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The purpose of this work focus on two parts:
One is to explore the period pattern of peri-
odic processes to improve the runtime of the
RMA schedulability test — The schedulability
test is improved by reducing the number of
processes and the number of testing points in
RMA tests. We derive lemmas to help in
selecting a proper initial value for the RMA
worst-case completion-time test. A series of
experiments is done to demonstrate the per-
formance improvement of the proposed
approach. The other part focuses on resource

reservation and enforcement on framebuffer
device. We propose an approach to reserve the
usages of framebuffer devices through the in-
clusion of codes in application libraries. With-
out any modification of the existing source
code to framebuffer devices, we create a new
“virtual” device which maintains internal data
structures for framebuffer resource manage-
ment and access control. The feasibility of the
proposed mechanism and methods is demon-
strated with a system prototype over Linux.
[ Hses]

schedulability test, rate monotonic analysis,
division graph, reduced set, QoS, resource

reservation, real-time operating systems,
framebuffer devices
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The real-time resource allocation problem has
been an active research topic in recent decades.
Recently, real-time scheduling problems have
been analyzed from different architectural
assumptions. While so many researchers keep
exploring “more precise” polynomial-time
schedulability tests, the needs of precise
schedulability tests is growing. One of the
purposes of this research is to explore the
period pattern of periodic processes to
improve runtime of the RMA schedulability
tests, which can provide a sufficient and
necessary condition to justify the schedule-
ability of a process set. We propose a number
of theorems and show that the schedulability
test could be improved by reducing the num-
ber of processes and the number of schedule-




ability points in RMA tests. We also derive
theorems to help in selecting a proper initial
value for the RMA worst-case completion-
time test. Our simulation results show that the
validation time for a RMA schedulability test
can be much improved by exploring the
period pattern of a process set.
Researchers in the area of real-time operating
systems started exploring resource reservation
and Quality-of-Service techniques over ope-
rating systems in the last decade. Researchers
proposed their work over various operating
systems, such as Windows, Mach, UNIX,
Linux or other operating systems. The other
purpose of this work is to propose a real-time
resource reservation methodology and its
implementation methods for the resource
reservation and access control of framebuffer
devices, where framebuffers usually refer to
devices for screen displaying (and sometimes
to the RAM buffers on display cards). A
Quality-of-Service (QoS) reservation and en-
forcement mechanism is proposed to guaran-
tee a proper on-line framebuffer usage for
each individual application. Since a common
way for a process to access a framebuffer
device is to map the corresponding frame-
buffer to the user memory space of the process
for direct access, a preload-library approach is

presented to resolve the implementation issues.

We propose not to modify the operating sys-
tem or even any library functions in libc/glibc
for the portability of the implementation. The
implementation issues were also explored
over various layers of the operating systems,
and the overheads of the implementation were
measured. The feasibility of the approach is
demonstrated by the implementation of a
system prototype over Linux.
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The purpose of this section is to present a heu-

ristic algorithm based on the RMA theorems.
The main issue of this section is as follows:
Given a simplified set of processes with
periods no more than that of 1, we should
determine whether t; is schedulable. If the
process with the largest period in the simpli-
fied set is unschedulable, the simplified set is
transformed into a new simplified set by
splitting the offspring set of a selected RS-re-
presentative. Note that if such a test fails again,
the split simplified set is split again in the
same way by selecting a RS-representative for
splitting. The algorithm repeats until no fur-
ther splitting of any simplified set is possible.
If no RMA test succeeds during the splitting,
then 7; is unschedulable. Note that a simplified
set of T; denotes an abstraction of its workload.
The less number of processes in a simplified
set, the more abstraction the simplified set is.
When a simplified set is T, the simplified set
is no longer an abstraction. In the worst case,
Algorithm RS-RMA-test will need more time
than an ordinary RMA schedulability-test
algorithm. However, we shall show in the per-
formance experiments that the validation time
for a RMA schedulability test can be much
improved by exploring the period pattern of a
process set.

Theorem 6 Algorithm RS-RMA-test will
terminate and determine the schedulability of
T; correctly.

3.2 fuik RMA #4785 F %
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The purpose of this section is to present some
interesting properties of the worst-case com-
pletion test such that engineers could use to
further accelerate RMA tests based on their
observations over systems.

Lemma 2 Let W; = Wim+1) = Wim) #
Wi(m - 1) be the worst-case completion time
of process 1; for some integer m when W;(0) =
0. There exists an integer n such that W;’ =
Wi(n + 1) = Wi(n) = W; when W;(0) = w for




any 0 <w<W,.

Although Lemma 2 does not say anything
when process T is unschedulable, it is trivial
to show that any initial value W;(0) (which is
no more than the deadline of 1;), will also end
up growing over the deadline of 1; during the
worst-case completion-time test. In other
words, what a user should do for the worst-
case completion-time test is to have a good
initial value W;(0) which is no larger than W;.
Lemma 3 Let p be a schedulable schedule-
ability point for process t;. When W;i(0) = p,
the worst case-completion-time test will con-
verge to a number no larger than p.
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The purpose of this section is to derive a pro-
per candidate set of schedulability points so
that a better initial value could be set for the
worst-case completion-time test. We shall
derive rules to remove schedulability points
out of the potential candidate set of schedule-
ability points based on the relationships of
process periods and computation times. Note
that users could also directly verify whether
these schedulability points are schedulable.
Lemma 7 Let

T ={r; =(D1,61):7, =(P2:€, )50, =(P>C,)}
be a set of n processes. If py <p2 <... <pp,
then the unschedulability of schedulability

point L!;flp, implies the unschedulability of
the following schedulability points: py, 2py, ...,
and (l_‘—;l - l)p1 .

3.2.3 £ # Root

The idea of RS-representative merges a cer-
tain specific processes to improve the runtime
of the RMA schedulability test. However, if
the difference in period between any two RS-
representatives is large, numerous testing
points might slow down RMA tests. To ease
this circumstance, we introduce pseudo roots
to further decrease the number of testing

points. The idea of the pseudo roots works as
follows: After a reduced set been split, we
enlarge period (and its computation require-
ment as well) of some newly generated RS-
representatives by a reasonable constant M.
Note that the period of enlarged RS-repre-
sentative is no larger than the period of its
parent.

3.24 RS-RMA 7T 3142 R 69 b2k 1t
Although RS-RMA-test tries to reduce the
number of testing processes in evaluation
progress, it introduces an inaccuracy factor as
well. This inaccuracy comes from the over-
estimate of computation requirements of those
processes in reduced sets. It means the compu-
tation requirements of some jobs should not
be taken into consideration since they do not
arrive at that time! We modified our RS-RMA
algorithm to eliminate this problem.
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In this section, we shall propose a simple app-
roach for resource management on framebuff-

er devices, as shown in Figure.
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We are interested in processes which require a
guarantee on the number of bytes which they
can write to framebuffer devices within some
specified time intervals. In order to prevent
processes from overloading the system and
interfering with each another, we assume that
each process A; could request a right to write
B; bytes of data to a specified framebuffer
device within every W; units of time. Once the




" reservation is granted, the system should gua-
rantee the reservation and, at the same time,
prevent the process from using any of its re-
served framebuffer devices for more than its
reserved budget. The on-line admission con-
trol of resource reservations of processes
could be done as follows: Given a collection
of admitted reservations T = {(B;, W)), (B,,
W2), ..., (Ba, Wp)} on a framebuffer device,
where (Bi, W;) means that B; bytes might need
to be written within every W; units of time.
Suppose that a new reservation (Bp+1, Wp+1) is
made on the device, as long as the following
formula is satisfied, the new reservation is
granted; otherwise, it is rejected: Z%@ <1
Let C(B;) be the time needed to write B; bytes
to a framebuffer device.

4.1.2 DRSS R A A7 RIE H

The purpose of this section is to propose a
data structure and an algorithm to track the
on-line usage of a framebuffer device with a
linear time complexity O(n), where n is the
maximum amount of data of a request.

R;= (4096, 1000)
slot size = 512 c

expected time *t

Given a collection of admitted reservations T
= {B1, W), Bz, W2), ..., (B, Wy)} on a
framebuffer device, where (B; W;) means that
Bi bytes might need to be written by the co-
rresponding process within every W; units of
time. For each reservation R; = (B;, Wj), a ring
is allocated to track the on-line usage of a
framebuffer device of that process, as shown
in figure above. The ring size is the claimed
budget divides by the chosen slot size, i.e.
Bi/slot size.
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This research explores the period pattern of
periodic processes to improve the runtime of
the RMA schedulability test. We propose the
idea of reduced sets to analyze the
schedulability of a process set in terms of
transformed process sets which have a much
less number of processes. We propose a
number of theorems and show that the
schedulability test could be improved by
reducing the number of processes and the
number of schedulability points in RMA tests.
We also derive theorems to help in selecting a
proper initial value for the RMA worst-case
completion-time test. The performance of
proposed methodology is verified by a series
of simulation experiments, for which we have
some encouraging results. The validation time
for a RMA schedulability test can be much
improved by exploring the period pattern of a
process set. We must point out that the results
of this paper are orthogonal to past research,
e.g., [4, 6, 14], which did not utilize the
knowledge of the period pattern.

With the advance of software and hardware
technologies, there is an increasing demand to
study the real-time resource allocation
problems  for  different  architectural
assumptions and computation models. For
future shall extend the
reduced-set methodology to analyze the
schedulability of soft and firm real-time
process sets, and even a process set mixed
with hard, soft, and firm real-time processes.
We will also exploit the idea behind the
simplified sets in the reduced-set-based RMA
schedulability test to further improve the
performance of the RMA schedulability test.
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