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Combining Semantic, Relational and Document NoSQL worlds,  

and doing something useful with it too 

Emil Zegers, Systems Engineer, MarkLogic Corporation 
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Hierarchical Era 
For your application data! 
•  Application- and  

hardware-specific 

We Are The New Generation Database 

Relational Era 
“For all your structured 
data!” 
•  Normalized, tabular 

model 
•  Application-

independent query 
•  User control 

Any Structure Era 
“For all your data!” 
• Schema-agnostic 
• Massive scale 
• Query and search 
• Analytics 
• Application services 
• Faster time-to-results 
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The Only Enterprise NoSQL Database 
§  Search & Query 

§  ACID Transactions 

§  High Availability / Disaster Recovery 

§  Replication 

§  Government-grade Security 

§  Elasticity 

§  Cloud Deployment 

§  Hadoop for Storage & Compute 

§  Semantics 

SEARCH DATABASE 

APPLICATION 
SERVICES 



© COPYRIGHT 2013 MARKLOGIC CORPORATION. ALL RIGHTS RESERVED.  SLIDE: 4 
  

How Does it Work? 
Schema-agnostic design 

Real-time indexing for search and query 

Reverse queries for event processing and alerting 

Scale-out shared-nothing cluster topology 

Analytics and Visualization 

Transactions 
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Hierarchical Data Model 
§  MarkLogic Server is a document-centric database 

§  Supports any-structured data via hierarchical data model 

§  Stores compressed binary trees 
Document 

Title 

Author Section 

Section 
Section 

Section 
Section 

First Last 

Metadata 

Trade Cashflows 

Party 
Identifier Net Payment 

Payment 
Date 

Party 
Reference Payer 

Party 
Trade 

ID 
Payment 
Amount Receiver 

Party 
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MarkLogic is Schema-Agnostic 

<SAR> 
<title> Suspicious vehicle… Suspicious vehicle near airport 
<date> 
<type> 
<threat> 

2012-11-12Z 
observation/surveillance 

<type> suspicious activity 
<category> suspicious vehicle 

<location> 
<lat> 37.497075 
<long> -122.363319 

<subject> IRIID 
<subject> IRIID 

<predicate> 
<predicate> 

isa 
value 

<triple> 
<triple> 

<object> license-plate 
<object> ABC 123 

<description> A blue van… A blue van with license plate ABC 123 was observed parked behind the airport sign… 

</title> 
</date> 

</type> 

</type> 
</category> 

</threat> 

</lat> 
</long> 

</location> 

</subject> 
</subject> 

</predicate> 
</predicate> 

</object> 
</object> 

</description> 
</SAR> 

</triple> 
</triple> 

JSON and XML are self-describing: 
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MarkLogic is Schema-Agnostic 
<SAR> 

<title> 

Suspicious vehicle… 

<date> 

2012-11-12Z 

<type> 

<threat> 

suspicious activity 
<category> 

suspicious vehicle 

<location> 

<lat> 

37.497075 

<long> 

-122.363319 

<description> 

A blue van… 

<subject> 
<subject> 

<predicate> 

<object> 

IRIID 

IRIID 

isa 

value 

license-plate 

ABC 123 <predicate> 

<object> 

observation/surveillance 
<type> 

<triple> 

<triple> 

Unstructured full-text 

Geospatial Data 
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Universal Index 

“blue”  123, 125, 129, 152, 344, 491, … 

“van”  123, 125, 126, 129, 130, 152, … 

“observed”  125, 152, 516, 522, 765, 890, … 

“blue van”  123, 125, 126, 129, 130, 152, … 

STEM “observe”  125, 152, 516, 522, 765, 890, … 

<SAR>  … 

<SAR>/<location>  … 

<threat>/<category>  … 

<type>suspicious activity</type>  … 

<date>2012-11-12Z</date>  … 

Collection:Vetted  … 

Role:Analyst + Action:Read  … 

…  … 

…  … 

…  … 

Term Term List 

MarkLogic indexes… 
§  Words 

§  Phrases 

§  Stemmed words and phrases 

§  Structure 

§  Data 

§  Collections 

§  Security Permissions 

Document 
References 

125, 516, 890, … 

Which vetted SAR reports 
contain the phrase blue van? 
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Range Index 

“blue”  123, 125, 129, 152, 344, 491, … 

“van”  123, 125, 126, 129, 130, 152, … 

“observed”  125, 152, 516, 522, 765, 890, … 

“blue van”  123, 125, 126, 129, 130, 152, … 

STEM “observe”  125, 152, 516, 522, 765, 890, … 

<SAR>  … 

<SAR>/<location>  … 

<threat>/<category>  … 

<type>suspicious activity</type>  … 

<date>2012-11-12Z</date>  … 

Collection:Vetted  … 

Role:Analyst + Action:Read  … 

…  … 

…  … 

…  … 

Term Term List Document 
References 

125, 516, 890, … 

Which vetted SAR reports containing the phrase blue 
van were submitted before 2013? 

Range indexes map 
document IDs to values, 
and vice-versa in a compact 
in-memory representation. 
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Triple Index Geospatial Index 

“blue”  123, 125, 129, 152, 344, 491, … 

“van”  123, 125, 126, 129, 130, 152, … 

“observed”  125, 152, 516, 522, 765, 890, … 

“blue van”  123, 125, 126, 129, 130, 152, … 

STEM “observe”  125, 152, 516, 522, 765, 890, … 

<SAR>  … 

<SAR>/<location>  … 

<threat>/<category>  … 

<type>suspicious activity</type>  … 

<date>2012-11-12Z</date>  … 

Collection:Vetted  … 

Role:Analyst + Action:Read  … 

…  … 

…  … 

…  … 

Term Term List Document 
References 

125, 516, 890, … 

Which vetted SARs about a blue van from before 
2013 with this location refer to partial plate ABC? 
Which vetted SAR reports about a blue van from 
before 2013 refer to a location near the airport? 

The Geospatial index is like a 
2D range index, with built-in 
query support for point, box, 
circle, and complex polygons. 
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The Triple index is an index of  
“facts” expressed as Semantic 
triples. It can efficiently query 
and join billions of “linked 
data” triples. 

All indexes fully composable 

for sub-second response to 

very complex queries 

Triple Index 
Which vetted SARs about a blue van from before 
2013 with this location refer to partial plate ABC? 

“blue”  123, 125, 129, 152, 344, 491, … 

“van”  123, 125, 126, 129, 130, 152, … 

“observed”  125, 152, 516, 522, 765, 890, … 

“blue van”  123, 125, 126, 129, 130, 152, … 

STEM “observe”  125, 152, 516, 522, 765, 890, … 

<SAR>  … 

<SAR>/<location>  … 

<threat>/<category>  … 

<type>suspicious activity</type>  … 

<date>2012-11-12Z</date>  … 

Collection:Vetted  … 

Role:Analyst + Action:Read  … 

…  … 

…  … 

…  … 

Term Term List Document 
References 

125, 516, 890, … 
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Reverse Indexes 
§  Queries can be serialized as XML and indexed, just like documents 

§  word-query(“blue van”) 
à <word-query><text>blue van</text></word-query> 

§  MarkLogic’s Alerting feature can 

§  Index these queries 

§  For a given data document, quickly find all possible matching queries 

§  Narrow down these candidates to exact matches using a unified expression 
tree 
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MarkLogic Architecture 
Java REST XQuery ODBC Interfaces 

Evaluator 
XSLT | XPath | XQuery | SQL | SPARQL 

Cache 
Expanded Tree Cache | Module Cache 

Broadcaster / Aggregator 

Evaluation Layer 

Transaction Controller 
Multiversion Concurrency Control 

Cache 
Compressed Tree Cache | List Cache 

Indexes 
Data | Structure | Text | Scalar | Metadata | Security | Geospatial | Reverse | Triple 

Compressed Storage 
XML | JSON | Binary | Text 

Transaction Journal 
Data Layer 

Same process runs 

both evaluation and 

data layers 



© COPYRIGHT 2013 MARKLOGIC CORPORATION. ALL RIGHTS RESERVED.  SLIDE: 14 
  

Cluster Topologies 

Same process runs 

both evaluation and 

data layers 

Recall: 

Add nodes 

to scale out 

Failover 
replication 

On-prem or 
cloud backup 

Database 

replication 

Disaster recovery 

or active replica 

XA 

Distributed 

transactions 
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MVCC 
/articles/doc1.xml 

∞ ∞ 423 628 

Creation Timestamp C 

D Deletion Timestamp 

Year 

∞ ∞ 

Document 

Title Author 

Section 

Section Section Section Section Section 

First 
Last 

Metadata 

628 

/articles/doc1.xml 

Document 

Title Author 

Section 

Section Section Section Section Section 

First 
Last 

Metadata 

MVCC Benefits: 
§  ACID transactions 

§  Zero-latency search indexing 

§  High throughput 

§  Lock-free reads 

§  Point-in-time query 

§  Fast database rollback 

§  Enables serial writes 
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Trusted 
Enterprise-ready and secure for mission-critical apps 

Role-based 
Security & 

LDAP 
Support 

Automated 
Failover 

Replication 

Journal 
Archiving 

Point-in-
time 

Recovery 

Database 
Rollback 

Backup/ 
Restore 

XA  
Distributed 

Transactions 

Monitoring  
& 

Management 

ACID 
Transactions 

Configuration 
Management 

Common 
Criteria 
Security 

Certification  

Enterprise NoSQL 

Same trusted, 

enterprise-class 

features you find in 

a RDBMS 
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+
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DOMAIN 
WORLD AT LARGE 

DOCUMENTS 
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Context from the World at Large 

“Linking Open Data cloud diagram, by Richard Cyganiak and Anja Jentzsch. http://lod-cloud.net/” 

Linked Open Data 

§  Facts that are freely available 
§  In a form that’s easily consumed 

DBpedia (wikipedia as structured information) 

§  Einstein was born in Germany 

§  Ireland’s currency is the Euro 

GeoNames 

§  Doha is the capital of Qatar 

§  Doha has these lat/long coordinates 
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Context from Domain 
Like Open Data, but domain specific 

§  Might be proprietary within a company 

§  Or shared across an industry 

§  Includes data and ontologies 

 
 Some Examples 

§  A bank's proprietary reference data 

§  A pharmaceutical company's drug ontology 

§  An industry-wide ontology such as FIBO 

Proprietary Semantic Facts 
(Facts and Taxonomies in your 

organization or industry) 
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Context from Documents 
Document metadata  

§  Ex: Categories, author, publish date, source 

 
Facts in free-flowing text 

§  Entities: this document mentions the person Richard 
Nixon, the product Advil, the company IBM 

§  Events: this document says that Nixon went to 
China, John Smith met Jane Doe, Barclays acquired 
Lehman Brothers 

§  Found automatically or provided at authoring time 
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What’s 
behind 
this? 



© COPYRIGHT 2013 MARKLOGIC CORPORATION. ALL RIGHTS RESERVED.  SLIDE: 25 
  

SEMANTICS 
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Semantics: A New Way to Organize Data 

Data is stored in Triples, expressed as: Subject  : Predicate  : Object 
                                                     John Smith  : livesIn  : London 
                                                     London  : isIn  : England 

 
Rules tell us something about the triples: 

     If (A livesIn X) AND (X isIn Y) then (A livesIn Y) 
 
 
 
 
 

"John Smith" "England" livesIn "London" 
isIn 

livesIn 
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§  Document search:  
Search full-text and structure 

Semantics: A New Way to Search Data 

ì  Semantics:  
Query facts and relationships from  
many sources 

SPARQL is a language designed to query 
triples. It looks a bit like SQL. 

ì  Database query:  
Query data (dates, numbers, strings) 
 and ranges 



Executing SPARQL 

sem:sparql(“	
  prefix : <http://example.org/kennedy/>	
  select * {	
    ?person :first-name ?first;	
      :last-name ?last;	
      :alma-mater [:ivy-league :true]	
  }”,	
  map:entry(“first”,“John”),	
  (),	
  cts:collection-query(“mycollection”)	
)	
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MarkLogic + MarkLogic Semantics:  
A New Way to Understand and Discover Information 

Document Store + Data Store + Triple Store 
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DYNAMIC SEMANTIC 
PUBLISHING 



Dynamic Semantic Publishing 

BBC Sports 

§  Size and Complexity: 
§  # of athletes 
§  # of teams 
§  # of assets (match reports, 

statistics, etc.) 
§  # of relations (facts) 

§  Rich user experience 
§  See information in context 

§  Personalize content 

§  Easy navigation 

§  Intelligently serve ads  
(outside of UK) 

§  Manageable 
§  Static pages? Too many, changing too 

fast 

§  Limited number of journalists 
§  Automate as much as possible 

The Challenge Goals 



Dynamic Semantic Publishing 

A Solution 

§  Store, manage documents 
§  Stories 

§  Blogs 

§  Feeds 

§  Profiles 

§  Store, manage values 
§  Statistics 

§  Full-Text search 
§  Performance, scalability 

§  Robustness 

§  Metadata about documents  
§  Tagged by journalists 

§  Added (semi-)automatically 

§  Inferred 

§  Facts reported by journalists 
§  Linked Open Data for real-world 

facts 

XML Database Triple Store 
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plays 
for 

plays in 

Lampard 

Chelsea 

Southampton v Chelsea 

Premier League 

Include a story about Lampard 

Include in the list of recent matches 

Include in the League Table 

Facts into actions: 
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Triple Store 
Enterprise ready & 

horizontally-scalable. 
Store RDF triples with 
documents and data 

Triple Index 
In addition to data,  

structure, text, scalar, 
metadata, security, and 

geospatial 

SPARQL 
Industry-standard query 
language: compose with 
data, text, geo & other 

indexes 

SPARQL 

MARKLOGIC SEMANTICS 



Triple Index 

•   3 triple orders 
•   Cached for performance 
•   Works seamlessly with other indexes 
•   Security 
•   150 bytes per triple on disk 
•   Billions of triples per host 

•  Scaling out horizontally 

TRIPLE 



Semantics Architecture 

TRIPLE 

XQY XSLT SQL SPARQL 

GRAPH 
SPARQL 
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SEMANTICS IN ACTION 



Demo time 

•  MarkMail 
http://markmail.org 

•  Newz  
http://newz.nl/?lang=en 
http://www.youtube.com/watch?v=Mf8Lb1Cmhus 

•  Gospel Topic Explore 
http://cdev.lds.org/semantic 

•  Combining Semantic with Document search and migrating RDBMS 
data to the MarkLogic NoSQL DB 
https://github.com/mustard57/SYTYCD 
http://www.youtube.com/watch?v=4cUqMzsu0F4 



Demo time 

•  MarkMail+ 
•  Newz 
•  GTE 
•  RDB2RDF 
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Demo time 

•  MarkMail+ 
•  Newz 
•  GTE 
•  RDB2RDF 



Demo time 
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Powerful 
Deliver more value, build more powerful applications 

Full Text  
Search 

Scalable 

Analytic 
Functions 

Alerting  
& Event 

Processing 

Geospatial 
Query 

In-database 
MapReduce 

Visualization 
Widgets 

Semantics:  
RDF & 

SPARQL 

Flexible  
Indexes 

JSON 
Storage 

REST & 
Java APIs 

Triple 
Index 

Trusted 
Enterprise-ready and secure for mission-critical apps 

Role-based 
Security & 

LDAP 
Support 

Automated 
Failover 

Replication 

Journal 
Archiving 

Point-in-
time 

Recovery 

Database 
Rollback 

Backup/ 
Restore 

XA  
Distributed 

Transactions 

Agile 
Prepare for and respond to change quickly 

Application 
Builder 

Information  
Studio 

mlcp 
Content 
Pump 

SQL  
Support 

Monitoring  
& 

Management 

Hadoop 
Connector 

ACID 
Transactions 

Elastic 
Schema-
Agnostic 

HDFS & 
Amazon S3 

Storage 

Tiered 
Storage 

BI 
Integration 

Programmatic 
Controls & 
Metering 

Configuration 
Management 

Common 
Criteria 
Security 

Certification  

Cloud 
Ready 

Enterprise NoSQL: Powerful, Agile & Trusted 
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ANY QUESTIONS? 



Contact Information 

Emil Zegers 
 
Pre-Sales Consultant Benelux & Nordics 
emil.zegers@marklogic.com 
+31 619929703 
 
Graadt van Roggenweg 328-334, Blok D 
3531AH Utrecht, Netherlands 
http://marklogic.com 
 
 
 



Useful links [1] 

MarkLogic Developer Community 
http://developer.marklogic.com 
 
Inside MarkLogic Server 
http://developer.marklogic.com/pubs/architecture/inside-marklogic-
server-r7.pdf 
 
MarkLogic Application Development 
http://docs.marklogic.com/guide/app-builder/intro 
 
 
What’s New in MarkLogic 7 
http://www.marklogic.com/what-is-marklogic/marklogic 
 
MarkLogic 7 
http://developer.marklogic.com/products 
 
MarkLogic 6 
http://developer.marklogic.com/products/marklogic-server/6.0 
 
MarkLogic MLJS 
This package provides a convenient JavaScript wrapper (for both NodeJS 
and browsers) for common uses of the MarkLogic REST API. It abstracts 
authentication and common search settings to make it intuitive for new 
MarkLogic developers to get going quickly. It also provides a set of UI 
widgets. 
http://developer.marklogic.com/labs/mljs 
https://github.com/adamfowleruk/mljs 
 
MarkLogic Blog 
http://developer.marklogic.com/blog 



Useful links [2] 

What’s New in MarkLogic 7 
http://www.marklogic.com/what-is-marklogic/marklogic 
 
MarkLogic MLJS 
https://github.com/adamfowleruk/mljs 
 
MarkLogic Blog 
http://developer.marklogic.com/blog 
 


