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18.4 The Universal Internet Communication Interface (UICI)

The Universal Internet CommunicationInterface (UICI) library, summarizedin Ta-
ble 18.1,providesa simplifiedinterfaceto connection-orientedcommunicationin UNIX.
UICI is not partof any UNIX standard.Theinterfacewasdesignedby theauthorsto ab-
stracttheessentialsof network communication,while hiding thedetailsof theunderlying
network protocols. UICI hasbeenplacedin the public domainand is availableon the
bookwebsite.ProgramsthatuseUICI shouldincludetheuici.h headerfile.

This sectionintroducesthe UICI library. The next two sectionsimplementseveral
client-server strategies in termsof UICI. Section18.7 discussesthe implementationof
UICI usingsockets,andAppendixC providesacompleteUICI implementation.

Whenusingsockets,a server createsa communicationendpoint(a socket) andasso-
ciatesit with a well-known port (bindsthesocket to theport). Beforewaiting for client
requests,theserver setsthesocket to bepassive sothat it canacceptclient requests(sets
thesocket to listen). Upondetectionof a client connectionrequeston this endpoint,the
servergeneratesanew communicationendpointfor privatetwo-waycommunicationwith
the client. The client andserver accesstheir communicationendpointsby readingand
writing usingfile descriptors.Whenfinished,both partiesclosethe file descriptors,re-
leasingtheresourcesassociatedwith thecommunicationchannel.

UICI prototype description(assumingnoerrors)
int u_open(u_port_t port) createsaTCPsocket boundto port and

setsthesocket to bepassive
returnsa file descriptorfor thesocket

int u_accept(int fd, waitsfor connectionrequestonfd, and
int hostnsize) on returnhostn hasfirst hostname-1
char *hostn) charactersof theclient’shostname

returnsa communicationfile descriptor
int u_connect(u_port_t port, initiatesaconnectionto server

char *hostn) on portport andhosthostn.
returnsa communicationfile descriptor

Table 18.1: TheUICI API. If unsuccessful,UICI functionsreturn–1andseterrno.

Figure 18.6 depictsa typical sequenceof UICI calls usedin client-server commu-
nication. The server createsa communicationendpoint(u_open) andwaits for a client
to senda request(u_accept). Theu_accept returnsa privatecommunicationfile de-
scriptor. Theclient createsa communicationendpointfor communicatingwith theserver
(u_connect).

Oncethey have establisheda connection,a client andserver cancommunicateover
thenetwork usingtheordinaryread andwrite functions.Alternatively they canusethe
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Figure 18.6: A typical interactionof aUICI clientandserver.

morerobustr_read andr_write from therestartlibrary of AppendixB. Eithersidecan
terminatecommunicationby callingclose or r_close. After theclose, theremoteend
detectsanend-of-filewhenreadingor anerrorwhenwriting. Thediagramin Figure18.6
shows a singlerequestfollowedby a response,but morecomplicatedinteractionsmight
involveseveralexchangesfollowedby aclose.

In summary, UICI serversareorganizedasfollows.
� Openawell-known listeningport(u_open). Theu_open returnsa listening

file descriptor.
� Wait for a connectionrequeston the listeningfile descriptor(u_accept).

Theu_accept blocksuntil aclient requestsaconnectionandthenreturnsa
communicationfile descriptorto useasahandlefor private,two-wayclient-
servercommunication.

� Communicatewith theclientusingthecommunicationfile descriptor(read
andwrite).

� Closethecommunicationfile descriptor(close).
UICI clientsusethefollowing steps.
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� Connectto a specifiedhostandport (u_connect). Theconnectionrequest
returnsthecommunicationfile descriptorusedfor two-waycommunication
with theserver.

� Communicatewith theserver (read andwrite) usingthecommunication
file descriptor.

� Closethecommunicationfile descriptor(close).

18.4.1 Error handling

A majordesignissuefor UICI washow to handleerrors.UNIX library functionsgenerally
reporterrorsby returning–1andsettingerrno. In orderto keeptheUICI interfacesimple
andfamiliar, UICI functionsalsoreturn–1 andseterrno. Noneof the UICI functions
displayerrormessages.ApplicationsusingUICI shouldtestfor errorsanddisplayerror
messageswhereappropriate.SinceUICI functionsalwaysseterrno whena UICI func-
tion returnsanerror, applicationscanuseperror to displaytheerrormessage.POSIX
doesnot specifyanerrorcodecorrespondingto theinability to resolve a hostname.The
u_connect functionreturns–1 andsetserrno to EINVAL, indicatinganinvalid param-
eterwhenit cannotresolve thehostname.

18.4.2 Reading and writing

Oncethey have obtainedan openfile descriptorfrom u_connect or u_accept, UICI
clientsandserverscanusetheordinaryread andwrite functionsto communicate.We
usethefunctionsfrom therestartlibrary sincethey aremorerobustandsimplify thecode.

Recallthatr_read andr_write both restartthemselvesafterbeinginterruptedby
a signal. Like read, r_read returnsthe numberof bytesreador 0 if it encountersan
end-of-file. If unsuccessful,r_read returns–1 andsetserrno. If successful,r_write
returnsthe numberof bytesrequestedto write. The r_write function returns–1 and
setserrno if anerroroccurredor if it couldnot write all of therequestedbyteswithout
error. The r_write function restartsitself if not all of the requestedbyteshave been
written. Thischapteralsousesthecopyfile functionfrom therestartlibrary, introduced
in Program4.6on page100andcopy2files introducedin Program4.13onpage111.

Therestartlibrary supportsonly blocking I/O. That is, anr_read or r_write may
causethecallerto block. An r_read blocksuntil someinformationis availableto beread.
Themeaningof blocking for r_write is lessobvious. In thepresentcontext, blocking
meansthat r_write returnswhen the output hasbeentransferredto a buffer usedby
the transportmechanism.Returningdoesnot imply that the messagehasactuallybeen
deliveredto thedestination.Writesmayalsoblockbecauseof messagedeliveryproblems
in the lower protocol layersor if all of the buffers for the network protocolsare full.
Fortunately, theissuesof blockingandbufferingaretransparentfor mostapplications.


