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Structure and Behaviour Modelling

= Structural The main components of the robo’F
. vacuum cleaner are the control unit,
O Static the roller gear and the vacuum cleaner.
o Whole and part, components

o Connections

= \Behavioural
For the command ,to right”

o Dynamic changes the roller gear its
o Timeliness operational mode to ,turn”.

o State, Process
o Reaction to the environment (context)

= Modelling does not cover all aspects, aspects
cannot be separated...




Main Questions of the Behavioural Models

"= What the system , does”?

Event based model

— Process based model

= What are the properties of the system now, and
how is it changing?

— State based models




Definition: Process

Process: series of steps that achieve purpose when executed in
the right order




Table of Contents

Role of Process Modelling




Role of Process Modelling

= Specification
= Design
= Implementation

o Executable models
o Code generation

" Model verification
o Simulation
o Monitoring
o Automated model checking

" Documentation




Example: How Does the Product Arrive?

Package 1
Product's predicted arrival to our store: 23.03.2016

When the products are ready to pick up, we will send you a notification in text
message and e-mail. You will be able to pick up the product immediately after
you recieved the notification.

Please do not come to our store before recieving a notification. Thank you!

Ordered products in the package:

Name of product Prize
1% FISKARS Xsharp axe and knife sharpener 120740 3 590 HUF
1%  FISKARS Twisted splitting wedge 120020 6 990 HUF
1% MOTOROLA TLKR T41 Walkie talkia, Orange 8 590 HUF
Payment fee 490 HUF

Package price: (including shipment fee and VAT) 19 660 HUF




Example: HW Delivery

Take out extra
insurance

Logistics
Manager

extra insurance
required

Check if extra

insurance is Fill ilns TOS‘
necessary abe
3
&
& % Normal Post
e 13 — _
g Decide if Request Assign a
= normal post or ) ) q carrier &
3 special Special Carrier- quotes from prepare
* e . carriers
shipment : paperwork
Goods Mode of delivery .
to ship .
. Add paperwork

8 Pack ; and move

3 acl gge . > move

£ o goods package to

% .E . pick area i

== . Insurance is Goofds aya:(lable

Teeeeeea included in carrier or picl
service

omg.org, BPMN 2.0 by Example
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Example: HW Delivery

Paired

control elements

insurance

extra insurance
required

Check if extra
insurance is
necessary

Fillin a Post

@

Normal Post

Decide if Request Assign a
normal post or Speci - q carrier &
: pecial Carrier- quotes from
special . carriers prepare
shipment : paperwork
Goods Mode of delivery .

Hardware Retailer
Clerk

Decision points (“XOR”)

Add paperwork
and move
package to

pick area

Package A
goods

Goods available
for pick

Warehouse
Worker

Insurance is
- + included in carrier
service

|II

“Parallel” (independent)
execution (“AND”)

Order of execution




Modelling aspects

nat is the goal/output of the process?

no are the participants?

nat are the main activities?

S ==

nat are the decision points?




= |dea in system/software design:
o Use existing elementary activities
o Describe how the complex system operates

= Basic activities can vary

o webform validation, sending email, database
operation, remote web service, human interaction,
sending text message, drawing diagram, etc.

= What is derived from the control logic?
o Program code directly (C/C++, C#, Java, ...)
o Input of an execution environment

* “Execute this process for me”




Other Uses of Process Models

= Operating IT systems
o ITIL, UK Gow. initiative

" Protocol specification
o Cooperation between elements of a complex system
o Roles of components

= Designing executable processes

o Order evaluation, credit assessment preparation, ...

= Data processing/analysing processes




Example: Managing Health Data

v

Precondttion: In this configuration, "Human User A and Source” together represent Organziation A, i.e. either a Consumer or a Smal Business. "Human
-\} -------- User” in this Abstract iModel may be replaced by an "Automated Process.’
< mechanism {e.g., port and domain, REST URI, UR! hosting a WSDL) by w . . .
§ standard configuration. Error condiions not shown. Sub-processes ars Seve ra | p a rt Ies communic at N g
] '/Authen ticat, i) i Selects (s W 1
g [ s . with each other
- f
© Finalizes Secure / Packages ) (" 1.2sends 1.3 Receives Message |
§ . Session ) ]. \Mes_sage)_ﬂ\ Message J | Status Information ACK )—0
3 !
4 A
a3 ray
: e ; - NHIN Direct Message g
1 ! NHN Direct Message ACK
Internal sequential L e
Prior Secure

dependencies Gecemves "o Desloton  (“Songa) | Sesson: To
Initializing another

| secure session

Completes Communications From HISP > S % N T TR /7 : -~

3.2 Llsts Avanlable HHIN 3.3 Downloads

C

Direct Messages Message to Display

{ 3.4 Updates message
l status with the HISP J

i..{ Precondition: In this

Internal and external L A
. events

and HSP are located n —t e iV —

 re AT ——— Presumphons% can’t be

automated




Example: Agile Development, as a Process

Roles, products

gm Where am |

Scrum Overview

Scrum Roles = Scrum Team

Role: Scrum Tea

Scrum Overview

=l 485 Scrum Roles

& Product Owner

£ Scrun
o
& Scrum Work Products
Scrum Activities
(= Scrum Guidance

The Scrum Team builds the product that the customer is going to consume: the software or website, for example. The team
in Scrum 15 “cross-functional” - it includes all the expertise necessary to deliver the potentially shippable product each
ﬁ Sprint - and it is "self-organizing”, with a very high degree of autonomy and accountability.

Role Sets: Scrum Roles

pllapse All Sec

Steps of teamwork

.- >

perfarms Estimating the Release Planning Sprint Planning Sprint Sprint Review The Daily Scrumr
ﬁ FProduct Backlog Meeting Retrospective Meeting
Scrum Team responsible for : i
Potentially Release Burndown Sprint Backlaog
Shippable Product Cha
Incremement

http://www.eclipse.org/epf/
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= Modelling banking processes

o What activities are executed closing time?

o Could the bank switch to transferring multiple times a day?
"= Modelling manufacturing process

o Optimal production scheduling: convert or fabricate?

o What happens in the factory?

o (see the lecture on Simulation)
= Modelling business transactions

o Where are recurring communication patterns?

o Model based data processing




Example: Data Processing

£ wame”
Eile Edit View Node

rYe

Search Run Help

¥

Steps: reading, data filtering,
graph generation, ...

A Facorte Nodes 3 =50 Sali=}
W Perzonal favorite nodes
T Most frequently used nodes
@ Last used nodes

2 Node Repositery gl
wni . |
oy 10
48 wirite
£ v Wiriter
ﬂ ARFF Writer
8 Table Writer
Tow PMML Wiriter
P Model Writer
ﬁ XLS Writer
=5 Other
51 Image Column Wrater
2 Image Port Writer
E! Datsbase

B i == States of steps can be tracked:

{‘ Database Writer
2 o
%y XML Wraer

A = _ is the result produced?
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Example: Testing, as a Process (factory)

Supplimenting existing

configuration

—_—




Example: Banking Process

== T e - |
- 3 - L=
\ =

Which are the truly independent steps? Which steps are critical?
Where is manual debugging needed?




Basic concepts of designing processes

= Process description languages
o BPMN, jPDL, XPDL, BPEL, UML AD, ...

= Process model

o Control, dataflow

o Data structures can be linked to a process model
o Definition of steps to execute

o Timings, resources

" Process (template) vs. process instance
o E.g. ,Booking tickets” as a process

o , Laszlo Gonczy books a ticket to Lisbon” is an instance
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Elementary Activity (Task)

=

Execution starts Execution ends

Compile

&

> t

.




Definition: Elementary Activity

An elementary activity is an activity that
= has a positive temporal duration

" js not modelled beyond its start and end.

=




Sequence, Control Flow

___.>[ Compile ]—--->[ Link ]—--->

Compile Link

— e
-
——-—=--

> t

>




Definition: Sequence

Sequence defines the order of execution of activities.

__-.>[ Compile ]—--->[ Link ]—--->




Guard Condition, Branches

[source unmodified]

= Semantics:
o Only one branch is executed
o Possibility of nondeterminism

* Overlapping guard conditions
* Or simply no guard conditions




Definition: Control Element

A control element is a junction of the process choosing one or
more activities to execute.

[source unmodified]




Definition: Decision-Merge

Decision-Merge is a control structure
= consisting of a Decision and a Merge control element, where

= the decision node has at least two outputs from which we
choose where to put the control token by evaluating the
guard conditions,

* the chosen output (branch) can contain an arbitrary number
of elements, and

= each branch leads to the merge node.

= Here we use branch as an exclusive or (XOR gate), which means that as a result
of an evaluation only one of the decision branch is chosen.

= A branch can be multiple or binary, in the course we use binary decisions (two
outputs).




[no syntax errors]
----)Q—---)[ Compile ]—----><>----9

[syntax errors]

Compile
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Definition: Loop

A loop is a control structure that defines multiple execution. The
loop

= consists of a Merge and a Decision element, where

= one of the branches of the decision node leads back to the
merge node.

= Note: this corresponds to a repeat - until loop

[no syntax errors]|
__--Q---)[ Compile ]—----)Q—---%*

[syntax errors]

e e




Fork / Join

Compile
T sourcel.c

source2.c

Compile
sourcel.c

Compile
source2.c

> t

<

.,

—— o m———————
e T o e e




Fork / Join

Compile
T sourcel.c

source2.c

Compile
sourcel.c

Compile
source2.c

> t

—— -
- ——.. -

. _<——




Fork / Join

Compile
T sourcel.c

source2.c

| Compile
sourcel.c

Compile
source2.c

> t

<

— . S

— ===
e T o e e




Fork / Join

Compile
T sourcel.c

source2.c

| 1 | |
: :< Compile > :
| | sourcel.c | |
| ! ! |
K | Compile | >
| E source2.c i |
1 1 >




Fork / Join

Compile
,,,,, sourcel.c

W ~~~~~~~ Compile
source2.c

= Semantics:
o Execution sequence is not specified
o Parallel/ overlapped execution is possible

= See: Computer architectures course




Definition: Parallel Execution

Parallel execution (Fork-Join)

= contains a Fork and a Join control element, where
* the fork can have an arbitrary number of outputs (branches).
" branches can be executed concurrently,

= all branches lead to the join node, and

= parallel execution ends, when all branches terminate.

Two activities are concurrent if the order of their execution is
not controlled.

= Note: we are going to work with two parallel branches.

= NOT equivalent to Decision-Merge!




Flow Begin / Flow End

‘->[ Build ]—9@




Definition: Flow Begin/End

Process starts with a Flow Begin control element and ends with a
Flow End element.

= The begin node is the first node of the process, with exactly
one output.

* The end node is the |last node of the process with exactly one
input.

= Note: we do not model what causes the process to start




4 Build )

‘"__)' .—-- Compile ]—--->[ Link ]—-->@ "">@

\_ J

Build }
|
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Compile >i |< Link >i
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Definition: Hierarchy

Hierarchical process model:

" |nstead of an atomic activity it can contain a submodel
described by a process model (hierarchical refinement).




References / Calls

.->[ Build »}>@

Build

.—)[ Compile ]—>[ Link ]—>@

Build

<
i<

|
Compile>i |< _— >|




References / Crlls

Elementary task?
Actually a subprocess!

Can be embedded into the main process if the refinement is valid:
* The steps combined produce the same thing as the process
 No unhandled case on caller level

(Input/output consistency)




Well Structured Process

" Building from control blocks
o One entry point, one exit

o Sequence, decision-merge and fork-join blocks, loop,
elementary activity, (empty control section)

= Analogy: structured programming
o Control structures instead of goto

= Example of a non-well-structured process




Well Structured Process

= Some formalisms enforce it
o eg. BPEL (business process over web services)
o eg. Structogram (Nassi-Shneiderman)
o programming languages without goto, break, etc.

while a # b do

true a > b false

a := a - b ‘ b := b - a

return a




Repetition: Coffee Machine (State Based Model)

(HALF) COFFEE MACHINE

Cleaning

v

Tank empty J

¢Water fillin

Tank filled J

Pod basket

v

Unit base |
empty )

\LPod in

Pod placed J

¢Cup putting

Cup placed J

+
J—) Coffee brewedJ

brewing




Example: Coffee Making Process

LEFT SIDE BREWING
1. Fill LEFT reservoir with
COLD water
2. Place cup or mug on LEFT
side of unit base
3. Place pod in LEFT side of

brew basket

4. Plug in unit and press

LEFT SIDE START / STOP

Follow both LEFT and RIGHT
instructions to make two cups at a time




Example: Coffee Making Process

¢

LEFT SIDE BREWING
1. Fill LEFT reservoir with LEFT relserv0|r
COLD water

Place cup on
2. Place cup or mug on LEFT LEFT side

side of unit base ;

3. Place pod in LEFT side of Place pod in
brew basker

4. Plug in unit and press i
LEFT SIDE START / STOP

Follow both LEFT and RIGHT Plug in and press
Oow bot an -
instructions to make two cups at a time LEFT side START




Example: Coffee Making Process

®

F|II
LEFT reserv0|r

PIace cup on
LEFT side

LEFT side

Plugin and press
LEFT S|de START

[ J
[ J
[ PIace pod in ]
[ J

&




Example: Coffee Making Process

[Plug in and press]
LEFT side START

8




Comparison

= State machine = Process

®
— —e

l I l | l - ‘——— : ~~~~~ -~
Tank empty I No cup . No pod " = 4 - .
| Len k:‘ p:t R Fill LEFT [ Place cup on ] Place pod in
Fill tan u vPlace po ; . .
t e ! I reservoir LEFT side LEFT side
ank filled I Cup placed |L Pod placed - I —
| | NNNNN ”,f"
NNNNN “"f

START

A4

[ Plug in and press]
LEFT side START




Example: Coffee Making Process

~
s:. D

=
H

4 N —
[ Fill ] [ Place cup on ] [ Place pod in ]
LEFT re§ervoir LEFT side LEF'I_' side

.~
Vay
~
-~
-~y

mmEmmms=ms=ET 0

[ Press LEFT ]
side START

C




Example: Coffee Making Process

|
4 v - :
[ Fill ] [ Place cup on ] [ Place pod in ] ! [ Blug in ]
LEFT reservoir J (__LEFT side LEFT side : &
1 > 1
1

.~
Vay
~
-~
-~y

[ Press LEFT ]
side START

C




Example: Coffee Making Process

|
4 »— i
[ Fill ] [ Place cup on ] [ Place pod in ] ! [ Blug in ]
LEFT reservoir J (__LEFT side LEFT side : &
1 > 1
1

.~
Vay
~
-~
-~y

N e )<

[ Press LEFT ]
side START

C




Example: Coffee Making Process

-

L]
- ----~

--
--
-~

[ Press LEFT ]
side START

®




Example: Coffee Making Process

-

|
|
Prepare i .
LEFT side i [ Plugin ]
|
1

[ Press LEFT ]
side START

®




Example: Coffee Making Process

1
1
[ Prepare ] i Dlug
LEFT side = ! ue
1
1

[ Press LEFT ]
side START

®




Example: Coffee Making Process

\:}not plugged in] Prepare
RIGHT side »

(ron )

Prepare
LEFT side =»

[plugged in]

[ Press LEFT ] [ Press RIGHT]
side START

side START




Making coffee

Prepare
LEFT side =

[pluggé

f

k

[ Press LEFT ]

side START




I\/Iodelmg based on different aspects

8 ““"ym

- ’f’f \1 ;s : \\

W'
b i

T4

,‘}”
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(Y KX LEEELL LU
ot T s
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What happens to a car?

Assemble Paint Polish s @
‘- { Car; } { Car; } { Car; }




What happens on the production line?

Assemble Assemble
@ Car, ]— > . >[ Car. ]— 2O)
| J

|
Assemble

el Cars  w ) s

~
/,,, \\\

‘__ ,_’_' ______ Paint _____:: _@
Sse Cars = e

\\\ ,,/




Modeling based on different aspects

Assemble Assemble
@ Car, ]— > . >[ Car. ]— 2O)
| J

|
Assemble

el Cars  w ) s

7 ~
/,,, . \\\\

‘__ e Paint N _@
N Cars = o’
\\ ,/

Assemble Paint Polish s @
‘- { Car; } { Car; } { Car; }




‘__)[Asscealele]___{V_{Assgar:ble]__%_> __>|V_>[Asscear:nble]__>‘

o }-’H S - opEDe

" |Includes everything but not very practical




Joint View
Assemble Assemble Assemble
‘“)[ Car, ]—“ -{ Car, ]—- -{ Car, ]—-

Fmmm——mm— e 3 This dependency doesn’t come from the

i process logic

i_ Paint (resource, physical space, etc. = configuration)
Car, Don’t illustrate it in the process logic...

(see future lectures: resource reservation)

EHEH - e




= 2D fork-join net isn’t very practical

o Different processes for different aspects (car’s and
machine’s lifetime)
= Multiple fork-join pairs in a compact way?
- PERT chart

o Program Evaluation and Review Technique

* For analyzing execution time

* (No branching here)
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Flowchart

A GUIDE TO
UNDERSTANDING FLOW CHARTS

PRESENTED IN FLOW CHART FoRM

YES

DRIMK, . FReERSDE

L
HEY, T SHOULD
1 LETF GO| 6 DRINSS | ey INSTALLING
y

BuT YOU
SEE THE OMES
LABELED NO.




Flowchart

= Flowchart / decision diagram

o Describes a train of thought for decision making
* Leads to a conclusion

o No temporal sequence

Describing decision points

m Specia| case: decision tree and their order is difficult

for real problems

-




Example: Erroneous Decision Process

Inconsistent decision
points

Non mutually exclusive
alternatives

Decision branches don’t
cover all the possibilities..

up like this?

(Monty Python,
picture: graphjam.com)
75

T



Decisions vs. Activities?

Munchkin Turn

Kick In The Door!

. Understandable but not precise...
(_ IsitAMonster? q 2 g .
= [ Wh.a’-c is the decision, what is other
Et_er Time. Do yo;l —I d Ct VI ty?
SO E L RER AN What is state, what is action/event?

o Deficient model...

Fight The Monster! Did
( You Get Nothing! )— I Ysu \N:]:’) l ]

' |

Run Away =

You Are Cursed!

Draw The Card!

Yes
|
[ Draw Treasure! ) r Play A Monster From
) Yes L Your Hand?
|

No
|

Draw Another Door
Card!

[ A
Discard / Charity
| ]

http://www.cardboardrepublic.com/cr_reviews/munchkin
o 76




Decisions in Processes?

= Inside” of an atomic step
= Eg. Decision Model Notation (omg.org)

Coallect
apglication data Vi
Decision Model
(DMN)

;N

Decide )
el FESTIRY S R T e : _—— = { —— J

Routing = Routing = Acolicath K
hcation nsi 1 18 20 as o
ACCEPT DECLINE ( :gm st J, 3 Application risk Eligibility 3 { Eligibility rules J
Decision Requirements
Level
Offer Decline
product customer Application
Eligibility rules I
- Eligibility
" 2 Employmant
Business Process Model K P status Country | Age TNELIGIBLE,
{(BPMN) . ELIGIBLE
s 1 | UNEMPLOYED - - INELIGIBLE
2 . not{UK) - INELIGIBLE
3 - - <18 || INELIGIBLE
4 - - - ELIGIBLE

Decision Logic
Level
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Control Flow

<statementl>
<statementZ>

A4
[ statementl ]

A4
[ statement?2 ]

v




Control Flow

if (<expression>)
<statement>

[expression fails]

[expression holds] :

"4

[ statement ]




Control Flow

if (<expression>)

<statementl>
|
e 1 Se [expression holds] fl [expression fails]
<statementZ> ; |
Y Y
[ statementl ] [ statement2 ]




Control Flow

while (<expression>)

<statement>

| [expression holds]

"4

i
I

I

I

I

I

I

statement :
I

I

I

I

I

I

I

I




Control Flow

do
<statement>

while (<expression>) R ><>

H
wn
—t
Q
—t
)
3
)
>
(s

H

I [expression fails]
\%




Control Flow - Example

while (a != b) {
if (a > b) {

a = a — b;
} else {
b = b - a;

J

return a;




Control Flow - Example

4

I
I
I
I
I
I
\ 4

/hlle (a !'= {\
(a>b){
a=a—b
} else {

b = Db - a;

}
}

Qeturn a; j

6




Control Flow - Example

-=---

[ return a ]

®




Control Flow - Example

®
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Control Flow - Recursion

int fact(int n) {
return
(n ==0) 21 : n* fact(n - 1);




Control Flow - Recursion

int fact(int n) {
int tmpl;
1f (n == 0) {
tmpl = 1;
} else
int tmp2 = fact(n - 1);
tmpl = n * tmpZ;

J

return tmpl;




Control Flow - Recursion

A 2
[return tmpl]

: _/




Example: n choose k

int choose(int n, int k) {
if (k< 0 || k > n) |

return 0O;

} else 1if (k == 0 && n == 0) {
return 1;
} else {
int x = spawn choose(n — 1, k);
int y = spawn choose(n - 1, kK - 1);
sync;

return x + y;




Example: n choose k
/ choose(n, k) \

1
|
I|—|
1~
LA
=
rm _
|
|
|
IW
|
I\/
1 5
1 —
|
|
]
()
ﬁ
c
H
o]
(@)
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

[
[
[
[
: ,’[ x = choose(n - 1, k) }
I / nd N
[ /
L =) return x + y
\\ /
/
{y= choose(n — 1, kK - 1) }
»

\_ _/




EXECUTION OF
BUSINESS PROCESSES




The Semantics of Processes

= The modelling perspective

Request Quote

Submit

Evaluate
Requirements Response

= The intended execution

Process \
Definition happens before
Submit
Requirements | I_lf\ H
Evaluate
Response | — —
Request | L P

Quote ! ! I

happens during

gHH




Process Execution

= Token flow

Request Quote

T 0> o> o>
O— ‘ Submit ) Evaluate |

Requirements )[ Response | >0
" The states of the process

State .—)[ Enabled All preconditions
Machine  Required met

tokens _ Control flow
present Running finished Tokens

provided
Completed]—)@




States of an Elementary Activity

start of execution end of execution

I I
' |
I

T T T

before execution  /j under execution I completed

I I
I I
I I .




States of an Elementary Activity

o

=
before execution

-
I l under execution

-
completed

J

start of execution

end of execution

T

before execution

T
completed

___><._

I
I
I
T
under execution I
I
I
I




States of a Process

I I I I
I I I I
T, ' T, : : I :
before execution : under execution : : completed :
I I i 1
] ] I I

Y : ' T, T,
beﬁ%re execution = : under execution : completea

1 I I




Background: Mathematical Model

= Allen’s interval algebra (1983)
o Used among others at testing, 13 (6 + 1 + 6) cases

X X

X<y X>¥
¥ ¥
XxXmy X miy
¥ ¥
X0y Xoly
¥ ¥
XSy X 8y
¥ ¥
xty xfiy
¥ ¥
xdy xdiy
¥ ¥

X=Y

¥

James F. Allen: Maintaining knowledge about temporal intervals.
In: Communications of the ACM. 26 November 1983. ACM Press. pp. 832—-843, ISSN 0001-0782




Hattér: matematikai modell

= Allen’s interval algebra (1983)

o Used among ot13 (6 + 1+ 6) cases
x X BEFORE y

X<y X>y

¥
¥ ¥
Wi X OVERLAPS y xoly
¥
X 8y
xfiy

n intervallum:
1,1,13,409, 23917... eset

James F. Allen: Maintaining knowledge about temporal intervals.

In: Communications of the ACM. 26 November 1983. ACM Press. pp. 832—-843, ISSN 0001-0782




What Can Be Checked?

= The execution is not based on the given process

o Satisfaction of assumptions (order, independence)?

= What is the ,process” behind system/execution?

o Workflow mining

= |f e.g. the execution environment is permissive
o Steps can be skipped, ....
o Are the requirements still satisfied?

" Tooling: formal methods

o (Temporal )Logics, Petri nets, model checking, etc.




