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Output Schema Driven XML Transformation

MAKOTO ONIZUKA † and KAZUYA KONISHI††

This paper describes an XML transformation model and languagecalled XTL (XML transformation lan-
guage). XTL is declarative and is based on the output schema driven approach, which gives it the following
capabilities: 1) the XML schema language part (we are currently using DTD) specifies the output structure
of transformations, 2) The XPath expression part maps the resulting node-set in the input XML documents
to the output structure. Users need to understand only DTD and XPath specifications, along with a few XTL
extensions and semantics. We applied XTL to the W3C query use cases, and the results showed that XTL
can express 97.10% of the 69 queries. This paper also describes an algorithm to translate an XTL program
into an XSLT program with hash join optimization rewrite option.
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1 A Transformation Example
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<!ELEMENT Bib AS {/bib} (Title * AS {./book/title}

DISTINCT BY {.})>
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e-mailØÙÚÉ¬ÑÒÓÔ��Ì� ¡¢��

3.3.3ÛÜÝÞ(node-set, node-set) → node-setßàáàâ�ãäÕÖ�node-set
�®̄¡¢åæ¬

��XTL
�²³́µ¶�·̧§¹º����

+,-,*¬��»¼½�
<!ELEMENT bib (author* AS {book/author} * {article/author})>�¾¿ÀÁÂÃº�âãäçè��Ì�¬book�

article
�é§�ÆḈ�ê̄¾�ÆÇÈÉ� Öë
��Ì� ¡¢��

4. XSLTìíîï

4.1 XSLTðñòóô

XTLõöXSLT
÷́ø��ùúû�ü¼§º�ýþ
�ÀÁÂÃ 

XSLT
�

template
�́ÿÅ�����À́Á���� 

template
�

mode���®̄¡¢����¾¿§¹¬��XSLT
÷ø§¹��� ·

1	́�¤£Ì�
�́�®̄º��12) ��Å�
£¾

4.2 XSLT
ò���

XTLõöXSLT
 ÷ø���́����Å�£

XSLT
 ����¾�×õ��� �®̄¾�4.1�¬��£Ä¿́�ÀÁ���� template
�

mode

 
1 XSLT Generation Patterns

XTL XSLT!"#$
xsl:template

XPath xsl:template%select&'!"()*+
xsl:template%mode&',-./0xsl:element, xsl:copy12!"#$34,5
xsl:apply-templates, mode&', select&'

sequence67xsl:apply-templates%84
choice67xsl:choose, xsl:when

ANY, DISTINCT BY9:%templates

EMPTY,;<xsl:if

ORDER BY xsl:sort

¡́¢��Ì�¬=>�Å���?@�AÚ���B
CºDÉFGÅ��	£XTL
�ÀÁ��HÍ

µ¾̄¡¢�J�
1K¬��Ì��DTD
Ä́ê̄L

MÅ�̄¾�Näº�XPath�́[1]
 OP��Ì�

¬Q��BCFG É�RA��Ì��¬?�7)�
�S�Ñ�����TA�U��®̄VR�W�äFG��Ä¿́

xsl:key
 X¾£

XSLT
AYZ[\ �

���Ì��¬?�
xsl:key]̂_Î̀XML
òaÜ���
Òb�

XML
c �ä��FGº

XSLT
�FG�

d¬�eDf�FG�g�×¬��XSLT
AYhR

i
(xalan, saxon, xt
�j

)
º�ÒbXML
��äFG

 kl�
2×���A mX®£no�́Äê̄FG��£¤�pÂq�XML
�FǴºÉr�[sÈ

@t�u��¾�¾¿vw���®õ®xsl:key
 

mX��Ì�́º�æ��Ú�ÙTx��ê̄�y�

x́sl:key
 zê£§�u¾�æ�{ö���º|ö
�¾Nä́Äê̄º�xsl:key
�¡¢́Ä�VR�W

· H}��~É���VR�W· z��¾�C~
É�Ä�ep?��ê̄®	¿Ì����õö¬���

3 x́alan 2.2D11, saxon 6.5/7.4, xt 20020426
�

4���
XSLT
AYhRi ��́�xsl:key
 zX�

�
/
®�¾Nä��æ����� M���º�VR
�W·����Èb ·®���ºXSLT
�FG��

 M®̄¾�Ì���¬���¾Ì�º�
• saxon
º

xsl:key
 z¿NäVR�W·�i���
�Å¾NäºDE���2�K �¼�Ä¿�pÂq����È́����́�æ�����

• xalan
º

xsl:key
 z¿§�

20��40�DE¬��
• xt
º

saxon
�

xalan
Ä�D�æ¬����×

xsl:key
 z¿§�

6��20�DE¬��Ì���ºVR�W·�H}~É��VR�W· 
z��¾�C~É�Ä�ep?¾r�É́o£ö�¾
��VR�W·́��®£¶�je����� ��
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3 The Performance of XML join

j��®�¾Ä¿�r�É¬ºVR�W· H}®
�¾§�DÉ��£¤�xsl:key
�z¿

/
z��¾�

®̄�°±́¬?�Ì�ºÑ�¬��²³�
XSLT
AYZ[\ 

xsl:key
 mX��

XSLTAYZ[\́À́��́º�µ�¶��·̧�®�
xsl:key
 mX��Ä¿

XSLT
AYZ[\ ́°¹û

ć?Á¼��ºº»¬��XTLõöXSLT
 ÷

ø��§¹¬º���Å��XSLT
º¼��½¼Å�¾̄�£¤�°¹û́xsl:key
 mX��

XSLT
 �

���TA�U��åæ��ê£

5.¾¿

5.1 XTLÀXSLT0

òÁÂ
XSLT0

1)ºXSLT
�iÃhR� ¼��®£e�¬���XML-QL 4)Ä́·Å��yÅ�³́ùÆ�XMLv¾ä��²³Ä�e

(
�äÕÖ Ô¾̄

)
D¾·̧æ

� Ç��XSLT0

¬�
template
¢ÈºÀbÉ²Ê

�ÀÁH}Êõö�ê̄µ������́×¾̄XTL�ËÌ��
5.1.1Í̀ÎÏ
XSLT0

�
template
¬�ÀbÉ²º

1)ÐÚ��node�Ñ@�É�
node
���e®�º2)
� °±��Ä

¿�
XSLT
�

template
 =>�®£���� Ò¢åæ¬��ÓÔ

1�����r�É́×¾̄�	Õ̧Ö�template

(XTL
¬ºÀÁÂÃ

)õö�Àb mX�ṌXPath

�¬×Ø��Ù��åæ¬��Ì� M�1)
�Nä

º�LöṍXPath�¬Àb ÄX��Ì�Ù¬?�2)
�

XSLT
�

template
=>�®¬º�=>�Å

�£
template (Ú)µ́¾̄��ÀÁÕÖÙ��	£�Ûû́

1×���� ����Ì�õö�����Ü{º
XPath�¬ÄX��Ì�Ùåæ¬��¥¦Ä��XTL
µ́¾̄

XPath��·̧ ����Ì�¬
XSLT0

�Àb́Ýo��Þß �XTL
�ÀÁÂÃ¬

����Ì�Ùåæ¬��ÓÔ
2à́

XSLT0

�Àbº=>�Å��Ñá�
templateấ[ã���®̄äÅ��£¤�XTL
�åæ�À

ÁÂÃ́µ¾̄
XSLT0

�Àb́Ýo��Þß ��
åæ¬��Ì� M�XTL
�ÀbºÀÁÂÃÙ�

XÅ��ÐÚ��node
 Ò¢®�åæ�ÀÁÂÃ�

XPath�Ä�����Ì�Ùåæ¬��Ì�Ì��çL
1
��� èéä���Ì�¬�XTL
�ÀÁÂ

Ãºêë�ÀÁÂÃ¬¢ÈÅ��
XSLT0

�Àb́Ý
o��ì̄�Àb ����Ì�Ùåæ���

5.1.2
aíîï

XSLT0

�
template
¬���H}º�Àbe®�ºÑ@�É�

node
�́��ðḰÄê̄�����ð
K ñ¢��çL1,2
���Ä�

XSLT0

�Àbº
XTL
�Àb�

XPath
Ä́ê̄·̧åæ¬��Ì�
Ì�õöXSLT0

���ðKºXTL
¬º

XPath���³́Ä�·̧��Ì�Ùåæ���	£XSLT0

¬
º�constructing
�

selecting
�¾¿

2
���

templateÙ��Ì�òóºXTL
¬º��ô�Ù�õ�ö¼
Ä́��̧¬?�
®õ®XTL
���H}́º÷øÙ�����HIÙù°±¹́ú�û½�ö�¾Ì�ºÀÁ�����ÀÁ����JÊÙüýÅ�̄¾�¾£¤¬�
��×y��JÊºþ��ù¬mX��Ì�Ù¬?�¾ÿ

5.2��

5.2.1 excel���òXML
�

n�����AY��	��®̄�Òb�
�~�
@���ã����É�� �ä®£J/meta
�¾

¿É�� �¢���¹Ù��J/meta
�É��

���º
excel
¬c�Å�̄¾£Ù�Ì� XML

Schema
���Ö�́�®�XTL
 �X®£J/meta�É����º2���ê̄�Ð�YZ�(excel
¬

505�)à�m�(1756�)�¾¿�p��¬�����¶Ö�¬�
XML Schema
�ºº»¬�ê£Ì�

XML Schema
�¬º�1)excelõö{ö��CSV
 

kl�¼��XML
¬��

CSV-ML (comma separated

ÿ����� !"#5$%&XPath'�:($)*�+,-.!/01 !2&354%XTL
�565$!"()*+7!"8
9%:;<�=> !"#?@AB�!C
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markup language11))
À́Á�2)RELAX
Ø�S�

XMLÉ��·̧́eÀÁ��Ì� üN®�CSV-ML
 

d�É��·̧́XTL
¬ÀÁ�3)
d�É��·

 ̧
XTL
¬

XML Schema
���ØAY�O Pê£

2×�XTL
AYZ[\�QRº

1ST(SbUTb
)�d�É��·ëXTL
�ÀÁÂÃb

(
�J

/
ÀbV

É²���ÈÉ�¼É²�ß)º10
ý�XML Schema·ë

XTL
�ÀÁÂÃbº

12
ý¬Wê£XTL
AY

Z[\�°¹·ëÅ�£
XSLT
AYZ[\��b(XY�~ã��� Ô�)�ËÌ ·2	́�¤£
 

2 XTL vs XSLT(J/meta%XML SchemaZ)
[\]̂_̀abXML Schema
ab

XTL 24 20cdef1/!
XSLT 286 340

Ì�r�É¬ºXTL
º°¹÷øÅ�£

XSLT
�Ë

Ì®̄ø
1/14
�AYZ[\�¬g¬¾�Ì�r�
É¬ºS¶́Ä�XSLT
 Öë®̄¾�¾Ù�°¹÷øÅ�£

XSLT
�hiõöñj��́�S¶́Ä�

XSLT
�AYZ[\�Ù°¹÷øÅ�£

XSLT
�kü

¥ǻ��Ì�º�¾�ü¼ö��®õ®�QŔ�®£l¹�ºAYZ[\���ÅÅ�ËÌ®̄õ�mn¾Ì�opº�XPath��q�����rRŹ�� �®££¤¬W�CSV-ML¼��XML
ºHIÙ

2�3s��Å®õ�¾Ù��Ìq́�Å�̄¾�
�~�@���ã����É��
ºÒt�HI¬Wm�XPath� X¾̄excel
¬uv

û́�����Å�£ÊüHI w���́º
XPath�

following-sibling, preceding-sibling
� xz��y

�ÙWê£Ì�Ä¿�FGºXPath
ÙQ{z¬W�

FG¬Wm10)�����XPath
�q�ÙÒt́�m�

rRZe�� ���Ì�́�ê̄®	ê£Ì�º
XTL
�vw¬º��

XPath
�vw¬Wm�XSLT
 

X¾̄QR®£Näe�×��vwÙ·̧��ü¼ö��
5.2.2{|}����òMPEG7~òÍ�à���º�XTL
 zê̄
�~�@���ã�
��� ó�ã����É��MPEG7
À́Á��

»¬W�Ì���¬ºXML
ÀÁ́
®¾AYZ[

2Ê ��Ç�®̄�1ÊÙXTL
AYZ[\ Q

R®�e¿1ÊÙXSLT
AYZ[\ QR®£XTLAYZ[\QRº�1)
i�A����

XML
 �́

XMLSpy
 X¾̄

DTD
 °¹·ë®�2)
à́��

DTD
�́®

XPath�����DTD
��� ��Ì

�¬
XTL
AYZ[\ Öë®�3) XTL
Äm

XSLT
 

°¹·ë®£��javascript
�

namespace
�¡¢�j

�
XSLT��y���� �¾���öy��À́ 

RCS
¬�G��Ì�¬�XTL
�À́Ù·̧̄e°¹

û́À́Ù��Å��Ä¿�ØAY�O Pê£
XTL
AYZ[\�QRº

1ST¬Wm�XSLT
�

QRº
5ST¬Wê£Ì�Ì�õöÌ�r�É¬º

XTL
�

XML
ÀÁAYZ[\�·��º

XSLT
�

5�¬W��¾¼�	£�XMLSpy
Ä́m°¹·ëÅ�

£
DTD
�i���XTL
AYZ[\�°¹·ëÅ�£

XSLT
AYZ[\�[��b

(XY�~ã����java

script
Êü Ô�

)
Ø�ËÌ ·

3
	́�¤£�µ�

XTL
µ́¶�ÀÁÂÃbº�J

/
ÀbVÉ²���ÈÉ�¼É²�nß¬Wm�XSLT
µ́¶�

template
b

º
xsl:template
�É²b¬W�

 
3 XTL vs XSLT(�����/��%!")
��������

/template
�

DTD 138 102

XTL 218 114cdef1/!
XSLT 2433 85��1/!

XSLT 897 28

Ì�����¬Ñ���º�DTD
�

XTL
�i��

�áÙ��¾Ì���S¶́Ä�XSLT
�[��bÙ

°¹÷ǿÄ�
XSLT
�ËÌ®̄õ�m�Å¾Ì�¬W�ËÇõöºÀÁ���DTD
ÙW�½

XTL
�

QRÙi�¬W�Ì� z�®��ÇõöºÀÁÙÒt�r�É¬ºS¶́Ä�XSLT
º~�â	�́��

�ü¼ö��
5.2.3 W3C��Ü ¡ò¢�£¤�£
XML
ÀÁ�¾¿¥¦�º§̈þ��Ù�W3C
�

query WG
¬

XML
�v¾ä���©�Ér�ÉÙ½
GÅ�̄¾�2)XTL
 Ì�©�Ér�É́�X��
Ì�¬�XTL
�·̧æ�́×¾̄ªf®£ÌÌ¬º

namespace
�FG�£¤�

NS©�Ér�É�©�«¢È�b�FG�£¤�
FNPARM©�Ér�Éº¬��õê£��G±º�namespace
º

DTD
�é

®�¾Ì���©�«¢È�bÙy����Ä¿�Òt�ÀÁº
XSLT
¬ºS�É	ÈA�²³́®�̄¾
�£¤¬W�������69
�v¾ä���¿̄

2× Ô¾£

97.10%
Ù

XTL
¬·̧¬?�Ì�Ù°±¬?£XTL¬·̧¬?�õê£2×�v¾ä��(TEXT©�Ér�É�Q3, Q6)
º�Êü²³ w���£¤�́µû�©�«¢È�b y����£¤¬Wê£
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6.¶·̧¹

XSLT
·ë�¾¿º�¬º�SynTree15)�GUI
��

�
XSlerator6)�jÙW�SynTree
º

DTD
 ¼��®£»�Â¹́ú¿²³�¬�ÀÁô��¬Wm��15)¬ºSynTreeõöXSLT
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