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Welcome to WPP
This user manual is a walk-through to using the Water Purification Plant decision-making analysis tool.  The tool consists of an executable (pipes.exe) and a MS Access 97 database file (pipes.mdb) for configuration and data storage.  MS Access needs to be installed in order to configure and view the data components.  The oldest machine that this application has been tested on is a Pentium III 700 MHz with 256 MB RAM running Windows XP Home.
We begin by running the pipes.exe command.  First, the Login window is displayed.
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Here, the “Experiment” Simulation Mode will be covered.  You can explore the “Training” and “Replay” Experiment Modes at your leisure.  For the first time a User ID is used, the program will collect demographic information.  Subsequent uses of the application with the same User ID will skip that collection process.
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All fields must be filled in order to proceed to a session of WPP
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Options Screen
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After logging in, the options screen is displayed.  Here, the experimenter can adjust the total time the subject has for the task.  That is, the total simulation is compressed or spread according to the real-time selected in this window.  The maximum time is 30 minutes, which indicates that the 8 simulation hours will be distributed in 30 minutes. If 30 minutes is used, each simulation hour corresponds to 3.75 real minutes.  If 8 minutes is used, each simulation hour is 1 real minute.
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The Feedforward checkbox provides an additional tool for the subject to interact with the system.  It is recommended to be left unchecked, but if the box is checked, it enables a toggle button for the subject to use called [Feedforward] that allows the subject to undergo “what-if” scenarios.  By toggling the [Feedforward] button, the system will store the current water, pipe, and tank states, the background will change to a pink color, and the subject is allowed to observe the system continuation and test various actions to view their potential effects.  Toggling the button again will return the system back to when the button was first pressed.  

Be forewarned however, Feedforward is known to halt the application if the subject stays in the pink condition passed the end of the simulation time.  It has not been tested thoroughly and it is not recommended for usage.
Beginning a trial session
The rest of the manual presumes that the Feedforward option was not checked.  After pushing the “Continue” button, the application displays the simulation environment.  [image: image5.png]| Pipe Simulation
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There are 23 tanks in the system, each with two pumps to dispense its water.  Currently all tanks have no water in them and no pumps are activated.  The entire interaction of this simulation will be the turning these tank pumps on and off.
Press the [Setup] button to load the scenario.
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The Scenario
[image: image7.png]| Pipe Simulation

Simulaton Time: Deadiines

02:00

Missed Water 2 08:00
Buckels Tial - Simator Mode
1 | Experiment

09:00

10:00

10:00

08:30

09:30

07:00

07:30

05:30 |

06:00

05:00

06:30





[image: image12.png]


[image: image13.png]M |



Notice that some of the tanks have been partially filled with blue.  This blue represents an amount of water inside each respective tank that needs to be pumped out.  If a tank has water in it, one or both of the pumps associated to that tank can be activated to empty the water contents.  Empty tanks cannot have their pumps switched on.
To turn on a pump, simply click on the button labeled with either a “1” or a “2”.  When a pump gets turned on, the indicator above the Pump button switches from red to green.  
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Water will then drain from the current tank and flow to the right.  When pumped out, the water may not be conserved.  In addition, if the pipe disperses water to multiple other tanks, the distribution may not be uniform.
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The subject can have at most 5 pumps turned on at once.  The number of pumps the subject has currently activated is indicated at the top left.  If 5 pumps are activated, some active pumps will need to be shut off before others can be turned on.
Once a pump is activated, water can continually drain from the tank at the rate of 1 water bucket every 2 simulation minutes.  If both pumps are activated for the tank, the rate doubles as 1 water bucket every simulation minute.  Pumps will automatically switch off when no water remains.  The subject can also manually turn off the pump by pressing again the button used to activate it.
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When a pump gets switched off, the indicator above it turns yellow.  Regardless if the pump was turned off manually or not, the indicator will stay yellow for 10 simulation minutes as the Pump enters a “Cleaning” mode.  In this mode, the subject can queue other pumps to be activated, but those other pumps will not start pumping until the previous pump exits the Cleaning mode.  
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Pumps that are queued to be activated will have a dark red indicator.  The indicator will only be this color when the pump is waiting for another to finish cleaning and the maximum number of active pumps had previously been reached.  The indicator will switch green shortly after and pumping will start.
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The term “simulation minutes” has been used, but has not been explained more explicitly.  At the top left of the application, the Simulation Time is displayed to the subject. 

There are 60 simulation minutes per simulation hour and the simulation clock runs 8 simulation hours from 02:00 to 10:00, since 10:00 is the last water deadline.  The 8 simulation hours will be spread to however long the Simulation was set to in the Options Window when the program started.
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To the right of all the tanks, there are 12 deadlines listed that align to each row of water tanks.  The goal is to pump all water through the tanks in the pipe line before the deadlines listed by each row.  
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The Missed Water Buckets counter at the top left is updated every time the simulation clock passes a deadline.  When a deadline passes, if water still resides in the closest tank in the same row as the deadline, the counter will increase by the amount that was left.  If there is water left in any tank that eventually outputs to the tank closest to and in the same row as the deadline, this amount is also added to the counter.  

Each of the 12 rows expects a certain amount of water by its deadline.  If the amount was not delivered, the subject should attempt to still deliver the amounts before the end of the trial session.  If not, the Missed Water Bucket will increment again by the amount not delivered.

As an extra challenge, not all water input in the system is displayed in the beginning.  During the trial session, amounts of “exogenous” water input will be added to particular tanks at select times.  The exogenous water amounts will always enter the system when there is sufficient time to pass its amount through related deadlines, but sometimes, just barely.  The subject must manage their pumps accordingly to get all the water through.  Press the [Start Simulation] button to start.
Trial Session End
Without Detail Feedback: example screen shot at the end of a session trial.
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With Detail Feedback: shows amount of water that did not pass through tank before deadline.
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Press the Setup button, then the Start Simulation button to continue the application on the next trial run of the program for the current subject.

Database
Inside the pipes.mdb database file, there are 7 tables: deadline, Exogenous, Experiments, Hfit, MissedTrays, sorttable, and UserData.
Tables deadline, Exogenous, and sorttable are input/configuration tables whereas Experiments, Hfit, MissedTrays and UserData are output/data tables.

Table deadline lists the expected amount of water buckets that is supposed to be pumped out of each individual tank.

Table Exogenous configures the amount of water added into the system throughout the simulation time per 10 simulation minutes.

Table sorttable sets the percent dispersion of water from each tank.
For the output tables, the main ones of interest are Experiments and UserData.  Experiments stores the end results of experiment and UserData stores all the demographic information collected on the subjects.

Experiments Table: Results shown
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UserData Table: Demographic Information
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Output Files
After each experiment, the application also creates an output file, labeled as the “subject name” followed by the trial number attached with a decimal.  For instance, if the subject name was “test”, then the program generates output file “test.1” for the first trial session.  In these output files, the system activity is stored as two lines per each event.  

In the first line, there are 4 values: the simulation hour, the simulation minute, action taken, and pump used.  For instance, [2, 1, “ON”, 4] translates to pump 4 turned on at time 2:01.

The second line is a full listing of all the pumps, the state they’re in and how much water is in each.  For states:

0 = off

1 = in use

negative values = clean mode where -5 is when it starts and increments to 0 when finished.
For example, [0,0,15,1,1,15,2,-2,0,3,0,0,4,1,32,…] can be translated to: Pump 0 is off and it has 15 buckets of water in it.  Pump 1 is in use and it has 15 buckets in the tank.  Pump 2 is in the middle of clean mode with (-2 * 2) or 4 simulation minutes before it finishes in clean mode.  Pump 3 is off with, like pump 2, no water in it.  Pump 4 is in use with 32 buckets of water in it.  
And so on and so forth.  The amount of water for pump 0 and 1 should be the same, because they both refer to tank 0.  So should 2 and 3, since they both pump from tank 1.  
Final Thoughts
This information should be enough to get you started in working with Pipes.  For any other questions, feel free to email me at jhlim@andrew.cmu.edu .  Best wishes on your experiments.
