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1. Preface

The processing of the Extensible Markup Language (XML) has lecome a typical task for
programs, since XML is a standard language for exchanging da between applications.

All languages used in the World Wide Web to describe data are bsed on XML. These
are XHTML, a language to make data human-readable, XSLT, a syle-sheet language
for XML to transform XML documents in any other format, or Rel axNG, a schema
language for XML to de ne the structure of a document more ne grained then it can

be done with Document Type De nitions (DTD).

The functional programming language Haskell is one of the mst popular one since
then it has been de ned as a standard in 1998 [Jones et al. 199&nd has been further
developed to a powerful language until now. More and more prissional applications
are based on Haskell and there is a large set of additional Iitaries providing all kind of
special functionalities. Di erent XML parsers belong to this set of libraries and one of
them is the Haskell XML Toolbox. The project was initiated by Prof. Dr. Uwe Schmidt
from the University of Applied Science Wedel and it was rstly presented by Martin
Schmidt's Master Thesis [Schmidt 2002]. The Haskell XML Todbox consists of a XML
parser, a module to validate XML documents, a module to use XRth expressions and a
XSLT module, which is not nished yet. The concept of the Haskell XML Toolbox has
been fundamentally changed recently, in this way, that the unctions for manipulating
the XML document, the high-level programming interface, are now based on arrows.

The aim of this thesis is to show and describe this new approdcand compare it with
the former one. An RDF/XML parser is written as an example application using the
Haskell XML Toolbox, to show the usage of the new concept. Thé parser is furthermore
extended by the possibility to search the parse result with aquery language.

Chapter two describes the structure and the concept of the Hakell XML Toolbox. Sim-
ple examples are used to describe the application of the vasus functions. Chapter three
rstly gives an introduction to RDF and then shows how to proc ess RDF/XML docu-
ments. Furthermore a simple query language to search in the RF is introduced and
implemented. The last chapter compares the Haskell XML Toobox with other XML

parsers written in Haskell and concludes the advantages oftie new concept.

The reader of this document should be familiar with the functional programming lan-
guage Haskell.



2. HXT { Haskell XML Toolbox

2.1. Introduction

The Haskell XML Toolbox is a very modern and elegant validating Extensible Markup

Language (XML) 1.0 (Second Edition) [XML] parser. Since the rst release it has been
extended by several additional modules. These are a XPath naule and a XSLT parser
module which is not nished yet. One of the main changes whichwere recently made
was the implementation of a new arrow interface. The rst versions of the Haskell
XML Toolbox were using monads to provide I/O and state handling. The processing
functions were based on the idea oflters . Every function was of the same type and
could be therefore combined with several special operatorslohn Hughes showed in the
paper \Generalizing monads to arrows" [Hughes 2000] that itis in several situations
more elegant to use arrows instead of monads and that arrowsiwe the possibility to

de ne a special notion of computation. What arrows are, whatkind of advantages they
bring to the Toolbox and how they are used is described latern the thesis.

Before starting with more complex examples, rst of all the data structure of the Toolbox

has to be explained.

2.2. Basic Data Types

2.2.1. NTree

The most common way to represent the hierarchical structureof XML documents is to
use trees. Trees furthermore can be modelled with lists. Thelata type NTree, de ned
in the module Data.Tree.NTree.TypeDefs , is the main data structure used throughout
the whole parser. It is a generic data type and an instance oftte type classTree de ned
in Data.Tree.Class , where the structure of a tree is speci ed.

NTreeis a n-ary ordered tree also called rose tree because it can kdédely rami ed. The
trees are de ned as a node with a list of child nodes. Leafs ofhie tree are nodes which
do not have any children. The type synonymNTrees is a shortcut for node lists. The
following listing shows the de tion of NTree and NTrees:
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data NTree a = NTree a (NTrees a)
deriving
(Eg, Ord, Show, Read, Typeable)

type NTrees a = [NTree a]

As NTree is generic, it cannot be used only for XML documents, but to rgresent any
kind of tree. The following examples useNTree with Int in order to explain the usage
of this data type. Listing 2.1 shows an example of a tree with mtegers as child-nodes.

Listing 2.1: NTree with Int

intTree :: NTree Int
intTree = NTree 1 [ NTree 2 [ NTree 5 [],NTree 6 []
1,
NTree 3 [],
NTree 4 []

This is a simple tree where the nodes are of type Int. For visulisation, the function
formatTree can be used. The result of this function is as follows:

---1

I

+---2

I I

I +---5
I I

I +---6
I

+---3

I
+---4
2.2.2. XmlTree

The type-speci ¢ version of the genericNTree is XmITree de ned in the module Text-
XML.HXT.DOM.TypeDefs Together with XmlTrees it de nes a general recursive data
type for XML documents:
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type XmlTree = NTree XNode

type XmlTrees = NTrees XNode

Every data which is stored in XmITree has to be of type XNode This data type is used
to represent every possible logical unit of a XML document. This can be for example a
simple element, a comment or a text node.

The Haskell XML Toolbox is a validating parser and can therefore also handle Document
Type De nitions (DTD). DTDs de ne the structure of XML docum ents. This de nition
is compared with the document while parsing. Only those docments are valid which t
into the de nition of the DTD. To process these de nitions XNodecan also be a DTD
de nition.

Before the data type XNodeis introduced, two types which are used byXNodehave to
be described. These aréttributes and QName

type Attributes = AssoclList String String

AssoclList is simply a key value association list, implemented as an urrdered list of
pairs for storing all kind of properties and features of the DID parts.

In order to support namespaces [XML-NS] in XML documents, the Haskell XML Toolbox
uses the data typeQNameNamespaces give the possibility to avoid element collisius,
which are elements with the same name but di erent meanings.This can happen when
two di erent applications process the same XML document. Bah applications then use
or expect an element with the same name but understand it di erently.

Namespaces are de ned with a speci cUniform Resource Identi er (URI) and a pre x
for this namespace once in a XML document. The elements of tisi namespace then use
this pre x in their element name. This name is also calledquali ed name.

QNameés divided into three sections: the pre X, the local part which is the name of the
element or attribute and the URI of the namespace.

data QName = QN {

namePrefix ;. String
localPart v String
namespaceUri :: String

}

Finally, the algebraic data type XNodede nes, along with the described typesAttributes
and QNamehe basic nodes and leaves for all kinds of XML's logical urté. Moreover,
the data type DTDElentde nes the constructors for the DTD declarations.

10
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Instead of explaining every single constructor ofXNode only the most important ones
should be described here. The constructoXTagde nes an element which can be an inner
node, if the element has children or a leaf, if the element israpty. QNameas explained
earlier, is the name of the XML tag and the type XmITrees s the list of attributes of the
element. Because attributes are also stored with the data tpe XmlITree, every function
for processing XML documents can be used also for processirtge attributes. In this
caseXNodehas the constructor XAttr .

XError is an internal extension and not a XML component. It stores the level and
message of errors which may occur during parsing.

data XNode

= XText String

| XCharRef Int

| XEntityRef String

| XCmt String

| XCdata String

| XPi QName XmlTrees

| XTag QName XmlTrees

| XDTD DTDElem Attributes
| XAttr QName

| XError Int String
deriving (Eq, Ord, Show, Read, Typeable)

The following example shows how the simple XML document in Isting 2.2 looks like in
the described data structure of the Haskell XML Toolbox.

Listing 2.2: Simple XML Document

<?xml version="1.0" encoding="1SO-8859-1" ?>
<?pi this is a processing instruction?>
<test attr="hello">
world!
<test2/>
</test>

The graph shown in the next example is the XML document after parsing. The root
node '/', which has been generated, has several new attribids added by the parser.
They contain information about the document and the command line parameters of the
parser. Furthermore, the parser has generated a DTD for thislocument with the general
prede ned entities It, gt, amp, aposand quote

11
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Listing 2.3: Graph of the XML Document

---XTag "/"
"trace"="4"
"source"="test.xml"
"status"="0"

I

I

I

| "parse-htm|"="0"

[ "validate"="1"

| "issue-errors"="1"

[ "issue-warnings"="1"

| "check-namespaces"="0"
| "canonicalize"="1"

| "preserve-comment"="0"
| "remove-whitespace"="0"
[ "module"="getXmIContents"
| "transfer-Protocol"="file"
[ "transfer-URI"="file://example.xmI|"
| "transfer-Status"="200"
| "transfer-Message"="0OK"

[ "version"="1.0"

| "encoding"="1SO-8859-1"

| "transfer-Encoding"="1SO-8859-1"
I

+--

I

I

I

+--

-XPi "xml"
| "version"="1.0"
| "encoding"="1SO-8859-1"

DTD DOCTYPE []

I
+---XCharRef 38

-X
I
+---XDTD ENTITY [("name","It")]
I
I
I
|  +---XText "#60;"

. (Here are the definitions of the other predefined entitie
I
+---XText "\n"

I
+___XPi Ilpill
[ [ "value"="this is a processing instruction"

I
+---XText " \n"

I
+---XTag "test"

12
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| "attr"="hello"

+---XText "\nworld!\n"

I

I

I

|

| +---XTag "test2"
I

I

I

I
+---XText "\n"

+---XText "\n"

The Haskell XML Toolbox also provides a function to print out the internal representa-
tion, i.e. the Haskell code of the tree, which is sometimes vg helpful while debugging
a program.

2.2.3. Class XmINode { Basic Interface to NTree and XNode

The class XmINodein the module Text. XML.HXT.Arrow.XmINode de nes all the func-
tions for processingXNodeand NTree. Since it is a type class, it only contains some
default implementations but the real functionality is de n ed in the instancesXNodeand
NTree of this class.

The processing functions ofXmINodecan be divided into four di erent categories: pred-
icates, selectors maodi ers and constructors.

Predicates are functions of typebool They are used to test speci ¢ properties of ele-
ments. A simple example is the functionisText which checks if a node is a text node.
The following listing shows the type de nition and the imple mentations of XNodeand
NTree

isText :: a - > Bool

-- the XNode implementation
isText (XText ) = True
isText _ = False

-- the NTree implementation
isText = isText getNode

XmINodeprovides various selector functions, in order to access ptg of the tree. These
functions use the Maybetype to facilitate that nothing can be returned in case that
a node processed by a selector function does not have the riglexpected properties.
Again, a simple example isgetText which either returns the text value of a text node,
or nothing if it is not a text node.

13
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getText :: a - > Maybe String

-- XNode implementation
getText (XText t) = Just t
getText _ = Nothing

-- NTree implementation
getText = getText getNode

This example shows that the NTree-implementation of XmINodeis very simple. It just
combines the function getNode with the getText -implementation of the type returned
by getNode.

The third category is made up of the modi er functions that al ter nodes and their at-
tributes. There are always two versions of these functions:one which takes a function
as parameter to change the speci ¢ node and the other which jst takes a value to set
the new value of a node.

The constructor functions allow to create new element nodesThe function mkText for
example takes a character string and returns a text node.

But for implementing a program which should process a XML do@iment somehow, the
functions which were just described are not very helpful. Thngs like I/O or state and
failure handling are not provided by these functions but neessary for real programs.
Therefore, the Haskell XML Toolbox delievers a set of arrow tasses which implements
these functionalities like 1/O and state handling. The class XmINodes merely the inter-
face for the arrow classes to the data types of the Haskell XMLToolbox. These arrow
classes will be described in the following sections.

2.3. Arrows in Haskell

2.3.1. Introduction

The processing functions provided by the Haskell XML Toolbox are based on arrows.
Like monads, arrows allow to de ne di erent notions of computation, but in a much
more general manner. With arrows one can de ne computation vith some kind of static
state handling or computation that consumes multiple inputs. There are di erent sub-
classes of arrows, which not only give the possibility of chice and feedback but also a
special arrow which is equivalent to monads.

The arrow classes provide combinators which allow a pointfee programming style but
sometimes it can be awkward for programming speci c instanes. Therefore Ross Pater-
son has introduced a point-wise notation in his paper [Pateson 2001] for arrows which

14
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is supported by the Haskell compiler GHC [GHC]. The following sections introduce the
arrow libraries of Haskell and show how to use the arrow notabn.

2.3.2. Main Arrow Class

The Arrow class consists of two functionsarr and (>>> ). The purpose of the function
arr is to convert a simple function into an arrow function; the operator (>>> ) provides
composition for arrows. This is analogous to the usuaMonadclass { it has a way of
creating a monad function out of a pure computation with return as well as a way of
sequencing computation with (>> =).

Besides these two functions, theArrow class provides a third combinator (&&&) which
does not have an equivalent function in the Monadclass. Actually, the functionality
provided by (&&&) is already in the composition function of monads. This is to make
the second arrow of(&&&) dependant on thee ects of the rst arrow which is not possible
with arr and (>>> ). The next listing shows the Arrow class with its three functions:

class Arrow arr where
arr > (a- >Db)->arrahb
(>>) . arrab - >arrbc->arrac
(&&&) :: arr a b - > arr a ¢ -> arr a (b,c)

The operator (&&&) takes two arrows and returns another arrow with the results d the
two input arrows paired as output. Thus this operator allows to sequence two compu-
tations. A simple example is to apply two functions delivering integers simultaneously
to the input and sum their results up. With the (&&&) operator it is very easy to de ne
an arrow doing this:

addA f g = f &&& g>> arr ( uncurry (+))

To make the implementation as easy as possible thArrow class actually contains more
then those three functions. The operator(&&&) is de ned with much simpler functions
and only one of them has to be implemented to get the full functonality. This function is
calledfirst  which lifts an arrow to operate on pairs by feeding just the rst components
through the given arrow and leaving the second one untouched The other functions,
which do not have to be implemented, shall not be described hre. The type de nition
of first is:

first :: arr a b - > arr (a,c) (b,c)

15
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A simple example to show the functionality of arrows arestream functions taken from
the paper of John Hughes [Hughes 2004]. In order to make a datgpe an instance of
the Arrow class, it has to be anewtype rather than a type synonym. The type de nition
of stream functions (data type SH is as follows:

Listing 2.4: Stream Function De nition

newtype SF a b = SF {runSF :: [a] - > [b]}

The instance de nition for the Arrow class is not very complicated. Stream functions
are functions representing computiation from list to list. A simple function converted

with arr to a stream function just needs to be called by the higher-oré@r function map

This converts the simple function to a function from a list to a list.

The implementation of the composition of stream functions wses the composition for
simple functions, which is prede ned in the Prelude of Haskell.

Listing 2.5: SF Arrow Instance

instance Arrow SF where
arr f = SF (map f)
SF f>> SF g = SF (f>> g¢)
first (SF f) = SF (  unzip >> first f >>  uncurry zip)

The de nition of first also usedirst for simple functions.

Stream functions have to be invoked viarunSF. The following example shows the exe-
cution of a stream function and the result of it in the interpr eted version of Haskell:
Listing 2.6: Sample Call of SF

Stream> runSF (arr (+1)) [1..5]

[2,3,4,5,6]

This example illustrates that the function (+1) is applied t o every element of the list.
Another simple example and very useful operation for streanfunctions is to delay the
stream by one element, adding a new element at the beginningfdhe stream:

Listing 2.7: Delay Function

delay :: a - > SF a a
delay x = SF (x:)

16
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These examples above show some of the compelling advantagefsarrows. A monadic
program always takes its input via the parameters of a functon and therefore only in one
way. It is not possible to change this by varying the monad. Byusing arrow programs
instead, it depends on the particular arrow how the program ftakes its input. This is
because arrow computations are parameterised over their dput as well as their input

type. The stream functions, as a simple example, take a strea of values rather than a
single value which cannot be represented as a monad.

2.3.3. Additional Arrow Classes

There are several additional arrow classes which add spetiteatures to the main arrow
class. Those additional functionalities are not included nh the main arrow class, because
not every arrow has all these properties. The four classes shtly introduced here are
ArrowChoice, that provides an operator to make an arrow conditional on the output
of another, ArrowZero and ArrowPlus, which provide operations for failure and failure
handling and ArrowApply, that actually makes arrows as powerful as monads.

ArrowChoice

The operator (jjj) provides conditionals for arrows. It uses theEither type as the input
of the choice operator so that thelLeft and Right values can carry di erent types of
data. The class is de ned as:

class Arrow arr ) ArrowChoice arr where
(1) == arr a c - > arr b ¢ -> arr ( Either a b) c

Like the operator (&&&) on pairs the choice operator is de ned with simpler operatos and
only one of them has to be implemented when creating an instace of the ArrowChoice
class. This operator is calledleft . A call of left f passes inputs tagged_eft to f,
passes inputs taggedRight straight through, and tags output from f with Left . The
type de nition of Left is:

left :: arr a b - > arr ( Either a c) ( Either b c)

ArrowZero

The class ArrowZero has only one arrow which represents the case of a failure. Wha
counts as a failure is de ned in the implementation of this arow. As will be described

17



Chapter 2. HXT { Haskell XML Toolbox

later, this can be, for example, the empty list for computations over lists. The de nition
of the class is:

class Arrow a ) ArrowZero a where
zeroArrow @ a b c

ArrowPlus

The class ArrowPlus provides the combinator (<+>) in order to handle this failure
described by the classArrowZero. Its de nition is shown in the next listing:

class ArrowZero a ) ArrowPlus a where
(<+) mabc->abc->abec

(< +>) takes the two arrows, applies the input to both of them simultaneously, and fuses
the output of the arrows into one. Therefore, this combinata can also be seen as the
logical Or like the combinator (>>> ) represents the logicalAnd.

ArrowApply

The idea of the classArrowApply is to provide higher-order programming with arrows.
This makes it possible to construct arrows which receive oter arrows in their input and
invoke them. Hence, the class has a new arrowpp which is analogous to the \apply"
function:

class Arrow arr ) ArrowApply where
app :: arr (arr a b, a) b

The instance de nitions for pure functions are fairly simple:

instance ArrowApply (- >) where
app (f,x) = f x

The ArrowApply class is equivalent to theMonadclass. In order to do the same with
arrows that can be done with monads, a special implementatio of the class Monadis
needed. The type which does this is a computation ofa as an arrow from the empty
tuple to a:

newtype ArrowMonad arr a = ArrowMonad (arr () a)

18
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With this type return and (>> =) can be de ned as follows:

instance ArrowApply a ) Monad (ArrowMonand a) where
return X = ArrowMonad (arr ( const X))
ArrowMonad m>> = f =
ArrowMonad (m>>>
arr ( x -> let ArrowMonad h = f x in (h, ()))
>>  app)

The function f which returns an arrow is turned into an arrow outputting an arrow (h)

with arr and then app invokes the result.

Hughes says that arrows supportingapp are of relatively little interest because arrow
types which correspond to a monad can be much easier replacdy a monad directly.

Only those types that cannot be represented as a monad are \ieresting" arrow types.

Still appis a useful arrow which is also used in the Haskell XML Toolboxto solve some
problems with the point-free programming style.

2.3.4. Arrow Syntax

Although point-free programming is very elegant and readalbe, it is sometimes clearer
to give names to the values being manipulated. In monadic prgrams this pointed
programming is well-supported by the do-notation. To provide the same do-notation for
arrow programming Ross Paterson has designed a language exision [Paterson 2001]
which is introduced in this section. This language extensia is implemented by using
a preprocessor. It translates the arrow notation into standard Haskell code before it is
compiled.

The new syntax adds a new form of expression called tharrow abstraction of the form
proc pat -> cmd whereproc is a new binding operator; the body of such an expression
is called acommand The arrow application is the simplest form of command: a <-
expr whereexpr is a Haskell expression to be the input to the arrowa. The translation
of this into the point-free style is the following:

proc pat -> a -< expr = arr ( pat -> expr) >> a

The do notation for arrows looks quite the same as the notation for nonads. For the
arrow notation do blocks are nothing else then commands. The statement <- e in
a do block means that it binds the name x to the output of the command e. As an
example, theaddAarrow de ned above can be rewritten:
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addA :: Arrow a ) a b Int -> a b Int -> a b Int
addA f g = proc z -> do

Xx<-f-<2z

y <-9g-<12

returnA - < x + vy

The input z is fed to the two arrows f and g, and their outputs are bind to x and y.
Finally, the result of x + y is sent to the arrow returnA . The -< as the arrow application
operator means that it is the tail feather of an arrow. The binding x <- f -< e looks
as though e is being fed through an arrow labeled withf to be bound to x.

The arrow returnA is called entity arrow. This arrow is analogous toreturn in the
monad notation and is de ned:

returnA :: Arrow a ) a b b
returnA = arr id

As explained and shown in the example, the arrow notation canbe very helpful for
programming with arrows. Especially if the output of an arrow is needed several times
or is combined with other outputs of arrows. Nevertheless, dring the next sections
the arrow syntax is not used when the arrow modules of the Hasidl XML Toolbox
are explained, because the code in the point-free style is nah easier to understand.
Furthermore the Haskell XML Toolbox provides special combhators that allow to use
an argument in two places. But, of course, every example canlso be expressed with
this new syntax.

2.4. Main Arrow Modules

Now that the idea of representing computation with arrows and the data structure of the
Haskell XML Toolbox have been explained, the next sections lsow the di erent arrows
used by the parser. As already described, the best way to modi¢he tree structure of
XML is to use lists. Furthermore, the intention of all the par ts of the Haskell XML
Toolbox is to be as generic as possible. So, like the arrow liary of Haskell where the
arrows are separated in di erent classes providing speciafunctionalities, the Haskell
XML Toolbox contains several arrows { all for a special purpse. One of these arrow
classes provide computation over lists. This is theArrowList , the most important arrow
class. The classArrowlf adds operators for conditional cases to the computation oue
lists and the classArrowTree adds arrows for processing trees implementing the earlier
introduced Data.Tree.class interface. Finally, the class ArrowXmlcombines all classes
and provides all kind of arrows for processing XML.
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2.4.1. ArrowlList { List Processing

Before the new arrow classes has been included in the Haske{ML Toolbox, the pro-
cessing functions were all of the same type and were calletler . Every lter was of the
type XmiITree -> [XmlTrees] and the idea of it was to make them easy to combine and
to be able to handle several ways of output. With a list as output type, the failure of a
predicate was represented by an empty list and it was also padble to handle more than
one result as the output.

The idea of the classArrowList is basically the same, but it is much more exible. In
what way will be described in chapter 4.

A list arrow is a function, which has a list of results as outpu for a given input. If
the list only contains one element, the arrow represents a nonal function. In the case
of an empty list, the function is unde ned for the given argument. Or, if the function
is a predicate, it represents the boolean valud-alse ; for none empty list a True . The
nondeterministic case is covered by a list with more than oneelement as result. So, the
list arrows represent computation as relations instead of grtial functions.

An implementation of the class ArrowList is used in order to provide several examples.
This is the data type LA de ned in the module Control.Arrow.ListArrow  and it is a
function from a single argumenta to a list of b:

newtype LA a b = LA { runLA :: a -> [b] }

This already shows the considerable advantage of list arrow over the Iter approach.

While every lter has to have the same type of result, namely alist of XmITrees, the

output type of list arrows is generic. The list returned by the arrow can contain any
kind of element. It was often a problem with the Iters that on e needs di erent return

types then XmlTrees, which was impossible. To solve this problem, everything wa
encapsulated by XmITrees. Thus, type errors were not detected by the type checker
because everything was of typeXmITree. Now, with arrows the type system of Haskell
can be used to prevent these errors because the return type ot xed anymore. Hence,

the arrow approach provides the same exibility as simple functions, while it is easier to

use than lIters and prevents a lot of errors.

Two very important arrows which are actually aliases for exsting arrows are this as
the identity arrow and none as the zero arrow. They are de ned as follows:

this s abb
this = returnA
none mabec
none = zeroArrow
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The arrow this is an alias forreturnA described in section 2.3.4 anchone for zeroArrow
from the class ArrowZero. It is not necessary to use those arrows instead of the origi-
nal one, but the code becomes much more readable and logicahse they are used for
combining arrows with the combinators described earlier. Br the arrow none an im-
plementation of ArrowZero is needed. This is done by the list arrow data type as the
following:

instance ArrowZero LA where
ZeroArrow = LA (const [])

To complete the de nition of the data type LA as an arrow, it also needs the imple-
mentation of the class Arrow. The constructor arr creates a list arrow from a normal
function by returning the result of it in a list. The combinat or (>>> ) is de ned by
combining the two functions with function composition and applying concatMap to it.
concatMap creates a list-from-a-list-generating function by application of this function
on all elements in a list passed as the second argument. Theriation first  which is
used to de ne (&&&) returns an arrow from a pair to a list of pairs where the function
f is applied only on the rst element of the input pair:

instance Arrow LA where

arr f = LA ( x -> [f x])
LA f >> LA g = LA (concatMap ¢ f)
first (LA f) = LA ( ~(x1, x2) - > [ (y1l, x2) | yl <-f x11])

These are only those functions which do not have a default imgmentation. For e -
ciency, the other functions and operators likesecond and (&&&) are also implemented
but shall not be described here. Now that the data typeLAis de ned as an arrow, the
arrows of the classArrowList and their implementation can be introduced.

The arrows, which need an implementation arearrL , arr2A, isA and (>>.) . arrL s,
like arr, a constructor. It builds a list arrow from a functio n which has a list as the
output type:

arrL :: (b - > c]) - > abec

Another constructor is arr2A which creates a two-argument arrow from a single-argument
one:

arr2A .. (b - >acd) ->a (b, c)d
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Besides the identity and the zero arrow,isA is an important but simple arrow. It builds
an arrow from a predicate function which returns a single lig containing the input if the
predicate holds and the empty list if not:

isSA (b - > Bool) ->abb

The last function which needs to be implemented is the combiator (>> .) . It converts
the result of a list arrow with a given function into another | ist:

(>.) mabc- > (] ->1[d) ->abd

The classArrowList has to be implemented rst, before the next examples can usehte
data type LA The following listing shows this instance de nion:

instance ArrowlList LA where

arrL = LA
arr2A f = LA ( ~(x, y) - > runLA (f X) y )
isA p = LA ( X -> if p x then [x] else [] )

LAf>.g=1LA (g f)

The function isTwo is a predicate which returnsTrue if the input was two or it returns
False if not. To build a list arrow out of it, the arrow isA takes this function as input.
Listing 2.8: Example Predicate

isTwo :: Int -> Bool

isTwo n = n ==

testlsTwo a = runLA ( isA isTwo ) a

Running this example in the interpreter, it would return the empty list if a is not two
and a single list containing two if the input is two.

Another example is the list arrow addSomethingwhich takes an extra argument of type
int and is shown in listing 2.9.

Listing 2.9: Arrow with Extra Parameter

addSomething :: (ArrowList a) ) Int -> a Int Int
addSomething x = arr (+x)

testAdd = runLA (addSomething 2) 2
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The call of testAdd would generate the integer four in a single list as output. U#ng
addSomething as input for the constructor arr2A would generate an arrow of type @
(Int, Int) Int ). With this function, testAdd could be de ned as the followi ng, which
also generates a single list with four as output:

Listing 2.10: arr2A Example
testAdd = runLA (arr2A addSomething) (2,2)
Sometimes it is practical to create constant arrows. This ca be achieved by the the

constructor constA. It does the same asconst for simple functions which generates a
constant function out of the input. The de nition of constA is:

constA :: ¢c - > a b ec
constA = arr const

The following example shows the use of the combinatof>> .) . First, the combinator
(<+>) and the constructor constA generate a list with two elements. Second the list is
reversed by the function reverse and >> .) :

Listing 2.11: (>>.) Example
ListArrow > runLA (const 2 <+> const 4 > . reverse) |[]

[4,2]

The constructor arrow arrL is equivalent to the data type constructor LA It builds a
list arrow from a function with a list as result. The arrow arr2L does the same, but it
generates a list arrow with two arguments:

arr2L :: (b - > c¢c -> [d]) - > a (b, ¢) d
arr2L = arrL uncurry

Besides the constructorarr , the classArrowList also provides constructors to generate
arrows from functions with more than one argument. These costructors are arr2 ,
arr3 and arr4 where the numbers in their names specify the number of argunmgs the
functions can have:

arr2 :x (b1 - > b2 -> ¢) -> a (bl, b2) c
They are very helpful in combination with the pair operator (&&&) which generates an

arrow with a pair as result. Taking two arrows al and a2, sequencing them and then
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combining the result with the binary function f would look like this:

al &&& a2 >>> arr2 f

Sometimes it is necessary to convert a nondeterministic ird a deterministic arrow when
the list of results must be manipulated. This conversion canbe achieved by the combi-
nator listA :

listA ;. abc- > ab|c]
listA af = af >. (:[])

An example for listA is the function collectAndSort which takes an arrow and com-
bines the deterministic version of it with the function sort :

Listing 2.12: Determenistic Arrow

collectAndSort :: (ArrowlList a, Ord c) ) abec->abec

collectAndSort collect = listA collect >> arrL sort

Furthermore, the classArrowList provides two generalisations for the arrow combinator
(<+>) and (>>> ) to ensure that the code remains readable and compact. Instehof
long chains of arrows combined with those combinators, onlya list of arrows is needed.
These generalisations areatA and segA

catA s J[a bc] - >abec
catA = foldl (<+>) none

segA i [a b b] - >abb
segA = foldl (>>) this

An example of catA is to build a list of numbers by combining constA arrows and sorting
them with the collectAndSort arrow:

Listing 2.13: Generalisation of ¥>> )

runLA (collectAndSort (catA [constA 3, constA 1, constA 5]) ) 1]
== [1,3,5]

Pointed Programming with ArrowList

The following groups of arrows all solve a problem of the poitifree programming style:
using an argument in two places is not possible. One solutions to use the new arrow

25



Chapter 2. HXT { Haskell XML Toolbox

notation described above or the following arrows where the ambinator applyA is the
most important one. It uses the argument in two places. First to compute an arrow
with it and, second, to apply this new arrow to the input which is done by theapp arrow
of the ArrowApply class. This means that every data type which should implementhe
classArrowList also has to implementArrowApply. Therefore, the example data type
LAfor simple list processing also implements it. The de nition of applyA is:

applyA :: ab (ab¢c)- >abec
applyA f = (f &&& this) >> app

The implementation of the class ArrowApply shows the following listing.

instance ArrowApply LA where
app = LA ( (LA f, x) - > f x )

The combinator applyA is used to de ne several other arrows which all deal with the
same problem of the point-free programming using values mearthan once. One of them
is the in x operator ($<). The following listing shows its de nition:

($<) 2 (c- >abd ->abc->abd
g &< f = applyA (f >> arr g)

It computes the arrow f to get the parameter for the arrow with an extra parameter g
from the input and applies the arrow g for all parameter values to the input which is
very useful for joining arrows. So iff computes n values, the whole arrow computes n
values but only if g is deterministic. If f fails, the whole arrow will fail.

There is also a binary version of($<), a version taking three, and a version which takes
four extra parameters. These are the operatorg$<< ), ($<<< ) and ($<<<< ). Each
of them solves the problem with the point-free programming. The next listing shows an
example with simple list arrows over strings and the use of tle binary operator ($<<):

Listing 2.14: Point-Wise Example

infixString :: String -> String -> a String String
infixString s1 s2 = arr ( S -> sl ++ s ++ s2)

runLA ( infixString $ < constA "y" &&& constA "z" ) "x"

The result of this list arrow would be the string "yxz".
An arrow which o ers a slightly di erent but signi cant func tionality is the operator
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($<9). In contrast to ($<) this operator applies all results of the second arrow sequen
tially to the input by the arrow with an extra parameter. This allows programming in
a point-wise style in the second arrow, which again becomesetessary, when a value is
needed more than once.

If it is essential to transform a single value step by step, tlis combinator is very useful.
The second arrow collects the data for all steps and the arrowvith an extra argument
transforms the input step by step. The de nition of the operator is the following:

($<%) :: (c - > abb)->abc->abb
g $<$ f = applyA (listA (f >> arr g) >> arr segA)

If gis a deterministic arrow (i.e. computes exactly one result)the results of g $<$ f
and g $< f are equal. But if g computes more than one result the whole arrow only
has one result becausé is applied sequentially to the input for every result of g. Again,
the arrow addSomethingis used to show the functionality of the combinator:

runLA ( addSomething $<$ constA 2 <+> constA 3 ) 1

This arrow would compute the result [5] while the same arrow with the combinator
($<) would compute the result [3,4] .

This is the introduction to the ArrowList class so far. Now, the other arrow classes pro-
vided by the Haskell XML Toolbox are introduced. Naturally, the arrows of ArrowList
will be described more detailed later in more complex examps.

2.4.2. Arrowlf { Conditional Arrows

The classArrowlf provides conditional combinators for list arrows and is de ned in the
module Control.Arrow.Arrowlf . All conditional operations are based on the idea that
the result of an arrow is a list and the empty list representsFalse while a none-empty
list represents True . For that reason, every data type implementing Arrowlf also has
to implement ArrowList .

Two arrows ifA and orElse do not have a default implementation. The combinator ifA
is the standard if lifted to list arrows. The rst argument is the predicate arr ow, the
second the then-case and the third arrow describes the elsmse. The type signature of
ifA is the following:

ifA ;: abc¢c- >abd->abd->abd

The directional choice is provided by the combinatororElse . If the rst arrow succeeds,
then the result of it is returned, else the second arrow is apled to the input. In most
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cases, the arroworElse is used in the in x notation. Its type de nition is:

orElse :: abc- >ab¢c->abc

Only these two arrows need an instance de nition in order to qain the entire functionality
from Arrowlf . The data type LAwhich was already used for simple examples is also an
instance of this class. The following listing shows the impgmentation:

Listing 2.15: LA Implementation of Arrowlf

instance Arrowlf LA where
ifA (LA p) te
= LA ( x -> runLA (if null (p x) then e else t) x )
(LA f) “orElse” (LA Q)
= LA ( x -> let res = f x in
if null res then g X else res )

Another useful arrow is neg which is the same asot for simple predicate functions and
is used to negate arrows. The arrowsvhenand guards are also combinators to make the
application of arrows dependent on predicates. The calf "when™ g means that, if the

predicate g holds, the arrow f is applied, and if not, the identity Iter this is returned.

In contrast, g “guards’ f means that wheng does not hold, nothing is returned, and
when g holds, f is applied.

The arrow containing tests whether the results of the rst arrow are holding the pred-
icate, in which case only those results are returned.

Case expressions in Haskell are very useful for handling miisway branches of condi-
tionals. This can also be done with list arrows using the arrav choiceA, which is a
generalisation of orElse . The arrow choiceA uses an auxiliary data type IfThen with

an in x constructor (:->) to deal with multi-way branches. The next listing displays

an example and the de nition of it. In the example, p1 and p2 are predicates andexpl
to exp3 are the expressions which should be applied:

Listing 2.16: choiceA Example

choiceA :: [IfThen (a b ¢) (a b d)] - > abd
--example
choiceA [ pl - > expl

, p2 - > exp2

, this - > exp3]
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2.4.3. ArrowState

Dealing with states is a very important feature of programming with Haskell. These
states can be some kind of information which is needed througput the whole program,
for example a counter for generating unique identi ers. In monadic programs, this state
handling can be done by the classMonadState. For programs based on arrows, the
Haskell XML Toolbox provides the classArrowState to manage an explicit state. State
arrows work similarly to state monads by threading a state vdue through the application
of arrows. The de nition of the class and its functions are stown in the next listing:

class Arrow a ) ArrowState s a | a - > s where

changeState :: (s - > b ->s) -> ab b
accessState :: (s - > b ->c¢c) -> abc
getState s abs

setState T ass

nextState (s - >5s8)->abs

The arrows changeState and accessState take functions which change the state based
on the old state and which access the state with a function usig the arrow input as data
for selecting state components, respectively. To read theamplete state while ignoring
the arrow input, the class provides the arrow getState . The arrow setState allows
to overwrite the old state. Especially for consecutive staes like identi ers, the arrow
nextState is provided. It changes the state via a simple function and réurns the new
state value, while the arrow input is ignored.

To show examples of the state arrows, the data typelLA is not appropriate anymore.
A data type which implements the class ArrowState requires also special implementa-
tions of all other arrows like the (>>> ) or (&&&) operators. This is because the state
components always have to be taken into consideration throghout all arrow computa-
tions. Thus, the Haskell XML Toolbox provides the data type SLAde ned in the module
Control.Arrow.StateListArrow , Which is a list arrow combined with state handling.
The implementation of all arrow classes likeArrowList should not be described here,
because it does not di er much from the implementation of LA. The only di erence is
that every arrow has to loop the state values through the appication. The de nition of
the simple data type SLAis the following, wheres represents the state:

newtype SLA s a b = SLA { runSLA ' s > a -> (s, [b]) }

A simple example of generating consecutive numbers with tharrow nextState is pre-
sented by the following listing. The arrow newld takes aniInt as input, increments this
by one and returns the result asString .
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newld :: SLA Int b String
newld = nextState (+1)
>>
arr (("_:") show)
test = runSLA 0 (newld <+> newld <+> newld) undefined

Invoking test in the interpreter would generate the output (3,[" _1"," 2" 23" ,
in which the rst element of the tuple is the nal state and the second is the list of result
generated by the arrownewld. The function undefined is used as input for the arrow
because the input is ignored by the state arrow.

2.4.4. ArrowlO

The support of 1/0 operations is, like state handling, indispensable for larger programs.
The class ArrowlO provides arrows for lifting 1/O actions to arrows. Furtherm ore, the
module in which the class is de ned, contains also a class dald ArrowlOIf which allows
to convert an I/O predicate to an arrow. The class ArrowlO only has some constructors
to create di erent arrows. The one that has no default implementation is arrlO and is
de ned as:

arrlO :: (b - > 10 ¢) -> a b c

There are several possible implementations orrowlO. One is the data type |IOLAde ned
in the module IOListArrow , which combines computations over lists with I/0 handling,
and another data type is IOSLAwhich also provides state handling. The data type and
instance de nition of IOLAfor the class ArrowlO is the following:

newtype IOLA a b = IOLA { runlOLA :: a -> 10 [b] }

instance ArrowlO |IOLA where
arrlO cmd = IOLA ( x -> do
res <- cmd x
return [res])

In addition to the constructor arrlO , there are several arrows which di er in the num-
ber of arguments. These are fromarrlOO , which constructs an arrow from an 1/O
action without any parameter to the constructor arrlO4 , taking an 1/0O action with four
parameters.
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2.4.5. ArrowTree { Tree Processing

The last class ArrowTree which adds special features to the Haskell XML Toolbox is
essential for the XML parser. It provides arrows for procesimg trees which implement
the Data.Class.Tree interface. This is the generic data type NTree and therefor also
the type XmiTree. All functions of ArrowTree have default implementations and use list
arrows for processing. That is why the simple data types likeLA are also instances of
ArrowTree without any extra implementation. The main arrows of ArrowTree are func-
tions de ned in Data.Class.Tree and lifted to arrows. Therefore, the de nition of how
ArrowTree actually processes trees depends on the implementation @fata.Class.Tree .
These arrows aregetChildren , setChildren , changeChildren , getNode, setNode and
changeNode The rst three arrows process the child-nodes of the root ofa tree by
selecting the children, substituting them or editing the children with a given function,
respectively. In order to process the attribute of the root d a tree, the second three
arrows are provided and, again, allow to select, substituteor change the attribute.

The data type NTreeas an instance ofData.Class.Tree provides all these functions and
therefore also the typeXmlTree, which means that these arrows also allow to process a
whole document tree of a XML document. To show the functionaity in some examples,
the list arrow data type LA and the tree intTree de ned in listing 2.2.1 is used. The
function addOneincrements every element in a list of NTree and its children by one.
Handing this function over to changeChildren , will apply it to every child element of
the root tree, as shown in listing 2.17.

Listing 2.17: changeChildren Example

addOne :: [NTree Int] -> [NTree Int]
addOne [] = ]
addOne ((NTree i ys):xs)

= (NTree (i+l) (addOne ys)) : addOne xs

testAddOne = runLA (changeChildren (addOne)) intTree

The result of testAddOne would be a tree in which, besides the root, every element
is incremented by one. This can be achieved much easier becsIArrowTree provides
several compound arrows for traversing the whole tree with derent strategies.

The arrow processChildren applies an arrow element-wise to all children of the root of
a tree, collects the results of it and than substitutes the children with this result. With
processChildren , the function addOneis much easier to de ne. Instead of a simple
function, it is now de ned as a list arrow:
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Listing 2.18: processChildren Example

addOneA :: LA (NTree Int) (NTree Int)
addOneA = changeNode (+1)p> processChildren addOneA

testAddOneA = runLA (processChildren addOneA) intTree

The result of testAddOneA would be, again, a tree in which every element has been
incremented by one. This, however, can be done even easierah within the last example.
The arrows processTopDownand processBottomUp recursively transform a whole tree
by applying an arrow to all subtrees. This is done with a top dovn depth rst traversal
strategy by processTopDowrand bottom up, depth rst, leaves rst and the root as last
tree by processBottomUp. Therefore, it is not necessary to implement the recursion o
one's own. Furthermore, there are the arrowprocessBottomUpWhenNothat stops the
transformation if a predicate does not hold and the arrowprocessTopDownUntil , which
stops the recursion if a tree is successfully transformed.

Now addOneAcan be rewritten with one of the traversal arrows. Both of them can be
used, because traversing the tree from top to bottom gives irthis case the same result
than from bottom to top:

Listing 2.19: processBottomUp Example

addOneA :: LA (NTree Int) (NTree Int)
addOneA = processBottomUp (changeNode (+1))

testAddOneA = runLA (processChildren addOneA) intTree

Several other arrows provide additional features for procesing a tree. The arrowreplace-
Children is similar to processChildren , but the children are replaced by new ones
which are computed by processing the whole input tree. WithinsertChildrenAt and
insertChildrenAfter it is possible to determine in which place of the tree the new
children should be inserted. The arrowinsertChildrenAt  takes an index where the
computed list of trees should be inserted andnsertChildrenAfter searches the inser-
tion place with a predicate.

In order to search a whole tree for subtrees recursively, thelassArrowTree provides the
arrows deep as a top down searchdeepest as a bottom up search andmulti also as a
top down search. Whiledeep and deepest stop when a tree is found which matches the
predicate and returns it, multi moves on (when a matching tree is found) and returns
all the subtrees for which the predicate holds.
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2.4.6. ArrowXml

The classesArrowList , Arrowlf , ArrowState , ArrowlO and ArrowTree together provide
all the functionalities, needed by a powerful XML parser. The features described in the
last sections are combined in the clasArrowXmlde ned in the module Text. XML.HXT.Ar-
row.XmlArrow. It provides a huge set of arrows to process XML documents. Th class
ArrowDTDis based on this interface, which contains special arrows fADTD processing.
All the functions which are de ned in the class XmINodeand described in section 2.2.3
are lifted to arrows, so that now the processing functions fo XML documents are able
to deal with 1/O actions, global states and errors. Furthermore, the arrows of ArrowXml
are also grouped inpredicates selectors constructors and modi ers. Since instances of
ArrowXml are also instances ofArrowList , all predicates return this , if the predicate
holds, while returning none in case it fails (see section 2.4.2). In order to make the
di erence between the functions in XmINodeand ArrowXml clear, the next listings show
how isText and getText , which were already introduced in section 2.2.3, are de ned

isText :: a XmlTree XmlITree
isText = isA XN.isText

SinceisText is of type bool, it is handed over to the arrow isA, which generates a
list arrow out of a predicate function. The quali ed import n ame XNis used to dier

between the function de ned in the class XmINodeand the new local de nition. The

selector function getText returns the text of a text node and is lifted to arrows as
follows:

getText :: a XmITree String
getText = arrL ( maybeTolList XN.getText)

In this listing, arrL , which creates an arrow from a list function, is used to lift getText .
The function getText is transformed from the Maybetype to a list function with
maybeTolList, de ned in the Prelude of Haskell.

Among the lifted functions from XmINode ArrowXml also provides additional arrows,
for instance to process the whole attribute list. How to use hese arrows for processing
XML documents in \real-life"-programs will be described in the following chapter, where
a simple RDF/XML parser is implemented.

State for XML Processing

The processing of XML documents also needs a state for globalrocessing options, like
encoding options, the document base URI, trace levels or eor message handling. The
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module XmllOStateArrow provides this, based onlOStateListArrow . That is the list
arrow implementation with state and 1/0O handling. The main d ata type de ned in this
module is XIOSwhich represents the global store and is de ned as follows:

newtype XIOS
= XIOS (AssoclList String (IOSArrow XmlITree XmliTree))

type IOSArrow b ¢ = IOSLA XIOS b ¢

Again, AssoclList is used to provide a key-value list. But this time the value is not
just a string but a state arrow for XmlTree. This enables to store { besides simple
trace messages which are just character strings { whole XML rees for collecting error
messages and functions, e.g. for error message handling. &type IOSArrowis an alias
for state arrows with a XIOSstate.

The main entry point for running a state arrow with 1/0O is the f unction runX and its
type de nition is:

runX :: IOSArrow XmlTree ¢ -> 10 |[c]

This function is used to start all kind of XML processing. While invoking runX f, an
empty XML root node is applied to f. Usually, f will start with a constant arrow that
ignores the input. This can be an arrow which reads in the XML document. The usage
of runX is shown in examples later in this document.

2.4.7. Final Structure

The relationship between the di erent arrow classes, theirinstances and the data types
of the Haskell XML Toolbox is illustrated in gure 2.1. It cle arly shows, that the class
XmINodeacts as the interface between the data typeXmlITree and the classArrowXml.

The arrows provided by ArrowTree depend on the functions de ned in the classTree.

The gure is limited to the most important classes and data ty pes.
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Figure 2.1: Arrow Class and Data Type Structure
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3. Example RDF/XML Processing

3.1. Introduction

Now that the structure, the basic ideas as well as the di erer classes of the Haskell XML
Toolbox have been described, this chapter will demonstratehow to design a program
with it. The implementation of an RDF/XML parser was chosen as an example, because
all parts of the Haskell XML Toolbox, from simple le handlin g to complex arrows, are
needed for reaching this goal. But before starting the progamming, the language and
the idea of RDF need to be discussed.

The Resource Description Framework (RDF) is a language for epresenting information
about resources in the World Wide Web [RDF Primer]. The main intention of RDF is
to represent meta data about Web resources, e.g. the authotjtle, or the modi cation
date of the Web page. However, RDF can also be used more gendyato represent
information about all kinds of things that can be identied o n the Web. This can be
information about the goods of an online shop or the descrigbn of a Web service pro-
vided by a Web page.

The idea of RDF is not to provide another concept of displayirg information to people
like the Hypertext Markup Language (HTML), but rather to mak e the information pro-
cessable by applications. The handling of RDF is based on a aamon framework, so the
information can be processed outside the environment in wlth it was created or even
combined with other information.

In RDF, every resource can be identied by Web identi ers called Uniform Resource
identi ers (URI). The resources are described in terms of sinple properties and prop-
erty values. This de nes a simple but exible data model which represents the resources
as graphs of nodes and arcs.

The following sections give an overview of the concept of RDFbased on the following
three documents: Primer [RDF Primer], concepts [RDF Conceps] and syntax speci -
cation [RDF/XML Syntax].

3.1.1. Basic Concepts of RDF

The purpose of RDF is to describe resources in the Web. In othewords, it is used to
make statements about resources. As already mentioned, tlse statements are de ned
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as a thing identi ed by an URI and described in terms of a propety with a value. In
an RDF statement, these three things are hamedsubject predicate and object Together
they form a pattern which is called atriple. Like in natural languages, the subject is the
thing which is described and identi ed, the predicate is the property of the subject and
the object is the value of the predicate. An example of an Engsh statement is:

http://iwww.example.org/index.html has acreator whose value isJohn Smith
The RDF terms of this statement are:

the subject is the Uniform Resource Locater (URL) to identify the Web page
http://www.example.org/index.htm|

the predicate is the word \creator"

the objectis the phrase \John Smith"

This example shows how RDF is structured, but it is not complde. In RDF, every-
thing is identi able and ambiguity should be avoided to ensure that the statements
are machine-processable. Ambiguity among subjects, predates or objects would mean
that they cannot be clearly identi ed and, therefore, not pr ocessed by an application.
To solve this problem, RDF uses Uniform Resource Identi er URI) [URIS] extended
with references called URI reference otJRIref.

In the example above, the subject, namely the Web page, is idgi ed by an URL. But

in order to identify every part of the statement, it is also necessary to describe aspects
which have no network locations and URLs. URIs are more genai and not limited to
identifying things in the Web. URLs are, in fact, only a parti cular kind of URI.

To be machine-processable, RDF needs to be represented in aaythat applications

can read it. There are di erent languages to serialise RDF. e is N-Triples, which is
often used to explain RDF and to write down simple statementsbecause it is very short
and clear. The other one isRDF/XML , the o cial language, recommended by the W3C.

RDF/XML uses the Extensible Markup Language (XML), which al lows to design own
document formats and write documents in that format. A detailed description about
XML can be found in the document [XML]. RDF/XML and its syntax will be described
more thoroughly in section 3.1.3.

3.1.2. Model of RDF

The example statement of the last section:
http://www.example.org/index.html has acreator whose value isJohn Smith
can also be represented by the following triple:
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the subject: http://www.example.org/index.html
the predicate: http://purl.org/dc/elements/1.1/creator
the object: http://www.example.org/staffid/87540

In RDF, neither the subject nor the predicate must be characker strings. That is because
every element of a triple should be identi able and only the dject can be a so-called
literal. Those literals can beplain literals, which is a simple character string, ortyped
literals, where the literal has an additional data type information. Both, plain and typed
literals, can contain Unicode characters that allow to represent information from many
languages directly.

The URIrefs used in triples are often organised so that they @ ne a vocabulary. The
predicate URIref http://purl.org/dc/elements/1.1/creator , for example, is part of
the Dublin Core vocabulary [DC]. In this vocabulary there are de nied several commonly
used terms, like the termcreator. The advantage of vocabularies lies in their reusability.
Applications using the same vocabulary understand or intepret the predicates of triples
in the same way, since their meaning and their usage are de rie Vocabularies for RDF
are written in the RDF Vocabulary Description Language [RDF Schema], which shall
not be described here.

The statements of RDF can be modelled as nodes and arcs in a gr and in this notation
a statement is represented by

a node for the subject
a node for the object

a directed arc from the subject node to the object node for thepredicate

So, the statement above can be modelled by the graph in gure 3.

Figure 3.1. Simple RDF Graph

hittp: fwww example. orgfindex. itml

http:Vpurl.org/dc/elements/. 1/creator

http: ihwanw example. orgfstaffid/85740
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Another way to represent or serialise RDF statements using Bglish statements is the
N-Triples notation, which is a xed subset of N3 [N3]. The N-Triples notation requires
that URI references are written out completely in angle brakets. This can result in
very long lines per page. Therefore, in order to abbreviatedll URI references, quali ed
names (see section 2.2.2) are used to avoid this. The folloag list includes the quali ed
names that are used throughout this document and without expicitly specifying them
each time:

pre x rdf: namespace URI:http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
pre x dc: namespace URI:http://purl.org/dc/elements/1.1/

pre x ex: namespace URI:http://www.example.org/

pre x exterms: namespace URI:http://www.example.org/terms/

pre x exstaff: namespace URIL:http://www.example.org/staffid/

pre x xsd: namespace URI:http://www.w3.0rg/2001/XMLSchema#

The next listing shows a group of statements with additional information added to the
example above in N-Triples notation and using this new shorhand:

Listing 3.1: Group of Statements with N-Triple Notation

ex:index.html dc:language "en" .
ex:index.html exterms:creation-date "August 16, 1999" .
ex:index.html dc:creator exstaff:85740 .

The RDF graph of that group is shown in gure 3.2.
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Figure 3.2: Compound RDF Graph

httpfhwww.example. orglindex. htmil
hittp: fwww example. orgterms/creation-date hittp:/fpurl. org/de/elements/1_1/creator
August 16, 1999 hittp . example.org/stafflid/85740

hittp: fpurl. org/de/elements/1_1/languages

en

This example illustrates the use of vocabularies: An orgarsation such as example.org has
a vocabulary consisting of URIrefs starting with the pre x http://www.example.org/
terms/ for terms it uses in its business, such as \creation-date" or\product”. An-
other vocabulary of the organisation is to identify its employees with URIrefs start-
ing with http://www.example.org/staffid/ . RDF itself uses the same approach to
de ne its own vocabulary of terms with special meanings in ROF. As shown in the
list above, the URIrefs in the RDF vocabulary all begin with http://mww.w3.org/
1999/02/22-rdf-syntax-ns# , which is conventionally associated with the QName pre-
X rdf: .

In addition to this, it is crucial to distinguish between any meaning that RDF for it-
self associates with terms such adc:creator and externally-de ned meaning that pro-
grams might associate with those terms. Only the semantics fathe RDF vocabulary and
the graph syntax are directly de ned in the documents [RDF/X ML Syntax] and RDF-
Semantics [RDF Sematics]. The meaning of any other vocabut#s is de ned somewhere
externally to RDF. Thus, generic RDF applications like parsers, would only recognise a
statement with a speci ¢ vocabulary as a valid triple, but would not add and verify any
special meaning that might be associated with any terms of tle vocabulary.

Blank Nodes
Graphs may also include nodes without URIrefs, i.e.blank nodes The idea behind blank

nodes is to represent something that does not have an URIretut can be described in
terms of other information. As an example, gure 3.3 shows a gaph which represents
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the statement \the document 'http://www.w3.org/TR/rdf-s  yntax-grammar' has a title
'RDF/XML Syntax Speci cation (Revised)' and has an editor, the editor has a name
'Dave Beckett' and a home page 'http://purl.org/net/dajob e'".

Figure 3.3: Graph with a Blank Node

hittp: fiwewew w3, orglT R/ rdf-syntax-grammar

hittp ifwawaw exam ple.arga'termss'ednmr/ \hup:h‘purl.urg.n'dca'elemenlsh.1."tit|e

RDOFEML Syntax Specification (Revised)

http:www example. org/terms/homePage hittp hwww example.orgiterms/fulIMame

hittp:ffpurl.orginet'dajobe/ Dave Beckett

The concept of the editor of a Web page does not need to be refexd directly from outside
a particular graph and hence, does not require a \universal“identi er. The blank node
simply provides the necessary connectivity between the remining parts of the graph.
However, to represent this graph with the N-Triples notation, the blank nodes also need
some form of explicit identi er. N-Triples use blank node identi ers having the form
_:name for that, where namecan be any kind of character string. In most cases, this is a
number. For instance, a blank node identi er _iidl might be used to refer to the blank
node. To keep this example short, only the subgraph with the tank node is shown:

Listing 3.2: Triples with Blank Nodes

<http://www.w3.org/TR/rdf-syntax-grammar > exterms:ed itor _id1 .
_id1 exterms:homePage <http://purl.org/net/dajobe> .
_id1 exterms:fullName "Dave Beckett" .

Blank node identi ers are not actual parts of the RDF graph, like URIrefs and literals
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are. They serve as representatives of the blank nodes in a grh and distinguish one
blank node from another when the graph is written in the N-Triple form. Additionally,
blank node identi ers also have signi cance only within the triples representing asingle
graph.

Because RDF can only represenbinary relations directly, blank nodes also provide a
way of dealing with n-ary relations by breaking them up into a group of separate binary
relations.

Typed Literals
In some situations, it might be more appropriate to store sone kind of type information

to the plain literal of a statement. For example, if the age ofa person is to be recorded,
it does not make sense to use a plain literal for this, like ilistrated in the next listing:

exstaff:85740 exterms:age "7

An application processing this statement cannot \know" that the literal \27" is a decimal
number and not a character string. Therefore, the data type nformation of this literal is
added to the statement like it is done in database systems orwgramming languages. In
RDF, these extended literals are calledype literals. The example above can be rewritten
using a typed literal to store the age:

exstaff:85740 exterms:age "27""Mxsd:integer .

The same example is show as a graph in gure 3.4.

Figure 3.4: Graph with a Typed Literal

hitpiwww example. org/staffid/857 40

hitp:fhwww. example. orgterms/age

27 hahttpaiwww w3 org2001XMLSchema##integer
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In this example the data type integer de ned in the XML Schema [XML Schema] data
types is used. It is very important to keep in mind that the data types of the typed
literals are not validated by generic RDF applications. As it is the case with the vocab-
ulary, the data type de nition is done externally from the RD F de nition, which means
that an RDF parser cannot determine whether a literal is valid or not. This has to be
done by the applications which know how to process these paitular data types.

This section has presented an introduction to the concepts bRDF. It has shown how
RDF can be used to store all kinds of data and that RDF graphs ae similar to the way
of recording information in simple relational databases.

3.1.3. RDF/XML - Syntax

Although the conceptual model of RDF is a graph, it is also neessary to write down and
exchange or, in other words, to serialise RDF graphs. The N-fliples notation, which has
been already introduced, can be used for this but it was onlyntended as a shorthand
notation. RDF/XML instead, is the normative syntax for seri alising RDF graphs and
is de ned in the RDF/XML Syntax Speci cation [RDF/XML Synta x]. The basic ideas
behind the RDF/XML syntax can be illustrated by using some of the examples presented
previously. The example in listing 3.3 has taken the rst example and has replaced the
URIref of the object by a plain literal.

Listing 3.3: RDF Statement with Plain Literal

ex:index.html exterms:creator "John Smith"
This RDF statement can be encoded in RDF/XML Syntax as the following listing:

Listing 3.4: RDF/XML for the Creator Concept

1 <?xml version="1.0"?>

2 <rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22 -rdf -syntax-ns#"

3 xmlns:exterms="http://www.example.org/terms/">

5 <rdf:Description rdf:about="http://www.example.org/i ndex.html">
6 <exterms:creator>John Smith</exterms:creator>

7 </rdf:Description>

9 </rdf:RDF>

Lines 1-3 are the \introduction" of the RDF/XML document. Fi rst, in line one, there
is the XML declaration to indicate that the following conten t is XML. Then, in line two
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and three, there begins anrdf:RDF element which indicates that the following content
up to the end tag is RDF. The namespace declarations for the RB namespace, de n-
ing the terms from the RDF vocabulary and all the others which are used throughout
this document, are also written down in these lines. Althoudh the RDF namespace and
the rdf:RDF element are optional in situations where the XML can be idented as an
RDF/XML document by context, it is always better to provide t hem, since this makes
the documents much clearer.

In line ve there is the rdf:Description element, which indicates the start of ade-
scription of a resource and is also callechode element What this statement is about
is speci ed in the rdf:about attribute. The content of this attribute is the URIref of
the subject. The following line, line six, provides aproperty element which represents
the predicate and object of the statement. The quali ed name exterms:creator of
this element speci es the predicate and the content of the poperty element is the plain
literal John Smith, which is the object.

The listing 3.4 illustrates the basic ideas of RDF/XML. Ther e are several other ways
of representing an RDF statement in XML and also a lot of abbreviations to keep the
RDF/XML documents from becoming too big. All of these options are described in
[RDF/XML Syntax] and this section introduces only those which are shown in

[RDF Primer].

Making more than one statement about the same resource can beepresented in RD-
F/XML by using the lines 5-7 in listing 3.4 for every new statement. To avoid this
overhead of repeating the samerdf:Description element for every statement, RD-
F/XML allows multiple property elements, representing the predicates and objects for
the same subject resource. For example, listing 3.5 represts the following group of
statements:

ex:index.html dc:creator exstaff:85740
ex:index.html exterms:creation-date "August 16, 1999"
ex:index.html dc:language "en”

These triples are the same as the RDF graph shown in gure 3.2.

Listing 3.5: Multiple Properties

<?xml version="1.0"?>

<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22 -rdf -syntax-ns#"
xmlns:dc="http://purl.org/dc/elements/1.1/"
xmlns:exterms="http://www.example.org/terms/">

<rdf:Description rdf:about="http://www.example.org/i ndex.html">

<exterms:creation-date>August 16, 1999</exterms:creat ion-date>
<dc:language>en</dc:language>
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9 <dc:creator rdf:resource="http://www.example.org/sta ffid/85740"/>
10 </rdf:Description>

12 </rdf:RDF>

Apart from showing how to use multiple property elements, the listing 3.5 also introduces
a new form of property element. Unlike the rst two propertie s, the property in line
nine is an empty element with an rdf:resource  attribute. This attribute represents
a property whose value is anotherresource rather than a literal. If the URIref of this
resource has been written in the same way as the literal valug the URIref would not
be a resource identi er but a character string. Unfortunately, the URIref cannot be
abbreviated as a quali ed name and has to be written out, sine it is being used as an
attribute value.

Using blank nodes to describe resources is another techniguof RDF. Blank nodes are
nodes which do not have an URIref but can be described in termef other information
as discussed in section 3.1.2. RDF/XML provides several way to represent graphs
containing those nodes, but only the most direct approach shuld be illustrated here.
This is to assign ablank node identi er to each blank node. A blank node identi er only
identi es a blank node within a particular RDF/XML document and is, in contrast to an
URIref, unknown outside the document. In order to refer to a blank node in RDF/XML,
the rdf:nodelD attribute and the identi er as its value are used. This attri bute can
appear in places where the URIref of a resource would othersé be and replaces the
rdf:about attribute of node elements (elements with the namerdf:Description ). The
example in listing 3.6 shows the RDF/XML corresponding to gure 3.3.

Listing 3.6: Blank Nodes in RDF/XML

1 <?xml version="1.0"?>

2 <rdf:RDF xmlins:rdf="http://www.w3.0rg/1999/02/22 -rdf -syntax-ns#"

3 xmlns:dc="http://purl.org/dc/elements/1.1/"

4 xmlns:exterms="http://www.example.org/terms/">

6 <rdf:Description rdf:about="http://www.w3.0rg/TR/rdf -syntax-grammar">
7 <dc:title>RDF/XML Syntax Specification (Revised)</dc:t itle>

8 <exterms:editor rdf:nodelD="abc"/>

9 </rdf:Description>

11 <rdf:Description rdf:nodelD="abc">

12 <exterms:fullName>Dave Beckett</exterms:fullName>

13 <exterms:homePage rdf:iresource="http://purl.org/net/ dajobe/"/>
14  </rdf:Description>

16 </rdf:RDF>
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In listing 3.6 the value of the exterms:editor property is a blank node with the iden-
tier abc. The blank node itself is de ned in line 11 as the subject of two statements.

Instead of using plain literals as usual, the typed literals introduced in section 3.1.2
may be used as well. This can be done in RDF/XML by adding anrdf:datatype at-
tribute with the data type URIref as its value to the property element. The following
listing illustrates the graph shown in gure 3.4 in the RDF/X ML syntax:

Listing 3.7: Typed Literal in RDF/XML

<?xml version="1.0"?>
<rdf:RDF xmlins:rdf="http://www.w3.0rg/1999/02/22 -rdf -syntax-ns#"
xmlns:exterms="http://www.example.org/terms/">

<rdf:Description rdf:about="http://www.example.org/s taffid/85740">
<exterms:age rdf:datatype=
"http://www.w3.0rg/2001/XMLSchemat#integer">27
</exterms:age>
</rdf:Description>

11 </rdf:RDF>

The RDF/XML Syntax described so far provides a simple but gereral way of expressing
RDF graphs. This simple approach gives the most direct repreentation of the actual
graph structure. Some other additional abbreviations provded by RDF/XML will be
introduced in section 3.2 along with the example RDF/XML par ser.

3.1.4. SPARQL { Query Language for RDF

The approach of storing information in RDF is very similar to that of simple relational
databases. Almost every relational database provides the tBictured Query Language
(SQL) to access the information recorded in the tables of a d@base. SQL provides
several commands to manipulate and to search for data. It sems likely to provide such
a data access language also for RDF, which could be used to gyethe information
stored in RDF graphs. There are several approaches of querahguages for RDF and
one of them should be introduced here. This is the query langage part of the Protocol
and RDF Query Language(SPARQL) [SPARQL] which is still under development and
not nished yet. SPARQL provides a lot of features to search br information in RDF,
like querying more than one graph and connecting several RDIStores. As this document
intends to exemplify how to implement an RDF/XML parser with a small query engine,
only the basic language features of SPARQL should be introdced here.
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The idea of the SPARQL query language is based on matchingraph patterns There
are several versions of graph patterns. The simplest one ishe triple pattern which is
the same as an RDF triple but with the possibility of a variable in any of the subject,
predicate or object positions. An exact match of this triple pattern to an RDF graph is
needed to ful ll a pattern. A simple query which searches forthe title of a book in the
following data:

ex:book/bookl dc:title "SPARQL Query"

shows the next listing:

Listing 3.8: Simple SPARQL Query

SELECT ~?title

WHERE { <http://www.example.org/book/bookl>
<http://purl.org/dc/elements/1.1/title >
?title . }

The result of this query would be:

title
"SPARQL Query'

A query always consists of two parts, the SELECTlause and the WHERE&ause. The
SELECTIlause speci es the variables, which should be returned byhe query. The WHERE
clause contains the graph pattern. In this case the graph pdern consists one single
triple pattern. Graph patterns can also be of other pattern types. Every pattern adds
additional functionality to SPARQL. These additional patt ern types will not be taken
into consideration.

The triple pattern consists of three query terms. These can ke an URIref delimited by
\<> ", The object can also be a literal which is delimited by singke or double quotes and
can be followed by an optional language tag, introduced with'@', or an optional data
type URI, introduced by . As a convenience, integers, oating point numbers and
boolean values can be directly written and are interpreted & typed literals of data type
xsd:integer , xsd:double or xsd:boolean .

The variables used in a SPARQL query have a global scope and arindicated by '?' or
g,

The term \binding" is used as a descriptive term to refer to a pair of variable and RDF
term. These bindings result in tabular form so if variable x is bound to \Fred" it is
shown as:
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X
"Fred"

The results of a query can also be returned in RDF, in a speciaKML format de ned in
[SPARQL Result] or in forms speci c to the implementation.

The matching of a graph pattern to a graph, gives bindings betveen the variables of the
triple patterns and the RDF terms. This means, the triple pattern, with the variables
replaced by the corresponding RDF terms, is a triple of the gaph being matched. This
process is also calledubstitution.

The last example has shown how to search for only one triple. nl the following exam-
ple, the data consists of two triples with blank nodes as the sbject and the query also
consists of two triple patterns. This graph pattern only matches if each of the triple
patterns matches with the same substitution. The data is:

_:a dc:name "Johnny" .
_:a dc:mbox <mailto:jlow@example.com> .

The query to search for the mail address is:
SELECT ?mbox

WHERE { ?x <http://purl.org/dc/elements/1.1/name> "John ny"
?x <http://purl.org/dc/elements/1.1/mbox> ?mbox }

This leads to the following result:

mbox
<mailto:jlow@example.com>

With SPARQL, it is also possible to deal with multiple matches. The example above
could have two mail addresses as a result if the data contairtetwo entries with the name

\Johnny".

Triple patterns are written as a list of subject, predicate and object, which can result
in very long lists and can therefore be abbreviated. Thepredicate-object list allows to

write down the subject only once where several triple pattens with the same subject
are needed. The predicate-object list is then delimited by &;' like shown in the next

listing:

?x dc:creator ?name ;
dc:creation-date ?date .

Another way of abbreviating triple patterns are object lists which can be used when
triple patterns share both subject and predicate. The follaving listing illustrates how
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the object list is used.

?x dc:creator "Alice" , "Alice "

This is the same as writing the triple patterns in the following form:

?x dc:creator "Alice" .
?x dc:creator "Alice "

Like section 3.1.3, this section illustrated some, but not 8 of the abbreviations and
language features of the SPARQL query language. A number ofdditional ones will be
described in further detail in the next sections, but the language shown so far already
provides enough features to write simple and useful querie®r RDF triples.

3.2. Writing the RDF/XML Parser

3.2.1. Introduction

The RDF/XML parser, which shall now be implemented, is structured and based on the
complexity of the tasks. First of all, a function or module is needed which takes care
of the 1/0 handling, i.e. reading an RDF document and presening the result of the
parsing process. Then, the real processing of the documenterds to be implemented,
which is also separated in several parts. The rst part is to rormalise all the RDF/ XML
abbreviations into a simple and normative RDF/XML document . This normalised doc-
ument is then processed and the result is stored in a new datatsicture. After that,
the data structure can be printed out in several formats like the N-Triples notation or
a simple RDF/XML representation. Furthermore, a SPARQL par ser and a module for
searching in the RDF data structure is also a part of it, in order to provide simple query
features.

3.2.2. Main Function and Option Handling

The rst part of a program is the main function, which is the \m ain entry point". The
le handling and the additional processing of the XML document are coordinated in this
function. The Haskell XML Toolbox provides { besides the arrows introduced in section
2.4 { the module XmlStateFilterInterface , Which consists of compound arrows for
reading, parsing, validating and writing XML documents. Th e most important arrows
of this module are readDocumentand writeDocument. The arrow readDocumentis the
main document input arrow. It can be con gured by an option li st of type Attributes
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and takes the le name of the document which should be read as grameter. The
attribute list of readDocumentis stored in the global state component to ensure that it
can be accessed everywhere in the program. Some of the avéila options are:

a validate : validate document, else skip validation (default)
a_check_namespaces check namespaces, else skip namespace processing (défaul
a_canonicalize : canonicalise document (default), else skip canonicalisen

a_removewhitespace : remove all whitespace, used for document indentation,
else skip this step (default)

a_trace : trace level: values: 0 - 4

The writing of XML documents to les is done by the arrow writeDocument. Like
readDocument it takes a list of options and the le hame of the document which should
be written. The full list of the available options for both ar rows is listed in appendix A.
The next listing, for example, illustrates how to write a main function that reads an
RDF le \simple.rdf" in, processes all namespaces, removesll white spaces and then
creates a new RDF le \output.rdf" out of it:

Listing 3.9: First Main Function

main :: 10 ()
main
= do
runX ( readDocument [(a_check_namespaces,"1"),
(a_remove_whitespace,"1")]

"simple.rdf"
>>
writeDocument [] "output.rdf"
)
return ()

Unlike the two options handed over toreadDocument the arrows removeAllWhiteSpace
and propagateNamespacescan be used to delete the whitespaces and process all names-
paces. Line-breaks to indent a XML document are interpretedas XML text nodes. When
processing those documents, it is crucial to calilemoveAllWhiteSpace, since these extra
text nodes are also returned bygetChildren . Sometimes, the number of chil-nodes of
an element are of interest and text nodes containing line-beaks disturb or cover up the
real number which maybe leads to incorrect results.
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The function runX, described in section 2.4.6, is used to run the processingn this case,
it consists of the two arrows readDocumentand writeDocument combined with the op-
erator (>>> ), which results in an 1/O action. This action is executed by runX and
the main function ends by returning the empty tuple. Several errors, like XML syntax

error, can occur during the processing. These errors, howey, are ignored and the main
function always ends successfully.

To enable the error handling in the example above, the arrongetErrStatus from the

module XmllOStateArrow reads the error status from the global state, which can then
be used to determine, how the main function should end. The exmple in listing 3.10
shows how the main function can be rewritten, so as to enablersor handling and tracing

parse errors while processing.

Listing 3.10: Main Function with Error Handling

main
= do
[rc] <- runX ( readDocument [(a_trace,"1")]
"simple.rdf"

>>
removeAllWhiteSpace >> propagateNamespaces
>>
writeDocument [] "output.rdf”
>>
getErrStatus

)
exitwith ( if rc >= c_err
then ExitFailure (-1)
else ExitSuccess )

When including the main function from the example above into a Haskell module, two
modules have to be imported. One of them is the moduldext. XML.HXT.Arrow which

is the application programming interface to the arrow modules of the Haskell XML
Toolbox and exports all important arrows, basic data types and functions. The other
one is the moduleSystem.Exit from the standard Haskell libraries which is used to get
the functions for advanced program termination.

However, the example above is still not completed. Another onsiderable feature which
should be provided by every program is to deal with commandihe options. Furthermore,

the name of the input and output le should not be hard coded but rather speci ed by

a command-line argument. Therefore, the main function has ¢ be rewritten again.
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Listing 3.11: Main Function with Commandline Options

main
= do
argv <- getArgs
(al, src) <- cmdlineOpts argv
[rc] <- runX (processDocument al src)

exitwWith ( if rc >= c_err
then ExitFailure (-1)
else ExitSuccess )

Listing 3.11 shows that, the command-line parameters are dtected rst by the Haskell
function getArgs . After that, the function cmdlineOpts processes these parameters and
returns a pair of the list of processed arguments and the inpti le name. This pair, then,
is handed over to the arrow processDocumentwhich is executed byrunX. Finally, the
error handling is done in the same way as shown in the last exapie.

The function cmdlineOpts parses the command-line parameters, prints the list of avai
able command-line arguments or terminates the program if ndnput le name has been
speci ed. The de nition of it shall not be described here in detail, because it is not a
Haskell XML Toolbox speci ¢ function, but a standard Haskell code.

The main function is much shorter now that the processing arows are encapsulated by
the arrow processDocument which is de ned as follows:

Listing 3.12: processDocument

processDocument :: Attributes - > String -> IOSArrow b Int
processDocument al gr src
= readDocument al src
>=>

removeAllWhiteSpace >> propagateNamespaces

>>>

writeDocument al ( fromMaybe "" ( lookup a_output_file al))
>>>

getErrStatus

The arrow takes the attributes and the name of the input le as extra parameters. These
arguments are handed over toreadDocument Moreover, the command-line option for
the name of the output le is looked up in the list of parameters al . If this parameter
does not exist, the output is printed to the standard output. This list can contain any
options, allowed by readDocumentand writeDocument. Later in this section, an extra
command-line option will be added to the available list of aguments.
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The program described so far is already a fully working appkation, which parses a
XML document and writes it back to a le or the standard output . However, it does
not contain any RDF/XML speci c arrows yet. The arrow processDocumentcan be
extended easily by any arrow which processed XML somehow. Ithe next section this
will be shown by implementing parser arrows for RDF/XML.

3.2.3. Parsing RDF/XML

Before starting to parse the full RDF/XML syntax, only a subs et of it is processed.
This subset covers all the features described in section 33. The additional syntax
abbreviations and their processing are discussed in the nesection.

Simple Processing Arrows

The rst simple RDF/XML document which should be processed by the parser is the
document presented in listing 3.4. The next listing shows tlis RDF document in order
to recall the syntax of RDF/XML (the XML and namespace declaration have been
removed):

<rdf:Description rdf:about="http://www.example.org/i ndex.html">
<exterms:creator>John Smith</exterms:creator>
</rdf:Description>

It contains no abbreviations and has only one RDF triple with a plain literal as the object.
First of all, the processing functions return their results in a simple XML document and
later it will be shown how to store these results in a special dta structure for RDF.
The structure of this XML document is illustrated in the next listing, using the data of
listing 3.4:

Listing 3.13: Simple Triple Representation

<triple>
<subject>http://www.example.org/index.html</subject >
<predicate >http://www.example.org/terms/creator</pr edicate >
<object>John Smith</object>

</triple>

To achieve this result, everyrdf:Description  -element has to be selected by processing
the whole XML document tree. The following listing shows the predicate, which tests
whether an element has the namedf:Description  and the attribute rdf:about
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Listing 3.14: Predicate detecting Node Elements

isNodeElem :: (ArrowXml a) ) a XmlTree XmlTree
isDesc
= isElem >> hasQName rdf_Description >> hasQAttr rdf_about

The constants rdf _Description and rdf _about are of type QNameand represent the
quali ed names.

This predicate can now be applied to the whole document tree.lf the predicate holds,
this element can be further processed. The traversing throgh the tree is done by the
arrow deep:

Listing 3.15: Apply the Predicate to the Tree

processRDF :: (ArrowXml a) ) a XmlTree XmlTree
processRDF
= processChildren (deep (isNodeElem “guards ™ getTriple))

The arrow getTriple does the actual processing of thedf:Description elements.
It selects the value of therdf:about attribute and creates an element with the name
\subject" and the value as a text element. The same is done wih the property element
by selecting the predicate and object value and generating lements with the name
\predicate" and \object" out of it. These three elements are then added to the list of
children of an element called \triple":

Listing 3.16: getTriple

getTriple :: (ArrowXml a) ) a XmlITree XmlTree
getTriple
= selem "triple"
[getQAttrValue rdf_about >> selem "subject" [mkText]
,getChildren >> getUniversalUri
>> selem "predicate" [mkText]
,selem "object" [getChildren >> getChildren]

]

The arrow processRDFcan now be added to theprocessDocumentarrow from listing
3.12, so that it processes the XML tree generated byeadDocumentand passes the result
of it to the arrow writeDocument.

The resulting program is already able to process very simpl&RDF documents with one
or more triples, but every triple has to be declared explicity and no abbreviations are
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allowed. In order to process the multiple property elementsas shown in listing 3.5, the

function above has to be rewritten, because the URIref of thesubject is needed several
times. The function getTriple now takes an additional parameter of type string which

is the URIref of the subject to ensure that it can be used more han once. The listing

3.17 presents the rewritten function getTriple

Listing 3.17: getTriple for Multiple Properties

getTriple subject
= getChildren >> selem "triple"
[selem "subject" [txt subject]
, getUniversalUri >> selem "predicate" [mkText]
, selem "object" [getChildren]

]

Furthermore, a new arrow is needed to select the value of thedf:about attribute. This
new arrow is called processSubject and is de ned as follows:

processSubject :: (ArrowXml a) ) a XmlTree XmlTree
processSubject = arr getTriple $ < getQAttrValue rdf_about

It hands the value of the attribute over to the arrow getTriple via the combinator $<,
which allows the programmer to use a parameter more than oncésee section 2.4.1).
This arrow shows, that the special combinators for point-wkse programming are highly
practical. Without them the code of such a simple arrow would be awkward and con-
fusing.

Now, processSubject and not getTriple has to be applied to the whole tree in the
arrow processDocument Every time the predicate isNodeElem holds, the rdf.about
value is selected and handed over t@etTriple , which generates a triple element for
every child-node of therdf:Description  element.

The next RDF/XML syntax feature that should be supported by t he parser are blank
nodes. There are several ways of representing blank nodes RDF/XML, but rst
only blank nodes with a explicit blank node identi er should be processed. Therefore,
the predicate isNodeElem has to be rewritten, because anrdf:Description element
can also have ardf:nodelD attribute carrying the blank node identi er instead of the
rdf:about attribute. The choice between these two possibilities is mde by the combi-
nator orElse , as the next listing shows:

Listing 3.18: isNodeElem with Blank Node Test

isNodeElem = isElem >> hasQName rdf_Description
>> (hasQAttr rdf_nodelD “orElse * hasQAttr rdf_about)
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In addition to isNodeElem, the arrow processSubject also has to be rewritten, since
the blank node identi er has to be selected as well as the URIef. The following listing

illustrates how the choice between attributes can be made byhe choiceA-construction

(the type signature has been removed):

Listing 3.19: processSubject with Blank Node

processSubject
= arr getTriple
$< choiceA [hasQAttr rdf_about :- > getQAttrValue rdf_about
,hasQAttr rdf_nodelD:- > getQAttrValue rdf_nodelD

]

Moreover, the processing of the object of a triple has to be cdinged, since an object can
also have anrdf:nodelD attribute referring to a blank node or an rdf:resource  with
an URIref. This is done by the arrow processObject which also useschoiceA to deal
with the di erent cases:

processObject :: (ArrowXml a) ) a XmiTree XmlTree
processObject

= choiceA [isResource ;- > getQAttrValue rdf_resource
,isBlankNodeRef :- > getQAttrValue rdf_nodelD
,this .- > getChildren >> getText

]

>>>
selem "object" [mkText]

The predicatesisResource and isBlankNodeRef test if the element is empty and has the
right attribute. Now, the creation of the \object" element ¢ an be replaced ingetTriple
by processObject and the application is able to process RDF documents with blak
nodes like the one in listing 3.6, which would generate the fitowing output:

<triple>
<subject>http://www.w3.0rg/TR/rdf-syntax-grammar</s ubject>
<predicate>http://purl.org/dc/elements/1.1/title</p redicate >

<object>RDF/XML Syntax Specification (Revised)</object >
<[triple>

<triple>
<subject>http://www.w3.0org/TR/rdf-syntax-grammar</s ubject>
<predicate >http://www.example.org/terms/editor</pre dicate >
<object>abc</object>

<[triple>
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<triple>
<subject>abc</subject>
<predicate >http://www.example.org/terms/fullName</p redicate >
<object>Dave Beckett</object>

<[triple>

<triple>

<subject>abc</subject>
<predicate >http://www.example.org/terms/homePage</p redicate >
<object>http://purl.org/net/dajobe/</object>

<[triple>

Finally, the typed literals need to be processed to support d the functionality of
RDF/XML as presented in section 3.1.3. This time, however, mly the arrow process-
Object has to be rewritten by adding a new case to thechoiceA-construction. If an
object is a typed literal, the value of the rdf:datatype attribute and the text of the
element has to be selected as illustrated by the following $ting:

processObject
= choiceA [isResource -
,isBlankNodeRef :-
,isTypedLiteral :-
,this -
]

getQAttrvValue rdf_resource
getQAttrValue rdf_nodelD

opl

getChildren >> getText

V V. V V

>>>
selem "object"” [mkText]

where
opl = (getChildren >> getText) &&& getQAttrvValue rdf_datatype
>> arr ( (t,gn) = t++"""++qn)

The locally de ned arrow opl selects the text of the property node and the URIref of
the datatype attribute simultaneously. The resulting tupl e is handed over to the lambda
expression that combines the two character strings. Then, he lambda expression is
converted to an arrow.

The language features of RDF/XML which can be processed by tk application so far,
provide su cient ways of expression to represent every postble RDF graph. The next
step in the development of the RDF/XML parser is to design a daa structure in which
the result of the processing should be stored without using &ML document for this.
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Data Structure

An RDF triple consists of a subject, a predicate and an object These three parts are
represented by data types as follows:

Listing 3.20: Data Types Subject, Predicate and Object
type Subject = RDFTerm

type Predicate = URI

type Object = RDFTerm
The de nition of the data types RDFTernand URI are shown in listing 3.21

Listing 3.21: Types RDFTerm and URI

data RDFTerm = URIref URI
| RDFLiteral String
| RDFLangLiteral String String
| RDFTypedLiteral String URI
| BlankNode String
deriving (Ord, Eq)

type URI = String

The constructors of RDFTernexpress all the di erent units, a subject or an object can
be. Actually, a subject can only be an URIref or a blank node an not the di erent
kinds of literals. Later in this document, it will be shown th at a subject can be a literal
although this is forbidden by the RDF/XML Syntax speci cati on. Besides typed and
plain literal an object can also be a literal with a language geci cation, which has not
been introduced yet.

The type URI is a character string to prevent the examples fran becoming too complex.
The following listing shows the de nition of the data type re presenting a triple. The
type RDFStoreis a shortcut for a list of triples.

Listing 3.22: Triple Data Type

data Triple = Triple Subject Predicate Object
deriving (Ord, Eq)

type RDFStore = [Triple]
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The implementation of the Showclass for all types, which enables data types to be
printed out, is based on the N-Triples syntax and shall not befurther described here.

Furthermore, every data type has several constructor funcions to create the di erent
kinds of types.

Storing Parse-Result in the Data Structure

The output of every arrow has to be changed to the data types dscribed above and
unlike of creating XML elements, they have to use one of the aastructor functions.
Thus, processObject has to be rewritten as follows:

processObject :: (ArrowXml a) ) a XmlTree Object
processObject
= choiceA

[isResource ;- > (getQAttrvalue rdf_resource
>> mkResourceA)
,isBlankNodeRef :- > (getQAttrValue rdf_nodelD

>> mkObjectBlankNodeA)
,isTypedLiteral :- > opl

,this ;- > (getChildren
>> getText >> mkLiteralA)
]

where

opl = getQAttrValue rdf_datatype &&& (getChildren >>  getText)
>> arr2 mkTypedLiteral

The arrow version of one of the type constructors is used, inery case of the choiceA-
construct. The arrow getTriple has to be rewritten, too. It takes a Subject as extra

parameter in place of the character string and has the typeTriple as output, which is
generated by the function mkTriple :

getTriple :: (ArrowXml a) ) Subject - > a XmlTree Triple
getTriple subject

= getChildren

>> (processPredicate &&& processObject)
>> arr2 (mkTriple subject)
where

processPredicate = (getUniversalUri >> mkPredicateA)

The arrow processSubject , which calls getTriple , has the output type Triple as
well and creates aSubject in the two cases of an URIref or a blank node at the
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rdf:Description element. Furthermore, the arrow getChildren is applied in front
of it, because the processing of the whole XML tree has chandewhich will be shown
later. The next listing illustrates the new version of processSubject :

processSubject :: (ArrowXml a) ) a XmlTree Triple
processSubject

= getChildren
>> (isNodeElem ~“guards” (arr getTriple $ < blankOrNot))
where
blankOrNot = choiceA
[hasQAttr rdf_about :- > (getQAttrValue rdf_about

>>> mkURIrefA)
,hasQAttr rdf_nodelD :- > (getQAttrValue rdf_nodelD
>> mkSubjectBlankNodeA)
]

At last, the traversing of the tree and the types in processRDFhave to be changed.
The idea of the parser is to generate a list of triples out of te RDF/ XML document.
Accordingly, the triples created by processSubject have to be collected in a list. A list
arrow with the input type XmlTree and a list of triples (i.e. RDFStore as output type
would provide exactly this functionality. The ensuing listing presents such a list arrow:

Listing 3.23: Collect Triples

triples :: XmITree - > RDFStore
triples = runLA ( processSubject)

This function can be used to rewrite processRDF which also tests if the RDF/XML
elements are encapsulated by adf:RDF -element where all namespaces are de ned. Fur-
thermore, the traversing of the tree has changed by a call ofetChildren instead of the
arrow deep:

processRDF :: (ArrowXml a) ) a XmlTree RDFStore
processRDF = getChildren >> isRDF “guards " arr triples

The function processDocumentfrom listing 3.12 would stop working, if the arrow above
were placed between the reading and the writing arrows. Onegason is thatprocessRDF
is not of the correct type; its result is a RDFStoreand not a XmITree. This can be solved
by an arrow that calls the show function of RDFStoreand then creates a text node for
every character string. But this would not be su cient. The g enerated text nodes con-
taining the result of the show function would not have a root node which is compellingly
necessary for aXmlTree. The arrow replaceChildren solves this problem by replacing
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the child elements of the root node with the text nodes contaning the results. The
next listing shows the line of code which has to be placed betaenreadDocumentand
writeDocument to make processDocumentsuccessfully operate again:

replaceChildren (processRDF >> (arr showRDFStore ) >> mkText)

SinceprocessRDFnow creates a list of triples, it can be combined with all kind of arrows
processing this list and cannot only be printed out. But befae explaining this with a
simply query language which makes it possible to search thesit of triples for statements,
the next section shows how more complex abbreviations of RDIXML can be processed
by the parser described so far.

3.2.4. Normalisation of Advanced RDF/XML Syntax Abbreviat ion

The idea behind the normalisation is to generate a simple stadardised RDF/XML docu-
ment out of a complex one that contains di erent abbreviations. The resulting document
of the normalisation is passed to the arrowprocessRDF, which creates a list of parsed
triples. This procedure keeps the actual parsing simple. Eery additional abbreviations
which have not been explained in section 3.1.3 will be introdced shortly, before the way
how to cut them down is shown. The abbreviations are processksequentially, which
means that the whole document tree is completely extended seral times and might
result in a poor performance when parsing large RDF/XML documents. Nevertheless,
this approach keeps the normalisation arrows simple and chly focused on one prob-
lem to make them understandable and compact. In order to gainperformance, they
can be combined e ortlessly, so that several abbreviationsare processed during one tree
walking-through.

All normalisation arrows are joined together in one arrow whch generates the nal result,
as it has been done withprocessRDFE

Omitting Blank Node Identi ers and Nested Node Elements

So far, blank nodes have been represented by node elementsthwspeci ¢ blank node
identi ers. But it is also possible to omit these identi ers . Additionally, property ele-
ments which have a reference to a blank node, can contain a niesl node element instead
of referring to the blank node via ardf:nodelD attribute. So, the RDF graph illustrated
in gure 3.3 can be written down much shorter, as the following example shows:
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Listing 3.24: Blank Nodes without Identi ers

1 <?xml version="1.0"?>

2 <rdf:RDF xmlins:rdf="http://www.w3.0rg/1999/02/22 -rdf -syntax-ns#"

3 xmlns:dc="http://purl.org/dc/elements/1.1/"

4 xmins:exterms="http://www.example.org/terms/">

5 <rdf:Description rdf:about="http://www.w3.0rg/TR/rdf -syntax-grammar">
6 <dc:title>RDF/XML Syntax Specification (Revised)</dc:t itle>

7 <exterms:editor>

8 <rdf:Description>

9 <exterms:fullName>Dave Beckett</exterms:fullName>

10 <exterms:homePage rdf:resource="http://purl.org/net/ dajobe/"/>
11 </rdf:Description>

12 </exterms:editor>

13 </rdf:Description>

14 </rdf:RDF>

Although the RDF/XML in example 3.6 is equivalent to the list ing above and repre-
sents the same graph, the RDF parser described up till now is ot able to process the
last example. This is because, rstly, every node element iexpected to have either
a rdf:about attribute or a rdf:nodelD attribute and secondly, nested node elements
are not allowed inside property elements. Processing listig 3.24 directly would be a lot
more complicated than changing the XML tree in a way that the RDF parser can handle
it. Hence, three arrows are needed: one to generatelf:nodelD attributes where they
are missing, one to break the nested node elements up and one tdd the generated
blank node identi er to the property element. The rst arrow is generateNodelD which
creates a blank node identi er for every node element. Its denition is shown in the next
listing:

generateNodelD :: IOSArrow XmlITree XmlTree
generateNodelD

processTopDown (
addAttrl (qattr rdf_nodelD attrValue)
“when
(iselem > hasQName rdf_Description
>> neg (hasQAttr rdf_nodelD “orElse ™ hasQAttr rdf_about))
where attrValue
= getCounter "node_id" >> arr("genid"++) >> mkText

The additional attribute is added by the arrow addAttrl . It takes an arrow which
generates a list of attributes and adds them to the existing ist. In this case, the arrow

qattr

is used to create the new attribute. The value of it is de ned locally in attrvValue

62



1

2
3
4

Chapter 3. Example RDF/XML Processing

The arrow getCounter creates an integer value with the name \nodeid" in the global
state and returns the initialisation value or increments the global state by one and re-
turns the new value if the state with the given name already exsts. This function will
be used several times to create unambiguous numbers. As itrated in the next listing,
the operator to use the output of an arrow more then once, is aplied. It hands the
integer value of the state over to the local de ned function, which increments it and
then converts it into a character string.

getCounter :: String -> IOSArrow b String
getCounter name
= arr genNewld $< getParamint 1 name
where
genNewld :: Int -> IOSArrow b String
genNewld i
= setParamint name (i+1)
>

constA ( show i)

The next step in the normalisation of blank nodes without identi ers and nested node
elements is to convert the document into the tree structure,which the parser expects.
Thus, every nested node element has to become a child-node thfe root element. This
can be achieved e ortlessly by copying every existing nodelement in the document to
the root element. Unfortunately, the tree contains duplicate node elements after this
process. Moreover, the property elements that refer to the msted node elements still do
not have the extra attribute with the URIref or the identi er of the rdf:Description
element.

The copying of every node element to the root node can be doneybthe following
expression:

processChildren (multi isNodeElem)

The arrow multi  selects all subtrees for which the predicate holds angrocessChildren
substitutes the children with this result. The listing 3.25 shows the intermediate result of
normalising the document presented in example 3.24 (the namspace declarations have
been removed).

Listing 3.25: Intermediate Result of Normalisation

<rdf:Description rdf:about="http://www.w3.0rg/TR/rdf -syntax-grammar">
<dc:title>RDF/XML Syntax Specification (Revised)</dc:t itle>
<exterms:editor>
<rdf:Description rdf:nodelD="genidl1">
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5 <exterms:fullName>Dave Beckett</exterms:fullName>

6 <exterms:homePage rdf:resource="http://purl.org/net/ dajobe/"/>
7 </rdf:Description>

</exterms:editor>

9 </rdf:Description>

10 <rdf:Description rdf:nodelD="genidl">

11 <exterms:fullName>Dave Beckett</exterms:fullName>

12 <exterms:homePage rdf:resource="http://purl.org/net/ dajobe/"/>

13 </rdf:Description>

oo

The nested element, illustrated in line four to seven, has tobe deleted, to ensure that
the document after the normalisation is equal to the source dcument. Furthermore,
the property element in line three has to be extended by therdf:nodelD attribute and

the value of the same attribute in line four. This can also be ane by one arrow which
is presented in the next listing:

deleteDuplicate :: (ArrowXml a) ) a XmiTree XmlTree
deleteDuplicate
= processTopDown (
(processChildren(
(addAttrl (getChildren >> getAttr]) > setChildren [])
“when”
(getChildren >> isNodeElem))

)

“when®
(isNodeElem >> (deep isNodeElem)))

First, the arrow searches forrdf:Description elements containing nested node ele-
ments. If one is found, the child-nodes, which are the propdy elements, are processed.
Thereby, the attribute list of the nested node element is coped to the property element
and the list of child-nodes is deleted.

Every normalisation step, which deals with omitted blank node identi ers and nested
node elements, is now complete and can be sequenced in the @s normaliseRDF:

normaliseRDF :: IOSArrow XmlITree XmlTree
normaliseRDF = seqA [generateNodelD
,processChildren (multi isNodeElem)
,deleteDuplicate

]

The next example shows the nal result of the normalisation, where the nested node
elements have been deleted:
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Listing 3.26: Final Result of Normalisation

1 <rdf:Description rdf:about="http://www.w3.0rg/TR/rdf -syntax-grammar">
2 <dc:title>RDF/XML Syntax Specification (Revised)</dc:t itlhe>

3 <exterms:editor rdf:nodelD="genid1"/>

4 </rdf:Description>

5 <rdf:Description rdf:nodelD="genidl1">

6 <exterms:fullName>Dave Beckett</exterms:fullName>

7 <exterms:homePage rdf:resource="http://purl.org/net/ dajobe/"/>

8 </rdf:Description>

The parser which has been developed in the last section, is &bto process this document
and is therefore { in combination with the normalisation { al so able to parse more
advanced language features without actually extending theparser.

Unicode Support

In RDF/XML, every application of string refers to an Unicode character string, while
non US-ASCII characters like &' have to be replaced by the eécoded version of the
character, i.e. \nuOOFC" (see [CHARMOD] for more information on encoding). Every
attribute as well as every text node needs replacing. Againthis is a typical normalisation
by processing the whole tree and converting all occurrencesf strings. First, a function
is needed replacing every non US-ASCII character by the coact encoded one, then this
function has to be applied to the whole document tree.

stringToUtf :: String -> String
stringToUtf = concatMap charToUtf
where
charToUtf :: Char -> String
charToUtf ¢
| ord ¢ < 0x80 = [c]
| otherwise = "W\u00" ++charToHexString ¢

The function charToHexString is de ned in the module Text. XML.HXT.DOM.ULtil which

provides several utility functions; the one used here conuts a character into a two-digit

hexadecimal string.

Now, stringToUtf can be applied to all attributes and elements byprocessTopDown-
WithAttrl . Of course, this processing is restricted to text nodes to esure that only the
text values of attributes and elements are converted:
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convertToUtf :: (ArrowXml a) ) a XmlTree XmliTree
convertToUtf
= processTopDownWithAttrl editToUtf
where
editToUtf = changeText stringToUtf “when ® isText

At last, this arrow has to be added to the list in normaliseRDF in order to use it during
the normalisation process.

Typed Node Elements

It is common for RDF graphs to have rdfitype predicates from subject nodes. These
are conventionally calledtyped nodesin a graph, or typed node elementdin RDF/XML.
They are used to describe resources as instances of speciypes or classes. The next
listing illustrates an example of typed node elements:

Listing 3.27: Typed Node Element

1 <?xml version="1.0"?>

2 <rdf:RDF xmlins:rdf="http://www.w3.0rg/1999/02/22 -rdf -syntax-ns#"

3 xmlnx:exterms="http://www.example.org/terms/">

4  <rdf:Description rdf:about="http://www.example.org/s taffid/85740">
5 <rdf:type rdfiresource="http://www.example.org/terms /person”/>
6 <exterms:name>John Smith</exterms:name>

7 </rdf:Description>

8 </rdf:RDF>

The example above does not contain an abbreviation and can bgarsed by theprocessRDF
arrow. But typed node elements appear more frequently in th& shortened form, which
has to be normalised before it is processed. The triple can bexpressed more concisely by
replacing the rdf:Description ~ node element name with the namespaced-element of the
value of the type relationship. The following listing showshow this can be achieved:

Listing 3.28: Concise Typed Node Element

1 <?xml version="1.0"?>

2 <rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22 -rdf -syntax-ns#"

3 xmlnx:exterms="http://www.example.org/terms/">

4 <exterms:person rdf:about="http://www.example.org/st affid/85740">
5 <exterms:name>John Smith</exterms:name>

6 </exterms:person>

7 </rdf:RDF>
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The result of the normalisation of this example has to be simar to listing 3.27, which

means that an additional property element with the namerdfitype has to be generated.
Additionally, the node element name has to be replaced byrdf:Description  while

the original one has to be stored as the value of the property lement. The arrow

presented in the next listing performs exactly the essentibsteps. It uses the special
predicate isTypedNodeElem which holds, if an element is a node element without the
name rdf:Description . Furthermore, the condition that the element is not empty

has to be ful lled, since the predicate isTypedNodeElemwould also be true at property

elements with the rdf:nodelD attribute:

Listing 3.29: Normalise Typed Node Elements

processTypedElem :: (ArrowXml a) ) a XmlTree XmlITree
processTypedElem
= processTopDown (
(insertChildrenAt 0 typeElem
>> gsetElemName rdf_Description)
“when
(neg isEmptyElem >> isTypedNodeElem))

where
typeElem
= mkElement rdf_type
(qattr rdf_resource (getUniversalUri >> mkText))
none

isTypedNodeElem
= iskElem >> (hasQAttr rdf_nodelD “orElse  hasQAttr rdf_about)
>> neg (hasQName rdf_Description)

The arrow insertChildrenAt  makes it possible to control the positioning of new ele-
ments in the list of child-nodes.

Property Attributes

When an object is a plain literal, it may be used as an attribute on the containing node
element. Multiple properties on the same node element can based as well, but only if
the property element's name is not repeated, since attribue names have to be unique in
an element. This abbreviation is known asproperty attributes and can be used on any
node element. The next example illustrates the use of propgy attributes based on the

document in listing 3.24:
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<rdf:Description rdf:about="http://www.w3.0rg/TR/rdf -syntax-grammar"
dc:title="RDF/XML Syntax Specification (Revised)">
<exterms:editor>
<rdf:Description exterms:fullName="Dave Beckett">
<exterms:homePage rdfiresource="http://purl.org/net/ dajobe/"/>
</rdf:Description>
</exterms:editor>
</rdf:Description>

The most obvious way of normalising this abbreviation is to generate property elements
out of the property attributes. Every node element has to be tested for additional
attributes besides the di erent RDF/XML speci ¢ ones. Thes e additional attributes are

those property attributes, out of which new property elemerts have to be created. The
following listing shows the arrow that selects all non RDF/XML attributes and creates

a new element out of them. This arrow has to be applied to everynode element.

Listing 3.30: Create Elements out of Non-RDF/XML Attributes

propertyElements :: (ArrowXml a) ) a XmiTree XmlTree
propertyElements
= getAttrl
>> neg (hasQName rdf_about
"orElse” hasQName rdf_nodelD)
>> arr mkgelem $<< getQName
&&& listA none
&&& (listA (constA getChildren))

This listing illustrates the use of the special combinator ($<<< ). Three values have to
be calculated before they can be used to create the new propggrnode. Both arrows,
getChildren and none have to be handed over tolistA , since these arrows have to be
computed before they are added to the new element.

The implementation of the arrow, which applies propertyElements to every node ele-
ment and inserts the new property elements into the list of child-nodes, is straightfor-
ward. The predicate isNodeElem does not follow an additional predicate that tests for
non RDF/XML attributes. That is because propertyElements returns none, if there
are no property attributes and then nothing happens which isthe same as testing before

applying:
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Listing 3.31: Processing Property Attributes

processPropertyAttr ::(ArrowXml a) ) a XmlTree XmliTree
processPropertyAttr
= processTopDown (
insertChildrenAt 0 propertyElements
‘when " isNodeElem )

With property attributes in node elements, it possible to de ne node elements with-
out child-nodes. The described normalisation arrows wouldnot be able to process the
following node element:

<exterms:Book rdf:about="http://www.w3.org/TR/rdf-sy ntax-grammar"
dc:title="RDF/XML Syntax Specification (Revised)"/>

This is a typed node element with a property attribute. It wou Id not be detected and
normalised by processTypedElem, since it is an empty node which has been excluded by
the used predicates. Thus, the predicates oprocessTypedElemhave to be extended so
that empty elements with property attributes can be processd as well and the resulting
elements would be as follows:

<rdf:Description rdf:about="http://www.w3.0rg/TR/rdf -syntax-grammar"
<dc:title>"RDF/XML Syntax Specification (Revised)"</dc title >
<rdf:type rdf:resource="http://www.example.org/terms /Book"/>

</rdf:Description >

The nal normalisation arrow contains more functions than before and is de ned as
follows:

Listing 3.32: Final Normalisation Arrow

normaliseRDF = processChildren $
segA [convertToUtf
,generateNodelD
,processTypedElem
,processChildren (multi isNodeElem)
,deleteDuplicate
,processPropertyAttr

]

In order to keep the rdf:RDF element with all the namespace declarations of the source
document in the resulting tree, the list of normalisation arrows is applied with process-
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Children to the tree.

The order of all normalisation arrows in the list is signi cant. Of course, it does not
matter when the encoding arrowconvertToUtf is executed, since it is not in uenced by
the structure of the document tree. But processPropertyAttr , for example, can only
be applied to the document after all node elements have beenrpcessed.

As a rst conclusion, it has become evident that it is fairly easy to build a program
with the Haskell XML Toolbox. Bigger problems can be separaed into smaller tasks
and then be combined, like it has been done with the several mnalisation arrows and
the RDF/XML parser. The next section will illustrate how a si mple query language for
RDF can be implemented and combined with the RDF/XML parser.

3.2.5. Simple Query Language

The query language which will be included into the RDF/XML parser is based on
SPARQL. Since just some basic search features should be supped, only a subset

of the full language will be implemented. These features argehose which have been
described in section 3.1.4. The grammar of the query languagis listed in appendix B

and shall not be discussed in detail. The EBNF format is the sae as that used in the

XML 1.1 speci cation. The productions in the grammar are almost the same as those
of SPARQL, reduced by a number of language abbreviations andeatures.

A language parser has to be implemented, in order to providehe support of a special
language in a program. The RDF/XML parser described above isvery di erent from
the one which is needed for the query language, because theatgarsing of RDF/ XML
(i.e. analysing the syntax, generating tokens and nally create a data structure out of it)
is provided by the XML parser of the Haskell XML Toolbox. The R DF/XML parser, on
the other hand, processes the language on a higher level andds additional semantics
to the XML document.

The query language parser, however, must provide all stepsfgrocessing a language.
The most common way of implementing a parser is to use a parsayenerator rather than
to develop all the functionalities by one's own hand. In Haslell, there is the monadic
parser combinator library Parsec [Parsec], which o ers several advantages to the classic
parser generators, e.g. it is written in Haskell and can be itroduced easily into existing
Haskell applications. The idea of parser combinators is to wite small parsers for parts
of the language and combine them to the nal parser of a languge. This is a common
approach in Haskell. The Haskell XML Toolbox is also based orthis idea, it provides
several combinators, i.e. arrows, which allow to build compex arrows out of simpler
ones. Parsec is part of the GHC compiler and has become a staadl in Haskell. Even
the XML parser of the Haskell XML Toolbox is based on Parsec wich is another rea-
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son to use Parsec for the query language as well. How a parsey written with Parsec

shall not be discussed here because it is not the topic of thidocument. Only the main

entry point to the parser and the connection between the quey language parser and the
RDF/XML parser will be described in detail.

The output of the parser is the SPARQL query stored in a speciddata structure. The

main parser function is parseSPARQLwhich has aQuery as output. The type signature

of the function is as follows:

Listing 3.33: Main Parser Function

parseSPARQL :: Parser Query

A function for applying this parser to a SPARQL query string i s provided by Parsec. Itis
called parse and takes three arguments: the parser, the name of the inputiad the input
itself. The input name is only used for error messages and came empty. The actual use
of the parse function will be illustrated in the next listing when the RDF /XML parser
and the query language parser will be combined.

A SPARQL query conceptually consists of two things, the variables used in the SELECT-
clause and the triple patterns of the WHERE-clause. The striwcture of a triple pattern
is the same as of a normal RDF triple but it can have a variable hstead of an RDF term
in every position.

The data type Query has three constructors: the rst one is used to represent theactual
result of the parsing process, the second one is a normalisgdery where all abbreviations
of the triple patterns, like object lists or predicate-object lists, have been removed, and
the third one represents the empty query in case of an error dung the parsing process.
The next listing shows the de nition of Query with its two type constructors:

data Query = Query [Var] GraphPattern
| QueryN [Var] [TriplePattern]
| Empty
deriving (Show, Ord, Eq)

type Var = String

The rst constructor uses a data type GraphPattern which contains di erently abbrevi-
ated triple patterns. It will not be listed here, because only the constructor QueryNis of
interest. This constructor represents the nal result of the SPARQL parser and is used
to perform the actual searching in the list of triples delivered by the RDF/XML parser.
The type Var is a character string representing the name of a variable. ATriplePattern

is de ned as follows:
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data TriplePattern = TriplePat Subject [(Predicate, [Object]) ]
| TriplePatN Subject Predicate Object
deriving (Show, Ord, Eq)

This data type has two variants, one is the abbreviated versbn which is used inGraphPattern
and the other one is the normalised variant. It uses the data ypesSubject , Predicate
and Object , which have already been de ned and used in the implementatin of the RD-
F/XML parser. In order to use these data types in the query language data structure,
they have to be extended. The next listing shows the rewritten data types:

data Subject = Subject RDFTerm
| SubjectVar Var
deriving (Ord, Eq)

data Predicate = Predicate URI
| PredicateVar Var
deriving (Ord, Eq)

data Object = Object RDFTerm
| ObjectVar Var
deriving (Ord, Eq)

Now, every data type cannot only contain an RDF speci c term, but also a variable.
Of course, the variable constructor is not needed by the RDFXML parser. The ad-
vantage of this approach is, that both parsers use the same da types which makes
the parse results easier to combine, especially during thewgry evaluation. Like already
mentioned, a subject may only be an URIref and not one of any dter RDF terms that
are represented by the data typeRDFTermBut still, the constructor Subject takes an
RDFTernand not an URI That is because the speci cations of RDF/XML and SPARQL
contradict each other. In SPARQL, a subject can also be a liteal, while this is still pro-
hibited by RDF/XML. The RDF Core Working Group has noted, tha t the syntax may
be extended to allow literals as the subjects of statementssee section 2.2 in [SPARQL)]).

For every data type used in the SPARQL parser, there is a funcion which creates
the normalised version of that data type. This normalisation is applied to the parser
result before the query is evaluated. The type de nition of the evaluation function is
illustrated in the next listing:

Listing 3.34: Query Evaluation Function

evalQuery :: Query - > RDFStore > [(Var,[( Either RDFTerm URI)])]
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The function evalQuery takes a query generated by the SPARQL parser-functiorparse-
SPARQA&N a list of triples. The resultis a list of tuples where the rst partis a variable of
the SELECT-clause and the second part is a list of RDF values epresenting all possible
bindings of the particular variable. These RDF values can gher be aRDFTermor an URL
The result can then be printed out in tabular form by the function showQueryResult.
The actual matching of the triple patterns to the triples is d one by several functions
which are used byevalQuery. Every triple pattern is compared with all triples and
every possible binding is listed and returned. The list of bndings then contains any
matching pairs of variables and RDF terms. This process is doe in several steps, since
it is quite a complex task. The functions which provide thesefunctionalities shall not
be listed here.

As a conclusion, two functions of the query language part areof interest. The rst
one is parseSPARQIlwhich creates a Haskell data structure out of a SPARQL query
string. The second one is the functionevalQuery that performs the search de ned in
the SPARQL query on a list of triples. These triples can eithe be generated by another
Haskell application or by the RDF/XML parser described above. How the result of the
RDF/XML parser can be handed over to the query evaluation function will be presented
in the next section.

3.2.6. Combining the SPARQL Parser and the RDF/XML Parser

The main function and the main processing functionprocessDocument(see 3.12) have
to be rewritten, in order to include the SPARQL parser into the RDF/XML parser.
Furthermore, an additional commandline option should be adled, which allow to choose
between the real processing of the RDF/XML document and the rormalisation without
parsing. If the normalisation ag is set, the output of the parser will be RDF/XML and
not the N-Triples format.

First, processDocument has to be extended by an additional parameter which is the
SPARQL query character string and then it has three parametes: the commandline
options stored in the Attributes  type, the query string and the name of the input le:

processDocument :: Attributes - > String -> String -> IOSArrow b Int

The function cmdLineOpts now generates a triple with the list of attributes, the query
string and the input le name. The new main function is shown in the next listing:
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Listing 3.35: Final Main Function

main :: 10 ()
main = do
argv <- getArgs
(al, gr, src) <- cmdlineOpts argv
[rc] <- runX (processDocument al gr src)
exitWith ( if rc >= c_err
then ExitFailure (-1)
else ExitSuccess )

The new commandline option is:
{normaliseRDF : document is normalised only

and has to be taken into consideration for two things: The opion specify which process-
ing arrows should be called and determine the output type ofwriteDocument, since it
can be XML or plain text. Every commandline parameter is stored in the global state
and can be therefore also accessed by the arrows dealing withe state. The follow-
ing listing illustrates the predicate that tests if the opti on to normalise the RDF/XML
document is set:

normaliseOption = getParamString a_normalise >>  jsA (== "1")

The string a_normalise is the commandline option which can be set. Since the list of
parameters is also accessible iprocessDocument directly, the lookup for the option
a_normalise can also be done without the state arrows. With this predicak, the arrow
processDocumentcan be rewritten:

Listing 3.36: Final processDocument

processDocument al qr src
= readDocument al gr src
>>>
removeAllWhiteSpace >> propagateNamespaces
>>>
ifA normaliseOption
(normaliseRDF >> indentDoc
>> writeDocument al outputFile)
(replaceChildren (parseRDF >> processQuery qr)
>> writeDocument ((a_output_xml,v_0):al) outputFile)
>>>
getErrStatus
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If the normalise-option is set, the arrownormaliseRDFis applied to the tree, the resulting
XML document is indented and the nal result is passed to the arow writeDocument.
Else, if it is not set, the arrow parseRDFfollowed by processQuery is applied with
replaceChildren to the tree and the result is also passed towriteDocument. The
arrow parseRDFis just the normalisation followed by the RDF/XML processin g arrow
and the result of it is a RDFStore The lookup for the output le parameter is done by
outputFile . Before describingprocessQuery, another arrow has to be explained rst.
This is getSPARQLQuenyhich runs the parsing process of a query string and returnshe
query in the data structure. It uses the parse function of Parsec that has been already
mentioned but not yet illustrated by an example. If an error occurs during the parsing, it
is printed out and an empty query is returned, which means, that the evaluation process
of this query is terminated and nothing is brought back. The actual input of the arrow
is ignored. The listing 3.37 illustrates the de nition of th is arrow.

Listing 3.37: Query Parser Arrow

getSPARQLQuery :: String -> IOSArrow a Query
getSPARQLQuery queryStr
= case (parse parseSPARQL "" queryStr) of
Left parseError
-> (issueFatal ("Syntax error in SPARQL query "
++ show queryStr ++ ":"
++ show parseError)
>> constA (Empty))
Right theQuery
-> constA (theQuery)

Finally, processQuery takes the generatedRDFStoreand the query string as an extra
parameter. Out of them, it creates a Query with the function de ned above and starts
the evaluation process with them. The result is formated into a character string repre-
sentation and then turned into a XML text node. If the query st ring is empty the whole
RDFStoreis printed without parsing and evaluating a query:

processQuery :: String -> |IOSArrow RDFStore XmlTree
processQuery qr = ifP ( const (qr == ""))
(arr showRDFStore)
((getSPARQLQuery gr &&& this)
>> arr2 evalQuery
>> arr showResult)
>>> mkText
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The result of getSPARQLQuerkas to be combined with the identity arrow so that they
build a tuple. The function evalQuery needs the result of the query-parse process and
the input of the arrow, i.e. RDFStore as parameters. The input of the arrow would be
lost if the operator (&&&) with the identity arrow this would not have been used.

3.2.7. Module Hierarchy

The processing functions for RDF/XML and the functions of the SPARQL parser are
structured in several modules. The moduleRDFis the main entry point and exports
all the essential functions. RDFDataTypesde nes all RDF specic data types while
SPARQLDataTypesontains the type declarations for the query language parse The
module RDFFunctions includes the di erent predicates and the QNam#ee nitions used
during the RDF/XML processing.

The normalisation arrows are collected inRDFNormalise This module provides various
more arrows, additionaly to those which have been describedThe arrows that parse the
RDF/XML documents are de ned in the module RDFParser SPARQLParsecontains
the Parsec parsers for the query language grammar an8PARQLEvas the module which
de nes the evaluation functions of SPARQL queries. At last, the diverse functions for
the query language, like function generating the characterstring representation, are in
the module SPARQLFunctions Figure 3.5 illustrates the structure and the dependences
of these modules.

Figure 3.5: Module Hierarchy

RDF
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4.1. Assessment of the Filter and Arrow Approach

It has already been mentioned, that the Haskell XML Toolbox has provided a di erent
high-level programming interface than the discussed arrowapproach. This interface
is still available because of compatibility reasons. The iga of it is to use Iters for
manipulating XML documents. Dierent combinator function s give the possibility to
create complex lters out of simple ones. The data structureused by these lters are
the same as the one described above. The generic typTree de nes the tree structure
and the specialised typeXmlITree with XNoderepresents the XML document tree. The
Iter functions have one of the types shown in the next listing:

type TFilter node = NTree node - > NTrees node
type TSFilter node = NTrees node -> NTrees node

The rst one de nes a lIter which takes a single generic tree and returns a list of trees,
while the second lter takes a list of trees and also returns alist of trees. Of course,
there are also specialised versions of these types, reprasieg Iters for XML trees:

type XmlFilter = TFilter XNode
type XmISFilter = TSFilter XNode

The di erent Iters can be separated in selector-functions, predicates, constructors and
functions to manipulate nodes and subtrees, like it has beerone with the dierent
arrows. The boolean valuesTrue and False are represented by the none-empty list and
the empty list, respectively, and there are also lters which embody the identity and the
null case. Every function processing the XML document has tobe of type XmlFilter ,
to ensure that they can be combined. One of the often used conihators is the operator
(>.) which represents the sequential composition of lters. It is equivalent to the arrow
composition with (>>> ).

For example, a Iter which selects the text of a comment node tas the following type:

getXCmt :: XmlFilter
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One would expect, that a Iter which selects the text of a comment node would return
a character string. But that is not allowed, since the Iters all have to be of the same
type. The result of the Iter getXCmtis therefore encapsulated by a text node stored in
a list. If the processed node is not a comment node the resutig list would be empty.
The type de nition of the arrow providing the same functiona lity is shown in the next
listing:

getCmt :: a XmlITree String

Comparing the arrow getCmt and the lter getXCmtexhibits the two disadvantages of
the Iter approach. The rst problem is related to the progra mming style. As every
Iter function has to be of the same type, the type signature o it does not give any
information about the way of operation of the lter. Only the name of the function and
a possible description can help to discover what the Iter a¢ually does.

The second issue with the Iter approach is also related to the type. The type checker of
the Haskell compiler cannot detect any type errors. Haskells a strong typed language,
which is a big advantage. But by using the same type for all furctions, the powerful
type system of Haskell is practically switched o. The Iter function getXCmtcould also
return a char reference or a new XML tag instead of the commentext encapsulated by
a text node. As a result, the type checker would not produce arerror. This is because
XmlFilter is atype synonym There is no way to parameterise this type and to change
the input and result type. The programmer has to rely on the description of the Iter
function, when he wants to process the output of a lter.

These problems become irrelevant when using arrows rathethen Iters. Arrows always
have a speci ed type, the input and output type are speci ¢c and not always the same,
since the instances of the arrow classes are data types de dewith newtype This makes
the programming with them much more natural than with Iters , since the type system
of Haskell is able to react on type errors. Furthermore, the &ample of the RDF/XML
parser has shown, that it is also possible to use other data fyes for special purposes with
the arrows of the Haskell XML Toolbox. The lter approach wou Id not allow this and
the data structure of the XML parser has to be used. Everything has to be encapsulated
by a XmITree, although it is senseless.

The idea of using Iters as the programming interface has bee adopted from the XML
parser HaXML [HaXML]. The Iters of HaXML are all of the follo wing type:

type CFilter = Content - > [Content]

A lter works for nodes of the type Content. A Content represents the document subset
of XML which is only a small part of the whole XML document. In c ontrast to the data
model of the Haskell XML Toolbox, HaXML uses not a generic onebut a more data
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centric approach. The whole XML document is represented by derent algebraic data
types and almost every production of the XML grammar is modeled with a special
type. Therefore, the Iters cannot process the whole XML doawment and if one wants
to work with other parts of the document, like the DTD, special functions have to be
implemented.

The lters of the Haskell XML Toolbox instead give the possibility to process the whole
generic data structure, hence the whole document. But neveheless, HaXML has the
same problems with the lter approach as the Haskell XML Toolbox. Type errors cannot
be detected by the type system of Haskell.

4.2. Related Work

There are two other XML parsers written in Haskell, HaXML [Ha XML] and HXML
[HXML]. HaXML has already been introduced and since it has na an arrow module
as the programming interface it will not be taken into consideration in this section.
HXML, alternately, has changed its programming interface to arrows recently and will
be compared with the Haskell XML Toolbox.

HXML is a non-validating parser and does not support XML namespaces but in return
it is designed for space-e ciency. Moreover, HXML provides a special adapter to use it
as a drop-in replacement for HaXML. The data model used in HXM. is quite similar to
the one in the Haskell XML Toolbox and has been a pattern for it The structure of a
XML document is modelled by the generic data typeTree and the document subset is
represented as alree of XmINods:

type XML = Tree XMLNode
data Tree a = Tree a [Tree a]
data XMLNode =
RTNode -- root node
| ELNode Name [(NameS$String)] -- element node: name, attributes
| TXNode String -- text node
| PINode Name String -- processing instruction (target,value)
| CXNode String -- comment node
| ENNode Name -- general entity reference

DTDs are not stored in the tree model but in a special data type in contrast to the

Haskell XML Toolbox, where the DTD subset is also representd by the generic tree
type. Hence, the approach of the Haskell XML Toolbox is much nore general. This
leads to the fact, that no extra processing functions for DTDs need to be implemented
and the functions for processing the XML document subset andhe DTD subset are the
same.
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HXML also uses arrows as the high-level programming interfae. It follows the same
idea as the Haskell XML Toolbox. The processing arrows reprgent computation over
lists. In the Haskell XML Toolbox these arrows are called lig arrows and in HXML they
are named lters :

newtype Filter a b = Filter (a -> [b])

The arrow class which is implemented byFilter is provided by HXML and slightly
di erent than the one used by the Haskell XML Toolbox. This is because the idea
of arrows has been very new at the moment of the implementatio and the compilers
GHC or Hugs [Hugs] have not provided this class at that time. Therefore, the arrow
class contains several combinators which are not includechithe standard arrow class.
There are no special combinators for list arrows like they ae provided by the class
ArrowList . This makes the programming interface of HXML less powerfulthen the one
of the Haskell XML Toolbox. Especially, combinators which slve the problem of the
point-free programming are missing. Furthermore, HXML does not provide any state
handling. All in all, HXML seems to be in an experimental state in comparison to the
Haskell XML Toolbox which o ers more functionallity to serv e as a professional XML
parser.

4.3. Conclusion and Future Work

The examples of processing RDF/XML documents have shown thgit is straightforward
to implement applications with the programming interface of the Haskell XML Toolbox.
The resulting RDF/XML parser and the query language extension are very short and
compact programs. This is because of the functional languagHaskell, which allows to
develop in a very problem-oriented way.

The new approach of using arrows to process the XML documenthas proven to be
a exible and useful way in comparison to the Iter approach. Not only XML parsers,
but also several other libraries for Haskell and other funcional programming languages
have adopted this approach recently. The idea of de ning one own notion of compu-
tations based on the speci c problem provides an attractive programming style. The
problem of arrows, using values more than once, i.e. the poirwise programming, can
be solved with the arrow notation of Ross Patterson [Patersa 2001]. The special opera-
tors, provided by the Haskell XML Toolbox, are another way to deal with the problems
of the point-free programming.

The intention of developing an RDF/XML parser and the SPARQL query language
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parser was not to design a professional program. Instead, ihas demonstrated the way
of programming with the Haskell XML Toolbox. Nevertheless, the program parts can be
extended easily in order to be used in a professional applitian, since the arrow interface
and the functional approach have made the code understandde and maintainable. The
di erent normalisation steps of RDF/XML can be improved so t hat they support all

abbreviations of the RDF/XML syntax.

The Haskell XML Toolbox will be extended and maintained as wdl. At this moment,

a parser for the schema language RelaxNG is written in the cdext of another master
thesis. It also uses the arrow interface of the Haskell XML Talbox.
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A. List of Options for readDocumentand
writeDocument

Options for readDocument

Option Description

a_parse _htmi use HTML parser, else use XML parser (default)
a_parse _htmi use HTML parser, else use XML parser (default)
a_validate validate document, else skip validation (default)

a_check_namespaces

check namespaces, else skip hamespace processing (dejay

a_canonicalize

canonicalise document (default), else skip canonicalis@in

a_preserve _comment

preserve comments during canonicalisation, else remove ite
ments (default)

a_removewhitespace

remove all whitespace, used for document indentation, elsg
skip this step (default)

v

a_indent

indent document by inserting whitespace, else skip this ste
(default)

a_issue _warnings

issue warnings, when parsing HTML (default), else ignore
HTML parser warnings

a_issue _errors

issue all error messages on stderr (default), or ignore allreor
messages (default)

a_trace trace level: values: 0 - 4
a_proxy proxy for http access, e.g. www-cache:3128
a_use_curl for http access via external programm curl, default is native

HTTP access

a_options _curl

more options for external program curl

a_encoding default document encoding (utf8, isoLatin1, usAscii, ...)
Options for writeDocument
a_indent indent document for readability, (default: no indentation)

a_remove whitespace

remove all redundant whitespace for shorten text (default:
no removal)

a_output _encoding

encoding of document, default is aencoding or utf8
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a_output _xml (default) issue XML: quote special XML chars > ,<,",",& add
XML processing instruction and encode document with re-
spect to aoutput _encoding, if explicitly switched of, the plain
text is issued, this is useful for non XML output, e.g. gener-
ated Haskell code, LaTex, Java, ...

a_showtree show tree representation of document (for debugging)

a_showhaskell show Haskell representaion of document (for debugging)
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B. Grammar of the Query Language

[1] Query .= SelectClause WhereClause
[2] SelectClause = 'SELECT' Var+ | 'SELECT" *
[3] WhereClause = 'WHERE' GraphPattern
[4] GraphPattern = '{" PatternElementsList '}
[5] PatternElementsList ::= PatternElement PatternEleme ntsListTail ?
[6] PatternElementsListTail = "' PatternElementsList ?
[7] PatternElement = Triples
| GraphPattern
[8] Triples = VarOrTerm PropertyListNotEmpty
[9] PropertyList = PropertyListNotEmpty ?
[10] PropertyListNotEmpty := Verb ObjectList PropertyLi stTail ?
[11] PropertyListTail = "' PropertyList ?
[12] ObjectList ::= Object ObjectTail ?
[13] ObjectTail = "' ObjectList ?
[14] Verb = VarOrURI | 'a’
[15] Object == VarOrTerm
[16] VarOrURI = Var | URI
[17] VarOrTerm = Var | GraphTerm
[18] Vvar = <VAR>
[19] GraphTerm = RDFTerm
[20] RDFTerm = URI
| RDFLiteral

| NumericLiteral
| BooleanLiteral

| BlankNode
[21] NumericLiteral = Integer | FloatingPoint
[22] RDFLiteral = String (RLANGTAG> | "™ URI )?
[23] BooleanLiteral = 'TRUE' | 'FALSE'
[24] String = <STRING_LITERAL1> | <STRING_LITERAL2>
[25] URI := QuotedURIref
[26] BlankNode := <BNODE_LABEL>
[27] QuotedURIref = <Q_URIref>
[28] Integer == <INTEGER_10>
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[29] FloatingPoint ::= <FLOATING_POINT>

[30] <Q_URIref> n=< (> D > ¢ RFC 3869 */

[31] <BNODE_LABEL> ="' (<RNCNAME2>|<NCNAME1>)
[32] <VAR> 2= (?''$) (RNCNAME2>|<NCNAME1>)
[33] <LANGTAG> = <AT> <A2Z>+ (X' (<A2ZN>)+)*
[34] <AT> ='@

[35] <A2Z> = [a-zA-Z]

[36] <A2ZN> = [a-zA-Z0-9]

[37] <INTEGER_10> .= <DIGITS>

[38] <FLOATING_POINT> = [0-9]+ "' [0-9]* <EXPONENT>?

| ' (J0-9])+ <EXPONENT>?
| ([0-9])+ <EXPONENT>

[39] <EXPONENT> = [eE] [+-]? [0-9]+
[40] <STRING_LITERAL1> s=C (W) W MR i) )*
[41] <STRING_LITERALZ2| 2= (WA W Ny rn » ™
[42] <DIGITS> = [0-9]+
[43] <NCCHAR1> 2= [A-Z]

| [a-Z]

| [#x00CO0-#x00D6]

| [#x00D8-#x00F6]

| [#xO00F8-#x02FF]

| [#x0370-#x037D]

| [#x037F-#x1FFF]

| [#x200C-#x200D]

| [#x2070-#x218F]

| [#x2CO00-#x2FEF]

| [#x3001-#xD7FF]

| [#xF900-#xFFFF]
[44] <NCCHAR_END> = <NCCHAR1> | ' ' | ' | [0-9] | #x00B7
[45] <NCCHAR_FULL> == <NCCHAR_END> | "'
[46] <NCNAME1> <NCCHAR1> (<NCCHAR_FULL>* <NCCHyER_END
[47] <NCNAME2> ' ' («<NCCHAR_FULL>* <NCCHAR_END>)?
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