Proceedings of the International Multiconference on
Computer Science and Information Technology pp. 677-684

ISBN 978-83-60810-27-9
ISSN 1896-7094

97

Resource Fabrics:
The Next Level of Grids and Clouds

Lutz Schubert, Matthias Assel, Stefan Wesner
HLRS - University of Stuttgart, Dpt. of Intelligent Service
Infrastructures and Dpt. of Applications & Visualisation,
Nobelstr. 19, D-70569 Stuttgart, Germany
Email: {schubert, assel, wesner} @hlrs.de

Abstract—With the growing amount of computational
resources not only locally (multi-core), but also across the web,
utility computing (aka Clouds and Grids) becomes more and
more interesting as a means to outsource management and
services. So far, these machines still act like external resources
that have to be explicitly selected, integrated, accessed etc. -
much like the concept of “Virtual Organisation” prescribes.
This paper will describe how the development of dealing with
increased scale and heterogeneity of future systems will
implicitly open the door for new ways if integrating and using
remote resources through a kind of web-based “fabric”.

I. INTRODUCTION

VER the last few years distributed computing has

gained in relevance, not only as a concept, but — more
importantly — as a commercial reality: through “Clouds” and
multicore processors which make concurrent compute units
available for the average user [1, 2]. Notably, usage of these
two environments differs significantly: Cloud systems are es-
sentially server-like machines available over the internet and
accessed accordingly (via e.g. remote desktop or SSH); as
opposed to that the capabilities of multicore machines are lo-
cally available — implicitly there are no specific means need-
ed to access the resources.

What is more, cloud systems typically deal with scaling a
specific service or application multiple times according to
access and availability needs, i.e. perform scale by replica-
tion. As opposed to this, multicore systems, just like high
performance computers deal with scaling a single application
“vertically” across the resources in the form of instantiating
multiple processes that together form the application logic,
as opposed to individually [3]. It should be noted in this con-
text though that desktop systems and high performance com-
puting systems differ in this respect: whilst the latter typical-
ly only deal with execution of one single process or thread
per core at a time, desktop usage typically implies concurrent
execution of multiple applications in a time-sharing manner.

In both the cloud and the multicore case we talk of “dis-
tributed systems” in the sense that the system on which the
service / application is being executed consists of multiple
resources connected via a communication and / or messaging
link. From this perspective, we can specifically note that es-
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sentially clouds and multicore systems just provide different
capabilities on essentially the same environment. Section 11
will elaborate how a common “denominator” of such a sys-
tem could look like.

By exploiting the commonalities, rather than focusing on
the differences, it would in particular become possible to ex-
ploit remote resources as if local, thus truly realising the
grid's original concept [4, 5]. For example, an application
could be replicated beyond the restriction of the local sys-
tem, and new applications executed remotely without inter-
fering with any local executions, thus competing over re-
sources. What is more, even simple laptop systems would be
enabled to execute demanding applications in the same fash-
ion as on a home or office PC [6]. Whilst this is not a new
idea as such (see [4]), its realisation has many impacts not
only on a middleware, but more importantly on operating
system and programming model. Sections III and IV of this
paper will highlight in particular to how such a “resource
fabric” could be realised and to which specific technological
issues apply, respectively.

By overcoming these obstacles, new systems and implicit-
ly new types of applications would become possible that al-
low following the worldwide trend of internet integration,
dynamic outsourcing etc. in short, the future internet. Section
V will describe these application areas in more detail.

As will be shown, it is not yet possible to overcome all
technical issues easily, in particular since the “natural” tech-
nological development (i.e. the industrial provisioning) fol-
lows the laws of stepwise development, rather than disrup-
tive (r)evolution. We will conclude this paper with an analy-
sis of the main outstanding issues in section V.

II. THE “NEw” VoN NEUMANN ARCHITECTURE

“Distributed systems” in their widest sense , i.e. including
multi-core processors, clusters, clouds and grids all have in
common that they integrate compute units over a communi-
cation link. The main difference thereby being the specifics
of the linkage: whilst communication between cores in a
multi-core system has a very low latency; cloud and grid sys-
tems in particular use the intra- / internet for communication,
meaning high latency but considerably large bandwidth; and
finally, HPC systems integrate different levels of linkage,
ranging from multi-core interconnects to fast, broadband net-
works (100GB Ethernet, Infiniband).
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In principal, latency can be compensated by bandwidth,
i.e. if the delay is / and the bandwidth b, the effective data
d.y communicated in a set of messages over a time-frame ¢ is

dey(f)zt*(?)*seconds

In other words, latency is anti proportional to bandwidth:
if latency is high, bandwidth should be large too, respective-
ly a low latency can compensate a small bandwidth, in order
to reach the same effective data throughput.

However, an important factor has been subsumed in this
calculation, namely the numbers of communications within
that time-frame. Obviously latency impacts only per individ-
ual invocation, respectively message exchange (actually
leading to half the throughput per communication side),
meaning that the full throughput depends on the number of
invocations, which is accordingly high if the latency is small,
and low with a large latency.

. . t
Number of invocations = 7

For non interactive systems this does not play a major
role, the delays in communication are not noticeable as such
— however, in applications that directly interact with the user
(such as a word processor), any delay occurring between
user input and system reaction beyond 0.1 seconds leads to
the impression of a “non-reactive” system, and beyond 1 sec-
ond, it will even disrupt the user's flow of thought [7].

Browsers in particular take a position somewhere between
interactive and non-interactive and users show a slightly
higher tolerance towards waiting time than in local applica-
tions (4 seconds for maintaining the flow of thoughts accord-
ing to [8]). Implicitly, offering applications via the web typi-
cally leaves an impression of being slow and unresponsive.

Latency is always a source for problems, when task exe-
cution is synchronously dependent on communication, i.e.
when the querying task is blocked whilst it is waiting for a
response. This affects in particular parallelised applications
where the individual processes need to synchronise data.

The average developer however is not aware of the con-
nection details — not only are they difficult to acquire, but
even more difficult to represent in the program in some
form. The general tendency is therefore to make use of asyn-
chronous messaging in the web domain (clouds, grids) and
synchronous messaging in compute clusters.

However, embarrassingly parallel applications scale well
in any environment and by removing the interactive from the
processing part, web based systems can even be exploited for
demanding user applications. To achieve this, we do no
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Figure 1: A modified von Neumann architecture
that depicts any form of distributed machine as a
type of linked compute units.
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longer need to distinguish between different resource types,
but between their connectivity. From this perspective, the
different notions of distributed systems fall together as a
complex system consisting of computation resources con-
nected over a communication link. Modern systems are
therefore no longer building up a strict von Neumann archi-
tecture, but a modular system that connects any amount of
von Neumann /ike units.

In particular from a programming perspective, we can
therefore derive a modified von Neumann architecture as de-
picted in Figure 1: in particular the I/O moves closer to the
PU (processing unit) thus allowing for connectivity between
multiple PUs without an explicit single central instance. We
also distinguish between processing and memory units (MU
), which are connected through a dedicated I/O. It must be
noted that current multi-core systems do not make use of an
explicit I/O unit for core-2-core communication — whilst this
is expected to change, the according I/O will most likely dif-
fer from the one connecting outside the processor. It must
also be mentioned that cache access is not linked to an I/O as
such, but to a memory controller — again, long-term develop-
ments (e.g. ring over caches) will impact here. All this how-
ever, has no impact on the programming layer.

In this view, clusters, multi-core processors and cloud or
grid based systems are essentially identical. So far this model
is essentially realised through according means on the mid-
dleware level (with the highest level of abstraction being
represented through distributed workflows).

A. Data management in the “new” model

The massive distribution of data over multiple machines
(i.e., storage points) as provided by this new architecture
fundamentally changes current data management concepts,
too, in particular data generation, exchange and storage.
These phases are usually extremely time-consuming, and
thus require new mechanisms, strategies and tools that man-
age the movement of particular data sets (similar to [9]) au-
tomatically across a storage hierarchy.

Similar to the code (see below), data must therefore be
managed in a more intelligent fashion, according to the
points of access and the degree of synchronisation, respec-
tively coherency across usage points (see also [10]). As such,
data that is frequently used shall be moved to highly parallel
dynamic storage (e.g. parallel file systems like Oracle's Lus-
tre (http://www.lustre.org/) or virtual distributed file systems
like GFS [11] or a combination of both), while archived data
shall reside in “passive” storage devices (e.g. low-cost stor-
age devices or robotic tape libraries). To allow for this sepa-
ration, a fundamental requirement is the ad-hoc allocation,
use and release of particular storage space. Hence, algo-
rithms shall automatically request necessary space but also
track and delete unused data from these dynamic storages, so
as to minimise storage costs and increase throughput.

Similarly, replication of data represents a key issue to in-
crease data locality and availability. Management of replicas
has to carefully consider lifetime issues to remove outdated
pieces immediately. New replicas should be dynamically
created, distributed and / or destroyed based on users' and
applications' needs but also according to technical require-
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ments [12]. In shared environments, i.e. where multiple ac-
cess points require the same data, serious consistency issues
across nodes have to be addressed [13].

Of particular relevance is also that data source and appli-
cations are not necessarily directly coupled. Collections of
data sets shall be organised as hierarchical directories. Such
abstraction will essentially change the way the I/O is ex-
pressed by applications and will involve data exchange and
storage management in a form that maps data sets into physi-
cal devices without affecting the application's behaviour.

III. 'WEeavING REsource FaBrics

The classical approach towards dealing with distributed
systems consists in providing a form of middleware that
translates function invocation, instantiation etc. into a set of
remote procedure calls or web service calls. The actual de-
tails depend not only on the realisation but also on the do-
main applied to:

In multicore systems, the actual transaction logic is encap-
sulated and realised via the hardware; supercomputer clus-
ters employ some form of dedicated communication pro-
graming model (with either explicit (e.g. MPI) or implicit
(e.g. PGAS) messaging) that is translated into ports and
sockets at compile time and the grid / cloud support typically
builds on http protocols that are typically translated into
ports and sockets at run-time.

In other words, the actual type of communication bridge is
transparent to the user, though he will still have to use it in
different ways, depending on use case and environment.
Though there are ways of controlling and configuring the
communication link, there is little possibility to exploit this
dynamically for maintaining distributed code — in other
words, parallel programming models that use synchronisa-
tion for control base on the assumption that the underlying
infrastructure is effectively homogeneous.

Considering however that neither the resource infrastruc-
ture, nor the program is effectively homogeneous: typical ap-
plications, even in the strong scaling based HPC domain, the
actual algorithm consists of both parallel and sequential seg-
ments that interchange during execution. What is more, e.g.
in typical (unstructured) grids algorithms (such as blood-
-flow simulation etc.), the communication relationship be-
tween the parallel processes is not symmetrical, meaning that
the code would benefit from a distribution on the infrastruc-
ture aligning the connectivity between compute units with
the neighbourhood model of the code.

The classical means to developing parallel applications
consists in either segmenting the work or the data by identi-
fying natural partitions to either of those [14]. Whilst this is
the most common approach, it suffers from the drawback
that it a) requires good knowledge about the program and the
concurrency in work and data, necessitating additional de-
velopment work; b) the partitioning may be too small or to
big to be efficient, in particular if the communication ex-
change between segments is not considered properly; c) het-
erogeneity and structure of the underlying system are mostly
unused — what is more, if the according effort is undertaken
to adapt code to the specific system, it will become less por-

table; and finally d) not all kind of segments can be identi-
fied this way. Heterogeneity and architecture of the system
are typically regarded as obstacles, but program execution
can actually benefit from this structure by reflecting the “nat-
ural” behaviour of an application.

We can identify the following key aspects of any algo-
rithm:

1. Concurrency — some functions are executed without ex-
plicitly sharing data or resources. In this case these segments
can be executed in parallel.

2. Parallelism — similar to concurrency, some functions
operate on a common data set, but the actions they perform
are not directly dependent on one another. This is typical for
loops over large grids (“loop unrollment”).

3. Interactivity — in particular in desktop applications, the
interface towards the user can be easily defined by the con-
nectivity to external input resources.

4. Background Tasks — are tasks waiting for specific
events to execute and with little relationship to the main exe-
cution (regarding data dependency).

Similarly, the communication needs are not the same be-
tween all these parts, though there is no general statement
about the relationships possible: concurrency and parallelism
do not necessarily imply high connectivity (low latency), as
e.g. embarrassingly parallel applications show; on the other
hands, events processed in the background may require im-
mediate response and interactivity does not mean that all
processing on the input data has to be executed immediately
(cf. word count and spell-checking in modern word editors:
even though they react “immediately” to any input, the delay
until the actual results are available is of no concern to the
user and hence typically not even noticeable. Again, keep in
mind that if the result is in some form relevant (in the sense
of often checked by the user), the time frame for maintaining
a flow of work is 1 second [7].

A. The structure of applications

The structure of an application can therefore be used as an
indicator for its distributability (and, to a degree, parallelis-
ability). The (runtime) behaviour provides additional infor-
mation about the actual connectivity between the individual
segments and thus its requirements towards the communica-
tion model, i.e. the relationship of latency versus bandwidth.

Implicitly, runtime behaviour effectively provides more
information about the potential code distribution than the
programmer can currently encode in the source code. This is
simply due to the fact that this is not in-line with our current
way of writing programs and is implicitly not directly sup-
ported by programming models. The foundation is however
laid out by integration of remote processes (web services)
and dedicated synchronisation points in parallel processes —
this does not always reflect the best distribution though, as
the according invocations are mainly functionality- rather
than communication-driven.

A way of identifying and exploiting the “behavioural”
structure of the application for distribution purposes consists
in run-time analysis and annotation of the code and data me-
mory to produce a form of dependency graph (cf. Figure 2)
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which depicts the invocations of memory locations (code)
and read / write operations on data.

Dl D2 D3 D4

Figure 2: A simple code (C) and data (D) dependency
graph of a sequential application with a loop over an array
(C2). The graph denotes a sequence of actions with ¢, rep-

resenting the x™ transition, respectively access action.

In order to acquire the according code and data blocks, the
basic starting point consists in identifying jumps and non-
consecutive data accesses. Figure 2 exemplifies how the
graph information can be used to identify an unrollable loop
(C2) that consecutively accesses unrelated memory blocks to
produce a result. In this simplified case there is no data de-
pendency between C1 and C2, or even between C2 and C3,
which means that the unrolled C2 blocks do not even have to
be synchronised. An example of such a loop would be

C2: for (int i=0; i<4, i++) a[i]=0;

As opposed to this, Figure 3 depicts the example of a loop
that can not be unrolled due to dependency issues in C2.
This loop could look like

C2: for (int i=1; i<3; i++) afi]=a[i-1] *2;

Notably, the examples given are not sensible for paralleli-
sation, as the actual work load per iteration is too small to
compensate the overhead for spreading out, communication
etc. All analysis so far is based on the simple fact of data re-
lationship and dependency — not unlike to the approach pur-
sued in StarSS [15]. Accordingly, even though a pattern
based approach like the one presented above does principally
provide information about the distribution and parallelis-
abilty, it does not actually increase the execution perfor-
mance.

D1 D2 D4

Figure 3: Example of a loop that is not unrollable and
its representation in a dependency graph.

In order to not only identify principle points of distribu-
tion and parallelisation, but to also make code execution
more efficient, so as to exploit the specific benefits of a par-
allel infrastructure, further information about the code be-
haviour is needed — in particular the “strength” of code / data
relationships, and the size of the segment. Note that timing
can be derived through more detailed sequential information

PROCEEDINGS OF THE IMCSIT. VOLUME 5, 2010

(i.e. in Figure 2 or Figure 3 by storing actual timestamps in
t.). Strength of relationship is thereby proportional to
amount of invocations divided by the full execution time.

Figure 4: A dependency graph with implicit relationship strength
(length of the vector) and size information (size of the block).
The three areas depict potential areas of segmentation.

With this information, we can derive a graph (Figure 4)
where the the strength of the relationship (e.g. C2 calls C3
less often than C1 calling C2) and the size of the underlying
code / data is encoded as weights of vertices and edges. For
simplicity reasons we left out timing information in the fig-
ure and concentrated on a very simple code structure (with-
out loops or similar) — according data will be provided in fu-
ture publications.

The dependency information in this graph, in combination
with the size information can be used to extract different
segments in the form of subgraphs according to nearness
(connection strength) and combined size. Or to put it in com-
putational terms again: according to the number of memory
accesses with fewer accesses implying a potentially good
cutting point. Each segment reflects the code to be executed
on one compute unit (core, node etc.) and connections across
segments need to be realised through a cross-process com-
munication link. Information about the bandwidth and laten-
cy of the system's specific communication links can thereby
serve as an indicator for cutting point identification, if it is
respected that access across segments is effectively identical
to data passing — accordingly, the temporal sequence and de-
pendency of access constrains the segments' independency
and hence concurrency. In order to not exceed this paper's
limitation, we will not elaborate the segmentation algorithm
in detail here.

It is obvious that one of the major problems for an effi-
cient segmentation consists in the right data gathering granu-
larity: whilst too fine data will cause memory and algorithm
to go over bounds, too coarse information will lead to too
strong relationships and too large segments, so that the effec-
tive gain through distribution is counterweighed by the over-
head for communication and memory swaps.

B. Life-cycle of applications in a resource fabric

As noted, the major part of the information about the code
is acquired at actual run-time — implicitly, the distribution in-
formation may change during execution, leading to potential
instabilities. In this section we will examine the full lifecycle
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of an application executed in such an environment and im-
plicitly the steps involved to better exploit a scalable (and
potentially dynamic) environment can be captue:

1. Analysis of the application behaviour (“Analyse”): In
an initial step (first time the application is executed), there is
little to no dependency information available, unless an ac-
cording programming extension (such as StarSS) was ap-
plied. This means that initially the application is executed lo-
cally in a virtual memory environment that logs the run-time
behaviour and hence the dependencies between code parti-
tions. Implicitly first time invocation is effectively identical
to sequential execution — even though user provided paral-
lelisation (if any) can still be exploited.

2. Identification of appropriate resources (“Match”): The
dependencies in the application graph reflect the communi-
cation needs between segments and thus implicitly indicate
the required infrastructure architecture, including type and
layout of interconnects. But also specific core types can be
exploited to a degree — e.g. Figure 2 shows clear vectorizable
behaviour and other microarchitecture specific patterns can
be identified, which would exceed the given space though.

3. Distribution and adaptation of code and data (“Distrib-
ute”): When appropriate resources could be identified, the
code segments can be distributed across the infrastructure
accordingly. In the simplet case, all partitions will be upload-
ed prior to actual execution, in which case no additional data
has to be distributed at runtime (besides for the data trans-
ported during communication). However, in principle, it is
possible to distribute the segments in their order of invoca-
tion, though this runs the risk of potential delays.

4. Execution and run-time analysis (“Execute”): Actual
execution is principally identical to any distributed program
execution with explicit communication between process in-
stances. However, as opposed to an explicitly developed par-
allel program, the source code in this model has not been al-
tered and the communication points and tasks are unknown
to the algorithm itself. Accordingly, the infrastructure has to
take care of communicating the right data at the appropriate
time. This is principally identical to the PGAS approach
(http://pgas.org/), which provides a virtual shared memory
and deals with the communication necessary to enable re-
mote data access. Effectively the system for enabling distrib-
uted execution in the model proposed here must enact the
same tasks directly on the (virtual) memory environment of
the operating system, rather than on the programming level.

During execution, the system may continue analysing be-
haviour (cf. step 1 “Analyse”) in order to further improve the
segmentation information and granularity. As program be-
haviour changes according to code dependency, the main
problem to avoid in this phase consists in ensuring and main-
taining an efficient stability of the distribution. Monitoring
and segmentation must therefore not only consider the de-
pendencies, but also higher-level parameters that implicitly
define the stability of a given segmentation. Though there is
some relationship to SLA based monitoring, these parame-
ters should not be confused with common quality metrics.

5. Information storing (Store): Behaviour and distribution
information should be stored after execution in order to be

retrieved in the next iteration, thus allowing to skip step 1
and thus improving the process.

The main issues in the life-cycle consist obviously data
exchange and synchronisation of the segments which are
treated as distributed processes. If data and execution are not
carefully aligned, inconsistency may lead to serious crashes,
deadlocks, or serious efficiency issues due to overhead. It is
therefore not only relevant, from where data is accessed, but
also when and in which order. Ideally, data is being trans-
ported in the “background” whilst the segment is mostly in-
active. Due to lack of space, we will not elaborate these is-
sues here — suffice to say that by treating the segments com-
pletely isolated and swapping all memory during execution
pass-over, coherency and consistency is ensured.

IV. A MDDLEWARE FOR RESOURCE FABRICS

In order to achieve this goal, the execution environment
must accordingly provide some capabilities to capture mem-
ory access and intervene with code progression so as to pass
the execution point at the boundary of the individual seg-
ments. Effectively this means that the system provides a vir-
tual environment in which to host and execute the code — a
full virtual system however would impact on execution per-
formance. Whilst this may be acceptable for some type of
applications where simplicity of development ranks higher
than performance, in particular in scalable environments, ef-
ficiency typically ranks higher.

The system does not necessarily need to provide a full vir-
tual machine, but in particular a virtual memory environment
and a set of interfaces to access (shared) resources — in other
words, an operating system. Since effectively in all execu-
tion parts memory access needs to be controlled, a cen-
tralised operating system approach would create a serious
non-scalable bottleneck and additional delays due to mes-
sage creation and communication would turn out a major
performance stopper. This relates to the major reasons why
monolithic, centralised operating systems show bad horizon-
tal scaling capabilities [16].

In order to achieve better scalability the individual com-
pute units hence need some local support to reduce overhead
and enable virtual memory management in a form that can
also identify and handle segment passover. The S(0)OS
project (http://www.soos-project.cu) funded by the European
Commission investigates into new operating system architec-
tures that can deal with exactly this type of scenarios. The
approach thereby essentially bases on a concept of distrib-
uted microkernel instances that fit into the local cache of a
compute unit (processor core) without obstructing it, i.e.
leaving enough space for code and data stack.

We can essentially distinguish between two types of OS
instances in a resource fabric: firstly, the main instance that
deals with initiating execution and distribution, as well as
scheduling the application as a whole. Secondly, the local in-
stances that effectively only deal with communication and
virtual memory management. In effect, all instances could
have the same capabilities [16], which would make them
larger and more complex to adapt to specific environments
though. In S(0)OS the principle is extended with on-the-fly
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Figure 5: A distributed micro operating system and its relation to the individual compute units in the system. "Re-
mote" cores can be hosted within the same processor or principally a remote machine.

adaptation of local OS instances according to application re-
quirements and resource capabilities — this way, the kernel
can even support adaptation to resource specifics without the
central instance having to cater for that [17].

In Figure 5 we depict the principle of such an operating
system with respect to the relationship between cores (or
compute units, comes to that): typically one selected unit
will take over the initial responsibility for code and data, i.e.
loading it from storage, analysing it (respectively retrieving
the annotations) and distributing it accordingly. The segmen-
tation information (i.e. the memory structure derived from
the dependency graph) will be passed with the code seg-
ments, allowing the local instance to build up the local virtu-
al memory and implant system invocations at the appropriate
time (during segment pass over).

A. Distributed execution

Pure distributed (as opposed to parallel) execution is ef-
fectively similar to context switching during time-sharing,
only that the “new” state is not uploaded from local memory,
but provided over the communication link between the initi-
ating unit and the one taking over. However, parts of the
state (code and base data) can principally already be avail-
able at the destination site due to predistribution according to
the dependency graph (cf. above).

Similar to context switching, the application itself does
not have a dedicated point at which to perform the switch (or
even enable it), though with additional programming effort
context switching can be avoided (thus leading to single-task
execution, up to a point). As opposed to multi-tasking oper-
ating systems, however, a S(0)OS like system must initiate

the context switch (execution pass-over) at a dedicated point,
according to the segmentation analysis (cf. Figure 4).

This point is effectively the end of the local segment and
can thus be initiated by a simple jmp (jump) command into
the virtual memory address space of the new segment and
can thus simply be appended to the partition. Just like with
any access to remote data (be that due to branching or data
access), the operating system has to intercept the request pri-
or to its execution, similar to classical virtual memory man-
agement. The MMU (Memory Management Unit) of modern
processors supports this task already, but would need to be
extended to also cater for the specific needs of a distributed
(cross-unit) memory virtualisation.

B. Access across

Modern systems supporting a fully distributed environ-
ment will hence not only need to check for local accesses to
virtual memory addresses, but also for remote ones. Whilst a
classical local cache miss would lead to a page swap, in the
environment promoted here, a cache miss could indicate that
the actual endpoint is hosted remotely. Accordingly, the des-
tination address needs to be matched against the dependency
graph based distribution to identify the real endpoint.

In principle, this endpoint may not be known to the local
instance (in particular true for dynamic environments) in
which case the memory address resolution request needs to
be forwarded to other OS instances — though this could be
the central one (cf. Figure 5), a broadcast to available in-
stances may be more effective due to concurrency issues.

Far more important, the operating system needs to identify
whether the remote access is a data access request (mov, in,
out etc.) or a code branch (jmp, call). In the latter case, local
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execution will be halted and the overall execution point be
passed over to the remote instance (cf. above). The destina-
tion therefore must be able to interpret the entry point like a
local jump (out of virtual space).

C. Data Maintenance

As opposed to passing over execution, data access across
the units means that the remote information needs to become
locally available in some form. The OS instance has princi-
pally 3 options to deal with data access:

1. preemptive distribution: provide the data to all re-
questors, before they actually try to access it

2. context switch: pass all status data when passing over
the execution point to a remote instance (does not apply to
parallel processes)

3. on demand: make data available and accessible the mo-
ment the remote process requests it

The actual decision will not only depend on time of access
(in particular for parallel processes), but also on size of the
data and on outstanding tasks of the processing segment. For
example, if the data will only be ready by the end of the seg-
ment's processing, there is not point in distributing it earlier.
However, if the data size is too large for single provisioning
without introducing unnecessary delays, partial data updates
according to the data segments (cf. above) may be distrib-
uted ahead of time (pre-emptive). Note that current processor
architecture does not allow for easy background data trans-
mission and in most cases the communication will stall exe-
cution of the main process.

As noted, a particular issue in this context consists in en-
suring data coherency across segments and avoiding dead-
locks. Intel's MESIF protocol over the Quick Path Intercon-
nect [18] is one means to ensure cache coherency in a dis-
tributed environment at the cost of access delays. The basic
principle of this approach consists in checking the consisten-
cy of a datum at access time by verifying it against all other
replicated instances. Obviously this protocol does not scale
very well and requires a specific type of architecture that
will most likely not be supported in future large scale envi-
ronments any more [19].

V. ExpLoimING RESOURCE FaBRics

Since the system primarily caters for distribution of an ap-
plication across a (potentially large-scale) environment for
effectively sequential execution, how would this approach
help solve the problem of dealing with future
infrastructures? The system offers two major contributions
that will be discussed in more detail in this section:

A. Supporting High Performance Computing

Though the primary concern is distribution and not paral-
lelisation, the features and principles provided by a S(0)OS
like environment deal with essential issues in large scale
high performance computing: namely (1) exploiting cache to
its maximum, (2) providing a scalable operating system, (3)
matching the code structure with the infrastructure architec-
ture and (4) managing communication and synchronisation
in a virtual distributed shared memory environment.

Whilst the system does not explicitly provide a program-
ming model that deals with scalability over heterogeneous,
hierarchical infrastructures, it does support according models
by providing additional and enhanced features to deal with
such infrastructures. In particular it implements essential fea-
tures as pursued e.g. by StarSS and PGAS (Partitioned Glob-
al Address Space): the concurrency information extracted
from the memory analysis is consistent with the dependency
graph that StarSS tries to derive [15] and could be used as an
extension along that line. The main principle behind PGAS
on the other hand consists in providing a virtual shared
memory to the programmer, with the compiler converting
the according read / write actions into remote procedure
calls, access requests etc.

B. Office@World

A slightly different use case supported by the S(0)OS en-
vironment consists in the current ongoing trend of resource
outsourcing into the web (see Introduction). As has been not-
ed before, an essential part for web exploitation consists in
maintaining interactivity whilst offloading demanding tasks.
As we have shown, this does not only affect code, but equal-
ly data used in an application — accordingly, the features are
of particular relevance in a future environment where most
code and personal data will be stored in the web.

As discussed in detail in [6], the system thus not only al-
lows that code and data becomes accessible and usable from
anywhere at any time (given internet connectivity), but also
virtually increases local performance of the system. This en-
ables in particular frequent travelers to exploit a local system
environment for their applications whilst using data and code
from the web — future meeting places could thus offer com-
pute resources that can be exploited by a laptop user, but
also the other way round, i.e. a home desktop machine could
replicate the full environment of the laptop. A low-power,
portable device could thus turn into a highly efficient system
by seamlessly integrating into the “resource fabric” without
requiring specific configuration or development overhead
[6 ]. This is similar to carrying an extended secure full work,
respectively private profile with you.

VI. CoNcLusioNs

We have presented in this paper an approach to dealing
with future distributed environments that span across the in-
ternet, multiple resources and multiple cores, but also across
different types of usage and applications (such as High Per-
formance Computing and Clouds).

“Resource Fabrics” are thereby an effective means to inte-
grate compute units non-regarding their location and
specifics. We have shown how a general view on computing
resources can serve as basis for such a development, en-
abling higher scalability. To this end, a more scalable operat-
ing system is required that enables the explicit usage of re-
source fabrics as discussed here.

The according OS is still in a highly experimental stage,
and more data is needed for concrete performance estima-
tions — however, the basic principle has already been proven
implicitly by in particular the Cloud Platform as a Service



movement, where the dichotomy of interactive and “execu-
tive” part of the application is used to exploit remote re-
sources. Many issues still remain speculative, though, for ex-
ample regarding the execution of parallel applications where
time-critical alignment is crucial. Along this line in particu-
lar the concurrent exploitation of remote resources, leading
to potential time sharing of individual units (and their re-
sources, such as I/0) still needs to be assessed more critical.
With the general movement towards multi-cores, it can how-
ever generally expected that time-sharing during execution
time is no longer a valid execution model.

In this paper we have used a lot of simplifications, mostly
due to size-constraints. It will be noticed however, that we
did not even touch upon the issue of security, which will be a
major concern in scenarios such as the “office@world” one.
So far, we did not touch upon this as other more technologi-
cal issues need to be solved first - according concepts are ex-
pected in the near future.
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