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Abstract

This thesis is a Client/Server development under Unix environment implementation which
has many type of connection sucl(x as Socket System Call, Transport Layer Interface (TLI), Remote
Procedure Call (RPC). Each type has different property. For is to test different type of Client/Server.
UNIX environment on HP-UX operating system and Personal Computer ( PC ) on Windows
environment has tested operation of TCP/IP both of TCP and UDP protocal. Connection on
establishment between UNIX and PC use winsock function Which work on Windows environment with
feature of Application Programming Interface ( API) specification.

Hope will has useful for want study people or development about Client/Server on Unix and

WinSock’s working with can apply in varied network systems.
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srhieruelunoiinusiauil don3endiiidemenhanuliiann uaz1ddladseiriuld
9
19
. 1Y a ¢ Al Vo o P 2 o
Client/Server ifunpumssamsneuiiames flasuanuilosngiuuumiisluiogiu
o a 4 o ' 3 o 9 o
Hugiwums samsneufamesuuunszaismsiem Taussumii Process) Wiy

aoufianedaufurianIae Server aziuglfuSmamstosvonn Client dau Client iHufly

Usm3iiiedaensagomAesin Server luMIOBAUVTZUUMIMNUULY Client/Server flo
Foadimsmiimainuethaievesnitumesdiu Tavdmveslusunsundnezinueguu Client
uaz Tulsunsufi lHuSnsezeguu Server Faprnvziinnnimita Server i 1AnTolunila Server 019!
wnn3mila Process ﬁ"lﬁéai‘fuagnﬁﬂﬂmmmmzmiﬁnmumizuu onluszuudl Client n50
Server enananimitandes sedesiimsdasydionlumsinulfunszuy (Concurrency
Control) ﬂ?tym1ﬁwuﬁtﬁnﬁnztf]umsﬁmm Client/Server TuTuiaa (Model) UHanMIIAGDY
(Environment) Uuigaiinyiiinmyagyilne (Hewlett Packard Unix 130 HP-UX) Lazmsfndesznin
Client 1 Server 9zofludnuaizyea 3 TunTndioosnen (Remote Procedure Call 139 RPC), N57U
avlodaaiwedSumedilar (Transport Layer Interface 130 TLD), 0AIfA (Socket ) ogunaniminn
dou UNIX tag Tugen (WinSock) 'ﬁﬂg,iuuﬂn1wumﬁ'ﬂnﬁ1ﬂu’iu'[ﬂ'f (Windows) UMIAT0AUNDTF1
(ilonouRAADS (Personal Computer e PC) tazldqiiuumsandefidu nswativiunoulnsa

Tls Twnaa/ﬁumﬂ‘f walUsTanea (Transmission Control Protocol/Internet Protocol Y EL) TCP/P)

1.2 Ynqilszen

foytunisAadedomafiuszning Computer Fuosiitniunsdrdylluds msdade
fom13lugtiunvea Client/Server SflugtunumiheilFiuedunsnme uagfinsi 1 4uas
Uszyndudnymzuazgluuiuandeiulyaunnudeans tumsi T lden gu 1lums
a3 gm'ﬁ'ﬂga“luﬁﬂumwm Client/Server ( Database Server) A288731%U Sql Server, Oracle Server

o ¥ o a o s w o A
‘N'Oﬂil']ﬂﬂ'ﬁﬂﬂfniﬂ"lu‘llﬂldlﬁllﬁ"l (NNﬂ'ﬁu'lvllhjizQﬂﬂlﬂU'Jﬂ'lJﬂ'ﬁ‘i]ﬂﬂ'ﬁaluix‘lJUlﬂi’l’Jil']U



———

o -

o mormen e T o m ee———

- G —r—

mrreE

A a 1 9/ a A ' ¥
( Network Management ) tiie 14 lumsumsnieasasasuszumniodis Wilszdngom manil
o/ -] o d’ o . o : &S A °
Fuofiongu] uazndnmsiugiuvesmsimlugluunue Client/Server Fanudadinamduiu
{ o J = ]
wazinauds faasesdmnuasinmudlediiugumsandedoms lugliiues
A a . . { 1 . v { 1
Client/Server torno 1iAanmndh198s Application Hogluziluunve ClienyServer Aqillogunn
seluilogtiu uazamnsmi lhlszyndlunisa$he Application 4149 18 @7081015u File Transfer
¥ ¥ 4 1
Protocol (FTP), Ping, Telnet, Network Management (Hudu dnfudneniiwusniviiuilutugniid
wazmuizan dmsumsinadhle uasaansoi lhlssyndldaulugyuuyves Client/Server

Rnunnudeans

1.3 Youlun

swaziduavouion i usiRuIf ClientServer muldaniaadon Unix 12111/
A1379IUY8e WinSock molRraminaden Windows Taudaulngldussnaitel1did letagl
HUVUAE UAULAAINE Y03 Client/Server =§qLﬂugﬂxmuumsmw?i“la’fﬁuatjﬁa"lﬂ iienolfifa
amuihle nazdauuafalumsamiewann 114 lumswannszuunieiinidamanudes

1{RF)

1.4 3EmsAutiua

Tumsauiunuiimsusndoya (azswazBuatifrtumsiham uas Tnsaad g
Client/Server Tugalinudg s lufadnyIn1iuve Function a1 lums@ouTdsunsy
el lums nadeunsH191MY04 Client/Server Tug1iuvea Socket System Call, Windows Socket
ltag RPC Tasvmssudadoyaiuszndn Client i1 Server Tnslimsdagiluunvesms
yawoU fail
® Socket System Call Server U4 Unix (TCP) ---> Socket System Call Client YU Unix (TCP)
® Socket System Call Server YU Unix (UDP) ---> Socket System Call Client UM Unix (UDP)
® Socket System Call Server UU Unix (TCP) ---> Windows Socket Client 11 PC (TCP)
® Socket System Call Server UM Unix (UDP) -—> Windows Socket Client UU PC (UDP)

® Remote Procedure Call YU Unix

unfiaes efuwtamgufuazndnnis lumidemssendn Client U Server 11

ansoaadeyldetnals uaziis Inuiha 1@ uthedu

uniieu eSvetemsesnuuu Talsunsuludnyme Client/Server Tugtiuuuaag
Taousndnyaizmssonuuudiu mseenuuy Tilsunsuuu Client, M3soanuuuTisuns Uy Server

uaz mseonuuy Tsunsulasld RPC
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NOUYUATNANMINIABTIIISNIN Client U Server

2.1 m3a0m352¥Y Protocol

Tuszuybduei uiiinnesn (Wide Area Network 138 WAN) 9215200142 Network
wawddofudus1swiEoniBumesiia (ntemet) 11l AR 1960 Advanced Research Project
Agency (ARPA) Of The U.S. Department of Defense (DoD) 18371571 u1inundy, safnsnisdm
Computer tazara1iudsomanms sauSunda onhuiia (ARPANET) 1dsaufiufiadu TCP/P
Protocol (D14 IuszuLAARBMI A MsTEN R NReT HITszIanBefuneaariiauld
Tafinseanouiianesaragrnlnafuludnuazyes WAN nieegmeluuSnu@oaiuludnyus
vosTanoaLeitIiAGTA (Local Area Network 130 LAN) Aannsonadedomsiuld aounldtou

a g a a . 4 { A
141 Sumediianiai3snns (Intemet Networking) ttaz lunisfemshdnsmsnruiodolums

dadoya

User User

i | Process Process OSl Layer 5-7
| TCcP . ubP 0S| Layer 4

Hardware
Interface

guii2.1 uaasmsnfSauinioy OSI Model Ny TCP/IP

bSI Layer 1-2
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T4 TCP/IP Protocol a1s0suazdadoya’ld 2 dnvusfle
4 < d . .
1. Aouiadu-soi3ualAn (Connection-Oriented) 130 TCP
2. AouiTiATUIA (Connectionless) 130 ganwosmdunsy TusTanoa (User Datagram

Protocol 59 UDP)
§ H a & a a
TAuA Protocol TarBIABISB IR IP daoglu Layer3 vosTorudmAudumesnouin

(Open Systems Interconnect 130 OSI) Model

2.1.1 Connection-Oriented
TCP (i Protocol vzgnosnuumnitianuieiiolunmssudadoyn (Reliable) inisasae

ﬂeums%"udu’faga (Connection-Oriented ) Tavl¥msasinaouanuianain (Error Checking), N3
ABUSU (Acknowledging) UL MIATUAUMINIAIU (Flow Control) ifuRIMT 1000 UATINGNYRIMS
@ 1 1 a J 1 { 4 o

Fudadoyaludiuvesmidsdiawes (Datalink Layer) annsodedoyaluszuuimusaduasiy

wioufu'ld (Full Duplex) uazdadoyauuuludaasy (Byte Stream)

nngliizs (EAINsARABTEN T NRBNRAADTDAIATDTAUFIU TCP Protocol fiowfivgd
nsdadoyasznianeuRaunesrounioassiin dedamal Connection oa1ateimairesin
(Virtual Circuit) sgninefunoums fudedoyassa

wdwin TCp msBudurinsidonds (itial Connection) fx'l4 TCP uanaeaduma
ievmsuanGoudeyaiuy Full-Duplex seninaeniives (Buffer) voug eldlunssy
uazdadoya fimsdedoyaiimsfanmanie lifidygumousufesfimsidoyatioglu Buffer
semndeddnad edumsysziuidoyadt Application desenlulozfednioma szifulidin
Tep sxgnldfumsdetoyaiifinamidedio|dlu Application #5in1314 TCP/P lumsiudadoya

(U matia (TELNET), Fudamansmaies 15 Tnaoa (Simple Mail Transfer Protocol 139

sMTP) 1iudu
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source port

destination port

sequence number

Acknowlegment number

offset  |reserved | flags

windows

checksum

urgent pointer

options

padding

g1/fi2.2 ugasaIum199 84 TCP Header
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Host A HostB

Send TCP segment with T,

sync = 1, Sequence field = x Send TCP Segment sync = 1,

2 Acknowledgment field = x+1
and Sequence field =y

Send TCP segment with T,
Acknowledgment field = y+1
Send TCP Segment with

4 Sequence number = y+1 and
Acknowledgment field= x+1

Send TCP Segment consist T
Sequence number = x+1 and s
Acknowledgment field= y+1

/
/

NAVAY

Recevie close application connection

Send TCP Segment with
Fin = 1, Sequence field = y+1 N

-

T

/N N/

Send TCP Segment recevie with
T,  Acknowledgment field = x+1

TS
Close application connection
T, Send TCP Segment with
Fin = 1, Acknowledgment field= y+1
Send TCP Segment with T,

Acknowledgment = y+1

JUi2.3 naasnsasdyquneuiuse1 71 Host A ias Host B Y03 TCP Protocol

2.1.2 Connectionless

UDP #fimunaiuinTas ARPANET affudaunitaues TCP/P Protocol Tut
Fnyaizuuy UDPP egtuuumsdedoyace Liflmsnudunumsandoseninalae Host) uaz'll
7iM3¥1 Connection noumsddioyn ioifunisanTonesian (Overhead) voumnifin (Packet) fida
pon s 1wyt UDP 3l Protocol AiTiteAIAny (Header) Vunaidndanlsenoudan IP Header,
UDP Header l1a¥ Data 594i360171 UDP Datagram Tug2uv04 IP Header szittivoonifunessufio

#ioYAUNI4 (Source Address) tazHog1a1um1a (Destination Address) UDP Header 931)52n01a2y
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1211812989UDP (UDP Segment I;eng‘glwmdawoan;msgommgnﬁ'owoa%’oga (Checksum)
mazlumsdedoyaves UDP sxfimsdaignusn (Handshake) A39980n13¥1 Connection (e
UDP Segment gnalifalarom i Ip fioguu UDP Segment udafiozilimsasasnnugndeaves
Foyadu Checksum MilanuAanarndoyaiosdadayaas Acknowledging Error ALY Flow
Control die'l1] Taumsdadoyauuy UDP fioz 1aif} Buffer Protocol Tums3udsdoya UDP Seiiuanin
1 ldims1z UDP aunsodedoya’ldisang TCP mszdl Header vinadninh 119 luszuumsds

Foyadi ' lnarin iy Tuszuy LAN nienisnszoiwdoninu (Boardast)

source port destination port

length checksum

data

gUfi2.4 uansa 11199 vos UDP Header

2.2 Socket System Calls
T3] 1980 ARPA Group ¥M1INNAY Berkeley 19398 T151n53 Transport TCP/IP

F1%unUnixtu Tﬂuozaoﬂuumﬁo"l‘ff’lumiﬁﬂdoéomiﬁnﬁw’wq 1 Network éaﬁﬂozgnﬁﬂﬁ'
§lu System Call vusEUUURTAMS (Operating System 130 0S) Tudnyarz Socket Interface 130
Sunfiud nodwnﬁa'h Socket Function the Berkeley Socket Interface ﬁﬁﬂymzmﬁouﬁﬁ?u
(Function) W2 114 1unsAndelu Network Fail1diuagitanl1l Tao Socket 981989/ TCP/IP
Protocol

TunadoinldiusiniaeuRaumesaieg 1dine1 Socket Function 1 4uaz
Wanndueganiaens sunmeithunasngulunmden wu dulyTasdmaudunesesisaia
(SUN Microsystem Incorporated), Adnoadntiiudnesests ‘flfu (Digital Equipment Corporation)
(taz ARPA group #3111 Socket Interface ‘1ﬂ1’1’1ﬂuﬁ1unﬁwoq Berkeley UNIX Operating System on

v
Y

2.2.1 In59a319v04 Socket
Tu UNIX (el Application 333814 Open Functions szfimsadralndnanil
&
197 (File Descriptor) $19 UM 311841 (Access File) iu'131un 1313 (Descriptor Table) Tu

Snwaiznils #2% (Index Descriptor) vxHud¥dumiamoluInssadradoyavessoniia (ntemal
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Data Structure Socket) 93] Socket Descriptor #iuAaY Address FdaduomisvesTasandi
Yo1AvD Socket Fatidnuazmilou File Descriptor nnﬂi{aﬁ Application (5n1% Socket 910 OS 9
£iM3a219 Data Structure Suip 19115 10a2E 69 (Information) e 19 umsdems uazthdumia
84 Data Structure 11ifiu' 1311 Descriptor Table ludnuaizwosians (Pointer) Aadavdialugl2.s o
afsfiimsBunldmdadnaendin (Create Socket) 92013 Initial Connection &1 Server 3un14¥
Socket 923 und1MaraNaoAA (Passive Socket) 817 Client ¥11M15 Initiate Connection 93 U110
AfiwonIRa (Active Socket) MAI91n Initiate A131N15 Connect ABLVLTINFIAL Information ALY

Socket Data Structure fiﬂuﬁ%zﬁ‘lﬂ‘lﬂ‘i’f Socket 954

53UUURIANT ( Operating System )

Descriptor Table

Tassarsedounvas Socket
(1/Process) N ocke

v

A

Family : PF_INET

v

Bervice : Socket_Stream

Local IP :

A\ 4

Remote IP :

Local Port :

Remote Port :

gUi2.5 ugnslnseasietoyaves Socket ttax Descriptor Table HAU3Un1Y Socket 910

Operating System

2.2.2 TNHUTUAZNITINIU Socket System Call

FoARNFMAADD (Socket System Call) wunsauiseaniiuaengy Tavnguusneziiau
n161A Function uazgﬁﬁﬁ’gﬁu (Utility Routines) 8nnguezihauludnyse Clients/Server

M54 Socket System Call vziinnusudouthams s Sockets i W1315ine (Parameters) 1

nsori /1910 Program Idnaugiuannsol4fadedomssznin Client #U Server u
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&nuaiz TCP nio UDP 1@d2umsfimua Remote Endpoint Address HULIANIZI912938 M5 Client

azAMUA Remote Endpoint Address uuy hiwize1zesd My Server
% J Q' L) 1 o o
ol idn1e Socket 131U 919925 unAaDelF Socket AnAaiuluUSAYME Client/Server

Tau1% TCP

S The Socket Calls Tumsa§1a Socket 1o 14 uns@oa151AT09 10 (Network Communication) Tay
(5UIAY Information Socket Inainuu Descriptors 1wy Application #9am5 14 Protocol uula 1u To
s Tanoaunsuiadumesiiin (Protocol Family Internet 138 PF-INET) #1131 TCP/IP Service (111

TCP 150 UDP 8114 Socket 111111 Internet Protocol Family

¥4 The Connect Call H83910750n 14 Create Function 1182 11193 Client 92¥11m5i30n Connect
4 ° a 1 o 2 . .
Function HorIN13AAABAL Remote Server #41u Connect Function 404 Client 95 ¢1] IP Address

11ag Protocol Port Y93 Remote Machine vl”J’ Na991n1%11N715 Connect fi1l Remote Machine ‘Hll’g’lﬁq

Y1152 Data o T

% The Write Call Write Function 9¢9n1911n1504 Data YU TCP Connection 5311314 Client iU
Server TAUMNY Client 9213071950973 50990 (Send Request) @IUN Server [300119209N5ADY
51 (Send Replies)

Write Function 3@ Arguments Tums th"Iu't’l’ﬂgﬂ fio Descriptor of Socket, Address of
Data 1182 Length of Data Tat1/n#iid Write Function 92viim3sdhassdoya 910 Buffer vounesliua
(Kernel) OS td1d300n 18 luszun Network 81Aa System Buffer 1Au1147 Write Function 933
nyAM 3 a3 Data U1y TCP 92¥M 3319 Buffer iuiles 835 Data fiogdin

gg‘gThe Read Call Read Function ﬂzgﬂi‘ff‘lﬁuﬁ"ﬁ m’n’anaszwin Client N1 Server U4 TCP

Connection 1aulnAnd391nM51AANTS Connection (3ou001142 Ha Server 921l Read Function ¥835U
A5AARDIIN Client 1AY Write Function n&391n7 Client 1addyanumsaadossniuda de

A o @
Client ilﬂ‘l’f’ Read Function INDIBIUNIIADUIUDIN Server

Read Function 92152n9Ua 4 Argument fio Descriptor Address Y99 Buffer (as YUIAYOY

'
~

Buffer spvnmsvndeyad Iduuudnidoyailéoin Socket Tal131u Bufer ildou Mdeyadi
1350 lasudesdevnafinundy'lyu Client iz Server 1 Socket 19 Read Function 1d5uda
A (Message) 1tuy UDP 1daee lifimstidennunifiul3u Butfers uavzdalu1A Application
oA uuns Y Connection- Oriented 924043 A1 Argument f1® Socket Descriptor, 7i0gv84

dioyalu Buffer 1tazyu1AYD3 Buffer
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. 1 t A o e A
X The Close Call. Close Function Client 11a2 Server N 1411090514 Socket 1091115 AuAn
t 4 ] 4 ° . i)
99913 (Deallocate) 81 Socket Tt Process Ay 1419291115 Terminate 1@z Deallocate ({1936
1% Close Function uniduiums 14 Socket 3amfiuna1n? Process 9 Process foa5unld Close

[ E 4
Function lﬁﬂﬂiuuﬁ'ﬁwzﬁ‘lmi Terminate 1182 Deallocate Socket HU

2 The Bind Call TunouusnfiFonld Socketifi Socket §laignA1ua Endpoint Address 499
Local liaz Remote Application #9414 Bind Function U9f Local Endpoint Address 19 Socket Tay
WU Socket Descriptor Argument 1lag Endpoint Address Argument #M3U TCP/IP Protocol Endpoint
Address 921 oafauaauasaBumMosiiin (SocketAddr-In) Structure HAZABIAMUA IP Ua Port 16

o ! 4 . . 4 ! A .
AU Socket i’l"JU U Socket # Server 1‘1’1’ Bind Function lﬁﬂnﬂmﬂ‘l’f’ Port o2'151\ovY0N3 Connection

% The Listen Call lf}t) Socket w%’auﬁ%zﬁmu Hﬁdi)‘lﬂ‘?ilﬁﬂﬂ‘li Connection S¢¥214 Server 11ag
Client llﬁ"lf’l"llﬂﬂ Connection-Oriented 14 Server 1u Passive Mode MNUAIMITOTUNITABUS UM
B3 Hiid1nae4 Client azezsoiuAaDANAIRUNTIETIMIARABININ Server vziimsauTun
parlidd e uasdinsaaredemsnanioly Server 9249419 Listen Function 32411090

1 o A o = 1 [} g
Queue TAtHTU Argument 489 Function 118k 08 ievhmsAndadoms Socket Tl iiterdng

Passive Mode

% The Accept call 1&3917 Socket 1411013 Bind llﬁzl‘i’h’cj Passive Mode Server 9219

Accept Function 28719 Connection INDADUAUDINITAAADYDA Client dunInd Accept Function 92
» ]

2219 Socket Tuu 1Nyl 1D TUMIAAADIN Client TAuz e Descriptor Y84 Socket Bulnsivon Tyl

wazvhmsdedoyalilis Socket d2lns ndamnfisuns1¥nu Socket 11d Server sziimstla

Socket



e

-

™ we amoer

B e T e TR —

Ve e o e e e w

Server
(connection-oriented protocol)

blocks until connection
from client

connection establishment

Read ()

<

data (request)

process request

Write ()
data (reply)

J U9 2.6 uARITHABUNITNININYE Socket vy Connection-Oriented Protocol

Client

Socket ()

Connect ()

Write ()

Read ()

12
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Server
(connectionless protocol)

Socket ()

blocks until data
received from a client

data (request)

13

Client

Socket ()

Sendto ()

Recvfrom ()

A
Sendto ()
——J; data (reply)

7127 uaastuneun1s”1aIuves Socket MUY Connectionless

2.3 Transport Layer Interface (TLI)

Transport Layer Interface gnmmlﬂufhu*um UNIX System rosHu 3.0 vl net.

1986 TLI 15} Function NgminnWiudawaizlous1d (Library) e 1dlums fadf Link) Tavlde

o & '
4 cc maim.c -Insl_s 31 Function g U Network Services Library TLI iy Function Tai'l&

(i System Call imilou Socket System Call i TLI Function 93¥191 1UGnAYQE Stream Interface 1u

szuumsdemsdoya isr@unseld TL 162 dou fie

o ) 1 l&
1. Transport Endpoint (HuduAAADIZN319 2 Process U TLI Function %411 Socket 921581

21 Half-Association

2. Transport Provider lfluazﬂ*um Routing f Computer ‘1%'1un1sﬁmiaﬁaffm’fagaﬁ’u User

Process TLI 92141314 Interface 5211314 User Process it Transport Provider
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] b d
TLI Tu UNIX 19591 3.X ¥89 AT&T 1iuve liiernunse 19 Transport Provider 18 uduvesssuy
n@ ualu UNIX System V Release 4.0 9201113 ol¥ Tcp/p Transport Provide 1Auaziilusunsuy
AU Network 1119 TLI 14uA UUCP uag RFS (Remote File System)

2.3.1 Inseadraves Transport Layer Interface

Server
(connection-oriented protocol)

t_bind ()

t_alloc ()

t listen ()

Client

blocks until connection
from client t_bind ()

t_alloc ()

_connection estabishment

«

Y

t connect ()

data (request)

process request

ot o)

7128 ugnamIfindosznIN Server fU Client Inel¥ TLI Function lu

L

NHOL Connection-Oriented Protocol



W TG vl pom o el e G, Wih—— o ate i

-

T e —— St W T [

. T — - E——

T r—- — e . -

15
:i o s w : a ' N o = o
%1ﬂ§ﬂ7|2.8 ANHULIAVVUADUMTAAADTEHIN Server N Client WUANYUL
ad1wnsanae Tauld Socket T TLI S1@ad0UUL Connection-Orient 9214 Function t rev g t_snd

o o (] . [y . [ o .
Hugrsudedoyaunsd t_accept Function M t_ connect Function 1Hu@211574 Connection 51319

Server i) Client ApumMsedadoyn

Server
(connectionless protocol)

Client

t_bind ()

blocks until data
received from a client

t_alloc ()

< t_sndudata ()
data (request)

process request

A 4

t_rcvudata ()

data (reply)

JVU72.9 nanansfianoszna1a Server 1Y Client Tngl¥ TLI Function ludnyaw

Connectionless Protocol
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2.3.2 Transport Endpoint Address Y03 TLI
Tasenraves Transport Endpoint Address Qﬂﬁmuﬂsﬂugﬂunuumﬂgmuu TLI

T y
Function fivzAnResi 11 TCP/IP Protocol TLI 9314 1nssard il lumsdaimdeyaszndng TLI

Function iU User Code
Juuuy
!/ b /
* Include (tiuser.h)
struct netbuf {
unsigned int maxlen; (*umﬂqeqﬂ‘um Buffer §1M5UNS ﬁOverﬂow)
unsigned int Len; (mummaai’fegan?ﬂu Buffer)
Char  *buf; (Wiffumddumisiuduvesdoyn Buffer)
b
/*** sk ok * /

&fF oy £ Socket 9215 uu' 1450 T 319004 Sockaddr Netbuf 9 1413 us a1 1u TLI Function

TAtesUENUUIAYDY Buffer, vu1nvaadoyneds

2.3.3 11315011 TLI Function
. 1 é a 3 . A
t_error Function 14 1ums e Error Message 110iNA Error YU t_error Function nzumti‘lu -

1 dnlndeefiduiiu o
. ° -1 o’: a . 9 ﬂ
t_open Function azgﬂmmtﬂuwmum nlunishane Transport Endpoint uagldnilu
Function ﬁ‘lHﬁﬂﬂ"lﬂ"N‘] Wiy Transport Provider 1%u Apam31ila Device File (/dev/tep,/deviudp 13
o Ve A LA
/deviTp) tazfmuantA1aq o191 TLI Function dusie 1
. a -3 ¥ 9 o . '
t_alloc Function ﬁzgﬂliUﬂTHliJfJﬂﬂQﬂﬁﬁ’iN Buffer 111111 Function A1990UY TLI
Function Tauldsndunuilu Pointer
t_free Function (i} Function %114 lunsad1a Buffer uadronan t_alloc Function ualney
19 1um3A379 Memory 193 1415 Buffer 1dn3o'lii TavezdradeiuTnsead1euns Netbuf
t_bind Function (Iu Function N4 mun Address Tty Transport Endpoint
) . . ° . S
t_conncet Function ﬂzqn'h’s'ma Connection-Oriented Client 1101381319 Connection 11l
Server fhﬁﬁ'q"lﬂ“lu Function 1D Address Y94 Server , Address 994 Process llﬁm’l’ﬂgﬂ User Nz e
y . . S oo o AWy . .
voelinion t_connection Function wiouvail drduf launn t_listen Function

g .4 . . a
t_listen Function (flu Function 9| Connection-Oriented Server 1459M15AAAD91N t_conncet

Function UM Client tfiou'1afy Accept System Call.
. < . . & . . Yo a
t_aceept Function 3cgnI3 unlay t_listen Function 13/ t_listen Function 1a5umsAndoatn

} 4
Client 114 Concurrent Server t_accept Function 91111013 319 Connection ¥u1nsiTauiFunein
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t open Function (iB5051UM530n91A Client 150 Process BTN AAABLIEI Server 14 Accept
System Call 9NIZM t_listen, t_open LA t_accept Function w¥ouMILU Concurrent Server
o . . { 1 1Y
¢_snd Function Li@% ¢_rcv Function (i1 Function 54 Function # 14 lums danzfudeya

Taoamdenduinszdiudimuvesfeyalunisiu-da
t_sndudata Function a2 t_revudta Function (i1 Function #15lumssu-davayaluns

éi)ﬂ 151111 Connectionless Protocol
t_rcvuderr Function %zgﬂl?ﬂﬂql‘l’f'lﬁﬂlﬁﬂ Error 3 zﬂ’)"liﬂ‘liéﬂﬁ 17 Connectionless Protocol

130 aUA0IUL Error
t_look Function (3 19214 Function fﬁuﬂ‘li A31999U Error ’J"llﬁﬂ‘ﬁ’uﬁ"u Transport Endpoint
11970 Transport Provider 10 mfiozrinnastoeen 1411910 t_ermo 92 Set i1 Look t_look Function
seudlsenniiu Integer 1ﬁa'l1hﬁunm’htﬁﬂ Error AU Transport Provider a
t_sndrel Function ([0 t_rcvrel Function @137 UG v'hmuaami‘lu 2 11 fio
1. Abortive Release (fumsuda@eitlisutlsefuh Data Ssoguielsl (Delivery)
2. Orderly Release Lﬂ'uﬂ‘liﬁaﬁ?ﬂﬂizﬁﬂﬁi)gﬂﬂéﬂ?iﬂﬂ

dufamsgeymvveadoya t_rcv Function 921if1 -1, t_ermo Function 9% Set fi1 TLOOK 110

t ordrel Functioniffufusnd iy

t_snddis Function 4102 t_rcvdis Function 2 Function éi‘]’i’ﬁ'u Obortive Release Tﬂﬂ‘?i
t snddis 9vQn 141 2 n3dl fie

1. WlumsunidnmsAnAesznin Client il Server

2. 1 lumsonidnnmséssvenisaane
4 . a a 1 1 ' . . A a ¥ ' 1
diemmsoni@nmsAndeis1vzds NULL #1u t_revdis Function iteuni@nmsdadeyaverhuda

t_closc Function 4 lunsdilamsds Transport Endpoint uaz liiunidnns Connection

1 Y d a ] Y J g o a ' t
32N Host i1 Client 9211/ HINIANNITAIUBI Process 11 ug Process 5umwzumﬂﬂaﬂuﬂg"lﬁ'

30474
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Sockets ~TLI Messages FIFOs
Server : [|allocate space t_alloc()
Create Endpoint  [Socket() t Open( msgGet() mknod()
Open()
Bind Address Bind() t Bind()
specify queue Listen()
wait for Accept() t Listen()
Connection
Get new fd t Open()
t Bind()
t Accept()
Client : [|allocate space t_alloc()
create Endpoint  |Socket() t Open() msgGet() Open()
Bind Address Bind() t Bind()
Connect to Server |Connect() t Connect()
transfer data read() read() msgrev() read()
write() write() msgsnd() write()
Recv() t_rev()
send() t snd()
daragrams Recvirom() t_rcvudata()
sendto() t_sndudata()
terminate close() t_close() nsgotl() close()
shutdown() t_sndrel() unlink()
t_snddis()

152971 2.1 uaansmsNnsfSuuiieysenas Socket Function iU TLI Function

2.4 Remote Procedure Calls.

Tu Application 1121192 5iM35un Procedure Call iifoifivniy Client/Server Model 1872 Main

Program fSou'lAfy Client Taofimsrimua11183 Procedure ity Server 1 RPC 2zl

8L Process NM1UU Local System 5un1% Procedure ﬁag,i‘uu Remote System
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2.4.1 :1AUNI1UYDY RPC

Client process

Client
rountines

loca

system call = (2) (9)

19

Server Process

Server
rountines

(8)

(7) (4)

Network

Network
routines

routines

local kernel

(3) = network communications;

remote kernel

372.10 uaaan1331191%4909 Remote Procedure Call (RPC)

0 d o o o d
91n71n159197U¥83 Remote Procedure Call Hudidn1ddsil

1. Procedure UM Client 92YM3136n Client Stub Tavazdasen T lugnanigulugiuuy

Marshaling

2. doyaivzdalyds Remote System 1AY Client Stub ADFUAHU System Call UM Local

Kemel

3. Yoyavzgnearulu 2 dpuazhouyy Connection-Oriented LAZIUY Connectionless

4. @IUVU Server Server Stub 9250M13AAADYIN Client 1ATYHAINT Unmashaling 10z

alfvuunasdoyai 1dv Client

5. Server Stub 91 19TUIMIIOU Local Procedure UANs$yi1uY Server tiaztiwaf 1ar 11U

Client Stub TAUHIY Network Viﬂ‘lﬂ

A Q 1 \J 1 L4
6. 119D Procedure UM Server mﬂuwﬁwmmmm‘lﬂua Server Stub
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7. Server Stub 9¥IMsHIIAIAIY ARBIMIdendulas Marshal danduluE Client Stub

8. Yoynazgndan1u Network 1164 Client Stub

9. Client Stub vz 14 0ya 1 1411910 Network TauRTU Local Kemel

10. ndsnndoya'ldru Client Stub Souiooudamii Idezgndaluss

Client Procedure ﬁﬁﬂﬂ‘l‘g Remote System Aoyl

133481 RPC Aod0en1sdou Network Code Wavua' 1411 Stub Procedure 11 Application

YU Client LAY Sever ‘lﬁv’faqﬁ‘lfuwauﬁtjmﬂmﬁau Socket WiBLULBYY RPC 9z420lumsidou
Distributed Application (ihi3esfiiiiy fusni1 RPC TlinfSoufu OSI Model udanzegszning
Transport Layer il Application Layer moluauues Spoliation Layer RPC sz lusams l?;U’JfT‘U
BoamsAadedoms (Networking Detail) TavszihdaufidesnisdeennlhitU1%1u Argument e
mJaa’lﬁﬁﬂu;ﬂuuumms1511u1ﬁa°1%’1ums§amﬁzm'n Client 1 Server Tatfi Application Layer

liudveauleifos Byte Order

2.4.2 M3AAADTBT1IUEI RPC
& . a v w 1
(il® Procedure UM Client AAADAY Procedure UM Server H38015 mmm’fay,a
v [] } 4
521319 Client 1ag Server Afiiavu i 1dTiuansSonl¥ system Calls, msulasdoyn uazmsda

v v
rudeyaiid RPC Tinthiinnniniufe

3% Parameter Passing

3% Binding

3% Transport Protocol

3% Call Semantics

3% Data Representation

3% 1528030 W (Performance)

g
we

szvunulaoait (Security)
% Exception Handling

3% Parameter Passing

(flun13ea Parameter 531319 Client 1 Server Taufi Client Swb szihidudoya

91 Client 112 Package 89900 1111 Network Tnvszueniiegimenislifumiidvesldd

W Binding
. . ° . P 14 P=) Ay a ¥
Binding lﬂﬂﬂ'\iﬂi’z'ﬂ'\‘llﬂ\] Client NADINTIWALIDYAVUDY Procedure mmmmﬂwaﬁ'wuu

Remote System 11321 Usznousaoiu 2 daufe
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- m Remote Host My Server NAvIMsAnAD
- m Process NABINTAAADUU Server
[] . H -y - A § o
A3 Client Aoamisuazidundoyaves Server NdBINsAnAeRIy Timafianiish9iufoms
9 P - o
saudoyalingudnana (Centralized Database) 11Tl 1984 Birrell Uz Nelson finsz1hiswazduaven
: L] J g o
Server ianaoiununzifion Intermet TavTisauniosoasunsisunldauues Remote Procedure
i A 2 1w ’ 4 § . a
Taufiite'ls Server Boot Musnuzdadaygna luenudguinas uaziilelai Client AoamsAndeve
a 3 d E o/ 4 doa a 4 a Vo
swazBua msveldurunsaue Ianguinarsil uandalimaiindudnisu 113a Super Server

4 4 o a . S ig d
Welfifugudnaaiesesunisdadents Client 1nu Super Server Haziilu Server Mifiufinguos

Server 91'1\1f|1u581]1j

3 Transport Protocol
] »y
RPC finadufuminuissiiaseamnsald 14 Transport Layer Protocol RunAuyian

b 4
501418 984 Protocol 19U Sun RPC aunsald1dvia UDP uag TCP, Xerox Courier a1 14

SSP (Sequenced Packet Protocol) tiaz Apollo RPC 9214 UDP uaz Dss

3 Exception Handling
4 1 A A " = =
Santhives RPC Bnothanilafe iloifanruRnilnAvea Process UM Client 130 Server 81

v b 4
(§lu UNIX shell udnsfimsudafonnnumToadn Core image File flymiiunafiu RPC Tup1aiiin
v1nilayMIuu Procedure, leyu1904 Stub MIAMsAARBIZNIN Client U Server n3aiAANIYNIN

o [ 0 : a
1UYD4 Process LU Server RPC ﬂﬂzﬁgﬂllﬂvﬂ'ﬁﬂiqﬂn’ﬂ A1TNIYIVDY Stub “?ﬂﬂ‘ﬁﬂﬂlﬁﬂﬂ'ﬁ

a 1 1 U4
Aaraududmgnisol

3% Call Semantics
dd’ = o L A 4 o 5
1unsQN Local Procedure umssnﬁwagansaﬁamsﬂu Remote Procedure 1H119A59919
= A 9 7Y ] [ S 9 P Y1 o (] a9
Aatlgnimiodeyafianmaszninmsdideyaisdesdims aedoyanduininiluinnsd voya
¥ ¥
o ] o o a [} 1 ° ] [ °
sulddednateies lamiloufufe lifinaFuaanisiaiu (Idempotent) irun1saan llf
\d A 1 L. z 1]
Remote Procedure Az idnnsdinilsdn Waadoyanduldnafuwddeoyass himilouduesiing
(@uAon 51U (Non Idempotent) (umsiamfiiiuilszian Interactive 1U RPC vz11tjv00n14 3
Y -
sTAL fiD
¥
1. Exactly Once iDA13Y Remote Procedure s luniamed wu mydadyein
18071 Server Halts
y 1 4
04 o 1 1 o 4 A \J
2. At most Once ADA1FIIMUUDI Remote Procedure msaagndnadmilaudaoz 1da

TimilouAy

€

o oo &

3. At Least Once A9N157 Remote Procedure aaA1NATINGANLIDUALN
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3% szyunnutasany (Security)
Am3y RPC udrannsasnmanutasasvldfuszunldyngluuu Taves i

D.‘ o é 1 1
Remote System ‘14 Ingeansada3111A91n Local System 1162 Remote System #1lundazsivazil

-~ d' 1 [ 4
lﬂﬂuﬂﬂllﬂﬂﬂ1~1ﬂuﬂﬂﬂ‘1ﬂ

3% Data Representation

AIIUIEN Client A1 Server LuszuvRmioufunandsernaiigmanudhiuhi
Iqveadoya o114 ReC frzfailyminaudieiuvesszuy Client uas Server Ssdvsiinisur/ag
Jeyalaui RPC sxAmuagpluuunanguvesdoyaiivzdiTasT Client Wdsdoyalugiluuy
409 ASCII Uag Server davoyaluziuyyves EBCDIC

-1u TCP/IP Protocol azdiadoyannwiinday 16 Bit ttag 32 Bit §M3Y Protocol Header 1u
Header Protocol 131137 zun’wami‘]u Host Id 11a2 Type Protocol Number

- 1u File Transfer Protocol (FTP) ilz‘h’i' 16 Bit 1151 Block Number Uiag Error Code (1o

ASCII Code 617" Ui’fﬂgﬁﬁlﬂu Character 3 ’JIJYT’Q File Name, Modella¢ Error Striny

- lus2uUYD4 Remote Login Client l1ag Server 9219 16 Bit #1131 Window-Size Field

¢ 152NN (Performance)

Uszansamlunsiinusmuiusendng 2 Process yiu msAndedemsitinade
dszanSamunszuudan ualavdn@udadh14 RPC 1y Client/Server sz Iflsz@ingamanag
Uszanal 10% waz RPC 9211 1n151 80U Network Programming 08y udisdhiensoh Local
Procedure 11/19%1nu1U Remote Procedure ‘lv’fnuﬂunadn

3l 1984 Birrell ttaz Netson ldvimanagevlse@nsaimuos ReC Taold LAN
#15h Ethemnet Tavlun1snaaeasz@uu Procedure 13 udsdoya 16 Bit word 2 4a wafie sz
Local System 11a¢ Remote System 11/sz@nSnmuans13fiu 100% undion/doudlumsda 16

Bitword 40 if #Q7 £¥74 Local System (10 Remote System UANAIAY 33%
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Data Type Sun RPC Xerox Courier | Apollo NDR
ls-bit logical 9%
16-bit logical 8%
32-bit logical e
8-bit signed integer '
8-bit unsigned integer :
16-bit signed integer . o
16-bit unsigned integer : .
32-bit signed integer . o :
32-bit unsigned integer : -;:;:;.
64-bit signed integer o
64-bit unsigned integer
FByte order big-endian big-endian big-endian or
little-endian
isigned integer format 2 s- 2’ s 2’ s
complement complement complement
32-bit floating point @ i@
9 i
|64-bit floating point
uﬂoating-point format IEEE IEEE, VAX
IBM or Cray
icharacter Type ASCII 16-Bit NS ASCII or
EBCDIC
numeration . . .
L X 0 X
tructure (record) {;} {;} .
fixed-length single-dimensional array i ie; ie:
variable-length single-dimensional array .
fixed-length multidimensional array :
variable-length multidimensional array @ @
o
iscriminated union .::;::. . W
Exed—length opaque data ..'?;

variable-length opaque data

maNn2.2 uaasmarlSaufsuyiinvestoyaiiannsald lany RPC
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2.5 WinSocks

Windows Sockets IHUAIAMUANTAAABAL Programming U4 Windows 1iNoms14189

'

Function 11Network Windows Socketsﬁ?ﬂﬁ%ﬂﬁﬂﬂsﬂﬂdw’h WinSocks ‘ﬁdﬁgﬂlmﬂ uazansaeh
Aanthe snduiudieygnaldmsianiuly1detdas:

anyaziaz3uUuYee WinSocks gnﬁ%’niﬂumqmnmss'ouﬁaﬁwam?ﬁﬂﬁﬁ}mmmu
YU Network awuSindauiu Suduanufannmsiauefuvesyanarmongudaoiu &
Aaduladl 1991 nq'umaamtiﬁuﬂsznau"lﬂﬁ’au Martin Hall (JSB), Mark Towfig (Micro Dyne
Corporation) Geqf Amold (Sun Microsystems) , David Treadwell (Microsoft) o Henry Sanders
(Microsoft) c'f?qr‘ﬂuvf{ﬁ%’nLanmmax%“uﬁmfa'umigmauaz'u?mi uazauseldanmsannsdiviy
Network Programming n01A Microsoft Windows Version 1.1 "lﬁ'ﬁu%’m?uu%’amﬁai’uﬁ 20 UNIINY

1993 waz 1anmsl¥austenaunaluuSinuas luaeudnm

o ) 3 1 ) & 4 ¥ A 4
WinSock lawannlihwiuedisraiilousesin Taunguiisondt WinSock Group 391U

Y A o dA

'3 as 1 o = 1 4 . 2 LY
iilegtiuf ldunmsdniiuaudeiioalu Windows Socket2 Famhindnnfemsdmsmivayu
LLAZATSIAY Protocol Stacks AN safiiieylu Winsock2 szneudy

1. amivayumsasfidludasydmiy Multiple Networks Stacks 194 TCP/IP,IPX/SPX,
DEChet (lag OSI
. . A Y a A Y =2 R
2. Qos (Quality of Service) AaMs IAUTMINURUNIN ANV 50 1UNMITIAIDI Function
#1991 Wireless, ATM, 1az ISDN Network tag3Uuuy m3Wau1 MultiEngine
3. miuayu Protocol MffudaszuLY Multipoint 1Az Multicast

o i g . Lo
4. anyauzdInNaINITe 5990 Client 1AL Server Application

2.5.1 ANUFIWHE5ZHIN WinSocks AL Network

WinSock iiudnwaiz Application Program Interface (APD) Aiftnuamsizon14Tulsunsy
(Program Call) Iﬁ'i)ﬂl‘l’f"luﬂﬁh’had Function U Network "lﬁ'niu Winsock.DLL Wsock32.DLL c'f}mfﬂu
fuansfdnyammziansii Procedure (411 191 luunvea WinSock APT Faerunsaidou

UAUAAUAAANUTUWUT 2113 Winsock.DLL Aduduyes Network Tadagal 2.10
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Windows Sackets Application

Windows Sockets DLL

Windows Sockets API

Protocol Stack ( e.g., TCP/IP)

Protocol Stack API

Hardware Driver

(typically proprietary
for winsock Version 1.1)

Hardware Driver API

Network (Hardware) Interface

(NDIS, ODI, packet
driver or proprietary)

Hardware Interface
(hardware specific)

P Network

JUR2.11 ugaaunian udRus 521919 Winsock.DLL /U Network

2.5.2 ANHAEN1ITNINIUYDS WinSocks

o . ) { o4
WinSocks Application 92 N1IHUUITSUY Windows3.1 130U Windows ﬁqaﬂ’n HUTIVL

25

94 Installed Winsock.DLL taz52u 118 Networking Stack %19 Winsock.DLL 5 W Networking

{ o 1 . o & 3 o ] s
Stack annsafioz 1dnnnnaree §8miw (Supplier) A2uiu Fudazfdmiodeziidnyuzams

"lw’nﬁunﬁm"lll“l'x’f'nuﬂ?azﬂu‘um’humséamﬂi‘lwmﬁmm 8nYULYDI Memory Configuration

silnnuanaiediulmunuaes (Vender) 114 Vender #9015 DOS Memory

4 . . .
il WinSock Application #1971 Windows9zWenenuAum1 Winsock DLL TasnisAumniaiy

o ' oW z @ Ad’
mtmmlﬂumﬂu‘uumu
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. The Current Directory
. The Windows Directory

. The Windows Systems Directory
. 5785 Directory U19518M3NIU Path voaramiIadenvod s

Ut W N =

. Directory 18 1us16n15 Directory N1fin13 Mapped 11 Network siuszfiu
oo . & 3 1o o . Y
MIAWEINY UNY Winsock DLL Faluvnensus lusuiludealst File fido
, 4 2 - P4
WinSock tane 1A dilFefiudrnzfailymaumn sransossn/suioe

4 ; d o :
Winsock. DLL (iuez'l5A14 wwana DLL iendn@usilyninszifia Aot

andousuUiu

2.5.3 WinSocks Functions

LI |
o o A

y [
- ﬂ'lﬁﬂﬂﬂl‘muﬂ'li‘ﬁ’ﬂﬁ’\lﬂ'lilq‘fﬂuﬂﬂllﬂﬂ Stream Socket
Socket() =q 1 Communication Endpoint

Bind () =571 Address 19161 Socket N521UURN Server

o o ¥

- AN IU Server

. oo 2 [y b v A A
Listen() = Sets Up a19udamssumssosvaidin ihosomsiyon
) AN Clients
[y A ] Y o o o o Y
Accept() = Sumsdesvensivonds diududduusndufezsy
- »
enivay

3
(3

- f1§aA U Client
Connect() = $99YDM51%OUABAY Remote Address

- e lduannfeudoyauunsiouasuy Stream Socket
Send() = msdsdoya dungdn TCP sxsamsivondedoyauuy

° : q 1 é
Stream Buffer voadoyaszgnfimunaiu ielinisds doyadailu
o F .
anyazAug MU TCP Algorithms

o 9 o 3w o ¥ 3 J a
Recv() = MITUVBYA TAUNHNUUISUIVIYAINUAVHUIMIUYUIANTY

v
N

- sidan 19 lumstlanisi¥endoluy Stream Socket
A L L (.74
CloseSocket() = Tamsi¥ounovod Socket HazlanumingIns Socket

) y
Shutdown() = Iugamsinfouthuvesdoyaluiinmadunienaeania
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119 194 Socket 11150 Shutdown N5 LR 'H?B Shutdown M5
y
M3 Shutdown HaNIseLAzZAITTY uAe 1 1sAr NS
y
Tanuuiutazasafuae Data Manuanou Tasnisaaasy

Jon1unoUNIZIIN151lA Socket

14§ M3V Datagram Sockets

Socket() = ‘a'ﬂﬁ’:ﬁ Communication Endpoint
Bind() = 59 Socket 14917 Address
Sendto() =q ai’:’aga'hlmn Address
Recvfrom() =5 U‘i’l’ﬂga

CloseSocket() = anasenine1ns Socket
Connect() = fHusmdafiiud 1 19un13530 Remote Address v

2 o o
Datagram Socket Faonsolgmda Send() tlag Recv()"lﬁ’l'

- i ldlumsSunsoaan 1Y Socket

]
o

GetpeerName() = fi‘l‘?l‘l?’l‘ﬂﬁ"lm‘llﬂu Address 493 Remote Socket 1ﬁu1lﬁﬂmi

A
1$01AD Stream Sockets M39N1559U Socket (tazliu1anI i 14

fit) Datagram Socket 1)
Getsockopt) = mlanduinidudunmed dudiuiiiuduves socket
(¥ Socket Type, Socket Linger Option
Setsockopt) = iiumsmasunmzAdhidauiiiudhinues Socket
ToctlSocket() = aqqﬁa 11"1’?]&191: an1 Socket Blocking Mode
Select() = Yiuord i Information 1if Socket WéoNUAITONADE VY

1Y A A ' A a
580“5’]“5QIWSﬂ‘ﬁa‘]u"iﬂlﬂuu

- mdan4dou Byte Order

]
o

- M

ntohl() = lﬂéuuﬁ1 32 bit 910 Network (i Host
ntohs() = AU 16 bit 910 Network (u Host
htonl() = (l8ous 32 bit 910 Host (U Network
htons() = idoum 16 bit 910 Host 151N tv rk

#14TumsSun/aou 1P Address
inet_addr() = /ounn IP Address Tugruuudimuniigalalifu 4 Byte Hex

Tugaiyy Network Byte
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inet_ntoa() = ifavuein 1P Address Tugaliun 4 Byte Hex lihiiludaviifign

ﬁﬁﬂﬂ“l’:’s'ﬁu Database Information

GetHostbyaddr ()

GetHostbyName()

GetHostName()
GetprotobyName()

GetservbyName()

GetservbyPort()

= 1551 Host Name, Address, 110g Aliases ﬁi A

Host Address

= 1551 Address Name , Name U@z Aliases SN
Protocol Name %38 Alias

= 1551 $9910 Local Host

=97 5' 1) Protocol Number,Name,Number 1102 Aliases ﬁ
37UAY Protocol Number

= M35Y Service Port Number,Name, l1a2 Aliases ‘ﬁi W
fill Service Name 130 Alias

= 1551 Service Name, Port Number, la2 Aliases ‘ﬁi g1

il Port Number
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UNN3
NOBYUALN13BBALUL Distributed Application

ddu °

Tumanguf lunisesnuuunieou TUsunsunldnyaisms MLy Client/Server

} 4 ] ]
Wusziinnuuandnnnms@ou Tusunsai1diunag T 190 Local Machine fin msliou

2 @ 1w v . { [ o [y
Tdsunsunitaidluddadouls (Variable) uuih Client uag Tulsunsuiiidudnovausuazsuada
w5 uuile Server Ia 5o uAu 14521919 Client 11 Server 33d0atimsfmuanIdauls
vdmilds iyl aoandoatiu wu dnvazmidaulsnezldaa 111321919 Client AU Server

5ﬂymzﬂ1sﬁu’faganmmawm Process (Port Number) ﬁ'luﬁ'u

3.1 nguHuazniseenuuulysunsuu Client

3.1.1 M3 Allocating Socket

TsunsufiazRadosznane Client U Server $uludosll Endpoint Address #M5Y Socket
W l¥lumsande Tlsunsufivhauuy Server sx8imsfnun Protocol A19AARDAY Client tiaz
Y301y Port Address 1J52%1 Process 111 #4 Process Ut Client Suiludeansuiiie14andesy
Process UM Server 14gnABY M3t Port Number 9xA0aiionMINGIaY Port Address fi Process 1u
wdeatiulfeduas ifunsnoiny Port fignfmualify Service Process du TP Address Ay
dudfaBnidomilifidosiiun Network iite19Andessnirunies Computer Tlsunsuiild Tcp
Protocol Tun13AnAB9z1% Endpoint (NBT313 Connection TCP Protocol 9314 IP weetmematiton
(duMmaAaReAI Function V09 Socket AouIAT8dsdayaaundLand IP Address vosdumaiiio

¥
fia IP Addressifatoma ndsmiudehmsdadoyadiudelal

3.1.2 M3AAABHIU TCP Protocol UM Client
auyAniinsAnAnsen I Client M Server 141A2 Application Protocol 321110156
a0 Request - Response Interaction 1AM Client 9 gy 10198819 (Sequence) 1132030

o

Foyanauendiruiiesndunneinil Server TnuUnd Client 9214 Write Function tive 14 lumsds

! . g o
{Yoyauaziowe dau Read Function 93 Iifudasemsasuaues

FTTTT] /

/****i-ﬁiiiiiiii FT1133333133%3

/* Example Code Segment */
#define BLEN 120  /* buffer length to use */
char  *req =*“Request of some sort”;
char  buf[BLEN]; /* buffer for answer */
char  *bptr; /* pointer to buffer */



. e e

i I i T P —

T e wmE o

30

int n; /* Number of Bytes read */
int buflen /* space left in buffer */
bptr = buf;

buflen = BLEN;

/* send Request */
write(s, req, strlen(req));
/* read Response (may come in many pieces) */
while ((n = read(s, bptr, buflen) > 0)
{ bptr +=n;

buflen -=n;

/

910 Code Arotutiumsdedonnudng Tao Client 1181 Server uaznouivdndygy i
duq WAy 120 Bytes muludetrenzdsznoudaodayanaiignderiiulay Write Function tag 14
Read Function 241 (Loop) titesasudoyn iiesudeyaudasziiimsannilu Butfer uazihdeya
1u Buffer ppnuuans niedonindiluntsivdeyalunsdifanmudomonioqamovesdoyad
135 Tumsddoyaues TCP Protocol szasdoyauuAdnng1z TCP Protocol Tai 181 Block-
Oriented Protocol tt#i(ilu Stream-Oriented Protocol Siuszutlsziudduuazfloatunnugymoves
Yoya Tav Write Function flounsaadoya TCP 921i1n1s MM UAYUIAYD Segment floz14doya
vinAmnuvInnavesdeyaly Buffer medu Application ufiufhosu1&sudoyavunaidn (o
Joyalduthunineededyanaluenthudeinindas Write Function udddeyaii 143ui

nnalngifvzdamanmssudeyaoon liiiuddulygitheda A28 Write Function miloudiu

3.1.3 MIAAABHIH UDP Protocol UM Client

Tosunsuuu Client 7114 UDP °lumsﬁm1'aﬁ°f':u§1uad 2 (WU 79 Connected 11AZ
Unconnected 1ud m’:zﬁ Client 319 Connected 9215115556019 Remote Endpoint (Mulu Remote
Endpoint ﬁzﬂszﬂau"hlﬁ"w IP Address 1182 Protocol Port Number Y94 Server) A7 Remote Endpoint
wynlfifludrfunzdedoyavea Client dauluan1z unconnected sx1fumsidnAndoves Client
Tumsdadioya Client flvzda Remote Endpoint Tudnlamemaniioumsdadonnueenly msdase
ligannlasTsunsuuu Client 9:@RADAY Server Lﬁuqﬁlﬁmue’n’adai’:’agav’fannﬂna1uq galunm

¥ o =

[Y a o} a Y o
@Pvau 1181%91M3 Unconnected fmzmﬁqmpmumaﬂmimm‘lﬂm Server ll'g’)iﬂ‘ﬁ'lﬂﬂﬂﬂiﬂﬂ'lﬂ

g4 a 1
Server fidaitiumsumsinde
f115 Connected Y94 UDP Client 1{unsela¥iin Datagram 34 11i§in15 Initials AouUMIsIAN

nlasudeyauas hifimsnadeun1sAnApysl Remote Endpoint Address 1a1# Tulsunsuld



- R N

-

o wm Mem mm M e

o ek mogm

31

Sock_Dgram Socket 11115 Connected Mt usTifios Address ¥891/a16m19 M391 Connected d1159
52131311089 Remote Endpoint Address Da1/aumaduse
mseadoyauea UDP Client A9z1¥ Write Function 1tag Read Function unsgisosums

o ' . o 9 & o 9 Yy o o 1Y
ADUTUIN Server N1ININ1T Read Function ﬂziu'ut)gaﬂu‘lﬂ‘lﬂﬂgluamﬂﬂgallmﬂﬂzﬂau"lﬂm

foyadel TaghifimsnduiniudeyaiAusn

3.2 m3eenuuuTUsunINUY Server
nquRuazz luves Server AoM3ai1auas Bind Socket (HBYDMTARADIIN Client A

w1u@y Port TAo9zyimM3gLuuy Infinite Loop i050M15AAADYIN Client t1aztile lATuNS
AARB91N Client flag1MIABLTY Client A0 11 1A TumMIMMUUTZUY Multi User 9vAnaiims

AndofY Client nawda lunaudafuddoalizuuumsianves Server AuanangUuuuiueen

Tawaaumsal

3.2.1 Concurrent (122 Iterative Server
Iterative Server HuNWD4 Server 1ignoonUULN1H Process Milaermsniumsies
vy o‘: & 1 ::
vo'lAnssaznils Client 1vimiu
{ & o
~Concurrent Server 10D Server igRooAUUYIR Process Milsaunsafunsdoa
134 . - [y
vo'lananw Client TuauAvIAY
@ 4 4 . . a o
1umM39ANI51599 Concurrent UU Server withuiTowns Application Protocol Useaninn
o 4 J ' o a A . ° o
404 Server $mautlosNeziusgiuilszAntnimues VO 1u Single Server N15111971UUD Process
9214 asynchronous VO wieurumsandedoms u Server NABIARADNY Client MA109 A292
Apadin13va Concurrency 1At Concurrent Server 823in3 11 Handle Multiple Request Concurrency
[ >
Tauliifiuafiy Multiple Concurrent Process Y95z unt§iianms msizaziumseenuvunazedi
Concurrent Server 30ﬁﬂ’J‘IiJU‘Iﬂﬁ‘Imﬂﬂ’i‘lllﬂzl'ﬂ?]ﬂaﬁli11ﬂﬁ‘l Iterative Server 11141511 Concurrent
Server IW312 Iterative Server 1A 1M1TONUINA1 (Delay) Ay Distributed Application lagegiia

oy e (Bottleneck) Tunsdili T1/s1nsuwes Client Mawda

3.2.2 Connection-Oriented Server

Uz TomindnueansAadpILY Connection-Oriented AD Transport Protocol 1 Handle
Packet tifodloafumsgamuovesdoyauazasvaeuddu,msgamudoyadrominuves
Transport Protocol l’t)sﬂﬂtlﬁ Server Tidoe u“lﬂ"lul‘%‘mﬁ’ lfl"i) Server 1A3UMIARADIIN Client 92
ad1egoanemsAndofy Client #onniusainmsdidoyadnrefy Client iodesmsiinnisands

Server 2zituAIDANISAAADAY Client M15AAABIS 19214 TCP Protocol Talinnuiedie lumsinde
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fanuudidiafaanuAanmauazimsiasduvesdoyaliediagndes udf Client ifauianms
AnAoN 3o System Down N9AU Server AuzilamsAaAvi Client 15Uy

Connection-Oriented MIDOALLLIVZLUN Socket DBNVINGU 1A Connectionless oz ldms
AnronaIuY Hosts Tau19iiiue Socket Hen Tugaeiifimafimua Socket B wiveTAIUqUAITEIIS
Connection 1Apuiiuge 08 amdulszanmw ionfSsuioutlszAnFamsendre Upp fu
TCP 1 TCP szdhniilugaausni unvaouonidnmsansioud Server innnsnezd 1431 Client
Fhualnande hilusaeiifimsaousumsdadeoyassniafuves Client 1 Server 1Anananaiii
msAade 34 Server AT UNNFaya 10 AA 1910 Client Fdue marzaziuludnvealsunsy

ve#eali Loop SunisAansInnisusnaavaaFUiY

3.2.3 Connectionless Server
L
Tumss: umi’fagauuu Connectionless 9¢3MadoRazdoifty 1u Connectionless Server 921i
' A ' o =y da L A g ' d a
Aoulldaymiganamsziiussgunuafiudayminfiatulu Layer 1041091 Transport Layer lagiozli
LI : Y o . s 1w v g <2 o
mydadoyad iy Client lunsdiilimsdadyanaunueniifeyalitalaemarniuma Server
° vy 1 1 A A a a A 9y ~ t 9 :’
wimsifeyaseniiudiudeuiomulszantnmiunsdiidestimydedoyadi lumsoen
[y o ° { 1
uuuSedeseforszarumsainnmsiz TCPIP szvhaumeldanmuandonfiu nteret dedoya
1 o d ~ ° o ° J 2 g
{Hugadega nlfouutassiasi uazsimsdmuamedalumaiau Tilsunsuwesvaisaudnes
= ¥ o ' o & <~ Vv o t P Y
Gouiuaznansnietremingalums@ouTusunsiuu LAN wldnanhaniinauasiiags
s lisnain dauluszuy Intemet Inmsfudsdoyanuniunzlidusnamelumsiaou

» 1 4
msesiumstedoyadndededinifiais 1lotui TavAesordunnududeuses TCP Protocol

ulumsnianu

3.3 mssenuuuldsunsulasly RPC

3.3.1 ms99niiUd Distributed Program

Programmer 1113 01114015991V Distributed Application 1?’1' 2 ANNME

-Communication-Oriented Design (fumsoonuuumsanaedoms ludnuaus Message
Format (16i¢ Syntax § £1191 Client UlAY Server

- Application-Oriented Design 1114M300nLUY Application Tavmseanuuvezidiuylu
Sovaefizdoumunsunudonly massnuuusziEuadauasnaToUUY Single Machine fioy
ud s aimsuen Tilsunsueatiuaug ot lUvinauuinseedag Tudnwae Client-Server A9
1

Remote Procedure Call Model fidnuaiz Indifive Application-Oriented %wza}wuﬁﬂq}mma

dumsaadodeats 14 Programmer 9xAaa1h RPC igaulumsadasufiy Application Aouns



- i

33

urlaTsunsumsaz RPC seiiu Procedure itnialuTusunsuludmuved Local 1tas Remote @

TnseadrmdeveelusunsudnTas RPC vzvi luauiitiu Distributed Environment

Main Program Procedure A Procedure B
On machine 1 On machine 2 On machine 3
(client) (server) (server)
Callremote | Callremote | .
ProcA Proc B
. ~ Respond 1 Respond
¢ Exit “"to caller ’ to caller

b 1#l 3.1 uanan15711914v89 RPC Model Ay Remote Procedure Call.

(fforaa1#i Remote Program wmsandedoasesAoannaen 1l UDP 1o TCP &l Port
Number Y119 16 bits (34 Endpoints THuaoUUTANIAIU Server 12ADA11713 Passive Socket 1Ay
Bind Socket 1471 Protocol Port N0 58m15@aR091n T1)511n53M 1A Client Protocol Port Number
wondmuaiiugaiaminessnie Tusunsuuu Server fuTusunsuuuih Client sy Mult
User fiimsaase msdarudoyannmouniaies computer Mot i513efinmsdmua Port

Number tive 1lidaz Computer udazaul¥aadosufiusy Tsunsuftimshaumiloutuive W

Computer AaNmofufadofuld
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Name Assigned Description
Number

iPortmap 100000 Port mapper
Fstatd 100001 rstat, rup, and perfmenter
|lrusersd 100002 Remote users
lnfs 100003 Network File system
lypserv 100004 yp (now called NIS)
[mountd 100005 mount, showmount
dbxd 100006 DBXprog (debugger)
ypBind 100007 NIS Binder
walld 100008 rwall, shutdown
lyppasswdd 100009 yppasswd
|etherstatd 100010 ethernet statistics
“rquotad 100011 rquotaprog, quota, rquota
||sprayd 100012 spray
“selection_svc 100015 selection Service
Hdbsessionmgr 100016 unify, netdbmd, dbms
ﬂrexd 100017 rex, Remote_exec
Iloﬁ'lce_auto 100018 alice
lockd 100020 klmprog
lockd 100021 nlmprog
"statd 100024 status monitor
Ilbootparamd 100026 bootstrap
llpcnfsd 150001 INFS of PC

M1319713.1 4aASA 30619 RPC Program Number Nin1viualagl SUN Microsystem,Inc.

3.3.2 Marshaling

-Stub Code 1Tu Special Code ﬁlﬁﬂi‘fuﬂlmfuﬂaumi 19 rRPC Application Development Tools
(Rpegen) Compiler XDR File 3¢ Idnavonuuilu Object File r0aFiles ADadU¥04 Client Stub tag
Server Stub 1ﬁa1~1’f Link i) Main Program 1u17’umau9ia‘lﬂ

o Talsunsum1adu Ctient i3 Eunld Client Stb WevzAndefu Tusunsunad

° o o 3 a 1w o
Server Client Stub 92¥1013 8171 (Package Up) Yoyah 14@anefiu Remote Procedure udadalriiu
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A 4 ' & a
311113513714 (External Data Representation) 13 1y Network #e 11 foya (Argument) fiifia

o o J
Vlﬂﬂ'liﬂﬂlﬂllls'lﬁtlﬂ'n Marshaling

PROC A1 PROC A2 |  DISPATCHER

CLIENT STUB

/7 ERVERSTUB | FERVER STUB
4
FOR B2 FOR B1 FOR B2
"""
€LIENT STUB Y Y
FOR B1 PROC B1 PROC B2

JU3.2 ugns Ar0819n13fianeves RPC 53MIN Client iV Server Ineri1si Stub voarisaesls

3.4 External Data Representation (XDR)

aoilaunssuues Computer uviaz‘nﬁﬂ"lﬁ'aanuuumﬂﬁm’l'agaﬁvhaﬁu (Data
Representation) (31 M3(H1 Byte Y94 Integer i Lowest Address Memory fi9 1141AT 839217y
Upper Address Memory Aou Tﬂuﬁ Comelier 9214 Native Data Representation Hudadmuauazia
(1 TusuABUMS Generate Code 10 14 Fetch,Store uaznSouifivudaunls msouTulsunsuuu
Client Ltaz Server &2 TUsunsuazfosfimsuani/auudoya ms1z Endpoint vesrsresideaiiu
Joyafifadesyning Client U Server szifuiihidnuaie Exact Representation #1 Native Data veaia
seundealinuuanaeiu mededeyae Wemnsadedaulsseninaduldifulndves

anilaunssy
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Data Type Size Description
Iint 32 bits 32 bits signed binary integer
uunsigncd int 32-bits 32 bits unsigned binary integer
}bool 32 bits Boolean value (false or true)

represented by O or 1

num arb Enumeration Type with values define by

integers (e.g.,RED=1,WHILE=2,BLUE=3)

“hyper 64 bits 64 bits signed binary integer
||u.nsigned hyper 64 bits 64 bits unsigned binary integer

oat 32 bits Single precision floating point Number
lFouble 64 bits Double precision floating point Number
lopaque arb. Unconverted data (i.e., data in the

sender’s native representation )

String arb. String of ASCII characters
ixed array arb. A fixed-size array of any other data Type
!Counted array arb. Array in which the Type has fixed upper

limit, but individual arrays may vary up to that

size
Structure arb. A data aggregate, like C’s struc
[Discriminated union arb. A data structure that allows one of several

alter native forms, like C’s union or Pascal’s

void 0 Used if no data is present where a data item
is Optional (e.g.,)
“symbotic constant arb. A smpbolic constant and associated
“Option data arb. Alloe zero or one accury of occurrences of item

A1319713.2 uaaeveyaludnyaza1eves XDR

Tavyn@Au? Single Program 92Qn Compile LAy Execute Adnymzuas Inseadaauiuy
4 S 'y a Y Y o . ., Say
¥9IAT89 Computer W17 uad i Taseardraveadoyaludnyae Multiple Representation 4191
R =) ° 19 o d 1 a4 A 4 A '
Program UM Client 139 Server 92viimsdedoyaludaTusunsuneguuniosdus Falinnuuand
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Procedure Arguments Data Type Converted
xdr_bool xdrs,ptrbool Boolean (int in C )
xdr_Bytes xdrs,ptrstr Cm;nted Byte string
strsize, maxsize
xdr_char xdrs,ptrchar Character
xdr_double xdrs,ptrdouble Double precision floating point
xdr_enum xdr, ptrint Variable of enumerated Data Type
(an int in C)
xdr_float xdrs, ptrfloat Single precision floating point
xdr_int xdrs, ip 32-bit integer
xdr_long xdrs,ptrlong 64-bit integer
xdr_opaque xdrs, ptrchar, count Bytes sent without conversion
xdr_pointer xdrs,ptrobj, A pointer (used in linked Data
objsize,xdrobj structures like lists or trees
xdr_short xdrs,ptrshort 16-bit integer
xdr_string xdrs,ptrstr,maxsize A C string
dr_u_char xdrs,ptrchsr Unsigned 8-bit integer
xdr_u_int xdrs,ptrint Unsigned 32-bit integer
xdr_u_long xdrs,ptrulong Unsigned 64-bit integer
xdr_u_short xdrs,ptrushort Unsigned 16-bit integer
xdr_union xdrs,ptrdiscrim,ptrunion,
choicefcn,default
xdr_vector xdrs,ptrarray,size Fixed length array
element,elemproc
xdr_void - none- Not a conversion (used to denote
empty part of a Data structure

A1379713.3 4aA3 XDR Data Conversion Routine 14 XDR Library
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/* Stream socket for server implement */
#include<sys/types.h>
#include<sys/socket.h>
#include<netinet/in.h>
#include<signal.h>

#include<stdio.h>

#include<netdb.h>

/* Declare Variable */

ints, Is; /* connected and listen socket descriptor ¥/

struct hostent *client_name; /* pointer to host information for remote hosts */
struct servent *service_port; /* pointer to services information */

long timevar; /* contains time returns by time() */

char *ctime(); /* declare time formatting routine */

struct linger linger; /* graceful close used setting SO-LINGER */
struct sockaddr_in myaddr_in; /* for local socket address */

struct sockaddr_in peeraddr_in; /* for peer socket address */

#define BUFLEN 1024 /* size of buffer ¥/

main(argc, argv)

int argg;

char *argv([};

{
int addrlen;
/* clear out address structure */
memset ((char *)&myaddr_in, 0,sizeof(struct sockaddr_in));
memset ((char *)&peeraddr_in, 0,sizeof(struct sockaddr_in));
/* setup address structure for socket */
myaddr_in.sin_family = AF_INET;
myaddr_in.sin_addr.s_addr = INADDR_ANY;
service_port = getservbyname("port_tcp", "tcp");

ifservice_port == NULL){
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fprintf(stderr, "%s: port_tcp not found in /etc/services \n",argv[0]);

exit(1);
}
myaddr_in.sin_port = service_port->s_port;
Is = socket(AF_INET, SOCK_STREAM, 0);
if{ls == -1){
perror(argv[0]);
fprintf(stderr, "%s: unable to listen on socket\n", argv[0]);

exit(1);

}
/* bind socket */
if(bind (Is, &myaddr_in, sizeof{struct sockaddr_in)) ==-1) {
perror(argv([0]);
fprintf(stderr, "%s: unable to bind address\n",argv[0]);
exit(0);
}
/* listen socket so remote users can contact. */
if(listen(ls, 5) == -1){
perror(argv([0]);
fprintf(stderr, "%s: unable to listen on socket\n", argv[0]);
exit(1);
}
setpgrp(); /* set parent process */

/* fork new process for new client connecting */

switch(fork()) {
case -1:

perror(argv[0]);

fprintf(stderr, "%s: unable to fork daemon\n", argv[0]);

exit(1);
case 0:

fclose(stdin);

fclose(stderr);

signal(SIGCLD, SIG_IGN);
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for(;;) {
addrlen = sizeof{struct sockaddr_in);
/*Accept call will be block until
*a new connection arrives,
*return the address of peer connecting.
*/
s = accept(ls, &peeraddr_in, &addrlen);
if( s == -1) exit(1);
switch(fork() {
case -1:
exit(1);
case 0: /* Child process come here */
server();
exit(0);
/* Child process out of file descriptor space
* to close the new accept socket.
*/
default:

close(s);

}

}

default: /*parent process come here. ¥/
exit(0);
}

/* Server procedure handle the new process from
* accept socket connecting from remote client.
*/
server()

{

int reqent = 0; /* keeps count of request ¥/
char buf[ BUFLEN]; /* buffer keeps data 1024 bytes */

char *inet_ntoa();
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char *hostname; /* points to the remote hosts name */
int len, lenl;
/* close the listen socket */
close(ls);
/* Search Internet address from the remote client
*by peer socket .
*/
client_name = gethostbyaddr((char *) &peeraddr_in.sin_addr,
sizeof(struct in_addr),
peeraddr_in.sin_family);
if(client_name == NULL) {
hostname = inet_ntoa(peeraddr_in.sin_addr);
} else {
hostname = client_name->h_name;
}
time (&timevar);
printf("Connect from %s CLIENT on port %u at %s",
hostname, ntohs(peeraddr_in.sin_port), ctime(&timevar));
/* Set socket close ,when data sent on finish */
linger.]_onoff=1;
linger.l_linger =1;
if{setsockopt(s, SOL_SOCKET, SO_LINGER, &linger,
sizeof{linger)) == -1) {
errout: printf{("connection with %s aborted on error \n", hostname);
exit(1);
}

/* When the remote client shutdown for sender, read call return zero */

while(len = read(s, buf, BUFLEN)){

if(len ==-1) goto errout; /* check no success recvice */
sleep(1);

reqent++; /* Increment the request counter */
time(&timevar);

printf(" SERVER return %d time at %s", *buf, ctime(&timevar));

/* write call send buf return to server ¥/
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len] = write(s, buf, BUFLEN);
if(len1 == -1) goto errout; /* return buf to client */
*buf ="\0";
}
/* close Is socket when connection finish ¥/
close(ls);
/* print message finish */
time(&timevar);
printf("completed %s PORT %u, %d packets, TIME at %s \n",

hostname, ntohs(peeraddr_in.sin_port), reqent, ctime(&timevar));
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/* Stream socket for client implement */
#include<sys/types.h>
#include<sys/socket.h>
#include<netinet/in.h>

#include<stdio.h>

#include<netdb.h>

int s; /* connected socket descriptor ¥/

struct hostent *server_name; /* pointer for name's the remote host */
struct servent *service_port; /* pointer for services information */
long timevar; /* contain time return time() */

char *ctime();

struct sockaddr_in myaddr_in; /* local socket address ¥/
struct sockaddr_in peeraddr_in;  /* peer socket address */
#define BUFLEN 1024 /* size of buffer ¥/
main(argc, argv)
int argc;
char *argv(];
{

int addrlen, i, check;

char buf[ BUFLEN];

iflarge 1= 2) {

fprintf(stderr, "usage: %s<remote host>\n", argv{0]);

exit(2);

/* clear out address structure */
memset((char *)&myaddr_in, 0, sizeof(struct sockaddr_in));
memset((char *)&peeraddr_in, 0, sizeof{struct sockaddr_in));
/* Setup address structure socket for will connect */
peeraddr_in.sin_family = AF_INET,
server_name = gethostbyname(argv[1]);
if{server_name == NULL) {

fprintf(stderr, "%s: %s not found in /etc/hosts \n",
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argv[0], argv(1]);
exit(1);
}
peeraddr_in.sin_addr.s_addr = ((struct in_addr *)(server_name->h_addr))->s_addr;
/* Search number port from name port */
service_port = getservbyname("port_tcp", "tcp");
if(service_port == NULL) {
fprintf(stderr, "%s: port_tcp not found in /etc/services\n”,
argv[0]);
exit(1);
}
peeraddr_in.sin_port = service_port->s_port; /* get number port to endpoint */
/* create the socket */
s = socket( AF_INET, SOCK_STREAM, 0);
if(s ==-1) {
perror(argv[0]);
fprintf(stderr, "%s: unable to create socket\n", argv{0]);

exit(1);

/* Try connect to remote server at peeraddr */
if(connect(s, &peeraddr_in, sizeof(struct sockaddr_in)) == -1) {
perror(argv{0]);
fprintf{stderr, "%s: unable to connect to remote\n", argv{0]);
exit(1);
}
addrlen = sizeof(struct sockaddr_in);
if(getsockname(s, &myaddr_in, &addrlen) ==-1) {
perror(argv[0]);
fprintf{stderr, "%s: unable to read socket address\n", argv{0]);
exit(1);
}
time(&timevar);
printf{"Connect to %s SERVER on port %u at %s",

argv[1], ntohs(myaddr_in.sin_port), ctime(&timevar));

47



- T

e —— i

- i v

.

sleep(2);
/* send buf and receives buf from the remote server */
for(i=1; i<=10; i++) {
*buf = i;
check = write(s, buf, BUFLEN ) ;
if{ check ==-1) {
fprintf{stderr, "%s connection aborted on error ", argvi0]);
fprintf(stderr, " on send number %d\n",i );
exit(1);
}
check = read(s, buf, BUFLEN);
ificheck ==-1) {
perror(argv[0]);
fprintf(stderr, "%s: errer reading result\n", argv[0]);
exit(1);
}

printf{"Received result number %d\n ", *buf);

}

/* Disconnect with the remote server */
if{shutdown(s, 1) ==-1) {

perror(argv[0]);

fprintf(stderr, "%s: unable to shutdown socket\n", argv([0]);

exit(1);
}
/* Print message end of connection the remote server */
time(&timevar);

printf("All done at %s", ctime(&timevar));
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/* Datagram socket server implement */

#include <sys/types.h>
#include <sys/socket.h>
#include <netinet/in.h>
#include <stdio.h>

#include <netdb.h>

int s;

#define BUFFERSIZE 1024
int cc;

char buffer[BUFFERSIZE];
struct hostent *client_name;
struct servent *service_port;
struct sockaddr_in myaddr_in;

struct sockaddr_in clientaddr_in;

main(argc, argv)

int argc;

char *argv[];

{
int addrlen;
char *ctime();
long timevar;
char *inet_ntoa();

char *hostname;

/* socket descriptor %/

/* maximum size of packets to be received */

/* contains the number of bytes read */

/* buffer for packets to be read into */

/* pointer host information for the remote client */
/* pointer service information */

/* for local socket address */

/* for client's socket address */

/* contain time return by time() */

/* points to remote host's name %/

/* clear out address structures */

memset ((char *)&myaddr_in, 0, sizeof(struct sockaddr_in));

memset ((char *)&clientaddr in, 0, sizeof(struct sockaddr_in));

/* Set up address structure for the socket. */

myaddr_in.sin_family = AF_INET;

service_port = getservbyname ("port_udp", "udp");

if (service_port == NULL) {
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printf{"%s: port_udp not found in /etc/services\n”,
argv[0]);

exit(1);
}
myaddr_in.sin_port = service_port->s_port;

/* Create the socket. ¥/
s = socket (AF_INET, SOCK_DGRAM, 0);
if(s==-1){

perror(argv{0]);

printf{("%s: unable to create socketn", argv[0]);

exit(1);

/* Bind the server's address to the socket. */
if (bind(s, &myaddr_in, sizeof(struct sockaddr_in)) ==-1) {
perror(argv([0]);
printf("%s: unable to bind address\n", argv[0]);
exit(1);
}
setpgrp(); /* set parent process */
switch (fork()) { /* Get new process for parent process */
case -1: /* Unable to fork, for some reason. */
perror(argv{0]);
printf{"%s: unable to fork daemon\n", argv{0]);
exit(1);
case 0: /* The child process (daemon) comes here. */
/* Close stdin, stdout, and stderr so that they will
* not be kept open. From now on, the daemon will
* not report any error messages. This daemon
* will loop forever, waiting for requests and
* responding to them.
*/
close(stdin);
close(stdout);

close(stderr);
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/* This will open the /etc/hosts file and keep
* it open. This will make accesses to it faster.
*/
sethostent(1);
for(;;) {
addrlen = sizeof(struct sockaddr_in);
/* Recvfrom call will block until
* new the remote client connect
* arrives,return the address
* of client on clientaddr_in pointer
* and end of buffer on cc integer.
*/
cc = recvfrom(s, buffer, BUFFERSIZE - 1, 0,
&clientaddr_in, &addrlen);
if (cc ==-1) exit(1);
/* Search the remote name from /etc/hosts */
client_name = gethostbyaddr((char *)&clientaddr_in.sin_addr,
sizeof(struct in_addr),
clientaddr_in.sin_family);
if( client_name == NULL) {
hostname = inet_ntoa(clientaddr_in.sin_addr);

} else {

hostname = client_name->h_name;

/* Make null terminated in buffer */
buffer{cc]="0";
sleep(1);
time(&timevar);
printf(" Request from %s message<%s> at %s",

hostname, buffer, ctime(&timevar));
sendto (s, buffer, BUFFERSIZE,

0, &clientaddr_in, addrlen);
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default:

exit(0);

/* Parent process comes here. */

53



. e e

T AR M mmem T AT e e et

[ —

R

TG # wwy preweTr L oo

T S e el

4.4 UAAITUABUNITNNIY ¥8 UDP Client Program UH Unix

Start

Clear Memory

MUUAANHULAITANAD

fI1MUA Service Port Number

a$19 UDP Socket ( Socket Call )

fnuadnsuzmsaaas 1 Client Socket ( Bind Call )

L

thdoyn >§T’q\

(retry)

hily
4

ﬁﬂﬂ’l’ﬂyﬂﬁ' Server ( Sendto Call)

laily

rver ADUSY

1o
4

sofudoyanin Server (Recv Call ) ity

E4 s S
uvByaduie

P 1#14.4 Flowchart 4aas¥unoums11914ves UDP Client Programif Unix

54



Tusunsa lient UM Unix

/* Datagram socket for client implement */
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#include <sys/types.h>
#include <sys/socket.h>
#include <sys/ermo.h>
#include <netinet/in.h>
#include <stdio.h>
#include <signal.h>

#include <netdb.h>

extern int errno;

ints;

struct hostent *server_name;
struct servent *service_port;
struct sockaddr_in myaddr_in;

struct sockaddr_in servaddr_in;

/* socket descriptor */

/* pointer to host information for name server host ¥/
/* pointer to service information */

/* for local socket address */

/* for server socket address */

/* number of times to retry before give up */

#define RETRIES 5
#define BUFFERSIZE 1024 /* maximum size of packet to be read into */
char buffer[BUFFERSIZE]; /* buffer for packet to be read into */
/*
* HANDLER
*
* This routine is the signal handler for the alarm signal.
* It simply re-installs itself as the handler and returns.
*/
handler()
{
signal(SIGALRM, handler);
}

main(argc, argv)

int argc;
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‘char *argv([];
{
int 1;
int retry = RETRIES; /* holds the retry count */

char *inet_ntoa();
if (arge 1= 3) {

fprintf(stderr, "Usage: %s <nameserver> <message> \n", argv[0]);

exit(1);

/* clear out address structures */
memset ((char ¥)&myaddr_in, 0, sizeof(struct sockaddr_in));
memset ((char *)&servaddr_in, 0, sizeof(struct sockaddr_in));
/* Set up the server address. ¥/
servaddr_in.sin_family = AF_INET;
/* Get the host information for the server's host name ¥/
server_name = gethostbyname (argv[1]);
if ( server_name == NULL) {
fprintf(stderr, "%s: %s not found in /etc/hosts\n",
argv[0], argv([1]);
exit(1);
}
servaddr_in.sin_addr.s_addr = ((struct in_addr *)(server_name->h_addr))->s_addr,
/* Search port number from /etc/services ¥/
service_port = getservbyname ("port_udp", "udp");
if (service_port == NULL) {
fprintf{stderr, "%s: port_udp not found in /etc/services\n",
argv[0]);
exit(1);
}
servaddr_in.sin_port = service_port->s_port;
/* Create the socket. */
s = socket (AF_INET, SOCK_DGRAM, 0);
if (s ==-1) {
perror(argv([0]);
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fprintf(stderr, "%s: unable to create socket\n", argv[0]);
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exit(1);

/* Bind socket to some local address so that the
* server can send the reply back. A port number
* of zero will be used so that the system will
* assign any available port number. An address
* of INADDR_ANY will be used so we do not have to
* Jook up the Internet address of the local host.
*/
myaddr_in.sin_family = AF_INET;
myaddr_in.sin_port = 0;
myaddr_in.sin_addr.s_addr=INADDR_ANY;
if (bind(s, &myaddr_in, sizeof(struct sockaddr_in)) == -1) {
perror(argv[0]);
fprintf(stderr, "%s: unable to bind socket\n", argv[0]);

exit(1);

/* Set up alarm signal handler. */
signal(SIGALRM, handler);
/* Send the request to the nameserver. */
if (sendto (s, argv[2], strlen(argv([2]), 0, &servaddr_in,
sizeof(struct sockaddr_in)) == -1) {
perror(argv[0]);
fprintf{stderr, "%s: unable to send request\n”, argv([0]);

exit(1);
}
/* Set up a time-out so I don't hang in case the packet
* gets lost. After all, UDP does not guarantee
* delivery.
alarm(5);

/* Wait for the reply to come in. We assume that
* no messages will come from any other source,

* so that we do not need to do a recvfrom nor
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* check the responder’s address.
if (recv (s, &buffer, BUFFERSIZE, 0) == -1) {
if (ermo == EINTR) {
/* Alarm went off and aborted the receive.
* Need to retry the request if we have
* not already exceeded the retry limit.
*/
if (-retry) {
goto again;
} else {
printf("Unable to get response from");
printf{(" %s after %d attempts.\n",
argv[1], RETRIES);

exit(1);
}
} else {
perror(argv[0]);
fprintf{stderr, "%s: unable to receive response\n"”,
argv[0));
exit(1);
}
}
alarm(0);

printf(" Echo message < %s > from server\n",buffer);
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Unit UClient;
interface
{ Identifies all units used by the program. }
uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,

Menus, StdCtrls, ExtCtrls, Winsock;

{ The Constant reserved word defines an identifier whose value

cannot change within the block containing the declaration }

Const MaxBuffer = 1024; { Max Buffer }
WM_WINSOCKTCP = WM _USER + 1; { WinSock Event In TCP Type }
WM_WINSOCKUDP = WM_USER +2; { WinSock Event In UDP Type }
WM_SENDTCP = WM_USER +3; { Message Event Send In TCP Type }
WM_SENDUDP = WM_USER +4; { Message Event Send In UDP Type }
WM_SETCURSOR = WM_USER +5; {Message Event Set Cursor }

{4 type declaration specifies an identifier that denotes a type.
A variable's type defines the set of values it can have and the
operations that can be performed on it. }
type
TFClient = class(TForm)
Memoshow: TMemo;
MainMenu: TMainMenu;
SelectProtocol: TMenultem;
RemoteSystem: TMenultem;
Exitl: TMenultem;
Panell: TPanel,
Editsend: TEdit;
Labell: TLabel;
MTCP: TMenultem;
TCP1: TMenultem;
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UDPI1: TMenultem;

MUDP: TMenultem;

Exit2: TMenultem;
CreateTCP: TMenultem,;
ConnectTCP: TMenultem;
BindUDP: TMenultem;
DisconnectTCP: TMenultem;

CloseSocketUDP: TMenultem;

procedure TCP1Click(Sender: TObject); { Select TCP Protocol }
procedure UDP1Click(Sender: TObject); { Select UDP Protocol }
procedure Exit1Click(Sender: TObject);
procedure FormA ctivate(Sender: TObject);
procedure RemoteSystemClick(Sender: TObject);
procedure FormClose(Sender: TObject; var Action: TCloseAction);
procedure CreateTCPClick(Sender: TObject);
procedure ConnectTCPClick(Sender: TObject);
procedure DisconnectTCPClick(Sender: TObject);
procedure BindUDPClick(Sender: TObject);
procedure EditsendKeyPress(Sender: TObject; var Key: Char);
procedure CloseSocketUDPClick(Sender: TObject);
private
{ Private declarations }
Sd_UDP,Sd_TCP: TSocket; { Connected socket descriptor }
{ SockAddrIn structure is specification for Internet address family
Use to assign the components of an Internet Address }
SAddr_Loc, SockAddr: PSockAddrln;
SAddr_to, SAddr_From: PSOCKAddrIn;
{ A pointer to the WSADATA data structure that is to
receive details of the Windows Sockets implementation. }
WSData: TWSAData;
Version: Word; { Version of Winsock.DLL }

{ Data Buffer For Send & Receive }
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BufferTCP, BufferUDP: Array[0..MaxBuffer-1] Of Char;

ResultTCP, ResultUDP, LenBufferUDP: Integer; { Return Result from function }
CountSendTCP, CountSendUDP: Integer; { Counter For Send Data TCP & UDP }
TextTCP, TextUDP: String; { Save Text From EditSend. Text }
HostTCP,HostUDP: PHOSTENT; { Keep Address & Name Structure }

SHostTCP, SHostUDP: String; { Keep Server Name }

Procedure CheckErrorCode(Text: String);
{ Windows Message For Event TCP From Winsock }
Procedure EventTCP(Var M: TMessage); Message WM_WINSOCKTCP;
{ Windows Message For Event UDP From Winsock }
Procedure EventUDP(Var M: TMessage); Message WM_WINSOCKUDP;
{ Windows Message For Send Event TCP }
procedure SendDataTCP(Var M: TMessage); Message WM_SENDTCP;
{ Windows Message For Send Event UDP }
procedure SendDataUDP(Var M: TMessage); Message WM_SENDUDP;
{ Windows Message For Set Cursor }
Procedure SetCursorX(VAr M: TMessage); Message WM_SETCURSOR;
public
{ Public declarations }
{ Variable Save Value IP ADDRESS and PORT }
IP_Text, Port_Text : String;
End;

var
{ Declaration Type to FClient }
FClient: TFClient;
{ The implementation part of a unit defines the block of all public procedures }
implementation
Uses URemote;

{SR *DFM}

procedure TFClient. TCP1Click(Serider: TObject); { Select TCP protocol }

begin
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IF Not TCP1.Checked Then  { Indicates whether the check menu is selected }
Begin

{ TCP1 Menultem is Selected }

{ Enabled MTCP Menultem controls whether the control

responds to mouse, keyboard, and timer events. }

TCP1.Checked := True;

MTCP.Enabled := True;

{ iaied

{ UDP] Menultem is UnSelected }

{ Disabled MUDP Menultem controls whether the control
responds to mouse, keyboard, and timer events. }

UDP1.Checked := False;

MUDP.Enabled := False;

end;

end;

procedure TFClient.UDP1Click(Sender: TObject);  { Select UDP protocol }
begin

IF Not UDP1.Checked Then { Indicates whether the check menu is selected }
begin

{ UDP! Menultem is Selected }

{ Enabled MUDP Menultem controls whether the control

responds to mouse, keyboard, and timer events. }

UDPI1.Checked := True;

MUDP.Enabled := True;

{ }

{ TCPI Menultem is UnSelected }

{ Disabled MTCP Menultem controls whether the control
responds to mouse, keyboard, and timer events. }

TCP1.Checked := False;

MTCP.Enabled := False;

end;

end;
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procedure TFClient.Exit1Click(Sender: TObject); { Close All Application }
begin

{ Closes a sockets. it releases the socket descriptor }

IF DisConnectTCP.Enabled Then ResultTCP := CloseSocket(Sd_TCP);
IF CloseSocketUDP.Enabled Then ResultUDP := CloseSocket(Sd_UDP);
{ Releases memory allocated for a dynamic variable. }

Dispose(SockAddr);

Dispose(SAddr_Loc);

Dispose(SAddr_to);

Dispose(SAddr_From);

Close; { Close All Application }

end;

procedure TFClient.FormActivate(Sender: TObject); { Start Application }
begin
{ Create Pointer to Variable }
New(SockAddr);
New(SAddr_Loc);
New(SAddr_to);
New(SAddr_From);
Version := MAkeword(1,1);
ResultTCP := WSAStartUp(Version, WsData);  { Load Winsock.Dll }
If ResultTCP = 0 Then { WsaStartUp Successful }
begin
{ Show Description Winsock.DLL }
MemoShow.Lines.Add('Start Load.. Winsock.DLL OK");
MemoShow.Lines.Add(WsData.szDescription);
MemoShow.Lines.Add(WsData.szSystemStatus);
end Else
begin
MemoShow.Lines.Add('Start.. Can not Load Winsock.DLL ");
end;
end;

procedure TFClient.RemoteSystemClick(Sender: TObject);
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begin
{ Show a form *FRemote* as a modal form. }
FRemote.Showmodal;

end;

procedure TFClient.FormClose(Sender: TObject; var Action: TCloseAction);
begin
{ The Windows Sockets WSACleanup function

terminates use of the Windows Sockets DLL. }

WSACleanup();

end;

procedure TFClient.CreateTCPClick(Sender: TObject);

Var [PAddress: Array[0..20] of Char;

Begin

{ The Windows Sockets socket function creates a TCP socket .
If the function succeeds, socket returns a descriptor referencing the new socket.
If the function fails, a value of INVALID_SOCKET is returned }
Sd_TCP := Socket(PF_INET, SOCK_STREAM, 0);
If Sd_TCP = INVALID_SOCKET Then CheckErrorCode('Create’)
Else
begin

MemoShow.Lines.Add('TCP Create Socket OK );

StrPCopy(IPAddress,IP_Text);
{ Set IP Address, Port for TSockAddrin Structure To SockAddr Variable }

SockAddr.sin_family := PF_INET;
SockAddr.sin_addr.s_addr := Inet Addr(IPAddress); { IP Server }
SockAddr.sin_port := htons(StrtoInt(Port_Text)); { Port Server }
end;

end;

procedure TFClient.CheckErrorCode(Text: String); { Check error Code }
Var ErrorCode: Integer;
S: String;
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Begin
S=" e -
{ Gets the error status for the last operation that failed. }
ErrorCode := WsaGetLastError();
Case ErrorCode OF
WSAEADDRNOTAVAIL: {10049}
S := 'The specified address is not available from the local computer.';
WSAECONNREFUSED: {10061}
S .= 'The attempt to connect was forcefully rejected.';
WSAENOTSOCK: {10038}
S :='The descriptor is not a socket.";
End;
IfS<"ThenS:=' *+S+",;
S := InttoStr(ErrorCode) + ': ERROR '+ Text + S;
MemoShow.Lines.Add(S);

end;

procedure TFClient.ConnectTCPClick(Sender: TObject);
begin

{ Local Connect to Server }
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SendMessage(Handle, WM_SETCURSOR, crHourGlass, 0); { Set HourGlass Cursor }
ResultTCP := Connect(Sd_TCP,SockAddr",Sizeof{SockAddr?)); { Connect to Server }
SendMessage(Handle, WM_SETCURSOR, CrDefault, 0);  { Set Default Cursor }

If ResultTCP = SOCKET_ERROR Then CheckErrorCode('Connect’)

Else
begin
CreateTCP.Enabled := False;
ConnectTCP.Enabled := False;
DisconnectTCP.Enabled := True;
EditSend.SetFocus;
{ The Windows Sockets WSAAsyncSelect function requests event
notification for a socket. }

ResultTCP := WsAAsyncSelect(Sd_TCP,Handle, WM_WINSOCKTCP,FD_CONNECT OR

FD_READ);
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If Result TCP = SOCKET_ERROR Then CheckErrorCode('WsaAsynSelect *);

end;

end;

{ Procedure Receive Message Event WM_WINSOCKTCP **TCP**}
Procedure TFClient. EventTCP(Var M: TMessage);
Begin
Case (M.LParam) Of
FD_CONNECT : { Receive notification of completed connection }
begin
SendMessage(Handle, WM_SETCURSOR, ctHourGlass,0); { Set HourGlass Cursor }
{ Retrieves the hostname By IP Address from Database File (Hosts file) }
HostTCP := Gethostbyaddr{(@SockAddr.sin_addr.s_addr, 4, PF_INET);
If HostTCP = Nil Then SHostTCP := Inet_ntoa(SockAddr.sin_addr)
Else SHostTCP := HostTCP.h_name;
SendMessage(Handle, WM_SETCURSOR, CrDefault, 0); { Set Default Cursor }
MemoShow.Lines.Add(CONNECT TO # + SHostTCP + '# SERVER ...0K";
end;
FD READ:  { Receive notification of readiness for reading }
begin
BufferTCP :=";
{ Receives data from a socket. }
ResultTCP := Recv(Sd_TCP,BufferTCP,MaxBuffer,0);
If ResultTCP = SOCKET_ERROR Then CheckErrorCode('Recv')

Else MemoShow.Lines.Add('Return From Server : ' + BufferTCP);
{ Check Amount Send}
If CountSendTCP < 100 Then
begin
Inc(CountSendTCP);
{ the window procedure is called immediately as a subroutine.
If the specified window was created by a different thread,
Windows switches to that thread and calls the

appropriate window procedure. }
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SendMessage(Handle, WM_SENDTCP,0,0); { Message to SendDataTCP procedure }
end Else CountSendTCP :=0;
end; {read}
end; {Case }

end;

{ Procedure Receive Message Event WM_WINSOCKUDP **UDP**}
Procedure TFClient. EventUDP(Var M: TMessage);
Begin
Case (M.LParam) Of
FD_READ : { Receive notification of readiness for reading }
begin
BufferUDP =",
LenBufferUDP := SizeOf(SAddr_From™);
{ Receives a Datagram and stores the source address. }
ResultUDP := RecvFrom(SD_UDP,BufferUDP,MaxBuffer,0,SAddr_From*,LenBufferUDP);
If ResultUDP = SOCKET_ERROR Then CheckErrorCode('RecvFrom’)
Else MemoShow.Lines.Add(Return From # + SHostUDP + '# Server: ' + BufferUDP);
If CountSendUDP < 100 Then
begin
Inc(CountSendUDP);
SendMessage(Handle, WM_SENDUDP,0,0); { Message to SendDataUDP procedure }
end Else CountSendUDP := 0;
end; {read}
End; {Case}
End;

procedure TFClient.DisconnectTCPClick(Sender: TObject); { End Connect TCP }
begin

{ Closes a sockets. it releases the tcp socket descriptor }

ResultTCP := CloseSocket(Sd_TCP);

If Result TCP = SOCKET_ERROR Then CheckErrorCode('CloseSocket')

Else

begin
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MemoShow.Lines.Add('Disconnect OK ....");
DisconnectTCP.Enabled := False;
CreateTCP.Enabled := True;
ConnectTCP.Enabled := True;

end;

end;

{ Create,Bind Local Socket and Set Address Server }
procedure TFClient.BindUDPClick(Sender: TObject);
Var IPAddress: Array[0..20] of Char;
begin
{ The Windows Sockets socket function creates a UDP socket .
If the function succeeds, socket returns a descriptor referencing the new socket.
If the function fails, a value of INVALID_SOCKET is returned }
Sd_UDP := Socket(PF_INET, SOCK_DGRAM, 0);
If Sd_UDP = INVALID_SOCKET Then CheckErrorCode('Create’)
Else
begin
MemoShow.Lines.Add('UDP Create Socket OK ");
BindUDP .Enabled := False;
CloseSocketUDP.Enabled := True;
EditSend.SetFocus;
MemoShow.Lines.Add('Create Socket OK');
{ Set Address,Port For Local Address }
SAddr_Loc.sin_family := PF_INET;
SAddr_Loc.sin_addr.s_addr := htonl(INADDR_ANY);
SAddr_Loc.sin_port := htons(0); { Assign By System }
{ Associates a local address with a socket. }
ResultUDP := Bind(Sd_UDP,SAddr_Loc,Sizeof{SAddr_Loc™);
If ResultUDP = SOCKET _ERROR Then CheckErrorCode('Bind')
Else
begin
MemoShow.Lines.Add('UDP Bind OK');
{ Request that the Windows Sockets DLL should send a message
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to the window hWnd whenever it detects any of the network events
specified by the I[Event parameter. The message that should be
sent is specified by the wMsg parameter. }
ResultUDP := WsAAsyncSelect(Sd_UDP,Handle, WM_WINSOCKUDP, FD_READ);
If ResultUDP = SOCKET_ERROR Then CheckErrorCode("WsaAsyncSelect');
end;
end;
{ Set Addr_In For Remote Machine **Server** }
StrPCopy(IPAddress,IP_Text);
SAddr_To.sin_family := PF_INET;
SAddr_To.sin_addr.s_addr := Inet_Addr(IPAddress);
SAddr To.sin_port := htons(StrtoInt(Port_Text));;
SendMessage(Handle, WM_SETCURSOR, crHourGlass, 0); { Set HourGlass Cursor }
HostUDP := Gethostbyaddr(@SAddr_To.sin_addr.s_addr, 4, PF_INET);
{ Retrieves the hostname By IP Address from Database File (Hosts file) }
If HostUDP = Nil Then SHostUDP := Inet_ntoa(SockAddr.sin_addr)
Else SHostUDP := HostTCP.h_name;
SendMessage(Handle, WM_SETCURSOR, CrDefault, 0); { Set Default Cursor }

end;

procedure TFClient.EditsendKeyPress(Sender: TObject; var Key: Char);
Begin
If Key = Chr(13) Then  { Check KeyPressed Enter }
Begin
IF TCP1.Checked Then
begin
CountSendTCP :=0;
TextTCP := EditSend.Text;
SendMessage(Handle, WM_SENDTCP,0,0); { Message to SendDataTCP procedure }
end
ELse IF UDP1.Checked Then
begin
CountSendUDP := 0;
TextUDP := EditSend.Text;
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SendMessage(Handle, WM_SENDUDP,0,0); { Message to SendDataUDP procedure }
end;
end;

End;

procedure TFClient.SendDataTCP(Var M : Tmessage);
begin
StrPCopy(BufferTCP, TextTCP + Inttostr(CountSendTCP));
{ Sends data on a connected socket.}
ResultTCP := Send(SD_TCP, BufferTCP ,Length(BufferTCP) ,0);
If Result TCP = SOCKET_ERROR Then CheckErrorCode('Send’)
End;
procedure TFClient.SendDataUDP(Var M : Tmessage);
begin
StrPCopy(BufferUDP, TextUDP + Inttostr(CountSendUDP));
{ Sends data to a specific destination. }
ResultUDP := Sendto(Sd_UDP, BufferUDP, Length(BufferUDP), 0, SAddr_to*, Sizeof(SAddr_to"));
If ResultUDP = SOCKET ERROR Then CheckErrorCode('Sendto’)

end;

procedure TFClient.CloseSocketUDPClick(Sender: TObject);
begin
{ Closes a sockets. it releases the udp socket descriptor }
ResultUDP := CloseSocket(Sd_UDP);
If ResultUDP = SOCKET_ERROR Then CheckErrorCode('CloseSocket’)
Else
begin
MemoShow.Lines.Add('CloseSocket UDP OK ....";
BindUDP.Enabled := True;
CloseSocketUDP.Enabled := False;
end;

end;
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Procedure TFClient.SetCursorX(Var M: TMessage);
begin

EditSend.Cursor := M.WParam;

Panell.Cursor := M.WParam;

Memoshow.Cursor := M.WParam;

FClient.Cursor := M.WParam;

end;

End. { End Program }

{ Set Cursor }
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4.6 HAAITHADHAITIINIY Y89 RPC program UH UNIX

73

Server program

date_svc.exe

Server procedure
dateproc.c » cc
Server stub
RPC specification file
date.x I iy

Client main function

date_cint.c

xdate.c

Client stub

Client program

xdate.exe

J 1/714.6 Flowchart @asvumonuns Complie RPC program U UNIX
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Tﬂiunsu RPC server procedure Ui UNIX

/*
* dateproc.c - remote procedures; called by server stub.

*/

#include <rpc/rpc.h>
#include <time.h>
/*
4
* Return the binary date and time.

*/

long *bin_date_1(void)

{
static long timeval; /* must be static */
timeval = time((long *)0);
return(&timeval);

}

I

* Convert a binary time and return a human readable sring.

i

char **str_date_1(bintime)

{
long *bintime;
static char *ptr; /* must be static */
ptr = ctime(bintime);
return (&ptr);
}
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/*

Tdsunsy RPC client main function U UNIX

* xdate.c - client program for remote date service.

#finclude <stdio.h>

#include <rpc/rpc.h>

#tinclude "date.h”

main(int argc, char *argv[])

{

CLIENT *cl; [* RPC handle */
char  “*server;
long  *lresult; /* return value from bin_date_1() */

char  **sresult; /* return value from str_date_1() */

if (argc 1=2) {
fprintf(stderr, "usage: %s hostname\n", argv[0]);

exit(1);

server = argv[1];

/i
* Create the client "handle.”

*/

if ( (cl=cInt_create(server, DATE_PROG, DATE_VERS, "udp")) == NULL ) {
/t
* Could't establish connection with server.
*/

clnt_pcreateerror(server);
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exit(2);

/t
* First call the remote procedure "bin_date".

*/

if ( (Iresult=bin_date_1(NULL,cl)) == NULL ) {
cInt_perror(cl, server);
exit(3);

}

printf("time on host %s = %Id\n*, server, *Iresult);

/t
* Now call the remote procedure "str_date".

*

if ( (sresult=str_date_1(Iresult,ct)) == NULL ) {
cint_perror(cl, server);
exit(4);

}

printf("time on host %s = %s", server, *sresult);

cint_destroy(cl);

exit(0);
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115un33 RPC specification U4 UNIX

/t
* date.x - Specification of remote date and time service.

*/

/*
* Define 2 procedures:
*  bin_date_1() returns the binary time and date (no auguments).

*  str_date_1() takes a binary time and returns a human-readable string.

*

program DATE_PROG {
version DATE_VERS {
long  BIN_DATE(void) = 1; /* procedure number = 1*

sting STR_DATE(long) = 2; /* procedure number = 2 */

[* version number = 1
*/
} = 0x31234567; /* program number =

0x31234567 */
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4.7 NOENSMINNNUYDA Client/Server

4.7.1 HAENENITIIHYD4 Client/Server 1UD TCP UH Unix

78

7l Server 191

= } 4 .
1UN155999991N Client

$ /teps.x
$ Connect from syscon CLIENT on port 1995 at Fri Feb 20 16:41:23 1998
*SERVER return 0 time at Fri Feb 20 16:41:26 1998
SERVER return 1 time at Fri Feb 20 16:41:27 1998
SERVER return 2 time at Fri Feb 20 16:41:28 1998
SERVER return 3 time at Fri Feb 20 16:41:29 1998
SERVER return 4 time at Fri Feb 20 16:41:30 1998
SERVER return 5 time at Fri Feb 20 16:41:31 1998
SERVER return 6 time at Fri Feb 20 16:41:32 .1998
SERVER return 7 time at Fri Feb 20 16:41:33 1998
SERVER return 8 time at Fri Feb 20 16:41:34 1998
SERVER return 9 time at Fri Feb 20 16:41:35 1998
completed syscon PORT 1995, 10 packets,TIME at Fri Feb 20 16:41:35 1998

Client Y1115 Disconnect
Fa19 Client Y1911

Client Y1115 Connect i1} Server
$ /tepe.x syscon

Connect to syscon SERVER on port 1995 at Fri Feb 20 16:41:23 1998

5U Data 910 Client

o

n¥sududanduriun

Received result number 0
Received result number 1
Received result number 2
Received result number 3

Received result number 4

29 Data WouAUY Data 71 Return

Received result number 5
Received result number 6 N Server

Received result number 7

Received result number 8
Received result number 9
All done at Fri Feb 20 16:41:35 1998
$




- m m W e omm ow S gm

EEE ]

-

P .

-

- x mw el wa

4.7.2 Nﬂﬁﬂfmiﬁ'\ﬂu'ﬂﬂﬂ Client/Server l1UY UDP U Unix

a1 server 191U

511 Data®1n Client WoufvudInduNUH

$ Judps.x
Request from syscon Client message<data0> at Fri Feb 20 16:39:27 1998
Request from syscon Client message<datal> at Fri Feb 20 16:39:28 1998
Request from syscon Client message<data2> at Fri Feb 20 16:39:30 1998
Request from syscon Client message<data3> at Fri Feb 20 16:39:31 1998
Request from syscon Client message<data4> at Fri Feb 20 16:39:32 1998
Request from syscon Client message<data5> at Fri Feb 20 16:39:33 1998
Request from syscon Client message<data6> at Fri Feb 20 16:39:34 1998
Request from syscon Client message<data7> at Fri Feb 20 16:39:35 1998
Request from syscon Client message<data8> at Fri Feb 20 16:39:36 1998
Request, from syscon Client message<data9> at Fri Feb 20 16:39:37 1998

‘ 14 Client a1

Received message<data0> from server

$

$ ./udpc.x syscon

Received message<datal> from server

Received message<data2> from server
Received message<data3> from server
Received message<data4> from server

Received message<data5> from server . v o -
4 Data W3 DUV Data 11 Return

Received message<data6> from server
U1910 Server

Received message<data7> from server
Received message<data8> from server
Received message<data9> from server

$
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4.7.3 HAAWENISN19IUVOI TCP Server UH Unix fi¥d3A8HY TCP Client Uy PC

a1 server ¥i1au

# Jtcps.x
# Connect from pc CLIENT on port 1027 at Sun Mar 1 20:00:37 1998
SERVER return Datal time at Sun Mar 1 20:00:44 1998
SERVER return Data2 time at Sun Mar 1 20:00:45 1998
SERVER return Data3 time at Sun Mar 1 20:00:46 1998

1111559999910 Client YU PC

$11 Datal.. Data100 910 Client Wioufuaanduriuf

SERVER feturn Data88 time at Sun Mar 120:02:11 1998 .
SERVER return Data99 time at Sun Mar 1 20:02:13 1998

SERVER return Datal00 time at Sun Mar 1 20:02:14 1998

completed pc PORT 1027, 1 packets,TIME at Sun Mar 1 20:01:27 1998

Server ”lf’l’i"'umi Disconnect 91 Client
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4.7.4 NENS 151191409 UDP Server UM Unix Mi¥ouseny UDP Client By PC

114 server ia1u

# Request from pc message<Datal> at Sun Mar 1 20:05:04 1998

# ./udps.x

# Request from pc message<Data2> at Sun Mar 1 20:05:05 1998
# Request from pc message<Data3> at Sun Mar 1 20:05:06 1998

51 Datal.. Datal00 910 Client

wioududandunun

# Request from pc message<Data88> at Sun Mar 1 20:06:34 1998
# Request from pc message<Data89> at Sun Mar 1720:06:36 1998
# Request from pc message<Datal 00> at Sun Mar 1 20:06:37 1998

ety o i wm owe mm o w
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® WinSocks Functions
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o i o o A
- srdailFlumssasans@eudolUY Stream Socket

Socket ()
Bind ()

- f1d 981U Server
Listen()

Accept()
o o ¥ .
- 199914 Client

Connect()
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= o§13 Communication Endpoint

= 574 Address 191110 Socket N32ViITUUA Server

o_ o <2 Y 3 A A
= Sets Up i’l‘lﬂ'l]t'liﬂ'lii'l]ﬂ'ligﬂﬂﬂlﬂﬁl'lll'l WOTDNITIYDU

#9910 Clients
o 3 A v o oo o o o
= 7UMITOIVONTITOUAD g‘lllu&]ut’l‘lﬂ‘Ullif\NUﬂﬂzill

* ¥
Runiu@y

= $93U9M51¥oUADAL Remote Address
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Send()

Recv()
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CloseSocket()
Shutdown()
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Sacket()
Bind()
Sendto()
Recvfrom()
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CloseSocket) =1anlaouninuing Socket
Connect() = iJumdafimudin19lun15590 Remote Address A1

4 .l
Datagram Socket 481115014818 Send( taz Recv( 18

[
o

] »
- d NI Flumssunsoaam iy Socket

GetpeerName() = fn¥ Ianduauilu Address Y89 Remote Socket lAnUADAS

1¥01nD Stream Sockets H3DN13591 Socket (tazTiunansdl ¥y

Datagram Socket WI’)
Getsockopt) = s landumndiummmeidudndfiRudunves Socket
19U Socket Type, Socket Linger Option
Setsockopt) = (Sumsassunmeiifiudnfiiudnnues socket
IoctlSocket) = aqmﬁ"lﬁqmﬁam Socket Blocking Mode
Select() = ﬁ‘llﬂ‘lﬂ!’m‘ﬁlﬂu Information lf}ﬂ Socket w%’ammzt%"an
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ﬁﬂlﬂm59011’5’1"501W0ﬂ15i’)1uﬂiﬂlﬂlﬂu

3
o

- e 1dn)aou Byte Order

ntohl() = nJSounh 32 bit 990 Network (i Host
ntohs() = nfAuueh 16 bit 970 Network (514 Host
htonl() = (/A oush 32 bit 910 Host (A1 Network
htons() = l‘l.]?;tluﬂ"l 16 bit 910 Host 1111 Network
- mde i1 lumsuiun/fen P Address
inet_addr() = nffuuo1n P Address Tuguuuudnauiifigalaif 4 Byte Hex
Tugzaliuy Network Byte
inet_ntoa() = 1fAou9n TP Address Tuguuy 4 Byte Hex ‘lﬂti‘luﬁammﬁﬁqﬂ
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o

- ﬁ‘l’cﬂﬁﬁ‘l‘lﬂﬂh’f’ﬁ'ﬂ Database Information

GetHostbyaddr() = 155U Host Name, Address, Ita2 Aliases ‘Tii M
iU Host Address
GetHostbyName() = 1551 Address Name , Name (a2 Aliases 531
1) Protocol Name H3® Alias
GetHostName() = M55V ‘léfﬂil‘lﬂ Local Host
GetprotobyName() = 1551 Protocol Number,Name,Number 1l Aliases '71

331U Protocol Number

GetservbyName() = 155U Service Port Number,Name, 1183 Aliases ‘Tii Y
fi1) Service Name H30 Alias

GetservbyPort() = 1155V Service Name, Port Number, (182 Aliases 7'15 MW

11 Port Number
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® Message YU Windows
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A13nA Mouse, MAM3aiM3 TudoYavna Sockets dudfudae61ai Windows m3ea Message 1
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84 Application lWﬂlﬁN‘lH Application 7]511]']1“1"91ﬂ15ﬂl9315lﬂﬂ‘“u fNNal'H Application NTUMY
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343 Tn 3903199049 Record Type NENATHUANIIN Windows #I9U

Type
Tmsg = packed record

hwnd: HWND;
message: UINT;
wParam: WPARAM;
IParam: LPARAM,;
time: Dword;

pt: TPoint;

end;

/ rﬂu handle Y93 Windows
" i, X
/7 1iumnaiivea Message ifnuadiu

/18 Parameter ¥4 Message

v ¥
/ ianluvas i Message gnad19iu

N 4 2
/ AUMUIVDI Mouse 1118 Message @ner3 193y

L4
FUABUMTINUYDY Message 11D

A a ¢ a d*
maumqmimmﬂw"luizuu
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oA wN

Windows Procedure ﬁil:: Action
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g5 YuUAdU A

. ° A 3 o
Windows M11A13 maaumumqmsm’"lﬂm Message Queue
Application fezyiimssy Message 911 Queue

Application ezt Message 1118 Procedure Y04 Application
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HEAYENHMUEMININIUUDI Message

imgmsal v p—
~ 2 essage indows
Hadu Message
Queue Loop Procedure

U1 Delphi Message
Tu Delphi 9ziin5 319 Record Type fifiy Information Y84 Message Huvesdaes Taw
L A 1
15200111428 Record Tmsg Y99 Windows 598g%19114A28 Record type 404 Delphi 113031

3
Tmessage record type fidnyms Inseadiensdl

type
Tmessage = record
Msg: Cardinal;
Case Integer of
0: (
WParam: Longint;
Lparam: Longint;
Result: Longint);
1: (
WParamLo: Word,
WParamHi: Word;
LParamLo: Word,
LParamHi: Word;
ResultLo: Word;
ResultHi: Word );

end;
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Ao w Y P g 1w oo o Y
ﬂﬂﬂﬂ"lﬁi'l]lﬂ?]ﬂ'liﬂluuﬂ?tl Wm_User + X TﬂU'Vl X nﬂummmmmmmiixu HAZMNITINITN

1 4
Procedure Taufigtlunuuazdnyasmsadienall

Const

Sx_MyMessage = Wm_User + 1;

Tform1 = Class(Tform)
private
Procedure PMyMessage(var Msg: Tmessage); message Sx_MyMessage;

end;

Procedure TForm1.PMyMessage(var Msg: Tmessage);
begin
Action ;

end;






