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Recap

» Remaining S.O.L.I.D. principels: Liskov Substitution
Principle, Interface Segration Principle,_and Dependenc
Inversion Principle | Gt 1> oolewnt [ '—7’@‘?“"1"" (P%@E\
» Persistency (example of Layered Architecture and :

Dependency Inversion Principle) lentnsd

» Hexagonal Architecture / Port and Adapter Pattern  Rirtsaud
Adaplev ¢

Application
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What does this function do?

public List<Integer> f (List<Integer> list) {
if (list.size() <= 1) return list;

int p = list.elementAt (0);

List<Integer> 11 = new ArrayList<Integer>();
List<Integer> 12 = new ArrayList<Integer>();
List<Integer> 13 = new ArrayList<Integer>();

g(p,list,11,12,13);
List<Integer> r #:gkll);
r.addAll ) ;

r.addAl 13));

return r;

}

public void g(int p, List<Integer> list,
List<Integer> 11, List<Integer> 12, List<Integer> 13)

for (int 1 list) |
if (i < p) 1ll.add(i);
if (i == p) 13.add(i);
if (i > p) 12.add(i);
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What does this function do?

public void testEmpy () {
int[] a = {};
List<Integer> r = f(Array.aslList(a));
assertTrue (r.isEmpty());

}

public void testOneElement () {
int[] a = { 3 };
List<Integer> r = f(Array.aslList(a));
assertEquals (Array.asList (3),r);

}

public void testTwoElements () {
int[] a = {2, 1};
List<Integer> r = f(Array.aslist(a));
assertEquals (Array.asList (1,2),r);

}

public void testThreeElements () {
int[] a = {2, 3, 1};
List<Integer> r = f (Array.aslList(a));
assertEquals (Array.asList (1,2,3),1r);
}



What does this function do?

List<Integer> f (List<Integer> a)

Precondition: a is not null
Postcondition: For all result, a € List<Integer>:
result == (a)g"r“:)
if and only if qucic
IsSevte A pt(result) and p2(a,result)
where
pi(a) if and only if
forall 0 <i,j < a.size():
i < jimplies a.get(i) < a.get(j)
and
€qualg p2(a,b) if and only if
for all i € Integer: count(a, i) = count(b, i)
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Design by contract

» Pre- and post conditions: Tony Hoare 1969
» Design by contract: Bertrand Meyer 1988
» Pre- and post conditions in the context of object-orientation

Contract between Caller and the Method

» Caller ensures precondition
» Method ensures postcondition

— If the client violates precondition (the contract), then the
method does not have to guarantee the postcondition



Design by contract

» Pre- and post conditions: Tony Hoare 1969
» Design by contract: Bertrand Meyer 1988
» Pre- and post conditions in the context of object-orientation

etween Caller and the Method

» Caller ensures precondition
» Method ensures postcondition

— If the client violates precondition (the contract), then the
method does not have to guarantee the postcondition

— The method does not have to check the precondition!!

» Contracts specify what instead of how t> efimsive ‘
onbyaw\w..:j
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Example Counter

Counter {context Counter
{context Counter :: dec () Cint - _i‘m/: i>=0}
=3 [pre:i>0
post: i =i@pre -1 } ~ 7 7 7 [inc( : void
dec() : void
{context Counter ::inc ()
post: i = i@pre + 1}
public T n(Counter c)
digwl // precondition of dec has to hold
p«& . // n has to ensure c.i > 0
Conbno\ c.dec();

// client can assume postcondition
clewl // client can assume c.i = c.i@pre - 1
osSuure
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Bank example with constraints

{context Bank
Bank _ _ _ _|inv: accounts->forAli(a | a.owner = self)

1

owner

accounts
0.*

Account

bal :int

update(n : int) : void -

{pre:bal +n>=0 g

post: bal = bal@pre + n and
history.ocllsNew() and
history.bal = bal@pre and
1 history.prev = history@pre

History 0.1

bal : int prev

History() : void
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Update operation of Account

{pre:bal +n>=0
post: bal = bal@pre + n and

history.oclisNew() and

history.bal = bal@pre and
history.prev = history@pre

State before executing
update (n)

et ({n+ b >= 0}
per [(n2b>m00 Y

T
|

/ |
.A: Account |
v

bal=b ——— — —

h: History
bal=m
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Update operation of Account

{pre:bal +n>=0

post: bal = bal@pre + n

history.oclisNew
history,bal = bal@pre and

history.prev = history@

State before executing

update (n)

State after executing

update (n)
{n+ b >=0} BI__ a: Account
| bal=b+n
| ——A
|
a: Account I Y v
bal=b ———— 4 - ML-
g;\ Eﬁ? N
/
Prev
h: History 4\— h: History
bal=m
bal=m
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LibraryApp Example:
‘J‘}:fuv:,&m

Mw»lalt:u‘d'u : ,@Ohﬁv\

Code

public void addMedium (Medium medium) {
checkAdministratorLoggedIn () ;
mediumRepository.addMedium (medium) ;

}
fl>'-c . cm\m;»l,u&&uu,_A
fosl: IMLVl"MW'B‘)oh\«otlj, 8d',4u Yk =
taehisn Roposhio o @ pre . gk AU Tucki. plus (meslions)
Aves ud-

Clau e . Lb\&
Lvml}; &'PM&u
oue |
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LibraryApp Example:

Code

public void addMedium (Medium medium) {
checkAdministratorLoggedIn () ;
mediumRepository.addMedium (medium) ;

}
Contract

public void addMedium (Medium medium) {
pre: adminLoggedIn;
post: mediumRepository.allAllMedia () ==
mediumRepository@pre.allAllMedia () .plus (medium) ;



LibraryApp Example:

Code

public List<Medium> search(String searchText) {
List<Medium> found = new ArrayList<>();
for (Medium m : mediumRepository.getAllMedia) {
if (b.match (searchText)) {
found.add (m) ;
}
}
return found;

}

: brue
"“““) w. we ket (ravdTad ) RE

e
ol W
f> {~ , w £ uneubluu?&vtsfl-AilshoLﬁ §
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LibraryApp Example:

Code

public List<Medium> search(String searchText)
List<Medium> found = new ArrayList<>();

for (Medium m mediumRepository.getAllMedia) {
if (b.match (searchText)) {

found.add (m) ;

{

}
}

return found;

}
Contract

public List<Medium> search(String searchText) {
m in mediumRepository.getAllMedia ()

m.match (searchText) }

post result == { m



User Example:

Code

public void borrowMedium (Medium medium, Calendar borrowDate) {
canBorrow (borrowDate) ;
medium.setDueDateFromBorrowDate (borrowDate) ;
borrowedMedia.add (medium) ;



User Example:

Code

public void borrowMedium (Medium medium, Calendar borrowDate) {
canBorrow (borrowDate) ;
medium.setDueDateFromBorrowDate (borrowDate) ;
borrowedMedia.add (medium) ;

}
Contract

public void borrowMedium (Medium medium, Calendar borrowDate) {
pre: borrowedMedia.size () < MAX_NUMBER_OF_MEDIA

&& ! hasOverdueMedia (borrowDate)
&& ! hasFine (borrowDate)
post: medium.getDueDate () == borrowDate + 28 days &&

borrowedMedia = borrowedMedia@pre.plus (medium)



MinMax Example

Code

public class MinMax {
int min, max;

public void minmax (int[] array) throws Error {
min = max = arrayl[0];
for (int i = 1; i < array.length; i++) {
int obs = arrayl[i];

if (obs > max)
max = obs;
else if (min < obs)
min = obs;
}

}
}

ot oy 1= el 38 @ty 2e O 21

osLr, Voeaijf w.;,éagg 0 & wax QQ lwvu € Qv
P 22 wo.-eama
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MinMax Example

Code

public class MinMax {
int min, max;

public void minmax (int[] array) throws Error {
min = max = arrayl[0];
for (int i = 1; i < array.length; i++) {
int obs = arrayl[i];

if (obs > max)
max = obs;
else if (min < obs)
min = obs;
}
}
}

Contract

public void minmax (int[] array) throws Error {
pre: array != null && array.length > 1

post: forall i in array: [ wa €& avv&s
min <= i <= max Qe

wax € va\J
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Postcondition

Assume that result denotes the result of the function
f(x : double). resuth = Vo

2 3
1) post: result? = x reswll "= W) =X

2) post: result = x2 —=> §Querc
—

3) post: x? 2 result s Squeve, e\(‘.wu( Sigw

4) post: x = result?
Which of this statements describe
a the postcondition of the square function?
b the postcondition of the square root function?


Hubert


Precondition

» Given the contract for a method minmax(int[|array) in a
class which has instance variables min and max of type
int:

pre: array #_null and array.length > 0
post: Vi € array : min < i < max

» Which of the following statements is true: if the client calls
minmax such the precondition is not satisfied

a) A NullPointerException is thrown
b) An IndexOutOfBoundsException is thrown

er~Nothing happens
@ hat happens depends on the implementation of minmax
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Implementing DbC with assertions

» Many languages have an assert construct:
assert bexp; Orassert bexp:string;
» Contract for Counter::dec(i:int)
Pre:i>0
Post: i = i@pre — 1

Puu\‘c oovd  dee O \{
assert i>0;
Wb la-pve A

e

i

O&kvsr ‘_ == w.}-‘ov: —/1
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Implementing DbC with assertions

» Many languages have an assert construct:
assert bexp; Orassert bexp:string;
» Contract for Counter::dec(i:int)
Pre:i>0
Post: i = i@pre — 1

void dec () {
assert 1 > 0 : "Precondition violated"; // Precondition
int prei = 1i; // Remember the value of the counter
// to be used in the postcondition
i-—;
assert i1 == prei-1 : "Postcondtion violated"; // Postcondition

» assert £ assertTrue



Important

» Assertion checking is switched off by default in Java
1) java -ea Main
2) In Eclipse

Java - Counter/src/dty

Ju 1 TestCounter
Junit =

Configurations...

o Failures: £

806

Run Configurations
Create, manage, and run configurations

Create a configuration that will launch a JUnit test. @

CEx|B 3%

Name: |TestCounter

type filter text [E] Test [69= ﬂgﬂgﬁ . Classpath | &, IRE | & Source| 2
[ Java Applet Program arguments
[TJava |
v

JujTask Gpnrext Tes

Variable:
VM arguments:
S~ -ea
- > —
r 1
Apply Revert
Filter matched 6 of 44 |

@

(e ) Eomme
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Implementing DbC in Java

Pre: array # null and array.length > 0
Post: Vn € array : min < n < max

public class MinMax {
int min, max;

public void minmax (Integer[] array) {
assert array != null && array.length != 0;

min = max = arrayl[0];
for (int i = 1; i < array.length; i++) {
int obs = arrayl[i];
if (obs > max)
max = obs;
else if (min < obs)
min = obs;

}

assert isBetweenMinMax (array)

}

private boolean isBetweenMinMax (Integer[] array) {
return Arrays.asList (array)
.stream()

2 ovrct)c»u}naux<V»%))&

.allMatch(l -> min <= 1 && 1 <= max);

) = V
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Assertions

» Advantage
» Pre-/Postconditions are checked for each computation
» Disadvantage

» Postcondition checking can be expensive
— Performace problems
» Solution:
» Assertion checking during developing, debugging, and
testing

» No Assertion checking in production systems
— VM argument -ea



Assertion vs. Tests

UA;}hooL Unchev lest
Assertions /
(12

List<Integer> sort (List<Integer> arg) {

assert arg != null;
:i_’_§ 'Jo.,g laun Seog {.n.c.\'o\r\
l> o’ Sorted(result) ;
return result;
}
boolean isSorted(List<Integer> arg) {
boolean sorted = true;
for (int i = 0; i1 < arg.length - 1; i++ {
sorted = sorted && arg[i] <= arg[i+l])

return sorted; Jhmt e D Comcreh VQMJ
VAN

\mg};‘t/(asl- Z'ukvv> Gv‘s) jb(u;k

= Sor (a. > Teeonks
cssevtlvue L 15 Sovle ol Cws‘»ﬂl-))
&, (0

&:4 ( Z.ES.&.EVQ{J:)
CTeee vod 1O & O (6,307

- -
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Assertion vs. Tests

Assertions

List<Integer> sort (List<Integer> arg) {
assert arg != null;

assert isSorted(result);
return result;
}
boolean isSorted(List<Integer> arg) {
boolean sorted = true;
for (int i = 0; i1 < arg.length - 1; i++ {
sorted = sorted && arg[i] <= arg[i+l])
}

return sorted;

}
Tests

@Test

public void testSorted() {
List<Integer> result = sort (Array.asList (3,1,2));
assertTrue (Array.aslList (1,2, 3),result);



Assertion vs. Tests

» Assertion
» Checks all computations (is assertion checking is on)
» Checks also preconditions

» Tests

» Only checks the concrete test cases
» Cannot check that clients satisfy contracts
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Invariants: Counter

{context Counter :: dec ()
pre:i>0
post:i=i@pre-1 }

» Methods

Counter

{context Counter

irint

_inv: i>=0}
—

inc() : void
dec() : void

» assume that invariant holds
» ensure invariants

» When does an invariant hold?
» After construction

» After each public method

3 ~.,;\ol_,,:cll

post: i = i@pre + 1}

{context Counter :: inc () Ij

fe =]

+Se} CLC Cv. CQ
- Ql’c,‘ (CIC‘) H““.C,.zr. Cyp A—
Wit T8 sk (uig); o= gtedeish

(AT
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Invariants

» Contstructor has to ensure invariant

public Counter () {
i=0;
assert 1 >= 0; // Invariant

}
» Operations ensure and assume invariant

void dec() {
—> assert i >= 0; // Invariant
assert i1 > 0; // Precondition
int iatpre = 1i; // Remember the value of the counter
// to be used in the postcondition
i-—;
assert i == iatpre-1; // Postcondition
—> assert i >= 0; // Invariant

}
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Contracts and inheritance

Liskov Substition Principle (LSP)

Subtype property S is a subtype of T:

"Let ¢(x) be a property provable about objects x of type T.
Then ¢(y) should be true for objects y of type S where Sis a
subtype of T

Liskov, B. H.; Wing, J. M. (November 1994). A behavioral notion of subtyping.

{context T =:m 1\ T

pre: pre’T_m m

post: post*"T_m} |~~~ 7] void £(T t) |
Zr ‘é:m(args) ;

i ;o

{co.ntexlt\SS..m AN S f(new T());

pre:pre’S_m | | m f(new S());

post: postrS_m}




Contracts

Contract Rectangle

Rectangle
width: int
height: int
setWidth(w: int)
setHeight(h: int)

T

Square

setWidth(w: int)
setHeight(h: int)




Contracts

Rectangle

width: int
height: int

setWidth(w: int)
setHeight(h: int)

Square

setWidth(w: int)
setHeight(h: int)

Contract Rectangle
inv: width > 0 && height > 0
Rectangle: :setWidth (int w)

pre: w > 0
post: width = w && height = height@pre

Rectangle::setHeight (int h)
pre: h > 0
post: height = h && width = width@pre

Contract Square extends Re@tangle
tuo OV S0 2R ‘J]‘L >0 &

( 1 == U\U“"»
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Contracts

Contract Rectangle

inv: width > 0 && height > 0
Rectangle
width: int

Rectangle: :setWidth (int w)
pre: w > 0

height: int post: width = w && height = height@pre
setWidth(w: int)
setHeight(h: int) Rectangle::setHeight (int h)

pre: h > 0

post: height = h && width = width@pre

Contract Square extends Rectangle

Square inv: width > 0 && height > 0 && width = height
setWidth(w: int) ) .
setHeight(h: int) Square::setWidth (int w)

pre: w > 0
post: width = w && height = w

Square: :setHeight (int h)
pre: h > 0
post: height = h && width = h

vee sehot (0) WSt i unelaugect
q,. S tUH W) lﬁltiﬂﬂ- Y c.‘,mus,uA
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Contracts and Inheritance

{contextC :: m c

pre: preC_m Weakenpreconditien
y v __———m
post: post*C_m} Pre ,?7 Pre ,?7

oomexorm N Strengthen postcondition

pre: pre’"D_m

77777 m » Post) —
post: post*D_m}

Py Y

e cz MmeoC(); Co=uewbo:
Cownl), o= pr e esteteihd
0\»“40,- - [>"$l'C \< esleMile A

S

o —
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GetFine Example

Book

getFine: int

|

CD

getFine: int

Contract Book

int Book::getFine ()
post: result == 100

Contract CD extends Book

int CD::getFine() cn 1K wek e

post result == 200 = gAleSS &&02

(resuwpr = 200) (st ==1)

u unh. J{Lk
Ftu Coba«l«L*bL«
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GetFine Example

Contract Medium

Medium int Medium::getFine ()
post: result >= 0

getFine: int

Contract Book extends Medium

% == 400
int Book::getFine () RS&@E

cD Book post: result == 100

getFine: int getFine: int "ML >= 0
Contract CD extends Book
resudL == 2060

int CD::getFine ()

t 1t == 200 =2
pos resu "(SV\QL >=O
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Defensive Programming

» Contract view

» client ensures precondition
— method does not have to check for the precondition

void dec() { i--; }



Defensive Programming

» Contract view

» client ensures precondition
— method does not have to check for the precondition

void dec() { i--; }

Package private class vs public class
Framework

! [ PackagePrivateClass |
PublicClient PublicClass PackagePrivateClass
+n m

InternalClient




Defensive Programming

void dec() { i--; } pre: 1 > 0

» Check the precondition
O.SSM-I- I>o0 ! S

i\ (1 £0) Q Sy sk ex\]-();s
vou WL Cxeephinl -
C‘l«% e bueny 'Sc ¢ )


Hubert


Defensive Programming

void dec() { i--; } pre: 1 > 0

» Check the precondition

» Either

void dec() { if (i > 0) { i-—; 1} }
» Or

void dec () {

if (i <= 0) {

throw new Exception("Dec not allowed ...

}

i-=;



Defensive Programming

void dec() { i--; } pre: 1 > 0

» Check the precondition

» Either
void dec() { if (i > 0) { i-—; 1} }
» Or
void dec () {
if (1 <= 0) {
throw new Exception("Dec not allowed ...");
}
i--;

}
» Don’t rely on the assert statement. Why?

void dec () {
assert i1 <= 0;
i-=;



Contents

Design by Contract (DbC)

Summary of the course



What did you learn?

» Requirements: Use Cases, User Stories, Use Case
Diagrams, Domain modelling

» Testing: Systematic Tests, Test-Driven Development,
Automated vs Manual Tests

» System Modelling: Class Diagram, Sequence Diagrams,
Activity Diagrams

» Design: CRC cards, Refactoring, Layered and Hexagonal
Architecture, Design Principles (low coupling/high
cohesion, DRY, YAGNI, KISS,...), Design Patterns, Design
by Contract, S.O.L.I.D., centralized vs decentralized control

» Software Development Process: Agile Processes



What did you learn?

» Requirements: Use Cases, User Stories, Use Case
Diagrams, Domain modelling

» Testing: Systematic Tests, Test-Driven Development,
Automated vs Manual Tests

» System Modelling: Class Diagram, Sequence Diagrams,
Activity Diagrams

» Design: CRC cards, Refactoring, Layered and Hexagonal
Architecture, Design Principles (low coupling/high
cohesion, DRY, YAGNI, KISS,...), Design Patterns, Design
by Contract, S.O.L.I.D., centralized vs decentralized control

» Software Development Process: Agile Processes

» Don'’t forget the course evaluation



Plan for next weeks

» Week 12: Exercises and status meetings from 13:00 —
15:00

» Week 13: 12.5., 13:00 — 17:00: 10 min demonstrations of
the software

1 Show that all automatic tests run
2 TA chooses one use case
2.a Show the Cucumber scenarios
2.a Show the systematic tests for that use case
2.b Execute the systematic test manually, i.e. by using your
application

» Schedule will be published this week
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