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Abstract: ToT (Internet-of-Things) is expected in various fields. One of particular applications is industrial
systems such as smart grid. Standard specifications for interoperability are defined for integration of many
kinds of devices from many vendors. W3C XML Schema is often used to define data models and message
exchange format in those specifications. On the other hand, those schemas tend to become large because
they contain many models and messages for many devices. It is not suitable for embedded devices to process
the bloated XML schema. In this paper, we propose a method of XML schema contraction for integrat-
ing XML-based communication at constrained embedded devices. We also show that the proposed method
reduces EXI grammar size.
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<xs:element nhame="note” type="Note” />
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<xs:element name="title” type="xs:string" />
<xs:element name="body” type="xs:string” minOccurs="0" />
<xs:element name="author” type="xs:string” />
<xs:sequence>
</xs:complexType

2 F7varvEFEEEAT XML ¥ =<0l
Fig. 2 Example of an XML schema with optional elements.
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Fig. 3 Automaton corresponding to the EXI grammar shown

in Fig. 2.
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<author>Tarou Toshiba</author>
</note>
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Fig. 4 An example of valid XML document for XML schema

shown in Fig. 2.
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Fig. 5 Step 2 of optional elements contraction: It records es-

sential elements and attributes, which are used in the

XML document instance shown in Fig. 2.
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Fig. 6 Step 3 of optional elements contraction: It only contains

essential elements.
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Fig. 7 Step 1 of derivative type contraction: D and E are de-

rived from C. C is derived from B. B is derived from

A.
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Fig. 8 Step 2 of derivative type contraction: A, B and C are

summarized in a class X. D and E can be derived from

class X instead of class C.
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®& 1 OpenADR2.0a 128754 7> a Vliffbic L 2EHR - &

SHOE | LR XML A ¥ —~13, oadrResponse -
oadrDistributeEvent ® XML # % {5 W fig

Table 1 Difference the number of declaration or definition be-

tween the original XML schema and an contracted

XML schema on OpenADR2.0a. The contracted

XML schema can accept oadrResponse and oadrDis-

tributeEvent message encoded as an XML document.

B Ax—~
HH TAF =< | FT T a sl | IRERIER
Element 48 33 33
ComplexType 13 11 10
SimpleType 10 7 7

% 2 ZigBee SEP2.0 IZBIJ 54+ 7 a Vili#y - IREFERICL 552
- B0, HEEREHIEA ¥ —~ 1L, DemandResponse-
ProgramList - EndControList - EndDeviceControl @ XML
W R SR RE

Table 2 Difference the number of declaration or definition

between the original XML schema and a contracted
XML schema in ZigBee SEP2.0. Contracted XML
schema accepts DemandResponseProgramList, End-
ControlList and EndDeviceControl messages encoded

as an XML document.

B A ¥ —=
HE AR =7 | AT a Ly | IRERER
Element 312 3 3
ComplexType 312 23 17
SimpleType 25 11 11
P AT 5.

OpenADR2.0a D7 <> KL A K v AR 2T 5
XML XED ) &, HAAEEGEIZET %5 CEL, oadrDis-
tributeEvent & oadrResponse D 2 D Tdh 5.

ZigBee SEP2.0 D7 <> KL AR Y AR S 2T %
XML XEHED 9 b, HaAAELGD 25§ 5 LHE L, Deman-
dResponseProgramList - EndControList -+ EndDeviceCon-
trol 3 OThHhbH. TNH Ay L=V S XML A ¥ —
~» UML 7 7 A% 9 \Z/R”7.

52 #7T3l -  REBBHODR

KSR ET 5T ETH L 4+ 7 3 ViR LIk
R, EEOEIETY D XML AF —< 12 LCH
BThHBHI LDy holz. BARMIZIE, ZigBee SEP2.0 T
X, 7% FLARY ARGEUAMNCE C ofEZ i 2 T»
XML ZF—=I2BWT, v FLAEY 2iEEY)
D LZZBICEICET A 2 L 2R L. — /T, §
TIBREAMEE SN TWA XML AF =<2 LTI, »F
DRI TR W Lo 72, BARIYIZIZ, OpenADR

*5 k1] 8.1.1 & 0.
*6 Tk 2] 16.7 £ D).
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Fig. 9 UML class diagram for classes required for demand re-
sponse of ZigBee SEP2.0.
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#4 X . OpenADR2.0a Tl oadrResponse * oadrDistribu-
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List - EndControList - EndDeviceControl & XML &A%
IENSEXA
Table 3 Object size of EXI grammar: Contracted XML
schemas accpet XML documents for oadrResponse
and oadrDistributeEvent in OpenADR 2.0a, and,
DemandResponseProgramList, EndControlList, and
EndDeviceControl in ZigBee SEP2.0, respectively.

TLAF =% | 7 a VR | IRETERY

AR (N4 b) N1 )
OpenADR 2.0a 2,759 2,015 2,013
ZigBee SEP2.0 37,817 2,711 1,887

20aD LI, T v FLAKRY ZKEBE L2727 XML
AF—ITh5b.
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7%%4xu,EKmNu4%mwt.

IRAERIE O TIX, + 7Y 3 Vit o XML A
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BEIOPRAEMZRTIE, 1 OORDSEHEORICIRET 5 72
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LD XML A ¥ —<I12BWTiE, RAETHEDFESN S
729, BET DIREBRDHD V59 .

5.2.1 #7723 BEHOMER

+ 7 a V#9755, OpenADR2.0a & ZigBee SEP2.0 O
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© 2015 Information Processing Society of Japan

Resource

A
| |

DemandResponseProgram

EndDeviceControl
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¥ALF %O UML 7 7 A
Fig. 10 UML class diagram for classes after applying proposed
method on demand response in ZigBee SEP2.0.
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5.2.2 REBBGHOXR
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BBt 7y a VLRI TH .
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Fig. 11 File size of EXIGram in existing method vs proposed method. XML documents

are extracted from examples of ZigBee SEP 2.0 specification.
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*7 http://openexi.sourceforge.net/
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