I. Troch, F. Breitenecker, eds.  ISBN 978-3-901608-35-3

A HYBRID MODEL FORSIMULATING ROOM MANAGEMENT
INCLUDING VACATION TIMES

S. Taubdck N. Poppet, M. Brucknel? D. Wiegand, S. Emrich, S. Mesié¢
) Vienna University of Technology, Vienna, Austria;
Zdie Drahtwarenhandlung” - Simulation Services, Vi@nAustria

Corresponding Author: S. Taubdck, Vienna Universityr echnology, Inst. f. Analysis a. Scientific Cputing
Wiedner Hauptstrasse 8 - 10, 1040 Wien, Ausstiabnam t auboeck+e101@ uwi en. ac. at

Abstract. Aim of this project as a part of the simulatiorstem <more space> is to simulate the
movement of students between lecture rooms, atignttieir regular curriculum to implement
dynamic vacation times. Major outcome is the caltad time which they need to move from a
starting point (for example an auditorium) to amuottocation (arrival point). The program is
realized in the object-oriented programming languddAVA” and connected to “Enterprise
Dynamics”. Modeling approaches di@ellular Automata” (CA) and discrete simulatidrecause
the literature of this approach is widely spreaut] after analysis of the project, the cost-benefit
calculation for this modeling was the best. Oneaamtlvge especially shows that the CA can
manage the dynamic behavior of the students findrraore efficient. This justifies the cost of
planning and implementation of the correspondirtgriaces.

The goal of the projectmore-space>is to develop software that shall support the ipitagp phase

of “University2015” - a project of the Vienna Unigity of Technology (TU Vienna) to renovate
all university buildings and to improve the exigtimfrastructure and the inherent processes - by
determining and evaluating the (spatial) resouregsiired and introducing a model for the room
management that can simulate the usage of resotorags#imize the planning of the rooms and
the future “real-life” usage. The dynamic model lempented in“Enterprise Dynamics”is the
main model and simulation system including the datalel, process descriptions and dynamic
behaviour as using of resources depending on diffesystem or environmental dependencies.

1 Introduction

The project<more-space>was launched to develop software that shall suppwe planning phase of
“University2015”. “University2015” is a project athe Vienna University of Technology (TU Vienna) to
renovate all university buildings and to improve #xisting infrastructure and the inherent processthis shall
also be done by determining and evaluating theti@paesources required. In 2008 the working group
consisting of the Research Group for Mathematicati®ling and Simulation and the Research GroupRieal
Estate Development and Management at the Viennaelhily of Technology were asked by GUT TU, co-
responsible for Project Management of “Univercif§13”, to introduce a model for the room managentieat
can simulate the usage of resources to optimizeltrening of the rooms and the future usage.

A classical discrete event simulator was chosemlaeelop the dynamic simulation including featurge |
different possibilities of room selection, diffetemanagement of the resources, variability of @as<lass
structures and number of students - only to merdaidew of the features. This discrete dynamic sataul was
combined with - and is guided by - methods and gdaces of the real estate management like buspressss
models. In the course of developing the first stadhe working group identified two main problerhattare
different to tasks which are normally solved byssiaal discrete event models. On one hand thefacts to
data collection and booking system had to be imgdoand standardized. Booking features and also the
representation of data was not sufficiently optiizeither to the needs of the simulation tool tied to be
implemented nor to the needs of the future booldypstem that has to be simulated. On the other Hiaad
buildings of the Vienna University of Technologyas the university will not move out of the city \dienna —
remain very scattered over a few districts of titg. cTherefore a simulation of room booking andilfac
management has to implement different kinds of trawatimes for students and teachers. Even more the
problem of different structured buildings withiretluniversity had to be implemented and therefoenea big
variety of vacation times even between classrooittimsome buildings.

The idea was to combine the classical discretelaiion approach (because of its many advantaggaestions
of room booking, event queues, managing differamnipers and kinds of servers) with a classical tzllu
automata to implement not only vacation times betwbuildings in different areas but also vacationes
within the buildings itself. This system is furthesre backuped with a dynamic computation of vacatiad
room clearance times in Taylor ED, as for statices (i.e. areas were the vacation times to néerdiffluenced
by dynamic parameters) values can be computeckidigtrete simulator itself. As a result using Ghsadded
value is given, as such models can — with some fications — could be used for simulation of escepées in
emergency cases as well. [3]
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Implementing the hybrid system different problenassw. For example questions of solving interfacgbfems
between Taylor ED and the CA implemented in JAVAI ha be solved. Another question was to solve the
problem of importing a huge amount of building datthat changes more or less often - into the Gellu
Automata.

2 Hybrid Mode

Main elements of the hybrid model are "Studentssé entities are moving through the existing ttirecof CA
i.e. the “Building structure”. The building structuis processed on basis of CAD plans of the ngisli The
students are forwarded from the simulation from BB processed as long as they do not reach tbairagd
then send back to EDn order to make a smooth cooperation and for aatmm the capture of data, the
following approaches have been chosen.

2.1 Representation of Building Structures

Building Structures are based on plans and CAD D[dtahe University. At the moment those data is
transformed manually to the needed structure destrin the following part. As planed for future \img
processes those representation of different argamwhe building should be integrated into thedfications
for architects and planning offices to improve $peed of integrating different plans into the siatioh system.
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Figure 1 GUI in JAVA with CA of the currently simulated lelve

The building structure and related data are sasexhdmage file in the Portable Network graphipsg) format

and additional information is stored in two texesi - (.txt) files. The image file includes the gnal plan of the
section that should be read and represents thetwteuof the Cellular Automata and the room arrameyat

(subdivision in private rooms and lecture hall® ftaircases and the corridors (see Figure 1).uBecalevators
are not implemented in the simulation at the moriiety are inked in the color code "NO PASS", samsrea
which is not accessible for students. Staircasesuaidivided in "UPSTAIRS and DOWNSTAIRS" . Thesea
for this is because there is a difference betwberaverage speeds a person can have upstairs nstaing.

While the upstairs velocity is approximately 0.61set you can move downstairs about 0.71 m/sec. Wéh
color code "CORRIDOR" in the image file the cornig@re marked which you can cross with 1.34 m/Sbis
is also the last of the three different speeds dhatused in the simulation. Color code "PRIVATE@®®" are
rooms such as offices, toilets, or similar markeucl are not of direct benefit for students, whitslL ASS
ROOM" indicates space for the pure teaching (lectaoms, laboratories, etc.). Furthermore we hheeatea
"WALL" which represents the walls, "OUTDOOR" repeass the external areal and "TEXT", indicates taxt
the graphic file that can give additional inforneaiti Plans of the buildings are at the moment ség@riato
different areas; mostly one wing of one level isrstl in one .png file. The corresponding levelsvorgs are
connected via stairs (up- or down) or exits whigh@ded in a relatable way.

1699



I. Troch, F. Breitenecker, eds.  ISBN 978-3-901608-35-3

The first text file contains general informatioroabthe colors. Information is given for all terifdrent types of
ground a particle can reach. Those colors haveststéndard for all maps within the whole simulatéond can
not be changed.

B ObjekiColors - Editor

Datei Bearbeiten Format  Ansicht

¥——- REE values ——-—

253 253 255 CORRIDOR
253 232 232 UPSTAIRS
232 232 253 DOWNSTAIRS
o o 0 WALL

196 1%a 255 CUTDOOR

255 1596 196 PRIWVATE ROOMS
196 253 196 CLASS ROOMS
173 173 173 MO PASS

0 128 255 WIMNDOW

1 1 1 TEXT

Figure 2 Text File describing the different colors for difént areas within the Cellular Automata

The second text file is especially for each imalgeand contains information about the colors Hrat used only
in this image. This information is required to cennthe single Cellular Automata, as a lot of défg automata
are processed on basis of one single plan. So wethadistinguish between exit of a particle betwesgit of a
building or into a lecture room. In these casespidugicle returns to the discrete Taylor ED model Eaves the
CA model. The other possibility is - as mentionexzkiting one CA model via stairs or an exit to dmutlevel or
wing of one building.

! CellularAutomatonAF - Editor g@g|

Datei Beatbeitem Format  Ansicht 7

oL ovalid keywords 11!

*

# LOCATION CEuilding floor)

# ROCM {Name ColorRce)

# GATE {Name ColorRice nextcellularadtomata)
# STAIR {Name ColorrRGE)

# ELEWVATCR {Mame B

*

*

*

LOCATION A 1

ROOM HZ1 255 255 1

ROOM H=52 255 255 2

ROOM H=3 255 255 3

GATE A_G_1_2 255 155 51 CelTuTarAut omat onsG
STAIR A5 1 1 255 155 100

STAIR A_S_1 2 255 155 101

Figure 3 Text File describing special information for evémgtance of the Cellular Automata

In this case exit IDs are used as shown in Figufer 3dentifying the following CA which the partielhas to
enter. For this reason a few “Key Words” are alldw&o mention LOCATION, ROOM, GATE, STAIR or
ELEVATOR. These “Key Words” can have additionalamhation about the change between the two different
Cellular Automatas, for example information abdw building number and the level where the CA ¢ated or

as well information about gates and stairs and lwiither CA they are connected to. Last but nottlatso
information about the different lecture rooms isled for every CA for additional information.

The whole structure of the systems is very simfleis simplification was a main goal in planning and
structuring the whole simulation set. On one hadrel data interface for getting information is coropted as
plans change very often. For this reason the iterShould be very easy to use not only for memblktise
research group but also for architects or othesqrex working with the plans. As mentioned abovéuinre
work processes even the producers of such plansdshe able to more or less automatically implement
sufficient level of information for exporting datta the simulation system in their CAD softwarethis case the
best quality of information could be provided.
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For this reason a mode was chosen, were dataireedafot with classical matrices but with simpléoca@odes,
which are defined in one of the text files. On titleer hand - as described above - the simulatisrtdndandle a
huge amount of data. Vienna University of Technglbgs to coordinate over 9.000 rooms in about J6abb
spread over the whole inner city of Vienna. A tdtabr area of about 276.000 square meters woiddIltrén a
total matrix size for the CA of about 17.700.000sc€To handle those sizes two strategies wereemphted.
First of all the size of the matrices are not cansbut variable to reduce the amount of cellsoBddor this
reason and for future parallelization reasons thegpwere cut into a lot of different, small sulaes to process
them in an easy way. So the question of how to eointie different Cellular Automata instances rel(will be)
of big importance.

Figure 4 26 Buildings with about 276.000 Square Meters tibdalr area have to be integrated into the CellAlatomata

2.2 Cellular Automatas

The Cellular Automatas for different levels are mected at certain points, the gates or stairs. Iupsructure
of the cellular automata is a weighted undirecteaply. Nodesare stairs, rooms and gat&siges are the routes
between the nodes with the distance as weightrderdo search for the shortest route across se@éms the
Dijkstra algorithm is used.

So subdividing the CA with a size of about 18 Miflicells into a number of “Sub-CAs” was describedhie
chapter above. The reason for this high amounteti§ cesults as the size of a cell is assumed @itf25 x
0.125m - 64 cells per square meter, This assungpti@d to be made to make the data connection to CAD
possible on the one hand, and on the other handach a sufficient grade of details for implemegtthe
simulation system. Each student occupies 4 x 4 celD.5 x 0.5 m value in normal transport areasthe value
is different for students in class rooms for examjh conclusion cell sizes are not constant, apgaally the
amount of cells a student needs. A reason forddisbe found in the different ways the area a siiudeeds is
computed in the “real life” system. As student spaclecture rooms is computed directly from theofl area in
the specific lecture room, in laboratories theaitn is of course totally different. A fixed nunmbaf working
places are here to be used, no matter how bigabmn iis on the plan or in “real life”. This is onby small
example of how different the systems, measuregeaidsituations are handled - and so have to bdlédmand
computed within the simulation system.

For speed values of individuals in the system sifoemation is described in Chapter 2.1 as the @pesults of
the different grounds particles can walk over. Whiih stairs the upstairs velocity is approxima@BL m/sec a
individual can move downstairs with about 0.71 ro/$@n corridors particles can cross with 1.34 m/d@at the
ground is not the only influence on speed of indiingls. Another influence is the density of partdie an area.
This is well known from simulation tools for escapmites in emergency situations and was also takeh
integrated in the model.

At the moment two additional points are examined. dde hand the question whether the areas betvingen t
different buildings should be implemented via CAsot. As mentioned above in the outlines of theuation
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structure this idea was integrated. At the momesdults are not significant, whether the amount of
computational time is reasonable. Results of test® to be validated, at the moment the idea ofbdoimg an
Agent Based simulation as it is used in [2] is ekwd. On the other hand interfaces to integrataralece time
for different types of lectures in different typafsrooms have to be integrated into the systemeds w

3 Interface between JAVA and Taylor ED

Because the JAVA program for Cellular Automatafiscourse only a part of the simulation systemisit
necessary for data exchange to establish a coonebigtween the two simulations. This interface was
implemented with the aid of the Transmission Cdrmmtocol and the Internet Protocol, or short TGP.

3.1 JavaCelular Automata

Basically, the communication is divided into twdfeient parts sending and the receiving data. Difiees
between these two states are the allocation obs@mwd client functions. In the implementation lugtinterface

Student flow Simulation

Cellulare Automata

CellularAutomatonAF ¥

Downstairs Spe

1P: 127,001
Port: 7122

JAVA

Port: 7123
CORRIDOR
op

DOWNSTARRS
Pwae
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PRIVATE ROOMS
CLASS ROOMS
NO PASS
[ winoow
Prexr

Figure 5 Representation of the Interface in JAVA GUI

it is only a unidirectional traffic towards seryaossible, however, for this simulation bidirectibdata traffic is
required, so both JAVA and ED act as server armhtht the same time.

The red area in the picture shows the most impbitdarmation for communicating. From starting abahe
first three lines contains information about the/®Aclient. In our case, both programs are runningle same
computer so JAVA can send data to the ED servelewhis sending to the host "local host", the Ibapk
address "127.0.0.1" and the port 7122. Convers&l§AJacts as a server and receives data on port.7I88
underlying two yellow boxes with the content “JAVAEnd “ED” represent the two programs, which are
connected via a network. The status of the conmedtied is a disturbed connection) will be symbmli the
two bars in the middle. Faultless connection is\iaigd with green color. The status check is redlizéh the
aid of a well defined message ("PING") by sendiranf JAVA in a parametric time interval to ED who shu
respond with the message ("ALIVE") in also a paraimdime.

3.2 Discrete Event Simulation in Taylor ED

Taylor ED offers several Interfaces to communioaith external programs, for example DDE and ADO for
communication with databases.

e 4d script commandfr execution of DDL functions
» Exchange of socket messages to allow communicaizothe TCP/IP ports
» Sending and receiving emaits communicate worldwide

For this particular simulation the communicationngssocket messages is used. It allows exchangi®GIA
messages via a TCP/IP port. These messages ararsgneceived by a specified atom in ED; incoming
messages trigger the so called ONMESSAGE-Eventldawof this atom, that contains the code sequémbe
executed.
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Atam | Events Editor |Attributes! Functionsl Table | 2D l k0] | Spatiall Sounds | Ehannelsl Informati0n|

doi
Inc{mnodel StudCount)

5 = CreateAtomCopw(itomByNane([student]. model). model. Concat([student_]. String{model StudCount))).
Setloc(l. model StudCount. 0. =),

nodel m=g ;= Concat([student] .sbo. string{model StudCount). [ ]. Att{l. =). cHS, =bc).
SocketPostimodel m=g, [127 .0.0.1]. [7122]),

Trace(Concat([mes=sage ] .[ =ent])).

lCreateEvent(UnifDrm(lU 60). =)
1

Figure 6 Screen Shot of Code sending a socket messageuatents (individuals) query for changing room

Enterprise Dynamics sends a message containingtildents 1D, the current position and the roomstioeent
has to move to, to the agent based model. A coafion message ensures that the message was reciezd
processing this student the agent based modes sereturn message that contains the 1D of theestias well
as the description of their movement: the currgmgsition as well as the time needed to cover tistadce
between former and current position.

So the interface is implemented with a few linesodle. As the system has to be called for everpngddor
every student at the moment a kind of pulsing wigegrated to collect requests.

4 Conclusions

Combining different model types to implement hyksichulation systems can solve some classical pnobl©n

the other hand some other problems may occur. il pghper some aspects of possible advantages bf suc
implementations were mentioned and combining pasitharacteristics of different model types likéfedent
possibilities of data identification, implementatfoof data interfaces or structural advantages slesan.

As Cellular Automatas were introduced in this siatian system to represent a model computing vatditioes
it was no choice in the setting of the whole projex re-implement the whole discrete system. A cibad
software for implementing parts like queuing, sesvaend so on would be a huge amount of work. S¢hen
other hand some disadvantages like implementirgfantes for connecting the different “sub modelat o be
accepted. As work on this project is in progregsdbantitative results for the whole system witbwt9.000
rooms and - in future - maybe about 30.000 stiedeas to be validated.

5 References

[1] Breitenecker, F. and Solar, DModels, Methods, Experiments - Modern aspectswuilsition languages
In: Proc. 2nd European Simulation Conference, Anp&n, 1986, SCS, San Diego, 1986, 195 - 199.

[2] Emrich S., et al.Simulation of Influenza Epidemics with a Hybrid MbdCombining Cellular Automata
and Agent Based Featurds: Proc. of the ITI 2008 30th Int. Conf. on Infieation Technology Interfaces,
2008

[3] Tauboéck S., Breitenecker Features of Discrete Event Simulation Systemspgati&® Pedestrian and
Evacuation Dynamicdn: Proc. PED 2005, Third International Conferenn Pedestrian and Evacuation
Dynamics 2005, Vienna, Austria

1703



