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History
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Rebranded
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2003

Open Source Project 
created

2004 2005 2006 2007 2008 2009

Founded

Funding raised

Rebranded

Apache technology
 HTTP Server
 Tomcat
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2003

Open Source Project 
created

2004 2005 2006 2007 2008 2009

Founded

Funding raised

Rebranded

Groovy & Grails
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2003

Open Source Project 
created

2004 2005 2006 2007 2008 2009

Founded

Funding raised

Rebranded

Tomcat monitoring & 
administration
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2003

Open Source Project 
created

2004 2005 2006 2007 2008 2009

Founded

Funding raised

Rebranded

Amazon Elastic 
Cloud integration
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Virtualization of Enterprise Java applications

9

THe Spring 
Container
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The 
ApplicationContext
Each Spring application has an 
ApplicationContext

Defined in a XML file

Should be on the classpath of the 
application
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Spring beans

Any Java class configured in 
applicationContext.xml

A Spring Bean is singleton by default
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Spring beans

Any Java class configured in 
applicationContext.xml

A Spring Bean is singleton by default

unique 
identifier

fully qualified 
classname
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Spring bean example

Plain POJO class

optionally implement an interface

Must have no-arg constructor
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Starting a Spring 
container

Just for stand-alone applications
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Starting a Spring 
container

Just for stand-alone applications

unique implementation of 
ConsolePrinter
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Starting a Spring 
container

Just for stand-alone applications

Get by ID with type-
parameter

14

Starting a Spring 
container

Just for stand-alone applications

Get by ID 
(needs type cast)
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Dependency Injection

Only define a dependency, don’t 
instantiate or lookup dependencies

Spring wires dependencies

Setter injection

Constructor injection

Dependencies are injected at bean creation 
time
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Constructor Injection
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Constructor Injection

Arguments are resolved by type

argument order cannot be determined
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Constructor type 
ambiguity

Remove ambiguity for simple types 
using explicit types 
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Constructor type 
ambiguity

Remove ambiguity for simple types 
using argument index 
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Setter Injection
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AutoWiring

Wire dependencies automatically

don’t specify dependencies using !"#$"%#&'() 
or !*$+,&#-*&$#./#0()

Less XML configuration

Add / remove dependencies more easily

Turn on globally or per bean

21

AutoWiring Types
Mode Explanation

no No autowiring (default)

byName Property name must match bean id

byType
Property type must match exactly one bean. Must 
have default constructor.

constructor
Injection by type using a constructor. All arguments must 
be resolvable.

autodetect 
(deprecated)

Chooses between byType and constructor.
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AutoWiring byType
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Checking dependencies
Mode Explanation

none No dependency checking (default)

simple Only primitive types and collections

object Only collaborators

all Primitive types and collaborators

1%"#%*/&%234+35"#4+036
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AutoWiring 
constructor
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AutoWire byName
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AutoWire byName

must match
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Global AutoWiring 
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Autowire-candidate

When multiple implementations of an 
interface exists Spring can’t autowire

choose the implementation to inject

Don’t use for injection

Always use for injection
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Factory method

Construct beans using a static factory method
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Factory method 
arguments
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Factory Bean

Construct and initialize beans that you 
don’t control
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Method injection

Normally injection is done at bean creation 
time

Method injection allows injection at each 
call to a bean

Spring injects an abstract method 
implementation
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Method injection

Generates a method that re-inject 
dynamicBean
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Scopes
Scope Explanation

singleton
(default)

A single instance of a the bean. Dependencies to the 
bean are shared.

prototype
New instance for each injection point. Each injection 
point creates instance once however.

prototype + 
method injection

New instance for each call to the injected method.

request
(web only)

Instance per HTTP request

session 
(web only)

Instance per HTTP session
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Singleton scope
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Prototype scope
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Life-cycle callbacks
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Bean definition 
inheritance

No instance will be created, just 
acts as a template
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Annotations
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Configuring 
annotations

Turns on scanning for 
@Component etc.

Turns on annotation 
based dependency 

injection
40

Defining Spring beans

Extensions of 
@Component
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@Autowired

Field injection

Setter injection

Constructor 
injection
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@Inject

Same semantics as @Autowired

Standardized in JSR-330

Needs JSR-330 on the classpath
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@Required

Works together with XML-based 
autowired setter injection

Makes sure a dependency is injected
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Qualifiers

Qualifiers bind an injection point to a 
specific implementation of an interface

runtime binding, not compile time

unit testing still possible

Necessary when multiple implementations 
exist
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String based qualifiers
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Qualifier annotations

custom qualifier 
annotation
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Injecting multiple 
implementations

78839$:4%;/&/8$03
4<"8%<%+&/&4$+,

78839$:4%;/&/8$03
4<"8%<%+&/&4$+,3=4&>3

?%/+342
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Life-cycle callbacks
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Aspect Oriented Programming

50

AOP

Some concerns in an application are 
crosscutting

the same code would be repeated at 
many places

e.g. security, logging, retry-on-error etc.

AOP complements the Object Oriented 
paradigm
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AOP in Java

AspectJ is the most used AOP 
implementation

Needs an additional weaving compiler after 
the Java compiler

the build process becomes more 
complicated

Spring AOP is easier but less powerful
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AOP definitions
Join point

a point during execution of code (a method execution)

Advice

Action taken at a join point

e.g. “around”, “before” or “after”

this is where you implement your code

Pointcut

predicate that matches join points

e.g. “all methods in a certain package”

53



Declaring Aspects

Combined pointcut and 
advice definition
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Pointcut definitions

/**%,,3<$24@4%#

#%&-#+3&'"%

&'"%

<%&>$2

/#0-<%+&,

#%A-4#%2
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Pointcut examples
Pointcut Explanation

execution(public * *(..)) All public methods

execution(String *(..)) All methods returning a String

execution(public * save(..)) All public save methods

execution(public * a.b.dao.* (..)) All public methods in the dao package

execution(public String *(String, Integer))
All public methods returning a String and 
arguments of type String and Integer

@annotation(a.b.MyAnnotation) All methods annotated a.b.MyAnnotation
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Before advice

Declare a3$#0B/,"%*&CB8/+0BD#$*%%24+0E$4+D$4+& as first 
parameter
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Passing arguments

Declare the arguments

Names must match
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After advices
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Around advice

Must call proceed to 
continue method call
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Retry example
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Re-usable pointcut 
definitions

Pointcut name is method name
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AOP using XML
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Introductions
Introduce new methods and interfaces to a 
class

How to make a car fly and shoot?

mix-in behavior

F>%3"8/4+3*/#
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Introduction example
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Introduction example
Interface of the mix-in

65

Introduction example

Type to add behavior to
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Introduction example
Mix-in implementation
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Introduction example

The car now implements 
Flyer and Shooter
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Data Access

67

Data Access overview

Declarative transaction management

Exception handling

Simplified JDBC support

ORM integration
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Things wrong with 
JDBC

A lot of mandatory checked exception 
handling

most are not recoverable

SQLException is very generic

have to parse the sql error-code yourself

Clumsy API

simple things require a lot of code
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Spring JDBC support
Exception wrapping

all exceptions are translated to 
unchecked exceptions

Consistent exceptions

native sql error codes are translated to 
consistent exception types

Simplified APIs
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Consistent Exception 
Hierarchy
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Configuring a 
connection

Create a data source

Lookup a data source
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Simple JDBC Template

Creating a SimpleJdbcTemplate
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Queries and mapping

Called for 
each row
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QueryForObject
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QueryFor...

Convenience methods for several types
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Simple JDBC Insert
Creating a SimpleJdbcInsert
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Transactions
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Transaction 
Management

Consistent programming model across 
different technologies 

JDBC, JPA, Hibernate etc.

Run JDBC and JPA code in the same 
transaction

Declarative tx-management

Simplified programmatic tx-management API
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Creating a transaction 
manager

Different transaction managers for different 
persistence solutions

DataSourceTransactionManager

HibernateTransactionManager

JpaTransactionManager

WebLogicJtaTransactionManager

WebSphereUowTransactionManager
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Creating a transaction 
manager

JDBC transaction manager

JPA transaction manager
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Declarative Transaction 
Management

Turn on annotation driven tx-management

Make each method 
transactional

Read only 
transaction
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@Transactional
Attribute Explanation

value Optional qualifier specifying the tx-manager to use

propagation Transaction propagation

isolation Transaction isolation

read-only Read/write or read-only transaction

rollbackFor
Array of Class objects that extends Throwable and 
should result in a rollback

noRollbackFor
Array of Class objects that extends Throwable and 
should not result in a rollback
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Propagation

REQUIRED

Client bean

no transactional contextclient’s transactional context

Client bean

bean’s transactional context
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Propagation

NESTED

Client bean

no transactional contextclient’s transactional context

Client bean

bean’s transactional context nested transactional context
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Propagation

REQUIRES_NEW

Client

no transactional contextclient’s transactional context

Client bean

bean’s transactional context

bean
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Propagation

NOT_SUPPORTED

Client bean

no transactional contextclient’s transactional context
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Propagation

SUPPORTS

Client bean

no transactional contextclient’s transactional context

Client bean
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Propagation

MANDATORY

Client bean

no transactional contextclient’s transactional context

Client bean

bean’s transactional context

exception

89

Propagation

NEVER

Client bean

no transactional contextclient’s transactional context

Client bean

bean’s transactional context

exception

90



Rollback behavior
Exceptions bubbled up the stack are handled by 
Spring

Transaction is rolled back for unchecked 
exceptions

probably an unrecoverable error

Transaction is not rolled back for check 
exceptions

probably recoverable situation
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JPA integration
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Setting up JPA

Create a META-INF/persistence.xml file

Configure an EntityManagerFactory

Configure a JpaTransactionManager

Configure the JPA dialect in Spring
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persistence.xml
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Configuring JPA

95

Using JPA

Inject an EntityManager

Plain JPA usage with declarative transactions
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Templates and 
DaoSupport

Several Template and DaoSupport classes 
exists

similar to JdbcTemplate

Not necessary any more because JPA API is 
already easy to use

Prefer plain JPA API
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Testing DAOs

Unit testing doesn’t make sense

queries can only be tested with a real 
database

Run automated tests within a Spring 
container
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Testing DAOs
Run within 
container

Provides JDBC 
utility methods
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Testing DAOs
Transactions are rolled back after each test 
by default

no need to re-insert test data for each 
test

Test JPA code using JDBC queries
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Disable default rollback 
behavior

Don’t roll back transactions for any method

Don’t roll back transactions for this method

101

Spring Web MVC

102



Handling requests

1. request
Dispatcher Servlet
(front Controller) Controller

3. model and view

2. delegate request

View Template
(JSP)

4. model

6. response

5. return control
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Configuring Web MVC
Add the Dispatcher Servlet to web.xml

Needs a GHI.JKL(,"#4+0.
,%#:8%&BM<8 config file
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Additional 
configuration files

web.xml
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Implementing 
controllers

Controller 
stereotype

Handle url:
(,"#4+0(%M/<"8%

Name of the 
view template

The model is a 
Map
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JSP page

Use Expression Language to render model 
values

Use JSTL and Spring tags to make pages 
dynamic
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View resolvers
View names are resolved to views using 
view resolvers

GHI.JKL(C,"(
>%88$BC,"

View Resolver
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Most useful 
View resolvers

View resolver Explanation

InternalResourceViewResolver
Servlet and JSP view resolver. View names are prefixed and 
suffixed to generate file name

ResourceBundleViewResolver
Views are defined in views.properties. Supports multiple kinds 
of views working together (e.g. JSP and Excel)

ContentNegotiatingViewResolver
Resolve views based on the accept header in the HTTP 
request. Useful for RESTful web services

There are more view resolvers, but are less likely to be used
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Resolving JSP views
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Creating PDF 
documents

111

Resolving PDF views

views.properties

controller
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URI Templates
URLs can contain variable data

/products/{productId}

/products/{category}/all

Use parameter in request handling

113

Accessing request 
parameters

/search?query=Spring

114



Accessing request 
headers

115

Accessing request 
cookies

116



Request method arguments

View resolver Explanation

@RequestBody
The body of the request mapped by a HttpMessageConverter (for RESTful web 
services)

HttpServletRequest / 
HttpServletResponse Plain Servlet API request and response

HttpSession The Servlet API session object (think about thread safety)

Locale The current request’s locale

InputStream / Reader Raw inputstream to access the request’s content

OutputStream / Write Raw outputstream to write response content

Map / Model / ModelMap Implicit model that’s exposed to the web view

Command objects Command objects available in the model

Errors / BindingResult Validation results for the preceding command object

SessionStatus Status handle for marking form processing complete, triggering session cleanup
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Request method 
return types

View resolver Explanation

ModelAndView Combination of explicit model and view object

Model / Map View name is resolved using the RequestToViewNameTranslator

View Model resolved using implicit model command objects

String View name. Model is resolved using implicit model command objects

Void
Model resolved using implicit model command objects.
View name is resolved using the RequestToViewNameTranslator

@ResponseBody Object converted using a HttpMessageConverter. Useful for RESTful web services
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Showing a form

Handle only GET 
requests

Create implicit ‘book’ 
command object

119

HTML Form
Form fields will be saved to 

‘book’ command

Property on Book

120



Submitting a form

All properties will be set 
on command object

Redirect to overview page
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Bean Validation

Bean Validation API (JSR-303)

Define field constraints on Java classes

Integrates with other frameworks

e.g. JSF 2.0, Spring 3, JPA 2
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Validation Example

@Null

@NotNull

AssertTrue

AssertFalse

@Min

@Max

@DecimalMin

@DecimalMax

@Size

@Digits

@Past

@Future

@Pattern
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Triggering validation

Trigger bean 
validation

Contains error 
information
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Rendering validation 
errors

Render error for 
specific property

Check if there are 
binding errors
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Custom bean validation 
invocation

:/842/&$#B:/842/&%NO?C%*&34+,&/+*%P3;8/,,!Q)BBB30#$-",R
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Creating constraints

Create annotation

Implement validator class
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Creating constraints

128



Validation Groups
Define different sets of constraints for different 
situations

Trigger validation only for a certain constraints
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Checkbox tag
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Select & options tags

Render from an Enum
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Select & options tags
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Radiobuttons tag

Method to produce 
model attributes
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Binders
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Uploading files

135

Handling exceptions

Map exceptions to custom error pages

136



Handling exceptions
Handle exceptions from code
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Two types of Ajax

Data centric

server sends back JSON

client does all the rendering

Content centric

server sends back HTML

client just places the new content in the page

138



Data centric Ajax

|

Ajax request

JSON response

Controller

$+?8-#

@/8,%
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jQuery example
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Interceptors

Intercept requests before handling

Similar to Servlet Filters but within the Spring 
context

Implement !"#$%&'(#)&'*&+),' interface

or extend !"#$%&'(#)&'*&+),'-$"+),' 
convenience class
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Interceptor example
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Configuring 
interceptors

143

Localization
Retrieve locale from browser

Retrieve locale from cookie
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Localization

Set locale from request parameter

e.g. /products?lang=nl

Can’t be used with Accept Header
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Themes
Themes allow retrieving stylesheet names 
etc. from property files

black.properties

white.properties
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Resolving themes

147

RESTful Web Services

148



REST fact sheet

REpresentational State Transfer

Introduced by Roy Fielding

Dissertation in 2000

An architectural style for distributed 
systems

HTTP is an example of REST
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RESTful web services

Services implemented conform the REST 
principles

Mostly based at HTTP
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The REST hype

More public web APIs

Google, Amazon, Flickr etc.

Popularity of lightweight web frameworks

Rails / Grails

People are tired of WSDL

XML is not always the best format
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Everything is a resource

A list of books

A product

A list of search results

An order

152



Representations

Product 

Resource 

<product> 
   <productId>1004</productId> 

   <name>Product A</name> 
   <price>1495</price> 

</product> 

{“product”: { “productId”: “1004”, 
“name”: “ProductA”, “price”: 

“1495”}} 

<p class=“product”> 
<span class=“productId”>1004</
span> 

<span class=“name”>Product A</
span> 
<span class=“price”>1495</span> 
</p> 

X
M

L
 

JS
O

N
 

H
T
M

L
 

P
D

F
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HTTP content 
negotiation

A client can ask for specific formats

The accept header

Accept: “application/xml”
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Dynamic resources

A resource can be ʻstaticʼ

A record in your database

A file

A resource can be ʻdynamicʼ

Calculated results

Generated data
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RESTful properties

156



Uniform Interface

Method Description

GET Retrieve a resource representation

PUT Add or modify a resource with a 
specified URI

DELETE Delete a resource

HEAD GET without body: “Does this 
resource exists?”

POST Overloaded: implementation may 
vary. Might generate a new URI
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Uniform Interface

Method Description

GET Retrieve a resource representation

PUT Add or modify a resource with a 
specified URI

DELETE Delete a resource

HEAD GET without body: “Does this 
resource exists?”

POST Overloaded: implementation may 
vary. Might generate a new URI

Must be safe!
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Uniform Interface

Method Description

GET Retrieve a resource representation

PUT Add or modify a resource with a 
specified URI

DELETE Delete a resource

HEAD GET without body: “Does this 
resource exists?”

POST Overloaded: implementation may 
vary. Might generate a new URI
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Addressability

/products

/product/{id} => /product/10

/products?color=red

/search?q=jax-rs

Each resource has a Unique 
Resource Identifier (URI)
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Connectedness

Navigate from one resource to another

Clients do not generate URIs

One of the most important WEB concepts

Hyperlinks
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!,%/#*>#%,-8&)
333!"#$2-*&3+/<%STD#$2-*&3UT()
333!"#$2-*&3+/<%STD#$2-*&3VT()
333!"#$2-*&3+/<%STD#$2-*&36T()
333!"#$2-*&3+/<%STD#$2-*&3WT()
!(,%/#*>#%,-8&)

Not connected: How do I get 
product information?
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!,%/#*>#%,-8&)
333!"#$2-*&3+/<%STD#$2-*&3UT3-#8ST>&&"X((<',%#:4*%("#$2-*&(UT()
333!"#$2-*&3+/<%STD#$2-*&3VT3-#8ST>&&"X((<',%#:4*%("#$2-*&(VT()
333!"#$2-*&3+/<%STD#$2-*&36T3-#8ST>&&"X((<',%#:4*%("#$2-*&(6T()
333!"#$2-*&3+/<%STD#$2-*&3WT3-#8ST>&&"X((<',%#:4*%("#$2-*&(WT()
!(,%/#*>#%,-8&)

Connected: Linked to more 
information
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Back to the SOAP age

API

saveProduct

getProduct

deleteProduct

getAllProducts

searchProducts

A SOAP product service /ProductService

162

Does this feel like 
the web?

!2%@4+4&4$+,3&/#0%&K/<%,"/*%ST>&&"X((2%<$(T3+/<%STD#$2-*&5%#:4*%5%#:4*%T3M<8+,ST>&&"X((
,*>%</,BM<8,$/"B$#0(=,28(T3M<8+,X=,"ST>&&"X((,*>%</,BM<8,$/"B$#0(=,(VYYW(YZ("$84*'T3
M<8+,X&+,ST>&&"X((2%<$(T3M<8+,XM,2ST>&&"X((===B=6B$#0(VYYU([9\5*>%</T3M<8+,X,$/"ST>&&"X((
,*>%</,BM<8,$/"B$#0(=,28(,$/"(T3M<8+,X=,-ST>&&"X((2$*,B$/,4,.$"%+B$#0(=,,(VYYW(YU($/,4,.VYYWYU.=,,.
=,,%*-#4&'.-&484&'.UBYBM,2T)

33!&'"%,)
3333!M,2X,*>%</)
333333!M,2X4<"$#&3+/<%,"/*%ST>&&"X((2%<$(T3,*>%</\$*/&4$+STD#$2-*&5%#:4*%5%#:4*%],*>%</UBM,2T()
3333!(M,2X,*>%</)
33!(&'"%,)
33!<%,,/0%3+/<%ST/22D#$2-*&T)
3333!"/#&3+/<%ST"/#/<%&%#,T3%8%<%+&ST&+,X/22D#$2-*&T()
33!(<%,,/0%)
33!<%,,/0%3+/<%ST/22D#$2-*&^%,"$+,%T)
3333!"/#&3+/<%ST"/#/<%&%#,T3%8%<%+&ST&+,X/22D#$2-*&^%,"$+,%T()
33!(<%,,/0%)
33!"$#&F'"%3+/<%STD#$2-*&5%#:4*%T)
3333!$"%#/&4$+3+/<%ST/22D#$2-*&T)
333333!4+"-&3<%,,/0%ST&+,X/22D#$2-*&T()
333333!$-&"-&3<%,,/0%ST&+,X/22D#$2-*&^%,"$+,%T()
3333!($"%#/&4$+)
33!("$#&F'"%)
33!?4+24+03+/<%STD#$2-*&5%#:4*%D$#&I4+24+0T3&'"%ST&+,XD#$2-*&5%#:4*%T)
3333!,$/"X?4+24+03&#/+,"$#&ST>&&"X((,*>%</,BM<8,$/"B$#0(,$/"(>&&"T3,&'8%ST2$*-<%+&T()
3333!$"%#/&4$+3+/<%ST/22D#$2-*&T)
333333!,$/"X$"%#/&4$+3,$/"7*&4$+STT()
333333!4+"-&)
33333333!,$/"X?$2'3-,%ST84&%#/8T()
333333!(4+"-&)
333333!$-&"-&)
33333333!,$/"X?$2'3-,%ST84&%#/8T()
333333!($-&"-&)
3333!($"%#/&4$+)
33!(?4+24+0)
33!,%#:4*%3+/<%STD#$2-*&5%#:4*%5%#:4*%T)
3333!"$#&3+/<%STD#$2-*&5%#:4*%D$#&T3?4+24+0ST&+,XD#$2-*&5%#:4*%D$#&I4+24+0T)
333333!,$/"X/22#%,,38$*/&4$+ST^HD\7;H]GJF_]7;F`7\]`^\T()
3333!("$#&)
33!(,%#:4*%)
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The RESTful alternative
Resources

/products
/products/{id}
/products/search

The interface

GET (a product)
PUT (a product)
DELETE (a product)
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Discussion
Design a RESTful API for a web shop

Browse products

Search products

Order products

Track a customer’s order history
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Don’t we need a service 
description?

WSDL is a technical interface that lists 
methods

WSDL is NOT service documentation

XML Schema is still an option
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Don’t we need a service 
description?

WSDL is a technical interface that lists 
methods

WSDL is NOT service documentation

XML Schema is still an option

We DO need 

service 
documentation 

We DON’T need 

a technical 
interface  

description 

We MIGHT need 

to provide XML 
schemas   
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Implementing a web 
application

Browser 
Web application 

HTML 

DB 

167

Implementing a web 
service

RESTful 

webservice 
Client 

aplication 

/products 

XML / JSON 

DB 

168



RESTful web services in 
Spring

Web Services are implemented using 
controllers

Familiar Spring MVC programming model

169

Handling web service 
requests

1. request
Dispatcher Servlet
(front Controller) Controller

3. @ResponseBody

2. delegate request

HttpMessageConverter

4. Convert returned object

8. response

7. return control

JAXB

5. Invoke marshaller6. XML
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@ResponseBody
The object returned is converted using a 
HttpMessageConverter

Jaxb2RootElementHttpMessageConverter

MappingJacksonHttpMessageConverter

StringHttpMessageConverter

etc.

171

Choosing handlers

How to offer data both as XML and HTML?

use the HTTP accept header

use a different extension

use a request parameter

use content negotiation
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Choosing handlers

173

RESTful clients
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RESTful clients

Use RESTful web services using a template

Configure template to convert messages
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Message converters
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Calling a service

Convert response to 
BookList

Web Service URL
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Putting data
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Posting data
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Java Messaging Service
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JMS Topics

Client

Client

Client

Client

Client

Client

JMS
topic
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JMS Topics

Client

Client

Client

Client

Client

Client

JMS
topic
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JMS Topics

Client

Client

Client

Client

Client

Client

JMS
topic
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JMS Queues

Client JMS
queue Server

9%,,/0%31#4:%+3I%/+3
NHEIR3$#35"#4+03I%/+

D%#,4,&,3<%,,/0%
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JMS Queues

Client
JMS

queue

Mainframe

D%#,4,&,3<%,,/0%

WebSphere
MQ

F#/+,@$#<,3<%,,/0%
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Message Listener
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JMS connection factory
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JMS listener
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Active MQ installation

Start bin/activemq.bat

Open http://localhost:8161

Create new topic / queue
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Active MQ installation
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Sending test messages
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Sending messages
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Java Management Extensions

191

JMX overview

Manage and monitor 
Java applications using 
standard tools
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MBean Server

ConnectorConnector Adaptor

MBean MBean MBean

JMX 
Console

Specific 
Console Browser

^9J 5O7D _FFD(_F9\
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Creating MBeans
Just a standard Spring bean

All public properties are exported
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Exporting MBeans
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Configuring what to 
export
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Using annotations to 
export
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Task scheduling
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Scheduling tasks

199

Cron syntax

1. Seconds

2. Minutes

3. Hours

4. Day-of-Month

5. Month

6. Day-of-Week

7. Year (optional field)

0 0 12 * * ? Fire at 12pm (noon) every day

0 * 14 * * ?
Fire every minute starting at 2pm and 

ending at 2:59pm, every day

0 0-5 14 * * ?
Fire every minute starting at 2pm and 

ending at 2:05pm, every day

0 15 10 ? * MON-FRI
Fire at 10:15am every Monday, Tuesday, 

Wednesday, Thursday and Friday

0 0/5 14 * * ?
Fire every 5 minutes starting at 2pm and 

ending at 2:55pm, every day
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Annotation-driven tasks
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