2% 124 it (=N HL =23 Eile Vol. 32 No. 12
2009 4F 12 A CHINESE JOURNAL OF COMPUTERS Dec. 2009

BRAXNLHREFETRE AWM EESERA

ZEM B E OHFRT AN HEE
D (e R R 2R R 430074)
DCRWEB R AANL S F R ¥ Bl 201209)
VAL P EEBIAEIR ME  330006)

B OE MAREHNRGEMENSRE SRR EEARRSEAEN G B RARRNAHMTRERL TE
RWRFE TR A IE I RS8P Ar ik B E o =0 H b 9 AR J5 04 55 98 B2 0 e s 0 PG I L 7 3 T A 5 R A B BOR
FA T R R AR A S b L B TN T AR S AR A AT 55 A R TR R A U Y R T 3 TGS 1 CST-VAL I BIA TR R IE
5 TR R R S T RER AT S TA T RERBERE. B R 2R B LA SR E R EES T
A S R 5L

XEIR  mARXTE RG A EIME S s A AR B B R
hEiE5ES TP316 DOI S . 10.3724/SP. J. 1016. 2009. 02403

A Voltage Allocation Technique with Checkpoint-Based Schedulability Test in
Embedded Real-Time Systems

LI Guo-Hui” YANG Bing” HU Fang-Xiao” XU Hua-Jie” DU Jian-Qiang”
U (School of Computer Science & Technology, Huazhong University of Science & Technology, Wuhan —430074)
D (School of Computer and Information, Shanghai Second Polytechnic University, Shanghai 201209)

D (Department o f Computer Science s Jiangxi University of Traditional Chinese Medicine , Nanchang 330006)

Abstract  Fault-tolerance through software/hardware redundancy as well as power management
through frequency and voltage scaling has been well studied separately in the context of embedded
real-time systems. However, the real-time characteristic, the high-level reliability and the low
power consumption make the combination of fault-tolerance and power management necessarily
for embedded real-time systems. This paper proposes a new method for aperiodic task scheduling
and voltage allocation called voltage allocation with checkpoint-based schedulability test (CST-
VA). CST-VA not only guarantees the timing constrains, also provides higher reliability through
checkpointing and minimizes power consumption via optimal voltage allocation technique. Simula-
tion results show that CST-V A has better performance compared with the existing voltage alloca-

tion technique and is more appropriate for embedded real-time systems.
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Procedure CST(J, f)

BEGIN

1. for each J,; in J, do {

1. 1. calculate m” for each J;;
1.2. solving the in-equations (2) and (4) for cach J,;
1. 3. if (there is a J; of which the in-equations have no

solution or there is a m* which is not contained in

the solution of that J;)

return (the task set is unschedulable) ;

1. 4. else calculate u; for J;;

}
2. calculate U;
3. (U<D
return (the task set is schedulable) ;

4. else return (the task set is unschedulable) ;

END
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(Voltage Allocation with Checkpoint-based Sched-
ulability Test).

Procedure CST_VA(J,V, )

BEGIN

1. CSTT .

2. if(the task set is schedulable) {

2. 1. for each J; in J, dof{

2.1.1. calculate the new R; for each J; in the presence

of m” checkpoints for the task;
. generate an optimal continuous voltage for each
Jis

. 3. if C(there is a task whose optimal continuous

voltage is higher than V,,)

return( there is no feasible schedule) ;

}

3. return(the discrete voltage allocation and schedule) ;

END
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W —J7 W FRATE CST-VA 853k 5 H 2% a4l
1M AN 2% &9 BB 1Y FT-Only 5355 DL K [l B 2% J& 4%
HERTRER) FTHEC Bk 4T T HAR. £ 3 44
TR 3 B[R] D gk ) B E B R 36 S B R T[]
SCHRL 8 rp iy B3k E AT LL B, BL B % 0B & (F 55 1
ki=1). Horp . 7E FT-Only 5535 F M5 D EORTE
AT 55 AR T B G B I5F T 5 A 3 o 1Y) e /D A B (L
BUAEMIHAE S %G8 D . 78 FTHEC 3L T i
B S SR8 Rk it AR B fE CST-VA &
22T RS 0 i BOR FRATT A AR SCH Y O AR
RENM BRI S B R 3BT T AE 3 Ay
AR S BB RIH AR . FATTIC AT 55 72 FT-Only 8%
THREREIHAEN E 78 FTHEC 5k T Y sE & TH AR
H E, fE CST-VA Bk T BB RIHFEN Es.

*3 EFEEIMARBEETRIZHN
KRS MR EENES
f£4 FT-Only E;/] FTH+EC E./] CST-VA E;/]

J1 1 367.2 1 226.8 4 119.2
J2 1 295.2 1 185.6 3 162
Js 2 338. 4 3 228.8 4 214.2
Ju 1 199. 2 2 98. 8 3 86

MFE 3 BB RT LU B, A 52 A ) 9 3R 45 )
FEPER) . CST-VA &3 1t FT-Only , FT+EC %5 ¥ fig
AR RGLREFE. [FET, 1 T FT-Only il FT+
ECHILEMA R, CST-VA B3k n] R F2E B i 4 &
RGN AT FEE.

6 # B

i A SUSE IR 2R 48 AR AT RE A9 258 B T 9T IR AE
W51 AR 22 BE 5 5 1) . AR R AE T AR GERE 25K
AL AR, SUCEOR — RE Y AR B RE 7 7] I 2R fi
ARG REFE /N A SCH BT T g A XL R
e Ak 2 Bk 3 Ok H AR A9 AR JE AT 55 6 R H
Je G I AL 7 e R 36 e 25 AR 1% 8] B P A

DL B 32T T R G AR T 55 B Ak TR R
SR A EE R 4y i R s CST-VAL Z 8 7R IEAT
55 S PR TR 5 T R G AT SR WAARE TR
GEREFERY A . AU LB R W], CST-VA [ Alloc-vt
MR EMER S T RGNS b FT-Only Al
FT+EC 7EMH [A) 7] SE PRI 42 T BRAL T RS REFE . [F)
INF Ll 7 25 A7 B4 0 R A L BEGE B T A SN R
GEm i 2.

Xf ik — 20 1 AR FATA LT LA T 18 6
. (D 2 1 IR B AL FRATTHEAS SO 2% JE 454 55
#8E A A1 [F) 5 SF ¥ JF & B & (average switched
capacitance) , /£ 5 J5 I WF R H AT & H B HA AR
V25 I G L 2 B AT 55 B Y A O RE R Y BE R s )
BL. (2) FELUJE 1 AR h 34T 25 2% H b A SCH iy
Xf SR AT 55 10 Ak BE5 RAVEAT 55 g AL B g — i
. (3) FEH ok 1y TAE b 3o ATT 2 F 58 JE 18 2 K 3
M T 73 23 W A SC T il 3 1 18] 2 A 5 4 0 il ok
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The problem of task scheduling and voltage allocation,
which should minimize the total processor energy consump-
tion while guaranteeing timing constraints of tasks, is a rep-
resentative requirement for embedded real-time systems. At
present, researchers are interested in the trade-off between
system reliability and energy consumption for real-time sys-
tems. The slack time in real-time systems can be used by re-
covery schemes to increase system reliability as well as by
frequency and voltage scaling techniques to save energy. Mo-
reover, the rate of transient faults also depends on system
operating frequency and supply voltage. So, it gives us the
new challenge for considering the combination of system reli-
ability and energy consumption for the problem of task sched-
uling and voltage allocation.

Fault tolerance through redundancy as well as energy
management through frequency and voltage scaling has been
well studied separately in the context of real-time embedded
systems. However, there are relatively less researches ad-
dressing the combination of fault tolerance and energy man-
agement. Furthermore, most of the existing methods are
concerned about periodic task set only.

In many real-time embedded systems, tasks can be clas-

sified as periodic tasks and aperiodic tasks. Aperiodic tasks
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can be processed with general scheduling algorithms. How-
ever, in many cases, it is more efficient to process aperiodic
tasks with separate algorithms which make use of the knowl-
edge that aperiodic tasks may themselves have a variety of
timing requirements.

This paper focuses on the variable voltage allocation
problem for aperiodic task set in embedded real-time systems
based on earliest deadline first (EDF) scheduling strategy.
First, the authors present a checkpointing-based schedulabili-
ty test, and with this test, provide a deterministic guarantee
and get the optimal number of checkpoints that a task should
be inserted if possible. The optimal number of checkpoints
can help the task to guarantee the timing constraints and min-
imize the worst case execution time in the present of transient
faults.

Based on the checkpointing-based schedulability test,
the authors propose a voltage allocation method through dy-
namic voltage and frequency scaling (DVFS) technique. The
method not only guarantees timing constraints, but also pro-
vides higher system reliability through checkpointing and
minimizes energy consumption via optimal voltage allocation
techniques.

This paper contributes on the problem of task scheduling
and voltage allocation focusing on aperiodic tasks for real-
time embedded systems. The simulation results show that
the proposed method has significantly better performance
compared with the existing voltage allocation technique and is

more appropriate for embedded real-time systems.



