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• Segmenter: MX Terminator
• Tagger: BBN Identifinder
• Role Labeler: ASSERT

Annotations Viewer
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Semantic Role Labeling

• We’ve been using ASSERT to label 
predicate targets and arguments:
http://oak.colorado.edu/assert/

• Also see Dan Roth’s SRL:
http://l2r.cs.uiuc.edu/~cogcomp/demo.php?dkey=SRL

(top system at CoNLL)

http://oak.colorado.edu/assert/
http://l2r.cs.uiuc.edu/~cogcomp/demo.php?dkey=SRL


3Annotations DB & UIMA
Reading the Web

AQUAINT
Program

Semantic Indexing

• ADB documents that have been 
annotated can be indexed and searched 
using Lemur/INDRI

• Semantic information (e.g. predicate 
targets, arguments) is indexed and 
queried in addition to keywords

• Example:
http://durazno.lti.cs.cmu.edu/javelin_public/predicate_demo/

• See Matt Bilotti for more details

http://durazno.lti.cs.cmu.edu/javelin_public/predicate_demo/
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ADB Pointers
• ADB Documentation Page:

http://guadalajara.lti.cs.cmu.edu/annotations_db/
– Data model description
– Java libraries for ADB API, ADB Viewer
– Javadoc

• Sample ADB server on seit1.lti.cs.cmu.edu
– mySQL (download Query Browser from 

mysql.com, or use ADB Viewer)
– Username: seituser
– Password: tagit
– Databases of interest: medline_small, 

phosphorylate

http://guadalajara.lti.cs.cmu.edu/annotations_db/
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UIMA Pointers

• UIMA SDK / tutorial:
http://www.alphaworks.ibm.com/tech/uima

• UIMA source code (for experts):
http://uima-framework.sourceforge.net/

• UIMA Component Repository (new):
http://uima.lti.cs.cmu.edu/

http://www.alphaworks.ibm.com/tech/uima
http://uima-framework.sourceforge.net/
http://uima.lti.cs.cmu.edu/
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Annotations DB & UIMA

David Ferrucci

UIMA’s Basic Building Blocks are Annotators. They iterate over an artifact to 
discover new types based on existing ones and  update the Common Analysis 
Structure (CAS) for upstream processing.

Fred is theCenter CEO of

OrganizationPerson

CeoOf

Arg2:OrgArg1:Person

PPVPNPParser

Named Entity

Relationship

Center Micros

Common Analysis Structure (CAS)

Artifact (e.g., Document)

Analysis Results 
(i.e., Metadata)
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Sample Type System

Relation Annotation
Arg1: Entity Ant.
Arg2: Entity Ant.

Gov Official

Location

Gov Title

Person

PP

VP

NP

Top

String Int
Annotation

Begin: int
End: int

Gram. Struc.
Entity Annotation

Begin: int
End: int

Token

Located In
Arg1: Entity Ant.
Arg2: Location

…
…
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Partial HUTT Type System (254 concepts in total) 

TopEntity TopRelation

LexicalAnnotation

Sentence TokenPhrase

Sources

ACE

TimeML

Penn Tree Bank II

RESPORATOR

Other

Location

Boundary LandRegion
Natural

Celestial
Location

PlanetMoon Star

OrganizationPerson

RoyaltyPresident

SportTravel
Reservation

Commercial
Organization

NonProfit
Organization

Conditional
Expression

Timex

Date Time Duration

Historical
Duration

Physical

Organizational

Temporal

At Near

Manager
Of Subsidiary

Before After

General
Staff
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•Analyzed by different Analysis Engines

•Semantic Entities & Relations detected

•Highlighted in GUI

•Analyzed by a combination of Analysis Engines

•Semantic Entities & Relations Represented

•Highlighted here in a GUI

A CAS
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Annotations and Referents

Center Micros CEO, Fred Centers... 
balked at the idea of a take-over...

....  Fred Center is the CEO of Center Micros. ..... He is a graduate of State University.
Key

Annotation Layer

Referent Layer

Person: P1
(Entity Annotation)

Organization
(Entity Annotation)

Person
(Entity Annotation)

Relation:
CeoOf

Fred Center
(Entity)

Entity:
Center Micros

CeoOf
(Relation Annotation)

Person
(Entity 

Annotation)

CeoOf
(Relation Annotation



UIMA | IBM Research

© 2005 IBM Corporation – All Rights Reserved –12

Annotations DB & UIMA

David Ferrucci

The Basic UIMA Component Interfaces

Annotator

(e.g. Name-Entity 
Detector)

CAS

UIMA
Context

Type System

Artifact

Index
Repository

Analysis
(Metadata)

Analysis

Algorithm
Analysis Code goes Here

Interface: CAS in/CAS Out

Provides access to Artifact and 
the current analysis (metadata)

JCAS Interface presents native 
Java model of CAS

Manages access to shared 
external resources 
Allowing local APIs to access 
resources shared by 
cooperating engines

Component
Descriptor

Declarative Description (XML)
Identification
Type System, Capabilities
Configuration Parameters etc.
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UIMA Frameworks has factories that take developers code and build 
pluggable engines
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UIMA
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Y

Component
Descriptor

Annotator Class
(e.g. Tokenizer)

Annotator Class
(e.g. Tokenizer)CAS

Controller

Primitive Analysis Engine

process(CAS, Result Spec.)

process(CAS, Result Spec.)

reads/writes 
analysis data

getMetaData()

UIMA
Context
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E
V
E
L
O
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E
R

Developer

UIMA Framework

Legend
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Document Analysis

The UIMA framework allows the developer to compose & encapsulate a 
set of engines as a single aggregate component,  insulating 
applications or users from its implementation details/complexities –
Promoting Reuse.

Aggregate Analysis Engine: Relation Detector

Aggregate Analysis Engine: Named-Entity Detector

Tokenizer Part of 
Speech …

Named
-Entity

Annotator

Relation
Annotator

-Tokens
-Parts of Speech
-Names
-Organizations
-Places
-Persons

CAS

-Tokens
-Parts of Speech
-Names
-Organizations
-Places
-Persons
- Citizen of
- At...

CAS
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Collection Processing Engines: Aggregate Analytic Components
From “Source to Sink”

Collection Processing Engine (CPE)

CAS Consumer

Aggregate Analysis Engine

CAS Consumer

CAS Consumer

Ontologies

Indices

DBs

Knowledge
Bases

Collection 
Reader

Text, Chat, 
Email, Audio, 

Video

Analysis Engine

Annotator

CAS CAS CASAnalysis Engine

PROXY

Analysis Engine

Annotator
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The UIMA Framework provides exploits scaleable infrastructure for running 
CPEs over large collections in a variety of deployment scenarios.

Collection Processing Engine

CPE 
Components

UIMA
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Collection Processing Manager (CPM)
• Distributed Workflow Management
• CAS Management, Batching, Pipelining
• Statistics Collection 
• Error Handling
• Resource Pooling
• Failure Recovery

CPE Interface:   start, restart,  stop, end of batch
get stats,  get error reports
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UIMA Pipeline for Keyword Search
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UIMA Pipe Line for Semantic Search

Collection 
of Text 

Docs

Analysis
Aggregate

Semantic
Search 
Index

File
Reader

XcasCas
Writer

Local
File System

SimpleToken
AndSentence

Annotator

Named-Entity
Annotator

Semantic
Search
Indexer

Collection 
Reader

Analysis 
Engines

CAS Consumers

Collection Processing Engine

Looking for a person with “first” in his/her name

KeyWord Query: “first”
Semantic Search Query:         <organization> first </organization> 
Semantic Search Query:         <ceo_of> <person>Center</person> </ceo_of>
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Collection 
of Text 

Docs

Aggregate
Per-Doc
Analysis

File
Reader

XCAS
Store
(FS)

Collection 
Reader

Analysis 
Engines

CAS 
Consumers

Collection Processing Engine

EKDB
DB2

Collection
Level

Processing

Cross 
Annotator 

CoreferenceSimple Token
And Sentence

Annotator

Holds During 
Relation 

Annotator

Type System 
Mapper

EAnnotator
(NE and Event 

Detector)

Phone Owner
Relation

Annotator

ACE (Remote 
entity & relation 

detector)

Phone Call
Relation

AnnotatorPhone Number
Annotator

TAF/Talent 
Aggregate 

(entity & relation 
detector)

ESG
Deep Parser

ESG
Deep Parser

Phrase Finder

KS Relation 
Annotator

Nominator

Piquant 
Aggregate

(entity detector)

Semantic
Search 
Index
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Video
Collection

Video
Annotation
Aggregate

Video
Segment
Parser

UIMA Pipeline for Video Concept Detection & Indexing
Video segments about Basketball,...skiing, vehicles

Keyframe
And Icon
Extractor

Production
Metadata
Annotator

Media
Metadata
Annotator

Collection 
Reader

Analysis 
Engine

CAS Consumers

Collection Processing Engine

Visual
Feature

Extractor

Text Part
Generator
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Semantic
Search
Indexer

MARVEL
Indexer
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Index

xCAS
Writer

Local
File System

Semantic
Search
Index

MARVEL
Search
Engine

Query

Hit List
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Supports Multi-Modal and Multi-Lingual Analysis
Multiple Subject of Analysis (Sofa) within a CAS

Named-Entity
Detection

in text

Transcribe
Audio

into Text

Collection
Indexing
of audio
and text

Audio Sofa

Text Sofa

entities

Indices
Segment

Audio

lattice

Audio Sofa Audio Sofa

Text Sofa

lattice

Multiple views of an artifact can each support independent sets of attributes
Focus can change from 1 to the other, (e.g., audio to text) to both
Attributes directed to one or more Sofas
Maintain compatibility with existing UIMA text analytic components
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Advanced Architecture PreviewAdvanced Architecture Preview

CAS Processor Generalization, Analysis CAS Processor Generalization, Analysis 
Sequencing, Multiple Sofas, Views and Sequencing, Multiple Sofas, Views and 
SegmentersSegmenters, XML in UIMA, XML in UIMA
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Analysis
Component

Annotator Collection
Reader CAS Consumer

Aggregate
Analysis
Engine

CPE
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CAS 
Processor

Annotator Segmenter

Collection
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CAS 
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Aggregate
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Aggregate
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Annotators and Segmenters
Annotator

CAS CAS’

Segmenter

Collection 
Reader

Text, Chat, 
Email, Audio, 

Video

CAS CAS1CASn CAS2

CAS CAS1CASn CAS2
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Example Inline Segmenter

Video
Analyzer

Key Frame
Extractor
(Segmenter)

Key Frame
Classifier

Video
Segment KeyFrames Key 

Frame + Metadata
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Flexible, User Definable Workflow

Collection Processing Engine (CPE)

CAS Consumer

Aggregate Analysis Engine

CAS Consumer

CAS Consumer
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XML in UIMA

Inline XML
– CAS is a stand-off representation
– Allows multiple interpretations of artifact
– Overlapping annotations
– Immutability of artifact
– Utilities produce Inline XML to represent text annotations in CAS 

making assumptions about overlapping annotations
XCAS (and soon XMI)
– The full CAS can be viewed as an object graph where annotations have 

referneces into artifact
– XMI is used to represent full CAS contents as an XML document
Component Metadata
– XML Document declaratively capture identification, configuration, behavior 

and deployment information about UIMA components.
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Helps to think and plan projects in terms of Development Roles

Data Modeler

– Defines Type Systems

Component Developer Roles

– Develop Algorithms

– Implement Architected Component Interfaces

• e.g., Annotator Interfaces

Engine Assembler

– Selects Component Implementations

– Assembles into workflow to create aggregate capability

Engine Deployer

– Selects deployment model (Collocated, Distributed (e.g., SOAP))

– Configures Engine Descriptor
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UIMA Development Tooling and Component UIMA Development Tooling and Component 
RepositoryRepository

How it worksHow it works
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UIMA Framework FunctionsUIMA Framework Functions

The plumbing you donThe plumbing you don’’t want to build t want to build 
(over and over and over again)(over and over and over again)

How it worksHow it works
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Document Analysis

To create an analysis engine, the developer needs an Annotator Class and a Component 
Descriptor. The Framework does the rest.

UIMA
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Component
Descriptor

Annotator Class
(e.g. Tokenizer)

APPLICATION

Annotator Class
(e.g. Tokenizer)CAS

Controller

Primitive Analysis Engine

process(CAS, Result Spec.)

process(CAS, Result Spec.)

reads/writes 
analysis data

getMetaData()

UIMA
Context

D
E
V
E
L
O
P
E
R

Developer

UIMA Framework

Legend
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Aggregate Analysis Engine

Aggregate Analysis Engine

Analysis Engine

Annotator

Controller
TS Validation, Workflow, Distribution Across Machines,

CAS Management, etc

Aggregate Analysis Engine

Analysis Engine

Annotator

Analysis Engine

Annotator

UIMA

A
E

F
A
C
T
O
R
Y

Aggregate
Engine 
Descriptor

Process (CAS, Result Spec.)

Identifies Subcomponents 
and work flow etc.

Process (CAS, Result Spec.)getMetaData()

Developer

UIMA Framework

Legend

APPLICATION
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The UIMA Framework provides a CPE Factory and implements scaleable 
infrastructure for running CPEs in a variety of deployment scenarios.

Collection Processing Engine

CPE 
Components

UIMA
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Collection Processing Manager (CPM)
• Distributed Workflow Management
• CAS Management, Batching, Pipelining
• Statistics Collection 
• Error Handling
• Resource Pooling
• Failure Recovery

CPE Interface:   start, restart,  stop, end of batch
get stats,  get error reports

CPE
Descriptor

Collection 
Reader

Analysis
Engines

Analysis
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Analysis
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Analysis
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Source
Structured

Results

Developer

UIMA Framework

Legend
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Knowledge Delivery   

Analysis     

Structured Information
Access

Structured Information
Access

Component
Analytics

Component
Analytics

Unstructured 
Information

Source
Acquisition

Client/User

Structured
Information
Structured

Information

Query and
Presentation

Component analytics combine to infer 
semantics implicit in unstructured sources

Results are represented explicitly in 
structured information resources

Structured results, in turn, used to delivery 
knowledge and inform subsequent analysis

Language
Detection

Translation ClassificationEntity/Relation
Detection

Ontologies

Indices

DBs

Knowledge
Bases

RDB
Semantic
Search
(IR)

Automated
ReasoningOLAP

Graphs
Spread
SheetsHit lists

Tables

Clusters
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The Common Analysis Structure (CAS) enables Analysis Writers access to the 
artifact being analyzed and the current analysis results.

Object model describes artifact or 
regions thereof. 

Elements may point into artifact to 
label a region.

Represented as instances of types 
declared in the Type System Type System

Artifact

Index Repository

Analysis
Results

Thing being analyzed, e.g. a text 
document, audio, video etc.

May have multiple Subjects Of 
Analysis (SOFAs) E.g. CC view of 
Audio, English view of Arabic doc.

Structure (“schema”) of Analysis
Results. (Admitted Types, Subtypes 
and their Properties).

Indices to support efficient 
access/iteration through 
Analysis.
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