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Now that a number of people are involved with setting up IPS runs or with implementing physics components, it seems like a good time to develop a set of best practices (or at least workable practices) so that we can make the components and simulations as similar as possible.  With the IPS structure using the configuration file, interchangeable driver, and python wrapped physics executable approach, there is a tremendous amount of flexibility, which is good.  However with such flexibility it may not be obvious how, or what is the best way, to do anything.  Therefore here is a cookbook simulation with model physics components that I hope will be useful as a model.  I encourage those putting together simulations to at least start with this model and when you find it useful to deviate from it, let’s discuss it.  This should minimize conflicts when combining components and minimize re-inventing of the wheel.

Recent changes and additions to the IPS

Recently we have made some changes and adopted some conventions that people should be aware of and adhere to.

1) We should exclusively use Plasma State version 2

2) We have gone back to the concept of having a simulation INIT component that generates the initial (almost empty) plasma state files containing global identifier information and the start time of the simulation.  It is called by the framework init and does not appear in the driver script.  An INIT component that does this has been written and committed to the repository: ips/components/init/dbb/minimal_state_init

3) We have adopted a convention on global identifier data for the simulation that is consistent with variables in the plasma state.  These are entered as global parameters in the simulation configuration file:

TOKAMAK_ID: example  -> CMOD

SHOT_NUMBER: example -> 12345

RUN_ID: a specific simulation identifier that tells the user what’s different about this simulation from the last/next one: example -> minority_05

The minimal_state_init component combines these  and inserts the result into plasma state variable ps%Global_label = RUN_ID/_/ TOKAMAK_ID/_/ SHOT_NUMBER.

A generic simulation configuration file that includes these variables has been committed to the repository: ips/components//drivers/dbb/generic_ips_0.conf.  This configuration also concatenates the identifier variables to make the simulation name (SIM_NAME) coincide with ps%Global_label as above. 

4) We have adopted a convention on the meaning of the time values in the time loop as defined in the simulation configuration file, [t0, t1, t2, … tN]. t0 is defined as the start time of the simulation, i.e. the time at the beginning of the time loop. tj for j ≥ 1 is the time at the end of the jth time step.  There are N time steps.  These are loaded into the plasma state by minimal_state_init at the beginning and by the pre_step_logic component as the simulation progresses.

5) There now exists a rudimentary monitoring component that collects time history data across time-steps.  It can be accessed and watched using ELVis either through the portal or with a stand-alone ELVis application on your PC.  More variables will be added to the monitor as time permits.  An example of configuration for this component is in the config file mentioned above.

6) The portal is now available at some level, although it is still under development and testing.  It is possible to watch your simulation and go through the series of published events.  

7) We have adopted the convention that all components must provide an INIT function that initializes the plasma state arrays that the component will provide and that loads any data into the plasma state that other components need in order to initialize themselves.  For example the RF component needs to know the number of RF sources, their names and the number of minority species in order to initialize its own arrays.  Therefore these must be initialized beforehand – in this case by the EPA component.  The policy is that we have a completely initialized allocated and initialized plasma state before we start the time loop.  There is no guarantee that this can be done in a single pass through the components.  So far this hasn’t come up but it does imply a specific ordering for initialization and stepping or the components. Note below that components are stepped in opposite order from their initializaton.

8) We have adopted a solution whereby the EPA component can specify the source parameters in the plasma state for the next time step without making the current plasma state (which gets archived) inconsistent.  This would occur for example by setting the ICRF power to that called for in the next time step at the end of the EPA.  The solution is to add a third plasma state instance, ps_next, in addition to the current plasma state, ps and prior plasma state, psp.  At the end of the EPA time step it copies ps to ps_next and puts the source parameters for the next time step into ps_next.  At the beginning of the next time step the pre_step_logic component copies the ps_next to ps to be current with that time step.  This could be generalized to let other components specify parameters for the next time step but this would require more work on existing components so can be delayed.

A generic test simulation
To serve as a model I have put together a set of test components, driver and configuration file that sets them up.  All of the points above are taken into account.  The simulation is on /p/swim1/dbatchel/ips.  The configuration file is generic_ips_0.conf and the simulation directory is RUN_1_GENERIC_00001. 

A diagram of the work-flow in this simulation is below.

	
	Script/executable
	Function

	Framework INIT:
	
	

	
	Simulation INIT component
	minimal_state_init.py
minimal_state_init.f90
	Generate initial ps, psp, ps_next, eqdsk files.  Add simulation identifiers, intial time

	Driver:
	generic_driver_0.py  
	Orchestrate simulation

	Component Initialization phase: (call component INIT)
	
	

	
	EPA
	change_n_T_4.py
change_n_T_4.f90
	Allocate and initialize plasma grid and profile arrays, generate initial eqdsk file, initialize global source data (e.g.) number of icrf sources and initial powers.

	
	RF_IC
	change_profiles_RF_IC.py change_profiles_RF_IC.f90
	Allocate and intialize grid, RF power array

	
	… similarly for other physics
      components
	…
	…

	
	MONITOR
	monitor_comp_3.py
monitor_comp_2.f90
	Define monitor netcdf file and generates t0 entries in monitor file, write monitor.nc

	
	PRE_STEP_LOGIC
	pre_step_logic_cc.py
copy_and_commit.f90
	Copy current plasma state (ps) to next plasma state (ps_next). 

	Stage initial data to history directory
	
	Stage t0 state files and component output files to history directory

	Time loop: (call component step)
	
	[t1, t2, … tN]

	
	PRE_STEP_LOGIC
	pre_step_logic_cc.py
copy_and_commit.f90
	Copy next plasma state (ps_next) to current plasma state (ps_next), update state time variables, generate prior plasma state psp. 

	
	RF_IC
	change_profiles_RF_IC.py change_profiles_RF_IC.f90
	Load RF_IC output data into ps

	
	… similarly for other physics
      components
	…
	…

	
	EPA
	change_n_T_4.py
change_n_T_4.f90
	Advance equilibrium and profiles from tj to tj+1, load results into ps, load source parameters for next step into ps_next

	
	MONITOR
	monitor_comp_3.py
monitor_comp_2.f90
	generate tj entries for monitoring, update monitor.nc

	
	Stage data to history directory
	
	Stage t0 state files and component output files to history directory

	Component Finalization phase: (call component FINALIZE)
	
	


The functionality of real physics components and scripts should be the same as the simple model component used here.  To communicate with the Plasma State in the simplest way the STEP functions of the component scripts may need to call prepare_input and process_output executables in addition to the physics code.  I have just lumped these into the STEP functions in the models, since they don’t have an independent I/O mechanism.   In the model executables I also bundled the INIT and FINALIZE functions in with STEP as selected by command-line arguments.  For real physics components these may need to be separate executables.
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