
By the early 1990s, IBM and
Hewlett-Packard, as well as
Canon, Hitachi, Ricoh, and
other large makers of office
equipment, had realized that

customers expanding their networks with 
new copiers and other components almost
always got bogged down.

The problem was one of compatibility.
Every time a company wanted to attach new
equipment to a network, it had to add soft-
ware to every network node that might ever
access the additions. Worse yet, the system
was highly unlikely to be homogeneous, as
the network devices, new or old, were highly
unlikely to be the products of a single man-
ufacturer. So in 1995 U.S. and Japanese com-
panies formed the Salutation Consortium to
come up with a solution.

As the consortium members saw it, the
solution had two parts: it called for a uni-
form way of labeling devices digitally with
descriptions of their capabilities, plus a sin-
gle common method of sharing that infor- 61
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SOFTWARE

Building
Networks
on the Fly

To communicate digitally, anywhere, any time,
cell phones and other devices need built-in
connectivity, or discovery, software that works 
automatically over all sorts of networks

mation. To illustrate, the need was for a
printer, say, to be equipped to describe its
capabilities to any suitably equipped
computer or other network element that
might come calling.

Fortunately, industry groups such as
the Internet Engineering Task Force
(IETF) were already working on the first
element—developing standard data for-
mats for different types of equipment.
For instance, an IETF standard, Request-
for-Comment (RFC) 1759, released in
1995, provides a standard way of describ-
ing printer capabilities. Typically, printers
can accept different sizes of paper from
different input bins, print in different
colors, sort and collate, and create print-
ing logs. RFC 1759 describes how this
information, along with printer status
(such as “in use” or “warming up”)
should be encoded and stored in a file

BY ROBERT PASCOE
Salutation Consortium
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called the Printer MIB (management
information base) table.

How to find and “interview” the
printer, though, was up to the con-
sortium. Success depended on coopera-
tion among makers of computers, print-
ers, and other office equipment, who in
many cases were also competitors. The
formation of the Salutation Consortium
overcame that obstacle, creating an open
arena in which the work done could be
freely shared by all. 

Since that time, the idea of automat-
ing the way networks are put together
has fired the information technology
industry’s imagination. The Bluetooth
Special Interest Group, formed in Feb-

ruary 1998 by Ericsson, IBM, Intel,
Nokia, and Toshiba, and the Jini organ-
ization—started in July of the same year
by Sun Microsystems Inc., Palo Alto,
Calif.—are among those that have inde-
pendently tried to create ways to set up
networks on the fly. Their initial re-
leases, which were also announced in
1998, have tackled the problem from
different perspectives. 

The Bluetooth group has worked on
defining requirements for wireless net-
works from the bottom up. Its specifi-
cation establishes a radio connection
between two devices and then covers
everything up to the point where the
connection is made and applications

can be started. 
As the specification was originally

defined, a computer equipped with a
wireless Bluetooth module for sending 
e-mail to a Bluetooth-enabled phone
must first find the phone. It sends out a
signal asking any other Bluetooth device
in the vicinity to respond, whereupon
the phone thus found and the computer
use frequency-hopping to establish a
secure means of communicating. 

That done, the devices still have to
discover each other’s capabilities. To this
end, Bluetooth defines a service discov-
ery protocol, which helps the computer
and phone set up a network on the fly.
The ad hoc network exists only as long as
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Infinite variety—that hardly exaggerates the network device

types that need to work together. All need a common means for

discovering which other network resources are available and can

provide needed services. 

For the home, manufacturers are working together on the home

audio-video interoperability network to link everything from

personal digital assistants (PDAs) to camcorders under the

user’s remote control [left]. A home network controller [not

shown] would be in charge, and wirelessly communicate with

hand-held devices that use the Bluetooth protocol. 

A home private branch exchange (PBX) or other telecom-

munications system will connect the home net to the Internet

[center], so that users will be able to communicate between

home and office [right] or cell phone when they are traveling

[lower left]. 

Establishing these connections will involve many different 

networks, such as corporate local-area networks employing Jini

software [right].

PDA TV

DVD

Camera

Stereo

Home 
PBX 
system

Internet

Network files

Network  printer

Networking Diversity

PBX= Private branch exchange

PDA= Personal digital assistant
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the computer and phone are close
enough to each other and in need of each
other’s services [see “Bluetooth’s slow
dawn,” IEEE Spectrum, November
2000, p. 61–65]. 

A computer that uses Sun Microsys-
tems’ Jini protocol enhances Java appli-
cations, enabling it also to set up an ad
hoc network with a printer, say, auto-
matically. The protocol does not specify
how the computer and the printer are
connected to the network, possibly by
Ethernet or even by a radio signal. What
it spells out are how the two devices
should negotiate a “contract” for serv-
ices, how long they should stay con-
nected, and where to find the software
needed to perform printing operations.
As part of that process, Jini includes a
discovery protocol that enables devices
to find out about each other.

Even though Jini and Bluetooth both
have a discovery protocol, the two proto-
cols are incompatible. A Jini device can-
not communicate with a phone that uses
only the Bluetooth service discovery pro-
tocol. However, Salutation, the discovery
protocol developed by the Salutation Con-
sortium, may turn out to be the bridge
between Bluetooth and Jini devices, as
well as to other platforms [see table, p.
65]. Were the devices to use the same
protocol, they would at least be able to
determine the capabilities of the other
devices in the network. What’s more,
because the same software could be used
with a Java- or Bluetooth-enabled device,
or one using some other network proto-
col, Salutation may be the most cost-effec-
tive way to develop applications for any
networked device [see figure opposite]. 

Different approaches

Real-world networking problems are the
focus of the Salutation protocol—unlike
Bluetooth, Jini, or other discovery new-
comers. The Consortium’s members
knew from experience that their cus-
tomers’ networks were not made up of a
single manufacturer’s pieces of equip-
ment all working the same way. Conse-
quently, when planning the Salutation
protocol, they ensured it would be adapt-
able to different underlying require-
ments by focusing on having it perform
a single task: service discovery.

Salutation owes its flexibility to its
architecture [see figure next page]. It is
designed so that it can sit atop any com-
munication technology, for example, a
wireless connection or an Ethernet link.
The software that manages the Saluta-
tion protocol is called the Salutation
manager. It is a service broker that acts
as a service registry, discovers what serv-
ices are on the network and whether they
are available, and manages the session.
It can be adapted to communication
technologies by software that is called a
transport manager, which sits between
the Salutation manager and the rest of
the system and comprises about
1000–3000 bytes. The complete Saluta-
tion Manager is about 125kB in the Win-
dows operating system. 

While each communication technol-
ogy requires its own transport manager,
the Salutation manager is the same
across all. Determining how the Saluta-
tion system talks to the underlying sys-

tem software to get the information it
needs is the job of the transport man-
ager. Consequently, different transport
managers can be written by, say, device
manufacturers to adapt their products
to software environments like Java or
Linux or to various protocols like IrDA,
Bluetooth, or TCP/IP. 

Many of the newer discovery proto-
cols do not have this flexibility. They
require that the systems they run in
have particular features to support
them. For instance, without a special
feature of the Java language, called
remote method invocation, the discov-
ery protocol built into the Jini protocol
cannot talk to other devices. So to use
the Jini discovery protocol, equipment
attached to the network must be able to
work with Java programs. They must
either be able to run the programs
themselves, or be attached to a control-
ling device (called a proxy) that can run
Java programs for them.

Not all the groups working on discovery protocols are as celebrated as Microsoft

and Sun Microsystems. Two of those who are spearheading efforts to develop and

bring to market their own discovery protocols as part of larger projects are well

known, but some of the other groups working in this area are less notable.

Probably most familiar is the Bluetooth Special Interest Group (SIG), which was

formed in May 1998 by Ericsson, IBM, Intel, Nokia, and Toshiba. Their goal was and is to

promote and develop specifications for a small-form-factor system, dubbed Bluetooth,

for low-cost, short-range radio links between portable devices, such as mobile PCs and

mobile phones. Today the group has over 1900 member companies.       

The Home Audio Video Interoperability (HAVi) Organization is a not-for-profit asso-

ciation formed in 1999 to promote a network architecture for home electronics. It was

founded by Grundig, Hitachi, Matsushita (Panasonic), Royal Philips Electronics, Sharp,

Sony, Thomson Multimedia, and Toshiba. 

Typical HAVi devices are digital audio and video products such as cable modems, set-

top boxes, digital and Internet-enabled TVs, and storage devices such as DVD drives for

audio and video content. As technology advances and becomes more affordable, other

kinds of HAVi devices may appear, such as videophones and Internet phones, which will

plug into home networks and should be able to communicate without the user having to

program them.

Of all the protocol players, the one that has focused on discovery protocols the

longest is the Salutation Consortium. Founded in 1995, it is also the only one concerned

solely with a network environment. More than 20 companies belong, including IBM,

Hewlett-Packard, and Xerox, as well as Japan’s Canon, Fuji, Fujitsu, Hitachi, Konica, Mat-

sushita, Mita, Mitsubishi, Murata, Oki Data, Ricoh, Seiko Epson, Sharp, and Toshiba. Their

common goal is to enable their faxes, computers, and other equipment to set up networks

and communicate over them. Salutation is the only protocol that has been in use for more

than a year. —R.P.

Who’s Who in Discovery
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Microsoft’s Universal Plug and Play
(UPnP) discovery protocol is similarly
restrictive. It employs the hypertext
transport protocol (http) used on the Web
to communicate with other devices, so
that all equipment in the network must
support that protocol. To be part of the
UPnP network, therefore, a disk drive
or printer or other device would have to
support that Web protocol. 

Building bridges

Members of the Bluetooth Special Inter-
est Group (SIG) and the Salutation Con-
sortium have paired off to synchronize
their service discovery approaches, thus
allowing software developers to write
one application that works with Blue-
tooth and existing Salutation environ-
ments—primarily in office automation
equipment. Additional blending of Salu-
tation with UPnP could be achieved by

designing a suitable transport manager.
Adapting Salutation to new commu-

nications protocols is likely to continue
because the number of ways in which
digital equipment can be networked is
growing every day. Although a new pro-
prietary way to let devices discover the
capabilities of other equipment on the
net seems to come along with each new
networking scheme, Salutation is de-
signed to be adapted to other protocols
and thus provide them with a common
way to discover device capabilities.

Registered or unregistered

Service discovery protocols obtain the
description of a device in one of two
ways. With the Bluetooth protocol, dis-
covery information is exchanged directly
between two devices. After a connection
is established, the devices exchange
information about their capabilities

using the Bluetooth service discovery
protocol (SDP). Universal Plug and Play
operates in essentially the same way. 

Jini handles the discovery process dif-
ferently. When a computer first connects
to a network, it looks for a server that has
been set up as a registry, a so-called look-
up server. (A look-up server can be cre-
ated by adding software to an existing
server—which also performs other func-
tions.) The computer registers with the
server, giving its capabilities. When it
needs the services of another device,
such as a printer or fax, it goes to the
server to see what printers and faxes 
are registered. 

In the case of both Jini and Bluetooth,
the information a device needs to know—
what devices are available on the network
and what those devices are capable of—is
the same. But in the case of Bluetooth,
the device gets the information directly

SM-API

Server
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TM 

SM-API

Cell phone

SM

TM 

Salutation application interface (SM-API)

Salutation manager (SM)

Laptop
Desktop

computer Server

Transport
manager (TM)

Transport layer

Salutation protocol

Transport layer

Salutation protocol

(TM)

The server [left] uses the Salutation discovery protocol to ask

other devices on its network about their capabilities. The inquiry

passes from the Salutation manager to a transport manager,

which prepares the inquiry to run over the transport protocol

used by the network. It makes its way over the network to, for

example, the device-server combination [center], which supplies

the information, and also learns about the server. The device-

server combination is also connected to a different device by a

second network running a different transport protocol [right].

The center combination needs two transport managers, one for

each network protocol, but only one Salutation protocol.

The Salutation application interface allows software pro-

grams, such as e-mail or word processing applications, to inter-

act with the Salutation protocol. 

Making the Connections 
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from the equipment it wants to tie up
with, while in the case of Jini a device
must go to a special server to get it. The
Salutation discovery protocol works either
way, and so can be used with either direc-
tory-centric or peer-to-peer schemes. 

Looking again at Jini, this protocol
provides a method for locating and load-
ing special Java code called a proxy ob-
ject. The proxy object is provided by the

discovered device. Because it is written in
Java, it is designed to be written once and
run on any Java engine, allowing any Java
application to access and use the discov-
ered device. But the value is limited to a
closed Java environment. In reality, the
pervasive networks will not be solely Java.
Salutation can locate a Java proxy object,
as well as other access-enablers and device
drivers written for environments such as
Palm or Pocket PC.

Freedom of choice

The fact that the Salutation manager is
the same across all network protocols is
a boon for software developers. They
can write their applications to work with 

the Salutation manager’s application-
programming interface (API). These
applications do not have to be rewritten
whenever they are used with a new com-
munication technology such as Blue-
tooth or the Home Audio Visual Inter-
operability (HAVi) protocol. 

What’s more, the tools for developing
and testing Salutation software are read-
ily available today—and they are free.

They can be downloaded at no cost from
the Salutation Consortium Web site, at
http://www.salutation.org. In addition,
the source code for Salutation is open
for inspection by all, so it can be
improved through the work of all inter-
ested parties. This makes the software
more rugged and reliable.

Not surprisingly, it is the office equip-
ment manufacturers who have been the
first to leap on the Salutation bandwagon.
In Japan, Ricoh, Canon, Kyocera Mita,
and Murata, among others, have added
the Salutation protocol to their products. 

Consortium-member IBM has also
thrown its weight behind the Salutation
protocol through NuOffice, a software

product from its subsidiary, Lotus De-
velopment Corp. NuOffice manages the
integration of fax machines, scanners,
printers, copiers, and multifunction
office equipment into a single network,
thus turning these ordinary pieces of
office equipment into information
access terminals.

As for the ease of porting Salutation
to communications protocols, the Con-
sortium and the Bluetooth SIG demon-
strated that last year. In a matter of
months they worked out a Bluetooth
specification for incorporating Saluta-
tion in Bluetooth systems. 

The specification allows Bluetooth
designers to implement Salutation in
two ways—either by substituting the
Salutation manager for the Bluetooth
service discovery protocol software, or
else by adding an API translator to each
device, in order to map Salutation in-
structions to Bluetooth code. Salutation
continues to work with the Bluetooth
SIG to achieve official recognition as a
Bluetooth protocol.

The hope is that others beside Blue-
tooth will adopt the Salutation discov-
ery protocol. The consortium is cur-
rently in discussions with the Video
Engineering Standards Association
(VESA) and the UPnP Forum, and is
open to working with any other groups
that are developing new approaches to
network communications. •

Richard Comerford, Editor

Enabling equipment from different
manufacturers to communicate
is the focus of the Salutation protocol

How Discovery Protocols Stack Up

Protocol Salutation
SLP (Service 

Location Protocol) Jini Bluetooth
UPnP (Universal 
Plug and Play)

HAVi 
(Home Audio Video 

Interoperability)

Controlling
organization 

Salutation
Consortium

Internet
Engineering Task

Force (IETF)

Sun 
Microsystems 

Inc.

Bluetooth Special
Interest Group

(SIG)

Microsoft Corp. HAVi Organization

Year announced 1995 1997 1998 1998 1999                         1999

Status Released/in use In development Initial release             Initial release In development         In development

Intended application General Internet General Wireless
telecommunications

Personal computing,
small and 

home office

Home entertain-
ment systems

Specification Open Open Company controlled Bluetooth SIG
members only 

Company controlled HAVi members
only

Hardware and/or 
software requirements None IP 

Java, Java 
virtual machine

Bluetooth 
environment IP, http, XML IEEE 1394 

Security-model 
independent? 

Yes No No No Yes N.A. 

XML = extended markup language;    http = hypertext transport protocol;    IP = Internet protocol        N.A. =  not available


