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Description

TECHNICAL FIELD

[0001] The following description relates to operating
systems. More particularly, the following description re-
lates to sleep queue management.

BACKGROUND

[0002] Real-time performance is essential for time-crit-
ical responses required in high-performance embedded
applications such as telecommunications switching
equipment, medical monitoring equipment, space navi-
gation and guidance applications, and the like. Such ap-
plications must deliver responses within specified time
parameters in real-time.
[0003] Real-time performance is provided by operating
systems that use thread-scheduling mechanisms to
schedule threads for execution on a thread priority basis.
(A thread is basically a path of execution through a com-
puter program application). For example, the Microsoft
WINDOWS CE® operating system provides two-hun-
dred-fifty-six (256) thread priority levels, wherein threads
of higher priority are executed before threads of lower
priority are executed. Threads of equal priority are exe-
cuted in a first-in-first-out round-robin fashion. For exam-
ple, thread A runs, then thread B runs, followed by thread
C, and back to thread A.
[0004] Thread scheduling mechanisms typically store
threads in a "run queue" for subsequent execution. Fig.
1 illustrates a traditional run queue 100 that is implement-
ed as a linked list. The threads 102 in the run queue are
sorted based on respective thread priorities. For exam-
ple, Threads 102-A1 through 102-AJ have respective
thread priorities of zero (0), threads 102-B1 through 102-
BK have respective thread priorities of one (1), and the
like. There can be any number of threads 102 in the run
queue.
[0005] A thread that is currently executing may be
preempted by another thread, or the thread itself may
"yield" its access to the processor. Both of these terms
refer to the thread being placed into a "non-executing"
state For example, an operating system may put a thread
to sleep, or preempt the thread to allow a different thread
with a higher priority to execute. In another example, the
thread itself may "yield" its access to the processor to
wait for the occurrence of a particular event such as the
elapse of a predetermined amount of time, or the like,
before continuing execution.
[0006] Regardless of whether a thread is preempted
by another program or whether the thread itself yields its
access to the processor, the system’s thread scheduling
mechanism typically stores the preempted, or yielding
thread into a run queue or sleep queue. (More particu-
larly, a reference to the thread is generally stored in the
run queue or sleep queue). (Although the thread sched-
uling mechanism may or may not be part of the operating

system, the terms thread scheduling mechanism, oper-
ating system, and the like, are often used interchangea-
bly in this description to describe a system’s thread
scheduling aspects). When a thread’s specified sleep
time has expired, the scheduling mechanism "wakes-up"
the thread by removing the thread from the sleep queue
and inserting the thread into the run queue for subse-
quent execution.
[0007] Fig. 2 illustrates a traditional single-dimension
sleep queue 200 that is implemented as a linked list. (A
traditional sleep queue may also be implemented as a
"heap" data structure). For purposes of this description,
a sleep queue 200 is any queue for storing any number
of threads that are sorted based on time. In this example,
the threads 202 in the sleep queue are sorted in a single
dimension based on thread wake-up time and thread pri-
ority within a particular wake-up time. For example,
thread 202-1 has a wake-up time of five (5) milliseconds
(ms) and threads 202-2 and 202-3 have respective wake-
up times of ten (10) milliseconds. Threads that have the
same sleep time are sorted based on priority in a round
robin fashion. For example, thread 202-2 has a wake-up
time of 10 ms with a thread priority of 0 (in this example,
the highest thread priority), and thread 202-... has a
wake-up time of 10 ms with a thread priority of 5 (a lower
priority than a thread priority of 0). In this manner, the
threads in the traditional sleep queue are sorted with re-
spect to one-another in a single dimension.
[0008] As discussed above, a thread may be preempt-
ed by another thread for any number of reasons. One
significant reason that a thread may be preempted is so
that the operating system, or thread scheduling mecha-
nism can determine if there are any threads of higher
priority that need to be executed. Part of this determina-
tion, and another significant reason in and of itself, is the
operating system may scan the threads stored/refer-
enced in the sleep queue to determine if any need to be
woken-up for execution (e.g., inserted into the run
queue). Real-time operating systems typically preempt
all other threads from executing at predetermined peri-
odic time intervals to perform such thread management.
[0009] Thread scheduling mechanisms typically use a
hardware timer to produce a system tick to determine a
maximum amount of time, or "quantum" that a thread can
execute in the system without being preempted. A sys-
tem tick is a rate at which a hardware timer interrupt is
generated and serviced by an operating system. When
the timer fires, the thread scheduling mechanism will
schedule a new thread for execution if one is ready.
[0010] Significantly, an operating system requires ex-
clusive access to a processor during certain thread
scheduling procedures such as during sleep queue
thread removal procedures and during run queue thread
insertion procedures. The operating system uses its sys-
tem-exclusive access: (a) to remove threads from the
sleep queue at or as close as possible to each respective
thread’s specified wake-up time for subsequent insertion
into the run queue; and, (b) to insert each thread removed
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from the sleep queue into the run queue for execution.
[0011] The number of threads to be woken-up at any
one time could be any number of threads such as one
thread, two threads, or one hundred threads. The more
threads that need to be removed from the sleep queue
for insertion into the run queue, the greater the amount
time is that an operating system requires system-exclu-
sive access to the processor. This system-exclusive ac-
cess is directly controlled by the operating system and
cannot typically be preempted by any other thread.
[0012] The non-deterministic and non-preemptable
nature of traditional sleep queue thread removal and run
queue thread insertion procedures creates a number of
significant problems. One problem, for example, is that
an operating system cannot typically be guaranteed to
schedule other threads within predetermined time pa-
rameters because of such non-deterministic thread man-
agement techniques. This means that a preempted
thread (a thread that was executed but that was blocked
during sleep queue thread removal) won’t execute again
for an unknown amount of time. The respective wake-up
times of one or all of the threads that that need to be
removed from a sleep queue at any one moment in time
may have already long passed before they are removed
and inserted into the run queue. Analogously, by the time
a thread that is inserted into the run queue gets executed,
the thread’s purpose or the event that the thread is re-
sponding to may have passed long ago.
In the book "Solaris internals: Core kernel components",
a sleep queue is disclosed with kernel threads organized
according to priority. However, the book fails to provide
insertion of a kernel thread on said sleep queue within a
predictable time period. The sleep queue according to
this book is therefore not usable under real-time con-
straints.
In "Varghese and Lauck: Hashed and hierarchical timing
wheels: efficient data structures for implementing a timer
facility", an abstract discussion of timing procedures in
operating systems is disclosed. However, this document
is not directed to multi-threading or real-time systems,
and does therefore not provide any way to manage
threads under real-time constraints.
In the book "Understanding the Linux Kernel", a further
discussion of timers is provided. Section 5.4.4. of said
book teaches that a timer is a software facility that allows
functions to be invoked at some future moment. As
above, this book neither discloses multi-threading nor
real-time systems, and also fails to provide multi-thread-
ing under real-time constraints.
A lecture by Douglas W. Jones held in 1997 at the Uni-
versity of Iowa, Department of Computer Science is also
directed to timers as described above. The subject matter
of said lecture also fails to provide thread management
under real-time constraints.
[0013] Accordingly, traditional sleep queue thread re-
moval and run queue thread insertion procedures do not
typically allow an operating system to schedule other
threads for execution within deterministic/predetermined

time parameters.

SUMMARY

[0014] Various implementations of the described sub-
ject matter provide for the management of a multi-dimen-
sional sleep queue, such that a group of threads with a
same wake-up time are removed from the multi-dimen-
sional sleep queue in a deterministic amount of time in-
dependent of the number of threads in the group. More-
over, new threads are inserted into the multi-dimensional
sleep queue in a manner that allows other processes to
execute during the thread insertion process. Thus,
whether inserting threads into a sleep queue, or whether
removing threads from the sleep queue, the described
subject matter allows an operating system to schedule
other threads for execution within deterministic/predeter-
mined time parameters.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1 is a block diagram that illustrates aspects of a
traditional run queue used by an operating system
to schedule threads for execution.
Fig. 2 is a block diagram that illustrates aspects of a
traditional thread sleep queue used by an operating
system to allow threads to sleep for a specified
amount of time before execution is resumed.
Fig. 3 is a block diagram that shows an exemplary
multi-dimensional sleep queue that is used by a
thread scheduling mechanism to allow an operating
system to schedule other threads for execution with-
in deterministic/predetermined time parameters.
Fig. 4 is a flowchart that illustrates an exemplary pro-
cedure to insert a thread into a multi-dimensional
sleep queue, such that multiple threads that have a
same thread wake-up time can be removed from the
sleep queue in a deterministic amount of time.
Fig. 5 is a flowchart that shows an exemplary proce-
dure to determine/establish a thread insertion point
in a multi-dimensional sleep queue in a manner that
allows an operating system to schedule other
threads for execution within deterministic time pa-
rameters.
Fig. 6 is a flowchart illustrating further aspects of an
exemplary optimized procedure to insert a thread
into a multi-dimensional sleep queue. Specifically,
the optimized procedure uses a multi-dimensional
atomic walk procedure to identify a position in a multi-
dimensional sleep queue to insert the thread.
Fig. 7 is a flowchart that shows further aspects of an
exemplary multi-dimensional atomic walk procedure
to identify a position in a multi-dimensional sleep
queue to insert a thread. Specifically, Fig. 7 illus-
trates use of a last examined thread to identify a start
position in a multi-dimensional sleep queue to begin
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a search for a new thread insertion point.
Fig. 8 is a flowchart that shows further aspects of a
multi-dimensional atomic walk procedure to insert a
new thread into a multi-dimensional sleep queue. In
particular Fig. 8 shows how a last examined node
may be used to identify an insertion point in the sleep
queue based on the last examined node’s wake-up
time and priority.
Fig. 9 is a flowchart that illustrates further aspects of
an exemplary optimized procedure to insert a new
thread into a multi-dimensional sleep queue. In par-
ticular, Fig. 9 shows how a last examined node is
used to identify an insertion point in the sleep queue
when the last examined thread is the last thread in
one of the multiple dimensions.
Fig. 10 is a flowchart that shows an exemplary pro-
cedure to remove a group of threads from a sleep
queue in a deterministic amount of time that is inde-
pendent of the number of threads that need to be
removed.
Fig. 11 is a block diagram that shows aspects of an
exemplary run queue that allows a plurality of
threads to be associated with the run queue in a de-
terministic amount of time.
Fig. 12 is a flowchart that shows aspects of an ex-
emplary procedure to remove a thread from run
queue.
Fig. 13 is a flowchart diagram that illustrates aspects
of an exemplary procedure to insert a plurality of
threads into a run queue in a determinative amount
of time that is independent of the number of threads
associated with the run queue at any one time.
Fig. 14 is block diagram that shows aspects of a suit-
able computing environment wherein an exemplary
system and procedure to manage a run queue may
be implemented.

DETAILED DESCRIPTION

[0016] The following description sets forth various im-
plementations of subject matter to manage a sleep queue
that incorporates elements recited in the appended
claims. The implementations are described with specifi-
city in order to meet statutory requirements. However,
the description itself is not intended to limit the scope of
this patent. Rather, the inventor has contemplated that
the claimed subject matter might also be embodied in
other ways, to include different elements or combinations
of elements similar to the ones described in this docu-
ment, in conjunction with other present or future technol-
ogies.

Exemplary Multi-Dimensional Sleep Queue

[0017] Fig. 3 is a block diagram that shows an exem-
plary two-dimensional (2-D) sleep queue 300. Sleep
queue 300 is used to keep track of threads that are no
longer executing for a specified amount of time, or "put

to sleep". When a thread is interrupted and put to sleep,
a reference to that thread is inserted in the sleep queue.
Each thread has parameters that are used to determine
when it should be taken out of the sleep queue and there-
fore "resumed". In this implementation, these parameters
include a wake-up time and a thread priority.
[0018] For example, within the sleep queue 300, each
thread is represented as a node or data field 304. Thus,
the sleep queue comprises a plurality of such nodes or
data fields. Each node represents a respective thread of
execution in a computer program application. Each node
comprises a respective thread wake-up time and a re-
spective thread priority ("PRI"). For example, node 304-1
includes a thread WT of five (5) milliseconds (ms), and
a thread PRI of ten (10). (In this implementation, a thread
PRI of 0 is a higher thread PRI than one (1), which in turn
is a higher thread PRI than two (2), and the like).
[0019] For purposes of removing a group of threads
from the sleep queue 300 in a deterministic amount of
time, the nodes 304 are sorted in two dimensions: first
with respect to their wake-up times and then with respect
to their thread priorities. Fig. 3 shows the results of such
sorting, in which nodes are sorted left-to-right in order of
increasing wake-up time values and top-to-bottom in or-
der of increasing PRI values. This produces a two-dimen-
sional array having a number of columns equal to the
number of unique wake-up time values possessed by the
nodes contained in the sleep queue. Each column con-
tains all nodes having a particular wake-up time value.
The columns are sorted in order of increasing wake-up
time values. Within each column, the nodes are sorted
in order of their PRI values.
[0020] For example, a first-dimension row or data field
302 includes nodes 304-1 through 304-5, having the low-
est-priority node of each unique wake-up time value, sort-
ed in order of increasing wake-up time value. Node 304-1
has a thread wake-up time of 5, node 304-2 has a thread
wake-up time of 7, node 304-3 has a thread wake-up
time of 20, and the like. Each node is ordered in the first
dimension such that a thread that is ready to be "woken-
up" is removed by a sleep queue management procedure
before the procedure removes a thread whose "wake-
up" time has not arrived. There can be any number of
nodes in the first dimension data field. Each node 304 in
the first dimension 302 has a different thread wake-up
time as compared to other nodes in the first dimension.
First dimension nodes are not ordered, or sorted with
respect to one-another based on thread priority.
[0021] The sorting also results in a plurality of second-
dimension columns or data fields 308, wherein nodes
304 are ordered with respect to one-another based on
the their respective thread PRIs. For example, a second
subset of the nodes is represented by second dimension
data field 308, which in this example comprises nodes
304-2 through 304-8. There can be any number of nodes
in the second dimension data field. Moreover, there can
be any number of second dimension data fields. To illus-
trate this, consider that there is a second dimension data

5 6 



EP 1 271 314 B1

5

5

10

15

20

25

30

35

40

45

50

55

field 308-2, which comprises nodes 304-4 through
304-10.
[0022] Each node 304 represents not only a node in
the first dimension 302, but also represents a respective
node in a second dimension 308. In other words, each
second dimension data field includes a single first dimen-
sion node. For example, second dimension 308-1 in-
cludes node 304-1, which is in both the first dimension
and the second dimension. In yet another example, sec-
ond dimension 308-2 includes node 304-4, which is sort-
ed with respect to both the first dimension and the second
dimension.
[0023] As illustrated by directional arrow 310, each
node 304 in a second dimension 308 is sorted with re-
spect to each other node in the second dimension based
on thread PRI within a particular thread wake-up time.
For example, node 304-2 has a thread PRI of two (2),
which is higher than node’s 304-6 respective thread pri-
ority of three (3), and the like. In contrast to the nodes
304 in the first dimension 302, wherein each node has a
different thread wake-up time, each second dimension
node has a same respective thread wake-up time. For
example, each node 304-2 through 304-8 has the same
thread wake-up time of seven (7) ms. Because each node
304 of the sleep queue 300 is sorted with respect to first
and second dimensions, each node with a highest/higher
priority in the first dimension 302 as compared to respec-
tive priorities of other nodes with a similar wake-up time
is considered to be in a "primary position" with respect
to the first and second 308 dimensions of the sleep
queue. For example, referring to Fig. 3, nodes 304-1
through 304-5 can be considered to be in a "primary"
position with respect to the first and second dimensions
of the sleep queue.
[0024] Furthermore, a node with a lower priority as
compared to one or more other nodes with a similar wake-
up time, is considered to be in a secondary position with
respect to the first and second dimensions of the sleep
queue. For example, node 304-6 has a priority of 3, which
in this example is lower than node’s 304-2 priority of 2.
(Note that each node has a similar wake-up time of 7
ms). Thus, node 304-2 is considered to be in a secondary
position with respect to the first and second dimensions
of the sleep queue.
[0025] To indicate sorted relationships between
nodes, the nodes are advantageously maintained in
linked lists. Specifically, nodes 304 may include one or
more references to other nodes 304. For example, a first
thread 304-1 includes a reference (not shown) such as
a pointer reference to a next thread 304-2, which in turn
comprises a reference to a subsequent thread 304-3. In
yet another example, node 304-2 includes at least two
such node references, a first reference to node 304-6
and a second reference to 304-3.
[0026] There are many ways of managing such node
304 references. For example, if a node does not currently
reference a different node, a pointer reference in the node
may be set to equal a null value. If during sleep queue

management procedures the multi-dimensional sleep
queue configuration changes to include more or less
threads/nodes, a node’s corresponding pointer reference
can be set accordingly to accurately reflect such chang-
es.
[0027] This multi-dimensional arrangement of the
sleep queue 300 makes it easy to determine the next
thread to be resumed or group of threads to be removed
from the sleep queue. In this example, the next thread
to be removed is the thread with the earliest wake-up
time and highest thread priority-node 304-1 at the top
left. Furthermore, this arrangement has several other ad-
vantages relating to removing groups of threads from the
sleep queue in a deterministic amount of time. For ex-
ample, when the sleep queue 300 is implemented as a
linked list, a single node (e.g. node 304) detach operation
is used to remove one or more nodes in the first 302 and
second dimensions 308 on a system timer tick.
[0028] To illustrate this, consider that a detach of node
304-2 from the multi-dimensional sleep queue results in
the removal of a group of nodes (i.e., node 304-2, and
nodes 304-6 through 304-8) in second dimension data
field 308-1. Thus, each of the nodes in a second dimen-
sion data field, regardless of the number of nodes in the
second dimension data field, is removed from the sleep
queue at the same time.
[0029] Accordingly, the amount of time it takes to re-
move any number of nodes with a particular wake-up
time is based on the amount of time it takes to detach a
single node from the sleep queue. Thus, the multi-dimen-
sional sleep queue provides for removing a group of
nodes from the sleep queue in a bounded, or determina-
tive amount of time. As described below, this group of
nodes can be associated with the run queue in the
amount of time that it takes to insert a single node into
the run queue. Thus, use of sleep queue 300 during
thread management allows an operating system to
schedule other threads for execution within determinis-
tic/predetermined time parameters.

Exemplary Procedure to Manage a Multi-Dimension-
al Sleep Queue

[0030] Conventional techniques to insert threads into
a single dimension sleep queue of Fig. 2 typically allow
other processes/threads to execute during the sleep
queue thread insertion process. This allows an operating
system to schedule other threads for execution within
predetermined time parameters during the sleep queue
thread insertion process. (This is the case even though
the entire amount of time that it takes to insert a thread
into the sleep queue may be non-deterministic, or un-
bounded (undeterminable)). However, such convention-
al single dimension sleep queue thread insertion tech-
niques are not designed to insert a thread into the inven-
tive multi-dimensional sleep queue 300 of Fig. 3.
[0031] Fig. 4 is a flowchart that shows an exemplary
procedure 400 to insert a thread into a multi-dimensional
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sleep queue 300 of Fig. 3. The procedure inserts threads
into the multi-dimensional sleep queue such that multiple
threads having a same thread wake-up time can be re-
moved from the sleep queue in a determinative amount
of time, and also such that the wake-time and priority
sorted semantics of the multi-dimensional sleep queue
are preserved.
[0032] At block 410, the procedure receives a new
thread of execution to be inserted into a multi-dimension-
al sleep queue for a predetermined, thread specified
amount of time. (See, the sleep queue 300 of Fig. 3). At
some point in time, no threads may be stored in the sleep
queue. Thus, at block 412, the procedure determines if
the new thread will be the first thread in the sleep queue.
If not, the procedure continues at block 416, which is
described in greater detail below. If so, at 414, the pro-
cedure inserts the new thread into the sleep queue as a
first thread, or "head node" of the sleep queue.
[0033] At block 416, the procedure 400 having already
determined that the new thread is not the first thread in
the sleep queue (block 412), the procedure establishes
a thread insertion point in the multi-dimensional sleep
queue for the new thread. The thread insertion point is
based on the new thread’s specific wake-up time and
priority, as compared to the respective wake-up times
and priorities of threads that are already in the sleep
queue. (Exemplary aspects to establish a proper thread
insertion point are described in greater detail below in
reference to Figs. 5 through 9). At block 418, the proce-
dure introduces the new thread into the sleep queue at
the established insertion point.
[0034] Fig. 5 is a flowchart that illustrates an exemplary
block 416 of the procedure of Fig. 4 to establish an in-
sertion point in a multi-dimensional sleep queue. At block
510, the procedure determines if the new thread’s spec-
ified wake-up time is different as compared to each re-
spective wake-up time of each of the other threads in a
first dimension of the multi-dimensional sleep queue. At
block 512, it having been determined that the new
thread’s wake-up time is unique in the first dimension
(block 510), the procedure sets the insertion point for the
new thread such that it is sorted into the first dimension
(see data field 302 of Fig. 3) based on its unique wake-
up time.
[0035] At block 514, having already determined that a
different thread in the first dimension has a same wake-
up time as the new thread wake-up time (block 510), the
procedure 400 determines whether the new thread’s pri-
ority is the same or higher than a thread priority that cor-
responds to the different thread with the same wake-up
time.
[0036] At block 516, it having been determined that the
new thread has a same or higher priority as compared
to the different thread (block 514), the procedure estab-
lishes the insertion point within a second dimension of
threads having a similar wake-up time. If thread priorities
are the same, the new thread insert point is immediately
before or after the different thread. In this implementation,

if the new thread’s priority is higher or the same as the
different thread’s priority, the insert point is immediately
before the different thread.
[0037] At block 518, having already determined that a
different thread in the first dimension has a same wake-
up time as the new thread wake-up time (block 510), and
having already determined that the new thread does not
have a same or higher priority than the different thread
(block 514), the procedure 400 establishes the insert
point based on the new thread’s lower priority within a
second dimension of nodes with the same wake-up time.
[0038] Fig. 6 is a flowchart that illustrates an exemplary
optimized procedure to insert a new thread into a multi-
dimensional sleep queue 300 of Fig. 3. More particularly,
this implementation uses a multi-dimensional atomic
walk to locate a proper insertion point in the multi-dimen-
sional sleep queue for a new thread. The multi-dimen-
sional atomic walk either starts searching for an insertion
point at a first thread (if there is one), or at a last examined
node in the sleep queue.
[0039] If a status of a last examined node 302 has
changed, the search will begin at the start of the sleep
queue. Such a change of node status comprises a de-
termination of whether the last examined node was al-
ready removed from the sleep queue since it was last
examined, or whether the last examined node was
moved from a primary position with respect to the first
and second dimensions of the sleep queue to a second-
ary position. (Primary and secondary positions with re-
spect to the first and second dimensions of the sleep
queue are discussed in greater detail above in reference
to Fig. 3). As long the status of the last examined thread
has not changed, it is valid to begin the examination of
threads in the sleep queue with the last examined thread.
[0040] The search for the thread insertion point is per-
formed on a thread-by-thread, or "node-by-node" basis.
A node-by-node basis means that an operating system
maintains system-exclusive access to a processor only
for that amount of time that is required to examine a single
node to determine if the examined node identifies a new
thread’s appropriate insertion point in a multi-dimension-
al sleep queue. After a single node is examined, the op-
erating system releases the system-exclusive access to
the processor. If yet another node needs to be examined
to identify the insert point for the new thread, then the
operating system again grabs system-exclusive access
to the processor to examine a next thread/node (if any).
In this manner, in-between single node examinations,
the operating system allows the processor to execute
threads that were pre-empted to allow the operating sys-
tem to perform the sleep queue scheduling mechanism.
An optimized multi-dimensional atomic walk thread in-
sertion procedure 600 is now described.
[0041] At block 610 the procedure 600 determines if a
new thread that is to be inserted into the multi-dimen-
sional sleep queue is a first thread. If so, at block 612 the
procedure inserts the first thread into the sleep queue.
[0042] If the new thread is determined not to be the
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first thread (block 610), at block 618, the procedure sets
a last examined node/thread to reference, the inserted
first node (block 612). At block 620, the procedure
preempts all other threads from executing by grabbing
system-exclusive access to the processor.
[0043] At block 622, the procedure 600 determines if
a state of the last node has changed. As discussed
above, the last node’s state changes if it has already
been removed from the sleep queue (e.g., already insert-
ed into the run queue for execution), or if the last node
was moved from a primary position with respect to the
first and second dimensions of the sleep queue to a sec-
ondary position.
[0044] If the state of the last node has not changed
(block 622), the procedure 600 continues at block 710
as shown in Fig. 7, which is described in greater detail
below. However, if the state has changed, at block 624,
the operating system releases the system-exclusive ac-
cess to the processor (see, block 620). The procedure
continues at block 614, wherein the procedure deter-
mines if it is time for a thread to be woken-up from the
sleep queue. If so, the procedure ends. Otherwise, the
procedure continues as described above in reference to
block 618.
[0045] Fig. 7 is a flowchart that shows further aspects
of an exemplary procedure 600 to insert a new thread
into a multi-dimensional sleep queue to. At block 710,
the procedure determines if the last examined
node/thread indicates an insertion point in the sleep
queue. (An exemplary methodology of block 710 to de-
termine if the last node identifies an insertion point is
described in greater detail below in reference to Fig. 8).
If so, at block 712, the procedure inserts the new
node/thread into the multi-dimensional sleep queue at
the indicated insert point. At block 714, the procedure
releases system-exclusive access to the processor (see,
block 620 of Fig. 6).
[0046] At block 716, it having been determined that the
last examined thread/node does not indicate an insertion
point for the new thread in the sleep queue (block 710),
the procedure 600 sets the last examined node/thread
to indicate a next node in the sleep queue. At block 718,
the procedure releases the system-exclusive access to
the processor (see, block 620 of Fig. 6). At block 720,
the procedure determines if a thread needs to be woken-
up from the sleep queue. If so, the procedure ends. Oth-
erwise, the procedure continues at block 620 of Fig. 6,
which is described in greater detail above.
[0047] Fig. 8 is a flowchart that shows further aspect
of a multi-dimensional atomic walk procedure to insert a
new thread into a multi-dimensional sleep queue. In par-
ticular it shows how a last examined node may identify
an insertion point in the sleep queue. (See, block 710 of
Fig. 7). At block 810, the procedure determines if the new
node/thread has an earlier wake-up time as compared
to the last examined node/thread. If so, the insert point
is established based on the new thread’s earlier WT, such
that the new thread will be removed from the sleep queue

before the last examined thread.
[0048] At block 814, the procedure 600 determines if
the new node/thread has a same wake-up time as com-
pared to the last examined node/thread. If not, the pro-
cedure continues at block 910 of Fig. 9, which is de-
scribed in greater detail below. However, if the new
node/thread has a same wake-up time as compared to
the last examined node/thread, at block 816, the proce-
dure determines if the new node/thread has a same or
higher priority as compared to the priority of the last ex-
amined node/thread. If not, the procedure continues at
block 910 of Fig. 9, which is described in greater detail
below.
[0049] If the new node/thread has a same wake-up
time and a same or higher priority as compared to the
last examined node/thread (block 816), at block 818, the
procedure establishes the insert point based on the new
thread’s same or higher priority as compared to the pri-
ority of the last examined node/thread, and based on the
similar wake-up time as the last examined node/thread.
(Exemplary methodology to perform block 818 is de-
scribed in greater detail above in reference to block 516
of Fig. 5).
[0050] Fig. 9 is a flowchart that shows further aspect
of a multi-dimensional atomic walk procedure to insert a
new thread into a multi-dimensional sleep queue. In par-
ticular it shows how a last examined node that is a last
node in a dimension may identify an insertion point in the
sleep queue for a new thread. (See, block 710 of Fig. 7,
and block 816 of Fig. 8). At block 910, the procedure
determines if the last examined node indicates a next
node (or is it null) in a particular dimensional direction of
interest to indicate whether there are any other next
nodes in the primary or secondary dimensions of the mul-
ti-dimensional sleep queue.
[0051] If the last examined node has the same wake-
up time as the new node (this was already determined
at block 814 of Fig. 8), then it has also already been
determined that the new node has a lower priority than
the last node (see, block 816 of Fig. 8). Thus, the proce-
dure determines at block 910 whether the last examined
node indicates a next node with respect to a node with
a lower priority in the second dimension (e.g., a next node
with a secondary position with respect to the first and
second dimensions).
[0052] If the last examined node does not have the
same wake-up time as the new node (this was already
determined at block 814 of Fig. 8), then it has also already
been determined that the new thread/node has a later
wake-up time as compared to the last node (see, block
810 of Fig. 8). Thus, the procedure determines at block
910 whether the last examined node indicates a next
node with respect to a node with a later wake-up time
than the last node in the first dimension (e.g., a next node
with a primary position with respect to the first and second
dimensions).
[0053] At block 912, it having been determined that the
last node is the last node in a dimensional direction of
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interest, establishes the insert point for the new thread
such that the new node is the last node in that dimensional
direction of interest and such that it will be removed from
the multi-dimensional sleep queue after the last exam-
ined node.
[0054] At block 914, the last node not being the last
node in a dimensional direction of interest, the procedure
indicates that the new thread’s insert point in the multi-
dimensional sleep queue is not yet determinable. The
procedure continues at block 710 of Fig. 7 as described
in greater detail above.

Time-Deterministic Group Thread Removal from a 
Sleep Queue

[0055] Fig. 10 is a flowchart that shows an exemplary
procedure 1000 to remove a group of threads from a
sleep queue in a bounded, or deterministic amount of
time. At block 1010, the procedure determines whether
one or more respective thread specified wake-up times
have expired. (A thread with an expired wake-up time
must be removed from the sleep queue for subsequent
insertion into a run queue for execution). At block 1012,
having determined that one or more threads need to be
removed from the sleep queue for insertion into the run
queue (block 1010), the procedure removes the one or
more threads from the sleep queue in the amount of time
the processor takes to perform a single node detach op-
eration. Thus, the group removal of threads from the mul-
ti-dimensional sleep queue is time-deterministic in na-
ture.
[0056] Accordingly, the methodology shown in Figs.
5-10 provide for the removal of multiple threads from a
sleep queue in a deterministic amount of time. Moreover,
as will be discussed in greater detail below in reference
to Figs. 11 and 12, the amount of time that it will take to
associate the detached group of nodes with the run
queue is also time-deterministic because it will only be
that amount of time that it takes to associate a single
node with the run queue. This is significant because any
non-deterministic delay incurred by the operating system
in providing program responses threatens the real-time
aspects of a real-time operating system.

Exemplary Run Queue

[0057] Fig. 11 is a block diagram that shows aspects
of an exemplary run queue 1100 for associating a group
of nodes with the run queue in a deterministic amount of
time. The run queue comprises a first data field 1102
includes a first plurality of threads 1104. Each thread
1104 includes a respective thread priority. Each thread
1104 in the first data field is sorted with respect to each
other thread in the first data field based on a semantic.
The semantic is that a thread with a high priority is re-
moved from the run queue before a thread with a lower
priority is removed from the run queue. For example,
thread 1104-2 having a priority of two (2) is removed for

execution before the thread 1104-3 having a priority of
four (4) is removed for execution.
[0058] The run queue 1100 comprises one or more
second data fields 1108 such as field 1108-1 and field
1108-2. A second data field comprises a second plurality
of threads 1104. Each thread 1104 in the second data
field is sorted with respect to each other thread in the
second data field such that a thread with a high priority
is removed from the second data filed before a thread
with a lower priority is removed.
[0059] In this implementation an operating system ob-
tains the secondary data field from the sleep queue 300
of Fig. 3. Such a sleep queue and procedures to remove
the secondary data field 308 from the sleep queue in a
deterministic amount of time is described in greater detail
above in reference to data field 308 of Figs. 3-10.
[0060] The second data field 1108 , which corresponds
to the data field 308 of Fig. 3, includes a root thread such
as root thread 1104-2 or root thread 1104-4. A root thread
includes a particular priority, and each of the other
threads include a respective priority that is a lower priority
or an equal priority as compared to the root thread’s pri-
ority. For example, root thread 1104-2 has a priority of
2, each of the other priorities in the second data field
1108-1 have a respective priority that is less than 2. (In
this example, a priority of zero (0) such as node 1104-2
is a highest priority, and a priority of fifteen (15) such as
node 1104-5 is a lowest priority).
[0061] The entire second data field 1108 is associated
with the first data field 1102 in response to a single op-
eration such as a linked list insert node operation, where-
upon the root node such as thread 1104-2 is inserted into
the run queue 1100 first data field 1102. Linked list insert
node operations are well known in the art of computer
programming. Because the second data field is associ-
ated with the first data field in response to a single oper-
ation, the amount of time that it takes to associate any
number of threads with the run queue is independent of
a number of threads being associated with the run queue.
[0062] Moreover, because each thread in the data field
1108 is associated with the run queue in response to a
single operation, the amount of time that it takes to as-
sociate any number of threads with the run queue is de-
terminable in advance of performing the operation. A sin-
gle operation may include one or more instructions each
of which are determinable in advance. Because a proc-
essor typically requires a predetermined amount of time
to execute any one particular instruction, the amount of
time to execute the operation to associate the group of
threads with the run queue is deterministic. Because the
amount of time is deterministic, it is also often referred
to as being "bounded" since one can specify a boundary
limit to the amount of time in advance.
[0063] Only those threads 1104 that are in the first data
field’s queue 1102 will be removed for execution. A thread
of a higher priority will always be removed from the first
data queue for execution before a thread of a lower pri-
ority is removed from the first data queue for execution.
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And, threads of equal priority run in a first-in-first-out
round-robin fashion. Note that a root thread such a thread
1104-2 and/or a thread 1104-4 is part of both a first data
queue and a respective second data queue 1108.
[0064] In this implementation, it is only after a root node
has been removed for execution, that a next node cou-
pled to the removed root node is inserted into the first
data queue for subsequent removal and execution. For
example, only after the root node 1104-2 has been re-
moved for execution, is the next node 1104-6 inserted
into the first data queue for subsequent removal and ex-
ecution. The next node is inserted such that it maintains
the priority sorting of the first data queue. In this example,
the next node has a priority of four (4), thus it would be
inserted into the first queue such that it will be removed
for execution before node 1104-3 is removed for execu-
tion. However, had the next node had a lower priority
than node 1104-3 (such as a priority of 20), the next node
would be inserted into the first queue such that it would
not be removed for execution until after the node 1104-5
is removed for execution. More particularly, the next node
is inserted into the first queue such that it is not removed
from the first data queue until after nodes 1104-3 through
1104-5 have been removed for execution.
[0065] In this manner, after a root node such as thread
1104-2 and/or thread 1104-4 is removed from the first
data queue 1102, a next node (if there is one) such as
node 1104-6 and/or node 1104-9, in effect, becomes a
root node of a respective second data queue 1108. This
is because the next node effectively becomes the
queue’s head node.

Exemplary Procedure to Manage a Run Queue

[0066] Fig. 12 is a flowchart that shows an exemplary
procedure 1200 to remove a thread from run queue 1100
of Fig. 11. At block 1210, the procedure removes a thread
from the run queue for execution. As discussed above,
the thread may be a root node such as root node 1104-2
of Fig. 11 that is attached to one or more other secondary
nodes in data field 1108-1, or may be a node that is not
attached to any secondary nodes such as root node
1104-1. Accordingly, at block 1212, the procedure deter-
mines whether the removed node is attached to a sec-
ondary node (e.g., root node 1104-2 is attached to sec-
ondary node 1104-6). If not, the procedure ends.
[0067] Otherwise, if the removed node is attached to
a secondary node (block 1212), at block 1214, the pro-
cedure inserts the secondary node into the run queue in
a manner that maintains the priority based semantics of
the run queue. For example, if the removed node (block
1210) is node 1104-4 of Fig. 11, the secondary node is
node 1104-9 (having a priority of seven (7)). Block 1214
of the procedure then inserts the secondary node 1104-9
into the run queue before node 1104-9, which has a pri-
ority of fifteen, thereby making the secondary node a root
node, and thereby maintaining the priority based seman-
tics of the run queue. Significantly, block 1214 of the pro-

cedure inserts an additional node into the run queue in-
dependent of any access to any other queue such as a
sleep queue or a wait queue.
[0068] Fig. 13 is a flowchart diagram that shows an
exemplary procedure 1300 to insert a plurality of threads
into a run queue in a determinative amount of time. At
block 1310, the procedure associates a plurality of
threads with a run queue of Fig. 11 in a determinative
amount of time as described above in reference to Fig.
11. At block 1312, the procedure inserts each thread in
the associated plurality of threads (block 1310) into the
run queue without an additional sleep queue access (see,
sleep queue 300 of Fig. 3).

Exemplary Computing Environment

[0069] Fig. 14 illustrates an example of a suitable com-
puting environment 1400 wherein an exemplary system
and procedure to manage a run queue may be imple-
mented. Exemplary computing environment 1400 is only
one example of a suitable computing environment and
is not intended to suggest any limitation as to the scope
of use or functionality of an exemplary system and pro-
cedure to manage a run queue. The computing environ-
ment 1400 should not be interpreted as having any de-
pendency or requirement relating to any one or combi-
nation of components illustrated in the exemplary com-
puting environment 1400.
[0070] The exemplary system and procedure to man-
age a run queue is operational with numerous other gen-
eral purpose or special purpose computing system envi-
ronments or configurations. Examples of well known
computing systems, environments, and/or configura-
tions that may be suitable for use with an exemplary sys-
tem and procedure to manage a run queue include, but
are not limited to, personal computers, server computers,
thin clients, thick clients, hand-held or laptop devices,
multiprocessor systems, microprocessor-based sys-
tems, set top boxes, programmable consumer electron-
ics, wireless phones, application specific integrated cir-
cuits (ASICS), network PCs, minicomputers, mainframe
computers, distributed computing environments that in-
clude any of the above systems or devices, and the like.
[0071] Exemplary run queue management may be de-
scribed in the general context of computer-executable
instructions, such as program modules, being executed
by a computer. Generally, program modules include rou-
tines, programs, objects, components, data structures,
etc. that perform particular tasks or implement particular
abstract data types. Exemplary run queue management
may also be practiced in distributed computing environ-
ments where tasks are performed by remote processing
devices that are linked through a communications net-
work. In a distributed computing environment, program
modules may be located in both local and remote com-
puter storage media including memory storage devices.
[0072] As shown in Fig. 14, the computing environment
1400 includes a general-purpose computing device in
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the form of a computer 1410. The components of com-
puter 1410 may include, by are not limited to, one or more
processors or processing units 1412, a system memory
1414, and a bus 1416 that couples various system com-
ponents including the system memory 1414 to the proc-
essor 1412.
[0073] Bus 1416 represents one or more of any of sev-
eral types of bus structures, including a memory bus or
memory controller, a peripheral bus, an accelerated
graphics port, and a processor or local bus using any of
a variety of bus architectures. By way of example, and
not limitation, such architectures include Industry Stand-
ard Architecture (ISA) bus, Micro Channel Architecture
(MCA) bus, Enhanced ISA (EISA) bus, Video Electronics
Standards Association (VESA) local bus, and Peripheral
Component Interconnects (PCI) bus also known as Mez-
zanine bus.
[0074] Computer 1410 typically includes a variety of
computer-readable media. Such media may be any avail-
able media that is accessible by computer 1410, and it
includes both volatile and non-volatile media, removable
and non-removable media.
[0075] In Fig. 14, the system memory 1414 includes
computer readable media in the form of volatile memory,
such as random access memory (RAM) 1420, and/or
non-volatile memory, such as read only memory (ROM)
1418. A basic input/output system (BIOS) 1422, contain-
ing the basic routines that help to transfer information
between elements within computer 1410, such as during
start-up, is stored in ROM 1418. RAM 1420 typically con-
tains data and/or program modules that are immediately
accessible to and/or presently be operated on by proc-
essor 1412.
[0076] Computer 1410 may further include other re-
movable/non-removable, volatile/non-volatile computer
storage media. By way of example only, Fig. 14 illustrates
a hard disk drive 1424 for reading from and writing to a
non-removable, non-volatile magnetic media (not shown
and typically called a "hard drive"), a magnetic disk drive
1426 for reading from and writing to a removable, non-
volatile magnetic disk 1428 (e.g., a "floppy disk"), and an
optical disk drive 1430 for reading from or writing to a
removable, non-volatile optical disk 1432 such as a CD-
ROM, DVD-ROM or other optical media. The hard disk
drive 1424, magnetic disk drive 1426, and optical disk
drive 1430 are each connected to bus 1416 by one or
more interfaces 1434.
[0077] The drives and their associated computer-read-
able media provide nonvolatile storage of computer read-
able instructions, data structures, program modules, and
other data for computer 1410. Although the exemplary
environment described herein employs a hard disk, a re-
movable magnetic disk 1428 and a removable optical
disk 1432, it should be appreciated by those skilled in
the art that other types of computer readable media which
can store data that is accessible by a computer, such as
magnetic cassettes, flash memory cards, digital video
disks, random access memories (RAMs), read only

memories (ROM), and the like, may also be used in the
exemplary operating environment.
[0078] A number of program modules may be stored
on the hard disk, magnetic disk 1428, optical disk 1432,
ROM 1418, or RAM 1420, including, by way of example,
and not limitation, an operating system 1438, one or more
application programs 1440, other program modules
1442, and program data 1444. Each such operating sys-
tem 1438, one or more application programs 1440, other
program modules 1442, and program data 1444 (or some
combination thereof) may include an implementation to
manage a run queue.
[0079] A user may enter commands and information
into computer 1410 through input devices such as key-
board 1446 and pointing device 1448 (such as a
"mouse"). Other input devices (not shown) may include
a microphone, joystick, game pad, satellite dish, serial
port, scanner, or the like. These and other input devices
are connected to the processing unit 1412 through a user
input interface 1450 that is coupled to bus 1416, but may
be connected by other interface and bus structures, such
as a parallel port, game port, or a universal serial bus
(USB).
[0080] A monitor 1452 or other type of display device
is also connected to bus 1416 via an interface, such as
a video adapter 1454. In addition to the monitor, personal
computers typically include other peripheral output de-
vices (not shown), such as speakers and printers, which
may be connected through output peripheral interface
1455.
[0081] Computer 1410 may operate in a networked en-
vironment using logical connections to one or more re-
mote computers, such as a remote computer 1462. Re-
mote computer 1462 may include many or all of the ele-
ments and features described herein relative to computer
1410.
[0082] Logical connections shown in Fig. 14 are a local
area network (LAN) 1457 and a general wide area net-
work (WAN) 1459. Such networking environments are
commonplace in offices, enterprise-wide computer net-
works, intranets, and the Internet.
[0083] When used in a LAN networking environment,
the computer 1410 is connected to LAN 1457 via network
interface or adapter 1466. When used in a WAN network-
ing environment, the computer typically includes a mo-
dem 1458 or other means for establishing communica-
tions over the WAN 1459. The modem 1458, which may
be internal or external, may be connected to the system
bus 1416 via the user input interface 1450 or other ap-
propriate mechanism.
[0084] Depicted in Fig. 14 is a specific implementation
of a WAN via the Internet. Computer 1410 typically in-
cludes a modem 1458 or other means for establishing
communications over the Internet 1460. Modem 1458,
which may be internal or external, is connected to bus
1416 via interface 1450.
[0085] In a networked environment, program modules
depicted relative to the personal computer 1410, or por-

17 18 



EP 1 271 314 B1

11

5

10

15

20

25

30

35

40

45

50

55

tions thereof, may be stored in a remote memory storage
device. By way of example, and not limitation, Fig. 14
illustrates remote application programs 1469 as residing
on a memory device of remote computer 1462. It will be
appreciated that the network connections shown and de-
scribed are exemplary and other means of establishing
a communications link between the computers may be
used.

Computer-Executable Instructions

[0086] An implementation to manage a run queue may
be described in the general context of computer-execut-
able instructions, such as program modules, executed
by one or more computers or other devices. Program
modules typically include routines, programs, objects,
components, data structures, and the like, that perform
particular tasks or implement particular abstract data
types. The functionality of the program modules typically
may be combined or distributed as desired in the various
embodiments of Fig. 14.

Computer Readable Media

[0087] An implementation to manage a run queue may
be stored on or transmitted across some form of compu-
ter-readable media. Computer-readable media can be
any available media that can be accessed by a computer.
By way of example, and not limitation, computer readable
media may comprise "computer storage media" and
"communications media."
[0088] "Computer storage media" include volatile and
non-volatile, removable and non-removable media im-
plemented in any method or technology for storage of
information such as computer readable instructions, data
structures, program modules, or other data. Computer
storage media includes, but is not limited to, RAM, ROM,
EEPROM, flash memory or other memory technology,
CD-ROM, digital versatile disks (DVD) or other optical
storage, magnetic cassettes, magnetic tape, magnetic
disk storage or other magnetic storage devices, or any
other medium which can be used to store the desired
information and which can be accessed by a computer.
[0089] "Communication media" typically embodies
computer readable instructions, data structures, program
modules, or other data in a modulated data signal, such
as carrier wave or other transport mechanism. Commu-
nication media also includes any information delivery me-
dia.
[0090] The term "modulated data signal" means a sig-
nal that has one or more of its characteristics set or
changed in such a manner as to encode information in
the signal. By way of example, and not limitation, com-
munication media includes wired media such as a wired
network or direct-wired connection, and wireless media
such as acoustic, RF, infrared, and other wireless media.
Combinations of any of the above are also included within
the scope of computer readable media.

Conclusion

[0091] Although various implementations to manage a
sleep queue with deterministic time for system-exclusive
access have been described in language specific to
structural features and/or methodological operations, it
is to be understood that the described subject matter to
manage a sleep queue with bounded time for system-
exclusive access defined in the appended claims is not
necessarily limited to the specific features or operations
described. Rather, the specific features and operations
are disclosed as preferred forms of implementing the
claimed present subject matter.

Claims

1. A method comprising:
managing a sleep queue of threads, wherein threads
in the sleep queue are in order of their respective
wake-up time and wherein the sleep queue is organ-
ized in rows and columns, wherein the first row com-
prises threads sorted by wake-up time and columns
comprise threads of equal wake-up time sorted by
priority, wherein the managing comprises:
inserting a thread into the sleep queue, wherein in-
serting comprises:

if the thread is a first thread (610), inserting (612)
the thread into the sleep queue as the first
thread;
if the thread is not a first thread (610), perform:

a) setting (618) a last examined thread to
reference the first thread of the sleep queue;
b) grabbing (620) operating system-exclu-
sive access to a processor;
c) determining if (622) a status of a last-ex-
amined thread has changed, the change in-
dicating either that a last examined thread
was removed from the sleep queue, or in-
dicating that the last-examined thread was
moved from the first row of the sleep queue
to a different row;
d) if (622) the status of the last examined
thread has changed, releasing (624) oper-
ating system-exclusive access and per-
form:

d1) if (614) the wake up time of a thread
has expired, ending the inserting meth-
od;
d2) otherwise (614), continue perform-
ing the method from step a);

e) otherwise (612), perform:

e1) if (810) the thread has an earlier
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wake-up time than the last examined
thread in the sleep queue, establishing
(812) a point of insertion such that the
thread will be removed from the sleep
queue before the last examined thread;
e2) if (810) the thread does not have an
earlier wake-up time than a last exam-
ined thread in the sleep queue, deter-
mining if (814) the thread has the same
wake-up time as the last examined
thread:

if (814) so, further determining if
(816) the thread has the same or
higher priority as compared to the
last examined thread, wherein a
point of insertion is established
(818) within a column of threads
rooted at the last examined thread
position, said point of insertion be-
ing before the last examined thread
if (910) the thread has higher or
equal priority;
if (910) not, or if it is determined
that the thread has the same wake-
up time as the last examined
thread but lower priority, determin-
ing if the last examined thread is
the last thread in the first row or in
the column, respectively;
if (910) so, establishing (912) a
point of insertion such that the
thread will be removed after the
last examined thread ,

if (910) not, setting (716) the last exam-
ined thread to the next thread along
said first row or column, releasing (718)
operating-system exclusive access
and performing: if (720) no wake-up
time of a thread has expired continuing
the method from step b);e3) inserting
(712) the thread at the point of insertion;
and
e4) releasing (714) operating system-
exclusive access;

wherein the inserted thread is removed from the
sleep queue when its wake-up time has expired.

2. A computer-readable medium comprising computer-
executable instructions for executing the method ac-
cording to claim 1.

3. A computer comprising one or more computer-read-
able media as recited in claim 2.

4. A system for managing a sleep queue of threads,

the system comprising:

a memory comprising computer-executable in-
structions and a sleep queue of threads, wherein
threads in the sleep queue are in order of their
wake-up time;
a processor operatively coupled to the memory
for executing the computer-executable instruc-
tions, the computer-executable instructions
comprising instructions for performing the meth-
od according to claim 1.

Patentansprüche

1. Verfahren, aufweisend:
Verwalten einer Schlafwarteschlange für Threads,
wobei Threads in der Schlafwarteschlange in der
Reihenfolge ihrer entsprechenden Aufwachzeit vor-
handen sind und wobei die Schlafwarteschlange in
Reihen und Spalten organisiert ist, wobei die erste
Reihe Threads aufweist, die gemäß Aufwachzeit
sortiert sind und Spalten Threads gleicher Aufwach-
zeit aufweisen, die gemäß Priorität sortiert sind, wo-
bei das Verwalten aufweist:
Einfügen eines Threads in eine Schlafwarteschlan-
ge, wobei Einfügen aufweist:

Falls der Thread ein erster Thread ist (610), ein-
fügen (612) des Threads in die Schlafwarte-
schlange als den ersten Thread;
Falls der Thread nicht ein erster Thread ist (610),
durchführen von:

a) einrichten (618) eines zuletzt geprüften
Threads derart, dass er den ersten Thread
der Schlafwarteschlange referenziert;
b) ergreifen (620) eines Betriebssystem-ex-
klusiven Zugriffs auf einen Prozessor;
c) bestimmen (622) ob sich ein Status eines
zuletzt geprüften Threads geändert hat, wo-
bei die Änderung entweder anzeigt, dass
ein zuletzt geprüfter Thread aus der Schlaf-
warteschlange entfernt wurde oder anzeigt,
dass der zuletzt geprüfte Thread aus der
ersten Reihe der Schlafwarteschlange in ei-
ne andere Reihe bewegt wurde;
d) Falls (622) sich der Status des zuletzt
geprüften Threads geändert hat, freigeben
(624) des Betriebssystem-exklusiven Zu-
griffs und durchführen von:

d1) Falls (614) die Aufwachzeit eines
Threads abgelaufen ist, beenden des
Einfügeverfahrens;
d2) ansonsten (614) fortsetzen eines
Durchführen des Verfahrens aus
Schritt a);
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e) ansonsten (612), durchführen von:

e1) Falls (810) der Thread eine frühere
Aufwachzeit hat als der zuletzt geprüfte
Thread in der Schlafwarteschlange,
einrichten (812) eines Einfügepunktes,
sodass der Thread vor dem zuletzt ge-
prüften Thread aus der Schlafwarte-
schlange entfernt wird;
e2) Falls (810) der Thread keine frühe-
re Aufwachzeit hat als ein zuletzt ge-
prüfter Thread in der Schlafwarte-
schlange, bestimmen ob (814) der
Thread dieselbe Aufwachzeit hat wie
der zuletzt geprüfte Thread:

Falls (814) Ja, weiter bestimmen
ob (816) der Thread dieselbe oder
eine höhere Priorität im Vergleich
zum zuletzt geprüften Threads auf-
weist, wobei ein Einfügepunkt in ei-
ner Spalte von Threads eingerich-
tet wird (818), die an der zuletzt ge-
prüften Thread-Position wurzeln,
wobei der Einfügepunkt vor dem
zuletzt geprüften Thread liegt, falls
(910) der Thread eine höhere oder
gleiche Priorität hat;
Falls (910) nicht, oder falls be-
stimmt wurde, dass der Thread
dieselbe Aufwachzeit hat wie der
zuletzt geprüfte Thread, jedoch ei-
ne niedrigere Priorität, bestimmen
ob der zuletzt geprüfte Thread der
letzte Thread in der ersten Reihe
bzw. in der Spalte ist,
Falls (910) Ja, einrichten (912) ei-
nes Einfügepunkts, sodass der
Thread nach dem zuletzt geprüften
Thread entfernt wird,

falls nicht (910), setzen (716) des zu-
letzt geprüften Threads auf den nächs-
ten Thread entlang der ersten Reihe
oder Spalte, freigeben (718) eines Be-
triebssystem-exklusiven Zugriffs und
durchführen von: falls (720) keine Auf-
wachzeit eines Thread abgelaufen ist,
fortsetzen des Verfahrens vom Schritt
b); e3) einfügen (712) des Threads am
Einfügepunkt; und
e4) freigeben (714) eines Betriebssys-
tem-exklusiven Zugriffs;

wobei der eingefügte Thread aus der
Schlafwarteschlange entfernt wird, wenn
seine Aufwachzeit abgelaufen ist.

2. Computerlesbares Medium mit durch einen Compu-
ter ausführbaren Befehlen zum Ausführen des Ver-
fahrens gemäß Anspruch 1.

3. Computer, welcher eines oder mehrere computer-
lesbare Medien gemäß Anspruch 2 aufweist.

4. System zum Verwalten einer Schlafwarteschlange
von Threads, wobei das System aufweist:

einen Speicher, der durch einen Computer aus-
führbare Befehle aufweist und eine Schlafwar-
teschlange für Threads, wobei Threads in der
Schlafwarteschlange in der Reihenfolge ihrer
Aufwachzeit vorliegen;
einen Prozessor, der operativ mit dem Speicher
gekoppelt ist zum Ausführen der durch einen
Computer ausführbaren Befehle, wobei die
durch einen Computer ausführbaren Befehle
Befehle aufweisen zum Durchführen des Ver-
fahrens gemäß Anspruch 1.

Revendications

1. Procédé comprenant :
la gestion d’une file attente de sommeil de threads,
les threads dans la file d’attente de sommeil étant
disposés dans l’ordre de leur temps de réveil res-
pectifs et la file d’attente étant organisée en lignes
et colonnes, la première ligne comprenant des
threads triés par temps de réveil et les colonnes com-
prenant des threads de temps de réveil égaux triés
par priorité, la gestion comprenant :
l’insertion d’un thread dans la file d’attente de som-
meil, l’insertion comprenant :

si le thread est un premier thread (610), insertion
(612) du thread dans la file d’attente de sommeil
en tant que premier thread ;
si le thread n’est pas un premier thread (610),
effectuer :

a) le réglage (618) d’un dernier thread exa-
miné en référence au premier thread de la
file d’attente de sommeil ;
b) la prise (620) d’un accès exclusif à un
système d’exploitation à un processeur ;
c) la détermination (622) si un statut d’un
dernier thread examiné a changé, le chan-
gement indiquant soit qu’un dernier thread
examiné a été supprimé de la file d’attente
de sommeil, soit que le dernier thread exa-
miné a été déplacé de la première ligne de
la file d’attente de sommeil vers une ligne
différente ;
d) si (622) le statut du dernier thread exa-
miné a changé, libération (624) de l’accès
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exclusif à un système d’exploitation et exé-
cution des étapes suivantes :

d1) si (614) le temps de réveil d’un
thread a expiré, fin du procédé
d’insertion ;
d2)sinon (614), continuation de l’exé-
cution du procédé à partir de l’étape a) ;

e) sinon (612), exécuter

e1) si (810) le thread a un temps de
réveil plus précoce que celui du dernier
thread examiné dans la file d’attente de
sommeil, établissement (812) d’un
point d’insertion de façon à ce que le
thread soit supprimé de la file d’attente
de sommeil avant le dernier thread
examiné ;
e2)si (810) le thread n’a pas un temps
de réveil plus précoce qu’un dernier
thread examiné dans la file d’attente de
sommeil, détermination si (814) le
thread a le même temps de réveil que
le dernier thread examiné :

si (814), alors détermination en
outre si (816) le thread a la même
priorité ou une priorité supérieure
par rapport au dernier thread exa-
miné, un point d’insertion étant éta-
bli (818) à l’intérieur d’une colonne
de threads implantés à la dernière
position de thread examinée, ledit
point d’insertion étant antérieur au
dernier thread examiné si (910) le
thread a une priorité supérieure ou
la même priorité ;
si (910) n’est pas vérifié ou s’il est
déterminé que le thread a le même
temps de réveil que le dernier
thread examiné mais une priorité
inférieure, détermination si le der-
nier thread examiné est le dernier
thread dans la première ligne ou
dans la colonne, respectivement ;
si (910), établissement (912) d’un
point d’insertion de façon à ce que
le thread soit supprimé après le
dernier thread examiné,
si (910) n’est pas vérifié, réglage
(716) du dernier thread examiné au
thread suivant le long de ladite pre-
mière ligne ou colonne, libération
(718) de l’accès exclusif au systè-
me d’exploitation et exécution de :
si (720) aucun temps de réveil d’un
thread n’a expiré, continuation du

procédé à partir de l’étape b) ;

e3) insertion (712) du thread au niveau
du point d’insertion ; et
e4) libération (714) de l’accès exclusif
au système d’exploitation ;

le thread inséré étant supprimé de la file d’at-
tente lorsque son temps de réveil a expiré.

2. Support lisible par un ordinateur comprenant des ins-
tructions exécutables par un ordinateur pour l’exé-
cution du procédé selon la revendication 1.

3. Ordinateur comprenant un ou plusieurs supports li-
sibles par un ordinateur selon la revendication 2.

4. Système de gestion d’une file d’attente de sommeil
de threads, ce système comprenant :

une mémoire comprenant des instructions exé-
cutables par un ordinateur et une file d’attente
de sommeil de threads, les threads étant dispo-
sés, dans la file d’attente de sommeil, dans l’or-
dre de leur temps de réveil ;
un processeur couplé de manière opérationnel-
le à la mémoire pour l’exécution des instructions
exécutables par un ordinateur, les instructions
exécutables par un ordinateur comprenant des
instructions pour l’exécution du procédé selon
la revendication 1.
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