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Design and Implementation of a Temporary Priority Swapping Protocol

for Solving Priority Inversion Problems in MicroC/OS-II Real-time
Operating System

+

Young Sik Jeon" - Byung Kon Kim" - Heu Shin™

ABSTRACT

Real-time operating systems must have satisfying various conditions such as effective scheduling policies, minimized interrupt delay,
resolved priority inversion problems, and its applications to be completed within desired deadline. The real-time operating systems,
therefore, should be designed and developed to be optimal for these requirements. MicroC/OS-II, a kind of Real-time operating systems,
uses the basic priority inheritance with a mutex to solve priority inversion problems. For the implementation of mutex, the kernel in an
operating system should provide supports for numerous tasks with same priority. However, MicroC/OS-II does not provide this support for
the numerous tasks of same priority. To solve this problem, MicroC/OS-II cannot but using priority reservation, which leads to the waste
of unnecessary resources. In this study, we have dealt with new design a protocol, so called TPSP(Temporary Priority Swap Protocol), by
an effective solution for above-mentioned problem, eventually enabling embedded systems with constrained resources environments to run

applications.

Keywords : MicroC/OS-Il, Real-time Operation Systems, Priority Inversion, Embedded System
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}
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470 ZEMeIEl=2X A [M16-AT X6=(2009.12)

(2= 14) Ef23 109 8

(E 1) ZE ZA7|0f| cHet =2 EZ H|w

for (55 i RARE NE ZRES At ZrEF
OSTimeDIlyHMSM(0, 0, 3, 0); ) (BPD) (TPSP)
OSMutexPend(ResourceMutex, 0, &err); M ES LI ES 20,3058} 0] E 17,2219k &
1 ikel)
OSMutexPost(ResourceMutex); (Object ¥) (19.8KB) (16.8KB)
8 Z2aY x3 _ _
} o ;]‘ o 209,474} E 196,7401}0] £
(Binary 3+91) (204KB) (192KB)
P=pryeyy P p— S-ItuCOS-I-Wi
Tess (08438700 —_
Taski5’s Original Address 9838 (E 2)71& 3= 8 A= 7HH[1
Task2@’s Original AddresskBB4388A0
Task2@ Request Mutex * DEN~3 200] FHAE AR A 72101 7]% IREF Xﬂ‘ﬂ’ ZZEF
Task2@ Complete Mutex Reguest ! gFI= N
s Eﬁ T &4 (BPD) (TPSP)
(3) ¢ Hutex ¥ ) (TPSPH § OSMutexCreate 39 32
(4) te Hutex Return ¥
Task1@ Cq pletenn‘utex Request ? OSMutexDel 89 7
g \yest Mutex ?
ete Mutex Return ¢ @ EjA3 109 REA QHF OSMutexPend 116 114
e Mutex Request ? 2822 U'I-IaiJg0| =H
\ Return ! OSMutexPost 47 40
OSMutex_RdyAtPrio 20 40
A A 311 313
Complete Mutex Reguest !
Task2@ Request Mutex *
Taskl® Complete Mutex Return *t -
Task1S Cunzlete Mutex Request ¢ OS MUteX RdyAtPno ?3]"{[:‘_ JEH-‘A -?*)\'] —/r\‘—?’]i ’1—‘:1"?'] g+

TasklS Complete Mutex Return ¥

(32 7) TPSP Ale| a8 Ht

<HEZ 14> A9, TPSP7F A48 B3 20($AE
= 15)0] FeHxE ﬂ%o}ﬂ Aol Bja= 100] HEYAE &
et ojulol = B~ 20% B2~ 109 A7 &

gx]ojof it} &AW, oln| Bla= 209 $HE97F TPSP
o o&) MAHYJOEE P 20 Ao FHAEYE B
Aok st} & El2a 169 g2 209 A9 Y
AHE BAY F gz 103 B2z 209 A7
TPSPel 9|34 wghet},

T3E TPSP WAooz (18 7)e 99
Sy A3E RoFr)

[e]
&=

[

29

o

44 85 "ot 2 24
43489 &&2 = =,
I Axz AYAE Object U Binary FU& W] astarz}
Ei=d

<E DoA™ FeEA MHlA Object FYL 7]E9
BPIZ #&3 AWt o 3KB7}, $&zzads w33 A
A Binary 39S oF 12KB7} 74 E Ut i7l FE
HoAQle SMEY] ook FHIIIYE AR BE W
o} WP o] AAEY] wolch

<E 2> fAEH dds AHEE 7IE A= A =
ZEFO TPSPY +4 :=9 ZolE HojFt)

<FE 2>ol4A¥ OSMutex_RdyAtPrio 32 A3

A gl 2 b FAHJY VE FFE] A T
o] gy A9 ol ulg AlgrbEs ofF AlAe)
ol gt ZE7F AAHAY] wiEelt) v, OSMutex_

I
RdyAtPrio g<ol 74+ =7}

<7t skl

A s @5 Ao mERdelqs gl 5

Q)
B 2= shufel]

st v, J1Ee] FroAE HEue
W FEe 37 Hoﬁu FAE gl AE ¢
&7t maE F ezl B o047 miel

%, A9 qA@de] FHAOE WYL U9 F
ZREFN A BAES wa 24F Best g

F ZREIN BN AW, FHLP B Ao
498 weleokith MicroC/OS- o4 el Hote] 79t
obelel Aol WF FEHUS W WAL

L NS B2aF g SR Re Bt wA

BEl A2 Ag8)

2. N-170¢] ®jz=aEe] A7 v EHR A4
o FHAE QA3Th
3. 4% FEAZ 283 Haas 28 M 22 $
Aeds 7He d2a7t Fe28 83 g7iA 7
A28 Lfeth
ol gFolgd A9 AHELS N-1¥ 2
Auh Ve ZREICAY] AEs dHe HAe AR
BREE <E 33 2uh FE2E AR B2t dokd
FAES g AEwn, ddge LAeaR 5N | 2
g 8 AE A4 e 7Pkl
dE o], 4719 "2 T, T2, T3, T47} L 7% el

(E 3) 7|12 Z2EZ(BPI)

O = {nt; n=tf 23 7, t="3<l A= AZH




MicroC/0S-Il &Al

7t 2EMEMOUML M2 ATH

= 4) Mot Z2EZ(TPSP)
[ O(m) = 20Dt n=d]222 7|5, = 3tA7H
(E 5 J7|& Z2EEZY Mgt Z2EEE 7HH|W
IR ES & TREF Aot TRES
v )5 (BPD) (TPSP)
A BRE O(n) O(n)
27 B o) o)
5 BAHRAY. T 7E 228 ARtk o d&, $
AT E dETa st 4te] Ako] A8 H
1. T37} e 2=5 84, BPI 44, tr7t4hS
2. T27} El2~5 &%, BPI 4§, tAt4e
3. T1o] Fe~5 2%, BPI 98 tA AL
4. T7F Fa2s v T4 $449 B9 (A48

TPSPol| A 9] $-A&

4>¢} 2t} TPSPe

Asted dEle Ak 4

=2 B0 4719 ®jA= T1, T2, T3, T47} o, z+
$AEE TI>T2>TI>T4Y w ko] AZF H-4

S B RN T FE2E /83t o

e AEEa EFsted 6t

EE

2 S DY
i

My u

T3 e g
27]_ ‘:'Eﬂ/\E

—=

@W%WN*—‘
—
—
o
Jd
5“_-
>
il

NE ZREEY

R

9 was B9 A =
S5 AR, $AEY 28
12t t2 4,

T BgEs

o
AlZro] @ ¥t}

A9 1
429 24

TPSP EEEE’—% BPI EEE%_’

] ZREZS %J%

o1 MicroC/OS-IIel Al 94

VlHEH *}30}% BPIo 7]5_?& +
Ao E gkt o]
MicroC/OS-1I7} 7HAl& EA o=
s 4 gl Hhdel, FHALe]
$Hl & z s

wAe @ el @ )

Iy B & MicroC/OS-119} 7&% S4& T Al 48

AQteHAl = At TPSPE

OgﬂO{_V‘

oz FHAL S wAy
=

>

o N op
o
¢

i Ay

Ay e

T w
o

Y

ze M

T

32

oft o
re

s
e ke o
2
rlr
o
29
o

—EOSL‘
o L2
1>

o G

o 2
&
N

Py

o

e,

o
o
r)«
H
do
18
2
rﬁ
o>
:Oé
iin)
kA
1
i)
[N
o

LRI

ofo o,
ol
o
1 o
P
o
ui

ik
|
Ho
ret

[1] J. Stankovic, “Real-Time Computing”, BYTE, invited paper,
pp.155-160, August, 1992.

[2] L. Sha, R. Rajkumar, and J. P. Lehoczky, “Priority Inheritance
Protocols: An Approach to Real-Time Synchronization”,
IEEE Transactions on Computers Vol.39, No.9, pp.1175-1185,
Sep 1990.

[38] =43k @zl o4, “AAZE A yC/OSe] Ao &4 Bl
4 7H-r94 37, =4 1 3eks 7] S, ppl52-154,
1999.

[4] Jean J. Labrosse, “MicroC/OS-1I A A7+ 719 297, of o] 2,
2007, ISBN 89-89975-60-3.

[5]1 J. B. Goodenough and L. Sha, “The Priority Ceiling Protocol”,
Special Report CMU/SEI-83-SR-4, Mar. 1998

[6] Qing Li, “RTOSE ©]&gk AAzF At = Al 2~ vz}’
o] o] &2, 2005, ISBN 89-89975-42-5.

[71 AT, 12, INAE SAES] s 22EZ9] 787 o
A 1 3}18}+3] 7}% st F =5 A 2098 A23 pp.56o- 568,
1993.

[8] Min-Th Chen, and Kwei-Jay Lin, “Dynamic Priority Ceilings:
A concurrency Control Protocol for Real-Time Systems”,
The Journal of Real-Time Systems, 2, 1990, pp.325-346.

[9] 774 ZAAE, 134, 499, “AARE FGAA ] A9
AAGHA A4S Y3 TREFZ A 2 FE”. =AW A
8}3], v.13A, No.5, pp.405-412, 2006.

[10] Jae-Ho Lee, Heung-Nam Kim, “Implementing priority
inheritance semaphore on uC/OS real-time kernel,” wstfes,
pp.83, IEEE Workshop on Software Technologies for Future
Embedded Systems, 2003.

[11] Az, A%, A9 71uke] yC/OS-TT Aol A g3
R/R 2AE% A7, s=dEnt]o] g3 2002.

X of Al
— o |

e-mail : klocust@hanyang.ac.kr
20079 FEREEA G AFE e

(3t
20089 ~F A fuista BFEE T
EREE
BA R AR RTE 0], JHTE A2
H =
= O



472 ZEHMelE s =Kl A M16-AF HM6=(2009.12)
2y =
e-mail : bkkim@kict.re kr
1991 Foistal 7 3FE E 3t (3
1993 FgFdistul 7 3FE E 3t (AAh
2003 et 7FE TSI
19938 ~d A FxddredTd 14

1980 ~1986d
19861 ~1983d

19831~ 4

Taltob:

i

l:l)\],

2l

pul

5 Al
e-mail : shinheu@hanyang.ac kr
1973 Al&osta A7) & staH(3HA])
19793 w]= University of Southern California
AT A AL
w]=+ University of South Florida
A 2k8H(EFAL)
u] =+ University of South Florida G795
n]= The Catholic University of America Z x5
St HFE sty ug
AT, 488 A 28, AATEIAA T

)

19863




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


