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What we'll cover today…
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Who’s Who in the 
Embedded Systems 
Ecosystem?



Silicon Vendors (SV)

Independent Hardware 
Vendor (IHV)

Original Design Manufacturer (ODM)

Original Equipment Manufacturer (OEM)

Service Provider
e.g. Set Top Boxes, Phones

ConsumersBusinesses

Retailer
e.g. Consumer Electronics

Distribution VAR
e.g. Enterprise & Small-

Medium Business  Devices

IHV

Embedded OS Vendor
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The Making of an Embedded Device
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Independent Hardware Vendor

• IHV
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Independent Software Vendor

• ISV
•

•
•
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IHV

Disti

ISV



System Integrator / Training Partner

• SI / Training Partner
•

•

•
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Original Device Manufacturer

• ODM
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Original Equipment Manufacturer

• OEM
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ODMOEM



Who’s Who in the Embedded 
Systems Ecosystem?
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Business Scenarios

Industrial Process
Control

Factory Automation



Consumer Scenario
Home Automation



BI

Supervisor

Control

Sensors & Actuators

Ty
p

ic
al

ly
 p

ro
vi

d
e

d
 b

y 
a 

si
n

gl
e

 v
e

n
d

o
r

80’s 90’s

• SCADA systems 
• Often runs on a PC

SCADA: Supervisor Control and Data Acquisition

• Usually real-time
• Often an OPC server

Field Bus

TCP/IP

• Often have no intelligence, 
requiring RT controller

Generalized DES Model



Market Opportunity
Service Oriented Devices

Distributed

Embedded

Systems

Connected

Devices

General

Embedded

Systems 

2007-2010 2008-2012 2009-2012

SERVICE ORIENTED DEVICES
High Value Market 

+  Embedded Systems & Device Services + DES Tools 

e.g. Systems: Industrial Automation, Home Automation, Auto diagnostics
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5 YEAR TIME SPAN

CONNECTED DEVICES
High Growth Market

+  Device Specific Middleware

(server and services connectivity )

Connected Enterprise Devices: TC, MFP, POS, Kiosks, ATM

Connected Consumer Devices: PND, PMP, STB

SMART DEVICES
Commodity Market

Windows Embedded Platforms 

(CE, XP & Vista Embedded)

.NET MF

Development Tools

• Enterprise BDM

• Retailers

• End User

+

• Enterprise ITDM

• Service Provider

+

• OEM

• Developer
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Embedded Systems Development Lifecycle

Applicable Technologies on the Microsoft Platform

Tools

Distributed Communications Platform

CCR / DPWS CCR / DSS / DPWS

.NET CF, .NET

Silverlight 2

Microsoft Windows Embedded OSs

.NET Micro-Framework

Microsoft Visual Studio

Platform Builder, Target Designer Microsoft Expression Blend/Design

Application Developers
(80% of Embedded Systems Developer Population)

• Silicon Chips

•Hardware Modules

• Software Drivers

Board Support 
Package (BSP)

•Componentized OS

• Target Designer

• Platform Builder

Operating System (OS)
•Application

•UI

• Logic

•Abstracted from HW & Aware 
of Constraints

Standalone Device 
Systems

• Simple Distributed Application

• Interaction

•Control

•Dependency Mgmt

• Latency Mgmt

Connected Device 
Systems • Services –Orientated    

Distributed Application

•Exposing

•Consuming

•Deploying

•Monitoring &Management

Distributed Embedded  
Systems (& Services)

CCR = Concurrency and Coordination Runtime
DSS = Decentralized Software Services

DPWS = Device Profile for Web Services



Devices Profile for Web Services (DPWS)
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Example DPWS Interaction - Printer



Communications for 
Distributed Embedded 

Systems



Microsoft Robotics Developer Studio

Runtime Services

• Coordination and 
Concurrency  library 
(CCR)

• Distributed Services 
Framework (DSS)

Authoring Tools

• Visual Simulation 
Runtime and Editor

• Visual Programming 
Language  (VPL)

• Visual Studio 
templates

• Samples and 
tutorials

• Robot services

• Robot models

• Infrastructure 
services



MRDS Runtime

• Multi-Core / Many-Core

• Asynchrony

• Concurrency

• Resiliency

Coordination and 
Concurrency  library

(CCR)

• Distributed Computing

• Composability

• Loose coupling

• Decentralization

Distributed Services 
Framework

(DSS)



CCR



CCR
Concurrency and Coordination Runtime

•
•
•
•



CCR Key Concepts

delegate(int n)

{/*handler*/}

data orientation queuing     

scheduling

1 2

{/*handler*}

1

arbitration



CCR Key Concepts - Setup

delegate(int n)

{/*handler*/}

Port<int> p = new Port<int>();

Arbiter.Activate(q,
Arbiter.Receive(true, p, 

delegate(int n)
{ /*handler code...*/ }));

Dispatcher d =
new Dispatcher(0, "");

DispatcherQueue q =
new DispatcherQueue("", d);

1

2

3

4



CCR Key Concepts - Execution

delegate(int n)

{/*handler*/}

p.Post(1);
5

{/*handler*}

{/*handler*}

1

11

{/*handler*}

1

Enqueue task

Schedule task

Process message



CCR Coordination Primitives
Exposed via Arbiter methods

Single-Port 
Primitives

Code-Scheduling
(non port-specific)

Multi-Port 
Primitives



DSS



DSS Architecture

Service Identifier

Contract Identifier

State Main
Port

Partners

Service
Handlers

Notifications



Services as Units of Orchestration
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Builds on REST and HTTP

Microsoft Open Specification Promise

Structured Data Manipulation - INSERT, 
UPDATE, …

Events represent state changes

Application graph observable

Simple, uniform APIs - GET, POST, …

UI Separated from 
Implementation

Session-less



Anatomy of a DSS Service

Port

State

Operation

Service

State

Operation

Service

State

Operation

Service

• Service URI

• Contract URI

• Structured state

• Partner services

Service 
Properties

• Observable state

• Supported DSSP operations

Service 
Contract

• Implement a data contract

• Extend a data contract

• Implement multiple data 
contracts

Services 
can..

http://host:port/servicepath



Fabriq4Dss
CCR/DSS Application Example



Fabriq4Dss - Queuing Networks

•
•
•
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Network

Gateway

Transform

/net/node1

Preproc.

Balance

/net/node2

Match

/net/node3

Augment

/net/node4

Match

/net/node3



A Virtualized Diskless Grid

“Boot
Request”

“XPe Image”



Remote Boot Process



Windows XP Embedded
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Building a Grid Processing Node

Node

Node

Node
Router

Host

Gate
way

Admi
nistra

tor



Bootstrapping the Fabriq Grid



Anatomy of Grid Nodes

N

N

N R

Host 1

G

A

B Blackboard

C Configurator

Host 2

Suscriptions (A)
• New Configuration (from Configurator)

Operations (A)
• Get Host State
(aggregate of all node states)

• Via Application Configuration

Events (A)
• Via Application
Configuration

Subscriptions (C)
• New Node
• Dropped Node
• Configuration Deployed

Operations (C)
• New Configuration

Events (C)
• New Configuration

Events (B)
• Key/Value Changed

Operations (N)
• Process Message

Events (N)
• Instrumentation
• Data Node Changed

Subscriptions(N)
• None

Operations (B)
• Get Key/Value
• Set Key/Value
• Add Value to Key
• Get Values of Key

Subscriptions (B)
• New Node
• Dropped Node
• Configuration Deployed



Map-Reduce Fractals





http://www.msarchitecturejournal.com/pdf/Journal17.pdf 



Summary
•

•
•

•

•
•

•
•
•



Appendix: Getting Started with CCR/DSS

• Download the product
• Download Visual Studio if needed

• Watch video tutorials

• Read through CCR documentation
•
• Reflector

• Read DSSP specification

• Read through DSS documentation

• Work through Services Tutorials

• Work through Hosting Tutorials

• robotics CCR

• online forums

http://msdn2.microsoft.com/en-us/library/bb648760.aspx
http://www.microsoft.com/express/
http://msdn2.microsoft.com/en-us/robotics/bb383569.aspx
http://msdn2.microsoft.com/en-us/library/bb905422.aspx
http://www.aisto.com/roeder/dotnet/
http://download.microsoft.com/download/5/6/B/56B49917-65E8-494A-BB8C-3D49850DAAC1/DSSP.pdf
http://msdn2.microsoft.com/en-us/library/bb905423.aspx
http://msdn2.microsoft.com/en-us/library/bb905437.aspx
http://msdn2.microsoft.com/en-us/library/bb905439.aspx
http://channel9.msdn.com/tags/Robotics
http://channel9.msdn.com/tags/CCR
http://forums.microsoft.com/msdn/default.aspx?forumgroupid=383&siteid=1


Appendix: Resources

•
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•
•

http://microsoft.com/robotics

http://microsoft.com/robotics
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