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Software Development Life Cycle

UML Model
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Brief Definitions

® UML--Includes a set of graphical notation
technigues to create abstract models of
specific systems, referred to as UML model.

@ Class diagram
describes the
structure of
the system.
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Brief Definitions

@ Class Diagram
= Attributes
= Operations

@ It consists several

relationships
= Association
= Aggregation
= Composition
= Generalization etc
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Brief Definitions

© OCL-- declarative language for describing rules
upon UML models notation to express the
Integrity constraints which cannot be captured
by the graphical UML notation.

Class

- context Class Inv:
Id: string self.studentSize > 1
studentSize:int




Brief Definitions

@ Verification of Model--ensures that the model is
correct and does not contain any kind of errors.
“Are we building the model right”.

@ Validation of Model-- ensures that the model
accomplish all the requirement. “Are we building
the right model”.

“We will focus on Verification Process of UML/OCL
Model”



How UML/OCL Model Look Like...

context Person inv:
self.age > 0

Graphical constraints:
Multiplicities of associations

Inheritance hierarchies

Textual constraints:

Complex class invariants



Model Correctness (Verification)

Class Satisfying Object Unsatisfying Object
Person
P1:Person P2:Person
name: string name = ‘Tony’ name = ‘Tom’
age:int age = 23 age = -3

// Person’s age must be more then zero
context Person inv: self.age=0




INPUT & OUTPUT

UML Yes/NO
Model+OCL (Property holds
constraint or not)
INPUT OUTPUT




WHY Verification & Validation

® Error In the model means Error in the code

Let's Develop
UML Model

Errors

woid addStudent () {}

void removestudent() {}
voeid getStudent () {}

wvoid getAllsStudents() {1}
void addDepartment() {}
void removeDepartment () {}

void getDepartment() {}
wvoid getAllDepartmentsi)

o

Transformation



WHY Verification & Validation

© Error In the model means Error in the code




Example (Estimated time)

Coormeyar
Fiece _
piece In cameyor | Sapacity int
nelems : int
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e UMLtoCSP takes 92 second to verify the property.



Example (Estimated time)

Fiece

GGGGGG

New classes that do not affect the property being verified.

«2 hours (did not verified any property )
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ldentifying the Problem

@ Verification of small models is supported by
most of tools and methods .

So where is the problem?



ldentifying the Problem

@ Verification of large and complex UML/OCL
model.

@ Efficient and scalable method.

@ At certain point, available verification methods
stop working.

= CPU time
= Memory
= Allocated resources



ldentifying V&V Tools

@ V&V Tools Available in a market.
= UMLtoCSP
= HOL-OCL
= MOVA
= ALLOY
= UML2ALLQY
= USE
= CQC (Is method)
= Other methods (not implemented)




Proposed Benchmark

Example Classes| Associations [Attributes | Invariants |Verification Time
Atom-Molecule 2 1 6 1 0.03s
Paper-Researcher 2 2 5 4 0.04s
Coach 15 10 27 6 5008.76s
Production System a0 30 T 5 3605.35s
Company 100 100 100 100 6233.35s
Script 1 100 a3 122 2 Time-out
Script 2 500 227 522 5 Time-out
Script 3 1000 505 1022 5 Time-out
Cycle 1 10 10 10 10 Time-out
Cycle 2 100 100 100 100 Time-out

Table 1 Description

of the UML /OCL benchmarks and Verification Time.

Scope T ST |'TTHST =TVT
2 125ms 47Tms. 172ms
3 187ms TEms 265ms
4 281ms 172ms 453ms
5 4T3ms 190ms 663ms
(5] 671ms 344ms 1015ms
r g O69ms 4584ms 1453ms
10 |Time-out|Time-out Time-out

TT Translation Time
TVT Total Verification Time

Table 2 Description of experimental results (Alloy).

ST Solving Time
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Research ODbjective

@ To design a Framework/Technique for
Improving the scalability for verification
process.

@ Efficient verification technique usable to large

models.

= Abstract irrelevant components of the system.
= Partition model into independent submodels.
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UML/OCL Slicing Technigue

@ Slicing a model into small fragments (submodels).

Verficaton |~~~
/’ @ - il ®\
. @ ., Verficafion ,
e arition (P) P2 Combine
Verified -
Model | . Verfication BN Results
N /’
Verification
I
Our Defined
Partitioning Efficient
Technique Verification

Method



UML/OCL Slicing Technigue

€ Our goal Is to determine whether the input
class diagram has legal instances.

@ Two different notions of satisfiability is
considered:

= Strong and Weak satisfiabllity.



UML/OCL Slicing Technigue

© Given a Model "m’, into m1, m2, m3...mn
submodels, where m Is satisfiable if all
ml, m2, m3...mn submodels are
satisfiable.

€ Each submodel is a subset of the OCL
constraints.



UML/OCL Slicing Technigue

€ Each slice Is less constrained than the
original model.

@ It Is necessary to ensure that if the
original model Is unsatisfiable.



Algorithm 2 Slicing Algorithm

Input: Property being verified
Output: A partition F of the model M into non-necessarily disjoint submodels

NIV
f L e

e e e e e e e
SRR NOTIA RN

G +— BuildFlowGraph(M) {Creating the flowgraph}
{Cluster the OCL constraints}
for each pair of constraints ¢l, ¢2 in M do
if ConstraintSupport(M, ¢1) M ConstraintSupport(M, ¢2) #£ @ then
MergelnSameCluster(cl, c2)
end if
end for
{Work on each cluster of constraints separately}
for each cluster of constraints C'l do
subModel +— empty model {Initialize the subModel to be empty}
{Initialize worklist}
workList +— Umnion of the ConstraintSupport of all constraints in the cluster
w hile workList not empty do
node +— first{workList) {Take first element from workList and remove it}
workList +— workList \ node
for each subclass or superclass ¢ of node do
subModel +— subModel U{c}
if ¢ was not before in the partition then
workList +— workList U{c}
end if
end for
for each class ¢ loosely or tightly connected to node do
if Property = weak SAT and tightly coupled then
subModel +— subModel U{c}
else if Property = strong SAT and tightly coupled then
workList +— workList U{ec}
end if
end for
end while

! end for




Cluster of Constraints

€ The constraint support is the set of classes
restricted by the constraint.

© Clustering of the constraint.

€ ldentifying the constraint or a group of
constraints restricting the same maodel
element.



Constraint Support

€ Local and Global Constraint.

© Local: If it can be evaluated by examining
only the values of the attributes in one
object of class C.

€ Global: Iif the constraint are examined
multiple objects of the same class.



Constraint Support

[nvariant Support Attributes  |Navigations
MaxCoachdize  |Coach, Trip, Passenger|Coach.noOfSeats|tripscoach, tripspassengers
ticketNumberPositive Ticket Ticket.(mumber) {None

NonNegativeAge  |Passenger Passenger.age  |None

Table 1. Support, attributes and navigations in the running example.




Flow graph Concept

€ We have used a flow graph that captures
the dependencies of the elements within
the UML/OCL class diagram.

@ Each vertex i1s a class and each arc is a

relationship.
UML relationship Loosely /Tightly Coupled|Edge
Association: Lower bound > 1 (e.g. 1..%)|Tightly Coupled —
Association: Lower bound = 0 (e.g. 0..3)|Loosely Coupled -—
Generalization Tightly Coupled ==
Aggregation Tightly Coupled —

Table 2. Edge Concept of Flowgraph



Algorithm 1 Flowgraph Creation

Input: A model M
Output: A labeled directed graph G = (V, E)

{Start with the empty graph}

Let V+ land E «+

[Add all classes of the model to the flowgraph}

for class ¢ in model M do
V + Vu{c}

end for

[Create incoming and outgoing arcs in the flowgraph}

for each association end A in model M do
E + (z,y) where z is the type of the association end and y is the type of the other class in
the association

10: if the lower bound of the multiplicity of A is > 1 then

Sl 0 o ST X e B D e

11: Label the arc (z, y) as tightly associated

12: else if the multiplicity A 1s lower bound = 0 then
i Label the arc (z, y) as loosely associated

14: end if

15: end for

16: for each generalization, aggregation and composition G between classes = and y do
17 E« EU{(y)}U{(0)

18:  Label the arcs (z,y) and (y, x) as tightly associated

19: end for




Example (Model Coach)



Employes

id :int
baseSalary : String

A

Coach SecyrityGuard
1 o= B ooki ng Offi
id :int shift : String pemingleR
- . . Controls .
Trip Lses name : String name : String Manager
o~ T 1 = |model : String location : String 2.1 0.1 VPR
name : String - noDiSeats - int officelD - int : Boaolean
arigin : String trips seach i 0= htanages
-:Iestinatiu:.-n : String StopsBy
type : String - 1 1 17
number - int 1 = Travels . Faszenger - Has Approves Eamns
- 1.0 Ticket oz 1.7 2.
trips asszengers |name : String - - -
Eﬁ e ? age :int number : int Vendinghia chine Bonus
s ) 1 0" |price : Float o.c oA
idCard : String dTrio - Bool number: int amount : Float
| | Buys roundTrip : Boo Sells
FrivateTrip RegularTrip

extras ; String ‘fl‘}‘

l |

AdultTicket ChildTicket

elderlyliscount: Boolean | |school Trip 2 Boolean

1. context Coach inv passengerSize :

self.trips ->select (r|r.oclisTypeOf(RegularTrip))->forAll( t]t.passengers

->size() noOfSeats)

2. context VendingMachine inv UnigueNumber: VendingMachine ::allinstances() ->isUnique (
t]t.number)

3. context Passenger inv NonNegativeAge:

self.age >0



destination

Trip

name : String
arigin : String

: String
tvpe : String

number: int

Slice

Employes

id :int
baseSalarny : String

£

|

le

|

FrivateTrip RegularTrip
extras : String V

elderlyliscount : Boolean

sczhoolTrip : Boolean

1. context Coach inv passengerSize :

self.trips ->select (r|r.oclisTypeOf(RegularTrip))->forAll( t]t.passengers
->size() noOfSeats)
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Submodel 1
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1. context Coach inv passengerSize :
self.trips ->select (r|r.oclisTypeOf(RegularTrip))->forAll( t]t.passengers

->size() noOfSeats)




Employes
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2. context VendingMachine inv UniqgueNumber: VendingMachine ::allinstances() ->isUnique (
t]t.number)



Submodel 1
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context Coach inv passengerSize :

self.trips ->select (r|r.oclisTypeOf(RegularTrip))-

>forAll( t]t.passengers
->size() noOfSeats)

Submodel 2

0. ‘

WendinghMachine

number: int

context VendingMachine inv
UniqueNumber:
VendingMachine ::allinstances() -
>isUnique ( t]jt.number)
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3. context Passenger inv NonNegativeAge:
self.age >0



Tiip Ui
3.0 1
tiips wuaph |MHETEEEE TR
bimi—_ 11 ]
F— .o Tiavel . azsenger
tips  passengers

]
1]}

Trip =e= ) Ty
=7 1.7 Mrodel - =g
(=N - TR T W] el e e -
S i - - trip= caoadach = ©int
=—=trin g
o pre——rtrirrg—
T =TT
4 = Travel=s 4= F'agger.ger
i age : int
i Ta T = Krina

Frivate Il np Hegularlnp




Submodel 1
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Submodel 1 and 3

Coach
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1. context Coach inv passengerSize :

self.trips ->select (r|r.oclisTypeOf(RegularTrip))-
>forAll( t]t.passengers

->size() noOfSeats)

3. context Passenger inv NonNegativeAge:
self.age >0

Submodel 2

Wendinghachine

number: int

2. context VendingMachine inv
UniqueNumber:
VendingMachine ::allinstances() -
>isUnique ( t]jt.number)
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Example Classes|Associations| Attributes|Invariants
Paper-Researcher| 2 2 § |
Coach 15 12 2 2
Tracking System 50 60 /s 5
Script 1 100 110 122 2
Script 2 500 510 522 5
Script 3 1000 1010 1022 5

Table 3. Description of the Examples.

Before Slicing (UMLtoCSP) After Slicing (UMLtoCS5P UOST)
(lassess Attributes OVT |Attributes ST SVT TVT Speedup %

2 6 2506.558 2 0.00s 0.421s 0.421s  99.98%
15 2 a008.76s () 0.00s 0.178s 0.178s  99.99%
50 T2 3605.35s 95 (.016s 0.031s 0.047s  99.99%
100 122 Time out 117 0.016s 0.032s 0.048s  99.99%
500 522 Time out 002 0.062s (.028s 0.090s  99.99%
1000 1022 Time out| 1012  0.282s (0.33Ys 0.621s  99.98%

OVT Original Verification Time ST  Slicing Time
SVT Sliced Verification Time ~ TVT Total Verification Time
Table 4. Description of experimental results (UMLtoCSP).



Example Classes| Associations| Attributes|Invariants
Atom-Molecule . 2 - 2
University 4 3 8 5
ATM Machine 50 51 51 7
Script 1 100 110 122 2
Seript 2 500 510 522 5
Script 3 1000 1010 £ 8 Hs 5

Table 4. Description of the Examples.

Before Shicing

After Shicing

Scope TT ST TT+ST|STT SST STT+SST Speedup %
2 Jms Y9ms  12ms| 3ms Sms 8ms 34%
3 Tms 8ms  15ms| 3ms 6ms Oms 40%
4 12ms 8ms  20ms| 4ms 6ms 10ms 50%
5 17ms 10ms  27ms| 4ms Yms 13ms 52%
6 16ms 15ms  31ms| 5ms Yms 14ms 55%
i 19ms 15ms  34ms| 6ms Yms 15ms 56%

TT Translation Time
STT Sliced Translation Time

ST Solving Time
SST Sliced solving Time

Table 5. Slicing results in Alloy for Atom-Molecule example.



Example Classes| Associations | Attributes|Invariants
Atom-Molecule 2 2 3 2
University 4 3 8 5
ATM Machine 50 51 51 7
Script 1 100 110 122 2
Script 2 500 510 22 5
Script 3 1000 1010 1022 5
Table 4. Description of the Examples.
Before Slicing After Slicing
Scope T'E STEFI48T B 1E 3551 STT455T Speedup %
2 7ms 10ms 17ms| 3ms 5ms Sms 53%
3 14ms 19ms 33ms| bms 8ms 13ms 61%
4 28ms 20ms  48ms| 7ms 10ms 17ms 62%
5 36ms 31ms 67ms|12ms 15ms 27ms 65%
6 45ms 50ms 95ms|17ms 15ms 32ms 67%
{ Slms 77ms  158ms|34ms 17ms 51ms 68%
T'T Translation Time ST Solving Time

ST'T Sliced Translation Time SST Sliced solving Time
Table 6. Slicing results in Alloy for university example.



Example Classes|Associations| Attributes|Invariants
Atom-Molecule 2 2 3 2
University 4 3 8 5
ATM Machine 50 51 51 7
oeript |1 100 110 12 2
Script 2 500 510 522 5
Script 3 1000 1010 1022 5

Table 4. Description of the Examples.

Before Slicing

After Slicing

Scope TT ST TTHST|STT SST STT4SST Speedup %
2 20ms 46ms 66ms| Hms 8ms 13ms 81%
3 83ms 91lms 174ms| 9ms 1lms 20ms 89%
4 96ms 185ms 254ms|13ms 11ms 24ms 90%
D 158ms 173ms  332ms|20ms 12ms 32ms 90%
6 233ms 36Tms  600ms|25ms 23ms 48ms 92%
i 32bms 495ms  820ms|30ms 28ms H8ms 93%

TT 'Translation Time
STT Shced Translation Time
Table 7. Slicing results in Alloy for ATM machine.

ST Solving Time
SST Sliced solving Time



Example Classes| Associations | Attributes|Invariants
Atom-Molecule 2 2 3 2
University 4 3 8 5
ATM Machine 50 51 51 7
Script 1 100 110 122 2
Script 2 500 510 522 5
Script 3 1000 1010 1022 5

Table 4. Description of the Examples.

Before Slicing

After

Slicing

Scope TT ST TT+ST| STT SST STT+SST Speedup %
2 110ms 133ms 243ms| Tms 9ms 16ms 93%
3 161ms 290ms 451ms| 9ms 9ms 18ms 96
4 224ms 591ms &815ms|l14ms 12ms 26ms 97%
3 349ms 606ms 95bms|17ms 16ms 33ms 97%
§ H&89ms 1077ms 1666ms|27ms 25ms H2ms 7%
T 799ms 1392ms 2191ms|38ms 25ms 63ms O7%

TT 'Translation Time ST Solving Time

STT Sliced Translation Time
Table 8. Slicing results in Alloy for script 1 (100 classes).

SST Sliced solving Time



Example Classes| Associations | Attributes|Invariants
Atom-Molecule 2 - 3 2
University 4 3 8 b
ATM Machine 50 51 51 T
Script 1 100 110 122 2
Script 2 500 510 522 5
Script 3 1000 1010 1022 3!

Table 4. Description of the Examples.

Before Slicing

After Slicing

Scope f 1 ST TT4ST| STT SST STTH4SST Speedup %
2 1839ms 3021ms 4860ms| 6ms 7Tms 13ms 99.7%
3 2567Tms T7489ms 10056ms|l1lms 8ms 19ms 99.8%
4 3374ms 8320ms 11694ms|14ms 9ms 23ms 99.8%
5 4326ms 21837Tms 26163ms|18ms 14ms 32ms 99.8%
6 5231ms 32939ms 38170ms|25ms 14ms 39ms 99.8%
7 6477ms 59704ms 661581ms|35ms 16ms 5lms 99.9%

TT Translation Time
STT Sliced Translation Time

ST

Solving Time

SST Sliced solving Time

Table 9. Slicing results in Alloy for script 2 (500 classes).



Example Classes| Associations|Attributes|Invariants
Atom-Molecule . 2 3 A
University 4 3 8 5
ATM Machine 50 51 51 T
Script 1 100 110 122 2
acript 2 500 510 822 5
Script 3 1000 1010 1022 5

Table 4. Description of the Examples.

Before Shcing

After Slicing

Scope TT ST "TTLST|STT SST STT4SST Speedip: %
, 9548ms 12941ms 22489ms| 6ms 8ms 14ms 99.93%
3 9734ms 30041ms 39775ms|13ms 10ms 23ms 99.94%
4 12496ms 66861ms 79357ms|19ms 10ms 29ms 99.96%
5 15702ms 85001ms 100703ms|22ms 13ms 3bms 99.96%
6 19496ms 185118ms 204614ms|29ms 16ms 45ms 99.97%
i 23089ms 259072ms 282161ms|35ms 17ms 52ms 09.98%

TT Translation Time
STT Sliced Translation Time

ST Solving Time
SST Sliced solving Time

Table 10. Slicing results in Alloy for script 3 (1000 classes).






Currently Working On...

€ Feedback technigue in case of any
unsatisfiable submodels.

©® There are 3 stages of feedback technigque:
1. Detect the failed submodel.
2. Detect the specific failed invariant.

3. Provide constructive feedback for
Improvement.
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