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Abstract

Asynchronous communication using fast, low latency net-
works present the challenge of delivering the performance
such networks exhibit, from the network layer up to user
level applications. Such applications which need to retrieve
messages from the network, using polling based communica-
tion packages, often face the problems of responsiveness, cpu
utilization and redundant polling. Because of the inherent
asynchronous communication nature of software dsms, these
overheads become apparent when the dsm is implemented
on top of such communication packages.

This paper presents two critical issues in the design and
implementation of software dsm in the presence of fast, low
latency networks. First, it describes the implementation of
a novel technique, calledMultiView, which provides small-
size pages. MultiView is used for tailoring the basic shar-
ing units that are used by the dsm to the native applica-
tion data. This results in false sharing avoidance, smaller
message sizes and helps to prevent excessive bu�er copy-
ing. Second, it proposes a solution for customizing network
drivers to e�ciently support asynchronous communication,
which is best experienced in dsms. Performance evaluation
shows that our methods improve the responsiveness, cpu
utilization and the overall dsm performance.

1 Introduction

Distributed Shared Memory systems (dsms) were introduced
over a decade ago, proposing an abstraction of shared virtual
address space for distributed processes. Since then, several
assumptions on the underlying environment have changed.
One example is the use of multithreading in dsms, built on
top of mainstream operating systems such as Windows-NT
and Solaris [18, 12, 19], and its inclusion as a standard in
modern programming languages such as Java. These made
multithreading and shared memory programming attractive
with a rapidly increasing volume of applications.

�Part of this work was done while the author was with the Com-
puter Science Department at the Technion, Israel.

The e�ciency of the underlying networking layer is a
crucial factor in the performance of dsm systems. Thus, the
recent advent of fast of-the-shelf networks such as Digital
MemoryChannel [7], ServerNet [9], Myrinet [2] and others,
seem to open new horizons. The low latencies and high
bandwidth obtained through these networks may a�ect the
dsm system design in several ways. New issues arise, such
as bu�er copying, message size, and asynchronous commu-
nication. For instance, a lot of the past research in dsm

systems focused on reducing the number of messages while
compromising their size; in contrast, when using fast net-
works, message size has a major in
uence on the latency,
while the overhead per message is relatively small.1

In this paper we describe issues in the design of a high-
performance dsm system, called Millipage. Millipage was
designed and is running on a cluster of Windows-NT ma-
chines, interconnected with a low latency fast Myrinet switch
[2]. Millipage implements the sequential consistency mem-
ory model. It is the �rst dsm system which presents to
the application a strictly consistent memory behavior, and
whose performance compares to that of relaxed consistency
systems. This is achieved through the following unique as-
pects.

First, Millipage is the �rst page-based dsm system which
supports sharing in relatively small-size, application-de�ned
units, calledminipages. Minipages are application-customized,
storing data objects and program variables of any size, ma-
nipulating them independently and e�ciently. This is done
through a recently published technique, called MultiView,
which uses a novel memory layout and requires no special
compiler support [11]. As explained later in Section 2, Mul-

tiView uses mapping capabilities which are already avail-
able as operating system apis. Thus, Millipage is portable
and is e�ciently implemented.

Second, Millipage adapts the networking software layer
for asynchronous communication. Fast messaging layers such
as ActiveMessages [21] and FastMessages [14] require polling
for fetching a received message, which results in a \polling
tradeo�" (lower responsiveness of server threads vs. wasted
cpu cycles for polling). In systems which are multithreaded
and employ asynchronous communication (a remote request
may be issued at unexpected, arbitrary times), this tradeo�
substantially degrades the overall performance. Clearly, the
polling based policy is inadequate, and must be changed to
an event-triggered communication scheme. Because of this
observation, the messaging layers of Millipage were care-

1In our environment we found that (from a certain size, which is
about a hundred bytes) the messages latency increases linearly with
the message size



fully customized to meet the demands of multithreaded,
asynchronous-communication based applications.

Finally, Millipage ensures that no extra bu�er copying
occurs when handling remote requests. Modern messaging
layers may copy-in/copy-out directly from/to the network
interface card to/from the user space. Millipage uses the
capabilities ofMultiView through a special privileged map-
ping to allow these dma operations with no additional bu�er
copying. This also lets the dsm copy-in/copy-out minipages
in a multithreaded environment with no need for \suspend-
all" algorithms.

For completeness, we mention here that the programmer
in Millipage allocates shared memory through a malloc-like
api. Each such call returns a pointer to a variable which is
stored in a minipage, and for which Millipage ensures strictly
consistent values.

Millipage was completely designed and built in Windows-
NT. In this paper we describe how Millipage employs the
Windows-NT capabilities to provide its own unique features:
The small size minipages which resolve false sharing and re-
duce the message sizes, and the customization of the fast
messaging layer for improved responsiveness in the presence
of multithreading and asynchronous communication. We
show how the implementation in Windows-NT results in an
e�cient, high-performance dsm implementation where false
sharing is resolved, message sizes are small, responsiveness
is high, bu�ering is avoided, and short latencies are experi-
enced.

The rest of this paper is organized as follows. In Sec-
tion 2 we describe how the memory mapped I/O mechanism
of Windows-NT is used to create minipages. Section 3 de-
scribes our work in customizing the FastMessages drivers, in
order to increase the responsiveness of the dsm system. We
provide related work in Section 4. We give our conclusions
in Section 5.

2 Using Memory Mapped I/O For Implementing Mini-
pages

Among software dsm techniques, page-based dsm systems
are the most common; they are easy to develop and portable
across architectures. However, due to their use of the OS
protection mechanisms, they are restricted in the size of the
sharing unit which matches an OS page. Multithreaded
computation requires atomic page updates, which further
complicate the implementation of dsm systems; the page
protection change should precede the modi�cation of the
page contents, while simultaneous access of other threads to
the page must be prohibited.

Those issues can be addressed in a relatively simple mech-
anism, calledMultiView, that enables �ne-grain sharing in
page-based dsms. MultiView was �rst introduced in [11].
We now describe it brie
y and elaborate on the implemen-
tation and limitations in Windows-NT.

2.1 MultiView

Consider three variables which reside in the same page. Us-
ing three di�erent mappings of the same page to the virtual
address space of a process, three views of this page can be
constructed. Once the views are constructed, memory pro-
tection can be assigned to them independently of each other.
Now let the application access each variable via a dedicated
view, which makes the variables accessible with di�erent,
independently assigned permissions, despite the fact that
they reside in the same page. Consequently, false sharing

is resolved, as one variable may be accessible on one pro-
cess while another variable (in the same page) is exclusively
accessible by a di�erent (remote) process.

We de�ne the portion of the page where a variable resides
(and is being accessed exclusively through one of the views)
as a minipage. Thus, to the OS, the minipage is the same
as a page, but is smaller in size. It can be set with any
protection value applied for a page, and can be considered
remote or local, replicated or not.

Now consider the problem of atomic update of minipages.
When a page arrives at a node in which all threads have no
access privileges, all that is needed is to write the mini-
page contents in the appropriate place in memory. To this
end, the updating thread should be assigned write privilges,
while all other (application) threads should have no access
permissions. This is achieved by constructing an additional,
privileged view in which access is �xed to ReadWrite. The
privileged view is accessible to the dsm system threads at
all times, but is never used by the application threads.

The views mechanism, as described above, can be further
extended by larger minipages which contain sets of smaller
ones [10]. In this way the dsm may switch aggregation levels
and aggregation \set covers", thus enhancing the function-
ality and richness of the dsm system.

2.2 MultiView Implementation

MultiView requires multiple mapping of memory pages to
the process' address space, applying a di�erent protection
value to each of them. Indeed, Windows-NT provides a well-
documented mechanism called Memory Mapped I/O that is
described below.

Memory Mapped I/O lets a process map a certain �le
(or a portion of a �le) to a contiguous region in its address
space. Once mapped, reading and writing to this memory
region is interpreted by the operating system as reading and
writing to the �le itself. Updates to the �le are not guar-
anteed to be committed immediately, as portions of the �le
may be cached in memory. Furthermore, a second process
which opens this �le is not guaranteed to get the most recent
modi�cations by the �rst process, unless the �le is closed by
the �rst process.

Memory Mapped I/O may be very useful for simplifying
the access to large �les. However, it can also be used as an
Inter Process Communication (IPC) mechanism for sharing
memory between two processes residing on the same ma-
chine. Setting a special parameter (-1) as the �le name in-
dicates a section object which is allocated from memory and
backuped up by the swap �le. Mapping this section object
by two or more processes to their respective address spaces
makes this section object a shared space. As documented,
Windows-NT guarantees strict consistency for local views
of the same section object. This is implemented simply by
mutual translations in the page tables of the processes, so
that the corresponding virtual pages are mapped to the same
physical page [17].

Millipage uses this mechanism, so that instead of map-
ping the same section object by di�erent processes, Milli-
page remaps the same section object several times by the
same process. This lets us implement multiple views of the
same page in the address space of a process.

The implementation consists of two steps. First, a sec-
tion object of a certain size should be de�ned. This in-
forms the operating system of the space which must be re-
served in the swap �le for this section object. A call to
CreateFileMapping returns a handle for the section object.



In the second step, this section object is mapped to the vir-
tual address space of the process by using MapViewOfFile.
Alternatively, if a speci�c address is to be speci�ed for the
mapping then MapViewOfFileEx may be used.

The ideal implementation of minipages would then be
as follows. For each allocation of a variable (e.g., in each
\malloc"), create a section object of the size of the variable
and map it following the last mapped section object. In this
way variables and their mapped views appear in the same
order, which would preserve the spatial locality when the
variables are accessed via their mapped views. However, in
order to have independent protection setting, the size of a
section object can not occupy less than a page. If section
objects could be declared in granularity of a single OS page
then spatial locality could still be preserved, as is depicted in
Figure 1(a). However, Windows-NT restricts the declaration
of section objects to be a multiplicity of 64KB. Therefore,
we had to employ a di�erent implementation of minipages,
as follows.

At initialization time, a single large section object is
created. Several views are constructed to this section ob-
ject through multiple mappings. The number of views con-
structed equal to the maximal number of minipages which
may reside in the same page. Figure 1(b) depicts this im-
plementation. Notice that with this setup spatial locality is
not preserved: referencing two variables which reside consec-
utively in the section object will be done via two addresses
in the virtual address space which might be quite distant
from each other.

2.3 Overheads of the MultiView Implementation

In order to validate the e�ciency of our NT implementation
of MultiView, we wrote a simple test application which
traverses (in a loop) a large array of integers, all packed in
minipages. The array is accessed via (equally loaded) views
that are constructed, so that the number of views dictates
the minipage size. As expected, the total size of commit-
ted memory increases with the size of the allocated region,
independent of the number of views. We were limited, how-
ever, by the size of the available virtual address space in NT,
which stands at about 1.63GB.

As can be seen from the graphs in Figure 2, when using
less than 32 views we experience an overhead of less that
4%, which may be attributed to the increase in the TLB
misses. At certain breaking points the overhead becomes
substantial and leads to high slowdowns. These appear pre-
cisely when the L2 cache can no longer hold all of the PTEs
(128K minipages).

More performance measures which evaluate the Millipage
dsm system can be found in [11] and thus will not be re-
peated here.

3 Customizing Fast Communication to Asynchronous Com-
munication

In this section we describe our experience in adapting the
fast network interfaces to asynchronous communication. Gen-
erally, this involved switching from a polling based policy to
an event driven scheme.

3.1 FastMessages

Millipage uses FastMessages (fm) on Myrinet as its commu-
nication layer. fm was developed at the University of Illinois

as a low latency messaging layer, working on fast network-
ing media such as Myrinet. We measured a roundtrip delay
of 25 �s for small messages (200 bytes) and 180 �s for 4
KB messages. fm achieves network bandwidth higher than
1 GB/sec on our switched Myrinet LAN.

fm provides a reliable and fifo ordered messaging ser-
vice. Its high performance is due to two main features. First,
it does not switch between user mode and kernel mode, but
rather transfers data directly to and from user mode. Sec-
ond, it minimizes bu�er copying of messages. When a send
operation is initiated by the user process, fm veri�es that
there is su�cient space in the network bu�ers at the tar-
get network interface card (NIC). Then the message is read
directly from the user space, through the local NIC to the
target NIC. Using dma, the message is copied at the receiver
side from the bu�ers of the network card to the fm reserved
(and pinned) memory.

3.2 Asynchronous Communication

The user level application which uses Fast Messages library
has to poll in order to check if a message arrived and can
be processed by its handler. Therefore, every extraction of
a message requires executing a loop which calls FM EXTRACT

(Fast Messages main message extraction function) until it
succeeds. This scheme is acceptable for synchronous com-
munication, where the receiver knows when to expect an
incoming message and can optimize message extraction ac-
cordingly. However, this scheme is not acceptable when
using multithreaded asynchronous communications applica-
tions. The main problems one encounters when using polling
in asynchronous communication include:

Responsiveness: Since the application is multithreaded,
the thread which waits for the message using polling,
might be swapped out of the cpu when a message
arrives. This might have double impact; �rstly, the
local message retrieval is delayed until the thread is
swapped-in back to the cpu, when it can extract the
message. Secondly, the remote thread which sent the
message might be waiting for the local thread response.
The e�ect of such a delay does not lead to livelock or
deadlock, but it might reduce the overall performance
considerably.

Wasted cpu Time: Each time a thread executes a polling
loop, and there is no message waiting to be extracted
from the network, the application actually wastes cpu
time, which could be used by another thread not wait-
ing for a message. The wasted cpu time is more ap-
parent when there is more than one thread which is
not waiting for incoming message (and therefore can
utilize the cpu for computation).

Unnecessary Thread Context Switches Since we don't
know when to expect an incoming message, the thread
that waits for the message needs to poll the network
\often enough" in order to achieve reasonable respon-
siveness. On the other hand, this thread cannot oc-
cupy the cpu for too long, as other threads are starved.
Therefore, polling leads to unnecessary thread context
switches.

As described in [3], simple interrupt-driven scenario might
be insu�cient under certain conditions (mainly when the
network is fast and the cpu is network bound - as is the
case for ATM). However, this is not the case here. As more
functions are performed by the network (especially by the
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on card cpu and the card dma engines), cpu intervention is
minimal. In addition, most messages sent by Millipage are
small and require only few cpu cycles to process. This led
us to construct the mechanism described in the next section.

3.3 Interrupt-Enabled Fast Messages

The overall purpose of the changes we made to the Fast Mes-
sages Library and the device driver was to deliver, as fast
as possible and with minimal cpu intervention, the noti�ca-
tion of incoming messages to the user level thread. Changes
made to the original fm include the fmmcp (fm Control Pro-
gram, the program that controls the execution of the net-
work card's cpu), the device driver, and small changes made
to fmcm (fm Context Manager) and myrilib (one of fm lib
�les). These changes (described in short below) were nec-
essary mainly because the current version of fm supports
only polling based message extraction. We came up with
two possible solutions, both depending on Windows NT's
interrupt mechanism:

Thread Priority Boost. Since boosting the priority of a
user level thread, from kernel mode, cannot be done us-
ing documented apis [3], we had to use undocumented
kernel-mode apis. Basically, we used the user level
thread handle to extract kernel mode data structures,
which allowed us to access the thread's priority data,
and change it from within the device driver's ISR (In-
terrupt Service Routine). We used a speci�c thread
as the communication thread, running at low priority.
Once an interrupt occurs, the device driver increases
the thread's priority, allowing it to extract messages.
When the communication thread �nishes extracting

messages (i.e., FM EXTRACT returns no more infor-
mation) the thread reduces its own priority back.

Synchronization Event. In this solution, we used a syn-
chronization event object (created by a call to IoCreate-
SynchronizationEvent). This event object is created
under BaseOfNamedObject directory, were it can be ac-
cessed by user level threads as well as the device driver.
The communication thread is created with high level
priority. Once created, the thread registers on the syn-
chronization object, using WaitForSingleObject. Ev-
ery time an interrupt occurs, the device driver signals
the event, thus releasing the communication thread.
Since the thread executes at high priority it immedi-
ately begins to extract messages. When all the mes-
sages are extracted, the thread returns to wait on the
event object.

These solutions required the following main changes to
the original fm communication package:

Device Driver. The changes to the device driver were re-
quired simply to allow it to register an interrupt object,
so that interrupts can be used. It also creates/opens
the event used to synchronize the communication thread.
We kept the ISR as simple as possible in both solu-
tions; its only roles are to boost the priority of the
communication thread in the �rst solution, or to sig-
nal the event in the second solution.

Fmmcp. We changed the fmmcp, so that the network card
generates interrupts whenever a packet is dmaed into
the host memory. Importantly, the Fmmcp does not
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wait for the device driver to acknowledge the inter-
rupt, but rather continues its execution. This actually
breaks the coupling between hardware generated inter-
rupts and the event object signaling at the user level,
using the following rational.

The goal here was to save on redundant interrupts
and event object signaling. The basic observation is a
potential overlap in time between message extraction
in user level and interrupts generated by the network
card. This overlap implies that signaling the event ob-
ject is not needed while the user thread keeps extract-
ing messages. Since the ISR and the event signal are
much faster than the actual message extraction, dis-
abling the interrupts mechanism while messages are
being extracted does not a�ect the correctness of the
message retrieval algorithm. By following this ap-
proach we save on card cpu time, since the fmmcp con-
tinues executing and can dma more packets from/to
the network, while previous ones are handled. In ad-
dition, the device driver handles less interrupts, issues
less event signals (or thread priority boosts, which af-
fects the user thread currently extracting messages).
Thus, the number of messages our mechanism can han-
dle over a short period of time increases.

3.4 Performance Evaluation: Polling Vs. Interrupts

Our measurements were carried on a cluster of 8 Compaq
Pentium II 300Mhz uniprocessor machines, runningWindows-
NT Workstation 4.0 SP3, with 128 MB of RAM and 512KB
L2 Cache. We ran the experiments under administrator ac-
count and increased the maximum working set to 128MB
(so the operating system does not initiate trimming).

In order to check the responsiveness of the user level
communication thread, we used a simple application which
creates an array of dsmminipages in an arbitrary node in our
cluster. Then, using Millipage architecture, another node
reads the data stored by the minipages. The measurements
results, which can be seen in Figure 3 (left), show the average
time it takes for the remote thread to read minipages of
various sizes. There appears to be no di�erence between the
previous polling mechanism and our new mechanism.

The polling mechanism works as follows: it uses a high
priority thread and a low priority thread to poll for incoming
messages. The high priority thread uses a �ne granularity
timer (1ms timer) to synchronize between two consecutive
polls. When no other threads occupy the cpu (as is the case
in Figure 3 (left)) then the low priority thread is free to poll
the network continuously. This implies that our interrupt
based scheme is as e�cient as polling wrt raw responsiveness
of the dsm server threads.

We ran the same application again, only this time we
added a background thread in the replying node, that con-
tinuously performed arbitrary calculations. The results can
be seen in Figure 3 (right). Since the low priority thread
of the polling mechanism barely receives cpu time, most of
the incoming message handling is done by the high priority
polling thread. Since this thread is running only at certain
intervals (according to the 1ms timer), with no indication of
the arrival of an incoming message, the responsiveness de-
grades signi�cantly. On the other hand, the new mechanism
su�ered only a slight reduction in responsiveness (mainly
since the background thread also used the cpu). We per-
formed the same measurements for remote writes and got
similar results.

Using the same application, we found that the polling
version communication thread used about 40% more cpu

time than the interrupt based communication thread. Some-
what surprisingly, another set of measurements shows that it
takes about 1�s from the moment the interrupt is generated
by the network card, until the signal that is created by the
device driver ISR is received by the user level thread. Oth-
ers report on a 10�s delay, however using di�erent hardware
[1].

3.5 Millipage Performance

In order to evaluate the overall performance we ran several
benchmarks using two con�gurations: one with the previous
version of Fast Messages (i.e., the network is polled for new
messages), and the other one using our new version of Fast
Messages (based on interrupts). The results are summarized
in Table 1.

As can be seen, although being a relatively small change



Single Threaded

180

230

280

330

380

430

480

16 32 64 12
8

25
6

51
2

10
24

20
48

30
72

40
96

minipage size (bytes)

ti
m

e
(u

s
e

c
)

Polling

Interrupts+Event

Interrupts+Boost

MultiThreaded

180

230

280

330

380

430

480

16 32 64 12
8

25
6

51
2

10
24

20
48

30
72

40
96

minipage size (bytes)

ti
m

e
(u

s
e

c
)

Polling

Interrupts+Event

Interrupts+Boost
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Application Data Set Time Improv.
8 node 8 node

Seq. Polling Interrupts
SOR 1024x1024 matrices 7.1 0.99 0.99 0%
LU 1024x1024 matrix, block size 32x32 26.0 6.0 5.72 4.7%
IS 223 numbers, 29 values 20.6 2.83 2.69 4.9%
WATER 343 molecules 15.3 2.68 2.29 14.6%
TSP 19 cities, recursion level 12 160.0 34.56 28.57 17.3%

Table 1: Execution times as measured on �ve benchmark applications using a polling policy and an interrupt based communication
scheme.

in the overall execution of the dsm, changing the underlying
communication layer behavior from polling-based policy to
an interrupt-based scheme results in an overall performance
improvement of up to more than 17%. In the benchmark ap-
plications we checked, which already exhibit good speedups
by using MultiView, the improvement percentage varies a
lot. In general, we can see that the more asynchronous the
communication pattern of the application is, the more it suf-
fers from poor responsiveness, thus it bene�ts the most from
using the interrupt-based scheme. Applications like SOR,
IS and LU, which synchronize mainly via barriers, have a
much more synchronous communication pattern, therefore
bene�t up to 5% in their execution time. However, TSP
and WATER, which are lock-synchronized, have a bene�t of
14%-17% when improving the underlying communication li-
brary behavior. We can also see that no application su�ered
from any performance degradation when using the interrupt-
based communication library.

4 Related Work

A few dsm projects have been conducted on NT. Brazos
[18] uses multithreading in NT in order to hide latencies.
SVMLib [13] provides a software layer that implements the
Win32 api interface on top of Unix, thus is able to develop
multi-platform (Unix and NT) distributed shared memory
system. Malaxis [4] provides a dll that supports the dsm
functionality, to be linked with MFC and other high-level

applications. None of these systems provide �ne-grain shar-
ing or use fast networks to provide high performance.

Blizzard [16] and Shasta [15] provided �ne-grain access
control through code instrumentation, thus bypassing the
page protection mechanism. These systems are non portable
and involve high overheads. In contrast, our work is solely
based on the standard OS mapping and protection mecha-
nisms, thus e�ciently providing �ne-grain sharing with no
need for a special compiler support.

There are several user-level network interfaces developed
for Myrinet network. All of them support the use of polling
for message reception, and some support interrupts. Active
Messages [21] supports interrupt noti�cation of message ar-
rival. In U-NET [20], applications detect message arrival
using polling, blocking or asynchronous noti�cation. VIA
[6, 22] combined the functionality of previous network in-
terface protocols, such as U-NET and VMMC [5] and it is
emerging as the new standard.

[8] experimented with Windows-NT and suggested using
polling during high network load. In the domain of dsm,
we found polling to be inadequate, while interrupt-based
schemes perform well under di�erent loads and actually out-
perform polling schemes.

Comparison between interrupts and polling was done in
[23]. According to this work, tradeo�s between polling and
interrupts aren't clear. Passing the interrupt noti�cation
user level threads is relatively expensive operation in Unix
(costs about 70us). We, on the other hand, use NT's event



model, which allows sharing of user-mode and kernel-mode
event noti�cation, therefore reduce the overhead of using
interrupts.

5 Conclusions

Our Windows-NT implementation of a software dsm system
provides a reach volume of experiences with this operat-
ing system. The focus of this paper was the adaptation of
the Millipage dsm system to work on top of fast messag-
ing hardware and software interfaces. To this end, we fo-
cused on three main issues: Fine grain sharing which avoids
false sharing and helps to reduce message size, event-driven
network interfaces which enhance the responsiveness in the
presence of multithreading and asynchronous communica-
tion, and the avoidance of bu�er copying.

Application-tailored �ne-grain sharing is supported using
the very recent MultiView method which employs unique
memory mapping. MultiView is also used to provide to the
memory, avoiding extra bu�er copying. In the presence of
multithreading,MultiView helps to escape from \suspend-
all" algorithms during copy-in/copy-out operations. We gave
details of the NT implementation (the only one existing
to-date) of MultiView which is done through the e�cient
mechanisms of Memory Mapped I/O. We have shown that
beyond the hardware constraints and wrt the OS parameters
this implementation is very e�cient. On the other hand, we
described some OS-imposed restrictions which degrade the
locality.

Asynchronous communication is heavily used in dsms.
In the presence of multithreading, responsiveness degrades
due to the polling tradeo�. We described our experience
in removing this obstacle by designing an event-triggered
mechanism which uses NT features. This mechanism ex-
ploits NT's event model, which allows direct signaling of
user threads from kernel mode. Our results prove that this
mechanism is highly e�cient.
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