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We overview high-level diagrammatic notation

Ch.4.3,4.7, 5.7 of Business Process Management: Concepts, Languages, Architectures
Ch.3, 4 of Fundamental of Business Process Management. M. Dumas et al.
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Fig. 1 Event-driven process chains representing the waterfall model for software engi-
neering
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A closer look at standards:
EPC and BPMN

EPC
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BPMN Artefacts:

(data-objects, groups, text annotations)



Artefacts

BPMN is designed to allow modellers and modelling tools
some flexibility in extending the basic notation

Any kind of artefacts can be added to a diagram
as appropriate for the specific modelling domain

BPMN includes three pre-defined types of artefacts:

data objects groups text annotation
_____ | -
> | - i ext Annotation VS
~—— | | e Ta Mg\deletr ‘.to prglz%e
' additional Information

to be discussed later to be discussed later
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Association

An association Is used to associate data, text, and other
artefacts with flow objects

An association is represented by
a dotted line (with an optional line-arrowhead)

used especially
for text annotation
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Text annotation

Any object can be associated with a text annotation
to provide any additional information and documentation
that can be needed

A text annotation is represented as a dotted-line call-out

.. Text Annotation Allows
-l a Modeler to provide
additional Information
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BPMN key features



Markers
(events, activities, gateways)



Activity types and markers

Internal markers indicate: the activity nature (task type)
and the way it is executed (activity marker)

Send Task Sub-Process Marker

Reces
eceive Task Loop Marker

User Task
Parallel Ml Marker

Manual Task
Sequential MI Marker

Business Rule Task

, Ad Hoc Marker
Service Task

Script Task « Compensation Marker

some types 33 some markers



Sending and receiving
Types

Patient

O

(o
Send doctor
request

.

—>|

=
Receive
appointement

.

J

r ~ r
[~ =]
Receive
—®| Send symptoms — prescription
\ J .

—»|

(s ﬁ N
Submit medicine
request
\_ W,

-
=
Receive

» medicine

.
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User vs manual types

& User Task ("= Manual Task

An activity that requires direct An activity that is performed entirely
interaction from a person through by a person, without the direct
a user interface. assistance of a computer system.

It is performed by a human with
the aid of a computer system or
software.
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Service vs script types

Service Task g Script Task
An automated task where the An automated task where a script
process interacts with an external (such as JavaScript, Python, etc.) is
service or system. executed within the BPMN engine
This could be a web service, an API, itself to perform a task.

or any system that performs the task The script runs internally without
without human intervention. the need to call external services.
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Some activity markers

Multiple
Instances

~

Multiple Instances of the (
same activity are started in
parallel or sequentially, e.g.

for each line item in an

order.

Loop

Multiple
Instances

~

Loop Activity is iterated if a
loop condition is true. The
condition is either tested
before or after the activity
execution.

-

\.

N
Ad-hoc Subprocess

_
) L

~y

38

Ad-hoc Subprocesses
contain tasks only. Each task
can be executed arbitrarily
often until a completion
condition is fulfilled.



Loop marker:
ministerial correspondence

Ministerial correspondence

response
approved

Assign Investigate
ministerial ministerial

Prepare Review
ministerial ministerial

o _ inquiry inquiry response response o ,
Ministerial Ministerial

inquiry correspondence
received addressed

response not
approved
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Loop marker:
ministerial correspondence

Ministerial correspondence
=
35
@
@
_ 3
i
r=4a
SoQ
< =
D
_33
=)o}
< o
Sl
R
-]
ge) CZ’,_'O
@
o
EF:
22
3 3=
®®

the loop-symbol decoration
marks the possible repetition
of the sub-process activity

it is important to define
exit conditions from loops!
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Loop marker:
ministerial correspondence

Ministerial correspondence
=
35
@
@
3
S5 >
r=4a
SToQ
< =
o
_33
3>
cos
=)o}
< =
Q_Ji—l-
)
e
© 50
Sas
3
Er
s e
3 3=
®®
— .
©
=
35
Qé
@

we can further simplify the inner process
(implicit start / end)
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Loop marker:
ministerial correspondence

]

o

o

° 4 ) )

8_ Assig I tigate

$ ministerial m|n|st_erial Ministerial DO
||||||||||

= Ministerial I ey p Ministerial

8 inquiry respond

_ received ddresse d

©

| -

T P

g \_ + Y,

c

=

we can hide internal details
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Catching and throwing

An event can catch a trigger or throw a result
Internal markers denote the trigger or result

Catching Throwing

. End Event: An event is thrown
Start Event: Catchmg an event when the end of the process is
starts a new process instance. reached

Intermediate Event (catching): Intermediate Event (throwing):
@» The process can only continue An event is thrown and the process
once an event has been caught. continues.




Some mTernal markers

Plain

Message

Timer

Error

Terminate

Start

Intermediate

Catching

O 0 0O

@@
@00

Throwing

@@ ©

44

Untyped events, typically
showing where the process
starts or ends.

Receiving and sending
messages.

Cyclic timer events, points in
time, time spans or timeouts.

Catching or throwing named
errors.

Triggering the immediate
termination of a process.



Process break
(event waiting)

Get vote

Announce n Incremen t tall
issues for vote U !
_ ’ - N

the envelope annotation denotes an intermediate message event:
it signals the receipt of a message
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Timer events:
small claims tribunal

) ) ) another
start timer intermediate intermediate

Jevent Jtimer event Jltimer event

S ¢ — S

L4
’
.
.

all parties
Prepare Contact agree Set Prepare Hold
e <X calover [ calover [P0
3 weeks 1 week callover = Callover
prior to prior to day held
allover day callover day not all
parties
agree
the clock annotation denotes Defer ()
a timer start event: = deforred

an instance of the process
IS created when some
temporal event happens

the clock annotation denotes
a timer intermediate event:
the process is blocked until
a time-out expires



Collaboration diagrams
(and message passing)



Message annotated
events and activities

A start event can be annotated with a white-envelope:
a process instance is created
when a certain message is received

An end event can be annotated with a black-filled envelope:

when the process ends @

a message is sent

Intermediate events and activities can be annotated

with both kinds of envelope =

white = receipt of a message, @ [ J

black = the sending of a message



Events vs Activities

™
Should we use @ or [ J ?

No clear distinction is made, but typically

events are instantaneous

activities take time (have a duration)
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Collaboration

A collaboration contains two or more pools,
each representing a participant in the collaboration

A pool may be collapsed or exhibit the process within

Each possible communication corresponds to
a message flow between pools
(or between objects from different pools)

e
oy

Pool

Pool

A

T
| |
| V
| @)

Pool

Pool
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Message flow

A message flow represents communications
(send/receive) between two separate participants
(business entities or business roles)

A message flow is represented by
a dashed line with a open arrowheads
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Message flow requirements

To:
Q &) () @ @ each event:
O at most one message flow
g < < < each activity:
= S I I N at most one message flow
@)
T (7) VAR VAR VAR VAR ¥4
I N A B each gateway:
() ¥ & < I no message flow!
o] g d d d

@ each pool:

any number of message flows
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From processes to
collaborations

Patient

(o

O]

-

Send doctor

~

=

Receive

> appointement

-

J

)

—»| Send symptoms

.

~

—>]

J

-
=]
Receive
prescription

-

>

Submit medicine
request
- _J

—»|

=
Receive
medicine

.

a stand-alone process
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From processes to

collaborations

C 1 (= 1 (= 1 (= C 1 (=
I= Send doctor I Receive ' I Receive ' Submit medicine ' Receive
% O_.' request appointement Send symptoms prescription request medicine _O
Q.
- ~\ J - J - ~\ J - - ~\ J -
hd A hd Ja hd A
I | I
| | |
| ' L ! | '
, a collaboration with a collapsed pool |
AV A A A A A
4 - 4
ks
=
o]
w
S
5
a
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From processes to
collaborations

-~ ) (- ) r ) (- ) r ) (- )
[~ = (] = (] =
T Send doctor Receive Receive Submit medicine Receive
% Q_’. request ’ appointement P| Send symptoms ’ prescription ’ request ’ medicine _O
Q.
\_ ~\ w, \_ w, \_ ~ w, \_ w, \_ ~ w, \_ w,
Y A hd A hd A
| | | | | I
| | .| | | |
, a gollaboratign between processegs |
t f t f t
(- X N (s ¢ B - Y R r C ) (v Y B /- O ™
Q
ke = aa = aa = a
5 ) . eceive
Receive doctor Send Receive Send o -
w .l .. .. .l ’.
o) O_" request appointment symptoms prescription medicine Send medicine _O
S request
o
a - J \_ _J - _J \_ J \_ _J - _J
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From processes to
collaborations

(s ) (T ) (s ) (T ) (s ) (T )
[~ =] [~ =] [~ =]
I= Send doctor Receive Receive Submit medicine Receive
% O_’ request ’ appointement ®| Send symptoms ’ prescription ’ request ’ medicine _O
Q.
\_ ~\ J \_ J \_ ~\ J \_ J \_ ~\ J \_ J
hd A hd A hd A
| l | | | l
| | . | . | |
, a,more detailed collaboration | ,
i i ! i 1
(T Y R (s ¢ ™ l | (- Y ™ (s C
3 = = | | = =
. eceive
o Receive doctor Send | . -
5 Q_" request [ P| appointment ' I P "::g:ggf —»| Send medicine 'O
L I
S . J L J | q J L
€ I
n 1
5 ! '
Q AV A
e = 1 (s
S Receive Send
g > symptoms ’ prescription
. Y, .
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Example: Seller

Seller

ERP system

Check stock

availability

Check raw
materials
availability

( ) ~ )
Request raw Obtain raw
- » materials from materials from
S Supplier 1 Supplier 1
3
£ . J \_
k7 Retrieve -
:, product from O Mar}gf:lj:ét:re G?d?rfs ;ng Ship product
2 warehouse P
% s ~ '
@ Request raw Obtain raw
= | materials from materials from
Supplier 2 Supplier 2
. J . J
3 Recei
= Confirm order Emit invoice payment Archive order
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Example: Seller & Customer

@
E
S
w
3
o
iy Q@
| |
I |
| |
5 | :
i Check stock ?:2&';{3?:’ | |
7] o 2ae
Q availability availability
o I |
w
| |
| |
s | I
Request raw Obtain raw | |
c | materials from P| materials from |
: - |
S y Supplier 1 Supplier 1
g L ! = - !
I Retrieve | -~ |
E E product from O Mar}z:ﬂ'{”e G?dsdhrﬁs ;ng Ship product
&l 4 warehouse P | |
( | |
& Request raw Obtain raw | |
= | materials from materials from I /
Supplier 2 Supplier 2 | )
4 |
|
| / /
Y
% Confirm order Emit invoice Raeiys Archive order
» invol payment v
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Example: Seller & Customer

Seller

E
o
[ Check stock C,::é ';i::'
w - oae
g avalabiky availability
w
h h
Request raw Obtain raw
c —» materials from materials from
S Supplier 1 Supplier 1
3
2 _J J
s pr?gsgfgm O Manufacture
o5
a warehouse product
% ) )
G Request raw Obtain raw
= 9| materials from materials from
Supplier 2 Supplier 2
J J
8
3 Archive order

59




Artefacts:
message data objects

A message data object depicts the data that are
communicated between two participants

A message data object is represented as an envelope
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Example: Seller & Customer

product
invoice  [packaged]
@ o purchase A Hiooi @ A A Q@
urchase shippin
grder order adgrpesg payment

[confirmed] N

Seller

[] [l
| |
5 Check raw | I
7 iy materials | |
w - oae
g avaiability availability
@ | |
| |
|
1 l
Request raw Obtain raw |
c —» materials from materials from |
S Supplier 1 Supplier 1
g J :
£ pr?gtzgf}f)m O Manufacture |
o5
a warehouse product
G Request raw Obtain raw
= 9| materials from materials from
Supplier 2 Supplier 2
J
"
o
3 Archive order
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Example: Seller, Customer
& Suppliers

product
invoice  [packaged]
© h purchase _ A . Q A A Q
__|order [confirmed] — address payment

ERP system

Check raw
materials
availability

Check stock

availability

1
|
|
|
|
|
|
|
|
|
|
|

- — — V4 =
Request raw Obtain raw
c materials from materials from
S Supplier 1 Supplier 1
3
=
_ g Retrieve Manufacture
2| product from roduct
a2 warehouse P
o
o Request raw ain raw
= materials from Y Is from
Supplier 2 pplier 2
O
hd A
| l
| I
| |
3 | |
g | Archive order
|
| I
! 1
ﬁe\ﬁerials : I raw
| materials
request ' v
| | A
- \J
5 I |
E [ [
2] 1 !
raw ' .
materials raw
v b

Supplier 2
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Deferred choice
(event based decisions)



Event-based decisions

Event-based Exclusive Gateway
Is always followed by catching events or receive tasks. Sequence flow is
routed to the subsequent event/task which happens first.

fg Y

positive answer

J

Send
partnership
proposal

\ J

. .Izen days passed

Event-based (split) gateways

must be used to model () [Feee

decisions that depends
on some external event
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Travel agency example

Travel Agency

(

Travel request

Book Flight

Book Hotel

L Change dates

Travel planned

Ask
confirmation

Confirm

Cancel

O O

65




Travel agency example

Travel Agency

(

Travel request

Book Flight

Book Hotel

L Change dates

Travel planned

Ask
confirmation

Confirm

Cancel

O O
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Travel agency example

Travel Agency

(E

Book Flight

]

Travel request

Book Hotel

L Change dates

Travel planned

]
Ask
confirmation

o

-
7
Confirm

.

=

Cancel

O O
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Travel agency example

=

Change dates

Travel planned

confirmation

(]

3 Book Flight |
C
gn EI Travel planned : E Iz‘
% Travel request t .ASK . Confirm
= confirmation /
I
I I
| Book Hotel | | | = |
I I | I |
| | | | Cancel . |
I I | I |
| I I | o |
I I | I [ |
) . .
T T T T I 1
| | | | | ;
| I I I [ |
| ' ! | |
| | e | | |
| ! Change dates } \ | |
| ' | | |
| ' ! | |
| ' ! | |
B ! A |
E > = 1 |
° Travel request Cancel ‘ [
|
I

Confirm
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Travel agency example

e

Change dates

> Book Flight |
g} Travel request Travel planned | ﬁ El
- I \
9]
S ASk . @ Confirm
= | confirmation /
A |
| I |
| Book Hotel [ I I [ |
| | I I
Cancel I
[ | I I |
| | I I |
| | I I i |
[ | I I | |
T t t t ] i
[ | I I | |
| | I I [ |
| ! ! | |
NS
| | Change dates ! | |
I I I I [
| I I I [
! ' ! | |
» ! | |
E =
3 |
'_
@ confirmation I
Travel planned Cancel I
|
|

Confirm
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A negotiation without choice

Which type annotations?
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Some remarks

Lanes are often used to separate activities associated with
a specific company function or role

Sequence flow cannot cross the boundaries of a pool
(it can cross lanes in the pool)

Message flow cannot connect flow objects in the same pool
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Exercise: key features

Draw the BPMN collaboration diagram
for the Alice-Bob car-selling scenario

Alice wants to sell her car, Bob is interested in buying it.
Alice asks some quote.
Bob can accept the bargain, refuse it or make a counteroffer.
Alice can accept or make a counteroffer and so on,
Until either the bargain is accepted or refused.

rEl (EAU@?— e oo /B




Exercise: key features

Draw the BPMN collaboration diagram
for the Alice-Bob car-selling scenario

Alice

Ask quote

- =-=-=-=-=-90

J
a A 4 )
R luate

teroff ’ proposal ’ < > I( )

\_ J \_ Yy,
JaY I
| I
| - N |
| I
) Send
| counteroffer : :
I

\_ o _J |

I N d
| I

Which type annotations?




Exercise: key features

Draw the BPMN collaboration diagram
for the Alice-Bob car-selling scenario

Which type annotations?

Bob

] v . I ]
| l \V/ | |
| | l | |
| | Receive | |
I
| | ounteroffe | | |
| | . J | | |
I A | | I
r o ™
\/ | |
Send |
counteroffer |
I
Get quote ) Deal done | |
I
| I
-
I
e I
I




More artefacts
(data-objects, groups)



Data object

A data object represents information flowing through the
process, such as documents, emails and letters

A data object is often represented by the usual file icon

[state]

Data objects provide information about what activities are required to be
triggered and/or what they produce. They are considered as Artefacts
because they do not have any direct effect on the Sequence Flow or
Message Flow of the Process. The state of the data object should also be
set.
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Association, again

Attaching a data object with an Undirected
Association to a sequence flow indicates hand-over
of information between the activities involved.

- A Directed Association indicates information flow.
" A data object can be read at the start of an
activity or written upon completion.

A Bidirected Association indicates that the data
object is modified, i.e. read and written during the
execution of an actvity.

/
/
/
/
/
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/
/
/
/
/

Association, again

Attaching a data object with an Undirected
Association to a sequence flow indicates hand-over
of information between the activities involved.

A Directed Association indicates information flow.
A data object can be read at the start of an
activity or written upon completion.

A Bidirected Association indicates that the data
object is modified, i.e. read and written during the
execution of an actvity.

[ read ] [write] [modify] [modify]
R = N T~

Y Y N

doc doc doc doc doc
[state1]]| [[state2]
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More data objects

A Collection Data Object represents a
collection of information, e.g., a list of order

items.
g ; A Data Store is a place where the process can
— read or write data, e.g., a database or a filing
Data Store cabinet. It persists beyond the lifetime of the
N— I

process instance.
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Group

An arbitrary set of objects can form a group
(if they logically belong together)
it has non behavioural effect (only documentation)

A group Is represented by
rounded corner rectangles with dashed lines

—
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Example: data objects

raw materials

provided by Request Obtain
Supplier 1 raw materials raw materials
from from
Supplier 1 Supplier 1
Check
raw materials Manrl'olfdagélt”e
availability P
A Request Obtain
raw materials raw materials
product raw materials s frolm 2 S frolm )
not in stock provided by upplier S plEls
Supplier 2
Check
stock X
availability
Purchase
order
received
roduct
i?] stock h'Get ' Ship
shipmen
' address product
Retrieve
product Confirm + Archive
from order order
warehouse Order
fulfilled
Emit Receive
invoice payment
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Example: data object

raw materials

provided by Request Obtain
Supplier 1 raw materials raw materials
from from
Supplier 1 Supplier 1
Check
raw materials Manrl'olfdagélt”e
availability P
A Request Obtain
raw materials raw materials
product raw materials s frolm 2 S frolm )
not in stock provided by upplier upplier
Supplier 2
Check
stock X
availability
Purchase
order
received
roduct
i?] stock h'Get ' Ship
shipmen
' address product
Retrieve
product Confirm + Archive
from order order
warehouse Order
fulfilled
Emit Receive
invoice payment
\ 4
Invoice
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Example: data objects

raw materials

provided by Request Obtain
Supplier 1 raw materials raw materials
from from
Supplier 1 Supplier 1
Check
raw materials Manrléfdalj:élt”e
availability p
A Request Obtain
raw materials raw materials
product raw materials Sufrol?(;r 5 Sufrolirgr 5
not in stock provided by pp pp

Supplier 2

the same data object

o }><x can be reused
availability
Purchase

order
received
product
in stock h'Get ' Ship
shipmen
ad%lress product
4
Retrieve 5]
product Confirm + Shipment |+* Archive
from order address order
warehouse Order
fulfilled
Emit Receive
invoice payment

93



Example: data objects

raw materials

provided by Request Obtain
Supplier 1 raw materials raw materials
from from
Supplier 1 Supplier 1
Check
raw materials Manrléfdalj:élt”e
availability p
A Request Obtain
raw materials raw materials
product raw materials | g frolm 5 S frol_m 5
not in stock provided by upplier upplier
Supplier 2
Check
stock X
availability
Purchase
order
received
product
in stock h_Get t Ship
shipmen
v address product
Retrieve
product Confirm + Shipment
from order address
warehouse
Emit Receive
invoice payment
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the same data object
can be reused

or simply passed from
an activity to the
subsequent one

Archive
order

Order
fulfilled




Example: data object

raw materials

provided by Request Obtain
Supplier 1 raw materials raw materials
from from
Supplier 1 Supplier 1
Purchase Check
order [*""?]raw materials Manrl'olfdagélt”e
availability P
A Request Obtain
raw materials raw materials
product raw materials s frolm 2 S frolm )
not in stock provided by upplier S plEls
Supplier 2
Check
stock X
availability
Purchase
order
received
product
in stock h'Get ' Ship
shipmen
v address product
Retrieve
product Confirm + Archive
from order order
warehouse Order
fulfilled
Emit Receive
invoice payment
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Example: data objects

raw materials

provided by Request Obtain
Supplier raw materials raw materials
from from
Supplier 1 Supplier 1
Purchase Check
order [***"?|raw materials Manrl(.l)fdalj:éltjre
availability p
A Request Obtain
raw materials raw materials
product raw materials Sufrol?gar 5 Sufrolirgr )
not in stock provided by pp pp

Supplier 2

for convenience,
the same data object
X can appear
several times

Check
stock
availability

Purchase
order
received
product
in stock h'Get ' Ship
shipmen
ad%lress product
4
Retrieve
product Confirm Archive
from order order
warehouse Order
fulfilled
. Emit Receive
- invoice payment
Purchase
order

96



Example: data objects

raw materials

provided by Request Obtain
Supplier 1 raw materials raw materials
from from
Supplier 1 Supplier 1
Check
Purchase . Manufacture
d =2 raw materials
oraer availability product
Request Obtain I
A raw materials raw materials for Convenlencea
) from from .
duct raw materials : :
not Fr o govisd by * (| Supplier 2 Supplier 2 the same data object
can appear
several times
Check
stock X
availability
Purchase .
order it can have
received )
roduct different states
in stock ShiGr%tent Ship
ad%lress product
Retrieve .
product Confirm Archive
from order order
warehouse Order
fulfilled
Emit Receive
invoice payment
Purchase Purchase
order order
[confirmed]
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Example: data objects

raw materials

provided by Request Obtain
Supplier 1 raw materials raw materials
from from
Supplier 1 Supplier 1
Purch Check
uorfd:rse =2 raw materials Manr%fdagélt”e
availability P
Request Obtain I
A raw materials raw materials for Convenlencea
proguc aw materials | gupgier 2 Supplier 2 the same data object
not in stock g&%\gﬁggzby PP PP J
can appear
several times
Check
stock X
Pureh availability
urchase .
order it can have
received )
roduct different states
in stock h'Get Ship
hiEment [ produc
Retrieve
product Confirm Archive
from order order
warehouse Order
fulfilled
Emit Receive
invoice payment
Purchase Purchase A Purchase
order order . ordler
[confirmed] : [paid]
Purchase
order
98 [confirmed]




Example: data objects

raw materials

provided by Request Obtain
Supplier 1 raw materials raw materials
from from
Supplier 1 Supplier 1
Purch Check
uorfd:rse =2 raw materials Manr%fdagélt”e
availability P
Request Obtain I
A raw materials raw materials for Convenlencea
proguc aw materials | gupgier 2 Supplier 2 the same data object
not in stock g&%\gﬁggzby PP PP J
can appear
several times
Check
stock X
Pureh availability
urchase .
order it can have
received )
roduct different states
in stock h'Get Ship
hiEment [ produc
Retrieve
product Confirm Archive
from order order
warehouse Order
4\ fulfilled
Emit Receive
invoice payment
Purchase Purchase A Purchase
order order . ordler
[confirmed] : [paid]
Purchase
order
99 [confirmed]




uestion fime: connections?

Raw
material
raw materials
provided by Request Obtain
Supplier 1 raw materials raw materials
from from
Supplier 1 Supplier 1
Check
raw materials MaanolfdaSI:ltJre
availability p
A Request Obtain
raw materials raw materials
product raw materials | g frolm 5 S frol_m 5
not in stock provided by upplier upplier
Supplier 2
Check
stock X
availability
Purchase
order
received
product
in stock h_Get t Ship
shipmen
v address product
Retrieve
product Confirm + Archive
from order order
warehouse Order
fulfilled
Emit Receive
invoice payment
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uestion fime: connections?

resesaseenass > Raw
. material |"""""" :
raw materials A
provided by Request Obtain :
Supplier 1 raw materials raw materials : :
from from : :
Supplier 1 Supplier 1 : A\ 4
Check :
raw materials Manrl'olfdagélt”e
availability : P
A Request Obtain
raw materials raw materials :
product raw materials | g fr0|rn 2 S fr0|rn D |eeseernrenns H
not in stock provided by upplier upplier
Supplier 2
Check
stock X
availability
Purchase
order
received
product
in stock h'Get ' Ship
shipmen
v address product
Retrieve
product Confirm + Archive
from order order
warehouse Order
fulfilled
Emit Receive
invoice payment
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uestion fime: connections?

raw materials

provided by Request Obtain
Supplier 1 raw materials raw materials
from from
Supplier 1 Supplier 1
Check
raw materials MaanolfdaSI:ltJre
availability P
A Request Obtain
raw materials raw materials
product raw materials | g frolm 5 S frol_m 5
not in stock provided by upplier S plEls
Supplier 2
Product
Check
stock X
availability
Purchase
order Product
received |lpackaged]
product
in stock h.Get i Ship
shipmen
' address product
Retrieve
product Confirm + Archive
from order order
warehouse Order
fulfilled
Emit Receive
invoice payment
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uestion fime: connections?

raw materials

provided by Request Obtain
Supplier 1 raw materials raw materials
from from
Supplier 1 Supplier 1
Check
raw materials MaanolfdaSI:ltJre
availability P
A Request Obtain
raw materials raw materials
product raw materials | g frolm 5 S frol_m 5
not in stock provided by upplier S plEls .
Supplier 2
Product
Check >
stock X
availability
Purchase .
order Product
received L.' “al[packaged]
product
in stock h.Get i Ship
shipmen
' address product
Retrieve
product Confirm + Archive
from order order
warehouse Order
fulfilled
Emit Receive
invoice payment

103




Example: data stores

Suppliers
catalog

_

raw materials

provided by Request
4\ Supplier 1 raw materials
: from
Supplier 1
Check
raw materials
availability
A Request
raw materials
duct raw materials from
roauc .
not ||% stock provided by Supplier 2
Supplier 2
Check
stock X
availability
Purchase
order
received A
.: product
N——— in stock
Warehouse
DB Retrieve
product Confirm
from order
warehouse
A
|
Products
warehouse

|04

Obtain
raw materials
from
Supplier 1
Manufacture
product
Obtain data stores
raw materials df
from
Supplier 2 are useaq 1or
persistent data
Orders
DB
R~
N
Get : .
. Ship A
ey f
Archive
order
Order
fulfilled
Emit Receive
invoice payment




Example: artefacts

—

Suppliers ——]
catalog

order

Check
‘ stock
availability

Purchase
order
received

)
-

Warehouse
DB

Purchase [ "+

not in stock

Check

raw materials
availability

product

product
in stock

Retrieve
product
from
warehouse

Products
warehouse

raw materials
provided by
Supplier 1

raw materials
provided by
Supplier 2

> Raw

materials '

Request Obtain
raw materials raw materials
from from
Supplier 1 Supplier 1

Manufacture
product

_ artefacts provide

raw materials raw materials

Sugiare || subier2 foeeed additional information,
but can compromise

................................................................. diagram readabillity

Also includes
packaging : Product
. . [packaged]

Get
shipment
address

Orders
DB

Ship
product

Archive
order

Confirm
order

+ Shipment
address

Order
fulfilled

Emit Receive
. ! f
Purchase Purchase invoiee payment | > Purchase

order order order
[confirmed] [paid]

. Purchase

Invoice order
| O 5 [confirmed]




Example: artefacts

raw materials
provided by Request Obtain
Supplier 1 raw materials raw materials
from from
Supplier 1 Supplier 1

Check
raw materials

artefacts provide
additional information,

Manufacture
product

availability

Request Obtain
raw materials raw materials
. from from b t .
t | . .
ot Droguct ovidad b | Supplier 2 Supplier 2 Ut Can compromise
Supplier 2
Check
stock X
availability
Purchase
order
received
roduct
ipn stock h.Get Ship

Saddross product

Retrieve

product Confirm + Archive

from order order
warehouse Order
fulfilled
Emit Receive

invoice payment
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Call activities



Nesting

Register
home loan
application

Check
liability

sub-processes:
ome loans

Reject
home loan

low
liability

Home loan Home loan
application application
received . high completed
.* . liability
Approve
home loan
Check b et el
character aett Tl
Schedule ;
+ o
signing
Home loan Home loan Loan
application application approved signed
registered checked
Check et

credit history

Calculate
start date Schedule loan Notify
and interest disbursement applicant
Loan rate Loan
signhed disbursement
scheduled
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Global sub-processes:
home / student loans

Reject
home loan

low
liability

Register
Check
EGDE USE liability

application

Home loan
application
completed

Home loan
application
received . high
.* liability

Approve

home loan

Check
character

Schedule
contract
signing

Schedule
loan
disbursement

Sign
contract

O

Home loan Home loan
application application
registered checked

Check

credit history

suppose the Sign loan”
. . Calculate _
process is defined as a s misseat [aunarsameri| ] appiedn

separate model: st
It can be reused 10




Call activities

A Call Activity is a wrapper for a globally defined
Call Activity Sub-Process or Task that is reused in the current
process.



Call activities:
home / student loans

Reject home W

loan J

low
liability

Check home

Register home

X—C

SO loan
loan application application
Home loan Home loan
application FI application
received completed

high
liability

Approve home
loan

LLJ

thick borders denote
call activities

Conditionally

approve
debts student loan t I b I b
O gIODal sub-processes
Register l I

student loan Check debts x Sign loan

application
Student loan Student loan
application 1| application

received completed
no debts
Approve

student loan
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Global processes:
advantages

Readability: processes tend to be smaller
Reusability: define once, use many time

Sharing: any change made to a global process
iIs automatically propagated to all models that invoke it
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Throwing and catching



Attached events

s activity\ Attached Intermediate Event: The

» activity is aborted once an event is
caught.
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Recovery from faults:
image manipulation

( 1  [image small
[redo] enough]
O 8 Ok — @rfe QO b0 %C
|—| [image too big] n
- fail

the lightning annotation
denotes an error-catching event
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Throwing and catching:
order fulfillment

e N
Acquire raw materials
not all for all
materials Materials suppliers
available |I unavailable T
roduct not
ipn stock Check \ SerifEe Purchase
raw materials ) O i raw materials —--
LT . Suppliers list :
availability all materials from Supplier
Stock available N Raw
availability materials
checked acquired
\. AN J
—®)
Materials
unavailable
Notify the lightning annotation
unavailability

to customer )
Order unfulfilled

due to materials
unavailability

4
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denotes a throwing event:
it models an out-of-stock
exception



Throwing and catching:
order fulfillment

s N
Acquire raw materials :
not all for all
materials Materials suppliers
available | unavailable T
roduct not
ipn stock Check \ SerifEe Purchase
raw materials ) O Suopliers list raw materials —--
availability all materials PP from Supplier
Stock available N Raw
availability materials
checked acquired
. @ J
Y
Materials " .
unavailable end terminate event:

Notify
unavailability
to customer

causes the immediate
cessation of the current
process instance
(and of any sub-process,
but not of the parent process if any)

Order unfulfilled
due to materials

unavailability
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Choreographies



like a trunk

|

Guess the animal

liIke a shake

like a fan

but not a snake b
but not a fan but not a trunk

like a walll », like a spear

like a rope

~2

but not a rope

but not a wall 120 but not a spear



Choreography

A choreography defines the sequence of
interaction between participants

A choreography does not exists in a pool
and it is not executable

It describes how the participants are supposed to behave

a choreography can also use message data objects
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Choreography task

A choreography task is an activity in a choreography
that consists of a set (one or more) communications

A choreography task involves two or more participants
that are displayed in different bands

Initiating

Participant top/bottom band positioning Message'—
Band 11 - . R
— Paricipant1 IS Inessential " Participant A

Choreography — Choreography

1., Task Name

Task Name Emd Task Name
_ x_Participant2 ) __Participant B _,
Participant & :
Eand

125

Return ZI
Message




Choreography flow

Ordinary sequence flow and gateways
are used within choreographies
to show the sequence of tasks involved

Sequence Flow will
define the order of
& [Choreography elements

[ Buyer & Buyer
O—» Place Order |——»| Confirm Order -
L Seller ) L Seller )

the initiator of the second interaction
must be involved in the previous one
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A large choreography

Supplier
§upp|ier §upp|ier
— Provide ltem p—®] Deliverltem
Shipper Shipper
%
[ Supplier ) Supplier S uppli | \ Shipper )
. Delive —
O_> Plannfad_Order ) Order&l:_)ellvery ) Checkpot
Variations Vadations Reques L
- — r Suppller N
Retailer Retail
NS
[ Supplier ] Supplier
~—>> Provide ltem |—»] Deliverltem —
onsignee | Consignee
| &
[ Supplier ) Consignee Consignee Supplier Supplier Supplier
Finalized PO Retailer Confirmation of Accept PO and PO and Deliver Update PO
Od— and Delivery j«——] Confirmation }-—j Delivery — Delivery ] Sheo .“. <@——] and Delivery j&—
i Schedule
S_chedule R_ecewed S_chedule > u S_chedule
Retailer Retailer Retailer Retailer Retailer

127




From collaborations to
choreographies

(s ) (T ) f ) (T ) f ) (T )
[~} =] [~} =] [~ =]
I= Send doctor I Receive I I Receive I Submit medicine I Receive
% O_" request appointement Send sympioms prescription request medicine _O
Q.
- ~\ _J \_ _J \_ ~\ _J \_ _J \_ ~\ _J \_ _J
hd A hd JaY hd A
| | | | | |
I I | I | I
I I I I I I
1 ] 1 1
(T Y ™ r é N (T Y ) r C ) (T " N (s C N
1)
8 &) ~ &) ~ = ~
B , . eceive
Receive doctor Send Receive Send . .
w »{
o) O_" request > appointment > symptoms > prescription > medicine Send medicine O
5 request
]
ja] . J . J . J . J . J . J
Doctor's office ("Doctor's office ) Doctor's office ("Doctor's office ) (Doctor's office (Doctor's office )
O_’ Doctor request — .Set > Explain L » Glye . > Medicine | Glyg
appointement symptoms prescription request medicine
\ _ Patient Y, Patient \_ Patient ) Patient ) \ Patient ) Patient )
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Projection (on Student)

Student )
Exercise
( Student Student (" Student ) Student )
Register for . Solve Rate
( )—p T —| | Get exercise ——p avercies —P . —D‘ >
\____Teacher \_ Teacher ) Teacher \_Teacher /
0
\_ Teacher
Exam
= h - ~N q— N (K N\
g ~Re ister for = - -
E O—P‘ thg oam 71 Get exercise |——— Solve exercise —®»|  Cetrate _O
7))
\ J - y - y \ /

P
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Projection (on Teacher)

Student )
Exercise
(" Student ) Student (" Student ) Student )
Register for . Solve Rate | O
( )—p T —P»| | Get exercise —p» avercies —P> .
\____Teacher \_ Teacher ) Teacher \_Teacher /
0
\_ Teacher )
[ Exam h
. = h o ) = ) (o
2 E .
§ O—P‘ regisxt?arlrt]ion — Assign exercise ———| Get Solution —P| Assignrate _O
I_
\. J \_ y _ y .
. 6 y
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From choreographies to

collaborations

Exam
C = f ) C =
= el = =
& Register for
E thge exam > Get exercise |——p| Solve exercise - Get rate O
N
S Q \ y, \ ~ \
T A O ¢ %
I . I |
| } | l
I | I |
| | | l
| | Exam |
—V O Vv —4
2 O - =] & ]
S Exam |
5 registration Assign exercise ———1 Get Solution —P| Assignrate _O
~ . y, O Y Y
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collaborations

From choreographies to

(T )
1
g Get rate _.O
\. J
S (s (' ) £ ) 4
E & = = ,
Register for @ . .
O_’ the exam Get exercise || Solve exercise :
g A @
| | l |
. Is this what we expect? | . |
6 ¥ € O ) (T Y ™) |
1 = = |
P Exam _ _ ' |
% O_’ registration P| Assign exercise —P| Get Solution p—r’ I
©
= \ \. J . ) A
Ch
P| Assign rate O
\\ J
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Exercise

Modify the collaboration diagram to enforce
the assignment of at least one exercise

(- )
]
> Get rate —DO
. J
£ &
E C ) = N )
& I
O—D I'\’tigls;f;rf:r Get exercise [P Solve exercise |
I
\_ ~ J \_ J \_ ~ J |
hd A b
I | | I
| | | |
| | | |
I | | |
| | | |
| | | |
(T v ™ (- O ™ (; v \ |
™ | ™ |
. Exam . . .
0] : . Pl Assign exercise —P| Get Solution p—’ |
§ O_’ registration |
= \. J \. J \. J A
Ch
P| Assign rate O
\ J

133




Exercises

Search for EPC/BPMN diagram drawing software products.
For each product found, annotate the following features:

1) which OS is supported? (Windows, Apple, Linux,...)
2) Is it free? if not, describe its pricing.
3) is .epml/.bpmn format supported?

4) if you install the product, rate your user experience / usability
(on the scale 1-5 stars)

Send your findings to: bruni@di.unipi.it
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