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Any sufficiently complicated
program contans at least

one meta-model.




Roadmap

1. Protocol Buffers
Meta-data model for serialization

2. OmniBrowser
Meta-model for tool building

3. Google Web Toolkit
Model-driven web architecture

4. Magritte
Generic meta-model
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*3 protobuf

Google's data interchange format

Protocol Buffers

Meta-data model for serialization




Describe your data format,
to share and evolve It.




Protocol Buffers

» Encode structured data
» Language-neutral

» Platform-neutral

» Extensible

» Efficient




Protocol Buffer IDL

message Person {
required 1nt32 1d = 1;
required string name = 2;
optional string email = 3;

¥




message Person {
required 1nt32 id = 1;
required string name = 2;
optional string email = 3;

}

protoc

l
= pgthOﬂ C++
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Serialize in C++

Person person;

person.set_name("John Doe");

person.set_1d(1234);
person.set_email("jdoe@example.com");

fstream output("myfile"”, 10s::out | 10s::binary);
person.SerializeToOstream(&output);
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Deserialize in Python

file = open("myfile", "rb")

person = Person()
person.ParseFromString(file.read())
file.close
print "Name:
print "E-mail:

, person.name
", person.email
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message Person {
required i1nt32 id = 1;
required string name = 2;
optional string email = 3

¥

)

.Person|—

message Person {
required i1nt32 id = 1;
required string name = 2;
repeated string email = 3;
repeated Phone phone = 4;

¥

~_—:Person

:Person
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Why not XML/JSON?

» Protocol Buffers are
— 3—10 times smaller
— 20—100 times faster
— consistent code generators
— less ambiguous
— evolvable




Discussion

» Describe your data once, and use it
across platforms and languages

» Evolution supported by design
» Used at Google for almost all
— file formats (data storage)
— remote procedure protocols (RPC)
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006 OmniBrowser o

OmniBrowse OBAutoSela -- all - addPanel: &
OmniBrowse OBBrowsef) accessing announcezm
OmniBrowse OBBuilder (@ building announcer
OmniBrowse OBColumn | callbacks browser
OmniBrowse OBFan initializing buildGroug
OB-Standard OBList @ navigating buildOn:
OB-Standard L@l 73 |opening % close
OB-Standard . % [ cmdFactorg
2 - Glnstanee)\?)\ Class 7 <® ’i-"

Browse )( Hierarchy j( Variables | plementors )( Inhenitz
- Y - L Y Y K

Object subclass: #0BBrowser
instanceVariableNames: ‘panels announcer cmdFactories’
classVariableNames:
poolDictionaries: *
category: 'OmniBrowser-Kernel'

OmniBrowser

Meta-model for tool building
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Create a first-class description
of the domain.




o OO =1 TIIGTC
ProtoObject a --all - addPanel:
Object accessing announce:
OBBrowser building announcer
OBCodeBrowser callbacks browser
OBHierarchyBrowser initializing buildGroup:on:
OBInheritanceBrowser navigating buildOn:
OBListBrowser opening @ close
OBImplementorsBrowser | updating cmdFactories
OBHierarchylmplementol commandSelectors
OBMethodStringsBrowser currentNode
OBReferencesBrowser currentOrRootNode
OBSendersBrowser # defaultBackgroundColor
OBHlerarchySendersBro" + defaultLabel
definitionPanel

l NS tanCe - - dontTranscribe
(Browse) (Hlerarchy)(Varlables)Clmplementors )(Inhentance )CSenders )(Versaons) (vlew )

Object subclass: #0BBrowser
instanceVariableNames: ‘panels announcer cmdFactories'
classVariableNames: *
poolDictionaries: "
category: ‘OmniBrowser-Kernel'
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announcer | OBBrowser=>=>initialize

cmdFactories OBBrowser=>>announcer

panels OBCodeBrowser>>subscribe
OREnvironmentBrowser>>setMetaNode:node:

dGEESS0Ns
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OmmBrowser-Nodes
OmniBrowser-Notification
OmniBrowser-Panels
OmniBrowser-Utilities
OB-Standard-Announceme
OB-Standard-Browsers
OB-Standard-Commands
OB-Standard-Definitions
OB-Standard-Filters
OB-Standard-Nodes
OB-Standard-Panels

OBAutoSelection
OBBrowser
OBBuilder
OBColumn
OBFan
OBList
OBMetaEdge
OBMetaNode
OBNode
OBPlatform
OBSubtree

accessing

building
callbacks
initializing
navigating
opening
updating

addPanel:
announce:
announcer
browser
buildGroup:on:
buildOn:

& close

cmdFactories
commandSelectors
currentNode
currentOrRootNode

# defaultBackgroundColc

& defaultLabel
definitionPanel
dontTranscribe

OB-Standard-Utilities
OB-Morphic-Core
OB-Morphlc-Morphs

( Browse )( Hierarchy ) C Variables )( Implementors )( Inheritance )( Senders )( Versions )( View )

Object subclass: #0BBrowser
instanceVariableNames: ‘panels announcer cmdFactories’
classVariableNames: *
poolDictionaries: "
category: ‘'OmniBrowser-Kernel'
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[OmniBrowser-Kerne
OmniBrowser-Nodes
OmniBrowser-Notification
OmniBrowser-Panels
OmniBrowser-Utilities
OB-Standard-Announceme
OB-Standard-Browsers
OB-Standard-Commands
OB-Standard-Definitions
OB-Standard-Filters
OB-Standard-Nodes
OB-Standard-Panels
OB-Standard-Utilities
OB-Morphic-Core
OB-Morphic-Morphs

OBAutoSelection
OBBrowser
OBBuilder
OBColumn
OBFan

OBList
OBMetaEdge
OBMetaNode
OBNode
OBPlatform
OBSubtree

--all --
accessing
building
callbacks
initializing
navigating
opening
updating

addPanel:
announce:
announcer
browser
buildGroup:on:
buildOn:

% close
cmdFactories
commandSelectors
currentNode
currentOrRootNode

# defaultBackgroundColc

& defaultLabel
definitionPanel

giqr_mtTransqribe 1
LY — =2
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[OmniBrowser-Kerne
OmniBrowser-Nodes
OmniBrowser-Notification
OmniBrowser-Panels
OmniBrowser-Utilities
OB-Standard-Announceme
OB-Standard-Browsers
OB-Standard-Commands
OB-Standard-Definitions
OB-Standard-Filters
OB-Standard-Nodes
OB-Standard-Panels
OB-Standard-Utilities
OB-Morphic-Core
OB-Morphic-Morphs

Environment

OBAutoSelection
OBBrowser
OBBuilder
OBColumn
OBFan

OBList
OBMetaEdge
OBMetaNode
OBNode
OBPlatform
OBSubtree

--all --
accessing
building
callbacks
initializing
navigating
opening
updating

addPanel:
announce:
announcer
browser
buildGroup:on:
buildOn:

% close
cmdFactories
commandSelectors
currentNode
currentOrRootNode

# defaultLabel
definitionPanel
;iqr)tTranscribe

# defaultBackgroundColc

"
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L/

OmniBrowser-Kerne
OmniBrowser-Nodes
OmniBrowser-Notification
OmniBrowser-Panels
OmniBrowser-Utilities
OB-Standard-Announceme
OB-Standard-Browsers
OB-Standagg-Commands
OB-Standard-Definitions
OB-StandardiFilters
OB-Standard*Nodes
OB-Standard-Panels
OB-Standard-Utilities
OB-Morphic-Core
OB-Morphic-Mokphs

OBAutoSelection --all -- addPanel:
OBBrowser accessing announce:
OBBuilder building announcer
OBColumn callbacks browser
OBFan initializing buildGroup:on:
OBLIist navigating buildOn:
OBMetaEdge opening % close
OBMetaNode updating cmdFactories
OBNode commandSelectors
OBPlatform currentNode
OBSubtree currentOrRootNode
# defaultBackgroundColc
# defaultLabel
definitionPanel
dontTranscribe {
S 2

Environment|—> |Category
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L/

OmniBrowser-Kerne

OmniBrowser-Nodes
OmniBrowser-Notification
OmniBrowser-Panels
OmniBrowser-Utilities
OB-Standard-Announceme
OB-Standard-Browsers
OB-Standagg-Commands
OB-Standard-Definitions
OB-StandardiFilters
OB-Standard*Nodes
OB-Standard-Panels
OB-Standard-Utilities
OB-Morphic-Core

OB-Morphic-Mo¥phs

OBAutoSelection --all -- addPanel:
OBBrowser accessing announce:
OBBuilder building announcer
OBColumn callbacks browser

OBFan initializing buildGroup:on:
OBLIist navigating buildOn:
OBMetaEdge opening % close

OBMetaNode updating cmdFactories
OBNode commandSelectors
OBPlatform currentNode
OBSubtree currentOrRootNode

Environment|—> |Category
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# defaultLabel
definitionPanel
_dqr_mtTranscribe

# defaultBackgroundColc

=




[OmniBrowser-Kernel
OmniBrowser-Nodes
OmniBrowser-Notification
OmniBrowser-Panels
OmniBrowser-Utilities
OB-Standard-Announceme
OB-Standard-Browsers
OB-Standargd-Commands
OB-Standard-Definitions
OB-StandardiFilters
OB-Standard*Nodes
OB-Standard-Panels
OB-Standard-Utilities
OB-Morphic-Core

OBAutoSelection
OBBrowser
OBBuilder
OBColumn
OBFan Q
OBList '
OBMetaEdge
OBMetaNode |
OBNode '
OBPlatform '
OBSubtree '
‘|
‘|
‘|

OB-Morphic-Mokphs

1

1
1
1
1
1
1
1
1
)
1
1
1
1
1
1
1
1
1
1
1
)

Environment|— |Category

--all - addPanel:

accessing announce:

building announcer

callbacks browser

initializing buildGroup:on:

navigating buildOn:

opening & close

updating cmdFactories
commandSelectors
currentNode
currentOrRootNode

& defaultLabel
definitionPanel
_dc_>r_1tTranscribe
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Comment

Metaclass

# defaultBackgroundColc

"




OmniBrowser-Kernel
OmniBrowser-Nodes
OmniBrowser-Notification
OmniBrowser-Panels
OmniBrowser-Utilities
OB-Standard-Announceme
OB-Standard-Browsers
OB-Standa
OB-Standard-Definitions
OB-StandardiFilters
OB-Standard*Nodes
OB-Standard-Panels

A

OB-Standard-Utilities
OB-Morphic-Core

OB-Morphic-Mokphs

Environment
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Category

OBAutoSelection

--all - addPanel:
OBBrowser accessing announce:
OBBuilder ' building “ announcer
OBColumn callbacks ' browser
OBFan Q initializing ' buildGroup:on:
OBLIist ' navigating ' buildOn:
OBMetaEdge opening Q % close
-Commands OBMetaNode updating A cmdFactories
OBNode ' N commandSelectors
OBPlatform ' oA currentNode
OBSubtree ' N currentOrRootNode
a \ S # defaultBackgroundColc
\ Y & defaultLabel
\ Voo definitionPanel
T D L Y | semtinmae
|‘ “‘ \‘ “‘
\ ': \ % \
l“ “ “ \‘
‘l‘ “ ‘\
Class L

AllProtocol
Comment :

)

)

)

Protocol

Metaclass




OmniBrowser-Kernel ﬂ
OmniBrowser-Nodes
OmniBrowser-Notification
OmniBrowser-Panels
OmniBrowser-Utilities
OB-Standard-Announceme
OB-Standard-Browsers
OB-Standargd-Commands
OB-Standard-Definitions
OB-StandardiFilters
OB-Standard*Nodes
OB-Standard-Panels
OB-Standard-Utilities
OB-Morphic-Core
OB-Morphic-Mokphs

OBAutoSelection

Environment

Category
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--all -
OBBrowser accessing
OBBuilder building
OBColumn callbacks
OBFan Q initializing
OBLIist ' navigating
OBMetaEdge opening g
OBMetaNode updating
OBNode '

OBPlatform '
OBSubtree '
| Clas‘!‘s ‘;
L ‘|
Class
Comment

Metaclass

addPanel:
announce:
announcer
browser
buildGroup:on:
buildOn:

& close Q
cmdFactories \
R commandSelectors',
\ currentNode '
' currentOrRootNode

. & defauItBackgroundCo‘Ilg
& defaultLabel

definitionPanel L
dontTranscribe i
N e :

Y A Y

AllProtocol

)

)
)

Method

\
Protocol /




OBAutoSelection

'OmniBrowser-Kerne addPanel:
OmniBrowser-Nodes OBBrowser accessing announce:
OmniBrowser-Notification OBBuilder building announcer
OmniBrowser-Panels OBColumn callbacks browser
OmniBrowser-Utilities OBFan initializing buildGroup:on:
OB-Standard-Announceme OBLIst navigating buildOn:
OB-Standard-Browsers OBMetaEdge opening % close
OB-Standard-Commands OBMetaNode updating cmdFactories
OB-Standard-Definitions OBNode commandSelectors
OB-Standard-Filters OBPlatform currentNode
OB-Standard-Nodes OBSubtree currentOrRootNode
OB-Standard-Panels # defaultBackgroundColc
OB-Standard-Utilities + defaultLabel
OB-Morphic-Core definitionPanel
OB-Morphic-Morphs dontTranscribe 1

‘ |

< Cm—
CBrowse )CHierarchy )(Variables )k Implementors )& lnheritance)(Senders )& versions )CViewj

Object subclass: #0BBrowser
instanceVariableNames: ‘panels announcer cmdFactories’
classVariableNames: *
poolDictionaries: "

category: 'OmniBrowser-Kernel'
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Qb

.60 06 OBBrowser

OmniBrowser-Kernel . . a 1
OmniBrowser-Nodes OBAutoSelection o - all - addPanel:
OmniBrowser-Notifica OBBrowser accessing announce: U
OmniBrowser-Panels OBBuilder building announcer
OmniBrowser-Utilities OBColumn .ca.ll.ba.clfs brc?wser
OB-Standard-Announc OBFan L initializing buildGroup:on:
OB-Standard-Browser: 0 OBList navigating buildOn:
OB-Standard-Commar OBMetaEdge _| opening ¥ close
OB-Standard-Definitic Qgﬂet.aNode - ugdatnng command:do: .
OB-Standard-Filters v NS ? Class private E?T‘Tj:t‘ije‘l\ctones

Object subclass: #OBBrowser
instancevariableNames: 'panels announcer commandFactories'
classvariableNames: "'
poolDictionaries: "'
category: 'OmniBrowser-Kernel'
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M Q r S

(L NON$) OBBrowser

AST-Core-Matching OBAutoSelection \

AST-Core-Nodes OBBrowser [ — — g

AST-Core-Parser OBBuilder - all -- addPanel:

AST-Core-Pattern OBColumn accessing announce:
AST-Core-Tokens OBFan building announcer
AST-Core-Visitors OBList callbacks buildGroup:on:
AST-Semantic - OBMetaEdge “ initializing buildOn:
AST-Semantic-Binding OBMetaNode navigating * close

AST-Semantic-Scope OBNode opening cmdFactories
AST-Semantic-Tests OBPlatform updating commandSelectors
AST-Tests-Core OBSubtree currentNode
Announcements-Core 4 currentOrRootNode A
Announcements-View v defaultBackgroundColor ¥

| -

Object subclass: #OBBrowser
instanceVariableNames: 'panels announcer cmdFactories'
classVariableNames: "
poolDictionaries: "
category: 'OmniBrowser-Kernel'
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Discussion

» Model the concepts of your domain
» Domain-specific reflection

» Ul independent

» Can be limiting or slow

» People might get meta-confused
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Google Web Toolkit

Model-driven web architecture




Write your application in Java,
run your application in JavaScript




L Comnge W ot - Comnpie Conde < l

At o o G
* L I " L
trv Doonie Domper ot 4ot Ty @ Sewiap
soashsenanaen ¢ M et ¢ | Sloget ¢ | Buna

Pﬂl
..'"_.,...‘ R R TS »a

AP0y WD it W 8 g T G ®
2 e et Vb e o | [0t e e

Google code - . pes——T—rr—
N Google code — Google code — - - j
Web Toolkit = - ol
Google teme D By Conewets  Dems  Oueoted — = = Googhe Wob TOOIKI mee tus  m - = - C0n3lcoocr et |
Productity for How 05 | sieer? Google Web ToOIKIt mewe 2o S Commts  Joon Do
Oarvecpers. - P —————— Pracucavry b3 Mow do | wieet? m” How do | ey
m 2 St Bated = b e m 1 Domtond P b = OWTY
Users 3 --on-::-u- performance for ; z’:::::‘ performance for 3 Gt Bl o e gt st Productiviy for How 9o | start?
Versins 3.4 winy s 1 M Bt B e O T s aaetn 3 Wt v P iyt QN Tk developers, Y T
suppent ior Agp Yoo 4wl Wvhatswin pericemance 1or ool e
BT e PR T e e
“m —-—:-—-—:.-—-.. _“.__- iy ———— ————'__ 1l {sg Seppnt b App .
_— T e

Thursday, 20 October 11



®
A

a0 g W Tt - Sl Cone

moastfenetann * | M Snates v | Sloget » | Bonae

Google code e
[ TR g S —

Productivity for How 69 | stert?
v g 8 o oecioes he e = G
performance for 3 DBt o B gk st
s 3 A B P dn DT T e
s
¥ g dorr Ruscurces
Andeoid sppe and iy -~
Apps Ve L DT & -

public class Main implements EntryPoint {
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s this really a model?

public class Main implements EntryPoint {
public void onModulelLoad() {
Label label = new Label(“Hello World”);
RootPanel .add(label);

}
h
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s this really a model?

public class Main implements EntryPoint {
public void onModulelLoad() {
Label label = new Label(“Hello World”);
RootPanel .add(label);

}
h

High-level
Widgets
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s this really a model?

public class Main implements EntryPoint {
public void onModulelLoad() {
Label label = new Label(“Hello World”);
RootPanel add(label),

}
High-level Description

Widgets Language
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public void onModuleLoad() {

<:::> public class Main implements EntryPoint {

Label label = new Label(“Hello World”);
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RootPanel.add(label);
}
}

platform
iIndependent
model
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GWT Translation

Mozilla Chrome Safari |E

English | % js s
French

German
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GWT Translation

Mozilla Chrome Safari |E
English | % js .css jS s jS s JjS s JjS s
French | #® s css jS css jS css jS css jS css
German | % s css jS s jS s JjS s JjS s
® S css jS s jS s jS s jS s
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Discussion

» Write JavaScript using a high-level widget
library in a well defined (statically typed)
language

» Translate and optimize code towards
specific browsers

» Debugging, kind of works but you don'’t
want to know how
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Magritte

Generic Meta Meta-Model




Describe your objects once,
use the descriptions everywhere.




Address Object

:Address
street = 'Schitzenmattstrasse'
plz = 3012
place = 'Bern’
canton = 'Bern’
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Address Class

:Address Address
street = 'Schitzenmattstrasse' class | Street: String
plz = 3012 plz: Integer
place = 'Bern’ place: String
canton = 'Bern’ canton: String
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Address Description

:Address

street = 'Schitzenmattstrasse'
plz =3012

place = 'Bern’

canton = 'Bern’

description

:StringDescription

label = 'Street’

:NumberDescription

label = 'PLZ'
required = true
range = 1000..9999

:Container

:StringDescription

label = 'Address’

label = 'Place’
required = true

:SingleOptionDescription

label = 'Canton’

required = true

sorted = true

options = #( 'Bern' 'Zurich' ... )
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Address Description

:Address

street = 'Schitzenmattstrasse'
plz =3012

place = 'Bern’

canton = 'Bern’

Magritte

description

:StringDescription

label = 'Street’

:NumberDescription

label = 'PLZ'
required = true
range = 1000..9999

:Container

:StringDescription

label = 'Address’

label = 'Place’
required = true

:SingleOptionDescription

label = 'Canton’

required = true

sorted = true

options = #( 'Bern' 'Zurich' ... )
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Morphic Rendering

result := anAddress asMorph
addButtons;
addWindowr;
callInWorld

CCCCCC
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Seaside Rendering

result := self call: (anAddress asComponent
addValidatedForm;
yourself)

PLZ: 3012
Place: Bern

Cantor Ber 4
Sav Cancel
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» Viewer building

» Editor building

» Report building

» Documentation

» Data validation

» Query processing
» Object filtering

» Object serialization
» Object copying

Other Applications

» Object indexing

» Object initialization

» Object extension

» Object adaption

» Object customization
» Code generation

and much more ...
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Why is it useful?

» Describe once, get everywhere.

» Extensibility of classes is ensured.
» Context dependent descriptions.
» End-user customizable.

» Developer configurable.
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Why is it cool?

» Be more productive

» Lower coupling

» Do more, with less code

» Do more, with less hacking

» Empower your users
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Meta-
Metamodel

A
[
[

|
<described-by>
|

Metamodel

A
Developer .
|
<described-by>
|
Domain Model
End User
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Meta-
Metamodel

A
|
|

|
<described-by>
|

Metamodel

Magritte

A
! Developer

<described-by>
|

Domain Model

Magritte
End User
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attributes

Vs

Object

Description |[<—

description
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attributes

Vs
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Description

description
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attributes

Vs
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o um-time

Adaptive
Object Model




End users
customizability
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Discussion

» Very powerful and flexible

» Runtime adaptive code

» End-user programmable code

» Can cause meta meta-confusion
» Can be slower than hardcoding
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Any sufficiently complicated
program contans at least

one meta-model.




