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次世代 Web コンピューティングにおけるセマンティク Web
等関連技術のアーキテクチャ

1.1 Web と World Wide Web Consortium
Web は，1990 年ごろにそのころスイス CERN (European Particle Physics Laboratory)
の技術者であった Tim Berners-Lee 氏が考え出した仕組みである．CERN は世界中から物
理の研究者や関連する技術者が集まり，電子と陽電子などの粒子を加速し，それを衝突さ
せて新たに生成される粒子の軌跡を解析し，素粒子等に関する新しい発見を行うものであ
る．研究者達はある一定期間 CERN に滞在し活動を行い，実験の期間が過ぎると戻ってい
くという形をとり，研究者達の入れ代わりが激しい．このため，新しく到着した研究者達
は CERN での活動のノウハウを得るのにかなりの時間をかけなくてはならなかったり，活
動を終えて返っていく研究者達のノウハウの蓄積もできない状況であった．これを解決す
るために Tim Berners-Lee 氏が考え出したのがハイパーテキストを利用した Web である．
ド キュメントを蓄積し，それらをハイパーリンクで互いに結び付け，必要な情報をだれで
もが，いつでも，どこからでも利用可能な形にしたものである．
Tim Berners-Lee 氏は，その後，米国マサチューセッツ工科大学の計算機科学研究所 (MIT
LCS) に移り，World Wide Web Consortium (以下 W3C と略) を設立し，Web の健全な発
展，仕様の分断の防止，可能性を最大限に引き出すための活動を開始した．W3C は，現在，
MIT LCS とフランス国立情報処理自動化研究所 (INRIA) と慶應義塾大学 SFC 研究所の 3
つのホスト組織が協力しながら運営されており，500 を越える組織が参加をしている．
W3C においては Web における標準化を行っているが，そのプロセスは以下のようになっ
ている．

 Submission
参加組織が Web に関する新たなアイデアを W3C に対して提案する出す手段である．
提案された内容は W3C 内で検討し，コメントを付けた形で Acknowledged Submission
として公開される．ただし，Acknowledge したからといって，W3C がその内容に関し
てサポートをするという意思表明であるわけではない．Submission は新しい活動を参
加組織から W3C に対して提案する場合に良く利用される．たとえば，SVG (Scalable
Vector Graphics) の活動も，幾つかの組織からの Submission があり開始された．国
内からの Submission としては，i-mode のもとになっている Compact HTML などが
ある．
 Workshop
新たな活動を開始する前に Workshop を行うことがある．関連分野での現在の活動に
ついて調査や，どのような問題があり W3C としてどのようなことが可能であるかの
議論を行う．
 Working Group
実際の仕様の策定を行うグループである．通常，10〜20 名程度で構成され，Web ，
電子メール，電話会議，face-to-face 会議を組み合わせ仕様の作成を行う．Working
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Group に参加するには基本的に W3C 参加組織に所属している必要があり，単に傍観
するのではなく，積極的に仕様の作成に貢献できる人でなくてはならない．日本の
地理的な関係上，電話会議は夜や夜中になることが多く，アメリカやヨーロッパで
多く開催される face-to-face 会議に遠く海外出張を繰り返さなくてはならなく，さら
に，英語でのやり取りとなり，日本からの参加には障壁がかなり大きい．しかし，欧
米の企業では，Working Group に技術者を参加させ，次企業のアイデアを標準仕様
として押し進め，W3C の標準となると同時に製品を発表したりしている．日本企業
は，標準化というと，仕様が出来上がってから対応するというところが多く，それで
は Web のように急速に発展している分野では出遅れる場合が多い．

 Interest Group

Working Group と異なり，仕様の作成は行わない．電子メールにより運営されてい
ることが多く，その分野での様々な意見を集めたり，関連する Working Group に対
するフィード バックなどを求めたりする．

 Working Draft

Working Group はそれぞれが決められた Charter のもとで活動を行い，数ヵ月に一
度仕様をまとめて Working Draft としてまとめる．Working Draft の中には，W3C
の参加組織内でのみの公開のものと，一般公開の Working Draft とがある．Working
Group は最終仕様を一挙に作るのではなく，Working Draft として途中結果を公開す

ることによって，他のグループとの問題を早期に解決することができる．

 Last Call Working Draft
最終段階の Working Draft である．関連ある他の Working Group はこの Working
Draft の仕様が自分達の作成している仕様と矛盾していないかどうかを確かめる必要
がある．
 Candidate Recommendation
Last Call Working Draft として他の Working Group との間に問題がないことが分か
ると，Candidate Recommendation となる．この段階では仕様の実装を求める．仕様
を実際に実現し，それが問題なく利用できることを確認する．
 Proposed Recommendation

Candidate Recommendation は次に Proposed Recommendation となる．Recommendation になる一歩手前である．W3C 参加組織の代表者が仕様に関して投票を行う．

 Recommendation

Proposed Recommendation に対する AC の投票結果を見て，Director である Tim
Berners-Lee 氏が，W3C の標準の最終段階である Recommendation にするかを判断
する．

Recommendation が W3C における標準の最終段階である．Standard (標準) とはあえて
呼んでいない．W3C はもともとデファクト標準を作成する団体であったため，標準は ISO
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などの正式の組織にまかせることにし，完成された仕様の利用に関してはあくまでも勧告
を行うだけで，利用するかどうかはユーザにまかせている．もちろん，色々な手段を使っ
て Recommendation が使われるようには努力を行っている．
W3C が発表した Recommendation には以下のものがある (2001 年 3 月現在)．

 PNG (Portable Network Graphics) Speci cation

1 October 1996, various authors

 PICS 1.1 Label Distribution { Label Syntax and Communication Protocols

31 October 1996, Tim Krauskopf, Jim Miller, Paul Resnick and Win Treese

 PICS 1.1 Rating Services and Rating Systems { and Their Machine Readable De-

scriptions
31 October 1996, Jim Miller, Paul Resnick and David Singer

 Cascading Style Sheets (CSS1) Level 1 Speci cation

17 December 1996, revised 11 January 1999, Hakon W. Lie and Bert Bos

 HTML 3.2 Reference Speci cation

14 January 1997, Dave Raggett

 PICSRules 1.1 Speci cation

29 December 1997, Christopher Evans, Clive D.W. Feather, Alex Hopmann, Martin
Presler-Marshall, Paul Resnick

 Cascading Style Sheets, level 2 (CSS2) Speci cation

12 May 1998, Bert Bos, Hakon Wium Lie, Chris Lilley, Ian Jacobs

 PICS Signed Labels (DSig) 1.0 Speci cation

27 May 1998, Yang-Hua Chu, Philip DesAutels, Brian LaMacchia, Peter Lipp

 Synchronized Multimedia Integration Language (SMIL) 1.0 Speci cation

15 June 1998, Philipp Hoschka

 Document Object Model (DOM) Level 1

1 October 1998, Vidur Apparao, Steve Byrne, Mike Champion, Scott Isaacs, Ian
Jacobs, Arnaud Le Hors, Gavin Nicol, Jonathan Robie, Robert Sutor, Chris Wilson,
Lauren Wood

 Namespaces in XML

14 January 1999, Tim Bray, Dave Hollander, Andrew Layman

 WebCGM Pro le

21 January 1999, David Cruikshank, John Gebhardt, Lofton Henderson, Roy Platon,
Dieter Weidenbrueck
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 Resource Description Framework (RDF) Model and Syntax Speci cation

22 February 1999, Ora Lassila, Ralph R. Swick

 Web Content Accessibility Guidelines 1.0

5 May 1999, Wendy Chisholm, Gregg Vanderheiden, Ian Jacobs

 Associating Style Sheets with XML documents

29 June 1999, James Clark

 Mathematical Markup Language (MathML[tm]) 1.01 Speci cation

7 April 1998, revised 7 July 1999. Patrick Ion, Robert Miner, Stephen Buswell, Nico
Poppelier

 XML Path Language (XPath) Version 1.0

16 November 1999, James Clark, Steve DeRose

 XSL Transformations (XSLT) Version 1.0

16 November 1999, James Clark

 HTML 4.01 Speci cation

24 December 1999. Dave Raggett, Arnaud Le Hors, Ian Jacobs

 XHTML[tm] 1.0: The Extensible HyperText Markup Language - A Reformulation

of HTML 4 in XML 1.0
26 January 2000, Steven Pemberton et al.

 Authoring Tool Accessibility Guidelines 1.0

3 February 2000, Jutta Treviranus, Charles McCathieNevile, Ian Jacobs, Jan Richards

 Extensible Markup Language (XML) 1.0 (Second Edition)

6 October 2000, Tim Bray, Jean Paoli, C. M. Sperberg-McQueen, Eve Maler

 Document Object Model (DOM) Level 2 Speci cations 13 November 2000
 XHTML[tm] Basic

19 December 2000, Mark Baker, Masayasu Ishikawa, Shinichi Matsui, Peter Stark,
Ted Wugofski, Toshihiko Yamakami

 Mathematical Markup Language (MathML) Version 2.0

21 February 2001, David Carlisle, Patrick Ion, Robert Miner, Nico Poppelier

 Canonical XML Version 1.0

19 March 2001, John Boyer
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Recommendation の中には Web における文書記述言語である HTML 関連だけでなく，そ
の基礎となる XML (Extensible Markup Language) に関するものや，障害者の Web 利用に
関するものや，PICS のようなインターネット上の有害情報のフィルタリングに関するも
のなど多岐にわたっている．W3C ではアプ リケーション分野が特定の業種に限られるもの
の標準化は行っていない．たとえば，医学カルテの XML による仕様などは W3C としては
標準化を行わない．医学業界など中身の良く分かる団体にまかせている．W3C は Web の
基礎部分であらゆるアプ リケーションに対して適用可能な一般的な技術に関する標準化を
行う．
W3C では様々な分野の活動が行われているが，それは 4 つのド メインにまとめられて
いる．

 User Interface
ユーザインターフェイスに関するド メインであり，HTML やスタイルシートなど Web
における文書に関する活動が中心である．文書以外にもマルチメディアデータの同期
に関する言語である SMIL や，国際化に関して取り扱う活動もある．
 Architecture
Web のアーキテクチャに関するド メインである．Web におけるデータのやり取りの
プロトコルである HTTP や，文書型を定義するための言語 XML やその関連活動が
行われている．
 Technology and Society
Web の技術が社会で実際に利用されるためには，単に技術的な問題を解決しただけ
では不十分であり，社会的な様々な問題を解決しなくてはいけない．このような内容
に関する活動が行われている．
 Web Accessibility Initiative
Web は障害者が情報を得る手段として非常に重要となっている．Web ページは画像を
たくさん使ったり，Javascript を使って動くページであったりすることが多いが，障
害者にとってはこれらが障壁になったりする．Web Accessibility Initiative では，障
壁とならないためにどのようなことに気をつければ良いかのさまざまなガイド ライ
ンを作成している．

Semantic Web に関する活動は Technology and Society の一部として行われている．以
下では，Semantic Web 関連の W3C の活動について紹介する．
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1.2 PICS (Platform for Internet Content Selection)
PICS は，W3C の非常に初期の活動の一つである．これは，インターネット上に反乱し
ている有害な情報を不用意に子供たちがアクセスすることを防止するための仕組みである．

Web 上の各ページにレイティングと呼ばれる値を対応させ，その値にしたがってそのペー
ジを見て良いかを決定する．レイティング自身は Web ページの中に書かれていてもかまわ
ないが，別団体がレイティングだけを与えることも可能にしている．
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レイティング自身は Web の文章ではない．Web の文書に付けられた値である．このよう
に直接の Web のデータではなく，Web のデータの関するデータのことをメタデータ (Metadata) という．PICS におけるメタデータは非常に単純なものであり，単に，メタデータの
名前とそれに対する数値があるだけである．たとえば，

(PICS-1.1 "http://www.gcf.org/v2.5"
by "John Doe"
labels on "1994.11.05T08:15-0500"
until "1995.12.31T23:59-0000"
for "http://w3.org/PICS/Overview.html"
ratings (suds 0.5 density 0 color/hue 1)
for "http://w3.org/PICS/Underview.html"
by "Jane Doe"
ratings (subject 2 density 1 color/hue 1))
では，最後の行の 2 と 1 と 1 が，それぞれ subject, density, color/hue に関する値である．
PICS の活動では，値として単なる数値だけでは不十分であり，著者情報などメタデータ
の取り扱いのために文字列などに拡張することが検討されたが，これらは，Metadata の活
動に引き継がれた．

1.3 Metadata RDF
Metadata の活動では，PICS におけるメタデータの考え方を発展させ，Web 上のデータ
を記述できる非常に汎用性の高い記述形式の Resource Description Framework (以下 RDF
と略) が考え出された．
RDF では，すべては 3 項関係として表現される．

Web 上のデータは URL で指定されている．上の例の場合には，http://www.w3.org/Home/Lassila
である．この Web データの Creator に関する値が文字列 Ora Lassila である．PICS と異な
り値は数値に制限されていない．さらに，RDF の特徴としては値自身が別の 3 項関係で
あってもかまわない．たとえば，著者情報の場合には，値自身が，名前と E-mail アド レス
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などが組み合わされたものであってもかまわない．

RDF のモデル自身はこのように 3 項関係のみで構成されていて，それをどのようにして
表現するかとは分離されているが，通常は XML を用いて表現する．その表現にはかなり
の自由度が許されており，同じ RDF モデル表すのに幾つも方法で書くことができる．
<rdf:RDF>
<rdf:Description about="http://www.w3.org/Home/Lassila">
<s:Creator>
<rdf:Description about="http://www.w3.org/staffId/85740">
<v:Name>Ora Lassila</v:Name>
<v:Email>lassila@w3.org</v:Email>
</rdf:Description>
</s:Creator>
</rdf:Description>
</rdf:RDF>

W3C においては，Web のメタデータを記述する場合に RDF を用いる．他のメタデータ
はすべて RDF を用いて表現する．

1.4 RDF の利用 CC/PP と P3P
RDF が W3C におけるメタデータの基礎を与える．RDF を応用した例としては CC/PP
(Composite Capability/Preference Pro les) がある．CC/PP は，携帯電話などの PC 以外
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で Web を利用する場合に，デバイスがどのような能力を持っているかを記述したもので
ある．RDF で記述した CC/PP データをサーバに送ることにより，そのデバイスに最適な
Web ページを送ることを可能にする．たとえば，デバイスが小さな画面しかない場合には，
画像を縮小したり，カラーが利用できない場合には白黒に変換してから送ったりすること
が可能になる．

P3P (Platform for Privacy Preferences Project) では，個人情報の取り扱いに関する仕
様である．Web ページでは個人情報をものがあるが，このような時きに個人情報を毎回入
力するのは面倒である．しかし，機械が自動的に個人情報をサーバに送ることは危険であ
る．個人情報がどのようにして利用されるかどうかが分からない．P3P では個人情報を取
得するページが，どのような条件のもとに個人情報を取得しているかを記述したものであ
る．当初は RDF で記述することが考えられたが，RDF のデータに対応する Schema の仕
様が完成していなかったために，単純な XML として表現されている．

1.5 Semantic Web
Semantic Web の考えは，Tim Berners-Lee 氏が数年前から提唱しはじめたもので，Web
上にある様々なデータを関係付けたり，利用したりする場合に，単に人が読んで理解し，リ
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ンクをたどっているだけではなく，機械自身が判断を行い処理可能なようにし，人により
有用な情報を提供できるように使用というものである．
Web ページ自身は人が読むように書かれたものだから，直接，機械が処理するためには，
自然言語処理や高度な人工知能を用いて解釈する必要があり，正しく動作したり，与えら
れた時間以内に答を出すことを保証することは難しい．そのために用いるのがメタデータ
である．メタデータは RDF で記述され，機械的に処理が可能である．メタデータを持ち
いれば，直接ページの中身を見なくても，そのページに書かれている内容を知ることがで
きる．現在のサーチエンジンは Web ページに書かれた内容に対して検索を行っているた
め，検索されたページが必ずしも探しているページでなかったりする．メタデータを持ち
いれば，自然言語のような曖昧性が入り込まないため，検索においても的確な判断が可能
である．
RDF は Web 上のデータの関係を表している．この関係をたどったり，関係同士を対応
づけることによって，Web データの中身を参照せずに，その中身に関して知ることが可能
である．このようにしながらユーザに必要とする処理の手助けを機械が行うことができる．
ある意味で，機械が自動的に推論をしてくれる．ただし，この推論は，一階述語論理にお
ける推論のように複雑なものではなく，単純なものである．一階述語論理まで踏み込むと，
人工知能と同じ問題になり，解決が困難になってしまう可能性が高い．
W3C の Semantic Web における活動はまだ細かくは規定されていない．RDF を用いる
活動はすべて Semantic Web であるとも位置付けている．
メタデータは Web だけでなく，データベースなど広い分野で重要になってきている．生
のデータだけでは，それが何であるかを機械的に処理するにはかなりのノウハウや特定の
データに対するものしかできなかったりする．これらの生データに対して統一的な形でメ
タデータを付加することができれば，そのメタデータを機械的に処理することによって，
検索や相互の関連性の検出など，あらゆる処理が可能になる．メタデータに関する研究は，
この他，MPEG7 において動画に対してのメタデータの記述に関するものなどがある．
W3C の Semantic Web では，すべてのメタデータを RDF で統一し，それを機械的に処
理することによって色々な問題を解決したいと考えている．

1.6 Semantic

Web に関する見解

Semantic Web に関して，Web の開発者 Tim Berners-Lee らの見解を示す．
Semantic Web は，コンピュータがエージェントなどを使って，自動的な意思決定を行
えるような情報空間を指す．この場合，Web ページにかかれている意味を決めなければな
らないが，コンピュータは構造的なデータにアクセスし，推論規則の集合を使って意味を
自動的に推測する．このような手法は，従来から人工知能，知識工学の分野で研究されて
きた．日本では，第 5 世代コンピュータの国家研究プロジェクトで大いに研究されていた．
いわゆる知識表現という課題は，一時大きな興味をもたれ，この研究はかなり集中的に行
われたが，その結果は世の中を大きく変えることは無かった．
Semantic Web は，人工知能ではない．これは，コンピュータがドキュメントやデータの
意味を理解出来るようにした情報空間ということである．

12

図 1: Semantic Web の概念図

Semantic Web は，XML，RGF から構成される．更に，二つのデータベースが異なった
名前を同じ要素，概念に対してつけているかも知れない．そこで，情報の集合であるオン
トロジ (Ontology) が Semantic Web の第三の要素として浮かび上がってくる．オントロジ
は，用語間の関係を記述している．あるは，Web に対するオントロジは，タクソノミと推
論規則から構成されることが多い．タクソノミは，オブジェクトのクラスとその間の関係
を示す．
更に，Semantic Web の効力を上げるのが，エージェントである．エージェントは，ユー
ザや応用プログラムが書くプログラムを実行し，実際の動作を行う．エージェントは，有
用な Web のコンテンツを探し，また，自動的なサービス提供をしてくれる．また，エー
ジェントは，オントロジーに書かれた推論規則の結果を交換することもででき，論理的判
断が効率よく出来る．エージェントは，デ ィジタル署名の有用性を実行してくれ，トラン
ザクションの信頼性を高めてくれる．また，既に用意されているサービスをシステム内か
ら探し出すことも行える．エージェントがサービスの宣伝をすることが出来るからだ．ま
た，エージェントは，Semantic Web のオントロジを交換することにより，それを共有し，
より有効な推論などを行うことも出来る．
Semantic Web は，単に一つ一つに機能を実行するだけにとどまらず，うまく設計すれ
ば，人間の知識の発達まで支援することが出来る．
それでは，Semantic Web のキラーアプ リケーションは何だろうか？答えは，難しいが，
一つの候補は，ネットワークビジネスにおけるオンラインカタログであろう．これは，購
買者も販売者にも有用である．
なお，このような Semantic Web の全体の構造を図 1 に示す．
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2

次世代 Web コンピューティングにおけるセマンティク Web
等関連技術に基づくアプリケーションの動向と課題

2.1

アプリケーションの傾向

次世代 Web は，さまざまなアプリケーションが稼動していき，さまざまな分野での IT 化
がさらに進んでいくであろう．有用に働くアプリケーションは，以下のようなものである．

1. 電子市場取り引き
2. 教育・学習
3. 医療・福祉
4. 文化財継承
5. エンターテインメント
6. 行政
7. コミュニティ
このようなアプ リケーションでは，以下のような機能を必要とする．

1. 多様な種類のデータの効率の良い処理
これからのアプ リケーションは，多様な種類のデータを統合的に扱うことが多くな
る．それらのデータ間の変換，解釈などのためには，セマンティック Web は有効に
働くであろう．

2. 大容量のデータの効率の良い蓄積と検索
これからのアプ リケーションは，大容量のデータを扱うことになる．それらのアク
セスを効率よくしていくためには，ある種のサーバエンジニアリングが必要になる．
また，大容量のデータに対する検索は，効率の良い検索エンジンが必要になる．

3. セキュアーなアクセス
これからのアプリケーションは，個人のプライバシなどに関する重要な情報を扱うこ
とが多くなる．従って，そのアクセスに対するセキュリティの強化が必要になる．

4. 操作性のよいユーザインタフェース
これからのアプリケーションは，ますますそのユーザの裾野が広がる，従って操作性
の良いユーザインタフェースは必須である．

5. 容易な保守管理
このようなアプリケーションは，そのソフトウェアの開発と共に，その運用について
も同等の重要さを持っている．必ずしも，システムエンジニアはカスタマエンジニア
の数は充分確保できないので，運用時の保守管理は容易にできなければならない．
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2.2

セマンティック Web の有効性

上記に述べた重要な機能の中で，セマンティック Web が最も有効に働くのが，多様な種
類のデータを効率よく扱うことである．例えば，電子市場 (e-Marketplace) 取り引きで，多
くの異なった業種を融合したほうが効果的である．そこでは，業界毎の異なった形式のデー
タが共存し相互理解，相互変換などデータの相互運用性が必須となってくる．電子取り引
き市場は，仮想的なものでありそこに参入して取り引きを行う業種が多いほど，有効性は
増大する．このような場面では，メタデータを利用した意思決定も多く行われる可能性が
高い．そこに，セマンティック Web が有効に働く可能性を持っている．
教育や医療は，最終的には個人の要求に沿ったサービスを提供するのがもっとも顧客の
満足度を上げることになる．そのためには，大容量，多種類の情報，データの中から要求
にあったものを検索し，ある場合には顧客ごとに合成し，判断をしてサービスとして提供
することになる．ここでも，重要な意思決定が行われるわけであり，メタデータが有効に
働く可能性がある．
また，今後の IT 化の進展は，単なるコンピュータだけでなく，TV ，電話，携帯電話な
どを広く含んだインフラの上で稼動することになろう．このような家電製品は多様であり，
その機種，特徴などをメタデータ的に記述すれば，対象の認識と正しい処理が容易になっ
てくる．

2.3

アプリケーションソフト とスクリプト

上記にのべたようなアプリケーションは，ネットワーク上の分散ソフトウェアとして実
現する．そこでは，ソフトウェア記述を何で行うのかが一つの問題となる．このようなプ
ログラム言語としてさまざまなスクリプト言語がある．このような分散ソフトウェアは，
サーバからダウンロード して利用することもあるので，その実行環境も重要なキーを握っ
ている．スクリプト言語およびその実行環境の標準化は，必ず必要であり，ソフトウェア
の相互運用性のためにも重要な課題となる．
Java 言語，Java スクリプトは，本格的な分散ソフトウェアあるいはネットワークソフト
ウェアの記述言語である．これは，国際標準活動の中で議論もされているが，ISO などの
国際標準機構は，進行速度は小さい．その意味では，業界標準が丁度良いものと考える．
Java 言語は，優れた言語であるが，システムとのインタフェース，Java マシーン，など，
まだ変化する部分も多く含んでいる．
また，大企業による拡張，業界ごとの拡張など，標準化，一本化の動きに逆行する傾向
も少しずつ見られる．これでは，せっかくのセマンティク Web も形無しとなってしまう．
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2.4 Semantic Web の実装とその実証実験プロジェクト について
2.4.1

Semantic Web の利点

Semantic Web は，メタデータを利用して Web 上のドキュメントの意味を簡単に解釈し，
コンピュータが意思決定できることを支援するシステムである．すなわち，図 1 に示すよ
うに，従来の Web では，人間がすべてド キュメントを解釈し，人間が判断を下していた．
従って，人間同士のコミュニケーションは図れるが，コンピュータ同士の自動的意思決定
は不可能であった．コンピュータ同士の意思決定が可能ならば，電子取り引きなどが急速
にその性能を向上させることが出来る．従って，これから本格的に始まろうとしているさ
まざまなサイバー空間の応用では，この技術の実装とその実証に関連する標準化を確立す
ることは早急に行わねばならない．

2.4.2

プロジェクト の原則的方針

1. 既存の標準は積極的に利用すること (W3C, IETF, JTC1, etc.)
2. Semantic Web の使い方に焦点を当てること．OSI のプロファイルはその方向であった．
3. メタデータの内容，XML の DTD など，使い方がわからない部分を解明し，その標
準化を行う．例えば，業界辞書の作り方，登録方法，利用方法などである．

4. 国際化は，最初から考慮する．電子取り引きは，国際的なものである．多言語で辞書
を作成する．

5. 応用プログラムの記述法を一本化する．例えば，JAVA を使うことに絞る．
6. 基盤システムは，OS ではなくもっと高度なインタフェースを持つ．(IAP, 若 松専務
案など)
7. 実証実験は，必ず行う．我が国のもっとも優れた技術である．
2.4.3

Semantic Web

におけるメタデータおよびオント ロジとその利用

前の図に示すように，Semantic Web を利用した eMarketPlace では，異業種間の取り引
きを高性能で行うことを目指すが，その際に必要なものは各業界で使うメタデータと XML
の DTD があり，またそれぞれに関するオントロジがある．更に，各オントロジー間の相
互関係も必要であり，それにより異業種間の取り引きが正確にかつ効率よく行える．これ
は，各業界ごとに決めること，および相互間の協調が必要であるが，そのデータベースの
機能，登録方法，国際化 (多言語化) ，などを課題とする．
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2.4.4

Semantic Web

上の応用ソフト に必要なエージェント の記述とその処理

電子取り引きなど，Semantic Web を利用した応用ソフトは，エージェントがそれを実行
していく．そｋでおは，相互利用など多くの特徴を要求される．ここでは，例えば JAVA
のようなネットワーク型ソフトウェアの開発に向いた言語を想定し，そのような応用プロ
グラムに必要な共通機能を追及する．
JAVA は，一応プラットフォーム独立であり，異業種間の相互接続も可能となる．プラッ
トフォームのインタフェースは，OS よりも高度なものとして定めても良い．

2.4.5

Semantic Web

の安全性について

コンピュータがかなりの意思決定を行うのが Semantic Web であり，そのためには充分
信用の置ける運用が可能となることが必要である．
メタデータの信頼性保障，DTD の信頼性保障，相互の認証，故障の回復，など，多くの
課題が考えられる．これには，例えばディジタル署名，公開暗号キーの利用など，さまざ
まな技術が利用出来る．
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Semantic Web Activity
Developing an environment to permit each user to make
the best use of the resources available on the Web
Activity · Publications and Events · Forums · RDF IG · RDF Core WG
Nearby: Advanced Development · RDF

New and Upcoming
z
z
z

Semantic Web Activity Launched 9 Feb 2001
Knowledge Technologies 2001, March 4-7 2001, Austin TX USA
SemWeb'2001 workshop at WWW10, May 1 2001, Hong Kong

Introduction
Facilities to put machine-understandable data on the Web are becoming a high priority for
many communities. The Web can reach its full potential only if it becomes a place where
data can be shared and processed by automated tools as well as by people. For the Web
to scale, tomorrow's programs must be able to share and process data even when these
programs have been designed totally independently. The Semantic Web is a vision: the
idea of having data on the web defined and linked in a way that it can be used by machines
not just for display purposes, but for automation, integration and reuse of data across
various applications.

W3C Semantic Web Activity Statement
If you are a member of the public coming to this site you can read about what W3C is doing
in this area in our Semantic Web Activity statement. Accompanied by a page of explanatory
material to bring you up to speed, the Activity statement sums up W3C's present
involvement in this area.
The Semantic Web Activity is a successor to the W3C Metadata Activity.
See also: Semantic Web Advanced Development

Publications and Events
Publications
Resource Description Framework (RDF) Model and Syntax Specification
W3C Recommendation 22 February 1999

http://www.w3.org/2001/sw/

2001/03/27
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Ora Lassila, Ralph R. Swick, eds.
Resource Description Framework (RDF) Schemas
W3C Candidate Recommendation 3 March 2000
Dan Brickley, R.V. Guha, eds.

Events
z
z

z

Semantic Web - XML2000 by Tim Berners-Lee
The Semantic Web, presented by Berners-Lee and Swick at WWW9 Amsterdam;
2000 May 16
Seeds of the Semantic Web, presented Jan 2000 at the Ala Midwinter Meeting, in
San Antonio TX.

Discussion Forums
RDF Interest Group
The RDF Interest Group is a forum for W3C Members and non-Members to discuss
innovative applications of RDF. The Interest Group also initiates discussion on potential
future work items related to RDF, and the relationship of that work to other activities of W3C
and to the broader social and legal context in which the Web is situated.
z
z
z

RDF IG mail archives
RDF-Logic mail archives
www-annotation mail archives

RDF Core WG
The RDF Core Working Group is chartered to consider an update to the RDF Model and
Syntax Recommendation, and to a few revisions to the RDF Schema specification. A
further objective of this group is to respond to the Candidate Recommendation feedback
and produced a revised RDF Schema document.

Additional support for this activity has been provided by DARPA under the DAML program.

Eric Miller <em@w3.org>, (W3C) Activity lead,
Ralph Swick <swick@w3.org> (W3C) development lead,
Dan Brickley (W3C and University of Bristol) RDF IG Chair and RDF Core WG co-chair,
Brian McBride (HP) RDF Core WG co-chair
Revised $Date: 2001/02/15 17:41:36 $
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Copyright © 1998-2001 W3C® (MIT, INRIA, Keio), All Rights Reserved. W3C liability,
trademark, document use and software licensing rules apply. Your interactions with this site
are in accordance with our public and Member privacy statements.
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W3C Semantic Web Activity
Statement
Work on the Semantic Web is part of W3C's Technology and Society
Domain.
1.
2.
3.
4.
5.
6.
7.

Introduction
Background, Context and Related W3C Work
Coordination and Development
Intellectual Property
Duration
Contact
References and Related Material

1. Introduction
The Semantic Web is a vision: the idea of having data on the Web
defined and linked in a way that it can be used by machines not just for
display purposes, but for automation, integration and reuse of data
across various applications. In order to make this vision a reality for the
Web, supporting standards, technologies and policies must be designed
to enable machines to make more sense of the Web, with the result of
making the Web more useful for humans. Facilities and technologies to
put machine-understandable data on the Web are rapidly becoming a
high priority for many communities. For the Web to scale, programs must
be able to share and process data even when these programs have been
designed totally independently. The Web can reach its full potential only
if it becomes a place where data can be shared and processed by
automated tools as well as by people.
The Semantic Web Activity, to this end, has been established to serve a
leadership role, in both the design of enabling specifications and the
open, collaborative development of technologies that support the
automation, integration and reuse of data across various applications. To
facilitate this goal, the Semantic Web Activity builds upon the existing
foundation work accomplished by the W3C Metadata Activity with the
following additional objectives:
A. Continue the work of the RDF Interest Group
The RDF Interest Group will coordinate implementation and
deployment of RDF and will provide liaison with new work in the
W3C and the wider community on matters relating to RDF.
B. Undertake revisions to the RDF Model and Syntax
Recommendation
C. Complete work on the RDF Schema specification
This Working Group will incorporate the results of the ongoing RDF
implementation experience and consider directions established by
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the XML Schema Candidate Recommendation.
D. Coordinate with W3C initiatives focussed on defining
semantics for supporting Web technologies
This includes P3P, CC/PP, XML Protocol, WAI, and other
infrastructure for remote services.
E. Coordinate with selected non-W3C initiatives and individual
activities working on Semantic Web technologies
This coordination includes, but is not limited to, DCMI, DAML, OIL,
and SHOE. The current international collaboration between DAML
and OIL groups on a Web ontology layer is expected to become a
part of this W3C Activity. The goals of coordination are to ensure
the generality of the solution, to provide solutions and experience,
to prevent arbitrary divergence, and to ease adoption of the
technology in related fields.
F. Perform advanced development to design and develop
supporting XML and RDF technologies
The development project is intended to facilitate distributed
collaboration with a specific intent to increase the level of
automation of the W3C Web site and to develop open-source RDF
infrastructure support modules.

2. Background, Context and Related W3C Work
The Web was designed with the goal that it should be useful not only for
human to human communication but also that machines would be able to
participate and help. One of the current obstacles has been the absence
of accompanying data in the Web to allow robots and other automated
tools to interpret the information present in the Web.
The W3C's work on the Resource Description Framework (RDF), as an
application of XML, has provided a common foundation that many
communities are using. RDF is used to put data into the Web in a form
that can be processed by machines with less prior arrangement through
the use of a common data model and machine-interpretable data
schemas. Applications originally targeted at one area can be repurposed
and incorporate data collected and published for other objectives.
Designers of applications from bibliographic metadata to newsfeed
content summaries to Web sitemaps to business-to-business ecommerce have begun to realize the potential of this common Webbased framework.
The Semantic Web approach proposes languages for expressing
information and the relationships between information. Initially these
languages provide the means for humans to encode meaning in
relatively abstract ways that facilitate other machine processing with
human intervention. Over time, these languages will accommodate
additional formal systems techniques for verification of logical
consistency and for reasoning.
The Cambridge Communiqué describes a view of a layered data model
architecture based on the XML foundation. Generic data models, schema
languages, and query languages such as those of RDF and applicationspecific data models can share and build on this XML foundation. The
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Semantic Web advanced development will demonstrate the potential of
this layered architectural approach by targeting specific applications.
In a Semantic Web Roadmap, we previously outlined one architectural
vision for a partitioning of facilities that will lead to more automation in
machine processing of data on the Web. This Activity has specific tasks
that will permit the W3C Members to work together with each other and
with interested groups outside of the W3C Membership to build the tools
that will create the Semantic Web.
2.1. Relationship with other W3C Work

The Semantic Web Activity connects with and augments other W3C work
efforts. In particular, the Semantic Web work will inform and support
further work on:
z

z
z

z

z

z
z

z
z

harvesting semantic relationships in RDF form from documents
using XLink hyperlinking,
describing the signer's intent when using XML Signatures,
semantics associated with data usage practices and policies in
P3P, and profiles in CC/PP,
annotation to improve the accessibility of Web pages to persons
with disabilities in WAI,
investigations into the use of the XML DOM for non-tree-structured
data,
document structure transformations with XSLT,
integrating other generic data models and type hierarchies with
XML schema,
incorporating RDF semantics in an XML schema,
articulation of characteristics of resources that support the identified
resources as defined by the URI Activity.

It is in the general interest that future specifications from W3C and
elsewhere have semantics defined at as high a level as possible, and
this Activity and others will share an obligation to work together toward
that end.
2.2. Community Context

Following the release of the RDF Model and Syntax Recommendation
we have seen significant efforts in a variety of communities to put
machine readable metadata into the Web. The Dublin Core Metadata
Initiative, the INDECS rights management vocabulary, XMLnews,
PRISM, and the RDF Site Summary work are examples of communities
who are adopting RDF/XML to publish their data on the Web. The ISO
Topic Map (XTM) community has been finding increasing synergy with
the RDF data model. We are hopeful that the markup language
background of the Topic Map community will suggest syntax alternatives
for graph-oriented data that can be considered for incorporation into RDF
and that RDF will be seen to be usable for Topic Map data as well. The
RDF Interest Group has achieved success in fostering RDF tools
development in the open-source community, for example in focusing
discussion around the area of application programming interfaces for
RDF.
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Other experiments and discussions in the Web community are putting
semantics into the Web. There is a mutual expectation with DAML, OIL
and W3C that as each area becomes less experimental and more a
question of driving consensus on practical questions, there will be a
transition into the W3C process in this Activity. The www-rdf-interest and
www-rdf-logic public mailing lists provide a common forum before,
during, and after such a transition. The expectation is that the Web
ontology work will be distinctly separable from the logic work, and may
transition mid-2001. The universal logic language work is in a less
predictable at this stage.
The advanced development work leverages and augments many
external activities and should use the RDF Interest Group forum to
continue the sharing of practical lessons learned as well as open source
code.

3. Coordination and Development
3.1. Standards Development

The first RDF Model and Syntax Recommendation was published in
February of 1999. Deployment experience with that Recommendation
has confirmed the basic soundness of the model and the utility of the
XML syntax. As was to be anticipated, deployment experience also
brought proposals for extensions and modifications to the specification.
The main forum for discussing these proposed modifications has been
the RDF Interest Group. This Interest Group was originally chartered as
a locus for focusing discussion and prioritizing possible follow-on tasks.
The Interest Group has met and continues to meet this objective
extremely well. A very active community regularly shares insights,
discusses questions of interpretation and architecture, and announces
the availability of tools.
The Interest Group is to be one locus for gauging interest in and
subsequently generating proposals for new Working Groups. The level of
discussion in the Interest Group on a potential new work item is one
important indication of the potential participation in a new Working
Group. Current threads that may lead to WG proposals include query
languages and services, alternate XML syntaxes for RDF graphs, and
interoperability testbeds.
The RDF Schema Candidate Recommendation has shown its utility in
basic metadata interchange applications. Its extended implementation
period has also allowed the XML Schema specification to become stable
such that earlier proposals for an architecture for data on the Web should
now be evaluated in the context of recent work. The recommendations of
the Cambridge Communiqué as well as feedback on the use of RDF for
formal logic representation are also now available.
Following the consensus emerging in the RDF Interest Group, an RDF
Core Working Group (charter) is chartered to consider an update to the
RDF Model and Syntax Recommendation, and to a few revisions to the
RDF Schema specification. A further objective of this group is to respond
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to the Candidate Recommendation feedback and produce a revised RDF
Schema document, either as a Proposed Recommendation or a new
Last Call Working Draft according to the degree of change the Working
Group chooses to make.
Additional Working Groups may be proposed as work on things like RDF
query, RDF logic, DAML, OIL, and XML Schema datatypes matures and
opportunities for standardization arise.
3.2. Advanced Technology Development

Identifying promising directions for Semantic Web technologies requires
work in advance of the consensus process. These development projects
serve several purposes:
z

z

z

z

z

allow the exploration of ideas and prototypes that may be too risky
or low priority for market-driven development activity
be a venue for liaison with the academic research community on
results that will impact the Web in the longer term
provide testbeds for early results on implementing technologies in
Working Drafts
create a collaborative development environment in which W3C
Team and Members can explore the design of Semantic Web tools
stimulate, where necessary, the development and open source
availability of key Semantic Web infrastructure components such as
parsers and APIs

The advanced development work combines with the Live Early Adoption
and Demonstration (LEAD) policy to bring leading edge technology into
real evaluative use. In this case LEAD work may automate W3C process,
communications, and operations. W3C itself as an active, informationintensive environment offers a unique testbed opportunity for precommercial Semantic Web technologies. A close link is kept between
development activities with the Working and Interest Groups and with
other Open Source projects. W3C Members who wish to participate
directly in this development work are invited to propose personnel as
visiting Fellows to one of the W3C Host institutions. The www-rdf-interest
and www-rdf-logic lists provide coordination fora in which other groups in
the area are invited to participate. W3C Workshops and conferences
such as the IW3C2 series will also be communication opportunities about
the work. The advanced development progress will be reported
periodically to the RDF Interest Group and in the W3C Newsletter and
other fora as appropriate. All code will be maintained in a publicly
readable CVS repository and a Semantic Web Development home page
will be maintained to ensure a high level of visibility and interaction with
Members and the larger development community.
Specific parts of the W3C process and operations that are candidates for
advanced development work include:
z
z

integrating XML signatures with RDF
access control at the granularity of individual URIs, including the
application of XML signatures and consideration of WebDAV
approaches
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RDF user agent/server issues including MIME types, modelling of
HTTP concepts, and integration with HTML forms
issue management and tracking
document review/advice process
tracking organizational participation in W3C groups
document management and version control
W3C calendar, dependency, and schedule management

Other areas in which Members have previously expressed interest in
some advanced development and prototyping include:
z

z

z

z
z

libraries and metadata (including Z39.50, Dublin Core and
controlled vocabulary applications)
service characterization; especially XML Protocol, but also
including Z39.50, LDAP, and SQL
metadata for site management and workflow (sitemaps,
accessibility, multiple views)
tools (RDF data management, query, search, and inference)
test suites, validation suites, and related conformance testing tools

The nature of advanced development makes exact chartering
impossible. Areas of the technology which are likely to be involved
include
z
z
z
z

z
z
z
z
z

Common models and translation between ontological systems
Integration of relational database systems through semantic links
Unifying logical languages
Levels of inference capability and common query language for the
Semantic Web
Representation of such languages in triples form
Proof generation and checking
Logic as a language for trust
Inference service description and query dispatching
Formal models of semantic conversations, protocol definition, and
document validity in context

Finally, the advanced development effort will seek to contribute
necessary Semantic Web infrastructure components to encourage the
wide deployment of semantic tools. Just as the early development of the
Web depended on code modules such as libwww, we plan to devote
resources to the creation and distribution of similar core components that
will form the basis for Semantic Web application-level tools. In some
cases, we may be the producer of such code. (In these cases they will
generally be shared as they are produced.) In other cases, we may
simply be users, where the community at large has already produced
these facilities.
A goal of the advanced development work is that Working Groups should
not have to work in untried ideas, and to get the process of making
implementations to a good start so that a relatively mature and robust set
of tools can accompany the development of specifications.
3.3. Community Outreach and Coordination
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An important factor of 'Life after Recommendation' in W3C is devoting
resources to community outreach, education, and evangelism. This is
largely an effort of the W3C Member organizations and should continue
to be so. Frequently, however, a commercially neutral advocate
representing the entire W3C can open doors where an individual from a
Member company may be viewed in a different light. The Semantic Web
Activity Lead will maintain a public presence at conferences and engage
actively in community outreach and consensus building, both within the
W3C Member companies and outside the W3C. A deliverable from this
community outreach task will include elaboration of a Semantic Web
Roadmap. Coordination tasks include participation in other W3C
Coordination Groups as appropriate to realize the connections to W3C
work described above. International outreach is explicitly included here,
as the European Commission is investing in Semantic Web Activities.

4. Intellectual Property
W3C was founded in order to create technology freely available to all,
Members or not. All advanced development work that will be done with
W3C resources under the Semantic Web Activity will be distributed under
W3C's software license.
W3C promotes an open working environment. Whenever possible,
technical decisions should be made unencumbered by intellectual
property right (IPR) claims. W3C's policy for intellectual property is set
out in section 2.2 of the W3C Process Document.
Members participating in the Semantic Web Activity are expected to
disclose any intellectual property they have in this area. Any intellectual
property essential to implement specifications produced by this Activity
must be at least be usable in such implementations on a royalty-free
basis. At the suggestion of the Working Groups, and at the discretion of
the W3C Director, possibly requiring overall review by the Advisory
Committee, technologies may be accepted if they are licensed on
reasonable, non-discriminatory terms.
Members disclose patent and other IPR claims by sending email to an
archived mailing list that is readable by Members and the W3C Team:
http://lists.w3.org/Archives/Member/patent-issues/ (Member-only).
Members must disclose all IPR claims to this mailing list but they may
also copy other recipients.

5. Duration
The Semantic Web Activity is currently chartered (as of 2001/01) into
2003/02.

6. Contact
The Activity Lead for the Semantic Web Initiative is Eric Miller
<emiller@w3.org>
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Semantic Web Advanced Development
Semantic Web -- a web of data that can be processed directly or indirectly by
machines -- Tim BL, Weaving the Web
The bane of my existence is doing things that I know the computer could do for
me. -- Dan Connolly,The XML Revolution
9 Feb 2001: W3C launches Semantic Web Activity, including advanced development.

Discussion Documents
z
z
z
z
z

A roadmap to the Semantic Web (Sep 98)
Interpretation and Semantics on the Semantic Web (Dec 99)
The Semantic Web as a language of logic
XSLT for screen-scraping RDF out of real-world data 2000 Mar 21
... Web Design Issues

See also: RDF, especially the www-rdf-interest archives, and the Web naming and
addressing overview.

Presentations
z

Semantic Web
Tim Berners-Lee's XML2000 keynote slides; 2000 Dec 6
also: technetcast audio/video

z

Toward Swell, the Semantic Web Logic Language
given by Dan Connolly, July 2000 in Cambridge, MA

z

z

The Semantic Web, presented by Berners-Lee and Swick at WWW9 Amsterdam;
2000 May 16
Seeds of the Semantic Web, presented Jan 2000 at the Ala Midwinter Meeting, in
San Antonio TX.

tech note:Connolly's index of appearanceshas an RDF model for this sort of information
and an XSLT transformation to extract it from XHTML.

Software, Tools and Techniques
z

Getting into RDF & Semantic Web using N3
and Conceptual Graphs and the Semantic Web; implementation notes, discussion
Jan 2001
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Annotea: a annotation system using RDF databases
announced Nov 2000

z

Describing and retrieving photos using RDF and HTTP
W3C Note, 28 September 2000; demo site, photo metadata editor

z

z

Toward Scalable Calendaring and Scheduling
{ A quick look at iCalendar, Jan 2000
{ rdf-interest: Jan 2000, more
{ palmpilot datebook notes in progress Sep 2000
{ a travel itinerary, from n3 to RDF via python, from RDF to XHTML via XSLT;
Makefile; includes a sort of RDF normalizer in XSLT
{ ILRT: notes/demoof Jan 2001
Me Llamo -- an RDF Schema
in progress Sep 2000

z

Site Summaries from XHTML to RSS using XSLT, Aug 2000
announcement 11 Sep 2000

z

RDF Syntax: An XML Schema Approach
in progress Aug 2000

z

Semantics of RDF Standard Terms
in progress Aug 2000

z

KIF as an RDF Schema
in progress Aug 2000

z

An RDF Model for GET/PUT and Document Management
in progress Aug 2000

z

HyperRDF: Using XHTML Authoring Tools with XSLT to produce RDF Schemas
in progress 2000 Jul

z

Converting SHOE to RDF
inference rules discussion, 2000 Jul 15
first announced 2000 May 11

z

extracting RDF from RFC822 formatted email
ann 2000 Jul 14

z

Xlink -> RDF mapping in XSLT
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message of 2000 Jun 27
z

Dublin Core Extraction Service
announcement of 2000 Jun 09

z

RDF parser in XSLT
discussion of 2000 May 02

Discussion Fora
z

RDF Interest Group - main list for RDF level
{ Logic list for logic on top of RDF

Related resources and projects
z
z
z
z
z
z
z
z

Cyc, a knowledge representation and inference system
DAML (DARPA Agent Markup Language)
FIPA [or US mirror site]
KIF, Knowledge Interchange Format
Mozilla 'Enabling Inferencing', Mozillation browser plug-in
OIL (Ontology Inference Layer)
SHOE (Simple HTML Ontology Extensions
... more Semantic Web links from Stanford

Semantic Web Project at MIT/LCS
MIT/LCS has funding for a proposal, Semantic Web Development, under the
DARPA Agent Markup Language (DAML) program. The work is bring done in
close connection with the W3C and may lead to W3C activities in the future.
z
z
z

Annotated DAML Ontology Markup draft Oct 2000
An Agent Markup Languagee draft Aug 2000
Using XML Schema Datatypes in RDF and DAML+OIL proposal Jan 2001

language group resources
z
z

home
joint-committee archive

Researchers
z
z
z
z
z
z

Tim Berners-Lee, LCS/W3C
Dan Connolly, LCS/W3C
David P. Karger, LCS/TOC
Lynn Andrea Stein, LCS & AI
Ralph R. Swick, LCS/W3C
Daniel J. Weitzner, LCS/W3C

Ralph, <swick@w3.org>, Jan 2000
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Dan Connolly
$Revision: 1.38 $ of $Date: 2001/03/16 04:32:51 $ by $Author: connolly $
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Tim Berners-Lee
Date: September 1998. Last modified: $Date: 1998/10/14 20:17:13 $

Status: An attempt to give a high-level plan of the architecture of the Semantic WWW. Editing status:
Draft. Comments welcome
Up to Design Issues

Semantic Web Road map
A road map for the future, an architectural plan untested by anything except thought experiments.
This was written as part of a requested road map for future Web design, from a level of 20,00ft. It
was spun off from an Architectural overview for an area which required more elaboration than that
overview could afford.
Necessarily, from 20,000 feet, large things seem to get a small mention. It is architecture, then, in the
sense of how things hopefully will fit together. So we should recognise that while it might be slowly
changing, this is also a living document.
This document is a plan for achieving a set of connected applications for data on the Web in such a
way as to form a consistnt logical web of data (semantic web).

Introduction
The Web was designed as an information space, with the goal that it should be useful not only for
human-human communication, but also that machines would be able to participate and help. One of
the major obstacles to this has been the fact that most information on the Web is designed for human
consumption, and even if it was derived from a database with well defined meanings (in at least
some terms) for its columns, that the structure of the data is not evident to a robot browsing the web.
Leaving aside the artificial intelligence problem of training machines to behave like people, the
Semantic Web approach instead develops languages for expressing information in a machine
processable form.
This document gives a road map - a sequence for the incremental introduction of technology to take
us, step by step, from the Web of today to a Web in which machine reasoning will be ubiquitous and
devastatingly powerful.
It follows the note on the architecture of the Web, which defines existing design decisions and
principles for what has been accomplished to date.

Machine-Understandable information: Semantic Web
The Semantic Web is a web of data, in some ways like a global database. The rationale for creating
such an infrastructure is given elsewhere [Web future talks &c] here I only outline the architecture as
I see it.

The basic assertion model
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When looking at a possible formulation of a universal Web of semantic assertions, the principle of
minimalist design requires that it be based on a common model of great generality. Only when the
common model is general can any prospective application be mapped onto the model. The general
model is the Resource Description Framework.
See the RDF Model and Syntax Specification
Being general, this is very simple. Being simple there is nothing much you can do with the model
itself without layering many things on top. The basic model contains just the concept of an
assertion, and the concept of quotation - making assertions about assertions. This is introduced
because (a) it will be needed later anyway and (b) most of the initial RDF applications are for data
about data ("metadata") in which assertions about assertions are basic, even before logic. (Because
for the target applications of RDF, assertions are part of a description of some resource, that resource
is often an implicit parameter and the assertion is known as a property of a resource).
As far as mathematics goes, the language at this point has no negation or implication, and is
therefore very limited. Given a set of facts, it is easy to say whether a proof exists or not for any
given question, because neither the facts nor the questions can have enough power to make the
problem intractable.
Applications at this level are very numerous. Most of the applications for the representation of
metadata can be handled by RDF at this level. Examples include card index information (the Dubblin
Core), Privacy information (P3P), associations of style sheets with documents, intellectual property
rights labeling and PICS labels. We are talking about the representation of data here, which is
typically simple: not languages for expressing queries or inference rules.
RDF documents at this level do not have great power, and sometimes it is less than evident why one
should bother to map an application in RDF. The answer is that we expect this data, while limited
and simple within an application, to be combined, later, with data from other applications into a
Web. Applications which run over the whole web must be able to use a common framework for
combining information from all these applications. For example, access control logic may use a
combination of provacy and group membership and data type information to actually allow or deny
access. Queries may later allow powerful logical expressions refering to data from domains in which,
individually, the data representation language is not very expressive. The purpose of this document is
partly to show the plan by which this might happen.

The Schema layer
The basic model of the RDF allows us to do a lot on the blackboard, but does not give us many tools.
It gives us a model of assertions and quotations on which we can map the data in any new format.
We next need a schema layer to declare the existence of new property. We need at the same time to
say a little more about it. We want to be able to constrain the way it used. Typically we want to
constrain the types of object it can apply to. These meta-assertions make it possible to do
rudimentary checks on a document. Much as in SGML the "DTD" allows one to check whether
elements have been used in appropriate positions, so in RDF a schema will allow us to check that,
for example, a driver's licence has the name of a person, and not a model of car, as its "name".
It is not clear to me exactly what primitives have to be introduced, and whether much useful
language can be defined at this level without also defining the next level. There is currently a RDF
Schema working group in this area. The schema language typically makes simple assertions about
permitted combinations. If the SGML DTD is used as a model, the schema can be in a language of
very limited power. The constraints expressed in the schema language are easily expanded into a
more powerful logicallayer expressions (the next layer), but one chose at this point, in order to limit
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the power, not to do that. For example: one can say in a schema that a property foo is unique.
Expanded, that is that for any x, if y is the foo of x, and z is the foo of x, then y equals z. This uses
logical expressions which are not available at this level, but that is OK so long as the schema langue
is, for the moment, going to be handled by specialised schema engines only, not by a general
reasoning engine.
When we do this sort of thing with a language - and I think it will be very common - we must be
careful that the language is still well defined logically. Later on, we may want to make inferences
which can only be made by understanding the semnatics of the schema langauge in logical terms,
and combining it with other logical information.

Conversion language
A requirement of namespaces work for evolvability is that one must, with knowledge of common
RDF at some level, be able to follow rules for converting a document in one RDF schema into
another one (which presumably one has an inate understanding of how to process).
By the principle of least power, this language can in fact be made to have implication (inference
rules) without having negation. (This might seem a fine point to make, when in fact one can easily
write a rule which defines inference from a statement A of another statement B which actually
happens to be false, even though the language has no way of actually stating "False". However, still
formally the language does not have the power needed to write a paradox, which comforts some
people. In the following, though, as the language gets more expressive, we rely not on an inherent
ability to make paradoxical statements, but on applications specifically limiting the expressive power
of particular documents. Schemas provide a convenient place to describe those restrictions.)
A simple example of the
application of this layer
is when two databases,
constructed
independently and then
put on the web, are
linked by semantic links
which allow queries on
one to converted into
queries on another. Here,
someone noticed that
"where" in the friends
table and "zip" in a
places table mean the
same thing. Someone
else documented that
"zip" in the places table
meant the same things as
"zip" in the employees
table, and so on as shown
by arrows. Given this
information, a search for
any employee called Fred
with zip 02139 can be
widened from employees
to in include friends. All
that is needed some RDF
"equivalent" property.
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The logical layer
The next layer, then is the logical layer. We need ways of writing logic into documents to allow such
things as, for example, rules the deduction of one type of document from a document of another
type; the checking of a document against a set of rules of self-consistency; and the resolution of a
query by conversion from terms unknown into terms known. Given that we have quotation in the
language already, the next layer is predicate logic (not, and, etc) and the next layer quantification
(for all x, y(x)).
The applications of RDF at this level are basically limited only by the A simple example of the
application of this layer is when two databases, constructed independently and then put on the web,
are linkedby semantic links which allow querieson one to convertedinto queries on
another.imagination. Many things which may have seemed to have needed a new language become
suddenly simply a question of writing down the right RDF. Once you have a language which has the
great power of predicate calculus with quotation, then when defining a new language for a specific
application, two things are required:
z

z

One must settle on the (limited) power of the reasoning engine which the receiver must have,
and define a subset of full RDF which will be expected to be understood;
One will probably want to define some abbreviated functions to efficiently transmit
expressions within the set of documents within the constrained language.

See also, if unconvinced:
z

What the Semantic Web is not - answering some FAQs

The metro map below shows a key loop in the semnatic web. The Web part, on the left, shows how a
URI is, using HTTP, turned into a representation of a document as a string of bits with some MIME
type. It is then parsed into XML and then into RDF, to produce an RDF grpah or, at the logic level, a
logical forumula. On the right hand side, the Semantic part, shows how the RDF graph contains a
refeernce to the URI. It is the trust from the key, combined with the meaning of the statements
conatined in the document, which may cause a Semantic Web engine to dereference another URI.
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Proof Validation - a language for proof
The RDF model dos not say anything about the form of reasoning engine, and it is obviously an open
question, as there is no definitively perfect algorithm for answering questions - or, basically, finding
proofs. At this stage in the development of the Semantic Web, though, we do not tackle that
problem. Most applications construction of a proof is done according to some fairly constrained
rules, and all that the other party has to do is validate a general proof. This is trivial.
For example, when someone is granted access to a web site, they can be given a document which
explains to the web server why they should have access. The proof will be a chain [well, DAG] of
assertions and reasoning rules with pointers to all the supporting material.
The same will be true of transactions involving privacy, and most of electronic commerce. The
documents sent across the net will be written in a complete language. However, they will be
constrained so that, if queries, the results will be computable, and in most cases they will be proofs.
The HTTP "GET" will contain a proof that the client has a right to the response. the response will be
a proof that the response is in deed what was asked for.

Evolution rules Language
RDF at the logical level already has the power to express inference rules. For example, you should
be able to say such things as "If the zipcode of the organization of x is y then the work-zipcode of x
is y". As noted above, just scattering the Web with such remarks will in the end be very interesting,
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but in the short term won't produce repeatable results unless we restrict the expressiveness of
documents to solve particular application problems.
Two fundamental functions we require RDF engines to be able to do are
1. for a version n implementation to be able to read enough RDF schema to be able to deduce
how to read a version n+1 document;
2. for a type A application developed quite independently of a type B application which has the
same or similar function to be able to read and process enough schema information to be able
to process data from the type B application.
(See evolvability article)
The RDF logic level is sufficient to be usable as a language for making inference rules. Note it does
not address the heuristics of any particular reasoning engine, which which is an open field made all
the more open and fruitful by the Semantic Web. In other words, RDF will allow you to write rules
but won't tell anyone at this stage in which order to apply them.
Where for example a library of congress schema talks of an "author", and a British Library talks of a
"creator", a small bit of RDF would be able to say that for any person x and any resource y, if x is
the (LoC) author of y, then x is the (BL) creator of y. This is the sort of rule which solves the
evolvability problems. Where would a processor find it? In the case of a program which finds a
version 2 document and wants to find the rules to convert it into a version 1 document, then the
version 2 schema would naturally contain or point to the rules. In the case of retrospective
documentation of the relationship between two independently invented schemas, then of course
pointers to the rules could be added to either schema, but if that is not (socially) practical, then we
have another example of the the annotation problem. This can be solved by third party indexes which
can be searched for connections between two schemata. In practice of course search engines provide
this function very effectively - you would just have to ask a search engine for all references to one
schema and check the results for rules which like the two.

Query languages
One is a query language. A query can be thought of as an assertion about the result to be returned.
Fundamentally, RDF at the logical level is sufficient to represent this in any case. However, in
practice a query engine has specific algorithms and indexes available with which to work, and can
therefore answer specific sorts of query.
It may of course in practice to develop a vocabulary which helps in either of two ways:
1. It allows common powerful query types to be expressed succinctly with fewer pages of
mathematics, or
2. It allows certain constrained queries to be expressed, which are interesting because they have
certain computability properties.
SQL is an example of a language which does both.
It is clearly important that the query language be defined in terms of RDF logic. For example, to
query a server for the author of a resource, one would ask for an assertion of the form "x is the
author of p1" for some x. To ask for a definitive list of all authors, one would ask for a set of authors
such that any author was in the set and everyone in the set was an author. And so on.
In practice, the diversity of algorithms in search engines on the web, and proof-finding algorithms in
pre-web logical systems suggests that there will in a semantic web be many forms of agent able to
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provide answers to different forms of query.
One useful step the specification of specific query engines for for example searches to a finite level
of depth in a specified subset of the Web (such as a web site). Of course there could be several
alternatives for different occasions.
Another metastep is the specification of a query engine description language -- basically a
specification of the sort of query the engine can return in a general way. This would open the door to
agents chaining together searches and inference across many intermediate engines.

Digital Signature
Public key cryptography is a remarkable technology which completely changes what is possible.
While one can add a digital signature block as decoration on an existing document, attempts to add
the logic of trust as icing on the cake of a reasoning system have to date been restricted to systems
limited in their generality. For reasoning to be able to take trust into account, the common logical
model requires extension to include the keys with which assertions have been signed.
Like all logic, the basis of this, may not seem appealing at first until one has seen what can be built
on top. This basis is the introduction of keys as first class objects (where the URI can be the literal
value of a public key), and a the introduction of general reasoning about assertions attributable to
keys.
In an implementation, this means that reasoning engine will have to be tied to the signature
verification system . Documents will be parsed not just into trees of assertions, but into into trees of
assertions about who has signed what assertions. Proof validation will, for inference rules, check the
logic, but for assertions that a document has been signed, check the signature.
The result will be a system which can express and reason about relationships across the whole range
of public-key based security and trust systems.
Digital signature becomes interesting when RDF is developed to the level that a proof language
exists. However, it can be developed in parallel with RDF for the most part.
In the W3C, input to the digital signature work comes from many directions, including experience
with DSig1.0 signed "pics" labels, and various submissions for digitally signed documents.

Indexes of terms
Given a worldwide semantic web of assertions, the search engine technology currently (1998) appied
to HTML pages will presumably translate directly into indexes not of words, but of RDF objects.
This itself will allow much more efficient searching of the Web as though it were one giant database,
rather than one giant book.
The Version A to Version B translation requirement has now ben met, and so when two databases
exist as for example large arrays of (probably virtual) RDF files, then even though the initial
schemas may not have been the same, a retrospective documentation of their equivalence would
allow a search engine to satisfy queries by searching across both databases.

Engines of the Future
While search engines which index HTML pages find many answers to searches and cover a huge
part of the Web, then return many inappropriate answers. There is no notion of "correctness" to such
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searches. By contrast, logical engines have typically been able to restrict their output to that which is
provably correct answer, but have suffered from the inability to rummage through the mass of
intertwined data to construct valid answers. The combinatorial explosion of possibilities to be traced
has been quite intractable.
However, the scale upon which search engines have been successful may force us to reexamine our
assumptions here. If an engine of the future combines a reasoning engine with a search engine, it
may be able to get the best of both worlds, and actually be able to construct proofs in a certain
number of cases of very real impact. It will be able to reach out to indexes which contain very
complete lists of all occurrences of a given term, and then use logic to weed out all but those which
can be of use in solving the given problem.
So while nothing will make the combinatorial explosion go away, many real life problems can be
solved using just a few (say two) steps of inference out on the wild web, the rest of the reasoning
being in a realm in which proofs are give, or there are constrains and well understood computable
algorithms. I also expect a string commercial incentive to develop engines and algorithms which will
efficiently tackle specific types of problem. This may involve making caches of intermediate results
much analogous to the search engines' indexes of today.
Though there will still not be a machine which can guarantee to answer arbitrary questions, the
power to answer real questions which are the stuff of our daily lives and especially of commerce
may be quite remarkable.
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z
z
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1. Introduction
The World Wide Web was originally built for human consumption, and although everything on it is
machine-readable, this data is not machine-understandable. It is very hard to automate anything on
the Web, and because of the volume of information the Web contains, it is not possible to manage it
manually. The solution proposed here is to use metadata to describe the data contained on the Web.
Metadata is "data about data" (for example, a library catalog is metadata, since it describes
publications) or specifically in the context of this specification "data describing Web resources". The
distinction between "data" and "metadata" is not an absolute one; it is a distinction created primarily
by a particular application, and many times the same resource will be interpreted in both ways
simultaneously.
Resource Description Framework (RDF) is a foundation for processing metadata; it provides
interoperability between applications that exchange machine-understandable information on the
Web. RDF emphasizes facilities to enable automated processing of Web resources. RDF can be used
in a variety of application areas; for example: in resource discovery to provide better search engine
capabilities, in cataloging for describing the content and content relationships available at a
particular Web site, page, or digital library, by intelligent software agents to facilitate knowledge
sharing and exchange, in content rating, in describing collections of pages that represent a single
logical "document", for describing intellectual property rights of Web pages, and for expressing the
privacy preferences of a user as well as the privacy policies of a Web site. RDF with digital
signatures will be key to building the "Web of Trust" for electronic commerce, collaboration, and
other applications.
This document introduces a model for representing RDF metadata as well as a syntax for encoding
and transporting this metadata in a manner that maximizes the interoperability of independently
developed Web servers and clients. The syntax presented here uses the Extensible Markup Language
[XML]: one of the goals of RDF is to make it possible to specify semantics for data based on XML
in a standardized, interoperable manner. RDF and XML are complementary: RDF is a model of
metadata and only addresses by reference many of the encoding issues that transportation and file
storage require (such as internationalization, character sets, etc.). For these issues, RDF relies on the
support of XML. It is also important to understand that this XML syntax is only one possible syntax
for RDF and that alternate ways to represent the same RDF data model may emerge.
The broad goal of RDF is to define a mechanism for describing resources that makes no assumptions
about a particular application domain, nor defines (a priori) the semantics of any application domain.
The definition of the mechanism should be domain neutral, yet the mechanism should be suitable for
describing information about any domain.
This specification will be followed by other documents that will complete the framework. Most
importantly, to facilitate the definition of metadata, RDF will have a class system much like many
object-oriented programming and modeling systems. A collection of classes (typically authored for a
specific purpose or domain) is called a schema. Classes are organized in a hierarchy, and offer
extensibility through subclass refinement. This way, in order to create a schema slightly different
from an existing one it is not necessary to "reinvent the wheel" but one can just provide incremental
modifications to the base schema. Through the sharability of schemas RDF will support the
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reusability of metadata definitions. Due to RDF's incremental extensibility, agents processing
metadata will be able to trace the origins of schemata they are unfamiliar with back to known
schemata and perform meaningful actions on metadata they weren't originally designed to process.
The sharability and extensibility of RDF also allows metadata authors to use multiple inheritance to
"mix" definitions, to provide multiple views to their data, leveraging work done by others. In
addition, it is possible to create RDF instance data based on multiple schemata from multiple sources
(i.e., "interleaving" different types of metadata). Schemas may themselves be written in RDF; a
companion document to this specification, [RDFSchema], describes one set of properties and classes
for describing RDF schemas.
As a result of many communities coming together and agreeing on basic principles of metadata
representation and transport, RDF has drawn influence from several different sources. The main
influences have come from the Web standardization community itself in the form of HTML metadata
and PICS, the library community, the structured document community in the form of SGML and
more importantly XML, and also the knowledge representation (KR) community. There are also
other areas of technology that contributed to the RDF design; these include object-oriented
programming and modeling languages, as well as databases. While RDF draws from the KR
community, readers familiar with that field are cautioned that RDF does not specify a mechanism for
reasoning. RDF can be characterized as a simple frame system. A reasoning mechanism could be
built on top of this frame system.

2. Basic RDF
2.1. Basic RDF Model
The foundation of RDF is a model for representing named properties and property values. The RDF
model draws on well-established principles from various data representation communities. RDF
properties may be thought of as attributes of resources and in this sense correspond to traditional
attribute-value pairs. RDF properties also represent relationships between resources and an RDF
model can therefore resemble an entity-relationship diagram. (More precisely, RDF Schemas —
which are themselves instances of RDF data models — are ER diagrams.) In object-oriented design
terminology, resources correspond to objects and properties correspond to instance variables.
The RDF data model is a syntax-neutral way of representing RDF expressions. The data model
representation is used to evaluate equivalence in meaning. Two RDF expressions are equivalent if
and only if their data model representations are the same. This definition of equivalence permits
some syntactic variation in expression without altering the meaning. (See Section 6. for additional
discussion of string comparison issues.)
The basic data model consists of three object types:
Resources

Properties

All things being described by RDF expressions are called resources. A
resource may be an entire Web page; such as the HTML document
"http://www.w3.org/Overview.html" for example. A resource may be a part
of a Web page; e.g. a specific HTML or XML element within the document
source. A resource may also be a whole collection of pages; e.g. an entire
Web site. A resource may also be an object that is not directly accessible via
the Web; e.g. a printed book. Resources are always named by URIs plus
optional anchor ids (see [URI]). Anything can have a URI; the extensibility
of URIs allows the introduction of identifiers for any entity imaginable.
A property is a specific aspect, characteristic, attribute, or relation used to
describe a resource. Each property has a specific meaning, defines its
permitted values, the types of resources it can describe, and its relationship
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with other properties. This document does not address how the
characteristics of properties are expressed; for such information, refer to the
RDF Schema specification).
Statements A specific resource together with a named property plus the value of that
property for that resource is an RDF statement. These three individual parts
of a statement are called, respectively, the subject, the predicate, and the
object. The object of a statement (i.e., the property value) can be another
resource or it can be a literal; i.e., a resource (specified by a URI) or a simple
string or other primitive datatype defined by XML. In RDF terms, a literal
may have content that is XML markup but is not further evaluated by the
RDF processor. There are some syntactic restrictions on how markup in
literals may be expressed; see Section 2.2.1.
2.1.1. Examples
Resources are identified by a resource identifier. A resource identifier is a URI plus an optional
anchor id (see Section 2.2.1.). For the purposes of this section, properties will be referred to by a
simple name.
Consider as a simple example the sentence:
Ora Lassila is the creator of the resource http://www.w3.org/Home/Lassila.
This sentence has the following parts:
Subject (Resource) http://www.w3.org/Home/Lassila
Predicate (Property) Creator
Object (literal)
"Ora Lassila"
In this document we will diagram an RDF statement pictorially using directed labeled graphs (also
called "nodes and arcs diagrams"). In these diagrams, the nodes (drawn as ovals) represent resources
and arcs represent named properties. Nodes that represent string literals will be drawn as rectangles.
The sentence above would thus be diagrammed as:

D
Figure 1: Simple node and arc diagram
Note: The direction of the arrow is important. The arc always starts at the subject and
points to the object of the statement. The simple diagram above may also be read
"http://www.w3.org/Home/Lassila has creator Ora Lassila", or in general "<subject>
HAS <predicate> <object>".
Now, consider the case that we want to say something more about the characteristics of the creator of
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this resource. In prose, such a sentence would be:
The individual whose name is Ora Lassila, email <lassila@w3.org>, is the creator of
http://www.w3.org/Home/Lassila.
The intention of this sentence is to make the value of the Creator property a structured entity. In RDF
such an entity is represented as another resource. The sentence above does not give a name to that
resource; it is anonymous, so in the diagram below we represent it with an empty oval:

D
Figure 2: Property with structured value
Note: corresponding to the reading in the previous note, this diagram could be read
"http://www.w3.org/Home/Lassila has creator something and something has name Ora
Lassila and email lassila@w3.org".
The structured entity of the previous example can also be assigned a unique identifier. The choice of
identifier is made by the application database designer. To continue the example, imagine that an
employee id is used as the unique identifier for a "person" resource. The URIs that serve as the
unique keys for each employee (as defined by the organization) might then be something like
http://www.w3.org/staffId/85740. Now we can write the two sentences:
The individual referred to by employee id 85740 is named Ora Lassila and has the email
address lassila@w3.org. The resource http://www.w3.org/Home/Lassila was created by
this individual.
The RDF model for these sentences is:
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D
Figure 3: Structured value with identifier
Note that this diagram is identical to the previous one with the addition of the URI for the previously
anonymous resource. From the point of view of a second application querying this model, there is no
distinction between the statements made in a single sentence and the statements made in separate
sentences. Some applications will need to be able to make such a distinction however, and RDF
supports this; see Section 4, Statements about Statements, for further details.

2.2. Basic RDF Syntax
The RDF data model provides an abstract, conceptual framework for defining and using metadata. A
concrete syntax is also needed for the purposes of creating and exchanging this metadata. This
specification of RDF uses the Extensible Markup Language [XML] encoding as its interchange
syntax. RDF also requires the XML namespace facility to precisely associate each property with the
schema that defines the property; see Section 2.2.3., Schemas and Namespaces.
The syntax descriptions in this document use the Extended Backus-Naur Form notation as defined in
Section 6, Notation, of [XML] to describe the essential RDF syntax elements. The EBNF here is
condensed for human readability; in particular, the italicized "rdf" is used to represent a variable
namespace prefix rather than the more precise BNF notation "'<' NSprefix ':...'". The
requirement that the property and type names in end-tags exactly match the names in the
corresponding start-tags is implied by the XML rules. All syntactic flexibilities of XML are also
implicitly included; e.g. whitespace rules, quoting using either single quote (') or double quote ("),
character escaping, case sensitivity, and language tagging.
This specification defines two XML syntaxes for encoding an RDF data model instance. The
serialization syntax expresses the full capabilities of the data model in a very regular fashion. The
abbreviated syntax includes additional constructs that provide a more compact form to represent a
subset of the data model. RDF interpreters are expected to implement both the full serialization
syntax and the abbreviated syntax. Consequently, metadata authors are free to mix the two.

2.2.1. Basic Serialization Syntax

http://www.w3.org/TR/1999/REC-rdf-syntax-19990222/

2001/03/27

Resource Description Framework (RDF) Model and Syntax Specification

7/44 ページ

A single RDF statement seldom appears in isolation; most commonly several properties of a resource
will be given together. The RDF XML syntax has been designed to accomodate this easily by
grouping multiple statements for the same resource into a Description element. The Description
element names, in an about attribute, the resource to which each of the statements apply. If the
resource does not yet exist (i.e., does not yet have a resource identifier) then a Description element
can supply the identifer for the resource using an ID attribute.
Basic RDF serialization syntax takes the form:
[1] RDF
[2] description
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]

idAboutAttr
aboutAttr
idAttr
propertyElt
propName
value
resourceAttr
Qname
URI-reference
IDsymbol
name
NSprefix
string

::= ['<rdf:RDF>'] description* ['</rdf:RDF>']
::= '<rdf:Description' idAboutAttr? '>' propertyElt*
'</rdf:Description>'
::= idAttr | aboutAttr
::= 'about="' URI-reference '"'
::= 'ID="' IDsymbol '"'
::= '<' propName '>' value '</' propName '>'
| '<' propName resourceAttr '/>'
::= Qname
::= description | string
::= 'resource="' URI-reference '"'
::= [ NSprefix ':' ] name
::= string, interpreted per [URI]
::= (any legal XML name symbol)
::= (any legal XML name symbol)
::= (any legal XML namespace prefix)
::= (any XML text, with "<", ">", and "&" escaped)

The RDF element is a simple wrapper that marks the boundaries in an XML document between which
the content is explicitly intended to be mappable into an RDF data model instance. The RDF element
is optional if the content can be known to be RDF from the application context.
contains the remaining elements that cause the creation of statements in the model
instance. The
element may be thought of (for purposes of the basic RDF syntax) as
simply a place to hold the identification of the resource being described. Typically there will be more
than one statement made about a resource; Description provides a way to give the resource name
just once for several statements.
Description

Description

When the about attribute is specified with Description, the statements in the Description refer to
the resource whose identifier is determined from the about. The value of the about attribute is
interpreted as a URI-reference per Section 4 of [URI]. The corresponding resource identifier is
obtained by resolving the URI-reference to absolute form as specified by [URI]. If a fragment
identifier is included in the URI-reference then the resource identifier refers only to the
subcomponent of the containing resource that is identifed by the corresponding fragment id internal
to that containing resource (see anchor in [Dexter94]), otherwise the identifier refers to the entire
resource specified by the URI. A Description element without an about attribute represents a new
resource. Such a resource might be a surrogate, or proxy, for some other physical resource that does
not have a recognizable URI. The value of the ID attribute of the Description element, if present, is
the anchor id of this "in-line" resource.
If another Description or property value needs to refer to the in-line resource it will use the value
of the ID of that resource in its own about attribute. The ID attribute signals the creation of a new
resource and the about attribute refers to an existing resource; therefore either ID or about may be
specified on Description but not both together in the same element. The values for each ID
attribute must not appear in more than one ID attribute within a single document.
A single Description may contain more than one propertyElt element with the same property
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name. Each such propertyElt adds one arc to the graph. The interpretation of this graph is defined by
the schema designer.
Within a propertyElt, the resource attribute specifies that some other resource is the value of this
property; that is, the object of the statement is another resource identified by URI rather than a
literal. The resource identifier of the object is obtained by resolving the resource attribute URIreference in the same manner as given above for the about attribute. Strings must be well-formed
XML; the usual XML content quoting and escaping mechanisms may be used if the string contains
character sequences (e.g. "<" and "&") that violate the well-formedness rules or that otherwise might
look like markup. See Section 6. for additional syntax to specify a property value with well-formed
XML content containing markup such that the markup is not interpreted by RDF.
Property names must be associated with a schema. This can be done by qualifying the element
names with a namespace prefix to unambiguously connect the property definition with the
corresponding RDF schema or by declaring a default namespace as specified in [NAMESPACES].
The example sentence from Section 2.1.1
Ora Lassila is the creator of the resource http://www.w3.org/Home/Lassila.
is represented in RDF/XML as:
<rdf:RDF>
<rdf:Description about="http://www.w3.org/Home/Lassila">
<s:Creator>Ora Lassila</s:Creator>
</rdf:Description>
</rdf:RDF>

Here the namespace prefix 's' refers to a specific namespace prefix chosen by the author of this RDF
expression and defined in an XML namespace declaration such as:
xmlns:s="http://description.org/schema/"

This namespace declaration would typically be included as an XML attribute on the rdf:RDF
element but may also be included with a particular Description element or even an individual
propertyElt expression. The namespace name URI in the namespace declaration is a globally unique
identifier for the particular schema this metadata author is using to define the use of the Creator
property. Other schemas may also define a property named Creator and the two properties will be
distinguished via their schema identifiers. Note also that a schema usually defines several properties;
a single namespace declaration will suffice to make a large vocabulary of properties available for
use.
The complete XML document containing the description above would be:
<?xml version="1.0"?>
<rdf:RDF
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:s="http://description.org/schema/">
<rdf:Description about="http://www.w3.org/Home/Lassila">
<s:Creator>Ora Lassila</s:Creator>
</rdf:Description>
</rdf:RDF>

Using the default namespace syntax defined in [NAMESPACES] for the RDF namespace itself, this
document could also be written as:
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<?xml version="1.0"?>
<RDF
xmlns="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:s="http://description.org/schema/">
<Description about="http://www.w3.org/Home/Lassila">
<s:Creator>Ora Lassila</s:Creator>
</Description>
</RDF>

Furthermore, namespace declarations can be associated with an individual Description element or
even an individual propertyElt element as in:
<?xml version="1.0"?>
<RDF xmlns="http://www.w3.org/1999/02/22-rdf-syntax-ns#">
<Description about="http://www.w3.org/Home/Lassila">
<s:Creator xmlns:s="http://description.org/schema/">Ora Lassila</s:Creator>
</Description>
</RDF>

As XML namespace declarations may be nested, the previous example may be further condensed to:
<?xml version="1.0"?>
<RDF xmlns="http://www.w3.org/1999/02/22-rdf-syntax-ns#">
<Description about="http://www.w3.org/Home/Lassila">
<Creator xmlns="http://description.org/schema/">Ora Lassila</Creator>
</Description>
</RDF>

Highly condensed expressions such as this are discouraged, however, when the RDF/XML encoding
is written by hand or expected to be edited in a plain text editor. Though unambiguous, the
possibility of error is greater than if explicit prefixes are used consistently. Note that an RDF/XML
fragment that is intended to be inserted in other documents should declare all the namespaces it uses
so that it is completely self-contained. For readability, the introductory examples in the remainder of
this section omit the namespace declarations in order to not obscure the specific points being
illustrated.

2.2.2. Basic Abbreviated Syntax
While the serialization syntax shows the structure of an RDF model most clearly, often it is desirable
to use a more compact XML form. The RDF abbreviated syntax accomplishes this. As a further
benefit, the abbreviated syntax allows documents obeying certain well-structured XML DTDs to be
directly interpreted as RDF models.
Three forms of abbreviation are defined for the basic serialization syntax. The first is usable for
properties that are not repeated within a Description and where the values of those properties are
literals. In this case, the properties may be written as XML attributes of the Description element.
The previous example then becomes:
<rdf:RDF>
<rdf:Description about="http://www.w3.org/Home/Lassila"
s:Creator="Ora Lassila" />
</rdf:RDF>

Note that since the Description element has no other content once the Creator property is written in
XML attribute form, the XML empty element syntax is employed to elide the Description end-tag.
Here is another example of the use of this same abbreviation form:
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<rdf:RDF>
<rdf:Description about="http://www.w3.org">
<s:Publisher>World Wide Web Consortium</s:Publisher>
<s:Title>W3C Home Page</s:Title>
<s:Date>1998-10-03T02:27</s:Date>
</rdf:Description>
</rdf:RDF>

is equivalent for RDF purposes to
<rdf:RDF>
<rdf:Description about="http://www.w3.org"
s:Publisher="World Wide Web Consortium"
s:Title="W3C Home Page"
s:Date="1998-10-03T02:27"/>
</rdf:RDF>

Note that while these two RDF expressions are equivalent, they may be treated differently by other
processing engines. In particular, if these two expressions were embedded into an HTML document
then the default behavior of a non-RDF-aware browser would be to display the values of the
properties in the first case while in the second case there should be no text displayed (or at most a
whitespace character).
The second RDF abbreviation form works on nested Description elements. This abbreviation form
can be employed for specific statements when the object of the statement is another resource and the
values of any properties given in-line for this second resource are strings. In this case, a similar
transformation of XML element names into XML attributes is used: the properties of the resource in
the nested Description may be written as XML attributes of the propertyElt element in which that
Description was contained.
The second example sentence from Section 2.1.1
The individual referred to by employee id 85740 is named Ora Lassila and has the email
address lassila@w3.org. The resource http://www.w3.org/Home/Lassila was created by
this individual.
is written in RDF/XML using explicit serialization form as
<rdf:RDF>
<rdf:Description about="http://www.w3.org/Home/Lassila">
<s:Creator rdf:resource="http://www.w3.org/staffId/85740"/>
</rdf:Description>
<rdf:Description about="http://www.w3.org/staffId/85740">
<v:Name>Ora Lassila</v:Name>
<v:Email>lassila@w3.org</v:Email>
</rdf:Description>
</rdf:RDF>

This form makes it clear to a reader that two separate resources are being described but it is less clear
that the second resource is used within the first description. This same expression could be written in
the following way to make this relationship more obvious to the human reader. Note that to the
machine, there is no difference:
<rdf:RDF>
<rdf:Description about="http://www.w3.org/Home/Lassila">
<s:Creator>
<rdf:Description about="http://www.w3.org/staffId/85740">
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<v:Name>Ora Lassila</v:Name>
<v:Email>lassila@w3.org</v:Email>
</rdf:Description>
</s:Creator>
</rdf:Description>
</rdf:RDF>

Using the second basic abbreviation syntax, the inner Description element and its contained
property expressions can be written as attributes of the Creator element:
<rdf:RDF>
<rdf:Description about="http://www.w3.org/Home/Lassila">
<s:Creator rdf:resource="http://www.w3.org/staffId/85740"
v:Name="Ora Lassila"
v:Email="lassila@w3.org" />
</rdf:Description>
</rdf:RDF>

When using this abbreviation form the about attribute of the nested Description element becomes
a resource attribute on the propertyElt element, as the resource named by the URI is in both cases
the value of the Creator property. It is entirely a matter of writer's preference which of the three
forms above are used in the RDF source. They all produce the same internal RDF models.
Note: The observant reader who has studied the remainder of this document will see
that there are some additional relationships represented by a Description element to
preserve the specific syntactic grouping of statements. Consequently the three forms
above are slightly different in ways not important to the discussion in this section. These
differences become important only when making higher-order statements as described
in Section 4.
The third basic abbreviation applies to the common case of a Description element containing a
property (see Section 4.1 for the meaning of type). In this case, the resource type defined in
the schema corresponding to the value of the type property can be used directly as an element name.
For example, using the previous RDF fragment if we wanted to add the fact that the resource
http://www.w3.org/staffId/85740 represents an instance of a Person, we would write this in full
serialization syntax as:
type

<rdf:RDF
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:s="http://description.org/schema/">
<rdf:Description about="http://www.w3.org/Home/Lassila">
<s:Creator>
<rdf:Description about="http://www.w3.org/staffId/85740">
<rdf:type resource="http://description.org/schema/Person"/>
<v:Name>Ora Lassila</v:Name>
<v:Email>lassila@w3.org</v:Email>
</rdf:Description>
</s:Creator>
</rdf:Description>
</rdf:RDF>

and using this third abbreviated form as:
<rdf:RDF>
<rdf:Description about="http://www.w3.org/Home/Lassila">
<s:Creator>
<s:Person about="http://www.w3.org/staffId/85740">
<v:Name>Ora Lassila</v:Name>
<v:Email>lassila@w3.org</v:Email>
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</s:Person>
</s:Creator>
</rdf:Description>
</rdf:RDF>

The EBNF for the basic abbreviated syntax replaces productions [2] and [6] of the grammar for the
basic serialization syntax in the following manner:
[2a] description

[6a] propertyElt
[16] propAttr
[17] typedNode

::= '<rdf:Description' idAboutAttr? propAttr* '/>'
| '<rdf:Description' idAboutAttr? propAttr* '>'
propertyElt* '</rdf:Description>'
| typedNode
::= '<' propName '>' value '</' propName '>'
| '<' propName resourceAttr? propAttr* '/>'
::= propName '="' string '"'
(with embedded quotes escaped)
::= '<' typeName idAboutAttr? propAttr* '/>'
| '<' typeName idAboutAttr? propAttr* '>'
property* '</' typeName '>'

2.2.3. Schemas and Namespaces
When we write a sentence in natural language we use words that are meant to convey a certain
meaning. That meaning is crucial to understanding the statements and, in the case of applications of
RDF, is crucial to establishing that the correct processing occurs as intended. It is crucial that both
the writer and the reader of a statement understand the same meaning for the terms used, such as
Creator, approvedBy, Copyright, etc. or confusion will result. In a medium of global scale such as
the World Wide Web it is not sufficient to rely on shared cultural understanding of concepts such as
"creatorship"; it pays to be as precise as possible.
Meaning in RDF is expressed through reference to a schema. You can think of a schema as a kind of
dictionary. A schema defines the terms that will be used in RDF statements and gives specific
meanings to them. A variety of schema forms can be used with RDF, including a specific form
defined in a separate document [RDFSchema] that has some specific characteristics to help with
automating tasks using RDF.
A schema is the place where definitions and restrictions of usage for properties are documented. In
order to avoid confusion between independent -- and possibly conflicting -- definitions of the same
term, RDF uses the XML namespace facility. Namespaces are simply a way to tie a specific use of a
word in context to the dictionary (schema) where the intended definition is to be found. In RDF,
each predicate used in a statement must be identified with exactly one namespace, or schema.
However, a Description element may contain statements with predicates from many schemas.
Examples of RDF Descriptions that use more than one schema appear in Section 7.

2.3. Qualified Property Values
Often the value of a property is something that has additional contextual information that is
considered "part of" that value. In other words, there is a need to qualify property values. Examples
of such qualification include naming a unit of measure, a particular restricted vocabulary, or some
other annotation. For some uses it is appropriate to use the property value without the qualifiers. For
example, in the statement "the price of that pencil is 75 U.S. cents" it is often sufficient to say simply
"the price of that pencil is 75".
In the RDF model a qualified property value is simply another instance of a structured value. The
object of the original statement is this structured value and the qualifiers are further properties of this
common resource. The principal value being qualified is given as the value of the value property of
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this common resource. See Section 7.3. Non-Binary Relations for an example of the use of the value
property.

3. Containers
Frequently it is necessary to refer to a collection of resources; for example, to say that a work was
created by more than one person, or to list the students in a course, or the software modules in a
package. RDF containers are used to hold such lists of resources or literals.

3.1. Container Model
RDF defines three types of container objects:
Bag

An unordered list of resources or literals. Bags are used to declare that a
property has multiple values and that there is no significance to the order in
which the values are given. Bag might be used to give a list of part numbers
where the order of processing the parts does not matter. Duplicate values are
permitted.
Sequence An ordered list of resources or literals. Sequence is used to declare that a
property has multiple values and that the order of the values is significant.
Sequence might be used, for example, to preserve an alphabetical ordering of
values. Duplicate values are permitted.
Alternative A list of resources or literals that represent alternatives for the (single) value
of a property. Alternative might be used to provide alternative language
translations for the title of a work, or to provide a list of Internet mirror sites
at which a resource might be found. An application using a property whose
value is an Alternative collection is aware that it can choose any one of the
items in the list as appropriate.
Note: The definitions of Bag and Sequence explicitly permit duplicate values. RDF does
not define a core concept of Set, which would be a Bag with no duplicates, because the
RDF core does not mandate an enforcement mechanism in the event of violations of
such constraints. Future work layered on the RDF core may define such facilities.
To represent a collection of resources, RDF uses an additional resource that identifies the specific
collection (an instance of a collection, in object modeling terminology). This resource must be
declared to be an instance of one of the container object types defined above. The type property,
defined below, is used to make this declaration. The membership relation between this container
resource and the resources that belong in the collection is defined by a set of properties defined
expressly for this purpose. These membership properties are named simply "_1", "_2", "_3", etc.
Container resources may have other properties in addition to the membership properties and the type
property. Any such additional statements describe the container; see Section 3.3, Distributive
Referents, for discussion of statements about each of the members themselves.
A common use of containers is as the value of a property. When used in this way, the statement still
has a single statement object regardless of the number of members in the container; the container
resource itself is the object of the statement.
For example, to represent the sentence
The students in course 6.001 are Amy, Tim, John, Mary, and Sue.
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the RDF model is

D
Figure 4: Simple Bag container
Bag containers are not equivalent to repeated properties of the same type; see Section 3.5. for a
discussion of the difference. Authors will need to decide on a case-by-case basis which one (repeated
property statement or Bag) is more appropriate to use.
The sentence
The source code for X11 may be found at ftp.x.org, ftp.cs.purdue.edu, or ftp.eu.net.
is modeled in RDF as
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D
Figure 5: Simple Alternative container
Alternative containers are frequently used in conjunction with language tagging. A work whose title
has been translated into several languages might have its Title property pointing to an Alternative
container holding each of the language variants.

3.2. Container Syntax
RDF container syntax takes the form:
[18]
[19]
[20]
[21]
[22]
[23]
[24]

container
sequence
bag
alternative
member
referencedItem
inlineItem

::=
::=
::=
::=
::=
::=
::=

sequence | bag | alternative
'<rdf:Seq' idAttr? '>' member* '</rdf:Seq>'
'<rdf:Bag' idAttr? '>' member* '</rdf:Bag>'
'<rdf:Alt' idAttr? '>' member+ '</rdf:Alt>'
referencedItem | inlineItem
'<rdf:li' resourceAttr '/>'
'<rdf:li>' value '</rdf:li>'

Containers may be used everywhere a Description is permitted:
[1a] RDF
[8a] value
[25] obj

::= '<rdf:RDF>' obj* '</rdf:RDF>'
::= obj | string
::= description | container

Note that RDF/XML uses li as a convenience element to avoid having to explicitly number each
member. The li element assigns the properties _1, _2, and so on as necessary. The element name li
was chosen to be mnemonic with the term "list item" from HTML.
An Alt container is required to have at least one member. This member will be identified by the
property _1 and is the default or preferred value.
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Note: The RDF Schema specification [RDFSCHEMA] also defines a mechanism to
declare additional subclasses of these container types, in which case production [18] is
extended to include the names of those declared subclasses. There is also a syntax for
writing literal values in attribute form; see the full grammar in Section 6.
3.2.1. Examples
The model for the sentence
The students in course 6.001 are Amy, Tim, John, Mary, and Sue.
is written in RDF/XML as
<rdf:RDF>
<rdf:Description about="http://mycollege.edu/courses/6.001">
<s:students>
<rdf:Bag>
<rdf:li resource="http://mycollege.edu/students/Amy"/>
<rdf:li resource="http://mycollege.edu/students/Tim"/>
<rdf:li resource="http://mycollege.edu/students/John"/>
<rdf:li resource="http://mycollege.edu/students/Mary"/>
<rdf:li resource="http://mycollege.edu/students/Sue"/>
</rdf:Bag>
</s:students>
</rdf:Description>
</rdf:RDF>

In this case, since the value of the students property is expressed as a Bag there is no significance to
the order given here for the URIs of each student.
The model for the sentence
The source code for X11 may be found at ftp.x.org, ftp.cs.purdue.edu, or ftp.eu.net.
is written in RDF/XML as
<rdf:RDF>
<rdf:Description about="http://x.org/packages/X11">
<s:DistributionSite>
<rdf:Alt>
<rdf:li resource="ftp://ftp.x.org"/>
<rdf:li resource="ftp://ftp.cs.purdue.edu"/>
<rdf:li resource="ftp://ftp.eu.net"/>
</rdf:Alt>
</s:DistributionSite>
</rdf:Description>
</rdf:RDF>

Here, any one of the items listed in the container value for DistributionSite is an acceptable value
without regard to the other items.

3.3. Distributive Referents: Statements about Members of a Container
Container structures give rise to an issue about statements: when a statement is made referring to a
collection, what "thing" is the statement describing? Or in other words, to what object is the
statement is referring? Is the statement describing the container itself or is the statement describing
the members of the container? The object being described (in the XML syntax indicated by the
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attribute) is in RDF called the referent.

The following example:
<rdf:Bag ID="pages">
<rdf:li resource="http://foo.org/foo.html" />
<rdf:li resource="http://bar.org/bar.html" />
</rdf:Bag>
<rdf:Description about="#pages">
<s:Creator>Ora Lassila</s:Creator>
</rdf:Description>

expresses that "Ora Lassila" is the creator of the Bag "pages". It does not, however, say anything
about the individual pages, the members of the Bag. The referent of the Description is the
container (the Bag), not its members. One would sometimes like to write a statement about each of
the contained objects individually, instead of the container itself. In order to express that "Ora
Lassila" is the creator of each of the pages, a different kind of referent is called for, one that
distributes over the members of the container. This referent in RDF is expressed using the
aboutEach attribute:
[3a] idAboutAttr
[26] aboutEachAttr

::= idAttr | aboutAttr | aboutEachAttr
::= 'aboutEach="' URI-reference '"'

As an example, if we wrote
<rdf:Description aboutEach="#pages">
<s:Creator>Ora Lassila</s:Creator>
</rdf:Description>

we would get the desired meaning. We will call the new referent type a distributive referent.
Distributive referents allow us to "share structure" in an RDF Description. For example, when
writing several Descriptions that all have a number of common statement parts (predicates and
objects), the common parts can be shared among all the Descriptions, possibly resulting in space
savings and more maintainable metadata. The value of an aboutEach attribute must be a container.
Using a distributive referent on a container is the same as making all the statements about each of the
members separately.
No explicit graph representation of distributive referents is defined. Instead, in terms of the
statements made, distributive referents are expanded into the individual statements about the
individual container members (internally, implementations are free to retain information about the
distributive referents - in order to save space, for example - as long as any querying functions work
as if all of the statements were made individually). Thus, with respect to the resources "foo" and
"bar", the above example is equivalent to
<rdf:Description about="http://foo.org/foo.html">
<s:Creator>Ora Lassila</s:Creator>
</rdf:Description>
<rdf:Description about="http://bar.org/bar.html">
<s:Creator>Ora Lassila</s:Creator>
</rdf:Description>

3.4. Containers Defined By A URI Pattern
One very frequent use of metadata is to make statements about "all pages at my Web site", or "all
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pages in this branch of my Web site". In many cases it is impractical or even undesirable to try to list
each such resource explicitly and identify it as a member of a container. RDF therefore has a second
distributive referent type. This second distributive referent type is a shorthand syntax that represents
an instance of a Bag whose members are by definition all resources whose resource identifiers begin
with a specified string:
[26a] aboutEachAttr

::= 'aboutEach="' URI-reference '"'
| 'aboutEachPrefix="' string '"'

The aboutEachPrefix attribute declares that there is a Bag whose members are all the resources
whose fully resolved resource identifiers begin with the character string given as the value of the
attribute. The statements in a Description that has the aboutEachPrefix attribute apply
individually to each of the members of this Bag.
For example, if the two resources http://foo.org/doc/page1 and http://foo.org/doc/page2 exist then we
can say that each of them has a copyright property by writing
<rdf:Description aboutEachPrefix="http://foo.org/doc">
<s:Copyright>© 1998, The Foo Organization</s:Copyright>
</rdf:Description>

If these are the only two resources whose URIs start with that string then the above is equivalent to
both of the following alternatives:
<rdf:Description about="http://foo.org/doc/page1">
<s:Copyright>© 1998, The Foo Organization</s:Copyright>
</rdf:Description>
<rdf:Description about="http://foo.org/doc/page2">
<s:Copyright>© 1998, The Foo Organization</s:Copyright>
</rdf:Description>

and
<rdf:Description aboutEach="#docpages">
<s:Copyright>© 1998, The Foo Organization</s:Copyright>
</rdf:Description>
<rdf:Bag ID="docpages">
<rdf:li resource="http://foo.org/doc/page1"/>
<rdf:li resource="http://foo.org/doc/page2"/>
</rdf:Bag>

3.5. Containers Versus Repeated Properties
A resource may have multiple statements with the same predicate (i.e., using the same property).
This is not the same as having a single statement whose object is a container containing multiple
members. The choice of which to use in any particular circumstance is in part made by the person
who designs the schema and in part made by the person who writes the specific RDF statements.
Consider as an example the relationship between a writer and her publications. We might have the
sentence
Sue has written "Anthology of Time", "Zoological Reasoning", "Gravitational
Reflections".
That is, there are three resources each of which was written independently by the same writer.
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D
Figure 6: Repeated property
In this example there is no stated relationship between the publications other than that they were
written by the same person.
On the other hand, the sentence
The committee of Fred, Wilma, and Dino approved the resolution.
says that the three committee members as a whole voted in a certain manner; it does not necessarily
state that each committee member voted in favor of the article. It would be incorrect to model this
sentence as three separate approvedBy statements, one for each committee member, as this would
state the vote of each individual member. Rather, it is better to model this as a single approvedBy
statement whose object is a Bag containing the committee members' identities:
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D
Figure 7: Using Bag to indicate a collective opinion
The choice of which representation to use, Bag or repeated property, is made by the person creating
the metadata after considering the schema. If, for example, in the publications example above we
wished to say that those were the complete set of publications then the schema might include a
property called publications for that purpose. The value of the publications property would be a Bag
listing all of Sue's works.

4. Statements about Statements
In addition to making statements about Web resources, RDF can be used for making statements
about other RDF statements; we will refer to these as higher-order statements. In order to make a
statement about another statement, we actually have to build a model of the original statement; this
model is a new resource to which we can attach additional properties.

4.1. Modeling Statements
Statements are made about resources. A model of a statement is the resource we need in order to be
able to make new statements (higher-order statements) about the modeled statement.
For example, let us consider the sentence
Ora Lassila is the creator of the resource http://www.w3.org/Home/Lassila.
RDF would regard this sentence as a fact. If, instead, we write the sentence
Ralph Swick says that Ora Lassila is the creator of the resource
http://www.w3.org/Home/Lassila.
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we have said nothing about the resource http://www.w3.org/Home/Lassila; instead, we have
expressed a fact about a statement Ralph has made. In order to express this fact to RDF, we have to
model the original statement as a resource with four properties. This process is formally called
reification in the Knowledge Representation community. A model of a statement is called a reified
statement.
To model statements RDF defines the following properties:
subject

The subject property identifies the resource being described by the modeled
statement; that is, the value of the subject property is the resource about which
the original statement was made (in our example,
http://www.w3.org/Home/Lassila).
predicate The predicate property identifies the original property in the modeled
statement. The value of the predicate property is a resource representing the
specific property in the original statement (in our example, creator).
object
The object property identifies the property value in the modeled statement.
The value of the object property is the object in the original statement (in our
example, "Ora Lassila").
type
The value of the type property describes the type of the new resource. All
reified statements are instances of RDF:Statement; that is, they have a type
property whose object is RDF:Statement. The type property is also used more
generally to declare the type of any resource, as was shown in Section 3,
"Containers".
A new resource with the above four properties represents the original statement and can both be used
as the object of other statements and have additional statements made about it. The resource with
these four properties is not a replacement for the original statement, it is a model of the statement. A
statement and its corresponding reified statement exist independently in an RDF graph and either
may be present without the other. The RDF graph is said to contain the fact given in the statement if
and only if the statement is present in the graph, irrespective of whether the corresponding reified
statement is present.
To model the example above, we could attach another property to the reified statement (say,
"attributedTo") with an appropriate value (in this case, "Ralph Swick"). Using base-level RDF/XML
syntax, this could be written as
<rdf:RDF
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:a="http://description.org/schema/">
<rdf:Description>
<rdf:subject resource="http://www.w3.org/Home/Lassila" />
<rdf:predicate resource="http://description.org/schema/Creator" />
<rdf:object>Ora Lassila</rdf:object>
<rdf:type resource="http://www.w3.org/1999/02/22-rdf-syntax-ns#Statement" />
<a:attributedTo>Ralph Swick</a:attributedTo>
</rdf:Description>
</rdf:RDF>

Figure 8 represents this in graph form. Syntactically this is rather verbose; in Section 4.2. we present
a shorthand for making statements about statements.
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D
Figure 8: Representation of a reified statement
Reification is also needed to represent explicitly in the model the statement grouping implied by
Description elements. The RDF graph model does not need a special construct for Descriptions;
since Descriptions really are collections of statements, a Bag container is used to indicate that a set
of statements came from the same (syntactic) Description. Each statement within a Description
is reified and each of the reified statements is a member of the Bag representing that Description.

As an example, the RDF fragment
<rdf:RDF>
<rdf:Description about="http://www.w3.org/Home/Lassila" bagID="D_001">
<s:Creator>Ora Lassila</s:Creator>
<s:Title>Ora's Home Page</s:Title>
</rdf:Description>
</rdf:RDF>

would result in the graph shown in Figure 9.
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D
Figure 9: Using Bag to represent statement grouping
Note the new attribute bagID. This attribute specifies the resource id of the container resource:
[2b] description

[27] bagIDAttr

::= '<rdf:Description' idAboutAttr? bagIDAttr? propAttr* '/
| '<rdf:Description' idAboutAttr? bagIDAttr? propAttr* '>
propertyElt* '</rdf:Description>'
::= 'bagID="' IDsymbol '"'

BagID and ID should not be confused. ID specifies the identification of an in-line resource whose
properties are further detailed in the Description. BagID specifies the identification of the container
resource whose members are the reified statements about another resource. A Description may
have both an ID attribute and a bagID attribute.

4.2. Syntactic Shorthand for Statements About Statements
Since attaching a bagID to a Description results in including in the model a Bag of the reified
statements of the Description, we can use this as a syntactic shorthand when making statements
about statements. For example, if we wanted to say that Ralph states that Ora is the creator of
http://www.w3.org/Home/Lassila and that he also states that the title of that resource is "Ora's Home
Page", we can simply add to the example above
<rdf:Description aboutEach="#D_001">
<a:attributedTo>Ralph Swick</a:attributedTo>
</rdf:Description>

Note that this shorthand example includes additional facts in the model not represented by the
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example in Figure 8. This shorthand usage expresses facts about Ralph's statements and also facts
about Ora's home page.

D
Figure 10: Representing statements about statements
The reader is referred to Section 5 ("Formal Model") of this specification for a more formal
treatment of higher-order statements and reification.

5. Formal Model for RDF
This specification shows three representations of the data model; as 3-tuples (triples), as a graph, and
in XML. These representations have equivalent meaning. The mapping between the representations
used in this specification is not intended to constrain in any way the internal representation used by
implementations.
The RDF data model is defined formally as follows:
1. There is a set called Resources.
2. There is a set called Literals.
3. There is a subset of Resources called Properties.
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4. There is a set called Statements, each element of which is a triple of the form
{pred, sub, obj}
Where pred is a property (member of Properties), sub is a resource (member of
Resources), and obj is either a resource or a literal (member of Literals).
We can view a set of statements (members of Statements) as a directed labeled graph: each resource
and literal is a vertex; a triple {p, s, o} is an arc from s to o, labeled by p. This is illustrated in figure
11.

D
Figure 11: Simple statement graph template
This can be read either
o is the value of p for s
or (left to right)
s has a property p with a value o
or even
the p of s is o
For example, the sentence
Ora Lassila is the creator of the resource http://www.w3.org/Home/Lassila
would be represented graphically as follows:

D
Figure 12: Simple statement graph
and the corresponding triple (member of Statements) would be
{creator, [http://www.w3.org/Home/Lassila], "Ora Lassila"}
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The notation [I] denotes the resource identified by the URI I and quotation marks denote a literal.
Using the triples, we can explain how statements are reified (as introduced in Section 4). Given a
statement
{creator, [http://www.w3.org/Home/Lassila], "Ora Lassila"}
we can express the reification of this as a new resource X as follows:
{type, [X], [RDF:Statement]}
{predicate, [X], [creator]}
{subject, [X], [http://www.w3.org/Home/Lassila]}
{object, [X], "Ora Lassila"}
From the standpoint of an RDF processor, facts (that is, statements) are triples that are members of
Statements. Therefore, the original statement remains a fact despite it being reified since the triple
representing the original statement remains in Statements. We have merely added four more triples.
The property named "type" is defined to provide primitive typing. The formal definition of type is:
5. There is an element of Properties known as RDF:type.
6. Members of Statements of the form {RDF:type, sub, obj} must satisfy the
following: sub and obj are members of Resources. [RDFSchema] places additional
restrictions on the use of type.
Furthermore, the formal specification of reification is:
7. There is an element of Resources, not contained in Properties, known as
RDF:Statement.
8. There are three elements in Properties known as RDF:predicate, RDF:subject and
RDF:object.
9. Reification of a triple {pred, sub, obj} of Statements is an element r of Resources
representing the reified triple and the elements s1, s2, s3, and s4 of Statements such
that
s1: {RDF:predicate, r, pred}
s2: {RDF:subject, r, subj}
s3: {RDF:object, r, obj}
s4: {RDF:type, r, [RDF:Statement]}
The resource r in the definition above is called the reified statement. When a resource represents a
reified statement; that is, it has an RDF:type property with a value of RDF:Statement, then that
resource must have exactly one RDF:subject property, one RDF:object property, and one
RDF:predicate property.
As described in Section 3, it is frequently necessary to represent a collection of resources or literals;
for example to state that a property has an ordered sequence of values. RDF defines three kinds of
collections: ordered lists, called Sequences, unordered lists, called Bags, and lists that represent
alternatives for the (single) value of a property, called Alternatives.
Formally, these three collection types are defined by:
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10. There are three elements of Resources, not contained in Properties, known as
RDF:Seq, RDF:Bag, and RDF:Alt.
11. There is a subset of Properties corresponding to the ordinals (1, 2, 3, ...) called
Ord. We refer to elements of Ord as RDF:_1, RDF:_2, RDF:_3, ...
To represent a collection c, create a triple {RDF:type, c, t} where t is one of the three collection
types RDF:Seq, RDF:Bag, or RDF:Alt. The remaining triples {RDF:_1, c, r1}, ..., {RDF:_n, c, rn},
... point to each of the members rn of the collection. For a single collection resource there may be at
most one triple whose predicate is any given element of Ord and the elements of Ord must be used
in sequence starting with RDF:_1. For resources that are instances of the RDF:Alt collection type,
there must be exactly one triple whose predicate is RDF:_1 and that is the default value for the
Alternatives resource (that is, there must always be at least one alternative).

6. Formal Grammar for RDF
The complete BNF for RDF is reproduced here from previous sections. The precise interpretation of
the grammar in terms of the formal model is also given. Syntactic features inherited from XML are
not reproduced here. These include all well-formedness constraints, the use of whitespace around
attributes and the '=', as well as the use of either double or single quotes around attribute values. This
section is intended for implementors who are building tools that read and interpret RDF/XML
syntax.
Where used below, the keywords "SHOULD", "MUST", and "MUST NOT" are to be interpreted as
described in RFC 2119 [RFC2119]. However, for readability, these words do not appear in all
uppercase letters in this specification.
[6.1] RDF
[6.2] obj
[6.3] description

[6.4]
[6.5]
[6.6]
[6.7]
[6.8]

container
idAboutAttr
idAttr
aboutAttr
aboutEachAttr

[6.9] bagIdAttr
[6.10] propAttr
[6.11] typeAttr
[6.12] propertyElt

::=
::=
::=
|
|
::=
::=
::=
::=
::=
|
::=
::=
|
::=
::=
|
|

[6.13] typedNode

|
::=
|

[6.14]
[6.15]
[6.16]
[6.17]
[6.18]
[6.19]

::=
::=
::=
::=
::=
::=

propName
typeName
idRefAttr
value
resourceAttr
Qname

['<rdf:RDF>'] obj* ['</rdf:RDF>']
description | container
'<rdf:Description' idAboutAttr? bagIdAttr? propAttr* '
'<rdf:Description' idAboutAttr? bagIdAttr? propAttr* '
propertyElt* '</rdf:Description>'
typedNode
sequence | bag | alternative
idAttr | aboutAttr | aboutEachAttr
' ID="' IDsymbol '"'
' about="' URI-reference '"'
' aboutEach="' URI-reference '"'
' aboutEachPrefix="' string '"'
' bagID="' IDsymbol '"'
typeAttr
propName '="' string '"' (with embedded quotes escaped
' type="' URI-reference '"'
'<' propName idAttr? '>' value '</' propName '>'
'<' propName idAttr? parseLiteral '>'
literal '</' propName '>'
'<' propName idAttr? parseResource '>'
propertyElt* '</' propName '>'
'<' propName idRefAttr? bagIdAttr? propAttr* '/>'
'<' typeName idAboutAttr? bagIdAttr? propAttr* '/>'
'<' typeName idAboutAttr? bagIdAttr? propAttr* '>'
propertyElt* '</' typeName '>'
Qname
Qname
idAttr | resourceAttr
obj | string
' resource="' URI-reference '"'
[ NSprefix ':' ] name
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[6.20]
[6.21]
[6.22]
[6.23]
[6.24]
[6.25]

URI-reference
IDsymbol
name
NSprefix
string
sequence

::=
::=
::=
::=
::=
::=
|
[6.26] bag
::=
|
[6.27] alternative
::=
|
[6.28] member
::=
[6.29] referencedItem ::=
[6.30] inlineItem
::=
|
|
[6.31] memberAttr
::=
[6.32] parseLiteral
::=
[6.33] parseResource ::=
[6.34] literal
::=
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string, interpreted per [URI]
(any legal XML name symbol)
(any legal XML name symbol)
(any legal XML namespace prefix)
(any XML text, with "<", ">", and "&" escaped)
'<rdf:Seq' idAttr? '>' member* '</rdf:Seq>'
'<rdf:Seq' idAttr? memberAttr* '/>'
'<rdf:Bag' idAttr? '>' member* '</rdf:Bag>'
'<rdf:Bag' idAttr? memberAttr* '/>'
'<rdf:Alt' idAttr? '>' member+ '</rdf:Alt>'
'<rdf:Alt' idAttr? memberAttr? '/>'
referencedItem | inlineItem
'<rdf:li' resourceAttr '/>'
'<rdf:li' '>' value </rdf:li>'
'<rdf:li' parseLiteral '>' literal </rdf:li>'
'<rdf:li' parseResource '>' propertyElt* </rdf:li>'
' rdf:_n="' string '"' (where n is an integer)
' parseType="Literal"'
' parseType="Resource"'
(any well-formed XML)

The formal namespace name for the properties and classes defined in this specification is
http://www.w3.org/1999/02/22-rdf-syntax-ns#. When an RDF processor encounters an XML
element or attribute name that is declared to be from a namespace whose name begins with the string
"http://www.w3.org/TR/REC-rdf-syntax" and the processor does not recognize the semantics of that
name then the processor is required to skip (i.e., generate no tuples for) the entire XML element,
including its content, whose name is unrecognized or that has an attribute whose name is
unrecognized.
Each propertyElt E contained by a Description element results in the creation of a triple {p,r,v}
where:
1. p is the expansion of the namespace-qualified tag name (Generic Identifier) of E. This
expansion is generated by concatenating the namespace name given in the namespace
declaration with the LocalPart of the qualified name.
2. r is
{ the resource whose identifier is given by the value of the about attribute of the
Description or
{ a new resource whose identifier is the value of the ID attribute of the Description, if
present; else the new resource has no identifier.
3. If E is an empty element (no content), v is the resource whose identifier is given by the
resource attribute of E. If the content of E contains no XML markup or if
parseType="Literal" is specified in the start tag of E then v is the content of E (a literal).
Otherwise, the content of E must be another Description or container and v is the resource
named by the (possibly implicit) ID or about of that Description or container.
The parseType attribute changes the interpretation of the element content. The parseType attribute
should have one of the values 'Literal' or 'Resource'. The value is case-sensitive. The value 'Literal'
specifies that the element content is to be treated as an RDF/XML literal; that is, the content must
not be interpreted by an RDF processor. The value 'Resource' specifies that the element content must
be treated as if it were the content of a Description element. Other values of parseType are
reserved for future specification by RDF. With RDF 1.0 other values must be treated as identical to
'Literal'. In all cases, the content of an element having a parseType attribute must be well-formed
XML. The content of an element having a parseType="Resource" attribute must further match the
production for the content of a Description element.
The RDF Model and Syntax Working Group acknowledges that the parseType='Literal'
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mechanism is a minimum-level solution to the requirement to express an RDF statement
with a value that has XML markup. Additional complexities of XML such as
canonicalization of whitespace are not yet well defined. Future work of the W3C is
expected to resolve such issues in a uniform manner for all applications based on XML.
Future versions of RDF will inherit this work and may extend it as we gain insight from
further application experience.
URI-References are resolved to resource identifiers by first resolving the URI-reference to absolute
form as specified by [URI] using the base URI of the document in which the RDF statements appear.
If a fragment identifier is included in the URI-reference then the resource identifier refers only to a
subcomponent of the containing resource; this subcomponent is identifed by the corresponding
anchor id internal to that containing resource and the extent of the subcomponent is defined by the
fragment identifier in conjunction with the content type of the containing resource, otherwise the
resource identifier refers to the entire item specified by the URI.
Note: Although non-ASCII characters in URIs are not allowed by [URI], [XML]
specifies a convention to avoid unnecessary incompatibilities in extended URI syntax.
Implementors of RDF are encouraged to avoid further incompatibility and use the XML
convention for system identifiers. Namely, that a non-ASCII character in a URI be
represented in UTF-8 as one or more bytes, and then these bytes be escaped with the
URI escaping mechanism (i.e., by converting each byte to %HH, where HH is the
hexadecimal notation of the byte value).
The Description element itself represents an instance of a Bag resource. The members of this Bag
are the resources corresponding to the reification of each of the statements in the Description. If
the bagID attribute is specified its value is the identifier of this Bag, else the Bag is anonymous.
When about is specified with Description, the statements in the Description refer to the resource
named in the about. A Description element without an about attribute represents an in-line
resource. This in-line resource has a resource identifier formed using the value of the base URI of the
document containing the RDF statements plus an anchor id equal to the value of the ID attribute of
the Description element, if present. When another Description or property value refers to the inline resource it will use the value of the ID in an about attribute. When the other Description refers
to the Bag of resources corresponding to the reified statements it will use the value of bagID in an
about attribute. Either ID or about may be specified on Description but not both together in the
same element. The values for each ID and bagID attribute must not appear in more than one such
attribute within a document nor may the same value be used in an ID and a bagID within a single
document.
When aboutEach is specified with Description, the statements in the Description refer to each of
the members of the container named by aboutEach. The triples {p,r,v} represented by each
contained propertyElt E as described above are duplicated for each r that is a member of the
container.
When aboutEachPrefix is specified with Description, the statements in the Description refer to
each of the members of an anonymous Bag container. The members of this Bag container are all the
resources whose absolute form resource identifiers begin with the character string given as the value
of aboutEachPrefix. The absolute form resource identifier is produced by resolving the URI
according to the algorithm in Section 5.2., Resolving Relative References to Absolute Form, in
[URI]. The triples {p,r,v} represented by each contained propertyElt E as described above are
duplicated for each r that is a member of the container.
Seq, Bag, and Alt each represent an instance of a Sequence, Bag, or Alternative container resource
type respectively. A triple {RDF:type,c,t} is created where c is the collection resource and t is one of
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RDF:Seq, RDF:Bag, or RDF:Alt. The members of the collection are denoted by li. Each li element
E corresponds to one member of the collection and results in the creation of a triple {p,c,v} where:
1. p is assigned consecutively according to the (XML) order of lexical appearance of each
member starting with "RDF:_1" for each container.
2. c is the collection resource. The ID attribute, if specified, provides the URI fragment identifier
for c.
3. (same as rule 3 above) If E is an empty element (no content), v is the resource whose resource
identifier is given by the resource attribute of E. If the content of E contains no XML markup
or if parseType="Literal" is specified in the start tag of E then v is the content of E (a
literal). Otherwise, the content of E must be another Description or container and v is the
resource named by the(possibly implicit) ID or about of that Description or container.
The URI identifies (after resolution) the target resource; i.e., the resource to which the Description
applies or the resource that is included in the container. The bagID attribute on a Description
element and the ID attribute on a container element permit that Description or container to be
referred to by other Descriptions. The ID on a container element is the name that is used in a
resource attribute on a property element to make the collection the value of that property.
Within propertyElt (production [6.12]), the URI used in a resource attribute identifies (after
resolution) the resource that is the object of the statement (i.e., the value of this property). The value
of the ID attribute, if specified, is the identifier for the resource that represents the reification of the
statement. If an RDF expression (that is, content with RDF/XML markup) is specified as a property
value the object is the resource given by the about attribute of the contained Description or the
(possibly implied) ID of the contained Description or container resource. Strings must be wellformed XML; the usual XML content quoting and escaping mechanisms may be used if the string
contains character sequences (e.g. "<" and "&") that violate the well-formedness rules or that
otherwise might look like markup. The attribute parseType="Literal" specifies that the element
content is an RDF literal. Any markup that is part of this content is included as part of the literal and
not interpreted by RDF.
It is recommended that property names always be qualified with a namespace prefix to
unambiguously connect the property definition with the corresponding schema.
As defined by XML, the character repertoire of an RDF string is ISO/IEC 10646 [ISO10646]. An
actual RDF string, whether in an XML document or in some other representation of the RDF data
model, may be stored using a direct encoding of ISO/IEC 10646 or an encoding that can be mapped
to ISO/IEC 10646. Language tagging is part of the string value; it is applied to sequences of
characters within an RDF string and does not have an explicit manifestation in the data model.
Two RDF strings are deemed to be the same if their ISO/IEC 10646 representations match. Each
RDF application must specify which one of the following definitions of 'match' it uses:
a. the two representations are identical, or
b. the two representations are canonically equivalent as defined by The Unicode Standard
[Unicode].
Note: The W3C I18N WG is working on a definition for string identity matching. This
definition will most probably be based on canonical equivalences according to the
Unicode standard and on the principle of early uniform normalization. Users of RDF
should not rely on any applications matching using the canonical equivalents, but should
try to make sure that their data is in the normalized form according to the upcoming
definitions.
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This specification does not state a mechanism for determining equivalence between literals that
contain markup, nor whether such a mechanism is guaranteed to exist.
The xml:lang attribute may be used as defined by [XML] to associate a language with the property
value. There is no specific data model representation for xml:lang (i.e., it adds no triples to the data
model); the language of a literal is considered by RDF to be a part of the literal. An application may
ignore language tagging of a string. All RDF applications must specify whether or not language
tagging in literals is significant; that is, whether or not language is considered when performing
string matching or other processing.
Attributes whose names start with "xmlns" are namespace declarations and do not represent triples in
the data model. There is no specific data model representation for such namespace declarations.
Each property and value expressed in XML attribute form by productions [6.3] and [6.10] is
equivalent to the same property and value expressed as XML content of the corresponding
Description according to production [6.12]. Specifically; each XML attribute A specified with a
Description start tag other than the attributes ID, about, aboutEach, aboutEachPrefix, bagID,
xml:lang, or any attribute starting with the characters xmlns results in the creation of a triple {p,r,v}
where:
1. p is the expansion of the namespace-qualified attribute name of A. This expansion is generated
by concatenating the namespace name given in the namespace declaration with the LocalPart
of the qualified name and then resolving this URI according to the algorithm in Section 5.2.,
Resolving Relative References to Absolute Form, in [URI].
2. r is the resource whose resource identifer is given by the value of the about attribute, resolved
as specified above, or whose anchor id is given by the value of the ID attribute of the
Description or is a member of the collection specified by the aboutEach or aboutEachPrefix
attribute.
3. v is the attribute value of A (a literal).
Grammatically, production [6.11] is just a special case of the propName production [6.10]. The value
of the type attribute is interpreted as a URI-reference and expanded in the same way as the value of
the resource attribute. Use of [6.11] is equivalent to using rdf:type as an element (property) name
together with a resource attribute.
The typedNode form (production [6.13]) may be used to represent instances of resources of specific
types and to further describe those resources. A Description expressed in typedNode form by
production [6.13] is equivalent to the same Description expressed by production [6.3] with the
same ID, bagID, and about attributes plus an additional type property in the Description where the
value of the type property is the resource whose identifier is given by the fully expanded and
resolved URI corresponding to the typeName of the typedNode. Specifically, a typedNode represents
a triple {RDF:type,n,t} where n is the resource whose identifier is given by the value of the about
attribute (after resolution) or whose anchor id is given by the value of the ID attribute of the
typedNode element, and t is the expansion of the namespace-qualified tag name. The remainder of
the typedNode attributes and content is handled as for Description elements above.
Properties and values expressed in XML attribute form within an empty XML element E by
productions [6.10] and [6.12] are equivalent to the same properties and values expressed as XML
content of a single Description element D which would become the content of E. The referent of D
is the value of the property identified by the XML element name of E according to productions
[6.17], [6.2], and [6.3]. Specifically; each propertyElt start tag containing attribute specifications
other than ID, resource, bagID, xml:lang, or any attribute starting with the characters xmlns results
in the creation of the triples {p,r1,r2}, {pa1,r2,va1}, ..., {pan,r2,van} where
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1. p is the expansion of the namespace-qualified tag name.
2. r1 is the resource being referred to by the element containing this propertyElt expression.
3. r2 is the resource named by the resource attribute if present or a new resource. If the ID
attribute is given it is the identifier of this new resource.
4. pa1 ... pan are the expansion of the namespace-qualified attribute names.
5. va1 ... van are the corresponding attribute values.
The value of the bagID attribute, if specified, is the identifier for the Bag corresponding to the
Description D; else the Bag is anonymous.

7. Examples
The following examples further illustrate features of RDF explained above.

7.1. Sharing Values
A single resource can be the value of more than one property; that is, it can be the object of more
than one statement and therefore pointed to by more than one arc. For example, a single Web page
might be shared between several documents and might then be referenced more than once in a
"sitemap". Or two different (ordered) sequences of the same resources may be given.
Consider the case of specifying the collected works of an author, sorted once by publication date and
sorted again alphabetically by subject:
<RDF xmlns="http://www.w3.org/1999/02/22-rdf-syntax-ns#">
<Seq ID="JSPapersByDate">
<li resource="http://www.dogworld.com/Aug96.doc"/>
<li resource="http://www.webnuts.net/Jan97.html"/>
<li resource="http://www.carchat.com/Sept97.html"/>
</Seq>
<Seq ID="JSPapersBySubj">
<li resource="http://www.carchat.com/Sept97.html"/>
<li resource="http://www.dogworld.com/Aug96.doc"/>
<li resource="http://www.webnuts.net/Jan97.html"/>
</Seq>
</RDF>

This XML example also uses the default namespace declaration syntax to elide the namespace
prefix.
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D
Figure 13: Sharing values between two sequences

7.2. Aggregates
To further illustrate aggregates, consider an example of a document with two authors specified
alphabetically, a title specified in two different languages, and having two equivalent locations on
the Web:
<rdf:RDF
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:dc="http://purl.org/metadata/dublin_core#">
<rdf:Description about="http://www.foo.com/cool.html">
<dc:Creator>
<rdf:Seq ID="CreatorsAlphabeticalBySurname">
<rdf:li>Mary Andrew</rdf:li>
<rdf:li>Jacky Crystal</rdf:li>
</rdf:Seq>
</dc:Creator>
<dc:Identifier>
<rdf:Bag ID="MirroredSites">
<rdf:li rdf:resource="http://www.foo.com.au/cool.html"/>
<rdf:li rdf:resource="http://www.foo.com.it/cool.html"/>
</rdf:Bag>
</dc:Identifier>
<dc:Title>
<rdf:Alt>
<rdf:li xml:lang="en">The Coolest Web Page</rdf:li>
<rdf:li xml:lang="it">Il Pagio di Web Fuba</rdf:li>
</rdf:Alt>
</dc:Title>
</rdf:Description>
</rdf:RDF>

This example illustrates the use of all three types of collection. The order of the creators is deemed
significant so the Sequence container is used to hold them. The locations on the Web are equivalent;
order is not significant, therefore a Bag is used. The document has only a single title and that title has
two variants, so the Alternatives container is used.
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Note: In many cases, it is impossible to have a preferred language among various
language alternatives; all languages are considered to be strictly equivalent. In these
cases, the description author should use a Bag instead of an Alt container.

7.3. Non-Binary Relations
The RDF data model intrinsically only supports binary relations; that is, a statement specifies a
relation between two resources. In the following examples we show the recommended way to
represent higher arity relations in RDF using just binary relations. The recommended technique is to
use an intermediate resource with additional properties of this resource giving the remaining
relations. As an example, consider the subject of one of John Smith's recent articles -- library
science. We could use the Dewey Decimal Code for library science to categorize that article. Dewey
Decimal codes are far from the only subject categorization scheme, so to hold the classification
system relation we identify an additional resource that is used as the value of the subject property
and annotate this resource with an additional property that identifies the categorization scheme that
was used. As specified in Section 2.3., the RDF core includes a value property to denote the
principal value of the main relation. The resulting graph might look like:

D
Figure 14: A ternary relation
which could be exchanged as:
<RDF
xmlns="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:dc="http://purl.org/metadata/dublin_core#"
xmlns:l="http://mycorp.com/schemas/my-schema#">
<Description about="http://www.webnuts.net/Jan97.html">
<dc:Subject
rdf:value="020 - Library Science"
l:Classification="Dewey Decimal Code"/>
</Description>
</RDF>

http://www.w3.org/TR/1999/REC-rdf-syntax-19990222/

2001/03/27

Resource Description Framework (RDF) Model and Syntax Specification

35/44 ページ

Note: In the example above two namespace declarations exist for the same namespace.
This is frequently needed when default namespaces are declared so that attributes that
do not come from the namespace of the element may be specified, as is the case with the
rdf:value attribute in the dc:Subject element above.
A common use of this higher-arity capability is when dealing with units of measure. A person's
weight is not just a number such as "200", it also includes the unit of measure used. In this case we
might be using either pounds or kilograms. We could use a relationship with an additional arc to
record the fact that John Smith is a rather strapping gentleman:

D
Figure 15: Unit of measure as a ternary relation
which can be exchanged as:
<RDF
xmlns="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:n="http://www.nist.gov/units/">
<Description about="John_Smith">
<n:weight rdf:parseType="Resource">
<rdf:value>200</rdf:value>
<n:units rdf:resource="http://www.nist.gov/units/Pounds"/>
</n:weight>
</Description>
</RDF>

provided the resource "Pounds" is defined in a NIST schema with the URI
http://www.nist.gov/units/Pounds.

7.4. Dublin Core Metadata
The Dublin Core metadata is designed to facilitate discovery of electronic resources in a manner
similar to a library card catalog. These examples represent the simple description of a set of
resources in RDF using vocabularies defined by the Dublin Core Initiative. Note: the specific Dublin
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Core RDF vocabulary shown here is not intended to be authoritative. The Dublin Core Initiative is
the authoritative reference.
Here is a description of a Web site home page using Dublin Core properties:
<rdf:RDF
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:dc="http://purl.org/metadata/dublin_core#">
<rdf:Description about="http://www.dlib.org">
<dc:Title>D-Lib Program - Research in Digital Libraries</dc:Title>
<dc:Description>The D-Lib program supports the community of people
with research interests in digital libraries and electronic
publishing.</dc:Description>
<dc:Publisher>Corporation For National Research Initiatives</dc:Publisher>
<dc:Date>1995-01-07</dc:Date>
<dc:Subject>
<rdf:Bag>
<rdf:li>Research; statistical methods</rdf:li>
<rdf:li>Education, research, related topics</rdf:li>
<rdf:li>Library use Studies</rdf:li>
</rdf:Bag>
</dc:Subject>
<dc:Type>World Wide Web Home Page</dc:Type>
<dc:Format>text/html</dc:Format>
<dc:Language>en</dc:Language>
</rdf:Description>
</rdf:RDF>

The second example is of a published magazine.
<rdf:RDF
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:dc="http://purl.org/metadata/dublin_core#"
xmlns:dcq="http://purl.org/metadata/dublin_core_qualifiers#">
<rdf:Description about="http://www.dlib.org/dlib/may98/05contents.html">
<dc:Title>DLIB Magazine - The Magazine for Digital Library Research
- May 1998</dc:Title>
<dc:Description>D-LIB magazine is a monthly compilation of
contributed stories, commentary, and briefings.</dc:Description>
<dc:Contributor rdf:parseType="Resource">
<dcq:AgentType
rdf:resource="http://purl.org/metadata/dublin_core_qualifiers#Editor"/>
<rdf:value>Amy Friedlander</rdf:value>
</dc:Contributor>
<dc:Publisher>Corporation for National Research Initiatives</dc:Publisher>
<dc:Date>1998-01-05</dc:Date>
<dc:Type>electronic journal</dc:Type>
<dc:Subject>
<rdf:Bag>
<rdf:li>library use studies</rdf:li>
<rdf:li>magazines and newspapers</rdf:li>
</rdf:Bag>
</dc:Subject>
<dc:Format>text/html</dc:Format>
<dc:Identifier>urn:issn:1082-9873</dc:Identifier>
<dc:Relation rdf:parseType="Resource">
<dcq:RelationType
rdf:resource="http://purl.org/metadata/dublin_core_qualifiers#IsPartOf"/
<rdf:value resource="http://www.dlib.org"/>
</dc:Relation>
</rdf:Description>
</rdf:RDF>
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The third example is of a specific article in the magazine referred to in the previous example.
<rdf:RDF
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:dc="http://purl.org/metadata/dublin_core#"
xmlns:dcq="http://purl.org/metadata/dublin_core_qualifiers#">
<rdf:Description about=
"http://www.dlib.org/dlib/may98/miller/05miller.html">
<dc:Title>An Introduction to the Resource Description Framework</dc:Title>
<dc:Creator>Eric J. Miller</dc:Creator>
<dc:Description>The Resource Description Framework (RDF) is an
infrastructure that enables the encoding, exchange and reuse of
structured metadata. rdf is an application of xml that imposes needed
structural constraints to provide unambiguous methods of expressing
semantics. rdf additionally provides a means for publishing both
human-readable and machine-processable vocabularies designed to
encourage the reuse and extension of metadata semantics among
disparate information communities. the structural constraints rdf
imposes to support the consistent encoding and exchange of
standardized metadata provides for the interchangeability of separate
packages of metadata defined by different resource description
communities. </dc:Description>
<dc:Publisher>Corporation for National Research Initiatives</dc:Publisher>
<dc:Subject>
<rdf:Bag>
<rdf:li>machine-readable catalog record formats</rdf:li>
<rdf:li>applications of computer file organization and
access methods</rdf:li>
</rdf:Bag>
</dc:Subject>
<dc:Rights>Copyright @ 1998 Eric Miller</dc:Rights>
<dc:Type>Electronic Document</dc:Type>
<dc:Format>text/html</dc:Format>
<dc:Language>en</dc:Language>
<dc:Relation rdf:parseType="Resource">
<dcq:RelationType
rdf:resource="http://purl.org/metadata/dublin_core_qualifiers#IsPartOf"/
<rdf:value resource="http://www.dlib.org/dlib/may98/05contents.html"/>
</dc:Relation>
</rdf:Description>
</rdf:RDF>

Note: Schema developers may be tempted to declare the values of certain properties to
use a syntax corresponding to the XML Namespace qualified name abbreviation. We
advise against using these qualified names inside property values as this may cause
incompatibilities with future XML datatyping mechanisms. Furthermore, those fully
versed in XML 1.0 features may recognize that a similar abbreviation mechanism exists
in user-defined entities. We also advise against relying on the use of entities as there is a
proposal to define a future subset of XML that does not include user-defined entities.

7.5. Values Containing Markup
When a property value is a literal that contains XML markup, the following syntax is used to signal
to the RDF interpreter not to interpret the markup but rather to retain it as part of the value. The
precise representation of the resulting value is not specified here.
In the following example, the value of the Title property is a literal containing some MATHML
markup.
<rdf:Description
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xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:dc="http://purl.org/metadata/dublin_core#"
xmlns="http://www.w3.org/TR/REC-mathml"
rdf:about="http://mycorp.com/papers/NobelPaper1">
<dc:Title rdf:parseType="Literal">
Ramifications of
<apply>
<power/>
<apply>
<plus/>
<ci>a</ci>
<ci>b</ci>
</apply>
<cn>2</cn>
</apply>
to World Peace
</dc:Title>
<dc:Creator>David Hume</dc:Creator>
</rdf:Description>

7.6. PICS Labels
The Platform for Internet Content Selection (PICS) is a W3C Recommendation for exchanging
descriptions of the content of Web pages and other material. PICS is a predecessor to RDF and it is
an explicit requirement of RDF that it be able to express anything that can be expressed in a PICS
label.
Here is an example of how a PICS label might be expressed in RDF form. Note that work to respecify PICS itself as an application of RDF may follow the completion of the RDF specification,
thus the following example should not be considered an authoritative example of a future PICS
schema. This example comes directly from [PICS]. Note that a PICS Rating Service Description is
exactly analogous to an RDF Schema; the categories described in such a Ratings Service description
file are equivalent to properties in the RDF model.
<rdf:RDF
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:pics="http://www.w3.org/TR/xxxx/WD-PICS-labels#"
xmlns:gcf="http://www.gcf.org/v2.5">
<rdf:Description about="http://www.w3.org/PICS/Overview.html" bagID="L01"
gcf:suds="0.5"
gcf:density="0"
gcf:color.hue="1"/>
<rdf:Description about="http://www.w3.org/PICS/Underview.html" bagID="L02"
gcf:subject="2"
gcf:density="1"
gcf:color.hue="1"/>
<rdf:Description aboutEach="#L01"
pics:by="John Doe"
pics:on="1994.11.05T08:15-0500"
pics:until="1995.12.31T23:59-0000"/>
<rdf:Description aboutEach="#L02"
pics:by="Jane Doe"
pics:on="1994.11.05T08:15-0500"
pics:until="1995.12.31T23:59-0000"/>
</rdf:RDF>

Note that aboutEach is used to indicate that the PICS label options refer to the individual (rating)
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statements and not to the container in which those statements happen to be supplied.
[PICS] also defines a type called a generic label. A PICS generic label is a label that applies to every
page within a specified portion of the Web site.
Below is an example of how a PICS generic label would be written in RDF, using the
aboutEachPrefix collection constructor. This example is drawn from the "Generic request"
example in Appendix B of [PICS]:
<rdf:RDF
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:pics="http://www.w3.org/TR/xxxx/WD-PICS-labels#"
xmlns:ages="http://www.ages.org/our-service/v1.0/">
<rdf:Description aboutEachPrefix="http://www.w3.org/WWW/" bagID="L03"
ages:age="11"/>
<rdf:Description aboutEach="#L03"
pics:by="abaird@w3.org"/>
</rdf:RDF>

The property age with the value "11" appears on every resource whose URI starts with the string
"http://www.w3.org/WWW/". The reified statement corresponding to each such statement ("The age
of [I] is 11") has a property stating that "abaird@w3.org" was responsible for creating those
statements.

7.7. Content Hiding For RDF inside HTML
RDF, being well-formed XML, is suitable for direct inclusion in an HTML document when the user
agent follows the HTML recommendations for error handling in invalid documents. When a
fragment of RDF is incorporated into an HTML document some browsers will render any exposed
string content. Exposed string content is anything that appears between the ">" that ends one tag and
the "<" that begins the next tag. Generally, multiple consecutive whitespace characters including
end-of-line characters are rendered as a single space.
The RDF abbreviated syntax can frequently be used to write property values that are strings in XML
attribute form and leave only whitespace as exposed content. For example, the first part of the
Dublin Core example from Section 7.4. could be written as:
<rdf:RDF
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:dc="http://purl.org/metadata/dublin_core#">
<rdf:Description about="http://www.dlib.org"
dc:Title="D-Lib Program - Research in Digital Libraries"
dc:Description="The D-Lib program supports the community of people
with research interests in digital libraries and electronic
publishing."
dc:Publisher="Corporation For National Research Initiatives"
dc:Date="1995-01-07"/>
</rdf:RDF>

Rewriting to avoid exposed content will work for most common cases. One common but less
obvious case is container descriptions. Consider the first part of the example in Section 7.2.:
<rdf:RDF
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:dc="http://purl.org/metadata/dublin_core#">
<rdf:Description about="http://www.foo.com/cool.html">
<dc:Creator>
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<rdf:Seq ID="CreatorsAlphabeticalBySurname">
<rdf:li>Mary Andrew</rdf:li>
<rdf:li>Jacky Crystal</rdf:li>
</rdf:Seq>
</dc:Creator>
</rdf:Description>
</rdf:RDF>

To rewrite this with no exposed content, we use the following form:
<rdf:RDF
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:dc="http://purl.org/metadata/dublin_core#">
<rdf:Description about="http://www.foo.com/cool.html">
<dc:Creator>
<rdf:Seq ID="CreatorsAlphabeticalBySurname"
rdf:_1="Mary Andrew"
rdf:_2="Jacky Crystal"/>
</dc:Creator>
</rdf:Description>
</rdf:RDF>

Note here that the li element cannot be used as an attribute due to the XML rule forbidding multiple
occurrences of the same attribute name within a tag. Therefore we use the explicit RDF Ord
properties; in effect manually expanding the li element.
A complete HTML document containing RDF metadata describing itself is:
<html>
<head>
<rdf:RDF
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:dc="http://purl.org/metadata/dublin_core#">
<rdf:Description about="">
<dc:Creator>
<rdf:Seq ID="CreatorsAlphabeticalBySurname"
rdf:_1="Mary Andrew"
rdf:_2="Jacky Crystal"/>
</dc:Creator>
</rdf:Description>
</rdf:RDF>
</head>
<body>
<P>This is a fine document.</P>
</body>
</html>

The HTML document above should be accepted by all browsers compliant with HTML 3.2 and later
and should only render the characters "This is a fine document."
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Appendix A. Glossary
The following terms are used in this specification with varying degrees of intuitive meaning and
precise meaning. The summary definitions here are for guidance only; they are non-normative.
Where appropriate, the location in the document of the precise definition is given also.
Arc
A representation of a property in a graph form; specifically the edges in a directed labeled
graph.
Attribute
A characteristic of an object. In Chapter 6 this term refers to a specific XML syntactic
construct; the name="value" portions of an XML tag.
Element
As used here, this term refers to a specific XML syntactic construct; i.e., the material between
matching XML start and end tags.
Literal
The most primitive value type represented in RDF, typically a string of characters. The content
of a literal is not interpreted by RDF itself and may contain additional XML markup. Literals
are distinguished from Resources in that the RDF model does not permit literals to be the
subject of a statement.
Node
A representation of a resource or a literal in a graph form; specifically, a vertex in a directed
labeled graph.
Property
A specific attribute with defined meaning that may be used to describe other resources. A
property plus the value of that property for a specific resource is a statement about that
resource. A property may define its permitted values as well as the types of resources that may
be described with this property.
Resource
An abstract object that represents either a physical object such as a person or a book or a
conceptual object such as a color or the class of things that have colors. Web pages are usually
considered to be physical objects, but the distinction between physical and conceptual or
abstract objects is not important to RDF. A resource can also be a component of a larger
object; for example, a resource can represent a specific person's left hand or a specific
paragraph out of a document. As used in this specification, the term resource refers to the
whole of an object if the URI does not contain a fragment (anchor) id or to the specific subunit
named by the fragment or anchor id.
Statement
An expression following a specified grammar that names a specific resource, a specific
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property (attribute), and gives the value of that property for that resource. More specifically
here, an RDF statement is a statement using the RDF/XML grammar specified in this
document.
Triple
A representation of a statement used by RDF, consisting of just the property, the resource
identifier, and the property value in that order.

Appendix B. Transporting RDF
Descriptions may be associated with the resource they describe in one of four ways:
1. The Description may be contained within the resource ("embedded"; e.g. in HTML).
2. The Description may be external to the resource but supplied by the transfer mechanism in the
same retrieval transaction as that which returns the resource ("along-with"; e.g. with HTTP
GET or HEAD).
3. The Description may be retrieved independently from the resource, including from a different
source ("service bureau"; e.g. using HTTP GET).
4. The Description may contain the resource ("wrapped"; e.g. RDF itself).
All resources will not support all association methods; in particular, many kinds of resources will not
support embedding and only certain kinds of resources may be wrapped.
A human- or machine-understandable description of an RDF schema may be accessed through
content negotiation by dereferencing the schema URI. If the schema is machine-understandable it
may be possible for an application to learn some of the semantics of the properties named in the
schema on demand. The logic and syntax of RDF schemas are described in a separate document,
[RDFSchema].
The recommended technique for embedding RDF expressions in an HTML document is simply to
insert the RDF in-line as shown in Example 7.7. This will make the resulting document nonconformant to HTML specifications up to and including HTML 4.0 but the W3C expects that the
HTML specification will evolve to support this. Two practical issues will arise when this technique
is employed with respect to browsers conforming to specifications of HTML up to and including
HTML 4.0. Alternatives are available to authors in these cases; see [XMLinHTML]. It is up to the
author to choose the appropriate alternative in each circumstance.
1. Some HTML 2.0 browsers will assume a </HEAD> tag immediately before the first RDF
element that appears within <HEAD>.
Authors concerned about very old browsers may place all RDF expressions at the end of the
document head.
2. All HTML browsers conforming to specifications up to and including HTML 4.0 will render
any content appearing in RDF property values expressed as XML elements (i.e., production
[6.12]).
Authors concerned about preventing their RDF content from rendering in old browsers may
use the abbreviated syntax (propAttr form) to move the property value into an attribute. Not all
properties can be expressed this way.
In the event that none of the alternatives above provides the capabilities desired by the author, the
RDF expressions may be left external to the HTML document and linked with an HTML <LINK>
element. The recommended relation type for this purpose is REL="meta"; e.g.
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<LINK rel="meta" href="mydocMetadata.DC.RDF">

Appendix C: Notes about Usage
C.1. Property Names
The RDF serialization and abbreviated syntaxes use XML as their encoding. XML elements and
attributes are case sensitive, so RDF property names are therefore also case sensitive. This
specification does not require any specific format for property names other than that they be legal
XML names. For its own identifiers, RDF has adopted the convention that all property names use
"InterCap style"; that is, the first letter of the property name and the remainder of the word is
lowercase; e.g. subject. When the property name is a composition of words or fragments of words,
the words are concatenated with the first letter of each word (other than the first word) capitalized
and no additional punctutation; e.g. subClassOf.

C.2. Namespace URIs
RDF uses the proposed XML namespace mechanism to implement globally unique identifiers for all
properties. In addition, the namespace name serves as the identifier for the corresponding RDF
schema. The namespace name is resolved to absolute form as specified by the algorithm in Section
5.2., Resolving Relative References to Absolute Form, in [URI]. An RDF processor can expect to
use the schema URI to access the schema content. This specification places no further requirements
on the content that might be supplied at that URI, nor how (if at all) the URI might be modified to
obtain alternate forms or a fragment of the schema.
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Abstract
This specification describes how to use RDF to describe RDF vocabularies. The specification also
defines a basic vocabulary for this purpose, as well as an extensibility mechanism to anticipate future
additions to RDF.

Status of this document
This document is a Candidate Recommendation of the World Wide Web Consortium. Review
comments on this specification should be sent by June 15, 2000 to <www-rdf-comments@w3.org>.
The archive of public comments is available at http://lists.w3.org/Archives/Public/www-rdfcomments. Private comments that you wish to be visible only to the editors, working group chair,
and W3C staff may be sent to <w3c-rdf-review@w3.org>.
This specification is a revision of the Proposed Recommendation of March 03 1999, incorporating
editorial suggestions received in review comments. A separate document provides an overview of
the main changes since the last publication of this work. With the publication of this document, the
RDF Schema specification enters W3C Candidate Recommendation phase. W3C encourages active
implementation to test this specification during the Candidate Recommendation review period;
reports of implementation experience sent to the review address are especially desired.
The Resource Description Framework is part of the W3C Metadata Activity. The goal of this
activity, and of RDF specifically, is to produce a language for the exchange of machine-
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understandable descriptions of resources on the Web. A separate specification describes the data
model and syntax for the interchange of metadata using RDF.
This section describes the status of this document at the time of its publication. Other documents
may supersede this document. Identified Errata in this document and the latest status of this
document series is maintained at the W3C. Refer to Appendix B, About W3C Documents, for a
description of the W3C Technical Report publishing policy.
It is inappropriate to use W3C Candidate Recommendations as reference material or to cite them as
other than "work in progress". This is work in progress and does not imply endorsement by, or the
consensus of W3C. Advancement of a document to Candidate Recommendation is an explicit call
for implementation and technical feedback; it is appropriate to build implementations based on this
specification for the purposes of testing the specification and becoming familiar with it. A list of
current W3C Recommendations and other technical documents can be found at
http://www.w3.org/TR.
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RDF Schemas
1. Introduction
The Resource Description Framework (RDF) is a foundation for processing metadata; it provides
interoperability between applications that exchange machine-understandable information on the
Web. RDF uses XML to exchange descriptions of Web resources but the resources being described
can be of any type, including XML and non-XML resources. RDF emphasizes facilities to enable
automated processing of Web resources. RDF can be used in a variety of application areas, for
example: in resource discovery to provide better search engine capabilities, in cataloging for
describing the content and content relationships available at a particular Web site, page, or digital
library, by intelligent software agents to facilitate knowledge sharing and exchange, in content
rating, in describing collections of pages that represent a single logical "document", for describing
intellectual property rights of Web pages, and for expressing the privacy preferences of a user as
well as the privacy policies of a Web site. RDF with digital signatures will be key to building the
"Web of Trust" for electronic commerce, collaboration, and other applications.
Descriptions used by these applications can be modeled as relationships among Web resources. The
RDF data model, as specified in [RDFMS], defines a simple model for describing interrelationships
among resources in terms of named properties and values. RDF properties may be thought of as
attributes of resources and in this sense correspond to traditional attribute-value pairs. RDF
properties also represent relationships between resources. As such, the RDF data model can therefore
resemble an entity-relationship diagram. The RDF data model, however, provides no mechanisms
for declaring these properties, nor does it provide any mechanisms for defining the relationships
between these properties and other resources. That is the role of RDF Schema.
Resource description communities require the ability to say certain things about certain kinds of
resources. For describing bibliographic resources, for example, descriptive attributes including
"author", "title", and "subject" are common. For digital certification, attributes such as "checksum"
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and "authorization" are often required. The declaration of these properties (attributes) and their
corresponding semantics are defined in the context of RDF as an RDF schema. A schema defines not
only the properties of the resource (e.g., title, author, subject, size, color, etc.) but may also define
the kinds of resources being described (books, Web pages, people, companies, etc.).
This document does not specify a vocabulary of descriptive elements such as "author". Instead, it
specifies the mechanisms needed to define such elements, to define the classes of resources they may
be used with, to restrict possible combinations of classes and relationships, and to detect violations
of those restrictions. Thus, this document defines a schema specification language. More succinctly,
the RDF Schema mechanism provides a basic type system for use in RDF models. It defines
resources and properties such as rdfs:Class and rdfs:subClassOf that are used in specifying
application-specific schemas.
The typing system is specified in terms of the basic RDF data model - as resources and properties.
Thus, the resources constituting this typing system become part of the RDF model of any description
that uses them. The schema specification language is a declarative representation language
influenced by ideas from knowledge representation (e.g., semantic nets, frames, predicate logic) as
well as database schema specification languages (e.g. NIAM) and graph data models. The RDF
schema specification language is less expressive, but much simpler to implement, than full predicate
calculus languages such as CycL [CycL] and KIF [KIF].
RDF and the RDF Schema language were also based on metadata research in the Digital Library
community. In particular, RDF adopts a modular approach to metadata that can be considered an
implementation of the Warwick Framework [WF]. RDF represents an evolution of the Warwick
Framework model in that the Warwick Framework allowed each metadata vocabulary to be
represented in a different syntax. In RDF, all vocabularies are expressed within a single well defined
model. This allows for a finer grained mixing of machine-processable vocabularies, and addresses
the need [EXTWEB] to create metadata in which statements can draw upon multiple vocabularies
that are managed in a decentralized fashion by independent communities of expertise.
RDF Schemas might be contrasted with XML Document Type Definitions (DTDs) [XML] and XML
Schemas [XMLSCHEMA]. Unlike an XML DTD or Schema, which gives specific constraints on the
structure of an XML document, an RDF Schema provides information about the interpretation of the
statements given in an RDF data model. While an XML Schema can be used to validate the syntax
of an RDF/XML expression, a syntactic schema alone is not sufficient for RDF purposes. RDF
Schemas may also specify constraints that should be followed by these data models. Future work on
RDF Schema and XML Schema might enable the simple combination of syntactic and semantic
rules from both [SCHEMA-ARCH].
This RDF Schema specification has intentionally left unspecified a set of primitive datatypes. As
RDF uses XML for its interchange encoding, the work on data typing in XML [XMLDATATYPES]
itself should be the foundation for such a capability.

1.1. Scope
The RDF Schema specification is not aimed at theoretical issues, but at solving a small number of
immediate problems. Its creators expect that other problems (some of which are illustrated in the
examples below) will share similar characteristics and that they also may be able to use the basic
classes described in this specification.
The RDF Schema specification was directly influenced by consideration of the following problems:
1.1.1. Platform for Internet Content Selection (PICS)
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The RDF Model and Syntax is adequate to represent PICS labels [PICS], however it does not
provide a general-purpose mapping from PICS rating systems into an RDF representation. One such
mapping is described in a separate document.
1.1.2. Simple Web Metadata
One obvious application for RDF is in the description of Web pages. This is one of the basic goals of
the Dublin Core [DC] Metadata Initiative. The Dublin Core Element Set is a set of 15 elements
believed to be broadly applicable to describing Web resources to enable their discovery. The Dublin
Core has been a major influence on the development of RDF. An important consideration in the
development of the Dublin Core was to not only allow simple descriptions, but also to provide the
ability to qualify descriptions in order to provide both domain specific elaboration and descriptive
precision.
The RDF Schema Specification provides a machine-understandable system for defining schemas for
descriptive vocabularies like the Dublin Core. It allows designers to specify classes of resource types
and properties to convey descriptions of those classes, relationships between those properties and
classes, and constraints on the allowed combinations of classes, properties, and values.
1.1.3. Sitemaps and Concept Navigation
A sitemap is a hierarchical description of a Web site. A subject taxonomy is a classification system
that might be used by content creators or trusted third parties to organize or classify Web resources.
The RDF Schema specification provides a mechanism for defining the vocabularies needed for such
applications.
Thesauri and library classification schemes are well known examples of hierarchical systems for
representing subject taxonomies in terms of the relationships between named concepts. The RDF
Schema specification provides sufficient resources for creating RDF models that represent the
logical structure of thesauri (and other library classification systems).
1.1.4. P3P
The W3C Platform for Privacy Preferences Project (P3P) has specified a grammar for constructing
statements about a site's data collection practices and personal preferences as exercised over those
practices, as well as a syntax for exchanging structured data.
Although personal data collection practices have been described in P3P using an application-specific
XML tagset, there are benefits to using a general metadata model for this data. The structure of P3P
policies can be interpreted as an RDF model. Using a metadata schema to describe the semantics of
privacy practice descriptions will permit privacy practice data to be used along with other metadata
in a query during resource discovery, and will permit a generic software agent to act on privacy
metadata using the same techniques as used for other descriptive metadata. Extensions to P3P that
describe the specific data elements collected by a site could use RDF Schema to further specify how
those data elements are used.

2. Classes and Properties
An RDF Schema is expressed by the data model described in the RDF Model and Syntax [RDFMS]
specification. The schema description language is simply a set of resources and properties defined by
the RDF Schema Specification and implicitly part of every RDF model using the RDF schema
machinery.
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This document specifies the RDF Schema mechanism as a set of RDF resources (including classes
and properties), and constraints on their relationships. The abstract RDF Schema core vocabulary
can be used to make RDF statements defining and describing application-specific vocabularies such
as the Dublin Core Element Set.

2.1. The Type System
The RDF Schema defined in this specification is a collection of RDF resources that can be used to
describe properties of other RDF resources (including properties) which define application-specific
RDF vocabularies. The core schema vocabulary is defined in a namespace informally called 'rdfs'
here, and identified by the URI reference http://www.w3.org/2000/01/rdf-schema#. This
specification also uses the prefix 'rdf' to refer to the core RDF namespace
http://www.w3.org/1999/02/22-rdf-syntax-ns#.
As described in the RDF Model and Syntax specification [RDFMS], resources may be instances of
one or more classes; this is indicated with the rdf:type property. Classes themselves are often
organized in a hierarchical fashion, for example a class Dog might be considered a subclass of
Mammal which is a subclass of Animal, meaning that any resource which is of rdf:type Dog is also
considered to be of rdf:type Animal. This specification describes a property, rdfs:subClassOf, to
denote such relationships between classes.
The RDF Schema type system is similar to the type systems of object-oriented programming
languages such as Java. However, RDF differs from many such systems in that instead of defining a
class in terms of the properties its instances may have, an RDF schema will define properties in
terms of the classes of resource to which they apply. This is the role of the rdfs:domain and
rdfs:range constraints described in Section 3. For example, we could define the author property to
have a domain of Book and a range of Literal, whereas a classical OO system might typically
define a class Book with an attribute called author of type Literal. One benefit of the RDF
property-centric approach is that it is very easy for anyone to say anything they want about existing
resources, which is one of the architectural principles of the Web [BERNERS-LEE98].
This specification anticipates the development of a set of classes corresponding to a set of datatypes.
This specification does not define any specific datatypes, but does note that datatypes may be used as
the value of the rdfs:range property.
2.1.1. Figure 1: Classes and Resources as Sets and Elements
Figure 1 illustrates the concepts of class, subclass, and resource. A class is depicted by a rounded
rectangle; a resource is depicted by a large dot. In the figure below, arrows are drawn from a
resource to the class it defines. A subclass is shown by having a rounded rectangle (the subclass)
completely enclosed by another (the superclass). If a resource is inside a class, then there exists
either an explicit or implicit rdf:type property of that resource whose value is the resource defining
the containing class. (These properties are shown as arcs in the directed labelled graph representation
in figure 2). The RDF resources depicted in figure 1 are described either in the remainder of this
specification, or in the RDF Model and Syntax specification.
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Figure 1: Classes and Resources as Sets and Elements
2.1.2. Figure 2: Class hierarchy for the RDF Schema
Figure 2 shows the same information about the class hierarchy as in figure 1, but does so using a
"nodes and arcs" graph representation of the RDF data model. If one class is a subset of another, then
there is an rdfs:subClassOf arc from the node representing the first class to the node representing
the second. Similarly, if a resource is an instance of a class, then there is an rdf:type arc from the
resource to the node representing the class. Not all such arcs are shown. We only show the arc to the
most tightly encompassing class, and rely on the transitivity of the rdfs:subClassOf relation to
provide the rest.

Figure 2: Class Hierarchy for the RDF Schema

2.2. Core Classes
The following resources are the core classes that are defined as part of the RDF Schema vocabulary.
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Every RDF model that draws upon the RDF Schema namespace (implicitly) includes these.
2.2.1. rdfs:Resource
All things being described by RDF expressions are called resources, and are considered to be
instances of the class rdfs:Resource. The RDF class rdfs:Resource represents the set called
'Resources' in the formal model for RDF presented in section 5 of the Model and Syntax
specification [RDFMS].
2.2.2. rdf:Property
represents the subset of RDF resources that are properties, i.e., all the elements of the
set introduced as 'Properties' in section 5 of the Model and Syntax specification [RDFMS].

rdf:Property

2.2.3. rdfs:Class
This corresponds to the generic concept of a Type or Category, similar to the notion of a Class in
object-oriented programming languages such as Java. When a schema defines a new class, the
resource representing that class must have an rdf:type property whose value is the resource
rdfs:Class. RDF classes can be defined to represent almost anything, such as Web pages, people,
document types, databases or abstract concepts.

2.3. Core Properties
Every RDF model which uses the schema mechanism also (implicitly) includes the following core
properties. These are instances of the rdf:Property class and provide a mechanism for expressing
relationships between classes and their instances or superclasses.
2.3.1. rdf:type
This indicates that a resource is a member of a class, and thus has all the characteristics that are to be
expected of a member of that class. When a resource has an rdf:type property whose value is some
specific class, we say that the resource is an instance of the specified class. The value of an
rdf:type property for some resource is another resource which must be an instance of rdfs:Class.
The resource known as rdfs:Class is itself a resource of rdf:type rdfs:Class. Individual classes
(for example, 'Dog') will always have an rdf:type property whose value is rdfs:Class (or some
subclass of rdfs:Class, as described in section 2.3.2). A resource may be an instance of more than
one class.
2.3.2. rdfs:subClassOf
This property specifies a subset/superset relation between classes. The rdfs:subClassOf property is
transitive. If class A is a subclass of some broader class B, and B is a subclass of C, then A is also
implicitly a subclass of C. Consequently, resources that are instances of class A will also be
instances of C, since A is a sub-set of both B and C. Only instances of rdfs:Class can have the
rdfs:subClassOf property and the property value is always of rdf:type rdfs:Class. A class may
be a subclass of more than one class.
A class can never be declared to be a subclass of itself, nor of any of its own subclasses. Note that
this constraint is not expressible using the RDF Schema constraint facilities provided below, and so
does not appear in the RDF version of this specification given in Appendix A.
2.3.2.1. Example
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This is a very simple example that expresses the following class hierarchy. We first define a class
MotorVehicle. We then define three subclasses of MotorVehicle, namely PassengerVehicle,
Truck and Van. We then define a class Minivan which is a subclass of both Van and
PassengerVehicle.

The RDF/XML shown here uses the basic RDF syntax defined in section 2.2.1 of the Model and
Syntax specification [RDFMS]. abbreviation mechanism provided by the RDF serialization syntax.

<rdf:RDF xml:lang="en"
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#">
<!-- Note: this RDF schema would typically be used in RDF instance data
by referencing it with an XML namespace declaration, for example
xmlns:xyz="http://www.w3.org/2000/03/example/vehicles#". This allows
us to use abbreviations such as xyz:MotorVehicle to refer
unambiguously to the RDF class 'MotorVehicle'. -->
<rdf:Description ID="MotorVehicle">
<rdf:type resource="http://www.w3.org/2000/01/rdf-schema#Class"/>
<rdfs:subClassOf
rdf:resource="http://www.w3.org/2000/01/rdf-schema#Resource"/>
</rdf:Description>
<rdf:Description ID="PassengerVehicle">
<rdf:type resource="http://www.w3.org/2000/01/rdf-schema#Class"/>
<rdfs:subClassOf rdf:resource="#MotorVehicle"/>
</rdf:Description>
<rdf:Description ID="Truck">
<rdf:type resource="http://www.w3.org/2000/01/rdf-schema#Class"/>
<rdfs:subClassOf rdf:resource="#MotorVehicle"/>
</rdf:Description>
<rdf:Description ID="Van">
<rdf:type resource="http://www.w3.org/2000/01/rdf-schema#Class"/>
<rdfs:subClassOf rdf:resource="#MotorVehicle"/>
</rdf:Description>
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<rdf:Description ID="MiniVan">
<rdf:type resource="http://www.w3.org/2000/01/rdf-schema#Class"/>
<rdfs:subClassOf rdf:resource="#Van"/>
<rdfs:subClassOf rdf:resource="#PassengerVehicle"/>
</rdf:Description>
</rdf:RDF>

2.3.3. rdfs:subPropertyOf
The property rdfs:subPropertyOf is an instance of rdf:Property that is used to specify that one
property is a specialization of another. A property may be a specialization of zero, one or more
properties. If some property P2 is a subPropertyOf another more general property P1, and if a
resource A has a P2 property with a value B, this implies that the resource A also has a P1 property
with value B.
A property can never be declared to be a subproperty of itself, nor of any of its own subproperties.
Note that this constraint is not expressible using the RDF Schema constraint facilities provided
below, and so does not appear in the RDF version of this specification given in Appendix A.
2.3.3.1. Example

If the property biologicalFather is a subproperty of the broader property biologicalParent, and
if Fred is the biologicalFather of John, then it is implied that Fred is also the biologicalParent
of John.

<rdf:RDF xml:lang="en"
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#">
<rdf:Description ID="biologicalParent">
<rdf:type resource="http://www.w3.org/1999/02/22-rdf-syntax-ns#Property"/>
</rdf:Description>
<rdf:Description ID="biologicalFather">
<rdf:type resource="http://www.w3.org/1999/02/22-rdf-syntax-ns#Property"/>
<rdfs:subPropertyOf rdf:resource="#biologicalParent"/>
</rdf:Description>
</rdf:RDF>

2.3.4. rdfs:seeAlso
The property rdfs:seeAlso specifies a resource that might provide additional information about the
subject resource. This property may be specialized using rdfs:subPropertyOf to more precisely
indicate the nature of the information the object resource has about the subject resource. The object
and the subject resources are constrained only to be instances of the class rdfs:Resource.
2.3.5. rdfs:isDefinedBy
The property rdfs:isDefinedBy is a subproperty of rdfs:seeAlso, and indicates the resource
defining the subject resource. As with rdf:seeAlso, this property can be applied to any instance of
rdfs:Resource and may have as its value any rdfs:Resource.
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The most common anticipated usage is to identify an RDF schema, given a name for one of the
properties or classes defined by that schema. Although XML namespace declarations will typically
provide the URI where RDF vocabulary resources are defined, there are cases where additional
information is required.
For example, constructs such as
<rdfs:subPropertyOf rdf:resource="http://purl.org/dc/elements/1.0/Creator"/>
do not indicate the URI of the schema that includes the vocabulary item Creator (i.e.,
http://purl.org/dc/elements/1.0/).

In such cases, the rdfs:isDefinedBy property can be used to explicitly represent that information.
This approach will also work when the URIs of the namespace and its components have no obvious
relationship, as would be the case if they were identified using schemes such as GUIDs or MD-5
hashes.

3. Constraints
This specification introduces an RDF vocabulary for making statements about constraints on the use
of properties and classes in RDF data. For example, an RDF schema might describe limitations on
the types of values that are valid for some property, or on the classes to which it makes sense to
ascribe such properties.
RDF Schema provides a mechanism for describing such constraints, but does not say whether or how
an application must process the constraint information. For example, while an RDF schema can
assert that an author property is used to indicate resources that are members of the class Person, it
does not say whether or how an application should act in processing that class information. We
expect that different applications will use these constraints in different ways - e.g., a validator will
look for errors, an interactive editor might suggest legal values, and a reasoning application might
infer the class and then announce any inconsistencies.
RDF schemas can express constraints that relate vocabulary items from multiple independently
developed schemas. Since URI references are used to identify classes and properties, it is possible to
create new properties whose domain or range constraints reference classes defined in another
namespace.
The following constraints are specified in RDF Schema 1.0: rdfs:domain and rdfs:range
constraints on property usage, the rule that rdfs:subPropertyOf and rdfs:subClassOf properties
should not form loops, plus any further constraints defined using the rdfs:ConstraintResource
extensibility mechanism. Different applications may exhibit different behaviors when dealing with
RDF constraints.
Some examples of constraints include:
z

z

That the value of a property should be a resource of a designated class. This is known as a
range constraint. For example, a range constraint applying to the author property might
express that the value of an author property must be a resource of class Person.
That a property may be used on resources of a certain class. This is known as a domain
constraint. For example, that the author property could only originate from a resource that
was an instance of class Book.

This specification does not attempt to enumerate every possible form of constraint applicable to RDF
vocabulary description. Instead, some basic constraint mechanisms are defined here, accompanied by
an extension facility to allow for the subsequent additions of new types of constraint.
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Although the RDF data model does not allow for explicit properties (such as an rdf:type property)
to be ascribed to Literals (atomic values), we nevertheless consider these entities to be members of
classes (e.g., the string "John Smith" is considered to be a member of the class rdfs:Literal.)
Note: We expect future work in RDF and XML data-typing to provide clarifications in
this area.

3.1. Core Constraints
3.1.1. rdfs:ConstraintResource
This resource defines a subclass of rdfs:Resource whose instances are RDF schema constructs
involved in the expression of constraints. The purpose of this class is to provide a mechanism that
allows RDF processors to assess their ability to use the constraint information associated with an
RDF model. Since this specification does not provide a mechanism for the dynamic discovery of
new forms of constraint, an RDF Schema 1.0 processor encountering previously unknown instances
of rdfs:ConstraintResource can be sure that it is unqualified to determine the meaning of those
constraints.
3.1.2. rdfs:ConstraintProperty
This resource defines a subclass of rdf:Property, all of whose instances are properties used to
specify constraints. This class is a subclass of rdfs:ConstraintResource and corresponds to the
subset of that class representing properties. Both rdfs:domain and rdfs:range are instances of
rdfs:ConstraintProperty.
3.1.3. rdfs:range
An instance of ConstraintProperty that is used to indicate the class(es) that the values of a
property must be members of. The value of a range property is always a Class. Range constraints
are only applied to properties.
A property can have at most one range property. It is possible for it to have no range, in which case
the class of the property value is unconstrained.
Constraints on rdfs:range

The rdfs:domain of rdfs:range is the class rdf:Property. This indicates that the range property
applies to resources that are themselves properties.
The rdfs:range of rdfs:range is the class rdfs:Class. This indicates that any resource that is the
value of a range property will be a class.
Note: specifying multiple range classes

Although it is not permitted to express two or more range constraints on a property, a
similar outcome can be achieved by defining a common superclass for any classes that
represent appropriate values for some property. For example, to express the constraint
that a property xyz:drivesMotorVehicle can have values which are Vans, Trucks or
PassengerVehicles, we assert that xyz:drivesMotorVehicle has a rdfs:range of
MotorVehicle. If Van, Truck and PassengerVehicle are known to be subclasses of
MotorVehicle, then all these types of resource are acceptable values for
xyz:drivesMotorVehicle. In cases where a common superclass does not exist, one can
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be defined in a schema in the normal manner.
3.1.4. rdfs:domain
An instance of ConstraintProperty that is used to indicate the class(es) on whose members a
property can be used.
A property may have zero, one, or more than one class as its domain. If there is no domain property,
it may be used with any resource. If there is exactly one domain property, it may only be used on
instances of that class (which is the value of the domain property). If there is more than one domain
property, the constrained property can be used with instances of any of the classes (that are values of
those domain properties).
Constraints on rdfs:domain

The rdfs:domain of rdfs:domain is the class rdf:Property. This indicates that the domain
property is used on resources that are properties.
The rdfs:range of rdfs:domain is the class rdfs:Class. This indicates that any resource that is
the value of a domain property will be a class.
Note: This specification does not constraint the number of rdfs:domain properties that
a property may have. If there is no domain property, we know nothing about the classes
with which the property is used. If there is more than one rdfs:domain property, the
constrained property can be used with resources that are members of any of the
indicated classes. Note that unlike range this is a very weak constraint.
Figure 4: Constraints in the RDF Schema
The RDF Schema uses the constraint properties to constrain how its own properties can be used.
These constraints are shown below in figure 4. Nodes with bold outlines are instances of
rdfs:Class.

Figure 3: Constraints in the RDF Schema
3.2. Example
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Continuing with our earlier example of MotorVehicle, in this example, we define two properties :
registeredTo and rearSeatLegRoom. The registeredTo property is applicable to any
MotorVehicle and its value is a Person (defined in the examples below). For the sake of this
example, rearSeatLegRoom only applies to Minivans and PassengerVehicles. The value is a
Number (we anticipate that some concept like this will be provided by future work on data types),
which is the number of centimeters of rear seat legroom.

<rdf:RDF xml:lang="en"
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#">
<rdf:Description ID="registeredTo">
<rdf:type resource="http://www.w3.org/1999/02/22-rdf-syntax-ns#Property"/>
<rdfs:domain rdf:resource="#MotorVehicle"/>
<rdfs:range rdf:resource="#Person"/>
</rdf:Description>
<rdf:Description ID="rearSeatLegRoom">
<rdf:type resource="http://www.w3.org/1999/02/22-rdf-syntax-ns#Property"/>
<rdfs:domain rdf:resource="#PassengerVehicle"/>
<rdfs:domain rdf:resource="#Minivan"/>
<rdfs:range rdf:resource="http://www.w3.org/2000/03/example/classes#Number"/>
</rdf:Description>
</rdf:RDF>

4. Extensibility Mechanisms
The RDF Schema specification builds upon the foundations provided by XML and by the RDF
Model and Syntax. It provides some additional facilities to support the evolution both of individual
RDF vocabularies, and of the core RDF Schema specification vocabulary introduced in this
document.

4.1. Evolvability of RDF vocabularies
The Resource Description Framework is intended to be flexible and easily extensible; this suggests
that a great variety of schemas will be created and that new and improved versions of these schemas
will be a common occurrence on the Web.
4.1.1. Terminology
The phrase 'RDF vocabulary' is used here to refer to those resources which evolve over time; 'RDF
schema' is used to denote those resources which constitute the particular (unchanging) versions of an
RDF vocabulary at any point in time. Thus we might talk about the evolution of the Dublin Core
vocabulary. Each version of the Dublin Core vocabulary would be a different RDF schema, and
would have a corresponding RDF model and concrete syntactic representation.
4.1.2. Versioning and URI references
RDF uses the XML Namespace facility [XMLNS] to identify the schema in which the properties and
classes are defined. Since changing the logical structure of a schema risks breaking other RDF
models which depend on that schema, this specification recommends that a new namespace URI
should be declared whenever an RDF schema is changed.
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In effect, changing the RDF statements which constitute a schema creates a new one; new schema
namespaces should have their own URI to avoid ambiguity. Since an RDF Schema URI
unambiguously identifies a single version of a schema, software that uses or manages RDF (eg.,
caches) should be able to safely store copies of RDF schema models for an indefinite period. The
problems of RDF schema evolution share many characteristics with XML DTD version management
and the general problem of Web resource versioning. A general approach to these issues is beyond
the scope of this specification.
Since each RDF schema has its own unchanging URI, these can be used to construct unique URI
references for the resources defined in a schema. This is achieved by combining the local identifier
for a resource with the URI associated with that schema namespace. The XML representation of
RDF uses the XML namespace mechanism for associating elements and attributes with URI
references for each vocabulary item used.
4.1.3. Inter-Vocabulary Relationships
The resources defined in RDF schemas are themselves Web resources, and can be described in other
RDF schemas. This principle provides the basic mechanism for RDF vocabulary evolution. This
specification does not attempt to provide a full framework for expressing mappings between
schemas; it does however provide the rdfs:subClassOf and rdfs:subPropertyOf properties. The
ability to express specialization relationships between classes (subClassOf) and between properties
(subPropertyOf) provides a simple mechanism for making statements about how such resources
map to their predecessors.
There are many scenarios for which these simple mechanisms are not adequate; a more
comprehensive schema mapping mechanism for RDF may be developed in future W3C Activity.
4.1.3.1. Examples

A schema representing version 1.0 of some vocabulary might define classes corresponding to a
number of vehicle types. The schema for version 2.0 of this vocabulary constitutes a different Web
resource. If the new schema defines for example a class 'Van' whose members are a subset of the
members of the class 'Van' in version 1.0, the rdfs:subClassOf property can be used to state that all
instances of V2:Van are also instances of V1:Van.
Where the vocabulary defines properties, the same approach can be taken, using
rdfs:subPropertyOf to make statements about relationships between properties defined in
successive versions of an RDF vocabulary.

4.2. Evolvability of the RDF Schema Constraint Mechanism
This specification defines a subclass of resources known as 'constraint resources' (section 3.1). This
is provided to allow for the addition of new ways of expressing RDF constraints. Future extensions
to the Resource Description Framework may introduce new resources that are instances of the
rdfs:ConstraintResource class. It is necessary to anticipate RDF content which draws upon
properties or classes defined using constraints other than those available in this version of RDF. As
yet unknown constraints may contribute to a more expressive framework for specifying RDF
constraints.
RDF agents unfamiliar with the semantics of unknown instances of rdfs:ConstraintResource
may therefore lack the knowledge to evaluate constraint satisfaction when vocabulary items are
defined using those unknown constraints. Since RDF itself may not represent declaratively the full
meaning of these constraint resources, the acquisition of RDF statements about a new
ConstraintResource may not provide enough information to enable its use. For example, when
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encountering a previously unknown constraint property type called RDF3:mysteryConstraint we
may learn from a schema that it has a range of rdfs:Class and a domain of rdf:Property. The
range and domain constraints if encountered alone would be enough to tell us how to legally use
RDF3:mysteryConstraint, but they do not tell us anything about the nature of the constraint
expressed when it is used in that fashion.
The rdfs:ConstraintResource construct is provided here as a simple future-proofing mechanism,
and addresses some of the issues discussed at greater length in the Extensible Web Languages W3C
NOTE [EXTWEB]. By flagging new forms of constraint as members of this class, we indicate that
they are intended to express RDF Schema language constraints whose semantics must be understood
for constraint checking to be possible.
Membership in the rdfs:ConstraintResource class suggests, but does not imply, that those
semantics may be inexpressible in a declarative form. Since the expressive facilities available within
RDF for doing so are also likely to evolve, this distinction itself presents a moving target. All RDF
agents will have implicit knowledge of certain constraints (for example, this specification declares
that subClassOf properties must not form a loop in an RDF graph) which may or may not be
capable of representation within (some version of) RDF. It may be the case that some future RDF
specification provides facilities which will allow RDF agents to comprehend declarative
specifications for as-yet uninvented constraint properties. In such a case, these agents could safely
comprehend (some) previously unencountered forms of constraint. By providing the basic
rdfs:ConstraintResource class, we anticipate such developments. All RDF agents written solely
to this specification will appreciate their ignorance of the meaning of unknown instances of that
class, since this specification provides no mechanism for learning about such constraints through the
interpretation of RDF statements. Future specifications, should they offer such facilities, could also
define subclasses of ConstraintProperty to classify new constructs according to whether or not
they had inexpressible semantics.

5. Documentation
The following properties are provided to support simple documentation and user-interface related
annotations within RDF schemas. Multilingual documentation of schemas is supported at the
syntactic level through use of the xml:lang language tagging facility. Since RDF schemas are
expressed within the RDF data model, vocabularies defined in other namespaces may be used to
provide richer documentation.
5.1. rdfs:comment
This is used to provide a human-readable description of a resource.
5.2. rdfs:label
This is used to provide a human-readable version of a resource name.

6. Model and Syntax concepts
The RDF Model and Syntax specification [RDFMS] introduces the base concepts of RDF. A number
of these are defined formally in the RDF Schema whose namespace URI is
http://www.w3.org/1999/02/22-rdf-syntax-ns#. In addition, some further concepts are
introduced in the RDF Model and Syntax specification but do not appear in the RDF Model and
Syntax schema. These formally belong in the Schema namespace (for example, rdfs:Literal and
rdfs:Resource). In cases where an RDF resource belongs to the
http://www.w3.org/1999/02/22-rdf-syntax-ns# namespace, this document can provide only a
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convenience copy of that resource's definition.
Appendix A provides an RDF/XML schema for the RDF resources defined in this document,
including RDF Model concepts such as Literal and Resource. The RDF/XML Schema in
Appendix A also makes RDF statements about resources defined in the RDF Model and Syntax
namespace. These have the status of annotations rather than definitions.
6.1. rdfs:Literal
This corresponds to the set called the 'Literals' in the formal model for RDF presented in section 5 of
the Model and Syntax specification [RDFMS]. Atomic values such as textual strings are examples of
RDF literals.
6.2. rdf:Statement
This corresponds to the set called the 'Statement' in the formal model for RDF presented in section 5
of the Model and Syntax specification [RDFMS].
6.3. rdf:subject
This corresponds to the property called the 'subject' in the formal model for RDF presented in section
5 of the Model and Syntax specification [RDFMS]. Its rdfs:domain is rdf:Statement and
rdfs:range is rdfs:Resource. This is used to specify the resource described by a reified statement.
6.4. rdf:predicate
This corresponds to the property called the 'predicate' in the formal model for RDF presented in
section 5 of the Model and Syntax specification [RDFMS]. Its rdfs:domain is rdf:Statement and
rdfs:range is rdf:Property. This is used to identify the property used in the modeled statement.
6.5. rdf:object
This corresponds to the property called the 'object' in the formal model for RDF presented in section
5 of the Model and Syntax specification [RDFMS]. Its rdfs:domain is rdf:Statement. This is used
to identify the property value in the modeled statement.
6.6. rdfs:Container
This class is used to represent the Container classes described in section 3 of the Model and Syntax
specification [RDFMS]. It is an instance of rdfs:Class and rdfs:subClassOf of rdfs:Resource.
6.7. rdf:Bag
This corresponds to the class called 'Bag' in the formal model for RDF presented in section 5 of the
Model and Syntax specification [RDFMS]. It is an instance of rdfs:Class and rdfs:subClassOf
rdfs:Container.
6.8. rdf:Seq
This corresponds to the class called 'Sequence' in the formal model for RDF presented in section 5 of
the Model and Syntax specification [RDFMS]. It is an instance of rdfs:Class and
rdfs:subClassOf rdfs:Container.
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6.9. rdf:Alt
This corresponds to the class called 'Alternative' in the formal model for RDF presented in section 5
of the Model and Syntax specification [RDFMS]. It is an instance of rdfs:Class and
rdfs:subClassOf rdfs:Container.
6.10. rdfs:ContainerMembershipProperty
This class has as members the properties _1, _2, _3 ... used to indicate container membership, as
described in section 3 of the Model and Syntax specification [RDFMS]. This is a rdfs:subClassOf
rdf:Property.
6.11. rdf:value
This corresponds to the 'value' property described in section 2.3 of the Model and Syntax
specification [RDFMS].

7. Examples
This section gives some brief examples of using the RDF Schema machinery to define classes and
properties for some possible applications. Note that some of these examples use the abbreviated RDF
syntax (mentioned in 2.3.2.1 above) to express class membership.

7.1. Example 1
In this example, Person is a class with a corresponding human-readable description of "The class of
people". Animal is a class presumed to be defined in another schema. All persons are animals, so we
declare that Person is a subclass of Animal. A Person may have an age property. The value of age is
an integer. A Person may also have an ssn ("Social Security Number") property. The value of ssn is
an integer. A Person's marital status is one of {Single, Married, Divorced, Widowed}. This is
achieved through use of the rdfs:range constraint: we define both a maritalStatus property and a
class MaritalStatus (adopting the convention of using lower case letters to begin the names of
properties, and capitals for classes). We then use rdfs:range to state that a maritalStatus
property only 'makes sense' when it has a value which is an instance of the class MaritalStatus.
The schema then defines a number of instances of this class. Whether resources declared to be of
type MaritalStatus in another graph are trusted is an application level decision.

<rdf:RDF xml:lang="en"
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#">
<rdfs:Class rdf:ID="Person">
<rdfs:comment>The class of people.</rdfs:comment>
<rdfs:subClassOf rdf:resource="http://www.w3.org/2000/03/example/classes#Anima
</rdfs:Class>
<rdf:Property ID="maritalStatus">
<rdfs:range rdf:resource="#MaritalStatus"/>
<rdfs:domain rdf:resource="#Person"/>
</rdf:Property>
<rdf:Property ID="ssn">
<rdfs:comment>Social Security Number</rdfs:comment>

http://www.w3.org/TR/2000/CR-rdf-schema-20000327/

2001/03/27

Resource Description Framework (RDF) Schema Specification 1.0

19/25 ページ

<rdfs:range rdf:resource="http://www.w3.org/2000/03/example/classes#Integer"/>
<rdfs:domain rdf:resource="#Person"/>
</rdf:Property>
<rdf:Property ID="age">
<rdfs:range rdf:resource="http://www.w3.org/2000/03/example/classes#Integer"/>
<rdfs:domain rdf:resource="#Person"/>
</rdf:Property>
<rdfs:Class rdf:ID="MaritalStatus"/>
<MaritalStatus
<MaritalStatus
<MaritalStatus
<MaritalStatus

rdf:ID="Married"/>
rdf:ID="Divorced"/>
rdf:ID="Single"/>
rdf:ID="Widowed"/>

</rdf:RDF>

7.2. Example 2
In this example we sketch an outline of an RDF vocabulary for use with searchable Internet services.
SearchQuery is declared to be a class. Every SearchQuery can have both a queryString whose
value is an rdfs:Literal and a queryService whose value is a SearchService. A
SearchService is a subclass of InternetService (which is defined elsewhere). A SearchQuery
has some number of result properties (whose value is SearchResult). Each SearchResult has a
title (value is a rdfs:Literal), a rating and of course, the page itself.
The modularity of RDF allows other vocabularies to be combined with simple schemas such as this
to characterize more fully the properties of networked resources. For example, Dublin Core or a
library-based classification vocabulary might be used to describe the subject coverage or collectionslevel properties for each SearchService, while an independently managed "search protocols"
vocabulary could be used to describe connection details for (say) LDAP, WHOIS++ or Z39.50
search interfaces offered by the service. By allowing the creation of statements which draw upon
specialized schemas from various domains, RDF makes it possible for diverse communities of
expertise to contribute to a decentralized web of machine-readable vocabularies.

<rdf:RDF xml:lang="en"
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#">
<rdfs:Class rdf:ID="SearchQuery">
<rdfs:subClassOf
rdf:resource="http://www.w3.org/2000/01/rdf-schema#Resource"/>
</rdfs:Class>
<rdfs:Class rdf:ID="SearchResult">
<rdfs:subClassOf
rdf:resource="http://www.w3.org/2000/01/rdf-schema#Resource"/>
</rdfs:Class>
<rdfs:Class rdf:ID="SearchService">
<rdfs:subClassOf
rdf:resource="http://www.w3.org/2000/03/example/classes#InternetService"/>
</rdfs:Class>
<rdf:Property ID="queryString">
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<rdfs:domain rdf:resource="#SearchQuery"/>
<rdfs:range
rdf:resource="http://www.w3.org/2000/01/rdf-schema#Literal"/>
</rdf:Property>
<rdf:Property ID="queryService">
<rdfs:domain rdf:resource="#SearchQuery"/>
<rdfs:range rdf:resource="#SearchService"/>
</rdf:Property>
<rdf:Property ID="result">
<rdfs:domain rdf:resource="#SearchQuery"/>
<rdfs:range rdf:resource="#SearchResult"/>
</rdf:Property>
<rdf:Property ID="queryResultPage">
<rdfs:domain rdf:resource="#SearchResult"/>
<rdfs:range rdf:resource="http://www.w3.org/2000/03/example/classes#WebPage"/>
</rdf:Property>
<rdf:Property ID="queryResultTitle">
<rdfs:domain rdf:resource="#SearchResult"/>
<rdfs:range
rdf:resource="http://www.w3.org/2000/01/rdf-schema#Literal"/>
</rdf:Property>
<rdf:Property ID="queryResultRating">
<rdfs:domain rdf:resource="#SearchResult"/>
<rdfs:range rdf:resource="http://www.w3.org/2000/03/example/classes#FloatZeroT
</rdf:Property>
</rdf:RDF>
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Appendix A: XML Serialization
An RDF specification of the core RDF Schema model is given here in RDF/XML serialization
syntax. Please note that the namespace URI for the RDF Schema Specification will change in future
versions of this specification if the schema changes. This RDF schema includes annotations
describing RDF resources defined formally in the RDF Model and Syntax specification, as well as
definitions for new resources belonging to the RDF Schema namespace.
Note that there are some constraints (such as those given in 2.3.2 above) on certain RDF Schema
resources which are themselves not fully expressible using the RDF Schema specification. For
example, the RDF below does not tell us that subClassOf arcs should not (to use terminology from
the nodes and arcs representation) form loops in any RDF model.

<rdf:RDF
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#">
<rdfs:Class rdf:ID="Resource">
<rdfs:label xml:lang="en">Resource</rdfs:label>
<rdfs:label xml:lang="fr">Ressource</rdfs:label>
<rdfs:comment>The most general class</rdfs:comment>
</rdfs:Class>
<rdf:Property about="http://www.w3.org/1999/02/22-rdf-syntax-ns#type">
<rdfs:label xml:lang="en">type</rdfs:label>
<rdfs:label xml:lang="fr">type</rdfs:label>
<rdfs:comment>Indicates membership of a class</rdfs:comment>
<rdfs:range rdf:resource="#Class"/>
</rdf:Property>
<rdf:Property ID="comment">
<rdfs:label xml:lang="en">comment</rdfs:label>
<rdfs:label xml:lang="fr">commentaire</rdfs:label>
<rdfs:domain rdf:resource="#Resource"/>
<rdfs:comment>Use this for descriptions</rdfs:comment>
<rdfs:range rdf:resource="#Literal"/>
</rdf:Property>
<rdf:Property ID="label">
<rdf:type resource="http://www.w3.org/1999/02/22-rdf-syntax-ns#Property"/>
<rdfs:label xml:lang="en">label</rdfs:label>
<rdfs:label xml:lang="fr">label</rdfs:label>
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<rdfs:domain rdf:resource="#Resource"/>
<rdfs:comment>Provides a human-readable version of a resource name.</rdfs:comme
<rdfs:range rdf:resource="#Literal"/>
</rdf:Property>
<rdfs:Class rdf:ID="Class">
<rdfs:label xml:lang="en">Class</rdfs:label>
<rdfs:label xml:lang="fr">Classe</rdfs:label>
<rdfs:comment>The concept of Class</rdfs:comment>
<rdfs:subClassOf rdf:resource="#Resource"/>
</rdfs:Class>
<rdf:Property ID="subClassOf">
<rdfs:label xml:lang="en">subClassOf</rdfs:label>
<rdfs:label xml:lang="fr">sousClasseDe</rdfs:label>
<rdfs:comment>Indicates membership of a class</rdfs:comment>
<rdfs:range rdf:resource="#Class"/>
<rdfs:domain rdf:resource="#Class"/>
</rdf:Property>
<rdf:Property ID="subPropertyOf">
<rdfs:label xml:lang="en">subPropertyOf</rdfs:label>
<rdfs:label xml:lang="fr">sousPropriétéDe</rdfs:label>
<rdfs:comment>Indicates specialization of properties</rdfs:comment>
<rdfs:range rdf:resource="http://www.w3.org/1999/02/22-rdf-syntax-ns#Property"
<rdfs:domain rdf:resource="http://www.w3.org/1999/02/22-rdf-syntax-ns#Property
</rdf:Property>
<rdf:Property ID="seeAlso">
<rdfs:label xml:lang="en">seeAlso</rdfs:label>
<rdfs:label xml:lang="fr">voirAussi</rdfs:label>
<rdfs:comment>Indicates a resource that provides information about the subject
<rdfs:range rdf:resource="http://www.w3.org/2000/01/rdf-schema#Resource"/>
<rdfs:domain rdf:resource="http://www.w3.org/2000/01/rdf-schema#Resource"/>
</rdf:Property>
<rdf:Property ID="isDefinedBy">
<rdf:type resource="http://www.w3.org/1999/02/22-rdf-syntax-ns#Property"/>
<rdfs:subPropertyOf rdf:resource="#seeAlso"/>
<rdfs:label xml:lang="en">isDefinedBy</rdfs:label>
<rdfs:label xml:lang="fr">esDéfiniPar</rdfs:label>
<rdfs:comment>Indicates a resource containing and defining the subject resourc
<rdfs:range rdf:resource="http://www.w3.org/2000/01/rdf-schema#Resource"/>
<rdfs:domain rdf:resource="http://www.w3.org/2000/01/rdf-schema#Resource"/>
</rdf:Property>
<rdfs:Class rdf:ID="ConstraintResource">
<rdfs:label xml:lang="en">ConstraintResource</rdfs:label>
<rdfs:label xml:lang="fr">RessourceContrainte</rdfs:label>
<rdf:type resource="#Class"/>
<rdfs:subClassOf rdf:resource="#Resource"/>
<rdfs:comment>Resources used to express RDF Schema constraints.</rdfs:comment>
</rdfs:Class>
<rdfs:Class rdf:ID="ConstraintProperty">
<rdfs:label xml:lang="en">ConstraintProperty</rdfs:label>
<rdfs:label xml:lang="fr">PropriétéContrainte</rdfs:label>
<rdfs:subClassOf rdf:resource="http://www.w3.org/1999/02/22-rdf-syntax-ns#Prop
<rdfs:subClassOf rdf:resource="#ConstraintResource"/>
<rdfs:comment>Properties used to express RDF Schema constraints.</rdfs:comment
</rdfs:Class>
<rdfs:ConstraintProperty rdf:ID="domain">
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<rdfs:label xml:lang="en">domain</rdfs:label>
<rdfs:label xml:lang="fr">domaine</rdfs:label>
<rdfs:comment>This is how we associate a class with
properties that its instances can have</rdfs:comment>
</rdfs:ConstraintProperty>
<rdfs:ConstraintProperty rdf:ID="range">
<rdfs:label xml:lang="en">range</rdfs:label>
<rdfs:label xml:lang="fr">étendue</rdfs:label>
<rdfs:comment>Properties that can be used in a
schema to provide constraints</rdfs:comment>
<rdfs:range rdf:resource="#Class"/>
<rdfs:domain rdf:resource="http://www.w3.org/1999/02/22-rdf-syntax-ns#Property
</rdfs:ConstraintProperty>
<rdfs:Class rdf:about="http://www.w3.org/1999/02/22-rdf-syntax-ns#Property">
<rdfs:label xml:lang="en">Property</rdfs:label>
<rdfs:label xml:lang="fr">Propriété</rdfs:label>
<rdfs:comment>The concept of a property.</rdfs:comment>
<rdfs:subClassOf rdf:resource="#Resource"/>
</rdfs:Class>
<rdfs:Class rdf:ID="Literal">
<rdfs:label xml:lang="en">Literal</rdfs:label>
<rdfs:label xml:lang="fr">Littéral</rdfs:label>
<rdf:type resource="#Class"/>
<rdfs:comment>This represents the set of atomic values, eg. textual strings.</
</rdfs:Class>
<rdfs:Class rdf:about="http://www.w3.org/1999/02/22-rdf-syntax-ns#Statement">
<rdfs:label xml:lang="en">Statement</rdfs:label>
<rdfs:label xml:lang="fr">Déclaration</rdfs:label>
<rdfs:subClassOf rdf:resource="#Resource"/>
<rdfs:comment>This represents the set of reified statements.</rdfs:comment>
</rdfs:Class>
<rdf:Property about="http://www.w3.org/1999/02/22-rdf-syntax-ns#subject">
<rdfs:label xml:lang="en">subject</rdfs:label>
<rdfs:label xml:lang="fr">sujet</rdfs:label>
<rdfs:domain rdf:resource="http://www.w3.org/1999/02/22-rdf-syntax-ns#Statemen
<rdfs:range rdf:resource="#Resource"/>
</rdf:Property>
<rdf:Property about="http://www.w3.org/1999/02/22-rdf-syntax-ns#predicate">
<rdfs:label xml:lang="en">predicate</rdfs:label>
<rdfs:label xml:lang="fr">prédicat</rdfs:label>
<rdf:type resource="http://www.w3.org/1999/02/22-rdf-syntax-ns#Property"/>
<rdfs:domain rdf:resource="http://www.w3.org/1999/02/22-rdf-syntax-ns#Statemen
<rdfs:range rdf:resource="http://www.w3.org/1999/02/22-rdf-syntax-ns#Property"
</rdf:Property>
<rdf:Property about="http://www.w3.org/1999/02/22-rdf-syntax-ns#object">
<rdfs:label xml:lang="en">object</rdfs:label>
<rdfs:label xml:lang="fr">objet</rdfs:label>
<rdfs:domain rdf:resource="http://www.w3.org/1999/02/22-rdf-syntax-ns#Statemen
</rdf:Property>
<rdfs:Class rdf:ID="Container">
<rdfs:label xml:lang="en">Container</rdfs:label>
<rdfs:label xml:lang="fr">Enveloppe</rdfs:label>
<rdfs:subClassOf rdf:resource="#Resource"/>
<rdfs:comment>This represents the set Containers.</rdfs:comment>
</rdfs:Class>
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<rdfs:Class rdf:about="http://www.w3.org/1999/02/22-rdf-syntax-ns#Bag">
<rdfs:label xml:lang="en">Bag</rdfs:label>
<rdfs:label xml:lang="fr">Ensemble</rdfs:label>
<rdfs:subClassOf rdf:resource="#Container"/>
</rdfs:Class>
<rdfs:Class rdf:about="http://www.w3.org/1999/02/22-rdf-syntax-ns#Seq">
<rdfs:label xml:lang="en">Sequence</rdfs:label>
<rdfs:label xml:lang="fr">Séquence</rdfs:label>
<rdfs:subClassOf rdf:resource="#Container"/>
</rdfs:Class>
<rdfs:Class rdf:about="http://www.w3.org/1999/02/22-rdf-syntax-ns#Alt">
<rdfs:label xml:lang="en">Alt</rdfs:label>
<rdfs:label xml:lang="fr">Choix</rdfs:label>
<rdfs:subClassOf rdf:resource="#Container"/>
</rdfs:Class>
<rdfs:Class rdf:ID="ContainerMembershipProperty">
<rdfs:label xml:lang="en">ContainerMembershipProperty</rdfs:label>
<rdfs:subClassOf rdf:resource="http://www.w3.org/1999/02/22-rdf-syntax-ns#Prop
</rdfs:Class>
<rdf:Property rdf:about="http://www.w3.org/1999/02/22-rdf-syntax-ns#value">
<rdfs:label xml:lang="en">object</rdfs:label>
<rdfs:label xml:lang="fr">value</rdfs:label>
</rdf:Property>
</rdf:RDF>

Appendix B. About W3C Documents
To promote confidence and stability, W3C has instituted the following publication policies:
1. Each technical report is a stable published document that has a unique identifier (URI).
2. Each stable published document will always be available, unchanged, at that URI. Retrieving
(e.g., by bookmarking) the resource at that URI will always return the same content.
3. A specific revision of a document is generally one of a series of related documents (e.g., from
Working Draft to Recommendation). Each series has a unique identifier (URI) that when
followed, will return the latest stable published document available in the series.
4. Each document includes a "Status" section that describes the document's publication context
on the date of publication. Note that since W3C does not change stable published documents,
the status section of a published document cannot be changed, even if the document becomes
obsolete at a later date.
5. Each document in the series includes links to up-to-date status information for the series.
Comments
$Date: 2000/03/27 19:14:02 $
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Enter keyword

About the Initiative
Contact
DCMI News
Documents

The Dublin Core Metadata Initiative is an open forum
engaged in the development of interoperable online
metadata standards that support a broad range of
purposes and business models. DCMI's activities
include consensus-driven working groups, global
workshops, conferences, standards liaison, and
educational efforts to promote widespread acceptance
of metadata standards and practices.

Meetings and
Presentations
Projects
Resources
Tools and Software

DC Element Set
DC Qualifiers

New DCMI Working Group
2001-03-07, The DCMI Directorate is pleased to announce
the formation of the DCMI Tools Working Group. This
working group is intended to support implementors who
share an interest in developing and promoting open source
tools to support the creation, management and use of
metadata based on (but not limited to) Dublin Core
Metadata. More Information...

DCMI Announces Tool Building Workshop

Usage Guide

2001-03-07, The DCMI Directorate is pleased to announce
a tool building workshop to be hosted by Osnabrueck
University in Osnabrueck, Germany during the second
quarter of 2001. This event will be a small workshop of
implementors that share an interest in developing and
promoting open source tools to support the creation,
management, and the use of metadata based on (but not
limited to) Dublin Core Metadata. More Information...

United Kingdom

Agents
Architecture
Citation

Education
Government
Libraries
Registry
Standards
Tools
Type

Translations

Australia

Administrative
Metadata

Collection Description

FAQ

Workshops

Search

DC-2001: International Conference on Dublin Core
and Metadata Applications
2001-03-06, The DCMI Directorate is pleased to announce
a Preliminary Call for Papers and Participation to the DC2001 Conference. The 9th event in the DC workshop
series, DC-2001 is the first event to be hosted in Asia and
is also the first event to provide conference tracks and
tutorial tracks in addition to the workshop track.

DCMI hires Project Manager
2001-01-30, DCMI has contracted with Makx Dekkers to
provide project management services to the Initiative. Mr.
Dekkers' background in standards management and history
of participation in DCMI make him superbly qualified to
help DCMI reach its goals and deliver recommendations
and guidelines more effectively.

User Guide

Business
Collaboratory
Moving Pictures
Multiple Languages

Dublin Core Metadata Initiative (DCMI)
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Full Translations of Element Set and Qualifiers are
now available in Russian
2001-01-29, Full translations of the Dublin Core Element
Set, v 1.1 and the Dublin Core Qualifiers are available
now in Russian from the Russian Libraries Association.

"Using Dublin Core" Usage Guide is now available in
French
2001-01-23, A translation of the "Using Dublin Core"
Usage Guide working draft, created by Guy Teasdale of
the Bibliotheque de l'Universite Laval is now available.

Metadata associated with this resource: http://dublincore.org/index.shtml.rdf
Copyright © 1995-2001 DCMI All Rights Reserved. DCMI liability, trademark/service mark, document use and software licensing
rules apply. Your interactions with this site are in accordance with our privacy statements. Please feel free to contact us for any
questions, comments or media inquiries.
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Read the Frequently Asked Questions about OIL

Description of OIL
The Ontology Inference Layer OIL is a proposal for a web-based representatio
and inference layer for ontologies, which combines the widely used modelling
primitives from frame-based languages with the formal semantics and reasoni
services provided by description logics. It is compatible with RDF Schema
(RDFS), and includes a precise semantics for describing term meanings (and t
also for describing implied information).

News
- editor OILed available
- OIL FAQ added to website
- DAML-OIL proposal published

OIL presents a layered approach to a standard ontology language. Each additi
layer adds functionality and complexity to the previous layer. This is done suc
that agents (humans or machines) who can only process a lower layer can still
partially understand ontologies that are expressed in any of the higher layers.
picture below sketches the relation between the OIL dialects and RDFS.

Schemas
RDF-Schema
XML dtd (preliminary version)
XML-Schema (preliminary version)

Join the OIL Mailing-List
oil-list@cs.vu.nl
Enter your email:

i
j
k
l
m
n
j
k
l
m
n

subscribe
unsubscribe

Submit
Send mail to oil-list@cs.vu.nl
Go to the archive

Core OIL coincides largely with RDF Schema (with the exception of the
reification features of RDF Schema). This means that even simple RDF Schem
agents are able to process the OIL ontologies, and pick up as much of their
meaning as possible with their limited capabilities.
RDF Schema: http://www.w3.org/2000/01/rdf-schema#
Standard OIL is a language intended to capture the necessary mainstream
modelling primitives that both provide adequate expressive power and are we
understood thereby allowing the semantics to be precisely specified and comp
inference to be viable.
Syntax: syntax/Standard-OIL/
RDF Schema: rdf-schema/2000/11/10-oil-standard#
Instance OIL includes a thorough individual integration. While the previous
layer - Standard OIL - included modelling constructs that allow individual fill
to be specified in term definitions, Instance OIL includes a full-fledged databa
capability.
Syntax: syntax/Instance-OIL/

Welcome to the OIL-Page
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RDF Schema: rdf-schema/2000/11/10-oil-standard#
(note that Instance-OIL has the same schema as Standard-OIL; the instances are descri
directly in RDF)

Heavy OIL may include additional representational (and reasoning) capabilit
Syntax: not yet defined
RDF Schema: not yet defined
An informal description of OIL-Instance and OIL-Standard (and thus of OIL
Core) can be found in the white paper. The semantics are descibed in a separa
document.

Preliminary OIL is the previous definition of OIL, also known as OIL 1.0. T
version is described in the technical report, and the syntax is descibed in DTD
a XML Schema. There is also an RDF Schema available for the preliminary
version.

http://www.ontoknowledge.org/oil/
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SHOE
Parallel Understanding Systems Group
Department of Computer Science
University of Maryland at College Park

SHOE is a small extension to HTML which allows web page authors to annotate their web
documents with machine-readable knowledge. SHOE makes real intelligent agent software on the
web possible.
HTML was never meant for computer consumption; its function is for displaying data for humans to
read. The "knowledge" on a web page is in a human-readable language (usually English), laid out with
tables and graphics and frames in ways that we as humans comprehend visually.
Overview
Demos
SHOE Spec
Publications
Resources
The Team

Unfortunately, intelligent agents aren't human. Even with state-of-the-art natural language
technology, getting a computer to read and understand web documents is very difficult. This makes
it very difficult to create an intelligent agent that can wander the web on its own, reading and
comprehending web pages as it goes.
SHOE eliminates this problem by making it possible for web pages to include knowledge that
intelligent agents can actually read.

Overview
What's New? If you've visited this site before, you may wish to check here for a list of the
latest changes.
The SHOE FAQ.
FAQ Answers to all your questions about SHOE. You may want to skim this
before you delve into the specification.
A SHOE Tutorial.
Tutorial A walk through SHOE, showing how to build ontologies, and annotate web
documents using those ontologies.

Applications and Demos
Semantic Search.
Search This is the first SHOE search engine. It uses the SHOE Search tool as a
query interface to a growing repository of SHOE pages. You can even validate and submit
your own SHOE pages!
The Knowledge Annotator.
Annotator The Knowledge Annotator is a Java program which allows you
to annotate your web pages with SHOE graphically, without having to muck about with
HTML.
Exposé
Expos This is a web robot written in Java which searches out web pages with SHOE
entries, gathers the associated knowledge, and loads it into PARKA, U Maryland's highspeed knowledge representation system.
PIQ (Parka Interface for Queries) A Java tool that allows you to visually query the SHOE
information that has been discovered by Exposé.
SHOE Search Another Java tool that allows you to query SHOE information that has been
discovered by Exposé. Whereas PIQ is intended for expert users, SHOE Search is intended
for the casual user. As such, it is much easier to use, but does not allow some of the more
complicated queries that can be constructed in the PIQ.

http://www.cs.umd.edu/projects/plus/SHOE/
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The SHOE Specification
The SHOE Specification.
Specification This specification gives the up-to-date definition of SHOE as a
superset of HTML.
Base Ontology.
Ontology When it's been formalized, this will be the accepted "parent" ontology for
all SHOE ontologies on the web.
The SHOE SGML DTD.
DTD This gives the formal syntax of SHOE as an SGML application and
extension of HTML.
The SHOE XML DTD.
DTD This gives the formal syntax of SHOE as an XML application. For
more information on creating valid XML SHOE documents, see the SHOE FAQ.

Publications
To see more information on any publication, including its abstract and citation, click on its title. To
open a publication, click on the desired format. To see the whole list of PLUS publications, click
here.
Semantic Interoperability on the Web,
Web by Jeff Heflin and James Hendler. In Proceedings of

Extreme Markup Languages 2000. 2000. Formats: PostScript, PDF.
Dynamic Ontologies on the Web,
Web by Jeff Heflin and James Hendler. In Proceedings of 17th
National Conference on Artificial Intelligence(AAAI-2000). 2000. Formats: PostScript, PDF.
Searching the Web with SHOE,
SHOE by Jeff Heflin and James Hendler. In AAAI-2000 Workshop

on AI for Web Search. 2000. Formats: PostScript, PDF.
SHOE: A Knowledge Representation Language for Internet Applications,
Applications by Jeff Heflin,
James Hendler, and Sean Luke. Technical Report CS-TR-4078 (UMIACS TR-99-71). 1999.
Formats: PostScript, PDF.
Coping with Changing Ontologies in a Distributed Environment,
Environment by Jeff Heflin, James
Hendler, and Sean Luke. In AAAI-99 Workshop on Ontology Management. 1999. Formats:
PostScript, PDF.
Applying Ontology to the Web: A Case Study,
Study by Jeff Heflin, James Hendler, and Sean
Luke. In International Work-Conference on Artificial and Natural Neural Networks,
IWANN'99. 1999. Formats: PostScript, PDF.
Reading Between the Lines: Using SHOE to Discover Implicit Knowledge from the Web,
Web by
Jeff Heflin, James Hendler, and Sean Luke. In AAAI-98 Workshop on AI and Information
Integration. 1998. Formats: PostScript.
OntologyOntology-based Web Agents,
Agents by Sean Luke, Lee Spector, David Rager, and James Hendler.
In Proceedings of First International Conference on Autonomous Agents 1997, AA-97.
Formats: PostScript, Gzipped PostScript (.ps.gz).
Web Agents That Work,
Work by Sean Luke and James Hendler. In IEEE Multimedia 4:3, 1997.
Formats: Gzipped Postscript, Gzipped Postscript without Figures 1 through 3, Postscript
without Figures 1 through 3
OntologyOntology-Based Knowledge Discovery on the WorldWorld-Wide Web,
Web by Sean Luke, Lee Spector,
and David Rager. In AAAI96 Workshop on Internet-based Information Systems. Formats:
HTML, PostScript, Gzipped PostScript (.ps.gz).

Resources
SHOE Ontologies.
Ontologies This page provides descriptions and links to SHOE ontologies that we
have developed.
Example Pages.
Pages We have annotated a number of pages within our group, as well as pages
for the University of Maryland and other universities.
Downloads.
Downloads Many of the SHOE programs and libraries are now available for you to

http://www.cs.umd.edu/projects/plus/SHOE/
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download.
SHOE Image Links.
Links If your web page uses SHOE, show it!
SHOE and DAML.
DAML As a service to users of DAML we provide a number of the SHOE
ontologies and content documents in DAML format.

The SHOE Team
z
z
z
z
z
z
z

Jeff Heflin
Dr. James Hendler, PI
Sean Luke
Carolyn Gasarch
Qin Zhendong
Dr. Lee Spector
David Rager

http://www.cs.umd.edu/projects/plus/SHOE/
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The DARPA Agent Markup Language Homepage
The DARPA Agent Markup Language (DAML) Program officially began in August 2000. The goal of the DAML effort
is to develop a language and tools to facilitate the concept of the semantic web. Dr. James Hendler is the DARPA
Program Manager for the DAML initiative.

Site Links
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Recent Announcements

About DAML
Announcements
HotDAML
Newsletters
DAML in the News
Upcoming Events
Downloads
DAML Briefings
Related Links
Site Map
DAML February PI
Meeting pictures
DAML Researchers
DAML Language
DAML Ontology
Library
DAML Crawler
DAML Tools
DAML Logos
DAML Applications
DAML Use Cases
Homework
Assignments
DAML Mailing Lists
Joint Committee

2001-04-10: The Scientific American feature article The Semantic Web
by Tim Berners-Lee, Jim Hendler, and Ora Lassila is now available.
2001-03-27: DAML+OIL (March 2001) has been released.
2001-03-23: A new page with pictures from the February PI Meeting in
Washington DC is now available.
2001-03-01: The DAML Logos page, which contains both DAML and
HotDAML logos, is now available here.
2001-02-19: An updated DAML status briefing is now available here.
2001-02-10: The W3C Semantic Web Activity has been announced.
... all announcements

This web server is operated from the DARPA Technology Integration Center (TIC) in Arlington, VA.

DAML is sponsored by DARPA's Information Technology Office.
Please contact the webmaster with any comments or suggestions
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