A VISUAL REFERENCE - SPARQL

SPARQL,
one change at a time

Ask useful questions of an RDF graph. Start with one triple pattern, then add joins, optional facts, paths, groups and named graphs. Finish with
updates whose effects are checked by a separate query.

Every example uses original, fictional local data and the real RDFLib SPARQL 1.1 engine. Complete queries, actual typed results and source-
and-data downloads travel together. The final PDF is available for offline reading.

Last changes: 2026-11-03. Expanded edition: 80 executable examples in 13 chapters. Every example identifies its result type, view and export formats. A
new chapter compares table, chart, network, timeline and map views and links complete Wikidata counterparts.
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READING THE TOUR

From triples to a useful answer

Dataset Query Actual result

Read the same small research graph Copy the complete SPARQL query with its Compare typed bindings, unbound cells,
throughout. Four researchers, two labs, three PREFIX declarations. Clause tables explain the boolean answers and constructed triples. For an
projects and two named review graphs make feature introduced at each step; stable SPQ IDs update, read the separate inspection query and
each join inspectable. link comparisons. the result after that update.

Each source + dataset + runner ZIP runs independently after installing its pinned RDFLib requirement. Unzip it, run python -m pip install -r
requirements.txt, then use the command in README.txt. Query IRIs are identifiers; the bundled queries do not fetch their namespaces. Results come
from local matching.



A small RDF dataset

The teaching namespace ex: expands to https://example.org/lab/. An IRI such as ex:ada identifies a resource; a literal such as "Ada" supplies a value.
A triple connects subject, predicate and object. Unlike a table row, a resource can have several values for one predicate and no value for another.

Person Age Lab Recorded email
Ada 36 North ada@example.org
Ben 28 North no email triple
Cora 42 South cora@example.net
Dani 31 South no email triple

Atlas has two titles, two keywords and two participating researchers. Ada works on Atlas and Beacon; Cora and Dani work on Cedar. Project budgets
are 1000, 2500 and 1500 arbitrary teaching units. The 2024 review graph contains Atlas and Beacon; the 2025 review graph contains Atlas and
Cedar.



Two matches, then a join
IIAdaII

ex:name

ex:worksOn

ex:atlas

ex:ben ex:worksOn

The diagram shows selected triples, not the complete dataset. Following ex:worksOn/ex:1lead joins each project to its lead. Download the complete
TriG dataset for all triples, prefixes and named graph boundaries. TriG extends Turtle with graph blocks; a block without a graph name is the default
graph in this file.



Read results as RDF terms

Result cells use Turtle-style RDF term notation. ex:ada is an IRI, "Ada" is a string literal, "River Atlas"e@en has a language tag, and "36"**xsd:integer
has a datatype. The engine normalizes some lexical forms; displaying a number as a typed literal preserves its RDF identity.

An unbound cell means that the variable has no binding in that solution. It is neither an empty string nor an RDF term called NULL. An empty table
means zero solutions. ASK returns one boolean. CONSTRUCT returns a graph, whose triple order is not meaningful; the tour sorts it only for display.
Blank-node labels are local identifiers, not persistent resource names.

Every example labels its actual result type and dimensions, its selected view and the standard formats available for download. Update examples
label the result of their inspection query. See chapter 13 for paired views and Wikidata.

All examples that teach a row sequence state ORDER BY. A single-row result needs no tie-breaker. A SELECT result can contain duplicates; an RDF
graph contains each triple only once. Neither duplicate elimination nor missing data should be inferred from the shape of a spreadsheet.

Standard exports have different preservation rules. SPARQL JSON (.srj) retains RDF types and language tags and represents an unbound variable
by omitting its binding. TSV retains RDF term notation and uses an empty field for unbound; an empty literal is written as two quote characters.
CSV exports lexical values and drops datatype/language information; it also cannot distinguish an empty literal from an unbound field. Turtle
exports the result graph of CONSTRUCT. The separate Tour record JSON download is the guide's own compact representation. These formats follow
the W3C SPARQL JSON and CSV/TSV result-format specifications.



https://www.w3.org/TR/sparql11-results-json/
https://www.w3.org/TR/sparql11-results-csv-tsv/

Dataset and engine boundaries

This edition targets SPARQL 1.1 Query and Update and is executed with RDFLib 7.6.0. The runner loads a fresh in-memory Dataset with
default_union=False for every example. Named graphs are queried with GRAPH. An endpoint can choose a different default dataset, so confirm its
graph configuration before comparing its answers to these local results.

Matching here does not enable RDFS or OWL reasoning. Although the fixture declares a subclass relationship, both of Cora's type triples are

explicitly stored. Absence of a matching triple is a statement about this dataset; RDF's open-world interpretation does not turn it into a universal
negative.

DESCRIBE returns an implementation-defined description of resources, so this tour uses CONSTRUCT when an exact portable output graph matters.
FROM and FROM NAMED specify a query dataset; this runner instead loads the bundled TriG file. SERVICE delegates a graph pattern to another
service and introduces endpoint availability, access and federation concerns. It is not needed by these reproducible local examples. CLEAR GRAPH,

CREATE, DROP, COPY, MOVE and ADD are graph-management operations beyond the six focused updates demonstrated here; LOAD may read an
external document.



Standards and further reading

The examples and prose are original. Standards references explain the semantics rather than supply copied tutorial examples.

e W3C SPARQL 1.1 Query Language: graph patterns, expressions, paths, groups and query forms.

e W3C SPARQL 1.1 Update: update templates, graph scope and graph management.
e W3C RDF 1.1 Concepts: RDF terms, triples, graphs and datasets.

e W3C TriG: the local dataset serialization.

e RDFLib: querying with SPARQL: the API used by the runner.



https://www.w3.org/TR/sparql11-query/
https://www.w3.org/TR/sparql11-update/
https://www.w3.org/TR/rdf11-concepts/
https://www.w3.org/TR/trig/
https://rdflib.readthedocs.io/en/stable/intro_to_sparql/

01 - First graph patterns

Start with RDF triples: a subject, a predicate and an object. A variable beginning with ? is a place to bind an RDF term. Repeated variables join
patterns by the same term, rather than by row position.

SPQ-01-001

Find all researchers

The predicate rdf:type connects a resource to a class. The dataset explicitly types four resources as researchers. ORDER BY fixes their display order.

RESULT VIEW EXPORTS
SELECT - 1 column - 4 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?person: IRI

Complete SPARQL query Actual RDFLib result

4 solution(s)
PREFIX ex: <https://example.org/lab/>

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

?person
SELECT ?person WHERE { ex:ada
?person rdf:type ex:Researcher .
) ex:ben
ORDER BY ?person
ex:cora
ex:dani

Clause or feature Meaning in this example

rdf: type Match an explicitly stored class membership; this query does not turn on inference.



SPQ-01-002

Fix the subject

Replace the subject variable with one IRI. Only Ada's name can bind ?name; ex:ada is an identifier, while "Ada" is a literal value.

RESULT VIEW EXPORTS
SELECT - 1 column - 1 solution Table SPARQL JSON, CSV, TSV

Returned bindings: ?name: xsd:string

Complete SPARQL query Actual RDFLib result

1 solution(s)
PREFIX ex: <https://example.org/lab/>

?name
SELECT ?name WHERE {
ex:ada ex:name ?name . "Ada"
}
Clause or feature Meaning in this example

ex:ada A fixed subject restricts the triple pattern to one resource.



SPQ-01-003

Use the type abbreviation

The keyword a abbreviates rdf:type in a triple pattern. It changes the spelling of the first query, not its meaning.

Compare with SPQ-01-001.

RESULT
SELECT - 1 column - 4 solutions

Returned bindings: ?person: IRI

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?person WHERE {
?person a ex:Researcher .

}
ORDER BY ?person

Clause or feature

a

VIEW
Table

Actual RDFLib result
4 solution(s)

?person
ex:ada
ex:ben
ex:cora

ex:dani

Meaning in this example

The RDF type predicate, not a new variable or a class inference rule.

EXPORTS
SPARQL JSON, CSV, TSV
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SPQ-01-004

Read two properties of the same person

A semicolon keeps the same subject for the next predicate. A solution needs both a name and an age for that person.

RESULT VIEW EXPORTS
SELECT - 2 columns - 4 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?name: xsd:string - ?age: xsd:integer

Complete SPARQL query Actual RDFLib result

4 solution(s)
PREFIX ex: <https://example.org/lab/>

?name ?age
SELECT ?name ?age WHERE { 9
?person a ex:Researcher; "Ada" "36"**xsd:integer
ex:name ?name;
ex:age ?age . "Ben" "28"**xsd:integer
}
ORDER BY ?name "Cora" "42"~"xsd:integer
"Dani" "31"**xsd:integer
Clause or feature Meaning in this example

; Reuse ?person as the subject of each following predicate-object pair.



SPQ-01-005

Join a researcher to a lab label

The first pattern binds ?lab to an IRI. The second uses that IRI as its subject, joining researchers to lab labels.

RESULT VIEW
SELECT - 2 columns - 4 solutions Table

Returned bindings: ?name: xsd:string - ?label: xsd:string

Complete SPARQL query Actual RDFLib result

4 solution(s)
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?label WHERE { ChELI
?person ex:name ?name; ex:lab ?lab .
?lab ex:label ?label .

} "Ben"

ORDER BY ?name

"Ada"

"Cora"
"Dani"
Clause or feature Meaning in this example
?1ab A shared variable must have the same RDF term in both matching patterns.

EXPORTS
SPARQL JSON, CSV, TSV

?label
"North"
"North"
"South"

"South"
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SPQ-01-006

Follow a relationship to another name

Bind the person reached through ex:knows, then read that person's name. Cora has no outgoing ex:knows triple, so this required pattern produces no row for her.

RESULT VIEW
SELECT - 2 columns - 3 solutions Table

Returned bindings: ?name: xsd:string - ?friendName: xsd:string

Complete SPARQL query Actual RDFLib result

3 solution(s)
PREFIX ex: <https://example.org/lab/>

. ?name
SELECT ?name ?friendName WHERE {
?person ex:name ?name; ex:knows ?friend . "Ada"
?friend ex:name ?friendName .

} "Ben"
ORDER BY ?name ?friendName
"Dani"

Clause or feature Meaning in this example

?friend Join the object of one triple to the subject of another.

EXPORTS
SPARQL JSON, CSV, TSV

?friendName
"Ben"
"Cora"

"Cora"
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02 - Projection, duplicates and order

A SELECT result is a sequence of solution mappings. Projection can hide the variable that made two solutions different. Duplicates remain unless

DISTINCT removes them. Always state ORDER BY before depending on a page boundary.

SPQ-02-001

See duplicate projected values

Four people produce four solutions. Keeping only ?lab hides their different person IRIs, but does not remove repeated labs.

RESULT

SELECT - 1 column - 4 solutions

Returned bindings: ?lab: IRI

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?lab WHERE {

?person a ex:Researcher; ex:lab ?lab .

}
ORDER BY ?lab ?person

Clause or feature

SELECT ?lab

VIEW EXPORTS
Table SPARQL JSON, CSV, TSV

Actual RDFLib result
4 solution(s)

?lab

ex:north
ex:north
ex:south

ex:south

Meaning in this example

Project one variable while retaining the multiplicity of the matched solutions.
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SPQ-02-002

Keep each projected lab once

DISTINCT applies to the projected solution. The two identical north bindings and the two identical south bindings collapse to two rows.

Compare with SPQ-02-001.

RESULT
SELECT - 1 column - 2 solutions

Returned bindings: ?lab: IRI

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT DISTINCT ?lab WHERE {

?person a ex:Researcher; ex:lab ?lab .

b
ORDER BY ?lab

Clause or feature

DISTINCT

VIEW EXPORTS
Table SPARQL JSON, CSV, TSV

Actual RDFLib result
2 solution(s)

?lab
ex:north

ex:south

Meaning in this example

Remove duplicate bindings after projection.
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SPQ-02-003

Sort by descending numeric age

Ages are xsd:integer literals in the fixture. DESC sorts their numeric values from largest to smallest; the name breaks any tie.

RESULT VIEW EXPORTS
SELECT - 2 columns - 4 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?name: xsd:string - ?age: xsd:integer

Complete SPARQL query Actual RDFLib result

4 solution(s)
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?age WHERE { ChELI s
?person ex:name ?name; ex:age ?age . "Cora" "42"Arxsd: integer
}
ORDER BY DESC(?age) ?name "Ada" "36"**xsd:integer
"Dani" "31"**xsd:integer
"Ben" "28"**xsd:integer
Clause or feature Meaning in this example

DESC(?age) Reverse the ascending order for this sort expression.



SPQ-02-004

Take the first two names

LIMIT keeps two solutions from the explicitly ordered sequence. Without ORDER BY, the selected pair would have no portable ordering guarantee.

RESULT
SELECT - 1 column - 2 solutions

Returned bindings: ?name: xsd:string

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {

?person a ex:Researcher; ex:name ?name .

}
ORDER BY ?name
LIMIT 2

Clause or feature

LIMIT 2

VIEW
Table

Actual RDFLib result
2 solution(s)

?name
"Ada"

"Ben"

Meaning in this example

Keep at most two solutions after ordering.

EXPORTS
SPARQL JSON, CSV, TSV
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SPQ-02-005

Read the next page

OFFSET skips the first two ordered solutions. Names are unique in this fixture, so the order is total and the next two names are stable.
Compare with SPQ-02-004.

RESULT VIEW EXPORTS
SELECT - 1 column - 2 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?name: xsd:string

Complete SPARQL query Actual RDFLib result

2 solution(s)
PREFIX ex: <https://example.org/lab/>

?name
SELECT ?name WHERE {
?person a ex:Researcher; ex:name ?name . "Cora"
}
ORDER BY ?name "Dani"
LIMIT 2
OFFSET 2
Clause or feature Meaning in this example
OFFSET 2 Skip two solutions before taking the limited page.
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SPQ-02-006

Return an empty solution sequence

A valid query can match nothing. No researcher in this dataset has age greater than 100. An empty result is different from a row with an unbound variable.

RESULT VIEW EXPORTS
SELECT - 1 column - O solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?name: no values returned

Complete SPARQL query Actual RDFLib result

0 solution(s)
PREFIX ex: <https://example.org/lab/>

?name
SELECT ?name WHERE {
?person ex:name ?name; ex:age ?age .
FILTER(?age > 100)
}
ORDER BY ?name

No matching solutions.

Clause or feature Meaning in this example

FILTER(?age > 100) Keep solutions satisfying the expression; here none do.
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03 - Filters and structured values

FILTER tests expressions on candidate solutions. Numeric comparisons use numeric values. String functions inspect lexical content. A blank-node
property list matches a connected structure without depending on a blank node's local identifier.

SPQ-03-001
Apply a numeric threshold

The age pattern binds an integer before FILTER tests it. Ada and Cora satisfy the threshold.

RESULT VIEW EXPORTS
SELECT - 2 columns - 2 solutions Table SPARQL JSON, CSV, TSV
Returned bindings: ?name: xsd:string - ?age: xsd:integer
Complete SPARQL query Actual RDFLib result
2 solution(s)
PREFIX ex: <https://example.org/lab/>
?nam ?
SELECT ?name ?age WHERE { ame S
?person ex:name ?name; ex:age ?age . "Ada" "36"**xsd:integer
FILTER(?age >= 35)
} "Cora" "42"**xsd:integer

ORDER BY ?name

Clause or feature Meaning in this example

>= 35 Compare numeric values, rather than alphabetic spellings of the ages.
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SPQ-03-002

Combine two conditions

Both comparisons must be true for the same binding. The interval includes age 30 and excludes age 40.

RESULT
SELECT - 1 column - 2 solutions

Returned bindings: ?name: xsd:string

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {

?person ex:name ?name; ex:age ?age .

FILTER(?age >= 30 && ?age < 40)
}
ORDER BY ?name

Clause or feature

&&

VIEW
Table

Actual RDFLib result
2 solution(s)

?name
"Ada"

"Dani"

Meaning in this example

Require both boolean expressions to be true.

EXPORTS
SPARQL JSON, CSV, TSV
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SPQ-03-003

Match one of several literal values

IN compares the name binding with the listed RDF literals. The surrounding double quotes distinguish names from resource IRIs.

RESULT
SELECT - 1 column - 2 solutions

Returned bindings: ?name: xsd:string

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {
?person ex:name ?name .
FILTER(?name IN ("Ada", "Cora"))
}
ORDER BY ?name

Clause or feature

IN

VIEW
Table

Actual RDFLib result
2 solution(s)

?name
"Ada"

"Cora"

Meaning in this example

Accept a binding equal to at least one listed value.

EXPORTS
SPARQL JSON, CSV, TSV
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SPQ-03-004

Search names with a regular expression

The dollar sign anchors the pattern at the end of the string. The i flag ignores case, so both Ada and Cora match a final a.

RESULT
SELECT - 1 column - 2 solutions

Returned bindings: ?name: xsd:string

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {
?person ex:name ?name .
FILTER(REGEX(STR(?name), "a$", "i"))
}
ORDER BY ?name

Clause or feature

REGEX

VIEW
Table

Actual RDFLib result
2 solution(s)

?name
"Ada"

"Cora"

Meaning in this example

Match a SPARQL regular expression against the lexical string.

EXPORTS
SPARQL JSON, CSV, TSV
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SPQ-03-005

Use a literal substring search

CONTAINS treats its second argument as ordinary text. LCASE makes this case-insensitive for the simple names used here; no regex syntax is involved.

RESULT VIEW EXPORTS
SELECT - 1 column - 3 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?name: xsd:string

Complete SPARQL query Actual RDFLib result

3 solution(s)
PREFIX ex: <https://example.org/lab/>

?name
SELECT ?name WHERE {
?person ex:name ?name . "Ada"
FILTER(CONTAINS(LCASE(STR(?name)), "a"))
} "Cora"
ORDER BY ?name
"Dani"
Clause or feature Meaning in this example
CONTAINS Test for a literal substring; a dot or star would have no regex meaning.
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SPQ-03-006

Match a blank-node address

The square-bracket pattern requires an address resource with a city. It can match a blank node without naming its implementation-specific identifier.

RESULT
SELECT - 2 columns - 2 solutions

Returned bindings: ?name: xsd:string - ?city: xsd:string

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?name ?city WHERE {
?person ex:name ?name;
ex:address [ ex:city ?city ] .
}
ORDER BY ?name

Clause or feature

[ ex:city ?city 1]

VIEW EXPORTS
Table SPARQL JSON, CSV, TSV

Actual RDFLib result

2 solution(s)

?name ?city
"ada" "Bonn"
"Cora" "Berlin"

Meaning in this example

Match a resource with the stated property; do not hard-code a blank-node label.
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04 - Optional data and unbound variables

OPTIONAL extends a solution when a compatible match exists. If it does not, the existing solution remains and the new variables are unbound.

FILTER placement determines whether that original solution survives.

SPQ-04-001

Keep people without an email triple

OPTIONAL preserves all four people. Ben and Dani have no email triple in this dataset, so their ?email variable is unbound.

RESULT
SELECT - 2 columns - 4 solutions

VIEW
Table

Returned bindings: ?name: xsd:string - ?email: unbound, xsd:string

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?name ?email WHERE {

?person a ex:Researcher; ex:name ?name .

OPTIONAL { ?person ex:email ?email . }
}
ORDER BY ?name

Clause or feature

OPTIONAL

EXPORTS
SPARQL JSON, CSV, TSV

Actual RDFLib result

4 solution(s)
?name

"Ada"

"Ben"

"Cora"

"Dani"

Meaning in this example

Add a compatible binding when one exists, without requiring it.

?email
"ada@example.org"
unbound
"cora@example.net"

unbound
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SPQ-04-002

Require the email instead

Moving the email triple out of OPTIONAL makes it a required graph pattern. Only Ada and Cora have matching triples.

Compare with SPQ-04-001.

RESULT VIEW
SELECT - 2 columns - 2 solutions Table

Returned bindings: ?name: xsd:string - ?email: xsd:string

EXPORTS
SPARQL JSON, CSV, TSV

Complete SPARQL query Actual RDFLib result

2 solution(s)
PREFIX ex: <https://example.org/lab/>

?name
SELECT ?name ?email WHERE {

?person a ex:Researcher; ex:name ?name; "Ada"
ex:email ?email .

} "Cora"
ORDER BY ?name

Clause or feature Meaning in this example

Required triple A solution must bind an email to match this pattern.

?email
"ada@example.org"

"cora@example.net"
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SPQ-04-003

Keep only bound email variables

BOUND distinguishes a bound RDF term from an unbound variable. It does not ask whether a string is nonempty.

RESULT
SELECT - 1 column - 2 solutions

Returned bindings: ?name: xsd:string

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {

?person a ex:Researcher; ex:name ?name .

OPTIONAL { ?person ex:email ?email . }
FILTER(BOUND(?email))

}

ORDER BY ?name

Clause or feature

BOUND(?email)

VIEW
Table

Actual RDFLib result
2 solution(s)

?name
"Ada"

"Cora"

Meaning in this example

Return true when this variable has a binding in the current solution.

EXPORTS
SPARQL JSON, CSV, TSV
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SPQ-04-004

Find missing email bindings

Negating BOUND selects people whose optional email pattern found no match. This describes the local graph, not every possible fact about those people.

Compare with SPQ-04-003.

RESULT
SELECT - 1 column - 2 solutions

Returned bindings: ?name: xsd:string

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {

?person a ex:Researcher; ex:name ?name .

OPTIONAL { ?person ex:email ?email . }
FILTER(!BOUND(?email))

}

ORDER BY ?name

Clause or feature

!BOUND(?email)

VIEW EXPORTS
Table SPARQL JSON, CSV, TSV

Actual RDFLib result
2 solution(s)

?name
"Ben"

"Dani"

Meaning in this example

Keep solutions in which the optional variable is unbound.

29



SPQ-04-005

Filter inside OPTIONAL

Only an email ending in .org can extend a solution. Cora remains in the result, but her .net email does not bind ?email inside this optional pattern.

RESULT VIEW EXPORTS
SELECT - 2 columns - 4 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?name: xsd:string - ?email: unbound, xsd:string

Complete SPARQL query Actual RDFLib result

4 solution(s)
PREFIX ex: <https://example.org/lab/>

. ?name ?email
SELECT ?name ?email WHERE {
?person a ex:Researcher; ex:name ?name . "Ada" "ada@example.org"
OPTIONAL {
?person ex:email ?email . "Ben" unbound
FILTER(STRENDS(STR(?email), ".org"))
} "Cora" unbound
}
ORDER BY ?name ‘Dani* unbound
Clause or feature Meaning in this example

FILTER inside OPTIONAL Restrict the optional match while retaining the original person solution.



SPQ-04-006

Move that filter outside OPTIONAL

The outer filter removes both the .net email and solutions with an unbound ?email. An expression error from an unbound argument does not pass FILTER.

Compare with SPQ-04-005.

RESULT
SELECT - 2 columns - 1 solution

VIEW EXPORTS
Table SPARQL JSON, CSV, TSV

Returned bindings: ?name: xsd:string - ?email: xsd:string

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?name ?email WHERE {

?person a ex:Researcher; ex:name ?name .

OPTIONAL { ?person ex:email ?email . }
FILTER(STRENDS(STR(?email), ".org"))
}
ORDER BY ?name

Clause or feature

FILTER outside OPTIONAL

Actual RDFLib result
1 solution(s)

?name ?email

"Ada" "ada@example.org"

Meaning in this example

Test the entire joined solution, removing it if the expression is false or an error.
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05 - Computed bindings and functions

BIND gives an expression a variable name within the query. Projection expressions can also compute output values. Neither operation edits the
underlying RDF graph; SPARQL Update is introduced in the last chapter.

SPQ-05-001

Build a display label

Join the lab label before combining two strings. The computed label is a result binding; no ex:display triple is stored.

RESULT VIEW EXPORTS
SELECT - 1 column - 4 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?display: xsd:string

Complete SPARQL query Actual RDFLib result

4 solution(s)
PREFIX ex: <https://example.org/lab/>

?displa
SELECT ?display WHERE { play
?person ex:name ?name; ex:lab ?lab . "Ada @ North"
?lab ex:label ?label .
BIND(CONCAT(?name, " @ ", ?label) AS ?display) "Ben @ North"
}
ORDER BY ?display "Cora @ South"
"Dani @ South"
Clause or feature Meaning in this example
BIND(... AS ?display) Assign an expression result to a new variable in each solution.
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SPQ-05-002

Change the case of a result string

UCASE transforms the name used in the projection. The original name triples stay unchanged.

RESULT

SELECT - 1 column - 4 solutions

Returned bindings: ?upper: xsd:string

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT (UCASE(?name) AS ?upper) WHERE {

?person a ex:Researcher; ex:name ?name .

}
ORDER BY ?upper

Clause or feature

AS ?upper

VIEW EXPORTS
Table SPARQL JSON, CSV, TSV

Actual RDFLib result
4 solution(s)

2upper
"ADA"
"BEN"
"CORA"

"DANT "

Meaning in this example

Name the computed projection so it can appear as an output column.
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SPQ-05-003

Measure a string length

STRLEN returns the number of characters. The result is a typed integer, rather than the text spelling of that number.

RESULT
SELECT - 2 columns - 4 solutions

VIEW
Table

Returned bindings: ?name: xsd:string - ?length: xsd:integer

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?name (STRLEN(?name) AS ?length) WHERE {
?person a ex:Researcher; ex:name ?name .

}
ORDER BY ?name

Clause or feature

STRLEN

Meaning in this example

Count characters in the string value.

EXPORTS

SPARQL JSON, CSV, TSV

Actual RDFLib result

4 solution(s)

?name
"Ada"
"Ben"
"Cora"

"Dani"

?length
"3"rrxsd:
"3"rxsd:
"4"rxsd:

"g"arxsd:

integer
integer
integer

integer
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SPQ-05-004

Choose a value conditionally

IF tests the numeric age and returns one of two strings. These age bands are teaching labels, not a stored career classification.

RESULT VIEW
SELECT - 2 columns - 4 solutions Table

Returned bindings: ?name: xsd:string - ?band: xsd:string

Complete SPARQL query Actual RDFLib result

4 solution(s)
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?band WHERE { ChELI
?person ex:name ?name; ex:age ?age .
BIND(IF(?age >= 35, "35+", "under 35") AS ?band)

} "Ben"

ORDER BY ?name

"Ada"

"Cora"
"Dani"
Clause or feature Meaning in this example
IF(test, yes, no) Evaluate the branch selected by the condition.

EXPORTS
SPARQL JSON, CSV, TSV

?band
'35+
"under 35"
"35+"

"under 35"

35



SPQ-05-005

Supply a display value for missing data

COALESCE chooses the first expression that evaluates without error. An unbound ?email falls back to the string "missing"; an empty bound string would be retained.

RESULT
SELECT - 2 columns - 4 solutions

VIEW
Table

Returned bindings: ?name: xsd:string - ?contact: xsd:string

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?name (COALESCE(?email, "missing") AS ?contact) WHERE {

?person a ex:Researcher; ex:name ?name .
OPTIONAL { ?person ex:email ?email

}
ORDER BY ?name

Clause or feature

COALESCE

}

Meaning in this example

Choose a fallback for expression errors such as an unbound variable.

EXPORTS
SPARQL JSON, CSV, TSV

Actual RDFLib result

4 solution(s)

?name

"Ada"

"Ben"

"Cora"

"Dani"

?contact
"ada@example.org"
"missing"
"cora@example.net"

"missing"

36



SPQ-05-006

Calculate a new number without updating

Adding one produces a new integer binding. Re-running the original age query still returns 36 for Ada, since SELECT performs no update.

RESULT VIEW EXPORTS
SELECT - 2 columns - 4 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?name: xsd:string - ?next: xsd:integer

Complete SPARQL query Actual RDFLib result

4 solution(s)
PREFIX ex: <https://example.org/lab/>

?name ?next
SELECT ?name (?age + 1 AS 7next) WHERE {
?person ex:name ?name; ex:age ?age . "Ada" "37"Arxsd: integer
}
ORDER BY ?name "Ben" "29"**xsd:integer
"Cora" "43"**xsd:integer
"Dani" "32"**xsd:integer
Clause or feature Meaning in this example
2age + 1 Calculate a result value while leaving the stored literal unchanged.
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06 - RDF terms, language and dates

RDF distinguishes IRIs, blank nodes and literals. Literals have a lexical form and a datatype; language-tagged strings also carry a language tag.
Value equality can differ from RDF-term identity. These distinctions affect matching, output and expression evaluation.

SPQ-06-001

Select English-language titles

Project Atlas has both English and German titles. LANG selects the @en value; the output retains its language tag.

RESULT VIEW EXPORTS
SELECT - 2 columns - 3 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?project: IRI - ?title: text@en

Complete SPARQL query Actual RDFLib result

3 solution(s)
PREFIX ex: <https://example.org/lab/>

. . ?project ?title
SELECT ?project ?title WHERE {
7project a ex:Project; ex:title ?title . ex:atlas "River Atlas"@en
FILTER(LANG(?title) = "en")
} ex:beacon "Forest Survey"@en
ORDER BY ?project
ex:cedar "Coastal Map"@en
Clause or feature Meaning in this example
LANG(?title) Read a language tag; do not silently discard it from the RDF term.
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SPQ-06-002

Match a language range

LANGMATCHES applies a language-range test. The dataset contains one German title; a range such as de can also match a more specific German language tag.

RESULT
SELECT - 1 column - 1 solution

Returned bindings: ?title: text@de

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?title WHERE {
ex:atlas ex:title ?title .
FILTER(LANGMATCHES(LANG(?title), "de"))
}

Clause or feature

LANGMATCHES

VIEW
Table

Actual RDFLib result
1 solution(s)

?title

"Flussatlas"@de

Meaning in this example

Match a language tag against a basic language range.

EXPORTS
SPARQL JSON, CSV, TSV

39



SPQ-06-003

Inspect the datatype of an age

DATATYPE returns an IRI identifying the literal's datatype. The bare number 36 in TriG was parsed as an xsd:integer literal.

RESULT
SELECT - 1 column - 1 solution

Returned bindings: ?datatype: IRI

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT (DATATYPE(?age) AS ?datatype) WHERE {
ex:ada ex:age ?age .

3

Clause or feature

DATATYPE

VIEW
Table

Meaning in this example

Return the datatype IRI of a literal.

Actual RDFLib result
1 solution(s)

?datatype

xsd:integer

EXPORTS
SPARQL JSON, CSV, TSV
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SPQ-06-004

Separate value equality from term identity

The integer and decimal denote equal numeric values. sameTerm additionally requires the same RDF term, so a decimal is not the integer literal 1.

RESULT VIEW EXPORTS
SELECT - 2 columns - 2 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?equal: xsd:boolean - ?identical: xsd:boolean

Complete SPARQL query Actual RDFLib result

2 solution(s)
PREFIX xsd: <http://www.w3.org/2001/XMLSchema#>

SELECT (?value = 1 AS ?equal) e e
(sameTerm(?value, 1) AS ?identical) WHERE { "true"~*xsd:boolean "false"**xsd:boolean
VALUES ?value { "1"~*xsd:integer "1"**xsd:decimal }
3 "true"**xsd:boolean "true"**xsd:boolean

ORDER BY ?identical

Clause or feature Meaning in this example

sameTerm Test RDF-term identity rather than numeric value equality.



SPQ-06-005

Tell an IRI from a literal

ex:ada and "Ada" are different kinds of RDF term. Their roles are explicit even if a user interface could display both with a similar label.

RESULT
SELECT - 2 columns - 2 solutions

VIEW
Table

Returned bindings: ?iri: xsd:boolean - ?literal: xsd:boolean

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT (isIRI(?value) AS ?iri)
(isLiteral(?value) AS ?literal) WHERE {
VALUES ?value { ex:ada "Ada" }
}
ORDER BY ?iri

Clause or feature

isIRI / isLiteral

Actual RDFLib result
2 solution(s)

?iri

"false"*xsd:boolean

"true"**xsd:boolean

Meaning in this example

Test the RDF term category rather than its displayed characters.

SPARQL JSON, CSV, TSV

?literal

"true"**xsd:boolean

"false"**xsd:boolean
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SPQ-06-006

Extract a year from a typed date

The fixture uses xsd:dateTime values. YEAR reads the calendar year from that datatype; it is not a substring operation on an arbitrary string.

RESULT VIEW EXPORTS
SELECT - 2 columns - 3 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?project: IRI - ?year: xsd:integer

Complete SPARQL query Actual RDFLib result

3 solution(s)
PREFIX ex: <https://example.org/lab/>

?project ?year
SELECT ?project (YEAR(?created) AS ?year) WHERE { proj y
?project a ex:Project; ex:created ?created . ex:atlas "2024"**xsd:integer
}
ORDER BY ?project ex:beacon "2023"**xsd:integer
ex:cedar "2025"**xsd:integer
Clause or feature Meaning in this example

YEAR Extract the year component of a compatible dateTime literal.



07 - Inline bindings, alternatives and absence

VALUES supplies a small table of bindings. UNION combines alternative graph patterns and can retain duplicates. EXISTS, NOT EXISTS and MINUS
inspect graph matches differently; use the shared variables deliberately.

SPQ-07-001

Limit the query with VALUES

The inline table provides two person IRIs. Joining those bindings to ex:name selects only those people.

RESULT VIEW EXPORTS
SELECT - 1 column - 2 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?name: xsd:string

Complete SPARQL query Actual RDFLib result

2 solution(s)
PREFIX ex: <https://example.org/lab/>

?name
SELECT ?name WHERE {

VALUES ?person { ex:ada ex:cora } "Ada"
?person ex:name ?name .

} "Cora"
ORDER BY ?name

Clause or feature Meaning in this example

VALUES ?person Introduce a finite set of variable bindings into the query.



SPQ-07-002

Provide two inline columns

Each VALUES row binds a person and a teaching tag together. The two columns remain paired when the name pattern joins the row.

RESULT VIEW
SELECT - 2 columns - 2 solutions Table

Returned bindings: ?name: xsd:string - ?tag: xsd:string

Complete SPARQL query Actual RDFLib result

2 solution(s)
PREFIX ex: <https://example.org/lab/>

?name
SELECT ?name ?tag WHERE {
VALUES (?person ?tag) { "Ada"
(ex:ada "first")
(ex:dani "second") "Dani"
}
?person ex:name ?name .
3
ORDER BY ?name
Clause or feature Meaning in this example
VALUES (... ... ) Supply a table of related bindings instead of independent value lists.

EXPORTS
SPARQL JSON, CSV, TSV

?tag
"first"

"second"
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SPQ-07-003

Combine alternative patterns

The first branch matches the North lab; the second matches age above 40. Both bind ?person before its name is read. DISTINCT makes the intended set explicit if

the branches overlap after an edit.

RESULT

SELECT - 1 column - 3 solutions

Returned bindings: ?name: xsd:string

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT DISTINCT ?name WHERE {
{ ?person ex:lab ex:north . }

UNION
{ 7person ex:age ?age

}
ORDER BY ?name

Clause or feature

UNION

. FILTER(?age > 40) }
?person ex:name ?name .

VIEW EXPORTS
Table SPARQL JSON, CSV, TSV

Actual RDFLib result
3 solution(s)

?name
"Ada"
"Ben"

"Cora"

Meaning in this example

Combine solutions from either branch; UNION alone does not remove duplicates.
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SPQ-07-004

Require a related match with EXISTS

The inner pattern uses the current ?person binding. EXISTS tests whether any outgoing relationship matches without adding ?other to the projected solutions.

RESULT VIEW EXPORTS
SELECT - 1 column - 3 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?name: xsd:string

Complete SPARQL query Actual RDFLib result

3 solution(s)
PREFIX ex: <https://example.org/lab/>

?name
SELECT ?name WHERE {
?person a ex:Researcher; ex:name ?name . "Ada"
FILTER EXISTS { ?person ex:knows ?other . }
} "Ben"
ORDER BY ?name
"Dani"

Clause or feature Meaning in this example

FILTER EXISTS Test an inner graph pattern using the current outer bindings.



SPQ-07-005

Find absence with NOT EXISTS

Cora is the only researcher with no outgoing ex:knows triple in this local graph. This is a query over recorded facts, not proof that Cora knows nobody.

Compare with SPQ-07-004.

RESULT VIEW EXPORTS
SELECT - 1 column - 1 solution Table SPARQL JSON, CSV, TSV

Returned bindings: ?name: xsd:string

Complete SPARQL query Actual RDFLib result

1 solution(s)
PREFIX ex: <https://example.org/lab/>

?name
SELECT ?name WHERE {
?person a ex:Researcher; ex:name ?name .
FILTER NOT EXISTS { ?person ex:knows ?other . }
}
ORDER BY ?name

"Cora"

Clause or feature Meaning in this example

FILTER NOT EXISTS Keep an outer solution when its correlated pattern has no match.



SPQ-07-006

Subtract compatible solutions with MINUS

The patterns share ?person, so people with email triples are removed. MINUS and NOT EXISTS are not general replacements for one another, especially when their

patterns share no variables.

RESULT

SELECT - 1 column - 2 solutions

Returned bindings: ?name: xsd:string

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {

?person a ex:Researcher; ex:name ?name .

MINUS { ?person ex:email ?email . }

3
ORDER BY ?name

Clause or feature

MINUS

VIEW
Table

Actual RDFLib result
2 solution(s)

?name
"Ben"

"Dani"

Meaning in this example

Remove solutions compatible with an inner solution on shared variables.

EXPORTS
SPARQL JSON, CSV, TSV
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08 - Property paths

Property paths describe connections through predicates. A sequence follows two edges; an inverse reverses direction. Repetition describes
reachability, including the start node for zero-length paths. It does not report a route or a distance.

SPQ-08-001

Follow a two-edge sequence

Starting from each person, follow a worked-on project and then its lead. Ada works on two projects and therefore reaches two leads, including herself.

RESULT VIEW EXPORTS
SELECT - 2 columns - 5 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?name: xsd:string - ?leadName: xsd:string

Complete SPARQL query Actual RDFLib result

5 solution(s)
PREFIX ex: <https://example.org/lab/>

?name ?leadName
SELECT ?name ?leadName WHERE {
?person ex:name ?name; "Ada" "Ada"
ex:worksOn/ex:lead ?lead .
?lead ex:name ?leadName . "Ada" "Ben"
}
ORDER BY ?name ?leadName "Ben" "Ada"
"Cora" "Cora"
"Dani" "Cora"
Clause or feature Meaning in this example

ex:worksOn/ex:lead Compose the two predicates through an intermediate node.



SPQ-08-002

Traverse a predicate in reverse

ex:lead points from a project to its lead. The inverse path starts at Ada and finds a project whose lead is Ada.

RESULT
SELECT - 1 column - 1 solution

Returned bindings: ?project: IRI

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?project WHERE {
ex:ada “ex:lead ?project .

}
ORDER BY ?project

Clause or feature

*ex:lead

VIEW
Table

Actual RDFLib result
1 solution(s)

?project

ex:atlas

Meaning in this example

Reverse the direction in which a predicate is matched.

EXPORTS
SPARQL JSON, CSV, TSV
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SPQ-08-003

Choose either of two path expressions

From Atlas, follow its lead or an inverse worksOn edge. Ada can be reached both ways; DISTINCT retains one binding per reached person.

RESULT
SELECT - 1 column - 2 solutions

Returned bindings: ?person: IRI

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT DISTINCT ?person WHERE {

ex:atlas (ex:lead|”ex:worksOn) ?person .

}
ORDER BY ?person

Clause or feature

Alternative path

VIEW
Table

Actual RDFLib result
2 solution(s)

?person
ex:ada

ex:ben

Meaning in this example

The vertical bar accepts either path expression.

EXPORTS
SPARQL JSON, CSV, TSV
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SPQ-08-004

Follow one or more relationships

Ada reaches Ben in one hop and Cora in two. The plus path excludes a zero-hop match to Ada herself; this fixture has no cycle returning to Ada.

RESULT
SELECT - 1 column - 2 solutions

Returned bindings: ?person: IRI

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?person WHERE {
ex:ada ex:knows+ ?person .

}
ORDER BY ?person

Clause or feature

ex:knows+

VIEW EXPORTS
Table SPARQL JSON, CSV, TSV

Actual RDFLib result
2 solution(s)

?person
ex:ben

ex:cora

Meaning in this example

Match one or more edges, returning reachable endpoints rather than routes.
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SPQ-08-005

Include the zero-length match

The star path adds Ada to the reachable endpoints because zero edges are allowed. The result does not imply that a self-relationship triple is stored.

Compare with SPQ-08-004.

RESULT VIEW EXPORTS
SELECT - 1 column - 3 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?person: IRI

Complete SPARQL query Actual RDFLib result

3 solution(s)
PREFIX ex: <https://example.org/lab/>

?person
SELECT ?person WHERE {
ex:ada ex:knows* ?person . ex:ada
}
ORDER BY ?person ex:ben
ex:cora
Clause or feature Meaning in this example

ex:knows* Match zero or more edges, including the start node.



SPQ-08-006

Allow at most one edge

The question-mark path allows zero or one edge. It includes Ada and her direct contact Ben, but not the two-hop endpoint Cora.

Compare with SPQ-08-005.

RESULT
SELECT - 1 column - 2 solutions

Returned bindings: ?person: IRI

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?person WHERE {
ex:ada ex:knows? ?person .

}

ORDER BY ?person

Clause or feature

ex:knows?

VIEW
Table

Actual RDFLib result
2 solution(s)

?person
ex:ada

ex:ben

Meaning in this example

Match either a zero-length path or one predicate edge.

EXPORTS
SPARQL JSON, CSV, TSV
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09 - Aggregates and groups

Aggregates summarize solution mappings. Joins can multiply those mappings, so inspect the matched pattern before interpreting a count. GROUP
BY creates groups; HAVING filters groups after aggregation. A projected non-aggregate variable must be valid for the grouping.

SPQ-09-001

Count explicitly typed researchers

One type triple matches each researcher. COUNT(*) counts those four solutions, independent of how many other triples each person has.

RESULT
SELECT - 1 column - 1 solution

Returned bindings: ?count: xsd:integer

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT (COUNT(*) AS ?count) WHERE {
?person a ex:Researcher .

3

Clause or feature

COUNT (%)

VIEW EXPORTS
Table SPARQL JSON, CSV, TSV

Actual RDFLib result
1 solution(s)

?count

"4"~rxsd:integer

Meaning in this example

Count all solutions matched by the group pattern.
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SPQ-09-002

Compare solution count with bound-value count

OPTIONAL retains four solutions, but only two bind ?email. COUNT(?email) ignores unbound variables; it does not count a missing email as a value.

RESULT VIEW EXPORTS
SELECT - 2 columns - 1 solution Table SPARQL JSON, CSV, TSV

Returned bindings: ?people: xsd:integer - ?emails: xsd:integer

Complete SPARQL query Actual RDFLib result

1 solution(s)
PREFIX ex: <https://example.org/lab/>

?people ?emails
SELECT (COUNT(x) AS ?people) (COUNT(?email) AS ?emails) WHERE { peop
?person a ex:Researcher . g4 anysd: integer npuasxsd:integer
OPTIONAL { ?person ex:email ?email . }
}
Clause or feature Meaning in this example

COUNT(?email) Count bound expression values rather than every solution.



SPQ-09-003

Count researchers in each lab

GROUP BY partitions the four matched people by lab IRI. Each lab has two explicitly typed researchers.

RESULT

SELECT - 2 columns - 2 solutions

Returned bindings: ?lab: IRI - ?count: xsd:integer

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?lab (COUNT(?person) AS ?count) WHERE {
?person a ex:Researcher; ex:lab ?lab .

}

GROUP BY ?1lab

ORDER BY ?lab

Clause or feature

GROUP BY ?lab

VIEW
Table

Actual RDFLib result
2 solution(s)

?lab
ex:north

ex:south

Meaning in this example

Create one aggregate group for each lab binding.

EXPORTS
SPARQL JSON, CSV, TSV

?count
"2"Arxsd:integer

"2"**xsd:integer
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SPQ-09-004

Sum project budgets

The fixture stores one budget per project. Their values 1000, 2500 and 1500 sum to 5000 teaching units. Joining titles first would duplicate Atlas because it has two
titles.

RESULT VIEW EXPORTS
SELECT - 1 column - 1 solution Table SPARQL JSON, CSV, TSV

Returned bindings: ?total: xsd:integer

Complete SPARQL query Actual RDFLib result

1 solution(s)
PREFIX ex: <https://example.org/lab/>

?total
SELECT (SUM(?budget) AS ?total) WHERE {
?project a ex:Project; ex:budget ?budget .

3

"5000"*"xsd:integer

Clause or feature Meaning in this example

SUM(?budget) Add numeric values over the actual matched solutions.
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SPQ-09-005

Find the minimum and maximum age

MIN and MAX summarize the integer values. They return values, not the people associated with those values; join a subquery when the resource is also needed.

RESULT VIEW
SELECT - 2 columns - 1 solution Table

Returned bindings: ?youngest: xsd:integer - ?oldest: xsd:integer

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>
SELECT (MIN(?age) AS ?youngest) (MAX(?age) AS ?oldest) WHERE {

?person a ex:Researcher; ex:age ?age .

3

Clause or feature Meaning in this example

Actual RDFLib result
1 solution(s)

?youngest

"28"**xsd:integer

MIN / MAX Return the smallest and largest values in the group.

EXPORTS
SPARQL JSON, CSV, TSV

?oldest

"42"**xsd:integer
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SPQ-09-006

Filter completed groups with HAVING

Ada has two distinct worked-on projects. The other people have one each. HAVING tests the aggregate after grouping by person and name.

RESULT VIEW EXPORTS
SELECT - 2 columns - 1 solution Table SPARQL JSON, CSV, TSV

Returned bindings: ?name: xsd:string - ?projects: xsd:integer

Complete SPARQL query Actual RDFLib result

1 solution(s)
PREFIX ex: <https://example.org/lab/>

SELECT ?name (COUNT(?project) AS ?projects) WHERE { ?name ?projects
?person ex:name ?name; ex:worksOn ?project . "Ada"

}

GROUP BY ?person ?name

HAVING(COUNT(?project) >= 2)

ORDER BY ?name

"2"~rxsd:integer

Clause or feature Meaning in this example

HAVING Filter aggregate groups; FILTER would instead operate on individual pre-group solutions.



10 - Query forms and subqueries

SELECT returns bindings, ASK returns a boolean, and CONSTRUCT creates an RDF graph as its result. Constructing a result graph does not insert
triples into the input. A subquery exposes its projected variables to the outer query; it is not a correlated SQL subquery.

SPQ-10-001

Ask whether a matching triple exists

ASK returns true when the graph pattern has at least one solution. It does not return a row for each match.

RESULT VIEW EXPORTS
ASK - boolean true Boolean SPARQL JSON
Complete SPARQL query Actual RDFLib result
true

PREFIX ex: <https://example.org/lab/>

ASK WHERE {
ex:atlas ex:lead ex:ada .

3

Clause or feature Meaning in this example

ASK Return one boolean for the existence of any matching solution.
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SPQ-10-002

Ask about a pattern with no match

The dataset has no project led by Dani. ASK returns false for this pattern in this dataset; that result is not a universal claim about Dani.

RESULT VIEW EXPORTS
ASK - boolean false Boolean SPARQL JSON
Complete SPARQL query Actual RDFLib result
false

PREFIX ex: <https://example.org/lab/>

ASK WHERE {
?project a ex:Project; ex:lead ex:dani .

3

Clause or feature Meaning in this example

false The supplied graph pattern has no solution in the selected dataset.



SPQ-10-003

Construct a reverse relationship

Each project-to-lead match fills a new lead-to-project triple. The ex:leads predicate belongs to the constructed output; the input dataset remains unchanged.

RESULT VIEW
CONSTRUCT - RDF graph - 3 triples RDF triples

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

CONSTRUCT { ?person ex:leads ?project . }
WHERE { ?project a ex:Project; ex:lead ?person . }

Clause or feature Meaning in this example

EXPORTS
Turtle

Actual RDFLib result

3 triples

ex:ada ex:leads ex:atlas .
ex:ben ex:leads ex:beacon .
ex:cora ex:leads ex:cedar

CONSTRUCT template Fill a triple template for each solution and return the resulting RDF graph.
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SPQ-10-004

Construct only active-project relationships

The boolean true matches Atlas and Cedar. Beacon is inactive and contributes no constructed triple. An RDF graph is a set of triples, unlike a SELECT sequence that
can retain duplicate rows.

Compare with SPQ-10-003.

RESULT VIEW EXPORTS
CONSTRUCT - RDF graph - 2 triples RDF triples Turtle
Complete SPARQL query Actual RDFLib result
2 triples
PREFIX ex: <https://example.org/lab/>
CONSTRUCT { ?person ex:leads ?project . } ex:ada ex:leads ex:atlas .
WHERE { ex:cora ex:leads ex:cedar

?project a ex:Project; ex:lead ?person;
ex:active true .

Clause or feature Meaning in this example

ex:active true Restrict the template-filling solutions before constructing the output graph.



SPQ-10-005

Join the maximum budget back to its project

The subquery exports one ?budget binding. The outer query matches the project with that budget, its English title and its lead's name. Equal maximum budgets
could produce several projects.

RESULT VIEW EXPORTS
SELECT - 3 columns - 1 solution Table SPARQL JSON, CSV, TSV

Returned bindings: ?name: xsd:string - ?title: text@en - ?budget: xsd:integer

Complete SPARQL query Actual RDFLib result

1 solution(s)
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?title ?budget WHERE { (O e oL
{ SELECT (MAX(?value) AS ?budget) WHERE { "Ben" "Forest Survey"@en "2500"~*xsd:integer
?project a ex:Project; ex:budget ?value .
T3
?project ex:budget ?budget; ex:lead ?lead; ex:title ?title .
?lead ex:name ?name .
FILTER(LANG(?title) = "en")
3
ORDER BY 7?name ?title
Clause or feature Meaning in this example
Subquery projection Only ?budget is exported from the inner SELECT; its ?project variable is not exported.
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SPQ-10-006

Compare each age with the overall average

The inner aggregate exports the average age, 34.25. The outer patterns bind each person's own age and retain Ada and Cora above that average.

RESULT VIEW EXPORTS
SELECT - 2 columns - 2 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?name: xsd:string - ?age: xsd:integer

Complete SPARQL query Actual RDFLib result

2 solution(s)
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?age WHERE { ?name ?age
{ SELECT (AVG(?value) AS ?average) WHERE { "Ada” 1369~ rxsd: integer
?researcher a ex:Researcher; ex:age ?value .
T3 "Cora" "42"**xsd:integer

?person a ex:Researcher; ex:name ?name; ex:age ?age .
FILTER(?age > ?average)

}

ORDER BY ?name

Clause or feature Meaning in this example

?average Join an aggregate subquery result to each outer solution.



11 - Default and named graphs

The TriG file contains a default graph and two named review graphs. This runner does not union named graphs into the default graph. A graph

name identifies the graph being matched; it does not by itself prove provenance, trust or a timestamp.

SPQ-11-001

Query the default graph only

Scores are stored only in named graphs. A bare triple pattern searches this dataset's default graph, where no score triple is present.

RESULT VIEW EXPORTS
SELECT - 2 columns - 0 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?project: no values returned - ?score: no values returned

Complete SPARQL query Actual RDFLib result

0 solution(s)
PREFIX ex: <https://example.org/lab/>

?project ?score
SELECT ?project ?score WHERE { proj
?project ex:score ?score .

}
ORDER BY ?project

No matching solutions.

Clause or feature Meaning in this example

Default graph Without GRAPH, match the active default graph; this runner sets default_union=False.
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SPQ-11-002

Choose one named graph

GRAPH changes the active graph for its enclosed pattern. The Atlas score in the 2024 review graph is 4.

RESULT
SELECT - 1 column - 1 solution

Returned bindings: ?score: xsd:integer

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?score WHERE {

GRAPH ex:reviews2024 { ex:atlas ex:score ?score .

3

Clause or feature

GRAPH ex:reviews2024

VIEW
Table

Actual RDFLib result
1 solution(s)

?score

"4"~rxsd:integer

Meaning in this example

Match this pattern in the explicitly named graph.

EXPORTS
SPARQL JSON, CSV, TSV
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SPQ-11-003

Return the matching graph name

A graph variable enumerates named graphs that match the enclosed pattern. Atlas has a different score in each review snapshot.

RESULT VIEW EXPORTS
SELECT - 2 columns - 2 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?graph: IRI - ?score: xsd:integer

Complete SPARQL query Actual RDFLib result

2 solution(s)
PREFIX ex: <https://example.org/lab/>

?graph ?score
SELECT ?graph ?score WHERE { grap
GRAPH ?graph { ex:atlas ex:score ?score . } ex: reviews2024 g anysd: integer
}
ORDER BY ?graph ex:reviews2025 "5"**xsd:integer
Clause or feature Meaning in this example
GRAPH ?graph Bind the name of each named graph supplying a match.
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SPQ-11-004

Restrict graph selection with VALUES

VALUES chooses the later review graph before the GRAPH pattern runs. Only Atlas and Cedar have scores there.

RESULT VIEW
SELECT - 2 columns - 2 solutions Table

Returned bindings: ?project: IRI - ?score: xsd:integer

Complete SPARQL query Actual RDFLib result

2 solution(s)
PREFIX ex: <https://example.org/lab/>

?project
SELECT ?project ?score WHERE { proj
VALUES ?graph { ex:reviews2025 } ex:atlas
GRAPH ?graph { ?project ex:score ?score . }
3 ex:cedar
ORDER BY ?project
Clause or feature Meaning in this example
VALUES + GRAPH Join allowed graph names with graph-pattern matches.

EXPORTS
SPARQL JSON, CSV, TSV

?score
"5"~rxsd:integer

"3"~rxsd:integer
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SPQ-11-005

Join default metadata to a named review graph

The project title is read from the default graph, while its status is read from the 2024 named graph. The shared ?project IRI joins those two sources.

RESULT VIEW
SELECT - 2 columns - 2 solutions Table

Returned bindings: ?title: text@en - ?status: xsd:string

Complete SPARQL query

PREFIX ex: <https://example.org/lab/>

SELECT ?title ?status WHERE {
?project a ex:Project; ex:title ?title .
FILTER(LANG(?title) = "en")
GRAPH ex:reviews2024 { ?project ex:status ?status . }

}
ORDER BY ?project

Clause or feature Meaning in this example

Actual RDFLib result
2 solution(s)

?title
"River Atlas"@en

"Forest Survey"@en

EXPORTS
SPARQL JSON, CSV, TSV

?status
"reviewed"

"draft"

?project Join bindings across graph scopes while keeping each pattern's active graph explicit.
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SPQ-11-006

Aggregate independently per named graph

Each review graph contains two score triples. Grouping by graph keeps the snapshots separate rather than combining their scores.

RESULT VIEW
SELECT - 2 columns - 2 solutions Table

Returned bindings: ?graph: IRI - ?reviews: xsd:integer

Complete SPARQL query Actual RDFLib result

2 solution(s)
PREFIX ex: <https://example.org/lab/>

SELECT ?graph (COUNT(?project) AS ?reviews) WHERE { el
GRAPH ?graph { ?project ex:score ?score . }

}

GROUP BY ?graph ex:reviews2025

ORDER BY ?graph

ex:reviews2024

Clause or feature Meaning in this example

GROUP BY ?graph Aggregate the matches separately for each named graph.

EXPORTS
SPARQL JSON, CSV, TSV

?reviews
"2"rrxsd:integer

"2"**xsd:integer

73



12 - Local SPARQL Update

Each update starts from a fresh copy of lab.trig in memory. The displayed inspection query runs immediately afterward against that same copy. An
update request and its inspection query are separate programs; examples never accumulate state or contact a remote endpoint.

SPQ-12-001

Insert one concrete triple

INSERT DATA adds an explicit nickname triple to the default graph. The inspection query confirms its value; the source TriG file is never rewritten.

RESULT VIEW EXPORTS
UPDATE — SELECT - 1 column - 1 solution (inspection) Table SPARQL JSON, CsV, TsV

Returned bindings: ?nickname: xsd:string

SPARQL update Result after the update

1 solution(s)
PREFIX ex: <https://example.org/lab/>

) ?nickname
INSERT DATA { ex:ada ex:nickname "A" . }
A

Query used to inspect the update

PREFIX ex: <https://example.org/lab/>

SELECT ?nickname WHERE { ex:ada ex:nickname ?nickname . }
Clause or feature Meaning in this example

INSERT DATA Insert the stated concrete triples into the default graph.
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SPQ-12-002

Delete one concrete triple

DELETE DATA removes only the water keyword from Atlas. Its other keyword, maps, remains available to the inspection query.

RESULT VIEW EXPORTS
UPDATE — SELECT - 1 column - 1 solution (inspection) Table SPARQL JSON, CSV, TsV

Returned bindings: ?keyword: xsd:string

SPARQL update Result after the update

1 solution(s)
PREFIX ex: <https://example.org/lab/>

?keywor
DELETE DATA { ex:atlas ex:keyword "water" . } AT
"maps"
Query used to inspect the update
PREFIX ex: <https://example.org/lab/>
SELECT ?keyword WHERE { ex:atlas ex:keyword ?keyword . }
ORDER BY ?keyword
Clause or feature Meaning in this example
DELETE DATA Delete the exact stated triple, leaving other values of the predicate alone.
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SPQ-12-003

Replace a value using a matched binding

The WHERE pattern binds Atlas's old budget. BIND computes 1200, then the request deletes the old triple and inserts the new one using those bindings.

RESULT VIEW EXPORTS
UPDATE — SELECT - 1 column - 1 solution (inspection) Table SPARQL JSON, CSV, TsV

Returned bindings: ?budget: xsd:integer

SPARQL update Result after the update

1 solution(s)
PREFIX ex: <https://example.org/lab/>

DELETE { ex:atlas ex:budget ?old . } clate s
INSERT { ex:atlas ex:budget ?new . }
WHERE {
ex:atlas ex:budget ?o0ld .
BIND(?0ld + 200 AS ?new)
}

"1200"**xsd:integer

Query used to inspect the update

PREFIX ex: <https://example.org/lab/>

SELECT ?budget WHERE { ex:atlas ex:budget ?budget . }

Clause or feature Meaning in this example

DELETE / INSERT / WHERE Use the WHERE solutions to instantiate both the deletion and insertion templates.



SPQ-12-004

Delete all matching values of one predicate

DELETE WHERE uses its pattern as the deletion template. Removing Beacon's active triple does not insert an opposite boolean; the inspection ASK finds no active

value at all.

RESULT
UPDATE — ASK : boolean false (inspection)

SPARQL update

PREFIX ex: <https://example.org/lab/>

DELETE WHERE { ex:beacon ex:active ?value . }

Query used to inspect the update

PREFIX ex: <https://example.org/lab/>

ASK WHERE { ex:beacon ex:active ?value . }

Clause or feature

DELETE WHERE

VIEW EXPORTS
Boolean SPARQL JSON

Result after the update

false

Meaning in this example

Delete the triples matched by this pattern, whatever their object values.
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SPQ-12-005

Insert triples derived from a query

The request adds an explicit age-band flag for Ada and Cora, who satisfy age >= 35. A derived triple is stored only because this is INSERT, unlike an earlier BIND in
SELECT.

RESULT VIEW EXPORTS
UPDATE — SELECT - 1 column - 2 solutions (inspection) Table SPARQL JSON, CSV, TSV

Returned bindings: ?person: IRI

SPARQL update Result after the update

2 solution(s)
PREFIX ex: <https://example.org/lab/>

?person
INSERT { ?person ex:age35plus true . } P
WHERE { ex:ada
?person a ex:Researcher; ex:age ?7age .
FILTER(?age >= 35) ex:cora
}
Query used to inspect the update
PREFIX ex: <https://example.org/lab/>
SELECT ?person WHERE { ?person ex:age35plus true . }
ORDER BY ?person
Clause or feature Meaning in this example
INSERT ... WHERE Insert template triples for every matched solution.
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SPQ-12-006

Update a nhamed graph with WITH

WITH selects the named graph used by the unqualified DELETE, INSERT and WHERE patterns in this request. Atlas's 2024 status becomes accepted; its score and
the 2025 graph remain untouched.

RESULT VIEW EXPORTS
UPDATE — SELECT - 1 column - 1 solution (inspection) Table SPARQL JSON, CSV, TSV

Returned bindings: ?status: xsd:string

SPARQL update Result after the update

1 solution(s)
PREFIX ex: <https://example.org/lab/>

. ?status
WITH ex:reviews2024
DELETE { ex:atlas ex:status ?o0ld . }
INSERT { ex:atlas ex:status "accepted" . }
WHERE { ex:atlas ex:status ?old . }

"accepted"

Query used to inspect the update

PREFIX ex: <https://example.org/lab/>

SELECT ?status WHERE {
GRAPH ex:reviews2024 { ex:atlas ex:status ?status . }

3

Clause or feature Meaning in this example

WITH Choose the graph for the unqualified templates and WHERE pattern in this request.



13 - Result views and Wikidata

An answer has three separate descriptions: its SPARQL result type, a view of that result, and a file format for exporting it. SELECT supplies

bindings; ASK supplies a boolean; CONSTRUCT supplies an RDF graph. UPDATE changes a graph store, and this tour records the answer to its
subsequent inspection query.

The Result / View / Exports strip on every example reports the actual result shape. Returned bindings list their observed RDF types, including
unbound variables. An empty result has a known column list but no observed value types.

View Required bindings Reading task

Table Any projected variables Inspect exact values, types and missing bindings.

BarChart A category and a numeric literal Compare magnitudes; the example starts its value scale at zero.
Graph  Source and target IRIs, with labels Follow directed relationships without turning SELECT into CONSTRUCT.
Timeline A label and an xsd:dateTime literal Place events on a time axis.

Map A label and geo:wktLiteral POINT(longitude latitude) Locate coordinates; longitude comes first.

Four pairs below use identical local bindings in two views. Their query texts only differ in the #defaultview: comment. The query engine treats that

line as a comment. The tour's view metadata selects the local SVG rendering. Mapping tables state which projected variable supplies each visual
role.

The local map is a WGS84 longitude/latitude coordinate plot with a graticule. Its two example lab locations are invented bindings supplied by
VALUES. The Wikidata Map counterpart displays real city coordinates on the WDQS basemap. The other local views also render entirely from
captured bindings and work offline.

Each pair includes complete counterparts for the Wikidata Query Service. They query a few explicit Wikidata entities: country populations, capitals,
birth dates, or city coordinates. These use live Wikidata data when you run them. The local figures and expected results are based on the bundled
teaching data. The language filters select English labels without a label-service call.

In WDQS, #defaultView:BarChart, #defaultView:Graph, #defaultView: Timeline and #defaultView:Map select interface views. WDQS recognizes item IRIs,
numeric/date types and geographic literals, then maps their returned columns to visual roles. For charts, column order matters; check the projected

labels and numbers. Graph displays link the first item to following items in a row. ImageGrid, an additional WDQS view, needs recognized Commons
image values. Consult the WDQS result-view reference for its mappings and options.
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SPQ-13-001

Count researchers as a table

Read each category and its exact integer count. The live Wikidata counterpart returns country labels and population numbers.

RESULT VIEW EXPORTS
SELECT - 2 columns - 2 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?lablLabel: xsd:string - ?count: xsd:integer

Complete SPARQL query Actual RDFLib result

2 solution(s)
#defaultView: Table

PREFIX ex: <https://example.org/lab/>

?labLabel ?count
SELECT ?labLabel (COUNT(?person) AS ?count) WHERE {
?person a ex:Researcher; ex:lab ?lab . "North" npuanysd: integer
?lab ex:label ?lablLabel .
b "South" "2"7rxsd:integer

GROUP BY ?lab ?lablLabel
ORDER BY ?lablLabel

Local query and view

Clause or feature Meaning in this example
#defaultView: Table A WDQS interface hint carried in a SPARQL comment; result bindings are unchanged by the comment.
Table Keep the complete variable bindings visible before selecting another view.
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SPQ-13-001 - Wikidata counterpart

Runs against live Wikidata data. The local preview uses the bundled research dataset. Inspect the returned bindings when running the live query.

Open in Wikidata Query Service - Download Wikidata query

Complete Wikidata counterpart

#defaultView:Table

PREFIX wd: <http://www.wikidata.org/entity/>

PREFIX wdt: <http://www.wikidata.org/prop/direct/>

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

SELECT ?countrylLabel ?population WHERE {
VALUES ?country { wd:Q183 wd:Q142 wd:Q38 }
?country wdt:P1082 ?population; rdfs:label ?countrylLabel .
FILTER(LANG(?countrylLabel) = "en")

}

ORDER BY ?countrylLabel
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SPQ-13-002

Compare the two lab counts as a bar chart

The same two counts become bars. The category is ?labLabel and bar length is ?count; neither the grouping nor the result bindings changes.

Compare with SPQ-13-001.

RESULT
SELECT - 2 columns - 2 solutions

Returned bindings: ?lablLabel: xsd:string - ?count: xsd:integer

Complete SPARQL query

#defaultView:BarChart

PREFIX ex: <https://example.org/lab/>

SELECT ?labLabel (COUNT(?person) AS ?count) WHERE {
?person a ex:Researcher; ex:lab ?lab .
?lab ex:label ?lablLabel .

3

GROUP BY ?lab ?lablLabel

ORDER BY ?lablLabel

Local query and view

VIEW EXPORTS
Bar chart SPARQL JSON, CSV, TSV

Actual RDFLib result
North

South

0 0.5 1 1.5 2

Bar chart - rendered from the returned bindings

Clause or feature Meaning in this example

#defaultView:BarChart A WDQS interface hint carried in a SPARQL comment; result bindings are unchanged by the comment.
category ?labLabel supplies this visual role.

value ?count supplies this visual role.
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SPQ-13-002 - Wikidata counterpart
Runs against live Wikidata data. The local preview uses the bundled research dataset. Inspect the returned bindings when running the live query.
WDQS view mapping: category — ?countrylabel (text) - value — ?population (numeric literal)

Open in Wikidata Query Service - Download Wikidata query

Complete Wikidata counterpart

#defaultView:BarChart

PREFIX wd: <http://www.wikidata.org/entity/>

PREFIX wdt: <http://www.wikidata.org/prop/direct/>

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

SELECT ?countrylLabel ?population WHERE {
VALUES ?country { wd:Q183 wd:Q142 wd:Q38 }
?country wdt:P1082 ?population; rdfs:label ?countrylLabel .
FILTER(LANG(?countrylLabel) = "en")

3

ORDER BY ?countryLabel


https://query.wikidata.org/#%23defaultView%3ABarChart%0APREFIX%20wd%3A%20%3Chttp%3A%2F%2Fwww.wikidata.org%2Fentity%2F%3E%0APREFIX%20wdt%3A%20%3Chttp%3A%2F%2Fwww.wikidata.org%2Fprop%2Fdirect%2F%3E%0APREFIX%20rdfs%3A%20%3Chttp%3A%2F%2Fwww.w3.org%2F2000%2F01%2Frdf-schema%23%3E%0ASELECT%20%3FcountryLabel%20%3Fpopulation%20WHERE%20%7B%0A%20%20VALUES%20%3Fcountry%20%7B%20wd%3AQ183%20wd%3AQ142%20wd%3AQ38%20%7D%0A%20%20%3Fcountry%20wdt%3AP1082%20%3Fpopulation%3B%20rdfs%3Alabel%20%3FcountryLabel%20.%0A%20%20FILTER%28LANG%28%3FcountryLabel%29%20%3D%20%22en%22%29%0A%7D%0AORDER%20BY%20%3FcountryLabel%0A

SPQ-13-003

Read worked-on projects as a table

Each row connects one person IRI to one project IRI and supplies labels for both. The Wikidata counterpart connects countries to their capitals.

RESULT VIEW
SELECT - 4 columns - 5 solutions Table

Returned bindings: ?person: IRI - ?personlLabel: xsd:string - ?project: IRI - ?projectLabel: text@en

Complete SPARQL query

5 solution(s)

#defaultView: Table
PREFIX ex: <https://example.org/lab/>

?person ?personLabel ?project

SELECT ?person ?personlLabel ?project ?projectLabel WHERE { P P proj

?person ex:name ?personLabel; ex:worksOn ?project . ex:ada "Ada" ex:atlas
?project ex:title ?projectLabel
FILTER(LANG(?projectLabel) = "en") ex:ada "Ada" ex:beacon

}

ORDER BY ?person ?project ex:ben "Ben" ex:atlas
ex:cora "Cora" ex:cedar
ex:dani "Dani" ex:cedar

Local query and view

Clause or feature Meaning in this example

#defaultView:Table A WDQS interface hint carried in a SPARQL comment; result bindings are unchanged by the comment.
Table Keep the complete variable bindings visible before selecting another view.

Actual RDFLib result

EXPORTS

SPARQL JSON, CSV, TSV

?projectLabel
"River Atlas"@en
"Forest Survey'"@en
"River Atlas"@en
"Coastal Map"@en

"Coastal Map"@en
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SPQ-13-003 - Wikidata counterpart

Runs against live Wikidata data. The local preview uses the bundled research dataset. Inspect the returned bindings when running the live query.

Open in Wikidata Query Service - Download Wikidata query

Complete Wikidata counterpart

#defaultView:Table

PREFIX wd: <http://www.wikidata.org/entity/>

PREFIX wdt: <http://www.wikidata.org/prop/direct/>

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

SELECT ?country ?countrylLabel ?capital ?capitallLabel WHERE {
VALUES ?country { wd:Q183 wd:Q142 wd:Q38 }
?country wdt:P36 ?capital; rdfs:label ?countrylLabel
?capital rdfs:label ?capitallabel
FILTER(LANG(?countrylLabel) = "en" && LANG(?capitallLabel) = "en")

}

ORDER BY ?country ?capital
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SPQ-13-004

Follow the same relationships as a network

The first resource is the arrow source and the second is its target. This is still a SELECT result; the network is a view over its rows.

Compare with SPQ-13-003.

RESULT VIEW
SELECT - 4 columns - 5 solutions Network

Returned bindings: ?person: IRI - ?personlLabel: xsd:string - ?project: IRI - ?projectLabel: text@en

Complete SPARQL query

#defaultView:Graph

PREFIX ex: <https://example.org/lab/>

SELECT ?person ?personLabel ?project ?projectlLabel WHERE {
?person ex:name ?personLabel; ex:worksOn ?project .
?project ex:title ?projectLabel .
FILTER(LANG(?projectLabel) = "en")

3

ORDER BY ?person ?project

Local query and view

EXPORTS
SPARQL JSON, CSV, TSV

Actual RDFLib result

Ada River Atlas \

Ben

Forest Survey \

Cora

Dani

Coastal Map \

Network - rendered from the returned bindings

Clause or feature Meaning in this example

#defaultView:Graph A WDQS interface hint carried in a SPARQL comment; result bindings are unchanged by the comment.
source ?person supplies this visual role.

sourceLabel ?personLabel supplies this visual role.

target ?project supplies this visual role.

targetlLabel ?projectLabel supplies this visual role.
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SPQ-13-004 - Wikidata counterpart

Runs against live Wikidata data. The local preview uses the bundled research dataset. Inspect the returned bindings when running the live query.
WDQS view mapping: source — ?country (Wikidata item IRI) - sourceLabel — ?countryLabel (text) - target — ?capital (Wikidata item IRI) - targetLabel — ?capitallabel (text)

Open in Wikidata Query Service - Download Wikidata query

Complete Wikidata counterpart

#defaultView:Graph

PREFIX wd: <http://www.wikidata.org/entity/>

PREFIX wdt: <http://www.wikidata.org/prop/direct/>

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

SELECT ?country ?countrylLabel ?capital ?capitallabel WHERE {
VALUES ?country { wd:Q183 wd:Q142 wd:Q38 }
?country wdt:P36 ?capital; rdfs:label ?countrylLabel .
?capital rdfs:label ?capitallabel .
FILTER(LANG(?countryLabel) = "en" && LANG(?capitallLabel) = "en")

3

ORDER BY ?country ?capital
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https://query.wikidata.org/#%23defaultView%3AGraph%0APREFIX%20wd%3A%20%3Chttp%3A%2F%2Fwww.wikidata.org%2Fentity%2F%3E%0APREFIX%20wdt%3A%20%3Chttp%3A%2F%2Fwww.wikidata.org%2Fprop%2Fdirect%2F%3E%0APREFIX%20rdfs%3A%20%3Chttp%3A%2F%2Fwww.w3.org%2F2000%2F01%2Frdf-schema%23%3E%0ASELECT%20%3Fcountry%20%3FcountryLabel%20%3Fcapital%20%3FcapitalLabel%20WHERE%20%7B%0A%20%20VALUES%20%3Fcountry%20%7B%20wd%3AQ183%20wd%3AQ142%20wd%3AQ38%20%7D%0A%20%20%3Fcountry%20wdt%3AP36%20%3Fcapital%3B%20rdfs%3Alabel%20%3FcountryLabel%20.%0A%20%20%3Fcapital%20rdfs%3Alabel%20%3FcapitalLabel%20.%0A%20%20FILTER%28LANG%28%3FcountryLabel%29%20%3D%20%22en%22%20%26%26%20LANG%28%3FcapitalLabel%29%20%3D%20%22en%22%29%0A%7D%0AORDER%20BY%20%3Fcountry%20%3Fcapital%0A

SPQ-13-005

Read project dates as a table

Keep full dateTime values beside the project labels before deciding how to draw them. The Wikidata counterpart reads the birth dates of Einstein and Curie.

RESULT VIEW EXPORTS
SELECT - 3 columns - 3 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?project: IRI - ?projectLabel: text@en - ?date: xsd:dateTime

Complete SPARQL query Actual RDFLib result

3 solution(s)
#defaultView: Table

PREFIX ex: <https://example.org/lab/>

?project ?projectLabel ?date
SELECT ?project ?projectLabel ?date WHERE { proj proj
?project a ex:Project; ex:title ?projectlLabel; . wpi " " _OA- o0 LN AA .
) ’ ex:atlas River Atlas"@en 2024-06-01T00:00:00+00:00"*"xsd:dateTime
ex:created ?date .
FILTER(LANG(?projectLabel) = "en") ex:beacon "Forest Survey"@en "2023-02-10T00:00:00+00:00"**xsd:dateTime
}
ORDER BY ?project ex:cedar "Coastal Map"@en "2025-03-20T00:00:00+00:00""*xsd:dateTime
Local query and view
Clause or feature Meaning in this example
#defaultView: Table A WDQS interface hint carried in a SPARQL comment; result bindings are unchanged by the comment.

Table Keep the complete variable bindings visible before selecting another view.



SPQ-13-005 - Wikidata counterpart

Runs against live Wikidata data. The local preview uses the bundled research dataset. Inspect the returned bindings when running the live query.

Open in Wikidata Query Service - Download Wikidata query

Complete Wikidata counterpart

#defaultView:Table
PREFIX wd: <http://www.wikidata.org/entity/>
PREFIX wdt: <http://www.wikidata.org/prop/direct/>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT ?person ?personLabel ?date WHERE {
VALUES ?person { wd:Q937 wd:Q7186 }
?person wdt:P569 ?date; rdfs:label ?personLabel .
FILTER(LANG(?personLabel) = "en")
}
ORDER BY ?date ?person
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https://query.wikidata.org/#%23defaultView%3ATable%0APREFIX%20wd%3A%20%3Chttp%3A%2F%2Fwww.wikidata.org%2Fentity%2F%3E%0APREFIX%20wdt%3A%20%3Chttp%3A%2F%2Fwww.wikidata.org%2Fprop%2Fdirect%2F%3E%0APREFIX%20rdfs%3A%20%3Chttp%3A%2F%2Fwww.w3.org%2F2000%2F01%2Frdf-schema%23%3E%0ASELECT%20%3Fperson%20%3FpersonLabel%20%3Fdate%20WHERE%20%7B%0A%20%20VALUES%20%3Fperson%20%7B%20wd%3AQ937%20wd%3AQ7186%20%7D%0A%20%20%3Fperson%20wdt%3AP569%20%3Fdate%3B%20rdfs%3Alabel%20%3FpersonLabel%20.%0A%20%20FILTER%28LANG%28%3FpersonLabel%29%20%3D%20%22en%22%29%0A%7D%0AORDER%20BY%20%3Fdate%20%3Fperson%0A

SPQ-13-006

Place the same dates on a timeline

Each date locates one project on a time axis. The numeric year alone would lose the month and day; this view uses the complete xsd:dateTime binding.

Compare with SPQ-13-005.

RESULT

SELECT - 3 columns - 3 solutions

Returned bindings: ?project: IRI - ?projectLabel: text@en -

Complete SPARQL query

#defaultView:Timeline

PREFIX ex: <https://example.org/lab/>

SELECT ?project ?projectLabel ?date WHERE {
?project a ex:Project; ex:title ?projectlLabel;

ex:created ?date .

FILTER(LANG(?projectLabel) = "en")

3

ORDER BY ?project

Local query and view
Clause or feature
#defaultView: Timeline
label

date

VIEW EXPORTS
Timeline SPARQL JSON, CSV, TSV

?date: xsd:dateTime

Actual RDFLib result

2024-06-01
River Atlas o
2023-02-10
Forest Survey @
2025-03-20
Coastal Map o
2023 2024 2025 2026

Timeline - rendered from the returned bindings

Meaning in this example
A WDQS interface hint carried in a SPARQL comment; result bindings are unchanged by the comment.
?projectLabel supplies this visual role.

?date supplies this visual role.
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SPQ-13-006 - Wikidata counterpart
Runs against live Wikidata data. The local preview uses the bundled research dataset. Inspect the returned bindings when running the live query.
WDQS view mapping: label — ?personLabel (text) - date — ?date (xsd:dateTime)

Open in Wikidata Query Service - Download Wikidata query

Complete Wikidata counterpart

#defaultView: Timeline
PREFIX wd: <http://www.wikidata.org/entity/>
PREFIX wdt: <http://www.wikidata.org/prop/direct/>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT ?person ?personLabel ?date WHERE {
VALUES ?person { wd:Q937 wd:Q7186 }
?person wdt:P569 ?date; rdfs:label ?personLabel .
FILTER(LANG(?personLabel) = "en")
3
ORDER BY ?date ?person
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https://query.wikidata.org/#%23defaultView%3ATimeline%0APREFIX%20wd%3A%20%3Chttp%3A%2F%2Fwww.wikidata.org%2Fentity%2F%3E%0APREFIX%20wdt%3A%20%3Chttp%3A%2F%2Fwww.wikidata.org%2Fprop%2Fdirect%2F%3E%0APREFIX%20rdfs%3A%20%3Chttp%3A%2F%2Fwww.w3.org%2F2000%2F01%2Frdf-schema%23%3E%0ASELECT%20%3Fperson%20%3FpersonLabel%20%3Fdate%20WHERE%20%7B%0A%20%20VALUES%20%3Fperson%20%7B%20wd%3AQ937%20wd%3AQ7186%20%7D%0A%20%20%3Fperson%20wdt%3AP569%20%3Fdate%3B%20rdfs%3Alabel%20%3FpersonLabel%20.%0A%20%20FILTER%28LANG%28%3FpersonLabel%29%20%3D%20%22en%22%29%0A%7D%0AORDER%20BY%20%3Fdate%20%3Fperson%0A

SPQ-13-007

Inspect geographic literals as a table

VALUES supplies two invented lab coordinates. The datatype is geo:wktLiteral; the point text lists longitude before latitude. The Wikidata counterpart reads city
coordinates.

RESULT VIEW EXPORTS
SELECT - 3 columns - 2 solutions Table SPARQL JSON, CSV, TSV

Returned bindings: ?lab: IRI - ?labLabel: xsd:string - ?coord: geo:wktLiteral

Complete SPARQL query Actual RDFLib result

2 solution(s)
#defaultView:Table

PREFIX ex: <https://example.org/lab/>
PREFIX geo: <http://www.opengis.net/ont/geosparql#>
SELECT ?lab ?lablLabel ?coord WHERE {
VALUES (?lab ?coord) {
(ex:north "Point(13.405 52.52)"**geo:wktLiteral) ex:south "South" "Point(7.099 50.737)"**geo:wktLiteral
(ex:south "Point(7.099 50.737)"**geo:wktLiteral)
}
?lab ex:label ?lablLabel .

?lab ?labLabel ?coord

ex:north "North" "Point(13.405 52.52)"**geo:wktLiteral

3
ORDER BY ?lab

Local query and view
Clause or feature Meaning in this example
#defaultView:Table A WDQS interface hint carried in a SPARQL comment; result bindings are unchanged by the comment.

Table Keep the complete variable bindings visible before selecting another view.



SPQ-13-007 - Wikidata counterpart

Runs against live Wikidata data. The local preview uses the bundled research dataset. Inspect the returned bindings when running the live query.

Open in Wikidata Query Service - Download Wikidata query

Complete Wikidata counterpart

#defaultView:Table
PREFIX wd: <http://www.wikidata.org/entity/>
PREFIX wdt: <http://www.wikidata.org/prop/direct/>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT ?place ?placelLabel ?coord WHERE {
VALUES ?place { wd:Q64 wd:Q90 wd:Q220 }
?place wdt:P625 ?coord; rdfs:label ?placelLabel .
FILTER(LANG(?placelLabel) = "en")
}
ORDER BY 7?place
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https://query.wikidata.org/#%23defaultView%3ATable%0APREFIX%20wd%3A%20%3Chttp%3A%2F%2Fwww.wikidata.org%2Fentity%2F%3E%0APREFIX%20wdt%3A%20%3Chttp%3A%2F%2Fwww.wikidata.org%2Fprop%2Fdirect%2F%3E%0APREFIX%20rdfs%3A%20%3Chttp%3A%2F%2Fwww.w3.org%2F2000%2F01%2Frdf-schema%23%3E%0ASELECT%20%3Fplace%20%3FplaceLabel%20%3Fcoord%20WHERE%20%7B%0A%20%20VALUES%20%3Fplace%20%7B%20wd%3AQ64%20wd%3AQ90%20wd%3AQ220%20%7D%0A%20%20%3Fplace%20wdt%3AP625%20%3Fcoord%3B%20rdfs%3Alabel%20%3FplaceLabel%20.%0A%20%20FILTER%28LANG%28%3FplaceLabel%29%20%3D%20%22en%22%29%0A%7D%0AORDER%20BY%20%3Fplace%0A

SPQ-13-008

Plot the same coordinates on a map

Plot the returned point bindings on a longitude/latitude graticule. This local coordinate map is available offline; WDQS supplies its own map background for the live

city query.
Compare with SPQ-13-007.

RESULT

SELECT - 3 columns - 2 solutions

Returned bindings: ?lab: IRI - ?labLabel: xsd:string - ?coord: geo:wktLiteral

Complete SPARQL query

#defaultView:Map
PREFIX ex: <https://example.org/lab/>
PREFIX geo: <http://www.opengis.net/ont/geosparql#>
SELECT ?lab ?labLabel ?coord WHERE {
VALUES (?1lab ?coord) {
(ex:north "Point(13.405 52.52)"**geo:wktLiteral)
(ex:south "Point(7.099 50.737)"**geo:wktLiteral)
}
?lab ex:label ?labLabel .
3
ORDER BY ?lab

Local query and view
Clause or feature

#defaultView:Map

VIEW EXPORTS

Coordinate map SPARQL JSON, CSV, TSV

Actual RDFLib result

540
52.75° S North
51.5°
South
o
50.25°
490
6° 8.25° 10.5° 12.75° 15°

Longitude / latitude - WGS84 - no basemap

Coordinate map - rendered from the returned bindings

Meaning in this example

A WDQS interface hint carried in a SPARQL comment; result bindings are unchanged by the comment.

label ?labLabel supplies this visual role.

coordinate ?coord supplies this visual role.
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SPQ-13-008 - Wikidata counterpart
Runs against live Wikidata data. The local preview uses the bundled research dataset. Inspect the returned bindings when running the live query.
WDQS view mapping: label — ?placeLabel (text) - coordinate — ?coord (geo:wktLiteral)

Open in Wikidata Query Service - Download Wikidata query

Complete Wikidata counterpart

#defaultView:Map
PREFIX wd: <http://www.wikidata.org/entity/>
PREFIX wdt: <http://www.wikidata.org/prop/direct/>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT ?place ?placelLabel ?coord WHERE {
VALUES ?place { wd:Q64 wd:Q90 wd:Q220 }
?place wdt:P625 ?coord; rdfs:label ?placelLabel .
FILTER(LANG(?placelLabel) = "en")
3
ORDER BY ?place
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https://query.wikidata.org/#%23defaultView%3AMap%0APREFIX%20wd%3A%20%3Chttp%3A%2F%2Fwww.wikidata.org%2Fentity%2F%3E%0APREFIX%20wdt%3A%20%3Chttp%3A%2F%2Fwww.wikidata.org%2Fprop%2Fdirect%2F%3E%0APREFIX%20rdfs%3A%20%3Chttp%3A%2F%2Fwww.w3.org%2F2000%2F01%2Frdf-schema%23%3E%0ASELECT%20%3Fplace%20%3FplaceLabel%20%3Fcoord%20WHERE%20%7B%0A%20%20VALUES%20%3Fplace%20%7B%20wd%3AQ64%20wd%3AQ90%20wd%3AQ220%20%7D%0A%20%20%3Fplace%20wdt%3AP625%20%3Fcoord%3B%20rdfs%3Alabel%20%3FplaceLabel%20.%0A%20%20FILTER%28LANG%28%3FplaceLabel%29%20%3D%20%22en%22%29%0A%7D%0AORDER%20BY%20%3Fplace%0A

Example and command index

e SPQ-01-001 - Find all researchers

e SPQ-01-002 - Fix the subject
e SPQ-01-003 - Use the type abbreviation

e SPQ-01-004 - Read two properties of the same person

e SPQ-01-005 - Join a researcher to a lab label

e SPQ-01-006 - Follow a relationship to another name

e SPQ-02-001 - See duplicate projected values

e SPQ-02-002 - Keep each projected lab once

e SPQ-02-003 - Sort by descending numeric age

e SPQ-02-004 - Take the first two names

e SPQ-02-005 - Read the next page

e SPQ-02-006 - Return an empty solution sequence
e SPQ-03-001 - Apply a numeric threshold

e SPQ-03-002 - Combine two conditions

e SPQ-03-003 - Match one of several literal values

e SPQ-03-004 - Search names with a regular expression

e SPQ-03-005 - Use a literal substring search

e SPQ-03-006 - Match a blank-node address

e SPQ-04-001 - Keep people without an email triple
e SPQ-04-002 - Require the email instead

e SPQ-04-003 - Keep only bound email variables

e SPQ-04-004 - Find missing email bindings

e SPQ-04-005 - Filter inside OPTIONAL

e SPQ-04-006 - Move that filter outside OPTIONAL
e SPQ-05-001 - Build a display label

e SPQ-05-002 - Change the case of a result string
e SPQ-05-003 - Measure a string length

e SPQ-05-004 - Choose a value conditionally

e SPQ-05-005 - Supply a display value for missing data
e SPQ-05-006 - Calculate a new number without updating

e SPQ-06-001 - Select English-language titles

e SPQ-06-002 - Match a language range

e SPQ-06-003 - Inspect the datatype of an age

e SPQ-06-004 - Separate value equality from term identity
e SPQ-06-005 - Tell an IRI from a literal

e SPQ-06-006 - Extract a year from a typed date

e SPQ-07-001 - Limit the query with VALUES

e SPQ-07-002 - Provide two inline columns

e SPQ-07-003 - Combine alternative patterns

e SPQ-07-004 - Require a related match with EXISTS

e SPQ-07-005 - Find absence with NOT EXISTS

e SPQ-07-006 - Subtract compatible solutions with MINUS

e SPQ-08-001 - Follow a two-edge sequence

e SPQ-08-002 - Traverse a predicate in reverse

e SPQ-08-003 - Choose either of two path expressions
e SPQ-08-004 - Follow one or more relationships

e SPQ-08-005 - Include the zero-length match

e SPQ-08-006 - Allow at most one edge

e SPQ-09-001 - Count explicitly typed researchers

e SPQ-09-002 - Compare solution count with bound-value count

e SPQ-09-003 - Count researchers in each lab

e SPQ-09-004 - Sum project budgets

e SPQ-09-005 - Find the minimum and maximum age
e SPQ-09-006 - Filter completed groups with HAVING




e SPQ-10-001 - Ask whether a matching triple exists

e SPQ-10-002 - Ask about a pattern with no match

e SPQ-10-003 - Construct a reverse relationship

e SPQ-10-004 - Construct only active-project relationships

e SPQ-10-005 - Join the maximum budget back to its project

e SPQ-10-006 - Compare each age with the overall average

e SPQ-11-001 - Query the default graph only

e SPQ-11-002 - Choose one named graph
e SPQ-11-003 - Return the matching graph name

e SPQ-11-004 - Restrict graph selection with VALUES

e SPQ-11-005 - Join default metadata to a named review graph

e SPQ-11-006 - Aggregate independently per named graph

e SPQ-12-001 - Insert one concrete triple

party notices.

e SPQ-12-002 - Delete one concrete triple

e SPQ-12-003 - Replace a value using a matched binding

e SPQ-12-004 - Delete all matching values of one predicate
e SPQ-12-005 - Insert triples derived from a query

e SPQ-12-006 - Update a named graph with WITH

e SPQ-13-001 - Count researchers as a table

e SPQ-13-002 - Compare the two lab counts as a bar chart
e SPQ-13-003 - Read worked-on projects as a table

e SPQ-13-004 - Follow the same relationships as a network
e SPQ-13-005 - Read project dates as a table

e SPQ-13-006 - Place the same dates on a timeline

e SPQ-13-007 - Inspect geographic literals as a table
e SPQ-13-008 - Plot the same coordinates on a map

Content: CCO 1.0. Structure and publishing framework: CC BY 4.0 by Lukas C. Bossert. Repository source - Publishing framework source - License scope and third-
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#+TITLE: SPARQL, one change at a time
#+LANGUAGE: en
#+OPTIONS: toc:2

* A visual reference
:PROPERTIES:
:CUSTOM_ID: SPQ-00-001
:GUIDE_ROLE: cover
:END:
Ask useful questions of an RDF graph. Start with one triple pattern, then
add joins, optional facts, paths, groups and named graphs. Finish with updates
whose effects are checked by a separate query.

Every example uses original, fictional local data and the real RDFLib
SPARQL 1.1 engine. Complete queries, actual typed results and source-and-data
downloads travel together. The final PDF is available for offline reading.

#+begin_last-changes
*Last changes: 2026-11-03.* Expanded edition: 80 executable examples in 13 chapters. Every example identifies its result type, view and export formats. A new chapter compares table, chart, network, timeline and map views and links complete Wikidata counterparts.
#+end_last-changes

* Reading the tour
:PROPERTIES:
:CUSTOM_ID: SPQ-00-002
:GUIDE_ROLE: reading
:GUIDE_TITLE: From triples to a useful answer
:END:
#+begin_flow
#+begin_way
*Dataset*

Read the same small research graph throughout. Four researchers, two labs,
three projects and two named review graphs make each join inspectable.
#+end_way
#+begin_way
*Query*

Copy the complete SPARQL query with its PREFIX declarations. Clause tables
explain the feature introduced at each step; stable SPQ IDs link comparisons.
#+end_way
#+begin_way
*Actual result*

Compare typed bindings, unbound cells, boolean answers and constructed triples.
For an update, read the separate inspection query and the result after that update.
#+end_way
#+end_flow

Each source + dataset + runner ZIP runs independently after installing its
pinned RDFLib requirement. Unzip it, run =python -m pip install -r requirements.txt=,
then use the command in README.txt. Query IRIs are identifiers; the bundled
queries do not fetch their namespaces. Results come from local matching.

* A small RDF dataset
:PROPERTIES:
:CUSTOM_ID: SPQ-00-003
:END:
The teaching namespace =ex:= expands to =https://example.org/lab/=. An IRI
such as =ex:ada= identifies a resource; a literal such as ="Ada"= supplies a
value. A triple connects subject, predicate and object. Unlike a table row,
a resource can have several values for one predicate and no value for another.

| Person | Age | Lab | Recorded email |
|--------+-----+-----+----------------|
| Ada | 36 | North | ada@example.org |
| Ben | 28 | North | no email triple |
| Cora | 42 | South | cora@example.net |
| Dani | 31 | South | no email triple |

Atlas has two titles, two keywords and two participating researchers. Ada
works on Atlas and Beacon; Cora and Dani work on Cedar. Project budgets are
1000, 2500 and 1500 arbitrary teaching units. The 2024 review graph contains
Atlas and Beacon; the 2025 review graph contains Atlas and Cedar.

[[file:assets/dataset.svg]]

The diagram shows selected triples, not the complete dataset. Following
=ex:worksOn/ex:lead= joins each project to its lead. Download the complete
[[file:data/lab.trig][TriG dataset]] for all triples, prefixes and named graph boundaries.
TriG extends Turtle with graph blocks; a block without a graph name is the
default graph in this file.

* Read results as RDF terms
:PROPERTIES:
:CUSTOM_ID: SPQ-00-004
:END:
Result cells use Turtle-style RDF term notation. =ex:ada= is an IRI, ="Ada"=
is a string literal, ="River Atlas"@en= has a language tag, and
="36"^^xsd:integer= has a datatype. The engine normalizes some lexical forms;
displaying a number as a typed literal preserves its RDF identity.

An /unbound/ cell means that the variable has no binding in that solution.
It is neither an empty string nor an RDF term called NULL. An empty table
means zero solutions. ASK returns one boolean. CONSTRUCT returns a graph,
whose triple order is not meaningful; the tour sorts it only for display.
Blank-node labels are local identifiers, not persistent resource names.

Every example labels its actual result type and dimensions, its selected view
and the standard formats available for download. Update examples label the
result of their inspection query. See chapter 13 for paired views and Wikidata.

All examples that teach a row sequence state ORDER BY. A single-row result
needs no tie-breaker. A SELECT result can contain duplicates; an RDF graph
contains each triple only once. Neither duplicate elimination nor missing
data should be inferred from the shape of a spreadsheet.

Standard exports have different preservation rules. SPARQL JSON (.srj) retains
RDF types and language tags and represents an unbound variable by omitting its
binding. TSV retains RDF term notation and uses an empty field for unbound;
an empty literal is written as two quote characters. CSV exports lexical values
and drops datatype/language information; it also cannot distinguish an empty
literal from an unbound field. Turtle exports the result graph of CONSTRUCT.
The separate Tour record JSON download is the guide's own compact representation.
These formats follow the [[https://www.w3.org/TR/sparql11-results-json/][W3C SPARQL JSON]] and
[[https://www.w3.org/TR/sparql11-results-csv-tsv/][CSV/TSV result-format]] specifications.

* Dataset and engine boundaries
:PROPERTIES:
:CUSTOM_ID: SPQ-00-005
:END:
This edition targets SPARQL 1.1 Query and Update and is executed with RDFLib
7.6.0. The runner loads a fresh in-memory Dataset with =default_union=False=
for every example. Named graphs are queried with GRAPH. An endpoint can
choose a different default dataset, so confirm its graph configuration before
comparing its answers to these local results.

Matching here does not enable RDFS or OWL reasoning. Although the fixture
declares a subclass relationship, both of Cora's type triples are explicitly
stored. Absence of a matching triple is a statement about this dataset;
RDF's open-world interpretation does not turn it into a universal negative.

DESCRIBE returns an implementation-defined description of resources, so
this tour uses CONSTRUCT when an exact portable output graph matters.
FROM and FROM NAMED specify a query dataset; this runner instead loads the
bundled TriG file. SERVICE delegates a graph pattern to another service and
introduces endpoint availability, access and federation concerns. It is not
needed by these reproducible local examples. CLEAR GRAPH, CREATE, DROP,
COPY, MOVE and ADD are graph-management operations beyond the six focused
updates demonstrated here; LOAD may read an external document.

* Standards and further reading
:PROPERTIES:
:CUSTOM_ID: SPQ-00-006
:END:
The examples and prose are original. Standards references explain the
semantics rather than supply copied tutorial examples.

- [[https://www.w3.org/TR/sparql11-query/][W3C SPARQL 1.1 Query Language]]: graph patterns, expressions, paths, groups and query forms.
- [[https://www.w3.org/TR/sparql11-update/][W3C SPARQL 1.1 Update]]: update templates, graph scope and graph management.
- [[https://www.w3.org/TR/rdf11-concepts/][W3C RDF 1.1 Concepts]]: RDF terms, triples, graphs and datasets.
- [[https://www.w3.org/TR/trig/][W3C TriG]]: the local dataset serialization.
- [[https://rdflib.readthedocs.io/en/stable/intro_to_sparql/][RDFLib: querying with SPARQL]]: the API used by the runner.

* 01 - First graph patterns
:PROPERTIES:
:CUSTOM_ID: SPQ-01-000
:CHAPTER: 01
:END:

Start with RDF triples: a subject, a predicate and an object. A variable beginning with ? is a place to bind an RDF term. Repeated variables join patterns by the same term, rather than by row position.

** SPQ-01-001 | Find all researchers
:PROPERTIES:
:CUSTOM_ID: SPQ-01-001
:END:

The predicate rdf:type connects a resource to a class. The dataset explicitly types four resources as researchers. ORDER BY fixes their display order.

#+name: SPQ-01-001
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>

SELECT ?person WHERE {
  ?person rdf:type ex:Researcher .
}
ORDER BY ?person
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =rdf:type= | Match an explicitly stored class membership; this query does not turn on inference. |

** SPQ-01-002 | Fix the subject
:PROPERTIES:
:CUSTOM_ID: SPQ-01-002
:END:

Replace the subject variable with one IRI. Only Ada's name can bind ?name; ex:ada is an identifier, while "Ada" is a literal value.

#+name: SPQ-01-002
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {
  ex:ada ex:name ?name .
}
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =ex:ada= | A fixed subject restricts the triple pattern to one resource. |

** SPQ-01-003 | Use the type abbreviation
:PROPERTIES:
:CUSTOM_ID: SPQ-01-003
:COMPARE_TO: SPQ-01-001
:END:

The keyword a abbreviates rdf:type in a triple pattern. It changes the spelling of the first query, not its meaning.

#+name: SPQ-01-003
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?person WHERE {
  ?person a ex:Researcher .
}
ORDER BY ?person
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =a= | The RDF type predicate, not a new variable or a class inference rule. |

** SPQ-01-004 | Read two properties of the same person
:PROPERTIES:
:CUSTOM_ID: SPQ-01-004
:END:

A semicolon keeps the same subject for the next predicate. A solution needs both a name and an age for that person.

#+name: SPQ-01-004
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?age WHERE {
  ?person a ex:Researcher;
          ex:name ?name;
          ex:age ?age .
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =;= | Reuse ?person as the subject of each following predicate-object pair. |

** SPQ-01-005 | Join a researcher to a lab label
:PROPERTIES:
:CUSTOM_ID: SPQ-01-005
:END:

The first pattern binds ?lab to an IRI. The second uses that IRI as its subject, joining researchers to lab labels.

#+name: SPQ-01-005
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?label WHERE {
  ?person ex:name ?name; ex:lab ?lab .
  ?lab ex:label ?label .
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =?lab= | A shared variable must have the same RDF term in both matching patterns. |

** SPQ-01-006 | Follow a relationship to another name
:PROPERTIES:
:CUSTOM_ID: SPQ-01-006
:END:

Bind the person reached through ex:knows, then read that person's name. Cora has no outgoing ex:knows triple, so this required pattern produces no row for her.

#+name: SPQ-01-006
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?friendName WHERE {
  ?person ex:name ?name; ex:knows ?friend .
  ?friend ex:name ?friendName .
}
ORDER BY ?name ?friendName
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =?friend= | Join the object of one triple to the subject of another. |

* 02 - Projection, duplicates and order
:PROPERTIES:
:CUSTOM_ID: SPQ-02-000
:CHAPTER: 02
:END:

A SELECT result is a sequence of solution mappings. Projection can hide the variable that made two solutions different. Duplicates remain unless DISTINCT removes them. Always state ORDER BY before depending on a page boundary.

** SPQ-02-001 | See duplicate projected values
:PROPERTIES:
:CUSTOM_ID: SPQ-02-001
:END:

Four people produce four solutions. Keeping only ?lab hides their different person IRIs, but does not remove repeated labs.

#+name: SPQ-02-001
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?lab WHERE {
  ?person a ex:Researcher; ex:lab ?lab .
}
ORDER BY ?lab ?person
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =SELECT ?lab= | Project one variable while retaining the multiplicity of the matched solutions. |

** SPQ-02-002 | Keep each projected lab once
:PROPERTIES:
:CUSTOM_ID: SPQ-02-002
:COMPARE_TO: SPQ-02-001
:END:

DISTINCT applies to the projected solution. The two identical north bindings and the two identical south bindings collapse to two rows.

#+name: SPQ-02-002
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT DISTINCT ?lab WHERE {
  ?person a ex:Researcher; ex:lab ?lab .
}
ORDER BY ?lab
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =DISTINCT= | Remove duplicate bindings after projection. |

** SPQ-02-003 | Sort by descending numeric age
:PROPERTIES:
:CUSTOM_ID: SPQ-02-003
:END:

Ages are xsd:integer literals in the fixture. DESC sorts their numeric values from largest to smallest; the name breaks any tie.

#+name: SPQ-02-003
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?age WHERE {
  ?person ex:name ?name; ex:age ?age .
}
ORDER BY DESC(?age) ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =DESC(?age)= | Reverse the ascending order for this sort expression. |

** SPQ-02-004 | Take the first two names
:PROPERTIES:
:CUSTOM_ID: SPQ-02-004
:END:

LIMIT keeps two solutions from the explicitly ordered sequence. Without ORDER BY, the selected pair would have no portable ordering guarantee.

#+name: SPQ-02-004
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {
  ?person a ex:Researcher; ex:name ?name .
}
ORDER BY ?name
LIMIT 2
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =LIMIT 2= | Keep at most two solutions after ordering. |

** SPQ-02-005 | Read the next page
:PROPERTIES:
:CUSTOM_ID: SPQ-02-005
:COMPARE_TO: SPQ-02-004
:END:

OFFSET skips the first two ordered solutions. Names are unique in this fixture, so the order is total and the next two names are stable.

#+name: SPQ-02-005
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {
  ?person a ex:Researcher; ex:name ?name .
}
ORDER BY ?name
LIMIT 2
OFFSET 2
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =OFFSET 2= | Skip two solutions before taking the limited page. |

** SPQ-02-006 | Return an empty solution sequence
:PROPERTIES:
:CUSTOM_ID: SPQ-02-006
:END:

A valid query can match nothing. No researcher in this dataset has age greater than 100. An empty result is different from a row with an unbound variable.

#+name: SPQ-02-006
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {
  ?person ex:name ?name; ex:age ?age .
  FILTER(?age > 100)
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =FILTER(?age > 100)= | Keep solutions satisfying the expression; here none do. |

* 03 - Filters and structured values
:PROPERTIES:
:CUSTOM_ID: SPQ-03-000
:CHAPTER: 03
:END:

FILTER tests expressions on candidate solutions. Numeric comparisons use numeric values. String functions inspect lexical content. A blank-node property list matches a connected structure without depending on a blank node's local identifier.

** SPQ-03-001 | Apply a numeric threshold
:PROPERTIES:
:CUSTOM_ID: SPQ-03-001
:END:

The age pattern binds an integer before FILTER tests it. Ada and Cora satisfy the threshold.

#+name: SPQ-03-001
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?age WHERE {
  ?person ex:name ?name; ex:age ?age .
  FILTER(?age >= 35)
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =>= 35= | Compare numeric values, rather than alphabetic spellings of the ages. |

** SPQ-03-002 | Combine two conditions
:PROPERTIES:
:CUSTOM_ID: SPQ-03-002
:END:

Both comparisons must be true for the same binding. The interval includes age 30 and excludes age 40.

#+name: SPQ-03-002
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {
  ?person ex:name ?name; ex:age ?age .
  FILTER(?age >= 30 && ?age < 40)
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =&&= | Require both boolean expressions to be true. |

** SPQ-03-003 | Match one of several literal values
:PROPERTIES:
:CUSTOM_ID: SPQ-03-003
:END:

IN compares the name binding with the listed RDF literals. The surrounding double quotes distinguish names from resource IRIs.

#+name: SPQ-03-003
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {
  ?person ex:name ?name .
  FILTER(?name IN ("Ada", "Cora"))
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =IN= | Accept a binding equal to at least one listed value. |

** SPQ-03-004 | Search names with a regular expression
:PROPERTIES:
:CUSTOM_ID: SPQ-03-004
:END:

The dollar sign anchors the pattern at the end of the string. The i flag ignores case, so both Ada and Cora match a final a.

#+name: SPQ-03-004
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {
  ?person ex:name ?name .
  FILTER(REGEX(STR(?name), "a$", "i"))
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =REGEX= | Match a SPARQL regular expression against the lexical string. |

** SPQ-03-005 | Use a literal substring search
:PROPERTIES:
:CUSTOM_ID: SPQ-03-005
:END:

CONTAINS treats its second argument as ordinary text. LCASE makes this case-insensitive for the simple names used here; no regex syntax is involved.

#+name: SPQ-03-005
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {
  ?person ex:name ?name .
  FILTER(CONTAINS(LCASE(STR(?name)), "a"))
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =CONTAINS= | Test for a literal substring; a dot or star would have no regex meaning. |

** SPQ-03-006 | Match a blank-node address
:PROPERTIES:
:CUSTOM_ID: SPQ-03-006
:END:

The square-bracket pattern requires an address resource with a city. It can match a blank node without naming its implementation-specific identifier.

#+name: SPQ-03-006
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?city WHERE {
  ?person ex:name ?name;
          ex:address [ ex:city ?city ] .
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =[ ex:city ?city ]= | Match a resource with the stated property; do not hard-code a blank-node label. |

* 04 - Optional data and unbound variables
:PROPERTIES:
:CUSTOM_ID: SPQ-04-000
:CHAPTER: 04
:END:

OPTIONAL extends a solution when a compatible match exists. If it does not, the existing solution remains and the new variables are unbound. FILTER placement determines whether that original solution survives.

** SPQ-04-001 | Keep people without an email triple
:PROPERTIES:
:CUSTOM_ID: SPQ-04-001
:END:

OPTIONAL preserves all four people. Ben and Dani have no email triple in this dataset, so their ?email variable is unbound.

#+name: SPQ-04-001
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?email WHERE {
  ?person a ex:Researcher; ex:name ?name .
  OPTIONAL { ?person ex:email ?email . }
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =OPTIONAL= | Add a compatible binding when one exists, without requiring it. |

** SPQ-04-002 | Require the email instead
:PROPERTIES:
:CUSTOM_ID: SPQ-04-002
:COMPARE_TO: SPQ-04-001
:END:

Moving the email triple out of OPTIONAL makes it a required graph pattern. Only Ada and Cora have matching triples.

#+name: SPQ-04-002
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?email WHERE {
  ?person a ex:Researcher; ex:name ?name;
          ex:email ?email .
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =Required triple= | A solution must bind an email to match this pattern. |

** SPQ-04-003 | Keep only bound email variables
:PROPERTIES:
:CUSTOM_ID: SPQ-04-003
:END:

BOUND distinguishes a bound RDF term from an unbound variable. It does not ask whether a string is nonempty.

#+name: SPQ-04-003
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {
  ?person a ex:Researcher; ex:name ?name .
  OPTIONAL { ?person ex:email ?email . }
  FILTER(BOUND(?email))
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =BOUND(?email)= | Return true when this variable has a binding in the current solution. |

** SPQ-04-004 | Find missing email bindings
:PROPERTIES:
:CUSTOM_ID: SPQ-04-004
:COMPARE_TO: SPQ-04-003
:END:

Negating BOUND selects people whose optional email pattern found no match. This describes the local graph, not every possible fact about those people.

#+name: SPQ-04-004
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {
  ?person a ex:Researcher; ex:name ?name .
  OPTIONAL { ?person ex:email ?email . }
  FILTER(!BOUND(?email))
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =!BOUND(?email)= | Keep solutions in which the optional variable is unbound. |

** SPQ-04-005 | Filter inside OPTIONAL
:PROPERTIES:
:CUSTOM_ID: SPQ-04-005
:END:

Only an email ending in .org can extend a solution. Cora remains in the result, but her .net email does not bind ?email inside this optional pattern.

#+name: SPQ-04-005
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?email WHERE {
  ?person a ex:Researcher; ex:name ?name .
  OPTIONAL {
    ?person ex:email ?email .
    FILTER(STRENDS(STR(?email), ".org"))
  }
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =FILTER inside OPTIONAL= | Restrict the optional match while retaining the original person solution. |

** SPQ-04-006 | Move that filter outside OPTIONAL
:PROPERTIES:
:CUSTOM_ID: SPQ-04-006
:COMPARE_TO: SPQ-04-005
:END:

The outer filter removes both the .net email and solutions with an unbound ?email. An expression error from an unbound argument does not pass FILTER.

#+name: SPQ-04-006
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?email WHERE {
  ?person a ex:Researcher; ex:name ?name .
  OPTIONAL { ?person ex:email ?email . }
  FILTER(STRENDS(STR(?email), ".org"))
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =FILTER outside OPTIONAL= | Test the entire joined solution, removing it if the expression is false or an error. |

* 05 - Computed bindings and functions
:PROPERTIES:
:CUSTOM_ID: SPQ-05-000
:CHAPTER: 05
:END:

BIND gives an expression a variable name within the query. Projection expressions can also compute output values. Neither operation edits the underlying RDF graph; SPARQL Update is introduced in the last chapter.

** SPQ-05-001 | Build a display label
:PROPERTIES:
:CUSTOM_ID: SPQ-05-001
:END:

Join the lab label before combining two strings. The computed label is a result binding; no ex:display triple is stored.

#+name: SPQ-05-001
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?display WHERE {
  ?person ex:name ?name; ex:lab ?lab .
  ?lab ex:label ?label .
  BIND(CONCAT(?name, " @ ", ?label) AS ?display)
}
ORDER BY ?display
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =BIND(... AS ?display)= | Assign an expression result to a new variable in each solution. |

** SPQ-05-002 | Change the case of a result string
:PROPERTIES:
:CUSTOM_ID: SPQ-05-002
:END:

UCASE transforms the name used in the projection. The original name triples stay unchanged.

#+name: SPQ-05-002
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT (UCASE(?name) AS ?upper) WHERE {
  ?person a ex:Researcher; ex:name ?name .
}
ORDER BY ?upper
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =AS ?upper= | Name the computed projection so it can appear as an output column. |

** SPQ-05-003 | Measure a string length
:PROPERTIES:
:CUSTOM_ID: SPQ-05-003
:END:

STRLEN returns the number of characters. The result is a typed integer, rather than the text spelling of that number.

#+name: SPQ-05-003
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name (STRLEN(?name) AS ?length) WHERE {
  ?person a ex:Researcher; ex:name ?name .
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =STRLEN= | Count characters in the string value. |

** SPQ-05-004 | Choose a value conditionally
:PROPERTIES:
:CUSTOM_ID: SPQ-05-004
:END:

IF tests the numeric age and returns one of two strings. These age bands are teaching labels, not a stored career classification.

#+name: SPQ-05-004
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?band WHERE {
  ?person ex:name ?name; ex:age ?age .
  BIND(IF(?age >= 35, "35+", "under 35") AS ?band)
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =IF(test, yes, no)= | Evaluate the branch selected by the condition. |

** SPQ-05-005 | Supply a display value for missing data
:PROPERTIES:
:CUSTOM_ID: SPQ-05-005
:END:

COALESCE chooses the first expression that evaluates without error. An unbound ?email falls back to the string "missing"; an empty bound string would be retained.

#+name: SPQ-05-005
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name (COALESCE(?email, "missing") AS ?contact) WHERE {
  ?person a ex:Researcher; ex:name ?name .
  OPTIONAL { ?person ex:email ?email . }
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =COALESCE= | Choose a fallback for expression errors such as an unbound variable. |

** SPQ-05-006 | Calculate a new number without updating
:PROPERTIES:
:CUSTOM_ID: SPQ-05-006
:END:

Adding one produces a new integer binding. Re-running the original age query still returns 36 for Ada, since SELECT performs no update.

#+name: SPQ-05-006
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name (?age + 1 AS ?next) WHERE {
  ?person ex:name ?name; ex:age ?age .
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =?age + 1= | Calculate a result value while leaving the stored literal unchanged. |

* 06 - RDF terms, language and dates
:PROPERTIES:
:CUSTOM_ID: SPQ-06-000
:CHAPTER: 06
:END:

RDF distinguishes IRIs, blank nodes and literals. Literals have a lexical form and a datatype; language-tagged strings also carry a language tag. Value equality can differ from RDF-term identity. These distinctions affect matching, output and expression evaluation.

** SPQ-06-001 | Select English-language titles
:PROPERTIES:
:CUSTOM_ID: SPQ-06-001
:END:

Project Atlas has both English and German titles. LANG selects the @en value; the output retains its language tag.

#+name: SPQ-06-001
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?project ?title WHERE {
  ?project a ex:Project; ex:title ?title .
  FILTER(LANG(?title) = "en")
}
ORDER BY ?project
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =LANG(?title)= | Read a language tag; do not silently discard it from the RDF term. |

** SPQ-06-002 | Match a language range
:PROPERTIES:
:CUSTOM_ID: SPQ-06-002
:END:

LANGMATCHES applies a language-range test. The dataset contains one German title; a range such as de can also match a more specific German language tag.

#+name: SPQ-06-002
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?title WHERE {
  ex:atlas ex:title ?title .
  FILTER(LANGMATCHES(LANG(?title), "de"))
}
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =LANGMATCHES= | Match a language tag against a basic language range. |

** SPQ-06-003 | Inspect the datatype of an age
:PROPERTIES:
:CUSTOM_ID: SPQ-06-003
:END:

DATATYPE returns an IRI identifying the literal's datatype. The bare number 36 in TriG was parsed as an xsd:integer literal.

#+name: SPQ-06-003
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT (DATATYPE(?age) AS ?datatype) WHERE {
  ex:ada ex:age ?age .
}
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =DATATYPE= | Return the datatype IRI of a literal. |

** SPQ-06-004 | Separate value equality from term identity
:PROPERTIES:
:CUSTOM_ID: SPQ-06-004
:END:

The integer and decimal denote equal numeric values. sameTerm additionally requires the same RDF term, so a decimal is not the integer literal 1.

#+name: SPQ-06-004
#+begin_src sparql :tangle no
PREFIX xsd: <http://www.w3.org/2001/XMLSchema#>

SELECT (?value = 1 AS ?equal)
       (sameTerm(?value, 1) AS ?identical) WHERE {
  VALUES ?value { "1"^^xsd:integer "1"^^xsd:decimal }
}
ORDER BY ?identical
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =sameTerm= | Test RDF-term identity rather than numeric value equality. |

** SPQ-06-005 | Tell an IRI from a literal
:PROPERTIES:
:CUSTOM_ID: SPQ-06-005
:END:

ex:ada and "Ada" are different kinds of RDF term. Their roles are explicit even if a user interface could display both with a similar label.

#+name: SPQ-06-005
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT (isIRI(?value) AS ?iri)
       (isLiteral(?value) AS ?literal) WHERE {
  VALUES ?value { ex:ada "Ada" }
}
ORDER BY ?iri
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =isIRI / isLiteral= | Test the RDF term category rather than its displayed characters. |

** SPQ-06-006 | Extract a year from a typed date
:PROPERTIES:
:CUSTOM_ID: SPQ-06-006
:END:

The fixture uses xsd:dateTime values. YEAR reads the calendar year from that datatype; it is not a substring operation on an arbitrary string.

#+name: SPQ-06-006
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?project (YEAR(?created) AS ?year) WHERE {
  ?project a ex:Project; ex:created ?created .
}
ORDER BY ?project
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =YEAR= | Extract the year component of a compatible dateTime literal. |

* 07 - Inline bindings, alternatives and absence
:PROPERTIES:
:CUSTOM_ID: SPQ-07-000
:CHAPTER: 07
:END:

VALUES supplies a small table of bindings. UNION combines alternative graph patterns and can retain duplicates. EXISTS, NOT EXISTS and MINUS inspect graph matches differently; use the shared variables deliberately.

** SPQ-07-001 | Limit the query with VALUES
:PROPERTIES:
:CUSTOM_ID: SPQ-07-001
:END:

The inline table provides two person IRIs. Joining those bindings to ex:name selects only those people.

#+name: SPQ-07-001
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {
  VALUES ?person { ex:ada ex:cora }
  ?person ex:name ?name .
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =VALUES ?person= | Introduce a finite set of variable bindings into the query. |

** SPQ-07-002 | Provide two inline columns
:PROPERTIES:
:CUSTOM_ID: SPQ-07-002
:END:

Each VALUES row binds a person and a teaching tag together. The two columns remain paired when the name pattern joins the row.

#+name: SPQ-07-002
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?tag WHERE {
  VALUES (?person ?tag) {
    (ex:ada "first")
    (ex:dani "second")
  }
  ?person ex:name ?name .
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =VALUES (... ...)= | Supply a table of related bindings instead of independent value lists. |

** SPQ-07-003 | Combine alternative patterns
:PROPERTIES:
:CUSTOM_ID: SPQ-07-003
:END:

The first branch matches the North lab; the second matches age above 40. Both bind ?person before its name is read. DISTINCT makes the intended set explicit if the branches overlap after an edit.

#+name: SPQ-07-003
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT DISTINCT ?name WHERE {
  { ?person ex:lab ex:north . }
  UNION
  { ?person ex:age ?age . FILTER(?age > 40) }
  ?person ex:name ?name .
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =UNION= | Combine solutions from either branch; UNION alone does not remove duplicates. |

** SPQ-07-004 | Require a related match with EXISTS
:PROPERTIES:
:CUSTOM_ID: SPQ-07-004
:END:

The inner pattern uses the current ?person binding. EXISTS tests whether any outgoing relationship matches without adding ?other to the projected solutions.

#+name: SPQ-07-004
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {
  ?person a ex:Researcher; ex:name ?name .
  FILTER EXISTS { ?person ex:knows ?other . }
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =FILTER EXISTS= | Test an inner graph pattern using the current outer bindings. |

** SPQ-07-005 | Find absence with NOT EXISTS
:PROPERTIES:
:CUSTOM_ID: SPQ-07-005
:COMPARE_TO: SPQ-07-004
:END:

Cora is the only researcher with no outgoing ex:knows triple in this local graph. This is a query over recorded facts, not proof that Cora knows nobody.

#+name: SPQ-07-005
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {
  ?person a ex:Researcher; ex:name ?name .
  FILTER NOT EXISTS { ?person ex:knows ?other . }
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =FILTER NOT EXISTS= | Keep an outer solution when its correlated pattern has no match. |

** SPQ-07-006 | Subtract compatible solutions with MINUS
:PROPERTIES:
:CUSTOM_ID: SPQ-07-006
:END:

The patterns share ?person, so people with email triples are removed. MINUS and NOT EXISTS are not general replacements for one another, especially when their patterns share no variables.

#+name: SPQ-07-006
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name WHERE {
  ?person a ex:Researcher; ex:name ?name .
  MINUS { ?person ex:email ?email . }
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =MINUS= | Remove solutions compatible with an inner solution on shared variables. |

* 08 - Property paths
:PROPERTIES:
:CUSTOM_ID: SPQ-08-000
:CHAPTER: 08
:END:

Property paths describe connections through predicates. A sequence follows two edges; an inverse reverses direction. Repetition describes reachability, including the start node for zero-length paths. It does not report a route or a distance.

** SPQ-08-001 | Follow a two-edge sequence
:PROPERTIES:
:CUSTOM_ID: SPQ-08-001
:END:

Starting from each person, follow a worked-on project and then its lead. Ada works on two projects and therefore reaches two leads, including herself.

#+name: SPQ-08-001
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?leadName WHERE {
  ?person ex:name ?name;
          ex:worksOn/ex:lead ?lead .
  ?lead ex:name ?leadName .
}
ORDER BY ?name ?leadName
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =ex:worksOn/ex:lead= | Compose the two predicates through an intermediate node. |

** SPQ-08-002 | Traverse a predicate in reverse
:PROPERTIES:
:CUSTOM_ID: SPQ-08-002
:END:

ex:lead points from a project to its lead. The inverse path starts at Ada and finds a project whose lead is Ada.

#+name: SPQ-08-002
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?project WHERE {
  ex:ada ^ex:lead ?project .
}
ORDER BY ?project
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =^ex:lead= | Reverse the direction in which a predicate is matched. |

** SPQ-08-003 | Choose either of two path expressions
:PROPERTIES:
:CUSTOM_ID: SPQ-08-003
:END:

From Atlas, follow its lead or an inverse worksOn edge. Ada can be reached both ways; DISTINCT retains one binding per reached person.

#+name: SPQ-08-003
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT DISTINCT ?person WHERE {
  ex:atlas (ex:lead|^ex:worksOn) ?person .
}
ORDER BY ?person
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =Alternative path= | The vertical bar accepts either path expression. |

** SPQ-08-004 | Follow one or more relationships
:PROPERTIES:
:CUSTOM_ID: SPQ-08-004
:END:

Ada reaches Ben in one hop and Cora in two. The plus path excludes a zero-hop match to Ada herself; this fixture has no cycle returning to Ada.

#+name: SPQ-08-004
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?person WHERE {
  ex:ada ex:knows+ ?person .
}
ORDER BY ?person
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =ex:knows+= | Match one or more edges, returning reachable endpoints rather than routes. |

** SPQ-08-005 | Include the zero-length match
:PROPERTIES:
:CUSTOM_ID: SPQ-08-005
:COMPARE_TO: SPQ-08-004
:END:

The star path adds Ada to the reachable endpoints because zero edges are allowed. The result does not imply that a self-relationship triple is stored.

#+name: SPQ-08-005
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?person WHERE {
  ex:ada ex:knows* ?person .
}
ORDER BY ?person
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =ex:knows*= | Match zero or more edges, including the start node. |

** SPQ-08-006 | Allow at most one edge
:PROPERTIES:
:CUSTOM_ID: SPQ-08-006
:COMPARE_TO: SPQ-08-005
:END:

The question-mark path allows zero or one edge. It includes Ada and her direct contact Ben, but not the two-hop endpoint Cora.

#+name: SPQ-08-006
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?person WHERE {
  ex:ada ex:knows? ?person .
}
ORDER BY ?person
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =ex:knows?= | Match either a zero-length path or one predicate edge. |

* 09 - Aggregates and groups
:PROPERTIES:
:CUSTOM_ID: SPQ-09-000
:CHAPTER: 09
:END:

Aggregates summarize solution mappings. Joins can multiply those mappings, so inspect the matched pattern before interpreting a count. GROUP BY creates groups; HAVING filters groups after aggregation. A projected non-aggregate variable must be valid for the grouping.

** SPQ-09-001 | Count explicitly typed researchers
:PROPERTIES:
:CUSTOM_ID: SPQ-09-001
:END:

One type triple matches each researcher. COUNT(*) counts those four solutions, independent of how many other triples each person has.

#+name: SPQ-09-001
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT (COUNT(*) AS ?count) WHERE {
  ?person a ex:Researcher .
}
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =COUNT(*)= | Count all solutions matched by the group pattern. |

** SPQ-09-002 | Compare solution count with bound-value count
:PROPERTIES:
:CUSTOM_ID: SPQ-09-002
:END:

OPTIONAL retains four solutions, but only two bind ?email. COUNT(?email) ignores unbound variables; it does not count a missing email as a value.

#+name: SPQ-09-002
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT (COUNT(*) AS ?people) (COUNT(?email) AS ?emails) WHERE {
  ?person a ex:Researcher .
  OPTIONAL { ?person ex:email ?email . }
}
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =COUNT(?email)= | Count bound expression values rather than every solution. |

** SPQ-09-003 | Count researchers in each lab
:PROPERTIES:
:CUSTOM_ID: SPQ-09-003
:END:

GROUP BY partitions the four matched people by lab IRI. Each lab has two explicitly typed researchers.

#+name: SPQ-09-003
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?lab (COUNT(?person) AS ?count) WHERE {
  ?person a ex:Researcher; ex:lab ?lab .
}
GROUP BY ?lab
ORDER BY ?lab
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =GROUP BY ?lab= | Create one aggregate group for each lab binding. |

** SPQ-09-004 | Sum project budgets
:PROPERTIES:
:CUSTOM_ID: SPQ-09-004
:END:

The fixture stores one budget per project. Their values 1000, 2500 and 1500 sum to 5000 teaching units. Joining titles first would duplicate Atlas because it has two titles.

#+name: SPQ-09-004
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT (SUM(?budget) AS ?total) WHERE {
  ?project a ex:Project; ex:budget ?budget .
}
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =SUM(?budget)= | Add numeric values over the actual matched solutions. |

** SPQ-09-005 | Find the minimum and maximum age
:PROPERTIES:
:CUSTOM_ID: SPQ-09-005
:END:

MIN and MAX summarize the integer values. They return values, not the people associated with those values; join a subquery when the resource is also needed.

#+name: SPQ-09-005
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT (MIN(?age) AS ?youngest) (MAX(?age) AS ?oldest) WHERE {
  ?person a ex:Researcher; ex:age ?age .
}
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =MIN / MAX= | Return the smallest and largest values in the group. |

** SPQ-09-006 | Filter completed groups with HAVING
:PROPERTIES:
:CUSTOM_ID: SPQ-09-006
:END:

Ada has two distinct worked-on projects. The other people have one each. HAVING tests the aggregate after grouping by person and name.

#+name: SPQ-09-006
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name (COUNT(?project) AS ?projects) WHERE {
  ?person ex:name ?name; ex:worksOn ?project .
}
GROUP BY ?person ?name
HAVING(COUNT(?project) >= 2)
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =HAVING= | Filter aggregate groups; FILTER would instead operate on individual pre-group solutions. |

* 10 - Query forms and subqueries
:PROPERTIES:
:CUSTOM_ID: SPQ-10-000
:CHAPTER: 10
:END:

SELECT returns bindings, ASK returns a boolean, and CONSTRUCT creates an RDF graph as its result. Constructing a result graph does not insert triples into the input. A subquery exposes its projected variables to the outer query; it is not a correlated SQL subquery.

** SPQ-10-001 | Ask whether a matching triple exists
:PROPERTIES:
:CUSTOM_ID: SPQ-10-001
:END:

ASK returns true when the graph pattern has at least one solution. It does not return a row for each match.

#+name: SPQ-10-001
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

ASK WHERE {
  ex:atlas ex:lead ex:ada .
}
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =ASK= | Return one boolean for the existence of any matching solution. |

** SPQ-10-002 | Ask about a pattern with no match
:PROPERTIES:
:CUSTOM_ID: SPQ-10-002
:END:

The dataset has no project led by Dani. ASK returns false for this pattern in this dataset; that result is not a universal claim about Dani.

#+name: SPQ-10-002
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

ASK WHERE {
  ?project a ex:Project; ex:lead ex:dani .
}
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =false= | The supplied graph pattern has no solution in the selected dataset. |

** SPQ-10-003 | Construct a reverse relationship
:PROPERTIES:
:CUSTOM_ID: SPQ-10-003
:END:

Each project-to-lead match fills a new lead-to-project triple. The ex:leads predicate belongs to the constructed output; the input dataset remains unchanged.

#+name: SPQ-10-003
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

CONSTRUCT { ?person ex:leads ?project . }
WHERE { ?project a ex:Project; ex:lead ?person . }
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =CONSTRUCT template= | Fill a triple template for each solution and return the resulting RDF graph. |

** SPQ-10-004 | Construct only active-project relationships
:PROPERTIES:
:CUSTOM_ID: SPQ-10-004
:COMPARE_TO: SPQ-10-003
:END:

The boolean true matches Atlas and Cedar. Beacon is inactive and contributes no constructed triple. An RDF graph is a set of triples, unlike a SELECT sequence that can retain duplicate rows.

#+name: SPQ-10-004
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

CONSTRUCT { ?person ex:leads ?project . }
WHERE {
  ?project a ex:Project; ex:lead ?person;
           ex:active true .
}
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =ex:active true= | Restrict the template-filling solutions before constructing the output graph. |

** SPQ-10-005 | Join the maximum budget back to its project
:PROPERTIES:
:CUSTOM_ID: SPQ-10-005
:END:

The subquery exports one ?budget binding. The outer query matches the project with that budget, its English title and its lead's name. Equal maximum budgets could produce several projects.

#+name: SPQ-10-005
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?title ?budget WHERE {
  { SELECT (MAX(?value) AS ?budget) WHERE {
      ?project a ex:Project; ex:budget ?value .
  } }
  ?project ex:budget ?budget; ex:lead ?lead; ex:title ?title .
  ?lead ex:name ?name .
  FILTER(LANG(?title) = "en")
}
ORDER BY ?name ?title
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =Subquery projection= | Only ?budget is exported from the inner SELECT; its ?project variable is not exported. |

** SPQ-10-006 | Compare each age with the overall average
:PROPERTIES:
:CUSTOM_ID: SPQ-10-006
:END:

The inner aggregate exports the average age, 34.25. The outer patterns bind each person's own age and retain Ada and Cora above that average.

#+name: SPQ-10-006
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?name ?age WHERE {
  { SELECT (AVG(?value) AS ?average) WHERE {
      ?researcher a ex:Researcher; ex:age ?value .
  } }
  ?person a ex:Researcher; ex:name ?name; ex:age ?age .
  FILTER(?age > ?average)
}
ORDER BY ?name
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =?average= | Join an aggregate subquery result to each outer solution. |

* 11 - Default and named graphs
:PROPERTIES:
:CUSTOM_ID: SPQ-11-000
:CHAPTER: 11
:END:

The TriG file contains a default graph and two named review graphs. This runner does not union named graphs into the default graph. A graph name identifies the graph being matched; it does not by itself prove provenance, trust or a timestamp.

** SPQ-11-001 | Query the default graph only
:PROPERTIES:
:CUSTOM_ID: SPQ-11-001
:END:

Scores are stored only in named graphs. A bare triple pattern searches this dataset's default graph, where no score triple is present.

#+name: SPQ-11-001
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?project ?score WHERE {
  ?project ex:score ?score .
}
ORDER BY ?project
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =Default graph= | Without GRAPH, match the active default graph; this runner sets default_union=False. |

** SPQ-11-002 | Choose one named graph
:PROPERTIES:
:CUSTOM_ID: SPQ-11-002
:END:

GRAPH changes the active graph for its enclosed pattern. The Atlas score in the 2024 review graph is 4.

#+name: SPQ-11-002
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?score WHERE {
  GRAPH ex:reviews2024 { ex:atlas ex:score ?score . }
}
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =GRAPH ex:reviews2024= | Match this pattern in the explicitly named graph. |

** SPQ-11-003 | Return the matching graph name
:PROPERTIES:
:CUSTOM_ID: SPQ-11-003
:END:

A graph variable enumerates named graphs that match the enclosed pattern. Atlas has a different score in each review snapshot.

#+name: SPQ-11-003
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?graph ?score WHERE {
  GRAPH ?graph { ex:atlas ex:score ?score . }
}
ORDER BY ?graph
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =GRAPH ?graph= | Bind the name of each named graph supplying a match. |

** SPQ-11-004 | Restrict graph selection with VALUES
:PROPERTIES:
:CUSTOM_ID: SPQ-11-004
:END:

VALUES chooses the later review graph before the GRAPH pattern runs. Only Atlas and Cedar have scores there.

#+name: SPQ-11-004
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?project ?score WHERE {
  VALUES ?graph { ex:reviews2025 }
  GRAPH ?graph { ?project ex:score ?score . }
}
ORDER BY ?project
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =VALUES + GRAPH= | Join allowed graph names with graph-pattern matches. |

** SPQ-11-005 | Join default metadata to a named review graph
:PROPERTIES:
:CUSTOM_ID: SPQ-11-005
:END:

The project title is read from the default graph, while its status is read from the 2024 named graph. The shared ?project IRI joins those two sources.

#+name: SPQ-11-005
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?title ?status WHERE {
  ?project a ex:Project; ex:title ?title .
  FILTER(LANG(?title) = "en")
  GRAPH ex:reviews2024 { ?project ex:status ?status . }
}
ORDER BY ?project
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =?project= | Join bindings across graph scopes while keeping each pattern's active graph explicit. |

** SPQ-11-006 | Aggregate independently per named graph
:PROPERTIES:
:CUSTOM_ID: SPQ-11-006
:END:

Each review graph contains two score triples. Grouping by graph keeps the snapshots separate rather than combining their scores.

#+name: SPQ-11-006
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?graph (COUNT(?project) AS ?reviews) WHERE {
  GRAPH ?graph { ?project ex:score ?score . }
}
GROUP BY ?graph
ORDER BY ?graph
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =GROUP BY ?graph= | Aggregate the matches separately for each named graph. |

* 12 - Local SPARQL Update
:PROPERTIES:
:CUSTOM_ID: SPQ-12-000
:CHAPTER: 12
:END:

Each update starts from a fresh copy of lab.trig in memory. The displayed inspection query runs immediately afterward against that same copy. An update request and its inspection query are separate programs; examples never accumulate state or contact a remote endpoint.

** SPQ-12-001 | Insert one concrete triple
:PROPERTIES:
:CUSTOM_ID: SPQ-12-001
:OPERATION: update
:VERIFY_BLOCK: SPQ-12-001-verify
:END:

INSERT DATA adds an explicit nickname triple to the default graph. The inspection query confirms its value; the source TriG file is never rewritten.

#+name: SPQ-12-001
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

INSERT DATA { ex:ada ex:nickname "A" . }
#+end_src

#+name: SPQ-12-001-verify
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?nickname WHERE { ex:ada ex:nickname ?nickname . }
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =INSERT DATA= | Insert the stated concrete triples into the default graph. |

** SPQ-12-002 | Delete one concrete triple
:PROPERTIES:
:CUSTOM_ID: SPQ-12-002
:OPERATION: update
:VERIFY_BLOCK: SPQ-12-002-verify
:END:

DELETE DATA removes only the water keyword from Atlas. Its other keyword, maps, remains available to the inspection query.

#+name: SPQ-12-002
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

DELETE DATA { ex:atlas ex:keyword "water" . }
#+end_src

#+name: SPQ-12-002-verify
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?keyword WHERE { ex:atlas ex:keyword ?keyword . }
ORDER BY ?keyword
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =DELETE DATA= | Delete the exact stated triple, leaving other values of the predicate alone. |

** SPQ-12-003 | Replace a value using a matched binding
:PROPERTIES:
:CUSTOM_ID: SPQ-12-003
:OPERATION: update
:VERIFY_BLOCK: SPQ-12-003-verify
:END:

The WHERE pattern binds Atlas's old budget. BIND computes 1200, then the request deletes the old triple and inserts the new one using those bindings.

#+name: SPQ-12-003
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

DELETE { ex:atlas ex:budget ?old . }
INSERT { ex:atlas ex:budget ?new . }
WHERE {
  ex:atlas ex:budget ?old .
  BIND(?old + 200 AS ?new)
}
#+end_src

#+name: SPQ-12-003-verify
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?budget WHERE { ex:atlas ex:budget ?budget . }
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =DELETE / INSERT / WHERE= | Use the WHERE solutions to instantiate both the deletion and insertion templates. |

** SPQ-12-004 | Delete all matching values of one predicate
:PROPERTIES:
:CUSTOM_ID: SPQ-12-004
:OPERATION: update
:VERIFY_BLOCK: SPQ-12-004-verify
:END:

DELETE WHERE uses its pattern as the deletion template. Removing Beacon's active triple does not insert an opposite boolean; the inspection ASK finds no active value at all.

#+name: SPQ-12-004
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

DELETE WHERE { ex:beacon ex:active ?value . }
#+end_src

#+name: SPQ-12-004-verify
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

ASK WHERE { ex:beacon ex:active ?value . }
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =DELETE WHERE= | Delete the triples matched by this pattern, whatever their object values. |

** SPQ-12-005 | Insert triples derived from a query
:PROPERTIES:
:CUSTOM_ID: SPQ-12-005
:OPERATION: update
:VERIFY_BLOCK: SPQ-12-005-verify
:END:

The request adds an explicit age-band flag for Ada and Cora, who satisfy age >= 35. A derived triple is stored only because this is INSERT, unlike an earlier BIND in SELECT.

#+name: SPQ-12-005
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

INSERT { ?person ex:age35plus true . }
WHERE {
  ?person a ex:Researcher; ex:age ?age .
  FILTER(?age >= 35)
}
#+end_src

#+name: SPQ-12-005-verify
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?person WHERE { ?person ex:age35plus true . }
ORDER BY ?person
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =INSERT ... WHERE= | Insert template triples for every matched solution. |

** SPQ-12-006 | Update a named graph with WITH
:PROPERTIES:
:CUSTOM_ID: SPQ-12-006
:OPERATION: update
:VERIFY_BLOCK: SPQ-12-006-verify
:END:

WITH selects the named graph used by the unqualified DELETE, INSERT and WHERE patterns in this request. Atlas's 2024 status becomes accepted; its score and the 2025 graph remain untouched.

#+name: SPQ-12-006
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

WITH ex:reviews2024
DELETE { ex:atlas ex:status ?old . }
INSERT { ex:atlas ex:status "accepted" . }
WHERE { ex:atlas ex:status ?old . }
#+end_src

#+name: SPQ-12-006-verify
#+begin_src sparql :tangle no
PREFIX ex: <https://example.org/lab/>

SELECT ?status WHERE {
  GRAPH ex:reviews2024 { ex:atlas ex:status ?status . }
}
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =WITH= | Choose the graph for the unqualified templates and WHERE pattern in this request. |

* 13 - Result views and Wikidata
:PROPERTIES:
:CUSTOM_ID: SPQ-13-000
:CHAPTER: 13
:END:
An answer has three separate descriptions: its SPARQL result type, a view of
that result, and a file format for exporting it. SELECT supplies bindings;
ASK supplies a boolean; CONSTRUCT supplies an RDF graph. UPDATE changes a
graph store, and this tour records the answer to its subsequent inspection query.

The Result / View / Exports strip on every example reports the actual result
shape. Returned bindings list their observed RDF types, including unbound
variables. An empty result has a known column list but no observed value types.

| View | Required bindings | Reading task |
|------+-------------------+--------------|
| Table | Any projected variables | Inspect exact values, types and missing bindings. |
| BarChart | A category and a numeric literal | Compare magnitudes; the example starts its value scale at zero. |
| Graph | Source and target IRIs, with labels | Follow directed relationships without turning SELECT into CONSTRUCT. |
| Timeline | A label and an xsd:dateTime literal | Place events on a time axis. |
| Map | A label and geo:wktLiteral POINT(longitude latitude) | Locate coordinates; longitude comes first. |

Four pairs below use identical local bindings in two views. Their query texts
only differ in the =#defaultView:= comment. The query engine treats that line
as a comment. The tour's view metadata selects the local SVG rendering.
Mapping tables state which projected variable supplies each visual role.

The local map is a WGS84 longitude/latitude coordinate plot with a graticule.
Its two example lab locations are invented bindings supplied by VALUES. The
Wikidata Map counterpart displays real city coordinates on the WDQS basemap.
The other local views also render entirely from captured bindings and work offline.

Each pair includes complete counterparts for the Wikidata Query Service.
They query a few explicit Wikidata entities: country populations, capitals,
birth dates, or city coordinates. These use live Wikidata data when you run
them. The local figures and expected results are based on the bundled teaching
data. The language filters select English labels without a label-service call.

In WDQS, =#defaultView:BarChart=, =#defaultView:Graph=,
=#defaultView:Timeline= and =#defaultView:Map= select interface views.
WDQS recognizes item IRIs, numeric/date types and geographic literals, then
maps their returned columns to visual roles. For charts, column order matters;
check the projected labels and numbers. Graph displays link the first item to
following items in a row. ImageGrid, an additional WDQS view, needs recognized
Commons image values. Consult the [[https://www.wikidata.org/wiki/Wikidata:SPARQL_query_service/Wikidata_Query_Help/Result_Views/en][WDQS result-view reference]] for its mappings and options.

** SPQ-13-001 | Count researchers as a table
:PROPERTIES:
:CUSTOM_ID: SPQ-13-001
:RESULT_VIEW: Table
:WIKIDATA_QUERY: SPQ-13-001-wikidata
:END:

Read each category and its exact integer count. The live Wikidata counterpart returns country labels and population numbers.

#+name: SPQ-13-001
#+begin_src sparql :tangle no
#defaultView:Table
PREFIX ex: <https://example.org/lab/>
SELECT ?labLabel (COUNT(?person) AS ?count) WHERE {
  ?person a ex:Researcher; ex:lab ?lab .
  ?lab ex:label ?labLabel .
}
GROUP BY ?lab ?labLabel
ORDER BY ?labLabel
#+end_src

#+name: SPQ-13-001-wikidata
#+begin_src sparql :tangle no
#defaultView:Table
PREFIX wd: <http://www.wikidata.org/entity/>
PREFIX wdt: <http://www.wikidata.org/prop/direct/>
PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
SELECT ?countryLabel ?population WHERE {
  VALUES ?country { wd:Q183 wd:Q142 wd:Q38 }
  ?country wdt:P1082 ?population; rdfs:label ?countryLabel .
  FILTER(LANG(?countryLabel) = "en")
}
ORDER BY ?countryLabel
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =#defaultView:Table= | A WDQS interface hint carried in a SPARQL comment; result bindings are unchanged by the comment. |
| =Table= | Keep the complete variable bindings visible before selecting another view. |

** SPQ-13-002 | Compare the two lab counts as a bar chart
:PROPERTIES:
:CUSTOM_ID: SPQ-13-002
:WIKIDATA_BINDINGS: {"category":"countryLabel","value":"population"}
:RESULT_VIEW: BarChart
:WIKIDATA_QUERY: SPQ-13-002-wikidata
:COMPARE_TO: SPQ-13-001
:VIEW_BINDINGS: {"category":"labLabel","value":"count"}
:END:

The same two counts become bars. The category is ?labLabel and bar length is ?count; neither the grouping nor the result bindings changes.

#+name: SPQ-13-002
#+begin_src sparql :tangle no
#defaultView:BarChart
PREFIX ex: <https://example.org/lab/>
SELECT ?labLabel (COUNT(?person) AS ?count) WHERE {
  ?person a ex:Researcher; ex:lab ?lab .
  ?lab ex:label ?labLabel .
}
GROUP BY ?lab ?labLabel
ORDER BY ?labLabel
#+end_src

#+name: SPQ-13-002-wikidata
#+begin_src sparql :tangle no
#defaultView:BarChart
PREFIX wd: <http://www.wikidata.org/entity/>
PREFIX wdt: <http://www.wikidata.org/prop/direct/>
PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
SELECT ?countryLabel ?population WHERE {
  VALUES ?country { wd:Q183 wd:Q142 wd:Q38 }
  ?country wdt:P1082 ?population; rdfs:label ?countryLabel .
  FILTER(LANG(?countryLabel) = "en")
}
ORDER BY ?countryLabel
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =#defaultView:BarChart= | A WDQS interface hint carried in a SPARQL comment; result bindings are unchanged by the comment. |
| =category= | ?labLabel supplies this visual role. |
| =value= | ?count supplies this visual role. |

** SPQ-13-003 | Read worked-on projects as a table
:PROPERTIES:
:CUSTOM_ID: SPQ-13-003
:RESULT_VIEW: Table
:WIKIDATA_QUERY: SPQ-13-003-wikidata
:END:

Each row connects one person IRI to one project IRI and supplies labels for both. The Wikidata counterpart connects countries to their capitals.

#+name: SPQ-13-003
#+begin_src sparql :tangle no
#defaultView:Table
PREFIX ex: <https://example.org/lab/>
SELECT ?person ?personLabel ?project ?projectLabel WHERE {
  ?person ex:name ?personLabel; ex:worksOn ?project .
  ?project ex:title ?projectLabel .
  FILTER(LANG(?projectLabel) = "en")
}
ORDER BY ?person ?project
#+end_src

#+name: SPQ-13-003-wikidata
#+begin_src sparql :tangle no
#defaultView:Table
PREFIX wd: <http://www.wikidata.org/entity/>
PREFIX wdt: <http://www.wikidata.org/prop/direct/>
PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
SELECT ?country ?countryLabel ?capital ?capitalLabel WHERE {
  VALUES ?country { wd:Q183 wd:Q142 wd:Q38 }
  ?country wdt:P36 ?capital; rdfs:label ?countryLabel .
  ?capital rdfs:label ?capitalLabel .
  FILTER(LANG(?countryLabel) = "en" && LANG(?capitalLabel) = "en")
}
ORDER BY ?country ?capital
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =#defaultView:Table= | A WDQS interface hint carried in a SPARQL comment; result bindings are unchanged by the comment. |
| =Table= | Keep the complete variable bindings visible before selecting another view. |

** SPQ-13-004 | Follow the same relationships as a network
:PROPERTIES:
:CUSTOM_ID: SPQ-13-004
:WIKIDATA_BINDINGS: {"source":"country","sourceLabel":"countryLabel","target":"capital","targetLabel":"capitalLabel"}
:RESULT_VIEW: Graph
:WIKIDATA_QUERY: SPQ-13-004-wikidata
:COMPARE_TO: SPQ-13-003
:VIEW_BINDINGS: {"source":"person","sourceLabel":"personLabel","target":"project","targetLabel":"projectLabel"}
:END:

The first resource is the arrow source and the second is its target. This is still a SELECT result; the network is a view over its rows.

#+name: SPQ-13-004
#+begin_src sparql :tangle no
#defaultView:Graph
PREFIX ex: <https://example.org/lab/>
SELECT ?person ?personLabel ?project ?projectLabel WHERE {
  ?person ex:name ?personLabel; ex:worksOn ?project .
  ?project ex:title ?projectLabel .
  FILTER(LANG(?projectLabel) = "en")
}
ORDER BY ?person ?project
#+end_src

#+name: SPQ-13-004-wikidata
#+begin_src sparql :tangle no
#defaultView:Graph
PREFIX wd: <http://www.wikidata.org/entity/>
PREFIX wdt: <http://www.wikidata.org/prop/direct/>
PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
SELECT ?country ?countryLabel ?capital ?capitalLabel WHERE {
  VALUES ?country { wd:Q183 wd:Q142 wd:Q38 }
  ?country wdt:P36 ?capital; rdfs:label ?countryLabel .
  ?capital rdfs:label ?capitalLabel .
  FILTER(LANG(?countryLabel) = "en" && LANG(?capitalLabel) = "en")
}
ORDER BY ?country ?capital
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =#defaultView:Graph= | A WDQS interface hint carried in a SPARQL comment; result bindings are unchanged by the comment. |
| =source= | ?person supplies this visual role. |
| =sourceLabel= | ?personLabel supplies this visual role. |
| =target= | ?project supplies this visual role. |
| =targetLabel= | ?projectLabel supplies this visual role. |

** SPQ-13-005 | Read project dates as a table
:PROPERTIES:
:CUSTOM_ID: SPQ-13-005
:RESULT_VIEW: Table
:WIKIDATA_QUERY: SPQ-13-005-wikidata
:END:

Keep full dateTime values beside the project labels before deciding how to draw them. The Wikidata counterpart reads the birth dates of Einstein and Curie.

#+name: SPQ-13-005
#+begin_src sparql :tangle no
#defaultView:Table
PREFIX ex: <https://example.org/lab/>
SELECT ?project ?projectLabel ?date WHERE {
  ?project a ex:Project; ex:title ?projectLabel;
           ex:created ?date .
  FILTER(LANG(?projectLabel) = "en")
}
ORDER BY ?project
#+end_src

#+name: SPQ-13-005-wikidata
#+begin_src sparql :tangle no
#defaultView:Table
PREFIX wd: <http://www.wikidata.org/entity/>
PREFIX wdt: <http://www.wikidata.org/prop/direct/>
PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
SELECT ?person ?personLabel ?date WHERE {
  VALUES ?person { wd:Q937 wd:Q7186 }
  ?person wdt:P569 ?date; rdfs:label ?personLabel .
  FILTER(LANG(?personLabel) = "en")
}
ORDER BY ?date ?person
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =#defaultView:Table= | A WDQS interface hint carried in a SPARQL comment; result bindings are unchanged by the comment. |
| =Table= | Keep the complete variable bindings visible before selecting another view. |

** SPQ-13-006 | Place the same dates on a timeline
:PROPERTIES:
:CUSTOM_ID: SPQ-13-006
:WIKIDATA_BINDINGS: {"label":"personLabel","date":"date"}
:RESULT_VIEW: Timeline
:WIKIDATA_QUERY: SPQ-13-006-wikidata
:COMPARE_TO: SPQ-13-005
:VIEW_BINDINGS: {"label":"projectLabel","date":"date"}
:END:

Each date locates one project on a time axis. The numeric year alone would lose the month and day; this view uses the complete xsd:dateTime binding.

#+name: SPQ-13-006
#+begin_src sparql :tangle no
#defaultView:Timeline
PREFIX ex: <https://example.org/lab/>
SELECT ?project ?projectLabel ?date WHERE {
  ?project a ex:Project; ex:title ?projectLabel;
           ex:created ?date .
  FILTER(LANG(?projectLabel) = "en")
}
ORDER BY ?project
#+end_src

#+name: SPQ-13-006-wikidata
#+begin_src sparql :tangle no
#defaultView:Timeline
PREFIX wd: <http://www.wikidata.org/entity/>
PREFIX wdt: <http://www.wikidata.org/prop/direct/>
PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
SELECT ?person ?personLabel ?date WHERE {
  VALUES ?person { wd:Q937 wd:Q7186 }
  ?person wdt:P569 ?date; rdfs:label ?personLabel .
  FILTER(LANG(?personLabel) = "en")
}
ORDER BY ?date ?person
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =#defaultView:Timeline= | A WDQS interface hint carried in a SPARQL comment; result bindings are unchanged by the comment. |
| =label= | ?projectLabel supplies this visual role. |
| =date= | ?date supplies this visual role. |

** SPQ-13-007 | Inspect geographic literals as a table
:PROPERTIES:
:CUSTOM_ID: SPQ-13-007
:RESULT_VIEW: Table
:WIKIDATA_QUERY: SPQ-13-007-wikidata
:END:

VALUES supplies two invented lab coordinates. The datatype is geo:wktLiteral; the point text lists longitude before latitude. The Wikidata counterpart reads city coordinates.

#+name: SPQ-13-007
#+begin_src sparql :tangle no
#defaultView:Table
PREFIX ex: <https://example.org/lab/>
PREFIX geo: <http://www.opengis.net/ont/geosparql#>
SELECT ?lab ?labLabel ?coord WHERE {
  VALUES (?lab ?coord) {
    (ex:north "Point(13.405 52.52)"^^geo:wktLiteral)
    (ex:south "Point(7.099 50.737)"^^geo:wktLiteral)
  }
  ?lab ex:label ?labLabel .
}
ORDER BY ?lab
#+end_src

#+name: SPQ-13-007-wikidata
#+begin_src sparql :tangle no
#defaultView:Table
PREFIX wd: <http://www.wikidata.org/entity/>
PREFIX wdt: <http://www.wikidata.org/prop/direct/>
PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
SELECT ?place ?placeLabel ?coord WHERE {
  VALUES ?place { wd:Q64 wd:Q90 wd:Q220 }
  ?place wdt:P625 ?coord; rdfs:label ?placeLabel .
  FILTER(LANG(?placeLabel) = "en")
}
ORDER BY ?place
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =#defaultView:Table= | A WDQS interface hint carried in a SPARQL comment; result bindings are unchanged by the comment. |
| =Table= | Keep the complete variable bindings visible before selecting another view. |

** SPQ-13-008 | Plot the same coordinates on a map
:PROPERTIES:
:CUSTOM_ID: SPQ-13-008
:WIKIDATA_BINDINGS: {"label":"placeLabel","coordinate":"coord"}
:RESULT_VIEW: Map
:WIKIDATA_QUERY: SPQ-13-008-wikidata
:COMPARE_TO: SPQ-13-007
:VIEW_BINDINGS: {"label":"labLabel","coordinate":"coord"}
:END:

Plot the returned point bindings on a longitude/latitude graticule. This local coordinate map is available offline; WDQS supplies its own map background for the live city query.

#+name: SPQ-13-008
#+begin_src sparql :tangle no
#defaultView:Map
PREFIX ex: <https://example.org/lab/>
PREFIX geo: <http://www.opengis.net/ont/geosparql#>
SELECT ?lab ?labLabel ?coord WHERE {
  VALUES (?lab ?coord) {
    (ex:north "Point(13.405 52.52)"^^geo:wktLiteral)
    (ex:south "Point(7.099 50.737)"^^geo:wktLiteral)
  }
  ?lab ex:label ?labLabel .
}
ORDER BY ?lab
#+end_src

#+name: SPQ-13-008-wikidata
#+begin_src sparql :tangle no
#defaultView:Map
PREFIX wd: <http://www.wikidata.org/entity/>
PREFIX wdt: <http://www.wikidata.org/prop/direct/>
PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
SELECT ?place ?placeLabel ?coord WHERE {
  VALUES ?place { wd:Q64 wd:Q90 wd:Q220 }
  ?place wdt:P625 ?coord; rdfs:label ?placeLabel .
  FILTER(LANG(?placeLabel) = "en")
}
ORDER BY ?place
#+end_src

| Parameter | Meaning |
|-----------+---------|
| =#defaultView:Map= | A WDQS interface hint carried in a SPARQL comment; result bindings are unchanged by the comment. |
| =label= | ?labLabel supplies this visual role. |
| =coordinate= | ?coord supplies this visual role. |

* Input fixtures
:PROPERTIES:
:GUIDE_ROLE: maintainer
:END:

This block owns the complete local dataset; it is tangled only during explicit preparation.

#+name: fixture-lab
#+begin_src trig :tangle data/lab.trig :mkdirp yes
@prefix ex: <https://example.org/lab/> .
@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> .
@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .

{
  ex:north a ex:Lab; ex:label "North" .
  ex:south a ex:Lab; ex:label "South" .
  ex:ada a ex:Researcher; ex:name "Ada"; ex:age 36; ex:lab ex:north;
    ex:email "ada@example.org"; ex:knows ex:ben;
    ex:worksOn ex:atlas, ex:beacon;
    ex:address [ ex:city "Bonn"; ex:country "DE" ] .
  ex:ben a ex:Researcher; ex:name "Ben"; ex:age 28; ex:lab ex:north;
    ex:knows ex:cora; ex:worksOn ex:atlas .
  ex:cora a ex:Researcher, ex:SeniorResearcher;
    ex:name "Cora"; ex:age 42; ex:lab ex:south;
    ex:email "cora@example.net"; ex:worksOn ex:cedar;
    ex:address [ ex:city "Berlin"; ex:country "DE" ] .
  ex:dani a ex:Researcher; ex:name "Dani"; ex:age 31; ex:lab ex:south;
    ex:knows ex:cora; ex:worksOn ex:cedar .
  ex:SeniorResearcher rdfs:subClassOf ex:Researcher .
  ex:atlas a ex:Project; ex:title "River Atlas"@en, "Flussatlas"@de;
    ex:lead ex:ada; ex:budget 1000; ex:active true;
    ex:created "2024-06-01T00:00:00Z"^^xsd:dateTime; ex:keyword "maps", "water" .
  ex:beacon a ex:Project; ex:title "Forest Survey"@en;
    ex:lead ex:ben; ex:budget 2500; ex:active false;
    ex:created "2023-02-10T00:00:00Z"^^xsd:dateTime; ex:keyword "forest" .
  ex:cedar a ex:Project; ex:title "Coastal Map"@en;
    ex:lead ex:cora; ex:budget 1500; ex:active true;
    ex:created "2025-03-20T00:00:00Z"^^xsd:dateTime; ex:keyword "maps" .
}

ex:reviews2024 {
  ex:atlas ex:status "reviewed"; ex:score 4 .
  ex:beacon ex:status "draft"; ex:score 2 .
}

ex:reviews2025 {
  ex:atlas ex:status "accepted"; ex:score 5 .
  ex:cedar ex:status "reviewed"; ex:score 3 .
}
#+end_src



[
  {
    "id": "SPQ-01-001",
    "title": "Find all researchers"
  },
  {
    "id": "SPQ-01-002",
    "title": "Fix the subject"
  },
  {
    "id": "SPQ-01-003",
    "title": "Use the type abbreviation"
  },
  {
    "id": "SPQ-01-004",
    "title": "Read two properties of the same person"
  },
  {
    "id": "SPQ-01-005",
    "title": "Join a researcher to a lab label"
  },
  {
    "id": "SPQ-01-006",
    "title": "Follow a relationship to another name"
  },
  {
    "id": "SPQ-02-001",
    "title": "See duplicate projected values"
  },
  {
    "id": "SPQ-02-002",
    "title": "Keep each projected lab once"
  },
  {
    "id": "SPQ-02-003",
    "title": "Sort by descending numeric age"
  },
  {
    "id": "SPQ-02-004",
    "title": "Take the first two names"
  },
  {
    "id": "SPQ-02-005",
    "title": "Read the next page"
  },
  {
    "id": "SPQ-02-006",
    "title": "Return an empty solution sequence"
  },
  {
    "id": "SPQ-03-001",
    "title": "Apply a numeric threshold"
  },
  {
    "id": "SPQ-03-002",
    "title": "Combine two conditions"
  },
  {
    "id": "SPQ-03-003",
    "title": "Match one of several literal values"
  },
  {
    "id": "SPQ-03-004",
    "title": "Search names with a regular expression"
  },
  {
    "id": "SPQ-03-005",
    "title": "Use a literal substring search"
  },
  {
    "id": "SPQ-03-006",
    "title": "Match a blank-node address"
  },
  {
    "id": "SPQ-04-001",
    "title": "Keep people without an email triple"
  },
  {
    "id": "SPQ-04-002",
    "title": "Require the email instead"
  },
  {
    "id": "SPQ-04-003",
    "title": "Keep only bound email variables"
  },
  {
    "id": "SPQ-04-004",
    "title": "Find missing email bindings"
  },
  {
    "id": "SPQ-04-005",
    "title": "Filter inside OPTIONAL"
  },
  {
    "id": "SPQ-04-006",
    "title": "Move that filter outside OPTIONAL"
  },
  {
    "id": "SPQ-05-001",
    "title": "Build a display label"
  },
  {
    "id": "SPQ-05-002",
    "title": "Change the case of a result string"
  },
  {
    "id": "SPQ-05-003",
    "title": "Measure a string length"
  },
  {
    "id": "SPQ-05-004",
    "title": "Choose a value conditionally"
  },
  {
    "id": "SPQ-05-005",
    "title": "Supply a display value for missing data"
  },
  {
    "id": "SPQ-05-006",
    "title": "Calculate a new number without updating"
  },
  {
    "id": "SPQ-06-001",
    "title": "Select English-language titles"
  },
  {
    "id": "SPQ-06-002",
    "title": "Match a language range"
  },
  {
    "id": "SPQ-06-003",
    "title": "Inspect the datatype of an age"
  },
  {
    "id": "SPQ-06-004",
    "title": "Separate value equality from term identity"
  },
  {
    "id": "SPQ-06-005",
    "title": "Tell an IRI from a literal"
  },
  {
    "id": "SPQ-06-006",
    "title": "Extract a year from a typed date"
  },
  {
    "id": "SPQ-07-001",
    "title": "Limit the query with VALUES"
  },
  {
    "id": "SPQ-07-002",
    "title": "Provide two inline columns"
  },
  {
    "id": "SPQ-07-003",
    "title": "Combine alternative patterns"
  },
  {
    "id": "SPQ-07-004",
    "title": "Require a related match with EXISTS"
  },
  {
    "id": "SPQ-07-005",
    "title": "Find absence with NOT EXISTS"
  },
  {
    "id": "SPQ-07-006",
    "title": "Subtract compatible solutions with MINUS"
  },
  {
    "id": "SPQ-08-001",
    "title": "Follow a two-edge sequence"
  },
  {
    "id": "SPQ-08-002",
    "title": "Traverse a predicate in reverse"
  },
  {
    "id": "SPQ-08-003",
    "title": "Choose either of two path expressions"
  },
  {
    "id": "SPQ-08-004",
    "title": "Follow one or more relationships"
  },
  {
    "id": "SPQ-08-005",
    "title": "Include the zero-length match"
  },
  {
    "id": "SPQ-08-006",
    "title": "Allow at most one edge"
  },
  {
    "id": "SPQ-09-001",
    "title": "Count explicitly typed researchers"
  },
  {
    "id": "SPQ-09-002",
    "title": "Compare solution count with bound-value count"
  },
  {
    "id": "SPQ-09-003",
    "title": "Count researchers in each lab"
  },
  {
    "id": "SPQ-09-004",
    "title": "Sum project budgets"
  },
  {
    "id": "SPQ-09-005",
    "title": "Find the minimum and maximum age"
  },
  {
    "id": "SPQ-09-006",
    "title": "Filter completed groups with HAVING"
  },
  {
    "id": "SPQ-10-001",
    "title": "Ask whether a matching triple exists"
  },
  {
    "id": "SPQ-10-002",
    "title": "Ask about a pattern with no match"
  },
  {
    "id": "SPQ-10-003",
    "title": "Construct a reverse relationship"
  },
  {
    "id": "SPQ-10-004",
    "title": "Construct only active-project relationships"
  },
  {
    "id": "SPQ-10-005",
    "title": "Join the maximum budget back to its project"
  },
  {
    "id": "SPQ-10-006",
    "title": "Compare each age with the overall average"
  },
  {
    "id": "SPQ-11-001",
    "title": "Query the default graph only"
  },
  {
    "id": "SPQ-11-002",
    "title": "Choose one named graph"
  },
  {
    "id": "SPQ-11-003",
    "title": "Return the matching graph name"
  },
  {
    "id": "SPQ-11-004",
    "title": "Restrict graph selection with VALUES"
  },
  {
    "id": "SPQ-11-005",
    "title": "Join default metadata to a named review graph"
  },
  {
    "id": "SPQ-11-006",
    "title": "Aggregate independently per named graph"
  },
  {
    "id": "SPQ-12-001",
    "title": "Insert one concrete triple"
  },
  {
    "id": "SPQ-12-002",
    "title": "Delete one concrete triple"
  },
  {
    "id": "SPQ-12-003",
    "title": "Replace a value using a matched binding"
  },
  {
    "id": "SPQ-12-004",
    "title": "Delete all matching values of one predicate"
  },
  {
    "id": "SPQ-12-005",
    "title": "Insert triples derived from a query"
  },
  {
    "id": "SPQ-12-006",
    "title": "Update a named graph with WITH"
  },
  {
    "id": "SPQ-13-001",
    "title": "Count researchers as a table"
  },
  {
    "id": "SPQ-13-002",
    "title": "Compare the two lab counts as a bar chart"
  },
  {
    "id": "SPQ-13-003",
    "title": "Read worked-on projects as a table"
  },
  {
    "id": "SPQ-13-004",
    "title": "Follow the same relationships as a network"
  },
  {
    "id": "SPQ-13-005",
    "title": "Read project dates as a table"
  },
  {
    "id": "SPQ-13-006",
    "title": "Place the same dates on a timeline"
  },
  {
    "id": "SPQ-13-007",
    "title": "Inspect geographic literals as a table"
  },
  {
    "id": "SPQ-13-008",
    "title": "Plot the same coordinates on a map"
  }
]



# Licensing

These terms apply to original material by Lukas C. Bossert in this repository,
including its published HTML/PDF guides and downloadable packages.
The two licenses cover different parts of the project.

## Content — CC0 1.0 Universal

Tutorial prose, documentation text, individual example code, input fixtures,
example results, plots, illustrations and repository artwork are dedicated to
the public domain under [CC0 1.0 Universal](https://creativecommons.org/publicdomain/zero/1.0/).
You may reuse this content without attribution. Full legal text:
[LICENSES/CC0-1.0.txt](LICENSES/CC0-1.0.txt).

## Structure — CC BY 4.0 International

The original, copyrightable selection and arrangement of the tours, page design,
layouts, templates and the publishing/build framework implementation are licensed
under [Creative Commons Attribution 4.0 International](https://creativecommons.org/licenses/by/4.0/).
This includes publisher, rendering, navigation and build code; tutorial example
code remains CC0. Copyright in this structural material: Lukas C. Bossert.
Full legal text: [LICENSES/CC-BY-4.0.txt](LICENSES/CC-BY-4.0.txt).

When sharing this structural material or adaptations, give appropriate credit,
retain supplied notices, link to CC BY 4.0 and the source where reasonably
practicable, and indicate changes. A suitable credit is:

> Tour guides structure and publishing framework by Lukas C. Bossert,
> licensed under CC BY 4.0. Source: https://codeberg.org/lukascbossert/tourguides.
> Changes: describe your changes, if any.

Abstract ideas, methods and facts are not subject to these copyright conditions.
Credit for inspiration from the tour concept is appreciated as a courtesy.
See [Creative Commons' explanation of ideas and database structure](https://creativecommons.org/faq/#what-components-of-a-database-are-protected-by-copyright).

## Third-party material

Existing third-party material, fonts, dependencies, quoted material and their
license/attribution notices retain their respective terms. The terms above apply
only to rights held by Lukas C. Bossert; they do not relicense third-party work.
Both Creative Commons legal tools include their own warranty disclaimers.



Attribution 4.0 International

=======================================================================
Creative Commons Corporation ("Creative Commons") is not a law firm and
does not provide legal services or legal advice. Distribution of
Creative Commons public licenses does not create a lawyer-client or
other relationship. Creative Commons makes its licenses and related
information available on an "as-is" basis. Creative Commons gives no
warranties regarding its licenses, any material licensed under their
terms and conditions, or any related information. Creative Commons
disclaims all liability for damages resulting from their use to the
fullest extent possible.
Using Creative Commons Public Licenses

Creative Commons public licenses provide a standard set of terms and
conditions that creators and other rights holders may use to share
original works of authorship and other material subject to copyright
and certain other rights specified in the public license below. The
following considerations are for informational purposes only, are not
exhaustive, and do not form part of our licenses.
     Considerations for licensors: Our public licenses are
     intended for use by those authorized to give the public
     permission to use material in ways otherwise restricted by
     copyright and certain other rights. Our licenses are
     irrevocable. Licensors should read and understand the terms
     and conditions of the license they choose before applying it.
     Licensors should also secure all rights necessary before
     applying our licenses so that the public can reuse the
     material as expected. Licensors should clearly mark any
     material not subject to the license. This includes other CC-
     licensed material, or material used under an exception or
     limitation to copyright. More considerations for licensors:
    wiki.creativecommons.org/Considerations_for_licensors
     Considerations for the public: By using one of our public
     licenses, a licensor grants the public permission to use the
     licensed material under specified terms and conditions. If
     the licensor's permission is not necessary for any reason--for
     example, because of any applicable exception or limitation to
     copyright--then that use is not regulated by the license. Our
     licenses grant only permissions under copyright and certain
     other rights that a licensor has authority to grant. Use of
     the licensed material may still be restricted for other
     reasons, including because others have copyright or other
     rights in the material. A licensor may make special requests,
     such as asking that all changes be marked or described.
     Although not required by our licenses, you are encouraged to
     respect those requests where reasonable. More considerations
     for the public:
    wiki.creativecommons.org/Considerations_for_licensees
=======================================================================

Creative Commons Attribution 4.0 International Public License
By exercising the Licensed Rights (defined below), You accept and agree
to be bound by the terms and conditions of this Creative Commons
Attribution 4.0 International Public License ("Public License"). To the
extent this Public License may be interpreted as a contract, You are
granted the Licensed Rights in consideration of Your acceptance of
these terms and conditions, and the Licensor grants You such rights in
consideration of benefits the Licensor receives from making the
Licensed Material available under these terms and conditions.

Section 1 -- Definitions.
  a. Adapted Material means material subject to Copyright and Similar
     Rights that is derived from or based upon the Licensed Material
     and in which the Licensed Material is translated, altered,
     arranged, transformed, or otherwise modified in a manner requiring
     permission under the Copyright and Similar Rights held by the
     Licensor. For purposes of this Public License, where the Licensed
     Material is a musical work, performance, or sound recording,
     Adapted Material is always produced where the Licensed Material is
     synched in timed relation with a moving image.
  b. Adapter's License means the license You apply to Your Copyright
     and Similar Rights in Your contributions to Adapted Material in
     accordance with the terms and conditions of this Public License.
  c. Copyright and Similar Rights means copyright and/or similar rights
     closely related to copyright including, without limitation,
     performance, broadcast, sound recording, and Sui Generis Database
     Rights, without regard to how the rights are labeled or
     categorized. For purposes of this Public License, the rights
     specified in Section 2(b)(1)-(2) are not Copyright and Similar
     Rights.
  d. Effective Technological Measures means those measures that, in the
     absence of proper authority, may not be circumvented under laws
     fulfilling obligations under Article 11 of the WIPO Copyright
     Treaty adopted on December 20, 1996, and/or similar international
     agreements.

  e. Exceptions and Limitations means fair use, fair dealing, and/or
     any other exception or limitation to Copyright and Similar Rights
     that applies to Your use of the Licensed Material.
  f. Licensed Material means the artistic or literary work, database,
     or other material to which the Licensor applied this Public
     License.

  g. Licensed Rights means the rights granted to You subject to the
     terms and conditions of this Public License, which are limited to
     all Copyright and Similar Rights that apply to Your use of the
     Licensed Material and that the Licensor has authority to license.
  h. Licensor means the individual(s) or entity(ies) granting rights
     under this Public License.
  i. Share means to provide material to the public by any means or
     process that requires permission under the Licensed Rights, such
     as reproduction, public display, public performance, distribution,
     dissemination, communication, or importation, and to make material
     available to the public including in ways that members of the
     public may access the material from a place and at a time
     individually chosen by them.
  j. Sui Generis Database Rights means rights other than copyright
     resulting from Directive 96/9/EC of the European Parliament and of
     the Council of 11 March 1996 on the legal protection of databases,
     as amended and/or succeeded, as well as other essentially
     equivalent rights anywhere in the world.

  k. You means the individual or entity exercising the Licensed Rights
     under this Public License. Your has a corresponding meaning.


Section 2 -- Scope.

  a. License grant.
       1. Subject to the terms and conditions of this Public License,
          the Licensor hereby grants You a worldwide, royalty-free,
          non-sublicensable, non-exclusive, irrevocable license to
          exercise the Licensed Rights in the Licensed Material to:

            a. reproduce and Share the Licensed Material, in whole or
               in part; and

            b. produce, reproduce, and Share Adapted Material.
       2. Exceptions and Limitations. For the avoidance of doubt, where
          Exceptions and Limitations apply to Your use, this Public
          License does not apply, and You do not need to comply with
          its terms and conditions.

       3. Term. The term of this Public License is specified in Section
          6(a).
       4. Media and formats; technical modifications allowed. The
          Licensor authorizes You to exercise the Licensed Rights in
          all media and formats whether now known or hereafter created,
          and to make technical modifications necessary to do so. The
          Licensor waives and/or agrees not to assert any right or
          authority to forbid You from making technical modifications
          necessary to exercise the Licensed Rights, including
          technical modifications necessary to circumvent Effective
          Technological Measures. For purposes of this Public License,
          simply making modifications authorized by this Section 2(a)
          (4) never produces Adapted Material.
       5. Downstream recipients.

            a. Offer from the Licensor -- Licensed Material. Every
               recipient of the Licensed Material automatically
               receives an offer from the Licensor to exercise the
               Licensed Rights under the terms and conditions of this
               Public License.
            b. No downstream restrictions. You may not offer or impose
               any additional or different terms or conditions on, or
               apply any Effective Technological Measures to, the
               Licensed Material if doing so restricts exercise of the
               Licensed Rights by any recipient of the Licensed
               Material.
       6. No endorsement. Nothing in this Public License constitutes or
          may be construed as permission to assert or imply that You
          are, or that Your use of the Licensed Material is, connected
          with, or sponsored, endorsed, or granted official status by,
          the Licensor or others designated to receive attribution as
          provided in Section 3(a)(1)(A)(i).

  b. Other rights.
       1. Moral rights, such as the right of integrity, are not
          licensed under this Public License, nor are publicity,
          privacy, and/or other similar personality rights; however, to
          the extent possible, the Licensor waives and/or agrees not to
          assert any such rights held by the Licensor to the limited
          extent necessary to allow You to exercise the Licensed
          Rights, but not otherwise.
       2. Patent and trademark rights are not licensed under this
          Public License.

       3. To the extent possible, the Licensor waives any right to
          collect royalties from You for the exercise of the Licensed
          Rights, whether directly or through a collecting society
          under any voluntary or waivable statutory or compulsory
          licensing scheme. In all other cases the Licensor expressly
          reserves any right to collect such royalties.

Section 3 -- License Conditions.

Your exercise of the Licensed Rights is expressly made subject to the
following conditions.

  a. Attribution.

       1. If You Share the Licensed Material (including in modified
          form), You must:

            a. retain the following if it is supplied by the Licensor
               with the Licensed Material:
                 i. identification of the creator(s) of the Licensed
                    Material and any others designated to receive
                    attribution, in any reasonable manner requested by
                    the Licensor (including by pseudonym if
                    designated);

                ii. a copyright notice;

               iii. a notice that refers to this Public License;

                iv. a notice that refers to the disclaimer of
                    warranties;
                 v. a URI or hyperlink to the Licensed Material to the
                    extent reasonably practicable;

            b. indicate if You modified the Licensed Material and
               retain an indication of any previous modifications; and

            c. indicate the Licensed Material is licensed under this
               Public License, and include the text of, or the URI or
               hyperlink to, this Public License.
       2. You may satisfy the conditions in Section 3(a)(1) in any
          reasonable manner based on the medium, means, and context in
          which You Share the Licensed Material. For example, it may be
          reasonable to satisfy the conditions by providing a URI or
          hyperlink to a resource that includes the required
          information.
       3. If requested by the Licensor, You must remove any of the
          information required by Section 3(a)(1)(A) to the extent
          reasonably practicable.

       4. If You Share Adapted Material You produce, the Adapter's
          License You apply must not prevent recipients of the Adapted
          Material from complying with this Public License.


Section 4 -- Sui Generis Database Rights.
Where the Licensed Rights include Sui Generis Database Rights that
apply to Your use of the Licensed Material:

  a. for the avoidance of doubt, Section 2(a)(1) grants You the right
     to extract, reuse, reproduce, and Share all or a substantial
     portion of the contents of the database;
  b. if You include all or a substantial portion of the database
     contents in a database in which You have Sui Generis Database
     Rights, then the database in which You have Sui Generis Database
     Rights (but not its individual contents) is Adapted Material; and

  c. You must comply with the conditions in Section 3(a) if You Share
     all or a substantial portion of the contents of the database.
For the avoidance of doubt, this Section 4 supplements and does not
replace Your obligations under this Public License where the Licensed
Rights include other Copyright and Similar Rights.


Section 5 -- Disclaimer of Warranties and Limitation of Liability.
  a. UNLESS OTHERWISE SEPARATELY UNDERTAKEN BY THE LICENSOR, TO THE
     EXTENT POSSIBLE, THE LICENSOR OFFERS THE LICENSED MATERIAL AS-IS
     AND AS-AVAILABLE, AND MAKES NO REPRESENTATIONS OR WARRANTIES OF
     ANY KIND CONCERNING THE LICENSED MATERIAL, WHETHER EXPRESS,
     IMPLIED, STATUTORY, OR OTHER. THIS INCLUDES, WITHOUT LIMITATION,
     WARRANTIES OF TITLE, MERCHANTABILITY, FITNESS FOR A PARTICULAR
     PURPOSE, NON-INFRINGEMENT, ABSENCE OF LATENT OR OTHER DEFECTS,
     ACCURACY, OR THE PRESENCE OR ABSENCE OF ERRORS, WHETHER OR NOT
     KNOWN OR DISCOVERABLE. WHERE DISCLAIMERS OF WARRANTIES ARE NOT
     ALLOWED IN FULL OR IN PART, THIS DISCLAIMER MAY NOT APPLY TO YOU.
  b. TO THE EXTENT POSSIBLE, IN NO EVENT WILL THE LICENSOR BE LIABLE
     TO YOU ON ANY LEGAL THEORY (INCLUDING, WITHOUT LIMITATION,
     NEGLIGENCE) OR OTHERWISE FOR ANY DIRECT, SPECIAL, INDIRECT,
     INCIDENTAL, CONSEQUENTIAL, PUNITIVE, EXEMPLARY, OR OTHER LOSSES,
     COSTS, EXPENSES, OR DAMAGES ARISING OUT OF THIS PUBLIC LICENSE OR
     USE OF THE LICENSED MATERIAL, EVEN IF THE LICENSOR HAS BEEN
     ADVISED OF THE POSSIBILITY OF SUCH LOSSES, COSTS, EXPENSES, OR
     DAMAGES. WHERE A LIMITATION OF LIABILITY IS NOT ALLOWED IN FULL OR
     IN PART, THIS LIMITATION MAY NOT APPLY TO YOU.
  c. The disclaimer of warranties and limitation of liability provided
     above shall be interpreted in a manner that, to the extent
     possible, most closely approximates an absolute disclaimer and
     waiver of all liability.


Section 6 -- Term and Termination.

  a. This Public License applies for the term of the Copyright and
     Similar Rights licensed here. However, if You fail to comply with
     this Public License, then Your rights under this Public License
     terminate automatically.
  b. Where Your right to use the Licensed Material has terminated under
     Section 6(a), it reinstates:

       1. automatically as of the date the violation is cured, provided
          it is cured within 30 days of Your discovery of the
          violation; or

       2. upon express reinstatement by the Licensor.

     For the avoidance of doubt, this Section 6(b) does not affect any
     right the Licensor may have to seek remedies for Your violations
     of this Public License.
  c. For the avoidance of doubt, the Licensor may also offer the
     Licensed Material under separate terms or conditions or stop
     distributing the Licensed Material at any time; however, doing so
     will not terminate this Public License.

  d. Sections 1, 5, 6, 7, and 8 survive termination of this Public
     License.


Section 7 -- Other Terms and Conditions.

  a. The Licensor shall not be bound by any additional or different
     terms or conditions communicated by You unless expressly agreed.
  b. Any arrangements, understandings, or agreements regarding the
     Licensed Material not stated herein are separate from and
     independent of the terms and conditions of this Public License.


Section 8 -- Interpretation.

  a. For the avoidance of doubt, this Public License does not, and
     shall not be interpreted to, reduce, limit, restrict, or impose
     conditions on any use of the Licensed Material that could lawfully
     be made without permission under this Public License.
  b. To the extent possible, if any provision of this Public License is
     deemed unenforceable, it shall be automatically reformed to the
     minimum extent necessary to make it enforceable. If the provision
     cannot be reformed, it shall be severed from this Public License
     without affecting the enforceability of the remaining terms and
     conditions.
  c. No term or condition of this Public License will be waived and no
     failure to comply consented to unless expressly agreed to by the
     Licensor.

  d. Nothing in this Public License constitutes or may be interpreted
     as a limitation upon, or waiver of, any privileges and immunities
     that apply to the Licensor or You, including from the legal
     processes of any jurisdiction or authority.


=======================================================================
Creative Commons is not a party to its public
licenses. Notwithstanding, Creative Commons may elect to apply one of
its public licenses to material it publishes and in those instances
will be considered the â��Licensor.â�� The text of the Creative Commons
public licenses is dedicated to the public domain under the CC0 Public
Domain Dedication. Except for the limited purpose of indicating that
material is shared under a Creative Commons public license or as
otherwise permitted by the Creative Commons policies published at
creativecommons.org/policies, Creative Commons does not authorize the
use of the trademark "Creative Commons" or any other trademark or logo
of Creative Commons without its prior written consent including,
without limitation, in connection with any unauthorized modifications
to any of its public licenses or any other arrangements,
understandings, or agreements concerning use of licensed material. For
the avoidance of doubt, this paragraph does not form part of the
public licenses.
Creative Commons may be contacted at creativecommons.org.



Creative Commons Legal Code

CC0 1.0 Universal
    CREATIVE COMMONS CORPORATION IS NOT A LAW FIRM AND DOES NOT PROVIDE
    LEGAL SERVICES. DISTRIBUTION OF THIS DOCUMENT DOES NOT CREATE AN
    ATTORNEY-CLIENT RELATIONSHIP. CREATIVE COMMONS PROVIDES THIS
    INFORMATION ON AN "AS-IS" BASIS. CREATIVE COMMONS MAKES NO WARRANTIES
    REGARDING THE USE OF THIS DOCUMENT OR THE INFORMATION OR WORKS
    PROVIDED HEREUNDER, AND DISCLAIMS LIABILITY FOR DAMAGES RESULTING FROM
    THE USE OF THIS DOCUMENT OR THE INFORMATION OR WORKS PROVIDED
    HEREUNDER.
Statement of Purpose

The laws of most jurisdictions throughout the world automatically confer
exclusive Copyright and Related Rights (defined below) upon the creator
and subsequent owner(s) (each and all, an "owner") of an original work of
authorship and/or a database (each, a "Work").
Certain owners wish to permanently relinquish those rights to a Work for
the purpose of contributing to a commons of creative, cultural and
scientific works ("Commons") that the public can reliably and without fear
of later claims of infringement build upon, modify, incorporate in other
works, reuse and redistribute as freely as possible in any form whatsoever
and for any purposes, including without limitation commercial purposes.
These owners may contribute to the Commons to promote the ideal of a free
culture and the further production of creative, cultural and scientific
works, or to gain reputation or greater distribution for their Work in
part through the use and efforts of others.
For these and/or other purposes and motivations, and without any
expectation of additional consideration or compensation, the person
associating CC0 with a Work (the "Affirmer"), to the extent that he or she
is an owner of Copyright and Related Rights in the Work, voluntarily
elects to apply CC0 to the Work and publicly distribute the Work under its
terms, with knowledge of his or her Copyright and Related Rights in the
Work and the meaning and intended legal effect of CC0 on those rights.
1. Copyright and Related Rights. A Work made available under CC0 may be
protected by copyright and related or neighboring rights ("Copyright and
Related Rights"). Copyright and Related Rights include, but are not
limited to, the following:
  i. the right to reproduce, adapt, distribute, perform, display,
     communicate, and translate a Work;
 ii. moral rights retained by the original author(s) and/or performer(s);
iii. publicity and privacy rights pertaining to a person's image or
     likeness depicted in a Work;
 iv. rights protecting against unfair competition in regards to a Work,
     subject to the limitations in paragraph 4(a), below;
  v. rights protecting the extraction, dissemination, use and reuse of data
     in a Work;
 vi. database rights (such as those arising under Directive 96/9/EC of the
     European Parliament and of the Council of 11 March 1996 on the legal
     protection of databases, and under any national implementation
     thereof, including any amended or successor version of such
     directive); and
vii. other similar, equivalent or corresponding rights throughout the
     world based on applicable law or treaty, and any national
     implementations thereof.
2. Waiver. To the greatest extent permitted by, but not in contravention
of, applicable law, Affirmer hereby overtly, fully, permanently,
irrevocably and unconditionally waives, abandons, and surrenders all of
Affirmer's Copyright and Related Rights and associated claims and causes
of action, whether now known or unknown (including existing as well as
future claims and causes of action), in the Work (i) in all territories
worldwide, (ii) for the maximum duration provided by applicable law or
treaty (including future time extensions), (iii) in any current or future
medium and for any number of copies, and (iv) for any purpose whatsoever,
including without limitation commercial, advertising or promotional
purposes (the "Waiver"). Affirmer makes the Waiver for the benefit of each
member of the public at large and to the detriment of Affirmer's heirs and
successors, fully intending that such Waiver shall not be subject to
revocation, rescission, cancellation, termination, or any other legal or
equitable action to disrupt the quiet enjoyment of the Work by the public
as contemplated by Affirmer's express Statement of Purpose.
3. Public License Fallback. Should any part of the Waiver for any reason
be judged legally invalid or ineffective under applicable law, then the
Waiver shall be preserved to the maximum extent permitted taking into
account Affirmer's express Statement of Purpose. In addition, to the
extent the Waiver is so judged Affirmer hereby grants to each affected
person a royalty-free, non transferable, non sublicensable, non exclusive,
irrevocable and unconditional license to exercise Affirmer's Copyright and
Related Rights in the Work (i) in all territories worldwide, (ii) for the
maximum duration provided by applicable law or treaty (including future
time extensions), (iii) in any current or future medium and for any number
of copies, and (iv) for any purpose whatsoever, including without
limitation commercial, advertising or promotional purposes (the
"License"). The License shall be deemed effective as of the date CC0 was
applied by Affirmer to the Work. Should any part of the License for any
reason be judged legally invalid or ineffective under applicable law, such
partial invalidity or ineffectiveness shall not invalidate the remainder
of the License, and in such case Affirmer hereby affirms that he or she
will not (i) exercise any of his or her remaining Copyright and Related
Rights in the Work or (ii) assert any associated claims and causes of
action with respect to the Work, in either case contrary to Affirmer's
express Statement of Purpose.
4. Limitations and Disclaimers.
 a. No trademark or patent rights held by Affirmer are waived, abandoned,
    surrendered, licensed or otherwise affected by this document.
 b. Affirmer offers the Work as-is and makes no representations or
    warranties of any kind concerning the Work, express, implied,
    statutory or otherwise, including without limitation warranties of
    title, merchantability, fitness for a particular purpose, non
    infringement, or the absence of latent or other defects, accuracy, or
    the present or absence of errors, whether or not discoverable, all to
    the greatest extent permissible under applicable law.
 c. Affirmer disclaims responsibility for clearing rights of other persons
    that may apply to the Work or any use thereof, including without
    limitation any person's Copyright and Related Rights in the Work.
    Further, Affirmer disclaims responsibility for obtaining any necessary
    consents, permissions or other rights required for any use of the
    Work.
 d. Affirmer understands and acknowledges that Creative Commons is not a
    party to this document and has no duty or obligation with respect to
    this CC0 or use of the Work.


