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Abstract

Todays, we assist to the explosive development of mo-
bile computing devices like PDAs and cell-phones, the inte-
gration of embedded intelligence (like Web server) in more
and more common devices, and the proliferation of wire-
less communication technologies (IRdA, Bluetooth, IEEE
802.11, GPRS). All these trends contribute to move us
closer to the ubiquitous computing world described by
Mark Weiser.

But while the technology is here, applications, and more
important, models and tools for designing future ambient
computing systems are still rare. One of the first innova-
tive concept of ubiquitous computing, context-awareness, is
still hard to use and understand from a programming per-
spective. We think that the problem resides in the lack of
system support : in traditional computing, operating sys-
tem offers simple to use and easy to understand abstractions
of computational resources. Ubiquitous computing involves
an integration of “computing” into the real-world, which
is a radically different environment for applications. We
think that this environment requires new operating system
services and abstractions. Because the real world is made
of physical entities, “living” in the physical space, ambi-
ent computing software should be able fo use abstraction
representing such objects, in a simple way.

In this paper, we present a light framework to design
ubiquitous computing software, called SPREAD. Unlike
many approaches which hides too much of the real-world
behind traditional computing abstraction, SPREAD defines
programming abstraction based on the properties of the
physical space. Hence, physical properties, like relative
proximity, are used as implicitly in SPREAD as variable
addressing in a computer memory. In SPREAD, applica-
tion (or process) behavior can be “mechanically” driven,
in the sense that actions flow can be directly dependent of
physical mobility.

To support this concept, we introduce a programming
and execution model allowing to design computing and in-

formation systems driven directly by arranging and moving
physical objects in the space. We demonstrate the use of the
model to implement a few practical applications, highlight-
ing its simplicity and expression power.

1 Introduction

From a technological point of view, ubiquitous com-
puting is already existing: PDAs, cellular phones, embed-
ded Web servers, global and local wireless communications
(GPRS, IEEE 802.11, Bluetooth, IRdA), positioning (Cell-
ID, GPS, E-OTD, etc.) are all (relatively) common tech-
nologies. However the futuristic scenarios (ie, the applica-
tions) described by Weiser [22], like context-aware services,
are still not common, except in laboratories.

We think that there are at least two important problems
which explain this situation. First, ubiquitous computing
is mainly about merging information system and the real
world. This leads us to think that the success of ubiqui-
tous computing depends more on the integration of concepts
like context-awareness in many applications (in new appli-
cations, as well as in existing popular applications like per-
sonal information managers, web browsers, search engines,
...), than in the emergence of one killer application. There
are different approaches to bridge real and virtual worlds
and different understandings of the notions of context and
context-awareness. Experimenting with many applications
seems to us a pragmatic and very useful approach to help
synthesizing the core structures, requirements and difficul-
ties of ubiquitous computing systems. But this raises the
second problem: easy prototyping.

To prototype small applications or extending existing
ones, we adopted a minimalist (and low level) approach
which implements one particular concept in flexible man-
ner. This concept is called spatial programming: its princi-
ple is to abstract the physical space as if it were a memory,
or a database, and considering mobility as a form of infor-
mation addressing. Not all ubiquitous computing applica-
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tions can take benefit of this concept, but for those which
can, design and implementation are extremely simple.

This paper describes some of our experiences with this
system, called SPREAD for Spatial PRogramming Environ-
ment for Ambient computing Design. The first section dis-
cusses the motivations of our approach. The second section
presents the principles of our approach. Then we introduce
in the third section the spatial programming model, and we
demonstrate its use on two applications. The fourth sec-
tion details some of the implementations issues. The fifth
section relates our approach to other works. Finally, we
conclude the paper with some research perspectives.

2 SPREAD: a physical approach

One of the fundamental questions we try to answer about
ubiquitous computing is “why is it so difficult to design
and implement very simple application?”, like the famous
“hello, world!”. An equivalent in ubiquitous computing
could be for any physical object to “link” himself in the vir-
tual world by creating an information item like “hello, 'm
a the printer”. It is interesting to notice that this trivial ap-
plication already raises some of the conceptual difficulties
of ubiquitous computing: it is not clear to which entities
the information item “hello, ...” should be visible. To sur-
rounding physical entities, or to any entities? Is the phys-
ical object “living”, by physically hosting the process that
creates the information item, or is the object simply associ-
ated (for example by a localization system) with a software
agent running elsewhere? Basically, we think that there is
two main approaches: the first one is to represent the rel-
evant information of the physical world in the information
system. For example, by tracking the location of physical
objects and building a geographic information system from
the acquired data. We call this approach the “logical” one.
And the other one is at the opposite: it considers the rele-
vant information to be represented by the physical objects
in the real world. We call the approach “physical”, and it is
this one which has been adopted.

2.1 Physical nature of ubiquitous computing

Ubiquitous computing proposes to integrate computing
system in the real world, in order to make them disappear
from the user perception: by being aware of the state of
the environment, ubiquitous (or invisible) computing sys-
tems allows seamless interactions with an enhanced (or aug-
mented) environment. From a system perspective, we see a
fundamental problem for these ubiquitous computing en-
vironments: a process no longer evolves in a virtual ad-
dress space like in a traditional computer, but in the physical
space, populated with physical objects.

We think that this physical nature should be reflected at
the programming level, in order to implicitly take advan-
tage of physical space properties, to structure the informa-
tion system, and to drive the instruction flow.

2.2 Spatially structured information system

In a conventional computer memory, an information sys-
tem is structured as pieces of information organized in a
logical space. The following declaration defines a set of
100 books, organized sequentially in memory.

struct book {
char title[100];
char author[20];
int year;

} book_ table[100];

A real library is organized very similarly, and we think
that in ubiquitous computing environments, this physical
organization should implicitly define the structure of the
information system. More precisely, this means that in
ubiquitous computing, the way of “declaring” the previous
book_table should simply consist in arranging the phys-
ical books as shown in figure 1.

01 2 98 99

Figure 1. A physical library

2.3 Physical mobility as information addressing

Once the data structures are set up, we need to be able to
use them. Scanning the previous book table would be done
easily in a conventional program:

for (1 = 0; i < 100; i++) {
use (book table[il])

}

The equivalent in ubiquitous computing is not so obvi-
ous. As seen in the previous paragraph, the information is
arranged in the physical space. Thus, it appears natural to
interpret physical mobility as the way to address informa-
tion. The process should then live in a mobile entity. The
ubiquitous computing version of the previous table scan-
ning process would consist in traversing the library linearly,
like shown on figure 2.
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98 99

Figure 2. A linear scan of the physical library

Depending on the application, the process may either in-
tegrate human user decisions, or be completely automatic:
in the library example, moving physically may be controlled
by a human user (the process lives in a device embedded on
the user), or by a mobile robot (the process lives in the robot,
and controls its movements).

2.4 Action synchronization and environment per-
ception

Ubiquitous computing involves multiple processes, be-
cause many entities “live” in the real-world, with poten-
tial processes associated with them. Hence, the problem
of action synchronization and state perception must be ad-
dressed.

Some context-aware approaches are inspired from
graphical interfaces programming, proposing event-driven
programming: changes in environment state are perceived
through sensors, which are synthesized as events, to which
the program reacts. The problem is the same as for GUI
programming: this imposes a flat structure to the program,
uncoupled from its data processing goals, which basically
loops for events and reacts to them through pre-defined han-
dlers. The flow of actions is difficult to understand be-
cause, from the programmer perspective, actions are or-
ganized around the processing of the data structures (like
computing the biggest element of a collection), while the
event-driven structure makes the program structured around
events processing.

This is similar to the complexity of distributed comput-
ing through message passing, which results in structuring
the program around a communication protocol instead of
the data structures. One of the most popular abstraction
which eases parallel or distributed computing is the fuple-
space, introduced in LINDA [11]. With the tuple-space ab-
straction, process actions are implicitly synchronized on the
state of the data. We think that this notion of tuple-space is
especially interesting to represent the state of the physical
world to software, enabling implicit, or physical program-

ming. The next section presents our model of tuple-space
for ubiquitous computing.

3 Spatial information systems

In order to effectively support the physical nature of
ubiquitous computing, we propose a tuple-space abstraction
reflecting the logical state of the physical environment. This
abstraction supports a spatial programming model, in which
the structure and the control flow of the information system
are directly dependent of physical entities and spatial rela-
tions between these entities.

3.1 Structure of spatial information systems

A spatial information system is made of a set of informa-
tion items, each item filling a subset of the physical space.
Thus, each point of the space is included in some (possibly
zero) subsets of the space associated with an information
item. The shape and size of this portion of space is arbi-
trary (but may be constrained to some shapes in a particular
implementation, due to technological limitations).

In a similar way, any particular address of a computer
memory corresponds to some information item. A record
or an array may fills a particular address range in the mem-
ory. And more complex data structures like tree have
more complex “shapes” in memory, filling for example non-
contiguous address ranges.

3.2 Information addressing

From the previous description, we can store a set of in-
formation items in the physical space. We now explain how
to solve the problem of addressing them in a computing pro-
cess. The computing process is located at a given point in
the physical space. This point determines the set of items
usable by the process for an action (ex: an arithmetic oper-
ation), according to the portion of the space filled by each
item. To read a different set of items, either the process has
to move to a different point, or some items have to move in
order to fill the subset of process addressable space.

One problem is that, at a given point, many items
may be seen. Thus, spatial addressing is not sufficient
to control what we want to address. Addressing infor-
mation items according to their nature solves the issue.
At present, we adopted the flexible approach of LINDA:
each information item is structured as a fuple, which is
a sequence of typed information items. For example,
<10, ’'Peter’, -3.14>is atuple where elements re-
spectively are the integer 10, the string “Peter” and the real
value -3.14.

Addressing information anonymously (without names)
is done through “generative communication” [11], which

0-7695-1874-5/03 $17.00 (C) 2003 IEEE



Proceedings of the 36th Hawaii International Conference on System Sciences - 2003

consists in specifying a pattern to match one or a set of tu-
ples present in the tuple-space. A pattern is constituted of
templates, where each element is either a type (meaning,
match all values of this type), or a value (meaning, match
this specific value). A pattern matching the previous tuple
would be, for example, <int, ’'Peter’,floats.

The figure 3 shows an example of our “physical” tuple-
space, made of tuples arranged in the space and occupying

various sized spheres.

<"PI",3.14>
<"paul",5>

addressable tuples from the black point

Figure 3. Physical Tuple-Space

3.3 Programming spatial information system

In a spatial information system, we program the applica-
tions with a minimalist API, yet very powerful, similar to
LINDA. Four primitives are supported:

1. out (tuple, area), publishes (inserts) a tuple in
the tuple space. The tuple fills the physical space
around the entity issuing the out operation. The shape
and size of the portion space filled by the tuple is con-
trolled by the area parameter. At the model level,
any shape can be specified, but implementations have
limitations, which depend on wireless communications
and sensing technologies used.

2. rd(pattern), returns a tuple matching the pattern,
and covering a physical space containing the entity is-
suing the rd. The tuple is not removed from the tuple-
space. Note that when several tuples match the pattern,
any tuple from this set may be returned.

3. capture (pattern), returns a set of tuples match-
ing the pattern, and covering a physical space contain-
ing the entity issuing the capture. This primitiveis a
multiple tuples version of read (it returns all matching
tuples). Like rd, capture blocks while no matching
tuples are available.

4. drop (tuple), allows the publisher of a tuple (the
entity which issued the corresponding out operation)
to remove the tuple from the tuple-space.

Unlike LINDA, we initially do not provide a destructive
version of rd (called in in LINDA), which removes the
matching tuple from the tuple-space. The reason is that in
the semantic of our tuple-space, a tuple corresponds to a
physical object; thus, removing the tuple means removing
the physical object. However, to provide a way for a process
to update a previously published tuple, the drop primitive
can be used (but its use is restricted to the publisher of the
tuple).

3.4 Applications

We now illustrate the use of the model to build two ex-
amples applications.

3.4.1 Hitch-hiker application

The first application proposes to help hitch-hiking. A hitch-
hiker publishes one or more destinations he is interested in
(which is simply implemented by an out operation for each
destination). A car accepting hitch-hikers just has to read
pattern corresponding to hitch-hikers, which are tuples con-
stituted of two strings: a prefix identifying a hitch-hiker
("go to"), followed by the destination. When the car
approaches a hitch-hiker, the rd operation will match, un-
blocking the next instruction which compares the requested
destination to the car destination.

This application demonstrates the simplicity of imple-
menting environment perception and contextual sensitivity
using this model. It is summarized on figure 4.

Match "Santa cruz" => STOP!

code run

7 out(" o to", "san diego"); ‘
(g &) ly hitch hiker

out("go to", "santa cruz"); ‘

— out("go to", "L.A.");

rd("go to", ?dest)
if (match_destination(dest, my_dest))
/I notify driver

code run by a car accepting hitch hikers
Figure 4. Hitch-hiker application
More sophisticated applications based on the same pat-

tern can be designed. Consider, for example, the negotiation
of the price for a journey that you have to do with taxis in
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many countries. By adding a price field to the tuples of the
previous application, a client could specify the maximum
price he agrees to pay for a given journey. The taxis would
match on the journeys and prices they are interested in.

3.4.2 Collaborative rating

The second application demonstrates the spontaneous con-
stitution of an information system through the physical
space, where co-located physical entities contribute to a part
of a computation. Consider the case of many small sport
contests, where there is no computer assisted infrastructure
to rank the competitors. The physical approach only re-
quires the judges to be co-located around a chief-judge, and
contribute their rating with a PDA as shown on figure 5.
The chief-judge runs the “integration” part of the process,
by computing the mean rating of all the visible ratings.

mean rating=6.4

<"rating", 7> <"rating", 7>
<"rating", 4> <"rating", 8>
<"rating", 6>

ratings contributed by each participant

code run by the rating unit

forver do {
capture("rating", ?rating_list);
m=mean(rating_list);
// use mean rating

}

Figure 5. Collaborative rating

Some security issues are not address on the trivial code
shown on figure 5. A simple way to ensure that only judges
ratings are integrated in the final rating is to include an
athentification key to the tuples.

4 Implementation issues

The model presented previously is implemented as a pro-
totype to experiment ambient ubiquitous computing sys-
tems, called SPREAD. This section details some implemen-
tation issues of the model.

4.1 Architecture

The SPREAD engine is implemented around three main
modules:

1. A tuple-space manager, which manages tuple storage
and application requests through the primitives pre-
sented in section 3.3.

2. A tuple server, which offers remote access to the tuple-
space for others tuple-space managers through simple
get/put operations.

3. The discovery module, which manages the sponta-
neous aspect of the SPREAD tuple-space.

Applications

Tuple space API

Tuple space manager Tuples
‘ server

pending read requests

Discovery module

SPREAD engine

v

UDP

Figure 6. SPREAD architecture

The prototype uses iPAQ 3600 serie PocketPC PDAs
running WinCE 3.0 and IEEE 802.11b wireless LAN PCM-
CIA cards. The system is written in C, and the discovery
module and remote tuple-space operations are based on the
UDP protocol.

4.2 Managing tuple-space state

The tuple-space manager serves local application re-
quests through the API previously defined. From the tuple-
space manager point of view, tuples are separated into two
classes: local tuples, created by local application with an
out operation, and neighbor tuples, discovered from sur-
rounding devices. This separation is transparent to applica-
tions.

The problem when implementing a tuple-space system
is to design a strategy to propagate all relevant tuples to
processes which are blocked on a read request. A simple
strategy would be for each device to always broadcast its
whole set of tuples. This is a write-driven strategy, because
it is tuple writers which are responsible for propagating the
tuples. Read-driven strategies work in the opposite way: tu-
ple creation (calls to the out primitive) only results in local
operations, while read operations (calls to rd or capture)
may triggers remote operations.
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We chose a read-driven strategy: this favors low band-
width use when each process is interested in a few tuple
patterns, which was the case with the applications we ter-
getted for SPREAD. For example, the two applications de-
scribed previously are only interested in reading one pat-
tern: “go to” tuples for the hitch-hiker, and “rating” tuples
for the collaborative rating application. Hence, when no
process is trying to match tuples, bandwidth consumption
is minimal.

The tuple-space manager maintains a list of read requests
which are blocked. These entries are used by the discovery
module to notify surrounding devices of pending read re-
quests.

4.3 Handling read requests

When a process needs to read tuples, it issues either a
rd (pattern) or capture (pattern).

43.1 Rd

A call to rd creates an entry in the list of pending read,
and blocks the caller, until the mat ch procedure, which we
explain later, decides to unblock it.

4.3.2 Match

match is an internal procedure which is used to determine
whether a tuple matches some of the pending read requests
(both local and remote). This procedure is executed either
when a new tuple is created with a local out, or when the
tuple server receives a remote tuple which it inserts into the
neighbor tuples list. When a matching tuple is found, two
cases must be considered: if the pending read request is
local, it is released. If the pending request is remote, the
tuple is sent to the remote tuple server.

4.3.3 Capture

capture operates in the same way as rd, but the decision
to unblock the caller is more complex as we try to match
all the tuples: when the match procedure releases the re-
quest, we do not unblock the calling thread until a certain
delay (capture delay). This let enough time for surrounding
devices to send their tuple matching pending read requests,
and for capture to accumulate matching tuples.

4.4 Handling write requests

Tuples are initially created by an out operation issued
by a process, which inserts an entry in the local tuple-space.
The match procedure is executed after each out to release
potentially blocked read requests, either local or remote.

4.5 The discovery procedure

An important feature of SPREAD is that it reflects im-
plicitly the physical mobility at the programming level,
through the state of tuple space. Hence, device discovery
is a crucial aspect.

The discovery procedure consists in periodically broad-
casting a presence message. This message includes a de-
scriptor of the pending read requests of the device. Hence,
each device periodically updates its list of pending read
requests. Remote read requests are time-stamped, and
cleaned periodically.

It is important to understand that, unlike other tuple-
space systems, in SPREAD a read request may be blocked
until a physical device approaches it (figure 7). It is this
property which enables spatial programming.

spatial coverage

of "ok" tuple
process 1
__y rd("ok");
\ print("end");
\
\
! 1
\‘ L rd("ok": /,
\ int("end"): process 2 moves
\ print(end"): toward process 1 #
/7
| e

\ " " 7
\ rd("ok"); e
\ __ | frint("end"); L
.
7

\
process T~ \
move towarﬁ £
process 2 the "ok" tuple
covers process 1
rd("ok") is unblocked

time

Figure 7. spatial program

4.6 Spatial addressing

In the general model, a tuple may cover an arbitrary
shaped area in the space. However, implementing this prop-
erty is difficult, to say the least. The only available tech-
nologies to implement tuple physical covers are radio wave
or light (infra-red).

Infrared is interesting because it allows information (tu-
ple) to be easily “aligned” on physical boundaries like
rooms, corridors. However, infra red interfaces are sensi-
tive to orientation and need sensors to be always exposed.

RF interfaces, like Bluetooth or IEEE 802.11, solve the
limitations of infrared, but range, and shape definition of tu-
ple cover are difficult to control. Using special antenna, re-
ducing or increasing transmitter power or receiver sensitiv-
ity may help, but implementing these solutions is not always
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possible. We think that the dynamic control of these pa-
rameters (through software) in an interesting open research
issue.

Another interesting option that we are investigating is the
use of relative local positioning: by using information from
the physical layer like the strength of the received signal,
it is possible to estimate the distance of the emitting object.
Thus, by sending the logical range of a tuple specified in the
out operation, it is possible for the receiver to filter out the
tuples that it is not supposed to see.

5 Innovation and relation to other works

To understand an important difference between
SPREAD and other systems, two opposite approaches of
ubiquitous computing must be distinguished: the logical
approach and physical approach.

5.1 Logical vs. Physical

The logical approach consists in building a logical rep-
resentation of the physical space and physical entities. This
approach is used, for example, in geographic information
systems. The fundamental problem with this approach is
that it imposes to maintain the representation of the phys-
ical space coherent with the reality, through tracking: for
each movement of a physical entity, an update of the logical
representation is needed.

The logical approach is like “emulating” the physical
space in a computer system, and processing every context
related operations at the level of the logical representation.

In the physical approach, the information system is im-
plicitly constituted by physical entities. The structure and
the content of the information system is derived from spatial
properties of physical objects associated with information
[5]. In such systems, control flow and information process-
ing are directly done through physical objects placement
and mobility like in a mechanical machine, except that, in-
stead of processing physical forces, it processes informa-
tion.

This approach has several advantages:

1. It is not needed to maintain the coherency between a
logical representation of the physical world and the re-
ality (which becomes a scalability problem when the
number of physical objects associated with informa-
tion system grows, or when the objects are highly mo-
bile).

2. By structuring the information system on the physical
world, the design of implicit computing applications is
natural. We see this property as a strong argument in

favor of this approach: it is far easier to design and pro-
gram implicit computing applications with an underly-
ing system supporting an implicit computing model, in
the same way as programming a graphical user inter-
face is easier with a graphical toolkit.

3. Because the information systems are physically spread
over a great number of devices, the approach is poten-
tially safer regarding privacy issues. There is no global
access to information representing the spatial behavior
of the user.

4. The systems developed with this approach are inde-
pendent of any external network infrastructure, as they
have their own communication capabilities. This is es-
pecially interesting for experimenting applications, as
there is no impact on the networks. This is also a key
feature for systems which have to operate without in-
frastructure support (hostile environment for example).

However, this approach requires to be able to integrate in
each physical entity associated with information the neces-
sary “intelligence” and communication capabilities, in or-
der to autonomously participate in such a physical informa-
tion system.

5.2 Related works

To our knowledge, no such physically-driven computing
model has been previously proposed. The idea of exposing
location in applications in order to structure the computing
process around the notion of mobility and position in space
is described in [19], but the perception and use of the loca-
tion attribute is explicit: the need to request the position of
a physical object qualifies this approach as a logical one.

The general idea of the computer systems fading into the
environment is due to the pioneer Parctab project [20, 22],
which introduced the concept of ubiquitous computing.
Many works followed, exploring mainly two aspects of
implicit computing: the first one is context-awareness,
which consists in “guessing” the physical situation of a
user to enable implicit access or annotation to information
[1, 3, 4, 6, 16, 17]. The second aspect is made of multi-
modal user interfaces, which enables implicit interactions
with computer systems through natural senses. Some ex-
amples includes [7, 8, 9, 10, 14].

The spontaneous aspect of ubiquitous computing has
been studied in particular by the spontaneous information
systems project [2, 21], and Proem [13]. These systems trig-
ger implicit information exchanges when devices encounter
each others. SPREAD provides a spatial computing model
based on this concept, which makes it more general.

Spatial databases [12], which are database systems op-
timized to store and manage geographic or spatial infor-
mation have similarities with our work: in both cases, the
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information system depends on spatial or geometric prop-
erties. But spatial databases are logical approaches: they
build a logical representation of the physical space, unlike
our model of spatial programming which relies implicitly
on the physical space.

Finally, our work shares similarities with the LINDA
programming model [11] because we rely on the concept of
tuple-space. The important difference between the model
we consider and LINDA, or other tuple-space systems with
similar semantics (Sun’s JavaSpace [15], IBM’s T-Space
[23]), is the following: when an entity issues a matching re-
quest, only the tuples filling the physical space containing
the entity will match. LINDA semantic assumes a global
tuple-space shared by all the entities, where only patterns
contribute to information addressing. There is no implicit
coupling between the tuple-space state and the physical
space.

One work is closed to our: LIME [18]. LIME trans-
parently alters the tuple-space state according to processes
location. A tuple created by one process is visible to other
process if they are co-located, meaning that a communica-
tion link between them is available. If this communication
link is only available when hosting devices are close one
from each other, the semantic is very similar to SPREAD.
There is however a conceptual difference: the SPREAD
model assumes computing in the physical space. The physi-
cal space is considered as a kind of computer memory, with
information covering a specified portion of the (physical)
space. tuples and the LINDA model provides an easy way
to implement this notion of physical computing, which is
the core idea of SPREAD. To highlight this point, remem-
ber that SPREAD always associate tuples with physical ob-
Jjects: this explains why SPREAD tuple-space does not sup-
port the destructive in operation, which would mean that
a physical object may physically destroys another object.
SPREAD tuples, at least at the model level, cover a spec-
ified region of the physical space. This is different from
LIME tuples, which are not associated with a region of the
space. In LIME, a tuple can be addressed by a process when
this latter is co-located with the component which created
the tuple.

6 Conclusion

This paper presented some of our experiences imple-
menting ubiquitous computing systems, using the concept
of spatial programming. An interesting aspect of this ap-
proach is its focus on allowing implicit computing at the
programming level, unlike many works which limit this as-
pect only to the user.

With a computing model based on the physical world,
programming ubiquitous computing applications is more
natural. Building information systems by simply arrang-

ing and moving objects in the physical space is clearly in
the trend initiated by Weiser with the concept of ubiquitous
computing. A slogan for spatial programming would be to
say that the real world is the computer.

However, realistic use of this concept raised important
issues which need to be addressed. Some of them are the
following:

First, spatial addressing is still difficult to finely imple-
ment using the existing technologies.

Second, the discovery procedure is highly dependent on
physical parameters. A careful analysis of the relation be-
tween parameters like device speed, communication inter-
face range, and discovery protocol parameters is required.
This particular issue is the object of current active work.

Finally, with a so closed integration of information sys-
tems and physical world, privacy and anonymity become
important problems, especially at the application level.

Besides system issues, the main research perspective is
to explore new applications which could take advantage of
the SPREAD approach, eventually leading to enhancements
in the spatial programming model.
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