO| A2 HiRIES= OFIS SAICH

struct addrinfo hints, *res;
int sockfd;

/] HX getaddrinfo()22 ZAH|0| HEE 22{3LCt
memset(&hints, O, sizeof hints);

hints.ai_family = AF_UNSPEC; // IPv4L} IPv6 & OFF ZiO|L} &L|Ct
hints.ai_socktype = SOCK_STREAM;

hints.ai_flags = AI_PASSIVE; // IP= Lt2| OtO|I| 2 x{ZL|Ct

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

=

o

RHECE

sockfd = socket(res->ai_family, res->ai_socktype, res->ai_protocol);
/] getaddrinfo()0l EZE ZEO| HiQIETLICE

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

AI_PASSIVEZ2i|OE WA T2 IZ0f|H| H&F2 SAEQ| PO HIRIESIZ D YB{FLICL EXoL 22 IPFA0| HIQIESt I ACHH
AI_PASSIVES B{2| 11 getaddrinfo()] X #uj Q142 |PZAZS HON Q.

bind()= 2FE7I YASIH -12 E2{F 1 errnoS 2F| g2 MFshLCL

e QalEl ASE0| bind()2 ZESH7| ol struct sockaddr_in2 =& tH{IEELICE 0|72 2HY| IPv4 ME0|X|2 22
UL IPveO| CHSHM = 2 & 0|R= SU&LICE THA| getaddrinfo()S M= TO| YUHMOZ O ¢l&LICH O/E ofF 2=E oA
grAIQIL|CE.

J/ 110|242 Gl rAIQILICH I

int sockfd;
struct sockaddr_in my_addr;

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

my_addr.sin_port = htons(MYPORT); // short, HIE®|3 HIO|E &=
my_addr.sin_addr.s_addr = inet_addr("10.12.110.57");
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memset(my_addr.sin_zero, '\Q', sizeof my_addr.sin_zero);

bind(sockfd, (struct sockaddr *)&my_addr, sizeof my_addr);
2ol FEOM of2{Eel 22 IP FA0 HIQIESIT AUCHH(IS| AI_PASSIVEMZ) s_addrZ =0l INADDR_ANYS CHeiE

==}
%= QUELICE  IPvEeHZTSl INADDR_ANYS O2{29| struct sockaddr_in62| sin6_addrZ=0f| CHRIsHOF Sh= M40l
in6addr_anyIL|C}. (4 X£7|5HA0] £ 4 /= INGADDR_ANY_INITO|2t= DH2 2= Q&LICE)

bind()E =Zg M Folciof & & : ZE HSE= I g XX Hﬂﬁ 1024 of2fe] BE ZE & Of|=|0] UESLICHAFH I 7t
Ob:l O|Ah)! T Q|| ZE M= (CHE T2 0| 0|0| A1 QUX| QACHH) 6553577kK| OFF ZdO|Lt & 4= UELICE.

=X 4 QUR0| T2 AHE CHA| Alst2{ 10 5HH bind()7F AIist “S=AT1 0|0 AFSFILICH "2t g w7t UELICE 3R
A 220 5 LI oH3| HLoM Ch7|F0|1 ZEE AHEsID QUChe A 2ojgL|ch. of2{22 J2i0| 2|2 m7tx| 1=
MEE 7|Cte|ALt of2{ee] ZTEOMO| IES MALEE 5= YL E st= ZEE Ee +E USLICH

int yes=1;
[[char yes="1"; /| &BI2|AE O|HE AIE

[/ "7t 0[0] AFREYLICH 2l 2F HIAIXIE HA

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

}

-

s

H= 7:1_<'>_E ol

1

SESLUQILNS Q=E
H(telnete| 2K AAHX| FAMAME HR) connect()7t AHELZ AFH0| HIRIEE|X]
JRJL|CE.

2H ZE EHOHHE &XI ot ZE
x| o2 28 ZE| bind()SHE 2

S connect()E =& M ¥4 [0l 2ESHA 1 5t
UA=X| Helstu R 5H1F1‘ 83 2

5.4 connect()—7{7| ghd!

29 0f2120] Yl SBLEIHO| SICHD BNSAICL Of22o] ASTHS0| A% T XS 27| IohAl of2i2o|2
B LIRILICH Q5 ER0IMHZIR). O2{ES 10 Wt socket()S SELICH CHOE AFBAIZ} 0f2 =01 “1012.110.57"2)
"23"¥ TE(A BE LE)0| AZotD BLICH 0L sforemte?

02 %2

S8x =7 of2{&, connect()0ll CHet EE Sl= S0[2tL| 20| ESLICH 0| 2 ¥F SAE0| ofEH| HASH=X[of CHaH
LFLICE HEIGo] o{ZAICH g A[ZHo] gigL|CH

connect()0ll CH$t S =2 ofzliet Z&Lct:

#include <sys/types.h>

#include <sys/socket.h>

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

sockfdE socket() &t S £0| E2{F = 22|29 X%t 0|0l A% I MUK} QIL|C}. serv_addr struct sockaddro| 1 S&X|
ZEQ}ofo|Im| FAE 1 QUELICH addrlen M F4 FZH|Q| HIO|ECHR| Z0|S 1 UELICE

DE YEE= HE getaddrinfo()=&2| ZTf0A £EE 4= JELICL

o

[317F =71 AEFSHLIR? A= tEE &8 + fleU O Hol2t WSS "www.example.com”2| 3490EEZ 47l
HES UEE= OFIE HAHEAICH

struct addrinfo hints, *res;
int sockfd;

/] getaddrinfo()2 TEH|ZE kHSLICH
memset(&hints, O, sizeof hints);
hints.ai_family = AF_UNSPEC;

hints.ai_socktype = SOCK_STREAM:

getaddrinfo("www.example.com", "3490", &hints, &res);
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=

ﬂJIO

2HEUC

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

I

re

ZglL|CH

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

ELCt 2ol %l'— blnd() A 01|A1 H %EJ tigs # 3M|ﬂ
connect()2| SHZE &tz AS AXOMR. 2T LHWSHH 12 S24F1 errnotd-E AFS AYLICE

| ¥&LIC fE|7tofE|=
FHEX|2E MFFHLICH (RAX] ZE). HEo| 22| til 22 ZEZ 15 AYLICH 2[7F WE3H= AOIEE= 0| HEE X522
220lAIM oLt MAMM BRIt UELICE

22|17t bind()E S ESH| AUAS FZotMQ. ZHHS| ZSHAH 22(9|
(

5.5 listen()—%7I H2t EsliEeR?

O[H| =50 He WALICh. 2|7t AKX TAEN H&510 HX| 52 ZLH oEA 7te? LS| LoiM S0= H@ES
7ICH2| g off A= K2[olof BHCIH of EA| ente? 1 atg2 £ HAIYLICE HX listen()& =E5H1, accept()E
SLICH(OFHE HstMR.)

listen()ehs= @ &2 1 ThokX|2 ofzto] @Fo| HaEL|Ch:

int listen(int sockfd, int backlog);

sockfd2 socket()A|AE &4 SEZ Ho{R WHDE A7 TFU HBEXIRILICE backloge & QE 0l 518 &l= &S| =AULICH
0|Zi0| R& SQIX| FFe7tR? E0{2E= HASS 6220 accept()E siF7| 75_'|77fx|( 2 H% 0StMIR) O] F QHoflM J|CH
Zo|lmo|He o 7H°| 01740| l3H7|§ 2 UETHE HELICL ChHe| A|ARS 0] 3t2 =83| 20 BEZ HetgtLct. J2iLt 5Lt

o HACEQNO] listen() = RFIHEME ZL -12 S2F 1 errnoS EFY AYLICH

otote ’é“é*sf%' = AU M7 EF ZEOM LA =T 3t7| 2SHME listen()S =E3H7| Hoi| bind()& =E8HOF ZLICH
Of|7| ofitt ZEZ HZSHOF HX| LSHE 4= A0{0F FLICE) O ALICH.

getaddrinfo();

socket();

bind();

listen();

/* accept()= OfzHof| SL|C} */

PP128H0|E2 MAS ofid| 2=9| oEI7tofl ZO{F7|2h SRS, (accept() B2l FEE & O AFLIL)

= X
HUZ SXst B2 aecept() 2 SEste HEQLICE

5.6 accept()—"3490EE0)| M&slF=MA ZAFEL|Ct"

ZBIMR! accept()g4E £ O[AYLICL XZREH 42 L2 Ch3nt Z&LICH ofF H ol e F2717t of2{22] &Ko
connect() SH42 HASIE D SILCH M2 EX ZEO|M Ilsten()% Agsti ELICH 352 HZE accept()E HOISHE
TH77EX] CHZ | Zofl A4 ZAJLICE {2122 accept()S sHAl CH7|E Q! HZAS BorS0|ZICtn YHEFLICE accept()= O HETHS
LM £ TS| MER 22 I MBS SHE AYLICH THELICH ZXE7| 220 8L 7HA0]| = 72| A2 S THX|A| = }&LICE
2ol A2 ofFs| M HEES =1 U1, MEA PHET AW send ()2 recv() A AS 2UdH FH|=IRASLICE O Lt HZL!

SE2 of2fiet 20| gLt

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

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

sockfd2 listen()2 skl

22 dEXALICE K| AELICE  addr2 CH7H EZ struct sockaddr_storageoi| CHSt
ZOIEQLICE of7]0f E0{2 E

29| EIt 07t FUth32|2 O)E SHA O SAET} O ZEO|M 62H2E = &3t

=

AT
h
(=
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UK & £ ASLICE) addrlen2 sockaddr_storages accept()dll E717| Hof| sizeof(struct sockaddr_storage)22
MHe|ofof ot= 22 H4= HEQULI|CE accept()= addrofl addrlen2] 27| O|AtC| HIO|EE M X| o42 ZILICE. accept()= LF7t
LMSHH 18 SHF D errno0l| 242 FTLICE ol M= oAt o|2) MzbstLct.

Tt ORR7EX| 2 B o

Ofalistr|ofl= B2 LIERILICE J2iM o2{22 SME fIet olF 2= Z=20| QUELITH

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

-|-

#define MYPORT "3490" // AF2XI=0|
#define BACKLOG 10  // CHZ|&of| 7|

AT
=
A
=

A ZE
o 4 Qe Ao A4
int main(void)
{

struct sockaddr_storage their_addr;

socklen_t addr_size;

struct addrinfo hints, *res;

int sockfd, new_fd;

/10| ==E0] et 2F =olS oX| otM 1t

/] getaddrinfo()2 2 HEE red&LIct

memset(&hints, O, sizeof hints);

hints.ai_family = AF_UNSPEC; // IPv4EE IPv6, OFRZ0[Lt g5L|Ch
hints.ai_socktype = SOCK_STREAM:;

hints.ai_flags = AI_PASSIVE; [/ LtZ I3l XAtS2E LK IPE *{LELIct
getaddrinfo(NULL, MYPORT, &hints, &res);

/| 228 BHED
sockfd = socket(res->ai_family, res->ai_socktype, res->ai_protocol);
bind(sockfd, res->ai_addr, res->ai_addrlen);

listen(sockfd, BACKLOG);

I E012= HES &L

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

I new_fd 220 AHXI0|M S FH| 2t=!

[

ofl CHEHAM new_fdS AFR'EH ZAQIL|CH Thok £t Bt Jlo AT
42 9t7| 2l M sockfdS close()M2|& & ALLICE

5.7 send()2} recv()—Talk to me, baby!

(SXt = : Talk to me, baby!= Elmore James2| =2i@iL|Ct) O] & st-E2 AEZ! Azlo|Lt HZE HO|E 1Y A S

) [== ]
S| 2lhAM ML|Ct Lok™ol AAZ|X| ob2 H0|E I3 AZS MIACHH sendto()2t recvfrom() RS EAIH ELICH
send() g4

int send(int sockfd, const void *msg, int len, int flags);
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sockfd 2 HIO|EE 2L o2 A2 HHX}(socket()
CHst ZOIE{0|H, len2 O ZO|YLICE flagseE 30
HAR)

2 ISAUE accept()= HSAE)YLICE msges 021:20] 2 G|O|E{of
2 2F5HMIR. (flagsoll CHall T AHMIS| 204 CHA send ()9 MHHO[XIE

[0 |0

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

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

send() = &2 & HIO|EQ| =5 SEFELICE 0f 22 ¢2{=0| ELf2tn ot £HOF HE £ JAFLICH M2 HYH 2719
CIOIEIE T2t RS O210| O M2|=|X| RY 4= A= AYLICL EXl= P& 7HsE 2oigte 2D, UHX = 0220

Pas
of
Ral

i)

Ir
finl
re
Ho
A
e olr
10
-
L
Ral
1]
ra
0

HA Zi0|2tn AELICE send()7t E2E 20| lenzt & &t 22 o220

I 2 =
HHSE 7|osthR. ofZdof et £2 AAl2 miZlo] HChHE(1kb 0|2t HE) J242 oftE o Hoj| ZE ZS 2 4= )loz|zte=
HYLICE CHAl ZE3HR| 2 227t 2HlSHHE -10] Bhete| 1 errno7t 2 F Mo 2 AFE LT

@
(9]
=
fict
1>
rr
§2
rio
e
=2
=
Jo
=
i}
I
n

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

sockfd2 2S5 A7 HEXIO|H, bufe BEE AHOEY HIHO|D, len2 HIH2| Z|C§ Z0|0| 1 flagse O{7|ME 022 MEE
2 UELICL (B3 20| theh A= recv()2l man pageS &1sHM|R.)

-

7P9§ A

recv()= &NIZ HI{0 0S¢l HIO|EQ| 5 ST{F/Lt LR/t YUY F2 (errno E X Hst ¢!

nx
0%
Ot
B
N
o
i
v
ich)
i)
o

M recv()= 02 EHE = U

recv()7t 20| ZOIRSS LHFE= YAYLICE

>
r
o
o

X, HY X197 OfF| of2iEe AEY AN NS FIWS 4 ABLICEL o Ol AL ofost fYA HEYS
m2 JELIch

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

"O|M| C} ZBst FW|R 2D TESA e A2[7F SEILICE “"JEX| ¢ HZ0| gl= CO|E I3 A2 YA Me|stX|e? 2tnx
StAlERR. 24| of2|okd, ERCHK|R(SX}F F : Y2 “No problemo, amigo.”, ZEEZ0Z "2 gi&LICt *Fr). & gt=
20| UBLILCE.

Hlolel1 Aze &

P12{x| SAEO] A0 UK YOOE, WIS Y ufo] Wt WEs £3 CHEULL B2 SHX| F4%t
ZQBLICE. ol A2l

|Ct.

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

HAICIAT] send()QF ZX[2F &= o] METJI O JELICE to= ZHXIQ IPFAeF XEE B2 struct sockaddr Off CHst
IQIE{O|H(O}OHE Of2{ 20| HHBts A AL struct sockaddr_inO|Lt struct sockaddr_in6 B struct sockaddr_storage
ZQUL|CE) tolen2 LR XM O 2= intO|H ZHCTESHA| sizeof *toLt sizeof(struct sockaddr_storage) 2 M&stH EL|Ct.

SHX| A FZHE L2 getaddrinfo()OILt OF2H2| recvfrom()& AFBSHA|ALE YO E ZHS MeIEE == USLICH

send()2t OFX7EX| 2 sendto()= M2 2 HIOIE 8 SHFLICE (2 22 22|10 ot HI0|E9| =HI M2 7} E0I2 =
ACH= 2l0[ULICh) 2F 7t LSt -18 SHFLIC

0|2t SAFst 2tA17t recv() 2t recvfrom()ILICE recvfrom()2 7HRE O|H&L|C.

int recvfrom(int sockfd, void *buf, int len, unsigned int flags,

struct sockaddr *from, int *fromlen);
I CHAl O|R2 R JHe| FIHEQl ”ETE QU= recv()E2 AYLICEL fromE X &X|Q| ofo|m| ALt ZEZ XTIl 2Z
struct sockaddr_storage0i| CHst ZQIE{QILICE.  fromlen2 22 int0f CHE EQIE{O|H sizeof *fromO|L} sizeof(struct
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sockaddr_storage) 22 £7|St=|0{0f BfL|Ct g7t HHetE mf fromlen2 fromoll ANIZ2 KMEE =49
ALct.

0|§ A‘II-IE'O-I I%

recvfrom()2 &2 HIO|EQ| JH4-E distsi QR 7t LIH (errnoZ HAS| MdEst) -18 S2FLICH

0f7| H20| stLt UELICE off L2|& struct sockaddr_storage2 £219| EfRIOZ AIEEIR? o) O struct sockaddr_ing
£ & 127127 0|RE EAICIAILD| 227} IPv4Lt IPv6E StLtol iM(O| 1 4/X| ot | thEALICE J2iA 22l I4F RF0| F=23|
31 AutH™ol struct sockaddr_storageS AFEEHLICY.

(2™... of7|oll M CHE AZ SiL. 9ff struct sockaddrg 2& FAE BHE + A2 FE 3| UEX| QUASNR? R2/= Lt
=9 | struct sockaddr_storage € CIA| Yt 2H9| struct sockaddr 2 HHEkst1 QUELICH 0|2 SE2 1t 2XQ
HlL|Ch of7|of| chet CHEf2 ' O] struct sockaddr2 BHEOIE MRE JA| 3X| 2ACH=s 20|11, O[FI2tM IARE iR =
A2 2H|9| AX|7t ACh= AYLICE T2iM 352 2 MZ2R EIJS 2HSAFLICL) (FXAFF: struct sockaddr2 271 S419|
&7)0f BHSO{ZI LEH|O|22 IPvES HY|0| ZE26HK] 942 A2 Lot QILICL)

gkek of2{ 20| H|o|E{ 2 A2S connect()sHA| E|H ZE S410l send ()2 recv()2 £ & ASS 7|HSHMIR. A% XHH|= 6 H G|
E1|O|E-IJE.:*.l 22 Z40|1 I{312 0S| UDPE AHSE ZI0|X| B A7 QIE{HO| AT} AFS O 2 o222 IsHM SE K|t MK HEE

5.9 close()2t shutdown()—LH 2H0i|A{ 7HX]!
o

BlE2 StF B send()2F recv()2 AFE L, O[H| Z2EILICE O[H| K22 42 HHXIE BE FH|7} EAELICE 0|

1

A T EREI| B0l close() & & = ABLICH

2710 O g ©3|=X| & O ZHSIL 42 Z0ll shutdown() 2l
2 2 =k JABLICHOMK| close()7} 81%0l). 7HR+«= O|F&LICH
int shutdown(int sockfd, int how);

1

sockfd= ZE611 A2 A7 IjY HHXI0|1, hows Lt & SILIYLICH

how =1t
0 =& 40| SX[ELch
1 =4 &40 SX|ELCh
2 24 &440| ZX|ELICE (close()ME)

shutdown()2 &SAl0]l 02 Hretstn, 2R 7L WMSHH (errnoS HESTH Q= HHSIL) -1 HietetL|Ct

HZE|X| k2 H|0|E{ a3 A30]| 7|17H0| shutdown()2 df
S Z{QULICHHIO[E{ 2 472U0] connect()E AFESIH O] F &2 AIRE £ QUSS 7|HsHMIR).

on
k>
S
=2
(7]

(0]

>

=
@

(¢}

=
i
>
0o
gt
4>
£
H
S

shutdown()0| &2 It HHXIS EHX|:= 2430 FISHMR. 22 BHXIE SiHISH| lshA= close()E =&l ok LT
A U2

(oMo = of2{20| A=R=2t Winsocks AHE5HA 22 close()ti! closesocket()& =& 0f SL|Ct.

_,_
-

510 getpeername()—51AMIR?

ol

oot

1 R HgLt,
LI 41914 O] B0l Hzo| 22 FX|= UUALICE OFRE oi=2|ABLTh
getpeername() &4 ZE AER A30| HTHH Bojl 17} YRS 22iF LUl AR

#include <sys/socket.h>

int getpeername(int sockfd, struct sockaddr *addr, int *addrlen);
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sockfde HAE AEZ AZlo| HHEXIRILICL addr2 HZAQ| HHCHH Eof| et MEE EE struct sockaddr (K& struct
sockaddr_in) Of cidt ZQIE{QILICE.  addrlen2 int0fl CHSt ZQIE{O|H sizeof *addrO|L} sizeof(struct sockaddr)22
27| 2t=|O{OF BILICE (HAt 3 : O] E= IPvERt S&5H7| fI8iAl struct sockaddr_storage £ AHEY = U&LICE)

Ol B4+ @RV} YHBIH -1 ST T ermoS YU AFRLICH

Of2{ 20| il FAS AR 121
MRS TS 4+ UBLIC

r
Mgzolziel JhsEiLIC 2Lt 2% 0

ntop() getnameinfo() &= gethostbyaddr ()0l ‘@0 A S}HO| Z2iStAHLE F7150l
0|82 7IMg = SlELICE (ESLICH Eotr. et MZF HREJ! ident HIEE
—EM | H2IS HofMLICh o XM$t HEE YT RFC 1413°2 H15HL.)

_|-o

5.11 gethostname()—L}t= 1017}?
getpeername() 2Lt O 42 0| HE gethostname() E4-lL IEf 0|z % of2{2e T2 0| MY A= AFEC| 0|2
SHELICL S22 0|E2 2|0l A= getaddrinfo() & MA 0222 2Z EKX|Q| IPFAE YOtLl= Aol XY 2~ JUSLICE

O|=C} O MO|AE= L2 M&oll SELICE Abal R IER| A2ZHLt2] shi|ohgh 220 T2 72)0f tiet 240| OfLZ Q. OFRE HE2[SHAtH
O|&L|Ch

#include <unistd.h>

int gethostname(char *hostname, size_t size);

QIS EHEBILICE hostname2 &7t Btetshi= TAE 0|8 BE char?| HiZo)| Tt ZRIE{IL|C}. size= hostnametiE Q)

St 4THOI AR $0j 02 D, 2F0] oA 28] 1 urerstLCt.

==

i
Hn
o)
5
[e]
rlII

E
o

3https://tools.ietf.org/html/rfc1413


https://tools.ietf.org/html/rfc1413

Chapter 6

S E-AMH B K| 2]

STHO|HE-MEHO]| Tl ofoF7 |2 XH|LICH SHYO A= Ho BE NE2 MH ZZHA00|A| 0[0f7|3t= S2I0|HE Z2MAE
HOstALE O BITHRILICE.  telnetS G2 SOIZAICE. O2{20| AU(Z2I0|UE) 2 HAX| SAEQ| 23H LEO| HEH 0 O
SAEQ Z2M(telnetd2t ! E2|= MH)0| HHS A= 20| S012E= BU ¥ S XM2[6tn K2{Z0A| 2Ol IRZEES
ZF= 59l L2 K2l

Figure 6.1: 22I0|HE - MH 4ZZtE

2o =Rof| S2H0|AEL MH 2| FHE weto| Fa|=|of ASLITH

22l0|HE-MH X2 SOCK_STREAMO|Lt SOCK_DGRAM EE= CH2 OffH Z{0|2t LE 4= US S 7|HBIMIR. (0| 22 Wr|oz
arst7|at siChH) 220 E-AH Mo E2 oAlE telnet/telnetd, ftp/ftpd &= Firefox/Apache QLI Of2{£0] ftpE &
mioiC o222 RES 2olS0|= RIZX| 2RI ftpd 7t AELIC

£9| ot oo FX|ofl= 2% StLtel MH{2to] AS A0IH 1 M= fork() & S3llM 02| 22I0IAES X2 HJLICH (At 5= : ot
9| XM 042 7HO| MHE AHSH= BE2 U0 AX|2 0] ZMQ| £H2 90HACHOf| MY EIASLICE. ) 7
Lc F ME{7t HES 7|Ct2|1, accept()® =, RES M2|E XA ZZHAE fork(J-LICE. 0|Z10| CHE EoilA

1

Ol ME{7} 8t U2 AEZ S120f “Hello, world!" H&sts 21 #LLICE 0] KHS Al2fo17| FI6iAl 2 2 siLie] HolM 022
Azt 3 CH2 ROl WUl of2f 0|2 Tt U Lt

remotehostname 042{£0| Aalst= ZX[2| ot0|m|QJL|CE.
Auf 3T
/*

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

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

32


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

#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>

#tdefine PORT "3490" // AF8XIS0| &Y XE

#define BACKLOG 10 // & 72| ch7|5¢Ql ¢1Zo

J0
al
T
N
e
N

void sigchld_handler(int s)

{
[/ waitpid()0| errnoE H0i& 5= AL 2 NEJUCII} =|AEICE
int saved_errno = errno;

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

errno = saved_errno;

/] IPv4 EE= IPv6 sockaddrs EHOF2LY.
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_fdollA| CH7[5t11 S0{2= HER new_fdol| XZ
struct addrinfo hints, *servinfo, *p;
struct sockaddr_storage their_addr; // E&Ate] =4 HE
socklen_t sin_size;
struct sigaction sa;
int yes=1;
char s[INET6_ADDRSTRLEN];
intrv;

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));
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return 1;

}

[/ BE BE 225t £ 5 Y= W HKM A2 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);
}

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

}

break;

}
freeaddrinfo(servinfo): // O] +EAX|= G O|& RS

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; // &2 Z2MAE C} HF SO0|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() FX
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),
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s, sizeof s);
printf("server: got connection from %s\n", s);

if (ffork()) {// Xt&l T2 AH|ARIL|CE,
close(sockfd); // RHAI2 2| A7 R giEL|Ct
if (send(new_fd, "Hello, world!", 13, 0) == -1)
perror("send");
close(new_fd);

exit(0);
}
close(new_fd); // B2= 0|Z10] HQgi&LICt.
}
return O;
}
230 EXES 2lol A20IXHH 222 RS fIhA StLtel 2 main()&= 2ol ZE REE Cf MJUSLICE ISCHH o &2
orER '—h—015 &LIC.

(OlOtE O] sigaction()& XS & = U=Hl MHCL 0] == fork()E At ZZMATE ZREHA MI|= EH ZZMAE
HHSO0|= ol AFZELICH ZH| Z2MAS 30| BHS1 HFSO|X| o™ A|AH! 22|17t SEe AYULICE)

5=

CHS ol L= 22t0|AEES ALZ3llM 0] MHZRE| HIO|HE &S + AFLIC

6.2 Chagt AER Z2j0|HE
O] L4412 ME{RCHE Cf LICk 0] 20|} 8= YL ofziio| YBo| XIZE SAES| 34904 EER Fdhs 2ULIch
0242 A7t Eh SRR WLIC

S2H0[HE 2AZ:

/*
** client.c -- 2AEZ| A7 S2}0|HE Q| Oof|A|

*/

#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>
#define PORT "3490" // E2I0|HET MA&T X E
#define MAXDATASIZE 100 // Bt HHoj| B+2 4 U= Z|CH HIO|E M

/] IPv4 = IPv6 sockaddrE gHot=2CH
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);

1

2https://beej.us/guiv:je/bgnet/examples/client.c
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int main(int argc, char *argv[])
{
int sockfd, numbytes;
char buf[MAXDATASIZE];
struct addrinfo hints, *servinfo, *p;
intry;
char s[INET6_ADDRSTRLEN];

if (argc!=2) {
fprintf(stderr,"usage: client hostname\n");
exit(1);

}

memset(&hints, O, sizeof hints);
hints.ai_family = AF_UNSPEC;
hints.ai_socktype = SOCK_STREAM;

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

}

/| BE BRE £2otHM £ £ A= 7H R HK 22 A8ttt
for(p = servinfo; p != NULL; p = p->ai_next) {
if ((sockfd = socket(p->ai_family, p->ai_socktype,
p->ai_protocol)) == -1) {
perror(“client: socket");
continue;

}

if (connect(sockfd, p->ai_addr, p->ai_addrlen) == -1) {
close(sockfd);
perror(“client: connect");
continue;

}

break;

}

if (p == NULL) {
fprintf(stderr, "client: failed to connect\n");
return 2;

}

inet_ntop(p->ai_family, get_in_addr((struct sockaddr *)p->ai_addr),
s, sizeof s);
printf(“client: connecting to %s\n", s);

freeaddrinfo(servinfo); // 0| &M= O O|AF 2@ gict

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

}

buf[numbytes] = \0";

36
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printf("client: received '%s'\n",buf);

close(sockfd);

return O;

[

Sl0|HEE Msl7| Hof| MHES AR %OH connect()= “Connection refused"Z BtetsiCi= HS 7|ASHMIR. OFF
FaLIcHL
6.3 [C|ojE{a &4

2l0liA sendto()2t recvfrom()of| CHal =2|gt i UDP HIO|E{ 13 A31o| 7|=0f| CisiA{ O|0] LOotERUAELICE 222 HEE 2719
of|dl ZZ2 M-S MAISHAISLICE. talker.ct listener.cRIL|Ct.

-

listener= EX|0|M ZE 495022 E0{2= IZIS Ch7|EL|Ct talker= XIS ZK|Q| 3Tt ZEZ A7 HEZ0| Q=g
L2 tre 1312 L}

Ei|0|E1_'E 272 HEO| gl A4S O|EHI0]| W&o T HZ o= LFMK| 97| =0l 22t0|AEL}L MO IPvES AFZSI=E

StH M7t IPveOllA =1 22t0|HETH IPvAO]A ¢ +°HA1 CIOIHE B2 = = dEs Ig = AS

Zd%ll-llif ($ {2 TCP AER A7 MAOIME O] SX|7H LAY = AX|Zt connect ()0l A S| F4 MIA|Of T3l 02{E
i

LMAF| D CHE FANAIE MES SHFLICE)
o47|0fl listener.ce| AARET} QI&LICES:

/*
** listener.c -- C|O|E{ 34 AZ "AH{"2| O|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&Y 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)
{
int sockfd;
struct addrinfo hints, *servinfo, *p;

3https://beej.us/guiv:je/bgnet/examples/listener.c
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intry;

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_INET6; // IPv4E M2{H AF_INETSZ MEeh|ct
hints.ai_socktype = SOCK_DGRAM;

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

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

}

/| RE ZBIE &2otHM 7tstt A Hm Zdof Hiel=gtL|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';
printf("listener: packet contains \"%s\"\n", buf);
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close(sockfd);

return O;

}

getaddrinfo()0llA 22[7t OFEIL SOCK_DGRAME At&SICH= 2ol FFSIMKR. 3 listen()2t accept()0] BRSHX| QiCh=
M 7|H5tMKR. 0|Z10] HZQE CIOo|E{ O3 AZIS AHEE ule| &F & stLtiL|ch.

CI2O= talker.cQ AATE4QIL|CE

/*
** talker.c -- G|0|E{ 14 "S2t0| 2 E"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>

ol Y&z EE

#define SERVERPORT "4950" [/ At

flin

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

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

}

memset(&hints, O, sizeof hints);
hints.ai_family = AF_INET6; // IPv42 M2{H AF_INETOZ MHEL|Ct
hints.ai_socktype = SOCK_DGRAM;

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

[ BE EUE =25IHM AZIS CHELC
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;

break;

}

4https://beej.us/guide/bgnet/examples/talker.c
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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] MELICH SILIS| EX|0|A listenerS A&t talkerE CHE EXIO|A MHBIM L. (G} F= : stLte| ZXIOIME AT
S| At EXl= AELICH o2 EHOIES SAl0 & 5= U= Chet 2ol JQELICL) aRE0| SLlst= AS XARMR. =2
71EE flet EH2 47t E Zo|2t =HugtLct
OlHoll= MHE AT Her USLICH talkerE =Xt MHAF|H IH2IS H=SHA %% b1, OFRE BHCHZROA recvfrom()S
SESIX| b=ChH X THZI2 A2t #elL|Ch UDP HIO|H 1 AHO R Hil H|o|H e E&g BEGH| ghelhe ME 7|HstM R!

ol 2 H 2ot AL A B XIS i MEJLICHE HZAE Clo[E{ M AZI0| aZJULICE Z40] CheiA of 7|0l A ZfeHolsh=0|,
0] 29| tl|o|E{ o]l thist 20| HEZ 0f7]0]7| Wh2YULICE 219 talker 7t listener?| FAE XIF8t1 connect()& SE3iCtn
At O =7H2E talkers connect() 2 XM FAZTHH|O|EE 2L #2 4 QIELICE 0|2 0| R sendto()2f recvfrom()S
£ LIt gELICE T3] send() 2 recv()E AH ElLICH
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U= A =
socket()2= 22 HHAIE MF S W 20| 0| 23S 22 ANOZ HHBILICE Rk A70| S5 SES SHX| 8

fentl() ofl Chet = &S s{ofetLCt. :

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

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

2S =ERYOE HYSIH HEE 2| Qi 4EHOZ A2US "EAN Y £ UBLICL = E2Z(HA F : Non blocking)
27E o8 o o YEIt ICHHE O210| 28 SAIS St A2 3= X| 4&ULE a2 12 Hetd 240|1 ermo2 EAGAIN
O|L} EWOULDBLOCKZE &8 & AlL|Ch

Z7Zt, EAGAIN O|L} EWOULDBLOCK & SZELL| 22 2felslof piih= ZAnR? SAMAM0E Ard o2{E2] A|ARI0| o™
WS STFOF Sh=X| H=|0f UX| &LICE 1222 O[AM S 2siME S 2F 2Helslor eiLict)

JBiLt Yebdo= LBtRKE 0]2f WAlo] FAHS ES AZio| OfHLICH Of2{Ee] TE20| A0 XHRE J|C2|RiA HH Cf|
AEN7}EI® of2f2e| RIS BEC| T2 IMECH W CPUAIZIS B0| AF2E ZQILIC (X} 3 ; S MBS 2X| gow
Z|CH &Y O SHLIE 100% BRY = ASLICL) A7 ZHAS 7|Ci2|= "ETF J=X| &elstr| flet =2 O otet sAME poll()ofl
CHel ChRis Che Rof YALIC

xx T
7.2 poll()—S7| =2 Ci=3t
olafi0] HUZ Hofte LS A 3 REY|S B vofl AR 1 S0l HolE\7t EHIE 242 Malshs Rt of2 wAlg
SoiM o222 BE AZUE XEXMOZ TALSHK| 0t 0f2] 42| A2 & 0t 240| HIO|E{7} EH|=[}=X| & = USLICE
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A1 : poll()2 AHLHA B2 2| HZS Ma|g mf BustA| =2TLICh o] AoME libevent' 22 OHIE
2to|E2{2| £ AIZ3IH O E2 452 ¥S = ABLICH 0| 2to|222]= o222 2IMMIM ALY &+ U=
7he WHE S AR 1 Al e AL

-

J2HM oA AL I = ASMKR? SEAIE poll() AL 45 AHSEHM ZAE TIE 4= ABLICE (HXHF: poll2 £E, 2E,

J2gt #RO| ARt STYLICE) ZHEHS| 2SHAHE 2SAF0|AH RE HAZR 2P S 22| Tl 512 ofH 220 XE?P AstH

BN RESH= AULICE 3 Set 2|2 T2 MAE= Ch7] et AAR IS OFZ = AFLICE

THZRA All2 L2|7F ZAISHD A2 220 XL 22|71 ZAIBtLL 42 O[#IES] ZF0)| et WEE &2 struct pollfd2l HiE
#otE WYULICE STHHE cigsts SFO| O[HIET LH(CIE S0f “220l 92 Xt=7} ACH” 22 O|HIE)SIHL AP%XW

K&t ®gt AlZto| X' W7tX| poll() =£2 258 AULICE

RESHIE listen() HEHQ! 232 MER HZO| accept()E + U= MEH7E =[AS I “ready to read"E et Z4IL|CE

#include <poll.h>

int poll(struct polifd fds[], nfds_t nfds, int timeout);
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2loll SHtE =M= PAYUX| HTEAICH

struct pollfd {
int fd; ] 220 HHX}
short events; // Q2|7 2#ARU= O|HIES| HIEY
short revents; // poll()0| Bt&tst= A|R0|| Aot o[ HIES| HIEH

h
O| T1Z=H| Et 2| B S StLt MBSt D 22to| fdHEES 2|7t 2HES D A2 A3 HHXtE M™EL|CL J2|10 Z2te| eventsEEE=
22|71 2AUAE= O[HEZE HE™SH= HQLICEH

POLLIN 0
POLLOUT ©

2210| HO|E{S recv() 2 EH|7t 2| L2fFL T
220] 222 20| HIO|EHE send()e 4= ASH L2{FL|C.

struct pollfd2| HiIZES FH|SHH poll()ol 24 HZ = UAGLICE  HHES AT|oF H2[E THelQ MSAZE 20| FAHOot
BLICH (S-S 7|Ct2(H S5 XIFoHH ELIct)

-

poll()0] BFEISHE O[#IET} HAMSS LIS POLLINOILE POLLOUTO| AREIRI=X] 2719/51A revents BES goigt 4
UL

(MHZE poll |22 B 4 U= 2S0| o YBLITE XME LSS ofehel poll() HHOIXIE HTBHHIR.)

of7] EZ Y0lA HIOIE|S OIS 4 IS I (OIS SOf oi2j 20| SHES Y2z Lnfx]) 2558 7|Ct2l= ORI 7} sLIc,

#include <stdio.h>
#include <poll.h>

int main(void)
{

struct pollfd pfds[1]; // Ol %2 AES 2ESIT ACHH O 34 StMlQ.

pfds[0].fd = O; /| BE o4
pfds[0].events = POLLIN; // ¢1& ZH|7} =™ 2 FL|C

il

[/ Btek CHE HEE BHESIDT HCHH
//pfds[1].fd = some_socket; // &l2|Q| Azl MHX}

"https://libevent.org/
2https://beej.us/guide/bgnet/examples/poll.c
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/Ipfds[1].events = POLLIN; // ¢4 &H|7t =|H L2{FL|C}.

printf("AE|F|E FEAHLE MStAIZE ZES I8 2.5%E 7|CH2|MR\n");

int num_events = poll(pfds, 1, 2500); // 2.5% X[t A|Zt

if (num_events == 0)
printf("Poll A|Zt &1

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

{
H\n");

if (pollin_happened) {

printf("ItY MBI} %dS S EH|7H E|R}ESLICAN", pfds[0].fd);
}else{

printf("cllAtStX| 25t O|HIEZF LMIMELICE %d\n", pfds[0].revents);

}
}
return O;
}
poli()ol pfdsHHC”OHA‘I O[HIET} Lo 40| HAS SHELE WS ChA| 7|ABHM Q. HHES| O{EHRA0| A O[HETH R =X=
LE{FX| X2 R IH2| revents EET} 00| OF gto= HFE|U=X= LHFLIC 0|22 2EHA ekl 2AHF 2l 00] ot

reventsE A2 0l AZHE STt 4= JASLICH

(]

S IIX ZE0| HRE HYULICE poll()ofl HAZ Tetoll A T BEXLE F71012{= o€ slioFe7t? 0| fIshM Hras| o=
ZE Q0| Refe 2E S0 A7(9| HHES BEAHLE FIHHR Uee o realloc()S AHESHAIR.

12

oM Q42 HMHSHH ofEA| sioFa7tR? O|AS 2IshM of2{E2 iE 2| OFX[2 Q42 AHE 240 HOALD, poll()2l
count0f| 3Lt Hf X2 ghS TSR, (HAH = : 0|2 BN &olel 24 1HE W2 A3 | flohM LEH o=z Argots
HEHRILICE) CHE o 71X 2 fdEEE 22 H&6h= 20|H poll()2 siY Q45 FAIE ALICH

O] 2E A& 02|20 telnet 4= A= StL2] AT MEHol| BHX[2{H OfEH sorente?

T L2 A AAS AETH 20| DU poll()2 Tt BFXF HEO| F=7H6HE LLIC (2 TAEHIE 0= HEO|
AS Wl 17| FH|E LEN7t 2 AYLIC)

HEO0| 7| FH|Z|H 22[= 2200 M CIO|EE S0{S2 = CHE ZE AN MEYLICE J-A siM AEAE2 M27t Y=ist
Li8E = &= ASLICH

OIR| O] & MH>S ot 1 AR, 0|2 dtLt| KojlA Ast & o sHo| Ct2 E{0|'2 &oj|lA telnet localhost 90345
HHSEAM Q. 621Z0| Stte] HollM Yot A2 (H220] AEF|E FE Foll) CHE HS0IM 2 4= A0{oRRfLICt

323 £ OfL|2t O{2{20] CTRL-]E FE = quitS 2=5liM telnetS EEY AR MH= HEE=
HH 0l A HIHE ZdILICt.

1

dxtn 2 HE

mjo

oj Ayt

/*
** pollserver.c -- @M= CHel ek M
*/

#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>

3https://beej.us/g:;uide/bgnet/examples/pollserver.c:
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#include <netdb.h>
#include <poll.h>

#define PORT "9034" /] 22|7} 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£ 271 HHX}
intyes=1;  // setsockopt() SO_REUSEADDRE 2I8iA = OlZHE EM|R
intrv;

struct addrinfo hints, *ai, *p;

/] 22E 2obM HiIEBHL|CH

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

[ FE2 "F21 0]0] ALZBFSYULICHOZHAIXKIE MAHELITH
setsockopt(listener, SOL_SOCKET, SO_REUSEADDR, &yes, sizeof(int));
if (bind(listener, p->ai_addr, p->ai_addrlen) < 0) {

close(listener);
continue;

break;

freeaddrinfo(ai); // & O|AF HeQi&L|Ct

[/ 47|17} A= 2|7} HIRIESHK] RIYCH= of0|L|ct
if (o == NULL) {
return -1;

44



CHAPTER 7. &zt ngAei2 7|&

I 2lE
if (listen(listener, 10) == -1) {
return -1;

}

return listener;

/] EEtoll A mhY HHRIE FIpE Tt
void add_to_pfds(struct pollfd *pfds[], int newfd, int *fd_count, int *fd_size)
{

/] 37t0| RESIH pfds HIES SEILIC
if (*fd_count == *fd_size) {
*fd_size *= 2; [/ FHIZ BILICt

*pfds = realloc(*pfds, sizeof(**pfds) * (*fd_size));
}

(*pfds)[*fd_count].fd = newfd;
(*pfds)[*fd_count].events = POLLIN; // &1 ZH|7} £} =X| EolgL|ct

(*fd_count)++;

[ EEollA StLtel QIHAS X HBL T
void del_from_pfds(struct pollfd pfds[], int i, int *fd_count)
{

[/ DEX|2fOl|l M SHAE AMR| CHA QIHIAZ SARHZLICH
pfds[i] = pfds[*fd_count-1];

(*fd_count)--;

[/ mel
int main(void)
{

int listener;  // 2|& 271 MY}

intnewfd;  // M&l accept()st A3 MEXt
struct sockaddr_storage remoteaddr; // 22I0|HE FA
socklen_t addrlen;

char buf[256]; // 22I0|1E H|0|HE 2|st HI{
char remotelP[INET6_ADDRSTRLEN];

[/ 5702 HEES 2|3t 37HS JHX| 10 A|ZFRfL|Ct

/] (EL28HX|H reallocE ARIL|CE)

int fd_count = O;

int fd_size = 5;

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

[/ 7|3t = 2|Ad A2g AHL|CH

listener = get_listener_socket();

if (listener == -1) {
fprintf(stderr, "2|Ad A3 27| ATi\n");
exit(1);
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I] BIAHE Heoll =7t

pfds[0].fd = listener;

pfds[0].events = POLLIN; // E0{2= HZS 9|2 FH|7t EH EDE

fd_count = 1; // 2| AL E 25t MH

I/ FHEE

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

if (poll_count == -1) {
perror("poll");
exit(1);
}
/] A0IS Y HIO|EIE &7| I3 M EXHSH= HES =2
for(inti = 0;i < fd_count; i++) {

H>

/] FSiQ17} ei2 EH|7t ==X &2l
if (pfds[i].revents & POLLIN) {// SILIE &UAELICH!

if (pfds[i].fd == listener) {
/[ 2| AHE S FHITt =JACHH M HEES M2[EL(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("EAH: ME22 HE %s"
" f_;ju %d\n",
inet_ntop(remoteaddr.ss_family,

get_in_addr((struct sockaddr*)&remoteaddr),

remotelP, INET6_ADDRSTRLEN),

newfd);
}
}else {
[/l BlAL7t ok Z e Htx{ol Z2to[HEQL|Ct

int nbytes = recv(pfdsli].fd, buf, sizeof buf, 0);
int sender_fd = pfds[i].fd;

if (nbytes <= 0) {

[ LFE7H EUAUHL HZO| Z2t0|HE| 2ol HRAELICH

if (nbytes == 0) {

/| SEO| EHELICH

printf("ZEAH: 221 %d 0] Z{Z\n", sender_fd);
}else {

perror("recv");

}
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close(pfds[i].fd); // 2Hgs|7tMIR!
del_from_pfds(pfds, i, &d_count);

}else {
/| 2EI0|HNEZRE It E2 HI0|HE ELASFLIC

for(intj = 0; j < fd_count; j++) {
/] 20l E-AICH
int dest_fd = pfds][j].fd;

[/ BlAL 2 HiEH AZES HQ|L|Ct
if (dest_fd != listener && dest_fd != sender_fd) {
if (send(dest_fd, buf, nbytes, 0) == -1) {
perror(“"send");

}//} S210|AEZRE 2 H0|HE M23t= B=22l 2
}i poll()ollM 812 ZH[7t & 222 &
} oY 2t 2ol &
i for(;;)el E--28 of7(0]| =2Hh= 2 818 AO|LICH

return O;

}

CtE HoM= HI=SHX| 2 22HE $f4=Ql select()E #THE ALIL. select()2t poll() 25 HIXS 7|52t 452 MSste 4=
ghAlok =3 CHELICE select()Z0| =2 O 0|A140| Z2SX|= ZELt AFE37|0lE =2 Cf o{ME ZiQL|Ct o2{29] A|AHIAM
X|2&|7]2t olohH o O30 E= B8 M6 .

= Ix

7.3 select()—S7|2tEl 1/0 HE|IZ2Y, o L4

O &4== O|M3IXITH OFF RBLYLICL CHS1H 22 &2S WANEMR. 02122 MH0|2 S0{Q= HES AX|gat SAlo o[0]

M HEZRE AL A= E HS0|2 HELIC

4

A

ULSHAXIE ZELICE. 3 accept()2t R 7He| recv()E MH & #L|Ch KT M2 JHNR?
accept()sagol =5 MENE SO{ZICHH O{EH| &7te? %A recv()E SAl0| CIOIEIE HE £ JUASNK? "= SEL M3
MEAICH" SHA| s1Z*O0| OFLICE CPUE 2Zx2| A1 AX|E 042 ZQLICt O oA soretne?

HE

select()7} 0121 221S SAlof ZHEE

T HE ELICh 3Z0| ofH 40| 818 FH|7t =R =X, ofFH 20| & FH|7t =|U=X|,
02| HEtZ 20| QACHH offH 2of 2 2

B BOICL: select()7} 0[A40] 01 FX|2 ¢Z0] OFF UL HBolAE BHopH L2ELICL 121 A8k
OfR0] NIAZOIN & 4 QU= THE W W AITSHe libevent? 22 O[HIE 2lo|S2{2|S Mol o LIS 852
22 4+ gLt

EE2 225t select()2] 7HRE MAISHIELIL.

#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);

E3¢ readfdst writefds 12|11 exceptfdsZ O|F0{T! It ALl “FehS"S BETLICE. Hef 62i=0| BE

= &
Hap Rl A2 HHXIZRE] 015 Y 4= A=K EHeldtn HOHH readfds Te0ll 01 sockfdE F715HMR. numfdse= 7H
o Xt 18 C3t gte =z MEsHiof BLch o] ox|oflM= sockfd+10] E 20| 0|R= 3| 20| BFE H(0)ECt 2
t

“https://libevent.org/
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select()7} gtetet il readfdsi= 021 20| MeEdsH It MEX} Fol|A 47|E 2loh FH|El HES Bt | oA Holl/US HYLICE
o2{22 JZES ofeoll L= FD_ISSET()IH2 R 2 AAFE

+
$0
I
-
n

O TIsty| Hoi| o HEtES €A ZESH=XI0l Chsl ook |& ZYJLICt. 2 HE2 fd_setEYLICE O] Xt= o CHshA otz

SEA
?:II-T

nx
oF

u

FD_SET(int fd, fd_set *set); fdE setoll HEfLICH
FD_CLR(int fd, fd_set *set); fdE setOl| A M|7gfLIC.
FD_ISSET(int fd, fd_set *set);  fdO| setdi| QJCIH %S EHFLICS

FD_ZERO(fd_set *set); sete| ZE @AE FMHgLICL
OFX|2fO 2 0] O &%t struct timeval2 RAUNK? F27t 2|20 A2 E 2 ti7iX] 236| 7|Cl2|0 AX| oS w7t A&LICH
Ofote Of 960iCt AX|ZE= OF U '01|—PXI A0 “TIHF. 02t E=stn AE fE USLICE 0] Az -T”‘Xﬂﬂ
HTAIZHE K| HE 4= U2 off FELICL AlZH0] £3tst1 select() 7t £H|El T MHXIE #X| 28 2L, 222 gtetstn of2{ 2

HEIEASE % '%'—lEh
struct timeval= of2liet 22 HEE 7tX| 1 JUELICE

struct timeval {

inttv_sec; [/ =

inttv_usec; //OI0|3Z%
L

Ched| tv_secS 7ICt2| 1 #2 X2, tv_usecE 7|CiZ|1 2 UPOIZ'E*E HHStMR. JFEELIC Ofo|32XQL|CE e X7t
OfglLict 122|=&= 1,0000t0| 3 2XQIL|CL J2|11 1,000H 2| £ 1X=QILICh J2{22 1ZX& 1,000,000010|F2XAL|CEH <f
"usec"¥MK? "u"= L2|7t "OIO|FE"E LS| fISHM M= "EI* X (R HU7| R JLICE E BTt dkstet o time-
out2 HOU= AlZHS BO{FT| 2lsiA YOI0|E & = UELICE 0| A2 0f2{20| HAFQ A0 TR0 w2} CHELICH

ICt. 02{£0] struct timevalS OFF2|
29| XA CR|Z M= AIZHRE2 7|CHHOL

(L=

off R2|= Oio|AZZ slet=2| EtO|HE JHELICH Af“ E2 J|tistX| gk 20| &L
A A of2i2el BE |HA EIYE2I0|A (FXE F: FE0| ZRHA AF|FER
oo

I

HEE UELICE. struct timevalE 022 AHoHH select()= G229 T Qe BE I MBEXIE ZTAISHSA
7t & AYLICE Oi7HH= timeout2 NULL 2 "eﬂgﬁfﬁ M| A|ZEXDP7) £ K| o mhY MEXT ZH|E uf7tX| 7|CH
atoZ gtok £ Tehg 7|oHe Lot gIrtH O e select()E == uf NULLE &&SHH ElL|CH

o
i
lo
Il
In
P
N
o
)
=
AN
e
=
p
N
T
_E
=
N
|

5%E J|CHEUC

** select.c -- select()2| Of|A|

*/

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

#tdefine STDIN 0 // & 20| I} MHX}
int main(void)
{

struct timeval tv;

fd_set readfds;

tv.tv_sec = 2;
tv.tv_usec = 500000;

FD_ZERO(&readfds);

Shttps://beej.us/guide/bgnet/examples/select.c


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

CHAPTER7. 2f7tC| ngAgi2 7|& 49

FD_SET(STDIN, &readfds);

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

if (FD_ISSET(STDIN, &readfds))
printf("7|7t SR &LICH\n");
else
printf("AlZt0] ZIHE|RAELICEAN");

return O;

2tef o2} 20| & T2 HIX2| == E{0| 22 ALSSITHH AE S F2X| to™ HBtA|ZHo| ZabE ZLCt.
o

£ 0|Zd0| HO|E| %Y 20| H|O|EE 7|Tt2| = OFF EFe Y02 M2te A yL|c. J2|1 SHEL|ch &
FHA0ME= selectE 0| RO Z & 4= A1, YRUME I 4= YIELICE O YAIS A=t HTHH of2{ 2

===
LhES HIIeHof gLict.

U QUALE F|StA|ZIO| X3t 7|7HX| L2 AlZtE 2tESI| fIsiM of2{22| struct timevalE YHIO|ERLICE.  T2iLt
CI2 HES J%A siX| Y&LICE gief O|AMQUE FEE AMotuxt SCtH J240) o&EsiAd= QHElLICE  (Babst Alztg
2 n4lCtHgettimeofday() 2 AFESIMIR. HUAZAX|TE 3740 SHIE dHL|Ct)

arok o17| Fgthof| Qs AZiI0| HZAS BH=CtH o o] AMZtR? 1 AR select()= 1 A2 MEXIE »9l7| ZH|El MEf"2 AHT
ZULICE AXZ O 20 recv()SHH recv()= 02 E21F ZQLICH 3Z0| S20|UEI AAS HUASE LOtLl= SrHJL|CE

select()0l 25t SO|Z2 O[0F7|7f StLt Of QUAELICE THeF listen()EYEZQl 2SS JHX|1 U AR, O 279 IjY MEXIZS
readfds Ze0l| o{A MEE HZO| JAEX| 2

XIS7X| &2 select()et==01| CHEt ZHEHS| 2OMEUSLICH

DLt tHEH 277t U002 ofzfol AT GIHIS HRSILICL ST 9I0] OFF ErAst oiFiet of2Hol cimlols Mgt
KHo|7t QALICE DA/BE B ¥ AT D Sl2 s MBS oA

O] Z2I° 2 ChaSHCIE AFSAE M AHXZ SEFSILICE stLte] AollM 0|22 MSt = CI2 Hof|A telnetS S8l H&3HMIQ.
(“telnet hostname 9034") 3tLt2| telnetM| Mol A &7t Y2ASHH LIHX| 20| 2 LHEO| LIEHOF BHL T},

/*
** selectserver.c -- 5|&%t CHE ALK} CHat At
*/

#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>

ttdefine PORT "9034" [/ 227t E= 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);

6h'f'fps://beej.us/guide/bgne'f/examples/selectserver.c
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int main(void)

{

fd_set master; //OtAE OjY MEHX} 2[AE
fd_set read_fds; // select()E It YAl It HHX} 2|AE
int fdmax; /71 2 o MR HE

int listener; /| E& 27 8}

intnewfd;  // MZ| accept() A2/t A2 MHX}
struct sockaddr_storage remoteaddr; // 22I0|HE F2&
socklen_t addrlen;

char buf[256]; // 22I0|HE CIO|HE 2%t I
int nbytes;

char remotelP[INET6_ADDRSTRLEN];

intyes=1;  // setsockopt() SO_LREUSEADDRZ ¢/8liAl= OfHE EM|R
inti, j, rv;

struct addrinfo hints, *ai, *p;

FD_ZERO(&master); // OIAE{QL AA| RS X729t
FD_ZERO(&read_fds);

[ 222 SiL} oM HiQIE LT}

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" 2& HIA|X|S MAEL|CH
setsockopt(listener, SOL_SOCKET, SO_REUSEADDR, &yes, sizeof(int));
if (bind(listener, p->ai_addr, p->ai_addrlen) < 0) {

close(listener);
continue;

break;

/] 0|320| AHE|H HIQIET} | X| b2 R L|CH
if (p == NULL) {

}

fprintf(stderr, "selectserver: failed to bind\n");
exit(2);

50



CHAPTER 7. &zt ngAei2 7|&

freeaddrinfo(ai); // & O|& HRSIELICH

Il E&LICH

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

}

/] B|AHE OtAE Fetol| =IL|Ct
FD_SET(listener, &master);

[/ 7+ 2 T MHRLE 7| Z L C
fdmax = listener; // S{M77HX|= 0| ZdL|Ct

re

=8
=

Ho

JES
for(;;) {
read_fds = master; // SAFEILICE
if (select(fdmax+1, &read_fds, NULL, NULL, NULL) == -1) {
perror(“select");
exit(4);
}
/| EMst= AZEE &2|5tH S C|0|E7F UA=X| EelgtL|Ct
for(i = 0; i <= fdmax; i++) {
if (FD_ISSET (i, &read_fds)) { // we got onel!!
if (i == listener) {
/I M HES M2|ZLIct
addrlen = sizeof remoteaddr;
newfd = accept(listener,
(struct sockaddr *)&remoteaddr,
&addrlen);

if (newfd ==-1) {
perror("accept");
}else{
FD_SET(newfd, &master); // OtAE Egof| =71etL|ct
if (newfd > fdmax) { // 7t& & A 7|SLICt
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{
/| 220U EOIM 2 XtZE K[|t
if ((nbytes = recv(i, buf, sizeof buf, 0)) <= 0) {
/| F7LMEU7LE 2210|HE0| 23 HEO| BRE|USLICH
if (nbytes == 0) {
/| HE0| BEE[ASLICH
printf("selectserver: socket %d hung up\n“, i);
}else {
perror("recv");

}

close(i); // 2HE3|7tMIR!
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FD_CLR(i, &master); // OtAE Tetoll A Atd|EL|Ct
Yelse {
[/ 22I0|HEZRE H|0|E{7} SOIRELICE
for(j = 0; j <= fdmax; j++) {
] B0l 2L
if (FD_ISSET (j, &master)) {
[/ BlALeE O XIS IR C
if (j!= listener &&j!=1i) {
if (send(j, buf, nbytes, 0) == -1) {
perror(“"send");

}
}// 220IAEZRE 2 HO|HE LR = #2292
HIMAEE e BE2 &

Mo 2ER ¢§I AE9 &

YRRl 2 28 of7|0] =Y = glsLcH
return O;
}
T L0l masteret read_fds = 7| T M Felo| A2 FISHMIR. TRl master= A HES E= 221 dHXIeL Hix|

HEE 2= 2200 HFXE JHHLICH

masterE 7tX|= O|R= select()7t AMA 02{20| H7|= HES HYSHAM 47| EH|E AZS vtsy| IERLICt 22|= StLte|
select()@ &1} CH2 & ALO[OM HEEE A& J[fsloF 8I2 2 0|ZIE2 CH2 20| ot sHA| E2tsliof st= ZAUL|Ct. T2iA
L22|= HNE M7| Hof| masterS read_fdsoll A5t select()& S&sH= AYLICH

SHX|2H 3242 227t M2 HZS 2hg mioitt IS master® &0l 7180k StChe 2|o|7 oflzt? 2th J2|1 ¢iZo| gl
mOtCE masterE g0l Af &|73H0F SHX| 42712 AL, %A soFetLCt.

listener£20| 918 FH|7t EIU=X| SRISHHE AFMO| FF5HMIR. FH|Jt =[0UACHH Th7|Sel MZ2 HE0| Ath= 2lojo|2
accept()et =0l master&igfoil =7tefLICt. HI=5HH S2H0|E ?ad% S FH|7t E| 20 recv()7t 02 S2{ECHH S2t0|AET}
SH_
=

HEES HUCH=E A 2 4= A1, RE|= 3 HES master TOIA F7{soF LCH

R

ﬂJIO

Al
=
20| E0]| TSt recv()7t 00| Ot 2t S2{ECHHE 22|= O HIO|E7F EARICH= S & & JAEFLICE 2B XHEE 22
20l masterS=2 =2(stHM 2ZE LIHX| A2 S2HO[AESHAH O A=2E 2HL|Th

XISNK| H S select()ehs=0il Cigt B2 THastA| gb2 i 20| ASLICE

R AEoM M2 2|5A9 select() = AMEE= S EH|7H =[0I
(=1

S0l "2 S FH|7t =UCH" 1 SHHAM HESHILICE 0| A2 select()7H #17| SEHof| CHEt E2210] @i 20|12t LB read()
7t 25 AYS 0[BL|Ct. OFRE sHEM2 2 220l O_NONBLOCK E2i1E MAsiA{ EWOULDBLOCKRF7t LSt &
St AYUULE (0] 2F7F HAE RABIE ELICh) AAE =222 ZEZ AFots Yol tisiME fentl() #Z HOIXIE

712 o7te| G{EE SHAMH select()Qt AEd| HIt LS StX| o ot MEXt TS CH2 LAO 2 Ma|sHs poll()0l2h= tH2
ST UELICE St Sols] HMIQI(SHAL F : 0] BE2 pollgt4=0i thst MECH HA ZHME Ao 2 HIL|CE J&I|0 2M2|
AHEEOY| A poll()ofl CHsHA BB = E75t1 man page A3 E HMAlstD UELICE)

7.4 BE=Xol send() Mzls}7|

2|0l M C+2 send ()0l CHSH 20j| M send ()7t 021 20| T QETHHIO|ES S 2F BUX|= 948 o AT 2R AUE 7| Bt LIR?
O21=2 512HI0|ES HLUIZ Yo E 572 4122 = ACh= 2|0 YLICE H2 100HI0|Eoll= F& L0| M7l HLnQ?

2, AAS2 OS] of222l ZH2 Mol HotM ELiX[Z 7|Ck2| 1 JAELICE o2zl SH| ol A= < O Hlo|HE
ot 02|12 TR HUiX|= ¢¢7|2 A ATt 22|10 FF6, ofH| H2 CIO|EIE ELiE U2 HEf20A EHU= AL

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

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

{
inttotal =0;  // 2 HIO|EE BW=7t
int bytesleft = *len; // ELHOFSH= Gi|O|E|= 20t} HOIRU=7t
intn;

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

*len = total; // &H|Z HiH HIO|E +E 7|E8HM S2{FLICH

return n==-1?-1:0; // ATA|0ll= -18, dSAl0l= 02 S2FELICH

1

}

O] GiiMIoflM s 042{20| HI0|E{E Eid 42 A30|1 bufe AIRE B2 HEHQILICE len2 HI0]| &7l HIO|EQ| 45 EHe
intof] CHeH ERIE{ L CE.

g 2RI EMBIHE -12 E2{ZFCHerrno= send ()0l Lt ZEZ 28 O{T5| BYE| AELICH). E3H AM|Z H&E HIO|EQ]
A7t len2 Sl HrEtELICE 0] gt2 RFIHEMBIX| ob= 0le 0f2{20] &It RH et HIO|EQ| =9 ZELICt sendall()2
HE

CIOIEIE T &3t7| fISHM 2| ME CHFX|ZE QETH L5 HEZ o212 0iA] L2AZE AYILICE
EEES 2l o] g==0f thst = E Oj||7F 07| UAELICE

char buf[10] = "Beej!";
intlen;

len = strlen(buf);
if (sendall(s, buf, &len) == -1) {
perror(“sendall");
printf("@F 7t 2-HSHM %dHIO|ERF MEELITH\N", len);

}

AL Z0l| THzle| URTH EAISHHE S 20| HO{ER? 2tef 1iZ10] JHH 2O F =KX= o8 A| Stitel mizlo] U f CHE

SILIZE AEE=E A4S 27t? J™-SLICH HAAL| ALZ|E FIXIAH DSAZELICE 6E{E2 Otit: &3S sHof 2 AL,
5|

(MZHROf| A HO|E &St HE J|AHSIAILIR?) AHMIE LHES ZACHH A% SI0{EMR

- = el L

75 XHUS—HIOIEIS TRsH= W

HERIE Sdll 2XI1E HI0|EE ELif= 22 # &Ch= A2 OIF| & AULICE SEX|2H 2tk intLt floatZ2 “0|Z" Xt2E H&sH 1
St oA soremta? R JHX| 2o L&LICH

1. sprintf()Z22 &4+8 WA 2 HAER Halstn HAEE MEEL|CL £AXF= striol()Z22 &4+E WA HAEE CHA
£X12 sketLIC)

2. send()oil CIO|HE 7t2|7|= ZRIE{E HEBNA Al HIO|E{E =2 H&eLIC
3. HO|HE =2hd U= Hio|L2| HEl=Z QB =SL|CE AXHE CIZERILICE
RO EE A
[#E0] 22tzi]

Beej7t LEILICE “K= 22 Al tH 2l

mjo

Folstic”
[E] (23t 5 : 0] 222 ste| xjarzre HelLich)

(O S 7|8A| AIZS7|of 2tk

M, ojo| Ack= HE 012 & FRASHCE olAY AW 2RIt
A= G220t 2to|H2{2|E BEE Z 1z 7

0|
IL|ct, a2



A8 BLY| Ho AE S olmTets
Relay Chat (IRC)’ M@ Q17t0] 212 4= !
Je{L 3242 Heto| 2|the BHEo| I

= [yl

A A W2 AN BT o e
ol o mm2 M4 e
Rt el $20tC

E2I5t 10 20|22 7|7} &lth= A0l AFLICE. Internet
I RUZBIX| b2 HE0iM AFZSE7|0l| OFF =B |ILICH

Y
_l—'__l
Mo
rlo
R
= _IHi T

AN

5 Hmj g 2AA| HIO[E{(H2: raw data)E H7(7]. 0|2 mj ZHeh(st IR) gLl 2 oo|E{o] CHet ZOIE{E 22 = 70|
send& S ELICE

double d = 3490.15926535;

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

J* 11--0[ A1 GBI 3 : O[4I

Al HIE| T2 20|} AATET}
MEZ CH2 =8 712 HEE0A SEist=

=
42 Qlojguct) *

A= 0|2 of2fiet 2ol &Lct

recv(s, &d, sizeof d, 0); /* I&--0|AA S */

W21, ZHERLICk—2 RIS 20| QI0{=0|XIR? AM, BE OFFIE|HS0| double (OILF CHE U2 int)S St |E EHOIL}
AXI0| SUH BIOIE A2 EAISHS 242 OfLizts 2RI7H AALICH 9Io] BEES HOh= 0[A140] LT (H7—o0l4l0] B
gis 4T UK 227127 1 P20 0] $AS F 82 WHo| FLICt)

M4 A2HS TH 0f htons()-48 HIEHT HIO|E 2A2 HERIEE SR $48 ofEA| M=K, 2211 2%0] of LR
0[0] AT LICH SHSIE floatkh ol A S 8147t giaLIC slgo] gl 3enta?

2 YSHX| ORM| QI (ETAl TR SALIR? YHEZ TS FUX| $ATIIR?) LE(0f|A Ho| ASLICE L= H|0[HE #AX|AM
H 2 ZFE(FE: pack)(EE= "marshal” EE= "2 ZsH O OFL|H 121 2oj chet MEIH2| CHE 0| §)S

0%
>
|0

"LET O|Z WA RALUNMK? L= 010 htons()2l GIME EAFLICE U2 5 s AEQ| HAlo| FA0|=7H0| HIERIR
HIO|E &M= Hek(EE= "QIRE", 0|1Z0| O Olslstr| HTHH)ELICE +E 22 SHSI|(CIZE) fI8HA +=4XH= ntohs()E

SHX|2E H|7F =5 FHo XR? JFELICE 22|21 CollM 0|22 XE[ots EE YHO|
-

2471 W20l o] A M 2 ZS o Heot lg AYLIC)
Qo A2 Ho[HE AT Aoz TN RUYCZ HoHEUE=E AYLICL IS SO0A floatg ZEt= AYS <lst

]él =
Zhehstn XK st Mg Fo| B2 oM ZE8 7h LI

#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)&Ox7fff)<<16) | (sign<<31); // K| =20} 2
p = (uint32_t)(((f - (int)f) * 65536.0f))&OXFfff; // 24T

return p;

7https://en.wikipedia.org/wiki/lnterne’c_ReIay_Chat
8https://beej‘us/guide/bgnet/examples/pack.c
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float ntohf(uint32_t p)

{
float f = ((p>>16)&0x7fff); // |
f += (DROXFfff) / 65536.0f; /| A4H

if (((p>>31)8&0%1) == 0x1) { f = -f; } // ©S H|E M

return f;

floatE 32H|E =0l MEst7| 2ot thatt FoILCh Z[2bel HIE(31)7t =2 R=E MESH7| 2leh ALICt (10|

of
N
o
[T
Rl
<
o
T
il
o
Ral
g
o}
HuU
oc
ro
E
Im
i
@
o
o
4>
10
B>
4>
o
1 &
Hr
o
N
Jhu
OF
X
o
T
>
b4
o
r
il

#include <stdio.h>

int main(void)

{
float f = 31415926, 2;
uint32_t netf;

netf = htonf(f); // "HIEY3" YAIOZ et
2 = ntohf(netf); // AIRIS 2UcH 2I2HCHE H2t

printf("Original: %f\n", f); /1 3141593
printf(" Network: 0x%08X\n", netf); // 0x0003243F
printf("Unpacked: %f\n", f2);  // 3141586

return O;
}
EES EXH, 0| 2= 20 ZICHSHH #ELICH THES HXIH O] HA2 Z2HE R 8% 02 MX| tol B He| 7t AEs| Mgt/ of
AFLICH 3276720t 2 =5 MESHL 2

P2 O] WH2 M2 SZISHA] 242 AJLCH ot o222 212 ofidlol M A4F2
o

[
OFX|2f 2X12|7F M= 2EE|X| §42 RE = + AFHC

sl T oL H| SHOFETR? AMM HEAL
HAME S IR O R 0| HAIS ArREILICE
ATCTI}0[AIAO| Q7|2 HIZICHH 021 7P 8t A= of

am HA
SF0llM= e ZAS MAHsh= A HeE dorets 2OletLIth htons()X 1oF RARRE 452 13 WAooz SEBILL)

o7 ChEYE REA4H 9 HIFUE 254 EIQIS IEEE-7542 QIFCsts I AOH0. (US| Aol thREs

=
QIBESILICE. 0] ZE= NaNoO|Lt InfinityE M2ISHX| 4&LICH J2{Lt O21 2|7t 7HssHA| 88 2 UAELICH)

#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;
int shift;
long long sign, exp, significand;
unsigned significandbits = bits - expbits - 1; // £ HIEZ 2|8l 12 #L|C}

if (f == 0.0) return 0; // E8% 22| X2

®https://en.wikipedia.org/wiki/|[EEE_754
"Ohttps://beej.us/guide/bgnet/examples/ieee754.c


https://en.wikipedia.org/wiki/IEEE_754
https://beej.us/guide/bgnet/examples/ieee754.c
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/| HEE Bolstn Hets ARrgLICH
if (f < 0) { sign = 1; fnorm = -f; }
else { sign = 0; fnorm = f; }

[ Erietel "ele| fE Fojuin X5 F=HetL|ct
shift = 0;

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

[/ 55| R5A44H0| ot Ol HedS FRfL|Ct

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

I/ HIOIOJA S Ci3t X|4- 2 LIt
[/ (BXt &= : IEEE7540|ME XI5 8 UM H|ES| H4-Z LIEHHD,

[/ HIO|HA KL 2 == HIO|O{ A A|AFSE Xt HLHgt BHEo| 22| K|,

/[ HIO|O{A DO|2H2 HEO|O{ ARt A &kok Xto| HCigTHE 2| S2| X|4=5 LIEF-LICH
exp = shift + ((1<<(expbits-1)) - 1); // shift + bias

Il 51 s SHELICH

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; // £% HIEE [ciA] -1

if (i == 0) return 0.0;

/| A==5E HopHC

result = (i&((1LL<<significandbits)-1)); // OtA 3 M|
result /= (1LL<<significandbits); // S8 4+THOZ Hot
result += 1.0f; // 12 CIA| CgtL|C}

[l =5 X2[glct

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++; }

/I 2=Xz2|
result *= (i>>(bits-1))&1? -1.0: 1.0;

return result;
}
32H|E(OtOLE float)2t 64H|E(OIOHE double) +~& ZE [0l o{EAELICE 2L} bits3 7|9
CIOIEIE QIRE 317|9(3HA pack754() 45 ZIH & + AS AYULICh(expbits 2| X=27F FHHSHE 9| X2
2EE AUUCE)

Ho
ret
2
0N
B
e
£
oM
=0
2
|l

047 AFS Gl A|7F ASLICH.

#include <stdio.h>
#include <stdint.h> // uintN_t H£8 Ho|gL|C}
#include <inttypes.h> // PRIx 12252 Ho|stL|C}
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int main(void)
{
float f = 31415926, f2;
double d = 314159265358979323, d2;
uint32_t fi;
uinté4_t di;

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

= 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", f2);

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

return O;

Slo| Do ofefel 24 MBI

float before : 31415925
float encoded: 0x40490FDA
float after : 31415925

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

Of2 20| 71 4 QI CH2 L2 L OB sturctd EFeH=TtILIT

_,_

. 25| HoYE = struct?] 2E X0l AIREXH WES

[=}
g2+ ASLICh _'Eli'_lig ZH| HHIE SOl HIEQ|S0f| B& 4= Qlth=s A2 Q0[FLICE (0] =l 0| ete| 1" E
=& W0l XARIQ? Z&TLICL H H7el 2 La|XtH It HREH A

HE OO|22ADE HRYLICL” 0] FR0=
ICt.)

OOt ORO|AZRAZES| &R _8 Ofe ZLICE D2iLt & Fltol 2 TS| 5L

CHAl =R 2 SOt7HA, stuctE H&3H| 2Ist £ 1ol Y2 242to| HES SEM o= TETHLHS HITHHO| EASHH CHA| structtof|
S0{d= AYLICE

2 0|Zd0] TS| 2 ALY Zdol2} ofl Al ZALICE HELICE of2{20| T L2 H|0|HE E&sH= Y2 £o4E 20| g5
Edsh= ALICE OIS AYULICH HEEN

I2 3 S SHEE printf()2F RAFSE pack()2t un-

Kernighan} PikeZ} X|2 The Practice of Programming™ oA 1E2 H
O at4Eq Mo [I2 AAACLE 2210108 FH|2EX| gtn

pack()BH48 ZgsALICL 1200 chet A2 MZstn AXIgH
ABLICE,

(The Practice of Programming Ot £2 MQIL|Ct. X7t O MG FHe nfOiCh M|A Alo] DF0|E ot Of2| M AEL|CE) (YAt

7 Mol HES B 53 ofF F2 Myolzt

O AIFOIM XM= Z2ES HIO| C HA™ of Tt A3 S M2sHa] BILICH K= 0|42 M & Ho| gloLt =88t A= HelLct.
oojMat B T2 OjHEL 22 Y2 57| M 59| ATt F+E pack()2t unpack() EE EQIsEZ HIZILICH Xiate
QAIsH A O 2 AL23E 4 Q= Serializable QIE{H|0|A S JHX| 1 QU&LICE.

o o
=

!

Jg{Lt2tef of2 20| AR Rte| Ii REZ|EIS CAZ -5t ALHH, K&P2| SHEM2 T3S 2HE7| l6iAf 718 Zo| ohiH4E
283te printf()2h FARSH 45 QtEE ZIALICE 097] M7t BHE HTHO| U™ of2{R0] 17 10| YA SXIBH=X| L7|0|
2 AUt

Mhttps://beej.us/guide/url/tpop
2https://github.com/protobuf-c/protobuf-c
13h'[tps://beej.us/guide/bgne‘(/examples/packZ.c


https://beej.us/guide/url/tpop
https://github.com/protobuf-c/protobuf-c
https://beej.us/guide/bgnet/examples/pack2.c
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(Ol ZEE 29| pack754()&4 % EZBILICE packi*()g4= £ CHE "7t ot char?l HiEol| &~
| S

htons()HIE &2 FAFSHA

#include <stdio.h>

#include <ctype.h>
#include <stdarg.h>
#include <string.h>

/*

** packi16() -- 16H|EE char HIof| X{&ELICE (htons()KEH)
*/

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

{

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

/*

** packi32() -- 32H|IEES char HHO| HETLICE (htonl()AE)
*/

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

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

}

/*

** packi64() -- 64H|EE char HIHO| HEEILICE (htonl()KH)
*/
void packi64(unsigned char *buf, unsigned long long int i)
{

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

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

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

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

/*
** unpacki16() -- 16H|E H$E char HEHO|AM E0{HLICE (ntohs()ME)
*/
int unpacki16(unsigned char *buf)
{
unsigned int i2 = ((unsigned int)buf[0]<<8) | buf[1];
inti;

// change unsigned numbers to signed
if (i2 <= 0x7fffu) {i=1i2;}
else {i = -1 - (unsigned int)(0xffffu - i2); }

return i

/*

** unpacku16() -- 16H|E 2= 8l= B4 char HIH|A E0{HLICt (ntohs() M)
*/

unsigned int unpackul16(unsigned char *buf)

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

58
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/*

** unpacki32() -- 32H|E ™5 char HHO|A S0{HLICE. (ntohl()AH)
*/

long int unpacki32(unsigned char *buf)

{

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

longinti;

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

return i;
}
/*
** unpacku32() -- 32H|E B3 gl= M8 char HIHO| A Z0{=LIC}. (ntohl()X{H)
*/
unsigned long int unpacku32(unsigned char *buf)
{

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

buf[3];
}
/*
** unpacki64() -- 32H|E H4E char HHOIA Z0{HLICE. (ntohl()XEH)
*/
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]<<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];
long long int i;
/I change unsigned numbers to signed
if (i2 <= Ox7ffffffffffffffu) {i=1i2;}
else {i = -1 -(long long int) (Oxffffffffffffffffu - i2); }
return i
}
/*
** unpacku64() -- 64H|E 258l B4+E char HI{O|A Z0{”iLICE (ntohl()X{3)
*/
unsigned long long int unpacku64(unsigned char *buf)
{

return ((unsigned long long int)buf[0]<<56) |
((unsigned long long int)buf[1]<<48) |
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((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() -- HIH| A5t 2XHE0| X|A[gH &A Q2 H|0|HE MEHLICH
k%

** Dits |signed unsigned float string
L S + ——

* 8| ¢ C

** 32| | L d
¥ 64| q Q g
*k _| s

** (16H|E 2331 207t Aoz 2XtEe| etofl 25LCt)

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

{

va_list ap;

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

int h; /] 16H|E
unsigned int H;

longint I; /] 32HIE
unsigned longint L;

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

float f; /| E524H
double d;

long double g;

unsigned long long int thold;

char *s; /| EXtE
unsigned int len;

unsigned int size = O;
va_start(ap, format);

for(; *format != "\0"; format++) {
switch(*format) {
case 'c: // 8HIE
size +=1;
¢ = (signed char)va_arg(ap, int); // AI2H &2
*buf++ = c;
break;
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case 'C": /| 2=gl= 8HIE

size +=1;

C = (unsigned char)va_arg(ap, unsigned int); // X248 &2
*puf++ = C;

break;

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

case 'H": /| E5g8l= 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 /| #=gl= 32H|E
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: /| == 64H|IE
size += 8;
Q = va_arg(ap, unsigned long long int);
packi64(buf, Q);
buf +=8;
break;

case 'f: /| E&4+H 16H|E
size += 2;
f = (float)va_arg(ap, double); // XtIi2H &2
fhold = pack754_16(f); // IEEE 7542 gt
packi16(buf, fhold);
buf +=2;
break;

case 'd": /| E544H 32H|E
size += 4,
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d = va_arg(ap, double);

fhold = pack754_32(d); // IEEE 7542 Hgt
packi32(buf, fhold);

buf += 4;

break;

case 'g" /| #5247 64HIE
size += 8;
g = va_arg(ap, long double);
fhold = pack754_64(g); // IEEE 7542 gt
packi64(buf, fhold);
buf +=8;
break;

case's" /| 2Xt&
s = va_arg(ap, char*);
len = strlen(s);
size +=len + 2;
packi16(buf, len);

buf +=2;
memcpy (buf, s, len);
buf += len;
break;
}
}
va_end(ap);
return size;
}
/*

** unpack() -- E4Ist 2XtE0| X|Fot= =2 HIEo|| H0|EE E0{s&LT
*%

**  Dits |signed unsigned float string
k% _____ +

** 8| ¢ C

** 3210 1 L d
** 64| q Q g
kx| s

k%

** (EXEE MEE Zolofl 2AHsHA F=EILICE J2{Lt st ol| Z|C Zo|E
*/

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

{

va_list ap;

signed char *c; /] 8HIE
unsigned char *C;

int *h; /] 16H|E
unsigned int *H;

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

long long int *q; /] 64H|E

OH
I

ofl X|

ESEy

A
o

ol
AN

&Lich)

62
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unsigned long long int *Q;

float *f; /| E545F
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: // 8HIE
¢ = va_arg(ap, signed char*);
if (*buf <= 0x7f) { *c = *buf;} /| F=E CIA| 2LIC
else { *c = -1 - (unsigned char)(0xffu - *buf); }
buf++;
break;

case'C: /| #=¢glE= 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": /| #=¢8l= 16HIE
H = va_arg(ap, unsigned int*);
*H = unpacku16(buf);
buf +=2;
break;

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

case 'L /| #=gl= 32H|IE
L = va_arg(ap, unsigned long int*);
*L = unpacku32(buf);
buf +=4;
break;

case 'q": /| 64H|E
q = va_arg(ap, long long int*);
*g = unpacki64(buf);
buf += 8;
break;

case 'Q": // B3 Q= 64HIE
Q = va_arg(ap, unsigned long long int*);
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*Q = unpacku64(buf);
buf += 8;
break;

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

case 'd: /[ 32H|E 54T
d = va_arg(ap, double*);
fhold = unpacku32(buf);
*d = unpack754_32(fhold);
buf +=4;
break;

case'g"// B4H|E BESA4H
g = va_arg(ap, long double*);
fhold = unpacku64(buf);
*g = unpack754_64(fhold);
buf += 8;
break;

case's" /| 2XIE
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)) { // ZICi 2XIE Z0|E 7|SLICt
maxstrlen = maxstrlen * 10 + (*format-'0");

}
}
if (lisdigit(*format)) maxstrlen = O;
}
va_end(ap);
}
2|0 o] AEES A|HsH= T2 724140] 0f7]0f| USLICH O] T2 IS pufof| 2F2+O| H|0|E1S IS S CHA| #4:0] Z0{sALICH
unpack()2 =AIE i7iH2 2 ESh= 2R (HEA XIER"s") HIH RS YX|517] I3 "96s" K& 2| Z0|E A0 0=
20| ¥HoC = AE IQ.*Sf M. WESE Sl &2 H0IHE E0isS wolle F2lsHoF BLICE 24|l ALEXI7 o222
NAgE B2s17| SlsiA otoloz TAE Ifalg Y 4 LI

#include <stdio.h>

] 95 247 Ho| Chefst HIES| HE

[/ OF7|*N B2 CHELICE
typedef float float32_t;

" nttps://beej.us/guide/bgnet/examples/pack2.c
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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, "chhisf", (int8_t)'B', (int16_t)0, (int16_t)37,
(int32_t)-5, s, (float32_t)-3490.6677);
packi16(buf+1, packetsize); // A=t 23l THZ! AtO|=Z TiZlof Ho{ELICt

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;
}
oj2{20| XM at= 3
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X

Zto| HETL Mo|| M =[o{of BfL|Ct RS LR, 22|10 £t HHEXIZF IAJLICE
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[AIRIS] AZI D B2 & = ASTR? ATt 2 E HAX|7L 22 ZO|E XS5
AYLICE a2{Lt 2ZA| stH CHEZES JH|SHA| ELICH “tom”0| "Hi"2t1

!

J2iM 22l= HoHE A2 sliEet Mzl =0 &SRt S2H0|AESt A ZE 0| HO[EE OfEAH ZEst:
Z0{Li=X[(miZ "marshal”2t “unmarshal” 0|2t FEL}) 2AJELICEL XIF Olle Hee X2 2= 2240[HE}
A
=)

)
ME{7} o8| SUEH=XIE Foldts Z2EES Fosta{d ot

XIZ2 AH8AIe| 0|F0| \0'2Z HEEl nFE 87H2| EXF2tL 7P BIAICE. H|O|E = Z|cH 1287 2XI2 FH&|= 7HHZ0| HE{2t
SrAICE. Of Aol £ %= A= oflF| T2l RS HTHEAIC

1. len (1HIO|E, 2= §iZ)—1H2l2| TA| Z0|, 8HIO|E2| AFZX} 0| S2 CHS} Cl|0|E{2| ZI0|S HIC}.

2. name (8 HIO|E)—ArEAtQ| 0| F, E Qe Z2 00| HCHE LT,

3. chatdata (nHIO|E)—C|0IE] Xt £[Ci 128HI0|E. THZIS| Z0|= Of GIIOJE{e| Z0|0fl 82 Cigt {22 A|LE|0{of
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HIXITIO 2 RE recv()Z 22 20| "18 42 65 6E 6A"EY =& UAFLICH)S TS JHsHE FFoll FoF HLICh HA| Izl We
m7tX| recv()E BHEXOZ &0k BLICH

J2{Lt of @A storete? 2= WAI0| HYE|7| 2I8iA 2OtoF 3h= HIO|EQ| & M-8 LS
[e) o

= PN
E0{AY| MEYULICE L2|= E3H Izl Z|ch 37|7H1 + 8 + 128, F 137HI0|E2t= XS 2ASFY
m2LIct)

o710l M= H 7K Ao Z 22 o 4= AELICE ZE If210] ZO0| FEZ AFPICHE WS 2UACDZ THZ19| 20|S 7| 2USHA
recv()E =&Y 4 AFLICE. J2|10 ZOIE JHX|1 ALH HA| M2l 2e WX H2 Z0IE HABIHA recv() E(OH0tE
HEMoR) o&EShHE AYULICE 0] Halel FHE2 stLtel Izl oo ZET 27|19 M oM Elth= 0|1, HE2 2E
CIOIEIE 27| 2I8HA recv()E &[4 & M =& OF BTt HLICH

CHE 82 recv()2 =&Y o 3 IiZl9] 2|0 327|222 LZCHT XFYsh= AYLICH O Fof 22 XtEE M| FZ0|| AotFD,
I{Zl0| RHEIR=X] gfelptLict. 22 O T2l YRE U2 £+ ALLDZ IS 2lv 0fF2 32H0| Rt

OIE fIBIM & 7Ho| mZIS B7(0| S2¢t tiES MAsHH ELICh 0|AH2 M0 =ASH=MHZ MFgshs 2ol A =Y

7

XZE recv() M2l WOttt DS 2 HI{of| 20|10 TiZ0] AYE|U=X| =lgfL|Tt. HIo|| B2l HIO|EQ| =T} Si|EH o
YA ZO|=CE BALE Z2X] SQlpiChs SYULTHAIER sliCofl siE RHde| Zo|7t ZHE|X] GtoBZ +13 S{oFSiTt). Btef
HI{2| HIO|E =7h 1L MLIH S8 22 HYE(X| o2 AYLICH Lo 0] 2L HIEHO| X HIO|ES ¢iojSeltt sz I
Me|7|gto|az RS Zerst X2 S okt ch
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{710 2bYElH o222 DU R O2{20| flots LS & = UAFLICE WIS ABSIAHLE, OIS o222 2 oM HMAE

S OFE| H3I&0| OX|2| 27127 07| YEHX|o| & M| HE20| UELICt THHO| recv()SEE oINS HO{M = 232 S
27t AELICE = ZHIHo|| SHLte| ettt i3l CHS 2l e| Sttt 2 20| JUS 4= UChs ZJILICH M27[Z. (3Lt ol ERE
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R uzlel ZO|E SlIHE Solf LU0 = HI{o]| A= HIO|ELQ| 5 A5t QOO 2, MHS 3| A 2 IO A= HIOIE S R

ot 2oll= IAS =Y HEHOM ®M7{st fEXel

747t CHE (D12t E) THIOl UK At = UBLICE K W IS X2
& B IiZS HIHO| AFO = FHAM CHE recv()E XMEIY FHIE & = JAELICE

(SR} of2l 5 Yl RNl S H) IS T2 HiIie| YEOR U1 2ol AIZH0| 22|, S HIES ALZsIR 1 Zl0|
TSR SiCHs ol F23 HRLIC TH2 SAISOPS SHOPIIE, B Mol Chet ol of 20| #9lS sofeiLict. Zuj7t
ATk GlOJE] X A2 HOIST 77| MSE] AR 4 AS HRYLICE)

7.7 HECI|AE(Broadcast) IfZ! — Hello, World!

XIZ7X| 0] SHHMOl| A= HIOIE S BtLte| TAEO|A CH2 SAER Hil= Yol CHoiA] 0|07 |HCE. J2{Lt AT #sto] AUCHH
o #0l| o2 TAEOA| AIRE B 4= ACH

UDP(TCP= ¢ ElL|ChHet EZE IPv4o|A 0|22 EZEI|AEl(Broadcasting)O|2ts HFHLIZCZ 7HsEILICE.  IPvBOIA
HIEIHAEIS X|QIE|X| O, Of AFR|Q| J|&Ql HE|FHAE!(Multicasting)2 AFZ3sH{of BHL|CE, 2 Lt OHoll= 22401 CHoHA]
CIEX| S Z4QLICt Zeh= Oj2ofl chshAl= 32t oof7 Al 22|= 32H|EQ| $xHo]| 2 UELICE

Zt7H J2{Lt

[= R
FHE 2H¢|

SIS AR 4 SlBLITH YEYT0| BREHAE T3
M o

ol 2HotF= SatAE JoiZ2 AL

fjo
gl
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ot
N
rx
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o
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>
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=
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OFSE FK[SH LopRIE HREHAE WIS M Aol 9IHO0| WGELITL BREIAE TS @

1 GlojEst oft ZES 2

HRE D2QILICL DA S1D L S0j0F AIAHS CO[ES ZEO| AU OfY SARXIS AR ofH
k=3 [e]]
= [=}

— O =
HECIHAE T2 e 24210 A0 2 SRI01D, MYl L HAIS0| SLA S B 4 AUBLICE A
Ligtg o D7te] HIESI REOf cifét 2Bo| of@t Ziolgict.

oz W oA N
n o >

2

— =

7tRE HI|= Lol of2] YHo| ASTNR?

ol T
AN Y
A2 YBIRIT O HYLICE OfE7| HREHAE UMK SHX| FAS XY 4 USTR? F JHo| Ystxol

1. HIOEIE S MEUO| BREFHAE FAR HULICH ORS F40| BE SAE 25 H|EHZ SHE MEY HEYS
FAQILICE oIE S0 Mo HEEYI = ToflM 192.168.1.00|11 LIi0tA I = 255,.255.255.0QL|Ct. OB 2 FA9| OFX|2f
HO|E7t SAE WS ILICHAIDIATO| nfe} & A| BO|E7t YIET F2007| H2QILICH. B2 Mol BREHAE
F4E 1921681.255 YLICE. A0S ifconfig BEO| 0| BE HEE = ziQLiCt (233 2
SECHAE FAES 7| 9P HEE] =292 YIEYS HE OR (NOT HokAZ)2lLICE)
SECHAE 22 22 UESD # oLzt 212 HIEYR0T B 4 UBLICH D2{Lt 0] 29 SHK|0| 2
SAIZ FHS A0 ZRBLICL (0121 T3S RASHR 200 BAR HREHAE SNS TR 8% 4 USLICH)

= o4 [

-

2. HIO|HE "HE" EEEIHAE FAZ HHL|C

ICt. 0|42 255.255.255.255, E& INADDR_BROADCASTL}. B2 EX|E2
O|AE XIS2= o2} 2| LEYS Mot HIELHe| ANDYL S{M HIEQIS HEEIHAE FAZ Hekst ZAUL|CE J2{L
LR O 5K 82 AYLICE OH2 FAER THELICE JEH0|A| = 2tRES2 0| SRS EREHAE I3IE

HEXS HHZ HEBIX| H&LIC

SO_BROADCAST 22l 2ME X|HIX| ot HEEIHAE FA0] C|O|EE Lz StH o Aol MAN2? efHX|ot R0t
talker®t listener £ A&si2 10 & 0| MI|=X] FAICH

$ talker 192.168.1.2 foo

sent 3 bytes to 192.168.1.2

$ talker 192.168.1.255 foo
sendto: Permission denied

$ talker 255.255.255.255 foo
sendto: Permission denied

HE EX| 2 dgLict. SO_BROADCAST

& AFLICE

o

HHSIX| piA7| = YLIcH &

0

2 % FoflE lste 2 oC|o|E sendto()E &

AHM 17{0| HEEIJHAEE & 4 Ql= UDP 28I Z Mt 12X| o2 22m 2 I2o| QUSH Xfo|Ch, J3{Lt eHE! talker
2guz130| SO_BROADCAST A7 SM2 MEsI= HES 3|} XI1|2AICE. 0| ZE2IMS broadcaster.c’®2tn 2
ZAQjL|ct
Al .

16https://beej.us/guide/bgnet/examples/broadcaster.c
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/*
*%

*%

*/

broadcaster.c -- talker.c2t 22 H|0|E{ 2 Z210|HE, Ciat
Ol Z2OM2 HEEIHAES o 4 QELICH

#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 // AF2X}S0| 2 ZE

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

{

int sockfd;

struct sockaddr_in their_addr; // @ZX}(Connector)e| & M=
struct hostent *he;

int numbytes;

int broadcast = 1;

/[char broadcast = '1'; /| SZ5HX| 2#2H O|HE M EMR

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

}

if ((he=gethostbyname(argv[1])) == NULL) { // SAE JEE dto}zL|Ct

perror("gethostbyname");
exit(1);
}

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

}

/| 0| 2£0| EREEINAE i3IS HHH = QA EhSL|CH

if (setsockopt(sockfd, SOL_SOCKET, SO_BROADCAST, &broadcast,
sizeof broadcast) == -1) {
perror("setsockopt (SO_BROADCAST)");
exit(1);

}

their_addr.sin_family = AF_INET; // SAEHIO|E &M
their_addr.sin_port = htons(SERVERPORT); // %, HIE®|3 HIO|E &A
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);
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printf("sent %d bytes to %s\n", numbytes
inet_ntoa(their_addr.sin_addr));

1

close(sockfd);

return O;

}

-Io
=2
rr
ujy

ol m2I7} "BEEt" UDP 220|21E/ME2| AStoll= ofEH xjo|7} USTR? OFR HE QISLICH (0] F 2ol ET}
HEEFHAE TS 29 4 QICHS S wiBt) LA} ORRIEX|2 0|Xof 2138t UDP listenerS Bt &0l Al#6tT Tk &ofl broad-
casterS AHSLHIR. 20l I3t 0| HBE HLICE

$ broadcaster 192.168.1.2 foo

sent 3 bytes to 192.168.1.2

$ broadcaster 192.168.1.255 foo
sent 3 bytes to0 192.168.1.255

$ broadcaster 255.255.255.255 foo
sent 3 bytes to 255.255.255.255

listener7} 2= A8t IiZ10]| BH23H= 242 2 2= Q10{0f BIL|CE, (THf listenerZ} HF2SHA| QH=CIH T740| IPvEZEAO]| HEE|0{A 22
2= UASLICE listener.ce| AF_INET6S AF_INETZ HIYA| IPv4E ZASHEMR.)

Xt 67 (MR = 22 MO|UASLICE 2Lt of2{20] 718l CHE &K & 22 UIERI30]| = Aol|A listenerS A&siA 2} k(o]
1704 M| H| 3t S0]| broadcasterd] HEEIHAE FAZ G0 CIA| MAHSHEAICE sendto()S o HOF MHMS0| T F 42
listener 257t IHZIS EH&LICH HX|H| !

Bio} listener7t AHZOl ZX|0| Ofo|T FAS BHX|2 AT HO[EfS Wt BREHAE FAR B Glo|ElS W] RBICHH
Ofof 2 315401 21l 21014 IS B4 918 ARILICK, (1242, Pat, Bapper. O X 45 27} S=Hofx| 218 4+ 2l Ol2te
A LI} 2K HEH0REA T0fRig. ShiAo] Of2i S IS SHICT XIS, HF2 0 S0l HALICH)

CIA| ZotX| ot HR2 EFHAE THZIS CHE holl= F2I8HMIR. LAN(SAL 3= : Local Area Network) 0] = 2E EHX|E0| recvfrom()
A ofet AEel0] IS X2(sof S22 MA| AFE HESRIA0| st 2315 & & ABLICL BEZEHAE TSR HIEA
71848 2|0 XS A0 AT A0{0F BHL|CE

~
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o] S A S 2 o{C|M &2 = ASNR?

o2 22| A|AH0| sf|C{mtiol ICHH ofotE 1710] HRtX| b2 AULICH AF2E0l ZEiEC| MEME &SI Q. WindowsE
2|8l A8t QUCHH #Hinclude <winsock.h>2F 6 ElL|CE

bind()7I “Address already in use” £ E115}H o{2| sjofsiLiR?

2| A A20]| setsockopt()E SO_REUSEADDREM 2t &7H| AtEsHOF ZLICE. Olix|7 ZRStEHH bind()ofl 2ot Eat select()ol
S ISR

AAg0f| H2 Ao RES A oB{H o{YH sHofsiLiR?

netstatE AFSSHMIR. 2X% HE0f| ChshA = man S & s{of 5HX| 2 Oof2et 20| IFH T ofzte] R8% &3S S 4= USLICH
$ netstat

HIZ2 ot AZl0] ofE T2 AL YLEX| YotlE AALICE :-)

2t HI0|SS He{H o{YH| slo}siLia?

routeHZ (CH7HS| 2|5 A EX|O|A /sbinof| QJACH S AHSIMQ. OIL|™ netstat -r HHS MEMSIHR. =2 ip route HHY =
USLICE

ZFE{7} stLigtoll RACHH 02| S2to|HESf M ZEIAMS MAMSILIR? UEST T2 WS ZHst2{H L E9|3 7t lojofsh=
ZopLsta?

O2{20l| A= CHlS| 1 AFMA EX|7H Do X2/ HEXS FIEQl A ot 2o H|EQ|S “HHK|"E FHFLICE (01A
2t2& EH|0|20|M “lo"2t= |§ E HA|E|= QIE{m|O|AQIL|CE)

rlo

O{2{&20| “goat”2t= 0|22| k|0l 2OQICt BHA|CE Z2to|HEES sLtol Hof A
OFL|H MHE S22 =0f|A AEStI(“server &) ELEF0I°1E§ Z2 & Ct. 2mul &Kl o42{&20] client goatet
client localhost("localhost”= G{2{&22| /etc/hostsTIU0l| Ho|=[0f JUS HYLICE) T ofH ZO|E & =+ UA 8l & Zo|
HIERI3 8I0|= M2} CHRlSH= S2I0|¢E T2 OMS Al = JUS AL

M HYSID MHE THE HOjlA ABTAICE
Al

=2
x

o X
ogt 0
ot

ZHEHS| 2SR HIER S Qlis THY FXI0IAM ZEE HAS| fI8HM 2

i
e
oY
et
e
fo
rr
£Q
>
i
il

"ping” SE2|E|S DHS2{™ o{HH| SHOFSILIR? ICMPE 29121712 raw 2213} SOCK_RAW 0| LHSHAM = ofCloj|M Cf YotE £
Usna?

raw AZl0f Ci$t 2E Z22 W. Richard Stevens' UNIX Network Programming books OlA B2 HS £ UAELICE Est
2aoloz AMR 7Hs 3 Stevens’ UNIX Network Programming source codeOilAl ping/ SHRICIZIE(Z|S AN Q.

connect()0f| CHEt M[EtAIZHS WASIHLL TS 5= ASnia?

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

W. Richard StevensO| 0{2120{7| £ = U= Bt Yot @2 E2|= A, UNIX Network Programming source code?)
lib/connect_nonb.c? & QL= 2| ZI&LICE

2F2 socket()CZ2 A MHXIE UMEZT = E
ZA| -12 g2kt 20| 1 errno= EINPROGRESS = =
M7| Hetol| 25 HOoHAM of2{20| fst= MEtAZtE X|1™sHH %,LIEP Al’* Wf ”a“c%fxl O™ connect() 0| 2RE|UCH=s
o|0|ct. o] Aol getsockopt()& SO_ERRORS M1t &7Hl SZ3AM connect()S &2 Betgts A 4= U1, 277t QIQICHH O
42 00[0{of BHL|Ct.

S g
w10

O] A2 Z2OMO0| HES AIZSHE S LHE L2 &= W 8l F= L AS0H FF5HML. oIE S0 500msT =2 #2
HBHAIZHE BHS T select()S CAl ZERAICE select()7t 20 Fx AlZtE1HE LUO7ICHH HES LI W E[JISE & +
O A
M

2U0IM = THERX| 2 2B 2B ORI 7H HROICHH Stevens?| ZEE HUSHAIR.

Windowsg 2I5i 2E5}2{H 0o{27 siLtR?

WX A=RE MHTt = 2l5ALE BSDE 2X5HM K. };-). AW O HeE= i, TR RTRR0|M UES|E 2%t B2
AHEN Q.

Solaris/SunOSOIA] 2EsI2{H OHH| SiLiR? HIIYUS A=sHH 2% Y 2FIH S 4

A ofl2{= SunAte| EX|S0| AISHOE AZl 2to|HR2|E Z TS| ot7| W20]| Lt Ch HAIAS fidiM= TSl So-
laris/SUnOSE 2let E 2 & mstH .

9l select()7t A|I2'ES Lo MjsiLIR?

Alade ScEl AJAE 20| errnoZ EINTRZ dHstn -12 Htetst| BHELICL  sigaction()22 Al HE2E HHotH
SA_RESTART Za12 M&E 2 Ql=r| 0|Z0] tc'!oHt.'Z*S(Interrupted) A|AH 20| ZHFHE(A| 3 & AJLICH

Ef o= o] 2A0] 5 ZSots U2 OFELICH(AAL == : AIARZ/IEZ Mat 2E M2|= AIL-OLHCHE

=

N
30
i
C
In}

M7t M=dhs B2 gotoR S M= WHYLICH 22 0|20| WHES OFF MBLH & = AX|2F ZBfL|CE

select_restart:
if ((err = select(fdmax+1, &readfds, NULL, NULL, NULL)) == -1) {
if (errno == EINTR) {
[/ o1 A|2'do] 2|of|A| QIEHEE HAJUSLICE TJ2{L] THA|ZFebL|Tt
goto select_restart;
}
[ T R = 47| M K2|EhL|Ct
perror(“select");

}

=& 0f7|0l|lM gotoE £ ERE flEL
Al

It & AFLICE J2{Lt XM= gotoF0| AHM B ZESITIL
HZIBILICE (HR} 3= ERL| o H = %—T‘SLT’_ GW._ gotoES M= g

ZFHSIR| pbELICE)
recv()0ll CHEE = Z0i] AMZER[EHS X 83512 oEA| sjolsiLi?

select()E AHgdI2H 1710] 2{0{S0[2HA= A2 HEX0| AIZEH|T 0iiHSE XIFE 4= A SHFLICE oL 2E 7|52 of2fet

A =
20| SfLtel 3140l 2 4 YBLICH,

#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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min

/] THY MEX} EIsh Al
FD_ZERO(&fds);
FD_SET(s, &fds);

/[ Nz HSHS I8t timeval A MA
tv.tv_sec = timeout;
tv.tv_usec = O;

[/ GIO|E1E 2L} A|Zto] 3t wi7tx| 7|Chzict
n = select(s+1, &ds, NULL, NULL, &tv);

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

if (n == -1) return -1; // error

/1 47|0fl HIOE{ 7t QUO{OFSILICE T2iL| Bt recv()E HLICH
return recv(s, buf, len, 0);

/] recvtimeout()0ll CH3t S & Of|A|
n = recvtimeout(s, buf, sizeof buf, 10); // AIZtAIt 102

if (n==-1){
| 2F7t LUAELICH
perror("recvtimeout");

}
elseif (n==-2){

/] AZto| Ent=|ASL(Ct
}else {

/] B0l C|O|E{7} SO{JAELICH
}

ZHMIR. 2 00| OFAX| 22871272 recv()7+ |IZX| HEO| &S oy
1, -12 "B E o|O[gL|ct. J2hM XM= AIZtXIE 7127 |= gte 2

[

recvtimeout()0| A|Ztxnt Agtol| M -28 EZECH= ol =
02 E2{&ECte ME MEEAICE J3{L D e £ 7t 8l
-28 M&LICh

2700]| c|o|E{E 2LH7| Hofl = stsl7 Lt 2=t 0| sjorstta?

dheH = SHLb= SSL (secure sockets layer)E AFEdts ZQIL|Ct T2{Lt 2Z42 0] QM9

HeIE B'dOMI-IEL (G %2 XME7} UQsIH OpenSSL ZEME3E 20I8H4|R.)
J2{Lt ook o2{ 20| XtAITHe| efET (Lt st HAIS THEALL A 21 ACHH, of2{29| HIO[E{7t & 2 AtololA HeHEl HHAIS
HEICHs HE MZSHEMQ. 2 tl= HI0|HE Mot WO = HigL|Ct.

1. M7} O|O|E|E T (e CHE A)ollM HOIERLICH

2. M7t E Lo3t/ets E.'—IEH0431—'=40I O EHAIE FI1etLICh

3. M7t 2=3HE H|0|EIE send()&ILICH
g2 o|H&Lct.

1. S2t0|HET} L= StEl HI0[EE recv()BILICH

2. 2210|AUETHHIO|EE S53H/AFHFRLICHOI2{ 20| O] THAIE 71T

3. 220|AUEJHHIO|EE I (EE CHE )of &Lict

Bio} @it UGBS D B A0[RI S BN SHORICHS M TIPSR o) (B : AAB A YRHE|O{o} BHLICE)

SEHO|AET MEH7F B ZYS MOZ HPZ +-st7|2 SICHH 012 20| L0t} B2 BHAIE 715 CIOIE = RARS| 22ty
Aot

3 https://www.openssl.org/
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1‘:'§ 0131—E-OI 1°| FEE MY| 2eiA & Y2 HO|EIE UIEYT0|M i1 ELh= RES| 7 XM S ROHHA L3S st

“PF_INET"0] A% SEdt=0 FA0U7IR? AF_INETS} 217} AS0R?
&L 2AI7E AELICE XEMISHAFE2 socket()oll Tt EE EHSHH L.
E2}0|AEAIM & HUES WOLA HASH= AHE ofLH UELIR?

2312 Slohi 220l connectosar send() S0l HZE close() H2[BITKD FFEHBAICE (5 22H0IIET} HHS B g4
S |
2

1. MH0ll connect()
2. send("/sbin/ls > /tmp/client.out")
3. HZo| gt close() A2

BHH A= CO|E{ S 2OokM AdetL|Ct.

1. Scto|HES| HZ H0|| Lt accept()
2. BY SXtE|| Chet recv(str)

3. ¢Zol chst close()

4. HHS HAHSII| I3l system(str)

FoStHR! SEH0IAET ot AS MHIt H¥sitt= A2
o o222 AHe = ATt g & UCh= 20| ULt ff2] HiF|olM S2HO|HAET} “rm -rf ~"E HLiH O
Ao 71 BE A2 Afdg AL

J2{L| of2} 20| HHSICHH QHHSICI D 2Hilsh= R ISl REEIE], OIS S0{ foobar 2|2 4E S2H0[HET HHBIX| RIS Shi=

20| Z&LICE

if (Istrncmp(str, "foobar", 6)) {
sprintf(sysstr, "%s > /tmp/server.out", str);
system(sysstr);

T2t S¥s|E 0|2iTte 2= oHs| IYRL|Ch S2H0|HET} “foobar; rm -rf ~" £ UBICIH OEA & 25
HhAS | D740l E0{7Hs ALt 2RI} OFl B E 2XHTURSICHH Z8 2XtT) ool EHE ("\") 2XtE %OIE Zd%!LIEh

HAICHA|T] 2oH2 S2t0|AETF i S A7t Mgt oo 2 2H|7F gLIct

M7t 2 2 clolEE Ei=El recv()E SHE™ SHHo|| 536HI0|ELL 1460HI0|E 4Tt ol ZLICt. J2iL} O|HE 2 FA|oIM
AASHH B tHoj| 2= Ci|o[ES 'WokZLICE. 2ff o i1R?

MTUOH ES¥8t ZiQLICh 0|%e 22|7I50| M&7Hs et £t 7|Lich 22 Fxlojis 2mu &%
27| 20| CHE 4 Y&LICH J2iLE o|C{lof A= SIS s 1500810/ E7} SHAIILICH DRIS
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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.

addrlehis 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, 0, sizeof hints);

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

hints.ai_flags = AI_PASSIVE; //fill in 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);
bind(sockfd, res->ai_addr, res->ai_addrlen);
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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
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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

/I modern way of doing things with getaddrinfo()

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:
/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():

bind(sockfd, res->ai_addr, res->ai_addrlen);
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/] 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
/I 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);

// 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,
const struct addrinfo *hints, struct addrinfo **res);

void freeaddrinfo(struct addrinfo *ai);
const char *gai_strerror(int ecode);

struct addrinfo {
int ai_flags; /I AI_PASSIVE, AI_CANONNAME, ...
int  ai_family; /] AF_xxx
int ai_socktype; [/ SOCK_xxx
int ai_protocol;  // 0 (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

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 servhame 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.

"https://www.iana.org/assignments/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

/I code for a client connecting to a server
// namely a stream socket to www.example.com on port 80 (http)
/I either IPv4 or IPv6

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

memset(&hints, O, sizeof hints);
hints.ai_family = AF_UNSPEC; // use AF_INET®6 to force IPv6
hints.ai_socktype = SOCK_STREAM;

if ((rv = getaddrinfo("www.example.com", "http", &hints, &servinfo)) I= 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 I= 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) {
/I looped off the end of the list with no connection
fprintf(stderr, "failed to connect\n");
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exit(2);

freeaddrinfo(servinfo); // all done with this structure

/I code for a server waiting for connections
// namely a stream socket on port 3490, on this host's IP
/I 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);

/I loop through all the results and bind to the first we can
for(p = servinfo; p I= 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) {
/I 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

/I 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;

}

/] 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);

See Also

getaddrinfo(), getnameinfo(), gethostname(), errno, perror(), strerror(), struct in_addr

88
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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);

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
isit'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!!

/I 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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9.11 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_ZSETFL, 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);

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_INET6) 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 0 if the input isn't a valid IP address.

Example

/1 IPv4 demo of inet_ntop() and inet_pton()

struct sockaddr_in sa;
char str[INET_ADDRSTRLEN];

/I store this IP address in sa:
inet_pton(AF_INET, "192.0.2.33", &(sa.sin_addr));

// now get it back and print it
inet_ntop(AF_INET, &(sa.sin_addr), str, INET_ADDRSTRLEN);

printf("%s\n", str); // prints "192.0.2.33"

/I IPv6 demo of inet_ntop() and inet_pton()
/I (basically the same except with a bunch of 6s thrown around)
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struct sockaddr_in6 sa;
char str[INET6_ADDRSTRLEN];

/I store this IP address in sa:
inet_pton(AF_INET6, "2001:db8:8714:3a90::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:db8:8714:3a90::12"

// Helper function you can use:
/IConvert 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_INET6:
inet_ntop(AF_INET6, &(((struct sockaddr_in6 *)sa)->sin6_addr),
s, maxlen);
break;

default:

strncpy(s, "Unknown AF", maxlen);
return NULL;

return s;

See Also

getaddrinfo()
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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

97

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

98

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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9.17 poll()

Test for events on multiple sockets simultaneously

Synopsis

#include <sys/poll.h>

int poll(struct polifd *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

h

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
/Iconnect(s], ...)...
/Iconnect(s2, ...)...

/] set up the array of file descriptors.

1

/I 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()
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9.18 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];

int byte_count;
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/] 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];

/I 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
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919 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 ENWNOULDBLOCK, 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(...);
/Is2 = socket(...);

/Iconnect(s], ...)...
/Iconnect(s2, ...)...

/I 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 IP address. 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
SOCK_DGRAM from the broadcast address. Does nothing—NOTHING!'—to TCP stream sockets! Hahaha!

SO_REUSEADDR

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;

/] set SO_REUSEADDR on a socket to true (1):
optval = 1;
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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);

/I 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
MSG_O0B 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_DONTWAlaple 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—’\IOSIGI\I’%dding this flag prevents that signal from being raised.

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
/Istream_socket = sockety...
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//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:

/Igetaddrinfo(...

/Idest = ... [/ assume "dest" holds the address of the destination
/ldgram_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()
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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, s is 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);
/I ...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()
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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.

Parani@ecription

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&ihally, 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()
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9.24 struct sockaddr and pals

Structures for handling internet addresses

Synopsis

#include <netinet/in.h>

/I All pointers to socket address structures are often cast to pointers
/I 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 struct in_addr, below
char sin_zero[8]; // zero this if you want to

struct in_addr {
unsigned long s_addr; // load with inet_pton()

b

// IPv6 AF_INET®6 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

k

struct in6_addr {
unsigned char s6_addr[16]; //load with inet_pton()

L

/] 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];

m
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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);
/I 1Pv6:

struct sockaddr_in6 ip6addr;
ints;

ip6addr.sin6_family = AF_INETG6;
ip6addr.sin6_port = htons(4950);
inet_pton(AF_INET6, "2001:db8:8714:3290::12", &ipb6addr.sin6_addr);

[

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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Internet Protocol (IP)"

Transmission Control Protocol (TCP)"?
User Datagram Protocol (UDP)™
Client-Server'™
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10.3 RFCs
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RFC 768'® —The User Datagram Protocol (UDP)
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RFC 7932° —The Transmission Control Protocol (TCP)
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RFC 2131%° —Dynamic Host Configuration Protocol (DHCP)
RFC 26162’ —Hypertext Transfer Protocol (HTTP)

RFC 28212 —Simple Mail Transfer Protocol (SMTP)

RFC 33302° —Special-Use IPv4 Addresses

RFC 3493°° —Basic Socket Interface Extensions for IPv6
RFC 3542% —Advanced Sockets Application Program Interface (API) for IPv6

RFC 384932 —|Pv6 Address Prefix Reserved for Documentation
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