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1.0 Developing Search Applications in MarkLogic Server

This chapter provides an overview of developing search applications in MarkLogic Server, and
includes the following sections:

* Qverview of Search Features in MarkLogic Server

e Where to Find Search Information

1.1 Overview of Search Features in MarkLogic Server

MarkLogic Server includes rich full-text search features. All of the search features are
implemented as extension functions available in XQuery, and most of them are also available
through the REST and Java interfaces. This section provides a brief overview some of the main
search features in MarkLogic Server and includes the following parts:

e High Performance Full Text Search

* APIs for Multiple Programming Languages

e Support for Multiple Query Styles

*  Support for Multiple Query Types

e Full XPath Search Support in XQuery

* Lexicon and Range Index-Based APls

e Stemming, Wildcard, Spelling, and Much More Functionality

* Alerting APl and Built-Ins

111 High Performance Full Text Search

MarkLogic Server is designed to scale to extremely large databases (100s of terabytes or more).
All search functionality operates directly against the database, no matter what the database size.
As part of loading a document, full-text indexes are created making arbitrary searches fast.
Searches automatically use the indexes. Features such as the xdmp : est imate XQuery function and
the unfiltered search option allow you to return results directly out of the MarkLogic indexes.
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1.1.2 APIs for Multiple Programming Languages

MarkLogic Server provides search features through a set of layered APIs that support multiple
programming languages. The following diagram illustrates the layering of the MarkLogic search
APIs. These APIs are extensible and work in a large number of applications.

MarkLogic Search APIs

1 Java Client API Node Client API

o REST Client API

3 XQuery Search API JavaScript Search API
(search:*) (jsearch.?)

XQuery & JavaScript cts built-ins
4 (cts:* and cts.*)

1. Native interfaces that expose REST Client API capabilities.

2. RESTful HTTP interface for client-side applications.

3. Abstractions that simplify search application development.

4. Foundational search operations & access to raw search results.

Mote: Some tiers do not expose all features of adjacent tiers.

The core text search foundation in MarkLogic Server is the cts API, a set of built-in XQuery
functions in the cts namespace that perform full-text search. These capabilities are also available
in Server-Side Javascript as functions with a “cts.” prefix.

The APIs above the cts foundation provide a higher level of abstraction that enables rapid
development of search applications using XQuery, Server-Side JavaScript, Java, Node.js, or any
programming language with support for making HTTP requests. For example, the XQuery Search
API leverages functions such as cts: search, cts:word-query, and cts: element-value-query
internally.

The Search API, jsearch API, and the Client APIs are sufficient for most applications. Use the cts
built-ins for advanced application features, such as creating alerting applications with reverse

queries or creating content classifiers. The higher level APIs offer benefits such as the following:

» Abstraction of queries from the constraints and indexes that support them.
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* Built in support for search result snippeting, highlighting, and performance analysis.
* An extensible simple string query grammar.

» Easy-to-use syntax for query composition.

* Built in best practices that optimize performance.

You can use more than one of these APIs in an application. For example, a Java application can
include an XQuery or Server-Side JavaScript extension to perform custom search result
transformations on the server. Similarly, an XQuery application can call both search:* and cts: *
functions.

1.1.3 Support for Multiple Query Styles

Each of the APIs described in “APIs for Multiple Programming Languages” on page 23 supports
one or more input query styles for searching content and metadata, from simple string queries
(cat OR dog) to XML or JSON representations of complex queries. Search results are returned in
either raw or report form. The supported query styles and result format vary by API.

For example, the primary search function for the CTS API, cts:search, accepts input in the form
of a cts:query, which is a composable query style that enables you to perform fine-grained
searches. The cts:search function returns raw results as a sequence of matching nodes.

The Search, REST, Node.js and Java APIs accept more abstract query styles such as string and
structured queries, and return results either in report form, as an XML search: response (Or
equivalent JSON structure) or matching documents. The customizable search:response can
include details such as snippets with highlighting of matching terms and query metrics. The REST
and Java APIs can also return the results report as JSON.
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The following diagram summarizes the query styles and results formats each API provides for
searching content and metadata:

Query Styles and Output by API
Input Output

String Query

Query by Example (QBE) Java API Node API

Structured Query

Combined Query search:response

cts Query REST API or

tchi d
String Query matching nodes

Structured Query XQuery & JS Search APIs

QBE (jsearch only) (search:* and jsearch.?)

cts query

String Query cts built-ins matching nodes
cts query (cts:* and cts.*)

The following table provides a brief description of each query style. The level of complexity of
query construction increases as you read down the table.

Query Style SUIESITE e Description

String Query all Construct queries as text strings using a simple grammar of
terms, phrases, and operators such as AND and “>”. String
queries are easily composable by end users typing into a
search text box. NOTE: The cts and jsearch APIs use a
slightly different grammar than the higher level APIs. For
details, see “Creating a Query From Search Text With
cts:parse” on page 253 and “Searching Using String Que-
ries” on page 67.

Query By Example | «+ REST | Construct queries in XML or JSON using syntax that

* Java resembles your document structure. Conceptually, QBE

* Node.js | enables developers to easily search for “documents that

» jsearch | look like this”. For details, see “Searching Using Query By
Example” on page 195.

MarkLogic 10—May, 2019 Search Developer’s Guide—Page 25



MarkLogic Server Developing Search Applications in MarkLogic Server

Query Style Su}g)l(;)lr; ne Description

Structured Query » Search | Construct queries in JSON or XML using an Abstract

» REST | Syntax Tree (AST) representation, while still taking

* Java advantage of Search API based abstractions and options.
* Node.js | Useful for modifying or adding to a query originally
expressed as a string query. For details, see “Searching
Using Structured Queries” on page 74.

Combined Query  REST | Search using XML or JSON structures that bundle a string,
+ Java structured, QBE, and/or cts query with Search API query
* Node.js | options. This enables searching without pre-defining query
options as is otherwise required by the Client APIs. For
details, see Specifying Dynamic Query Options with Combined
Query in the REST Application Developer’s Guide, Apply
Dynamic Query Options to Document Searches in the Java
Application Developer’s Guide, or Searching with Structured
Queries in the Node.js Application Developer’s Guide.

cts:query * Search | Construct queries in XML from low level cts:query
® jsearch elements such as cts: and-query and cts :not-query. This
* cts representation is tree structured like Structured Query, but

more complicated to work with. For details, see
“Composing cts:query Expressions” on page 248. These
functions are available in Server-Side JavaScript using the
cts.* functions such as cts.andQuery.

1.1.4 Support for Multiple Query Types

A query encapsulates your search criteria. When you search for documents matching a query,
your criteria fall into one or more of the query types described in this section, no matter what
query style you use (string, structured, QBE, etc.).

The following query types are basic search building blocks that describe the content you want to
match.

* Range: Match values that satisfy a relational expression. You can express conditions such
as “less than 5 or “not equal to true”. A range query must be backed by a range index.

* Value: Match an entire literal value, such as a string or number, in a specific JSON
property or XML element. By default, value queries use exact match semantics. For
example, a search for “mark” will not match “Mark Twain”.

*  Word: Match a word or phrase in a specific JSON property, XML element, or XML
attribute. In contrast to a value query, a word query will match a subset of a text value and
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does not not use exact match semantics by default. For example, a search for “mark” will
match “Mark Twain” in a specific context.

* Term: Match a word or phrase anywhere it appears. In contrast to a value query, a term
query will match a subset of a text value and does not use exact match semantics by
default. For example, a search for “mark” will match “Mark Twain” anywhere it appears
in a document.

Additional query types enable you to build up complex queries by combining the basic content
queries with each other and with criteria that add additional constraints. The additional query
types fall into the following categories.

* Logical Composers: Express logical relationships between criteria. You can build up
compound logical expressions such as “x AND (y OR 2)”.

* Document Selectors: Select documents based on collection, directory, or URI. For
example, you can express criteria such as “X only when it occurs in documents in
collection y”.

» Location Qualifiers: Further limit results based on where the match appears. For example,
“x only when contained in JSON property Z”, or “X only when it occurs within n words of
y”, or “X only when it occurs in a document property”.

The CTS API includes query constructors for all the above query types, such as
cts:*-range-query, cts:*-value-query, cts: *-word-query, cts:and-query,
cts:collection-query, and cts:near-query. For details, see “Composing cts:query Expressions”
on page 248.

With no additional configuration, string queries support term queries and logical composers. For
example, the query string “cat AND dog” is implicitly two term queries, joined by an “and”
logical composer. However, you can easily extend the expressive power of a string query using
constraint bindings to enable additional query types. For example, if you use a range constraint
binding to tie the identifier “cost” to a specific indexed JSON property, you enable string queries
of the form “cost GT 10”. For details, see “Searching Using String Queries” on page 67.

In a QBE, content matches are value queries by default. For example, a QBE search criteria of the
form {'my-key': 'desired-value'} is implicitly a value query for the JSON property 'my-key"
whose value is exactly 'desired-value'. However, the QBE syntax includes special property
names that enable you to construct other types of query. For example, use sword to create a word
query instead of a value query: { 'my-key': {'$word': 'desired-value'}}. For details, see
“Searching Using Query By Example” on page 195.

Structured query includes components that encompass all the query types, such as value-query,
range-query, term-query, and-query, and directory-query. Some of the Client APIs include a
structured query builder interface to assist you with structured query composition. For details, see
“Searching Using Structured Queries” on page 74.
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1.15 Full XPath Search Support in XQuery

MarkLogic Server implements the XQuery language, which includes XPath 2.0. XPath
expressions are searches which can search XML across the entire database. For example, consider
the following XPath expression:

/my-node/my-child[fn:contains (., "hello")]

This expression searches across the entire database returning my-chiid nodes that match the
expression. XPath expressions take full advantage of the indexes in the database and are designed
to be fast.

MarkLogic Server extends XPath so that you can also use it to address JSON content. For details,
see Traversing JSON Documents Using XPath in the Application Developer’s Guide.

1.1.6 Lexicon and Range Index-Based APIs

MarkLogic Server enables you to define range indexes which index XML structures such as
elements, element attributes; XPath expressions; and JSON properties. You can also define range
indexes over geospatial values. Each of these range indexes has lexicon APIs associated with
them. The lexicon APIs enable you to return values directly from the indexes. Lexicons are very
useful in constructing facets and in finding fast counts of XML element, XML attribute, and
JSON property values. The Search API and Node.js, Java, and REST Client APIs makes
extensive use of the lexicon features. For details about lexicons, see “Browsing With Lexicons”
on page 445.

1.1.7 Stemming, Wildcard, Spelling, and Much More Functionality

MarkLogic Server search supports a wide range of full-text features. These features include
stemming, wildcarded searches, diacritic-sensitive/insensitive searches, case-sensitive/insensitive
searches, spelling correction functions, thesaurus functions, geospatial searches, advanced
language and collation support, and much more. These features are all designed to build off of
each other and work together in an extensible and flexible way.

1.1.8 Alerting APl and Built-Ins

You can create applications that notify users when new content is available that matches a
predefined query. There is an API to help build these applications as well as a built-in cts:query
constructor (cts:reverse-query) and indexing support to build large and scalable alerting
applications. For details on alerting applications, see “Creating Alerting Applications” on

page 635.
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1.2

Where to Find Search Information

The MarkLogic XQuery and XSLT Function Reference contains the XQuery function signatures
and descriptions, as well as many code examples. This Search Developer’s Guide contains
descriptions and technical details about the search features in MarkLogic Server, including:

“Search API: Understanding and Using” on page 30
“Composing cts:query Expressions” on page 248

“Relevance Scores: Understanding and Customizing” on page 422
“Browsing With Lexicons” on page 445

“Using Range Queries in cts:query Expressions” on page 459
“Highlighting Search Term Matches” on page 468
“Geospatial Search Applications” on page 476

“Entity Extraction and Enrichment” on page 586

“Creating Alerting Applications” on page 635

“Using fn:count vs. xdmp:estimate” on page 647
“Understanding and Using Stemmed Searches” on page 652
“Understanding and Using Wildcard Searches” on page 683
“Collections” on page 693

“Using the Thesaurus Functions” on page 701

“Using the Spelling Correction Functions” on page 714
“Language Support in MarkLogic Server” on page 751
“Encodings and Collations” on page 803

For other information about developing applications in MarkLogic Server, see the Application
Developer’s Guide. For information about XQuery in MarkLogic Server, see the XQuery and
XSLT Reference Guide.
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2.0 Search API: Understanding and Using

This chapter describes the Search API, which is an XQuery API designed to make it easy to create
search applications that contain facets, search results, and snippets. This chapter includes the
following sections:

* Understanding the Search API

* Controlling a Search With Query Options

* Search Term Completion Using search:suggest

* Creating a Custom Constraint

e Search Grammar

* Returning Lexicon Values With search:values

* JSON Support in the Search API

* More Search APl Examples

This chapter provides background, design patterns, and examples of using the Search API. For the
function signatures and descriptions, see the Search documentation under XQuery Library
Modules in the MarkLogic XQuery and XSLT Function Reference.

2.1 Understanding the Search API

The Search API is an XQuery library that combines searching, search parsing, search grammar,
faceting, snippeting, search term completion, and other search application features into a single
API. You can interact with the Search API through XQuery, REST, Node.js, and Java, using a
variety of query styles, as described in “Support for Multiple Query Styles” on page 24.

The Search API makes it easy to create search applications without needing to understand many
of the details of the underlying cts:search and cts:query APIs. The Search API is designed for

large-scale, production applications.

This section provides an overview and describes some of the features of the Search API, and
contains the following topics:

* Making the Search API Available to Your Application

* Simple search:search Example and Response Output

* Automatic Query Text Parsing and Grammar

* Constrained Searches and Faceted Navigation

e Built-In Snippetting

e Search Term Completion
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e Search Customization Via Options and Extensions

* Speed and Accuracy

2.1.1 Making the Search API Available to Your Application

The Search API is implemented as an XQuery library module. You can use it directly from
XQuery. You can also access most of the Search API features through the REST, Node.js, and
Java Client APIs; for details, see REST Application Developer’s Guide, Node.js Application
Developer’s Guide, or Java Application Developer’s Guide. Server-Side JavaScript applications
can access similar features through the JSearch library; for details, see “Creating JavaScript
Search Applications” on page 289.

To use the Search API from XQuery, import the Search API library module into your XQuery
module with the following prolog statement:

import module namespace search =
"http://marklogic.com/appservices/search"
at "/MarkLogic/appservices/search/search.xqy";

The Search API uses the namespace prefix search:, which is not predefined in the server. The
Search API has the following core functions to perform searches and provide search results,
snippets, and query-completion suggestions: search:search, search:snippet, and
search:suggest. There are also other functions to perform these activities at finer granularities
and to provide convenience tools.

For the Search API function signatures and details about each individual function, see the
MarkLogic XQuery and XSLT Function Reference for the Search API.

2.1.2 Simple search:search Example and Response Output

The search:search function takes search terms, parses them into an appropriate cts:query, and
returns a response with snippets and URIs for matching nodes in the database. You can get started
with the Search API with a very simple query:

xquery version "1.0-ml";

import module namespace search =
"http://marklogic.com/appservices/search"
at "/MarkLogic/appservices/search/search.xqy";

search:search("hello world")
=>
<search:response total="1" start="1" page-length="10" xmlns=""
xmlns:search="http://marklogic.com/appservices/search">
<gsearch:result index="1" uri="/hello.xml"
path="doc (&quot; /hello.xml&gquot;)" score="136"
confidence="0.67393" fitness="0.67393">
<search:snippet>
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<search:match path="doc (&quot;/hello.xml&quot;)/hello">This is
where you say "<search:highlight>Hello</search:highlight>
<search:highlight>World</search:highlight>".
</search:match>
</search:snippet>
</search:result>
<search:gtext>hello world</search:gtext>
<search:metrics>
<search:query-resolution-time>PT0.328S
</search:query-resolution-time>
<search:total-time>PT0.352S</search:total-time>
</search:metrics>
</search:response>

The output is a search:response element, and it contains everything needed to build a search
results page. It includes an estimate of the total number of documents that match the search, the
URI and XPath for each result, pagination of the search results, a snippet of the result content, the
original query text submitted, and metrics on the response time. You can customize the data
returned in each search:result using the result-decorator query option.

To try the Search API on your own content, run a simple search like the above example against a
database of your own content, and then examine the search results.

The search:search function is highly customizable, but by default it includes sensible settings
that will provide good results for many applications. With the results of search:search, it is easy
to build useful results pages that are as simple or as complex as you like.

2.1.3 Automatic Query Text Parsing and Grammar

In a typical search application, a user enters query text into a search box in a browser. This text is
a string query. The Search API automatically parses a string query into a cts:query for efficient
and powerful searches. You can use string queries in XQuery, Java, Node.js, and REST, through
interfaces such as the following:

° XQuery: The search:search, search:parse, and search:resolve functions

e Java: The com.marklogic.client.query.QueryManager class

® Node.js: The patabaseclient. documents.query and queryBuilder.parsedFrom functions.

» REST: The /search service

The default string query grammar is similar to the Google grammar. The default grammar
supports simple terms and double-quoted phrases, logical and relational operators (anp, or, LT, GT),
grouping with parentheses ( ( ) ), negation with a minus sign ( - ), and user-configured
constraints with a colon ( : ).

The following is a summary of the default grammar. For details, see “The Default String Query
Grammar” on page 68.
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* Terms can be free standing:
cat

* anp and or operators, with anp having higher precedence.

» Parentheses can override default precedence:
(cat OR dog) AND horse

*  Multiple terms are combined as an anp:
cat dog

» Phrases are surrounded by double-quotes:
"cat and dog"

* Terms are excluded through a leading minus:
cat -dog

* Colon operators indicate configured constraint or operator searches (for details, see
“Constraint Options” on page 382 and “Operator Options” on page 395):

tag:value
» Constraint and operator searches may operate over phrases:
tag:"a phrase value"

* A query text can comprise any number of these types of searches in any order.

* The default precedence for a search order provides preference to explicitly ordered (with
parenthesis, for example) then for implicitly ordered. Therefore, multi-term queries using
the explicit anp operator do not parse as equivalent to the same string using the implicit
anD because there is a difference in the way that precedence is applied. For example, 2 or
B AND C parses to the equivalent of o or (B anD ¢), while 2 or B c parses to the
equivalent of (a or B) and c.

String query parsing takes into account constraints and operators specified in an options node at
search runtime. For details on the options node for the Search API, see “Controlling a Search
With Query Options” on page 37.
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2.1.4 Constrained Searches and Faceted Navigation

The Search API makes it easy to constrain your searches to a subset of the content. For example,
you can create a search that only returns results for documents with titles that include the word
hello, Or you can create a search that constrains the results to a particular decade. The default
string query grammar makes it easy to express these kinds of searches in a simple query text
string. For example, you create a constraint through query options such that the following string
query represents a search that constrains matches to a particular decade:

decade:2000s

These types of searches are useful in creating facets, which allow a user to drill down by
narrowing the search criteria. Facets also typically have counts of the number of results that
match. The Search, REST, Node.js, and Java Client APIs return these counts to use in facets.

The following is an example of a facet in an end-user application:

2000s
1990s
1980s

_..Maore

Users can click on any of the links to narrow the results of the search by decade. For example, the
query generated by clicking the top link contains the string decade:2000s, and constrains the
search to that decade.

The facet also includes counts for each constraint value. The number to the right of the link
represents the number of search results returned if you constrain it to that decade.

The Search API returns XML in its response that contains all of the information to create a facet

like the above example. The REST and Java Client APIs can return this information as XML or
JSON; the Node.js Client API returns this information as JSON.
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The facets returned by a search include the counts and values needed to generate the user
interface. For example, the following XML, returned from the Search API, was used to create the
above facet:

<search:response total="2370" start="1" page-length="10" xmlns=""
xmlns:search="http://marklogic.com/appservices/search">
<search:facet name="decade">
<search:facet-value name="2000s" count="240">
2000s</search:facet-value>
<search:facet-value name="1990s" count="300">
1990s</search:facet-value>
<search:facet-value name="1980s" count="300">
1980s</search:facet-value>
<search:facet-value name="1970s" count="300">
1970s</search:facet-value>
<search:facet-value name="1960s" count="299">
1960s</search:facet-value>
<search:facet-value name="1950s" count="300">
1950s</search:facet-value>
<search:facet-value name="1940s" count="324">
1940s</search:facet-value>
<search:facet-value name="1930s" count="245">
1930s</search:facet-value>
<search:facet-value name="1920s" count="61">
1920s</search:facet-value>
</search:facet>
</search:response>

The counts and values in the response are also filtered by any other active query in the search, so
they represent the counts for that particular search.

You can generate facets from range, collection, geospatial, and custom constraints. To generate
facets from a constraint and include them in your search results, set the facet XML attribute or
JSON property to true on a constraint definition in your search options. For example:

<options xmlns="http://marklogic.com/appservices/search">
<constraint name="subject">
<collection prefix="/my-collections/" facet="true" />
</constraint>
</options>

For more details, see “Appendix: Query Options Reference” on page 816.

There are many kinds of constraints and facets you can build with the Search, REST, and Java
APIs. For more details about constraints, see “Constraint Options” on page 382.
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2.1.5 Built-In Snippetting

A search results page typically shows portions of matching documents with the search matches
highlighted, perhaps with some text showing the context of the search matches. These search
result pieces are known as snippets. For example, a search for MarkrLogic server might produce
the following snippet:

MarkLogic Server is an XML Server that provides the agility you need
to build and ... Use MarkLogic Server's geospatial capability to
create new dynamic ...

The Search API and the Node.js, Java, and REST Client APIs include snippets in the
search:response output, making it easy to create search results pages that show the matches in the
context of the document. Providing the best snippet for a given content set is often very
application specific, however. Therefore, the Search API allows you to customize the snippets,
either using the built-in snippetting algorithm or by adding your own snippetting code. For details
on ways to customize the snippetting behavior for your searches, see “Modifying Your Snippet
Results” on page 401.

2.1.6 Search Term Completion

Search applications often offer suggestions for search terms as the user types into the search box.
The suggestions are based on terms that are in the database, and are typically used to make the
user interface more interactive and to quickly suggest search terms that are appropriate to the
application. The search:suggest function in the Search API is designed to supply the terms to a
search-completion user interface. For more details on how to use search term completion, see
“Search Term Completion Using search:suggest” on page 38.

2.1.7 Search Customization Via Options and Extensions

The Search, REST and Java APIs make it easy to customize your searches. A wide range of
customizations are available directly through the query options that you pass into the search.
There are a large number of options controlling nearly every aspect of the search you are
performing.

For cases where the built-in options do not do what you need, there is an XQuery extension
mechanism. The mechanism includes hooks which allow you to call out to your own XQuery
code. The hooks allow you to specify the location and name of the function containing your own
implementation of a function to replace the implementation of that function in the Search APIL
The Search API uses function values to pass your custom function as a parameter, replacing the
default Search API functionality. For details on function values, see Function Values in the
Application Developer’s Guide.

The basic pattern to specify your extension function using the attributes app1ly, ns, and at as
attributes on various elements in the search:options node. These correspond to the local name of
your implemented function, the namespace of the function, and the location of the function library
module in which the code exists, respectively. For example, consider the following:
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<transform-results apply="my-snippet" ns="my-namespace"
at="/my-module.xqy" />

In this example, the transform-results option specifies to use the my-snippet function in the
library module my-module under your App Server root instead of the default snippeting function
that the Search API uses. For additional details about working with transform-results, see
“Modifying Your Snippet Results” on page 401.

Any search option that has an app1y attribute can use this extension pattern to point to your own
implementation for the functionality of that option, including transform-results, several grammar
options, custom constraints, and so on.

2.1.8 Speed and Accuracy

The Search API, and the Client APIs (Node.js, Java, REST) that build upon it, are designed to be
fast. When creating any search application, you make trade-offs between speed and guaranteed
accuracy. The values of various options in the Search API control things like filtered versus
unfiltered search, diacritic and case-sensitivity, and other options. These options affect the
accuracy of search estimates in MarkLogic Server. The default values of these query options are
designed to be sensible for most application. All applications are different, however, and
MarkLogic gives you the tools to control what makes sense for your specific application.

Range constraints use lexicons to get fast accurate unique values and counts. Keep in mind,
however, that certain operations might not produce accurate counts in all cases. For example,
when you pass a cts:query into a lexicon API (which the Search API does in some cases), it
filters the lexicon calls based on the index resolution of the cts:query, not on the filtered search
values, and the index resolution is not guaranteed to be accurate for all queries. For details on how
search index resolution works, see Fast Pagination and Unfiltered Searches in Query Performance
and Tuning Guide.

Other factors such as fragmentation and what you search for (searchable-expression in the
Search API options) can also contribute to whether the index resolution for a search is correct, as
can various options to lexicons. The default values for these various options make the trade-offs
that are sensible for many search applications. For example, the value of the tota1 attribute in the
search:response output is the result of a cts:remainder, which will always be fast but is not
guaranteed to be accurate for all searches. For details, see “Using fn:count vs. xdmp:estimate” on
page 647.

2.2 Controlling a Search With Query Options

Most search operations in the XQuery Search API and the Client APIs make use of optional query
options. Query options enable you to specify the behavior and results format for a search. Default
query options are pre-defined. You can override the defaults by supplying custom query options.
For example, the XQuery function search:search accepts a search:options XML node as input.
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The REST and Java Client APIs supports query options expressed in either JSON or XML. The
Node.js Client API abstracts the representation from your application, but in most cases, this API
uses the JSON representation.

For more details, see “Search Customization Using Query Options” on page 381 and “Appendix:
Query Options Reference” on page 816.

2.3 Search Term Completion Using search:suggest

The search:suggest function returns suggestions that match a wildcarded string, and it is used in
query-completion applications.

A typical way to use the search:suggest function in an application is to have a Javascript event
listen for changes in the text box, and then upon those changes it asynchronously submits a
search:suggest call to MarkLogic Server. The result is that, after every letter is typed in, new
suggestions appear in the user interface. The remainder of this sections describes the following
details of the search:suggest function:

* default-suggestion-source Option

* Choose Suggestions With the suggestion-source Option

e Use Multiple Query Text Inputs to search:suggest

* Make Suggestions Based on Cursor Position

* search:suggest Examples

For information on using this feature with the Client APIs, see the following:

» REST: Generating Search Term Completion Suggestions in the REST Application
Developer’s Guide.

» Java: Generating Search Term Completion Suggestions in the Java Application Developer’s
Guide.

» Node.js: Generating Search Term Completion Suggestions in the Node.js Application
Developer’s Guide.

2.3.1 default-suggestion-source Option

To use search:suggest, it is best to specify a default-suggestion-source. The Search API uses
the default-suggestion-source to look for search term suggestions. If no
default-suggestion-source 1S specified, then any call to search:suggest returns only
suggestions for constraints and operators, or if there are none, then it returns the empty sequence.
The search:suggest function suggests constraint and operator names if they match the query text
string, and in the case of range index-based constraints, it will suggest matching constraint values.
For details on the syntax of the default-suggestion-source option, see the search:search options
documentation in the MarkLogic XQuery and XSLT Function Reference.
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For best performance, especially on large databases, use with a default-suggestion-source with
a range Or collection instead of one with a word lexicon.

The following default-suggestion-source example uses the string range index on the attribute
named my-attribute as a source for suggesting terms. Range suggestion sources tend to perform
the best, especially for large databases. The range index must exist or an exception is thrown at
search runtime.

<default-suggestion-sources>
<range type="xs:string"s>
<element ns="my-namespace" name="my-localname"/>
<attribute ns="" name="my-attribute"/>
</range>
</default-suggestion-source>

The following example specifies using a field lexicon to look for search term suggestions. Fields
can work well for suggestion sources, especially if the field is a relatively small subset of the
whole database. A field word lexicon for the specified field must exist or an exception is thrown
at search runtime.

<default-suggestion-sources>
<word collation="http://marklogic.com/collation/">
<field name="my-field"/>
</word>
</default-suggestion-source>

For more details, see “default-suggestion-source” on page 890.

2.3.2 Choose Suggestions With the suggestion-source Option

For some applications, you want to have a very specific list from which to choose suggestions for
a particular constraint. For example, you might have a constraint named name that has millions of
unique values, but perhaps you only want to make suggestions for a specific 500 of them. In such
cases, you can specify the suggestion-source option to override the suggestions that
search:suggest returns for query text matching values in that constraint.

You specify the constraint to override in the in the name attribute of the suggestion-source
element. For example, the following options specify to use the values from the short-1ist-name
element instead of from the name element when make suggestions for the name constraint.

<constraint name="name">
<range collation="http://marklogic.com/collation"
type="xs:string" facet="true">
<element ns="my-namespace" name="fullname"/>
</range>
</constraint>
<suggestion-source ref="name">
<range collation="http://marklogic.com/collation"
type="xs:string" facet="true">
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<element ns="my-namespace" name="short-list-name"/>
</range>
</suggestion-source>

For cases where you have a named constraint to use for searching and facets, but might want to
use a slightly (or completely) different source for type-ahead suggestions without needing to
re-parse your search terms, use the suggestion-source option.

If you want a particular constraint to not return suggestion, add an empty suggestion-source for
that constraint:

<suggestion-source ref="socialsecuritynumber" />

For more details, see “suggestion-source” on page 928.

2.3.3 Use Multiple Query Text Inputs to search:suggest

You can specify one or more query text parameters to search: suggest. When you specify a
sequence of more than one query text for search:search, the first item (or the one corresponding
to the sfocus parameter) specifies the text to match against the suggestion source. Each of the
other items in the sequence is parsed as a cts:query, and that query is used to constrain the search
suggestions from the text-matching query text. Note that this is different from the other Search
API functions, which combine multiple query texts with a cts:and-query.

Consider a user interface that looks as follows:

COIIlp\ Search

B(decade: 1980s

The search text box on top is where the user types text. The lower check box might be another
control that the user can use to specify the decade. The decade:1980s text shown might be the
query text that is the result of that user interface control (possibly from a facet, for example). You
can then construct a search:suggest call from this user interface that uses the decade:1980s text
as a constraint to the terms matching comp (from the specified suggestion source). The following
1S a search:suggest call that can be generated from this example:

search:suggest ( ("comp", "decade:1980s"), S$options)

This ends up returning suggestions that match comp* on fragments that match
search:parse ("decade:1980s"). For example, it might return a sequence including the words

competent, component, and computer.
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2.3.4 Make Suggestions Based on Cursor Position

The search:suggest function makes search suggestions based on the position of the cursor (which
you specify with the scursor-position parameter. The idea is that when the user changes the
cursor position, you should suggest terms based on where the user is currently entering text.

2.3.5 search:suggest Examples

The following are some example search:suggest queries with sample output.
Assume a constraint named filesize for the following example:

search:suggest ("fi", Soptions)

(: Returns the "filesize" constraint name first, followed
by words from the default source of word suggestions:

("filesize:", "field", "file", "fitness", "five",) :)
The following example shows how search:suggest works with bucketed range constraints:

(: Assume Soptions contains the following:
<constraint name="date">
<range type="xs:dateTime">
<bucket name="today">
<bucket name="yesterday">
<bucket name="thismonth"s>
<bucket name="thisyear"s

:)

search:suggest ("date:", Soptions)

(: bucket names from the "date" range constraint are
used to create suggestions

("date:thismonth", "date:thisyear", "date:today", "date:yesterday") :)
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2.4 Creating a Custom Constraint

By default, the Search API supports many, but not all, types of constraints. If you need to create a
constraint for which there is not one pre-defined in the Search API, there is a mechanism to
extend the Search API to use your own constraint type. This type of constraint, called a custom
constraint, requires you to write XQuery functions to implement your own custom parsing and to
generate your own custom facets. You specify your function implementations in the options XML
as follows:

<constraint name="my-custom">

<custom facet="true"> <!-- or false -->
<parse apply="parse" ns="..." at="..." />
<start-facet apply="start" ns="..." at="..." />
<finish-facet apply="finish" ns="..." at="..." />
</custom>
</constraint>

The three functions you need to implement are parse, start-facet, and finish-facet. The apply
attribute specifies the local name of the function, the ns attribute specifies the namespace, and the
at attribute specifies the location of the module containing the function. This section describes
how to create a custom constraint and includes some example code for creating a custom
geospatial constraint. This section includes the following parts:

¢ Implementing the parse Function

* Implementing the start-facet Function

* |mplementing the finish-facet Function

* Example: Creating a Simple Custom Constraint

* Example: Creating a Custom Constraint for Structured Queries

* Example: Creating a Custom Constraint Geospatial Facet

2.4.1 Implementing the parse Function

The purpose of the parse function is to parse the custom constraint and generate the correct
cts:query from the query text.

This section covers the following topics:

* Choosing a Parser Interface

* Implementing a String Query parse Function

* Implementing a Structured Query parse Function

* |mplementing a Multi-Format parse Function
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2.4.1.1 Choosing a Parser Interface

The signature of your constraint parsing function varies depending on the type of query input
(string query or structured query) and the API through which you make your queries.

If your constraint can be used in queries initiated from XQuery, such as by calling cts:search or
search:search, choose one of the following solutions:

» Ifthe input is always a string query, see “Implementing a String Query parse Function” on
page 43.

» If the input is always a structure query, see “Implementing a Structured Query parse
Function” on page 44.

+ If'the input can be either a string or structured query, see “Implementing a Multi-Format
parse Function” on page 44.

If your constraint is only used in queries initiated through the REST, Java, or Node.js Client API
and never through XQuery, you can use the structured query parse interface to service both string
and structured queries; your query is converted internally as needed. The selections described
above for XQuery are also usable with the REST, Node.js and Java Client APIs.

2.4.1.2 Implementing a String Query parse Function

For parsing your custom constraint in a string query, the custom function you implement must
have a signature compatible with the following signature:

declare function example:parse-string/(
Sconstraint-gtext as xs:string,
Sright as schema-element (cts:query))
as schema-element (cts:query)

You can use any namespace and local name for the function, but the number and order of the
parameters must be compatible and the return type must be compatible.

The $constraint-qtext parameter is the constraint name and joiner part of the query text for the
portion of the query pertaining to this constraint. For example, if the constraint name is geo and
the joiner is the default joiner, then the value of sconstraint-gtext will be geo:. The
$constraint-gtext value is used in the gtextconst attribute, which is needed by search:unparse
to re-create the query text from the annotated cts:query.

The sright parameter contains the value of the constraint parsed as a cts: query. In other words, it
is the text to the right of what is passed into $constraint-gtext in the query text, and then that
text is parsed by the Search API as a cts:query, and returned to the parse function as the XML
representation of a cts:query. The value of sright is what the parse function uses for generating
its custom cts: query. For details on how cts:query constructors work, see “Composing cts:query
Expressions” on page 248.
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The parse function you implement takes the cts:query from the sright parameter, parses it as
you see fit, and then returns a cts:query XML element. For example, if the value of srignt is as
follows:

<cts:word-querys>
<cts:text>1@2@3@4</cts:text>
</cts:word-query>

Your code must process the cts:text element to construct the cts:query you need. For example,
you can tokenize on the e character of the cts:text element, then use each value to construct a
part of the query. As part of constructing the cts:query, you can optionally add cts:annotation
elements and annotation attributes to the cts:query you generate. These annotations allow the
Search API to unparse the cts:query back into its original form. If you do not add the proper
annotations, then search:unparse might not return the original query text. For a sample function
that does something similar, see “Example: Creating a Custom Constraint Geospatial Facet” on
page 50.

2.4.1.3 Implementing a Structured Query parse Function

To use a custom constraint in a structured query, your custom parse function must have a
signature compatible with the following:

declare function example:parse-structured
Squery-elem as element (),
Soptions as element (search:options))

as schema-element (cts:query)

You can use any namespace and local name for the function, but the number and order of the
parameters must be compatible and the return type must be compatible. For a full example, see
“Example: Creating a Custom Constraint for Structured Queries” on page 48.

The $query-elem parameter is custom-constraint-query structured query that references your
constraint. For details, see “custom-constraint-query” on page 175.

The custom constraint can return either a cts:query or the XML serialization of a cts:query.
MarkLogic recommends that you return a cts: query.

2.4.1.4 Implementing a Multi-Format parse Function

You can create a single parse function capable of handling either a string query or a structured
query as input by generalizing the parse function interface to accomodate both and using the
XQuery instance of operator to determine the query type.
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The following parse function skeleton generalizes the input query as an item() and the second
parameter, which can be either a cts:query Or search:options, to element (), and then uses
instance of to detect the actual input query type:

declare function example:combo-parser (
$query as item(),
Sright-or-option as element())

as schema-element (cts:query)

{

if (Squery instance of element (search:query))

then ... (: handle as structured query :)
else if ($Squery instance of xs:string)
then ... (: handle as string query :)
else ... (: error :)

}i

Once you determine the input query type, coerce the second parameter to the correct type and
parse your query as you would in the appropriate string or structured query parse function, as
described in “Implementing a String Query parse Function” on page 43 and “Implementing a
Structured Query parse Function” on page 44.

2.4.2 Implementing the start-facet Function

The sole purpose of the start-facet function is to make a lexicon API call that returns the values
and counts that are used in constructing a facet. For details on lexicons, see “Browsing With
Lexicons” on page 445. The custom function you implement must have a signature compatible
with the following signature:

declare function my-namespace:start-facet (
Sconstraint as element (search:constraint),
Squery as cts:query?,
Sfacet-options as xs:string*,
Squality-weight as xs:double?,
Sforests as xs:unsignedLong*)

as item() *

You can use any namespace and local name for the function, but the number and order of the
parameters must be compatible and the return type must be compatible.

Each of the parameters is passed into the function by the Search API. The squery parameter
includes any custom query your parse function implements, combined with any other query that
the Search API generates (which depends on other options passed into the original search such as
additional-query). All other parameters are specified in the search:options XML node passed
into the Search API call. You can choose to use them or not, as is needed to perform your custom
action.
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When implementing a lexicon call in the start-facet function, you must add the "concurrent
option to the $facet-options parameter and use the combined sequence as input to the $options
parameter of the lexicon API. The "concurrent" option takes advantage of concurrency, and can
greatly speed performance, especially for applications with many facets. For a sample function,
see “Example: Creating a Custom Constraint Geospatial Facet” on page 50.

Note: The start-facet function is optional, but is the recommended way to create a
custom facet that uses any of the MarkLogic Server lexicon functions. If you do
not use the start-facet function, then the finish-facet function must do all of the
work to construct the facet (including constructing the values for the facet). For
details on the lexicon functions, see the MarkLogic XQuery and XSLT Function
Reference and “Browsing With Lexicons” on page 445.

2.4.3 Implementing the finish-facet Function

The finish-facet function takes input from the start-facet function (if it is used) and constructs
the facet element. This function must have a signature compatible with the following signature:

declare function my-namespace:finish-facet (
Sstart as item() *,
Sconstraint as element (search:constraint),
Squery as cts:query?,
Sfacet-options as xs:string*,
Squality-weight as xs:double?,
Sforests as xs:unsignedLong*)

as element (search:facet)

You can use any namespace and local name for the function, but the number and order of the
parameters must be compatible and the return type must be compatible.

The parameters are passed into the function by the Search API. The squery parameter includes
any custom query your parse function implemented, combined with any other query that the
Search API generates (which depends on other options passed in to the original search such as
additional-query). All of the remaining parameters are specified in the search:options XML
passed into the Search API call. You can choose to use them or not, as is needed to perform your
custom action. For a sample function, see “Example: Creating a Custom Constraint Geospatial
Facet” on page 50.

If you do not use a start-facet function, then the empty sequence is passed in for the sstart
parameter. If you are not using a start-facet function, then the finish-facet function is
responsible for constructing the values and counts used in the facet, as well as creating the facet
XML.
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244 Example: Creating a Simple Custom Constraint

The following is a library module that implements a very simple custom constraint for use with
string queries. This constraint adds a cts:directory-query for the values specified in the
constraint. This constraint has no facets, so it does not need the start-facet and finish-facet
functions. This code does very minimal parsing; your actual code might parse the sright query
more carefully.

xquery version "1.0-ml";
module namespace my="my-namespace";

declare variable S$prefix := "/mydocs/"

declare function part(
Sconstraint-gtext as xs:string,
Sright as schema-element (cts:query))
as schema-element (cts:query)
{
let sSquery :=
<root>{
let $s := fn:string(sSright//cts:text/text())
let $dir :=
if ( $s eq "book")
then fn:concat (Sprefix, "book-dir/")
else if ( $s eqg "api")
then ( fn:concat ($prefix, "api-dirl/"),
fn:concat ($Sprefix, "api-dir2/") )
(: if it does not match, just constrain on the prefix :)
else sSprefix
return
(: make these an or-query so you can look through several dirs :)
cts:or-query ( (
for $x in S$dir
return
cts:directory-query ($x, "infinity")
))
}
</root>/*
return
(: add gtextconst attribute so that search:unparse will work -
required for some search library functions :)
element { fn:node-name ($query) }
{ attribute gtextconst
fn:concat ($constraint-qgtext, fn:string(Sright//cts:text)) },
Squery/@*,
$query/node () }

b
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If you put this module in a file named my-module.xqy your App Server root, you can run this
constraint with the following options node:

<options xmlns="http://marklogic.com/appservices/search">
<constraint name="part"s>
<custom facet="false">
<parse apply="part" ns="my-namespace" at="/my-module.xqy"/>
</custom>
</constraint>
</options>

The following query text results in constraining this search to the /mydocs/book-dir/ directory:

part :book

2.4.5 Example: Creating a Custom Constraint for Structured Queries

The following is a library module that implements a very simple custom constraint to be used
with structured queries. This constraint adds a cts:directory-query for the values specified in the
constraint. This constraint has no facets, so it does not need the start-facet and finish-facet
functions.

xquery version "1.0-ml";

module namespace my = "my-namespace";

import module namespace search =
"http://marklogic.com/appservices/search"
at "/MarkLogic/appservices/search/search.xqy";

declare variable S$prefix := "/mydocs/" ;

declare function part (
Squery-elem as element (),
Soptions as element (search:options)
) as schema-element (cts:query)
{
let Squery :=
<root>{
let $s := Squery-elem/search:text/text ()
let sdir :=
if ( $s eqg "book")
then fn:concat (Sprefix, "book-dir/")
else if ( $s eq "api")
then ( fn:concat (Sprefix, "api-dirl/"),
fn:concat ($prefix, "api-dir2/") )
(: if it does not match, just constrain on the prefix :)
else S$prefix
return
(: make these an or-query so you can look through several dirs :)
cts:or-query ((
for $x in s$dir
return
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cts:directory-query ($x, "infinity")
))
}

</root>/*
return
(: add gtextconst attribute so that search:unparse will work -
required for some search library functions :)
element { fn:node-name ($query) }
{ attribute gtextconst
fn:concat (
Squery-elem/search:constraint-name, ":",
$query-elem/search:text/text ()) },
Squery/@*,
$query/node () }

b

If you put this module in a file named my-module.xqy your App Server root, you can run this
constraint with the following options node:

<options xmlns="http://marklogic.com/appservices/search">
<constraint name="part"s>
<custom facet="false">
<parse apply="part" ns="my-namespace" at="/my-module.xqy"/>
</custom>
</constraint>
</options>

The following structured query constrains the search to the /mydocs/book-dir/ directory:

<query xmlns="http://marklogic.com/appservices/search">
<custom-constraint-querys>
<constraint-names>part</constraint-name>
<text>book</text>
</custom-constraint-query>

</query>

You can use the return-query query option to see the directory-query generated by the custom
constraint. For example, if you add the following to your options node:

<return-query>true</return-querys>

Then the search response will include a query similar to the following:

<search:response ...>
<search:query>
<cts:or-query xmlns:cts="http://marklogic.com/cts">
<cts:directory-query depth="infinity">
<cts:uris>/mydocs/book-dir/</cts:uris>
</cts:directory-query>
</cts:or-querys>
</search:query>
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</search:response>

2.4.6 Example: Creating a Custom Constraint Geospatial Facet

The following is a library module that implements a geospatial facet that uses a custom constraint.
It tokenizes the constraint value on the e character to produce input to the geospatial lexicon
function. This is a simplified example, meant to demonstrate the design pattern, not meant for
production, as it does not do any error checking to make it more robust at handling user input.

Note: While you could use the code in this example, it is meant as an example of the
design patterns you use to create custom constraints. If you want to use a
geospatial constraint, use the built-in geospatial contraint types (geo-attr-pair,
geo-elem-pair, and geo-elem) as described in “Constraint Options™ on page 382.

xquery version "1.0-ml";
module namespace geoexample = "my-geoexample";
(:

Sample custom constraint for this example

<constraint name="geo">
<custom>
<parse apply="parse" ns="my-geoexample"
at="/gecexample.xqy"/>
<start-facet apply="start-facet" ns="my-geoexample"
at="/gecexample.xqy"/>
<finish-facet apply="finish-facet" ns="my-geoexample"
at="/geoexample.xqy"/>
<annotation>
<yns:regions
xmlns:yns="http://yourcompany.com/yournamespace” >
<yns:region label="A">[0, -180, 30, -90]</yns:region>
<yns:region label="B">[0, -90, 30, 0l</yns:region>
<yns:region label="C">[30, -180, 45, -90]</yns:region>
<yns:region label="D">[30, -90, 45, 0]</yns:region>
<yns:region label="E">[45, -180, 60, -90]</yns:region>
<yns:region label="F">[45, -90, 60, 0]</yns:region>
<yns:region label="G">[45, 90, 60, 180]</yns:region>
<yns:region label="H">[60, -180, 90, -90]</yns:region>
<yns:region label="I">[60, -90, 90, 0]</yns:region>
<yns:region label="J">[60, 90, 90, 180]</yns:region>
</yns:regions>
</annotation>
</custom>
</constraint>

This example assumes the presence of an element-pair
geospatial index, on data structured as follows (note lat/lon

children of quake):

<quake>
<area>0</area>
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<perimeter>0</perimeters>
<quakesx020>2</quakesx020>
<quakesx0201>26024</quakesx0201>
<catalog sr>PDE</catalog sr>
<year>1994</year>
<month>6</month>
<day>1l</day>
<origin tim>164453.48</origin_ tim>
<lat>61.61</lat>
<lon>168.28</lon>
<depth>9</depth>
<magnitude>4.3</magnitude>
<mag_scale>mb</mag_scale>
<mag_source/>
<dt>1994-06-11T16:44:53.48%Z</dt>
</quake>

declare namespace search = "http://marklogic.com/appservices/search";
(:
The Search API calls the parse function during the parsing of the
query text. It accepts the parsed-so-far query text for this
constraint, parses that query, and outputs a serialized cts:query
for the custom part. The Search API passes the parameters to this
function based on the custom constraint in the search:options and
the query text passed into search:search.
:)
declare function geoexample:parse (
Sgtext as xs:string,
Sright as schema-element (cts:query) )
as schema-element (cts:query)

{

let $point := fn:tokenize(fn:string($Sright//cts:text), "e")
let $s := Spoint[1]

let Sw := Spoint [2]

let $n := Spoint[3]

let Se := Spoint[4]

return

element cts:element-pair-geospatial-query {
attribute gtextconst {
fn:concat ($gtext, fn:string($right//cts:text)) },
element cts:annotation ({
"this is a custom constraint for geo" },
element cts:element { "quake" },
element cts:latitude {"lat"},
element cts:longitude {"lon"},
element cts:region {
attribute xsi:type { "cts:box" },
fn:concat ("[", fn:string-join((Ss, S$w, $n, Se),
"), ")
jy

element cts:option { "coordinate-system=wgs84" }
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The start-facet function starts the concurrent lexicon evaluation.
:)
declare function geocexample:start-facet (

Sconstraint as element (search:constraint),

Squery as cts:query?,

Sfacet-options as xs:string*,

Squality-weight as xs:double?,

Sforests as xs:unsignedLongt)
as item() *

{

let $latitude-bounds := (0, 30, 45, 60, 90)
let s$longitude-bounds := (-180, -90, 0, 90, 180)
return
cts:element-pair-geospatial-boxes (
xs:QName ("quake"), xs:QName ("lat"), xs:QName("lon"),
$latitude-bounds,
$longitude-bounds, ($facet-options, "concurrent", "gridded"),

Squery, Squality-weight, S$forests)

Vi
(:

The finish-facet function constructs the facet, based on the
values from $start returned by the start-facet function.
:)
declare function geocexample:finish-facet (
S$start as item() *,
Sconstraint as element (search:constraint),
Squery as cts:query?,
Sfacet-options as xs:string¥*,
Squality-weight as xs:double?,
Sforests as xs:unsignedLongt*)
as element (search:facet)
{
(: Uses the annotation from the constraint to extract the regions :)
let $labels :=
$constraint/search:custom/search:annotation/search:regions
return
element search:facet (
attribute name {$constraint/@name},
for $range in Sstart
return
element search:facet-value(
attribute name {
$Slabels/search:region[. eq fn:string(Srange)]/@label },
attribute count {cts:frequency($range)}, fn:string(Srange) }
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To run a custom constraint that references the above custom code, put the above module in the
App Server root in a file names geoexample.xqy and run the following:

xquery version "1.0-ml";

import module namespace search =
"http://marklogic.com/appservices/search"
at "/MarkLogic/appservices/search/search.xqy";

let s