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Abstract
In this paper we introduce a programming language for Web document processing called WebL. WebL is a high level, object-oriented
script ing language that incorporates two novel features: service combinators and a markup algebra. Service combinators are language
constructs that provide reliable access to Web services by mimicking a Web surfer's behavior when a failure occurs while retrieving a
page. The markup algebra extracts structured and unstructured values from pages for computat ion, and is based on algebraic
operat ions on sets of  markup elements. WebL is used to quickly build and experiment with custom Web crawlers, meta-search engines,
page transducers, shopping robots, etc.
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1. A computation model for the Web
When we think of  the Web, we immediately think of  a planet-wide distributed hypertext . However, it  is also compelling to regard it  as a
distributed database, f rom which informat ion is queried and processed. In fact , XML was designed to make the Web an informat ion
repository accessible by program [XML]. However, whereas tradit ional databases have specialized programming languages like SQL to query
and process their content, there are no specialized languages yet for performing such tasks on the Web. Our premise is that  the
architectural, physical and administrat ive constraints of  the Internet require new models for comput ing over planet-wide structures such as
the Web.

Some of the characterist ics of  the Web, like its wide area distribut ion, unreliable services, lack of  referent ial integrity, security model, and lack
of data typing, dif fer immensely f rom those of  t radit ional programming models, which presupposes a non-distributed, well-structured, and
predictable infrastructure. Furthermore, because of  the Web's geographical distribut ion, latency and bandwidth — not CPU speed and
memory size — become the limit ing factors that need to be addressed. So what kind of  programming models and programming constructs
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are needed to compute on the Web? To understand this quest ion, we f irst  have to study typical Web computat ions. In our view, a typical
Web computat ion can be divided into three phases.

The input phase  involves fetching one or more Web pages for processing. During this phase we have to contend with the Web's geographic
distribut ion and architectural inef f iciencies. For example, one or more of  the following situat ions might apply when retrieving a page from a
Web service:

The page is available and can be retrieved successfully.
The server is unavailable or provides intermit tent  service due to a high load.
The page is (perhaps temporarily) unavailable or was redirected to another server.
The connect ion is unexpectedly terminated or the data t ransfer speed varies, stalling or dropping to an unacceptable rate.
The page is mirrored geographically, perhaps on servers with dif ferent capacity.

Consequent ly, a programming model for the Web not only has to expect several modes of  failure (for which many programs are typically not
designed) but should also provide funct ionality to overcome these problems, for example, to exploit  the inherent parallelism of replicated
servers. Our approach is to use service combinators to make access to services more reliable and to simplify the handling of  failures (see
Sect ion 3).

The processing phase of  a typical Web computat ion involves extract ing data values from pages and performing computat ions on these
data values. We assume pages to be marked-up in either XML or HTML, so as to exploit  the structural content of  the page. The dif f icult ies
encountered in this phase include poorly structured pages, HTML markup that does not ref lect  the document structure (for example, misuse
of tables for presentat ion ef fects), and pages that change format regularly or unexpectedly. Our data extract ion technique is based on a
markup algebra that  performs operat ions on sets of  elements in a page (see Sect ion 4).

The output phase  of  a typical Web computat ion covers the generat ion of  Web documents f rom values computed during the processing
phase, and storing them back on the Web (for example, by publishing the page on a Web server).

Figure 1 depicts this general model of  a Web computat ion. Web pages f low through a pipeline of  service combinators for fetching pages, a
markup parser, the markup algebra for extract ing (or "searching" for) data values from (on) a page, comput ing on those values, and page
manipulat ion. Searching, comput ing and manipulat ion is repeated as of ten as needed. Finally the page is regenerated from its internal
representat ion by the markup generator, and stored back on the Web.
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Fig. 1. A model for Web computat ion.

2. The programming language WebL
Our implementat ion of  this computat ion model is called WebL, a script ing language that was specially created to experiment with service
combinators, markup algebras, page modification operations, and in general the automat ing of  Web-related tasks.

We implemented our WebL prototype in Java. The core funct ionality consists of  libraries that implement the parsers, service combinators
and markup algebra. The idea is that  programmers that don't  want to use the WebL language, could eventually use these libraries direct ly in
their Java programs without penalty (except for giving up the compact syntax).

Although we regard the language as secondary to the novel features we introduce, the language has grown over t ime to support  many
convent ional languaging features like dynamic typing, objects, modules, closures, except ions, sets, lists, associat ive arrays, mult ithreading,
etc. These features make it  a convenient language for prototyping computat ions on the Web and quite a useful tool for Web masters.

Some of the applicat ions we constructed with WebL so far include:
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Customizable Web crawlers.
Meta-search engines for popular search engines on the Web.
Meta-newspapers that collect  art icles f rom several sites according to interests.
Tools to build a newspaper f rom CDF-based descript ions [CDF97].
Shopping robots that shop for the cheapest books at  several electronic bookstores.
Tools to extract  f inancial informat ion from stock pages.
Tools to extract  and compute project  informat ion from DIGITAL's intranet.
Tools to concatenate Latex2HTML-generated documents for print ing.
Tools to validate links in Web pages.

In the remainder of  the paper we will concentrate on only two novel aspects of  WebL, namely service combinators (Sect ion 3) and the
markup algebra (Sect ion 4). These sect ions are followed by related work (Sect ion 5) and conclusions (Sect ion 6). An Appendix lists example
programs.

3. Service combinators
An experienced Web surfer exploits a repertoire of  behaviors when confronted with the situat ions introduced in Sect ion 1 (e.g. server failure,
stalling or dropping service rates, etc.). We call these behaviors Web reflexes. For example, users may

reload a page on a stalled link,
retry requests, taking short  pauses in between requests,
terminate a request that  takes too long,
switch to less used servers with the same informat ion,
switch to alternate sources of  informat ion,
monitor the t ransfer rate and decide whether to wait  for the page to arrive,
run fetches in parallel, wait ing for the f irst  to f inish, and stopping the other requests.

A strategy for making computat ions on the Web more reliable is to use programming constructs called service combinators introduced by
Luca Cardelli and Rowan Davies [CD97]. The main purpose of  service combinators is to mimic these ref lexes or, in a more general way, to
make any algorithmic behavior of  Web users scriptable. Therefore, under the basic premise that by providing the programmer with easier
ways to express these ref lexes and it  becomes easier to write robust scripts, service combinators provide explicit  language constructs to
automate handling of  t ime-out and failure, exploitat ion of  replicated data, etc. As in the approach suggested in [CD97], WebL maps service
combinators direct ly onto operators of  the language. As will be not iced from the following examples, service combinators are also
convenient language constructs for handling except ions.

For the remainder of  this sect ion S and T  denote operands (called services), which may contain primit ives to fetch pages or general WebL
computat ions.
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    Services

getpage(string, [. param1=val1, param2=val2, ... .], 
        [. header1=val1, header2=val2 .]) 
postpage(string, [. param1=val1, param2=val2, ... .], 
        [. header1=val1, header2=val2 .])

The getpage funct ion fetches with the HTTP GET protocol the resource associated with the string URL. The result  returned is a page
object  that  encapsulates the resource. The funct ion fails if  the fetch fails. The second and third arguments to getpage are opt ional —
when specif ied, they provide the server with query arguments and HTTP headers respect ively. A similar funct ion called postpage uses
the HTTP POST protocol, used to f ill in Web-based input forms.

// This program simply attempts to fetch the named URL. 
page := getpage("http://www.digital.com")

// This program looks up the word "java" on the 
// AltaVista search engine. 
page := getpage("http://www.altavista.digital.com/cgi-bin/query", 
    [. pg="q", what="web", q="java" .])

    Sequential execution         S ? T

The "?" combinator allows a secondary service to be consulted in case the primary service fails for some reason. Thus, the service S ?
T  acts like the service S except that  if  S fails then it  executes the service T .

// This program first attempts to connect to AltaVista 
// in California, and in the case of failure, attempts to 
// connect to a mirror in Australia 
page := getpage("http://www.altavista.digital.com") ? 
        getpage("http://www.altavista.yellowpages.com.au")

    Concurrent execution          S | T

The "|" combinator allows two services to be executed concurrent ly. The service S | T  starts both services S and T  at  the same t ime
and returns the result  of  whichever succeeds f irst . If  both S and T  fail, then the combined service also fails.

// This program attempts to fetch a page from one of the two  
// alternate sites. Both sites are attempted concurrently, and the 
// result is that from whichever site successfully completes first. 
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page := getpage("http://www.altavista.digital.com") | 
        getpage("http://www.altavista.yellowpages.com.au")

    Time-out          timeout(t, S)

The t ime-out combinator allows a t ime limit  to be placed on a service. The service timeout(t, S) acts like S except that  it  fails af ter t
milliseconds if  S has not completed within that t ime.

// This program attempts to connect to alternative AltaVista mirror sites, 
// but gives a limit of 10 seconds to succeed. 
page := timeout(10000, getpage("http://www.altavista.digital.com") | 
                      getpage("http://www.altavista.yellowpages.com.au "))

    Repetition         repeat(S)

The repeat combinator provides a way to repeatedly invoke a service unt il it  succeeds. The service repeat(S) acts like S, except that  if
S fails then S starts again. The loop can be terminated by writ ing timeout(t,repeat(S)).

// This program makes repeated attempts in the 
// case of failure, alternating between two services. 
page := repeat(getpage("http://www.altavista ...") ? 
               getpage("http://www.altavista ..."))

    Non-termination         stall()

The stall combinator never completes or fails.

// This program repeatedly tries to fetch the URL, but 
// waits 10 seconds between attempts. 
page := repeat(getpage("http://www.digital.com") ? timeout(10000, stall())

4. Structured text search on Web pages

4.1.  An algebra for text search

One of the challenges in structured text  search is to support  a unif ied model of  dif ferent views of  a document. In one view we are interested
in the linear text  f low of  the page (without tags), for example to locate words and character patterns. In another view, we are interested in
the hierarchical organizat ion of  the document, for example to use markup as "landmarks" for guiding data extract ion. Other views, such as a
publisher's view that divides the document into lines, paragraphs, and columns, are also imaginable. In addit ion, we observe that dif ferent
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views of  the document are not always properly nested, as are rows in tables, or words in t it les. Rather, elements in dif ferent views might
overlap. Sentences usually go across mult iple lines and images might span mult iple columns. As a consequence, a unif ied model has to allow
searching on several views, mixing of  query results f rom dif ferent views, and handling of  overlapping elements in the same or dif ferent views.

WebL's data extract ion language addresses these problems with the not ion of  a markup algebra. The markup algebra is based upon the
concepts of   pieces, piece-sets  and algebraic operators that  are applied to piece-sets.

First , we def ine a piece as a cont iguous text  region in a document, ident if ied by the start ing and the ending posit ion of  the region. For this
paper we can imagine posit ions as indices that indicate a character of fset  in the page, which makes it  easy to determine by numerical
comparison the relat ionship between two regions, such as whether two pieces overlap, are contained in each other, or follow each other.
(Our WebL implementat ion uses a more complicated data structure for pieces that simplif ies searching and page modif icat ion.) We further
def ine a piece-set  as a collect ion of  pieces. Pieces within piece-sets may overlap, be nested, or may belong to dif ferent pages. However,
unlike mathematical sets that do not impose a part icular ordering on their elements, piece-sets are always in a canonical representat ion in
which pieces are ordered according to their start ing posit ion, and then their ending posit ion in the document. This allows iterat ing over
pieces in a set  in the sequence they appear in the document, and also to pick the nth occurrence of  a pattern (by indexing into the piece-
set). Both pieces and piece-sets are mapped to special objects in WebL, which means that they can have at t ributes and be manipulated by
programs.

A common way to create a piece-set is to search for all the HTML or XML elements with a specif ic name (we call this a structured search).
For example, the following program returns all the anchors (hyperlinks) that  occur on the DIGITAL homepage by calling a method called Elem
of the page object  P :

P := getpage("http://www.digital.com/"); 
links := P.Elem("A")   // returns a piece-set of "A" elements

After the method invocat ion, the variable links contains a piece-set that , for every matching HTML or XML element, contains a piece that
points to the start ing and ending posit ion of  the element. In addit ion, all the element names and at t ributes are made visible to the
programmer by associat ing them with the appropriate piece object .

Another way to create a piece-set is to search for character patterns, ignoring the markup (we call this unstructured search or pattern
search). The Pat  method of  a page object  extracts all the occurrences of  a Perl 5-style regular expression [Fri97] in the text  of  a page. The
following example extracts the occurrences of  the word "Digital" or "digital" in the Digital home page.

P := getpage("http://www.digital.com/"); 
words := P.Pat("(D|d)igital")

If  the regular expression contains Perl-5 groups, the matching groups are accessible as at t ributes of  the piece. Like the Elem method, the
Pat method computes a set that , for every match, contains a piece that points to the start ing and ending posit ion of  the match.

Finally, we def ine a set operator  S ¤ T  as an algebraic operat ion ¤ between two piece-sets S and T  that  returns a third piece-set as a result .
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For the remainder of  this sect ion, S and T  denote piece-sets, the elements of  S and T  are referred to as s and t , and P  stands for a page
object . WebL divides set operators into groups of  basic set manipulation  operators, positional  set  operators, and hierarchical  set  operators,
which will be discussed in the following sect ions. In the interest  of  conciseness, we will not  describe the negated operators (those start ing
with an exclamat ion point), as their behavior is easy to deduce.

4.2.  Basic set operators

Union S + T 
Intersection S * T 
Exclusion S - T 

Basic set  operators are used for basic set  manipulat ion. They contain a set  union operator, a set  intersect ion operator, and a set exclusion
operator. The set union operator merges the two sets S and T  and eliminates duplicate pieces. The set intersect ion operator returns the set
of  all pieces that are contained both in S and T , and the set exclusion operator calculates the set of  pieces that are contained in S but  not
in T . As an example, the following program retrieves all the level one and level two headings in a page:

titles := P.Elem("H1") + P.Elem("H2")

4.3.  Positional operators

S before T S !before T 
S after T S !after T 
S directlybefore T S !directlybefore T 
S directlyafter T S !directlyafter T 
S overlap T S !overlap T 

Posit ional operators provide funct ionality to query on the locality property of  pieces, such as searching for pieces that are located above or
below other pieces in the linear text  f low of  the document.

The before operator computes the set of  pieces in S that  are located before some piece in T . We def ine a piece s to be located before a
piece t  if  the ending posit ion of  s precedes the start ing posit ion of  t . Correspondingly, the after operator returns the set of  pieces in S that
are located af ter some piece in T . Although they are very ef fect ive, these two operators are not always suff icient . As an example, in some
cases we might not be interested in all the occurrences of  a link af ter a special keyword, but only in the very f irst  occurrence of  a link af ter
the special keyword. In this case, we use the stronger operators directlybefore and directlyafter that  return the set of  only the closest
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pieces in S that  follow or precede some piece in T . We also call the lat ter non-transitive versions of  the before and after operators. The
following example depicts the dif ferences between these operators:

... 
<IMG SRC="napa.gif"> 
<I>Fig. 1. Sonoma and Napa</I>      // I1 
... 
<IMG SRC="tahoe.gif"> 
<I>Fig. 2. Lake Tahoe</I>           // I2 
... 
<I>Northern California</I>         // I3 
... 
<IMG SRC="mendocino.gif"> 
<I>Fig. 3. Mendocino</I>           // I4 
...

In order to retrieve the t it le of  the f irst  image we write the following program, assuming that the f irst  text  stretch in italics in our excerpt  is
also the f irst  text  stretch in italics in the whole document:

// retrieve the first italic text stretch -> {I1} 
title := P.Elem("I")[0]

Searching for all the words in italics that follow an image yields the result  set  containing pieces I1, I2, I3, and I4.

// retrieve all the titles that follow an image -> {I1, I2, I3, I4} 
titles := P.Elem(I") after P.Elem("IMG")

To retrieve all the t it les of  the f igures we use the directlyafter operator that  does not return the phrase "Northern California", since it  does
not direct ly follow an image.

// retrieve all the titles of the figures -> {I1, I2, I4} 
titles := P.Elem("I") directlyafter P.Elem("IMG")

Finally, the overlap operator returns all the pieces in S that  overlap with some piece in T .

4.4.  Hierarchical operators

S in T S !in T
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S contain T S !contain T
S directlyin T S !directlyin T
S directlycontain T S !directlycontain T

In contrast  to posit ional operators that provide funct ionality for expressing locality relat ionships between pieces, hierarchical operators
provide funct ionality for expressing containment and inclusion relat ionships between piece.

The in operator returns the set of  pieces in S that  are contained in some piece in T . We def ine a piece s to be contained in a piece t  if  the
start ing posit ion of  s follows or is equivalent to the start ing posit ion of  t , and the ending posit ion of  s is at  most the ending posit ion of  t .
Equivalent ly, the contain operator returns the set of  pieces in S that  contain some piece in T . As an example, to search for all the rows in
the third table of  a page, we write,

    rows := P.Elem("TR") in P.Elem("TABLE")[2]

and to search for all the level two headings that ment ion the word UCI we write

    titles := P.Elem("H2") contain P.Pat("UCI")

As for posit ional operators, we def ine two stronger, non-transit ive operators, directlyin and directlycontain, that  address direct
containment and direct  inclusion propert ies (between parents and their direct  children in the parse tree of  a page). For example, directlyin
reduces the result  x of  the in operator to the "outermost" pieces of  x that  are not contained in other elements of  x. The following example
depicts the dif ferences:

    ... 
    <UL> 
        <LI>First Section</LI>                // LI1 
        <LI>Second Section</LI>               // LI2 
        <LI>Third Section</LI>                // LI3 
            <UL> 
                 <LI>First Subsection</LI>    // LI4 
                 <LI>Second Subsection</LI>   // LI5 
            </UL> 
        </LI> 
        <LI>Fourth Section</LI>               // LI6  
    </UL> 
    ...

To retrieve all the list  items in this unnumbered list , we write the following program, assuming that there is no other unnumbered list
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preceding this sect ion in the document:

    // retrieves all the subsections -> {LI1, LI2, LI3, LI4, LI5, LI6} 
    subsections := P.Elem("LI") in P.Elem("UL")[0]

However, in many cases we are not interested in nested lists and would only like to retrieve the list  items of  the top-level list . Therefore we
use the directlyin operator and write:

    // retrieve only the toplevel subsections -> {LI1, LI2, LI3, LI6} 
    subsections := P.Elem("LI") directlyin P.Elem("UL")[0]

5. Related work
Cardelli and Davies [CD97] include an extra service combinator, limit(t, r, S), that  acts like the service S, except that  each connect ion is
considered to have failed if  the rate ever drops below r  Kbytes/sec af ter the f irst  t  seconds of  the connect ion. The consequence is that
their service combinators can only operate on Web services, and not general computat ions (which don't  have a "rate"). Thus by removing
limit  f rom WebL, we can apply combinators to any computat ion. For example, a failure might occur when a page was fetched successfully
but the content of  the page is invalid or unexpected. We can reintroduce the rate limit  feature as part  of  the getpage and postpage primit ives
themselves, which fail appropriately when the rate is not met.

A popular technique for searching in text  is regular expressions  [Fri97, IEEE92]. The limitat ions of  regular expressions are twofold: they lack
informat ion about the structure of  the document and they apply a "lef tmost longest match" rule that is inappropriate for nested data
structures. Searching for a table, for example, only returns a correct  match if  there is only one table in the document. This problem is
described by Clarke and Cormack [CC97].

The prominent techniques for informat ion extract ion f rom structured text  are t ree matching, grammar parsing, and set algebras.

In tree matching, the search problem is reduced to searching a subtree in a parse-tree [Kil92]. The disadvantage of  t ree matching is the lack
of orthogonality and composit ionality regarding dif ferent views. Queries that search for character patterns cannot be mixed with searches
for special structures in the document. Many of  the t ree matching problems cannot be solved in linear t ime.

Context free grammars  pursue an approach in which the search pattern is specif ied as a context  f ree grammar [ST96]. The result  of  a search
query are all the substrings in the document that are accepted by the specif ied grammar. Context  f ree grammars are very expressive in that
they allow the def init ion of  recursive search queries, but they suffer f rom the same problems as t ree matching: they cannot express view-
spanning and overlapping queries.

Several new techniques are based on set algebras [ST92, JK95, CCB94]. The Standard Document Query Language  (SDQL) of  the Document
Style Semantics and Specification Language [DSSSL96] introduces the concepts of  nodes and node-lists, which are loosely related to our
pieces and piece-lists. Some of the WebL operators are provided and the user can also program new ones in a Lisp-like language. The data
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structures on which SDQL operates — called groves — are t rees of  nodes corresponding to elements in the document, and thus mult iple
views and overlapping elements cannot be modelled. PAT expressions  [ST92] use a set-at-a-t ime algebra for manipulat ing sets of  match-
points and sets of  regions. In contrast  to the WebL search algebra, PAT expressions do not support  an orthogonal and unif ied model. Sets
of match-points and sets of  regions cannot be arbit rarily composed and, in regard to document t ransformat ion, match points are not very
pract ical since only the start ing posit ion of  a match is recorded. However, most of  these problems can be avoided. Clarke, Cormack, and
Burkowski propose a composit ional structured text algebra  that  is based on the not ion of  sets and ranges [CCB94]. Apart  f rom the WebL
set-algebra, this is the only other approach that supports overlappings between views. Although the model supports overlappings, the
language does not. Addit ionally, nest ings are avoided by select ing the minimal segments f rom those set elements that nest. Concerning
runt ime complexity, all of  the set algebra problems can be solved in linear t ime if  no two elements in a set  overlap [NY96]. In the unlikely worst
case, when all the elements in the set overlap with each other, the runt ime complexity is quadrat ic in the number of  elements in the set.

There are also ef forts to specify low-level programming APIs that provide users with the funct ionality for document navigat ion and
manipulat ion. The prominent act ivity in this area is W3C's document object  model [DOM97]. In contrast  to WebL, DOM is restricted to
manipulat ing and searching single HTML and XML elements, does not provide a not ion of  character patterns, does not support  mult iple
overlapping views, and inherent ly cannot perform computat ion.

There are also recent proposals for automat ing tasks on the Web. The Web Interface Def init ion Language (WIDL) [MA97] enables
automat ion by mapping Web content into program variables using declarat ive descript ions of  resources. WIDL provides features to submit
queries and to extract  features f rom the result ing pages. WIDL does not determine itself  how search is to be done, but rather uses the Java
Page Object  Model [JS] or the Document Object  Model [DOM97]. Page manipulat ion is not supported. WebSQL [AMM97] is a declarat ive
query language for extract ing informat ion from the Web. The language emphasis is on extract ing connect ivity informat ion from pages (i.e.
pages that are two hops away from a specif ic page). WebSQL regards HTML documents as monolithic objects, and its analyses are limited
to simple text  matching techniques.

6. Conclusions and future work
We presented a novel programming language WebL for document processing on the World Wide Web. WebL features two dist inguishing
features, namely service combinators and a markup algebra. Service combinators allow the construct ion of  reliable services and the markup
algebra supports the extract ion of  data values from Web pages in a straightforward manner. The language provides features to perform
computat ions on data values, and generate or manipulate Web pages appropriately. The result ing tool is well-suited for automat ing tasks
on the Web and for building and experiment ing with Web computat ions.

We current ly plan to build larger applicat ions with WebL and to extend it  with addit ional libraries in the domain of  informat ion retrieval. One of
the extensions we are current ly invest igat ing is to generate WebL scripts automat ically by demonstrat ion.
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Appendix
We include two list ings to give a f lavor of  WebL. List ing 1 implements a simple funct ion to retrieve a stock quotat ion f rom a service. List ing 2
implements a more complicated  funct ion to search for books by t it le or author at  the electronic book store Amazon.com. It  f ills in the query
form, analyses the results, and returns a list  of  book objects for each book found.

 

   stockQuote := fun(symbol)
      page := getpage("http://fast.quote.com/fq/quotecom/quote", 
          [. symbols=symbol .]);
      (page.Elem("B") in 
          (page.Elem("TABLE") contain page.Pat("Stock Quotes"))[0])[1].Text()
   end;

   s := stockQuote("DEC")

List ing 1.  Retrieving a stock price f rom Quote.com
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   shopAmazon := fun(title, authorfirst, authorlast)
     books := [];
     params := [. .];
     params["author"] := authorfirst + " " + authorlast;
     params["author-mode"] := "full";
     params["title"] := title;
     params["title-mode"] := "word";
     params["subject"] := "";
     params["subject-mode"] := "word";
     page := postpage("http://www.amazon.com/exec/obidos/ats-query/", params); 
     items := page.Elem("dd");
     every book in items do
        info1 := substring(book.Text(), 
              `\w*([^/]*) (/ ([^/]*))?(/ [^\d]*(\d*))?`)[0];
        info2 := substring(book.Text(), `Our Price: \$(\d*.\d*)`);
        if (size(info2) > 0) and (info1[3] != "Audio Cassette") then
           books = books + [[.
           title = (page.Elem("a") directlybefore book)[0].Text(),
           link = (page.Elem("a") directlybefore book)[0].href,
           author = info1[1],
           type = info1[3],
           year = (select(info1[5],-2,-1) ? "N/A"),
           price = info2[0][1]
         .]]
       end
     end;
     books
   end

List ing 2.  A WebL funct ion to shop for books
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