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Abstract—This paper addresses the inherent unreliability and
instability of the multiple uncertain characteristics of complex
embedded multiprocessor systems, such as MPSoC (multi-
processor system on chip) systems. In this work, we propose a
fuzzy sets description for the multiple uncertain characteristics of
system, and using fuzzy set membership calculation to determine
the scheduling priorities of tasks and resources, in order to
improve the capability of concurrent executions of tasks. And
also we present a method estimation of comprehensive analysis
on the multiple performances in order to increase utilization
factor and balancing loads on processors. Through simulation,
we demonstrate that the fuzzy dynamic scheduling algorithm can
handle wide variety requirements of multiple performances, and
we also show an improved approach to solve its demerit of partial
adjustment. We implemented a prototype MPSoC system, which
utilizes the proposed fuzzy dynamic scheduling algorithm to
allocating tasks onto the multiprocessors. And in our case studies,
we design a parallel architecture h.264 encoder, running on a
multicore MPSoC system on FPGA. The speedup ratio of this
prototype application system is up to 12.69.
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L.

With the rapid improvement of microprocessor technology,
MPSoC system, featured as high in performance, extensible,
small in size and low in power consumption, is able to meet
requirements of complex embedded systems for computing
performance, power consumption and cost, thus having become
one of the mainstream development trends of embedded
systems [1], [2]. Currently, MPSoC is widely used in computer
communication, digital media, auto electronics, medical
electronics, aviation and aerospace, industrial control and many
other fields, and the relevance of research topics on MPSoC
has engaged many enterprises and institutes in research on
MPSoC, such as programming model, task scheduling, system
development, debugging environment and system safety;
among these, real-time dynamic scheduling has become an
important topic [3], [4].

INTRODUCTION

While scheduling of multicore processor is NP-Hard [5],
there is no optimal polynomial-time algorithm. Meanwhile,
realization of a scheduler applicable to systems of different
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structures and application fields becomes a new challenge.
Researchers apply heuristic search to find a partial optimal
scheduling solution for this system [16], [17], [18], [19].
Priority scheduling algorithms are most commonly used.
Scheduling algorithms based on task priority mainly include
RM, EDF, LSF [6], [7], [8], [9], and some complex fix-priority
policies such as the policy of integrated priority [10], [11]. And
the myopic [12], [13], thrift [14], group-proper [15] algorithms
analyzed in this paper are integrated priority.

However, the above algorithms are dependent on prior
characteristic values of the system and loads, and can only
provide performance guarantee in a predictable environment
when all constraints of system and tasks are known accurately.
In actual applications however, characteristics of many tasks
are always uncertain and fuzzy. Furthermore, execution
performance of computing and control algorithms, real-time
operating system, scheduling and network delay may cause
delays and errors, and system overload or failures may also
lead to uncertain changes in the system. And also some
characteristics of tasks are time-varying, such as the laxity time
of tasks, the executed ratio of tasks and the remaining ratio of
tasks. These characteristics can’t be calculated completely
accurately, so they can be considered as fuzzy and uncertain
random variables. Further, the key features of tasks are relative,
and it is not suitable to use a certain value describing the
criticality of tasks distinguishingly.

Hence some researchers have proposed to utilize the fuzzy
theory for dynamic scheduling, fuzzy sets for description of
uncertainties and priority levels of different tasks, and the rules
of fuzzy sets for determination of priority levels. Some fuzzy
dynamic scheduling algorithms [16], [17] and some fuzzy
model [18], [19] for representation of fuzzy constraint rules,
but most description functions in these papers are certain, it is
inflexible to use certain functions for description of time-
varying uncertain characteristics; in addition, all the above
methods give no consideration to other characteristics such as
key features of tasks, resource factor or limited priority levels,
and more system performances. They just only focus on a
certain feature or a certain performance of system scheduling,
that is unable to meet diversified requirements of a system,
such as success ratio of scheduling, schedule time length etc.



The main goal of this paper is to establish fuzzy model of
complex MPSoC system, and apply proper scheduling policy to
meet composite requirements for multiple performances. In
order to do that, we propose a new real-time fuzzy scheduling
algorithm for MPSoC, multi-characteristics fuzzy dynamic
scheduling (Multi-Fuzzy algorithm), It uses language fuzzy sets
for modeling various characteristics of tasks and system, and
calculates the target priority functions of tasks and resources
based on the membership rules of these fuzzy sets, and this
paper further proposes the solution for partial adjustment.

The rest of this paper is organized as follows: section II
Introduces our models, definitions and computation methods of
algorithm, section III discusses the multi-characteristics fuzzy
dynamic scheduling algorithm. In section IV a case study and
simulation results are presented and discussed. Finally, section
V summarizes the work.

II.  CONCEPTS, DEFINITIONS, METHODS

A. System and Task Model

Provided a real-time MPSoC system S has m processors
(m>1), r resources (r>>1) and » tasks in a task set (n>>1), this
system can be described as below:

S:{Pm,Rr}|Tn|H

Definitions of the key parameters are summarized in Table 1.

TABLE L SYMBOLS AND DEFINITIONS IN ALGORITHM
symbol definition
tar Task arriving time
tar Task deadline
fer Task executing time
ret(7) The remaining executing time of task 7
ts(7) The laxity time of task 7 , £5(7) = tdT —t —ret(7) ;
wt1, Wtz The weights in time factor for tasks
EAT The earliest available time
Tt Factor time, ft =[tar+ WX EAT(T)+wt2*ts(7)]/ ter
fr Factor parallel level
fv = min(thei(7), ..., than(7))
fe Factor parallel level
fc= feotter-ret(T)
wp The weights in processors priority
Ur(p) The utilization ratio of processors
EATr(p) The earliest available time of processors

In system resource Rk has 7k access tokens tk (maximum
number of shared access), tokens are independent and each
enables a shared access. The available resource state can be
signed as

{th[ (EAT™), ...t} (EATS )}
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Each of the 7« access tokens has a time label EAT™ it

means this token’s earliest available time. And
setting FATre s , EATre o denote the EAT of resource
R in shared mode and exclusive mode, then

EATwe s =min(EAT"),
EATr _o=max(EAT"), (1)

0<j<r

So, the EAT f source for task T s denoted as:

EATr = max(max(EATr _c),max(EATr _s)) (2)

The EAT of system processors is
EAT, =min(EAT,),0< j<m 3)

EAT,, is the EAT of processor ;.

Then, the earliest available time of task t should be
EAT (7) = max(tar, EAT, , EATR(T)) 4)

B.  Fuzzy Set Model
Fuzzy sets are described based on uncertain multi-
characteristics of tasks, and target priority function H, (7) is

worked out after computation and quantitative evaluation based
on the rules of fuzzy sets.

e Relative time f7

ft is an evaluation value of the time factor of all tasks. It
changes with increase of scheduling time. As described in
Table 1, ft is a weighted comprehensive estimation of fur
EAT(7) and ts(7) . Therefore, the relative time of tasks is

uncertain and can be described with fuzzy sets, such as “most
urgent (shortest)”, “urgent (short)”, “moderate (medium)”,

“slack (long)”, “slackest (longest)” and etc., and expressed as

A(san),. .., A(san) fuzzy sets. It is denoted as

Uacsan)( f1)

uA(sal)(ft)+ N
T A(san)

A(sal)

Sa(ft) = ©)

Here uacsai( ft) is the membership of relative time to

fuzzy set A(sai), and ZMA(sai)( M=1.

i=1



o Parallel level fp

Similarly, the capability of parallel execution of tasks is
decided by the resources available tokens at that time. fp is
equal to the minimum of number of available resources
tokens( fp =0), and task of lower fp value will be given
higher priority. The system resources access tokens are time-
varying by the system scheduling process. So ﬁ? is also

uncertain and can be described with fuzzy sets, classified as
“higher”, “medium”, “lower”, and denoted as

wn(fp) )
Sh( fp) = L5P) 5on " B ©)

e Key feature fc

Key feature is the importance mark of a task in the task set,
which is describing the criticality of tasks. And as shown in
Table 1, it is related to the executed time of task, which is
time-varying. So we use fuzzy sets express it as “important”,
“ordinary” and “unimportant”, and denoted as

uci(fe) fc) ucn( fc)
Sc(fe) = Clsen “'+—C(scn) , @)

C. Calculation Methods
e  Composite target function of task priority

Let g indicating uncertain characteristics be represented
by{4,...,G}, and the jth fuzzy set of uncertain characteristic
xi as A(aj)(xi) ; fuzzy membership 24(aj)(xi) is the possibility
of task 1 belonging to A(aj)(xi) ; then matrix Qr(7)

represents the possible membership of a task in various fuzzy
sets:

UA(sal)(x1)

Or(r)= (8)

UG(sgD)(xg)

UA(san)(x1)

UG(sgn)(xg)
To decide the importance of fuzzy sets and multi-
characteristics in priority levels, we set up resultant weight

vector Wy and evaluation level vector Ay of different fuzzy
characteristics, shown as:

H, () =Wro Qs (1) Ny ©)

Here,

N =[Ary.. ., Arn] Wy =[w,..., we]

We get the membership of task priority level, through the
computation on max-min rules of fuzzy set, as Pb = Wro Or(7)

~[pm,...,
rresponding value of H, (7). Scheduling of tasks should be

pin] and then Pb is multiplied by Ar to get the co-

decided according to the H,(7) value of current tasks. And
generally, the smaller the H,(7) value is, the higher the
priority level is.

e  Target function of processor priority

In the policy of processor selection, we should consider the
relationships between the feasible time of tasks, available time
of resources and available time of processors, and select the
appropriate processor in available processor subsets to reduce
the schedule time length of task sets and improve processor
utilization.

He(p) = EATr(p)+Wr*Ur(p),
Pchoose() (10)

={pwin | Hp(p min) = min(Hr(p))), pi€ P}

e  Auto-adjustment

Algorithm 3.1 : multi—fuzzy algorithm
Input: {T}", {P}", {R}";

Output: construct a complete schedule Schedule(T")
if 7 is feasible: otherwise reiect.

1 f <1, b« N;//systen initalization

2 Schedule(T) < NULL

3 while (far<t) do UpdateTask(t,T)od;//

update 7 readv when new task is ready

4 case // scheduling

5 for i=1 to n do

6 f <« feasible(ws) ;// feasibility analysis

7 if (f=D

8 then // get a local scheduling for ms

9 Schedule(T:) < localScheduling(ws,[) ;

10 StPi. StRi. utPi utRi <— stPi+ 1, StRi s\ utPi 1 utRi+1;//
update system state tables and usage tables

11 else // backward to the former schedule

12 Schedule(Ti) < Schedule(T: -1) ;

13 StPi. SIRi. utPi. utRi <— stPi 1. StRi - utPi 1 utRi -1;//
backward system state tables and usage tables

14 b« N-1, f <« fr(r):

15 Li;

16 if (b<0) then abort fi;

17 if (SR <SRo or URp<URpr.) //
auto—adjustment of the weight W

18 then w<«—w+Aw ;

19 fi;

20 od

21 return ;

Figure 1. Multi-Fuzzy Algorithm

The method of auto-adjustment is for purposes of better
comprehensive performances in scheduling success, schedule
time length and resource utilization, and modification of the
weights of various fuzzy characteristics of priority levels , if the
schedule performance of a partial task subset is lower than the
initial threshold value during scheduling of task sets, namely

Wi'=W;r+ AWy ; and then adjusting step by step until the



schedule performance reaches the initial threshold, so as to
improve scheduling performance of task sets.

III. MULTI-FUZZY SCHEDULING ALGORITHM

A. Description of Multi-Fuzzy Algorithm

As described in Fig.1, multi-fuzzy algorithm is divided
into several parts: Lines] to 2 are designed for initial setting of
the system, and line 3 for updating tasks ready for the task
ready queue 7 ready , in the order of increasing deadlines;

Lines 4 to 19for heuristic scheduling; specifically, lines 6 for
feasibility analysis of tasks in the search window ws; lines 8 to
10 for further extension of partial schedule only when feasible,
selecting proper tasks and processors for execution, updating
the status table after execution, while system scheduling goes
to line 5 for the next scheduling; lines 12 to 14 forces search
tree to backtrack to the upper level schedule and for resetting
the processor choose | when unfeasible, while lines 17 to 19 for
auto-adjustment of the algorithm’s weight parameter W, so as
to properly adjust weight ratios between various characteristics.

B.  Metrics for Performance Evaluation

For task scheduling of MPSoC, success ratio is an
important metric for evaluation; meanwhile, other metrics such
as schedule time length, average scheduling cost and processor
utilization, affect scheduling performance directly and reflect
the scheduling efficiency per unit of time, the power
consumption of the system and effective utilization of
resources. Hence this paper studies the metrics of these
performances.

Success Ratio SR(T') :

SR(T) = Nsuccess/Nsum XIOO% (1 1)
Nsuccess , number of task sets that can be successfully
scheduled; Nsum , total number of task sets.

Scheduling Time Length TL :

T NSMCCESS .
TL = ZiZl Z/iﬂi.vh(l) / Nvuccess (12)

tinisn(i) , scheduling time for each task set; TL , the

average value of schedule time of all the task set available for
scheduling;

e Average scheduling cost Nu

Ni refers to the number of times that local scheduling
function is called during scheduling of task sets, namely the
average length of total schedule number of calculation of task
priority and evaluation value of processors.

e  Processor Utilization URPp:
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URpi =) ter/ thnisn x100% (13)

7

Zter refers to the total execution time of tasks allocated
Py
to processor P; .

IV. CASE STUDIES

A.  Simulation Experiments

The primary MPSoC system is built on the XUPVS5-
LX110T Development Board from Xilinx, this board has a
Virtex-5 XC5VLX110T FPGA, and a video VGA input and
DVI output hardware. Our experiments are simulated on the
FPGA, setting the MPSoC system on FPGA processing the
video data, and output the video multi-display onto a PC
screen.

Algorithms for
Video Processing

Figure 2. Experiment Platform Overview.

Main
MB MB MB MB MB
L1 Cache L1 Cache | | L1 Cache L1 Cache L1 Cache
i A i A A
| \ \ YOn C hif Bus
A A A
\ \ \
Video In|  Video Video i
=) Capture |=p DMA = | Display [Videq Out
IP Core IP Core
A
\

External DDR2

Figure 3. Architecture of MPSoC System for Video Processing.

The video processing is divided into some tasks to be
executed on multiprocessors, and each processor has a local
BRAM resource and share an external DDR2 SDRAM. The
overview of the experiment platform is given in Fig. 2. And the



architecture of MPSoC System for Video Processing is shown increases; specifically, when r falls in the interval (0, 0.1), SR
in Fig. 3. of multi-fuzzy algorithms are relatively low; but it increases
rapidly when r is over 0.3, exceeds other algorithms when r is
around 0.5 and remains the highest when r is above 0.5. For
multi-fuzzy algorithm with different weights, the success ratio
varies significantly when r value is small, and the rate of
change is different as r increases, but after r exceeds 0.5, the

B.  Results Analysis

Fig. 4 shows effects of laxity r on success ratio SR of
algorithms. SR of the four algorithms becomes higher when r
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difference becomes insignificant, falling within 10%. The
performance test of Average number of backtracking sets
maximum backtracking number N as 10. As show in Fig. 5, all
algorithms decreases slowly with r; thrift algorithm is the
highest, 3-4 times per task set; that of group-proper algorithm
is the second highest with a level of 2.5-3.5 times per task set;
and larger number of backtracking means a lower probability
of successful search for a feasible solution, and the correspon-
ding scheduling cost and time of the scheduler are added. In
Fig. 6, scheduling costs of thrift and group-proper algorithms
are obviously higher when r value is small; as r the scheduling
costs of algorithms increases, and when laxity r is over 0.6, SR
of all algorithms is close to each other, multi-fuzzy algorithm is

just only higher than myopic algorithm. Nz (shown in Fig. 7)
of thrift and group-proper is longer and increases linearly with
laxity r, while that of myopic and multi-fuzzy algorithms tend
to be stable around 340-350 time units, close to the basic time
length of task set generator SC(330 on average); this resulted
from effects of the policy of processor allocation of algorithms.

And for URPin Fig. 8, single processor utilization of the thrift
algorithm is the highest, up to 94%; that of myopic and group-
proper algorithms are 74% and 85% respectively, and that of
the multi-fuzzy algorithm is 92%. In terms of equalizing in
processor utilization, performance of the multi-fuzzy algorithm
is the best, for loads on various processors are the most even.

C. Improvement Policy of Multi-Fuzzy Algorithm

In the test in section IV-A, SR of multi-fuzzy algorithm
is not so high when laxity 7 is low, thus we adjust part of the
scheduling policy. Standards for processor selection can be
properly loosened so as to select feasible processors with a
suboptimal evaluation function value or a value closer to the
average, providing more opportunities for those infeasible

tasks. For example, the processor with a Hr(P) value close to

Hp canbe selected, as

r>0.3
r<0.3

b

Jlr)= Lt(Hp),

(14)

with set fp(7) as a selection parameter of the algorithm.
When r is no higher than 0.3, Lt(ﬁp) is the sequence number

of processor whose Hp(P) is closest to and less than Hp ; A

simulation test is performed in reference to the adjustment
policy. It can be seen from simulation results in Fig. 9 that the
algorithm is significantly improved when time constraints are
tight (r<0.3), in that SR is increased from 20%-30% to 50%.

D. Implement h.264 Encoder on FPGA

A high performance FPGA was used to implement an
MPSoC of h.264 encoder, as shown in Fig. 10, and the
heterogeneous multi-core processor architecture has been
designed for the special use of mass data computation. The
MPSoC has five MBs (MicroBlaze), which is a software IP
core of 32bit general CPU. These MBs are connected by the on
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chip high speed interconnection network directly. The Main
Processor is in charge of the system initialization and system
controlling, and other Synergistic Processors execute parallel
video data computation separately. Each processor has a local
L1 cache to load and store data used by executing unit. So there
is potential competition to the occupation of data transmission.
The Multi-Fuzzy Scheduling is running on the Main MB to be
evaluated for scheduling and communication of system.

MB MB MB MB
NI | L1 Cache NI | L1 Cache NI | L1 Cache NI | L1 Cache
‘ Interconnection Network ‘
NI | LI Cache
Main
MB
4
: On chip Bus
L 1
Video In Video Capture Video Display
C IP Core ':‘\> IP Core '::>

W@

External DDR2

Figure 10. Architecture of Heterogeneous Multiprocessor System for Video

Processing
B4
»MB3
MB2
External DDR2 MBI
Main MB(MBO0)
Local share memory
ideo
V'(}j;l;f:fm »| VideoData | ||
Allocating vj [ S
Data Output | Encoding Data | | Intra
Bulffer < Storing Prediction
Filter

Figure 11. The Data Flow and Task Allocation of h.264 Encoder

In the h.264 video encoding application, the prototype
system will capture the video stream as input, encode these
video data and stored the encoded data to the output buffer.
Fig. 11 outlines the data flow and task mapping of this
application. In this application, the main MB is charge for
allocating video stream data to the other Synergistic Processors,
and gathering the encoded data from the video processing



processors to output into the external memory. Each MB will
execute a complete h.264 encoding process. This process is
divided up into several tasks: Intra Prediction, Forward and
Inverse Transforms, Forward and Inverse Quantization,
Reconstruction and Entropy Coder. We map these tasks onto
different cores in each MB subsystem.

In the h.264 encoding processing, a frame is divided into
many macroblocks. Hence it becomes the basic processing
object for each core. The shared local memory (L1 cache) and
some buffers between cores (such as FIFOs) are using for
cache data, by which the one-way data stream can be divided
into Multi-stage pipeline to greatly improve the system
parallel performances.
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Figure 12. Execution Time of h.264 Encoder
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Figure 13. Speedup Ratio of h.264 Encoder

The Fig. 12 shows the execution time of the h.264 encoding
for different number of processors. We have run the encoder
under 100MHz system clock. In this example the baseline
case allocates the tasks with the invariable macroblocks onto
these processors, and the improved case use the fuzzy
dynamic scheduling to allocate the macroblocks onto the
appropriate processor. And the Fig. 13 shows the parallel
speedup ratio performance, with the increase of number of
processors, the speedup ratio of this application is improved.
The highest speedup ratio is up to 10.53 and 12.69 in baseline
case and improved case. The improved case can achieve better
speedup ratio performance, because it minimize the difference
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of each processor’s executing time so that there are less

communications and high utilization.

V. CONCLUSION

The multiple performances are keys for scheduling
algorithms and scheduler. By referring to these scheduling
performance parameters, we can study the corresponding
performances in detail, such as cost efficiency, scheduling
efficiency. The multi-fuzzy algorithm is better suited to task
scheduling in a complex system with multiple characteristics,
and it works well in various scheduling performances, thus able
to meet the requirements for dynamic task scheduling more
effectively.

In different target systems actually designed, performance
parameter standards and weights may vary significantly due to
difference in design key points. Therefore, algorithms should
be applied according to actual conditions during design of
scheduler.

And we implement a prototype design with the fuzzy
dynamic scheduling method for the hierarchical MPSoC
architecture, which adopts a MPSoC h.264 encoder. The
speedup ratio of this prototype application system is up to
12.69.

REFERENCES

Tilak Agerwala, Siddhartha Chatterijee, “Computer architecture:
Challenges and opportunities for the next decade,” IEEE Micro, vol. 25,
no. 3, pp. 58-69, 2005

Wayne Wolf, “The future of multiprocessor systems-on-chips,” Proc.
41st Annual Conference on Design Automation, pp. 681-684, 2004

Baruah S, Nathan F, “The feasibility analysis of multiprocessor real-time
systems,” Proc. EuroMicro Conference on Real-Time Systems, pp. 85-
94,2006

Liu Sha, Tarek Abdelzaher, Karlerik Arzen, “Real time scheduling
theory: A historical perspective,” J. Real-Time Systems, vol. 28, no. 2,
pp. 101-155, 2004

Mok,A.K. “Fundamental Design Problems of Distributed Systems for
the Hard Real-Time Environment,” PhD dissertation, Dept. of Electrical
Eng, MIT, Cambridge, 1983.

Liu C L, Layland J W, “Scheduling algorithms for multiprogrammingin
a hard real-time environment,” J. ACM, vol. 20, no. 1, pp. 46-61, 1973

Tarek A. AlEnawy, Hakan Aydin, “Energy-Aware Task Allocation for
Rate Monotonic Scheduling,” Proc. 11th IEEE Real-Time and
Embedded Technology and Applications Symp, pp. 213-223, 2005

Theodore P. Baker, “An Analysis of EDF Schedulability on a
Multiprocessor,” IEEE Trans. on Parallel and Distributed Systems, vol.
16, no. 8, pp. 760-768, August 2005

Myunggwon Hwang, Pankoo Kim, Dongjin Choi, “Least Slack Time
Rate First: New Scheduling Algorithm for Multi-Processor
Environment,” Proc. 4th IEEE Int’l Conf. Complex, Intelligent and
Software Intensive Systems, pp. 806 — 811, 2010

Jin Hong; Wang Hong An; Wang Qiang; Dai Guo Zhong, “An
Integrated Design Method of Task Priority,” J. Software, vol. 14, no. 3,
pp. 376-382, 2003

Xianbo He, Li Yang, Feng Yin ,Chunlin He,Gangyuan Zhang, “A fuzzy
scheduling model based on multi-characteristics of tasks in embedded
soft real-time Systems oriented to communication field,” Proc. 2nd IEEE
Int’l Conf. on Computer Science and Information Technology,pp. 270-
274,2009

Ramamritham,K.J.,Stankovic,A.,Shiah,P.-F, “Efficient  scheduling
algorithms for real-time multiprocessor systems,” IEEE Trans. on
Parallel and Distributed Systems, vol. 1, no. 2, pp. 184~194, 1990

(1

(2]
(3]

(4]

(3]

(6]
(7]

(8]

9]

[10]

(1]

(12]



[13]

[14]

[15]

[16]

Manimaran,G.,Murthy,C.S.R.,“An  efficient dynamic  scheduling
algorithm for multiprocessor real-time systems,” IEEE Trans. on Parallel
and Distributed Systems, vol. 9, no. 3, pp. 312-319, 1998

WangKun, QiaoYing, WangHong An, FangTing, Zou Bing, DaiGuo-
Zhong, “Study of a dynamic scheduling algorithm for realtime
heterogeneous systems,” J. Computer Research and Development, vol.
39, no. 6, pp. 725-731, 2002

Bin Xuelian, Yang Yuhai, Jin Shiyao., “A new dynamic scheduling
algorithm for real-time multiprocessor systems based on grouping and
properly choosing policies,” J. Computers, vol. 29, no. 1, pp. 81-91,
2006

Terrier F.,Chen Z., “Fuzzy calculus applied to real time scheduling,”
Proc. 3rd IEEE Int’l Conf. on Fuzzy Systems, vol. 3, pp. 1905-1910,
1994

634

[17]

[18]

[19]

Salmani, V.,Ensafi, R.,Khatib-Astaneh, N., Naghibzadeh, M, “A Fuzzy-
Based Multi-criteria Scheduler for Uniform Multiprocessor Real-Time
Systems,” Proc. IEEE 10th Int’] Conf. on Integration Technology, pp.
179 — 184,2007

Litoiu M., Tadei R., “Real-time task scheduling with fuzzy deadlines
and processing times,” J. Fuzzy Set and Systems, vol. 117, no. 1, pp. 35-
45,2001

Dai Hongjun, Xu XinShun, Jia Zhiping, “A Fuzzy algorithm for
parallelizability evaluation and load balance on the multi-core
processor,” Proc. 4th IEEE Int’l Conf.on Granular Computing, pp. 168 —
171, 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


