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1 Learning XVCL - how you should read this document

From this document you will learn how to createid/&VCL documents, called x-
frames. This document is essentially a Referenceusllaand should be read once you
have already grasped basic XVCL concepts. Therefoegv the Demo on the XVCL
Web Site and read the XVCL Tutorial paper first.eTHRVCL Tutorial describes a
simple subset of XVCL and illustrates the usagéadic XVCL features. Browsing
through the White Papers at the XVCL Web Site alslo help you to start with XVCL

- you will find there the rationale for using XVCland its predecessor frame
technology) and examples of solutions. At this poyou should browse through this
XVCL specifications document to roughly get an idéadvanced XVCL features that
may be useful to you.

Having done that, you will know enough about XVGi gtart thinking about the
structure of the XVCL solution for your problem dam. As you develop your
solution, you can refer to various sections of tKMCL specifications document.
Build your solution incrementally. Start workingttvismall sub-problems and simple
variants. Once you have a solution for that, grdguaxtend the scope of
experimentation.

Note that while principles of XVCL remain the saineall the application domains,
the structure of the XVCL solution and the procésd leads to arriving at the XVCL
solution depends on the nature of application donsaid types of variants to be
addressed.

Our XVCL team at NUS will be glad to hear from yad work with you on problems
of mutual interest. Contact us whenever you hitgheblems and tell us about your
successes and failures.

2 XVCL overview

When developing an XVCL solution, we partition aolplem description (e.g., a

software program) into generic, adaptable meta-cmapts called x-frames. Each x-
frame contains a fragment of problem descriptiatied Textual Content. The Textual

Content is written in a base language, which caa peogramming language such as
Java, a natural language such as English or argr ¢dhguage. While in examples
presented in this manual the base language is Jd@vstress that the basic principle of
applying XVCL to manage variants in problems ddsaliin other base languages -
remains the same.

Textual Content in x-frames is instrumented with XV commands for change.
XVCL commands mark the anticipated variation pof@iso called “hot spots”) in x-
frames, injecting flexibility into their Textual @tents. XVCL can be seen as a meta-
language whose commands direct adaptation of xesarthe x-frame adaptation
process includes x-frame composition and customizat

X-frames related by <adapt> commands form an x-&&ork. If you use XVCL to
support software product lines, then an x-framewatk form your product line
architecture. The specification x-frame, SPC fororgh specifies what variant
requirements you need in a specific system, a tddhe member. The SPC specifies
how to adapt the x-framework in order to accommedatjuired variants.
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The SPC becomes a root of an x-framework. Durirfgame processing, the XVCL
processor interprets the XVCL commands containedhan SPC, traverses an x-
framework, performs adaptation by executing XVCLmeoands embedded in x-
frames, and emits code components for a speciBtesy, a member of the product
line.

2.1  Defining the processing flow

XVCL processor starts processing with an SPC. X\@@mmands in the SPC, and in
each subsequently <adapt>ed x-frame, are procesdleel sequence they appear in the
x-frame. Whenever the processor encounters an &adammmand in the currently
processed x-frame, processing of the current xdransuspended and the processor
will start processing the <adapt>ed x-frame. Onoecgssing of the <adapt>ed x-
frame is completed, the processor resumes progeskihe current x-frame. When the
XVCL processor reaches the end of the SPC - theegsing is completed. Figures 1a
and 1b illustrate an x-framework and the procesBow.

x-frame A

AAA before
| <adapt B />
AAA

<adaptC />__|
/ AAA after |

x-frame B x-frame C

BBB before CCC before
<adapt D /> <adapt E />

BBB CcccC
<adapt E [> <adapt F />

BBB after CCC afte\\

\ X
x-frame D x-frame E x-frame F
DDD EEE FFF

Figure 1la. An x-framework (B, C, D, E and F) and SE (A)
Order of Assembly= (ABDBEBACECFCA)
< End

7 18

Start .,
Ais the \
specificatior , .
xframe (SPC)-’

XVCL
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—
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& E

CE&F

adapt
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Figure 1b. Processing an x-framework
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As the XVCL processor reads through x-frames anerpmets XVCL commands, it
also emits the output, according to the semanticshe XVCL commands, as
described in this document.

The only exception to the above processing flowhen the processor interprets insert
commands in <adapt> bodies, as explained in Se8tion

For a given SPC, the processing flow is a tracegbas through the Content of visited
x-frames (starting with SPC). Suppose pl and p2twoe not necessarily distinct,
points in the same or different x-frames. We say:th

pl precedesp2 (and pZollows pl) if pl appears before p2 in the processing.flo
We use notation: pL. p2 to indicate processing flow from p1 to p2.

2.2  An ancestor-descendent x-frame hierarchy

Given an x-framework and SPC, for any two x-fratdeand Y, we say that:

* X s anancestorof Y, if X <adapt>s (directly or indirectly) Y ithe processing
flow defined by the SPC; we call Ydescendantof X

* X is animmediate ancestor(or parent) of Y, if X directly <adapt>s Y in the
processing flow defined by this SPC; we call Y iammediate descendant(or
child) of X. Note that for X to be a parent of Y, X musintain an <adapt>
command whose name attribute yields the name cdmé Y.

In Figure 1, x-frame A is an ancestor of all otheframes. X-frame E has two
immediate ancestors namely, x-frames B and C.

3 Preliminary definitions

Textual Content — can be any text that is intended to be custainizg XVCL
commands. This text may include anything includsygnbols that XML reserves for
its own use, namely .<., .>. ,.&., double quotedfid single quote (‘). These symbols
are not interpreted as XVCL commands by the praress10 or later. For
compatibility with earlier versions, you can stileep those symbols in CDATA
sections. The processor ignores XVCL commandsey t#we written inside CDATA
section.

XVCL commands — are XVCL commands that are not written inside AT
sections and are meant to be interpreted by theepsor.

XVCL reserved characters or symbols- are characters that are reserved for use in
the XVCL language such as “|”, “?” and “@”. XVCLe&s"?” and “@” characters in
Expressions and “|” character in <select> commdimé effect of using them in the
attributes of XVCL commands will be explained iderant sections throughout the
document.

Variable name - is a mixture of any characters but “?”, “@” diid

XML-based Variant Configuration Language (XVCL) Goight (C) 2001-2002 National University of Singap 7
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4 Rules for writing well-formed x-frames

In the rest of this document, we assume that thderehas a basic understanding of
XML?™. XVCL is a dialect of XML, so the usual XML rulespply to XVCL. In
addition, well-formed x-frames must obey rules tha specific to XVCL.

XVCL commands are written as XML tags. While thetsy structure and semantics
of the Textual Content does not matter, XVCL comdsamust follow the rules of the
XVCL language.

4.1 The x-frame structure

Each x-frame is stored in a separate file. All tagames (including SPC) have the
code skeleton structure shown in Figure 2.

<x-frame name="abc">
<l—x-frame body -- >

</x-frame>

Figure 2. The structure of an x-frame

Each file contains exactly one x-frame. The prooes®es not check or use the x-
frame name, only the name of the file that containsx-frame. But it is a good
practice to make the x-frame name the same asatine of a file that contains a given
x-frame. It is also a good practice to add “xvcktensions to a file that contains an x-
frame, but the processor does not check that,reithe

Each x-frame has exactly one x-frame body encleg#dn x-frame start and closing
tags, as indicated in Figure 1. The x-frame bodhésTextual Content of an x-frame
instrumented with XVCL commands for flexibility. Blax-frame contains one root tag
called <x-frame>, enclosing all other XVCL commdags, except <x-frame>.

The above also implies that x-frames can not b&edes
The line <!-- the body of x-frame -- > is a comment

4.2  Well-formed XVCL commands
As in XML, each XVCL command start tag must hawedorresponding closing tag
such as:

<x-frame name="..">

</x-frame>

Tagged structures must be properly nested, i.ey, #ne not allowed to overlap with
each other.

XVCL tags are case sensitive. That is, the cagheftart tag and its corresponding
end tag must be the same. So, if we write, for gatam

! For more information on XML please refer to “wwv@evorg/TR/REC-xml”

XML-based Variant Configuration Language (XVCL) Goight (C) 2001-2002 National University of Singap 8
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<break> </BREAK>
the XVCL processor will report an error.

XVCL commands may include attributes to provide tadditional processing
information. Attributes are written inside the amdjrackets of the command tag. The
attributes may appear in any order. In the exarbplew, we define a break point
named “break _a”: the <break> command tag has théwe “name” which is
assigned a value “break_a”.

<break name="break_a">

</break>

An empty tag (i.e., one with no contents betweenlibgin tag and end tag) can be
written as <tag />. For example, the empty tag<tameak> can be written as:

<break name="break_a"/>

Here are examples illustrating the above rules.ntpta (a) shows a well-formed x-
frame, while examples (b), (c), (d), (e), (f) agdl ¢ontain errors.

<x-frame name="A">
<adapt x-frame = “B">
</adapt>

</x-frame>

Example (a) is well-formed because it has only mw element <x-frame> and the
tags do not overlap.

<x-frame name="A">
<adapt x-frame= “B">

</x-frame>

</adapt>

Example (b) is not well-formed because the tagslape

<x-frame name="A">
<adapt x-frame="B">
</adapt>

Example (c) is not well-formed because the endfagx-frame> is missing.

<x-frame name="A">
<adapt x-frame = “B">
</adapt>

</x-frame name= “A">

Example (d) is not well-formed because the </x-Bamtag must not contain an
attribute.

<x-frame name="A">

XML-based Variant Configuration Language (XVCL) Goight (C) 2001-2002 National University of Singap 9
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<value-of var />

</x-frame >

Example (e) is not well-formed because the attelwatr in the <value-of> tag does
not have a value assigned to it.

<x-frame name="A">

<value-of <value-of var="“x"/> />

</x-frame >

Example (f) is not well-formed because the <valtre-tag contains another angle
brackets in it.

<x-frame name="A">
<adapt x-frame="B"/>
</X-FRAME >

Example (g) is not well-formed because the stad amd tags of <x-frame> do not
match each other.

4.3  Validity Checking

XVCL is supported by a processor that traversesxdramework according to
specifications contained in the SPC and interpl/€L commands embedded in
visited x-frames. The main task of the XVCL proagss to customize and assemble
the customized result of x-frames. But before tha¢, XVCL processor checks the
validity of the x-frame file to ensure it obeys XY @rammar rules. An XVCL file is
valid if it conforms to the rules mentioned in d@wrresponding DTD. The DTD defines
XVCL command syntax, command attributes, and vatichmand nesting rules. The
DTD is case sensitive, which means that the letéese of the commands in XVCL
files must appear exactly as in the DTD).

By default, all XVCL commands are in small letteéFhat is the XVCL processor will
only understand commands written in small lettétswever, the developer could
change the cases of the command declarations in f@Tény desired case. When
changing the case sensitivity, the developer shaoldchange the format (grammar
rules) of the DTD because this may change the pemtg structure of XVCL
processor and may lead to undesired results.

5 Notations for defining XVCL commands

In the following sections, we define XVCL comman@®r each command, we first
specify command’s syntax structure and then desdhlke meaning of the command
and the role of its attributes.

We use the following Extended BNF conventions tecHy the syntax structure of
XVCL commands:

XML-based Variant Configuration Language (XVCL) Goight (C) 2001-2002 National University of Singap 10
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5.1 Meta symbols

Definition symbol is :=, e.g., A := B.

Short form may be used if all the left-hand-sidenbgls are defined in the same way,
e.g., A B, C:=D.

Alternative symbol is | ,e.g., A=B|C|D

Repetition (O or more times) symbol is * ,e.g.,7AB*

Repetition (1 or more times ) symbol is + ,e.g:=8+

Groupingis symbolized by round brackets ( and ), e.g., AB¥ C)*

An optional part of command definition is symbotidey square brackets [ ]

5.2 Non-terminal symbols

Non-terminals are written using a mixture of loveerd uppercase letters, digits and
symbol -. For readability, non-terminals represegmtcommand attribute values are
written initalics, e.g.,dir-name

All other non-terminals are written in regular fpatg., x-frame.

5.3 Terminal symbols

Terminals represent keywords (command names andmeowh attribute names),
identifiers, special symbols, etc. For readahildgywords are written ibold. Special
symbols such as “, <, >, etc. are written as ardhout quotation symbols - as long as
this does not lead to ambiguities. Other termiaés written in capital letters such as
IDENT, STRING, etc. Terminals representing commatidbute values are written in
italics, e.g.,.X-FRAME-NAME.

6 Comments in XVCL
XVCL comments are written between <!-- and -->cdmment can occupy a single
line:
<!-- This is a single line comment in XVCL -->
or may spread over many lines:
<l--Thisis a
multi-line comment in XVCL -->

7 <x-frame>command

7.1  Syntax

x-frame := «-frame name=“X-FRAME-NAME [ outdir = “dir-namé |
qutfile = “file-namé] [ language= “language-nanig>

XML-based Variant Configuration Language (XVCL) Goight (C) 2001-2002 National University of Singap 11
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x-frame-body
</x-frame>

X-FRAME-NAME := STRING - character string is a mixture of
any characters but “?”, “@” and “,”.

dir-name, file-name, language-name := Expression

Expression defined later in this document

x-frame-body (textual-content | break | adapt | set |

set-multi | select | ifdef | ifndef | value-of |sBage | while | remove)*

7.2 Command description

The <x-frame> command defines the start and endnok-frame. <x-frame> is the
root tag of an x-frame. An x-frame body containso#ther XVCL commands (except
<x-frame>) inter-mixed with Textual Content.

7.3 Attributes definition

name =“X-FRAME-NAME

This attribute specifies the name of the x-frambe K-FRAME-NAMEmust be a
STRING.

In <adapt> command, we specify the name of a bletaining the <adapt>ed x-frame
rather than th&X-FRAME-NAME Therefore, the processor does not check or use the
X-FRAME-NAME But it is a good practice to makeFRAME-NAMEhe same as the
name of a file that contains a given x-frame.

outdir = “ dir-namé€

This attribute specifies a directory where the XV@iocessor will store the file with
the output emitted from the current x-frame. Tirenamemust be an Expression.

If the specified directory does not exist, the XV@iocessor will create one. The-
namecan be either an absolute path like “c:\mydir\testa partial path, including the
null path, for example the name “test” or “xvclttes

If dir-nameis a partial path, the XVCL processor will appéinb the output directory
path of the current x-frame’s parent. When the @ssor traverses back up the x-
framework, it removes the directory paths thatagpended at each level. This way,
the directory structure may grow as the processavetses down and shrink
accordingly when the processor traverses back epiftamework, placing outputs
from various x-frames in different directories. Fexample, suppose the parent’s
output directory is “c:\mydir\". Defining “test” iroutdir attribute of the current x-
frame will make the XVCL processor emit the outfsa the current x-frame into the
file that will be placed in “c:\mydir\test” direatp. This feature is useful, for example,
when the XVCL processor needs emit Java code friflerent x-frames into different
directories.

If dir-nameis an absolute path, the XVCL processor emits wugb the current x-
frame into this directory. The current output diceg is set to be this path and
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XVCL concept and language definition Copyright @001-2002, National University of Singapore andrbletnc.



XVCL Specifications Version 2.10

descendent x-frames can append their own partiakpa it. In this way, subsequently
processed x-frames can create new output direstagedesired if these do not exist.
Figure 3 shows the output directory structure eeaby the XVCL processor,
assuming that SPC’'sutdir attribute is defined as “c:\abc” and the descenhden
frames A, B, C, D and E define thautdir attribute as “a”, “b”, “c”, “d” and “e”,
respectively.

F 9
The output The output
directory directory
structure structure grows
shrinks
¥
legend

O ¥-frame ———  adapt

Figure 3. An example of the output directory struture

If the outdir attribute is not defined in the current <x-fram#éen the parent’s output
directory path will be used.

If no ancestor x-frame, including SPC, has defimed output path in theutdir
attribute, the processor will emit output from tharent x-frame (as well as from all
it's ancestors) to a directory where SPC is stored.

If the dir-nameof SPC’soutdir attributeis a partial path, for example “test”, then the
processor will append “test” to the directory patiere SPC is stored and emit output
from the SPC to that directory.

When both the <adapt> command in the parent x-frante the adapted <x-frame>
command define the output directory path in thaitdir attributes, the <adapt>
command’s output directory path will be used.

For example, if x-frame X <adapt>s Y as follows:
<adapt x-frame="Y.xvcl” outdir="c:\ancestor\” out="b.java"/>
and x-frameY is defined as:
<x-frame name="Y" outdir="c:\descendent\"/>
then the output from x-frame Y will be emitted keetdirectory “c:\ancestor\b.java”.

Value dir-nameis often defined by an XVCL Expression that invadwariables. In
such a case, an ancestor x-frame can ovedirdeames in the descendant x-frames via
variables that are <set> in ancestor x-frames afedenced irmir-nameExpressions in
descendent x-frames.
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outfile = “file-namé

This attribute specifies a file to which the XVCkopessor will emit the output from
the current x-frame. Thi#le-namemust be an Expression that yields a legal file @am
or absolute directory path including the file nanfartial (relative) paths are not
allowed in theoutfile attribute.

An extension (if any), is treated as an integrat pathe file name.

When the processor emits output to file-name for the first time in processing flow,
and filefile-name exists, the existing file is deleted before thpat is emitted. If any
subsequently processed x-frame emits output tsanege file during the same run of
the processor, the output is appended to the cendéthat file.

If outfile is omitted, the processor checks thfile attribute of the parent x-frame
that <adapt>s the current one as followsouffile attribute is defined in the parent’s
command that <adapt>s the current x-frame, thatrfdme will be used. Otherwise,
the parent’s <x-frame> command’s output file wdl bsed, if defined. If an output file
name is not defined in any of the ancestor x-framekiding SPCthe SPC’s name

will used as thdile-name

When both the parent’s x-frame <adapt> command #oed current <x-frame>
command define the output file name in thautfile attributes, the parent’'s <adapt>
command’s output file name will be used. This imgistent with XVCL’s variable
scoping rules (see Section 9.7).

For example, if x-frame X <adapt>s Y as follows:
<adapt x-frame="Y.xvcl” outfile="a.java’/>
and x-frameY is defined as:
<x-frame name="Y" outfile="b.java”/>
then the output from x-frame Y will be emitted ke tfile “a.java”.

language = lanquage-namé

This attribute specifies the base language in wthehTextual Content of the x-frame
is written (e.g., text, java, xmi, vb, etc).

Currently, this attribute is ignored by the XVCLopessor. It merely gives a hint to the
developer how to interpret the Textual ContenttHa future, we envision that the
processing of x-frames may be tailored to the ne¢dfferent base languages via this
attribute.
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8 Definition of <adapt>, <insert>, <insert-before> and <insert-
after> commands

Commands <adapt>, <insert>, <insert-before> andettrafter> are always used
together, that is why we define them in one section

8.1 Syntax
adapt = dadapt x-frame="file-namé¢ [outdir ="dir-name
[outfile="file-namé] [ samelevet"yes-nd] [ once= “yes-nd] src="yes-ny[>
adapt-body
</adapt>
file-name = Expression
yes-no = Expression
adapt-body = (insert | insert-before | insé+g*
insert = {nsert break="break-name&>
Insert-Content
</insert>
break-name := Expression
insert-before = Ksert-before break="break-namé&>

Insert-Content
</insert-before>

insert-after = msert-after break="break-nam&>

Insert-Content
</insert-after>
Insert-Content := (textual-content | break | &dlapt | set-multi | select |
ifdef | ifndef | value-of | message | while | remdv

break =  Break name="break-namé&>
Break-Content
</break>
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Break-Content := (textual-content | adapt | set4multi | select | ifdef | ifndef |
value-of | message | while | remove)*

8.2 Command description:

<adapt>

The <adapt> command instructs the processor to:

» process the x-frame specified as the value okiframe attribute file-name
» process all the descendent x-frames of the abdvanxe,

» perform customizations of visited x-frames as djestiin the body of the <adapt>
command (subject to the rules described furthénissection), and

* emit the output to the specified output file.

Note that all the x-frames are read-only. Thatwbhen the x-frame is adapted, the
processor does not make changes on the origina@mef Rather, it reads the content
of the x-frame and performs necessary operatiomedamory before writing it to the
output file.

An x-frame is not allowed to <adapt> itself or amiyits ancestor x-frames, that is
recursive adaptations are not allowed.

The file-name of the <adapt>ed x-frame given in attributframe must be an
Expression.

<insert>, <insert-before> and <insert-after>

The body of an <adapt> command may contain zeromare of <insert>, <insert-
before> and <insert-after> commands. As many rales the same for all three
commands <insert>, <insert-before> and <insert=aftior brevity of the description,
we shall use ternmsert-xxx to refer to any of the three commands.

The insert-xxx commands modify <adapt>ed x-frames at break podastified by
matching <break> commands. This matching betwe®ert-xxx and <break>
commands is established by values of attriduteak of insert-xxx and name of
<break> commands. The exact matching rules witldsrribed later in the section.

The <insert> command replaces the Break-Contentlengis matching <break>
commands with its Insert-Content.

The <insert-before> command inserts its Insert-€ainbefore the matching <break>
commands.

The <insert-after> command inserts its Insert-Contafter the matching <break>
commands.

Notice that the <insert-before> and <insert-afteommands do not replace the
Break-Conteninside its matching <break> commands.

The insert-xxx commands can only appear inside the body of <adeptrmands.
There is no limit to how manysert-xxx commands can be contained in one <adapt>
command.
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The body of an <adapt> command may contain multiplert-xxx commands

referring to the sameéreak-name Similarly, insert-xxx commands referring to the
samebreak-namanmay exist in many different <adapt> commandscgdiain many x-

frames.

<break>

The <break> command marks a place in the x-frarakée(t a break point) at which the
x-frame can be customized by an <insert>, <inseftite> or <insert-after> command
declared in the ancestor x-frames.

Details of how these commands work together

The insert-xxx commands are matched with subsequently processwdak>
commands in the descendent x-frames via heak-namedefined in thebreak
attribute of these commands. In addition, to ireak-namescoping rules are used to
determine whichnsert-xxx commands match which <break> commands. We describe
the matching process later in this section.

The following are the details of how insertions precessed:

* If an <insert-before> command matches the <breakmneand, then the Insert-
Content of the <insert-before> command will be pssed as if it were inserted
just before the matching <break> in the x-frame.

* If an <insert> command matches a <break> commduaah the Insert-Content of
the <insert > command will be processed as ifptaeed the Break-Content of the
<break> command. (If the Insert-Content of the eihs command is empty, it is
equivalent to deleting the Break-Content of theealk command .)

* If no <insert> command matches a particular <breakmmand, the processor will
process its Break-Content.

* The <insert-after> works analogous to <insert-hbefor

For all theinsert-xxx commandsthe inserted Insert-Content will be processed as if
the Insert-Content had originally appeared at tisefition point in the target x-frame.

If multiple <insert> commands within the body oktsame <adapt> command refer
the same <break>, then the Insert-Content of alkeéhcommands is concatenated
before the insertion is made at the matching <breadmmand. The same applies to
<insert-before> and <insert-after> commands. Thisllustrated in the following
example.
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x-frame A:

<adapt x-frame="B.xvcl">
<insert-before break="x">
XAB before
</insert-before>
<insert break="x">
XAB
</insert>
<insert-after break="x"> | XAB is concatenated witlhAB
XAB after again

</insert-after>

<insert break="x">

XAB again
</insert>
</adapt>

x-frame B:

before break in B
<break name="x">

break-content
</break>

after break in B

result:
before break in B
xAB before

XAB concatenated Insert-Content from  <insert>
xAB again commands into <break> x

XAB after

after break in B
Comments:

Declaring multipleinsert-xxx commands to the same break point within the s
<adapt> command will result in concatenation of toamtents of all the <insert>
before any insertion is conducted. That is to shgse <insert> declarations will |
regarded as one <insert> if the target break pgitite same.

Referring to above example, x-frame A has two <irsewith the body “XAB” and

“XAB again” that are defined to insert into breaknxx-frame B. The first <insert>*
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“XAB” with the second <insert>‘s “XAB again” are goatenated as if there was only
one <insert> containing:

XAB
XAB again

Scoping rule for matching insert-xxx commands with<break>s

If <insert> commands refer to the same <break®ieak-namdrom within multiple
x-frames, only the <insert> command that is exetfitst in the processing flow will
match this <break>. The remaining <insert> commaréigring to the same <break>
in other x-frames are ignored.

The following examples further demonstrate thisahisty rule:

The following example illustrates matching betweemsert> commands and
<break>s. The same rule applies to <insert-befareb<insert-after> commands.

x-frame A:

<adapt x-frame="B.xvcl">
<insert break="x">
XAB
</insert>
</adapt>

<break name="“x"/> [/ this <break> will be ignored

x-frame B:

<adapt x-frame="D.xvcl">
<insert break="x"> // this <insert> wileloverridden by insert in x-frame A
xBD
</insert>

</adapt>

x-frame D:

<break name="“x">
break-content
</break>

result:
XAB
Comments:

In the above example, x-frames A and B declareestrs for <break> x. However, x-
frame B’s <insert> command is overridden by x-fraf'& <insert> command because
x-frame B is the descendent of x-frame A.
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It is also important to note that the <break> comdhm x-frame A is not affected b
<insert> commandThis is because the <insert> commands only hafextafo the
adapted x-frame and its descendent x-frames.

Multiple insertions

If there is more than one <break> command withstme name, all th@sert-xxx
commands matching that <break> will make insertitnall those <break>s. This is
called multiple insertions. This rule is illustrdtm the following example.

x-frame A:

<adapt x-frame="B.xvcl">
<insert-before break="x">
XAB before
</insert-before>
<insert break="x">
XAB
</insert>
<insert-after break="x">
XAB after
</insert-after>
</adapt>

x-frames B:

<adapt x-frame="D.xvcl">
</adapt>

before break in B
<break name="x">

break-content
</break>

after break in B

x-frame D:

before break in D
<break name="x">
content.
</break>
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after break in D

result:
before break in D
XAB before
XAB
XAB after
after break in D
before break in B
XAB before
xXAB
XAB after
after break in B
Comments:
If there are many <break>s with the same name e déscendent x-frames, the
insert-xxx commands make insertions to all the matching d»®sa

A note on nested <break>s

Nested <break>s are not allowed. Though nestedakbsemake sense at the first
glance, they lead to more problems than they séloe.example, we might attempt to
<insert> into an inner <break> that had been deléie some other command. The
following example demonstrates this:

Suppose x-frame A adapts x-frame B and x-frame &ptdx-frame C. Further, X-
frame A contains <insert> command for <break> y affthme B contains <insert>
command for <break> x and in x-frame C, we havddhewing nested <break>s:

<break name="x">
<break name="y">
</break>

</break>

In the above situation, x-frame A’s <insert> comuhamill not be able to insert to
<break>y, since it has been already superseded by treeincommand in x-frame
B.

8.3 Attribute definition for <insert-before>, <insert> and
<insert-after> commands:

break =" break-namg

This attribute specifies the name of the <breakemnthe Insert-Content ofsert-xxx
should be inserted. Theeak-namenust be an Expression.
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8.4  Attribute definition for <break> command:

name ="break-namé&

This attribute specifies the name of a break poirite break-namemust be an
Expression.

8.5  Attribute definition for <adapt> command:

x-frame ="file-namé

This attribute specifies the name of the file contey the x-frame to be <adapt>ed.
The file-nameshould be Expression that yields either an absgbath including file
name, a relative path or just a file name.

The processor looks for a specified file in thesideated directory”. The processor
uses the following rules to determine the “desigdatirectory”:

1. the designated directory for SPC is the directongre SPC x-frame is located.

2. suppose x-frame A, with designated directory C:\lir contains command
<adapt x-frame="B"/>

a) if B is just a file name, then the processor lo@ksfile B in C:\dir_A\; the
designated directory of B becomes also C:\dir_A\,

b) if B is an absolute path, say C:\dir_B\b.xvcl, thte processor looks for file
C:\dir_B\b.xvcl; the designated directory of B bews C:\dir_B\

c) if B is a relative path, say dir_B\b.xvcl, then tpeocessor looks for file
C:\dir_A\dir_B\b.xvcl, where C:\dir_A\ is a desiged directory of x-frame A,
the designated directory of B becomes C:\dir_AWir_

If the file extension is omitted, the processor Wikt look for the exact match and, if
not found, for file namedile-namewith “.xvcl” extension. Otherwise, the processor
will use the specified file name and the extension.

outdir =" dir-namé€

This attribute specifies a directory where the XV@iocessor will store the file with
the output emitted from the <adapt>ed x-frame. dégnition for this attribute is the
same as the definition for tloaitdir attribute of the <x-frame> command (see Section
7.3). Thedir-namemust be an Expression.

outfile =" file-namé

This attribute specifies a file into which the XV@kocessor will emit the output from
the <adapt>ed x-frame. The definition for this ibtite is the same as tlmuitfile
attribute of the <x-frame> command (see Sectior). 7TBe file-name must be an
Expression.

samelevekE"yes-nd

This attribute specifies whether or not to raise\tariables declared in the adapted <x-
frame> to the current x-frame (that is one thattams the <adapt> command). The
yes-nomust be an Expression that yields value “yes”r@” If omitted, the default
value is “no”.
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If the value is “yes”, variables whose values asetx (or <set-multi>) in the adapted

x-frame are raised to the current x-frame. In otherds, those variables behave as if
they were <set> (or <set-multi>) at the place oflag=> command in the current x-

frame. Having raised the variables, the usual téiacoping rules will be applied to

determine values of referenced variables (Sectiéh 9

The following example illustrates this concept:
Suppose ix-frame A we have:

<set var="x" value="XA"/>
<adapt x-frame="B” samelevel="yes"/> /I the \adnle x will be reset to “XB” here

<value-of expr="?@x?/> // the value of x is “XB”

and inx-frame B:

<set var="x" value=“XB"/>

The result of evaluation of <value-of expr="?@x?I> “XB”. For details about
variables setting and their associated rules plesiseto Section 11.

The example below further illustrates the effedtattributesamelevel

x-frame A:

<set var="x" value="XA1"/>
value of variable x is <value-of expr="?@%?// value of x is XAl
<adapt x-frame="B.xvcl” samelevel=yes"/>
value of variable x is reset to <valakexpr="?@x?"/> // value of x is XB1
value of variable y is <value-of expr="?@y?"/Fvalue of y is YB1

<adapt x-frame="C.xvcl"/>

x-frame B:

<set var="y” value="YB1"/>

<set var="x" value="XB1"/>

x-frame C :

Because of same level, in x-frame C we have
value of variable x is <value-of expr="?@x?"/>

value of variable y is <value-of expr="?@y?"/>
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result:
value of variable x is XAl
value of variable x is reset to XB1
value of variable y is YB1
Because of same level, in x-frame C we have::
value of variable x is XB1
value of variable y YB1
Comments:

The net effect of raising variables is the samdf a#l the <set> commands from x-
frame B appeared in x-frame A at the B’s adaptapiomt. Thus, the value of x is reget
to XB1. When adapting x-frame C in x-frame A, vate@ax with the new value XB1
together with variable y with value XY1 will be &%l down to x-frame C.

once = ‘yes-nd

This attribute specifies whether or not the subsatjsadapt>s of the <adapt>ed x-
frame should be ignored (value “yes”) or not (value”). The yes-nomust be an
Expression that yields value “yes” or “no”. Thdaldt value is “no”.

Notice that if the value of attributenceis “no” (which is the usual case), the named x-
frame can be adapted many times during processiag »-framework.

src="yes-nd

This attribute tells whether the file to be adapied proper x-frame (no”) or just any
source file (*yes”). For “yes”, the processor outpfile’s contents without processing
it. The default value is "no", meaning a properanie.

9 Variables and expressions

Generic names increase flexibility and adaptabdityprograms and play an important
role in building generic, reusable programs. XVCirigbles and Expressions provide
powerful means for creating generic names and olinfy the x-framework
customization process.

XVCL Expressions include STRING constants, NamerEsgions (direct and indirect
references to variables and chains of variable reatees), String Expressions
(concatenations of Name Expressions and STRINGd)Aaithmetical Expressions.

We use the term XVCL Expression (or Expressionsforrt) to mean STRING, Name
Expression, String Expression or Arithmetic Expr@ss

9.1 Syntax

Expression = Name-Expression | String-Expreskshnithmetical-Expression
Name-Expression = ?@ (STRING | @ )* VAR-NAME ?
String-Expression = ( Name-Expression | STRING )

VAR-NAME = a mixture of any characters but “?@" and “,”
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STRING = a mixture of any characters but “?”, “@id “,”

9.2 References to variables

A direct reference to variable C is written as: @C:

Each extra symbol ‘@’ in the front of a variablem&indicates a level of indirection.
So:

@ @C means value-of (value-of (C))
@@ @C means value-of (value-of (value-of (C))), aaan.

XVCL processor replaces references to variablegaoiables’ respective values. Here,
we should mention, that XVCL processor storestadltariables defined so far in the
Symbol Table along with their current values, asigaeed to variables in <set> and
<set-multi> commands (see Sections 11and 12). eThlgives an example of Symbol
Table we shall use in the examples.

Name | Value
A X

X Y

Y Z

C U

U BU
BU \%

AV W

AT S

\Y T

R B?@@A?B?@C?
BG H
BYBU |G

E ?2@F?
F ?2@G?
G L

Table 1. The Symbol Table with variables
For example, the value @@Cis BU and the value acb@@Cis V.

A reference to a non-existing variable in Symbobl€ais considered an error in all
situations.
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9.3 Name Expressions

We shall introduce Name Expressions first and teeplain String Expressions. A
simple Name Expression may contain just a variabference, such as: ?@C? or
?2@@C?. (A Name Expression must be enclosed betgyezstion mark symbols ‘?.)

More complex (but more useful) Name Expressionshmmritten as: ?@A@B@C?.
In that case, the value of such a Name Expressiaomputed from right to left as
follows:

value-of (A | value-of (B | value-of (C)))

where symbol ‘' means string concatenation. ¢otihat only C is treated as a
variable name, while A and B are treated as strings

For example, referring to the Table 1, the evatuatiof Name Expression,
?@A@B@C? is done as follows:

1. get the value of variable C
» the intermediate result is U

2. concatenate B and U and get the value of variable B
» the intermediate result is V

3. concatenate A and V and get the value of variable A
» the final resultis W.

After each evaluation step, the intermediate valmputed is concatenated with the
character string on the left to form a new variabdme that is looked up in the
Symbol Table. Evaluation of a Name Expression ooes until the whole Name
Expression is evaluated.

Examples below illustrate evaluation of Name Exgpi@ss. For detailed steps please
refer back to previous example.

Example 1.

The evaluation of Name Expression ?@@A? is asvicli
1. get the value of A which is X

2. get the value of X which is 'Y

So, the final result of the evaluation is Y.

Example 2.

The evaluation of Name Expression ?7@A@ @B@C? islkss:
1. get the value of C whichis U

2. get the value of BU which is V

3. getthe value of Vwhichis T

4. getthe value of AT whichis S

So, the final the final result of the evaluatiorsis
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Deferred evaluation

A Name-Expression may include references to vagllhose evaluation is deferred.
Such variables are <set> (or <set-multi>) with Waéue of defer-evaluation attribute
“yes”, for example:

<set var="E” value=" ?@F?” defer-evaluation="yes"/>
<set var="F" value=" ?@G?” defer-evaluation="yes"/>

An Expression defining the value of a deferred alale is evaluated at the variable
reference point rather than at the point wherevélt@ble is <set>. For the above <set>
commands, entries for variables E and F are inglicet Table 1.

Examples below illustrate how deferred evaluatidfecss evaluation of Name
Expressions.

Example 3.
Suppose we have:
<set var="E” value=" ?@F?” defer-evaluation="yes"/>
<set var="F" value=" ?@G?” defer-evaluation="yes"/>
and the Symbol Table as shown in Table 1.
Evaluation of the Name Expression ?@E? is as fallow
1. get the value of variable E

» theresultis ?@F? whose evaluation is deferred
2. get the value of variable F

» theresultis ?@G? whose evaluation is also deferre
3. getthe value of G

» the final resultis L.

In the above example, we have two deferred evaaithained together. The chain of
deferred evaluations may be of any length.

Referenced variable names created at each intesiteegiraluation step must represent
variables that exist in the Symbol Table, otherwtise XVCL processor reports an
error. All such variables must have been defineggat> or <set-multi> commands
before a given Name Expression is evaluated.

Deferred evaluation is further explained in Sei@f.3 and 0.

9.4  String Expressions

String Expressions may contain any number of Namgrdssions intermixed with
character strings.

To evaluate a String Expression, we evaluate thmeéNExpressions from the left to
the right of the String Expression, replace Nam@rgEssions with their respective
values and concatenate with character stringsegbadimt of replacement.

Below, we illustrate evaluation of String Expressowith examples, assuming
variable values indicated in Table 1.
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Example 4.
We evaluate String Expression 7@A@B@C?P?@X? asnvsll

1. evaluate Name Expression 7@A@B@C?

* theresultis W

2. replace 7@A@B@C? with W

» partially evaluated String Expression becomes WP?@X
3. evaluate Name Expression ?@X?

* theresultisY

4. replace ?@X? with Y

» the final result is WPY.

Example 5.
The evaluation of a String Expressidd?@ @A?B?@C? is as follows:

1.

evaluate the value of ?@@A?

* theresultisY

replace 7@@A? with Y

» partially evaluated String Expression becomes nMBB@C?
evaluate the value of ?@C?

e theresultis U

. replace ?@C? with U

+ the final result is BYBU.

Example 6 (vith deferred evaluation)

Suppose we have:
<set var="R” value=" B?@@A?B?@C?” defer-evaluatityes”/>
The evaluation of the Name Expression ?@B@ @R?fsllas/s:

1.

get the value of R

» theresultis B2@@A?B?@C?

evaluate the value of B?@@A?B?@C? as shown in Exeabnp

* theresultis BYBU

replace @R with BYBU

» partially evaluated Name Expression becomes now @d8' BU?
get the value of variable BYBU

* theresultis G

replace @BYBU with G

» partially evaluated Name Expression becomes nowG&B

get the value of BG
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« the final result is H.

9.5 Evaluation of Arithmetic Expressions

If an Expression is a well-formed Arithmetic Expsies - it will be accepted as such
and the XVCL processor will evaluate its value.

A well-formed arithmetical expression is formedwihe following five operators +, -,
/, * and * (power). The operands can be eithergen® or decimals. Strings should
represent integer or decimal numbers. Referencesrndbles and expressions must
yield an integer or decimal numbers.

All decimal answers are rounded down to the neavhste number.
The XVCL processor will report an error if a diasi by zero occurs.

Nested parenthesis can be used in expressionglittaied the grouping of operators
and operands as in the examples below:

Suppose we have the following set commands:
<set var="x" value= “6"/>

<set var="y” value= “4"/>

Example 1: (?@x? +?@y?)/5

Example 2:(3* (1.2 + 3.4))/4

In example 1, the values of variable x and y adeddvhich yields 10 and the result is
divided by 5, yielding 2.

In example 2, the calculation is done on the inmetnparenthesis, yielding the value
4.6. Next 4.6 is multiplied with 3 and 15 is thewided by 4, yielding 3.

Note that the attributes all XYCL commands can acget Arithmetic Expressions.
However, Arithmetic Expressions should not be usedhe <while> and <select>
commands’ attributes. Otherwise, they will be ckdted and the resulting values will
be passed to attributes of those commands.

If the Arithmetic Expression is not valid, (e.g.rithmetic Expressions that contain
strings) the processor will regard the whole Arigtim Expression as a string and emit
it to the output. For example, if the processoroemters the Arithmetic Expression “(a
+ 3) * ¢”, the processor cannot evaluate it siiée not a valid Arithmetic Expression.

So“(a+3)*c"isregarded it as a string anaiteo its output.

All scientific calculations such asod, tan, cos, etc are not supportedince XVCL
is not intended to be a programming language.

9.6 How are expressions used?

Expressions (Name Expression, String Expressionfaitdmetic Expression), rather

than character strings, are commonly used in atggof XVCL commands (except
the name attribute of <x-frame> command) to demxeteame names to be adapted,
pathnames, variable values, variable hames, braades etc. Below is an example of
using Name Expression in <adapt> command:
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<adapt x-frame"?@x-frame-nam@” outdi="?@dir-name?” outfile="?@fine-
name?”>

9.7 Variable scoping rules

Variable scoping rules are the same for both siaglae and multi-value variables.
The <set> command in the ancestor x-frame takesgence over <set> commands in
its descendent x-frames. That is, once an x-franseta the value of variable x, <set>
commands that <set> the same variable x in desoemefeames (if any) will not take
effect. However, the subsequent <set> commandsfianxe A can reset the value of
variable x. This is illustrated in the following @xple: (Note the we use “//” java style
comment to explain the codes inside x-frames. Téreythere to help the reader to
understand the code)

x-frame A:

<set var="x" value="XA1"/> /[ value of xsiset to XAl
<adapt x-frame="B.xvcl"/> /] value of x A1l in x-frame B and its descendents
<set var="x" value="XA2"/> [/ values ofis reset to XA2
<adapt x-frame="C.xvcl"/> // value of x ¥A in x-frame C and its descendentg

value of variable x in x-frame A is <value-of ex[ @x?"/>

x-frame B:

value of variable x is <value-of expr="?@x?"/> ifframe B
<adapt x-frame="E.xvcl"/>

x-frame C:

value of variable x is <value-of expr="?@x?"/> ifframe C

<adapt x-frame="E.xvcl"/>

x-frame E:

value of variable x is <value-of expr="?@x?"/> ifframe E

result:

value of variable x is XAl in x-frame B
value of variable x is XAl in x-frame E
value of variable x is XA2 in x-frame C
value of variable x is XA2 in x-frame E
final value of variable x in x-frame A is XA2
Comments:

Notice that x-frame E is adapted by x-frame B anidarne C. When x-frame E is
adapted by x-frame B, the value of variable x ifratme E is XAl, which is passed
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down by x-frame B. When x-frame E is adapted frofnaxne C, the value of variable
x in x-frame E becomes XA2. This is because theipus value XAl of variable x i
x-frame A is reset again just before x-frame Bdated again.

Variables become undefined as soon as the progesstirns to the parent of the x-
frame that effectively set those variables.

Note that variables that are set within <insertmpowands become undefined when the
x-frame containing the <break> returns the proogs$d its parent x-frame. This is
illustrated in the example below.

x-frame A:

<adapt x-frame="B.xvcl">
<insert break="x">
<set var="VA” value="XA" />
</insert >
</adapt>

<!I-- <value-of expr="?@VA?"/> -- >// variable VA is out of scope here

x-frame B:

<set var="VA” value="XB" />

value of VA before break x is <value-of expr="?@VA®in x-frame B // here VA is
1IXB

<break name=“x"/> /[ the insert content, <set> command in x-frame Aserted

value of VA after break x is <value-of expr="?@VA2’in x-frame B // here VA is
IIXA

<adapt x-frame="D.xvcl"/>

x-frame D:

value of aa is <value-of expr="?@VA?"/> in x-frarbe

result:

value of VA before break x is XB in x-frame B
value of VA after break x is XA in x-frame B
value of VA is XA in x-frame D

Comments:

The <set> command in x-frame A is inserted to tleak x in x-frame B. X-frame B
also has the <set> command that sets the variadleéo\XB. The value of VA is XB
before the <break> x in x-frame B. After the <breakin x-frame B, the value of VA
becomes XA because the <insert> command in x-frémeas inserted the <set>
command that sets the variable VA'’s value to XA.
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When <set> commands are inserted into a <breaksetbommands behave as if they
are written in the place of <break> command. Wasy important to note that AN
XVCL COMMANDS that are inserted to break x will pFocessed as if they are
originally written at the insertion point in thegat x-frame.

=

In the case of <insert-before> command, the <setbbehave as if it is originally
written just before the <break> x in x-frame B, whas, in the case of <insert-after>
the <set> command will behave as if it is origipadlritten just after the <break> x in
x-frame B.

=

The variable scoping rules are important for redsebe reused in many contexts, x-
frames are heavily parameterized by variables aqateSsions. Typically, names of
adapted x-frames, break points, etc. are represebye Expressions rather than
STRINGs. X-frames use <set> (and <set-multi>) comusato define default values
for variables. Ancestor x-frames can override tefadlts, if necessary, adapting an x-
frame to the specific reuse context.

10 <value-of> command

10.1 Syntax

value-of = value-of expr="Expression" />

10.2 Command definition:

The value of the Expression is evaluated and ednhiibethe output. The evaluated
result replaces the command. Expressions areideddn Section 9.

For example,

<set var="name” value="John"/>

My name is <value-of expr="?@name?”/>.

The result after processing will be:

My name is John.

The same result can be produced by including “Mgn@as” to theexpr attribute
which forms a String Expression as in the followexample:

<value-of expr="My name is ?@name?."/>

The <value-of> command is an empty tag and canmatain any content between its
start tag and end tag.

10.3 Attribute definition:

expr = “Expression”

This attribute specifies an Expressitorbe evaluated (see Section 9).
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11 <set>command

11.1 Syntax

set = set var="single-var-nameévalue="valué' [defer-evaluation="yes-ndg}/>
single-var-name = Expression

value = Expression

yes-no = Expression

11.2 Command definition:
The <set> command assigns w@alu€’ defined in value attribute to single-value
variable ‘single-var-nameédefined invar attribute.

The <set> command is an empty tag and cannot coatgi content between its start
tag and end tag.

When a variable is <set> for the first time, sayiframe A, the variable is entered
into the Symbol Table along with its value. For awpsequent command in the same
x-frame that <set>s value of the same variable ptbeessor updates the value of the
variable in the Symbol Table.

Suppose the processor executes the following <sety¥mand in x-frame A:

<set var="x" value ="X1"/>

If variable x is not in the Symbol Table, variakles entered along with its value X1.
Suppose another <set> command in the same x-frasubsequently executed:
<set var="x" value="X2"/>

This time the processor will just updates the vaiie to X2.

The <set> commands in A’s descendent x-frames matimally be ignored and the
variable is removed from the Symbol Table once ghmcessing of an x-frame that
inserted the variable to the Symbol Table is comeple But there are exceptions from
this rule. We refer the reader to the Section :\/Avariable scoping, Section 8.5 on
attributesameleveland Section 16 on <remove> command for furtheaitbet

11.3 Attribute definition:

var =" single-var-namé

This attribute specifies the name of a single-valagable. Thesingle-var-namemust
be an Expression that yields a legal variable naregal variable name is a mixture

of any characters but “?”, “@” and “,”.

value ="value'

This attribute specifies the value of the varialilee ‘valu€ must be an Expression.

The evaluation of the variable’svdlue”, can be deferred as explained in defer-
evaluation attribute below.
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defer-evaluation ="yes-ng

This attribute specifies if the evaluation of tharigble’s value should be deferred
(indicated by value “yes”) or not (indicated by wal“no”). Theyes-nomust be an
Expression that yields value “yes” or “no”. The XV(@rocessor reports an error
otherwise. If omitted, the default value is “no”.

The value of that variable is evaluated at theregfee point rather than at the point
where the variable is <set>. The processor sttr@&kpression in the Symbol Table
and the evaluation takes place each time the JVanseferenced.

For example, as the result of the following <setmmand:
<set var="x" value="?@y?"” defer-evaluation= “yes”/>

the Expression ?@y? is entered into the SymboleTablis, without evaluating its
value. At each point of reference to variable »e firocessor evaluates Expression
?@y? to come up with the value for variable x given reference point.

If defer-evaluationis “no”, the current value of variable y is as&dro Xx.
We refer the reader to Sections 9.3 and 9.4 foersgamples of deferred evaluation.

12 <set-multi command>

12.1 Syntax

set-multi = <set-muti var="multi-var-namé value=" value(, value*”
defer-evaluation="yes-nd|/>

multi-var-name= Expression

value = Expression

12.2 Command description:
The <set-multi> command defines the multi-valuaatale. The multi-value variables
are mainly used in <while> commands for iteratisee( Section 15)

The <set-multi> command assigns a list of valuexci§igd in thevalue attribute to
multi-var-name Values must be separated by comma ‘,’. The vadnegxpressions.

If a specificvalueis a reference to a multi-value variable, e.g. MA@TI?, then the
whole list of values of variable MULTI is includexto the list of values of theulti-
var-name(unless variable MULTI happens to be a controlafala in the <while> loop
enclosing a give <set-multi> command, see Secti¥n 1

Thevalues are processed from the left to the right creatitigt of values. This list of
values is assigned to theUlti-var-name”described in thear attribute.

This is illustrated in the example below:
<set-multi var="A" value="1,2"/>

<set var="B” value="3"/>

<set-multi var="C” value="?@A?, ?@B?"/>
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<set-multi var="D” value="A, B"/>

For <set-multi> variable C, the multi-value varial¥ is first evaluated, which yields a
partial list of values: 1,2. Next, the value of thiagle-value variable B is evaluated
and appended to the above partial list of valuedding the final list of values 1, 2
and 3. Multi-value variable C will receive valugg,3.

Multi-value variable D will receive values A,B.

If there is only one variablealue specified in thevalue attribute, the value(s) of that
variable will be assigned to the variabheulti-var-name In the example below,
variable C will receive values 1, 2.

<set-multi var="C” value="?@A?"/>

If the same variable appears more than once indhee attribute, each occurrence of
that variable will contribute the resulting list\wdlues. For example,

<set-multi var="C” value="?@A?, ?@A?, 2@QA?"/>
variable “C” will receive values 1,2,1,2,1,2.

The scope and overriding rules of multi-value Valea is the same as for single-value
variables.

The <set-multi> command is an empty tag and caocootain any content between its
start tag and end tag.

Escape character

In the value attribute, comma plays the role of a separator.avoid interpreting
comma as a separator, an escape character ‘\'dsbeulised before comma: “\,”. For
example, after command:

<set-multi var="A" value="1\,2"/>
the value of A is one element “1,2".

12.3 Attribute definition:

var ="multi-var-namé

This attribute specifies the name of multi-valueialale. Themulti-var-namemust be
an Expression that yields a legal variable namkegal name of a variable is a mixture
of any characters but “?”, “@” and “,”.

defer-evaluation ="yes-ng

Deferred evaluation for multi-value variables woriks the same way as deferred
evaluation of single-valued variables (see Sectipn

In the following example, Expressions ?@a?, ?@h@,?+2) will be entered in to the
Symbol Table without evaluating them and evaluatwiti takes place each time
variable A is referenced. (The details of evaluated ?@ variable? is explained in
Section 9)

<set-multi var="A”" value="?@b?,?@b?, (?@c? + 2)fadecvaluation= “yes”/>
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Note: The “defer-evaluation” has effect only on tadue attribute. If variables appear
in any other attributes of <set-multi> command, tnealuation will take place
immediately.

13 Additional rules for <set> and <set-multi> commands

The single-value variable defined by <set> and rwallue variable defined by <set-
multi> commands must not be the same. The procesBoeport an error otherwise.

When an x-frame is <adapt>ed wghmelevel= “yes”, all the <set> and <set-multi>
commands defined in that x-frame behave as if thege originally written in their
parent x-frame in place of <adapt> command. Thidlustrated in the following
example. This example uses <set> command for iditish but the same rule applies
for <set-multi> command as well.

x-frame A:

<set var="x" value="XA1"/>
value of variable x is <value-of expr="?@%?// variable x value is XAl
<adapt x-frame="B.xvcl” samelevel=yes"/> /[ variables x and y in x-frame B is
/Il raised here and behave ey
Il are writtelmere. So the value of
/Ix is reset to XB1.
value of variable X is reset to <valakexpr="?@x?"/> // X’s value is reset to XB1

value of variable y is <value-of expr="?@y?"/# variable y’s value comes from
I/x-frame B

<adapt x-frame="C.xvcl"/>

x-frame B:

<set var="y” value="YB1"/>

<set var="x" value="XB1"/>

x-frame C :

Because of same level, Now x-frame C has:
value of variable x is <value-of expr="?@x?"/>
value of variable y is <value-of expr="?@y?"/>

result:
value of variable x is XAl
value of variable x is reset to XB1

value of variable y is YB1
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Because of same level, Now x-frame C has:

value of variable x is XB1

value of variable y YB1

variable x and y are got from the samelevel effécis B.xvcl

Comments:

M
wn

Notice that x-frame B is adapted with sameleveirasf yes in x-frame A. This caus
the variables x and y in x-frame B to be raisedhe adapting x-frame A. These
variables behave as if they are originally writianx-frame A. Thus, the original x
value defined in A is reset to XB1. Note that befadapting x-frame B the value of
variable x is XAl. After adapting x-frame B the wal of x becomes XB1. When
adapting x-frame C from x-frame A, variable x witte new value XB1 together with
variable y with value XY1 will be passed down térame C.

14 <select> command

14.1 Syntax

select := select optiors "control-variablé>

( <option value= "value ( | value*" [comp-operator="comp-operator( ,
comp-operatoy ">

option-body
</option> )*
[<otherwise>
option-body
</otherwise>]
</select
control-variable = single-var-name
option-body = ( textual-content | break | adagett || set-multi | select |
ifdef | ifndef | value-of | message | while | reeiév
value = Expression

comp-operator Expression

14.2 Command description:

The <select> command selects zero or more frontidtesl option clauses. The XVCL
processor processes each of the selected optioseslammediately upon selection.

Options are selected based on the value of conarble specified in theption
attribute. If control-variable is undefined (thatii does not exist in the Symbol Table),
the processor issues and error message and tees\praicessing.
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As indicated in theéSyntax section, the <select> command can contain zemnmare
<option> commands followed by an optional <otheeriscommand. We use term
option clauseto denote either <option> or <otherwise> commands.

The order of the appearance of the <option> antheratise> commands is strictly
controlled. The XVCL processor will report an eribthe order is not obeyed. The
option clauses can only be written inside a <seleotmmand.

The XVCL processor checks <option>s in sequentideéoand selects for processing
<option>s as follows: the value of the control-abie of <select> is compared against
the values specified in thealue attribute of each <option> using thbemp-operatas
specified in thecomp-operator attribute. If thecomp-operator attribute is omitted,
the processor uses the equality operator (=) bpultefor matching all thevalues
specified in the value attribute of <option> agathe value of the control-variable.

If none of <option>s is selected, then <otherwisemmand is selected, if present.

14.3 Attribute definition for <select> command:

<option= " control-variablé>

This attribute specifies a single-value variableneaThecontrol-variablemust be an
Expression that yields a valid single-value vaeabhme whose value will be used by
<option>s in selecting <option>s for processing.

14.4 The attributes of the <option>command:

<option value= "value ( | valug*" [comp-operator="comp-operator( , comp-

operatop*”]>
Eachvalueandcomp-operatomust be an Expression. Themp-operatolExpression
must yield one of the following comparison operaiet, >, =, =<=and>=.
The values in value attribute are separated by the OR symbol “|" ahdirt

correspondingomp-operatos in attributecomp-operator are separated by commas.
If the comp-operator is omitted the processor uses the equality ope(ajdy default
for all thevalues If the comp-operator is specified, the number galuesin the value
attribute and the number eabmp-operatoran the comp-operator attribute must be
the same.

The following is the general format of the <optiocmmand:

<option value="valug|value)|...|valug’ comp-operator=‘comp-operatof,comp-
operatog, ... ,comp-operatqf>

To determine whether a given <option> should bectet or not, the value of the
control-variable is compared against italue using the i'thcomp-operator If any of
these comparisons is TRUE, the <option> is selecliedll the comparisons are
FALSE, the <option> is not selected.

The following example illustrates selection of opis:
<set var ="x” value="a’/>

<select option="x">
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<option value="a | b” comp-operator="=,="> // thiption is selected if variable x has
the
/Il value “a” OR “b”
</option>
</select>

The comparison is made based on the type ofdhes String comparison is made for
alphanumeric and alphabetic values, and numericpaoson is made for numeric
values. In order to make a numeric comparisony#tee of both the control-variable
andvaluemust be numeric. Otherwise, string comparison bélimade.

For example, if the option value is “1” and convakiable value is “2” then the
numeric comparison is made. If the option valuBAs” and control-variable value is
“2” then the string comparison is made.

15 <while> command

15.1 Syntax
<while using-items-in= "multi-var-name(, multi-var-nameg* ">
while-body
</while>
while-body = ( textual-content | break | adapt || set-multi | select |

ifdef | ifndef | value-of | message | while | remdv

15.2 Command description:

The <while> command iterates over its bo@yl the multi-value variables listed in
using-items-in attribute must have the same number of values. Eacdtion uses the
i value of each of the multi-value variables lisiadthe using-items-in attribute.
Starting with 1, <while> implicitly increments thalue of the index i by 1 in each
iteration and terminates after processing thevaktes of variables. It follows that the
number of iterations is equal to the number of @alin each of the multi-value
variables listed in the attributesing-items-in

Values of the multi-value variables listed in theribute using-items-in can be
referenced in the body of a <while> command. Ifduisside <while> command, these
multi-value variables behave like a single-valueialdes and can be referenced just
like a single-value variable.

This is illustrated in the following example.
X-frame A:

<set-multi var="xxx" value="1,2,3"/>

<adapt x-frame="B.xvcl"/>

XML-based Variant Configuration Language (XVCL) Goight (C) 2001-2002 National University of Singap 39
XVCL concept and language definition Copyright @001-2002, National University of Singapore andrbletnc.



XVCL Specifications Version 2.10

X-frame B:

<while using-items-in="xxx">
value of xxx is <value-of expr="?@xxx?"/>
</while>

results:
value of xxx is 1
value of xxx is 2
value of xxx is 3
Comments:

The multi-value variable xxx has the values 1,ZJ8 <while> command in x-frame B
uses the multi-value variable xxx. The <while> coamu iterates over its body for
each value in the multi-value variable xxx. In fivet iteration the value of xxx is 1.
The value of xxx becomes 2 and 3 in the subseqtenmttions. It follows that the
number of iterations is equal to the number of @alun a multi-value variable.

U

The following example illustrates the use of onenmre multi-value variables in while
loop.

<set-multi var="x" value="1,3"/>
<set-multi var="y” value="2,3"/>
<while using-items-in="x, y">
<select option="x">
<option value="?@y?">
The value of x is <value-of var="?@x2"/
and the value of y is “<value-of var&y?"/>
</option>...
</select>...
</while>

In the above example, during the first iteratioa #alue of x is 1 and the value of y is
2. In the first iteration, the <option> command dkeeif value of variable x equals the
value of variable y, therefore this condition ist satisfied. In the second iteration,
both variables have the same value of 3 and thdittom is met. As a result, the text:

The value of x is 3
and the value of y is 3
is emitted.

<while> command is often used for code generatior. example, generating code
that creates database tables, creating user iogeoisttons and menus, etc.

Dynamic invocation of multi-value variables is ajgassible in <while> commands, as
illustrated in example below:
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<set-multi var="index” value="1,2"/>
<set-multi var="multil” value="a,b,c"/>
<set-multi var="multi2” value="d,e”/>...
<while using-items-in="index">

<while using-items-in="multi? @index?">

</while>
</while>

The variable index is used to create the names ufi-walue variables: multil and
multi2. For each iteration of the outer <while>, gegssion multi?@index? will
generate the new multi-value variable name in iner <while> loop.

This is further illustrated in the following compdeexample.
X-frame A:

<set-multi var="multil” value="A,B"/>
<set-multi var="multi2” value="C,D"/>
<set-multi var="index” value="1,2"/>
<adapt x-frame="B.xvcl"/>

X-frame B:

<while using-items-in="index">
<while using-items-inmulti?@index?”> // in the first iteration VAL is used
/I in the second iteration VA2 ieds
<value-of expr="?@multi@index?"/>

</while>
</while>
result:
A
B from multil
C
D from multi2
Comments:

In the first iteration the value of “index” is 1 &multil is used in the inner loop ag
result of evaluating multi?@index?. As a result &x@and B, is emitted in the inner
loop iterations.

Similarly in the second loop multi2 is used in thaer loop and as a result C and
are emitted in the inner loop iteration. In thatwviiae name of the multi-value variable
in inner <while> loop keeps changing in each iteradf the outer loop.
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If there is an <adapt> command inside <while>, ¢hemilti-value variables (currently
act as single-value variable) with correspondinig Values are passed down to that x-
frame and all its descendent x-frames. The varsatilat are passed down in this way
have the same privilege as the single-value vasble., they can be referred to in
other XVCL commands. The following example illusésthis.

<set-multi var="x" value="1,2,3"/>
<while using-items-in="x">
<adapt x-frame="B.xvcl"/> /[ for each iteration x with new value is passed
//down to x-frame B
</while>

<!I-- <value-of var="?@x?"> --> // if this is not aumented the processor will

/lproduce error. x cannot be referenced here

X-frame B:

Value of multi-value variable x in x-frame B is dua-of expr="?@x?"/>

result:

Value of multi-value variable x in x-frame B is 1

Value of multi-value variable x in x-frame B is 2

Value of multi-value variable x in x-frame B is 3
Comments:

Notice the <adapt> command inside <while> in x-feafn

The <while> in x-frame A passes the single-valuledwgor of variable x with different
values in each iteration. Referring to the examipl¢he first iteration, the single-value
variable with value 1 is passed down to x-frameSBnilarly, single-value variabl
with value 2 and 3 are passed down to x-frame Biénsecond and third iteration pf
the <while> loop.

11°}

It is important to note the commented <value-ofmowand in the x-frame A outside
of <while> loop. If <value-of> command is not commented, the promessill
produce the variable undefined error. This is beeauulti-value variables cannot pe
referenced like single-value variable, outsidehs &¥while> and the scope explained
above.

When <while> commands are nested, as shown inolfe@ving example, both multi-
value variables x and y can be referenced as suajle variables inside the inner
<while> loop.

<while using-items-in="x">
<while using-items-in="y">
/I both “x” and “y” can be referenced as singléueavariables here
</while>

</while>
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15.3 Attribute definition:

using-items-in = "'multi-var-name(, multi-var-name&*”

This attribute specifies one or more multi-valugialales to be used by <while>
command. Thenulti-var-namemust be an Expression that yields the name of [a-mu
value variable existing in the Symbol Table. Othieey a warning will be produced
and the <while> will be skipped.

16 Definition of <ifdef> command

16.1 Syntax:
ifdef = <fdef var="var-namé>
if-body
</ifdef>
var-name = Expression
if-body = (textual-content | break | adapt ||sstt-multi | select |

ifdef | ifndef | value-of | message | while | remdv

16.2 Command description:

If variable var-nameis defined (that is, it exists in the Symbol T3plhe XVCL
processor processes the if-body. Otherwise, thedfy is not processed.

16.3 Attribute definition:

var="var-namé

Expression must yield a legal name of a variabith€e single-value or multi-value)
that may or may not exist in the Symbol Table.

17 Definition of <ifndef> command

17.1 Syntax:

ifndef := <dfndef var="var-namé>
if-body
</ifndef>
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17.2 Command description:

If variable var-nameis undefined (that is, it does not exist in thenBygl Table), the
XVCL processor processes the if-body. Otherwise jftlbody is not processed.

17.3 Attribute definition:

var="var-nameé

Expression must yield a legal name of a variabiéhge single-value or multi-value)
that may or may not exist in the Symbol Table.

18 Definition of <remove> command

18.1 Syntax:

<remove var=“var-namé/>

18.2 Command description:

This command un-defines a variableaf-name” described invar attribute by
removing it from the Symbol Table. Thedr-name” should have been previously
defined by <set> or <set-multi> command. Otherwike,command is ignored and a
warning message is produced. The variable is rethdvand only if the <remove>
command appears in the x-frame that originallyriedithat variable (i.e., the x-frame
that entered that variable into the Symbol Talherwise, the command is ignored
and a warning message is produced.

The following example illustrates this.
X-frame A:

<set var= “x" value="XA"/>

<adapt x-frame="B.xvcl"/>

X-frame B:

<remove var="x"/> [/ warning! variable x cannot temove

result:
warning will be produced when processing <removarmand in x-frame B.
comments:

The warning is generated because the descenderames are not allowed to
<remove> any variables defined by ancestor x-frames
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18.3 Attribute definition:

var =" var-namé

This attribute specifies a variable name to be reddrom the Symbol Table. It can
be the name of a single-value or a multi-value allddg. Thevar-namemust be an
Expression that yields the name of the variablestoemoved.

19 Definition of <message> command

19.1 Syntax

<message text=messagé [ continue =* yes-no‘] />

19.2 Command description:

When the XVCL processor encounters the <messaga¥memnd, it will display a
messag®n the screen. This command does not affect thmubemitted by the XVCL
processor. The <message> command can be usediagglag purpose like checking
variable values and trapping error situations. fpécal usage of this command is in
the <select> command. However, it is also usebultfacking variable values by
displaying them to the screen during processing.

19.3 Attributes definition:

message “text’

This attribute specifies a message to be displayethe messagemust be an
Expression.

continue = “yes-nd

This attribute specifies if the processing shouwdtmue (value “yes”) or not (value
“no”). The yes-nomust be an Expression that yields value “yes” wo”* If this
attribute is omitted, the default value is “yes”.

20 Processor options and configuration file

The following extra features can be activated viacpssor options and configuration
file:

-T option and variable optionT

When the processor is invoked with -T option, feample:
java -jar xvcl.jar =T SPC

the processor will include the comment line witle tame of an x-frame as the first
line in the output emitted from that x-frame.
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The user should specify comment symbols in 'begmroent’ and ‘end-comment’
variables. The default for begin-comment is //. Tdeault for end-comment is nil
(nothing).

Currently, we do not provide trace information famsert> commands.

-B option and variable optionB

When the processor is invoked with -B option, laé tvhite spaces (blank, space, etc.)
in the Textual Conterdround an XVCL command (any command with the excapt
of <value-of>) are trimmed. XVCL white space clweas are the same as in Java. A
character is an XVCL white space character if anty of it satisfies one of the
following criteria:

e It is a Unicode space -characterSPACE_SEPARATQR LINE_SEPARATOR or
PARAGRAPH_SEPARATORuUt is not also a non-breaking spac&uOQAO" , "u2007'
\u202F' ).

+ Itis'\u0009' , HORIZONTAL TABULATION.

+ Itis"\WOOOA' , LINE FEED.

+ Itis'\u0O0OB' , VERTICAL TABULATION.

+ Itis'\w000C' , FORM FEED.

+ Itis'\w000D' , CARRIAGE RETURN.

« Itis'w001C' , FILE SEPARATOR.

« Itis'\w001D' , GROUP SEPARATOR.

+ Itis'\UOO1E' , RECORD SEPARATOR.

« Itis'\WOO1F' , UNIT SEPARATOR.

Option —B does not remove white spaces (and anyu@kexontents) inside CDATA
tags. Therefore, if you want to keep blank lindsrabr before a command, you can put
them into CDATA tags.

-N option and variable optionN (version 2.07 only)

Option —N was used to instruct the processor togeize a namespace “xvcl”. The
processor 2.10 recognizes regular XVCL commandg.,(&adapt> as well as in
namespace notation (e.g., <xvcl:adapt>) withoutiégieg —N. Therefore, option —N
has been removed.

-V _option

Option =V runs the processor in validation mode,, ito process an X-framework
without emitting the output.

-L option

Option —L instructs the processor to log the namkshe files generated during
processing into a file named [SPC].log placed engame directory as SPC.
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Document Type Definition (DTD) for XVCL

<?xml version="1.0" encoding="us-ascii"?>

<!-- this entity is used for passing comas (,) alsi® in multi-valued -->
<IENTITY comma "\,">

<IENTITY newline "\n">

<IENTITY return "\r">

<IENTITY tab "\t">

<IELEMENT x-frame (#PCDATA | break | adapt | seet-multi | select | value-of |
message | while | remove | ifdef | ifndef | primt)*
<IELEMENT break (#PCDATA | adapt | set | set-m{bkielect | value-of | message |
while | remove | ifdef | ifndef | print)*>

<IELEMENT adapt (insert | insert-after | insert-doref)*>

<IELEMENT insert (#PCDATA | break | adapt | seet-multi | select | value-of
message | while | remove | ifdef | ifndef | print)*

<IELEMENT insert-before (#PCDATA | break | adapél | set-multi | select | value-of
| message | while | remove | ifdef | ifndef | print
<IELEMENT insert-after (#PCDATA | break | adapet fset-multi | select | value-of |
message | while | remove | ifdef | ifndef | print)*

<IELEMENT set-multi EMPTY>

<IELEMENT set EMPTY>

<IELEMENT select (option*, otherwise?)>

<IELEMENT ifndef (#PCDATA | break | adapt | setef-multi | select | value-of
message | while | remove | ifdef | ifndef | primt)*

<IELEMENT ifdef (#PCDATA | break | adapt | set |-surulti | select | value-of
message | while | remove | ifdef | ifndef | primt)*

<IELEMENT option (#PCDATA | break | adapt | seet-swulti | select | value-of
message | while | remove | ifdef | ifndef | primt)*

<IELEMENT otherwise (#PCDATA | break | adapt | seet-multi | select | value-of |
message | while | remove | ifdef | ifndef | primt)*

<IELEMENT while (#PCDATA | break | adapt | set {-swilti | select | value-of
message | while | remove | ifdef | ifndef | primt)*

<IELEMENT message EMPTY>

<I[ELEMENT value-of EMPTY>

<IELEMENT remove EMPTY>

<IELEMENT print EMPTY>

<IATTLIST x-frame
name CDATA #REQUIRED
outdir CDATA #IMPLIED
outfile CDATA #IMPLIED
language CDATA #IMPLIED

<IATTLIST break

name CDATA #REQUIRED>
<IATTLIST adapt

x-frame CDATA #REQUIRED
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outdir CDATA #IMPLIED

outfile CDATA #IMPLIED

samelevel CDATA #IMPLIED

once CDATA #IMPLIED>
<IATTLIST set

var CDATA #REQUIRED

value CDATA #REQUIRED

defer-evaluation CDATA #IMPLIED>
<IATTLIST set-multi

var CDATA #REQUIRED

value CDATA #REQUIRED

defer-evaluation CDATA #IMPLIED>
<IATTLIST insert

break CDATA #REQUIRED>
<IATTLIST insert-after

break CDATA #REQUIRED>
<IATTLIST insert-before

break CDATA #REQUIRED>
<IATTLIST select

option CDATA #REQUIRED>
<IATTLIST option

value CDATA #REQUIRED

comp-operator CDATA #IMPLIED>
<IATTLIST while

using-items-in CDATA #REQUIRED>
<IATTLIST value-of

expr CDATA #REQUIRED>
<IATTLIST message

text CDATA #REQUIRED

continue CDATA #IMPLIED>
<IATTLIST remove

var CDATA #REQUIRED>
<IATTLIST ifdef

var CDATA #REQUIRED>
<IATTLIST ifndef

var CDATA #REQUIRED>
<IATTLIST print

text CDATA #REQUIRED>
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