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Ancient history
ETH Zurich ïThesis on Extensible OO Operating Systems

Prof. Niklaus Wirth ïFather of Pascal, Modula-2, Oberon

ICSI at UC Berkeley ïSather 2

Startup Oberon microsystems ïComponent Pascal

QUT Brisbane ïGardens, Miranda

Microsoft since 1999
MSR ïComApps

Office ïXAF, Calendar Printing Assistant for Outlook

Now: Business Platform Division (ex Connected Systems)

Incubated Managed Extensibility Framework

Part of .NET 4.0, public drops on CodePlex, more later

ñOsloò Modeling Platform and ñMò language

Public CTPs available, more tomorrow in ñOsloò talk



Developing software by building on existing 
components is an old dream!
Some call it ñreuseò. I donôt. I call it ñuseò. J

Compositional approaches at various levels of 
granularity compete for attention é

From the very small: programming languages

to the very large: Service-Oriented Architecture

This talk: component software
and model-driven systems

New .NET framework ïManaged Extensibility Framework
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é are units of deployment
Static collection of code and resources/metadata

Think package (or assembly, in .NET)

é subject to many flavors of composition
Explicit(ñconnect this to thatò) or
implicit (infer connections from context)

Declarative (e.g. XAML) or coded

Symmetric (composition external to all parties) or 
asymmetric (driven by one of the parties)

Static or dynamic

Open or closed set of components



Composite C
Static dependency on A and B

A, B generate instances a, b

Contains instantiation and 
connection details

in resource
(graph of prototype objects)

or in code
(instantiating/connecting code)

C does not contain A or B

c does not contain a or b
But c likely owns a and b

b

a
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Architecture
Top-down dependencies
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Architecture
Top-down dependencies

Bottom-up dependencies

The solution?

Inversion of control 
using contextual 
composition

Also known as 
dependency injection

Goal is improving 
architectural strength

Application

Component

Indirect 

connection,

composed by 

external agent

Interface



Itôs dependency injection 101

Useful object-oriented pattern
Eliminates the need to explicitly configure objects

Eliminates direct dependencies

Properties marked as dependencies are 
automatically set

Appropriate values typically defined by a container

Contextual composition

Like DI, but moves from container asymmetry to 
symmetry (values provided by peer components)



Contextual composition picks implicit (over 
explicit) and symmetric (over asymmetric)

Leaves open:
Static vs. dynamic composition

Open vs. closed set of components

Declarative vs. coded composition

Tradeoffs! No single form of composition is 
good for everything

Neither is any particular composition technology 
or approach the right answer for everything



Open-ended application designs

Everything is an extension, no monolithic cores 
needed

Extensible by other in-house teams, by third 
parties, and for end-user customization

Application developer decides what to lock down

Predictable impact of removing / adding features

Increase in shared technology:

Multiple wins from one code base

Dramatic reduction in static dependencies

Common approach to extensibility



Composition Container

according to according to

Export
(value, metadata) pair

exportsimports

Composable Part A
Accepts metadata and value,

contract defines expectations

Composable Part B
Implements contract,

provides metadata and value

Contract
Describes value, metadata, and 

behavioral contract of value



Use of composition containers is not required
Parts support explicit composition via properties

Composition containers provide implicit
contextual composition

Composition containers provide scope for exports
and composition context for importing parts

Parts declare exports (publishing values + metadata)

Parts declare imports (acquiring values + metadata)

Parts are composed é
é lazily (separating metadata from values)

é dynamically (parts and exports can come/go)

é reliably (reverts if transitive dependencies not fulfillable)

é using contract adapters (versioning)



var hello = new HelloWorld ();

var output = new CustomOutput ();

var container =

new CompositionContainer ();

var batch =

new CompositionBatch ();

batch.AddPart (hello);

batch.AddPart (output);

container.

Compose(batch);

hello.SayIt ();

public class HelloWorld

{

[Import]

public IOutput Output;

public void SayIt ()

{

Output.WriteLine (

" Hello World ");

}

}

public interface IOutput

{

void WriteLine (

String output);

}

[Export( typeof ( IOutput ))]

public class CustomOutput : IOutput

{

public void WriteLine ( String output)

{

Console.WriteLine (output);

}

}

In general, donôt want to add all parts 

programmatically to container é



var catalog = new AggregateCatalog ();

catalog.Catalogs.Add (

new AssemblyCatalog ( typeof ( MyApplication ).Assembly);

catalog.Catalogs.Add (

new DirectoryCatalog (" Addins "));

var myApp = new MyApplication ();

var container = new CompositionContainer (catalog);

var batch =

new CompositionBatch ();

batch.AddPart ( myApp);

container.Compose (batch );

myApp.Run ();

Catalogs

Å provide early access to the metadata of 

exported parts without requiring 

premature instantiation of parts

Å use a persistent cache to avoid 

premature loading of assemblies

Å can be composed from other catalogs





Components can import collections of exports

ImportMany attribute, targets IEnumerable<T>

Component domain provides all discoverable 
exports for the specified contract

Values in a domain may have associated 
metadata

Metadata is imported for members of type 
Exportïa (value, metadata) pair

Exportôs value is not created until Exportôs 
ProvideValue is called

Efficient to probe metadata of all exports and then to 
get values only from selected exports



public class HelloWorld

[ ImportMany ]

public ExportCollection <IOutputDevice > Outputs;

public void SayIt () {

foreach ( Export <IOutputDevice > export in Outputs) {

if ( export.Metadata.ContainsKey (" Console ")) {

Object meta = export.Metadata [" Console "];

if (meta is Boolean && (( Boolean )meta) == true) {

export.ProvideValue.WriteLine (" Hello World ")

}

}

}

}

}

[ Export ( typeof ( IOutputDevice ))]

[ ExportProperty (" Console ", true)]

public class ConsoleOut : IOutputDevice {

public void WriteLine ( String output) {

Console.WriteLine (output);

}

}



Eliminating hard-coded domain contents

Scan a directory

Read a configuration file

Pull configuration data from the net

Low level flexibility é

Queryable metadata

Catalog concept for discovery and lazy loading 
of components / lazy activation of instances



Exports match imports by contract, not type

Contract name is a unique identifier
(typically namespace + local name)

Names automatically derived from types
are typical, but not required

Mismatched types require an adapter

Explicit adapter implementations are supported

CLR 4.0 can auto-adapt certain types by 
structural matching



Attributes used in examples are just one 
programming model

But probably the preferred one for new code

Layered design enables multiple models é

Attributes for new CLS-compliant code

External configuration for existing .NET classes

COM integration for native code

Dynamic registration for DLR code

é add your own



MEF is a technology to enable a particular, 
fairly high-level style of composition

Parts take no dependencies on each other

Fully dynamic and open application/system take 
no dependencies on extending parts

This style is already fairly far down the 
commitment curve

How to ensure correctness, stability, 
maintainability, versioning, security, é?



Open

Make and Buy

Internal Reuse

Product Lines

Dynamic

On-site Upgrades

Open and Dynamic

Maintainability

Modular Solutions

Half Closed

Make and Buy from Pool

CMMJPicking the right level is a business tradeoff



Knowing where state resides
Explicit vs. implicit (e.g. on thread stacks)

Asynchrony vs. synchrony

Knowing how to manage lifetime
Nested construction as well as shutdown

Reification of Progress

Cancellation of long-running activities

Dealing with state entanglement
Reentrancy and concurrency



When is a composition correct?
When it meets its requirements

Functional and quality; run-time observable and not

Are we talking given, assumed, or arising requirements?

Can we predict correctness of composition?
By construction

Front-load work: Select tight composition method
Often domain specific

By compositional reasoning
Incremental work: Based on properties of component contracts and 
composition scheme

By end-to-end reasoning (incl. measurement, testing)
Ideally modular, extreme is global

Brute force, but this is where the rubber meets the road



Established properties of dynamic 
compositions stop holding é

é under time pressure:
maintenance and versioning

Component properties as composition 
environment/context ñevolvesò

Composition schemas as components ñevolveò

é under space pressure:
weak coordination

Dynamic composition of components sourced from 
ñthird partiesò



From objects to components é
é and on from components to services

Use classes/objects to implement components

Compose components to implement services

Compose services to implement systems



Service =
Instantiated configured system

+ Providing organization
A service is a fully grounded instance:
no unresolved static dependencies óall the way downô

The service-providing organization
installs, runs, maintains, and evolves HW and SW 
infrastructure and components

provides physical and organizational means
E.g., client management, accounting, pay power bill, etc.



Service level ïservice contract
Binds client and provider of service (instance!)

Such as guaranteed up-time, performance, or capacity

Can abstract from instances to service types

Component properties ïtechnical contract
Binds component and client implementers

Cannot offer service levels, but can (and sometimes do) 
offer specifications that help establish service levels 
when using component to build a service



Components

Legal Contract (e.g. SLA)

Service = (Installed Components + Infrastructure, Providing Org)

Technical Contract

verification

auditing

Realizable to a degree;

Rest is risk

insurance

penalties

Business: charge for offered service,

guarantee service level, and carry risk

certification



Unlike OO,
distinguish services from data items

Services deliver and consume items
(whitebox data values)
Think HTML, XML, SQL, JSON, é

Enables services to be truly blackbox
Service boundaries are about partitions of separate 
evolution (such as separate organizations)

Services are data-driven abstractions!



From explicit composition é
é to model-driven composition

Orthogonal to composition granularity: model-
driven composition of objects, components, or 
services

Uniform control over all aspects of lifetime: 
design, development, deployment, operations, 
maintenance ïall benefit from a model-driven 
approach



A domain is a space of concepts, 
conventions, traditions, organizations

A model is a formalized description of (some 
of) a domainôs concepts

Separate domains can be related by relating 
models ïpromise of integration

Model-driven is a disciplined form of data-
driven; more in ñOsloò talk tomorrow


