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NI GHE cture for creating and

iIEEs® Mponent software

Y aEEsie family of compliEiesieigll
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ANENIEL)E -neutral programming
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i 1) _ L\ Workineg grolg,
EEEspNts included Intel, HP, IBM, NetSeZIsE

sl # standards ratified Dec 2001 =iV AssESa=Tg I

SudsilENsf the CLI standard

gigiiiels | — Concepts and Architelsiigs
=2igiiielg: || — Metadata

il ||l — CIL (MSIL)

P2l |\/ — The Libraries and Profiles
EEgrn V' — Annexes

National Ballots completed — approved (with comments)
Ballot resolution October 2002
Standardized December 2002




WHERE THE CLR FITS IN THE .NET WORLD

Common Language Runtime
App Domain Loader JIT

Common Type System Class Loader
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Improved Performance & Reliability
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Mediate type import and export
> Types named relative to assembly




dicrosoft IntermediategseppuEnE
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VIS]IE the CPU -independeigis

BN set generated by .INE=g)
cormpllers from .NET languageEgsiiisig
Siesa0r \/isual Basic.N=imyYSiiNGS
seIiPIERsEfore or JIT compliENBigigls
CsuEINEs the program byERvalaliEl
Execuiion NECHEISSYRIEROf ifc
sIniEIF Nnguage Runtime (Ci%z

eBVered in Serge Lidin’s talk
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Managed Code Executiof
BEVELOPMENT DEPLOYIVIENT
PEVEry,

NEI=)N

GAC,
2100, rIJrcgror/
cJouilozie) el

(methoed)

»Exception
JINE | >Class init

verification’ ~Security




Frameworks
Design and naming patterns




CLS; Designing For Begesh
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Microsoft
Meirzaged
Ctt

Common
Iype System

EAENSINS

Comie™=/pe System IS toe Big for any single langua ge

Common Language Specification Is for cross  -language use




SINEEEls) to ItS announcemelgl

SENNENI]ETs: demonstrated thENggiiii.
EREUEIERspabilities of theYsElis)ai)



vadic Systems
Jitsu




Compr' Ll ascal — Queensland Tec
Ada — U.S. Air Force Academy

e Others: Pizza, Beta, IronPython , Ruby, Icc
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swIPescnt software:  “ trad EHEIRE
sssEmelies and XML Web SelgVies

Integrated tools support




ICrosoft SlsEige




| Motivations &dsie

WETAPEREN: in the Fall 2000 on the Shared SCHIGEEXSI

SHjsEIA=EeYs/|SO standards efforts
VeleEnENgBIEE atform  targetability of .NET

tudio.NET ( “Whidbey ")
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. s/tS the ECMA standards JiusieNEe
Irnolerneniaiid,

SUININEIPEINIrade code (but documenteldRisIgetsEEEY
- multiple platform support
allows for “safe” examinatiGjESigEElHE

C# compiler shows nearly all runtime features

IL Assembler shows low -level API implementation and
use

SSCLI also supports .NET programmer learning
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The ECMA C#/CLI Standards

Drawing?D  Printing
. Discovery  Descripton  fj 'maging  Text

System.Xml|

[WADCRINNN | SORM Y| xsLT Serialization
[IDESGRMMININ | WAGasEsI ) xPath

System

Collections 10 Security Runtime
Configuration Net ServiceProcess InteropServices
Diagnostics Reflection Text Remoting
Globalization Resources Threading Serialization

Common Language Runtime
GC App Domain Loader JIT

Common Type System Class Loader




The Shared Source CLI (SSCLI)

VS.NET System.Web (ASP.NET System.WinForms

ComponentModel
JScript
System.Drawing

Simple Web Services
| Protocols |
Discovery | | Description

System.Data (ADO.NET) T —
‘Aabo o soL B IXSITTTTTT eeralizaton

SDK Tools | NDESiGRNMNN TN S

rDB
CorbBe System
ILAsm Collections 10 Security Runtime
ILDbDump Configuration Net ServiceProcess InteropServices
SN Diagnostics Reflection Text Remoting
Globalization Resources Threading  Serialization |
Metalnfo Common Language Runtime

App Domain Loader JIT

PEVeri
— Common Type System Class Loader

Platform Adaptation Layer Networking

Boot Loader
Threads Sync Timers Filesystem




Commercial features not included, such as ADO.NET,
enterprise services, NGEN (JIT -ahead), and ASP.NET
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00 defined types
> About 20 dynamically loadable libraries
> About 22 executable programs
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SCLI Garbage




> Reflection for managed code

> Both internal and external API for C/C++,see nd
tool




loait

Remoting, unmanaged interop , serialization, and
marshaling

AppDomains , Assemblies, GC, other execution engine
features




CJCIS

ebuggers: cordbg managed debugger, plus a
debug extension for working on managed code
from C/C++




glvern plaifcliag
=N dige . shared code for upper leEINbElS

|

Debugglng and tool support
Additional work for port:

> JIT (very portable 3 layer macro emitter design)
» Small amount of assembly code in execution engine



SSI#\ Licensing Detell

SRRV rosoft ’s “shared source ” gissSSsHsIeuleiil

SEIElss2S S to code, including ability to mollyyaey cl
distriguie odifications
SN GIEEsllg rcial use only (books, coursewzZigERelsE/ie);

WEISSIEERIsEL teach the CLI are OK In this)

NEREsigiciggligation ” issues for users: SURHEYAISERIY,
IfeliiculsisRigh ntangible form that you rejsiEisfisEigel ter
cesEEsuusiEgooftware . However, this ']J'r't dogs not grarii
you . [SEYSERD any of Mlcrosofts copyriginieysigs elenis
ie]aelaislisls@Ys) might create using such |nfo rratio rn."

Long -terrrn InvaiEgl
SEEF=YTaDle academic research and curriculum

> To allow better understanding of commercial product

> To improve technology feedback process by enabling deep

Input



SSCLI Toolkit




a@ble Teaching Topies

stolisisslpent -based programminiy
SOIMPEIE Ve languages/infrastrUEieE

(ity

> Internationalization

> Code structure and maintenance
> Build and test harness



— George Viekstol

g omoner pesign

All will be in Curriculum Repository
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First 40 students started Fall 2003!




wosed as primary teaching example
and laboratory for capstone projects




> Symbol Tables




Ented programmil
ming languages

Type system extensions




Research To CUideisiisiaa

2usEscarch projects fundedBigen gy
r<Jror search grants in 20 7

HOtor <es~
rald last

std paper presented
Mal. special Rotor research ISSU&}

Next step: Capture the experience and
Insight of researchers for reuse In the

classroom



ELIEENIIECtion and other memory
reanagerrnent oglglle[8[els
Distrioutec gelaglelbiilgle

XML -based

> Asynchronous
> Concurrency, memory models, locking

Others? You Decide!




rJfJOIJJ/ tools, and source cls rle 0
®hd researchers to support
in programming languages,
compilers, tools, and runtimes

Let us know what you need!
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Some Rotor projects
oot = R .

Bishop and Florspool University of Pretoria (za) - Vendor Independent
and University of Victoria =VEl and Windowing
(=) Siiens based on AWML for

ﬂ)
(—1

Egor Boerger University of Pisa and ETH aeiiigetet Operational Model
Zuerich [(OJMIEF = crnantics of C#
Antorio Cisternino University of Pisa, Italy SuppaigiEsicEl

elpgle) Litzitions withir ire

Irnor Languzge

alie= s truciure

Coulsor] i Lancaster University, r eflect J/r‘) meta -
England hitecture for .NET

Merig Criall Er Multimedia University, Des ¢l rnmrJ lmolemem teitior)
Melaka, Malaysia of ConcOiggEiinezANI=g)

Paulo Ferrelra INESC, Portugal =arsigleligle; ~otor with

Distribute 0 \eEIgsElal=:
Collection

Diziz Foricorn . Oviedo University, Spain Adding low -level pure
capability -based protection
to the CLI for supporting
flexible and secure
embedded and mobile

ﬂ)
:.I

applications

John Gough Queensland University of Factorizing the JIT
Technology (QUT), Australia



2, Rotor projects
Principal vaeﬂ) ject

Dawvid Grey University of Hull, England ards a wror -pased

Dirk Grurwelld University of Colorado, USA lire S Lgordisrzite

thread]r ig To lrrprove
tirne Benavior

Jury Gutknecrt ETH Zurich ng C# on .NET as a
eveloprment Ple tforrn for
ee rables

ot T —

National Tsing Hua tructing Scalaple YWed
University, Taiwan [ ces using Microsoft

oce

University of Roma at I\/Iodelm th he erurmrlrlcc
f| TorVergata of Rotor Z\sjs]ilsi]
Catholic University of Rio M2 Wil
de Janeiro, Brazil

L] Layyren : University of Sheffield, SIMPL: Simple

England Implementation of a

mathematical programming
language

Keith Mannock Birkbeck College, University A simple Interactive

20t0or

of London Development Environment
for C#



Soe Rotor projectsgi=

Principal Inves RETO SRS ANE I ﬂoject

Beriranc Meyer ETH Zuerich NI OF of) I\ ET:
laglell=, = nitetion of
oelgledlirr=ricy rroclel usirg
(G =T Rermoting Library,
OEEI=c| on Desigrn 0y
®e]riiract orincioles

Criristine Mingins Monash University, Australia Ipport for assertions in the
Eotor runtime
Valery Negornnizischy Ru33|an Academy of owards C# orogreirr
Science, Siberian Division, crificaition: rmetnods aricl
Russia

Paclcly Nixor ]/I]gra florl i Rotor
Scotland 1
Enric Pasior ‘ Rotor in ¥}
Catalonia Spain processors
L New Zealand Typing
Igor Petrov Moscow Institute of Physics Pipelined processing of
& Technology, Russia HTTP and SOAP requests and SOAP requests
Types for C#




SoRIE ROtor projectsgi

PNIGIEINEE sator | University | PsjEGE
rfglfl;iH’:‘SS&f]E) - Katholieke Universiteit Ero as a vehicle for teaching
Leuven, Belgi Ire software development
Stefano Pinzrdl] ‘E hiirig) withl Flotor
Ital
Ardraas Polze ‘%{, cess Migration
University of Potsdam IE
Michel Riveill ‘ e action Iiegraiion inio ihe
Babalk 3 ‘ "Delegcn_t]on ziricl awthiorizatior)
Science rnenzcernent for micdleweare
Viadirnir O, Saforioy ’1 Aspect. NET : a Framework for
| University, Russia Aspect Orientec I Prograrmming

Marniuzl Serrano INRIA, Sophia, France MHU Bes tg Rotor

—

Alesander Snargin St. Petersburg State Technical AR 112 ouiirnizeiions aric
University, Russia (IO Clifyirlg) Orograrns i)
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Soe Rotor projectsgis:

Porincipal Investic Universit EUJHFT
Luis Mourzl Silva - University of Coimbra , AlL: & Runtime Assembly
Portugal strurnentation Liprary

Y. N, Sl Indian Institute of Science, Riofile -quided optirnizations
Bangalore, India &\ET JIT cormnpiler using

Rotalg
Dzirko Siefanovic ‘E bage Callection
ferneiives for Hotor
Andray A Teraiknoy ‘ St. Petersburg State EJHL on Compiler
University, Russia Developrment for .NET platform
Evgerny Vigdorenii ‘ St. Petersburg State ’Advancec] Debugging in .NET
University, Russia

Werrier Vogels | Cornell University, USA Flign -Perforrnarice cornouting
‘ i) Rotor

Bruce W, Waisor) Technological University of CompjiiguRecis oo"r]m]'/]ru
Eindhoven , Netherlands and regula Ayoresgjom Jr
University of Pretoria, South
Africa

Johannes Kepler University Compiler generation tools for
Linz , Austria



urce CLI Essentials
lling, Ted Neward; O’ =B}
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Runti e \‘
Nutt; AddiSejig

Essentlal NET, Volume I.: The Common
Language Runtime — Don Box, Chris Sells;
Addison Wesley (2002)



ORlie Community

VSN soft.public.shared souigsERsl
SR slisW /ANl er.di. unipl. it/mailman/jiisiigiieYals]:
net-sscli forgeliilglemiiar:1gloR=T{eig]
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o http://dis
[]

seRdevelop.com  for fdieigEiNeeis)s
rrizilinig 2l

/% archive.
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Honal Resource!

=SIVAN® | and C# standards GisEiiseigiss
giisW/iggistelg. Inicrosoft.com/net/jgldk

IO N other MicrosoneSeieEn
Solrce offeriglelss

SISHAIYIY nicrosoft.com/sharedsource
(n.b. Windows CE!)




Compilers for .NET

JINcacl CR)

e
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ric Proj

FAYS - AT I o (s WAV S afa. af. mil/dfcs/bios/mec html/a sharp. sl

Operon - Active Ogeron - hijoRANNATRelsIsfelgR=ligr A aii[e]gliallale

Pascal - Corngonerit Pascell
nitp:/fwww.citi.qut. edu. ISRl ;pnet .html

P (Prolog/Ci nyorid) - hitp://mwniEe[asRele ReTel @i /cllpsharp.html

2 U0y - Ruby/.NET Bridge ttp://www.saltypickle.com/rubydotnet/

SCHEIEREReIeE-arceny (Northeastern/Will Clinger) - <no URL yet>

Scheme -"Hotdog Scheme (Northwestern) - http://rover.cs.nwu.edu/~scheme/

Scheme - Chez Scheme (Indiana) - <no URL yet>

Scheme - Tachy - http://radio.weblogs.com/0101156/stories/2002/03/19  /tachy.html

Smalltalk - S# - http://www.smallscript.net/
Zonnon - http:// www.bluebottle.ethz.ch/Zonnon /




NET Compilerg

s
r

Asrnl - Apsiract State \YElallslcR = lo [Vl SR slife R/ EEEI@slnlic ros oft.com/fse/asml/
e (oW /A L= =1 gs g Raalls OS Oft.com/projects/ilx/fsharp.a SpX

Gyro - Gernerics for C# igleRigsIMN] = IO H S
nttp://research.micrese)is com/projects/clraen/
# )

-
Polyononic C (, aoer shly) - hitp://research.microsoft.com/~IjlisdisislNisials]aVi
SML - http://research.microgejifeelalislfel(Ele el Nalelvs

IERIEEREIGEIREIiEMing Projects

Icrosoft.com/programs/europe/rotoy /wshop -

W ’\\/r NET il .//WWW.dS .cs.tcd.ie/index. h ?categor
AspectC # - http://www.dsg.cs.tcd.ie/index.php?categor

Compiler Writing Tools

Coco/R — Recursive Descent Compiler Generator - http:// dotnet.jku.at /Projects/Rotor /



Hull degree [sigsislelss




> Practical deployment of techniques







Iploma Stage

Virtual Machine
Architectures

Requirements for
managed code
environments

Intermediate languages
and their design

Virtual Machine
architecture and
implementation

Shared source .NET systems
implementation

.NET & Rotor security
models
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This presentation is for informational purposes onl y. Microsoft makes no warranties, express or implied, in this su mmary.



