International Journal of Hybrid Information Technology
Vol.7, No.3 (2014), pp.337-344
http://dx.doi.org/10.14257/ijhit.2014.7.3.31

An Improvement of Task Scheduling Algorithms and Hardware
Scheduler of Real-time Operating System

Yue-hua Li, Xue Liu,Yun-feng Ding,Hao-xin Cui,Yong-bin Du and Yan Li

The Computer and Control Institute,Harbin University of Science and Technology,
China
1356074469@qqg.com

*
Abstract ?y

To the existing real-time operating systems implemented by softw r@ hard to
continually enhance their real-time performance by si |mprov scheduling
algorithms. New scheduling algorithms ofuC/OS Il realstie pe t|n ems and their
hardware implementation are shown in this paper. The hrough imit of the number
of total task, and hardware task scheduler was use Iect ta ready list instead of
the original ready table, improving the efficiency and'té mtarnm correctness of the real-
time system. This system design adopted hardw. description language and
implemented and simulated in ISE 8.2. Bas he result task scheduling algorithms
and hardware scheduler decrease the c ic and spending of running time,
while the new task management and ta str w%g@ ep the correctness of the original
software version. %

Keywords: Task managemeh;rts of. re s Hardware Implementation; uC/OS-Il,
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1. Introduction

With the deve@c t of erﬁ@t technology, RTOS (Real-time Operating System)
has been in ly app in“areas of embedded system, such as: aeronautics and
astronautrcs strral , automotive electronics and nuclear power station [1].
To the existing rea peratmg systems implemented by software, it is hard to
continually enhanc real-time performance by simply improving their scheduling
algorithms. How, »using hardware logic to realize the efficiency of task scheduling,
interpretation progeSs and timer management can dramatically increase their real-time

performan&%ﬂ certainty. The hardware logic is independent from CPU and would not
cost CP rce, so this method has the value of research and practice [2-3].

2% of Tasks

essential mechanism of task scheduling is the state of tasks. To understand what
the highest priority task really is, one first need know the states of running tasks. In a
real-time multitasks operating system, each tasks is an infinite loop that can be in any
one of five states: Dormant, Ready, Running, and waiting for an event or Interrupted
[5]. Any tasks can only be in these five states. The dormant state corresponds to a task
that resides in memory but has not been made available to the multitasking kernel. A
task is ready when it can execute but its priority is less than the currently running task.
A task is running when it has control of the CPU. A task is waiting for an event when it
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requires the occurrence of an event (waiting for an 1/O operation to complete, a shared
resource to be available, a timing pulse to occur, time to expire etc.). Finally, a task is
interrupted when an interrupt has occurred and the CPU is in the process of servicing
the interrupt. Figure 1 shows the functions provided by pC/OS-11 to make a task switch
from one state to another.

OSTaskbel()

Dormant Running Srrypt

‘OSTaskDeI() ‘OSSched() In;Exnt( N
Figure 1. Task switching of§

3. Data structure and Algorithm of Task ¢

3.1. Task Control Blocks @

The core technology for a real t atlng syst€m is its task scheduling
mechanism. In order to restore the st ot e ormation of task running, after
the establishment of every smgle ask ock (TCB) should be created to

maintain the state of a task pre&m [6].

So, the crux of the matter 1S*t@ redegi hole data structure of TCB to not only
be compatible to pC/OS-#Jhut suita |mplementing in the registers inside FPGA
[7]. This data structur, d als&b sy for assigning priority based on scheduling

manage and schedule this m |s a data cture that is used by pC/OS-II to

algorithm, compar prioriti tasks and then sorting the tasks. According to the
requirement aboves date sth@'e an be designed as listed below.
type tch i

OSTCBI ic_vector( n downto 0);
OSTCBPrio logic_vector( n downto 0);
OSTCBStat d_logic_vector( n downto 0);
OSTCBDIy . std_logic_vector( n downto 0);
OSTCBStkSI : std_logic_vector( n downto 0);
OSTCB tr : std_logic_vector(n downto 0);
OSTC ottom : std_logic_vector( n downto 0);
end :

Id is the registers of task IDs in the operating system to mark every task.
@) Stat is the registers of current state of the task; reading or writing which it can
return or change the current state. OSTCBPrio is the priority of the task. OSTCBDly is
the registers of delay time, used when the task needs to be delayed for a certain number
of clock ticks. OSTCBStkSize is the registers of a variable that holds the size of the
stack in number of elements instead of bytes. OSTCBEventPtr is the registers of a
pointer to an event control block. OSTCBStkBottom is a pointer to the task’s stack
bottom. This data structure only keeps the major items in TCB structure of uC/OS-I11 in
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order to be compatible with the original uC/OS-Il TCB. However, because of the limit
of hardware resource, some items are unnecessary to implement in FPGA register.

In the new TCB, the most fundamental data items are OSTCBPrio and OSTCBDly.
When tasks are established, operating system gives a unique initial value to OSTCBId,
a proper priority level to OSTCBPrio allowing the same priority level with the other
tasks and initial value 0 to OSTCBDIy. In the process of task running, the numbers of
OSTCBId and OSTCBPrio cannot be change by tasks themselves or the operating
system. At every a clock tick, OSTCBDIy registers of each tasks add 1 till this task
executes. The smaller the number of OSTCBPrio is, the earlier it will execute. If the
number of OSTCBPrio is the same, the task with a bigger number of OSTCBPrio will
execute first. These principles guarantee the operating system a preemptive kernel
system, which means the highest priority task ready to run is always given coegtrol ef
the CPU. After the task finishes its execution, the OSTCBDIy register will be&

3.2. Algorithm of tasks scheduling Q
The essential function of a real-time operating system\is* task¢sc Ing, which

based on algorithm of tasks scheduling, scheduler sh ermine h is the next
task that need to execute and operate the stacks rm the Xt switch [8-9].
Thus, scheduler needs to maintain a group of ta S, suc ready list and waiting
list. Every time scheduler, based on priority oé the™task, sort:ha ready-to-run tasks to

select the tasks with the highest priority. ithm use(s4 this paper is a modified
version of the original uC/OS-II algorith is added rithm of comparison of the
same priority level. Thus, if the nu OSTCBPrio is the same, the task with a
bigger number of OSTCBPrio WI| ute fi ch guarantee scheduler always
choses the task with the highest p and wa the longest time in the list.

One could see through t%@s aho ecause priority is corresponding to the
task, TCB can be determined n th er find out which is the highest priority
task in the ready list. Thj |nd of f is represented in the OSTCBPrioTbl[], so
when certain pr|0r|t n dete scheduler can index the TCB data structure
from OSTCBPrio ble. Whnﬁthere one priority level links multiple tasks, then
instead of pointi B data structure, the item in OSTCBPrioThl[]

one shﬁ:?
points to a li C d%ﬁf res in which TCB data structure has the same priority

levels. The tion 0 BPrioThl[] and TCB items shows in Figure 2. Examples
of OSTCBPrioThl dat: ture.

The The The The The
TCBPrioThl point to point to point to point to point to
N l TCB TCB TCB TCB TCB
OO Lres]] Lrea ] [lree ]
@ [ ree] Lree]]
Lres]]

Figure 2. Examples of OSTCBPrioTbl data structure

The primary functions of task management in nC/OS-I1 is to create a task, delete a
task, check the size of a task’s stack, schedule tasks, suspend and resume a task, and get
running information about a task [10]. So the input ports are to input parameterl, which
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is when creating of a new task, here input the address of task codes, priority level of the
task, address of the stack bottom of the task and running information about the task, and
parameter 2, which is the task ID number which users assigned to. The output port is to
output the states of the task based on the ID number. Each ID number links to a TCB
data structure. Hardware circuits of task management show in Fig. 3. Hardware circuits

of task.
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Figure 4. Hardware circ@( tﬁ@heduler

This task scheduler sort tasks accor@o thej tles. It directly links to the state

registers of all tasks, as long as th uler one that changes, it will cause a

reschedule of all tasks. The@ctxe tors direc connect with TCB registers. They,
utRu

based on the priority level to corresponding output bit in REG_X
registers, and then all REG glst rm logical OR, and send the results to
PRI_REG registers (deﬂr@w of PRI@shows in Figure 5. The PRI_REG register).

PRI_RE
7 Lo [s [N =
A A 4
() Bit 0 in OSRdyGrp is 1 when any bitin OSRdyThbI[0] is 1.

Bitlin OSRdyGrpis 1 when any bitin OSRdyTbI[1] is 1.
Bit2 in OSRdyGrp is 1 when any bitin OSRdyTblI[2] is 1.
Bit3in OSRdyGrpis 1 when any bitin OSRdyTblI[3] is 1.
Bit4 in OSRdyGrp is 1 when any bitin OSRdyTbl[4] is 1.
Bit5 in OSRdyGrp is 1 when any bitin OSRdyThblI[5] is 1.

g Bit6 in OSRdyGrp is 1 when any bitin OSRdyThlI[6] is 1.
% Bit7 in OSRdyGrp is 1 when any bitin OSRdyTblI[7] is 1.

Figure 5. The PRI_REG register

@ mber of bits in PRI_REG register is equal to the number of priority levels. If
th in the register shows 1, it means the task that the bit is linked to is at ready state.
The priority of the task of high bit is higher than that of low bit. Decoders read the
values of PRI_REG in registers, decode them and them send the highest priority out.
Based on the index of task IDs and the priorities PRI, comparer PRI_COMP will
compare each of priority number of the ready tasks to tasks with highest priority
number. If they are the same, then output he ID number of the task to OSTCBPrioThl
register, otherwise output 0 to OSTCBPrioTbl register. If there are more than one tasks

Copyright © 2014 SERSC 341



International Journal of Hybrid Information Technology
Vol.7, No.3 (2014)

with highest priorities, then output the task that has been waiting the longest time in the
waiting list.

4. The results and analysis

In order to test the correctness and high efficiency of the scheduling algorithm shown
in the paper, the whole system has been implemented by VHDL hardware description
language simulated in ISE 8.2 design suite. The functional simulation of hardware task
management and scheduler shows in Figure 6. The simulating graph of task
management and scheduler.
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Figure 6. @ula@ph of task management and scheduler

The resul ulatlo
1. Firstc task umber 6 and priority number 6. At this time, there is not
any other tasks runni e operating system, so when the clock comes, the value of

Next_task_id regis . And then create a task of ID number 3 and priority number
dh&n

3, which is high task 6, so the scheduler preempts the running state of the task 6
and give the con of CPU to task3, that is Next_task_id is 3.

2. Susp%&e task 3, which will cause rescheduling. At this time, task 6 is the task
with the Q t priority, so execute task®.

3. number 3 and 6 to the task management, which will return the states of
Te ask 3 and task 6. The return will be send to the current state register.

esume task 3, that is task 3 is the task with the highest priority, so the scheduler

preempts the running state of task 6. Task 6 will continue to execute.

5. Create two tasks of ID number 5 and 4 as well as the same priority number 5.

6. Delete task 3. At this time, there are two tasks waiting in the ready list and task 5
waits longest in the ready list. Thus, the ready-to-run task is task 5.

Suppose there are 8 tasks running in the operating system, the usage of hardware
resources in entire system show in Table 1. The practical usage of hardware in
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XC2VP30FF896C platform. According to Table 1, resources of FPGA and performance
meet the need of real-time operating system.

Logic Utilization Used Available Utilization
Number of Slices 491 13696 3%
Number of Slices Flip Flops 712 27392 2%
Number of 4 input LUTSs 350 27392 1%
Number of bonded I0OBs 81 556 14%
Number of GCLKs 8 16 50%

Figure 7. The practical usage of hardware in XC2VP30FF896C platform

hardware logic to implement operating system scheduler, which meets t

The analysis of the results verifies the correctness and high eff|C|enc 0
)e%me
of real-time operating system.

5. Conclusion

Based on fully analyzing the mechanism of t3 h ul |ng -time operating
system as well as the merits of FPGA hardware ns the algorithm
and logic circuits of hardware task management™a d sched mstead of traditional
software one and implement and simulate whola m on ISE 8.2 of Xilinx
Company. This paper mainly redesigns Ih manage and schedulers to meet the

limit of hardware logic as well as hig ncy a prove the algorithm by adding
ready lists, which will support W|th e priority numbers. So, this
improvement of algorithm bre ugh the it of the number of total task and
makes possible run some tasks Sg re npt essary to be strict real-time. Because of
the new ready list, the paper signs eduler to select the task with the same
priority that waits the lo tin the@st in order to support tasks with the same
priorities. This paper @sters PGA to implement the redesigned TCB data
structure, which m@x the p@t&‘al parallel performance of multiple tasks. Instead

uC/0OS-11, this paper use ready list and directly

of using ready ta glnaH@d
links it to the ler, s me to read from memory. In a word, hardware task
managementa chedle e its value of research and real life.
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