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An APl for Service Location
Status of This Meno

This meno provides information for the Internet community. |t does
not specify an Internet standard of any kind. Distribution of this
meno is unlimted.

Abst ract

The Service Location Protocol (SLP) provides a new way for clients to
dynani cal | y di scovery network services. Wth SLP, it is sinple to

of fer highly avail able services that require no user configuration or
assi stance fromnetwork adm nistrators prior to use. This docunent
descri bes standardized APIs for SLP in C and Java. The APIs are
modul ar and are designed to allow inplenmentations to offer just the
feature set needed. In addition, standardized file formats for
configuration and serialized registrations are defined, allow ng SLP
agents to set network and other parameters in a portable way. The
serialized file format all ows | egacy services to be registered with
SLP directory agents in cases where nodifying the | egacy service
program code is difficult or inpossible, and to portably exchange a
regi strati on dat abase.
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1. Introduction
The Service Location APl is designed for standardi zed access to the
Servi ce Location Protocol (SLP). The APIs allow client and service
prograns to be be witten or nodified in a very sinple manner to
provi de dynam ¢ service discovery and selection. Bindings in the C
and Java | anguages are defined in this docunent. In addition,
standardi zed formats for configuration files and for serialized
registration files are presented. These files allow SLP agents to
configure network paraneters, to register |egacy services that have
not been SLP enabled, and to portably exchange registration
dat abases.

1.1. Goals

The overall goal of the APl is to enable source portability of
applications that use the APl between different inplenentations of
SLP. The result should facilitate the adoption of SLP, and conversion
of clients and service programs to SLP

The goals of the C binding are to create a mininmal but conplete
access to the functionality of the SLP protocol, allowi ng for sinple
menory nmanagenent and |limted code size.

The Java APl provides for nodul ar inplenmentations (where unneeded
features can be omtted) and an object oriented interface to the
compl ete set of SLP data and functionality.

The standardi zed configuration file and serialized file formats
provide a sinple syntax with conplete functional coverage of the
protocol, but wi thout system dependent properties and secure

i nformation.

1.2. Term nol ogy

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [1].

Servi ce Location Protocol (SLP)
The underlying protocol allow ng dynam c and scal abl e service

di scovery. This protocol is specified in the Service Location
Protocol Version 2 [7].
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SLP franmewor k

When a ’'Service Location framework’ is nmentioned, it refers to
both the SLP inplenmentation and interface inplenmentation; i.e.
what ever provides the SLP functionality to user |evel prograns.
Thi s includes renote agents.

Directory Agent (DA)

A service that automatically gathers service advertisenents
fromSAs in order to provide themto UAs.

User Agent (UA)

This is the Service Location process or library that allows SLP
requests to be nade on behalf of a client process. UAs
automatically direct requests to DAs when they exist. In their
absence, UAs nmake requests to SAs.

Servi ce Agent (SA)

SA

This is the Service Location process or library that allows
service software to register and deregister itself with the SLP
framework. SAs respond to UA service requests, detect DAs and
regi ster service advertisements with them

Server

Many operating systemplatforns only allow a single process to
listen on a particular port nunber. Since SAs are required to
listen on a nulticast address for SLP service requests,

i mpl ementations of the SLP franmework on such platformnms that
want to support nultiple SAs on one nmachine need to arrange for
a single process to do the listening while the advertising SAs
conmuni cate with that process through another nechanism The
single listening process is called an SA server. SA servers
share many characteristics with DAs, but they are not the sane.

Servi ce Adverti sement

A URL possibly conbined with service attributes. These are
made available to UAs by SAs, either directly or via a DA

Local e

The | anguage | ocalization that applies to strings passed into
or returned fromthe SLP API. The Locale is expressed using a
Language Tag [6]. Al attribute strings are associated with a
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particular locale. The locale is conpletely orthogonal to the
ANSI C locale. The SLP locale is mapped into the Java | ocal e
in the Java API.

Service Tenpl ate

A document that describes the syntax of the URL for a given
service type and a definition of all service attributes

i ncludi ng the nmeaning, defaults, and constraints on values the
attributes may take. See [8] for nore information on service
t enpl at es.

The servi ce: URL

A service of a particular type announces its availability with
a service: URL that includes its service access point (domain
nane or | P address, and possibly its port nunber) and
optionally basic configuration paraneters. The syntax of the
service: URL is defined in the service tenplate. Oher URL's
can be used in service advertisenents if desired.

Service Attributes

The attributes associated with a given service. The val ues
that can be assigned to service attributes are defined by the
service tenpl ate.

Scope

A string used to control the availability of service
advertisenents. Every SLP Agent is configured with one or nore
scope strings. Scopes are assigned by site adnministrators to
group services for many purposes, but chiefly as a neans of
scalability. DAs store only services advertised having a scope
string matching the scopes with which they are configured.

Nanmi ng Aut hority (NA)

This is a "suffix’ to the service type string. It conpletely
changes the nmeaning of the service type. NAs are used for
private definitions of well known Service Types and
experinental Service Type extensions. The default NA is

"I ANA", which nust not be explicitly included. Service types
with the 1 ANA nami ng authority are registered with the Internet
Assi gned Nunbers Authority (see [8] for nore information on the
regi stration procedure).
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2. File Formats

This section describes the configuration and serialized registration
file formats. Both files are defined in the UTF-8 character set [3].

Attribute tags and values in the serialized registration file require
SLP reserved characters to be escaped. The SLP reserved characters
are “(', ), L, Nt = 0> 0~ and contro

characters (characters with UTF codes | ess than 0x0020 and the
character 0x007f, which is US-ASCI|I DEL). The escapes are forned

exactly as for the wire protocol, i.e. a backslash followed by two
hex digits representing the character. For exanple, the escape for
,7 is '\2c¢’. In addition, the characters ‘\n’, ‘\r’, “\t’, and '’

are prohibited fromattribute tags by the SLP wire syntax grammar.

[7]

In serialized registration files, escaped strings beginning with
‘“\ff*‘, an encoding for a nonUTF-8 character, are treated as opaques.
Exactly as in the wire protocol, syntactically correct opaque

encodi ngs consi st of a string beginning with “\ff‘ and contai ni ng
*onl y* escaped characters that are transforned to bytes. Such
strings are only syntactically correct in the serialized registration
file as attribute values. |In other cases, whenever an escape is
encountered and the character is not an SLP reserved character, an
error is signal ed.

Escaped characters in URLs in serialized registration files use the
URL escape convention. [2].

Property names and values in the configuration file have a few
reserved characters that are involved in file's lexical definition

The characters .’ and '=" are reserved in property names and nust
be escape. The characters ',’, "(', and ")’ are reserved in property
val ues and nust be escaped. In addition, scope nanes in the

net. sl p. useScopes property use the SLP wire format escape convention
for SLP reserved characters. This sinplifies inplenmentation, since
the sane code can be used to unescape scope nanmes as is used in
processing the serialized registration file or for formatting wire
messages.

On platforns that only support US-ASCI|I and not UTF-8, the upper bit
of bytes incoming fromthe configuration and registration files

det ermi nes whether the character is US-ASCII or not US-ASClI.
According to the standard UTF-8 encoding, the upper bit is zero if
the character is US-ASCII and one if the character is multibyte and
thus not US-ASCII. Platforns without intrinsic UTF-8 support are
required to parse the nmultibyte character and store it in an
appropriate internal format. Support for UTF-8 is required to
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and can therefore be used in

The location and nane of the configuration file is system dependent,

but inplenentations of the API

are encouraged to locate it together

with other configuration files and nane it consistently.

2.1. Configuration File Format

The configuration file format consists of a newmine delinmted |ist of

zero or nore property definitions.

corresponds to a particular configurable SLP

Each property definition
net wor k, or other
The file format

parameter in one or nmore of the three SLP agents.
grammar in ABNF [5] syntax is:

config-file line-Ilist

l'ine-list line / line line-list

I'ine property-line / coment-line

conmment -1l i ne
property-1line
property

tag

prop

val ue-1|i st

val ue

int

bool
new i ne
string
t agchar
t ot her

stringchar
sot her

al | char
escape

Wth the exception of net.slp.useScopes,
net. sl p.i sBroadcast Only,
property accessors in the C and Java APIs.

Kenpf & Guttman

("# [ ";" ) 1*allchar newine
property new i ne

tag "=" value-Ilist

prop / prop "." tag
1*t agchar

value / value ","
int / bool /
"(" value-list
1*DIAT
"true" / "false" /
CR/ ( CRLF)
1*stringchar

DAT / ALPHA / tother / escape
W21- 9%2d / wx2f /

%3a /| W3c- %40 /

%5b- %60 / %’b-%e

; i.e., all characters except ‘.,
;oand ‘=

DA T / ALPHA / sother / escape
21- %29 /| Y%2a- W2b /

x2d- % 2f / Y% 3a- %40 /

%5b- %60 / %’b-%e

; i.e., all characters except ‘,’
DAT/ ALPHA / HTAB / SP

"\'" HEXDI G HEXDI G

; Used for reserved characters

val ue-1i st
"y" | string

"TRUE" / "FALSE"

net . sl p. DAAddr
al |
The propert

I nf or mat i onal

esses, and

ot her properties can be changed t hrough

y accessors
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only change the property values in the running agent program and do
not affect the values in the configuration file. The

net. sl p. useScopes and net. sl p. DAAddresses properties are read-only
because they control the agent’s view of the scopes and DAs and are
therefore critical to the function of the APl scope discovery
algorithm Attenpts to nodify themare unlikely to yield productive
results, and could harmthe ability of the agent to find scopes and
use DAs. The net.slp.isBroadcastOnly property is read-only because
the APl library needs to configure networking upon start up and
changing this property mght invalidate the configuration. Wether

the | ocal network uses broadcast or multicast is not likely to change

during the course of the progranis execution

The properties break down into the foll owi ng subsections describes an

area and its properties.
2.1.1. DA configuration

I mportant configuration properties for DAs are included in this
section. These are:

net. sl p.isDA

A boolean indicating if the SLP server is to act as a DA. |f
false, not run as a DA. Default is fal se.

net . sl p. DAHear t Beat
A 32 bit integer giving the nunber of seconds for the
DA heartbeat. Default is 3 hours (10800 seconds). This
property corresponds to the protocol specification paraneter
CONFI G DA BEAT [7]. Ignored if isDA is false

net.sl p. DAAttri butes
A commua-separated |ist of parenthesized attribute/value |ist
pairs that the DA must advertise in DAAdverts. The property
must be in the SLP attribute list wire format, including
escapes for reserved characters. [7]

2.1.2. Static Scope Configuration

These properties allow various aspects of scope handling to be
confi gur ed.

Kenpf & Guttman I nf or mat i onal [ Page 9]
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net. sl p. useScopes

A value-list of strings indicating the only scopes a UA or SA
is allowed to use when nmaki ng requests or registering, or the
scopes a DA nust support. |If not present for the DA and SA,
then in the absence of scope information from DHCP, the default
scope "DEFAULT" is used. |If not present for the UA, and there
is no scope information avail able from DHCP, then the user
scoping nodel is in force. Active and passive DA discovery

or SA discovery are used for scope discovery, and the scope
"DEFAULT" is used if no other information is available. If a
DA or SA gets another scope in a request, a SCOPE_NOT_ SUPPORTED
error should be returned, unless the request was multicast, in
whi ch case it should be dropped. |If a DA gets another scope in
a registration, a SCOPE_NOT_SUPPORTED error mnust be returned.
Unli ke other properties, this property is "read-only", so
attenpts to change it after the configuration file has been
read are ignored. See Section 3.12 for the algorithmthe API
uses in determ ning what scope information to present.

net . sl p. DAAddr esses

A value-list of IP addresses or DNS resol vabl e host nanes
giving the SLPv2 DAs to use for statically configured UAs and
SAs. Ignored by DAs (unless the DA is also an SA server).
Default is none. Unlike other properties, this property is
"read-only", so attenpts to change it after the configuration
file has been read are ignored.

The foll owi ng granmar describes the property:

addr-1i st = addr / addr "," addr-list

addr = fqdn / host nunber

fgdn = ALPHA / ALPHA *[ anum/ "-" ] anum
anum = ALPHA/ DIAT

host nunber = 1*3DGET 3("." 1*3DIAT)

An exanpl e is:

sawah, mandi , sanbal

| P addresses can be used instead of host nanes in networks
where DNS is not deployed, but network administrators are
rem nded that using | P addresses will conplicate machi ne
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renunbering, since the SLP configuration property files
in statically configured networks will have to be changed.
Simlarly, if host names are used, inplenmentors nust be carefu
that a name service is avail able before SLP starts, in other
wor ds, SLP cannot be used to find the name servi ce.

2.1.3. Tracing and Loggi ng

This section allows tracing and | ogging information to be printed by
the various agents.

net.slp.tracebDATraffic

A bool ean controlling printing of nmessages about traffic with
DAs. Default is false

net. sl p.traceMsg
A bool ean controlling printing of details on SLP nessages.
The fields in all incom ng nessages and outgoing replies are
printed. Default is false.

net. sl p.traceDrop

A bool ean controlling printing details when a SLP nmessage is
dropped for any reason. Default is false.

net. sl p.traceReg
A bool ean controlling dunps of all registered services upon
regi stration and deregistration. |If true, the contents
of the DA or SA server are dunped after a registration or
deregistration occurs. Default is false.
2.1.4. Serialized Proxy Registrations

These properties control the reading and witing of serialized
regi strations.

net. sl p.serializedRegURL
A string containing a URL pointing to a docunment containing

serialized registrations that should be processed when the DA
or SA server starts up. Default is none.

Kenpf & Guttman I nf or mat i onal [ Page 11]
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2.1.5. Network Configuration Properties

The properties in this section allow various network configuration
properties to be set.

net. sl p.i sBroadcastOnly

A bool ean indicating if broadcast should be used instead of

mul ticast. Like the net.slp.useScopes and net. sl p. DAAddr esses
properties, this property is "read-only", so attenpts to change
it after the configuration file has been read are ignored.
Default is false.

net . sl p. passi veDADet ect i on

A bool ean indi cati ng whet her passive DA detection should be
used. Default is true

net.slp.multicastTTL

A positive integer less than or equal to 255, giving the
mul ticast TTL. Default is 255.

net. sl p. DAActi veDi scoveryl nterva

A 16 bit positive integer giving the nunber of seconds

bet ween DA active discovery queries. Default is 900 seconds
(15 mnutes). This property corresponds to the protoco
specification paraneter CONFIG DA FIND [7]. |If the property is
set to zero, active discovery is turned off. This is usefu
when the DAs avail able are explicitly restricted to those
obt ai ned from DHCP or the net.slp. DAAddresses property.

net. sl p. mul ti cast Maxi numMi t

A 32 bit integer giving the maxi mum anount of tine to perform
multicast, in mlliseconds. Default is 15000 nms (15 sec.).
This property corresponds to the CONFI G MC_MAX paraneter in the
protocol specification [7].

net.slp.multicastTi meouts

A value-list of 32 bit integers used as tineouts, in
mlliseconds, to inplement the nulticast convergence
algorithm Each value specifies the time to wait before
sendi ng the next request, or until nothing new has

been | earned fromtwo successive requests. Default

is: 3000, 3000, 3000, 3000, 3000. In a fast network the
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aggressi ve val ues of 1000, 1250, 1500, 2000, 4000 al | ow better
performance. This property corresponds to the CONFI G MC RETRY
paraneter in the protocol specification [7]. Note that the

net. sl p. DADi scoveryTi neouts property nmust be used for active DA
di scovery.

net . sl p. DADi scover yTi meout s

A value-list of 32 bit integers used as tineouts, in
mlliseconds, to inplenent the nmulticast convergence al gorithm
during active DA discovery. Each value specifies the tine

to wait before sending the next request, or until nothing

new has been |l earned fromtw successive requests. This
property corresponds to the protocol specification paramneter
CONFI G RETRY [7]. Default is: 2000, 2000, 2000, 2000, 3000, 4000.

net . sl p. dat agr anili meout s

A value-list of 32 bit integers used as tineouts, in
mlliseconds, to inplement unicast datagramtransm ssion to
DAs. The nth value gives the time to block waiting for a reply
on the nth try to contact the DA. The sum of these values is
the protocol specification property CONFI G RETRY _MAX [ 7].

net . sl p. randonmMi t Bound

A 32 bit integer giving the maxi num value for all random
wait parameters, in mlliseconds. Default is 1000 (1

sec.). This value corresponds to the protocol specification
paraneters CONFI G START WAI T, CONFI G_REG PASSI VE, and

CONFI G_REG_ACTI VE [7].

net. sl p. MU

A 16 bit integer giving the network packet MIU, in bytes.
This is the maxi mum size of any datagramto send, but the

i npl ementation night receive a | arger datagram The maxi mum
size includes IP, and UDP or TCP headers. Default is 1400.

net.slp.interfaces

Val ue-list of strings giving the | P addresses of network
interfaces on which the DA or SA should listen on port 427 for
mul ticast, unicast UDP, and TCP messages. Default is enpty,
i.e. wuse the default network interface. The granmar for this
property is:
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addr-1i st
host nunber

host nunber / host nunber "," addr-Ii st
1*3DIG T 3("." 1*3DIAT)

An exanpl e is:
195. 42.42. 42,195. 42. 142. 1, 195. 42. 120. 1

The exanpl e machi ne has three interfaces on which the DA should
l'isten.

Note that since this property only takes I P addresses, it wll
need to be changed if the network is renunbered.

2.1.6. SA Configuration

Thi s section contains configuration properties for the SA These
properties are typically set programmatically by the SA, since they
are specific to each SA

net.sl p. SAAttri butes

A commua-separated |ist of parenthesized attribute/value |i st
pairs that the SA must advertise in SAAdverts. The property
must be in the SLP attribute list wire format, including
escapes for reserved characters. [7]

2.1.7. UA Configuration

Thi s section contains configuration properties for the UA. These
properties can be set either programmatically by the UA or in the
configuration file.

net.slp.local e

A RFC 1766 Language Tag [6] for the |language |ocale. Setting
this property causes the property value to becone the default
| ocale for SLP nessages. Default is "en". This property is

al so used for SA and DA configuration.

net. sl p. maxResul ts
A 32 bit integer giving the maxi num nunber of results to
accunul ate and return for a synchronous request before the

ti meout, or the nmaxi mum nunber of results to return through a
call back if the request results are reported asynchronously.
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Positive integers and -1 are legal values. |If -1, indicates
that all results should be returned. Default value is -1

DAs and SAs always return all results that match the
request. This configuration value applies only to UAs, that
filter incomng results and only return as many val ues as
net. sl p. maxResul ts indi cates.

net. sl p. typeHi nt

A value-list of service type nanes. In the absence of any
DAs, UAs perform SA discovery for finding scopes. These SA
di scovery requests nmay contain a request for service types as
an attribute.

The APl inplenentation will use the service type nanes supplied
by this property to discover only those SAs (and their scopes)
whi ch support the desired service type or types. For exanple,
if net.slp.typeHint is set to "service:imp, service: pop3" then
SA di scovery requests will include the search filter

(| (service-type=service:inmp)(service-type=service: pop3))

The API library can al so use unicast to contact the discovered
SAs for subsequent requests for these service types, to
optim ze network access.

2.1.8. Security

The property in this section allows security for all agents to be set
on or off. Wen the property is true, then the agent nust include
security information on all SLP nessages transacted by that agent.
Since security policy nust be set network wide to be effective, a
single property controls security for all agents. Key managenent and
managenment of SLP SPI strings [7] are inplenentation and policy
dependent .

net. sl p. securityEnabl ed
A bool ean indicating whet her the agent shoul d enabl e
security for URLs, attribute lists, DAAdverts, and SAAdverts.

Each agent is responsible for interpreting the property
appropriately. Default is false.
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2.2. Multihomed Machi nes

On mul ti homed machi nes, the bandw dth and | atency characteristics on
different network interfaces may differ considerably, to the point
where different configuration properties are necessary to achi eve
optimal performance. The net.slp.interfaces property indicates which
network interfaces are SLP enabled. An APl library inplenmentation
may support configuration custonization on a per network interface
basis by allowing the interface | P address to be appended to the
property nane. |In that case, the values of the property are only
used for that particular interface, the generic property (or defaults
if no generic property is set) applies to all others.

For exanple, if a configuration has the follow ng properties:

net.slp.interfaces=125.196.42. 41, 125. 196. 42. 42, 125. 196. 42. 43
net.slp.multicastTTL. 125. 196. 42. 42=1

then the network interface on subnet 42 is restricted to a TTL of 1,
while the interfaces on the other subnets have the default mnulticast
radi us, 255.

The net.slp.interfaces property nust only be set if there is no
routing between the interfaces. |If the property is set, the DA (if
any) and SAs should advertise with the |IP address or host nane
appropriate to the interface on the interfaces inthe list. |If
packets are routed between the interfaces, then the DA and SAs shoul d
only advertise on the default interface. The property should al so be
set if broadcast is used rather than nulticast on the subnets
connected to the interfaces. Note that even if unicast packets are
not routed between the interfaces, nulticast may be routed through
anot her router. The danger in listening for nulticast on nmultiple
interfaces when nulticast packets are routed is that the DA or SA may
receive the same nulticast request via nore than one interface.

Since the IP address is different on each interface, the DA or SA
cannot identify the request as having already being answered via the
previ ous responder’s list. The requesting agent will end up getting
URLs that refer to the same DA or service but have different
addresses or host nanes.

2.3. Serialized Registration File
The serialized registration file contains a group of registrations
that a DA or SA server (if one exists) registers when it starts up

These registrations are primarily for ol der service programs that do
not internally support SLP and cannot be converted, and for portably
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exchangi ng regi strati ons between SLP inplenentations. The character
encoding of the registrations is required to be UTF-8.

The syntax of the serialized registration file, in ABNF format [5],
is as follows:

ser-file = reg-list
reg-1list = reg/ reg reg-list
reg = creg / ser-reg
creg = coment-line ser-reg
coment-line = ( "#" [/ ";" ) 1*allchar newine
ser-reg = wurl-props [slist] [attr-list] newine
url - props = surl "," lang "," Itime [ "," type ] newine
sur | = ;The registration’s URL. See

; [8] for syntax.
| ang = 1*8ALPHA [ "-" 1*8ALPHA ]

; RFC 1766 Language Tag see [6].
Itime = 1*5DIAT

; A positive 16-bit integer

; giving the lifetime

; of the registration.
type = ; The service type nane, see [7]

; and [8] for syntax.
sli st = "scopes" "=" scope-list newine
scope-li st = scope-nanme / scope-nanme "," scope-list
scope = ; See grammar of [7] for

; scope-nane synt ax.

attr-1ist = attr-def / attr-def attr-Ilist
attr-def = ( attr / keyword ) newine
keywor d = attr-id
attr = attr-id "=" attr-val-Ilist
attr-id = ;Attribute id, see [7] for syntax.
attr-val-list = attr-val / attr-val "," attr-val-list
attr-val = ;Attribute value, see [7] for syntax
al | char = char /| W&P
char = DIG@ T/ ALPHA / other
ot her = Ox21- w2f / Y%3a- x40 /
%5b- %60 / %’b-%e
; Al printable, nonwhitespace US-ASCl |
; characters
new i ne = CR/ ( CRLF)

The syntax for scope names, attribute tags, and attribute val ues
requires escapes for special characters as specified in [7]. DAs and
SA servers that process serialized registrations nust handl e them
exactly as if they were registered by an SA. In the url-props
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production, the type token is optional. |If the type token is present
for a service: URL, a warning is signaled and the type nane is
ignored. If the maximumlifetime is specified (65535 sec.), the
registration is taken to be permanent, and is continually refreshed
by the DA or SA server until it exits. Scopes can be included in a
registration by including an attribute definition with tag "scopes"
foll owed by a comma separated |ist of scope nanes i medi ately after
the url-props production. |If the optional scope list is present, the
registrations are made in the indicated scopes; otherw se, they are
registered in the scopes with which the DA or SA server was
configured through the net. sl p.useScopes property.

If the scope list contains scopes that are not in the

net. sl p. useScopes property (provided that property is set) or are not
specified by DHCP, the APl l|ibrary should reject the registration and
i ssue a warni ng nessage.

2.4. Processing Serialized Registration and Configuration Files

I mpl enent ati ons are encouraged to make processing of configuration
and serialized files as transparent as possible to clients of the
APl . At the latest, errors nust be caught when the rel evant
configuration itemis used. At the earliest, errors may be caught
when the relevant file is |loaded into the executing agent. Errors
shoul d be reported by logging to the appropriate platformlogging
file, error output, or log device, and the default val ue substituted.
Serialized registration file entries should be caught and reported
when the file is | oaded.

Configuration file | oading nmust be conplete prior to the initiation
of the first networking connection. Serialized registration nust be
compl ete before the DA accepts the first network request.

3. Binding Independent | nplenentation Considerations

Thi s section discusses a nunber of inplenentation considerations
i ndependent of | anguage binding, with | anguage specific notes where
appl i cabl e.

3.1. Multithreading

I mpl ement ations of both the C and Java APlIs are required to nake API
calls thread-safe. Access to data structures shared between threads
must be co-ordinated to avoid corruption or invalid access. One way
to achieve this goal is to allow only one thread at a time in the
implementing library. Performance in such an inplenentation suffers,
however. Therefore, where possible, inplenentations are encouraged
to allow nultiple threads within the SLP APl |ibrary.
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3.2. Asynchronous and I ncremental

The APlIs are designed to encourage inplenentations supporting
asynchronous and increnental client interaction. The goal is to

all ow | arge nunbers of returned service URLs, service types, and
attributes without requiring the allocation of huge chunks of nenory.
The particul ar design features to support this goal differ in the two
| anguage bi ndi ngs.

3.3. Type Checking for Service Types

Service tenplates [8] allow SLP registrations to be type checked for

correctness. Inplenentations of the APl are free to nake use of
service type information for type checking, but are not required to
do so. If a type error occurs, the registration should term nate

wi th TYPE_ERROR
3.4. Refreshing Registrations

SLP advertisements carry an explicit lifetine with them After the
lifetime expires, the DA flushes the registration fromits cache. In
sonme cases, an application may want to have the URL continue being
registered for the entire tine during which the application is
executing. The APl includes provision for clients to indicate

whet her they want URLs to be automatically refreshed.

I mpl enent ati ons of the SA APl nust provide this automatic refreshing
capability. Note that a client which uses this facility should
explicitly deregister the service URL before exiting, since the API

i npl ementation nay not be able to assure that the URL is deregistered
when the application exits, although it will tine out in the DA
eventual ly.

3.5. Configuration File Processing

DAs, SAs and UAs processing the configuration file, and DAs and SA
servers processing the serialized registration file are required to

| og any errors using whatever underlying error mechanismis
appropriate for the platform Exanples include witing error
messages to the standard output, witing to a system | oggi ng device,
or displaying the errors to a |ogging window After the error is
reported, the offending property nust be set to the default and
program execution continued. An agent MJST NOT fail if a file format
error occurs.
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3.6. Attribute Types

String encoded attribute values do not include explicit type
information. Al UA inplenentations and those SA and DA

i npl ementations that choose to support type checking should use the
type rules described in [8] in order to convert fromthe string
representation on the wire to an object typed appropriately.

3.7. Removal of Duplicates

The UA inpl enentati on SHOULD al ways collate results to renpve
dupl i cates during synchronous operations and for the Java API. During
asynchronous operation in C, the UA inplementati on SHOULD forgo
duplicate elimnation to reduce nenory requirements in the library.
This allows the APl library to sinply take the returned attribute
value list strings, URL strings, or service type list strings and
call the callback function with it, wthout any additiona

processing. Naturally, the burden of duplicate elimnation is thrown
onto the client in this case.

3.8. Character Set Encoding

Character string paraneters in the Java APl are all represented in
Uni code internally because that is the Java-supported character set.
Characters buffer paranmeters in the C APl are represented in UTF-8 to
mai ntai n maxi mum conpatibility on platforns that only support US-
ASCI| and not UTF-8. APl functions are still required to handle the
full range of UTF-8 characters because the SLP protocol requires it,
but the APl inplenentation can represent the characters internally in
any convenient way. On the wire, all characters are converted to
UTF-8. Inside URLs, characters that are not allowed by URL syntax
[2] rmust be escaped according to the URL escape character convention
Strings that are included in SLP nessages may include SLP reserved
characters and can be escaped by clients through conveni ence
functions provided by the API. The character encoding used in escapes
is UTF-8.

Due to constraints in SLP, no string paranmeter passed to the C or
Java APl may exceed 64K bytes in |ength.

3.9. Error Semantics

Al'l errors encountered processing SLP nmessages shoul d be | ogged. For
synchronous calls, an error is only reported on a call if no
successful replies were received fromany SLP framework entity. If
an error occurred anong one of several successful replies, then the
error should be | ogged and the successful replies returned. For
asynchronous calls, an error occurring during correspondence with a
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particular remote SLP agent is reported through the first call back
(in the C APl) or enumeration nethod invocation (in the Java APIl)
after the error occurs, which would normally report the results of
the correspondence. This allows the callback or client code to

det ermi ne whether the operation should be term nated or continue. In
sone cases, the error returned fromthe SLP framework nay be fata
(SLP_PARSE ERRCR, etc.). 1In these cases, the APl library termnates
the operation.

Both the Java and C APlIs contain | anguage specific error code
mechani sns for returning error information. The nanes of the error
codes are consistent between the two inplenentations, however.

The followi ng error codes are returned froma renote agent (DA or SA
server):

LANGUAGE_NOT _SUPPORTED

No DA or SA has service advertisement or attribute information
in the | anguage requested, but at |east one DA or SA indicated,
via the LANGUAGE_NOT_SUPPORTED error code, that it mght have
information for that service in another |anguage.

PARSE_ERRCR

The SLP nmessage was rejected by a renote SLP agent. The API
returns this error only when no information was retrieved, and
at |l east one SA or DA indicated a protocol error. The data
supplied through the APl nay be mal forned or a nmay have been
damaged in transit.

I NVALI D_REG STRATI ON

The APl may return this error if an attenpt to register a
service was rejected by all DAs because of a mal forned URL or
attributes. SLP does not return the error if at |east one DA
accepted the registration.

AUTHENTI CATI ON_ABSENT
If the SLP framework supports authentication, this error arises

when the UA or SA failed to send an authenticator for requests
or registrations in a protected scope.
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I NVALI D_UPDATE

An update for a non-existing registration was issued, or the
updat e includes a service type or scope different than that in
the initial registration, etc.

The following errors result frominteractions with renote agents or
can occur |ocally:

AUTHENTI CATI ON_FAI LED

If the SLP framework supports authentication, this error arises
when a aut hentication on an SLP nessage fail ed.

SCOPE_NOT_SUPPORTED

The APl returns this error if the SA has been configured with
net. sl p. useScopes val ue-1list of scopes and the SA request did
not specify one or nore of these allowable scopes, and no
others. It may be returned by a DA or SAif the scope included
in a request is not supported by the DA or SA

REFRESH_REJECTED

The SA attenpted to refresh a registration nore frequently

than the mninumrefresh interval. The SA should call the
appropriate APl function to obtain the mninumrefresh interva
to use.

The following errors are generated through a programinteracting with
the APl inplenentation. They do not involve a renote SLP agent.

NOT_| MPLEMENTED
If an uninpl enented feature is used, this error is returned.
NETWORK | NI T_FAI LED

If the network cannot initialize properly, this error is
returned.

NETWORK_TI MED_OUT
VWhen no reply can be obtained in the tine specified by the

configured timeout interval for a unicast request, this error
i s returned.
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NETWORK_ERRCR

The failure of networking during normal operations causes this
error to be returned.

BUFFER_OVERFLOW

An out goi ng request overfl owed the maxi mum network MIU si ze.
The request should be reduced in size or broken into pieces and
tried again.

MEMORY_ALLOC _FAI LED

If the APl fails to allocate nenory, the operation is aborted
and returns this.

PARAMETER_BAD

If a parameter passed into an interface is bad, this error is
ret ur ned.

I NTERNAL _SYSTEM _ERROR

A basic failure of the APl causes this error to be returned.
This occurs when a systemcall or library fails. The operation
coul d not recover.

HANDLE_| N_USE

In the C API, callback functions are not pernmitted to
recursively call into the APl on the sanme SLPHandl e, either
directly or indirectly. |If an attenpt is made to do so, this
error is returned fromthe called APl function

TYPE_ERROR

If the APl supports type checking of registrations against
service type templates, this error can arise if the attributes
in aregistration do not match the service type tenplate for
the service

Sone error codes are handled differently in the Java API. These
differences are discussed in Section 5.

The SLP protocol errors OPTI ON_NOT_UNDERSTOOD, VERSI ON_NOT_SUPPORTED,
| NTERNAL_ERROR, MSG_NOT_SUPPORTED, AUTHENTI CATON_UNKNOWN, and

DA BUSY_NOW shoul d be handled internally and not surfaced to clients
t hrough the API.
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3.10. Modul ar I npl enentations

Subset inplenentations that do not support the full range of
functionality are required to neverthel ess support every interface in
order to maintain link conpatibility between conpliant API

i npl ement ations and applications. |If a particular operation is not
supported, a NOT_| MPLEMENTED error should be returned. The Java API
has some additional conventions for handling subsets. Applications
that are expected to run on a wide variety of platfornms should be
prepared for subset APl inplenentations by checking returned error
codes.

3.11. Handling Special Service Types

The service types service:directory-agent and service: servi ce-agent
are used internally in the SLP framework to di scover DAs and SAs.
The nechani sm of DA and SA discovery is not nornally exposed to the
APl client; however, the client nmay have interest in discovering DAs
and SAs independently of their role in discovering other services.
For exanple, a network nanagenent application my want to determ ne
whi ch machines are running SLP DAs. To facilitate that, API

i npl ementati ons nust handl e requests to find services and attributes
for these two service types so that APl clients obtain the

i nformati on they expect.

In particular, if the UAis using a DA, SrvRgst and AttrRqst for
these service types nust be nulticast and not unicast to the DA as
is the case for other service types. |If the requests are not
multicast, the DA will respond with an enpty reply to a request for
services of type service:service-agent and with its URL only to a
request for services of type service:directory-agent. The UA woul d
therefore not obtain a conplete picture of the avail able DAs and SAs.

3.12. Scope Discovery and Handling

Both APIs contain an operation to obtain a list of currently known
scope nanmes. This scope information comes froma variety of places:
DHCP, the net. sl p.useScopes property, unicast to DAs configured via
DHCP or the net.sl p. DAAddresses property, and active and passive

di scovery.

The APl is required to be inplenmented in a way that re-enforces the
adm ni strative and user scoping nodels described in [7]. SAclients
only support the adm nistrative scoping nodel. SAs nust know a
priori what DAs they need to register with since there is typically
no human intervention in scope selection for SAs. UAs nust support
bot h adm nistrative and user scoping because an application may
requi re human intervention in scope sel ection
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APl inplementations are required to support administrative scoping in
the followi ng way. Scopes configured by DHCP and scopes of DAs
configured by DHCP have first priority (in that order) and nust be
returned if they are available. The net.slp.useScopes property has
second priority, and scopes di scovered through the net. sl p.useScopes
property nmust be returned if this property is set and there are no
scopes available fromDHCP. |If scopes are not available fromeither
of these sources and the net. sl p. DAAddresses property is set, then
the scopes available fromthe configured DAs nust be returned. Note
that if both DAs and scopes are configured, the scopes of the
configured DAs nmust match the configured scope list; otherw se and
error is signaled and agent execution is ternmnated. If no
configured scope information is avail able, then an SA client has
default scope, "DEFAULT", and a UA client enploys user scoping.

User scoping is supported in the followi ng way. Scopes di scovered
fromactive DA discovery, and from passive DA discovery all nust be
returned. |If no information is available fromactive and passive DA
di scovery, then the APl library may perform SA di scovery, using the
service types in the net.slp.typeHint property to limt the search to
SAs supporting particular service types. |If no net.slp.typeH nt
property is set, the UA may perform SA di scovery w thout any service
type query. In the absence of any of the above sources of
information, the APl nust return the default scope, "DEFAULT'. Note
that the APl nust always return sone scope information.

SLP requires that SAs nust performtheir operations in all scopes
currently known to them [7]. The APl enforces this constraint by
not requiring the APl client to supply any scopes as paraneters to
APl operations. The APl library nust obtain all currently known
scopes and use themin SA operations. UA APl clients should use a
scope obtai ned through one of the APl operations for finding scopes.
Any ot her scope nanme may result in a SCOPE_NOT_SUPPORTED error froma
renote agent. The UA APl library can optionally check the scope and
return the error without contacting a renote agent.

4. C Language Bi nding

The C | anguage binding presents a mniml overhead inplenentation
that maps directly into the protocol. There is one C |anguage
function per protocol request, with the exception of the SLPDereg()
and SLPDel Attrs() functions, which nmap into different uses of the SLP
deregister request. Paraneters are for the nost part character
buffers. Menory managenent is kept sinple by having the client

al l ocate nost nenory and requiring that client callback functions
copy incom ng paraneters into nenory allocated by the client code.
Any nmenory returned directly fromthe APl functions is deall ocated
using the SLPFree() function
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To conformwith standard C practice, all character strings passed to
and returned through the APl are null term nated, even though the SLP
protocol does not use null termnated strings. Strings passed as
paraneters are UTF-8 but they may still be passed as a C string (a
nul | term nated sequence of bytes.) Escaped characters nust be
encoded by the APl client as UTF-8. |In the conmon case of US-ASClI,
the usual one byte per character C strings work. APl functions

assi st in escaping and unescapi ng strings.

Unl ess ot herwi se noted, paraneters to APl functions and cal |l backs are
non- NULL. Sone paraneters may have other restrictions. |[|f any
paraneter fails to satisfy the restrictions on its value, the
operation returns a PARAMETER_BAD error

4.1. Constant Types
4.1.1. URL Lifetines
4.1.1.1. Synopsis
typedef enum{
SLP_LI FETI ME_DEFAULT

SLP_LI FETI ME_NMAXI MUM
} SLPURLLi fetine;

10800,
65535

4.1.1.2. Description
The SLPURLLi fetime enumtype contains URL lifetine values, in
seconds, that are frequently used. SLP_LIFETI ME_DEFAULT is 3 hours,
while SLP_LI FETI ME_MAXI MUM i s about 18 hours and corresponds to the
maxi mum si ze of the lifetime field in SLP nmessages.

4.1.2. Error Codes

4.1.2.1. Synopsis

typedef enum{

SLP_LAST CALL = 1,
SLP_OK = 0,
SLP_LANGUAGE_NOT_SUPPORTED = -1,
SLP_PARSE_ERROR = -2,
SLP_I NVALI D_REG STRATI ON = -3,
SLP_SCOPE_NOT_SUPPORTED = -4,
SLP_AUTHENTI CATI ON_ABSENT = -6,
SLP_AUTHENTI CATI ON_FAI LED = -7,
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SLP_I NVALI D_UPDATE = -13,
SLP_REFRESH_REJECTED = -15,
SLP_NOT_| MPLEMENTED = -17,
SLP_BUFFER_OVERFLOW = -18,
SLP_NETWORK_TI MED_OUT = -19,
SLP_NETWORK_| NI T_FAI LED = - 20,
SLP_MEMORY_ALLOC_FAI LED = .21,
SLP_PARAMETER BAD = -22,
SLP_NETWORK_ERROR = -23,
SLP_I NTERNAL_SYSTEM ERROR = -24,
SLP_HANDLE | N_USE = - 25,
SLP_TYPE_ERRCR = -26

} SLPError ;

4.1.2.2. Description

The SLPError enum contains error codes that are returned from API
functi ons.

The SLP_CK code indicates that the no error occurred during the
operation.

The SLP_LAST CALL code is passed to call back functions when the API
library has no nore data for themand therefore no further calls wll
be made to the call back on the currently outstandi ng operation. The
cal | back can use this to signal the main body of the client code that
no nore data will be forthconming on the operation, so that the main
body of the client code can break out of data collection |oops. On
the last call of a callback during both a synchronous and

asynchronous call, the error code paraneter has value SLP_LAST_CALL
and the other paraneters are all NULL. If no results are returned by
an APl operation, then only one call is nade, with the error

parameter set to SLP_LAST_CALL.
4.1.3. SLPBool ean
4.1.3.1. Synopsis
typedef enum{
SLP_FALSE = 0,
SLP_TRUE = 1

} SLPBool ean;
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4.1.3.2. Description

The SLPBool ean enumis used as a bool ean fl ag.
4.2. Struct Types
4.2.1. SLPSrvURL

4.2.1.1. Synopsis

typedef struct srvurl {
char *s_pcSrvType;
char *s_pcHost;
i nt s_iPort;
char *s_pcNet Fam | y;
char *s_pcSrvPart;

} SLPSrvURL;

4.2.1.2. Description

The SLPSrvURL structure is filled in by the SLPParseSrvURL() function
with information parsed froma character buffer containing a service
URL. The fields correspond to different parts of the URL. Note that
the structure is in conformance with the standard Berkel ey sockets
struct servent, with the exception that the pointer to an array of
characters for aliases (s_aliases field) is replaced by the pointer
to host name (s_pcHost field).

s_pcSrvType
A pointer to a character string containing the service
type nane, including namng authority. The service type
name includes the "service:" if the URL is of the service:
schene. [7]

S_pcHost

A pointer to a character string containing the host
identification information.

s_i Port

The port nunber, or zero if none. The port is only avail able
if the transport is IP.
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S_pcNet Fam |y

A pointer to a character string containing the network address
famly identifier. Possible values are "ipx" for the |IPX
famly, "at" for the Appletalk famly, and "" (i.e. the enpty
string) for the | P address famly.

S_pcSrvPart
The remai nder of the URL, after the host identification

The host and port should be sufficient to open a socket to the
machi ne hosting the service, and the remainder of the URL should
allow further differentiation of the service.

4.2.2. SLPHandl e

4.2.2.1. Synopsis

typedef voi d* SLPHandl e;

The SLPHandl e type is returned by SLPOpen() and is a paraneter to al
SLP functions. It serves as a handle for all resources allocated on
behal f of the process by the SLP library. The type is opaque, since
the exact nature differs depending on the inplenentation

4.3. Call backs

A function pointer to a callback function specific to a particul ar
APl operation is included in the paraneter list when the APl function
is invoked. The callback function is called with the results of the
operation in both the synchronous and asynchronous cases. The nenory
included in the call back paraneters is owned by the APl library, and
the client code in the callback nust copy out the contents if it
wants to maintain the information | onger than the duration of the
current call back call

In addition to paraneters for reporting the results of the operation,
each cal | back paraneter list contains an error code paraneter and a
cooki e paraneter. The error code paraneter reports the error status
of the ongoing (for asynchronous) or conpleted (for synchronous)
operation. The cookie paraneter allows the client code that starts
the operation by invoking the APl function to pass information down
to the call back without using global variables. The callback returns
an SLPBool ean to indicate whether the APl library should continue
processing the operation. |f the value returned fromthe callback is
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SLP_TRUE, asynchronous operations are term nated, synchronous
operations ignore the return (since the operation is already
compl ete).
4.3.1. SLPRegReport
4.3.1.1. Synopsis
typedef void SLPRegReport (SLPHandl e hSLP
SLPError err Code,
voi d *pvCooki e);
4.3.1.2. Description

The SLPRegReport call back type is the type of the callback function
to the SLPReg(), SLPDereg(), and SLPDel Attrs() functions.

4.3.1.3. Paraneters
hSLP
The SLPHandl e used to initiate the operation
err Code

An error code indicating if an error occurred during the
operati on.

pvCooki e

Menory passed down fromthe client code that called the
original APl function, starting the operation. May be NULL.

4.3.2. SLPSrvTypeCal | back
4.3.2.1. Synopsis
typedef SLPBool ean SLPSrvTypeCal | back( SLPHandl e hSLP
const char* pcSrvTypes,

SLPError err Code,
voi d *pvCooki e);
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4.3.2.2. Description

The SLPSrvTypeCal | back type is the type of the callback function
paraneter to SLPFi ndSrvTypes() function. |If the hSLP handl e

par aneter was opened asynchronously, the results returned through the
cal | back MAY be uncollated. |[|f the hSLP handl e paraneter was opened
synchronously, then the returned results nmust be collated and
dupl i cates elim nated.

4.3.2.3. Paraneters
hSLP
The SLPHandl e used to initiate the operation
pcSrvTypes

A character buffer containing a comma separated, nul
termnated list of service types.

err Code

An error code indicating if an error occurred during the
operation. The callback should check this error code before
processing the paranmeters. |If the error code is other than
SLP_OK, then the APl library may choose to term nate the

out st andi ng operation

pvCooki e

Menory passed down fromthe client code that called the
original APl function, starting the operation. My be NULL.

4.3.2.4. Returns

The client code should return SLP_ TRUE if nore data is desired,
ot herwi se SLP_FALSE

4.3.3. SLPSrvURLCal | back
4.3.3.1. Synopsis
typedef SLPBool ean SLPSrvURLCal | back( SLPHandl e hSLP
const char* pcSrvURL,
unsi gned short sLifetineg,

SLPError err Code,
voi d *pvCooki e);
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4.3.3.2. Description

The SLPSrvURLCal | back type is the type of the callback function

paraneter to SLPFi ndSrvs() function. |[If the hSLP handl e paraneter
was opened asynchronously, the results returned through the call back
MAY be uncollated. |f the hSLP handl e paraneter was opened

synchronously, then the returned results nmust be collated and
dupl i cates elim nated.

4.3.3.3. Paraneters

hSLP
The SLPHandl e used to initiate the operation

pcSr vURL
A character buffer containing the returned service URL.

sLifetime
An unsigned short giving the life time of the service
advertisenent, in seconds. The value nust be an unsigned
i nteger less than or equal to SLP_LIFETI ME_MAXI MUM

err Code
An error code indicating if an error occurred during the
operation. The callback should check this error code before
processing the paraneters. |If the error code is other than
SLP_OK, then the APl library may choose to term nate the
out st andi ng operation

pvCooki e

Menory passed down fromthe client code that called the
original APl function, starting the operation. My be NULL.

4.3.3.4. Returns

The client code should return SLP TRUE if nore data is desired,
ot herwi se SLP_FALSE
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4.3.4. SLPAttrcCall back

4.3.4.1. Synopsis

typedef SLPBool ean SLPAttr Cal | back( SLPHandl e hSLP
const char* pcAttrlList,
SLPError errCode,
voi d *pvCooki e);

4.3.4.2. Description

The SLPAttrCall back type is the type of the callback function
paraneter to SLPFindAttrs() function

The behavi or of the callback differs depending on whet her the
attribute request was by URL or by service type. |If the

SLPFi ndAttrs() operation was originally called with a URL, the

call back is called once regardl ess of whether the handl e was opened
asynchronously or synchronously. The pcAttrList paraneter contains

the requested attributes as a conma separated list (or is enpty if no
attributes matched the original tag list).

If the SLPFindAttrs() operation was originally called with a service
type, the value of pcAttrList and calling behavior depend on whether
the handl e was opened asynchronously or synchronously. If the handle
was opened asynchronously, the callback is called every tine the API
library has results froma renpte agent. The pcAttrList paraneter
MAY be uncol | ated between calls. It contains a conma separated |ist
with the results fromthe agent that imediately returned results.

If the handl e was opened synchronously, the results nust be coll ated
fromall returning agents and the callback is called once, with the
pcAttrList paraneter set to the collated result.

4.3.4.3. Paraneters

hSLP

The SLPHandl e used to initiate the operation
pcAttrList

A character buffer containing a comma separated, nul

termnated list of attribute id/value assignnments, in SLP wire
format; i.e. "(attr-id=attr-value-list)" [7].
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err Code

An error code indicating if an error occurred during the
operation. The callback should check this error code before
processing the paraneters. |If the error code is other than
SLP_OK, then the API library may choose to term nate the

out st andi ng operati on

pvCooki e

Menory passed down fromthe client code that called the
original APl function, starting the operation. My be NULL.

4.3.4.4. Returns

The client code should return SLP_ TRUE if nore data is desired,
ot herwi se SLP_FALSE

4.4. Opening and C osing an SLPHandl e
4.4.1. SLPOpen
4.4.1.1. Synopsis

SLPError SLPOpen(const char *pcLang, SLPBool ean i sAsync, SLPHandl e
* .
phSLP) ;

4.4.1.2. Description

Returns a SLPHandl e handl e in the phSLP paraneter for the |anguage

| ocal e passed in as the pcLang paraneter. The client indicates if
operations on the handle are to be synchronous or asynchronous
through the i sAsync paraneter. The handl e encapsul ates the | anguage
| ocal e for SLP requests issued through the handl e, and any other
resources required by the inplementation. However, SLP properties
are not encapsul ated by the handle; they are global. The return

val ue of the function is an SLPError code indicating the status of
the operation. Upon failure, the phSLP parameter is NULL.

An SLPHandl e can only be used for one SLP APl operation at a tine.

If the original operation was started asynchronously, any attenpt to
start an additional operation on the handle while the origina
operation is pending results in the return of an SLP_HANDLE | N_USE
error fromthe APl function. The SLPO ose() APl function term nates
any outstanding calls on the handle. If an inplenmentation is unable
to support a asynchronous( resp. synchronous) operation, due to
menory constraints or |ack of threading support, the

SLP_NOT_| MPLEMENTED fl ag may be returned when the isAsync flag is
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SLP_TRUE (resp. SLP_FALSE)
4.4.1.3. Paraneters
pcLang
A pointer to an array of characters containing the RFC 1766
Language Tag [6] for the natural |anguage |ocale of requests
and registrations issued on the handl e.
i sAsync

An SLPBool ean i ndi cating whet her the SLPHandl e should be opened
for asynchronous operation or not.

phSLP

A pointer to an SLPHandl e, in which the open SLPHandl e is
returned. |If an error occurs, the value upon return is NULL.

4.4.2. SLPC ose

4.4.2.1. Synopsis

voi d SLPC ose( SLPHandl e hSLP)

4.4.2.2. Description
Frees all resources associated with the handle. |f the handle was
invalid, the function returns silently. Any outstandi ng synchronous
or asynchronous operations are cancelled so their callback functions
will not be called any further
4.4.2.3. Paraneters
SLPHandl e

A SLPHandl e handl e returned froma call to SLPOpen().
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4.5. Protocol API
4.5.1. SLPReg

4.5.1.1. Synopsis

SLPError SLPReg(SLPHandl e hSLP
const char *pcSrvURL,
const unsi gned short uslLifetineg,
const char *pcSrvType,
const char *pcAttrs
SLPBool ean fresh,
SLPRegReport cal |l back,
voi d *pvCooki e);

4.5.1.2. Description

Regi sters the URL in pcSrvURL having the lifetine usLifetime with the
attribute list in pcAttrs. The pcAttrs list is a comma separat ed
list of attribute assignnents in the wire format (including escaping
of reserved characters). The usLifetine paraneter nust be nonzero
and | ess than or equal to SLP LIFETIME MAXIMUM |If the fresh flag is
SLP_TRUE, then the registration is new (the SLP protocol FRESH fl ag
is set) and the registration replaces any existing registrations.

The pcSrvType parameter is a service type name and can be incl uded
for service URLs that are not in the service: schenme. |If the URL is
in the service: schene, the pcSrvType paraneter is ignored. If the
fresh flag is SLP_FALSE, then an existing registration is updated.

Rul es for new and updated registrations, and the format for pcAttrs
and pcScopelist can be found in [7]. Registrations and updates take
pl ace in the | anguage | ocal e of the hSLP handl e.

The APl library is required to performthe operation in all scopes
obt ai ned through configuration

4.5.1.3. Paraneters
hSLP

The | anguage specific SLPHandl e on which to register the
adverti sement.

pcSrvURL

The URL to register. My not be the enpty string.
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usLi fetime
An unsi gned short giving the life time of the service
advertisenent, in seconds. The value nust be an unsigned
i nteger less than or equal to SLP_LIFETI ME_MAXI MUM and greater
than zero.

pcSrvType

The service type. |If pURL is a service: URL, then this
paraneter is ignored

pcAttrs
A comma separated list of attribute assignnent expressions for
the attributes of the advertisenent. Use enpty string, "" for
no attributes.

fresh

An SLPBool ean that is SLP_TRUE if the registration is new or
SLP_FALSE if a reregistration.

cal | back
A cal l back to report the operation conpletion status.
pvCooki e

Menory passed to the call back code fromthe client. My be
NULL.

4.5.1.4. Returns

If an error occurs in starting the operation, one of the SLPError
codes is returned.

4.5.2. SLPDereg
4.5.2.1. Synopsis
SLPError SLPDereg(SLPHandl e hSLP
const char *pcURL

SLPRegReport cal |l back,
voi d *pvCooki e);
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4.5.2.2. Description

Deregi sters the advertisenment for URL pcURL in all scopes where the

service is registered and all |anguage |ocales. The deregistration
is not just confined to the locale of the SLPHandle, it is in al
|l ocales. The APl library is required to performthe operation in all

scopes obtai ned through configuration
4.5.2.3. Paraneters
hSLP
The | anguage specific SLPHandl e to use for deregistering.
pcURL
The URL to deregister. My not be the enpty string.
cal | back
A cal l back to report the operation conpletion status.
pvCooki e

Menory passed to the call back code fromthe client. My be
NULL.

4.5.2.4. Returns

If an error occurs in starting the operation, one of the SLPError
codes is returned.

4.5.3. SLPDel Attrs
4.5.3.1. Synopsis
SLPError SLPDel Attrs(SLPHandl e hSLP
const char *pcURL
const char *pcAttrs,

SLPRegReport cal |l back,
voi d *pvCooki e);
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4.5.3.2. Description
Del ete the selected attributes in the locale of the SLPHandl e. The
APl library is required to performthe operation in all scopes
obt ai ned t hrough configuration
4.5.3.3. Paraneters
hSLP
The | anguage specific SLPHandl e to use for deleting attributes.

pcURL

The URL of the advertisement fromwhich the attri butes shoul d
be deleted. May not be the enpty string.

pcAttrs
A comma separated list of attribute ids for the attributes to
deregister. See Section 9.8 in [7] for a description of the
list format. My not be the enpty string.

cal | back
A cal l back to report the operation conpletion status.

pvCooki e

Menory passed to the call back code fromthe client. My be
NULL.

4.5.3.4. Returns

If an error occurs in starting the operation, one of the SLPError
codes is returned.

4.5.4. SLPFi ndSrvTypes
4.5.4.1. Synopsis
SLPError SLPFi ndSrvTypes(SLPHandl e hSLP
const char *pcNani ngAut hority,
const char *pcScopeli st,

SLPSrvTypeCal | back cal | back
voi d *pvCooki e);
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The SLPFi ndSrvType() function issues an SLP service type request for
service types in the scopes indicated by the pcScopelList. The
results are returned through the call back paraneter. The service
types are independent of |anguage |ocale, but only for services
registered in one of scopes and for the indicated nam ng authority.

If the naming authority is "*", then results are returned for al

nam ng authorities. |If the naming authority is the enpty string,
i.e. "", then the default namng authority, "IANA", is used. "IANA"
is not a valid nam ng authority nane, and it is a PARAVETER BAD error

toinclude it explicitly.

The service type names are returned with the namng authority intact.
If the naming authority is the default (i.e. enpty string) then it

is omtted, as is the separating ".". Service type nanes from URLs
of the service: schene are returned with the "service:" prefix
intact. [7] See [8] for nore information on the syntax of service
type nanes.
4.5.4.2. Paraneters
hSLP
The SLPHandl e on which to search for types.
pcNam ngAut hority

The nam ng authority to search. Use "*" for all nam ng

authorities and the enpty string, , for the default nam ng
aut hority.

pcScopeli st
A pointer to a char containing conma separated |ist of scope
nanes to search for service types. My not be the empty
string, ""

cal | back

A cal |l back function through which the results of the operation
are reported.

pvCooki e

Menory passed to the call back code fromthe client. My be
NULL.
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4.5.4.3. Returns

If an error occurs in starting the operation, one of the SLPError
codes is returned.

4.5.5. SLPFi ndSrvs

4.5.5.1. Synopsis

SLPError SLPFi ndSrvs(SLPHandl e hSLP
const char *pcServi ceType,
const char *pcScopeli st,
const char *pcSearchFilter
SLPSrvURLCal | back cal | back
voi d *pvCooki e);

4.5.5.2. Description
I ssue the query for services on the | anguage specific SLPHandl e and
return the results through the call back. The paraneters determ ne
the results

4.5.5.3. Paraneters

hSLP

The | anguage specific SLPHandl e on which to search for
services

pcServi ceType
The Service Type String, including authority string if any, for
the request, such as can be discovered using SLPSrvTypes().
This could be, for exanple "service:printer:lpr" or
"service:nfs". My not be the enpty string.

pcScopeli st

A pointer to a char containing conmma separated |ist of scope
nanes. May not be the enpty string, ""

pcSear chFil ter
A query fornulated of attribute pattern matching expressions in

the formof a LDAPv3 Search Filter, see [4]. |If this filter
is enpty, i.e. "", all services of the requested type in the

Kenpf & Guttman I nf or mat i onal [ Page 41]



RFC 2614 Servi ce Location API June 1999

speci fied scopes are returned.
cal | back

A cal | back function through which the results of the operation
are reported.

pvCooki e

Menory passed to the call back code fromthe client. May be
NULL.

4.5.5.4. Returns

If an error occurs in starting the operation, one of the SLPError
codes is returned.

4.5.6. SLPFindAttrs

4.5.6.1. Synopsis

SLPError SLPFi ndAttrs(SLPHandl e hSLP
const char *pcURLOr Servi ceType,
const char *pcScopeli st,
const char *pcAttrlds,
SLPAttr Cal | back cal |l back,
voi d *pvCooki e);

4.5.6.2. Description

This function returns service attributes matching the attribute ids
for the indicated service URL or service type. |If pcURLO ServiceType
is a service URL, the attribute information returned is for that
particul ar advertisenent in the |anguage | ocale of the SLPHandl e.

If pcURLOr ServiceType is a service type nane (including nam ng
authority if any), then the attributes for all advertisenents of that
service type are returned regardl ess of the | anguage of registration
Results are returned through the call back

The result is filtered with an SLP attribute request filter string

paraneter, the syntax of which is described in [7]. |If the filter
string is the empty string, i.e. "", all attributes are returned.
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4.5.6.3. Paraneters
hSLP

The | anguage specific SLPHandl e on which to search for
attributes

pcURLOr Servi ceType

The service URL or service type. See [7] for URL and service
type syntax. May not be the enpty string.

pcScopeli st

A pointer to a char containing a comma separated |ist of scope
nanes. May not be the enpty string, ""

pcAttrlds

The filter string indicating which attribute values to return

Use enpty string, , toindicate all values. WIdcards
matching all attribute ids having a particular prefix or suffix
are also possible. See [7] for the exact format of the filter
string.

cal | back

A cal l back function through which the results of the operation
are reported.

pvCooki e

Menory passed to the call back code fromthe client. My be
NULL.

4.5.6.4. Returns

If an error occurs in starting the operation, one of the SLPError
codes is returned.

4.6. M scel |l aneous Functions
4.6.1. SLPGet Refreshl nterva

4.6.1.1. Synopsis

unsi gned short SLPGet Refreshinterval ();
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4.6.1.2. Description

Returns the maxi num across all DAs of the mn-refresh-interva
attribute. This value satisfies the advertised refresh interva
bounds for all DAs, and, if used by the SA, assures that no refresh
registration will be rejected. |f no DA advertises a mn-refresh-
interval attribute, a value of 0 is returned.

4.6.1.3. Returns
If no error, the maxi mumrefresh interval value allowed by all DAs (a
positive integer). |If no DA advertises a min-refresh-interva
attribute, returns 0. |If an error occurs, returns an SLP error code.

4.6.2. SLPFi ndScopes

4.6.2.1. Synopsis

SLPError SLPFi ndScopes(SLPHandl e hSLP
char** ppcScopeli st);

4.6.2.2. Description

Sets ppcScopeli st paraneter to a pointer to a comm separated |ist
including all avail able scope values. The |list of scopes comes from
a variety of sources: the configuration file s net.slp.useScopes
property, unicast to DAs on the net.slp. DAAddresses property, DHCP
or through the DA discovery process. |If there is any order to the
scopes, preferred scopes are listed before | ess desirable scopes.
There is always at |east one name in the list, the default scope,
" DEFAULT"

4.6.2.3. Paraneters
hSLP
The SLPHandl e on which to search for scopes.
ppcScopeli st
A pointer to char pointer into which the buffer pointer is

pl aced upon return. The buffer is null term nated. The nenory
shoul d be freed by calling SLPFree().

Kenpf & Guttman I nf or mat i onal [ Page 44]



RFC 2614 Servi ce Location API June 1999

4.6.2.4. Returns

If no error occurs, returns SLP_OK, otherw se, the appropriate error
code.

4.6.3. SLPParseSrvURL

4.6.3.1. Synopsis

SLPError SLPParseSrvURL(char *pcSrvURL
SLPSr vURL** ppSrvURL) ;

4.6.3.2. Description

Parses the URL passed in as the argunent into a service URL structure

and returns it in the ppSrvURL pointer. |If a parse error occurs,
returns SLP_PARSE ERROR The input buffer pcSrvURL is destructively
nmodi fi ed during the parse and used to fill in the fields of the

return structure. The structure returned in ppSrvURL should be freed
with SLPFreeURL(). |If the URL has no service part, the s _pcSrvPart
string is the enpty string, "", i.e. not NULL. If pcSrvURL is not a
service: URL, then the s _pcSrvType field in the returned data
structure is the URL's schene, which might not be the sane as the
service type under which the URL was registered. |If the transport is
IP, the s_pcTransport field is the enpty string. |If the transport is
not P or there is no port nunber, the s iPort field is zero.

4.6.3.3. Paraneters
pcSrvURL
A pointer to a character buffer containing the null term nated
URL string to parse. It is destructively nodified to produce
the out put structure.
ppSr vURL
A pointer to a pointer for the SLPSrvURL structure to receive
the parsed URL. The nenory should be freed by a call to
SLPFree() when no | onger needed.
4.6.3.4. Returns

If no error occurs, the return value is SLP_OK. Oherw se, the
appropriate error code is returned.
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4.6.4. SLPEscape
4.6.4.1. Synopsis
SLPError SLPEscape(const char* pclnbuf,
char** ppcQut Buf,
SLPBool ean isTag);
4.6.4.2. Description
Process the input string in pclnbuf and escape any SLP reserved
characters. |If the isTag paraneter is SLPTrue, then | ook for bad tag
characters and signal an error if any are found by returning the
SLP_PARSE ERROR code. The results are put into a buffer allocated by
the APl library and returned in the ppcCQutBuf paraneter. This buffer
shoul d be deal | ocated using SLPFree() when the nmenory is no | onger
needed.
4.6.4.3. Paraneters
pcl nbuf
Pointer to he input buffer to process for escape characters.
ppcCut Buf
Pointer to a pointer for the output buffer with the SLP
reserved characters escaped. Mist be freed using SLPFree()
when the nenory is no | onger needed.
i sTag
When true, the input buffer is checked for bad tag characters.
4.6.4.4. Returns
Return SLP_PARSE ERRCOR i f any characters are bad tag characters and

the isTag flag is true, otherwise SLP_OK, or the appropriate error
code if another error occurs.
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4.6.5. SLPUnescape
4.6.5.1. Synopsis
SLPError SLPUnescape(const char* pcl nbuf,
char** ppcQut Buf,
SLPBool ean isTag);
4.6.5.2. Description
Process the input string in pclnbuf and unescape any SLP reserved
characters. |If the isTag paraneter is SLPTrue, then | ook for bad tag
characters and signal an error if any are found with the
SLP_PARSE ERROR code. No transformation is perfornmed if the input
string is an opaque. The results are put into a buffer allocated by
the APl library and returned in the ppcCQutBuf paraneter. This buffer
shoul d be deal | ocated using SLPFree() when the menmory is no | onger
needed.
4.6.5.3. Paraneters
pcl nbuf
Pointer to he input buffer to process for escape characters.
ppcQut Buf
Pointer to a pointer for the output buffer with the SLP
reserved characters escaped. Mist be freed using SLPFree()
when the menory is no | onger needed.
i sTag
When true, the input buffer is checked for bad tag characters.
4.6.5.4. Returns
Return SLP_PARSE ERROR i f any characters are bad tag characters and

the isTag flag is true, otherwise SLP_OK, or the appropriate error
code if another error occurs.

Kenpf & Guttman I nf or mat i onal [ Page 47]



RFC 2614 Servi ce Location API June 1999

4.6.6. SLPFree

4.6.6.1. Synopsis

voi d SLPFree(voi d* pviMem;

4.6.6.2. Description

Frees nenory returned from SLPParseSrvURL(), SLPFindScopes(),
SLPEscape(), and SLPUnescape().

4.6.6.3. Paraneters
pvivem
A pointer to the storage allocated by the SLPParseSrvURL(),
SLPEscape(), SLPUnescape(), or SLPFindScopes() function
I gnored if NULL.
4.6.7. SLPCGet Property

4.6.7.1. Synopsis

const char* SLPGet Property(const char* pcNane);

4.6.7.2. Description

Returns the value of the corresponding SLP property name. The
returned string is owned by the library and MUST NOT be freed.

4.6.7.3. Paraneters
pcNane

Nul I terminated string with the property name, from
Section 2.1.

4.6.7.4. Returns

If no error, returns a pointer to a character buffer containing the

property value. |If the property was not set, returns the default
value. |If an error occurs, returns NULL. The returned string MJST
NOT be freed.
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4.6.8. SLPSet Property

4.6.8.1. Synopsis

voi d SLPSet Property(const char *pcNane,
const char *pcVal ue);

4.6.8.2. Description

Sets the value of the SLP property to the new value. The pcVal ue
paraneter should be the property value as a string.

4.6.8.3. Paraneters
pcName

Nul I terminated string with the property name, from
Section 2.1.

pcVal ue

Nul | terminated string with the property value, in UTF-8
character encoding.

4.7. I nplementation Notes
4.7.1. Refreshing Registrations

Clients indicate that they want URLs to be automatically refreshed by
setting the usLifetime paraneter in the SLPReg() function call to
SLP_LI FETI ME_MAXIMUM This will cause the APl inplenentation to
refresh the URL before it tinmes out. Although using
SLP_LI FETI ME_MAXI MUM t 0 designate autonmatic reregistrati on neans that
a transient URL can’t be registered for the maxinumlifetinme, little
hardship is likely to occur, since service URL |ifetimes are measured
in seconds and the client can sinply use a lifetine of

SLP_ LIFETIME MAXIMUM - 1 if a transient URL near the maximumlifetime
is desired. APl inplenentations MJUST provide this facility.

4.7.2. Syntax for String Paraneters

Query strings, attribute registration lists, attribute deregistration
lists, scope lists, and attribute selection lists follow the syntax
described in [7] for the appropriate requests. The APl directly
reflects the strings passed in fromclients into protocol requests,
and directly reflects out strings returned fromprotocol replies to
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clients. As a consequence, clients are responsible for formatting
request strings, including escaping and converting opaque values to
escaped byte encoded strings. Simlarly, on output, clients are
required to unescape strings and convert escaped string encoded
opaques to binary. The functions SLPEscape() and SLPUnescape() can
be used for escaping SLP reserved characters, but perform no opaque
processi ng.

Opaque val ues consi st of a character buffer containing a UTF- 8-
encoded string, the first characters of which are the nonUTF-8

encoding '\ff’'. Subsequent characters are the escaped values for the

original bytes in the opaque. The escape convention is relatively
sinmple. An escape consists of a backslash foll owed by the two
hexadeci mal digits encoding the byte. An exanmple is '\2c’ for the
byte Ox2c. dients handl e opaque processing thensel ves, since the
algorithmis relatively sinple and uniform

4.7.3. Cient Side Syntax Checking

Client side APl inplementations may do syntax checking of scope
nanes, nam ng authority names, and service type nanes, but are not
required to do so. Since the C APl is designed to be a thin |ayer
over the protocol, sorme |ow nmenory SA inpl enentations may find

ext ensi ve syntax checking on the client side to be burdensone. |If
syntax checki ng uncovers an error in a paraneter, the
SLP_PARAMETER BAD error must be returned. |If any paraneter is NULL
and is required to be nonNULL, SLP_PARAMETER BAD is returned

4.7.4. System Properties

The system properties established in the configuration file are
accessi bl e through the SLPGet Property() and SLPSet Property()

functions. The SLPSet Property() function only nodifies properties in

the running process, not in the configuration file. Properties are
global to the process, affecting all threads and all handles created
with SLPOpen. Errors are checked when the property is used and, as
with parsing the configuration file, are | ogged. Program execution
continues without interruption by substituting the default for the
erroneous paraneter. Wth the exception of net.slp.locale,

net.slp.typeH nt, and net.slp.maxResults, clients of the APl should
rarely be required to override these properties, since they reflect
properties of the SLP network that are not of concern to individua

agents. |If changes are required, system adninistrators should nodify

the configuration file.
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4.7.5. Menory Managenent

The only API functions returning menory specifically requiring
deal | ocation on the part of the client are SLPParseSrvURL(),

SLPFi ndScopes(), SLPEscape(), and SLPUnescape(). This nenory shoul d
be freed using SLPFree() when no | onger needed. Character strings
returned via the SLPGet Property() function should NOT be freed, they
are owned by the SLP library.

Menory passed to call backs belongs to the library and MJUST NOT be
retained by the client code. Oherw se, crashes are possible.
Clients are required to copy data out of the call back paraneters. No
other use of the paranmeter nenory in callback paraneters is all owed.

4.7.6. Asynchronous and Increnental Return Semantics

If a handl e parameter to an APl function was opened asynchronously,
APl function calls on the handl e check the other paraneters, open the
appropriate operation and return imediately. |In an error occurs in
the process of starting the operation, an error code is returned. |If
the handl e paraneter was opened synchronously, the APl function cal

bl ocks until all results are available, and returns only after the
results are reported through the callback function. The return code
i ndi cates whether any errors occurred both starting and during the

operati on.

The cal | back function is called whenever the APl library has results
to report. The callback code is required to check the error code
paraneter before |ooking at the other paraneters. |If the error code

is not SLP_OK, the other paraneters nmay be invalid. The APl library
has the option of terninating any outstandi ng operation on which an
error occurs. The callback code can simlarly indicate that the
operation should be term nated by passing back SLP_FALSE. Call back
functions are not permitted to recursively call into the APl on the
same SLPHandle. |If an attenpt is nmade to recursively call into the
APlI, the APl function returns SLP_HANDLE | N USE. Prohibiting
recursive call backs on the sanme handle sinplifies inplenentation of
thread safe code, since |ocks held on the handle will not be in place
during a second outcall on the handle. On the other hand, it means
that handl e creation should be fairly Iightweight so a client program
can easily support nultiple outstanding calls.

The total nunber of results received can be controlled by setting the
net. sl p. maxResul ts paraneter.

On the last call to a call back, whether asynchronous or synchronous,

the status code passed to the call back has value SLP _LAST CALL. There
are four reasons why the call can term nate:
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DA reply received

A reply froma DA has been received and therefore nothing nore
i s expect ed.

Mul ti cast term nated

The nul ticast convergence time has el apsed and the APl library
mul ti cast code is giving up.

Mul ticast null results
Not hi ng new has been received during multicast for a while and
the APl library nulticast code is giving up on that (as an
optim zation).

Maxi mum resul ts

The user has set the net.slp.maxResults property and that
nunber of replies has been collected and returned

4.8. Exanple
This exanple illustrates how to di scover a mail box.
A POP3 server registers itself with the SLP franmework. The
attributes it registers are "USER', a list of all users whose mail is
avai |l abl e through the POP3 server.

The POP3 server code is the foll ow ng:

SLPHandl e sl ph;
SLPRegReport errCall back = POPRegErr Cal | back;

/* Create an English SLPHandl e, asynchronous processing. */
SLPError err = SLPOpen("en", SLP_TRUE, &sl ph);
if( err 1= SLP. OK ) {
/* Deal with error. */
}
/* Create the service: URL and attribute paranmeters. */

const char* surl = "service:pop3://mail.netsurf.de"; /* the URL */
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const char *pcAttrs = "(user=zaphod,trillian,roger,marvin)"
[* Performthe registration. */

err = SLPReg(sl ph,
surl,
SLP_LI FETI ME_DEFAULT,
ppcAttrs,
err Cal | back,
NULL) ;

if (err !'=SLP. K ) {

/*Deal with error.*/

The errCal |l back reports any errors:

voi d

POPRegEr r Cal | back( SLPHandl e hSLP,
SLPError err Code,
unsi gned short uslLifetine,
voi d* pvCookie) {

if( errCode = SLP_OK ) {
/* Report error through a dial og, nessage, etc. */

}

[*Use lifetime interval to update periodically. */

}

The POP3 client |locates the server for the user with the follow ng
code:

/*
* The client calls SLPOpen(), exactly as above.
*/

const char *pcSrvType "service:pop3"; /* the service type */

const char *pcScopeli st "defaul t"; /* the scope */
const char *pcFilter = "(user=roger)"; /* the search filter */
SLPSrvURLCal | back srvCal |l back = /* the call back */

POPSr vURLCal | back;
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err = SLPFi ndSrvs(sl ph,
pcSrvType, pcScopelList, pcFilter,
srvCal | back, NULL);
if( err '= SLP. OK ) {
/* Deal with error. */

}

Wthin the call back, the client code can use the returned POP
servi ce:

SLPBool ean
POPSr vURLCal | back( SLPHandl e hSLP,
const char* pcSrvURL,
unsi gned short sLifetineg,
SLPError err Code,
voi d* pvCookie) {
if( errCode = SLP_OK ) {
/* Deal with error. */
}
SLPSrvURL* pSrvURL;
err Code = SLPParseSrvURL(pcSrvURL, &pSrvURL);
if (err '= SLP. OK ) {
/* Deal with error. */
} else {
/* get the server’s address */
struct hostent *phe = gethost bynanme(pSrvURL. s_pcHost);
/* use hostnane in pSrvURL to connect to the POP3 server

*

*/

1999

SLPFreeSrvURL((voi d*)pSrvURL); /* Free the pSrvURL storage */

}
return SLP_FALSE; /* Done! */
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A client that wanted to discover all the users receiving nmail at the

server uses with the follow ng query:

/*

* The client calls SLPOpen(), exactly as above.

* service: URL was retrieved into surl

We assune the

*/
const char *pcScopelList = "default"; /* the scope */
const char *pcAttrFilter = "use"; [* the attribute filter */
SLPAttrCal | back attrCall Back = /* the call back */
POPUser sCal | back
err =
SLPFi ndAttrs(sl ph

surl,
pcScopeli st, pcAttrFilter,
attrCal | Back, NULL);
if( err '= SLP. OK ) {
/* Deal with error. */
}
The cal | back processes the attributes:
SLPBool ean
POPUser sCal | back(const char* pcAttrlList,
SLPError err Code,
voi d* pvCookie) {
if( errCode = SLP_ K ) {
/* Deal with error. */
} else {
/* Parse attributes. */

}
return SLP_FALSE;, /* Done! */
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5. Java Language Bi ndi ng
5.1. Introduction

The Java APl is designed to nodel the various SLP entities in classes
and objects. APlIs are provided for SA, UA, and service type tenplate
access capabilities. The ServicelLocati onManager class contains

met hods that return instances of objects inplenenting SA and UA
capability. Each of these is nbdeled in an interface. The Locator
interface provides UA capability and the Advertiser interface

provi des SA capability. The Tenpl ateRegi stry abstract class contains
met hods that return objects for tenplate introspection and attribute
type checking. The ServiceURL, ServiceType, and

Servi celLocationAttribute classes nodel the basic SLP concepts. A
concrete subclass instance of Tenpl ateRegistry is returned by a class
met hod.

Al SLP classes and interfaces are located within a single package.
The package nane should begin with the name of the inplenmentation and
conclude with the suffix "slp". Thus, the nane for a hypothetica

i mpl ementation fromthe University of M chigan would | ook like:

edu. um ch.slp

This follows the Java convention of prepending the top | evel DNS
domai n nane for the organization inplenenting the package onto the
organi zation’s nane and using that as the package prefix.

5.2. Exceptions and Errors

Most paraneters to APl nethods are required to be non-null. The API
description indicates if a null parameter is acceptable, or if other
restrictions constrain a paraneter. Wen paraneters are checked for
validity (such as not being null) or their syntax is checked, an
error results in the RuntinmeException subcl ass

I'l'l egal Argunment Exception being thrown. dients of the APl are

rem nded that I|Il1egal Argunent Exception, derived from

Runt i meException, is unchecked by the compiler. dients should thus
be careful to include try/catch blocks for it if the rel evant
paraneters coul d be erroneous.

Standard Java practice is to encode every exceptional condition as a
separ ate subcl ass of Exception. Because of the relatively high cost
in code size of Exception subclasses, the APl contains only a single
Exception subclass with different conditions being determ ned by an
integer error code property. A subset, appropriate to Java, of the
error codes described in Section 3 are available as constants on the
Servi ceLocati onException class. The subset excludes error codes such
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as MEMORY_ALLOC FAl LED.

5.2.1. dass ServicelLocationException

5.2.1.1. Synopsis
public class ServicelLocati onException
ext ends Exception

5.2.1.2. Description
The ServicelLocati onException class is thrown by all methods when
exceptional conditions occur in the SLP franework. The error code
property determ nes the exact nature of the condition, and an

optional nessage nay provide nore information.

5.2.1.3. Fields

public static final short LANGUAGE NOT_SUPPORTED = 1
public static final short PARSE ERROR = 2

public static final short | NVALI D REG STRATION = 3
public static final short SCOPE_NOT_SUPPORTED = 4
public static final short AUTHENTI CATI ON_ABSENT = 6
public static final short AUTHENTI CATI ON_FAILED = 7
public static final short |INVALID UPDATE = 13

public static final short REFRESH REJECTED = 15
public static final short NOT_I MPLEMENTED = 16
public static final short NETWORK | N T_FAILED 17
public static final short NETWORK TIMED QUT = 18
public static final short NETWORK ERROR = 19

public static final short | NTERNAL SYSTEM ERROR = 20
public static final short TYPE ERROR = 21

public static final short BUFFER OVERFLOW = 22

5.2.1.4. Instance Met hods

public short getErrorCode()

Return the error code. The error code takes on one of the static
field val ues.
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5.3. Basic Data Structures

5.3.1. Interface ServicelLocati onEnureration
public interface ServicelLocati onEnunmeration
extends Enumeration

5.3.1.1. Description
The ServicelLocati onEnuneration class is the return type for al
Locator SLP operations. The Java APl library may inplenment this
class to block until results are available fromthe SLP operation, so
that the client can achi eve asynchronous operation by retrieving
results fromthe enuneration in a separate thread. Cients use the
supercl ass nextElenent() nmethod if they are unconcerned with SLP

exceptions.

5.3.1.2. Instance Mt hods

public abstract Object next() throws ServicelLocati onException
Return the next value or block until it becones avail abl e.
Thr ows:
Servi celLocati onExcepti on
Thrown if the SLP operation encounters an error
NoSuchEl ement Excepti on

If there are no nore el enents to return.

5.3.2. C ass ServicelLocati onAttribute

5.3.2.1. Synopsis

public class ServicelLocationAttribute
extends Cbject inplements Serializable
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5.3.2.2. Description
The ServicelLocationAttribute class nodels SLP attributes. Instances
of this class are returned by Locator.findAttributes() and are
conmmuni cated along with register/deregister requests.

5.3.2.3. Constructors
public ServicelLocationAttribute(String id, Vector val ues)
Construct a service location attribute. FErrors in the id or val ues
vector result in an Il egal Argunment Exception
Par anet ers:
id

The attribute name. The String can consist of any Uni code
character.

val ues
A Vector of one or nore attribute values. Vector contents
must be uniformin type and one of Integer, String, Boolean,
or byte[]. |If the attribute is a keyword attribute, then the

paraneter should be null. String values can consist of any
Uni code character.

5.3.2.4. C ass Mthods

public static String escapeld(String id)

Returns an escaped version of the id paraneter, suitable for
inclusion in a query. Any reserved characters as specified in [7]
are escaped using UTF-8 encoding. |If any characters in the tag are
illegal, throws Il egal Argunment Exception
Par anmet ers:

id

The attribute id to escape. ServicelLocati onException is thrown
if any characters are illegal for an attribute tag.
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public static String escapeVal ue(bj ect val ue)

Returns a String containing the escaped val ue paranmeter as a string,

suitable for inclusion in a query. |If the paraneter is a string,
any reserved characters as specified in [7] are escaped using UTF-8
encoding. |If the paraneter is a byte array, then the escaped string

begins with the nonUTF-8 sequence ‘\ff‘ and the rest of the string
consi sts of the escaped bytes, which is the encoding for opaques.
If the value paraneter is a Boolean or Integer, then the returned
string contains the object converted into a string. |If the value
is any type other than String, Integer, Boolean or byte[], an

I'l'l egal Argunent Exception is thrown.

Par anet ers:
val ue

The attribute value to be converted into a string and escaped.

5.3.2.5. Instance Mt hods

public Vector getVal ues()

Returns a cloned vector of attribute values, or null if the attribute
is a keyword attribute. |If the attribute is single-valued, then the
vector contains only one object.

public String getld()

Returns the attribute's nane.

publi ¢ bool ean equal s(bj ect 0)

Overrides Ohject.equals(). Two attributes are equal if their
identifiers are equal and their value vectors contain the same numnber
of equal values as determ ned by the Object equal s() nethod. Val ues
havi ng byte[] type are equal if the contents of all byte arrays in
both attribute vectors nmatch. Note that the SLP string matching
algorithm[7] MJUST NOT be used for conparing attribute identifiers or
string val ues.
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public String toString()

Overrides Ohject.toString(). The string returned contains a
formatted representation of the attribute, giving the attribute’s
id, values, and the Java type of the values. The returned string is
sui tabl e for debuggi ng purposes, but is not in SLP wire format.

public int hashCode()

Overrides bject.hashCode(). Hashes on the attribute s identifier

5.3.3. Cass ServiceType

5.3.3.1. Synopsis

public class ServiceType extends (bject inplenments Serializable

5.3.3.2. Description
The ServiceType object nmodels the SLP service type. It parses a
string based service type specifier into its various conponents, and
contains property accessors to return the conmponents. URL schenes,
protocol service types, and abstract service types are all handl ed.

5.3.3.3. Constructors

public ServiceType(String type)

Construct a service type object fromthe service type specifier.
Throws 111 egal Argument Exception if the type nane is syntactically
i ncorrect.
Par anet er s:

type

The service type nane as a String. |If the service type is from
a service: URL, the "service:" prefix nmust be intact.
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5.3.3.4. Methods

publ i c bool ean isServiceURL()

Returns true if the type name contains the "service:" prefix.

publ i c bool ean i sAbstract Type()

Returns true if the type nane is for an abstract type.

publ i c bool ean i sNADef aul t ()

Returns true if the naming authority is the default, i.e. is the
enpty string.

public String getConcreteTypeNane()

Returns the concrete type nane in an abstract type, or the enpty
string if the service type is not abstract. For exanple, if the type
nane is "service:printing:ipp", the nethod returns "ipp". |If the
type nane is "service:ftp", the nethod returns ""

public String getPrincipleTypeNane()

Returns the abstract type nane for an abstract type, the protoco

nane in a protocol type, or the URL schene for a generic URL. For
exanple, in the abstract type nane "service:printing:ipp", the nethod
returns "printing". |In the protocol type nane "service:ftp", the

met hod returns "ftp".

public String getAbstract TypeNanme()

If the type is an abstract type, returns the fully formatted abstract
type nane including the "service:" and nam ng authority but wi thout
the concrete type nane or intervening colon. |f not an abstract
type, returns the enpty string. For exanple, in the abstract type
nane "service:printing:ipp", the nethod returns "service:printing"
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public String getNam ngAuthority()

Return the naming authority name, or the enpty string if the nam ng
authority is the default.

publi ¢ bool ean equal s(Obj ect obj)

Overrides Object.equals(). The two objects are equal if they are
bot h Servi ceType objects and the conponents of both are equal

public String toString()

Returns the fully formatted type nane, including the "service:" if
the type was originally froma service: URL.

public int hashCode()

Overri des bject.hashCode(). Hashes on the string value of the
"service" prefix, namng authority, if any, abstract and concrete
type nanmes for abstract types, protocol type name for protocol types,
and URL schene for generic URLs.

5.3.4. C ass ServiceURL

5.3.4.1. Synopsis

public class ServiceURL extends Cbject inplenments Serializable

5.3.4.2. Description

The ServiceURL object nodels the advertised SLP service URL. It can
be either a service: URL or a regular URL. These objects are
returned fromservice | ookup requests, and describe the registered
services. This class should be a subclass of java.net.URL but can’t
since that class is final
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5.3.4.3. Cass Variabl es

public static final int NOPORT = 0

Indicates that no port information is required or was returned for
this URL.

public static final int LIFETIME NONE = 0O

Indicates that the URL has a zero lifetime. This value is never
returned fromthe API, but can be used to create a Servi ceURL object
to deregister, delete attributes, or find attributes.

public static final int LIFETI ME_DEFAULT = 10800

The default URL lifetine (3 hours) in seconds.

public static final int LIFETI ME_EMAXI MUM = 65535

The maxi mum URL lifetine (about 18 hours) in seconds.

public static final int LIFETI ME_PERVANENT = -1

I ndicates that the APl inplenentation should continuously re-register
the URL until the application exits.

5.3.4.4. Constructors

public ServiceURL(String URL,int |ifetinmne)

Construct a service URL object having the specified lifetinme.
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Par anet ers:
URL

The URL as a string. Mist be either a service: URL or a valid
generic URL according to RFC 2396 [2].

lifetinme
The service advertisenment lifetine in seconds. This value may
be between LI FETI ME_NONE and LI FETI ME_MAXI MUM
5.3.4.5. Methods

public ServiceType get ServiceType()

Returns the service type object representing the service type nanme of
t he URL.

public final void setServiceType(ServiceType type)
throws ServicelLocati onException

Set the service type nane to the object. Ignored if the URL is a
service: URL.

Par anet ers:

type

The service type object.

public String getTransport ()

Get the network layer transport identifier. |If the transport is IP

an enpty string, , is returned.

public String getHost ()
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Returns the host identifier. For IP, this will be the machi ne nane
or | P address.

public int getPort()

Returns the port number, if any. For non-1P transports, always
returns NO _PORT

public String get URLPat h()

Returns the URL path description, if any.

public int getLifetine()

Returns the service advertisenment lifetime. This will be a positive
int between LIFETI ME_NONE and LI FETI ME_MAXI MUM

publ i c bool ean equal s(Obj ect obj)

Conpares the object to the ServiceURL and returns true if the two are
the sane. Two ServiceURL objects are equal if their current service
types match and they have the sane host, port, transport, and URL
pat h.

public String toString()

Returns a formatted string with the URL. Overrides Cbject.toString().
The returned URL has the original service type or URL schene, not the
current service type

public int hashCode()

Overrides bject. hashCode(). Hashes on the current service type,
transport, host, port, and URL part.
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5.4. SLP Access Interfaces
5.4.1. Interface Advertiser

5.4.1.1. Synopsis

public interface Advertiser

5.4.1.2. Description
The Advertiser is the SAinterface, allowing clients to register new
service instances with SLP, to change the attributes of existing
services, and to deregister service instances. New registrations and
nodi fi cations of attributes are nmade in the | anguage locale with
whi ch the Advertiser was created, deregistrations of service
i nstances are made for all |ocal es.

5.4.1.3. Instance Met hods

public abstract Local e getLocal e()

Return the | anguage |l ocale with which this object was created.

public abstract void register(ServiceURL URL,
Vector attributes)
throws ServicelLocati onException
Regi ster a new service with SLP having the given attri butes.
The API library is required to performthe operation in al
scopes obtai ned through configuration
Par amet er s:
URL
The URL for the service

attri butes

A vector of ServicelLocationAttribute objects describing the
servi ce.
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public abstract void deregister(ServiceURL URL)
throws ServicelLocati onException

Deregister a service fromthe SLP framework. This has the effect
of deregistering the service fromevery | anguage | ocale. The API
library is required to performthe operation in all scopes obtained
t hrough configuration.

Par anet ers:
URL

The URL for the service.

public abstract void

addAttri butes(Servi ceURL URL,
Vector attributes)

throws ServicelLocati onException

Update the registration by adding the given attributes. The API
library is required to performthe operation in all scopes obtained
t hrough confi gurati on.

Par anet er s:
URL
The URL for the service
attributes
A Vector of ServicelLocationAttribute objects to add to the

existing registration. Use an enpty vector to update the URL
al one. May not be null.

public abstract void

del eteAttri butes(ServiceURL URL
Vector attributelds)

throws ServicelLocati onException

Delete the attributes froma URL for the locale with which the
Advertiser was created. The APl library is required to performthe
operation in all scopes obtained through configuration
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Par anmet ers:
URL
The URL for the service
attributelds

A vector of Strings indicating the ids of the attributes

to renove. The strings nay be attribute ids or they

may be wildcard patterns to match ids. See [7] for the
syntax of wldcard patterns. The strings may include SLP
reserved characters, they will be escaped by the APl before
transm ssion. My not be the enpty vector or null

5.4.2. Interface Locator

5.4.2.1. Synopsis

public interface Locator

5.4.2.2. Description

The Locator is the UA interface, allowing clients to query the SLP
framewor k about existing service types, services instances, and about
the attributes of an existing service instance or service type.
Queries for services and attributes are nmade in the locale with which
the Locator was created, queries for service types are independent of
| ocal e.

5.4.2.3. Instance Methods
public abstract Local e getlLocal e()

Return the | anguage |l ocale with which this object was created.

public abstract ServicelLocati onEnumneration

findServi ceTypes(String nam ngAut hority,
Vect or scopes)

throws Servicelocati onException
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Returns an enuneration of ServiceType objects giving known service
types for the given scopes and given naming authority. |If no service
types are found, an enpty enuneration is returned.

Par anet ers:
nam ngAut hority

The nam ng authority. Use "" for the default nam ng authority
and "*" for all namng authorities.

scopes

A Vector of scope nanmes. The vector should be selected from
the results of a findScopes() APl invocation. Use "DEFAULT"
for the default scope.

public abstract ServicelLocati onEnumneration
fi ndServi ces(ServiceType type,

Vect or scopes,

String searchFilter)
throws ServicelLocati onException

Returns a vector of ServiceURL objects for services matching the
query, and having a matching type in the given scopes. If no
services are found, an enpty enuneration is returned.

Par anmet er s:
type
The SLP service type of the service.
scopes

A Vector of scope nanmes. The vector should be selected from
the results of a findScopes() APl invocation. Use "DEFAULT"
for the default scope.

searchFilter

An LDAPv3 [4] string encoded query. |If the filter is enpty,
i.e. "", all services of the requested type in the specified
scopes are returned. SLP reserved characters nmust be escaped
in the query. Use ServicelocationAttribute.escapeld() and
Servi celLocationAttribute. escapeVal ue() to construct the query.
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public abstract ServicelLocati onEnumneration
findAttributes(ServiceURL URL,

Vect or scopes,

Vector attributelds)
throws ServicelLocati onException

For the URL and scope, return a Vector of ServicelLocationAttribute
obj ects whose ids match the String patterns in the attributelds
Vector. The request is nade in the |anguage |ocale of the Locator
If no attributes match, an enpty enuneration is returned.

Par anet ers:
URL
The URL for which the attributes are desired.
scopes

A Vector of scope nanmes. The vector should be selected from
the results of a findScopes() APl invocation. Use "DEFAULT"
for the default scope.

attributelds

A Vector of String patterns identifying the desired attri butes.
An enpty vector neans return all attributes. As described
in[7], the patterns may include wildcards to match substrings.
The strings may include SLP reserved characters, they will be
escaped by the APl before transm ssion

public abstract ServicelLocati onEnuneration
findAttributes(ServiceType type,

Vect or scopes,

Vector attributelds)
throws ServicelLocati onException

For the type and scope, return a Vector of all ServicelLocationAttribute
obj ects whose ids match the String patterns in the attributelds

Vector regardl ess of the Locator’s locale. The request is made

i ndependent of |anguage locale. |If no attributes are found, an enpty
vector is returned.
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Par anmet ers:
servi ceType
The service type
scopes
A Vector of scope nanmes. The vector should be selected from
the results of a findScopes() APl invocation. Use "DEFAULT"
for the default scope.
attributelds
A Vector of String patterns identifying the desired
attributes. An enpty vector neans return all attributes.
As described in [7], the patterns may include wldcards to
match all prefixes or suffixes. The patterns may include SLP
reserved characters, they will be escaped by the APl before
transm ssi on.
5.5. The Service Location Manager
5.5.1. Cass ServicelLocati onManager
5.5.1.1. Synopsis
public class ServicelLocati onManager
ext ends Obj ect
5.5.1.2. Description
The Servi celLocati onManager nanages access to the service | ocation
framework. Cients obtain the Locator and Advertiser objects for UA
and SA, and a Vector of known scope nanes fromthe
Servi celLocat i onManager .
5.5.1.3. dass Mthods

public static int getRefreshlnterval ()
throws ServicelLocati onException
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Returns the maxi mum across all DAs of the mn-refresh-interva
attribute. This value satisfies the advertised refresh interva
bounds for all DAs, and, if used by the SA, assures that no
refresh registration will be rejected. |If no DA advertises a
m n-refresh-interval attribute, a value of 0 is returned.

public static Vector findScopes()
throws ServicelLocati onException

Returns an Vector of strings with all avail able scope nanes. The
list of scopes cones froma variety of sources, see Section 2.1 for
the scope discovery algorithm There is always at | east one string
in the Vector, the default scope, "DEFAULT"

public static Locator
get Locat or (Local e | ocal e)
throws ServicelLocati onException

Return a Locator object for the given | anguage Locale. |If the
i mpl ement ati on does not support UA functionality, returns null.
Par anmet er s:
| ocal e
The | anguage | ocal e of the Locator. The default SLP locale is

used if null.

public static Advertiser
get Adverti ser(Local e | ocal e)
throws ServicelLocati onException

Return an Advertiser object for the given | anguage locale. If the
i npl ement ati on does not support SA functionality, returns null.
Par anmet er s:

| ocal e

The | anguage | ocal e of the Advertiser. The default SLP locale
is used if null
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5.6. Service Tenplate Introspection
5.6.1. Abstract C ass Tenpl ateRegi stry

5.6.1.1. Synopsis
public abstract class Tenpl at eRegi stry

5.6.1.2. Description

Subcl asses of the Tenpl ateRegi stry abstract class provide access to
service location tenplates [8]. C asses inplenenting
Templ at eRegi stry performa variety of functions. They manage the
regi stration and access of service type tenplate docunents. They
create attribute verifiers fromservice tenplates, for verification
of attributes and introspection on tenplate docunents. Note that
clients of the Advertiser are not required to verify attributes
before registering (though they may get a TYPE ERROR if the

i npl ement ati on supports type checking and there is a mismatch with
the tenplate).

5.6.1.3. Cass Methods
public static Tenpl at eRegi stry get Tenpl at eRegi stry();

Returns the distingui shed Tenpl at eRegi stry obj ect for performnng
operations on and with service tenplates. Returns null if the
i mpl ement ati on doesn’t support Tenpl ateRegistry functionality.

5.6.1.4. |Instance Mt hods

public abstract void

regi st er Servi ceTenpl at e( Servi ceType type,
String document URL,
Local e | ocal e,
String version)

throws ServicelLocati onException

Regi ster the service tenplate with the tenplate registry
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Par anmet ers:
type
The service type
docunent URL

A string containing the URL of the tenplate document. My not
be the enpty string.

| ocal e
A Local e object containing the | anguage | ocale of the tenplate.
version

The version nunber identifier of tenplate docunent.

public abstract void

der egi st er Servi ceTenpl at e( Servi ceType type,
Local e | ocal e,
String version)
throws ServicelLocati onException
Deregi ster the tenplate for the service type
Par anmet er s:
type
The service type
| ocal e
A Local e object containing the | anguage | ocale of the tenplate.

ver sion

A String containing the version nunber. Use null to indicate
the | atest version.
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public abstract
String findTenpl at eURL( Servi ceType type,
Local e | ocal e,
String version)
throws ServicelLocati onException
Returns the URL for the tenplate docunent.
Par anmet er s:
type
The service type
| ocal e
A Local e object containing the | anguage | ocale of the tenplate.
versi on
A String containing the version nunber. Use null to indicate

the | atest version.

public abstract

Servi ceLocationAttributeVerifier
attributeVerifier(String docurment URL)
throws ServicelLocati onException

Reads the tenplate docunent URL and returns an attribute verifier
for the service type. The attribute verifier can be used for
verifying that registration attributes match the tenplate, and for
introspection on the tenplate definition
Par anmet ers:

docunent URL

A String containing the tenplate docunent’s URL. May not be the
enpty string.
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5.6.2. Interface ServicelLocationAttributeVerifier

5.6.2.1. Synopsis
public interface ServicelLocationAttributeVerifier

5.6.2.2. Description
The ServicelLocationAttributeVerifier provides access to service
tenplates. Casses inplenenting this interface parse SLP tenplate
definitions, provide information on attribute definitions for service
types, and verify whether a ServicelLocationAttribute object matches a
tenplate for a particular service type. Cients obtain
Servi celLocationAttributeVerifier objects for specific SLP service
types through the Tenpl at eRegi stry.

5.6.2.3. Instance Mt hods
public abstract ServiceType get ServiceType()
Returns the SLP service type for which this is the verifier
public abstract Local e getlLocal e()
Return the | anguage | ocale of the tenplate.
public abstract String getVersion()
Return the tenplate version nunber identifier
public abstract String get URLSynt ax()

Return the URL syntax expression for the service: URL.

public abstract String getDescription()

Kenpf & Guttman I nf or mat i onal [ Page 77]



RFC 2614 Servi ce Location API June 1999

Return the descriptive help text for the tenplate.

public abstract ServicelLocationAttributeDescriptor
get Attri buteDescriptor(String attrld)

Return the ServicelLocationAttributeDescriptor for the attribute
having the naned id. |If no such attribute exists in this tenplate,
return null. This nmethod is primarily for GUJ tools to display
attribute information. Progranmatic verification of attributes
shoul d use the verifyAttribute() nethod.

public abstract Enuneration
get Attri but eDescriptors()

Returns an Enumeration allow ng introspection on the attribute
definition in the service tenplate. The Enuneration returns

Servi ceLocati onAttributeDescriptor objects for the attributes.

This nmethod is primarily for GU tools to display attribute
information. Progranmatic verification of attributes should use the
verifyAttribute() method.

public abstract void
verifyAttribute(

Servi celLocationAttribute attribute)
throws ServicelLocati onException

Verify that the attribute matches the tenplate definition. |If the
attribute doesn’'t match, ServicelLocationException is thrown with the
error code as ServicelLocati onExcepti on. PARSE ERROR
Par anmet ers:

attribute

The ServicelLocationAttribute object to be verified.

public abstract void
verifyRegi stration(

Vector attributeVector)
throws ServicelLocati onException

Kenpf & Guttman I nf or mat i onal [ Page 78]



RFC 2614 Servi ce Location API June 1999

Verify that the Vector of ServicelLocationAttribute objects matches
the tenplate for this service type. The vector nust contain all the
required attributes, and all attributes nmust match their tenplate
definitions. |If the attributes don’t match, ServicelLocati onException
is thrown with the error code as Servi celLocati onExcepti on. PARSE ERROR
Par anmet ers:

attri but eVect or

A Vector of ServicelLocationAttribute objects for the
regi stration.
5.6.3. Interface ServiceLocationAttributeDescri ptor
5.6.3.1. Synopsis
public interface
Servi ceLocati onAttri buteDescri ptor
5.6.3.2. Description
The ServicelLocationAttributeDescriptor interface provides
introspection on a tenplate attribute definition. C asses
i npl ementing the ServicelLocati onAttributeDescriptor interface return
informati on on a particular service location attribute definition
fromthe service tenplate. This information is primarily for GU
tools. Programmatic attribute verification should be done through

the ServicelLocationAttributeVerifier.

5.6.3.3. Instance Methods
public abstract String getld()
Return a String containing the attribute s id.
public abstract String getVal ueType()
Return a String containing the fully package-qualified Java type of

the attribute. SLP types are translated into Java types as foll ows:
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STRI NG
"java.lang. String"
I NTEGER
"java.l ang. I nteger”
BOOLEAN
"java. | ang. Bool ean"
OPAQUE
"[B" (i.e. array of byte, byte[])

KEYWORD

enpty string,

public abstract String getDescription()

Return a String containing the attribute's help text.

public abstract Enumeration
get Al | owedVal ues()

Return an Enuneration of allowed values for the attribute type.
For keyword attributes returns null. For no allowed values (i.e.
unrestricted) returns an enpty Enuneration

public abstract Enumeration
get Def aul t Val ues()

Return an Enuneration of default values for the attribute type.
For keyword attributes returns null. For no allowed values (i.e.
unrestricted) returns an enpty Enumeration

public abstract bool ean
get Requi resExplicitMatch()
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Returns true if the "X'" flag is set, indicating that the attribute
shoul d be included in an any Locator.findServices() request search
filter.

public abstract bool ean getlsMiltival ued()

Returns true if the "M flag is set.

public abstract bool ean getlsOptional ()

Returns true if the "O'" flag is set.

public abstract boolean getlsLiteral ()

Returns true if the "L" flag is set.

public abstract bool ean getl| sKeyword()

Returns true if the attribute is a keyword attribute.

5.7. Inplenentation Notes
5.7.1. Refreshing Registrations

A special lifetinme constant, ServiceURL.LIFETI ME PERVANENT, is used
by clients to indicate that the URL should be automatically refreshed
until the application exits. The APl inplenentation should interpret
this flag as indicating that the URL lifetinme is

Servi ceURL. LI FETI ME_MAXI MUM and MJUST arrange for automatic refresh
to occur.

5.7.2. Parsing Alternate Transports in ServiceURL

The ServiceURL class is designed to handle nultiple transports. The
standard APl perforns no additional processing on transports other
than I P except to separate out the host identifier and the URL path.
However, inplenentations are free to subclass ServiceURL and support
addi tional nethods that provide nore detailed parsing of alternate
transport information. For |P transport, the port nunber, if any, is
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returned fromthe getPort() nethod. For non-1P transports, the
getPort () method returns NO_PORT.

5.7.3. String Attribute Val ues

In general, translation between Java types for attribute val ues and
the SLP on-the-wire string is straightforward. However, there are
two corner cases. |If the Java attribute value type is String and the
val ue of the string has an on-the-wire representation that is
inferred by SLP as an integer, the registered attribute value nay not
be what the APl client intended. A simlar problemcould result if
the Java attribute value is the string "true" or "false", in which
case the on-the-wire representation is inferred to bool ean. To
handl e these corner cases, the Java APl prepends a space onto the
string. So, for example, if the string attribute value is "123", the
Java APl transforms the value to "123 ", which will have an on-the-
wire representation that is inferred by SLP to be string. Since
appended and prepended spaces have no effect on query handling, this
procedure should cause no problemw th queries. APl clients need to
be aware, however, that the transformation is occurring.

5.7.4. Cient Side Syntax Checking

The syntax of scope nanes, service type names, naming authority
nanes, and URLs is described in [7] and [8]. The various mnethods and
classes taking String paraneters for these entities SHOULD type check
the paraneters for syntax errors on the client side, and throw an

Il egal Argunment Exception if an error occurs. |In addition, character
escapi ng SHOULD be i npl enmented before network transm ssion for
escapabl e characters in attribute ids and String values. This
reduces the nunber of error nessages transmitted. The

Servi ceLocationAttribute class provides nmethods for clients to obtain
escaped attribute id and value strings to facilitate query
constructi on.

5.7.5. Language Local e Handl i ng

The Locator and Advertiser interfaces are created with a Local e
paraneter. The |anguage |ocale with which these objects are created
is used in all SLP requests issued through the object. |If the Locale
paraneter is null, the default SLP locale is used. The default SLP

| ocale is determi ned by, first, checking the net.slp.locale System
property. If that is unset, then the default SLP locale [7] is used,
nanely "en". Note that the default SLP |ocale may not be the sanme as
the default Java | ocal e.

Kenpf & Guttman I nf or mat i onal [ Page 82]



RFC 2614 Servi ce Location API June 1999

5.7.6. Setting SLP System Properties

SLP system properties that are originally set in the configuration
file can be overridden programmatically in APl clients by sinply

i nvoki ng the System getProperties() operation to get a copy of the
system properties, nodifying or adding the SLP property in question,
then using System setProperties() to set the properties to the
nmodi fi ed Property object. Program execution continues w thout
interruption by substituting the default for the erroneous paraneter
Errors are checked when the property is used and are | ogged.

The SLP configuration file cannot be read with the
java.util.Properties file reader because there are some syntactic
differences. The SLP configuration file syntax defines a different
escape convention for non-ASCI| characters than the Java synt ax.
However, after the file has been read, the properties are stored and
retrieved fromjava.util.Properties objects.

Properties are global for a process, affecting all threads and all
Locator and Advertiser objects obtained through the

Servi ceLocati onManager. Wth the exception of the net.slp.locale,
net.slp.typeH nt, and net.slp. maxResults properties, clients should
rarely be required to override these properties, since they reflect
properties of the SLP network that are not of concern to individua
agents. |If changes are required, system adninistrators should nodify
the configuration file.

5.7.7. Multithreading

Thread-safe operation is relatively easy to achieve in Java. By

si nply maki ng each method in the classes inplenenting the Locator and
Advertiser interfaces synchronized, and by synchroni zi ng access to
any shared data structures within the class, the Locator and
Advertiser interfaces are made safe. Alternatively, finer grained
synchroni zation is also possible within the classes inplenenting
Advertiser and Locator

5.7.8. Mdul ar |Inplenentations

Wiile, at first glance, the APl may | ook rather heavywei ght, the
desi gn has been carefully arranged so that nodul ar inpl enentations
that provide only SA, only UA, or only service tenplate access
capability, or any conbination of the three, are possible.

Because the objects returned fromthe

Servi celLocat i onManager. get Locator () and

Servi ceLocati onManager. get Advertiser() operations are interfaces, and
because the objects returned through those interfaces are in the set
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of base data structures, an inplenmentation is free to onmit either UA
or SA capability by sinply returning null fromthe instance creation
operation if the classes inplenenting the mssing function cannot be
dynamically linked. APl clients are encouraged to check for such a
contingency, and to signal an exception if it occurs. Simlarly, the
Tenpl at eRegi stry concrete subclass can sinply be omitted from an

i mpl ementation that only supports UA and/or SA clients, and the

Templ at eRegi stry. get Regi stry() method can return null. In this way,
the APl inmplenentation can be tailored for the particul ar nenory
requi renents at hand.

In addition, if an inplenmentation only supports the m nimal subset of
SLP [7], the unsupported Locator and Advertiser interface operations
can throw an exception with ServicelLocati onExcepti on. NOT_| MPLEMENTED
as the error code. This supports better source portability between

| ow and hi gh nmenory pl atforns.

5.7.9. Asynchronous and Increnental Return Senantics

The Java APl contains no specific support for asynchronous operation
Increnmental return is not needed for the Advertiser because service
regi strations can be broken up into pieces when large. Asynchronous
return is also not needed because clients can always issue the
Advertiser operation in a separate thread if the calling thread can't
bl ock.

The Locator can be inplenmented either synchronously or
asynchronously. Since the return type for Locator calls is

Servi ceLocati onEnuneration, a Java APl inplenentation that supports
asynchronous semantics can inplenent ServicelLocati onEnuneration to
dole results out as they cone in, blocking when no results are
available. If the client code needs to support other processing
while the results are trickling in, the call into the enuneration to
retrieve the results can be done in a separate thread.

Unlike the C case, collation semantics for return of attributes when
an attribute request by service type is nade require that the AP
collate returned values so that only one attribute having a collation
of all returned values appear to the APl client. |In practice, this
may limt the anpbunt of asynchronous processing possible with the
findAttributes() nmethod. This requirenment is inposed because nenory
managenent is nmuch easier in Java and so inplenenting collation as
part of the APl should not be as difficult as in C, and it saves the
client fromhaving to do the collation
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5.8. Exanple
In this exanple, a printer server advertises its availability to
clients. Additionally, the server advertises a service tenplate for
use by client software in validating service requests:

/1 CGet the Advertiser and Tenpl at eRegi stry.

Advertiser adv = null;
Tenpl at eRegi stry tr = nul |l

try {

adv = Servi celLocati onManager. get Advertiser("en");

tr = Tenpl at eRegi stry. get Tenpl at eRegi stry();
} catch( ServicelLocati onException ex ) { } //Deal with error.
if( adv == null ) {

/] Serious error as printer can't be registered

[l if the inplenentation doesn't support SA
/1 functionality.

}

/1 CGet the printer’'s attributes, froma file or
/1 otherwi se. W assume that the attributes

/1 conformto the tenplate, otherw se, we

/1 could register the tenplate here and verify
/1l them

Vector attributes = getPrinterAttributes();
//Create the service: URL for the printer.
ServiceURL printerURL =

new Servi ceURL(

"service:printer:|pr://printshop/color2",
Servi ceURL. LI FETI ME_MAXI MUM) ;

try {

// Regi ster the printer.

adv.register(printerURL, attributes);
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[1lf the tenplate registry is avail able,

/1l register the printer’s tenplate.

if( tr !'=null ) {

tr.registerServiceTenpl at e(

new Servi ceType("service:printer:lpr"),
"http://shop.arv/printer/printer-Ipr.slp",
new Local e("en",""),
"1.0");

}

} catch( ServicelLocationException ex ) { } //Deal with error.

Suppose a client is |looking for color printer. The followi ng code is
used to issue a request for printer advertisenents:

Locator loc = null;
Templ ateRegi stry tr = nul | ;
try {
| oc = ServicelLocati onManager. get Locator("en");
} catch( ServicelLocati onException ex ) { } //Deal with error.
if( loc == null ) {
//Serious error as client can't be |ocated

/1 if the inplenentation doesn’t support
/1 UA functionality.

}

/W want a color printer that does CWK
/1l and prints at |east 600 dpi.

String query = " (& marker-type=CWK) (resol uti on=600))";
/] Get scopes.
Vect or scopes = ServicelLocati onManager. fi ndScopes();

Enuner ati on servi ces;

try {
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services =
| oc. fi ndServi ces(new Servi ceType("service:printer"), scopes, query);

} catch { } //Deal with error.
i f (services.hasMoreEl enents() ) {

[l Printers can now be used.
ServiceURL surl = (ServiceURL) services.next();

Socket sock = new Socket (surl.getHost, surl.getPort());

/'l Use the Socket..

6. Internationalization Considerations
6.1. service URL

The service URL itself nust be encoded using the rules set forth in
[2]. The character set encoding is limted to specific ranges within
the UTF-8 character set [3].

The attribute information associated with the service URL nust be
expressed in UTF-8. See [8] for attribute internationalization
gui del i nes

6.2. Character Set Encoding

Configuration and serialized registration files are encoded in the
UTF-8 character set [3]. This is fully conmpatible with US-ASCII
character values. C platforns that do not support UTF-8 are required
to check the top bit of input bytes to determ ne whether the incom ng
character is multibyte. If it is, the character should be dealt with
accordingly. This should require no additional inplenentation
effort, since the SLP wire protocol requires that strings are encoded
as UTF-8. C platfornms w thout UTF-8 support need to supply their own
support, if only in the formof nultibyte string handling.

At the APl level, the character encoding is specified to be Unicode
for Java and UTF-8 for C. Unicode is the default in Java. For C, the
standard US-ASCI| 8 bits per character, null terminated C strings are
a subset of the UTF-8 character set, and so work in the API. Because
the C APl is very sinple, the APl library needs to do a m ni mum of
processing on UTF-8 strings. The strings primarily just need to be
reflected into the outgoing SLP nessages, and reflected out of the
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APl fromincom ng SLP nessages
6. 3. Language Taggi ng

Al'l SLP requests and registrations are tagged to indicate in which
| anguage the strings included are encoded. This allows multiple

| anguages to be supported. It also presents the possibility that
error conditions result when a request is made in a | anguage that is
not supported. In this case, an error is only returned when there is

data avail abl e, but not obtainable in the | anguage request ed.

The dial ect portion of the Language Tag is used on 'best effort’
basis for matching strings by SLP. Dialects that match are preferred
over those which don't. Dialects that do not match will not prevent
string matching or conparisons from occurring

7. Security Considerations

Security is handled within the APl library and is not exposed to API
clients except in the formof exceptions. The

net. sl p. securityEnabl ed, property determ nes whether an SA client’s
messages are signed, but a UA client should be prepared for an

aut henti cation exception at any tinme, because it nmay contact a DA
with authenticated advertisenments.

An adversary could delete valid service advertisenents, provide false
service information and deny UAs know edge of existing services

unl ess the nmechanisnms in SLP for authenticating SLP nmessages are
used. These nechani sns al | ow DAAdverts, SAAdverts, Service URLs and
Service Attributes to be verified using digital cryptography. For
this reason, all SLP agents should be configured to use SLP SPIs.

See [7] for a description of how this nechani smworKks.
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