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Today’s Lecture

= Topic 1: Observations about modeling in general
e Examples
e Whatis a model?
e What are they used for?
e Activities on models
= Topic 2: Intro to software modeling
e What is being modeled?
e Why?
e How? l.e., what is a good model?
e Models as primary artifact

° Model-Driven Development (MDD)
° Examples: EGGG, IBM RoseRT, EMF
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Definitions (Cont’d)

“Modeling, in the broadest sense, is the cost-effective use of something in
place of something else for some cognitive purpose.

It allows us to use something that is simpler, safer or cheaper than reality
instead of reality for some purpose.

A model represents reality for the given purpose; the model is an
abstraction of reality in the sense that it cannot represent all aspects of
reality.

This allows us to deal with the world in a simplified manner, avoiding the
complexity, danger and irreversibility of reality.”

Which of these are
models in the above

[J. Rothenberg. The Nature of
Modeling. In Artificial Intelligence,
Simulation, and Modeling, L.E.
William, K.A. Loparo, N.R. Nelson, eds.
New York, John Wiley and Sons, Inc.,
1989, pp. 75-92]

sense?
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Models, Abstraction, and Interpretation Models as Views

Plumber's Architect's Landlord's
view view view
\ \ / Renter's
view
Mason's /
view
Interpretation . \ esigner

Add dpt i Abstraction Designer's

etai N
Remove detail view

i : Model x Reality

] a : Reality — Model \
Not necessarily a == Carpenter's —
function \\ view Elecfrlcmn s Tax
—\T, =g view Collector's
| -~ t Z . view
= ‘ it Every view
T = = ‘ = obtained via different abstraction
| P % Typically, there’s more than b din diff . deling |
— = = [ ]
= > == one useful abstraction may be expressed in different notation (modeling language)
= reflects different intent [Example from J. Bezivin]
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Modeling to Solve Problems But, Models Can be Useless, Harmful

“Executable model of

gene expression”  Data
[Fisher et al, CAV’16]

Real problem Model creation Model with precise
“Russian Track and Field in real world account of problem
Team Barred From Rio . Interpretation Abstraction
. ” 1
Olympics | Problem Computation
[NY Times, 06/17/16] i solving in model
1
v
“CDC Concludes Zika ] ]
Causes Microcephaly” Solution to Solution = Still useful?
real problem Application in model
[04/13/16] e Dependson l
“Programs can be analyzed /Management Scientific PoIicy\ * Must be careful not to remove too much detail
productively with statistical recommendation  result decision “Make everything as simple as possible, but no simpler” [A. Einstein]
Ad Medical Maintenance

models”
[Devabieesss; @y LACM 16] pl;%g%g‘}ea% 2 guideline plan CIsCa3s, Fall 2021 Topics 1 and 2 8



Models Can be Useless, Harmful (Cont’d)

= Models may only be used for their purpose
= Example 1:

« What is the

temperature
« Could I travel from at the bottom
Paris to Anchorage ifldig a

without using a boat? » 100 km deep hole

at the surface of
the earth ? »

[Example from J. Bezivin]

= Purpose of model must be clear!
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But Models can be Useless, Harmful
(Cont’d)
Data

Models Can be Useless, Harmful (Cont’d)

If the model is incorrect, the action may be inappropriate

Example 2: The medical technique of bloodletting was based on
an incorrect model of the body:
e Hippocrates and many others believed that

¢ four crucial elements earth, air, water and fire were balanced
within the human body as the four humors: blood, phlegm, and
black and yellow bile.

» disease was due to an imbalance in the four humors.
* treatment involved restoring their balance through bloodletting.

e In 1799, George Washington died after heavy blood loss sustained in
a bloodletting treatment for laryngitis.

Real problem Model creation Model with precise
in real world account of problem

i

i Problem Computation

: solving in model

v
Solution to Solution
real problem Application in model

A
[ \

Growth in a Time of Debt

By CARMEN M. REINHART AND KENNETH S. RoGoFF®

“Debt is bad for growth”

Ame Econ ‘apers & Proceedings 100 (May 2010): 573-578

https://en.wikipedia.org/wiki/Growth_in_a_Time_of_Debt

[ Methodology flawed! [2013] ]

CISC836, Fall 2021 Tdpics 1 and 2

[Example from J. Bezivin]

= Model must be validated with respect to purpose
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But What Exactly is the Purpose of Models?

On the first glance
¢ Facilitate/enable analysis, prediction, understanding, decision making
e depending on intent
But need to make important distinction
e Descriptive models: model as description
Reality = Model = Predictions & actions

used in natural sciences and “backwards engineering”

e Prescriptive models: model as specification

Reality = Model = Actions = Product

used in “forwards engineering”

CISC836, Fall 2021 Topics 1 and 2 12




Models in Natural Sciences

= Mostly descriptive
= Facilitate predictions
| |

Validation via experiments

= Examples:

o Kepler's laws of planetary motion (ca. 1605)

e Newton's laws of motion (1687)

° together with law of gravitation explains Kepler's laws

° Law 2: ‘MAY THE
"the acceleration of an object is proportional to the d (W
force applied, and inversely proportional to the mass dt
ek 'BE WITH
of the object"”: F=m*a oU!

CISC836, Fall 2021 Topics 1 and 2
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Models in Economics

= Examples:
¢ Financial models
° MONIAC (Monetary National
Income Analogue Computer)
to model the national economic

processes of the UK (1942)

http://en.wikipedia.org/wiki/Moniac

Diagram of
1988, Nick Barr.

°  http://www.nytimes.com/interactive/2015/12/16/upshot/fed-interest-rates-rube-

goldberg-machine.html

CISC836, Fall 2021 Topics 1 and 2
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machine. Source: LSE Quarterly, Winter

Models in Natural Sciences (Cont’d)

= Examples:

e Classical mechanics

o

mathematically describe movement of bodies
under the influence of forces
° refinements:

~ quantum mechanics, relativistic mechanics
e Physics: Coil springs

° How do springs behave? In isolation? In combination?

° Hooke’s law:
“the extension of a spring is in direct Comparison o Series n Parallel
proportion with the load added to it as k
long as this load does not exceed the 3 7 K
2
elastic limit”: F = -k*x T 1 1
e Lol [
. o g consta e b B
where F is force, x is displacement, - z
Compressed o _k =25
. . distance 3 k
and k is spring constant p— Tk e
stored B B kb
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Models in Biology

= Examples:
e Model of T cell development in the thymus gland [EHC03]

CISC836, Fall 2021 Topics 1and 2
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Models in Document Representation and
Retrieval
= E.g., approaches based on word frequency (ignore: where

in document a term occurs)

= What is this a
* “Word clouds” created by Te) word cloud of?

@ £ —

www.wordle.net 5 H
) s,
SLL ¢ S
tlg‘l_! 3
b 5

£

TERM VECTOR MODEL BASED ON w; = tfi’ IDF;
Query, Q: “gold silver truck”
Ds: “Shipment of gold damaged in a fire”
D;: “Delivery of silver arrived in a silver truck”
Shipment of gold arrived in a truck™

¢ Vector Space Model

Ds:
o
represent each document D =3; IDF = log(Didf}
Counts, Weigits, w;= T IDF,
Terms 0[D; [D, [D; [ df | Ddf; IDF; 1] Dy D Dy
by vector a O T A T 0
arved |00 [T [T |7 [37=15 [0T7eT [T 0 76T [ 0A7ET
o cimilari - damaged [ 01 [0 [0 [T [3M=3 04777 [0 LELN )
Slmllarlty given by delvery [0 [0 [1 [0 [T [31=3 [04rri[a 0 04777 [0
e T[T [0 [0 [T [o7=3 [0ar (% T[T T
P ool T[T [0 [T [ Z [9Z=T5 [0A7E1 | WATRT [ 01767 [T TTET
proximity b/W vectors in O B A T T 0 T
or I A T T T T
siler [T [0 [ 7 [0 [T [31=3 [0477T [ 07T [0 TS [0
Shipment [0 [ 7 [0 [T [2 [37=15 [01761 [0 T[T e
CISC836, Fall 2021 fuck |1 [0 [T |1 |2 [92=15 [a1761 61761 [0 57767 | 01780

Topi
http://www. miisl:}.)ta .com/term-vector/term-vector-3.html

Models in Entertainment

= Appeal comes from both
¢ being like reality, and

* not being like reality

CISC836, Fall 2021 Topics 1 and 2 19

Models in Engineering

Mostly prescriptive, facilitate construction -
Benefits:
v Analyses on model
i.j ﬁ e easier, cheaper than on
captured | Requirements | "o e syste.rﬁ .
Problem |* ofsystemto % Model « facilitate early decision
or need yster making
be built
should /’/ informs ~
. \
address I/ analysis construction
_ I of ‘1 typically codified as
'”fo"ms. ,' 1 rules & techniques in
construction ! | textbooks & tools
System of Result 1
Y \ 1 E.g., PennDOT’s
\\ ,’ Bridge Automated Design
Seo it and Drafting Software
e =7 http://bradd.engrprograms.com
CISC836, Fall 2021 Topics 1 and 2 18

Activities on Models

. del creation Model with precise
n Creat'on Real problem Mo p
in real world account of problem
T
. . T
= Validation | 4
I Problem Computation
| solving in model
. . 1
= Verification Y
- A I . Solution to Solution
na ySIS real problem Application in model
= |ntegration -
n shouldbe
Problem czp;umd Requirements satisfied
or need of system to Model
be built
should informs
ailfiress analysis Constr:ctlon
o
informs
construction
System of Result
CISC836, Fall 2021 Topics 1 and 2 20



Activities on Models: Creation

= Mostly manual
e can be very, very difficult

° may require supporting tools, techniques, etc

A. Duerer
1471 - 1528
° supporting techniques/methods
- c.f., “scientific method” [1] Model of how
New knowledge is the result of sequences of scientific models
observations, hypotheses, predictions, and experiments are created

or even a “revolution” [Kuh62]

e easier cases can be automatic (e.g., model extraction for reverse

engineering)

[1] http://en.wikipedia.org/wiki/Scientific method
[Kuh62]: Th. Kuhn. The Structure of Scientific Revolutions. 1962

CISC836, Fall 2021 Topics 1 and 2 21

Activities on Models: Validation

= |n forward engineering:

“Are we building the right product?”

relative to what the user wants

. . . . validation
e E.g., inrequirements engineering: ;F’
/\
° Are requirements correct? Problem |@#wed [Requirements | T
o g b 5| of system to Model
° Complete? be built
——
° Techniques used: shiould informs
. . address analysis "
mspectlons, e
- testing construction
! System of Result
~ prototyping

CISC836, Fall 2021 Topics 1 and 2 23

Activities on Models: Creation (Cont’d)

= Can get you into prison
e See, Galileo Gallilei (1564 — 1642)

CISC836, Fall 2021 Topics 1 and 2 22

Activities on Models: Verification

= |n forward engineering:

“Are we building the product right?”

relative to what, e.g., some specification,
standard, or guideline says
e E.g., in requirements engineering: verification

° is system correct wrt to requirements?

caprureg/TRequirements | 0%

. Problem satisfied by

° techmques used: or need of systemto Model

be built
- safety analysis (check for ]
) should informs
system "hazards" /failures) address i | foretcton
- testing (if model executable, tractable) informs
construction
- formal verification System ot Result
CISC836, Fall 2021 Topics 1 and 2 24



Activities on Models: Analysis Activities on Models: Integration

view

Plumber’s Architect's Landlord's
view

Combine different views

view

“Which properties does model have?”

= May be hard, because

= E.g., structure, behaviour or performance analysis analysis * models to be integrated may
° be expressed in different or

conflicting notations or assumptions Eysiyew

asured [Requirements | 7% ¢ Integrated model may be too large
l:rro::eer: 2> | of systemto oo Model g y g MOdE|S
be built
L u Exa m ple: Real problem Model creation Modet-with precise
should m:‘:{‘il’:or in real world account of problem
adress anayis " ¢ UML models ;
mforms. : Problem Computation
construction e Coupled earth system ! solving in model
System of Result '
model [EJO9] v

- Solution to Solution
m real problem Application in model
[EJO9] S.M. Easterbrook, T.C. Johns. Engineering the Software for Understanding Climate Change. Submitted
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-DRIVEN i
e GEVELOPHENT Overview

= What is being modeled?
= Why?

= How? l.e., what is a good model?

A Reference

CISC836: Models in Software
Development: Methods, esterus &

= Models as primary artifact

TeChanues and TOOIS e Model-Driven development (MDD)

e Examples
. . ° EGGG
TOpIC 2: Models in ° IBM RSARTE, Rhapsody
Software Development ° EMF
° Unity

Juergen Dingel
Sept, 2021
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What is being Modeled?

Observations
= Models in software engineering (SE) can be both prescriptive = Almost any artifact created/used during development:
(e.g., requirements models) or descriptive: « Models of structure

° data, execution state (object graphs), of languages (e.g., grammars and
meta models), variability models
e Models of software behaviour
° on different levels: requirements, design, architecture, code

e e.g., models extracted from source code for program understanding,
reverse engineering, impact analysis, test case generation, etc
= Creation, adoption, analysis of models
e in SE not as well-understood as in other engineering disciplines
° different parts: individual operations, methods, interactions (b/w
processes, user and interface, or system and environment)

o

faults, performance, processes, workflows, environment, test models,
variability models (for software product lines)

¢ Models of software development processes

= MDD (and also this course) focuses more on prescriptive models

e Following courses are more about automatic creation and use of

descriptive models of code
° ELEC 875: Design Recovery and Automated Evolution (Tom Dean)

Roquirements Analysis & Design

+ N=
=ON

CISC836, Fall 2021 Topics 1 and 2

° ELEC 876: Software Reengineering (Jenny Zou)

30
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Purpose: Dealing with Complexity Purpose (Cont’d)

= “puild models, because cannot comprehend system in its entirety” [BRJO5, p6-7] = Documentation (e.g., for design decisions), visualization
O’ ’ 7’
" Essential complexity [GS04,p36] specification, design templates, understanding/analysis,
e "inherent to problem being solved", "number of features, relationships, and round-trioning. code generation
dependencies that must be considered when decomposing problem" RRINE, g
e cannot be reduced or eliminated el Ro.rdrp
Codeorly  Misualizaticn. Ergineering  Modd-centric  Modd crly
e Example: online ordering process handled by single company vs online ordering
process handled by multiple companies Model Model Model Model
= Accidental complexity [GS04,p36] : ‘
e "an artifact of solution", "number of features, relationships, and dependencies that T " ! l
must be considered when composing solution" !
Code Code Code Code

e can be reduced

e Examples:
. _— . R . . Whatsa  Cihe code s “Lode and “the model s “Letsdo
° online commerce application written in assembly language vs one written in Java, C# etc - =
PP Y languag Model? the mode! mode! coexist” the code”  some desgn”

° platform (e.g., J2EE, .NET, Corba) complexity [Sch06]

31 CISC836, Fall 2021 Topics 1and 2 32
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Purpose (Cont’d)

= Execution and analysis

¢ checking static (i.e., structural) properties
° e.g., Alloy [Jac02]

¢ checking dynamic (i.e., behaviroural) properties

° e.g., model checking [BA10, Eme08]

~ component/process interaction [KMR02, MCO01]

~ navigation in web applications [HEBB10]

° performance analysis [Pet09, HLT+04]

e test case generation

° for embedded (automotive) systems [SYRO8]

o]

e “what if” analyses [Sch06]

CISC836, Fall 2021

Topics 1 and 2

incrementally for software product lines [UGKBO08]

33

Model-Driven Development (MDD)

= Core ideas [Sel03][KSLB03][Sch06]

e Abstraction and automation [Sel03]

° Automation, e.g., for model transformation, code generation, analysis

° performance of current code generators within 5-15% of manually
implemented systems

¢ |terative development and

successive refinement via

automated model transformations

e Analysis

CISC836, Fall 2021

Topics 1 and 2

Problem space

) ereate
refine (VRequireme|

refine

Tefine
refine @Reqnirements2

refine

LY.

A

Tafine
refine (¥ Requirements,,

{

Solution space

ijodell g analyze
refine
Model, S analyze
refine

>~ et

@genm

Code

35

Characteristics of Good Models [Sel03]

1. Abstraction

¢ irrelevant detail removed to deal with complexity

e "Make everything as simple as possible, but no simpler” [A. Einstein?]
2. Understandability

o effort required for understanding (via, e.g., intuitive notation)

3. Accuracy

e true-to-life representation of the modeled system's features of
interest

4. Predictiveness

¢ be able to use model to predict model's non-obvious properties
5. Inexpensive

e model must be cheaper to construct than the modeled system

[Sel03] B. Selic. The Pragmatics of Model-Driven Development. IEEE Software 20(5):19-25, Sep/Oct ‘03.

CISC836, Fall 2021 Topics 1 and 2 34

Model-Driven Development (MDD) (Cont’d)

= The potential power of these ideas

e MDSD = CAD/CAM for software

¢ [Sel03]: software engineering medium best positioned to
benefit from modeling, b/c

o

model can gradually evolve into final product w/o the risks that
"discontinuities", e.g., in material, bring
o

conducive to incremental iterative development, b/c no
discontinuities that preclude backtracking

How well does MDSD currently realize this vision?

CISC836, Fall 2021 Topics 1and 2 36



Who is Practising MBSE? Model-Driven Software Development
' (MDSD): Examples
IBM Rational ® Industrial: E.g.,

e Motorola [BLWO5], OCE [DS02], EADS (Scade), [ADSAA04], GM,
avionics, automotive

Sampling of Embedded Software Developed Using MDD
Automated doors, Base Station, Billing (In Telephone Switches), Broadband = Academic: E.g.,

Access, Gateway, Camera, Car Audio, Convertible roof controller, Control
Systems, DSL, Elevators, Embedded Control, GPS, Engine Monitoring,
Entertainment, Fault Management, Military Data/Voice Communications,

e EGGG [Orw00]
e Feature-oriented programming [BDO7,BSR04,BG97]

Missile Systems, Executable Architecture (Simulation), DNA Sequencing, * Software Factories (MS) [GS04]
Industrial Laser Control, Karaoke, Media Gateway, Modeling Of Software * Intensional programming [Sim01, ADKdAMRS98]
Architectures, Medical Devices, Military And Aerospace, Mobile Phone e Language-oriented programming [MPS09, LOP09]
(GSM/3G), Modem, Automated Concrete Mixing Factory, Private Branch « Language workbench [Fow09]
Exchange (PBX), Operations And Maintenance, Optical Switching, Industrial . .
Robot, Phone, Radio Network Controller, Routing, Operational Logic, Security ® Supporting commercial tools: E.g.,
and fire monitoring systems, Surgical Robot, Surveillance Systems, Testing * |BM Rational: RSARTE (RoseRT), Rhapsody
And Instrumentation Equipment, Train Control, Train to Signal box e The MathWorks: MATLAB StateFlow/Simulink
Communications, Voice Over IP, Wafer Processing, Wireless Phone e MetaCase: MetaEdit
e No Magic: Cameo Systems Modeler
" ON DEMAND BUSINESS

e MS Visual Studio [GS04]
Topics 1 and 2
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MDSD Example: EGGG MDSD Example: EGGG (Cont’d)
game is poker
= EGGG: Extensible Graphical Game Generator turns altesnate clockwise
= Jon Orwant’s PhD 1999 Po1a mans piaver deses o o % ceds aERes
software that
. P . 2..6 players .
= Exploit commonalities among games to write software that o writes software!
game is Shuffle(deck) and Deal(cards, ) and (bet(memey) or Fold)
automatically generates the code for a game A i /
High-level Software Ponkind 1 (R, ) and (B, %) and (R, a) amd @ o o 9 |:>
. . FullHouse is (R, =) and (R, 3) and (R, 3) and (Q, =) and (Q, s3)
deSCl’lpthﬂ |:> I:> . . Flush is (r, §) and (z, 5) and (r, S) and (z, 5) and (z, 5)
|mplement|ng G N Straight is (R, =) and (R-1, =) and (R-2, =) and (R-3, =) and (R-4, =)
of game G ThreeXind is (R, 3) and (R, 3) and (R, 3)

TwoPair is (R, =) and (R, s) and (@, =) and (Q, =)

u Key questions: Pair is (R, =) and (R, =)

HignCard is (R, =)

EGGG Poker

e Which games can be supported? How to best describe a game? hands are [StraightFlush, FourKind, FallHouse, Flush, Straight,

ThreeKind, TwoPair, Pair, HighCard]

How write the code generator?

hand is five cards
goal is highest (hand)

= Domain analysis results in identification of concepts that allow
description of certain class of games in terms of models
represented in a domain-specific language (DSL)

CISC836, Fall 2021 Topics 1and 2 39 CISC836, Fall 2021 Topics 1 and 2

Domain-specific language (DSL)



MDSD Example: EGGG (Cont’d) MDSD Example: IBM RSARTE
= What makes this work?

« Thorough domain analysis = |BM Rational Rhapsody, RoseRT

° identify communalities & differences, relevant concepts,

parameters & their ranges, rules & principles, patterns & abstraction capsule

anti-patterns, classification, scope of application diagram

= develop suitable meta model (structure) _
° . IBM RSARTE

develop code generator automation D C++

° develop user-friendly way allowin .
P y way J state machine

users to describe an element within We need to know what v.ve are doing diagram (one
before we can automate it. A DSM

find suitabl solution is implausible when building an
=> find suitable concrete syntax application or a feature unlike anything (behaviour)

] COnsequences developed earlier”.

“Early adopters of domain-specific

the scope (i.e., a model)

automation

per capsule)

* Deep understanding required modeling have been enjoying = UML-RT as DSL (UML variant) [Sel98]
e Higher upfront cost, but once in place, productivity increases of 500-1000% in e for timed, reactive systems
. . production for over 10 years now” !
development much simplified [KT08, p18]
CISC836, Fall 2021 Topics 1 and 2 2P CISC836, Fall 2021 Topics 1 and 2 42

MDSD Example: Game Industry SMC: The State Machine Compiler %\Z\ﬁ

http://docs.unity3d.com/Manual/Animator.html

P ——

o ity - A e - 3G, Vo b

= S M C da I I OWS The State Map Compiler

e textual definition of state
machine

/7 State
Idle

/7 Trans
Bun
/7 Wext Staze

automatic generation of code Runi Lionin
. . StopTimer("ldle") 7/ Retions
implementing that state

Covvorke) [
StopTimer ("Idle™);

DoWozk() ;

machine !

e visualization of state
machine gate.sm «inpm»@«mpm» gateContext.java

= Supports 15 languages <<definess> <<uses>>
<<defines>> J cate

gate.java

= Generated code uses -X-
State Design Pattern

<<uses>>

http://smc.sourceforge.net/

Screenshot courtesy Nick Graham
CISC836, Fall 2021 48pics 1 and 2 CISC836, Fall 2021 Topics 1 and 2 44



MDSD Example: EMF [BudO05]

= Every program manipulates data
¢ defined using e.g., Java, XML, database schema, or UML class diagram
PurchaseOrder Item
<hipTo - String items _productiName : Sting
public interfsce PurchassOrder bilTo : Sting [ o eyl
String getShipTo(): price : float
void =etShipTo(String value);
St tBillTo(); - 0
void cothi11Ta(String value): e e Rt
N Tk eRbit=rslde /7 Tach ef Ton <xsdielensnt name="shipTo” type="zsd:string’ >

public interface Iten {

<xsd:element name="billTo" type="xsd:string’s>
<xsd:element name="items' type="FO:Item"
ninQccurs="0" nazOccurs="unboundsd” />
</ued: sequenced
</xsd: complexType>

String getProductNans():

void setProductlane(String value):
int getOuantity():

void setQuantity(int value);

float getPrice();

void sstPrice(float valus):

<xsd:conplexTyps nane="Tten">
<xsd: sequence>
<nsd element nams="productNams’ types="ssd:string’,>

<asdielenent name="quantity” type="zsd:int">
<xsd elemsnt nams="price’ type="xsd:float’s>
</xsd: sequence>
</zsd: conplexType>

Advantages of identifying data model

e communicate design and share data with other applications

e may be able to generate some, if not all, implementation code

CISC836, Fall 2021 Topics 1 and 2
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MDSD Example: EMF [Bud05] (Cont’d)

= Generated code may be quite sophisticated

= Example:

e Assume PurchaseOrder objects are organized

PurchaseOrder
—
1
in a doubly linked list previous

e Then

pl.

next

next

v

previous previous
< <
setNext (p3)
next
<
<

g @
which requires @
Remove pl'next pointer to p2- pu::él?h::;(gxfe?i’ei;;i’;\r:haseorder newlext) {
) ) A o o ol
Remove p2.previous pointer to p1. o (e o ooy
R msgs = ((InternalEObject)next) elnverseRemove(this.
Set plnext p0|nter to p3 o (:Zz;:];?g?:ngf?§SE70RDER7FREVIO"S' Purchase=Order.class, msgs):

Remove p3.previous pointer to p2. msgs = ((InternalEObject )newlext) elnverseAdd(this.

msgs = basicSetNext(newNext, nsgs):
if (msgs |= null) msgs.dispatch():

Remove p2.next pointer to p3.
else if (sMotiticationRequired())

Set p3.previous pointer to p1.
Send notifications (changes to p1, p2, and p3). fcs 1|,

POPackage .FURCHASE_ORDER__FREVIOUS, PurchaseOrder class, msgs):

eliotify(new ENotificationInpl (this, Notification SET,
POPackage PURCHASE_ORDER__NEXT, nevNewt. newNewt)): s/ touch notificatiorf

MDSD Example: EMF [Bud05] (Cont’d)

Eclipse Modeling Framework (EMF)

e describe data model using

1. Ecore (meta data description language similar to UML class diagrams)

2. UML
3. Javainterfaces
4. XML schema

e use EMF to generate

° data model in other formats
including Java code
~ code generator can be extended and modified
o

CISC836, Fall 2021 Topics 1 and 2

XText

Xtext Xtext

® Eclipse-based open-source framework for development of programming
laniguages and domain-specific languages - - :
= Offers
e Parser.generator.

e Editorplugin generator supporting

© Syntax highlighting
° . Well-formedness checking (validation) w/ error markers and quick fixes:

o

Background parsing

tree-based editor that allows you to input instances of the model

° Auto-completion with content assist “A language is

only as good as its

°

Hyperlinking connecting uses with declarations

° Hovering supporting
° Folding and outline view tooling
» -Support for : . . . . . . . [B. Selic]

° Code generation (using Xtend, a variant of Java)
° Interpretation; translation to Java

¢ “Large user cormmunity, hittp://wiww.eclipse.org/Xtext/community.htiml
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Today’s Lecture Next in CISC836

= Topic 1: Observations about modeling in general
e Examples = Topj

e What is a model?

xpressing software models

e What are they used for?
= Topic 4: MDD with UML-RT

e |BM RSA-RTE

e Activities on models

* Topic 2: Intro to software modeling = Topic 5: Using software models
e What is being modeled? e Code generation with EMF
e Why? = Topic 6: DSLs

e How? l.e., what is a good model?

e Models as primary artifact
° Model-Driven Software Development (MDSD)
° Examples: EGGG, IBM RoseRT, EMF
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