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Abstract: Context-oriented Programming (COP) is an approach that is suitable for context-aware software
development. COP treats context explicitly and provides mechanisms to adapt dynamically to the changes
in the context at runtime. We believe that the approach could apply the application of context-sensitive
embedded systems. Embedded systems often contain abnormal controls such as a device failure or a commu-
nication disconnection. COP separate the cross-cutting concerns like abnormal controls from a normal one.
A changing from normal to abnormal control requires reducing response time to prevent accidents or product
failure. This paper proposes the preemptive layer scheduling method with the layer priority for COP. In
the method, the system activates in order from higher to lower priority, and when high priority request has
arrived, the system interrupts the lower priority layer controls and activates higher one. Finally, we evaluate
the performance of the changing behavior.
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class Layera : Layer {
class A : ILayerActivationListener {

M1() {...}
M2() {...}

void OnlLayerActivation(Layer layer) {
MEC TR ();
TR A R);
FEC LT ();
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Fig. 6 Layer scheduling algorithm
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Fig. 8 The flow of the evaluation program

0000000000000000000000000
00000000000000000000000000
00000000000 400000000000000
00000000000000000000000000
00000000000000000000000000
000000000 70002000000000000
00000000000000000000000000
000000000000000000000000
() 000000000 D000D000D00000000
000000000000000000000000
0000000000000
(i) 0000000 1000000000000
00000000000000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0ooooo
000000000000000003.10000 (2)(3)
00000000000000000000000000
ooooooo

2016 Information Processing Society of Japan

4. 00000

O00o0o0ooo0o0ooOo0ooooooooooo
O0o0o0o0o0oO0oooo0ooooUoooooooo
O0o000oO0o0o0o0oooooOoogUuooooooo
O0o0o0o0o0ooo0o0ooooUoooooooo
O00o0o0o0o0o0oooooooooUoUnD A0
0000000 BOOOOOOOODOOOOOOOOOO
0000 ABOOOOOOOODD AOOOOOOOO
000000 BOOOOOOOOOOOOOOOOOOO
O0o0000o0o0ooOooo0ooooUoOoooooo
O0o0o00o0o0oOoU0oO0ooooUoooooooo
O0o000o0o0oooO0oO0ooUoUoOoooooo
ooo00000ooooo000ooooo0oooooo s
O (a)-(e)D0000DODOOOODOOOODOOO 10000
O0o0o0oOooooooooooo

O000000000O0CPUO Intel Core i3 (1.5GHz, 4
00)00O0D0D04GBO0O0OODO64 0000 Windows?
Onet 0000000 400000000 1000000
ooo

310 3)0000o0oUoUoUoooooooog
O0o0oo0oU0o0oO0o0oo0ooooUoOoooooo
O0o0oU0oU0o0oO0oUOoO 1(egbODUDOOO
Oo0o00o0o0ooooooooooooos3200000
O0o0o0o0o0oooU0oOoooooUoOoooUoo
O0o0o0o0oO0ooU0oO0ooUoUoOoooooo
O0o0oU00o0oO0oOoUoo0oOoooUooooooo
O0oO0oU0oOoooooslo 3)oouoooooooo
()(2oOooDOoUOOODOOUOOOUODOODOUOOOOOO
ooo0oos8poOoOoOoooOoooooOooooooooo
O0o0o00o0oO0oOoUooOoooooUooooooo
O0o0oU00o0oO0oOoUoo0ooooUooooooo
OO0o0oU0oOoooooooooo

5. 0000

gooobboooobooocOoooooooooood
uboooooodoooooooooooocoboobooon
gobooboooooooooboooooooooboooo
goboboooooooooboocobooooooboooo

53



2016
Embedded Systems Symposium 2016

000000000000000000000000
0000000000000000000000000
000000000000000000000000(1)0
000000000000000000000000(2)0
00000000000000000000000000
00()00000000000000000000000
00000000000000000000000000
000D00000000000000(2)00000000
00000000000000000000000000
0000000000000000000000000
00 COPOOOOOOODODD RT-COS[6][7][8] 000
00000000000000000000020000
00000000000000000000000000
00000000000000000000000000
0000000000000000000000000
0oo
000000000000000000000000
00000000000000000000000000
00000000000000000000000

oooo

[1]  Shadbolt, N. : Ambient Intelligence, IEEE Intelligent
Systems, Volume 18 Issue 4, pp. 2-3 , (2003).

[2] Hirschfeld, R., Costanza, P. and Nierstrasz, O.
Context-oriented Programming, Journal of Object Tech-
nology, Vol. 7, No. 3, pp. 125-151, (2008).

[3] Appeltauer, M., Hirschfeld, R. and Lincke, J. : Declar-
ative Layer Composition with the JCop Programming
Language, Journal of Object Technology, Vol. 12, No. 4,
pp. 4:1-37, (2013).

[4]  Appeltauer, M., Hirschfeld, R., Haupt, M. and Ma-
suhara, H. : ContextJ: Context-oriented Programming
with Java, In Proceedings of the JSSST Annual Confer-
ence 2009, pp. 1-15, (2009).

[6] Costanza, P. and Hirschfeld R. : Language Constructs
for Context-oriented Programming: An Overview of
ContextL. In DLS ’05: Proceedings of the 2005 sym-
posium on Dynamic languages, pp. 1-10, (2005).

[6] Watanabe, H., Sugaya, M., Tanigawa, I., Ogura, N.
and Hisazumi, K. : A Study of Context-Oriented Pro-
gramming for Applying to Robot Development, Proceed-
ings of the Workshop on Context-oriented Programming
(COP) 2015, ECOOP 2015, (2015).

[7]  Tanigawa, L., Ogura, N., Sugaya, M., Watanabe, H. and
Hisazumi, K. : A Structure of A C# Framework Con-
textCS based on Context-Oriented Programming, MOD-
ULARITY Companion’l5, pp. 21-22 (2015).

18] goooO,0000,00000,0000 00000
Oo0o0o00o0o0oooooobobooooooooooono
0oooooooooooo,0o0boooooooono
02014000,000000, pp. 84-89, (2014).

[9]  Appeltauer, M., Hirschfeld,R., Haupt, M., Lincke, J. and
Perscheid, M. : A Comparison of Context-oriented Pro-
gramming Languages, In Proceedings of the Workshop
on Context-oriented Programming (COP) 2009, ECOOP
2009, pp. 1-6, (2009).

[10] Hirschfeld, R. Costanza, P. and Haupt M. : An Intro-

2016 Information Processing Society of Japan

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ESS2016
2016/10/22

duction to Context-Oriented Programming with Con-
textS, In Generative and Transformational Techniques in
Software Engineering (GTTSE) II, Springer LNCS 5235,
pp. 396-407, (2008).

Schmidt, G. : ContextR & ContextWiki. Master’s thesis,
Hasso-Plattner-Institut, Potsdam, (2008).

Lincke, J., Appeltauer, M., Steinert, B. and Hirschfeld R.
: An Open Implementation for Context-oriented Layer
Composition in ContextJS. In Elsevier Journal on Sci-
ence of Computer Programming, Special Issue on Soft-
ware Evolution, (2011).

Schubert, C. : ContextPy & PyDCL - Dynamic Con-
tract Layers for Python, Master’s thesis, Hasso-Plattner-
Institut, Potsdam, (2008).

von Lowis, M., Denker, M. and Nierstrasz, O. : Context-
oriented Programming: Beyond Layers, In ICDL '07:
Proceedings of the 2007 international conference on Dy-
namic languages, volume 286 of ACM International Con-
ference Proceeding Series, pp. 143-156, (2007).
Appeltauer, M., Hirschfeld, R. and Rho T. : Dedi-
cated Programming Support for Context-aware Ubig-
uitous Applications, In Proceedings of the 2nd Inter-
national Conference on Mobile Ubiquitous Computing,
Systems, Services and Technologies (UBICOMM) 2008,
pp. 3843, (2008).

oooo,0000,0000: 00000000000
O000000000000000 EventCJ, 00000
O00ooOooo, Vol. 30, No.3, pp. 130-147, (2013).
0o0dd: 0odooboobooooooooooo, o
00000oOoooooo, Vol 31, No. 1, pp. 3-13, (2014).

54



