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�Implementation

	This section describes some implementation issues for the C version of POCAT and also the integration of POCAT with UTMOST written by Heidi McClure [9].

C implementation of POCAT 

	The first version of POCAT was implemented in C and is meant to be used as a tool that  can calculate channel and power assignments on previously created traffic data; or as a tool running simultaneously with UTMOST communicating via a file read and write interface. 

How to use POCAT

	POCAT is a command line based application with the following syntax:



 	pocat <YYMMDDHHMMSS> [/OPTIONS]



where YYMMDDHHMMSS is the Date_Time_Stamp for the simulation data created by the UTMOST traffic modeling tool. Before POCAT can be executed, the file globals.txt must be edited to make sure that the paths to the activity and topology files are correct. This file must be in the same directory as the POCAT executable.

[Chow: if we specify the path to POCAT executable in the set path command in the autoexec.bat then this constraint can be removed. We do not want the pocat executable spread all over in all the data directories.]

A more detailed description of POCAT and how to run it can be found in the POCAT man page in Appendix A.

Files used by POCAT

POCAT reads the network information from two kinds of files created by UTMOST: one is a topology file and the other one is an activity file. 

The topology file, called sector_data, contains information about the set of sector antennae in the wireless network model. For each antenna, its location and its direction are listed. The activity file (step-file) consists of a snapshot, or simulation step, of the network. In each step-file, the user id, the location of the user, the speed of the user, the direction of the user, the users transmitted power, calling status (Calling, Roaming or Driving), assigned antenna, and visible sector antennae are listed. The activity files are named by the number of the steps which were executed.  That is, step one's results will be in a file called "1", step two's in "2", etc. 

The topology file and the activity are both placed in a directory named the date and time (YYMMDDHHMMSS) of the UTMOST simulation run in which the files were created. See � REF _Ref402015612 \* MERGEFORMAT �Figure 3-1�.
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Figure � STYLEREF 1 \n �3�-� SEQ Figure \* ARABIC \r 1 �1�: The UTMOST file hierarchy�

<UTMOSTHome> is the directory in which the UTMOST program is stored. <data_time> is the directory with name followed the YYMMDDHHMMSS format and it contains the results of the simulation run. The power and channel assignment result files created by POCAT are stored in the <UTMOSTHome>/other_sim_files/chan_assign/<YYMMDDHHMMSS> directory, where <YYMMDDHHMMSS> is the same as the directory where the activity files were located. See � REF _Ref402015612 \* MERGEFORMAT �Figure 3-1�.



Detailed description of each file generated or used by POCAT cab be found in Appendix B or in the documentation called "pocatfiles.txt" in the racewin directory? . 



Interaction with UTMOST

POCAT can communicate with UTMOST via file read/write. For each <#> step-file created, UTMOST also creates an empty <#>done file. By looking for the next <#>done created in the activity directory, POCAT knows when a new step-file is created and closed. After finding a new file, POCAT uses the data in the this step file to generate a new power and channel assignment result file. The result file is named with the same number as the <#> step-file and POCAT stores this file plus an empty <#>done file in the chan_assign directory.



Example of interaction between UTMOST and POCAT:



UTMOST:

UTMOST creates the step-file “1”, after closing this file it creates another file called “1done”.

UTMOST looks for a file called “1done” file in the chan_assign directory.

After finding the “1done” file, UTMOST reads the result file “1” and displays the assignments.



POCAT:

POCAT waits for the “1done” file to be created in the activity directory.

POCAT reads the data in “1” and computes the new assignments.

3.   POCAT saves the new assignments in file called “1” in the chan_assign directory and   �after closing this file, creates a “1done” file in the same directory. 

Calculating Visible sectors with sector overlap

To calculate the visible sectors for a user, POCAT uses the base station’s sector antenna direction and then figures out what direction this user is in relation to the base station.  This method depends on the sector's direction and the angle from the base station to the user’s location point (x,y). A sector's direction attribute indicates the center of the 120 degree range of the sector antenna.  This means the range visible by the sector is from (direction - (60 degrees + overlap)) to (direction +( 60+overlap)). In POCAT the three sector directions are 30(, 150( and 270(. � REF _Ref402015667 \* MERGEFORMAT �Figure 3-2� shows the overlap for the sector with direction 270 degrees. 
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The overlap angle is default set to 15 %, i.e., 18(. By setting the overlap angle to 120( the network will act like it is using omni-directional antennas. That is, all users will be seen by all sectors in the network.   



Integrating POCAT with RACEWIN

The second part of my project was to implement an early version of RACEWIN by porting POCAT to Java and integrate it with UTMOST, a User Traffic Modeling and Simulation Tool. 



Insert GUI picture



A couple of new features were also added to the simulator part of RACEWIN that were not implemented in UTMOST. These new features are explained here.

The Go Back feature

This makes it possible to go back and forth through the simulation steps. The “Go” button in UTMOST has been divided into three buttons, one for creating a new step “(”, one for going back to the previous step “(”, and another one for recalculating the power and channel assignment for the current step “GO”. The “GO” button is useful for comparing the results of different power control settings using the same network snapshot. 

[Chow: You need to explain why there will be different power control setting given the same network snapshot.  Because there are other parameters that can be changed, such as the overlap snapshot? Given a list of parameters that a user can adjust or try and show two resulting figures/tables side-by-side for comparison. Did it cause by the random number selection of the POCAT?]



Right under the “GO” button is a text window for specifying the number of steps to be simulated in one selection. [Chow: explain how the message window under the step number text window is used. For example, “12/18 steps so far.”]



 � REF _Ref402100086 \* MERGEFORMAT �Figure 3-3� shows the simulation controls available in RACEWIN.

�
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The load simulation data feature

Data from a previous simulation can be loaded into RACEWIN for verification purpose and/or to create more simulation steps. The model data for each simulation is saved in a file called model_data. This file contains information such as the cell pattern, the number of users, and the number of steps created and is stored in the same directory as the activity files.  

[Chow: Give detailed steps on how the data is loaded.] 

Sector Overlapping 

The overlap angle can be changed by using the sector properties in the Properties window.



Sector Information

Information about the sectors in the network can be displayed, such as the number of users assigned to the sector, the sectors total received power and the total number of users dropped (Users that couldn’t be assigned to a base station) in the network.

[Chow: you may want clarify that those users, that got dropped, are inside the sector, but can not be assigned to other sector antennae due to capacity limitation, or power exceed limitation.] 

Background image

This feature is not yet fully implemented. The goal is to have the possibility to show a map (GIS) in the background and have the users follow streets or highways instead of moving randomly.  Right now only a JPEG or GIF image can be loaded as background and the cell pattern can be move around on top of the background image.

Classes added

RACEWIN is built upon the classes created for UTMOST. A couple of classes were added to realize the features mentioned above. These classes include: ImagePanel, LoadDialog, POCAT, POCATSettings, PowCtrlPanel, and SectorInfo.



Experience on Porting POCAT from C to Java 

The similarities between C and Java made the task to port POCAT easier. One concern about Java is the execution speed. Each simulation step takes a lot of computation and it would be interesting to compare with a C++ version. Over all I think that Java is a really nice language to use and easy to learn. 

[Chow: Include your observation on whether Java is too slow to make RACEWIN useful. Have you run a bigger model and stress test the RACEWIN?  When it is too slow, will the interaction with C version of POCAT through file I/O interface make the speed more acceptable?]

















�Results

The following is a set of RACEWIN snapshots intended to illustrate the power and channel assignment results generated by POCAT.



Test 1



Figure � STYLEREF 1 \n �3�-� SEQ Figure \* ARABIC �4�: Test1

Test 1 used the following data:

7-cell network with a cell radius of 5 km.

30 users were separated into three groups with 10 users in each of the corners where sectors (1C, 3B ,4C), (2C, 4B, 5A) and (4C, 6B, 7A) intersect.



The users are all at the same distance (5 km) from their three closest base stations, and since the external noise power is the same at all of the base-stations, in this case 1e-14 W, the assigned power should be the same for all of the users. 



Of the three closest base stations at each user location, sectors 4A, 4B and 4C are the ones that receive the lowest interference power, each of these sectors can “see” 10 users. Therefore all users are assigned to the middle sectors.



This test also shows that the algorithm does not take into consideration the traffic in the base station, it only addresses the interference power. All of the thirty users were assigned to the middle cell which means that all network traffic is going to go through that base station and the other six base station have no traffic at all. This is a good example of the kind of problems RACEWIN can be used to identify.  



[Chow:  Excellent example! How do you modify the existing POCAT algorithm to take into consideration of the traffic in the base station?  List the ideas for future extension.]



Output from POCAT:

Users 0-9 are located at position 1, 10-19 at position 2, 20-29 at position 3 

[Chow: you should explain the “3” behind “1A” and “0” before it in the old antenna column. 3 represents the number soft handoff antennae. How about ‘0”? It should be just aligned better.]



  step  user    old      new         old         new

          i     power    power     antennas     antennas

=========================================================== 

   1    0 0.000000 0.568182  0 1A    3 4C 6B 7A 

   1    1 0.000000 0.568182  0 1A    3 4C 6B 7A 

   1    2 0.000000 0.568182  0 1A    3 4C 6B 7A 

   1    3 0.000000 0.568182  0 1A    3 4C 6B 7A 

   1    4 0.000000 0.568182  0 1A    3 4C 6B 7A 

   1    5 0.000000 0.568182  0 1A    3 4C 6B 7A 

   1    6 0.000000 0.568182  0 1A    3 4C 6B 7A 

   1    7 0.000000 0.568182  0 1A    3 4C 6B 7A 

   1    8 0.000000 0.568182  0 1A    3 4C 6B 7A 

   1    9 0.000000 0.568182  0 1A    3 4C 6B 7A 

   1   10 0.000000 0.568132  0 1A    3 4A 1C 3B 

   1   11 0.000000 0.568132  0 1A    3 4A 1C 3B 

   1   12 0.000000 0.568132  0 1A    3 4A 1C 3B 

   1   13 0.000000 0.568132  0 1A    3 4A 1C 3B 

   1   14 0.000000 0.568132  0 1A    3 4A 1C 3B 

   1   15 0.000000 0.568132  0 1A    3 4A 1C 3B 

   1   16 0.000000 0.568132  0 1A    3 4A 1C 3B 

   1   17 0.000000 0.568132  0 1A    3 4A 1C 3B 

   1   18 0.000000 0.568132  0 1A    3 4A 1C 3B 

   1   19 0.000000 0.568132  0 1A    3 4A 1C 3B 

   1   20 0.000000 0.568132  0 1A    3 4B 2C 5A 

   1   21 0.000000 0.568132  0 1A    3 4B 2C 5A 

   1   22 0.000000 0.568132  0 1A    3 4B 2C 5A 

   1   23 0.000000 0.568132  0 1A    3 4B 2C 5A 

   1   24 0.000000 0.568132  0 1A    3 4B 2C 5A 

   1   25 0.000000 0.568132  0 1A    3 4B 2C 5A 

   1   26 0.000000 0.568132  0 1A    3 4B 2C 5A 

   1   27 0.000000 0.568132  0 1A    3 4B 2C 5A 

   1   28 0.000000 0.568132  0 1A    3 4B 2C 5A 

   1   29 0.000000 0.568132  0 1A    3 4B 2C 5A � 

Test2

7-cell network with a cell radius of 5 km.



� INCLUDEPICTURE "C:\\Student\\Project\\report\\test2.jpg" \* MERGEFORMAT \d ���

Figure � STYLEREF 1 \n �3�-� SEQ Figure \* ARABIC �5�: Test2

35 users were placed at the center of cell 4 using a “center leaving” pattern. After 10 steps some of the user at the edge of cell 4 are assigned to nearby sectors outside of cell 4. 

[Chow: They are in soft handoff state and not yet completely “assigned” to the outer cell, right?  You may pick user 0 and 2 as examples to explain this important phenomenum. Test 2 and Test 3 are also excellent examples.]



  step   user    old      new         old         new

          i     power    power      antennae     antennae

=========================================================== 

  10    0 0.000005 0.000008  2 4C 4A   2 4C 4A 

  10    1 0.314082 0.224250  2 2C 4B   2 2C 4B 

  10    2 0.017795 0.023569  1 4B      1 4B  

  10    3 0.012660 0.016755  2 4B 4A   2 4B 4A 

  10    4 0.006964 0.009878  1 4A      1 4A  

  10    5 0.000001 0.000002  1 4B      1 4B  

  10    6 0.000300 0.000398  1 4B      1 4B  

  10    7 0.042107 0.059780  1 4A      1 4A  

  10    8 0.000007 0.000009  2 4B 4A   2 4B 4A 

  10    9 0.292779 0.258231  1 4B      2 2C 4B 

  10   10 0.168879 0.252446  2 4C 4A   2 4C 4A 

  10   11 0.089490 0.133833  2 4C 4B   2 4C 4B 

  10   12 0.145607 0.217809  1 4C      1 4C  

  10   13 0.300436 0.303833  1 4B      2 5A 4B 

  10   14 0.346994 0.371477  1 4A      2 3B 4A 

  10   15 0.023300 0.034868  1 4C      1 4C  

  10   16 0.263144 0.331723  1 4B      2 5A 4B 

  10   17 0.049241 0.065258  2 4B 4A   2 4B 4A 

  10   18 0.052640 0.078806  1 4C      1 4C  

  10   19 0.302848 0.429828  1 4A      1 4A  

  10   20 0.142291 0.188416  1 4B      1 4B  

  10   21 0.003552 0.004700  1 4B      1 4B  

  10   22 0.003144 0.004464  1 4A      1 4A  

  10   23 0.018605 0.026451  1 4A      1 4A  

  10   24 0.000039 0.000059  1 4C      1 4C  

  10   25 0.046281 0.065676  1 4A      1 4A  

  10   26 0.013340 0.018937  1 4A      1 4A  

  10   27 0.001053 0.001494  1 4A      1 4A  

  10   28 0.092000 0.137652  1 4C      1 4C  

  10   29 0.101482 0.151802  2 4C 4B   2 4C 4B 

  10   30 0.171257 0.243161  1 4A      1 4A  

  10   31 0.023351 0.030918  1 4B      1 4B  

  10   32 0.203929 0.246800  1 4C      2 7A 4C 

  10   33 0.104186 0.155926  2 4C 4A   2 4C 4A 

  10   34 0.001117 0.001478  2 4B 4A   2 4B 4A 





�Test 3

This test shows the result of having more users inside a sector than the number of available channels in the sector. The number of channels available in a sector is the maximum number of users that can be assigned to the sector. This number can be changed in the sector properties. 
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In this example 18 users are placed in the center of cell 4, as in test 2. Although here the number of available channels for each sector is set to 5 instead of the default value of 40. (WHAT IS A THE NUMBER NORMALY USED). [Chow: will ask Vicky]



Since all of the users are in the center of cell 4, only 15 of them can be assigned. As the users leave the center of the network, three users were dropped in the first couple of steps are assigned to nearby cells, see � REF _Ref402103606 \* MERGEFORMAT �Figure 3-6�. 





�Future improvements

Here we discuss where POCAT  and RACEWIN v1.0 may be extended, improved or enhanced.

Overlay on GIS Map

Extend the feature to load a picture (map) in the background with the possibility to read specific road and geological features from a GIS database. This requires the user traffic model to be extended and allows the  road and traffic situation to read in from the GIS database. To make the cell placement more realistic, each cell needs to be placed separately and it is not necessary to follow the rigid cell pattern.

Integrate the 3D geology information. It will allow us to study the coverage of the set of cell antennae in a geographical area by including models of multipath signal computation.  

Include the population/user information in the model. It will allow more realistic simulation and the simulation study for future network planning. 

Wireless Overlay Network

A lot of recent  wireless network studies focus on wireless overlay, where multiple wireless networks with different frequency bands serve  the same area.  RACEWIN can be extended to model this overlay network.  	 

Integrate with Wireless Network Discrete Event Simulator for QoS simulation

	A preliminary discrete event simulator, called RACESIM, for wireless network was designed and implemented by James Haring and Edward Chow.  It tried to model the processing power of the base stations and mobile switching office, the bandwidth of connections among them, the propagation delay, and the message exchange sequence. It takes the input generated by the  UTMOST as events, simulates the message processing in the wireless network, and compute the Quality of Service parameters, such as the number of users served in the area, the number of connections lost due to the long handoff, and  the number of users not admitted.  POCAT can be integrated into the RACESIM for power and cell site assignments. The RACESIM simulation results can be read back by the RACEWIN GUI to facilitate the wireless network designer.
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�Appendix A: Man page for POCAT

NAME

	pocat - Power control and Channel Assignment Tool.

 

SYNTAX

	pocat <YYMMDDHHMMSS> [/OPTIONS]  



	<YYMMDDHHMMSS> is the date_time_stamp directory where the activity data can be found 

	Example: pocat 970311114752



	The Options Section (below) explains available options.  



DESCRIPTION

POCAT is a power control and channel assignment tool for PCS Wireless Information Network simulations and is intended to use with UTMOST ,which is a user traffic modeling and simulation tool.

	

POCAT reads traffic pattern data generated by UTMOST and uses two different algorithms to assign the users with an optimal cell-site and up-link power. The algorithms are one by Hanly and one by Yates and Huang (MPA). See POCAT documentation for more information about the different algorithms.



The “activity/<date_time_stamp>” directory is the directory containing the information for each user at each step of the simulation.  This directory should also contain the sector_data file used for this particular simulation run. From one (1) to five thousand (5000) mobile users may be modeled in a network. The network can consist of a maximum of seven (7) cells, where each cell contains three sectors. 



For each run of POCAT, a directory called “chan_assign/<date_time_stamp>” is created, which contains the power and channel assignment for each step.



The files in both the "activity/<data_time_stamp>" and the “chan_assign/<date_time_stamp>” directories are named the number of  the step which was executed.  That is, step one's results will be in a file called "1", step two's in "2", etc... For each file, a #done file is created when the file is “done” and closed, e.g. for the file called “1” a 1done file is created. 



Below is a visual description of the file hierarchy:



                             <UTMOSTHome>

                            /            \

                          /                \

                        /                    \

               utmost_files                  other_sim_files

                 /    \                              /    \

               /        \                          /        \

             /            \                      /            \

         activity         boundary          chan_assign       racesim

            /\                /\                /\                /\

          /... \            /... \            /... \            /... \

        /        \        /        \        /        \        /        \

     <date_time>       <date_time>       <date_time>      <date_time>

        /\                 /\                /\               /\

      /... \             /... \            /... \           /... \

    /        \         /        \        /        \       /        \

 <step#>            <step#>            <step#>            <step#>

<#done>                                    <#done> 

sector_data                           



UTMOSTHome is the directory in which the utmost program is found this can be changed as described in the Options section..



The default values of some of the global variables used by POCAT can be changed by editing the file “global.txt”. This file should be located in the same directory as “pocat.exe”.  



Detailed description of each file generated or used by POCAT may be found in the file with the documentation called "pocatfiles.txt" or in the user's guide. 

  



OPTIONS

Options and parameters supported by POCAT are listed below.

 

ALGORITHM- Selects which algorithm to use. The default algorithms is Hanly’s (0) it can be changed to the MPA by using: /a=1 



ALLOWED BASE STATIONS- This option is used to change the method use to select the base stations that a user can be assigned to (Hanly’s algorithm).  To select  the three(3) closest (2-4 is allowed), use /b=3. To select the base stations that are within a distance of 7500 meters, use  /bm=7500.



CIR- The minimum Carrier to Interference ratio for the mobile user is used in MPA. To set CIR to 0.05, use /c=0.05. 



DEBUG- This option is used to select debug mode. /d=1 will make POCAT print more debug information. 



FADING- This option specifies what type of propagation path loss formula to use. Default is a single step fading law with fading factor=4.

	To select

	Single step with factor 3: /fs=3

	Multiple step: /fm

			To set:	short distance to 1500 meters (default = ): /fms=1500 

				medium distance to 4000 meters (default = ): /fmm=4000

	friis equation: /ff 	

			To set:	Transmitter gain: /fft=2 

				Receiver gain: /ffr=4



	Hata model: /fh (default = small to medium city)

			To set:	Large city /fhl

				Suburban /fhs

				Open areas /fho		

	

NOISE- To set the Noise power at the base stations to 1e-10 use /n=1e-10.

				

REPEATS- Maximum number of iterations for the selected algorithm is set to 20 (default=15) by using /r=20. The number of iterations is also limited by the difference in total transmitted power between two iterations. To set this value use e.g. /rd=1e-10 (default = 1e-8).  



STEP- This option can be used to start at a different step number then one (1). To start at step 60 use /s=60.  



TRANSMITTER CLASS- The transmitter class is used to define the mobile transmitter’s maximum and minimum power levels according to IS-95. There is three (3) different classes of transmitters to choose from. To select class two (2) use /t=2 (default =1). For more information about the different classes see POCAT documentation



SEE ALSO

	The POCAT User's Guide and the "pocatfiles.txt” and the file “global.txt”. 

	

AUTHOR

Jonas Hedlind, University of Colorado, Colorado Springs,

	who may be reached at jehedlin@mail.uccs.edu.



HISTORY

	Initial release:  25 April 1997

	Latest release: 12 May 1997  

Appendix B: Data Files used by POCAT



==============================================================================

Datafiles created by or used by POCAT. 

This file is a modified copy of the datafiles file for UTMOST.

==============================================================================

NOTE that this file is best viewed with a fixed font like courier.

==============================================================================

Directory trees



                             <UTMOSTHome>

                            /            \

                          /                \

                        /                    \

               utmost_files                  other_sim_files

                 /    \                              /    \

               /        \                          /        \

             /            \                      /            \

         activity         boundary          chan_assign       racesim

            /\                /\                /\                /\

          /... \            /... \            /... \            /... \

        /        \        /        \        /        \        /        \

     <date_time>       <date_time>       <date_time>      <date_time>

        /\                 /\                /\               /\

      /... \             /... \            /... \           /... \

    /        \         /        \        /        \       /        \

 <step#>            <step#>            <step#>            <step#>

 <#>done                               <#>done            <#>done

 sector_data

 model_data 



Where,

    utmost_files, activity and chan_assign, can be changed by editing the 

	globals.txt file.

    <UTMOSTHome> is the path to the UTMOST class files e.g. ~racewin/src.

    <date_time> is a YYMMDDHHMMSS date time stamp, e.g. 970222160528.

    <step#> is the current step in the simulation.

    <#>done is an empty file created after the <step#> file has been closed.

    sector_data is a file created with this run's sector data information.



        /\

      /... \     means there are 1 or more files at this level with naming

    /        \   conventions based on information in angle brackets (<>) e.g.

                 <date_time> as described above.







Each <step#> file contains information about all users at that current step.

In some cases, like in boundary data, there may be no information.  The file

should still be created, but will have nothing in it.



<#>done files are only created in the activity directories.



sector_data files are only created in the activity directories.  These files 

are currently just a copy of the 7_cell or 4_cell data used to draw this model's

sectors.



Below are the definitions for the sector, activity, boundary and chan_assign 

data files.



==============================================================================

==============================================================================

Example of sector_data file generated by UTMOST with 4 sectors:



sector:         The sector number

  cell:         Calculate by (sector/3)+1

  csect:        Calculate by (sector%3)+1

secloc:         The direction at which this sector is located with respect

                to the center base station location.

centerX:        The x coordinate in km at which the base station for this

                cell is located.

centerY:        The y coordinate in km at which the base station for this

                cell is located.

mult:           The basestation radius multiplier for this sector:

                radius * mult = range

noise:          The receiver noise at the base station.

smooth:         The smoothing weight for sector k.

cpcity:         The hard capacity ofa a sector.

Eb/N0:          The minimum Eb/N0 requirement at sector k.



sector  secloc  centerX centerY mult  noise smooth cpcity Eb/N0

k (K)   degrees  (5km radius)         sigma   wk     C     Ek

=============================================================================

0        150      4.33   5.0    3.0

1         30      4.33   5.0    3.0

2        270      4.33   5.0    3.0

3        150     12.99   5.0    3.0

4         30     12.99   5.0    3.0

5        270     12.99   5.0    3.0

6        150     21.65   5.0    3.0

7         30     21.65   5.0    3.0

8        270     21.65   5.0    3.0

9        150     30.31   5.0    3.0

10        30     30.31   5.0    3.0

11       270     30.31   5.0    3.0



==============================================================================

==============================================================================

Example of sector_data file generated by UTMOST with 4 sectors:

(definitions of columns same as 4_sector_data file)



sector  secloc  centerX centerY mult  noise smooth cpcity Eb/N0

k (K)   degrees  (5km radius)         sigma   wk     C     Ek

=============================================================================

0        150      8.66    5.0   3.0

1         30      8.66    5.0   3.0

2        270      8.66    5.0   3.0

3        150     17.32    5.0   3.0

4         30     17.32    5.0   3.0

5        270     17.32    5.0   3.0

6        150      4.33   12.5   3.0

7         30      4.33   12.5   3.0

8        270      4.33   12.5   3.0

9        150     12.99   12.5   3.0

10        30     12.99   12.5   3.0

11       270     12.99   12.5   3.0

12       150     21.65   12.5   3.0

13        30     21.65   12.5   3.0

14       270     21.65   12.5   3.0

15       150      8.66   20.0   3.0

16        30      8.66   20.0   3.0

17       270      8.66   20.0   3.0

18       150     17.32   20.0   3.0

19        30     17.32   20.0   3.0

20       270     17.32   20.0   3.0





==============================================================================

==============================================================================

UTMOST Activity Files



step:       The step at which the numbers were calculated in the model. (will

            be same as file name)

user:       The user ID.

x:          The current X coordinate for user X (km).

y:          The current Y coordinate for user Y (km).

speed:      The current speed of user (kph).

dir:        The current direction at which user is moving (degrees).  999 for

            not moving.

time:       The time stamp for current step in seconds.

xmit:       The current transmit power of user (0 if phone is off)

calling:    Is the user currently calling, roaming, or just driving? (C, R, D

            respectively.  Note if D, xmit must = 0.  If D, but speed = 0, then

            user isn't moving and doesn't have phone on.)

antenna:    Is the sector whose antenna is currently servicing this user.

sector:     Is the sector in which user currently is located. (Note that Out

            means the user is currently not located inside the model

            boundaries.  Hopefully in more final versions of UTMOST there

            will be no users Out of model... they will be recycled back into

            the model.)

crossed:    Indicates user has crossed 1 or more boundaries this step.

visible sectors: Sectors in model which can be seen by this user based on

            directional antennae.



                                                 c  a     c

                                                 a  n  s  r

                         s                       l  t  e  o

                         p k                     l  e  c  s

 step user  x       y    e p    dir   time  xmit i  n  t  s visible sectors

        i  (km)    (km)  e h   (deg)  (sec) (W)  n  n  o  e

                         d                       g  a  r  d

================================================================================

   7    0  23.47  16.65  20    37.15     70 0.03 R 5C Out N 1C 2C 3B 4B 5C 6B 7B

   7    1  18.56   8.52 101     8.80     70 1.23 R 2C  2C N 1B 2C 3B 4B 5A 6B 7B

   7    2  18.07  12.06 144   268.95     70 0.51 D 5A  5A N 1C 2C 3B 4B 5A 6B 7B

   7    3  21.75  16.09 105   242.27     70 1.41 C 5C  5C N 1C 2C 3B 4B 5C 6B 7B

   7    4  21.00   4.12 111   191.38     70 0.69 D 2B Out N 1B 2B 3B 4B 5B 6B 7B

   7    5  17.76   3.75  72   165.09     70 1.38 R 2B  2B N 1B 2B 3B 4B 5A 6B 7B

   7    6  21.02  18.86 117   273.54     70 1.93 C 7B  7B N 1C 2C 3B 4C 5C 6B 7B



==============================================================================

==============================================================================

Channel Assignment Result Files



step:           The step at which the following numbers were calculated in

                the model.  (will be same as filename)

user:           The user ID.

old power:      The transmit power of user at time of crossing

new power:      The transmit power of user after channel reassignment

old antenna:    Is the antenna (sector location) which was servicing user.

new antenna:    Is the new antenna (sector location) which is servicing user.



step user    old     new      old     new

      i      power   power    antenna antenna

=============================================================================

   7   14    1.10    1.10      3C      3A

   7   41    0.34    0.34      4C      4C

   7  109    1.47    1.47      3B      3A

   7  110    0.33    0.33      4C      7A

   7  111    2.42    2.42      7A      4C

   7  138    1.24    1.24      2B      2C

   7  144    0.86    0.86      2B      2B

   7  158    2.80    2.80      2A      1B



=============================================================================

The definitions of columns are not part of the actual data file.

�Appendix C: User’s Guide

What’s Needed?

Because RACEWIN is a Java application it should run on any machine which has a Java Virtual Machine (JVM).  That is, it should be able to be executed on a PC running Windows 95 or Windows NT, a Macintosh, a UNIX machine or an OS/2 machine as long as the machine has the JVM installed.  To learn more about Java, go to the Sun Microsystem’s JavaSoft home page:  http://java.sun.com/.

Java Developer’s Kit (JDK) 1.0.2 is the minimum version on which RACEWIN will run. RACEWIN has also been tested on more recent versions including JDK 1.1.1. 



The files needed for RACEWIN are displayed in � REF _Ref386536535 \* MERGEFORMAT �Table 1�.

Table � SEQ Table \* ARABIC �1� Files Required by UTMOST

File Name�Description��4_sector_data�The 4 cell pattern description file��7_sector_data�The 7 cell pattern description file��AboutBox.class�AboutBox Dialog byte code��AboutBox.java�AboutBox Dialog source code.  This give information about the UTMOST tool.��ColorCanvas.class�The canvas on which color legend goes.  See Legend.java for source��ColorRange.class�Color range object byte code.��ColorRange.java�Color range object source code.  This is used by the Legend class.��Console.class�Console Dialog byte code��Console.java�Console Dialog source code��DebugLevel.class�DebugLevel byte code��DebugLevel.java�DebugLevel source - used for displaying debug messages to the console.��DrawnRectangle.class�DrawnRectangle byte code��DrawnRectangle.java�DrawnRectangle source which will draw a Rectangle. Code from Graphic Java Book��EtchBox.class�EtchBox byte code��EtchBox.java�EtchBox source which will create an etched box.  This is used to draw an etched box around a component and place a title in the top center of the box.  Code from Graphic Java Book��EtchedRectangle.class�Etched Rectangle byte code. ��EtchedRectangle.java�Etched Rectangle source code.  This creates a rectangle with etched edges.  Code from Graphic Java Book��Etching.class�Etching byte code. ��Etching.java�Etching source code. Etching creates an etched line effect. Code from Graphic Java Book��FilesPanel.class�FilesPanel byte code.��FilesPanel.java�FilesPanel is a panel for changing files from which various things are read.  Is a component of the PropertiesSetting class.  Currently does nothing.��Format.class�Format byte code. Code from Core Java Book��Format.java�Format source code.  Format allows printf type formatting of output data.  Code from Core Java Book��Legend.class�Legend byte code.��Legend.java�Legend source code.  Legend is the Power Legend which shows user’s color - power relationship.��LineSegment.class�LineSegment byte code.��LineSegment.java�LineSegment source code.  This is an object which represents a simple line segment.��MapArea.class�MapArea byte code.��MapArea.java�MapArea source code.  The MapArea is the canvas on which the patterns and users are drawn.��MapPanel.class�MapPanel byte code.��MapPanel.java�MapPanel source code.  MapPanel is the container class which contains the MapArea, the Legend and the 4 buttons for showing different things.��ModelSetup.class�ModelSetup byte code.��ModelSetup.java�ModelSetup source code.  ModelSetup is the top portion of UTMOST where various selections may be made which define the current model.��PropertySettings.class�PropertySettings byte code.��PropertySettings.java�PropertySettings source code.  PropertySettings contains the 4 customizing panels, UserPanel, SectorPanel, VariablesPanel and FilesPanel.  Currently just shows these panels and nothing more.��QuitBox.class�QuitBox byte code.��QuitBox.java�QuitBox Dialog source code.  This gives the “Yes” or “No” option for quitting.��Sector.class�Sector byte code.��Sector.java�Sector source code.  Sectors are the 1/3 part of a cell.��SectorsPanel.class�Sectors Panel byte code.��SectorsPanel.java�SectorsPanel is a panel for changing or creating on the fly the sector properties.  It is a component of the PropertiesSetting class.  Currently does nothing.��User.class�User byte code.��User.java�User source code.  A user has information like speed and direction of movement.��UsersPanel.class�UsersPanel byte code.��UsersPanel.java�UsersPanel is a panel for changing various user properties.  It is a component of the PropertiesSetting class.  Currently does nothing.��UserStats.class�UserStats byte code.��UserStats.java�UserStats source code.  UserStats is the bottom portion of UTMOST where a selected (clicked on) user’s data may be displayed.  This is also where the Model Control is (Go Button).��Util.class�Util byte code.��Util.java�Utility source code.  This is where primarily the algebraic and geometric common functions are located.��UTMOST2.class�UTMOST2 byte code.��UTMOST2.java�UTMOST2 source code is where the main() method is.��VariablesPanel.class�VariablesPanel byte code.��VariablesPanel.java�VariablesPanel is a panel for changing various variables.  It is a component of the PropertiesSetting class.  Currently does nothing.��



To execute RACEWIN, you must be in the directory in which the RACEWIN class files are (~racewin/src) and you may need to set the Java CLASSPATH environment variable to include the current directory (“setenv CLASSPATH .” for Unix csh.)  To run RACEWIN type “java UTMOST2”.  The window in � REF _Ref386098800 \* MERGEFORMAT �Error! Reference source not found.� should then appear.

initial.jpg goes here

Figure � STYLEREF 1 \n �8�-� SEQ Figure \* ARABIC \r 1 �1� The UTMOST GUI

What’s This?

Once RACEWIN is running you will see the main UTMOST screen (� REF _Ref386536770 \* MERGEFORMAT �Figure 8-1�).

Next you may wish to select other initial model settings than the defaults shown.  Select the model pattern by pressing the first “Model:” popup menu and select “7 Cell” or “4 Cell” pattern:

ModelChoice.tif goes here

Figure � STYLEREF 1 \n �8�-� SEQ Figure \* ARABIC �2� Model Pattern Selection Pop-up Menu

� INCLUDEPICTURE "C:\\Student\\Project\\modelsettings.gif" \* MERGEFORMAT \d �Error! Not a valid filename.�

Now select the type of model you wish to run:

ModelType.jpg goes here

Figure � STYLEREF 1 \n �8�-� SEQ Figure \* ARABIC �3� Model Type Selection Pop-up Menu

� REF _Ref386527155 \* MERGEFORMAT �Error! Reference source not found.� shows the summary of all the pattern and model configurations which UTMOST will allow.

Table � SEQ Table \* ARABIC �2� UTMOST Model Types

Pattern�Model Type�Description��7 Cell�Random Arriving�Users start from random locations inside the 7 Cell pattern and all move towards the center.��7 Cell�Edge Arriving�Users start from the edge (perimeter) of the 7 Cell pattern and all move towards the center.��7 Cell�Random Leaving�Users start from random locations inside the 7 Cell pattern and all move towards the outside edge of the model in a straight line from the center.��7 Cell�Center Leaving�Users start from the center of the model and all move towards the outside edge of the model in a straight line from the center.��7 Cell�Random�Users start from random locations inside the 7 Cell pattern and move in random straight line directions.��4 Cell�Random Arriving�Users start from random locations on the horizontal center line of the 4 Cell pattern and all move towards the right.��4 Cell�Arriving to Right�Users start from the far left edge of the 4 Cell pattern on the center line of the 4 Cell pattern and all move towards the right.��4 Cell�Random Leaving�Users start from random locations on the horizontal center line of the 4 Cell pattern and all move towards the left.��4 Cell�Arriving to Left�Users start from the far right edge of the 4 Cell pattern on the center line of the 4 Cell pattern and all move towards the left.��4 Cell�Random�Users start from random locations on the horizontal center line of the 4 Cell pattern and move in random left or right directions.��

Type in the number of users you wish to be in the model and select the kind of behavior you wish these users to have.  Constant means that once a users begins its movement, if it moves outside the pattern or reaches its destination, it doesn’t move.  Regenerate means that the user will be regenerated with a completely new set of attributes when it moves outside the pattern boundaries or reaches its destination.

ModelBehavior.jpg goes here

Figure � STYLEREF 1 \n �8�-� SEQ Figure \* ARABIC �4� User Behavior Selection Pop-up Menu

Properties Dialog

	The Edit -> Properties pull down option show the properties dialog (ProprtySettings object). This Dialog is used to change the settings on some various variables.



Variables���Cell Radius�Cell radius in km. Currently not implemented (hard coded to 5 km).��Time Increment�Time increment between each simulation step. Currently not implemented (hard coded to 10 sec).��User Dot Size�User Dot size. Number of pixels in dot radius��Max Power�The maximum Power (Watt) for color scale��Files���Users���Sectors���Sector Overlap�Sector overlap angle (Degrees)��Power Control���Power Control�Selection of Power control type.��- No Power Control�New steps are created without calculating 

channel and power assignments.��- POCAT�RACEWIN’s integrated version of POCAT is used to calculate channel and power assignments for each new simulation step.��- File Interaction�RACEWIN will wait for channel assignment files created by a stand alone tool ��Fading Model�Selection of Fading model choice.��-Single Step ���-Multiple Step������Max Power*�The maximum Power that a user can be assigned with.��Min Power*�The minimum Power that a user can be assigned with.��Handoff Thresshold*���Noise�The noise power (Watt) received at each antenna��CIR�The ��Maximum Iterations�The maximum number of iterations for the power control and channel assignment algorithm��Image���Load Image (Checkbox)�Select to load image��Show Image�Name of image file to be displayed��Xoffset, Yoffset��� 

� INCLUDEPICTURE "C:\\Student\\Project\\Properties.gif" \* MERGEFORMAT \d �Error! Not a valid filename.�

Properties goes here

 



 



Once the model has been defined, you may press “(” to run 1 or more steps.  To run more than 1 step, change the “Run steps” number.  You may also wish to display any of the following things by pressing the corresponding button:

Table � SEQ Table \* ARABIC �3� Show/Hide Buttons in UTMOST

Button Name�Description��Show/Hide All Antennae�The antenna assigned to each user is indicated by a black line from the user to the antenna.��Show/Hide Changed Antennae�After any step in which a user changes its assigned antenna, a green line will be shown from the user back to its previous assigned antenna and a red line will be shown from the user to its newly assigned antenna.��Show/Hide Changed Power�Any user whose power has changed will be shown with a red circle around the user dot.��Show/Hide Sector Names�The sector names will be shown in each sector.  A name of 5B means the cell named 5 and sector named B.��Model Scenarios

The multiple models available in UTMOST were described in the previous section.  See � REF _Ref386536936 \* MERGEFORMAT �Table 2� for the complete set of models.  This section discusses briefly what the different models may mean.

The 7 Cell pattern is intended to represent mobile users arriving at or leaving an event like a football game.  It may also be used as just a circular random pattern.  Generally, the random arriving and random leaving are not part of this football game model, but were included in UTMOST because they may prove useful to represent a city at morning or evening rush hours.

The 4 Cell pattern is intended to represent mobile users moving along a highway.  The random initial setups are probably most realistic for this kind of model.  The users would start at points spread out along the entire stretch of highway.  They may all be arriving or leaving for a rush hour simulation or they may be just randomly going in either direction.  Similar to the 7 Cell model there are patterns which may or may not be useful.  These are arriving and leaving patterns where all users start on the far left or the far right, respectively.  

What Happens?

When “(” is pressed, a model is initiated (or continued).  Each user in each step is recorded in a file as described in Section � REF _Ref386104613 \n �Error! Reference source not found.�, the data file description appendix.



Sector Information

	During a simulation, information about the sectors in the network such as number of users and total received power can be displayed by selecting View-> Sectorinfo. 



Loading Images and moving the Network pattern 

	The Load Image function is not yet fully implemented. This function is meant to be used later on in the project to be able to have a map in the background over which you can move the network patter.

POCAT: Power Control and Channel Assignment Tool	� DATE �10/25/97�
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