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Abstract

Embedded systems must ensure many varieties of reliability, “real-
time” is one of them. Real-time systems require to meet the deadline
of running task for correct working. Deadline limits execution time of a
task. For example, the computational delay of braking of automobile sys-
tem may cause a serious traffic accident. Real-time systems must satisfy
the strict time constraint in any cases, even if all real-time tasks have run
in the worst-case execution time (WCET). From this reason, a processor
in real-time system equips sufficient hardware resources for the WCET
running. In an average execution case, the hardware resources are exces-
sive and cause an increase in power consumption. To solve this problem,
a novel approach for power-efficient real-time systems is necessary.

This paper focuses on single instruction set architecture (single-ISA)
heterogeneous multi-core processor (HMP). Single-ISA HMP is known as
highly power-efficient technique of processor architecture. A single-ISA
HMP consists of the same ISA but different performance cores. When
a task runs on this architecture, the task is assigned to a suitable core
according to the task feature. The single-ISA HMP can efficiently use
the hardware resources and achieve low-energy processing. However, no
scheduler in current OS support both the single-ISA HMP and strict
real-time execution sufficiently. Therefore, to apply single-ISA HMP into
real-time systems, this paper proposes a novel task scheduling method.

The proposed scheduling algorithm uses a hardware scheduler. The
dedicated hardware achieves strict and efficient time management be-
tween HMP architectures and a software scheduler for power-efficient
real-time multi-core processor. The target RTOS is RTAI based Lin-
uxOS. For verification, this paper used an emulation system of proposed
hardware scheduler implemented in C language on QEMU emulator. Ac-
cording to the evaluation result, the proposed scheduling method can
improve approximately 28% of power consumption.
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Dynamic Scheduling Algorithm

# 0000000000 NoI(DOOOO : number of instructions) O
# Checkpoint[m](m OO0 O00000000O0)DO0ODOODOODODOODO

if ((NoI of Running Task(d 1)) == (NoI of Checkpoint[m])) {

# A t[m+1]: Checkpoint[m] OO Checkpoint[m+1] DO O DOODOODOO

A t[m+1] = (WCET of Checkpoint[m]) - (WCET of Checkpoint[m+1]);

# T[m+1]: Checkpointm+1] 00O 00O OOO0OOOODOO

T[m+1] = (Execution Time of Running Task(O 1)) + A t[m+1];

# R[m+1]: Checkpoint[m+1] D0 ODOO0OOOOOOOODOODOO
R[m+1] = (Deadline of Running Task) - T[m+1];

# R_high(m+1]: OO0ODOOODO (gO)OOOOOODOODOOOODOO
# : Checkpoint[m+1] OO 0O0OOOOOOO0OOODOO
R_high[m+1] = (WCET on HC) - (WCET of Checkpoint[m] on HC)

+ Core Switching Overhead(d 2) ;
# 0000O00O0O00DOO0ODO

# J000O00O00OO

if (R[m+1] < R_high[m+1]) {
Flag of Core Switching = 1;
} else {
Flag of Core Switching = 0;

}

mOm0O 1;

059 000000b0bboogoonboon
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