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1.0 Introduction

TCP/IP (TransmissionControl Protocol/InternetProtocol) is a stackof communicationsprotocolsimple-
mentedon many different operatingsystemplatforms.The socketinterfaceis a very popularand easy-to-use
interfaceto the TCP/IP protocols.It is supportedby TCP/IP for VM eithervia the VMCF or the IUCV
API (applicationprogramminginterface).The socketinterfaceis usuallydescribedin the C programming
languageand is mainly usedfrom this language.

REXX/SOCKETSis a REXX function packagethat providesaccessto the TCP/IP socketinterfacevia the
IUCV API throughthe RXSOCKET MODULE. It mapsthe socketcalls from the C programminglan-
guageto the REXX programminglanguage.Thus, it enablesa programmerto implementand test TCP/IP
applicationspartially or completelyin REXX using the convenientREXX paradigmto accessthe socket
interface.

Functionsfor waiting on certaineventsareneededby many REXX programs.Especially,applicationsusing
communicationprotocolsbetweendifferent programsrequiresuchfunctionssinceone programneedsto wait
for an action by its communicationpartners. Suchprogramsmust be able to wait for one eventfrom a list
of expectedevents.Further,applicationsinvolving programson different machineswhich eitherusethe
ASCII or the EBCDIC characterencodingneedalso functionsto translatefrom ASCII to EBCDIC
encodingand vice versa.Thesefunctionsareprovidedby REXX/WAIT and areusedand supportedby
REXX/SOCKETS.(SeeREXXWAIT PACKAGE on the VMTOOLS conferencingdisk.)

REXX/SOCKETSaddsthe function SOCKET, and REXX/WAIT addsthe functionsWAIT,
SETVALUE, QUERYVALUE, RESETVALUE, AC2EC, EC2AC,CTYPE and CTABLE to the existing
setof REXX built-in functions. REXX/WAIT alsoprovidessomebasiceventhandlersfor console,
message,mail and time events,and REXX/SOCKETSprovidesan eventhandlerfor socketevents.

Also REXX/SOCKETSprovidessupportfor ASCII/EBCDIC translationbut only for all datasentand
receivedon a socket.As soonasdataexchangedon a socketconsistsof text and binary data,the REXX
functionsprovidedby REXX/WAIT must be used.

Before the REXX function providedby REXX/SOCKETSis describedin detail, a few basicconceptsof
TCP/IP needto be describedfor REXX programmersusing thesefunctions.However,a userof the REXX
interfaceto the TCP/IP socketinterfacemust havesomeexperiencewith communicationsin generaland
with TCP/IP in particularto makecorrectand efficient useof the socketinterface.

A communicationentity usingTCP/IP protocolsis identified by an addressfamily and further identifiers
specific to an addressfamily. For AF_INET (the only addressfamily supportedby REXX/SOCKETSso
far), thesefurther identifiersarea port and an internetaddress.The internetaddressis a 32-bit quantity
usuallystructuredin one to four partssuchas '128.228.1.2'when referenced.The internetaddressidentifiesa
network interfacewithin a host.The port is a numberwhich allows the TCP/IP serviceto differentiate
betweendifferent applicationsusing the samenetwork interface.Someports are reservedfor specificapplica-
tions.

TCP/IP can be usedto transportdatafrom one applicationto anothervia two different protocols:TCP is a
connection-orientedtransportprotocol,and UDP is a connectionlesstransportprotocol. (The IP protocol is
alsoa connectionlessprotocol but on a lower layer, and it is not further mentionedin this documentation.)
When established,the connectionbetweentwo programsin the connection-orientedcaseis a pair of queues
(one for eachdirection).One programcan addbytesto one sideof the queue,and the other programcan
takeout bytesfrom the other side.The piecesin which datais addeddo not haveto correspondto the
piecesas takenout. For example,one programmay add1000byteswith one socketcall and another1000
byteswith anotherone.The other programmay get the first 600 byteswith the first function call, the next
750 byteswith the secondcall and the last 650 byteswith a third call.

Somesocketfunctionscanbe usedin blocking or in non-blockingmode.In blocking mode,the function
may wait and only returnswhen the function successfullycompletesor when it is clear that it cannotsuc-
cessfullycomplete.Initially, all functionsusethe blocking mode.In non-blockingmode,the function does
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not wait but tells with a return codethat it would block. In this mode,waiting must be providedby other
means.REXX/SOCKETSsupportswaiting in non-blockingmodethroughREXX/WAIT and throughthe
selectsocketcall.

The first call of the REXX function SOCKET loadsREXX/SOCKETSasa nucleusextension.The call
NUCXDROP RXSOCKETterminatesall socketsetsfor the session,closesall socketsand dropsREXX/SOCKETS
asa nucleusextension.Thus, this function shouldonly be usedwith care.
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2.0 REXX Function Syntax

REXX/SOCKETSaddsthe REXX built-in function SOCKET to the setof other REXX functionsavail-
able.The first parameterin the REXX function SOCKET is the nameof the subfunctionto be called.The
generalbehaviorof the REXX function SOCKET is described.

2.1 Function SOCKET

The SOCKET function providesaccessto the TCP/IP socketinterface.The actualsocketcalls arespecified
in the first parameterand is calledsubfunction in the following. The further parametersarg dependon the
subfunctionto be called.

SOCKET(subfunction,[ arg] ,...,[ arg] )

Result:rc [ string]

The result string containsseveraltokensseparatedby a blank suchthat it caneasilybe parsedby REXX.
The first token is a return code.If the return codeis zero,the further tokensdependon the subfunction
called.If the return codeis not zero,the secondtoken is the nameof the error, and the rest is the corre-
spondingerror message.

Socket('GetHostId') == '0 9.4.3.2'
Socket('Recv',socket) == '35 EWOULDBLOCKOperation would block'

2.2 Argument Names

The input parametersfor the individual subfunctionsof the REXX built-in function SOCKET and the items
in the result string (exceptfor the return code)togetherwith their rangeand defaultvaluesaredescribedin
alphabeticalorder in the following list:

backlog Numberof pendingconnectrequests(integerbetween0 and 10)
Default: 10
Input to LISTEN

clientid Identifier for an applicationin the form: domainuseridsubtaskid
Input to GIVESOCKET, TAKESOCKET
Output of GETCLIENTID

connectinfo Further information for the socketsetstatus'Connected'('Free' integer'Used'
integer)
Output of SOCKETSETSTATUS

count Numberof socketidsreadyfor the given operation(non-negativeinteger)
Output of SELECT

data Messagestring for dataexchange(arbitrary characterstring)
Input to WRITE, SEND, SENDTO
Output of READ, RECV, RECVFROM

date Versiondateof the REXX/SOCKETSfunction package
Output of VERSION

domain Addressingfamily (only 'AF_INET' is supportedso far)
Input to SOCKET, GETCLIENTID
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domainname Nameof the domainunderwhich the processorfalls (characterstring)
Output of GETDOMAINNAME

fcmd Operatingcharacteristicscommand('F_SETFL', 'F_GETFL')
Input to FCNTL

fullhostname Fully qualified hostnamein the form: domainname.hostname
Input to GETHOSTBYNAME, RESOLVE
Output of GETHOSTBYADDR, RESOLVE

fvalue Operatingcharacteristicsvalue ('Blocking', '0', 'Non-Blocking', 'FNDELAY')
Input to FCNTL
Output of FCNTL

hissocketid Socketdescriptorbelongingto anotherclientid (socketid)
Input to TAKESOCKET

hostname Nameof a host processor(string)
Input to GETHOSTBYNAME, RESOLVE
Output of GETHOSTNAME

how Part of a duplex connection('BOTH', 'FROM', 'TO', 'READ', 'WRITE',
'READING', 'WRITING', 'RECEIVE', 'SEND', 'RECEIVING', 'SENDING')
Default: 'BOTH'
Input to SHUTDOWN

icmd Operatingcharacteristicscommand

'FIONBIO' Setsor clearsnon-blockinginput-outputfor a socket
dependingon the valuespecifiedfor ivalue. (The ivalue
argumentscan be 'On' or 'Off'.)

'FIONREAD' Getsthe numberof immediatelyreadablebytesfor the
socketand returnsit as ivalue (a non-negativeinteger).

'SIOCATMARK' Querieswhetherthe currentlocation in the datainput is
pointing to out-of-banddata.(It returnseither 'Yes' or
'No'.)

'SIOCGIFADDR' Getsthe network interfaceaddress.(The ivalue argumentis
an interface,and the function returnsthe addressin the
form: interfacedomainport ipaddress.)

'SIOCGIFBRDADDR' Getsthe network interfacebroadcastaddress.(The ivalue
argumentis an interface,and the function returnsthe
addressin the form: interfacedomainport ipaddress.)

'SIOCGIFCONF' Getsthe network interfaceconfiguration.(The ivalue argu-
ment is the maximumnumberof interfacesto be returned,
and the function returnsa list of interfacesin the form:
interfacedomainport ipaddress.)

'SIOCGIFDSTADDR' Getsthe network interfacedestinationaddress.(The ivalue
argumentis an interface,and the function returnsthe
addressin the form: interfacedomainport ipaddress.)

'SIOCGIFFLAGS' Getsthe network interfaceflags. (The ivalue argumentis an
interface,and the function returnsthe interfacetogether
with the flags as four hexadecimaldigits and the symbolic
namesof thoseflags which areenabled.)

'SIOCGIFMETRIC' Getsthe network interfacerouting metric. (The ivalue argu-
ment is an interface,and the function returnsthe interface
togetherwith the metric asan integer.)

'SIOCGIFNETMASK' Getsthe network interfacenetwork mask.(The ivalue argu-
ment is an interface,and the function returnsthe maskin
the form: interfacedomainport ipaddress.)

Input to IOCTL
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ipaddress Internetaddress(in dottednotation,'INADDR_ANY', 'ANY',
'INADDR_BROADCAST', 'BROADCAST')
Input to GETHOSTBYADDR, RESOLVE
Output of GETHOSTID, RESOLVE

ipaddresslist List of internetaddresses(in dottednotation)
Output of GETHOSTBYNAME

ivalue Operatingcharacteristicsvalue (dependingon the valuespecifiedfor icmd)
Input to IOCTL
Output of IOCTL

length Length of data(non-negativeinteger)
Output of READ, WRITE, RECV, SEND, RECVFROM, SENDTO

level Protocol level ('SOL_SOCKET',' IPPROTO_TCP')
Input to GETSOCKOPT,SETSOCKOPT

maxdesc Numberof pre-allocatedsocketsin a socketset (integerbetween1 and 2,000)
Default: 40
Input to INITIALIZE
Output of INITIALIZE

maxlength Maximum datalength (integerbetween1 and 100,000)
Default: 10,000
Input to READ, RECV, RECVFROM

name Network addressin the form: domainportid ipaddress
Input to BIND, CONNECT, SENDTO
Output of ACCEPT, RECVFROM, GETPEERNAME,GETSOCKNAME

newsocketid Newly createdsocketdescriptor(socketid)
Output of SOCKET, ACCEPT, TAKESOCKET

optname Option name

'SO_ASCII' Setsor clearsthe dataencodingcharacteristicsfor the
socket. When activated,the SO_EBCDICflag getscleared,
and it is ensuredthat all datasentand receivedon the
socketgetstranslatedto ASCII if needed.When disabled,
no datatranslationfrom and to ASCII is applied.This
option hasonly an effect on hostswhich useEBCDIC data
encodingbut can alsobe usedon ASCII systems. (The
optvalueargumentscan be 'On', optionally followed by the
filenameof a translationtable,or 'Off'. As output, 'On' or
'Off' is returnedoptionally followed by the nameof the
translationtable used,if translationwill be appliedto data.)

'SO_BROADCAST' Setsor clearsthe ability to broadcastmessages.If this
option is enabled,it allows the applicationto sendbroad-
castmessagesover the socket,if the interfacespecifiedin the
destinationsupportbroadcastingof packets.This option has
no meaningfor streamsockets.(The optvalueargumentcan
be 'On' or 'Off'.)

'SO_DEBUG' Setsor clearsthe debuggingoption. (The optvalueargument
canbe 'On' or 'Off'.)

'SO_EBCDIC' Setsor clearsthe dataencodingcharacteristicsfor the
socket. When activated,the SO_ASCII flag getscleared,
and it is ensuredthat all datasentand receivedon the
socketgetstranslatedto EBCDIC if needed.When disabled,
no datatranslationfrom and to EBCDIC is applied.This
option hasonly an effect on hostswhich useASCII data
encodingbut can alsobe usedon EBCDIC systems. (The
optvalueargumentscan be 'On', optionally followed by the
filenameof a translationtable,or 'Off'. As output, 'On' or
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'Off' is returnedoptionally followed by the nameof the
translationtable used,if translationwill be appliedto data.)

'SO_ERROR' Returnsany pendingerror on the socketand clearsthe error
status.It canbe usedto checkfor asynchronouserrorson
connecteddatagramsocketsor for other asynchronous
errorsthat arenot returnedexplicitly by one of the socket
calls. (The optvalueargumentcan be 'On' or 'Off'.)

'SO_KEEPALIVE' Setsor clearsthe TCP keep-alivemechanismfor a stream
socket. When activated,the keep-alivemechanismperiod-
ically sendsa packeton an otherwiseidle connection.If the
remoteTCP doesnot respondto the packetor to
retransmissionsof the packet,the connectionis terminated
with the error ETIMEDOUT. (The optvalueargumentcan
be 'On' or 'Off'.)

'SO_LINGER' Lingerson closeif datais present.When this option is
enabledand thereis unsentdatapresentwhen the subfunc-
tion CLOSE is called,the calling applicationis blocked
during the CLOSE subfunctioncall until the datais trans-
mitted or the connectionhastimed out. If this option is dis-
abled,the TCPIP virtual machinewaits to try to sendthe
data.Although the datatransferis usuallysuccessful,it
cannotbe guaranteed,becausethe TCPIP virtual machine
waits only a finite amountof time trying to sendthe data.
The CLOSE subfunctioncall returnswithout blocking the
caller. This option hasmeaningonly for streamsockets.
(The optvalueargumentcan be 'On', optionally followed by
a number,or 'Off'. If 'On' is selected,the defaultnumberis
120.)

'SO_OOBINLINE' Setsor clearsreceptionof out-of-banddata.When this
option is enabled,it causesout-of-banddatato be placedin
the normal datainput queueas it is received,making it
availableto the RECV and RECVFROM subfunction
without having to specify the MSG_OOBflag in thosecalls.
When this option is disabled,it causesout-of-banddatato
be placedin the priority datainput queueas it is received,
making it availableto the RECV and RECVFROM sub-
functionsonly by specifyingthe MSG_OOBflag in those
calls. This option hasmeaningonly for streamsockets.(The
optvalueargumentcanbe 'On' or 'Off'.)

'SO_REUSEADDR' Setsor clearslocal addressreuse.When enabled,this option
allows local addressesthat arealreadyin useto be bound.
This altersthe normal algorithmusedin the BIND subfunc-
tion call. The systemchecksat connecttime to be surethat
no local addressand port havethe sameforeign addressand
port. The error EADDRINUSE is returnedif the associ-
ation alreadyexists.(The optvalueargumentcanbe 'On' or
'Off'.)

'SO_SNDBUF' Returnsthe sizeof the sendbuffer in bytes.(No optvalue
argumentis allowed.)

'SO_TYPE' This option returnsthe type of the socket.On return,
optvalueis one of 'SOCK_STREAM','SOCK_DGRAM',
or 'SOCK_RAW'. (No optvalueargumentis allowed.)

'TCP_NODELAY' Setsor clearsthe TCP_NODELAY flag. (The optvalue
argumentcanbe 'On' or 'Off'.)

Input to GETSOCKOPT,SETSOCKOPT

optvalue Option value ('On', 'Off' and so on)
Input to SETSOCKOPT
Output of GETSOCKOPT
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portid Port number(non-negativeintegerbetween0 and 65,535,'INPORT_ANY', 'ANY')
Input to GETSERVBYPORT
Output of GETSERVBYNAME, GETSERVBYPORT

protocol Protocolname('0', ' IPPROTO_UDP','UDP', ' IPPROTO_TCP','TCP')
Default: '0'
Input to SOCKET

protocolname Nameof a network protocol ('TCP', 'UDP', ' IP' and so on)
Input to GETPROTOBYNAME,GETSERVBYNAME, GETSERVBYPORT
Output of GETPROTOBYNUMBER,GETSERVBYNAME,
GETSERVBYPORT

protocolnumber Numberof a network protocol (non-negativeinteger)
Input to GETPROTOBYNUMBER
Output of GETPROTOBYNAME

recvflags Receiveflags ('MSG_OOB','OOB', 'OUT_OF_BAND', 'MSG_PEEK','PEEK')
Default: ' '
Input to RECV, RECVFROM

sendflags Sendflags ('MSG_OOB','OOB', 'OUT_OF_BAND', 'MSG_DONTROUTE',
'DONTROUTE')
Default: ' '
Input to SEND, SENDTO

service Nameof the TCP/IP virtual machine
Default: To be determinedfrom TCPIP DATA
Input to INITIALIZE
Output of INITIALIZE

servicename Nameof a service( 'FTP' and so on)
Input to GETSERVBYNAME
Output of GETSERVBYNAME, GETSERVBYPORT

severreason Reasonfor the socketsetstatus'Severed'
Output of SOCKETSETSTATUS

socketid Socketdescriptor(socketid)
Input to BIND, LISTEN, CONNECT, ACCEPT, SHUTDOWN, CLOSE,
GIVESOCKET, READ, WRITE, RECV, SEND, RECVFROM, SENDTO,
GETPEERNAME,GETSOCKNAME, GETSOCKOPT,SETSOCKOPT,
FCNTL, IOCTL

socketidlist List of socketdescriptors(socketids)
Input to SELECT
Output of SELECT

status Statusof a socketset ('Free','Connected','Severed','Hanging')
Output of SOCKETSETSTATUS

subtaskid Namefor a socketset (up to 8 printablecharactersasallowed in CMS filenamesand
without blanks)
Input to INITIALIZE, TERMINATE, SOCKETSET,SOCKETSETSTATUS
Output of INITIALIZE, TERMINATE, SOCKETSET,SOCKETSETSTATUS

subtaskidlist List of subtaskids
Output of SOCKETSETLIST

type Sockettype ('SOCK_STREAM','STREAM', 'SOCK_DGRAM', 'DATAGRAM',
'SOCK_RAW', 'RAW')
Input to SOCKET

timeout Maximum numberof secondsto wait (non-negativeinteger,'FOREVER')
Default: 'FOREVER'
Input to SELECT
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version Versionnumberof the REXX/SOCKETSfunction package
Output of VERSION

2.3 Error Messages and Return Codes

The first call of the REXX built-in function SOCKET loadsRXSOCKET asa nucleusextension.The fol-
lowing error and warning messagesmay be displayedduring this processor during the INITIALIZE sub-
function.

RXSOCK004E Insufficient storageavailableto load RXSOCKET asa NucleusExtension

RXSOCK008E Unableto establishRXSOCKET asa NucleusExtension

RXSOCK012E RXSOCKET requiresTCPIP Version 2 or higher

RXSOCK028W File TCPIP DATA * not found

The REXX built-in function SOCKET returnsa return codeas the first token of the result string. The fol-
lowing valuesaredefinedby REXX/SOCKETSfor all subfunctions:

0 Normal return
1 EPERM - Not owner
2 ENOENT - No suchfile or directory
3 ESRCH- No suchprocess
4 EINTR - Interruptedsystemcall
5 EIO - I/O error
6 ENXIO - No suchdeviceor address
7 E2BIG - Arg list too long
8 ENOEXEC - Exec format error
9 EBADF - Bad file number
10 ECHILD - No children
11 EAGAIN - No more processes
12 ENOMEM - Not enoughmemory
13 EACCES- Permissiondenied
14 EFAULT - Bad address
15 ENOTBLK - Block devicerequired
16 EBUSY - Devicebusy
17 EEXIST - File exists
18 EXDEV - Cross-devicelink
19 ENODEV - No suchdevice
20 ENOTDIR - Not a directory
21 EISDIR - Is a directory
22 EINVAL - Invalid argument
23 ENFILE - File tableoverflow
24 EMFILE - Too many openfiles
25 ENOTTY - Inappropriateioctl for device
26 ETXTBSY - Text file busy
27 EFBIG - File too large
28 ENOSPC- No spaceleft on device
29 ESPIPE- Illegal seek
30 EROFS- Read-onlyfile system
31 EMLINK - Too many links
32 EPIPE - Broken pipe
33 EDOM - Argumenttoo large
34 ERANGE - Result too large
35 EWOULDBLOCK - Operationwould block
36 EINPROGRESS- Operationnow in progress
37 EALREADY - Operationaleadyin progress
38 ENOTSOCK - Socketoperationon non-socket
39 EDESTADDRREQ- Destinationaddressrequired

8 VM REXX TCP/IP SocketFunctions



40 EMSGSIZE- Messagetoo long
41 EPROTOTYPE- Protocolwrong type for socket
42 ENOPROTOOPT- Option not supportedby protocol
43 EPROTONOSUPPORT- Protocolnot supported
44 ESOCKTNOSUPPORT- Sockettype not supported
45 EOPNOTSUPP- Operationnot supportedon socket
46 EPFNOSUPPORT- Protocolfamily not supported
47 EAFNOSUPPORT- Addressfamily not supportedby protocol family
48 EADDRINUSE - Addressalreadyin use
49 EADDRNOTAVAIL - Cant assignrequestedaddress
50 ENETDOWN - Network is down
51 ENETUNREACH - Network is unreachable
52 ENETRESET- Network droppedconnectionon reset
53 ECONNABORTED- Softwarecausedconnectionabort
54 ECONNRESET- Connectionresetby peer
55 ENOBUFS- No buffer spaceavailable
56 EISCONN - Socketis alreadyconnected
57 ENOTCONN - Socketis not connected
58 ESHUTDOWN - Cant sendafter socketshutdown
59 ETOOMANYREFS - Too many references:cant splice
60 ETIMEDOUT - Connectiontimed out
61 ECONNREFUSED- Connectionrefused
62 ELOOP - Too many levelsof symbolic links
63 ENAMETOOLONG - File nametoo long
64 EHOSTDOWN- Host is down
65 EHOSTUNREACH- Host is unreachable
66 ENOTEMPTY - Directory not empty
67 EPROCLIM - Too many processes
68 EUSERS- Too many users
69 EDQUOT - Disc quotaexceeded
70 ESTALE - StaleNFS file handle
71 EREMOTE - Too many levelsof remotein path
72 ENOSTR- Not a streamdevice
73 ETIME - Timer expired
74 ENOSR- Out of streamresources
75 ENOMSG - No messageof desiredtype
76 EBADMSG - Not a datamessage
77 EIDRM - Identifier removed
78 EDEADLK - Deadlocksituationdetected/avoided
79 ENOLCK - No recordlocks available
80 ENONET - Machineis not on the network
81 ERREMOTE - Object is remote
82 ENOLINK - The link hasbeensevered
83 EADV - Advertiseerror
84 ESRMNT - SRMOUNT error
85 ECOMM - Communicationerror on send
86 EPROTO- Protocolerror
87 EMULTIHOP - Multihop attempted
88 EDOTDOT - Crossmount point
89 EREMCHG - Remoteaddresschanged
90 ECONNCLOSED- Connectionclosedby peer
1000 EIBMBADCALL - Bad socket-callconstant
1001 EIBMBADPARM - Bad parm
1002 EIBMSOCKETOUTOFRANGE- Socketout of range
1003 EIBMSOCKINUSE - Socketin use
1004 EIBMIUCVERR - IUCV error
2001 EINVALIDRXSOCKETCALL - Syntaxerror in RXSOCKET parameterlist
2002 ECONSOLEINTERRUPT- Consoleinterrupt
2003 ESUBTASKINVALID - SubtaskID invalid
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2004 ESUBTASKALREADYACTIVE - Subtaskalreadyactive
2005 ESUBTASKNOTACTIVE - Subtasknot active
2006 ESOCKETNOTALLOCATED - Socketcould not be allocated
2007 EMAXSOCKETSREACHED- Maximum numberof socketsreached
2008 ESOCKETALREADYDEFINED- Socketalreadydefined
2009 ESOCKETNOTDEFINED- Socketnot defined
2010 ETCPIPSEVEREDPATH- TCPIP severedIUCV path
2011 EDOMAINSERVERFAILURE - Domain nameserverfailure
2012 EINVALIDNAME - Invalid "name" receivedfrom TCPIP server
2013 EINVALIDCLIENTID - Invalid "clientid" receivedfrom TCPIP server
2014 EINVALIDFILENAME - Invalid filenamespecified
2015 ENUCEXTFAILURE - Error during NUCEXT function
2051 EFORMATERROR- Formaterror
2052 ESERVERFAILURE- Serverfailure
2053 EUNKNOWNHOST - Unknown host
2054 EQUERYTYPENOTIMPLEMENTED- Query type not implemented
2055 EQUERYREFUSED- Query refused
3001 EIUCVINVALIDPATH - Invalid IUCV path-id
3002 EIUCVPATHQUIESCED- IUCV path quiesced
3003 EIUCVMSGLIMITEXCEEDED - IUCV messagelimit exceeded
3004 EIUCVNOPRIORITY - IUCV priority messagenot allowedon this path
3005 EIUCVSMALLBUFFER - IUCV buffer too small
3006 EIUCVBADFETCH - IUCV FetchProtectionException
3007 EIUCVBADADDRESS - IUCV AddressingExceptionon answerbuffer
3008 EIUCVBADMSGCLASS - IUCV conflicting messageclass/path/msgid
3009 EIUCVPURGEDMSG- IUCV messagewaspurged
3010 EIUCVBADMSGLENGTH - IUCV negativemessagelength
3011 EIUCVPARTNERNOTLOGGEDON- IUCV targetuseridnot loggedon
3012 EIUCVPARTNERNOTINITIALIZED - IUCV targetuseridnot enabledfor IUCV
3013 EIUCVPATHLIMITEXCEEDED - IUCV path limit exceeded
3014 EIUCVPARTNERPATHLIMIT - IUCV partnerpath limit exceeded
3015 EIUCVNOTAUTHORIZED - IUCV not authorized
3016 EIUCVINVALIDCPSYSTEMSERVICE- IUCV invalid CP SystemService
3018 EIUCVINVALIDMSGLIMIT - IUCV invalid messagelimit
3019 EIUCVBUFFERALREADYDECLARED - IUCV buffer alreadydeclared
3020 EIUCVPARTNERSEVERED- IUCV partnerseveredpath
3021 EIUCVPARTNERNOPRMDATA - IUCV cannotacceptdatain parmlist
3022 EIUCVSENDLISTINVALID - IUCV SEND buffer list is invalid
3023 EIUCVINVALIDBUFFERLENGTH - IUCV negativelength in answerlist
3024 EIUCVINVALIDLISTLENGTH - IUCV total list length is invalid
3025 EIUCVPRMMSGANSLISTCONFLICT- IUCV PRMMSG/answer-listconflict
3026 EIUCVBUFFERLISTNOTALIGNED - IUCV buffer list not aligned
3027 EIUCVANSWERLISTNOTALIGNED - IUCV answerlist not aligned
3028 EIUCVNOCONTROLBUFFER- IUCV no control buffer
3048 EIUCVFUNCTIONNOTSUPPORTED- IUCV function not supported

2.4 General Remarks

This sectionpresentssomegeneralremarksfor REXX programmersusing the SOCKET function and its
subfunctionsto accessthe socketinterface.

1. In order to usesocketrelatedsubfunctionsof the SOCKET function, one socketsetmust be active.The
INITIALIZE subfunctioncreatesa socketset,and multiple calls of the INITIALIZE subfunctionare
allowed.The subtaskidfor a socketset identifies the socketsetand usually correspondsto the applica-
tion name.

2. The argumentcallednameconsistsof a domain,a portid and an ipaddress.As input to the SOCKET
function, the ipaddresscan be specifiedasa nameto be resolvedby the nameserver:'CUNYVM' or
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'CUNYVM.CUNY.EDU', for example.As an output, the ipaddressis alwaysin the dottedform:
'128.228.1.2',for example.

3. A socketcan be in blocking or non-blockingmode.In blocking mode,subfunctionslike SEND and
RECV block the caller until the operationcompletedsuccessfullyor an error occurs.In non-blocking
mode,the caller is neverblocked,but the operationterminatesimmediatelywith a return codesuchas
EWOULDBLOCK or EINPROCESS.The FCNTL or IOCTL subfunctionscan be usedto switch
betweenblocking and non-blockingmode.Also the REXX built-in function SETVALUE allows
changingthe mode.

4. When a socketis in non-blockingmode,the REXX built-in function WAIT allows alsowaiting for
socketevents.Arrival of dataon a socketfor the READ or RECV subfunction,for example,is a pos-
sible event.When a socketis not readyfor sendingdatabecausethe buffer spaceis not availableat the
socketto hold the messageto be transmitted,a REXX programcan alsowait until the socketis ready
againfor sendingdata.

5. Applicationsusing the GIVESOCK and TAKESOCK functionsneedan agreed-uponmechanismfor
exchangingtheir clientids.The caller of the TAKESOCK function (the slave)needsto know also the
socketidof the other program(the master).When the masterissuesCP AUTOLOG to start the slave,it
canpassits part of the informationasa parameter.The slavemust still somehowsignalwhen the
TAKESOCK function successfullycompletedin order to allow the masterto closethe socket.For this
purpose,or for the whole handshakeneededto transfera socket,SMSG'sand the SMSG eventhandler
of REXX/WAIT canbe used.

6. The socketoptionsSO_ASCII and SO_EBCDICtell REXX/SOCKETSwhich dataencodingis to be
usedfor the socket.On VM, settingSO_EBCDICon hasno effect, and settingSO_ASCII on causesall
incoming dataon the socketto be translatedfrom ASCII to EBCDIC and all outgoingdataon the
socketto be translatedfrom EBCDIC to ASCII. If the translationtable hasnot beenspecifiedexplicitly
with the SETSOCKOPTsubfunction,REXX/SOCKETSusesthe following hierarchyof translation
tables:

subtaskid 'TCPXLBIN *'
userid 'TCPXLBIN *'
'STANDARD TCPXLBIN *'
'RXSOCKET TCPXLBIN *'
Internal tables

The first four are files searchedin the given order. If noneof thosefiles are found, the internal tables
correspondingto the ISO standardtranslationtablesareused.

7. The fact that optionsfor the GETSOCKOPTand SETSOCKOPTsubfunctionsand cmdsfor the
IOCTL subfunctionare listed doesnot necessarilymeanthat they aresupportedby the TCPIP service.
It only meansthat REXX/SOCKETSforwardsthem to the TCPIP serviceand returnswhateverthe
TCPIP servicevirtual machinereturns.

8. Not all return codeslisted for the REXX built-in function SOCKET will everoccur.Especially,most
IUCV relatedreturn codeswill be avoidedby REXX/SOCKETS,but arestill listed for completeness.

2.5 The REXX/WAIT Support

The name'SOCKET' is usedfor the eventhandlerprovidedby REXX/SOCKETSfor socketevents.Socket
eventscan be specifiedas lists of socketidsfor reador write operationsor for exceptions. The socketidsin
the lists must be in the currently activesocketset.For all socketsin the activesocketset, the list canbe
specifiedas '*' for read,write and exceptionevents.

WAIT(...,'SOCKET' [ 'READ' socketidlist] [ 'WRITE' socketidlist] [ 'EXCEPTION' socketidlist] ,...)

Result:rc 'SOCKET' 'READ'| 'WRITE'| 'EXCEPTION'socketid
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The function call waits for a socketeventand returns'SOCKET', a keyword ('READ', 'WRITE' or
'EXCEPTION') and the first socketidfor which the respectiveeventhappened.It is a replacementfor the
SELECT subfunctionof the REXX built-in function SOCKET allowing more flexible eventhandling.

A closeon the other sideof a connectionis not reportedasan exception,but asa READ eventwhich
returnszerobytesof data. When the CONNECT subfunctionis calledwith a socketin non-blockingmode,
it terminateswith a return codeEINPROGRESS,and the completionof the connectionsetupgetsreported
asa WRITE eventon the socket.When the ACCEPT subfunctionis calledwith a socketin in non-blocking
mode,it terminateswith a return codeEWOULDBLOCK. However,the availability of a connectionrequest
getsreportedasa READ eventon the original socket,and the ACCEPT subfunctionshouldonly be called
then.

SETVALUE('SOCKET' [ 'READ' socketidlist] [ 'WRITE' socketidlist] [ 'EXCEPTION' socketidlist] )

Result:rc olddefaults

The function call setsthe defaultsfor the socketsetand returnsthe defaultsettingsactivebeforethe new
valuesareset. Initially, the default is 'READ * WRITE * EXCEPTION *' meaningwait for any socket
eventon any socketin the activesocketset.

SETVALUE('SOCKET' socketid 'BLOCKING'|'NON-BLOCKING')

Result:rc 'BLOCKING'| 'NON-BLOCKING'

The function call allows settinga socketwith given id to blocking or non-blockingmode.It returnsthe
settingactivebeforethe new modeis set. (The socketmust be in the currently activesocketset.) This
function canbe usedinsteadof the FCNTL and IOCTL (with the option FIONBIO) subfunctionof the
REXX built-in function SOCKET to switch betweenblocking and non-blockingmode.

QUERYVALUE('SOCKET VERSION')

Result:rc 'REXX/SOCKETS'versiondate

The function returnsthe name('REXX/SOCKETS'),the versionnumberand the versiondateof the
REXX/SOCKETSfunction package.

QUERYVALUE('SOCKET DEFAULTS')

Result:rc defaults

The function call returnsthe currentdefault settingsfor the currently activesocketset.

QUERYVALUE('SOCKET' socketid)

Result:rc 'BLOCKING'| 'NON-BLOCKING'

The function call returnsthe modesettingfor the specifiedsocket.(The socketmust be in the currently
activesocketset.)
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RESETVALUE('SOCKET')

Result:rc

The function call resetsthe defaultsfor the socketeventsfor the activesocketsetand returnsno data.

ResetValue('Socket') == '0'
SetValue('Socket Read 5') == '0 READ * WRITE * EXCEPTION *'
Wait('Socket Write 7 Read 5') == '0 SOCKETREAD 5' /* Perhaps */

Additional Return Codes: In addition to the commonvaluesdefinedby REXX/WAIT, the functions
return the following return codes:

10 IUCV problem
11 No activesocketset
12 Socketnot in activesocketset
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3.0 SOCKET Subfunctions

All availablesubfunctionsof the REXX built-in function SOCKET with their additionalargumentsaredis-
cussedin detail. Also their functionality and the equivalentfunction in the C programminglanguageare
shownif existing.

3.1 Subfunctions to Manipulate Socket Sets

A socketset is a numberof pre-allocatedsocketsavailableto a singleapplication.Multiple socketsetsmay
be definedfor one session,but only one canbe activeat a singlepoint in time.

SOCKET('INITIALIZE',subtaskid, [ maxdesc] ,[ service] )

Result:rc subtaskidmaxdescservice

The function pre-allocatesthe numberof socketsspecified.As result, it returnsthe subtaskid,the maximum
numberof pre-allocatedsocketsand the nameof the virtual machineproviding the TCP/IP service.The
socketset identified by the subtaskidwill automaticallybecomethe activesocketset, if the call wassuc-
cessful.

Socket('Initialize','myId') == '0 myId 40 TCPIP'

SOCKET('TERMINATE', [ subtaskid] )

Result:rc subtaskid

The function closesall socketsof the socketset,releasesthe socketset.As result, it returnsthe subtaskidof
the socketsetwhich got terminated.If the subtaskidis not specified,the activesocketset is terminated.If the
activesocketset is terminated,the next socketset in the stack(if available)becomesthe activesocketset.

Socket('Terminate','myId') == '0 myId'

SOCKET('SOCKETSETLIST')

Result:rc subtaskidlist

The function returnsa list of the subtaskidsfor all availablesocketsetsin the currentorder of the stack.

Socket('SocketSetList') == '0 myId firstId'

SOCKET('SOCKETSET', [ subtaskid] )

Result:rc subtaskid

The function returnsthe subtaskidof the activesocketset,and optionally makesthe specifiedsocketset the
activesocketset.

Socket('SocketSet','firstId') == '0 myId'
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SOCKET('SOCKETSETSTATUS', [ subtaskid] )

Result:rc subtaskidstatus[ connectinfo|severreason]

The function returnsthe statusof the socketsetand possiblyfurther information. If connected,it also
returnsthe numberof free and the numberof allocatedsocketsin the socketset. If severed,also the reason
why the socketsetgot severedfrom the TCP/IP serviceis returned.If the subtaskidis not specified,the
activesocketset is used.(Initialized socketsetsshouldbe in status'Connected',and not initialized socket
setsare in status'Free'.)

Socket('SocketSetStatus') == '0 myId Connected Free 17 Used 23'

Note: An initialized socketsetwhich is not in status'Connected'must alsobe terminatedbeforethe
subtaskidcan be reused.

3.2 Subfunctions to Manipulate Sockets

A socketis an endpointfor communicationthat can be namedand addressedin a network. It is represented
by a socketid(alsocalledsocketdescriptor).Any socketidusedin a subfunctionmust be in the activesocket
set.

SOCKET('SOCKET', [ domain] ,[ type] ,[ protocol] )

Result:rc newsocketid

C socketcall: socket(domain,type, protocol)

The function createsan endpointfor communication(i.e. a socketin the activesocketset)and returnsa
socketid.Different typesof socketsprovide different communicationservices.

Socket('Socket') == '0 5'

SOCKET('BIND',socketid,name)

Result:rc

C socketcall: bind(s,name,namelen)

The function binds a uniquelocal nameto the socketwith the given socketid.After calling the SOCKET
subfunction,a socketdoesnot havea nameassociatedwith it. However,it doesbelongto a particular
addressingfamily. The exactform of a namedependson the addressingfamily. The BIND subfunctionalso
allows serversto specify from which network interfacesthey wish to receiveUDP packetsand TCP con-
nectionrequests.

Socket('Bind',5,'AF_INET 1234 128.228.1.2') == '0'

SOCKET('LISTEN',socketid, [ backlog] )

Result:rc

C socketcall: listen(s,backlog)
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The function which appliesonly to streamsocketsperformstwo tasks:it completesthe binding necessaryfor
a socket(if BIND hasnot beencalled),and it createsa connectionrequestqueueof lengthspecifiedas
backlogfor incoming connectionrequests.Oncefull, additionalconnectionrequestsare ignored.

Socket('Listen',5,10) == '0'

SOCKET('CONNECT',socketid,name)

Result:rc

C socketcall: connect(s,name,namelen)

For streamsockets,this function performstwo tasks:it completesthe binding necessaryfor a socket(if
BIND hasnot beencalled),and it attemptsto establisha connectionto anothersocket.For datagram
sockets,this function specifiesthe peerfor a socket. If the socketis in blocking mode,this function blocks
the caller until the connectionis established,or until an error is received.If the socketis in non-blocking
mode,this function terminateswith a return codeEINPROGRESS(or anotherreturn codeindicatingan
error).

Socket('Connect',5,'AF_INET 1234 128.228.1.2') == '0'
Socket('Connect',5,'AF_INET 1234 CUNYVM') == '0'
Socket('Connect',5,'AF_INET 1234 CUNYVM.CUNY.EDU') == '0'

SOCKET('ACCEPT',socketid)

Result:rc newsocketidname

C socketcall: accept(s,name,namelen)

This function is usedby a serverto accepta connectionrequestfrom a client. It acceptsthe first connection
on its queueof pendingconnections.It createsa new socketidwith the samepropertiesas the given socketid.
If the queuehasno pendingconnectionrequests,the function blocks the caller unlessthe socketis in non-
blocking mode.If no connectionrequestis pendingand the socketis in non-blockingmode,the function
terminateswith a return codeEWOULDBLOCK. The original socketremainsavailableto acceptmore con-
nectionrequests.

Socket('Accept',5) == '0 6 AF_INET 5678 9.4.3.2'

SOCKET('SHUTDOWN',socketid, [ how] )

Result:rc

C socketcall: shutdown(s,how)

This function shutsdown all or part of a duplex connection.

Socket('ShutDown',6,'BOTH') == '0'

SOCKET('CLOSE',socketid)

Result:rc

C socketcall: close(s)
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This function shutsdown the socketassociatedwith the socketid,and freesresourcesallocatedto the socket.
If the socketidrefersto an openTCP connection,the connectionis closed.If a streamsocketis closedwhen
thereis input dataqueued,the TCP connectionis resetratherthan beingcleanlyclosed.

Socket('Close',6) == '0'

SOCKET('GIVESOCKET',socketid,clientid)

Result:rc

C socketcall: givesocket(s,clientid)

The socketwith the given socketidis transferredto anotherapplication.This function tells TCPIP to make
the specifiedsocketavailableto a TAKESOCKET subfunctionissuedby anotherapplicationrunning on the
samehost.Any connectedstreamsocketcan be given. Typically, this function is usedby a masterprogram
that obtainssocketsby meansof the ACCEPT subfunctionand givesthem to slaveprogramsthat handle
one socketat a time.

Socket('GiveSocket',6,'AF_INET USERID2 hisId') == '0'

SOCKET('TAKESOCKET',clientid,hissocketid)

Result:rc newsocketid

C socketcall: takesocket(clientid,hisdesc)

This function acquiresa socketfrom anotherprogramwhich obtainsthe other program'sclientid and
socketidby meansnot definedby TCP/IP. After successfulcalling the TAKESOCKET subfunction,the
other programmust closethe socket.

Socket('TakeSocket','AF_INET USERID1 myId',6) == '0 7'

3.3 Subfunctions to Exchange Data

On a connectedstreamsocketand on datagramsockets,datacanbe sentand received.Different subfunc-
tions areavailablefor different purposes.

SOCKET('READ',socketid,[ maxlength] )

Result:rc lengthdata

C socketcall: read(s,buf, len)

This function readsup to maxlengthbytesof data.If lessthan the numberof bytesrequestedis available,
the function returnsthe numbercurrently available.If datais not availableat the socket,the function waits
for datato arrive and blocks the caller, unlessthe socketis in non-blockingmode.If the length is zero,the
other sideclosedthe streamsocket.

Socket('Read',6) == '0 21 This is the data line'
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SOCKET('WRITE',socketid,data)

Result:rc length

C socketcall: write(s, buf, len)

This function writes the given bytesof data.If writing the numberof bytesrequestedis not possible,the
function waits for writing to be possible.This blocks the caller, unlessthe socketis in non-blockingmode.

Socket('Write',6,'Some text') == '0 9'

SOCKET('RECV',socketid,[ maxlength] ,[ recvflags] )

Result:rc lengthdata

C socketcall: recv(s,buf, len, flags)

This function receivesup to maxlengthbytesof data(i.e., of the incoming message).If more than the
numberof bytesrequestedis availableon a datagramsocket,the function discardsexcessbytes.If lessthan
the numberof bytesrequestedis available,the function returnsthe numbercurrently available.If datais not
availableat the socket,the function waits for datato arrive and blocks the caller, unlessthe socketis in
non-blockingmode. If the length is zero, the other sideclosedthe streamsocket.

Socket('Recv',6) == '0 21 This is the data line'
Socket('Recv',6,,'PEEK OOB') == '0 24 This is out-of-band data'

SOCKET('SEND',socketid,data,[ sendflags] )

Result:rc length

C socketcall: send(s,buf, len, flags)

This function sendsthe given bytesof data(i.e., the outgoingmessage)and appliesto all connectedsockets.
If sendingthe numberof bytesrequestedis not possible,the function waits for sendingto be possible.This
blocks the caller, unlessthe socketis in non-blockingmode.

Socket('Send',6,'Some text') == '0 9'
Socket('Send',6,'Out-of-band data','OOB') == '0 16'

SOCKET('RECVFROM',socketid, [ maxlength] ,[ recvflags] )

Result:rc namelengthdata

C socketcall: recvfrom(s,buf, len, flags,name,namelen)

This function receivesup to maxlengthbytesof data(i.e., of the incoming message).If more than the
numberof bytesrequestedis availableon a datagramsocket,the function discardsexcessbytes.If lessthan
the numberof bytesrequestedis available,the function returnsthe numbercurrently available.If datais not
availableat the socket,the function waits for datato arrive and blocks the caller, unlessthe socketis in
non-blockingmode.

Socket('RecvFrom',6) == '0 AF_INET 5678 9.4.3.2 9 Data line'
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SOCKET('SENDTO',socketid,data,[ sendflags] ,name)

Result:rc length

C socketcall: sendto(s,buf, len, flags,name,namelen)

This function sendsthe given bytesof data(i.e., the outgoingmessage)to the given name.If sendingthe
numberof bytesrequestedis not possible,the function waits for sendingto be possible.This blocks the
caller, unlessthe socketis in non-blockingmode.

Socket('SendTo',6,'Some text',,'AF_INET 5678 9.4.3.2') == '0 9'
Socket('SendTo',6,'Some text',,'AF_INET 5678 ZURLVM1') == '0 9'
Socket('SendTo',6,'Some text',,'AF_INET 5678 ZURLVM1.ZURICH.IBM.COM') == '0 9'

3.4 Subfunctions for Name Resolution

Various subfunctionsallow a REXX programto obtain informationaboutnames,ipaddresses,clientidsand
so on. Other subfunctionscall nameserversto resolveipaddressto symbolic namesand vice versa.

SOCKET('GETCLIENTID', [ domain] )

Result:rc clientid

C socketcall: getclientid(domain,clientid)

This function returnsthe identifier by which the calling programis known to the TCPIP virtual machine.

Socket('GetClientId') == '0 AF_INET USERID1 myId'

SOCKET('GETDOMAINNAME')

Result:rc domainname

C socketcall: getdomainname(name,namelen)

This function returnsthe nameof the domainunderwhich the processorrunning the programfalls.

Socket('GetDomainName') == '0 ZURICH.IBM.COM'

SOCKET('GETHOSTID')

Result:rc ipaddress

C socketcall: gethostid()

This function returnsthe ipaddressfor the currenthost which is the defaulthomeinternetaddress.

Socket('GetHostId') == '0 9.4.3.2'
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SOCKET('GETHOSTNAME')

Result:rc hostname

C socketcall: gethostname(name,namelen)

This function returnsthe nameof the host processoron which the programis running.

Socket('GetHostName') == '0 ZURLVM1'

SOCKET('GETPEERNAME',socketid)

Result:rc name

C socketcall: getpeername(s,name,namelen)

This function returnsthe nameof the peerconnectedto the given socket.

Socket('GetPeerName',6) == '0 AF_INET 1234 128.228.1.2'

SOCKET('GETSOCKNAME',socketid)

Result:rc name

C socketcall: getsockname(s,name,namelen)

This function returnsthe nameto which the given socketwasbound.Streamsocketsarenot assigneda
name,until after a successfulcall to either the BIND, the CONNECT or the ACCEPT subfunction.

Socket('GetSockName',7) == '0 AF_INET 5678 9.4.3.2'

SOCKET('GETHOSTBYADDR',ipaddress)

Result:rc fullhostname

C socketcall: gethostbyaddr(addr,addrlen,domain)

This function tries to resolvethe host namethrougha nameserver,if one is present.

Socket('GetHostByAddr','128.228.1.2') == '0 CUNYVM.CUNY.EDU'

SOCKET('GETHOSTBYNAME',hostname|fullhostname)

Result:rc ipaddresslist

C socketcall: gethostbyname(name)

This function tries to resolvethe host namethrougha nameserver,if one is present.(It returnsall
ipaddressesfor multi-homehostseachseparatedby a blank.)

Socket('GetHostByName','CUNYVM') == '0 128.228.1.2'
Socket('GetHostByName','CUNYVM.CUNY.EDU') == '0 128.228.1.2'
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SOCKET('RESOLVE',ipaddress|hostname|fullhostname)

Result:rc ipaddressfullhostname

This function tries to resolvethe host namethrougha nameserver,if one is present.(For multi-homehosts,
only the default homeinternetaddressis returned.)

Socket('Resolve','128.228.1.2') == '0 128.228.1.2 CUNYVM.CUNY.EDU'
Socket('Resolve','CUNYVM') == '0 128.228.1.2 CUNYVM.CUNY.EDU'
Socket('Resolve','CUNYVM.CUNY.EDU') == '0 128.228.1.2 CUNYVM.CUNY.EDU'

SOCKET('GETPROTOBYNAME',protocolname)

Result:rc protocolnumber

C socketcall: getprotobyname(name)

This function returnsthe numberof a network protocol specifiedby its name.

Socket('GetProtoByName','TCP') == '0 6'

SOCKET('GETPROTOBYNUMBER',protocolnumber)

Result:rc protocolname

C socketcall: getprotobynumber(name)

This function returnsthe nameof a network protocol specifiedby its number.

Socket('GetProtoByNumber',6) == '0 TCP'

SOCKET('GETSERVBYNAME',servicename,[ protocolname] )

Result:rc servicenameportid protocolname

C socketcall: getservbyname(name,proto)

This function returnsthe nameof a service,the port and the nameof the network protocol.

Socket('GetServByName','ftp','tcp') == '0 FTP 21 TCP'

SOCKET('GETSERVBYPORT',portid, [ protocolname] )

Result:rc servicenameportid protocolname

C socketcall: getservbyport(name,proto)

This function returnsthe nameof a service,the port and the nameof the network protocol.

Socket('GetServByPort',21,'tcp') == '0 FTP 21 TCP'
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3.5 Auxiliary Subfunctions

A last group of subfunctionsallows the REXX programto obtain the versionnumberof the
REXX/SOCKETSfunction packageand other information.Therearesubfunctionsto determineand to set
socketoptionsor the socketmode.The socketoptionsareoptionsassociatedwith a socketand influencethe
behaviorof a socket. Therearealsoauxiliary subfunctionsto determinethe network configuration.

SOCKET('VERSION')

Result:rc 'REXX/SOCKETS'versiondate

The function returnsthe name('REXX/SOCKETS'),the versionnumberand the versiondateof the
REXX/SOCKETSfunction package.

Socket('Version') == '0 REXX/SOCKETS2.00 16 December 1992'

SOCKET('SELECT','READ' socketidlist 'WRITE' socketidlist 'EXCEPTION' socketidlist,[ timeout] )

Result:rc count 'READ' socketidlist'WRITE' socketidlist'EXCEPTION' socketidlist

C socketcall: select(nfds,readfds,writefds, exceptfds,timeout)

This function allows waiting on socketrelatedevents.(Note that the suggestedmethodfor waiting on socket
relatedeventsis throughthe REXX built-in function WAIT. Therearedifferencesbetweenthe two
methods.The SELECT subfunctionalwaysreturnsall socketidsenabledwhile the WAIT function only
returnsone. However,the WAIT function tries to return socketidswith fair scheduling.)

A closeon the other sideof a connectionis not reportedasan exception,but asa READ eventwhich
returnszerobytesof data. When the CONNECT subfunctionis calledwith a socketin non-blockingmode,
it terminateswith a return codeEINPROGRESS,and the completionof the connectionsetupgetsreported
asa WRITE eventon the socket.When the ACCEPT subfunctionis calledwith a socketin in non-blocking
mode,it terminateswith a return codeEWOULDBLOCK. However,the availability of a connectionrequest
getsreportedasa READ eventon the original socket,and the ACCEPT subfunctionshouldonly be called
then.

Socket('Select','Read 5 Write Exception',10) == '0 1 READ 5 WRITE EXCEPTION'

SOCKET('GETSOCKOPT',socketid,level,optname)

Result:rc optvalue

C socketcall: getsockopt(s,level, optname,optval, optlen)

This function getsoptionsassociatedwith a socket.Optionscan exist at multiple protocol levels.They are
alwayspresentat the highestsocketlevel.

Socket('GetSockOpt',5,'Sol_Socket','So_ASCII') == '0 On STANDARD'
Socket('GetSockOpt',5,'Sol_Socket','So_Broadcast') == '0 On'
Socket('GetSockOpt',5,'Sol_Socket','So_Error') == '0 0'
Socket('GetSockOpt',5,'Sol_Socket','So_Linger') == '0 On 60'
Socket('GetSockOpt',5,'Sol_Socket','So_Sndbuf') == '0 8192'
Socket('GetSockOpt',5,'Sol_Socket','So_Type') == '0 SOCK_STREAM'
Socket('GetSockOpt',5,'IPproto_TCP','TCP_NoDelay') == '0 Off'
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SOCKET('SETSOCKOPT',socketid,level,optname,optvalue)

Result:rc

C socketcall: setsockopt(s,level, optname,optval, optlen)

This function setsoptionsassociatedwith a socket.Optionscanexist at multiple protocol levels.They are
alwayspresentat the highestsocketlevel.

Socket('SetSockOpt',5,'Sol_Socket','So_ASCII','On') == '0'
Socket('SetSockOpt',5,'Sol_Socket','So_ASCII','On XTAB') == '0'
Socket('SetSockOpt',5,'Sol_Socket','So_Broadcast','On') == '0'
Socket('SetSockOpt',5,'Sol_Socket','So_Linger','On 60') == '0'
Socket('SetSockOpt',5,'IPproto_TCP','TCP_NoDelay','On') == '0'

SOCKET('FCNTL',socketid,fcmd, [ fvalue] )

Result:rc [ fvalue]

C socketcall: fcntl(s, cmd, data)

This function allows a REXX programto control the operatingcharacteristicsof a socket.It allows settinga
socketinto blocking or non-blockingmode.

Socket('Fcntl',5,'F_SETFL','NON-BLOCKING') == '0'
Socket('Fcntl',5,'F_GETFL') == '0 NON-BLOCKING'

SOCKET('IOCTL',socketid,icmd, [ ivalue] )

Result:rc [ ivalue]

C socketcall: ioctl(s, cmd, data)

This function allows a REXX programto control the operatingcharacteristicsof a socket.It allows settinga
socketinto blocking or non-blockingmode,but alsoallows it to determineor modify other operatingchar-
acteristics.

Socket('Ioctl',5,'FionBio','On') == '0'
Socket('Ioctl',5,'FionRead') == '0 8192'
Socket('Ioctl',5,'SiocAtMark') == '0 No'
Socket('Ioctl',5,'SiocGifConf',2) == '0 TR1 AF_INET 0 9.4.3.2 TR2 AF_INET 0 9.4.3.3'
Socket('Ioctl',5,'SiocGifAddr','TR1') == '0 TR1 AF_INET 0 9.4.3.2'
Socket('Ioctl',5,'SiocGifFlags','TR1') == '0 TR1 0051 IFF_UP IFF_POINTOPOINT IFF_RUNNING'
Socket('Ioctl',5,'SiocGifMetric','TR1') == '0 TR1 0'
Socket('Ioctl',5,'SiocGifNetMask','TR1') == '0 TR1 AF_INET 0 255.255.255.0'
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4.0 REXX/SOCKETS Sample Programs

The RSCLIENT EXEC and RSSERVEREXEC sampleprogramsarediscussed.They areREXX pro-
gramsshowingthe useof the functionsprovidedby REXX/SOCKETS.The first programis the client code,
and the secondprogramis the servercodefor a simpleapplication.

Before the client programcan be started,the serverprogrammust run in anothervirtual machine.The two
programsmay run on different hosts,but in this case,the internetaddressof the host running the server
programmust be enteredwith the commandstartingthe client program,and the two hostsmust be con-
nectedvia TCP/IP.

4.1 The REXX-EXEC RSCLIENT

The client sampleprogramconnectsto the serversampleprogramand receivesdatawhich is displayedon
the screen.It usesits socketsin the blocking mode.

/*- RSCLIENT -- Example demonstrating the usage of REXX/SOCKETS------*/
trace o
signal on syntax

/* Set error code values */
ecpref = 'RXS'
ecname = 'CLI'
initialized = 0

parse arg argstring
argstring = strip(argstring)
if substr(argstring,1,1) = '?' then do

say 'RSSERVER and RSCLIENT are a pair of programs which provide an'
say 'example of how to use REXX/SOCKETS to implement a service. The'
say 'server must be started before the clients get started. '
say ' '
say 'The RSSERVER program runs in its own dedicated virtual machine'
say 'and returns a number of data lines as requested to the client.'
say 'It is started with the command: '
say ' RSSERVER '
say 'and terminated with the command: '
say ' EXIT '
say ' '
say 'The RSCLIENT program is used to request a number of arbitrary'
say 'data lines from the server and can be run concurrently any'
say 'number of times by different clients until the server is'
say 'terminated. It is started with the command: '
say ' RSCLIENT number <server> '
say 'where "number" is the number of data lines to be requested and'
say '"server" is the ipaddress of the service virtual machine. (The'
say 'default ipaddress is the one of the host on which RSCLIENT is'
say 'running, assuming that RSSERVER runs on the same host.) '
exit 100

end

/* Split arguments into parameters and options */
parse upper var argstring parameters '(' options ')' rest

/* Parse the parameters */
parse var parameters lines server rest
if ¬datatype(lines,'W') then call error 'E', 24, 'Invalid number'
lines = lines + 0
if rest¬='' then call error 'E', 24, 'Invalid parameters'
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/* Parse the options */
do forever

parse var options token options
select

when token='' then leave
otherwise call error 'E', 20, 'Invalid option "'token'"'

end
end

/* Initialize control information */
port = '1952' /* The port used by the server */
address command 'IDENTIFY ( LIFO'
parse upper pull userid . locnode .

/* Initialize */
call Socket 'Initialize', 'RSCLIENT'
if src=0 then initialized = 1
else call error 'E', 200, 'Unable to initialize RXSOCKETMODULE'
if server='' then do

server = Socket('GetHostId')
if src¬=0 then call error 'E', 200, 'Cannot get the local ipaddress'

end
ipaddress = server

/* Initialize for receiving lines sent by the server */
s = Socket('Socket')
if src¬=0 then call error 'E', 32, 'SOCKET(SOCKET) rc='src
call Socket 'Connect', s, 'AF_INET' port ipaddress
if src¬=0 then call error 'E', 32, 'SOCKET(CONNECT) rc='src
call Socket 'Write', s, locnode userid lines
if src¬=0 then call error 'E', 32, 'SOCKET(WRITE) rc='src

/* Wait for lines sent by the server */
dataline = ''
num = 0
do forever

/* Receive a line and display it */
parse value Socket('Read', s) with len newline
if src¬=0 | len<=0'' then leave
dataline = dataline || newline
do forever

if pos('15'x,dataline)=0 then leave
parse var dataline nextline '15'x dataline
num = num + 1
say right(num,5)':' nextline

end
end

/* Terminate and exit */
call Socket 'Terminate'
exit 0

/* Calling the real SOCKETfunction */
socket: procedure expose initialized src

a0 = arg(1)
a1 = arg(2)
a2 = arg(3)
a3 = arg(4)
a4 = arg(5)
a5 = arg(6)
a6 = arg(7)
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a7 = arg(8)
a8 = arg(9)
a9 = arg(10)
parse value 'SOCKET'(a0,a1,a2,a3,a4,a5,a6,a7,a8,a9) with src res

return res

/* Syntax error routine */
syntax:

call error 'E', rc, '==> REXX Error No.' 20000+rc
return

/* Error message and exit routine */
error: procedure expose ecpref ecname initialized

type = arg(1)
retc = arg(2)
text = arg(3)
ecretc = right(retc,3,'0')
ectype = translate(type)
ecfull = ecpref || ecname || ecretc || ectype
address command 'EXECIO 1 EMSG(CASE M STRING' ecfull text
if type¬='E' then return
if initialized then do

parse value Socket('SocketSetStatus') with . status severreason
if status¬='Connected' then do

say 'The status of the socket set is' status severreason
end
call Socket 'Terminate'

end
exit retc

After parsingand testingthe input arguments,the RSCLIENT EXEC obtainsa socketsetwith the INI-
TIALIZE subfunctionand a socketwith the SOCKET subfunction,connectsto the serverand writes the
userid,the nodeidand the numberof lines requestedon the connectionto the server.Afterward, it readsdata
in a loop and displaysit on the screenuntil the datalength is zero indicating that the serverhasclosedthe
connection.When an error occurs,the client programdisplaysthe return code,determinesthe statusof the
socketsetand terminatesit.

The serveradds'15'x at the endof eachrecord,and the client usesthis characterto determinewherea new
recordstarts.When the connectiongetsclosedabnormally,the client will not displaypartially received
records.

4.2 The REXX-EXEC RSSERVER

The serversampleprogramwaits for connectrequestsfrom clients,acceptsthem and sendsdata.It can
handlemultiple client requestsin parallel. It usesits socketsin the non-blockingmode.

/*- RSSERVER -- Example demonstrating the usage of REXX/SOCKETS------*/
trace o
signal on syntax

/* Set error code values */
ecpref = 'RXS'
ecname = 'SER'
initialized = 0

parse arg argstring
argstring = strip(argstring)
if substr(argstring,1,1) = '?' then do

say 'RSSERVER and RSCLIENT are a pair of programs which provide an'
say 'example of how to use REXX/SOCKETS to implement a service. The'
say 'server must be started before the clients get started. '
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say ' '
say 'The RSSERVER program runs in its own dedicated virtual machine'
say 'and returns a number of data lines as requested to the client.'
say 'It is started with the command: '
say ' RSSERVER '
say 'and terminated with the command: '
say ' EXIT '
say ' '
say 'The RSCLIENT program is used to request a number of arbitrary'
say 'data lines from the server and can be run concurrently any'
say 'number of times by different clients until the server is'
say 'terminated. It is started with the command: '
say ' RSCLIENT number <server> '
say 'where "number" is the number of data lines to be requested and'
say '"server" is the ipaddress of the service virtual machine. (The'
say 'default ipaddress is the one of the host on which RSCLIENT is'
say 'running, assuming that RSSERVER runs on the same host.) '
exit 100

end

/* Split arguments into parameters and options */
parse upper var argstring parameters '(' options ')' rest

/* Parse the parameters */
parse var parameters rest
if rest¬='' then call error 'E', 24, 'Invalid parameters specified'

/* Parse the options */
do forever

parse var options token options
select

when token='' then leave
otherwise call error 'E', 20, 'Invalid option "'token'"'

end
end

/* Initialize control information */
port = '1952' /* The port used for the service */

/* Initialize */
say 'RSSERVER: Initializing'
call Socket 'Initialize', 'RSSERVER'
if src=0 then initialized = 1
else call error 'E', 200, 'Unable to initialize RXSOCKETMODULE'
ipaddress = Socket('GetHostId')
if src¬=0 then call error 'E', 200, 'Unable to get the local ipaddress'
address command 'REXXWAIT TEST'
if rc¬=0 then call error 'E', 200, 'Unable to load REXXWAIT MODULE'
call ResetValue 'All'
say 'RSSERVER: Initialized: ipaddress='ipaddress 'port='port

/* Initialize for accepting connection requests */
s = Socket('Socket')
if src¬=0 then call error 'E', 32, 'SOCKET(SOCKET) rc='src
call Socket 'Bind', s, 'AF_INET' port ipaddress
if src¬=0 then call error 'E', 32, 'SOCKET(BIND) rc='src
call Socket 'Listen', s, 10
if src¬=0 then call error 'E', 32, 'SOCKET(LISTEN) rc='src
call SetValue 'Socket' s 'Non-Blocking'
if wrc¬=0 then call error 'E', 36, 'Cannot set mode of socket' s

/* Wait for new connections and send lines */
linecount. = 0

28 VM REXX TCP/IP SocketFunctions



wlist = ''
do forever

/* Wait for an event */
if wlist¬='' then sockevtlist = 'Write'wlist 'Read *'
else sockevtlist = 'Read *'
if length(sockevtlist)>200 then sockevtlist = 'Write * Read *'
event = Wait('Socket' sockevtlist,'Cons')
if wrc¬=0 then call error 'E', 36, 'WAIT() rc='wrc
parse upper var event event rest
select

/* Leave program */
when event='CONS' then do

if rest='EXIT' then leave
else say 'Enter "EXIT" to leave'

end

/* Accept connections from clients, receive and send messages */
when event='SOCKET' then do

parse var rest keyword ts .

/* Accept new connections from clients */
if keyword='READ' & ts=s then do

nsn = Socket('Accept',s)
if src=0 then do

parse var nsn ns . np nia .
say 'RSSERVER: Connected by' nia 'on port' np 'and socket' ns

end
end

/* Get nodeid, userid and number of lines to be sent */
if keyword='READ' & ts¬=s then do

parse value Socket('Recv',ts) with len nid uid count .
if src=0 & len>0 & datatype(count,'W') then do

if count<0 then count = 0
if count>5000 then count = 5000
ra = 'by' uid 'at' nid
say 'RSSERVER: Request for' count 'lines on socket' ts ra
linecount.ts = linecount.ts + count
call addsock(ts)

end
else do

call Socket 'Close',ts
linecount.ts = 0
call delsock(ts)
say 'RSSERVER: Disconnected socket' ts

end
end

/* Get nodeid, userid and number of lines to be sent */
if keyword='WRITE' then do

if linecount.ts>0 then do
num = random(1,sourceline()) /* Return random-selected */
msg = sourceline(num) || '15'x /* line of this program */
call Socket 'Send',ts,msg
if src=0 then linecount.ts = linecount.ts - 1
else linecount.ts = 0

end
else do

call Socket 'Close',ts
linecount.ts = 0
call delsock(ts)
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say 'RSSERVER: Disconnected socket' ts
end

end

end

/* Unknown event (should not occur) */
otherwise nop

end
end

/* Terminate and exit */
call Socket 'Terminate'
say 'RSSERVER: Terminated'
exit 0

/* Procedure to add a socket to the write socket list */
addsock: procedure expose wlist

s = arg(1)
p = wordpos(s,wlist)
if p=0 then wlist = wlist s

return

/* Procedure to del a socket from the write socket list */
delsock: procedure expose wlist

s = arg(1)
p = wordpos(s,wlist)
if p>0 then do

templist = ''
do i=1 to words(wlist)

if i¬=p then templist = templist word(wlist,i)
end
wlist = templist

end
return

/* Calling the real SOCKETfunction */
socket: procedure expose initialized src

a0 = arg(1)
a1 = arg(2)
a2 = arg(3)
a3 = arg(4)
a4 = arg(5)
a5 = arg(6)
a6 = arg(7)
a7 = arg(8)
a8 = arg(9)
a9 = arg(10)
parse value 'SOCKET'(a0,a1,a2,a3,a4,a5,a6,a7,a8,a9) with src res

return res

/* Calling the real WAIT function */
wait: procedure expose initialized wrc

a0 = arg(1)
a1 = arg(2)
a2 = arg(3)
a3 = arg(4)
a4 = arg(5)
a5 = arg(6)
a6 = arg(7)
a7 = arg(8)
a8 = arg(9)
a9 = arg(10)
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parse value 'WAIT'(a0,a1,a2,a3,a4,a5,a6,a7,a8,a9) with wrc res
return res

/* Calling the real SETVALUE function */
setvalue: procedure expose initialized wrc

a0 = arg(1)
parse value 'SETVALUE'(a0) with wrc res

return res

/* Calling the real QUERYVALUEfunction */
queryvalue: procedure expose initialized wrc

a0 = arg(1)
parse value 'QUERYVALUE'(a0) with wrc res

return res

/* Calling the real RESETVALUEfunction */
resetvalue: procedure expose initialized wrc

a0 = arg(1)
parse value 'RESETVALUE'(a0) with wrc res

return res

/* Syntax error routine */
syntax:

call error 'E', rc, '==> REXX Error No.' 20000+rc
return

/* Error message and exit routine */
error: procedure expose ecpref ecname initialized

type = arg(1)
retc = arg(2)
text = arg(3)
ecretc = right(retc,3,'0')
ectype = translate(type)
ecfull = ecpref || ecname || ecretc || ectype
address command 'EXECIO 1 EMSG(CASE M STRING' ecfull text
if type¬='E' then return
if initialized then do

parse value Socket('SocketSetStatus') with . status severreason
if status¬='Connected' then do

say 'The status of the socket set is' status severreason
end
call Socket 'Terminate'

end
exit retc

The serversetsup a socketfor acceptingconnectionrequestsby clientsand waits in a loop on events
reportedby the REXX function WAIT. When 'exit' is enteredon the keyboard,it terminatesevenif con-
nectionsarestill open.When a socketeventoccurs,it processesit accordingly.A READ eventcan occuron
the original socketfor acceptingconnectionrequestsand on socketsfor acceptedsocketrequests.A WRITE
eventcanonly occuron socketsfor acceptedsocketrequests.

A READ eventon the original socketfor connectionrequestsmeansthat a connectionrequestfrom a client
occurred.READ eventson other socketsindicatethat thereis eitherdatato receiveor that the client closed
the socket.WRITE eventsindicatethat the servercansendmore data.The serverprogramonly sendsone
line of datain responseto a WRITE event.

Note that the serverprogramkeepsa list of socketsto which it wantsto write. It keepsthis list in order to
avoid unwantedsocketevents.The TCP/IP protocol wasnot designedfor one single-threadedprogramcom-
municatingon many different sockets,but for multi-threadedapplicationswhereone threadprocessesonly
eventsfrom one singlesocket.Therefore,it is not very easyto write robustserverapplicationsin a single-
threadedenvironment.
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