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Song writing methods of

Simon and Garfunkel




Paul Simon’s technique #1

Bridge Over Troubled Water

Words & Music by Paul Sirman

Moderately, like a spiritual
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5/6/@9& Over Troubled Water

When 404 re weary
ﬁ&-e//}g;/ small

When tears are iy your eyes
[ wit? a//y them alV

/m on your Side

When tines gel rough

Ard friends just can t be found
Like a bridpe over troubled water
/ﬂ/////ﬂ% me /0/{//(

Like a bridpe over troubled water
[ witl tay e down

2. Write lyrics accordingly




Paul Simon’s technique #2

[he Bover

[ an JUST a poor /ay

ﬂaayé ny @tofyé seliom told

[ thave &7«4/(/&/%4/ my resIstance

For a pocket fulll of mumbles such are promises
A les and jeste

St a man hears what he wants to hear

Ard af/lf/‘e//am/& the rest

When [ /eft my toome and my fd/f(/é

[ was no more thar a boy

In the company of Strangers

n the guiet of the /‘a//«/ay station rumning Seared
Laying low, seeking out the poorer quarters

//é@ﬁa the M////ec/ /Jea/z/e 2
/oaf/}gz foﬁ the //aae@ W(Zy t%% would Know

1. Write lyrics first

The Boxer

Words & Music by Paul Simon
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2. Compose music accordingly




A Combined Technique...

foa/‘/o/wyé Fair / Folk &v/{y/

et her to f/}(/ me an acre of land,
Farstey, sage, rosemary and thyne;
Between the salt water and the sea strand

[hen she ? be a true love af mine,

[he Side of a //5////0 Sinon)

Ok the side 0f a hitl] a Gtete olud weeps
Aud waters the grave with (te sitont Cears
hh/é//é a soliier cloans and /M//:S’ée& a gan

w.an

====

=

Scarborough Fair/Canticle
Traditional
Armangement & Original Countermedody by Paul Simon & An Garfunkel
Moderately slaw
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Coanticle /ﬁe/aﬁ/‘a@M /vy A &U‘/ﬁwfe//
On the side of « Witl @ sprickling of teaves
Waskes the grave with J’//ue/y tears

A soltier cloans and polishes a gun

w.an

===




Naming These Techniques...

Bridge Over Troubled Water
Words & Music by Paul Simon
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1. Create music first

5/'1&/4/4 Over [roubled Water

A/ h/( }”“ /I‘e W@ﬁ/y

Feellyy small

Whex tears are ix your eyes
[ witl //? them ol

/e on your Sile

When tines get ma/é

A frionds just can't be found
Like a //«r&gw owver troubled water
/ﬂ/////ﬂy me /ﬂﬂ//{

Like a brilpe over troubled water
[l by e doun

2. Write lyrics accordingly

Lyrics Driven Song Development

Music Driven Song Development
(MDSD)

ke Bover

[ an just a poor- boy

Thouph my story s selllom told

[ tave fy«aq/we/ my resistance

For a pocket full of munbles such are promises
A lios and jests

St a man hears what ke wants Go hear

Ad disregards the rest

When [ /aﬁ‘ ny tome and ny fam/}

[ was w0 more than a /oy

I the company of strangers

ln the quiet af 172 /‘a//a/af station rumng soared
Laging thw, seeking out the poorer guarters
Where the ragged peapte go

/awg/)y fw‘ the //?ww ﬂ/{é L%e} woulll Know

—

1. Write lyrics first

The Boxer
Words & Music by Paut Simon




Applying the Principle to Software Systems

MDSD = Model Driven Software Development / Engineering
Model
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Model Driven System Engineering




Terminology

VIDSE = Model Driven System Engineering
VIDSD = Model Driven System Development
VIDD = Model Driven Development

VIDE = Model Driven Engineering

VIBSE = Model Based Systems (Software) Engineering
MDSE ~ MDE > MDSD =~ MDD =~ > MBSE

Platform independent

model (PIM)
VIDA = Model Driven Architecture
o Design methodology Plationm™ | uuly,
proposed by OMG jece!

(Object Management Group)

o A specific realization of
Model Driven Software Engineering

Related concepts

Platform specific
model (PSM)

o MDT (Model Driven Testing) ~ MBT (Model Based Testing)




Model Driven Architecture — Example

Platform Independent Model Platform Specific Model

«EIB Local References

«Bouncdary» «Entity» rr,’ elb/Author N
H@ OrderBookForm @ Author . = «Entity Beans
o title : TextField o firstMame ; String “EFE'% BEE”” %Amhm_
o author ; TextField o lasthame : String __egB00 ° @ firsthame : String
o (@ title : String o (@ lastMame ; String
| - authors] = o ¢2d : Integer o ¢2id 1 Integer
i f,”f & BookLocal & AuthorLocal
i .~ writtenBy @' getTitle () 4 bools + authols @ L getFirstMame ()
! e @b setTitle () @ L setFirsthame | )
N/ L - books | * @ getAuthors () * * @ L getLastMame [ )
wContrals «Entity» @ setAuthors () @ L setlastName ()
¢ BookManager | ~| @Book €Y' BookLocaHome @ getBools ()
o title : String @ Ycreate () ? setBools [ )
@ orderBool: [ ) @ "fincdByPrimaryley () €' suthorLocalHome
- @ "create ()
k A @ YindeyPrimarykey ()

«EJB Local Reference»
) =7 51

B Booklocal.java X 24 *Analysis Madel,enmx E Analysis Model; 1 On-Line Book, Skare::. ..

package hu.bme.mwit.entity;

T |Bemutatu.ﬁ.naIMudeI,l'.ﬁ.nalysis Mudel.emx|
* Local interface for Enterprise Bean: Book
)
wpublic interface EBookLocal extends Jjavax.ejb.EJELocalcChiject | : -
- e Pleaze enter author information
* et accessor for persistent attribute: title
w7 First Mame: |
public java.lang.3tring getTicle () ;
- llf'ﬁﬁ
) ) ) Last Mame: |
* fet accessor for persistent attribute: title
=
public void setTitle(jswa. lang.3tring newTitle): Submit | Cancel ‘

Code Application




Why to model?

public class SomeThing {
int 5 = @;

public void process(E &) {

if (s==0) {

if (e == E.N) 5 = 1;
T else if (s==1) {

if (e == E.5) 5 = 2;

else if (e == E.M) 5 = 3;
I else if (s==2) {

if (e == E.I) 5 = @;

else if (e == E.F) s = 4;
I else if (s5==3) {

if (e == E.I) 5 = 8;
¥




Why to model?

public class SomeThing2 {

private static final int INITIALIZATION = 8; .
private static final int NORMAL = 1;

private static final int SUSPICIOUS = 2;
private static final int MAINTENANCE = 3; |

private static final int FAULTY = 4; | Initialization J» | Suspicious J
int state = 8; - i .
M 3
public wvoid process(E event) { \—/ F
if (state == INITIALIZATION) { " Normal |
if (event == E.N) state = NORMAL; | operation ‘
T else if (state == NORMAL) {

if (event == E.S5) state = SUSPICIOUS; M [ Faulty ]

else if (event == E.M) state = MAINTENANCE; .
T else if (state == SUSPICIOUS) 1

if (ewvent == E.I) state = INITIALIZATION; - . "

E]Si if (event =i E.F) state = FAULTY; ‘—' RSy nnre J
} else if (state == MAINTENANCE) {

if (event == E.I) state = INITIALIZATION;

¥

Better documentation
Better understanding




Why to model?

public class SomeThing2 {

private static final int INITIALIZATION = 8; .
private static final int NORMAL = 1;

private static final int SUSPICIOUS = 2;
private static final int MAINTENANCE = 3; |

private static final int FAULTY = 4; | Initialization J» | Suspicious J
int state = 8; - i .
M 3
public wvoid process(E event) { v F
if (state == INITIALIZATION) { " Normal |
if (event == E.N) state = NORMAL; ‘ operation ‘
T else if (state == NORMAL) {

if (event == E.S5) state = SUSPICIOUS; M [ Faulty ]

else if (event == E.M) state = MAINTENANCE; .
T else if (state == SUSPICIOUS) 1

if (ewvent == E.I) state = INITIALIZATION; - . "

E]Si if (event =i E.F) state = FAULTY; ‘—' RSy nnre J
} else if (state == MAINTENANCE) {

if (event == E.I) state = INITIALIZATION;

¥

Generate code




Why to model?

public class SomeThing2 {

private static final int INITIALIZATION = @;
private static final int NORMAL = 1;
private static final int SUSPICIOUS = 2;
private static final int MAINTENANCE = 3;
private static final int FAULTY = 4;

int state = 8;

|; Initialization J‘- | Suspicious J
T M 5 public void process(E event) {
. if (state == INITIALIZATION) {
" Hormal y if (event == E.N) state = NORMAL;
| operation ‘ T else if (state == NORMAL) {
if (event == E.S5) state = SUSPICIOUS;
( \ lse if (event == E.M) state = MAINTENANCE;
Fau € *
i | ty J T else if (state == SUSPICIOUS) {
if (event == E.I) state = INITIALIZATION;
else if (event == E.F) state = FAULTY;

. Maintenance J } else if (state == MAINTENANCE) {
‘ if (event == E.I) state = INITIALIZATION;

}

Can | return to Normal operation from Faulty state?

Better analyzability




Why to model?

" (Generate tests

o state coverage
testl: N, S, F
test2: N, M

o transition coverage
N,S,I,N,M,I,N,S,F

o path coverage

from all states to all other states

aintehance | e.g. from Initialization to Faulty:
NSF,

NSI NSF,

NMI NSF,

NSI NMI NSF,

NMI NSI NSF




What is a model?
= -

describes

= Mapping =2 the model is based on the original system
= Reduction =2 it reflects only an important/relevant segment

= Replaceable - can be used in place of the original system for a
limited feature




What is a model?

® Structured representation of the information

. . . - Station
A railway|station |is|composed of{signals,

tracks| and points. I

dof
Tracks can be|connected toleach other. i
: — 0 -

Signals are|located at poth ends of the

track.

connectedTo [ ok flocatedat 2 |signal Point

1 protectecBy

e

MUEGYETEM 176&2



What is a model?

Terminology /
Metamodel /

Modeling Language

Station

composedOf

Graphical syntax

- >
Signal =
C
a0
(%]
Point
Points p1
Track t1

[Instance model — abstract syntax

RailwayOhbject
connectedTo [rraek flocatedat 2 [signal Point
1 protectedBy
[Instance model — diagram
? f Track t1 %D f
Track t2
Points p2

Points p1

Signal s3

Signal s4

11 : Signal 812 : Signal
protectedBy protectedBy
locatedAt locateclAt
t1:Track
connectedTo connectedTo
P e
p1: Point — T—
H——-cpp_r]gctech connec‘tedTg____f————*!_—
12 : Track e
locatec At locateclAt
protectedBy protectedBy
s : Signal

522 : Signal

p2 : Point




= Diagram

o A view of the model
o Important aspects from a

given viewpoint are

shown

= Model

o All the elements | @ wmecearo-1, 12

Model vs. Diagram

and their
relations

E|EI pl: Point
L2 connectedTo = t1, t2
E-E= p2: Point

|
L

~[= =11 Signal
L (@) locatedAt = t1
~[= =12 ; Signal
L (@) locatedAt = t1
~[= 521 Signal
(@) locatedAt = t2
= =22 Signal
(@) locatedAt = t2
-3 t1: Track
‘.. @ protectedBy =12, s11
B3 t2: Track
_{5:} protectedBy = 521, 522

|
L

|
L

—
@ o~
© 2
c ©
20 c
4 .80
Track t1 2
Track t2
Points p1 E Points p2
o
& <
= wv
@ —_
c ©
[=T] c
7 =
(%2}

p1: Point

s11 : Signal 812 : Signal
protectecdBy protectedBy
locatec At locateclAt
t1: Track
connectedTo connectedTo
‘______————‘""ﬂa —
T p2:Point
-——-____-_cg_flfj\_?ctedTn connw//
12 : Track
locatec At locateclAt
protectedBy protectedBy
s : Signal 522 : Signal




How to process a model?

= Define interesting model parts (patterns)

s2 : Signal

g1 : Signal
protectedBy protectedBy
locatec At located At
t: Track

* Find in the model (pattern matching)

o Result: match sets
s11,s12,t1
s21,522,t2

= Apply some operation

o modify model
o create other model

o generate artefact

pattern p1 (s1,52,t) {
Signal(s1);
Signal(s2);
Track(t);
locatedAt(s1,t);
locatedAt(s1,t);

protectedBy(t,s1);
protectedBy(t,s2);
( s11 : Signal 512 : Signal \
protectedBy protectedBy
locatec At locatec At
11 : Track
connectedTo (_____EtEdTo
-
p1: Point ——— '"“‘)L__ -
T p2:Point
- 12 : Track :
located At locatec At
protectedBy protectedBy
s21 : Signal 822 : Signal




What is needed for MDSE?

The Three Pillars

" Modeling Language
o Defines elements and their relationship
o Defines syntax and semantics

o What type of elements can be used during modeling?
o E.g.SysML

= Development Methodology
o Defines the steps of analyzing and designing the system
o Defines the usage of the model elements and diagrams
o How shall the model be built?

o E.g.SYSMOD (SYStem MODeling) by Tim Weilkiens, OOSEM, Rational
Harmony

= Proper! Tool
o E.g. MagicDraw, Enterprise Architect, IBM Rational Rhapsody




What is needed for MDSE?

+ Two extra things

= Domain knowledge

o Should know what to model

" Distinguished team

o Should have people who have the ability and
experience to create good models




What types of models can be used?

= Static models

o Defines the static aspects of the system including data,
design and architecture.

o e.g., E-R model

= Dynamic models

o Defines or describes the dynamic behavior of the
system.

* Usually demonstrates execution.

o e.g., State machine




What types of models can be used?

UML, SysML,

_ Domain Specific
Typically we use Models

these levels
Engineering
models

Model Transformations

Levels of
verification
algorithms

Higher level formalisms:

Dataflow, Petri-net, ...

Low level mathematical
formalisms:
Automatons, SAT, ...




What types of modeling languages can be used?

= General Purpose Modeling languages

o Languages that can be applied to any domain for
modeling purpose

o e.g., State machines, Petri-nets, SAL, UML, SysML

= Domains Specific Modeling languages

o Languages that are specifically designed for a certain
domain

o e.g., AutoSAR, Mathematica, Logo, AADL, etc




What can be done with MDSE?

= DOCUMENTATION

o Support requirements specification
* Textual based = extended with models (diagrams)

o Support system design
* Mind based =2 documented

= VERIFICATION
o Check consistency, completeness, well-formedness

= ANALYSIS

o Analyze / simulate parts of the system to determine or derive
properties
* Applied separately for a selected component
— E.g. for a communication protocol: consensus is always reached
* Integrated into the model based development process

SYNTHESIS

o Synthetize some parts of the system
* design, application or other artefacts




Analysis in Model Driven System Engineering

System Design Formal verification

Automated
Model Generation

Engineering —

model
(e.g. SysML)

Tetminate = TRUE

Backtracing
results

Mew(Operation = TRUE

SuspendThread)

TerminateThread(

Ki[| _'IL/I

Formal
model 0 .

ol 3

Analysis

JAYITAS_Rt:RELIABILITY:1.0e-7 O:n 20 1.0e-15

I | | | Jourr |
9,999%-01 ,_
7.500e-01 |
5.000e-01 |
2,501e-01 |
1.673e-04 |
1.,000e+00 2,476e+03 4,961+03 7.426e+03 9,9012+03
Grtine)LINLIN Xnin= 1,000e+00 Mnax= 9,901e+03 Yain= 1,673e-04 Yaax= 9,99%01




Synthesis in Model Driven System Engineering

MDSE framework

model (PIM)

Platform independent

model

Platform ‘ l

Platform specific
model (PSM)

!

r Configuration

4-------

program

!

= Possibilities
o Platform independent = platform specific
Configuration generation
Code generation
Monitor generation
Test Case generation
o Documentation generation
= Tool Support
o Workflow Based Execution

=) P
o \

rogram \
J \ Tests

code \

\
\

\
\
o \/

Configures

Application / HW

Tl Application /
Monitors 4 System




Model-Driven Engineering of Critical Systems

Traditional V-Model Model-Driven Engineering

Main ideas of MDE
. DQ-17SB/C: Sqf.twa're Considerations in Airborne Systems and °*e] r|y validation of System models
Equipment Certification (RTCA, EUROCAE) . .
* Steven P. Miller: Certification Issues in Model Based Development e automatic source code generation

(Rockwell Collins) =>» quality++ tools ++ development cost--




How to apply Model Driven Engineering?

(act Possibilties for applying Madel Driven Deuelupment)
' | | |
i . | |
Create Model Based |
| Requirements Specification ‘ | | |
| | | |
| |
I '
| | | | A
| Create Test |
. & o v o ! _ Model |
| Verify Requirements | | Create Model Based | | ’ ‘
| Specification | | System Design | | | |
| - |
|
A ! |
| | !
I | | [ | |
. Yl o coo b ! y
r \ | N S
Extend Model Based | | P
‘ System Design with ‘ | | | b |
Variation Modeling I | | e — o — — — >
! 4“—
| P | o _}'f]"' | | Generate Test |
| | _simulate | ~ " | Cases J
R Lewel | " Model Software |
| Behavior | | |
. | Components
| I - |
s | Analyze System | |
Determine System ) ' — ) ) *
Properties, Perform ‘ | Model Configuration | L _— —_ — = = = = = =
Variation Analysis | ~ 1 4 - - - = — [
S . o L )
| | Simulate ] | Analyze | | Generate
| ‘ Software ‘ | Software | | Software
Behavior * 4
. s i,
| Generate Configuration |
. S

EGYETEM 17



= Whatis a model?

o Abstraction of the real world

o Built from elements defined by the modeling language
(metamodel)

= Why to model?
o Document, verify, analyze, synthesize
= What are needed for modeling?
o Language + methodology + tool + domain knowledge + expertise
= What types of models to use?
o General purpose vs. domain specific
o Engineering vs. mathematical (~ semi-formal vs. formal)
o For modeling behavior and structure
= How to process models?
o By means of model queries and transformations




