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Transportation System

1. INTRODUCTION

This semester project isdivided into three main parts.

- Transportation System: In thisfirst part, | built the model of the controlling software of an elevator, that
communicates with the elevator’ s hardware using input and output events.
Theideafor this project was born because the Software Engineering L aboratory (LGL,
http://lglwww.epfl.ch) of the EPFL. All | know about that project is that the software to control an elevator
was constructed, and | received a copy of theinitial contract for this system. We decided to make such a
system with the modeling methods used and devel oped by the Institute for computer Communications and
Applications (ICA, http://icawww.epfl.ch).
I modeled this system using the UML notation and Catalysis, a modeling technique with different phases.
For thiswork, | used Cool:Jex by Sterling Software (http://www.sterling.com). Thistool is great for
drawing all the needed diagrams, defining properties of the used objects, and it generates Java Code
corresponding to the Class Diagrams one made.
(You will find the diagrams produced in this part in the transport3-repository, in the project
“TransportationSystem”)
| programmed the functions for this generated Code, built a graphical user interface using Visual Café by
Symantec (http://www.symantec.com), and | designed avery simple simulator that allows you to test the
functionality of my elevator software.

- Extended Transportation System: In this second part, | tried to model not the software, but the whole
elevator (hard- and software), and | made thisfor avery general transportation system ,without specifying
if itisan elevator or some other type of system. Thiswork was extremely confusing and difficult, but |
think that in the end, | have understood well the ideas of this approach. Unfortunately, my first version of
the Extended Transportation System was not very useful for the optimization task that was one of the main
goals of thismodel. Inthe ETS, the parallelisms of the different transports could not been treated using
UML, so that there was still an algorithm to do by hand.

(You will find the diagrams produced in this part in the transport3-repository, in the project
“ ExtendedTransportationSystem”).

- Extended Transportation System, Version Two: For the reasons mentioned above, | started athird
approach, where | tried to represent parallelismsin my diagrams. The goal was not to build aworking
system, but to try to find ageneral base for different transportation systems, to compare different
implementations of it and to find optimal solutions for each case, depending on the requirements of the
corresponding situation.
| went on with this part as long as possible, but my time run out, and | had to stop far from the end. But this
part lead to some interesting results, just aswell.

(You will find the diagrams produced in this part in the transport3-repository, in the project
“ ExtendedTransportationSystemTwo”).

| hope that in the end, even if the project is not finished, this report is useful for someone who wants to get started
with UML, and also for people that want to model real objects using OO techniques.

My project is also an example how the “trial and error” principle can bring completely new viewpoints of a problem.
Evenif | madelots of trials and had to start over from the start more or less three times, those trial s were not without
success. Each of them has brought a couple of new interesting results that were used in the next approach.

Finally, I enjoyed this project very much and | had alot of fun doing it. It would be really nice if someone had the
courage to continue my work where | had to stop.
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2. TRANSPORTATION SYSTEM

2.1 Before getting started

2.1.1 Contract

Thefirst goal of the semester project was to develop a control software for an elevator. The hardware of the elevator
is precisely determined and described in the following text, that the LGL published for their elevator.

Theinitial contract, containing all the requirements:

The system controls multiple lift cabinsthat all service the same floors of
abuilding. There are buttonsto go up and down on each floor to request the
lift (apart of the top-most, bottommost floors). Inside an elevator cabin,
there isaseries of buttons, one for each floor. The arrival of acabin at
afloor is detected by a sensor. The system may ask the elevator to go up,
go down or stop. We assume that the elevator braking distanceis
negligeable. The system may ask the elevator to open its door and it
receives a notification when the door is closed - the door closes
automatically after a predefined amount of time, which simulates the
activity of letting the people on and off at each floor. However, neither
this function of the elevator, nor the protection associated with the door
closing (stopping it from sgquashing people) are part of the system to
realize. The capability to cancel arequest has been removed from the case.

So, inthisfirst approach, | tried to build a system that does exactly what the software of the LGL does, but without
having seen it, only using the contract above. This software isthe “brain” of an elevator, listening and responding to
events from the hardware it controls.

2.1.2 Techniques

| used the techniques used and devel oped by the ICA (Institute for computer Communications and Applications) that
are described in the course of Professor Alain Wegmann (http://icawww.epfl.ch/OOAD/). These arethe UML
notation, combined with the method called catalysis, that splits the modelization of a softwareinto 4 phases:

- As-is-Analysis. description of the business before the implementation of the system. This phase was | eft out in my
model, because an elevator without system does not exist.

- To-be-Analysis: description of the business after the implementation of the system (who works with the systemin
which way?). Thisphaseis called Business | mplementation Specification in my model.

- System Design: description of the structure of the system (which objects of the real world should be represented in
the system, what other objects do we need, how do we enchain the different actions?). Thisphaseiscalled IT
System Specification in my model (IT means Information Technology).

- Object Design: description of how the system works (which object is responsible for which action, how do they
collaborate?). Thisphaseiscalled IT System Implementation Specification in my model.
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Thereis, of course, afifth phase, called Implementation, that is the programming of the classes using Java and
Visual Céfe.

2.2 Partial Results

Asexplained in the diagram comment boxes, thisfirst approach lead to an interesting result. | tried to create two Use
Cases, one for each of the following actions:

- Request Transport: a TransportedObject, that is most often a person, presses a button on afloor to request a
transport. A cabin is chosen by the system and sent to the correct floor.

- Use Transport: a TransportedObject presses a button in a cabin to chose afloor as a destination. The corresponding
cabin is sent to theright floor.

Y ou can seethat | went on to the System Design phase, where | suddenly realized, that the two Use Cases can not be
treated separately.

The problemwas:

If acabin arrives at afloor, it opens the doors, closes the doors, but: the system does not know if thereisa
TransportedObject in the cabin or not.

One could say that this does not matter, but: if we free the cabin immediately after the doors are closed, it could
immediately be requested and moved by another TOActor. What if there was a TOActor in the cabin, but pressed
the button too late? It will be transported to awrong direction. | resolved this problem by starting a time-counter

each time the doors of a cabin are closed.

Of course, thistime-counter is deleted as soon as someone presses a button in the Cabin.

But, as you can see in the following diagrams, this lead to a new problem: The end of one Use Case is the beginning
of the next. Thismeans: if the Use Case Request Transport is terminated by a TO (Transported Object) pressing a
button in a cabin, we know certainly, that as the very next action an instance of the Use Case Use Transport will be
executed. Thisisnot legal. After the end of a Use Case instance, we never know what happens! The only solution
for this problem was to unite the two Use Cases to one single Use Case.
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2.2.1 Business | mplementation

20:BI_Collaboration (Collaboration Diagram)
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On a first approach, | tried to create two
Building UseCases. As one can see in the System

Specification of the "Partial Results" version,
it's impossible to treat these two actions
seperately.

Figure 1. 20:Bl_Callaboration (Collaboration Diagram)
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2.2.2 System Design

21:S Activity (Activity Diagram)

diagram corresponding to the first

TS Start U
approach. P J

This is the System Spec Activity Iﬁ

[env.requestTransport] [env.useTransport]

HI Request Transport |—[env.useTransport] Use Transport

[env.requestTransport] [env.requestTransport] [env.useTransport]

[env.TSShutDown] [env.TSShutDown]

TS Shut Down

[env.TSS

hutDown]

!

Figure2. 21:S Activity (Activity Diagram)

30:S_Activity<RequestTransport> (Activity Diagram)
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\
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Cabin.direction corresponds to the

direction of the last task of the Cabin (and not
to the movement-direction of the Cabin).

This means: if the last task is a transport

task, Cabin.direction is the direction from the
Cabin to the destination floor.

if the last task is a request task, Cabin.direction
is the direction chosen by the TO.

( update tasksList of Cabin }——-[taskListofCabin emptyl-—— —’l create TimeCounter J

I
[Button pres%ed in Cabin]
i
( destroy TimeCounter J
/ |
[taskList of Cabin not empty] / | ) )
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The Activity Diagrams for the two Use Cases
"RequestTransport” and "UseTransport"

show, that it is not possible to treat these two

actions seperately. The reason: the action "destroy
TimeCounter" (indicated) takes place, if a button

is pressed in the Cabin. But, as you see in the Activity
Diagram "UseTransport", pressing a button is at

the same time the beginning of the Use Case
"UseTransport".
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Figure 3. 30:S_Activity<RequestTransport> (Activity Diagram)

31:S Activity<UseTransport> (Activity Diagram)
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® You can see here the "button pressed"-action

which causes the conflict between the two Use

Cases. Use Cases are completely independent actions.
~~| After one Use Case has been finished, we do not know,

P which Use Case will be executed next. This rule is
A e viollated in this first approach.
Solution:
[ press Button ]/ Modelize the situation in one single Use Case, called

"transport"”.

[ modify taskList for Cabin }—-[state=="id|e"]-—9[ modify state of Cabin J
T

|
[state == "busy";
task.direction != Cabin.direction]

[state == "busy"; task.direction == Cabin.direction]

[ modify direction of Cabin J

\

move Cabin < \
\

\\

\

Cabin.direction corresponds to the

direction of the last task of the Cabin (and not
to the movement-direction of the Cabin).
This means: if the last task is a transport
task, Cabin.direction is the direction from the

[Cabin is on right Floor]

is the direction chosen by the TO.

open doors

\
: Cabin to the destination floor.
stop Cabin if the last task is a request task, Cabin.direction
|
|

[doors ré—closed]
|
Vi
[ update tasksList of Cabin }————[taskList of Cabin empty}———-

[taskList of Cabin not empty]

@ [ update state of Cabin ]

10
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Figure4. 31:S Activity<UseTransport> (Activity Diagram)

2.3 Business | mplementation Spec

Here begins the complete and revised model of the TransportationSytem, that has lead to the software | programmed
to show the system’ s functionality.
| went through the three modeling phases and, step by step, the structure of the whole system became clearer.

2.3.1 Snapshots

Snapshots are arather new kind of diagrams, that are avery useful help to construct Object Diagrams. A Snapshot

is, as one can imagine hearing that name, the description of one specific situation. Normally, in arunning system,
different object instances are being associated one to each other, new associations are created and existing
associations are del eted as the systems state evolves. |n an Object Diagram, all the connections of all the objects that
could beimportant at any moment during the lifetime of the system should be represented.

If we make now Snapshot Diagrams for different situations, and we make enough of them, than we see all the
associations that have to be present in the Object Diagram.

Attention: Snapshot Diagrams represent object instances. That’s why for instance the fact that there are two cabins,
leads to two instances cl and c2 in my Snapshot Diagrams.

The scenario described in the following Snapshot Diagramsis easy. Pleas ook at the explanations beneath every
diagram for more details.

10:Bl_Snapshot<Initial> (Collaboration Diagram)

As there is only one TS and only
one BuildingActor, | did not give them

/
M.Bleu_TransportedObjectActor rolenames.

locationF1
/

f1:FloorObject

fl

cl:CabinObject —
/ cl

f2:FloorObiject .
locationF2 TS

f2

/ c2:CabinObject
/ c2

f3:FloorObject

locationF3
— 1

BuildingActor

f4:FloorObject

11



Transportation System

Figureb5. 10:BI_Snapshot<Initial> (Collaboration Diagram)

Thereisabuilding with 4 floors (called f1 to f4). The TransportationSystem (TS) controls two cabins (c1 and c2).
clisonthefloor f2 and c2 ison thefloor f3. M.Bleu, a TransportedObjectActor, islocated on floor 1.
The postfixes ..-Object and ..-Actor are hereto say if a“thing” isan Actor or an Object. Of course, TSisan actor,

too, but asit is TS we want to model, this doesn’t need to be shown.
All those Objects and Actors are the representations of the corresponding real Objects and Actorsin the viewpoint
of an external observer. Sometimes, we say that they ARE the real objects, but thisis of course incorrect, because

one can not print real objects on the paper.

11:Bl_Snapshot<After TransportRequested> (Collabor ation Diagram)

One could draw an association betwenn M.Bleu and trl1
to modelize his knowledge of the request. But this is not
of any importance to the TS. That's why | left it away.

T

|

/

|

|
|
|
!

M.BIeu_Transp(l)rtedObjectActor
/

/
/
/ trl:TransportRequestObject
/
/ -7 ir
jlocationF1 7 ]\\
/ Ve N
L \\
f1:FloorObject destinationF1 \\
/ \\‘
/ e cl:CabinObject ~ f~——____ Q@
2 e [ cl -
V4 f2:FloorObject | ionE2 _
/ ocation gl
/// /f2 ////
/ L
22— c2:CabinObject 2
/ // —————————— ¢
4 f3:FloorObject -
,,,, locationF3
- 3

\\ f4:FloorObiject

4
Figure 6. 11:Bl_Snapshot<After TransportRequested> (Collabor ation Diagram)

This Snapshot shows the situation after M.Bleu has pressed a button of the elevator to go “up”. Thereisanew
Object called TransportRequestObject, that represents the request M.Bleu hasexpressed by hisaction. The TS

knows this “information-object” and has now the task to satisfy the request.

12
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12:Bl_Snapshot<After TransportRequestSatisfied> (Collaboration Diagram)

P

1
M.Bleu_TransportedObjectActor

locationF1

f1:FloorObject
N
f1 locationF1

cl

f2:FloorObject
i locationF2 / TS

c2:CabinObiject c2

cl:CabinObject — E

f3:FloorObject

BuildingActor
tc

f4:FloorObject
tc: TimeCounterObject

4
Figure7. 12:Bl_Snapshot<After TransportRequestSatisfied> (Collaboration Diagram)

This Snapshot shows the situation after arrival of c2 on theright floor. For some reason, TS has not sent c1, which
would have been nearer to f1. Maybe c1 was occupied. A TimeCounterObject is created to show the fact that this c2
will not move for a certain time, to give M.Bleu the time to enter the cabin.

13
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13:Bl_Snapshot<BeforeDestinationChosen> (Collabor ation Diagram)

X

N
M.Bleu_TransportedObjectActor

f1:FloorObject

N
f1 locationF1

cl:CabinObject —
cl

f2:FloorObject

r locationF2 locationC2 / TS
c2:CabinObject 2
f3:FloorObject
— &
BuildingActor
f4:FloorObject
4

Figure 8. 13:BI_Snapshot<Befor eDestinationChosen> (Collabor ation Diagram)

Thetime-counter has expired, and M.Bleu has entered the cabin c2. But he has not yet pressed a button.

14
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14:Bl_Snapshot<After DestinationChosen> (Collaboration Diagram)

X

AN
M.Bleu_TransportedObjectActor

f1:FloorObject

N
locationF1

fl

cl

: . .
cl:CabinObject —
f2:FloorObject

locationF2
locationC2 TS
f2
/ c2:CabinObject c2

f3:FloorObject

BuildingActor

ttl

f4:FloorObject

tt1: TransportTxnObject

f4 destinationF4
Figure 9. 14.BI_Snapshot<After DestinationChosen> (Collabor ation Diagram)

This Snapshot shows the situation after that M.Bleu has pressed button number 4 in the cabin c2. A new
information-object called TransportTxnObject has been created.

15
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15:Bl _Snapshot<After Departure> (Collaboration Diagram)

X

AN
M.Bleu_TransportedObjectActor

f1:FloorObject

fl

c1:CabinObject Cl\

I .
f2:FloorObject locationF2

= ' TS
f2 IocationFZ\ locationC2 /
/ c2:CabinObject

c2

f3:FloorObject

— 1B
BuildingActor
f4:FloorObject ttl
fa m4\ t1:TransportTxnObject

Figure 10. 15:BI_Snapshot<After Departure> (Collabor ation Diagram)

The cabin c2 has moved to f2.

16
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16:Bl _Snapshot<After Arrival> (Collabor ation Diagram)

X

AN
M.Bleu_TransportedObjectActor

f1:FloorObiject

fl

cl

f2:FloorObject .
locationF2 TS
5 locationC2

c2:CabinObject c2

-CabinObi
cl.CabinObject — i

f3:FloorObject

— B
BuildingActor tc
f4:FloorObject locationF4 tc:TimeCounterObject
f4

Figure 11. 16:BI_Snapshot<After Arrival> (Collabor ation Diagram)

The cabin c2 has arrived at f4 and stopped. A new TimeCounterObject has been created to let M.Bleu or other
TOActorsthe time to choose a new destination.

17
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17:Bl_Snapshot<Final> (Collaboration Diagram)

X

|
M.Bleu_TransportedObjectActor

f1:FloorObject

f1

f2:FloorObject

cl:CabinObject

[

locationF2

f3:FloorObject

T

BuildingActor

f4

c2:CabinObject

locationF4

f4:FloorObject

locationF4

Figure 12. 17:BI_Snapshot<Final> (Collabor ation Diagram)

M .Bleu has left the cabin. The time-counter has expired. c2is available for new regquests.

18
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2.3.2 Collaboration Mode

Asyou can see on the next diagram, there is now only one Use Case called transport. This Use Case beginswhen a
TransportedObjectActor presses a button. If the CabinObject arrives to a destination-FloorObject, the Use Case ends
only if no TimeCounter is created (i.e. the CabinObject has other tasks to fulfill), or if the TimeCounter expires. If
someone presses a button in the cabin during the lifetime of the TimeCounterObject, the same Use Case-instance

continues.

TransportedObjectActor __

S~ o
(_ transport ) i
P TS

BuildingActor
Figure 13. 20:BI_Collaboration (Collabor ation Diagram)

Collaboration Description

Collaboration: transport

Purpose

One or more TransportedObjectActor request a transport from the TS and/or are transported
to another floor.

Policies

UC_P1: TransportedObjectActor cannot be identified. It doesn't have to be present during
al the UC.
UC_P2: If HoorObject and Direction have corresponding input parameters, they are given

19
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by the TrangportObjectActor (pressing a button) and the BuildingActor (detecting it).
UC_P3: If CabinObject has a corresponding input parameter, it is given by the
TransportObjectActor (pressing a button).

UC _P4: The BuildingActor shoud be able to detect when a CabinObject is associated with a
FloorObject.

UC_P5: The TSActor should be able to compute the movements of each CabinObject by
the input parametersit gets from the BuildingActor and the TransportedObjectActor.

UC _P6: The TransportedObjectActor may have some wishes, that can be satisfied by the
TSActor. Possible wishes are: to get any cabin to the floor on which the TOActor is
located; or: to be trangported to a specific destination floor in the cabin in which the
TOActor islocated.

Parameters

one or more TransportedObjectActor, one BuildingObject, one TSActor,
one or more FoorObject (with one Direction each) and/or one (or more) CabinObject

Pre-Conditions

TransportedObjectActor exists

Cabin.weight =< Cabin.weightLimit

FloorObject exists

The specified direction is possible on the Floor Object in question.

Post-Conditions

All Objects created during UC (TransportRequestObject, DestinationObject or
TimeCounterObject) have been destroyed.

The wish(es) of the TrangportedObjectActor(s) that had initiated the UC have been
satisfied.

20
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2.3.3 ObjectsModel

information (for instance: TS knows each TransportRequestObject).

the rolenames on the associations indicate the direction of the
They can indicate knowledge, location or destination.

S
TransportedObjectActor

multipleTransportRequestObject

BuildingActor

Glossary

BuildingActor

TransportRequestObject

—X

TS
destinationFloorObject locationCabinObject
locationFloorObject FloorObject CabinObject multipleCabinObject
locationFloorObject
multipleFloorObject destinationFloorObject
TimeCounterObject
timeCounterObject

TransportTxnObject

multipleTransportTxnObject

Figure 14. 21:BI_Object (Collaboration Diagram)

Modd of the building in which the TSis located and whose floors the TS serves.

TransportedObjectActor

Mode of aperson interacting with the TS. A TrangportedObjectActor (dso: TOActor) can
press one of the buttons on each floor or in each cabin, and it can be transported by a

CabinObject.

21
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TS

Modd of the system making sure that every TOActor can change |locationFloorObject as
wished.

CabinObject

Mode of acabin of the elevator. CabinObjects are aways associated with one FloorObject.
They can be moved by the TS and can transport TOA ctors (number of transported
TOActorsis limited by ther tota weight).

Floor Obj ect

Modd of afloor which belongs to BuildingActor and can be served by the Trangportation
System. A HoorObject can be the location of a TOActor or a CabinObject, and the
destination of a TransportRequestObject or a Transport TxnObject.

TransportRequestObj ect

Modd of the task: to bring any Cabin to a specified FHoorObject, on which a TOActor has
requested a transport.

TimeCounter Object

Mode of the time-period during that the CabinObject it belongsto is"occupied”. A
CabinObject can be ocuupied after satisfaction of one TransportRequestObject or one
TransportTxnObject. (If anew TOActor has entered the CabinObject, the syslem may give
him some time to choose a destination, before the CabinObject can be requested and moved
by another TOActor.)

TransportTxnObject

Modd of the task: to transport a TOActor which isin a CabinObject to a specified
FoorObject.

22
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2.4 | T Sysem Spec

The goal of thisphaseisto build the framework for both the object-construction and the action-enchainement.

2.4.1 Snapshots

For finding out which of the objects of the previous phase should be represented in the systems viewpoint and what
new objects should be added, | again used the Snapshot Diagrams. | drew the same Snapshots asin the Business
Implementation Spec., with the following extension: in the left part of each diagram, you can clearly recognize the
representations of all the Objects and Actorsin the system-external viewpoint of athird observer, asthey were
drawninthe Bl Spec. Those objects, that are very precise representations of the real objects, can be “traced” by the
system. This means the system creates for the objectsthat are important to it an internal representation and connects
these representati ons with the same associations that exist in the outer viewpoint. Like this, the system will be able

to record each important change of the relations between the real objects by changing the relations between it’s
internal representations.

So, intheright part of each diagram, you see the system-internal viewpoint.

To make an even clearer difference of the external and the system-viewpoint, objects that are representationsof an

external observer are called ..-Object and ..-Actor, while the system-viewpoint-representations do not carry this
postfix.

10:S Snapshot<Initial> (Collaboration Diagram)

One object that has been added to the system’ s viewpoint without having an external equivalent isthe TaskList. Itis
needed to list several TransportTxn and TransportRequest objects for one Cabin.

M‘Bleu_TransplorledObjectAc(or

fObj1:FloorObject <trace>: f1:Floor

fObj1

cObj1:CabinObject <trace> cl:Cabin

locationFObj2

fObj2:FloorObject trace>> f2:Floor

locationF2
fObj2

/ cObj2:CabinObject <trace>: c2:Cabin
i locationFObj3
BuildingActor o3 fObj3:FloorObject <<trace>> f3:Floor locationF3 !

tl:TaskList
fObj4:FloorObject <trace>: f4:Floor

fObj4 One should add associations Ij

from the TS to every Floor!
To simplify the diagram, this
was not done.

Figure 15. 10:S_Snapshot<Initial> (Collaboration Diagram)
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11:S Snapshot<After TransportRequested> (Collaboration Diagram)

The association is here to show the fact that it is the TS' responsibility to

This association is not very precise. trl will never be an attribute of TS!
find a Cabin with which a new TransportRequest can be associated.

\
——————— \
M.Bleu_TransportedObjectActor \\
————— —I trObj1:TransportRequestObject I <trace>: trl:TransportReguest \\
\
Vd trl /
locationFObj1 destinationFObj1 // \\ //
fObj1:FloorObject I <trace>> f1:Floor destinationF1 \\ /
Vv
,/’ fonj1 \
4 —————— cObj1:CabinObject <trace> ¢1:Cabin \\
_ ~
// ! locationFObj2 - =~ \\
/ - T~<
/ fObj2:FloorObject trace f2:Floor .
Vs —_— locationF2 .
// Jobj2 ////’ TS
~ —
// // ———————— cObj2:CabinObject <trace>: c2:Cabin 0/2
R e - —

e P

locationFObj3 -
-

BuildingActor T————{ robj3:Floorobject <<trace>>" 13:Floor locationF3
N fobj3
N

tl:TaskList

.
\\ fObj4:FloorObject <<trace>: f4:Floor

fobja

Figure 16. 11:S Snapshot<After TransportRequested> (Collabor ation Diagram)

12:S Snapshot<After TransportRequestProcessed> (Collaboration Diagram)

M.Bleu_TransportedObjectActor
_____ —|  wobj1:TransportRequestObject : <trace> :- tri:TransportRequest }
e Sl _
Ve trl
locationFObj1 destinationFObj1 //
e — 7
| fobj1Fioorobject : <<trace>: L fL:Floor fdesunationFl
oo F—_———— -
2 J cObj1:CabinObject I <trace> | cl:Cabin L
_______ ~
/ | locationFObj2 —_————— Iet S~
/ ______ — r ______ - - \\\J
/ fObj2:FloorObject <trace>: f2:Floor —
/ _! | __=— __|locationF2 _A
// fObj2 - _——"""1s
______________ -
// < e cObj2:CabinObject I <trace | cacabin [‘:2
j' // . T // ___T_J
— locationFObj3 - \
A—— (— oy | A - \
BuildingActor (ob13 fobj3:FloorObject | <<trace>> 1 f8:Floor | locationF3 \
N Jc} S —— - S ——— \ o
N -
N L th:TaskList |— —————————
[To————— 1 . - b=
\\ fObj4:FloorObiect [ <<trace> {  f4:Floor |
L ______ - ————e——

fobja

Figure17. 12:S Snapshot<After TransportRequestProcessed> (Collabor ation Diagram)
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13:S Snapshot<After TransportRequestSatisfied> (Collaboration Diagram)

M.Bleu_TransportedObjectActor

locationFObj1
fObj1:FloorObject J <trace f1:Floor
fObj1 locationFObj1 locatinF1
cObj1:CabinObject <trace>: cl:Cabin
locationFObj2
fObj2:FloorObject <trace>> f2:Floor
—_— — locationF2
fobj2
/ cObj2:CabinObject trace>: c2:Cabin
|
BuildingActor fObj3:FloorObject <trace>: f3:Floor
fObj3
fObj4:FloorObject <trace>: f4:Floor
fObja
tcObj tc
tcObj: TimeCounterObject <trace>: tc:TimeCounter

Figure 18. 13:S_Snapshot<After TransportRequestSatisfied> (Collabor ation Diagram)
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14:S Snapshot<After DestinationChosen> (Collabor ation Diagram)

1
M.Bleu_TransportedObjectActor

fObj1:FloorObject J <trace>: f1:Floor
locationFObj1 '—| locationF1
€cObj1:CabinObject <trace>: A\ cl:Cabin
locationFObj2
fObj2:FloorObject <trace>>' f2:Floor "
—_— — locationF2
locationCObj2
cObj2:CabinObject [ <trace>: c2:Cabin
S .
BuildingActor - fObj3:FloorObject <trace>: 13:Floor
fObj3
tl
t:TaskList
fObj4:FloorObject <trace>: f4:Floor
fObja destinationF4
destinationFObj4
ttObj1
1tObj1:TransportTxnObject <trace>:

ttl:TransportTxn
tl

Figure 19. 14:S_Snapshot<After DestinationChosen> (Collaboration Diagram)

15:S Snapshot<After Arrival> (Collaboration Diagram)

M.Bleu_Transported ObjeclAclor

fObj1:FloorObject <trace>: f1:Floor
fObj1
—| cObj1:CabinObject <trace>:

<trace>>

cl:Cabin
locationFObj2

fObj2:FloorObject

f2:Floor locationF2

fObj2 locationCObj2

cObj2:CabinObject trace:
(o}
i \C \i fObj3:FloorObject <trace>: f3:Floor
BuildingActor, fobj3 —=race=~ oo

locationFObj4

c2:Cabin

tl:TaskList

= locationF4

fObj4 fObj4:FloorObject <trace>: f4:Floor

tcObj

T

tcObj: TimeCounterObject <trace>: ,Eme(:ounter
Figure 20. 15:S Snapshot<After Arrival> (Collaboration Diagram)
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16:S Snapshot<Final> (Collaboration Diagram)

M.Bleu_TransportedObjectActor

fObj1:FloorObject trace: f1:Floor

fobj1

€Obj1:CabinObject trace cl:Cabin

locationFObj2

fObj2:FloorObject '<<trace>> f2:Floor

locationF2
fObj2

% / cObj2:CabinObject <<trace>>
BuildingActor "| fObj3:FloorObject '<<trace>> 3:Floor
fObj3 — e

locationFObj4

c2:Cabin

tl:TaskList

JocationF4

il

fObj4 fObj4:FloorOb ec|_| <<trace>: f4:Floor
locationFObj4

Figure21. 16:S_Snapshot<Final> (Collaboration Diagram)

In al the Snapshot Diagrams, you can clearly see that despite the fact that the TOActor isthe initiator of the
transport actions, no representation of it is mantained in the system. The reason why | decided to do thisis described
in the System Policies and Patternsin the next paragraph.

2.4.2 Use Cases M odel

In this part of the phase, the collaboration diagram of the previous phase islimited to those parts of the
collaborations that concern the system. That’swhy | placed the TS actor in a corner of the diagram, the TSis
involved into every of those actions and could also be drawn as a rectangle containing the three Use Cases.

The two new Use Cases TSStartUp and TSShutdown are not really important. As | implemented the software-
version of the TS using java, startup- and shutdown-functionalities are automatically built in.

But very important in the Use Cases Model are the System Policies and the detailed Use Case description. These
contain the rulesto follow for all the next steps.
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Gsmu> 3

TransportedObjectActor
AdministratorActor i
BuildingActor

Figure22. 20 S Usecase (Use Case Diagram)

System Policies and Patterns

S P1: TrangportedObjectActor initidises dl the actions of the TS.

S P2: The TS will process the actions (the tasks) in the order that corresponds to the
chronologica order in which they were initidised. Of course, these tasks are not aways
fulfilled in the same order they were processed, depending on the length of each task.

S P3: The TShasan interna representation of the important Objects like cabins or floors.
It has to update the state of those representations using informeationa sgnals from the
environment (doors closed, cabin x arrived on floor vy, €tc...)

S P4: The TS has no object representing the TransportedObjectActor, because there is no
way to get any information about it. A TOActor can only initidize an action, it cannot
modify or cancd it. It isnot identified by the TS.

S P5: Theinput-sgnas sent to the TS by its environment are supposed to be correct. This
means one ingtance of TS is configured for a specific hardware (a certain number of floors
and cabins) and this hardware is expected to work well (to send the right Sgndls).
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Use Case Description

Use Case: Transport

UC Purpose

One of the following action sequences is satified:

- agngle TransportRequest

or

- one or severa TrangportTxn

or

- aTrangportRequest immediately followed by one or severd TrangportTxn

UC Policies

P1: The TS does not know if the TrangportedObjectActor that initidized thisUC is il
present. That's why no confirmation or cancel input from the TransportedObjectActor is
alowed or required (no stop functiondity ingde a cabin is required by the initid contract).
P2: Depending on the type of theinitidized action-sequence, the TS hasto be able to
process different caculations from different UC Parameters, and to give the right output
sgndsto it's hardware (cabin-doors, cabin-motors, cabin-overweght-warning lamp).

UC Parameters

N times

IN: one floorNumber (the number of the floor on which a button has been pressed)
IN: one direction (the direction of the button which has been pressed)

IN: one buttonType (in this case: "floor")

, 0<=N<=1

M times.

IN: one cabinNumber (number of the cabin in which a button has been pressed)
IN: one floorNumber (the number of the button which has been pressed)

IN: one buttonType (in this case: "cabin’™)

, 0<=M

additiona Parameters:

IN: at each of the L arrivals. floorNumber and cabinNumber, O<=L (is sent to the TS each
time acabin arrives a afloor)

IN: at each of the P times of doors closing: cabinWeight and cabinNumber, 1<=P,
P>=N+M (is sent to the TS each time the doors of a cabin close)
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UC Pre-Conditions

At least one Cabin exigts.
At least 2 Floors exist.
TSisrunning (the last Action performed by the AdministratorActor was TS Start Up).

Each Cabin islocated on one Hoor.

UC Exceptions

EL: If Cabinweight > Cabin.weghtLimit:
E1.1: the TS announces the problem E1 in the cabin (ared light is activated).
E1.1.1: the cabin is blocked (cabin cannot move, no new tasks can be added to the Cabin's

Tasklist), and the doors of the cabin are opened.

UC Post-Conditions

No TransportTxn exists.

TransportRequest doesn't exist.

All TimeCounters that had been created have been destroyed or have destroyed themsealves.
The Cabin that was moved is now associated with the destination FHoor of the last

performed Task.
The value of TaskList.sze has been decreased as many times asit had been increased.
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21:S Activity (Activity Diagram)

Thisdiagram isin our case rather banal. It shows the order in which the different Use Case instances may occur.
Unfortunately, the fact that two Use Case instances can take place in parallel was nearly impossible to represent.
Using the parallelism syntax of complex transitions would result in listing an infinite number of Use Cases called
transport, that can all begin at any time of the system’ slifecycle. The problem is that a new UseCase instance can

start while another one is being executed.

But anyway, thisis not too bad, because parallelism will be enabled by my event mode.

Attention: this diagram does not B
show the possible parallelism
between several instances of

the UC transport.

This would only be possible by
drawing as many UC instances
as allowed, which is too com-

plicated.

[env.transport]

TS Start Up

[env.transport]

transport

[env.TSShutDown]

[ TS Shut Down j<

[env.TSS

hutDown

O

Figure23. 21:S Activity (Activity Diagram)
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2.4.3 Conceptual Modd

Now, we use the Snapshot Diagrams to construct the Concept Diagram, representing the structure of the system.
Each object or representation in the system is called a concept.

In addition to the information of the Snapshots, we add the attributes that are certainly necessary, like the
floorNumber for aFloor.

Thetwo lists CabinList and FloorList are used to handle multiple Cabin and Floor conceptsin an easy way.

| also added a super-concept called Task, from that TransportRequest and TransportTxn inherit. This should show
the similarities of the two task types. In fact, the two types differ only by their name. But, if | had made one single
concept called Task, | would have been forced to add an attribute “type”. The inheritance is a much nicer solution,
also because it the more intuitive choice.

You will also seethat TS has become “Myself”. Thisisthe main concept, representing the system itself. Starting
from this concept, the system will access al the information it needs.
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22 S Concept (Class Diagram)

1

cabinList

CabinList

\

Cabin

cabinNumber
direction

state

Myself
1
event
0.1
1 i, floorList
1 FloorList
InputEvent
Floor
1
floorNumber

locationFloor

1

TaskList

\

Task

direction

0.1 | timeCounter

TimeCounter

1 | destinationFloor

r
LT

TransportRequest

TransportTxn

Figure24. 22 S Concept (Class Diagram)
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Glossary

Cahin

Concept representing one CabinObject.
States: busy, idle, blocked, occupied

CabinList
Concept referencing al the Cabin concepts.

FloorList

Concept referencing all the Floor concepts.

Floor

Concept representing one FloorObject.

I nputEvent

There are three possible input events:

1. ButtonEvent:

Is sent to the TS each time a button of the elevator is pressed by a TOActor.
It contains the following values:

one buttonType (in this case: "cabin™), one cabinNumber, one floorNumber
OR:

one buttonType (in this case: "floor"), one floorNumber, one direction

(if floorNumber is the number of the lowest floor, direction must be "ug”,

if floorNumber is the number of the highest floor, direction must be "down’;
the hardware has to make sure that this error does not occur!)
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2. ArrivaEvent:

issent to the TS each time a cabin arrives at afloor.
It contains the following values:

one floorNumber, one cabinNumber

3. DoorEvent:

Is sent to the TS each time the doors of a cabin close.
It contains the following values:

one cabinWeight, one cabinNumber

Myself

Concept used to represent what the TS knows about itsalf.
It is crested when the TSis started up.
It is destroyed when the TS is shut down.

Task

Concept representing one entry in the TaskList concept of one Cabin concept.
It isether a TrangportRequest or a TrangportTxn.

TaskList

Concept referencing all the Task concepts of one Cabin concept.

TransportRequest
Concept representing one TransportRegquestObj ect.

TransportTxn

Concept representing one Transport TxnObject.

TimeCounter

Concept representing one TimeCounterObject.
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2.4.4 Partial System Activity

Up to this point, we described the system’ s state before and after the occurrence of the Use Case “transport”, how
several of those Use Cases can be enchained and who istaking part init. Now, it’stime to go inside the Use Case
“transport” and to see what actions should be done in what case and in which order. But, we do not yet decide which
of the conceptsis doing the work. Also, each of the actions shown in diagram 30 is another blackbox containing
another sequence of actions.
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30:S _Activity<transport> (Activity Diagram)
®

\

press Button '- ————— [buttonType =="floor }————— AI— look for best Cabin

[buttonType == "cabin"]

modify taskList for Cabin |————[Cabln.sia1e == "idle" or "occupied']——=— modify state of Cabin

[Cabin.state == "busy"]

update direction of Cabin

=

\\\\
| ~——
-~ .
move Cabin =~ Cabin.direction corresponds to the
=< direction of the last task of the Cabin (and not
to the moving-direction of the Cabin).
1

[Cabinis or: right Floor This means: if the last task is a transport

task, Cabin.direction is the direction from the

! Cabin to the destination floor.
¥ if the last task is a request task, Cabin.direction
. is the direction chosen by the TO.
stop Cabin
———3 ShowEl |f————————
Exception Message
block Cabin

‘—[doors re-closed; Cabln.welght>Cabln.welghilelt]—( open doors and update TaskList ]

[doors re-closed; Cabin.wI ight <= Cabin.weightLimit]

:u " bloc@i[‘aSkuSI of cebin emply] @

[
[Button pressed in Cabin]

destroy TimeCounter

[taskList of Cabin not empty] . .
[TimeCounter destroyed itself]

set state

3 (osur smarcon )
@/ < update state of Cabin  [&——————

Figure 25. 30:S_Activity<transport> (Activity Diagram)
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2.5 1T Sysem | mplementation Spec

The aim of thislast modelling phase isto make clear what work is done in which instance of which concept in what
case, and to draw afinal Class Diagram, that contains the static part of the system information, and from which we
can generate the Java code.
The general ideas and functionalities of my elevator are:
A cabin can be:
- with open doors (state="blocked")
- witharunning time-counter (state="occupied”)
moving to some direction (state="busy”)
idle(state="idle")

If a TransportedObjectActor requests a transport from a Floor, the best Cabin for this Task isfound, and the Task is
added toit’s TaskList. The Cabin movein away to satisfy as fast as possible the oldest Task in the TaskList, but if it
arrives on the destinationFloor of another Task, thistask isfirst satisfied and then the Cabin moves on.

If a TransportedObjectActor presses on a button in a Cabin, this Task is of course added to the TaskList of the
corresponding Cabin.

If the doors of a Cabin are closed, and there are no more Tasksinit's TaskList, a TimeCounter is created. During the
lifetime of this TimeCounter, a Cabin is“occupied” and can only be moved by a TOActor IN the Cabin.

2.5.1 Scenarios

In a Sequence Diagram, one decides exactly what scenario he wantsto show. The diagram isthen like afilm with a
vertical time-axis, starting at the top and descending.

The arrows show function calls, the value after the double point is the returned value. It is either the name of an
instance like aTransportRequest or a name representing ajava-type value like found, that is a boolean. Instead of
writing “found”, | could have written “true” or “false”, but | used this little unexactness to give the description of
what would happen if found was true in the comment box at the bottom. Like this | avoided drawing another
sequence diagram for that case.

Some words about the events: | decided to implement the communication interface between the TSand it’s

hardware using events. An event can be sent to and from the hardware, has atype and some attributes that are sent
with it. Finally, those events are used by simply calling the ActionPerformed function of either the TSorit's
hardware, but it isstill aniceidea. An event could theoretically also be an electrical impulse or abinary signal
transmitted by a cableto the computer in areal elevator.

Those events allow parallelism for different Use Case instances. Y ou will see in the following diagrams that the
system does not remember if a new Use Case instance has begun, if an old one has continued or if one has ended. It
simply getsan input event, processes it, updates the state of the concept instances and returns, if necessary, an output
event. The TS does not care at all which of those events belong to the same Use Case instance. And that iswhy
parallelismis automatically possible.

Another interesting point is the function lookForBestCabin(aT ransportRequest):aCabin. Thisisthe place where the
system decides which cabin should get a new entered TransportRequest.
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10:Sl_Scenario<initializeTransportRequest> (Sequence Diagram)

| aButtonPressedEvent is a ButtonPressedEvent D
= ———— | conaining a buonType, a foorNumber and a drecion 1 == I 1 v i 1 —
| Eovnedace | 7 ! el | fLEootist | | gcamis | aCabinCabin | asdis |
[ —— / | —— | i [ H | h | I ——
/
-
~ ===
processTransporiRequesi(foorNumber, direction)
PE— | —_————————
Inhis seenario the olowing | L
action is described: |
g ATOAcior presses abuton ona |
floor. A cabin for this task is selected
| by the sysiem. The selected cabin i |
idle
The cabin is sent towards the right |
floor, I
——— 1
'
createTr
|
r 1
| e oo o)
— -lookForBestCabin(aTransportRequest)-aCabin == S
i(sta e
i |_&&aTaskinstanceof TransportReques)) |
//
/
modifyStgte("busy’) | séts Cabinarectonto e
| direction of the fast Task in
o———————— A ST
-
—
updategecion)
T —|
r N
sportTxn
| State I="blocked” |
L ]
[
7 \
/ |
/ \

= true, proceed as in diagram
_ - actionPerformed(aStopCabinEvent)
| TaMoveEvent i a VoveEvert

| - containing aCabin.cabinNumber and |
| movemeoirecton

- modifvStateblocked"

- actionPerformed(anOpenDoorsEvent)
- undateTasks(locationFloor)

- updateDirection()

oldest (next) task in the taskList of aCabin
and at the locationFloor of aCabin

I ook at the destnationFioor of the
«
and computes movementDirection.

N
2:S| Scenario<fulfilTaskEndNoOne>: |
|

|

|

a

Figure26. 10:Sl_Scenario<initializeTransportRequest> (Sequence Diagram)
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11:Sl_Scenario<moveCabin> (Sequence Diagram)

aCabinArrivedEvents a CabinArivedEvent LN
t

H—— | ooy | | | | | | |
| Envintertace 1 ts:Myselt | fiFioorList ciCabinList | acabin:Cabin
[yl \ = LE== === [l |
\
e This scenario shows the following:
| The cabin, that was sent (o the right
-———— 1 direction in the preceding sequence

| %agvami arves a th'e‘ next floor
& system checks if this floor is a

processArival(floorNumber, cabinNumber) dostinationFloor of any task
] aCabin.taskList, finds nothing and just
lets the cabin move on.

v

lookForDestinationFloor(aFloor):found -4

Figure27. 11:Sl_Scenario<moveCabin> (Sequence Diagram)
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12:Sl_Scenario<fulfillTaskEndNoOne> (Sequence Diagram)

In thisscenario, the TS gets three times an input event and reacts to each of those seperately.

[J—
L

afloorNumber and a cabinNumber.

‘aCabinArrivedEvent is a CabinArrivedEvent containing ﬁ

\
\ [

SV

R

————

plocessArvwa\moolelmhen cabinNumber)

aStopCabinEventis a

aCabin.cabinNur

aDoorsClosedEvent s a DoorsClosedEvent
containing a cabinWeight and a cabinNumber
\

StopCabinEvent containing
imber

modiyStatb(iocked)

—
anOpenDoorsEvent is an
OpenboorsEvent containing - ————
Cabin.cabinNumo

dateDirect

scenario shows the followin
The caon.that s sent tothe right
direction in the
ineram "inielze TansporRequest,
_amves at the next foor
stem checks s loris

nssmammuu of i
aCabin.tasklist and Vnds the

aportRecquestof the TOActor of
the first sequence diagram
It stops the cabin, opens the doors
and the task which is now satisfied
is deleted.

After the doors are re-closed. the system
controls the weight of the cabin.
The cabin s oo he

the doots are opened again.

Alter the doors are re-closed, the system
contolsthe weightof the cabin again
Tpeweigit
The Task that s been satisfie
e e as e o e <ab. ats

 a time counter is created. Durina this
time. nobody pushs a bution, 50 the cabin
is declared as "dle” and will wait for

—_———

DoorsC
controlWeight(cabinWeight, cabinNumber)
Spnoweighi(cabind
|y
P! Nagn |
4
2
~
ashowE1Event s a ShowE1Event
Opend i "
Enror Lamp n the cabin
\ I contains aCabin cabinumber.
DoorsCl anOpenDoorsEventis an

1
|

convoMelght(cabinieght catiniumber)

aDoorsClosedEvent s a DoorsClosedEvent
containing a cabinWeight and a cabinNumber

|

[ rcamweon =
aCabinmaweignt |
H

OpenDoorsEvent containing
aCabin.cabinNumber

/

b-————

—— =

e — ——

modifyState{"occupied)

createTimeCounter()

sets
Srecongt the ast Task n
Cabin taskList

idle

// ]

1
/ destioy0

/ Ya

if no button is pressed
in Cabin

Figure28. 12:S _Scenario<fulfillTaskEndNoOne> (Sequence Diagram)
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13:SI_Scenario<fulfill TaskEndNoTwo> (Sequence Diagram)

Attention: this scenario represents another possible end for the scenario in diagram 12 (figure 28)!

I Envinterface | I ts:Myself | ! fl:FloorList | ] cl:CabinList | i aCabin:Cabin I

4 ————

/

|
/ contolWeigh(cabinWieigh, catinmber)

aDoorsClosedEvent is a DoorsClosedEvent
containing a cabinWeight and a cabinNumber

This scenario shows another possible
end for the scenario <fulfilTask>

It starts after the doors have been opened a
second time, because the cabin had overweight

After the doors are re-closed, the system
controls the weight of the cabin.
/ The weight s ok.
/ modifyState('busy’) There are some more Tasks in aCabin.taskList.
That's why no time counter is created, the state
/ of aCabin remains "busy" and the TS tells the
/ cabin hardware to move on with the next task.

oldest (nex) task in the taskList of aCabin
\ and at the locationFloor of aCabin
\ and computes movementoirection.

if numberTasks != 0
I: looks at the destinationFloor of the lj

mentDirection

—~—| aMoveEventis aMoveEvent
t Cabin.

movementDirection

Figure 29. 13:Sl_Scenario<fulfillTaskEndNoTwo> (Sequence Diagram)
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14:Sl_Scenario<fulfillTaskEndNoThreeAndI nitializeTransportTxn>
(Sequence Diagram)

Attention: this scenario shows yet another end for the scenario in diagram12 (figure28)!

e | | e I

= = =7 =] =] =)
o | | L I [ I

—_———

controiWeight(cabinWeigh, cabinNumber)
P

ifnumber Tasks == 0 é
N\,

e

1
processTransportTn(cabinumber, loorNumber)

v

N

aTransporTxn direction =

if(@Task instanceof i TransportTxn
|Istate 1= "occupied) &4 state 1= "bloch

Figure 30. 14:SI_Scenario<fulfillTaskEndNoT hreeAndI nitializeTransportTxn> (Sequence
Diagram)

Y ou have probably noticed, that most of the work is done by instances of the concept Cabin. This seemed the most
logical way to me. | tried to delegate tasks to objects with less knowledge of the system whenever possible. So, as
the taskList and the locationFloor of the current Cabin are used in almost every action, the work is very often done
by the Cabin.
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2.5.2 Implementation

The final modelling step is the complete class diagram. | took the object diagram of the IT System Spec and just had
to add the functions and the new attributes to each concept.

Thiswas an easy job, because once all the sequence diagrams were carefully finished, | just had to go through them
and find out what function has to be in which concept.

Note that | omitted the InputEvent concept. This concept was not known by Myself anyway, and it has been split up
to several sub-events as you could seein the sequence diagrams and you will seein the class diagram “SI_Events”.

To alow parallelisms of different Use Case instances was again the reason why | decided to create an own thread
for each TimeCounter instance. A TimeCounter will asa Thread be ableto run in parallel to the main process of the
application and can be stopped or influence the system whenever needed.
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20 Sl _Object (Class Diagram)

Myself
1
1
+actionPerformed(event: ActionEvent)
+processTransportRequest(floorNumber: int, direction: String)
+createTransportRequest(direction: String, aFloor: Floor):TransportRequest
+processArrival(floorNumber: int, cabinNumber: int)
+controlWeight(cabinWeight: double, cabinNumber: int)
+processTransportTxn(cabinNumber: int, floorNumber: int)
1 | -cabinList +createTransportTxn(aFloor: Floor):TransportTxn 1 | -floorList
+lookForBestCabin(aTransportRequest: TransportRequest):Cabin
CabinList FloorList
+getCabin(cabinNumber: int):Cabin +getFloor(floorNumber: int):Floor
Cabin Floor
1 1
-cabinNumber:int -floorNumber:int
-direction:String -locationFloor
-state:String 1
-maxWeight:double
1| -destinationFloor
+addTask(aTask:Task)
+modifyState(state: String) 0..1 ; -timeCounter
+updateDirection()
+computeMovementDirection():String i
+modifyLocation(aFloor: Floor) 1 1 TimeCounter
+controlWeight(cabinWeight: double) - _timeint
+createTimeCounter() cahi _mavLi .
+calculateDirection(destinationFloor: Floor):String cabin mayLiveOn:boolean
1 +run()
+destroy()
Thread
1], -taskList
TaskList +start()
+lookForDestinationFloor(aFloor: Floor):boolean
+updateTasks(aFloor: Floor)
Task
*

-direction: String

+$create(direction : String, destinationFloor_: Floor)
+$create(destinationFloor_: Floor)

JAY

TransportRequest TransportTxn

+$create(destinationFloor_: Floor)

Figure31. 20 _SI_Object (Class Diagram)
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21 Sl _Events (Class Diagram)

Y ou see that each event inherits from the ActionEvent class, that belongs to the java.awt.event package. Likethis,

Myself just has to possess a normal ActionListener function (and, for this reason, has to implement ActionListener),
that can be called using such an event.

uuuuuuuuuuuuuu

Figure32.21_SI_Events (Class Diagram)

22 Sl _Technology (Class Diagram)

This diagram shows that the three lists of the TSinherit all from java.util. ArrayList. ArrayLists are very useful for
handling a dynamic number of instances of the same type. But they also give avery nice object-oriented
representation of multiplicity in general (better than arrays).

ArrayList
AN
CabinList FloorList TaskList
+getCabin(cabinNumber: int):Cabin +getFloor(floorNumber: int):Floor +lookForDestinationFloor(aFloor: Floor):boolean
+updateTasks(aFloor: Floor)

Figure33. 22 Sl _Technology (Class Diagram)
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2.5.3 Thesmulator

Now, al thisisvery nice, but how to test the TS, onceit is programmed? | needed away to send input eventsto the
TS and receive output events from it, to test if the TSworksfine. Thisis done by aninterface| called “simulator”,
evenif it does not simulate an elevator at all. It just gives the possibility to send and receive events using a graphical
user interface.

That’swhy in the following class diagram, anew class is shown, the TransportSimulator. It has a constructor
without parameters, becauseit hasto be abletoinitialize all it’ s attributesitself, and it inherits from java.awt.Frame.

Y ou can see in the sequence diagrams, that all possible output events are sent to the hardware by a Cabin. For this

reason, the only concept that needs to know the TransportSimulator (to be able to call it’s ActionPerformed
function) isthe Cabin.

23 Sl _Simulator (Class Diagram)

Frame

Cabin

-cabinNumber:int
-direction:String

-state:String 1 1| TransportSimulator
-maxWeight:double

-sim
+addTask(aTask:Task)
+modifyState(state: String) +$create()
+updateDirection()
+computeMovementDirection():String 1
+modifyLocation(aFloor: Floor)
+controlWeight(cabinWeight: double)
+createTimeCounter()
+calculateDirection(destinationFloor: Floor):String

1]-ts

Myself

+actionPerformed(event: ActionEvent)
+processTransportRequest(floorNumber: int, direction: String)
+createTransportRequest(direction: String, aFloor: Floor):TransportRequest
+processAtrrival(floorNumber: int, cabinNumber: int)
+controlWeight(cabinWeight: double, cabinNumber: int)
+processTransportTxn(cabinNumber: int, floorNumber: int)
+createTransportTxn(aFloor: Floor): TransportTxn
+lookForBestCabin(aTransportRequest: TransportRequest):Cabin

Figure34.23 SI_Simulator (Class Diagram)
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2.6 Java implementation

2.6.1 Thecode

Code generation

Cool:Jex hasaplug-in that is able to generate ready-to-use Java code from the class diagrams. | decided to design
the GUI of the TransportSimulator with Symantec’s Visual Café, version 4.0. Unfortunately, Visual Café writeslots
of comment tags into the frame files to allow a graphical design of the awt elements. Cool:Jex needsit’s own tags
for re-generation of the code over existing files. That’s why | made two subfoldersin my ProjectCode-folder: one
called CafeCode, the other called CoolJexCode. The TransportSimulator.javafileisin both of the folders, but the
version in the CooljexCode folder is not used by the Visual Café project.

Thislittle trick gave me also the possibility to add the classes AttentionDialog and QuitDialog to the project, that
hel ped me make the application alittle more comfortable.

TestThread application

To test the correct functionality of the Thread-TimeCounter |dea, | made a small test-application that shows how
TimeCounter work in my system.

Youwill find this application in the folder TestThread in the project directory. Thefile to openiscalled
TestThread.vep.

In this application, you have two buttons, oneto create a TestThread, the other to kill it. If you do not kill it within a
certain time, itwill die. Look at the standard output to see the messages of the application. (Run the project without
debugger using Ctrl-F5!)

Attention: you may only create one TestThread atime!

Other coding information

To simplify the application, | limited the number of floorsto 7 and the number of cabinsto 2. The maximum weight

of each cabinis set to 600. Of course, the TS Software (everything but the TransportSimulator) is designed to
cooperate with any simulator or hardware, having as many cabins or floors as desired.

Those values are set after creation of Myself. Look at the constructor of TransportSimulator to see how thisis done.
Y ou can also change the numbers of floors and cabins at that place, if you want.

2.6.2 ThelookForBestCabin — algorithm

Thisagorithm has the task to find the best cabin for anew entered TransportRequest. TransportTxns are entered in
acabin and are therefore not concerned by this problem.
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The algorithm, that islocated in the function lookForBestCabin in the Myself class, does the following:

1

2.

If anidle cabinisfound, takeit. (Idle means, it isnot moving and it's TaskList is empty.)

if not:

If acabinisfound that is moving towards the floor the request came from and that has the right final
direction, take it. (Cabin.direction correspondsto the direction of the last task in Cabin.taskList.)

if not:

If acabinisfound that is moving towards the floor the request came from and that is at the moment moving
to theright direction and will certainly move in this direction to the last floor of the building, take it.

if not:

If thereisacabin that is neither occupied nor blocked (means:. busy), take it. (A cabinisoccupiedif it's
doors are closed but it has a TimeCounter running.

if not:

If thereisacabin that is not blocked, takeit. (A cabinisblocked aslong asit’s doors are open.

if not:

Take any cabin.

If one of those tests returns more than one cabin, take the one with the shortest TaskList.

2.6.3 Simulator Tutorial

Y ou will find the complete TransportSimulator in the folder ProjectCode. Open the file transport.vep in Visual Café.

Initial Situation:

After the startup of the system, both cabins are on floor 1, have their doors
closed, and areidle.

Legal input events:

- ButtonpressedEvent / buttonType = "floor":

This means a button has been pressed on afloor. Y ou have to specify the
floorNumber and the direction in which a TOActor wantsto travel.

- ButtonpressedEvent / buttonType = "cabin":

This means a button has been pressed inside a cabin. Y ou have to specify
the cabinNumber and the number of the floor to which a TOActor wantsto travel.

- CabinArrivedEvent:

Y ou need to send this event to the TS each time a cabin has moved from
one floor to another. Y ou have to specify the cabinNumber and the
number of the floor on which the cabin has arrived.

- DoorsClosedEvent:

Y ou may only send this event if an OpenDoorsEvent has been output by the
TSfor this cabin. You have to specify the cabinNumber and the total
weight of the people in the cabin.
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Output events:

-StopCabinEvent:
This means the cabin corresponding to the attached cabinNumber has to stop immediately.

- OpenDoorsEvent
This means the doors of the cabin corresponding to the attached cabinNumber has to open it’s doors.

- MoveEvent
This means the cabin corresponding to the attached cabinNumber has to start now moving to the specified
movementDirection.

- ShowE1Event
This meansthat ared alarm light has to be activated in the cabin corresponding to the attached
cabinNumber, indicating overweight.

|dea:

It is recommended to make a small drawing of the scenario you want to play ona

sheet of paper. Afterwards, take careto really input one event after the other

inalegal order. If you want for instance to move cabin 1 from floor 1 to floor

4, you have to send three times a CabinArrivedEvent:

cabinNumber = 1, floorNumber = 2;

cabinNumber = 1, floorNumber = 3;

cabinNumber = 1, floorNumber = 4;

And, of course, thisisonly legal if cabin 1 has received aMoveEvent from the TS with movement-
Direction="up".

Y ou should also try to represent the current state of a cabin on your drawing.

Doors can be open or closed, acabin can be moving to acertain direction or idle.

Try to represent the different TransportedObjectA ctors on your drawing. Thiswill

help you to remember which Tasks have been satisfied and which TOs are still waiting.

Example:

Onfloor 2, thereisa TO wanting to go down.

Onfloor 7, thereisa TO wanting to go down, too.

After they have entered their requestsin this order, thereisaTO on floor 4,
wanting to go up.

I nput-event
Output-event
Comment.

- ButtonPressedEvent / buttonType="floor" / floor Number=2/ direction="down"
System output: MoveEvent / cabinNumber=1/ direction="up"
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- ButtonPressedEvent / buttonType=" floor" / floor Number=7/ direction="down"
System output: MoveEvent / cabinNumber=2/ direction="up"

We see that the first task has been given to cabin 1 and the second to cabin 2.

- ButtonPressedEvent / buttonType="floor" / floor Number=4/ direction="up"
System output: no output events

The task has been added to one cabin, we do not know which one.

- CabinArrivedEvent / cabinNumber=1/ floor Number=2
SystemOutput: StopCabinEvent / cabinNumber=1 followed by OpenDoorsEvent / cabinNumber=1

So first task has been satisfied.
now, let's move the second cabin as ordered by the system:

- CabinArrivedEvent / cabinNumber=2 / floor Number=2
System output: no output events

- CabinArrivedEvent / cabinNumber=2 / floor Number=3
System output: no output events

- CabinArrivedEvent / cabinNumber =2/ floor Number=4
System output: StopCabinEvent / cabinNumber=2 followed by OpenDoorsEvent / cabinNumber=2

So the third task had been added to cabin 2 and has now been satisfied. This makes sense,
because cabin 2 is moving to the top of the building anyway (to fulfill the second task).
Onit'sway up there, it can take with it the TO wanting to go up on floor 4.

Now both cabins have their doors opened, we have to close the doorsto et them move on:

- Door sClosedEvent / cabinNumber=1/ cabinWeight=80
System output: no output events

Cabin oneis now waiting for an action from it'sinner buttons. Asthere is no action within

the next 50 seconds, the cabin will become "idle", but all thisis not visible on the

interface.

If you want to see what happensinside the Transportation System, you just have to look at the standard output
window of Visual Café. | added some printin-calls to the code, that indicate the creation and death of a TimeCounter
and the state or the direction of a Cabin.

- Door sClosedEvent / cabinNumber=2 / cabinWeight=650
System output: ShowE1Event / cabinNumber=2 followed by OpenDoorsEvent / cabinNumber=2

The cabin istoo heavy (cabinWeight > 600), so let's chose a smaller weight:

- Door sClosedEvent / cabinNumber=2 / cabinWeight=120
System output: MoveEvent / cabinNumber=2/ direction="up"

The cabin hasto go pick up the TO on floor 7. The TO that entered the cabin can chose now the
destination-floor:

- ButtonPressedEvent / buttonType=" cabin" / floor Number=6/ cabinNumber=2
System output: no output events
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The system has added this new task to cabin 2.
Let's move on the cabin:

- CabinArrivedEvent / cabinNumber=2 / floor Number=5
System output: no output events

- CabinArrivedEvent / cabinNumber =2/ floor Number=6
System output: StopCabinEvent / cabinNumber=2 followed by OpenDoorsEvent / cabinNumber=2

We let the TO from floor 4 go out of the cabin.

- Door sClosedEvent / cabinNumber=2/ cabinWeight=0
System output: MoveEvent / cabinNumber=2/ direction="up"

The cabin still moves towards floor 7

- CabinArrivedEvent / cabinNumber=2/ floor Number =7
System output: StopCabinEvent / cabinNumber=2 followed by OpenDoorsEvent / cabinNumber=2

The TO on floor 7 hasfinally a cabin to travel downstairs.

Thisisthe best solution for this problem, because cabin 1 was requested to floor 2 with the
wish to go downwards. That's why it would not have been agood ideato add the third task to
this cabin.

Of course, the TS does not always find such agood solution. Y ou will surely find situations
inwhich the system is not reacting the best way. But the aim of this softwareis not to implement
aperfect algorithm, but to show that the UML model works.
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2.7 Concluson

What has been reached:

My work so far has brought the following results:

- an easy-to-understand demonstration of the possibilities of UML and Catalysis. Everyone knows
how an elevator works, and | have shown on this common example how to make a (more or |ess)
well-structured, object-oriented model of it’s controling software. Such amodel allows now the
detailed optimization of the “lookForBestCabin”-agorithm.

- theuse of events as acommunication interface. In this model, the advantages of events are clearly
recognizable. Using events makesit extremely easy to build our system into any type of simulator
or hardware.

- anice software that proofs once more that the applied modeling methods work fine.

But...

My elevator doesnot work better than any other elevator.

Thereason for thisis:

The hardware was not changed at all. Actually used software for standard elevators has been devel oped over several
years and works well. It is amost impossible to invent a software that reaches a much better performance than
commercial elevators using the same hardware.

| also had to do the least methodical part, the creation of the “lookForBestCabin”-algorithm, by hand. There is no
technique in UML that allows the optimization of such an agorithm. If | tried to avoid this algorithm, | would
maybe get a better elevator.

But, even if | had found a better elevator software, this would not have been very useful for finding solutions to
general transport problems, because my approach istoo much restricted by the given hardware requirements.

New | dea:

To model the whole transportation system, and not only it’s software, to keep the model as general as possible and
to try to find a better transport system.

Often, informational systems are built starting with a precise ideaabout what the result should look like. Thisisthe
reason why often, the solutions are not very creative, they are what one expected, and just work more or lesswell.

In the next approach, | tried to define only the most basic conditions for the situation before and after the work of the
system, without fixing how thiswill happen. Likethis, I hope we will find some new aspects of atransportation
system.
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3. EXTENDED TRANSPORTATION SYSTEM

The most important difference to the previous approach is, that the Extended Transportation System is considered as
acomplete system, able to transport TransportedObjects from one floor to another. We do not specify the exact form
of this system, aswe had done it before. The system can be an elevator, an escalator, etc... The system’s softwareis
represented as a black box, that isthe “brain”, and that is supposed to work. With this approach, it should be
possible to find a better and more general model for any transportation system. To design the software for the
system would then be the next step.
Basicideas are:
- aTransportedObjectActor isidentified by the system. For the example of an elevator, this means:
the system knows which person entering a cabin has pressed which button.
- TransportedObjectActors have to specify the destinationFloor at the moment they request a
transport. Thiswill be agreat help for the optimization of the system.
- TransportedObjectActors can cancel the requested transport as long as they are not yet being
transported.
- Thewishes entered by TransportedObjectActors are managed by the ETS itself, centrally, and not
given to atransport-mean (like the cabin). This should |et the system be able to react more flexible
to changes of the wishes.

3.1 Busness | mplementation Spec

3.1.1 Snapshots

Asyou will seeinthe Snapshot Diagrams, there are no cabins or similar elevator-hardware objects. Thisis because
at this point of abstraction, the ETSis considered as one actor, the decomposition of it into it’s parts will happen in
the next phase.

You will also notice that | did no longer differentiate between TransportRequest and TransportTxn. The only “thing”
aTOActor can createis a WishObject, that is arepresentation of it’ sreal “to-be-transported” wish.

All we know and are able to draw is the situation before, during and after the existence of such a WishObject.
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10:Bl _Snapshot<initial> (Collabor ation Diagram)

X

M.Bleu_TransportedObjectActor

locationF1
f1:FloorObject T
f1
ETS
f2:FloorObject
A
2
f3:FloorObject
3

f4:FloorObject

o

Pe i

BuildingActor

Figure 1. 10:Bl_Snapshot<initial> (Collabor ation Diagram)
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11:Bl_Snapshot<after WishEntered> (Collaboration Diagram)

This bidirectional association is necessary,
because the ETS has to be able to access the
locationFloor of the TransportedObjectActor.
As the WishObiject exists almost only in the
Brain of the TOActor, this is an acceptable

solution.
\
\
\
\
\
\
\
\ . .
wO:WishObject
tO wO N
/ recordedWO
M.Bleu_TransportedObjectActor //
4 /
/ /
/ //
// i //
/IocatlonFl /
//
f1:FloorObject // ETS
1 /
it /
d //
/// /
e _4 f2:FloorObject /
7 -
/// //// f2 //
7 -~ /
/// ///// /
7 - /
// /// //
I -
%//// ___  f3:FloorObject /
. 3 //
i i \\\ / . .
BuildingActor ~\\\\\ //dest|nat|onF4

-
~~
~—
~~
-

) f4:FloorObject

4

Figure 2. 11:Bl_Snapshot<after WishEntered> (Collabor ation Diagram)
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12:Bl _Snapshot<final> (Collaboration Diagram)

1
M.Bleu_TransportedObjectActor

f1:FloorObiject ETS

f2:FloorObject
i /

BuildingActor

3 f3:FloorObject

locationF4

f4 f4:FloorObject

Figure 3. 12:Bl_Snapshot<final> (Collaboration Diagram)
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3.1.2 Collaboration Mode

The Collaboration Diagram looks exactly as the one for the previous Transportation System, but it’ s description has

changed alot.
One transport Use Case represents the satisfaction of one wish of one TransportedObjectActor, and that’siit.

~

~<
~
~.
~<
~

7T - ETS

BuildingActor
Figure 4. 20:Bl_Collaboration (Collaboration Diagram)

Collaboration Description

Collaboration: transport

Purpose

Satisfy the Wish of a TrangportedObject. A Wish is: get from one floor to another floor.

Policies

UC P1: A Wish can be expressed by any actor interacting with the Extended
Trangportation System. For reason of amplicity, this actor is not represented in the
diagram: we assume the TransportedObject enteres the Wish. At thislevel of abdraction,
thisis acceptable; it does not matter who expressed the Wish.

UC_P2: The ExtendedTransportationSystem should provide the necessary hard- and
software to fulfill a Wish (or more Wishes a the same time).

58



Transportation System

UC _P3: The ExtendedTransportationSystem should be able to process severd Wishes at
the same time. Each of those Wishes istreated in one cycle of the transport Use Case
(severd ingtances of this UC can occur at the same time).

UC P4 Theratio (ariva_time — request_time) / abs(destination_floor — departure_floor)
should be as small as possible for each Wigh!

Parameters

one TransportedObject, one locationFl oor, one destinationF oor

Pre-Conditions

A Building with a certain number of Hoors exids.
TransportedObject exists.

Post-Conditions

The Wish is satisfied, i.e. the TrangportedObject is now associated with the
destinationHoor of the Wish.
The Wish has disappeared.
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3.1.3 Objects Model

In thisdiagram, only the objects that are not a part of the system are represented. The WishObject isakind of a
representation of an ideain the brain of the TransportedObjectActor, but in the viewpoint of an external observer.
All we seein this WishObject isthat a certain TOActor wants to be transported from it’ s current locationFloor to a
certain destinationFloor. If it wasthe real wish inside the TOActor’ s head, we would also know why it wants to be
transported, how important the wish isto it etc.

WishObject
wO multipleWO

ETS

to destinationF
FloorObject
locationF multipleF BuildingActor
TransportedObjectActor

Figureb. 21:Bl_Object (Collaboration Diagram)

Glossary

BuildingActor

Modéd representing the building. A BuildingActor can have severd FloorObjects. The only
action of thisactor isto "tdl" the TrangportedObject on which floor it is.

ETS

Modd of the Extended Transportation Systemn, which represents any immaginable solution
to transport TransportedObjects from one Floor to another.

TrangportedObjectActor
Modd of an object that "wants' to be transported. Aswe assume that it has expressed the
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Wishitdf, it is an actor.

Floor Object
Modd representing one floor of the building, which can be served by the ETS.

WishObject

Modd of the wish a TransportedObject has communicated to the ETS. A Wish can only be:
to be trangported from one locationFH oor to a specified Floor.

3.2 System Spec

In the System Specification (I dropped the “Information Technology” in thetitle, because we are building a non-
informational model.), | tried to show the concepts that are within the ETS. But thistime, we have to be very careful
about what an “internal representation” of an object or an actor is.

3.2.1 Snapshots

Inthisfirst diagram, for instance, there are “ systeminternal” concepts, that trace the FloorObjects. A FloorObject
was defined above as the representation of afloor in the viewpoint of an third-person observer. Now, what isthe
representation of a FloorObject in the system? It is, what the system knows about afloor, i.e. where the floor can be
found, i.e. it isthe connection of the system to afloor.

The TransportMean concept could for instance be a cabin. Such an object has to be present inthe system, but it has
no representation outside the system’ s viewpoint.

If I wanted, | could have connected a concept called “brain” or “computer” to the ETS. Thiswould have been the
blackbox representing the software. But, as the software has to communicate with all the other concepts of the
system, we can simplify the diagram by saying that the software isbuilt intothe ETS.
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10:S Snapshot<initial> (Collabor ation Diagram)

Any ExtendedTransportationSystem must
have a "thing" that moves from floor to floor.
Otherwise it is not realistic.

LV

M.Bleu_TransportedObjectActor

locationFObj1

fObj1:FloorObject <trace>: | cTF1:ConnectionToFloor

fObj2:FloorObject <trace>: I cTF2:ConnectionToFloor
fObj2
,I fObj3:FloorObject <trace>: I CTF3:ConnectionToFloor
fObj3 —l
locationCTF3
cTF4
fObj4:FloorObject <trace>> I CcTF4:ConnectionToFloor r
fObj4

BuildingActor

Figure6. 10:S_Snapshot<initial> (Collaboration Diagram)
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11:S Snapshot<after WishEntered> (Collaboration Diagram)

In this diagram, the TOActor M.Bleuisalso traced by a“systeminternal” concept. How isthis possible? Isn’t there
only one TransportedObject, that entersinto the system? If we draw an internal TransportedObject, don’t we create a
software model of it, what we wanted to avoid?

Look at the diagram 14:S_BusinessModelizationExplanation to find the answers to those questions!

The sysem only records the wishes and

has acces to the TransportedObject and it's
locationCTF only through this Wish.

In the ETS viewpoint, this association becomes
one-directional: the main Actor TransportedObjectActor
becomes a secondary Object of the UseCase.

\,
\
i
wObj:WishObject trace>> \\ w:Wish
\ \ A ded
W
v‘vobl \ \ recorde
\ \
\ " N
\ MBleu \ initiatingTO1
- trace: tol:TransportedObject TransportMean
——
_.—="_ M.Bleu_TransportedObjectActor tm
I
|
| locationFObj1 locationCTFL
fObj1:FloorObject <trace: cTF1:ConnectionToFloor /
fO/lel cﬁl\\\\.
7/ —_——
yd fObj2:FloorObject <<trace>> cTF2:ConnectionToFioor [ 1 -
4
// fob% locationCTF2 _ 7 ETS
/ -7 -
7 N .
// 7 _| fobi3:FloorObject trac CcTF3:ConnectionToFloor | T3
/ s fOb73
7 -
7/ -
v -~
e
// //// fObj4:FloorObject trace: cTF4:ConnectionToFloor  ¢TF4
Z- —_— — | ————
£ - fObja destinationFObj4 destinationF4
BuildingActor

the TransportedObject tol is created, that is an object
representing the information the ETS has about M.Bleu.
ATTENTION: this object is neither a software component

As soon as M.Bleu communicates his wish to the ETS,
nor a real person!

Figure7.11:S Snapshot<after WishEntered> (Collaboration Diagram)
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12:S Snapshot<after TOActor AssociatedWithTransportM ean>
(Collaboration Diagram)

The association between tol and the TransportMean means that M .Bleu is now “on board” and being transported.
This causesthat M.Bleu is no longer ableto cancel the transport.

trace

wObj:WishObject

fobjf

fObj4

BuildingActor

fObj2:FloorObject

fObj%
.| fObj3:FloorObject

fOB3

'wObj

M.Bleu

w:Wish

recordedW

initiatingTO1

trace

M.Bleu_TransportedObjectActor

locationFObj1

fObj1:FloorObject trace

locationCTF2

<trace:

<<trace>>

trace:

fObj4:FloorObject
destinationFObj4

tol:TransportedObject

cTF1:ConnectionToFloor

cTF2:ConnectionToFloor

cTF3:ConnectionToFloor

cTF4:ConnectionToFloor

destinationCTF4

TransportMean
locationTM \7_

=

Figure8. 12:S Snapshot<after TOActor AssociatedWithTransportM ean> (Collabor ation

Diagram)
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13:S Snapshot<final> (Collaboration Diagram)

After thewish of M.Bleu isfulfilled, theinternal representation tol is deleted. If M.Bleu requests another transport,

another TransportedObject concept with a different name will be created.

M.BIeuiTranspolnedObJectAclor

fObj1:FloorObject
fobj1

<trace>>

cTF1:ConnectionToFloor
CTF1

fObj2:FloorObject
fobj2

fObj3:FloorObject

<trace>

fOobj3

<trace>

cTF3:ConnectionToFloor | ¢TF3,

cTF4

cTF4:ConnectionToFloor

fObj4:FloorObject
i /fObj 4 locationFObj4

BuildingActor

<trace>:

locationF4

cTF2:ConnectionToFloor ¢TE2 {
TS

tm:TransQonMean

Figure9. 13:S Snapshot<final> (Collaboration Diagram)

14.S BusinessM odelizationExplanation (Collaboration Diagram)

Now, with thisdiagram | tried to explain the basic idea of those representation concepts, that seem to be a bit

confusing if we model a non-software system.

M .Bleu, a TransportedObjectActor, is the representation of a person in the viewpoint of an external observer. This
representation isvery precise, it really contains everything this observer knows about M.Bleu.
Thisisthe viewpoint of the Business Specification Snapshot Diagrams, and al so the viewpoint of the left hand part

of the System Specification Snapshot Diagrams above.

In the right hand part of those diagrams, we see the representation of M.Bleu in the viewpoint of ETS. This
representation stands for what the ETS knows about M.Bleu, and it is called TransportedObject. Attributes of this

concept are for instance the locationConnectionToFl oor, a Wish, etc.

This representation exists only as long as the Wish M.Bleu has entered exists. Afterwards, it becomes unimportant

to the system and is dropped.
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Each of those 4 objects can exist at the same time, and all of them
trace the same "real" object.

Myself always exists, as long as M.Bleu is alive.

HumanObject and TransportedObject only exist during the time they are
of any importance in the corresponding viewpoint.

view of M.Bleu

Myself
view of Building
view of ETS
<<trace>> -
HumanObject ——<<trace>> <<trace>>—— TransportedObiject
M.Bleu

observer:

View of an external (neutral) Bl

Figure 10. 14:S BusinessM odelizationExplanation (Collaboration Diagram)

66



Transportation System

3.2.2 Use Cases M odel

In this sectionof the ETS model, the diagrams have not changed since the TS model, but take alook at the
descriptions, they have changed alot.

Cers s 8

TransportedObjectActol

AdministratorActor

BuildingActor

Figure1l. 20 S Usecase (Use Case Diagram)

System Policies and Patterns

S P1: TransportedObjectActor initidises the actions of the ETS.

S P2: The ETS hasinternd representations of the FloorObjects, of the WishObjects, AND
of the TrangportedObjectActor. Likethis, it is able to identify TransportedObjectActors
communicating with it, and to record the Tasks to fulfill and the location of a
TransportedObjectActor.

S P3: The ETS makes sure that no environmenta Actor can input illegd information. This
am isreached by limiting the possibilities of the input interfaces ( eg. severd numbered
buttonsinstead of atextfield).

S P4: The ETStries to minimize the trangport-time of each TOActor by adapting it's
decisons as the number of Wishes evolves.
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Use Case Description

Use Case: Transport

UC Purpose
A Wish of a TransgportedObjectActor is satisfied.

UC Palicies

P1: Each time a TrangportedObjectActor communicates with the ETS; it isidentified by the
ETS (associated with anew or an existing TransportedObject concept).

P2: The representation of a TrangportedObjectActor inthe ETS s limited to the time during
whichit is presart in the System's environment. (After afulfilled Wish, the corresponding
TransportedObject is deleted.)

P3: The TransportedObjectActor can cancel the UC, aslong asit isnot yet being
trangported (aslong asthe TO is not yet associated with a TransportMean).

P4: Once the TransportedObjectActor is associated with alocation TransportMean, it can
not changeit's Wish anymore. The ETSis now respongible to get it to theright
destinationFloor.

UC Parameters

IN: one destinationH oorNumber
IN: zero or one Cancel Parameter

UC Pre-Conditions

At least two Hoors exis.
ETSisrunning (thelast Action performed by the AdministratorActor was TS Start Up).

UC Post-Conditions

Wish does not exist.
The TransportedObjectActor is now associated with the destinationFH oor of the

(dlisappeared) Wish.
The TrangportedObjectActor has no TransportedObject concept representing it.
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21:S Activity (Activity Diagram)

Here, we have the same parallelism problem asinthe TS model. Again, | Ieft thislittle problem unresolved. Thisis
one of the details that indicate that this approach is not really satisfying. Asyou will see, | had to start over athird
time.

[ ETS Start Up ]

Attention: this diagram does not

show the possible parallelism between
different instances of the UC transport. [env.transport]
This parallelism is very difficult to show
and would complicate the diagram too
much.

[env.transport] transport [env.ETSShutDown

[env.ETSShutDown]

[ ETS Shut Down ]

®

Figure12. 21:S Activity (Activity Diagram)
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Transportation System

22 S Concept (Class Diagram)

The conceptual model was not very difficult to construct. On the System Snapshots, one sees every association that

was put into this diagram.

ATTENTION: the threelists may let you think of Javaclasses again. Thisisnot the case! A listis, asitiswrittenin
the glossary, just a concept referencing other concepts. | used them to show that there are multiple TransportMeans,

Wishs etc.
1
MySelf
1 1
1| transportMeanList 1 [ ctFloorList 1 | wishList
TransportMeanList ConnectionToFloorList WishList
TransportMean ConnectionToFloor Wish
1 1 1
> floorNumber S
locationCTFloor destinationCTFloor
1 \IocationTransportMean 11 locationCTFloor 1
1,10

TransportedObject

id

Figure13. 22 S Concept (Class Diagram)

70




Transportation System

Glossary

ConnectionT oFloor

The connection of the ETS to one FloorObject (for instance a door).

ConnectionToFloorList
Concept referencing al the ConnectionToF oor concepts.

MySelf

Concept used to represent what the ETS knows about itself and about it's environment.
It is created when the ETS is started up.
It is destroyed when the ETS is shut down.

TransportedObject

Concept representing one TransportedObjectActor.
(Look at the diagram 14:S _BusnessM oddlizationExplanation for more details about what
"representing”’ means)

TransportMean

The mean by which the ETS transports TransportedObjects (ETS has 1 or more
TrangportMeans). A TransportMean is Ssmply a“thing" that can carry & least one
TransportedObject and that is able to move from floor to floor.

TransportMeanList

Concept referencing al TransportMean concepts.
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Wish
Concept representing one WishObject.

(Look at the diagram 14:S BusinessM oddlizationExplanation for more details about what
"representing”’ means))

WishList

Concept referencing dl the Wish concepts.
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3.2.4 Partial System Activity

This diagram explainsitself. Just note the possibility for the TO to cancel atransport aslong asit is not yet

associated with a TransportM ean.

Pleas read the text in the comment box, that explains why this model isnot what | expected.

30:S _Activity<transport> (Activity Diagram)

enter Wish

create new TO

show confirmation message
(maybe also the estimated time for the transport)

( move TransportMean )7[env.cancel; TOActor is identified as initiator of this UC instancef——————————]

[TransportMean associated with locationCTFoor of TO]

show confirmation message
(maybe also the estimated time for the transport)

[no valid TOActor has entered transportMean}

[TOActor has entered transportMean; TOActor is identified as initiator of this UC instance]

associate TO with TransportMean
and tranport

[ show arrival confirmation message ]

The problem of this solution is, that one UseCase

instance only treats the transport of one TransportedObjectActor.

The ability of the system to transport multiple TOActors at the same
time is implemented by the possibility to execute multiple UseCase
instances in parallel.

If we want to reach a very high performance of the Extended
TransportationSystem, we would have to decide for one implementation
(for instance TransportMean = Cabin, ConnectionToFloor = Door,

Wish = Task) and to pass to methods of optimization of parallelisms.
This means: We would have to apply techniques that are not implementable
with UML.

Instead of this, | will try to find a solution allowing more than one TOActors
per UseCase instance. Like this, | will maybe be able to find a solution of
the optimization problem using UML.

AN

):[env.cancel; TOActor is identified as initiator of this UC instance] ™

cancel transport

@

Figure 14. 30:S_Activity<transport> (Activity Diagram)
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3.3 Conclusion

What has been reached:

- Inthis second approach, | made my first experiences with a completely new and rather confusing
idea: to model areal object like an elevator using UML. Even if itisrealy difficult, it works.

- | have understood now the difference between real objects and their representationsin concepts. |
have to admit that, if one designs software, this difference seemsto be clear, but in my case, it was
not. It was now, working on this new model, that | understood the meaning of atrace of an object
into the viewpoint of some other actor.

| found some interesting ideas about how to make a better transportation system. These are:
- TheTOActor should be identified and represented in the system.
- The TOActor should specify the destinationFloor at the moment it requests a transport.
- The TOActor should be able to cancel atransport.
- TheWishes should be managed centrally.

But...

As| have explained in the comment box of the last diagram, this model can not be optimized using UML. And using
other techniquesis not what | wanted. | wanted to find out if thereis apossibility to do this optimization with UML.
And, thereisapossibility.

Please read on.
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4. ETSVERSION TWO

The idea of this new approach isto allow multiple TOActors entering wishes for one Use Case instance. Aswe
alwaystreat one Use Case atimein UML, we did not have the possibility to model the parallelism of different
transports before. With this new approach, thiswill be possible.

4.1 Busness | mplementation Spec

4.1.1 Snapshots

In each Snapshot, we have now two TransportedObjectActors, that have different desires and that have to be

satisfied somehow.

10:BI_Snapshot<initial> (Collabor ation Diagram)

f1:FloorObject

M.Bleu_TransportedObjectActor

locationF1

f1

f2:FloorObject

¥ —

Buildingkctor

ETS

f3:FloorObject

Mme.Vert_TransportedObjectActor

locationF3

" f4:FloorObject

Figure 1. 10:BI_Snapshot<initial> (Collabor ation Diagram)
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11:Bl_Snapshot<after WishesEntered> (Collabor ation Diagram)

wO1:WishObject
M.Bleu wO1
M.Bleu_T jectAs recordedWO1
f1:FloorObiect eu_TransportedObjectActor
locationF1
fl destinationF1

X

ETS
f2:FloorObject
i 02:WishObject
f2 Mme.Vert wO?2 ¥ - e recordedWO2

Buildingkctor Mme.Vert_TransportedObjectActor

f3:FloorObject locationF3

f4:FloorObject

destinationF4

Figure 2. 11:Bl_Snapshot<after WishesEntered> (Collaboration Diagram)
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12:Bl _Snapshot<final> (Collaboration Diagram)

Thisisthe final Snapshot. Until now everything works exactly in the same manner as in the previous approach,
simply for two TOActors instead of one.

. ‘ M.BleuiTranspolrtedObjeclActor
f1:FloorObject

fl locationF1

ETS

f2:FloorObject

BuildingActor

X Mme.Vert_TransportedObjectActor
f3:FloorObject

f4:FloorObject

Figure 3. 12:Bl_Snapshot<final> (Collaboration Diagram)
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4.1.2 Collaboration M odd

several Il‘

e W~

Transported Obj\e\ctAchr

N

S ———o '®)
P ~~o _\I B
(_ transport ) T
\\\\\\ -~ A
/// —————— // \\
s ETS

BuildingActor
Figure4. 20:Bl_Collaboration (Collaboration Diagram)

Collaboration Description

Collaboration: transport

Purpose

Satisfy the Wishes of severd TrangportedObjects (at least one Wish per TO). A Wishis: get
from one floor to another floor.

Policies

UC _P1: A Wish can be expressed by any actor interacting with the Extended
Trangportation System. For reason of smplicity, this actor is not represented in the
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diagram: we assume that each TransportedObject enteres it's Wish. At thisleve of
abgtraction, thisis acceptable; it does not matter who expressed the Wish.

UC_P2: The ExtendedTransportationSystem should provide the necessary hard- and
software to fulfill al Wishes of al TrangportedObjects.

UC P3: Theratio (arriva_time - request_time) / abs(destinatio_floor - departure floor)
should be as smdl as possible for each Wish!

UC_P4: Only one UC ingtance may occur at atime. UC startswhen system isidle and one
TOActor enters a Wish, and it ends when no more Wishes are pending.

UC_P5: During one lifecycle of atransport UC, new Wishes can be entered at any time.

Parameters

one or more TransportedObjects, one or more locationFl oors, one or more destinationF oors

Pre-Conditions

A Building with a certain number of Hoors exids.
At least one TransportedObject exists.

Post-Conditions
All Wishesthat were entered are satisfied, i.e. every TransportedObjectActor is now

asociated with the destinationH oor of its last Wish.
All Wishes have disappeared.
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4.1.3 Objects M odel

The Object Diagram has not changed at al. The framework of the objects outside the system remains the same.

WishObiject
wO multipleWO
ETS
to destinationF
]
FloorObject
locationF multipleF

BuildingActor
TransportedObjectActor

Figureb. 21:Bl_Object (Collaboration Diagram)

Glossary

BuildingActor

Modd representing the building. A BuildingActor can have severd HoorObjects. The only
action of thisactor isto "tdl" a TrangportedObject on which floor it is.

ETS

Modd of the Extended Transportation System, which represents any immaginable solution
to transport TrangportedObjects from one Floor to another.

TrangportedObjectActor

Modd of an object that "wants' to be transported. Aswe assume that it has expressed the
Wishitsdlf, it isan actor.
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Floor Obj ect
Modd representing one floor of the building, which can be served by the ETS.

WishObject

Modd of the wish a TransportedObject has communicated to the ETS. A Wish can only be:
to be transported from one locationFloor to a specified Floor.
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4.2 System Spec

4.2.1 Snapshots

The System Snapshots are exactly the same asin the last approach, too. But: | cut away some Snapshots. Thisis
because we do not know how the system transports the two TOActors, which oneis served fist, which oneis
associated to which TransportM ean, how many TransportMeans are available, etc.

So | only made one Snapshot before the wishes have been expressed, one after, and one after the satisfaction of both
wishes.

10:SI_Snapshot<initial> (Collabor ation Diagram)

TransportMean is missing,

because we do not know how

Ift moxes in this L,\JAC (who is ser\_/lecgI )
. irst, how many Means are available...).
M.Bleu_TransportedObjectActor Of course, a TransportMean is still
necessary for the system to work.

locationFObj1

fObj1:FloorObject <trace>: I CcTF1:ConnectionToFloor l

TObiL CTF1

fObj2:FloorObject <trace>: I CcTF2:ConnectionToFloor
CcTF2
fObj2
VA
ETS
Mme.Vert_TransportedObjectActor
<<trace>> { cTF3:ConnectionToFloor [ ¢y

BuildingActor
CTF4
fobja [

fObj4:FloorObject <trace>: | CTF4:ConnectionToFloor [
Figure6. 10:SI_Snapshot<initial> (Collabor ation Diagram)
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11:SlI_Snapshot<after WishesEntered> (Collabor ation Diagram)

wObj1:WishObject <trace>: wil:Wish
recordedw1
initiatingTO1
<trace>: tol:TransportedObject
M.Bleu_TransportedObjectActor
locationFObj1 locationCTF1
fObj1:FloorObject <trace>> cTF1:ConnectionToFloor
inati CTF1
destinationFObj1 destinationCTF1
fObj2:FloorObject <trace>: CcTF2:ConnectionToFloor
cTF2
£
wObj2:WishObject -<<trace>>- w2:Wish
recordedW2
Mme.Vert initiatingTO2
<trace>: to2:TransportedObject
Mme.Vert_TransportedObjectActor
BuildingActor locationCTF3 CTF3
fObj3:FloorObject <trace>: CcTF3:ConnectionToFloor
destinationCTF4 CTF4
fobj4 fObj4:FloorObject tract cTF4:ConnectionToFloor
destinationFObj4

Figure7.11:S_Snapshot<after WishesEntered> (Collabor ation Diagram)
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12:Sl_Snapshot<final> (Collaboration Diagram)

N\
M.Bleu_TransportedObjectActor

fObj1:FloorObject
fObj1

fObj2:FloorObject

Obj2

fObj3:FloorObject

fob]3

BuildingActor locationFObj4

fObj4:FloorObject

<trace>> | cTF1:ConnectionToFloor l
. . cTF1
locationFObj1

<trace>: I CcTF2:ConnectionToFloor

cTF2
Mme.Vert_TransportedObjectActor
<trace>: I CcTF3:ConnectionToFloor cTF3
CTF4
<trace> |

fObja

CTF4:ConnectionToFloor [

Figure 8. 12:Sl_Snapshot<final> (Collaboration Diagram)
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4.2.2 Use Cases Model

In the new system policies and in the Use Case description, | set up the rules for the multiple-user-Use Case

“transport”.
several EI

ETS i

// .
///Transported ObjectActor

-~

BuildingActor

Figure9. 20 S UseCase (Use Case Diagram)

System Policies and Patterns

S P1: TransportedObjectActorsinitialise the actions of the ETS.

S P2: The ETS hasinterna representations of the FloorObjects, of the WishObjects, AND
of the TrangportedObjectActors. Likethis, it is able to identify TransportedObjectActors
communicating with it, and to record the Tasks to fulfill and the location of each
TrangportedObjectActor.

S P3: The ETS makes sure that no environmenta Actor can input illegd information. This
amisreached by limiting the input interfaces ( for instance saveral numbered buttons
instead of atextfidd).

S P4: The ETS tries to minimize the trangport-time of each TOActor by adapting it's
decisons as the number of Wishes evolves.

85



Transportation System

Use Case Description

Use Case: Transport

UC Purpose
The Wishes of one or severa TransportedObjectActors are satisfied.

UC Palicies

P1: Each time a TrangportedObjectActor communicates with the ETS; it isidentified by the
ETS (associated with anew or an existing TransportedObject concept).

P2: The representation of a TrangportedObjectActor in the ETS s limited to the time during
which it is present in the System's environment. (After aWish isfulfilled, the

corresponding TransportedObject is deleted.)

P3: The TransportedObjectActor can cancd it's transport, aslong asit is not yet being
trangported (i.e. not yet associated with a TransportMean).

P4: Once the TransportedObjectActor is associated with alocation TransportMean, it can
not change it's Wish anymore. The ETS is now responsible to get it to theright
destinationFloor.

P5: Each TransportedObject (i. e. representation of a TransportedObjectActor) can only
have one Wish and exigts only aslong asthis Wish exigts.

UC Parameters

IN: one or more IdentificationParameters of a TrangportedObjectActor
IN: one or more destinationFloorNumbers
IN: zero or more Cancel Parameters

UC Pre-Conditions

At lesst two Hoors exis.
ETSisrunning (the last Action performed by the AdminigtratorActor was TS Start Up).

UC Post-Conditions

No Wish exigts.
Every TransportedObject has been associated with the destinationCTF of it's Wish and has

been deleted.
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21:S Activity (Activity Diagram)

This System Activity Diagram is completely correct. Only oneinstance of the Use Case “transport” isrunnig at a
time. It ends, if all wishesthat have ever been entered are satisfied, and now, at the next entered wish, anew Use

Case instance starts.
®

[ ETS Start Up j

[env.transport]

[env.transport] [ transport j [env.ETSShutDown]

[env.ETSShutDown]

[ ETS Shut Down ]

®

Figure 10. 21:S Activity (Activity Diagram)
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4.2.3 Conceptual Model

The Concept Diagram is exactly the same asin the ETS, versionl. The framework of the whole system did not

change. But what has changed, is the way in which actions are described. That iswhy the hard part begins with the

next step.

22 S Concept (Class Diagram)

one can see clearly the step necessary

to pass from System spec. to the Implementation.
In System spec, we do not have to decide which
practical implementation we will use.

]

1
MySelf
1 1
1], transportMeanList 1], ctFloorList 1,],wishList
TransportMeanList ConnectionToFloorList WishList
TransportMean ConnectionToFloor Wish
1 1 1 1
- floorNumber ———
locationCTFloor destinationCTFloor
1 '\ocationTransponMean 1"J locationCTFloor 1
1,10
i TransportedObject
id
1

Figurell. 22 S Concept (Class Diagram)

Glossary

ConnectionT oFloor

The connection of the ETS to one FloorObject (for instance a door).
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ConnectionToFloorList

Concept referencing al the ConnectionToFloor concepts.

MySelf

Concept used to represent what the ETS knows about itself and about it's environment.
It is created when the ETS is started up.
It is destroyed when the ETS is shut down.

TransportedObject

Concept representing the information about one TransportedObjectActor inthe ETS
viewpoint.

TransportMean
The mean by which the ETS transports TransportedObjects (ETS has 1 or more

TrangportMeans). A TransportMean is Ssmply a“thing" that can carry &t least one
TransportedObject and that is able to move from floor to floor.

TransportMeanList

Concept referencing al TrangportMean concepts.

Wish
Concept representing the information about one WishObject in the ETS viewpoint.

WishList

Concept referencing dl the Wish concepts.
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4.2.4 Partial System Activity

Now, we have to describe the possible order of actions during the lifecycle of one “transport” Use Case instance. So,
how do we show the option of several actions occurring in parallel? The problem is, that we do not know when a
new transport will be requested. It can happen at any time during the runtime of the other transports.

30:S Activity<transportExperimental> (Activity Diagram)

| first made a simplified model with only three actions (enter Wish => transport TO => delete Wish).

Asyou can seein this diagram, the used technique leads to a monstrous web of wildly connected actions. | have
even left away the conditions on the graphs, and it is, for only two transports at one time, a complicated web of
actions. Thereisno hopein finding asolution like this.

using a simplified main course of events (enter Wish, transport TO, delete Wish).

enter Wishl
and Wish2

But the web this technique creates is much too complicated.

This diagram shows a possible representation of the parallelism within one UseCase Ij

enter Wishl

enter Wish2 and
transport TO1

transport TO1 transport TO1
and TO2

delete Wish1
and Wish2

enter Wish2
and delete Wish1

delete Wish1 transport TO2
and delete Wish1

transport TO2 delete Wish2

delete Wish2

Figure 12. 30:S_Activity<transportExperimental> (Activity Diagram)
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31:S Activity<transportExperimental Two> (Activity Diagram)

But fortunately, | have found areally nice solution for this problem. Read the comment box for further details.

enter Wish

[env.enterWish]

[env.enterWish]

transport TO

delete Wish

®

Using complex transitions, that indicate optional
parallelisms, the experimental diagram becomes
extremely simple.

As soon as a TO enters a Wish, we have to transport
it and we have to delete the Wish.

But, at any time, there is the option to enter a new Wish,

whose lifecycle will then be completed in parrallel to the
other Wishes' lifecycles.

The UseCase does not end before every single Wish
has been deleted, i.e. before every running livecycle
has reached the end point.

Now, let's write the complete activity diagram wih
the cancel possibility in this form.
-> 32:S_Activity<transport>

AN

Figure 13. 31:S Activity<transportExperimental Two> (Activity Diagram)
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32:S Activity<transport> (Activity Diagram)

And hereisthe complete transport Activity Diagram in this new form allowing parallelisms using complex
transitions.

[env.ent

erWish]

Ir |
72
|
erWish]

[env.ent

[env.enterWish]

|
1
e
|
|
|
|

enter Wish

be reached.

Ideas for the continuation: . .
- in the Object Design phase, the goal of a minimized transport-time for each wish should

- for this reason, a more precise decision has to be taken about which
TransportMean to use (elevator, escalator, etc...)

- one can also try to find a optimal solution knowing the capacity the ETS must have (i.e.
the statistical number of TransportedObijects using it at the same time).
- it would be interesting to make different implementations for different TransportMeans

| and to compare them for different capacity requirements
A'A - some of the properties described in the Business and System Spec. may be left away

[env.enterWish]

create new TO

for some of those different implementations (for instance the ability to identify a TO).

I

\

[env.enterWish]

show confirmation messa?I
(maybe also the estimated time for the transport)

[env.enterWish]

If TransportMean moves to the right direction,
do not change it.

3

move TransportMean

[TransportMean associated with locationCTFoor of TO]

H_

(

show confirmation message
(maybe also the estimated time for the transport)

T

associate TOActor with TransportMean
and tranport

)

-

( show arrival confirmation message )

[env.cancel; TOActor is identified as initiator of this lifecycle]

{env.cancel; TOActor is identified as initiator of this UC instance] ———
{no valid TOActor has entered transportMean] ———

[TOActor has entered transportMean; TOActor is identified as initiator of this UC instance]

©-

Figure14. 32:S Activity<transport> (Activity Diagram)
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4.3 Conclusion

What has been reached:

- | made an important first step to avery interesting model. Everything is ready to continue this
work and | am convinced that thistime, we are on the right way

- Therecursive parallelismrepresentation is anice idea. What advantagesit really bringsis not yet
known. Thiswould be discovered by a continuation of the project.

- I think what | have done so far can be considered as a proof that UML can be used to optimize the
handling of actions occurring in parallel.

How to continue:

Asyou can read in the comment-box of the last diagram, the plan isto try out models of different hardware
implementations.
For the example of an escalator, you would probably find the following properties:
- A TransportedObjectActor requests atransport by stepping onto the escalator. Thismeansthetime
of the request equals the time of it’ s association to the TransportM ean.
- A Wish can only have a destinationFloor that is the locationFloor + or — 1.
- The TransportedObjectActor isidentified by it’sweight, and by the moment thisweight is
detected by the motor of the escalator. (This does not mean the TOActor isidentified by the
software of the escalator, but that the motor is aware of the presence of the TO.)

Now...

Unfortunately, | had to stop this project, because the semester is finished.

Now, it’syour turn, dear reader. Are you interested in how this development could go on?

Have you some good ideas how to work on with this project?

Or would you start it over from the very beginning and do everything in a better way?

Well, just doit.

Diveinto the world of UML and Object Oriented Analysis and Design and find out how interesting and useful all
this can be.
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5. APPENDI X

5.1 Java Code

Y ou will find the Javafilesin the project directory.
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