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1 Introduction

1.1. Introduction

1.2. Research Objectives

The University of Reading



2 Review of literature
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2.1. Assertions
2.1.1. What assertions are
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2.1.2. Why should we use assertions?
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2.1.3. General classification of assertions
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private boolean balanced(){

assert balanced();

}

private void sum(Stack A, Stack B){
assert size(A) == size(B);

.
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2.1.5. Most useful assertions: A first criteria for
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2.2. Design by Contract
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2.2.1. What design-by-contract is
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2.2.4. One small example

6 ! ?

Class stack{
Element top;
public stack(){
top = null;

}
public void push(int i)}{
if (top == null){
top = new Element(i);
top.previous = top.next = null;

else {
top.next = new Element(i)
top.next.previous = top;
top = top.next;

}

}
public int pop(){
assert(!'this.isEmpty());
int result = top.getintElement();
top = top.previous;
top.next = null;
return result;

public boolean isEmpty(){
return top == null;

! +: #+,,H
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Class stack{
Element top;
public stack(){
assert(true); /I precondition, following a specification
top = null;
/I postcondition, following b and class correctness (CO)
assert(isEmpty() && invariant())

}
public void push(int i)}{
assert(true); llc
element oldtop = top;
if (top == null){
top = new Element(i);
top.previous = top.next = null;

else {
top.next = new Element(i)
top.next.previous = top;
top = top.next;

assert(oldtop == top.previous && oldtop.next == to p &&
top.getintElement==1 && invariant()) /ld && CC

}
public int pop(){
assert(!this.isEmpty()); /[Correct assertions as pre
element oldtop = top;
int result = top.getintElement();
top = top.previous;
top.next = null;
/ffollowing f and CC
assert (result == oldtop.getIntElement && top ==
oldtop.previous && top.next == null && invariant())
return result;

}
public boolean isEmpty(){

assert(true); /ffollowing g
return top == null;
assert(invariant()); /ICC
}
private boolean invariant(){
//We assume an internal Cl which ensures the value of the
[Itop is correct
return ((iIsEmpty() && top==null) || (lisEmpty()) && top !=
null );
}

The University of Reading
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2.3. Refactorings

2.3.1. What refactoring is
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2.3.2. When to apply refactoring

4 8 - JFK?

& Opdyke defined the semantic equivalence in thig: e the external interface to the program be via
the function main. If the function main is call@dde (once before and once after a refactoringhlite
same set of inputs, the resulting set of outputesamust be the same 10. Opdyke, W.F.,
Refactoring Object Oriented Frameworks, in DepartmehiComputer Science. 1992, University of
lllionis Urbana-Champaign..
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2.3.3. Refactorings classification
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3 Maintaining Assertions through Refactoring Proces

3.1. Introduction

B

/
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JCK
3.2.1. The Inline Method Refactoring
! B
!
JFK
?
[.D.L.Jblic int reversePart(int a, String b){
assert(a > 0 && b.length() >0 && a < b.length()); /[Precondition
String result;
inti;
result =*";
for (i=a;i>0;i--){

result = result + b.getCharAt(i);
/ILoop Invariant

assert(i > 0 && i <= a && a > 0 && b.length()>=i)

assert(result.length()==a &&
/IPostcondition

reverse(b.substring(i)).compareTo(result) ==0 && | nv());
return(result);
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|.o.l.Jinc static void main (String args[]){

String chain="reverse me!”;
s = x.reversePart(7,chain);
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public static void main (String args[]){

String chain="reverse me!”;
/[Precondition
assert(7 > 0 && chain.length() >0 && 7 < b.length()
String result;
inti;
result = “";
for (i=chain;i>0;i--){
result = result + chain.getCharAt(i);
//Loop Invariant
assert(i >0 && i <=7 && 7 > 0 && chain.length()

// Postcondition

assert(result.length()==chain &&
reverse(chain.substring(i)).compareTo(result) == 0
s = result;

>=i);

&& Inv());
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3.2.2. The Move Method Refactoring

#

class A{
public int reversePart(int a, String b){
assert(a > 0 && b.length() >0 && a < b.length());
String result;

inti;

result = *";

b = (new B()).value + b;
for (i=a;i>0;i--){

result = result + b.getCharAt(i);
//Loop Invariant
assert(i > 0 && i <= a && a > 0 && b.length()>=i)

assert(result.length()==a &&
reverse(b.substring(i)).compareTo(result) ==0 && In
/IPostcondition

return(result);

class B{
public String value;

/IPrecondition

v();

, , JFK?

class B{
public String value;

public int reversePart(int a, String b){
assert(a > 0 && b.length() >0 && a < b.length());
String result;
inti;
result = *";
b = value + b;
for (i=a;i>0;i--){
result = result + b.getCharAt(i);
//Loop Invariant
assert(i > 0 && i <= a && a > 0 && b.length()>=i)

assert(result.length()==a &&
reverse(b.substring(i)).compareTo(result) ==0 && In
/IPostcondition

return(result);

/IPrecondition

v();
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assert( classA .reversePart(5,"hello”) == “olleh”)

assert( classB .reversePart(5,"hello”) == “olleh™)

3.2.3. The Encapsulate Field Refactoring

Class A{
public int value = 32342;
public A(){
}

}
Class B{
a.value += 20;

assert(a.value>10);

.

Class A{
public int value = 32342;
public A(){

public void setValue(int a){
value = a;
}

public int getValue(){
return value;
}

The University of Reading




Class B{
:d..'setVaIue(a.getVaIue()+20);

assert(a.getValue()>10);

3.2.4. The Remove/Add Parameter Refactorings

Private double[] equation(int a, int b, int ¢, int d){
assert( b*b — 4*a*c >= 0 && d >= 0);
double solution sqroot;
sqroot = sqrt(b*b — 4*a*c);
solution[0] = (-b + sqroot)/(2*a);
solution[1] = (-b - sgroot)/(2*a);
assert(solve(a,b,c,solution[0]) == 0 && solve(a,b, c¢,solution[1] ==

0));
}

private double solve(int a, int b, int ¢, double x) {
double solution;
solution = x*x*a + x*b + c;
return solution;

return(solution);

Private double[] equation(int a, int b, int c){

assert( b*b — 4*a*c >= 0 && d>=0 ); ???

double solution[2] sqroot;

sqroot = sqrt(b*b — 4*a*c);

solution[0] = (-b + sqgroot)/(2*a);

solution[1] = (-b - sgroot)/(2*a);

assert(solve(a,b,c,solution[0]) == 0 && solve(a,b, c¢,solution[1] ==
0));

return(solution);

The University of Reading



private double solve(int a, int b, int ¢, double x, double x2){
double solution;
solution = x*x*a + x*b + c;
return solution;

3.2.5. The Replace Conditional with Polymorphism Re  factoring

4 4 ) : 8 J+K
#

, @ !'JFK ?

double getSpeed(){
switch(_type){

case EUROPEAN:
return getBaseSpeed();

case AFRICAN:
assert(getLoadFactor()>0);
return getBaseSpeed() — getLoadFactor() *
_numberOfCoconuts;

case NORWGIAN_BLUE:
return (_isNailed) ? 0 : getBaseSpeed(_voltage);

}
Throw new RuntimeException(“Should be unreachable” );
}
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/
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Class Bird{
public abstract int getSpeed();
private Inv() ...

}

Class European Extends Bird{
public int getSpeed(){
return getBaseSpeed();
}

}

Class African Extends Bird{
public int getSpeed(){
assert(getLoadFactor()>0);
return getBaseSpeed() — getLoadFactor() * _number OfCoconuts;

}

Class Norwgian_blue Extends Bird{
public int getSpeed(){
return (_isNailed) ? 0 : getBaseSpeed(_voltage);

}
}
?
) / $, 9
) 0 JAK
)
!
$, ) )
0 JAK
! ?
Class Bird{
public abstract int getSpeed();
private Inv(){...}
}
Class European Extends Bird{
public int getSpeed(){
assert Inv();
return getBaseSpeed();
private Inv(){
... && _type == EUROPEAN);
}
}
Class African Extends Bird{
public int getSpeed(){
assert(Inv() && getLoadFactor()>0);
return getBaseSpeed() — getLoadFactor() * _number OfCoconuts;

}

private Inv({
... && _type == AFRICAN);
}
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Class Norwgian_blue Extends Bird{
public int getSpeed(){
assert Inv();
return (_isNailed) ? 0 : getBaseSpeed(_voltage);

private Inv(){
... && _type == NORWGIAN_BLUE);
}

3.3. Afirst assertion maintenance refactoring clas  sification

3.3.1. Trivial Assertion Maintenance

variableX = 10;
assert(variableX > 0);

X =10;
assert(x>0);

$ , @ JFK'

3.3.2. Refactorings which require changes
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3.3.3. Refactorings which require assertion redefin ition

Function method(int a, int b, int ¢)
assert(a+b+c != 0); //Precondition

) 5 4 " - J&&K

3.4. A small schema to maintain Refactorings

3.4.1. Introduction

o

3.4.2. How to use this schema

B'!'@ J&HK

" #
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3.4.3. A small schema
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4 Augmented Refactoring Steps

4.1. Introduction

@ JFK #

4.2. Pull Up Field

?

$

A : A

4.2.1. Classification of Pull Up Field Refactoring

%

4.2.2. Demonstration
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4.3. Pull Up Method
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4.3.1. Assertion Maintenance Steps
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4.3.2. Demonstration

#

a. Demonstration of step 3.a.i
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b. Demonstration of step 3.c
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4.3.3. Example
6 , @ JFK'$ %* #
I, A
/2
/ $2
A
) 9
/I $2 /I $2
, 82 2 ,$2 2
2# $
- ?
void createBill (date Date){
[* Pre = {Date null} */
double chargeAmount = chargeFor (lastBillDate, dat e);

addBill (date, chargeAmount);
/* Post = {getBill(date) null AND getBill(date).amount = changeFor(lastBillDate, date)

AND CI} ¥/
?
" ##
double chargeFor (date Start, date End){
/* Pre = {Start null AND End null AND Start <= End} */
[* Post = {result = numberOfDays(Start, End)*amoun tPerDay()}*/
}
"o #
double chargeFor (date Start, date End){
/* Pre = {Start null AND End null AND Start <= End} */
/* Post = {result = (humberOfDays(Start, End)*amou ntPerDay()) —
discountPercentage(Start,End)}*/
}
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/| 2
! $2
/I $2
+ 1
A
) 9
,$2 2 ,$2 2
2# %
"oy
void createBill (date Date){
[* Pre = {Date null} */
double chargeAmount = chargeFor (lastBillDate, dat e);

addBill (date, chargeAmount);
/* Post = {getBill(date) null AND getBill(date).amount = changeFor(lastBillDate, date)

AND CI} ¥/

}

abstract double chargeFor (date Start, date End){
[* Pre = {Start null AND End null AND Start <= End} */
[* Post = {(result = numberOfDays(Start, End)*amou ntPerDay()) OR
(result = (numberOfDays(Start, End)*amountPerDay() ) —
discountPercentage(Start,End))*/

}

4.3.4. Classification of Pull Up Method Refactoring

?
9 G9
$ >
9 G9 $! %
] 1
|
%
( $ >
$ >

The University of Reading

*&



%

The University of Reading



4.4. Self Encapsulate Field

, ?
, ?
Y ¢

2 # -

4.4.1. Some important facts before facing the refac  toring

, I JA K?

[* Cl: this.field == null OR this.field >= 0 */
int value = abs(3*initial_value);
assert(value>=0);

this.field = value;

éésert(this.field>:0);

/* Cl: get_field() == null OR get_field() >= 0 */
int value = abs(3*initial_value);
assert(value>=0);

set_field(value);

;al.ésert(get_field>:0);
public void set_field(int value)

this.field = value;
}

public int get_field(){
int result = this.field;
return result;

The University of Reading "%
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4.4.2. Assertion Maintenance Steps
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4.4.3. Demonstration

a. Adding a precondition to the setting method
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b. Adding a postcondition to the setting method

c. Adding a precondition and a postcondition to the

getting method

9 ST)-W
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d. Checking the class invariant in both methods

I, . )

4.4.4. Classification of Encapsulate Field
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5 Extraction of the setting method precondition fro m
the CI

5.1. Introduction

( 4

**& **%

5.2. Extraction Procedure Steps

2 B) B B

B)

I. Forging a Binary Tree

Il. Replacing the Variable name

lll. Applying ASR and OSR substitution rules
4 )I- ?

o 53 # #6)7
2 & )I-
?
& . " !
. B)

o W # #6)7
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IV. Logical Simplification of the result tree

4 2
o 8 # $ F' /| 6 2 ?
)- .2 2)I
TRU X TRUE
E\\GII’//X \\1II’//'R X
2 # .
o 8 # $ &' /6 B)

)I-B) B) )I- )I-

TRU X TRUE
(o) (o)
2# 9

V. Reconstructing the Precondition from the tree

5.3. Demonstration of the Extraction Steps

5.3.1. Some facts we must remember

5.3.2. Forging a Binary Tree Demonstration

/

5.3.3. Replacing the Variable name Demonstration

# !
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5.3.4. ASR and OSR rules demonstration

6 &&
5
N A o o8 B “"’::E e, A’ o B’
@ _______ \ @ .......
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# 1 2
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........ \ ) N\
G
2 #
# T 2/WST)-W >
?
TWST)-W
T/W S T)I-W
B T 2/W T )-W #
#
?
T"IX (leaf()UIT A)  fieldl 1w
[ n
T@WSTW
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TOWST@ 2/@WST 2/@WS TTH- .2/@W S T/I@W

T# : TWST)-W
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TSI X (leaf 1) UIT A)  field] 1w
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2# 1
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?

TO WST@B)/@WST B)/@W
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@ " ?
& T"Ix(leaf()UlT B) fieldi Iw

TI@W S T/IW
?
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4
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5.3.5. Logical Simplification of the result tree De  monstration

2 B)

5.3.6. Reconstructing the Precondition from the tre e

4

5.4. Proposed precondition extraction pseudocode
algorithm:

, $
4)YBA)Y $
$I

Y $'

4)YBA)Y $? ?
2. %
4%
/ -
4YBAY $ |/

4YBAY $ |/

B). $
B4)$"
N )I_
4)YBA)Y $
4)YBAY $ /

4)$? ?
1B)Y $'

if] (contains(n.leftBranch, newf))
n.leftBranch = TRUE

endif

if ] (contains(n.rightBranch, newf))
n.rightBranch = TRUE

endif

G "
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B4)$ ? ?2

B)Y $
if ] contains(n.leftBranch, newf) AND ] contains(n.rightBranch, newf)
n = TRUE
endif
B) 4
?
B4) 4)S o@ ¢ = number of clauses
4)YB4)Y S O(c)
, S O(c)
, S O(c)
S O(c)
Y S O(c)
Y S O(c)

5.5. Some examples of CI derivation

5.5.1. Encapsulating the year field of a Movie

#
4 0O B , &t
Movie
Title: String i
Director: Stnng Cl = Title null AND
Year: char[4] (Director null
directorsDatabase.exists(Director))
getTitle(): String AND (hasIntValue(Year) AND
getDirector(): String intValue(Year)>0 AND intValue(Year)
<= getCurrentYear())
2# *
% &
# 9
2B) B ,  &A
Cl = (Title null) AND((NOT Director null) OR
directorsDatabase.exists(Director)) AND (hasIntValu e(Year) AND
intValue(Year)>0 AND intValue(Year) <= getCurrentYe ar())

The University of Reading
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) ] ) intValue(Year)>0 intValue(Year)<=getCurrentYear()
directorsDatabase.exists(Director)

NOT Director

hasIntValue(Year)

NOT Title

void set_year(char[4] theYear)

, &C !

) ) ) ) intValue(theYear)<=getCurrentYear()
directorsDatabase.exists(Director) intValue(theYear)=0

NOT Director null

hasIntValue(theYear)

NOT Title

, &E ! " 4)GB4)

0 intValue(theYear)<=getCurrentYear()

NOT Director null
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intValue(theYear)=0

% )

hasIntValue(theYear)

intValue(theYear)>0

hasIntValue(theYear) @

% *

TOWST ; $\' .2 ;

S \ $W

intValue(theYear)<=getCurrentYear()

2 #

intValue(theYear)<=getCurrentYear()

2 #

9

5.5.2. Encapsulating the empty field of a bounded S  tack

Bounded Stack

Capacity: int
Count: int

Empty: boolean
Array: array(object)

Top(): object
Pop()
Push(object)

The University of Reading

Cl= 0<=count

count <= capacity

capacity = array.length

empty count=0

count>0 array[count] null
2 #

+A



2 B) .B?

Cl= 0 <=count AND
count <= capacity AND
capacity = array.length AND

((NOT empty OR count = 0) AND (empty OR NOT count =0)) AND
AND (NOT count > 0 OR array[count] null)
% &
; 2 B)
NOT empty count=0
empty NOT count=0
0 array[count] null
2 #
B
4
?
O # +" o #,
%
N ., % !
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NOT is_empty count=0

% (

NOT is_empty count=0

% )

TOWST$B Y

NOT is_empty count=0

?

B) SH 2$Y B)

The University of Reading

is_empty NOT count=0

is_empty NOT count=0

array[count]
NOT count >0

4)GB4)

is_empty NOT count=0

B SHW

null
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5.6. A cheating case

6 !

M?

. correlated updates

Bank Account

inputs
outputs
balance

Cl= inputs>=0
outputs >=0
balance = inputs - outputs

?
9 ST VSH .2 S "
# D
DB D
$
$
>
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5.7. Possible future optimizations

5.7.1. The CNF optimization

) * < +)<,
B) .
> 2
B)
4) B4)
02 $ s
/ 2 B)/
-# % J&%K (
O(c?) ) )
4 J&K O(c)
4
8

a. CNF Transformation problems

i. Preconditions too long

)
5

B)$/ .2 'S$ B)/ 2% B) "
$/ .2'B) S$/B)' 2% B) "
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b. Cheating predicates

#

Assert (i>=0 && V[i]>=0);

$

& (9;F

(i>=0 AND V[i]>=0) OR (i<0 AND V[-i]<0)

$VSHB) H' .2$VSHB) J'K_H' .2$JKVSH B
2$JKVSH B) J'K_H'

B)

5.7.2. Simplify by applying logical rules

B 8

B)

$ 2
I'B)$ 2'S .2%$/B)

2$/B) "
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$ 2/'B)$ 2

bR ] ?
$B)'.2%/B)'.2%$B)'.2%/B)"
4) B4) ?
$B)'.2 $/B)'.2%$B)"’
? +7 ,<+7 ,<+7),
# 4)GB4
2
- B
J&+K
E
&+
2 9 #6!8 ! 48 ) ) C
) &FFC - ? FC"%%A
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6 Implementation

6.1. Dealing with implementation

B
!
$
! S +HS$ P& AK
- % &J&&K
/ - $
, @ !'JFK?
’ @
0 B $
’ @ I
& & ) #
1 @
# 5 a
# F
< IF
J&FK
2 a
’ @
#&3 $ $
# &
+ " U
<, = . a
3
¥ & a
n < : # a mn #
# . *
% # $ P /0 P 1F
$ % #
P Q #
# * % #
F
& ., 2 2 21 R N B)  HH+$+
;H\ 4
&E 40 ?GG G G IG G
a @ /|
u @ /! 2 F, 0
) 2 2 "#  HHH
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$ P /0 P 1F
# . P
% .
$
%
+ & U
+ 8 > 0
+, "0
)
# ' 0
# 2 0
6 ; )
JHK
+ # 2 v

6.2. Implemented Application

# !

6.2.1. Base package

% <
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preconditionExtraction

o ANDOperator 1 fava. Jang. String
o OROperator | java. lang String
o bt : LogicBinary Tree

@ extractPrecondition  (CL java feng String, Tield java jany String, enf: boolean ). Enwmeration
& preconditionExtraction ()

@ setAllDOperator (a: fava.fang. String 3. void

@ setOROperator (@ javalang. String ) void

® TreeNode i) LogicBinaryTree
: 9 y
it

a C"‘“BICSI“'I““—'ed . bagisan o AllDOperatos 1 fava. iang. String
2 hasFieldLeaf : boolean = OROperator Jfava.lany. String
a Pn:[?l;:l:decessm zaoj‘?""n apredicate : java. tang. String
5 is ode - boolsan :
a s Toot : Treelode
4 isORNode : boolean .
% serialVersionUID fang st bt md- ;

m ASR_OSPR_recursive (e TreeNode, field favafang String ) void
o Treelode 8] a ASR_OSP_simplification (field java fzng String 1 void
a copyTree ) (): TreeNode & LogicBinaryTree )
m copyTreeRecursive i TreeNode ): TreeNode = OSR (. TreeNode ) : void
a getLeftliode ( .‘i. TfééNOd' @ convertToCHF (): void
@ getMaxLeftDepth () int ] m convertToClIFRecursive (n TreeNode ) void
™ QQ‘M‘“L_"MQP‘hJ“ i _"'T’“NO‘*'- count. inf): int aforgeTree (Ct java.iang String, AND: fava iang String, OR: java fang String ): void
@ getMaxRightDepth ():int } o getPredicate () Java.lang. String
m getMaxRightDepth_rec (. TreeNode, count. int): int @ rebuildPrecondition  (fieldt java fang. String 1! jave.ubil Enumeration
@ getRightliode (): TreeNode m recursiveForgeTree (st java util StringTokenizer ). TreeNode
a sethaﬂ!Iode- i TreeNode ): vm.a’ a simplifyTree (): void
a setRightllode i TreeNode ) void w simplifyTreeRecursive (n TreeNode ) void

m updatellodes (e TreeNode, field java.fang. String ) vold

2# %

6.2.2. Visual application interface

# F ?

4%

% 6 $ 4 %
4 9%

5 - #%
R R < 4 %
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m convertToCNFRecursive  (: TreeNods ) vosd an2 Graphiiode
o forgeTree (Cl: fava.ang. Slring, AND: favaiang Siring, OR:javaizng.Shing ) void & GraphEdge (0 Graphiode, v GraphNode )

o getPredicate () : fava.lang Sling @ yetNodeDestiny () : Graphiode
@ rebuildPrecondition (field : java.lang Skring ) java.wlil Enumeration @ yetNodeOrigin () : Graphiode
m recursiveForgeTree (st: fava util StringTokenlzer ) TreeNode o setNodeDesting M2 GraphNode ) : vold
@ simplifyTree () 1 woed o setNodeOrigin - (0 GraphNods ) vold

m simplifyTreeRecursive n: TreeNode ) wold
m UpdateNodes : TreeNode, field : fava lang Siring ) wold
0.*
] Graphhoge |
o Label Javalang Siing
ot Java.awt Color
& canBeSimplified T hockean o isLeaf poaiean
» hasFieldLeaf . boolean o radius nt
» hasOrPredecessor hoolean o X nt
2 isANDNode hoosean a¥ nt
2 I1sORNade : boolean & GraphNode [ x: int_y: int_radius : ot _c: fava.awtColor, label | javaiang Sting, leaf: booisan )
5F serialVersionUlD <long & Uste () fava.awt Color
& TreeNode 9] o getLabel (3 Javalang Siing
o copyTree () Treelode o vetRadius () int
= copyTreeRecursive o TreeNods ) TreeNode @ getX 0y int
@ yetLeftNode () Treeiode @ gety {3 int
@ getMaxLeftDepth (0 nt @ isLeal () bookean
= JetMaxLeftDepth_rec v Treelods, count : inf) it @ setC (c: java.awtColor ) void
@ getMaxRightDepth O int @ setLabel  (Label : fava.lang String )1 vold
m getMaxRightDepth_rec  (n: Treehods, count :ind) © int @ setLeaf {isLeaf : booiean | void
o vetRightNode () Treehiode o setRadius  (radius : inf) : void
@ setLeftNode in: Treeiode ) void o setX 0 inty © ol
@ setRightNode i TreeNods ) : vold o sety v nd) - voidd

2 # -
6.2.3. Application restrictions and future extensio n

4

&& "
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42N

42N
%
5 - #%
#
% 5 - #%
% <
5 - #%
6.3. Testing
!
|
6.3.1. Common Examples
!
a. Encapsulating the year field of a Movie
B
) 1 &+ ?

Cl = (Title null) AND((NOT Director directorsDatabase.exists(D irector))
AND (hasIntValue(Year) AND intValue(Year)>0 AND int Value(Year) <=
getCurrentYear())

# "
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%H

2 #

2 #

19
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b. Encapsulating the empty field of a bounded Stack

) ) & ?

Cl = 0 <=count AND
count <= capacity AND
capacity = array.length AND

((NOT empty OR count = 0) AND (empty OR NOT count =0)) AND
AND (NOT count > 0 OR array[count] null)
" 2
Cl = AND O<=count AND count<=capacity AND capacit y=array.length AND AND
OR !empty count=0 OR empty count!=0 OR count<=0 arr ay[count]!=null
count>0 array[count] != null

, %, %%



c. CNF Examples

+
#

Good CNF Optimization

%*

2#

24# 1

CH



2 # I

ii. Too long precondition

2 # I*
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7 Conclusion and future work

#
$ %%&
$ %% ) (
% %% ) (
! J+K

$ *%

J&+

* 1



8 References

&

%

&H

&&

&%

&*

&+

&A

&C

&E

) ) &FAF
) 24 6
% $ &FF+
o / 0 ; $ C
HH%
4 0. 4 2) : 8 7
7 $
4 0. 4 2) : 8 77
$ C # )  #
o / 7" $ ) 9>
&FFC
40 6 2GG
J = ?
?2GG G G&*G G G G
0 ) % " UU) &FFA
L 0 C )
"#  HHH
B | #, 7 $ .
) &FF | I
-, J = ? ?GG
) 9 B
B 0 " HH% 2 &F
/ # 4
&*? E%"%H& &FF
4 2 % # )< $ %
) 9-4"E"HH 0 HH* +) &< #
2 9 #6!8 | 48 ) )
C ) &FFC
- 2?2  FC"%%A
40 < - 2GG G
, 2 P < C . 1. BD
HH+$+ -
40 % P4
?2GG G GI!G G

C%



&F

3

2
?2GG

"& E

G

/0 HH% J

C*



9 Appendix — Bertrand Meyer’s rules
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