Abslract
The core Tnternet technologics were in the hands of the research community 10 or more years before the World Wide Web happened and popu-
larized the Tnternet as a place (o (ind information, aceess service, and trade. The Infrared Data Association has been in existence for over six
years. Products ecmbedding the communication lechnology TrDA defines have been acound for over five years, stacling with printers and portable
PCs. IeDA s cheap to embed, uses unrepulated spectrum, and is mercasingly pervasive in a wide tange ol devices. Fronn its rools in portable PCs
and printers, I'DA technology is present in virtually all new PDAs, it is emerging in mobile phones, pagers, digital eameras, and image capture
devices. We are sitling on the cusp of the information apphance age, and IrDA i playing a signilicant role in enabling the imieraction between
information appliances, between information applisnces and the information infrastructure, and between appliances communicating across the
information infrastructure, This article discusses [lDA’s communications moedel. It charts the evolution of the IrDA-Data (1.x) platform architee-
ture, and the carly applications and application scrvices now in common use. It considers the present day and (the explosion in device ealegorics
embedding the IrlDA platforn. 1t broadens its horizons 1o consider other smerging appliances lechnologics and Lo consider communicaltions
maodels that might arise from a blend of IrDA short-range wircless commuuications and mobile abject technologies, Vinally, it brieflly considers
[uture divections for the TeldA pladform itsell,

IrDA: Past Present and Future

STUuART WILLIAMS, HP LABORATORIES

(IrDAY)Y was formed in Junce 1993 and has worked steadily to
cstablish specifications for a low-cost, interoperable, and casy-
to-usce wircless communications technology. Today, the
infrared data communication technologies defined by the
IrDA ship in over 40 million new devices cach year ranging
from personal computers, porsonal digital assistants (PDAs),
digital cameras, mobile phones, pagers, portable information
gathcring appliances, and printers.

It is a remarkable achicvement for a new communications
technology Lo cstablish such widespread deployment in such a
wide range ol devices in such a relatively short time. 'The core
Internet platform technologics existed for a full 10 years prior
to the explosive growth brought about by the introduction of
the Web.

IrDACis a communication technology for the appliance era,
This is an era that, while not excluding the PC, liberates
devices that have long been viewed as peripherals, 1t enables
them to engage in usctul interactions with cach other without
having to mediate their communications through some com-
mon control point,

ind users have remarkably high cxpectations of wircless
communications. In the wired world there is general aceep-
tance of the mechanical constraints imposced by the various
plugs and sockets that, at least in part, avoid mismaiched con-
nections. There is acceptance of the cognitive load required o
sort oul the connectivity and clutter of cabling at the rear of a
hi-Ii setup or the back of a PC. Ilowever, in the wircless
world, there is an expectation that communications and con-
neetivity will just work, and work simply. In the wired world
short-range conncctivity between devices is established by
cxplicit actions on the part of the end user. In the wircless
world there is an cxpeetation that connccetivity between
devices will be established as required without cxplicit inter-
vention by the end user. The expectation is that if the vscr
altempts to print, the “system” will seck out and cstablish
connectivity 1o a nearby printer.

The author regularly finds it remarkable that he can use
the same infrared port to:
= Simply “squirt” files beiween devices

= Couneel to the local AN

* Dial in from a portable PC or PDA via an IrDA-cnabled
cell phone

¢ Print to an lr1YA-cnabled printer

All of this is achicved withoul reconliguring between actions

and in most cases mercly by placing the appropriate devices in

proximily to one another.

The work ol IrDA has sought Lo go lar beyond mere cahle
replacement, and provide a commuonications platform and
application services fit for the cra of information appliances
and which cxcel in the arca of case of use.

A Brief History of IrDA-Dala

The IrDA was formed in Juac 1993 to develop an interopera-
ble, low-cost and casy-to-use, short-range, infrarcd, wircless
communications technology. The inaugural mecting was
attended by 70+ companics which recognized the consider-
able value of defining a single family of specilications for the
communication of data over infrared,

Prior to June 1993, a number of noninteroperable single-
vendor proprictary schemes tor infrared data communications
cxisted. There was considerable risk that the marketplace for
short-range wircless infrarcd communications would (ragment
around a number ol proprictary schemes, all ol which would
individually fail 1o achicve critical mass. [or sysiem and periph-
cral vendors cager to deploy short-range wircless solutions in
their iuformation appliances, the absence of a dominant, com-
mon conncetivity technology represented a void, Without a
dominant technology, the risk of choosing the wrong propri-
etary technology was significant, Thus, there was considerable
shared interest in the generation of common specifications, and
this set the tone for the carly years of the IeDA.

The original requirements can be summarized as:
¢ Marginal cost to add infrarcd to a product , under $3
e Data rates of up to 115 kb/s
* Range [rom contact (0 m) through at least T m
= Angular coverage delined by a 15-30 degree half-angle cone

By the end of September, IrDA had sclected one of 3 pro-
posed approaches for defining its physical layer | 1] delined by
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inally the union of two overlapping

1 m cones, each with a 15-30
degree half-angle,
[t soon became apparent that

the definition of 1rLAP would not

Application and communication services
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be sufficient to meet ItDA’s case-
of-use poals. Certainly, Trl.AP
would provide a reliable connec-
tion- oriented communication ser-
vice betwecen two devices, but it
provided noe means to identify

prospective clicats of the TrLAP
communication scrvices, The year
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PSRN S 1993 was a “hot” period with the

emergence of numerous PDAs,

IrLMP LM-IAS
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Platform
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Irl.MP LM-MUX services
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notcbook, and sub-notebook PCs. It
was apparent that a model which
lurned over the infrared communi-
calion facilitics to a single applica-
tion would be inadequate. The
emerging multithreaded consumer
computing platforms required a
multiplexing communications model
that enabled scveral applications to
share access to the infrared conumu-

Physical

n .Fi.gl-l.l‘c 1. The IrDA protocol archifecttire.

Hewlett-Packard. All three approaches assumed the presence
of a UAR that could be used to modulale the infrared trans-
missions. The silicon cost of UART devices was well under-
stood, and in many cases the system design of many products
included redundant UARTS; thus, the marginal cost of adding
IrDA could amount to just the components of the infrared
transceiver.

So far, these requirements have little to say about the Tune-
tional model of communication. There was an implicil require-
ment that the infrared medium serve as a cable replacecment,
but, as we shall see later, the question of which cable
remained. :

The natural abstraction of a half-duplex, asynchronous
character-oriented transmission was too poor an abstraction
for building interactions that were sell-organizing and casy (o
usc. In addition, there were frequent discossions of how to
select data rate, how media aceess control was to function,
and how, in the context of a 115 khb/s link, reasonably cefficient
use could be made of the available bandwidth.

By November 1993 ItDDA had settled on a token-passing
approach, ariginatcd by TBM [2] and derived from high-
level data link control (HDLC) [3] operating in normal
response mode (NRM), As with other proposals, this was a
packetized scheme, Howevet, in contrast to contention-
bascd schemes that were also considered, the HDLC-SIR
(later renamed Infrared Link Access Protocol, IrLADP |3])
approach yiclded contention-free aceess to the medium
once initial communication had been established. Ir[LAP
defines a fixed-rate slotted contention-mode device discov-
cry scheme that enables initial cantact to be established.
Critical communieation parameters such as connection data
rate, maximum packet sizes, and certain minimum and max-
imum gap timings arc negotiated during conncction cstab-
lishment. Following IrLAD conacction establishment, the
two devices engapged in communication are deemed to
“own” the spatial region which they both illuminate — nom-

hications resources within a device.
[ this way, multiple applications
could passively listen for appropri-
ate peer application entitics (o con-
nect. Thus, in December 1993 the
activity to define the Infraved Link
Management Protocol (IrLMP) [3] was born.

IrLMDI provides a conunection-oricnted multiplexer, LM-
MUX, and a lookup scrvice, LM-IAS, that enables multiple
IrLMY clients to claim a “port” above the multiplexer and
advertise their availability by placing critical contact infor-
mation into the lookup service, The namespace for the
lookup service is designed to be self-administering in order
to avoid the burcancracy of maintaining administrative
records about namespace registrations and to ensure “fair
access” to make use of the namespace.

By Junc 1994, just 12 months after the inaugural [rDA
meeting, version 1.0 of the core TrDA platform specifications,
IrPHY, IrLAP, and T MP, was rcleascd [4-6].

Work continucd to deline a per-conncction flow control
scheme to operate within IlLMP connections. When multi-
plexing above a reliable connection, unless there is @ means of
independent flow control for cach derived channel, the deliv-
cry property of the derived channel is reduced to “best-
cffort.” Per-channel flow control restores a “reliable” delivery
property. This work led to the definition of the Tiny Trans-
port Protocol (Tiny TP ot ‘1°1P) [71.

TrPHY, IrLAP, TrT.MP, and TinyTP arc the currently
accopted specifications that define the core of the ItDA plat-
form, often veferred to as the IrDA-Data or 1.x platform.
The platforin has been extended three times to accommo-
date:

+ The addition of 1,152 Mb/s and 4 MUb/s data rates

* The inclusion ol a short-range, low-power option primarily
for usc in devices such as mobile phones where battery life
is paramount

« The addition of a 16 Mb/s data rate

Il was not enough merely to define a comimunications plat-
form, In order to promote interoperability between applica-
tions, it was cssential to develop specifications for the
application services and the application protocols that support
them. Hence, work has also progressed to define application
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protocols and services that reside above lﬁmmg:( service
the IrDA 1.x platform, most notably: ¥
* IrCOMM |8], which provides for serial

and parallcl port emulation over the

LSAP connection

LSAFP connection  Conneclionless XID discovery
! AP !

endpaints endpoints sarvice access point
e e @& e e’ & e T
\ ; | .
\ .
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et LISAP e LA

IrLAP connection
endpaints

(DA platform. This allows legacy com-
munications applications to opcrate
unchanged over A and also provides
for wircless access to external modems.

IrLAP service
boundary

The most novel example of the latter is |
NTTs deployment of IrDA-cnabled
integrated services digital network
(ISDN) payphones.

* IrLAN [9], which provides wircless access to TIEL 802 style
LANS.

« TrOBEX | 10], which provides for the exchange of simple

data objects and could be considered the IrDA analog of

IITTP. KOBEX delivers on the notion of “squirting”™ infor-

mation objeets such as business cards, phone lists, calendar

entrics, and binary files between devices.

IFITRAN-I* [11]: which provides for (he exchange of images

between digital still image cameras, photo printers, and PCs.

» IrMC [12], which defines a profile of relevant IrDA specili-
cations for inclusion in cell phoues. Much of this work is
being leveraged by the Bluctooth community, ItMC pro-
vides for vendor independent interactions with common cell
phone featurcs such as phone list synchronization, calendar
synchronization, and wircless modem access. Tt also pro-
vides for third-generation smart phones.

o IrJetSend [13, 14]: which describes how to bind Llewlett-
Packars JetSend protocol for neiworked appliance interac-
tion to the IrDA platform.

Figure | below summarizes the TeDA-Data platform and
application services defined to date.

The discussion so far has focused on the history of the
standards development process. Table 1 below shows key
milestones in ierms ol the introduction of classes ol products
implementing various mixes of applications services.

De\..;ice 'Category

Approximate
-Introduction Date

M Figure 2. Service qceess poinisand connection endpoints.

B

&
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IrDA 1.x Platform Architecture

In this section we describe the layered protocol architecture of
the TrMA-Data 1.x platform, the services provided at its layer
boundaries, its connection model, and the information model
and philosophy ol its device and service discovery processes.

Figure 1 shows the layering of the IrDA protocol architeeture
and many of the application scrvices mentioned in the previous
seetion. "The upper boundary of cach of the boxes represents an
interface where the services of that layer are abstracted.

The segmented physical layer provides packet transmission
and roception service for individual packets, and the means to
determine when the infrared medium is busy.

The TrLAY layer provides for the discovery of devices with-
in range and the establishment of reliable connections
belween devices.

The Trl MY layer provides connection-oriented multiplexing
services with both sequenced and unsequenced delivery prop-
criics (LM-MUX scrvices) and the service information access
scrvice (LM-TAS). I.LM-MUX provides for multiple logically
indepeadent channels between application entitics within the
communicating devices. Note that the absence of per-channcl
[low control in LM-MUX channels means that they muy only
safely be regarded as best-cffort delivery chanunels.

Tiny 'I'P mirrors the [.M-MUX scrvices; however, it aug-
ments them with the inclusion of per-conncction
tlow control. This restores the reliable delivery
properties for sequenced data, Tiny TP provides
a null pass-through for unsequenced data whose
delivery properties remain best-clTort,

LM-TAS provides qaery/response services on

an information base that contains essential con-
tact information that cnables prospective service
users (clients) to identify and hind to scrvice pro-
viders {scrvers).,

These four protocol Tayers, [FPHY, TrLAD,
IrLMP, and Tiny ‘TP, form the core of the IrDA
platlorm.

IrDA Connection Model

The IrDA 1.% connection mode! is established
primarily by the I'DLAP and IrT.MP layers. There
is a 1:1 correspondence between IrT.MP [.M-
MUX service access points (LSAPs) and Tiny 'I'P
service access points (TSAPs). Thus, the Tiny TP
layer does not contribute to the connection

madel, it merely alters the delivery propertics of
the channel from best-ctfort to reliable.

Within cach IrDA device (or station) (Fig. 2),
IrLLAP scrvices are accessed via a single Irl.ADP
service aceess point (ISA1). The architecture

allows multiple TrLAP connection endpoints to
cxist within the ISADP; however, in practice the
IrLAY protocol defines only single point-to-point
conncetivity. There are no known research or
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commercial TrDA stacks that support point-to-multipoini
connectivity, [Towever, one commercially available implemen-
tation supports multiple IrkLAP interfaces and gives the
impression of multipoint operation through multiple indepen-
dent instances of IFlLAT and IrPHY.

Likewise, IrL.MP LM-MUX scrvices arc accessible via mul-
tiple LSAPs, Typically, an application cntity will bind to an
1.SAP and, in gencral, will support multiple 'LMP LM-MUX
connections (or ‘Tiny TP connections). Thus, cach LSAI' may
contain multiple LM-MUX conncction endpoints. [LSAP
addresses are formed by the concatenation of an 8-bil TSAVP
sclector and the deviee address of the device where the LSAP
resides.

Higurc 3 illustrates the IrDA 1.x connection model in the
case of point-to-multipoint connectivity.

[rLAP connections arc labeled by the (urordered) pair of
32-bit device addresses of the devices involved in the connee-
tion. licllowing connection establishment, a temporary 7-bit
connection address is usced in the packets as an alias for this
concatenated device address.

Likewise, I'LMP [ M-MUX conneetions arc labeled by the
(unordered) pair of TSATP addresses at cach end of the TM-
MUX conncction. A corollary of this is that at most only a
single LM-MUX conncetion may be cstablished between any
two LSAPs,

This connection model is identical to that offered by
TCP/TP where, semantically, IP addresses may be substituied
for [rDA device addresses and TCP/IP porl numbets are sub-
stituted for TeL.MP LSAP sclectors.

Device and Service Discovery

IrLAP provides a basic device discovery mechanism, Func-

tionally, the result of invoking the IrlLAP discovery process is

a list of records that encode:

* Device Address: A 32-bit semi-permanent device identificr
of the discovered device.

= Nickname: A short multilingual name for the discovered
device that may be presented in user interfaces (o aid in
scleetion,

* Hints: A bit mask giving nonauthoritative hints as to the
services that may be available on the discovered device.

'
pamrmamne
\

+ LSAP-SEL=|

y LM-MUX
¥ layer '

[
’

ISAP-SEL=
LM-MUX

This may be used to order “decper” queries into the IAS (o
authoritatively establish the presence or abscence of a partic-
ular service.

The device discovery process is further abstracted through
Irl.MP by defining procedures for the resolution of conflicting
device addresses, and “hiding” such issucs from the LM-MUX
usct.

Device discovery enables entitics within one device to
cstablish the presence of other devices. However, for a system
1o be largely antoconfiguring and to operate with minimum
unnceessary intervention from the end uscr, it is essential that
application entitics within one device be capable of identilying
and cstablishing contact with peer entitics. These peer entitics
sharc a common interface (or application protocol) that
cnables them to interact. Contrast this with the situation
where an end user is faced with the problem of ensuring that
the right applications arc bound to the right scrial ports, or
that the correet serial ports are connected together and the
appropriatc pin-pin mappings have been installed in the cable
depending on whether the conneetion is IYTE-DCE or 13771:-
IXI'E and en particular idiosyncrasies in the device’s serial
porl implementation,

LM-TAS defines:

* A sct of operations that an IAS client may invoke on an

IAS server
+ 'The behavior of an IAS server
+ Aninformation model for representing the application ser-

vices accessible at a given device

Starting with the infermation model, cach application ser-
vice is represented by a named TAS object class. The name of
the object class reflects the name of the service and may be
up to 60 octets in length, A hicrarchical naming convention is
used to avoid name space clashes and to minimize the admin-
istrative burden on the TrDA office. Tt also in effeet provides
open and cquitable aceess to the class namespace. Thus, class-
names that start “TrDA:” are defined by IrDA, while class-
names that start “Hewlett-Packard:” are defined by the
Hewlett-Packard Company, and so forth.

An object class acts as a container for a list of
attribute/value pairs. Attributes are named, and in general the
attribute namespace is scoped by the cuclosing class. Howev-

14
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cr, by convention some attributes arc of such global utility’
that they are deemed (o have the same semantics in all scopes.
Such attribules carry hicrarchically structured names that tol-
low the same syntactic conventions as the TAS classname.
Thus, IrDA:IFLMP:LsapSel and IrDATiny I'P:]LsapScel are the
names of globally scoped attributes that carey the LSAP selee-
tor portion of the address of the entity represcated by an
instance of the object. rDA:IrL.MP:[nstanceName is a global-
ly scoped attribute used to carry a distinguishing name that
may be used in user interfaces to aid in scleetion when multi-
ple instances of a given scrvice are found on a single device.

There are three attribute value types:

e Integer: A 32-bit signed integer.

* User strings: Intended for presentation via a user interfacce;
up ta 255 octets in length with multilingual support.

= Octet sequence: An opaque scquence of up to 1024 octets
of information, The attribute may imposc further structure
on the contents of the sequence. This is a good way to clus-
ter a body of information under one attribute.

LMY delines a number of operations for traversing and
retricving information from an TAS information base; howey-
er, only the GetValueByClass operation is mandatory, A pos-
sible C function prototype for the clicnt operation would be:

AttributevValuclist

GelvaluelyClass (ClassName class,

AtlributeName albribute) ;
where the result type, AuributeList, encapsulates a possibly
emply list of object instance ids and attribute values from
objects that mateh given object and attribute names, Thus, a
single invocation may resull in responses Tor multiple object
instances, and further attributes, such as instance names, may
need to be sought in order for an appropriate choice to be
madc.

The IrDA platform provides a space for the definition of
new applications and application services above the platform,
In defining new services it places three obligations on the ser-
vice designer:

* The definition of an 1AS objecet class

+ ‘T'he definition of a hints mask that indicates the styong like-
lihood that an instauce of that service cxists on the discov-
cred device

e The delinition of the semantics of the application level
interaction and the communication stack profile(s) that
provides the channel for the interaction

IrDA-Data, 1x Platform Summary
Before moving on to cousider some of the application services
defined above the IrDA platform, a briel recap of whal we
have described so far is whorthwhile.

The IeDA platform provides a connection model identical to
that provided by T'CP/IP. The semantics of the Tiny TP trans-
port seyvice are sufficiently close to those of TCP that in practi-
cal implementations they can be provided through an application
propramming interface (AP based on Berkeley sockets.

Naming and addressing in IeDA differs from TCP/LP nam-
ing and addressing. Device addresses are flat and dynamically
assigned. While deviee addresses change infrequently, auto-
mated processes da foree change when conflicts arise. Both
the names and addresses of devices are explicitly discovered.
Neither are assumed to be known a priori. Services in the
DA cuvironment are named uging TAS classnames. These
names arc dynamically mapped to Irl.MP 1.SAPs and/or Tiny
TP TSAPs through LAS querics, This dynamic mapping
reduces the administrative burden imposed on the IrDDA
olfice. With the limited 7-bit “port™ address space ol the [.M-
MUX, it also removes the problem of arganizations making
unfair claims on address space real estafe,

Device discovery and LM-IAS provide the pivotal case-of-
use features in the platform that enable applieation entitics Lo
locate and establish contact with peer entities whicl support a
given interaction protocol (i.c., the semantics ol the message
sct exchanged between application entitics via the channcl
cstablished through the IrDA platform).

Advanced Infrared

The IrDA-Data 1.x architectore has some obvious limitations.

First, although the architecture can accommodate a point-
to-multipoint mode of operation, the IrLAP specilication has
never been extended te deline the protocol machinery to
cnable that functionality. From an end-uscr point of view it is
also questionable whether such extension of the 1.x platform is
cven desirable, Viewed as a single point-to-point link, the
behavior of an I'LAT connection is largely symmetric, and the
dilfervences in behavior between an LA primary station and
an el AP secondary station arc larpely moot. HTowever, the
introduction of point-to-multipoint operation would signifi-
cantly disturb this symmetry in ways that would hecome incon-
venicnt [or the end user. Consider a portable computer that
needs to aceess both a TLAN aceess point and a desktop print-
cr. [t would be natural for the portable computer to become
the IeLAP primary and establish Irl AP connections with the
LAN access point and the printer, cach of which acts as an
IrLAP sceondary station. However, it is also reasonable that
the 1LAN access point (or the printer for that matter) is capa-
ble aof “serving” mwltiple “clients,” bat in order Tor it to do that
it would itself have to take on the T'LAP primary role. If the
conneciion to the LAN access point were established first and
the access point were to ceuse the primary role (possibly
through role reversal), the portable computer would be unable
Lo establish a second ITLAP connection to the printer, 1f the
portable compulter retained the primary role, it could establish
that second connection, but the LLAN access point (and the
printer) would be prevented (rom establishing conncctions teo
other potential “clients.” What the user could achicve would
not only depend on the set of concurrent interactions they
were atlempting Lo initiate, but also on the order in which
those interactions were initiated, This would Tead to inconsis-
tent behavior which would become [rustrating for end users,
Thus, ITIIA so far has chosen not to expand the IrLAP delini-
fion to encomipass point-to-mullipoint operation.

Second, within some given field of view, the establishment
of an IrLAP conncction between a single pair of devices
inhibits the establishment of connections between other inde-
pendent devices whosce fields of view interscet that of the
cstablished connection, Thus, use of the medium becomes
dedicated to a single pair of devices. An important subclass of
general multipoint commuonication in a shared medium is to
cnable multiple independent pairs of devices to establish inde-
pendent communication relationghips. 1 two devices arce in
view of cach other, it is reasonable that they should be able to
establish communications and share aceess to the medium
with other users of the space.

Thus, members of the ItDA community sought Lo cxtend
the IrDA-Data architecture to enable true multipoint connee-
tivity while at the same time preserving the investment in
upper layer applications and services by ensuring that the
semantics of the serviee definitions at the upper layers of the
platform arc maintained,

It is important to he aware of a few differences between
the goals of the IrDA community and the goals of those
defining wircless LLAN specifications. The 113131 802 medium
access control (MAC) service defines a best-clfort ordered
delivery service with ai most once delivery semantics, It also
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assumes a transitive communications relationship. At the
MAC layer:

II' A can communicate with B

AND B can communicate with C

THEN A can communicate with C.
In the world of short-range infrared wircless communication
this is not the case. It may cven be the case that the communi-
cation relationship is asymmetric: A may be “heard” by B, but
B cannot be “heard” by A. With the wircd LAN medium the
notion of “belonging” to a particular LAN segment is strongly
associated with a physical attachment to that segment. Arrivals
and departurcs, infrequent in most wired cases, can be noted
by both the arriving/departing node, and potentialty the wired
infrastructure and the other deviees attached to that infra-
structure, In the wircless case, the bounds of a given LAN
scgment are less well defined, and arrival and departure arc
nmch more the norm.

Thus, the primary geals in extending Irl>A-Data’s connee-
tion model were:
To enable devices in view of one another to establish com-
munication relationships uninhibited by the conncetion
state of nearby devices.
To cnable an advanced infrared (AIR) device to cstablish
communications with at most one IrDA L.x deviee, This
enables ATR devices to interoperate with legacy 1.x devices
in a way that is well undersiood by users of legacy 1.x
devices,
For ALR devices to respect established IrDA 1.x connce-
tions with which they could interfere. This is a cocxistence
requirement intended to cnsure that ATR devices do not
distupt active IrDA 1.x connections
From an architectural point of view it is relatively simple to
introduce multi-access communication. It requires that I'LAP
be partitioned into a MAC layer (IrMAC) [14] and a link con-
trol layer (Irl.C) [16]. In tact, as illustrated in Fig. 4, the AIR

sion avoidance (CSMA/CA) MAC pro-
tocol. Such MAC protocols rely on the
exchange of Request-'T'o-Send, Clear-to-
\ Send MAC protocol data units {PDUSs).

For such a mechanism to funaction prop-
crly, it is important that the reservation
MAC PDUs be decoded, not anly by
devices capable of engaging in commu-
nications, but also by devices capable of
interfering with communications. Tn some radio frequency
(I systems using this style of MAC protocol, the range of
the reservation messapges is extended by boosting the trans-
niission power for the related MAC PDUs. ATR makes use
of a variable rate (VR) coding technique known as repetition
eoding to robustly code the headers of all ATR MAC PDUs,
The use of this technique was pionecred by [BM Rescarch
in Zurich [18], and fuil details arc given in the ATR physical
Tayer specification [19]. Repetition coding trades signal-to-
noise ratio (SNR) (range) for transmission rate by repeti-
tion of physical layer symbols. Repetition decoders
“average” the repeated symbols received prior to making a
decision on what symbol was encoded. In theory, suceessive
halving of the data rate by suceessively doubling the number
of symbol repetitions yiclds approximatcly a 19 percent
range increase al cach reduction step. Cumulatively, the
cffeet of a 16-fold rate reduction (four doubtings of the rep-
ctition rate) yviclds a doubling of the cffective tange of
transmission. Key ficlds of the AIR TrMAC [17] PDUs arce
caded with 16x repetition.

This VR physical layer delivers (wo benefits. Tirst, it pro-
vides a means of robustly coding the media reservation mes-
sages defined by the CSMA/CA burst reservation MAC
protocol defined in the ITMAC specification so that they
reach more potential sources ol interference.

Second, by actively monitoring 1he symbol error rates at an
ATR decoder, it is possible it estimate the SNR for the chan-
nel between the source and sink of a packet. This SNR esti-
mate can then be uscd to compute a rate recommendation
that can be fed back to the sending station in order to main-
tain a good-quality channcl. ATR’s base rate is 4 Mb/s, redue-
ing through sueccessive halving ol data rates to 256 kb/s to
yicld a doubling of range. AIR prototypes have been demon-
strated that have a 4 Mb/s range of 5 m doubling to 10 m at
256 Kbfs. :
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The AIR Connection Model

Figurce 5 illustrates the extended AIR connection model
regarding the IrLAP, IrlL.C, and IrT.M entitics within a station
as single protocol entity, with a single service access point
(ISAT), capable of supporting multiple connection endpoints,
T.SAP addresses, as before, are tormed by the concatenation of
an WLAP/IrLC device address and an I'LMP LM-MUX LSAP
sclector, IrLMP LM-MUX connectlions, as before, ave labeled
by pairing the LSAP addresses from cach end of the T.M-
MUX connection. As before, there is a 1:1 correspondence
between 'Tiny TP connections and 1.M-MUX conncctions.

IrDA Legacy
Communications Services

Scrial port emulation and LAN access were regarded as two
forms of cabled conneetion that IrDA could replace. While
serial port communication is aceeptable at link rates of up to
115.2 kby/s, LAN access provided one of the primary motiva-
tions to push the data rate o 4 Mb/s and beyond.

IrCOMM
There were two key motivator behind the deflinition of
IrfCOMM |[8].

First, there was the perecived need 1o provide a serial
cable replacement for legacy applications. Thus, traditional
communications applications, such as Kermit, could be used
over an emulated serial port connection. At first glance this
may appear a little odd. However, the IR medium, at least as
used by the I'DA, is a half-duplex medium. Data can only
(low in a single direction at a time. The IrDA platform impos-
cs a media access discipline that shiclds platform clients from
the need to be aware of the limitations of the medium and
abstracts multiple duplex channels. Tn addition, many commu-
nications applications make use af flow control and modem
control lines, There is a need to communicate the “virtual”

LSAP-SEL=R
LM-MUX clients_

statc ol these signals in addition to the character data
cxchanged between devices.

Second, there was a need in the telecommunications com-
munity to enable infrared access Lo the telephony network.

1rCOMM provides for both DTE-DTE (null modem) com-
munications and D'ULE-DCE communications. In addition,
unlike in the wired equivalent of these scenarios, the end user
is completely unaware of the difference.

TrCOMM is typically implemented as a serial port driver
which, rather than interacting with real serial port hardware,
implements the FTCOMM protocol o interact with a peer
IrCOMM entity to transfer data between iheir respective
clients.

TrCOMM supports 3- and 9-wire modes of operation. The
Y-wire case includes modem control lines. The relative timing
of modem control line state changes can be maintained to the
level of the boundarics between characters.

Applications running over lCOMM do not benelit from
all the casc-ol-use leaturcs the [rDA platform provides. This
occurs because of the very nature of serial communications..

The open/elose operations in most serial APIs are about
local resource allocation, typically a local serial port resource,
They are not about {physical) connection establishment.
Indeed, it beecomes obvious after a few moments that serial
APlls cannot be expeeted Lo provide for physical connection
cstablishmenl. That is something that the user does.., with a
cable! Therelore, there is no way at the serial port APT Ievel
lor an application to express anything through the AP about
the nature or identity of the remote peer with which it wishes
to establish communication.

In the same way as it is possible for an application to open
a real serial port when there is no cable plugged into it, it is
possible for an application to open an [rCOMM virtaal scrial
port when there is no deviee in the vicinity with which to com-
municate. Onee opened, an lrCOMM virtual serial port will
actively seck out peer entitics with which to communicate,
Typically, instances of TrtCOMM will renew cfforts to find a
pecer as applications continue to “pump™ data into the “virtu-
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al” serial port. The presence of bulfered data may stimuiate
periodic discovery processes. Semantically, data pumped into
a discomnected scrial port can be lost,

As wilh real serial ports, the end user needs to explicitly
control which applications arc bound to the virtual scrial port.
1t is possible for a given device to support multiple virtual
scrial ports. Howcever, a device encountering another device
with multiple virtual serial ports is faced with a problem. This
problem is similar to that of encountering a device with multi-
ple real serial ports where the labeling next to the serial ports
has been rubbed out, and where the mapping between operal-
ing-system-specific logical deviee names (/dev/tiyl, COMI,
ele.) and physical ports is unknown.

"This is an ugly problem for real scrial communications and
remains an casc-of-use challenge for legacy applications in the
world of short-range wircless communications.

Nevertheless, [rCOMM has found widespread application
in mobile phones, and there has been significant deployment
in ISDN payphones in the Tokyo arca. Such deployment
allows rclatively trouble-free dialup access to the internet.

AN
ITLAN [9] adopts a similar philosophy to IrCOMM in order
to support legacy networking applications.

Typically, IrT.AN operates in “access-point” mode wherc
the combination of the [TLAN protocol operating over the
TrDA stack to an IrLAN LAN access point is cquivalent to a
regular LAN card and provides 802 LAN MAC scrvice. Just
as nCOMM is typically implemented as a serial port driver,
IrL.AN is typically implemented as a LAN card driver.

IrLAN can operate in a peer-to-peer maode that effectively
models a stub-LAN with just two devices attached. Legacy
nelworking protocols such ag classic NetBios can establish ad
hoce network communications file and print sharing in such an
cuvironment,

However, peer-to-peer [ItTLAN operation is of little use for
most TCP/TP implementations since it fails (o provide the infra-
structyre such as DEICT for autacon(iguration, Domain Name
Scrvice (DNS) for name-address resolution, or any of the other
infrastructure services whose exisience is gencrally assumed hy
applications programmed for the TCP cnvironment,

Trl. AN has proved controversial. Tts sustained deployment
in operating systems {8 in question and is likely to be supereed-
ed by a madel based on Point-to-Point Protocal (PPP) which
leverages superior access controls, autoconfignration, eneryp-
tion, and header compression facilitics from PP

IrDA Application Services

IrOBEX
[TOBEX [10] sceks to be regarded as the HTTP of ItDA.
Like HTTP, it precedes the transter of some data object with
a scl of headers that carry meta-data about the objeet such as
its name, size, and type. [tOBEX supports both PUT and
GLT operations.

Currently, the dominant use of IrOBLEX is for the transler
of file-like objeets such as document files, clectronic business
cards (vCards), and appointments (vCalendar). Content typing
and naming conventions can be uscd to launch applications
appropriated for the content type being transferred. 17T is
used typically using a PULL maodel, whercas the dominant
usage model for [rTOBEX is a PUSH modet. A user “squirts”
information from one device to another, The premicr example
is that of the exchange ol business cards between PDAs, The
author has also used a commercially available I'OBEX imple-
monlation to transfer the accumulated 2 Ghytes of [iles built
up on one “congested” portable PC Lo ils successor one

cvening in the living room., That single instance of use alone
could, for many, justify the $3-5 cost the inclusion of ItDA
adds o a portabte 1"C.

IrOBEX is defining semanties for sequences of PU'T
and/or GUET operations to achieve such objectives as address
book and diary synchronization belween phones, smart
phoncs, PDAs, portable PCs, and pagers.

frIRAN-P
I'TRAN-P [ 1] is an image transfer protocol defined by mem-
bers of IrDA for the exchange ol images between digital cam-
cras, PCs, PDAs, and photo-printers.

I'TRAN-T cameras can be used in conjunction with PDAs,
mobile phones, and smart phones to accomplish such things as
gathering data, and e-mailing or faxing it back to the office. A
more social variation of this notion might be dubbed the
“Instant Postcard.”

I'TRAN-P saw widespread deployment in digital cameras
in the Asian marketplace prior to the 1998 Nagano Winter
Olympics. ‘These cameras have been used in conjunction with
the previously mentioned TSN payphones and strect kiosks,
These kiosks cither generate small printed address book stick-
crs or cnable the images to be uploaded to Web sites so that
they can be shared more widely.

IrfetSend

JetSend J14] is an open appliance interaction protocol delined
by Hewlett-Packard. JetSend-based appliance interactions
cmbady the strong principle that the participating appliances
do not model cach other. JetSend devices share a model of
the strueture of information, e-material, and ean engage in
multilevel negotiation over the eneoding used to exchange
information. A mandatory cncoding cxist {or ALl defined
content types, ensuring a base level of interoperability
between JetSend appliances. JetSend also provides a control
protocol such that appliances may render Ul artifacts on
hehalf of appliances with which they are conneeted.

Underlying all JetSend interactions is an object interaction
model based on surface interaction. This is an unconventional
object model. Consisteney of object state is maintained
through the application of intcrnal rules. Some portion of an
object’s state is exposed at its surface. The surfaces of con-
nected objects are impressed on one another (simple equiva-
lence between connected surface artifacts). Dynamie behavior
arises from disturbance of state and the application of the
internal rules until the overall state becomes stable or cyclic.

Interaction policics cnable interactions to be structured Lo
represent the transfer of a document, or the dynamic status of
a device to be monitored.

JetSend was originally deployed in imaging and hardeopy
devices connected to the Internet. More recently, a means of
binding JetSend to the [rDA platform has been defined [ 13].
A number of commercial devices exist that both source and
sink JetSend eMaterial over the A platlorm.

IrDA Fulures

[rDA has grown up late in the cra of the PC and at the start
of the information appliance age. ‘Today it is exciting to sce its
adoplion in such diverse devices ns mobile phones, PDAs,
pagers, digital cameras, portable scanners, access points, and
printers, 14 is exciting to consider the device and service inter-
action possibilitics that a pervasive short-range commuaica-
tion technology enables. The range of deviee categorics that
cmbed the [TDA communication platform is cxpanding, The
means by which such devices can gain access to infrastructure
over an initial short-range hep is expanding. ‘U'his leads Lo an
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explosion in the potential for devices Lo interact with onc
another, cither in the immediate vicinity or remotely across
infrastructure. Lt leads to an explosion in the potential for
devices to interact with entities and services embedded within
the infrastructure.

Howcever, with all this potential there is massive challenge.
Do we aggregate functionality into cver more complex appli-
ances, or do we separate funclionality into devices focused on
doing one thing well? Can we find methods of inderaction that
cenable the functions ol a collection of single-function devices
and infrastructure-hased scrvices to be composed to achicve
some larger end-user goal which we might regard as a dynam-
ically composed application? Can we do this in ways that arc
intuitive for end users, where the outcome of an interaction
needs to be both predictable and wselul? T send an clectron-
ic business card from an organizer to a mobile phone, what is
the mobile phone expected to do? Tt conld dial the number on
the card, “lile” it away in its address book, fax it to some
remote recipient, and in the not too distant future it might e-
mail it somewhere clse. What is that same phone expected to

do with a photograph sent from a digital camera? Both of

these interactions are possible with off-the-shelf TrDA-cnabled
products today.

The inforination exchanged belween devices need not he
static, cither, Financial transactions between clectronie wallets
are heing aceomplished over IrDA |20]. The advent of virtual
machine environments and mobile objects such as Java/RMI
and distributed computing frameworks such as Jini provide
the opportunity to apply these gechnologics in an IrDA envi-
ronment. T'his leads to the possibility of exchanging active
objoects, perhaps representing goal-driven agents, between
devices and between devices and infrastructure.

At some point as we go up through these layers of abstrac-
tion, it is no longer appropriate Lo confine those abstractions
to the IrDA cnvironment. They become ol much broader util-
ity, and another significant challenge will be to deliver these
capabilitics through upper-layer application scrvices in consis-
tent ways across a range of lower-layer short-range wircless
technologics.

In ItDA AIR is in the final stages of being adopted, It
ollers to improve the freedom of movement available o [rDA
devices that adopt the technology. They will be (reed from the
restrictive 1 m,15-30 degree half-angle coverage profile of
IrDA 1.x, and caabled Lo operale over greater range and
wider angle. Just as with RI wircless technologics, this will
present new user interface challenges too, since, in general,
the target of a given interaction can no longer be resolved
mercly by pointing,

IrDA ofiers a flexible, globally pervasive short-range wire-
less communications platform for appliance builders. 1ts
widespread adoption Tn devices to date greatly reduces the
risks associated with embedding it in new device categorics,

[ts range of application will continue to grow well into the
new millennium.
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