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Project Origins
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Executable UML !I= Code Generation

W politically
ihcorrect

cartoon

Libraries, Legacy,
and Hand-Written

Model Compiler
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Executable UML !I= Code Generation

Libraries, Legacy,
and Hand-Written

Software System

Archetypes and Mappings

I
[
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Scripted Model Verifier

« Test-first
development
with models

S  Simple single-
processor
A 0 architecture
Model
Machine
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UML Action Semantics

* Integrated into UML 1.5
* Fundamental actions on

= =
Fa f UML elements
==
=1 (classes, associations, ...)

OBJECT MANAGEMENT GROUP

Precise Action = Foundations for writing

Semantics for UML processing in an
executable model

- in the problem domain

- does not presume an
implementation
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Action Language & Semantics

= This action language

create object p of Publisher;
p.name :="Addison-Wesley";
create object b of Book;
relate p to b across R1;

b.title := "Analysis Patterns";
b.copyright := 1997;

create object b of Book;

b.title := "Refactoring";

b.subtitle := "Improving the Design ...";
b.copyright := 2001;
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Action Language & Semantics

= Or this action language = compiles to actions

p := new Publisher { createObject “Publisher”
.name :="Addison-Wesley"; addVariableValue "p"
-> Book := new Book { groupAction {
title := "Analysis Patterns”, readContext

literalValue "Addison-Wesley"
addAttributeValue “name”
readContext

createObject "Book"

.copyright

|3
-> Book ;
title

Thic looks like a
(virtual) machine

subtitp lan gua g@ createLink "Book"
copy groupAction {
} readContext
} literalValue “Analysis Patterns"
addAttributeValue “title"
readContext

literalValue "1997"
setAttributeValue “copyright”

}o..

I
[
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Aside: Why a Virtual Machine?

= Java made VMs
palatable

* Project can focus on
models & mappings

= Easier to debug models
at the model
level

An executable UML
virtual machine is
critical to completing
the idea of UML as a

computing formalism

I
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Static Model Import

model
(as diagrams
in tool’s
repository)

extractor
(for Load I model
modeling machine
tool)

model (as XML)

Publisher

name : String
code : ISBNPublisherCode
address : MailingAddress

is produced and| 1
marketed by

R1
produces and
markets 0.*

Book
title : String
subtitle : String

copyright : Year
unitPrice : Money

<domain name="Bookstore">
<type name="String"/>
<type name="ISBNPublisherCode"/>
<type name="MailingAddress"/>
<type name="Year"/>
<type name="Money"/>
<class name="Publisher">

<attribute name="name" type="String"/>
<attribute name="code" type="ISBNPublisherCode"/> Q%
<attribute name="address" type="MailingAddress"/>

</class>

<class name="Book">
<attribute name="title" type="String"/>
<attribute name="subtitle" type="String"/>
<attribute name="copyright" type="Year"/>
<attribute name="unitPrice" type="Money"/>
</class>
<association name="R1">
<associationEnd phrase="produces and markets" multiplicity="0..*" class="Book"/>
<associationEnd phrase="is produced and marketed by" multiplicity="1" class="Publisher"/>
</association>
</domain>

I
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Aside: Why Not XMI?

<domain name="Bookstore">
<type name="String"/>
<type name="ISBNPublisherCode"/>
<type name="MailingAddress"/>
<type name="Year"/>
<type name="Money"/>
<class name="Publisher">
<attribute name="name" type="String"/>
<attribute name="code" type="ISBNPublisherCode"/>
<attribute name="address" type="MailingAddress"/>
</class>
<class name="Book">
<attribute name="title" type="String"/>
<attribute name="subtitle" type="String"/>
= agyright" type="Year"/>

€ ass—"Book"/>

Q g C|ty—"1 " cIass—"Publlsher"/>
sociation>

@oma|n>

m =

="is produced and marketed by"

EE Copyright 2002, 2003 Marc J. Balcer. All Rights Reserved

XMl is

= Too much

- Only want what's in the
executable profile

- Models, not diagrams

= Not enough
- No XMl for actions

Besides
XMl € = MXML

IS just & mapping
problem!



Internal Representations

model machine

A
N A

relational DB
(for object
persistence)

D

|

XML
DOM
interface

task

task

task

task

per state machine instance

m =

= Everything needed to
load and run a model

= Of course, this is not the
only way

- there can be multiple
VMs

- asingle VM may support
multiple approaches

EE Copyright 2002, 2003 Marc J. Balcer. All Rights Reserved
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Mappings

= Design-time assignment
of different realizations
to distinct elements in

the model
Hash Table
o s = Separate from the model
Wi .
few instances and the maCh|ne
Database
for clacces
with r . : e e
many insances = “Uniformity != Rigidity

I
[
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Mappings

model
<class name="Publisher"> = Some things are notin the
<attribute name="name" model
type="String"/>
<attribute name="cade" - Model just declares a type

type&ISBNPublisherCode’ - How should the machine
<attribute realize it?
typ . .
</class> 7 = A mapping directs the VM
L how to realize something in
<type name="MailingAddress"> the model
<field name="street" o
type="String" length="100"/> - Not part of the application
<field name="city" model
type="String" length="50"/> - May be changed separately
<field name="state" from the model
type="String" length="2"/>

Copyright 2002, 2003 Marc J. Balcer. All Rights Reserved 16




Loading a Model

model

extractor
(for

modeling
tool)

Mapping
Maker

mapping
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<class name="Publisher">
<attribute name="name"
type="String"/>
<attribute name="code"
type="ISBNPublisherCode"/>
<attribute name="address"
type="MailingAddress"/>
</class>

*
model
/y machine

H

<type name="MailingAddress">
<field name="street"
type="String" length="100"/>
<field name="city"
type="String" length="50"/>
<field name="state"
type="String" length="2"/>
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Using the Loaded Model

model <class name="Publisher">
<attribute name="name"

type="String’"/> = Got a model loaded

<attribute name="code"

type="ISBNPublisherCode"/>
<attribute name="address" u NOW What tO dO?
type="MailingAddress"/>
</class> - load objects

: - operate on them

\v’
model - run the state machines
/ machine
"y - connect the model

to the rest of the world

<type name="MailingAddress">
<field name="street"
type="String" length="100"/>
<field name="city"
type="String" length="50"/>
<field name="state"
type="String" length="2"/>

EE Copyright 2002, 2003 Marc J. Balcer. All Rights Reserved 18
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Single Program

action Run model
* .
Iangue.age machine
compiler

program XML

p := new Publisher { <program soouLc'e:"codePath">
o . B ", <createObject>
-name :="Addison-Wesley"; <createClass name="Publisher"/>
-> Book := new Book { </createObject>
Ltitle := "Analysis Patterns"; <duplicate/>
ight := 1997: <addVariableValue name="p"/>
-copyrnight = ! <groupAction>
|7 <readContext/>
-> Book := new Book { <literalValue value="Addison-Wesley" type="string"/>
title := "Refactoring"' <setAttributeValue name="name"/>
: T ! <readContext/>
.subtitle := "Improving the Design ..."; <createObject>
.copyright :=2001; <createClass name="Book"/>
} </createObject>
<duplicate/>
} <createLink class="Book"/>
<groupAction>
<readContext/>

<literalValue value="Analysis Patterns" type="string"/>
<setAttributeValue name="title"/>

<readContext/>

<literalValue value="1997" type="integer"/>

<setAttributeValue name="copyright"/>
[ </groupAction> ...
[ | Copyright 2002, 2003 Marc J. Balcer. All Rights Reserved 19




Programs

<program source="codePath"> u Exec U tEd fO r

<createObject>

<createClass name="Publisher"/>
</createObject>
<duplicate/>
<addVariableValue name="p"/>
<groupAction>

external activity

state procedures

<readContext/> . .
<literalValue value="Addison-Wesley" type="string"/> - derlved attrIbUteS
<setAttributeValue name="name"/> .

<readContext/> - constraint checks
<createObject>

<createClass name="Book"/>

</createObject> u Written in fU ndamental

<duplicate/> .
<createLink class="Book"/> aCt|OnS
<groupAction>

<readContext/>

<literalValue value="Analysis Patterns" type="string"/>

<setAttributeValue name="title"/>

<readContext/>

<literalValue value="1997" type="integer"/>

<setAttributeValue name="copyright"/>
</groupAction>...

EEE Copyright 2002, 2003 Marc J. Balcer. All Rights Reserved 20




Single Program

p := new Publisher {
.name :="Addison-Wesley";
-> Book := new Book {
title := "Analysis Patterns";
.copyright := 1997,
Iy
-> Book := new Book {
Ltitle := "Refactoring";

.subtitle := "Improving the Design ...";

.copyright := 2001;
}

<program source="codePath">
<createObject>
<createClass name="Publisher"/>
</createObject>
<duplicate/>
<addVariableValue name=
<groupAction>
<readContext/>
<literalValue value="Addison-Wesley" type="string"/>
<setAttributeValue name="name"/>
<readContext/>
<createObject>
<createClass name="Book"/>
</createObject>
<duplicate/>
<createLink class="Book"/>
<groupAction>
<readContext/>
<literalValue value="Analysis Patterns" type="string"/>
<setAttributeValue name="title"/>
<readContext/>
<literalValue value="1997" type="integer"/>
<setAttributeValue name="copyright"/>
</groupAction> ...

p"/>
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xecution Context

Stack Program (as actions)

\UMLVM\Simulator\simple.pxml By

File

rd odeling th

orld it Data [ztring] H procedure |
14 [@instance F

- & createlbject
# createClass Publisher
addv ariablel alue newPublizher
createdbject
& createClass Book
addv ariablel/ alue newB ook
read ariable newBook
literaly'alue stnng "Modeling the World in D ata'
addattribute’s alue title
ready ariable newBook
literaly'alue string '0-378-78972+
addéttribute’ alue izbn
read ariable newPublisher
readv ariable newBook
createLink R1
createdbject
& createClass Authaor
& add¥ariabletf alue neswduthor
# readariable newB ook,
4+ readyariable newduthor [

BN L

W ariable W alue I . I I
] - | Hemuvel Run Step -» Rezet

1
Jog Timer ]

Fuzh l Fop

Marne Type |Va|ue
newPublisher | @instance
newBook @instance

*e e e e e TSNS KK

Wariable

Local Variables (hamed data flows)
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State Machines

= Each object has its own
independently-
executing state machine

prepareStatement( statementDate )

Statement Prepared

= State machines respond

\\ to events sent by actions
applyPay ment( transaction ) noPaymentDue
3 (v = State machines are the

applyPayment( transaction ) meCha n ism for

@ concurrency

= Can visualize with
sequence diagrams

I
[
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ime & Event Rules

STEPHEN J. MELLOR
MARC J. BALCER

Rules about Signals

’EXECUTABLE UML

A FOUNDATION FOR
MODEL-DRIVEN ARCHITECTURE

Foreword by var Jacobson

%

Rules about Procedures

1. Signals are never lost: Every signal will be delivered to the object or
external entity to which it is directed.

2. Asignal is "used up” when it is accepted by an object: The signal then
vanishes as a signal and cannot be reused.

3. At some time after a signal is generated, it is made available to the desti-
nation object or external entity.

4.  When an object completes a procedure, it is now in the new state. Only

after completion of the procedure can the object accept a new available

signal if any such exist. This is called run-to-completion.

Multiple signals can be outstanding for a given object, because several

objects can be generating signals to a particular receiver during the time

the receiver was busy executing a procedure.

6. If a single object generates multiple signals to a receiving instance, the
signals will be received in the order generated.

7. Ifthere are signals outstanding for a particular object that were gener-
ated by different senders, it is indeterminate which signal will be
accepted first.

8. Signals sent to self are always accepted before other signals to that
instance.

m =

E.?I

AN

=1

Only one state procedure of a given object can be in execution at any
time because an object can be in one state at a time.

Multiple accessors of an object may execute concurrently, with respect
to each other and to state procedures.

Procedures in different objects can be executing simultaneously:

A procedure takes time, possibly none, to execute.

Once initiated, a procedure of an object must complete before another
signal can be accepted by the same object. It is the modeler’s responsi-
bility to ensure that the procedure will complete.

A procedure must leave data describing its own instance consistently. If
a procedure updates an attribute of its own instance, it must update all
attributes that are derived from the first attribute.

If a procedure creates or deletes instances of its own class, it must
ensure that any links involving those instances are made consistent with
the rules stated on the class diagram (by action or by signal).

When a procedure completes, it must leave the system consistent, either
by writing data (described in the three rules above) or by generating sig-
nals to cause other objects to come into conformance with the data
changes made by the sender of the signal.

EE Copyright 2002, 2003 Marc J. Balcer. All Rights Reserved
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oncurrency

= Each object has its own
execution context

dueDgteReached
applyPayment( ransaction )

DL
B D:\UMLVM\Simulator\simple_pxml
Paid On Payment No | g
Time astDue Modeling the World in D ta [string] B procedure
14 @instance] 5o crosteObisct
. # createClass Publisher
applyPayment( ransaction )  addVariableValue newPublisher
Sy crealeObject
prepareStatement( statementDate )

# cresteClass Book
 addvatisbleValue newBook
 1eadatiable newBook
 literalalue sting Madeiing the Wiarld in Dats'
b addbtibutelialue itle
4 teadvariable newt ook

Statement Prepared

+ lReralValue sting 0-376.76972:%"
v - + addbibuteValuz isbn
applyPay meht( tran B 0:WMVMSimulatorisimple. prmi + readvariable newPublisher
Fle + readVarizble newB ok
Paid On Modsing the Warld n Dala [sing] B procedure ; : 3::::;::; gw
Time 14{@ralince] S crealelbject & ereateClass Authar
$icrealetlass Rubloho 4 addaiiableVale newduthor
 addVariableValue newPublisher 4 readVariable newB ook
apy 8  createObject e 4 readVariable neviduthor ]
& createClass Beol ~ e i
 addvarisbleV aiue newBock VaiableName  Varisble Value el || e
 readVarisble newB ook E ’— ’— Set Remove
V literalValue sting ‘Modeling the Waorld in Data’
b acdlibutealus tile LI
+ readVarizble newB ok
+ lReralValue sting 0-376.76972:%"
[Walue + adddtibuteValug isbn
+ readarisble newPublisher L
+ readVarizble newB ok
+ createlivk A1 [ J
54 createDbject
# createClass Authar prepareStatement( statementDate )
+ addVariableValue newduthor
+ readVarisble nemB ook Statement Prepared
+ readVariable newduthor M|
VaiableName  Varisble Value el || e
_set | Ranoe B D:UMLYM\Simulator simple. pxml
it [|——————————————— dueDgteReached
Eile
applyPayment( ransaction ) noP; 2
Modsing the Warld n Dala [sing] M procedure
Paidon Payment 14 [@instance] = crealeObject
PastDue " caetons it
 addVariableValue newPublisher
&  cieateObject
applyPaymeft( ransaction ) & createllass Book
 addVarisbleValue newBook.
 readVarisble newB ook
Paid Late  lershislue sting Modeling the World in Dats’
b addhtibuteValue it
+ readVarizble newB ok

+ lteralValue stiing ‘0-376-78972%
4 adddtibueValue isbn
4 teadVariable newPublisher
4 teadvariable newt ook
4 createLink A1
& + createObject
# createllass Authar
4 addaiiableVale newduthor
4 readVariable newB ook
4 readvariable newduthor

Vaiable Name Varizble Value _
= [ emd Fun | Step> | Reset

I
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Distribution

= Execution contexts may
be consolidated or

diStribUted/
- by class

Inventory Things:
Publisher
Book
Authorship

I
[
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Order Things:
Customer
Order
Charge
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Distribution

= Execution contexts may

be consolidated or 'nve;tg;'ys Ezlirngs:
. . UDII
distributed Book
- by class Authorship
- by instance

USA Order Things:

Asia Order Things:

Customer Customer
Order Order
Charge Charge

I
[
[ Copyright 2002, 2003 Marc J. Balcer. All Rights Reserved

27



Distribution

= Execution contexts may

be consolidated or Inventory Things:
. Publisher
distributed Book
_ by class Authorship
- by instance
_ by state Order Things:
Customer
Order (states 1-4)
Charge
l USA Shipment Thirnigs: Asia Shipment Things:
ShippingClerk ShippingClerk
Order (states 5-7) Order (states 5-7)
Shipment Shipment

I
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Distribution

= Communication
between machines
handled by XML
messaging

Inventory Things:
Publisher
Book
Authorship

z

Order Things:

The async nature of Customer
Exectuable UML Order (states 1-4)
signals comes in Charge
handy here. / \T
O USA Shipment Things: Asia Shipment Things:
OO ShippingClerk ShippingClerk
Order (states 5-7) «@====» Order (states 5-7)
Shipment Shipment

EE Copyright 2002, 2003 Marc J. Balcer. All Rights Reserved
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Connecting to the World

Explicit Implicit
O Load Model Notification O
Non-stored

Run Program )
g attribute access

O

O

“Peek/Poke” External

applyFunction

O

O

I
[
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Example Applications

= Scripted Model Verifier

o - Windows application

L':‘g-.-“ Instat Attributes 5 =5
Eu-:- "y g Attibute | Value _ . 7o o
4 title Modeling the Wworld
4
e - Use notifications to show
(B ] g
, D 7
{8 agrtieinttio
. o] — MLVA o . .
2] changes In real-time
[Oirumeric]
cueDate Reac hed
110 Tnumeric] 1 ransac noFavreEntDue
Payent o Payment
Past Due D
applyPayment| transaction |
Paid Late
Push Pop
- |
[Hame = [vale | 5 Statement [2] =1 < |
i numeric

Wariable Value
iT extl

dueDateReahed
tion | nof entDue

Fayment Mo Payment
Past Due Due

applyPaym eft( transaction | |

—
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Example Applications

= Web Application Engine
- COM component

- Callable from within an
ASP program

- No use of notifications

- Form postings compiled
to inbound programs

I
[
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Outcomes

= TALL action language

= Metamodel

= XML for Executable UML
= Virtual Machine Zero

= Development Tools
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TALL action language

p := new Publisher {
.name :="Addison-Wesley";
-> Book := new Book {
title := "Analysis Patterns";
.copyright := 1997,
Iy
-> Book := new Book {
Ltitle := "Refactoring";
subtitle := "Improving the Design ...";
.copyright := 2001;
}
}

foreach readyOrder in Order[.approved = true] {
AreadyOrder.packAndShip();

}

= Functional
= True to action semantics

= Traditional-looking
syntax

E EEE Copyright 2002, 2003 Marc J. Balcer. All Rights Reserved
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Metamodel

= Fundamental for

- AssociationConstraint
name : string o Rl {308,AssociationConst
description : DescriptionString

]
T 7 *| instances are subject to
lboelongs belongs to

AssodiationEnd
Ri21 Rize {109,AssociationEnd}
+| defines 1| restricts values of associationNumber : integer {LI2,R110}
classNumber : integer {LR110}
Association phrase : string 12} °
{108 Association) multiplicit .
associati sinteger {I}|*__R110
1 name : string 12} particiy
.. 2} particip:
formalized description : DescriptionString [in
R109 | is
i [ ]
01| b, AbstractClass
) {112,AbstractClass} { R119 o Generalization I n e rc a r ‘ e O r r T ] a S
AssociationClass 1.7 relates - = {106, izati
{115,AssociationClass| c sintegerlR118}| superclass s — -
. Class . must be subclassed | discriminator :string )
01 RI25 0101,Class)_4 according | isComplete : boolean
s 5| classNumber : integer [l ConcreteClass to
name: string (2}| ({disjoint, {113,ConcreteClass]
4| abbreviation: string {13} complete} .
description : DescriptionStri d integerl,R118} *| is a specialization of
defines|
Transformer * R122 1
3 1 R115
p— is syncl
name: string synchronously  modifies subclasses are
modified by
1 . 1
restricts values of ' |5 a Ppp—
. pecialization
;?WCW"SUC {107,Specialization)
<<Imported>> R123
ClassConstraint N R103
{307,ClassC i
instances are subject to L
characteristics are
«|abstracted as
<<Imported>>

Attribute Datatype
{102 Attribute (2,Datatype}
name : string . R102 name : string [0
description : DescriptionStri description : Descriptionstring
defines is of type
type of
1 -
return type is
{disjoint, complete} R120 = R105+R104+R102

*| defines return type of

BaseAttribute DerivedAttribute AttributeFormula
{103 BaseAttribute] {104,DerivedAttribute] {105 AttributeFormulal
1 R105 1
computes  valueis
valueof ~ computed
by
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XML for Executable UML

<domain name="Bookstore">
<tyL>e name="String"/> - J u St E N O U g h

<type name="ISBNPublisherCode"/>

<type name="MailingAddress"/> - On Iy want What’S |n the
<type name="Year"/> .
<type name="Money"/> executable profile
<class name="Publisher">
<attribute name="name" type="String"/> _ H
<attribute name="code" type="ISBNPublisherCode"/> MOd e I Sl n Ot d la g rams

<attribute name="address" type="MailingAddress"/> .
</class> - Includes actions
<class name="Book">

<attribute name="title" type="String"/>

<attribute name="subtitle" type="String"/>

<attribute name="copyright" type="Year"/>

<attribute name="unitPrice" type="Money"/>
</class>
<association name="R1">

<associationEnd phrase="produces and markets"

multiplicity="0.*" class="Book"/>

<associationEnd phrase="is produced and marketed by"

multiplicity="1" class="Publisher"/>
</association>
</domain>

E EEE Copyright 2002, 2003 Marc J. Balcer. All Rights Reserved 37




Virtual Machine One

= Single Processor

= Windows

= MS Access / Jet
persistence

= = Only because it’s
cheap & ubiquitous

I
[
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Development Tools

= Extractors
- Rose
- BridgePoint
" Generator
- based upon domain chart

= Model Verifier
- based upon VM-zero

s this starting
to become a
commercial

message?

I
[
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Epilogue

= Building the VM helped to

- check the action semantics
- build an Executable UML metamodel
- start a new business in this economy!
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