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Summary

This report describes the Synchronous OLGA/MATLAB interface. 
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1 Tutorial

1.1 Introduction

The OLGA computer program may be used as a batch program, taking all its needed input from a set of input files, or it may be started in ”server mode”, establishing communication channels to one or more ”client programs” that will interact with OLGA during the simulation. When used in “server mode”, OLGA is often referred to as the “OLGA Server”.

OLGA Server has been used in various types of applications. Some examples are:

· Pipeline simulations in software systems for engineering and training simulators.

· Pipeline simulations in online systems for pipeline monitoring and operation.

· Coupled multiphase and reservoir simulations, using the Eclipse Server.

· Direct interaction with a graphical user interface system.

In these applications, the client has normally been specially tailored to achieve the desired functionality. In a training simulator, for example, OLGA Server could run on a separate computer or use a dedicated CPU. The interface may then be implemented to achieve parallel computations. The OLGA Server will be instructed to simulate, while the client will do its own calculations, and then the two processes will rendezvous and exchange information.

The Olga Server Interface (OSI), described in this report, establish a connection between OLGA Server and MATLAB so that results from dynamic multiphase flow simulations become available in MATLAB. Among the functionality provided through this toolbox is:

· Load OLGA input file (with pipeline and fluid description) and initialize OLGA Server. 

·  Save and load snap (restart) files. 

· Manipulate input variables (i.e. valve openings, boundary conditions) in the pipeline model.

· Manipulate some selected physical variables in the pipeline model. 

· Request simulation results.  

· Start and control dynamic multiphase flow simulations in the OLGA Server.

The communication between MATLAB and the OLGA Server uses the TCP/IP protocol (implemented with sockets). The communication is synchronous, which means that when the interface has sent a message to OLGA, it will wait until the answer(s) has been received, or an error condition has been detected, before returning to MATLAB. 

The Server interface has been implemented in terms of a set of functions programmed in the C programming language. Among these functions there is one main function providing the MATLAB interface to the OLGA Server. On top of the main interface function, a set of MATLAB functions are designed, hiding the technical details of the interface from the MATLAB application. The intended use of this interface is through the MATLAB functions. Therefore only the MATLAB functions will be described in this documentation.  

The OSI toolbox is developed for Windows NT, and has not been tested or completed for other platforms. The system requirements are:

· MATLAB version 5.2 for Windows NT.

· OLGA Server (on Windows NT, version 3.5 of OLGA).  It should be possible to run the OLGA Server on a UNIX computer and MATLAB on a Windows NT PC. 

 For further details on system requirements, see the MATLAB and the OLGA documentation.  

1.2 Installation

To install the OSI toolbox it is necessary to do the following steps:

1. Copy the files into a dedicated directory.

2. Set the MATLAB path to point to the dedicated directory.  

3. Add service names to the Windows NT system file: Services (C:\WINNT\system32\drivers\etc\Services). 

The Services file contains port numbers for well-known services as defined by RFC 1060 (Assigned Numbers). By adding new lines with the required format we define new service names and associate port numbers and protocols with the name. The name and the port numbers used by the OLGA/MATLAB interface are the end user free to chose. However the protocol should be tcp. The service name is specified at command line when OLGA is invoked, and the also used as input when connecting MATLAB to the OLGA Server, see OsiConnect for details. Example: By adding the following line at the end of the Services file: 

olga_1          24231/tcp

A new service called olga_1, using port number 24231 and protocol tcp is defined.  

Tip: use unique names for service names and large unique numbers for port numbers and make sure that that a carriage return is inserted at the end of the last line added to the Services file. 

1.3 Starting OLGA

Before any attempt to connect MATLAB to OLGA Server, the server must be started. On the MSDOS command line in the directory with the OLGA related files:

h:\crckjha\olga>olga-3.5 –server olga_1

olga-3.5i04
OLGA executable (compiled with server option).
olga_1

service name.

The service name is used by OLGA and the OSI function OsiConnect to look up the port number. The port number is used as the communication channel.  

OLGA will respond with the following output on the terminal:

OLGA_SERVER STARTED
Home path:
OLGA_SERVER READY

The server is then waiting for messages. 

1.4 An introductory example

Assuming that OLGA Server is running on the computer with the name NOCRC-WKJHA142 and the service name given to OLGA during startup is olga_1 (as given in section 1.3).

Then the following sequence of MATLAB commands serve as an example (these commands can be found in the file OsiExample.m file):

% Connect to OLGA running on the computer NOCRC-WKJHA142 with service olga_1
[err, errmsg] = OsiConnect('NOCRC-WKJHA142 olga_1');

% To test response, PING
[err,errmsg] = OsiPing;

% To load input file 'hvm.inp' and initialize OLGA in one step.
[err, errmsg] = OsiStart('hvm.inp');

% To subscribe for pipeline profile results.  
[err, errmsg] = OsiSetProfileVar('$HOD-VALH PT TM');

% To subscribe for pipeline trend results.  
[err, errmsg] = OsiSetTrendVar('$HOD-OUTL PT TM');

% To advertise input variables (prepare OLGA server to receive input).
% Note that the valve opening can not directly be set in the OLGA server,
% one set the valve opening indirectly using a manual controller 
% (with gain equal to one) and then adjust the set point to thtis controller.
[err, errmsg] = OsiSetInputVar('CONTROLLER C-PV', [1]);
% To set integration stop time to time 24.0 seconds. 
OsiSetTend(24.0);

% To get information about the planned integration time step from OLGA.
td = OsiGetDT;

% Set input data 
[err, errmsg] = OsiSetInputData(0.6);

% To simulate from current time to simulation end time (24.0) with the input.
[t, y, d, p, err, errmsg] = OsiSim;

% To plot profile result using MATLAB plot command.
plot(d, p(:,1));



% Pressure in first column. 
title('Hod outlet');


xlabel('Section number'); ylabel('Pressure [Pa]');

plot(d, p(:,2));



% Temperature in second column. 
title('Hod outlet');


xlabel('Section number'); ylabel('Temperature [C]');

% To get current time.
t0 = OsiGetTime;


% The time should then be 24.0. 

% To simulate using time varying input. 
tv = [31.0; 32.0; 33.0; 34.0; 35.0; 36.0; 37.0; 38.0; 39.0; 40.0];
pV = [0.5; 0.55: 0.60; 0.65; 0.70; 0.75; 0.80; 0.85; 0.90; 0.95];
[t, y, d, p, err, errmsg] = OsiSim(tv, pV);

% Plot results using MATLAB's plot command.
plot(t, y(:,1));



% Pressure in first column. 
title('Hod outlet');


xlabel('Time [seconds]'); ylabel('Pressure [Pa]');

plot(t, y(:,2));



% Temperature in second column. 
title('Hod outlet');


xlabel('Time [seconds]'); ylabel('Temperature [C]');

% To stop the OLGA server. 
[err, errmsg] = OsiStopServer;

% To disconnect from OLGA (must be done after OsiStopServer 
% otherwise is the connection to the server lost, including the socket id etc.). 
[err, errmsg] = OsiDisconnect;

1.5 Requesting and subscribing for data

There is difference between requesting data and subscribing for data. After the MATLAB application has loaded a OLGA input file and performed the initialization, it may request the OLGA Server for the current value (in time):

· of physical variables at specified positions, denoted trend data, and 

· profile data, i.e. how the physical variables evolve along the pipeline. 

In addition it is possible to subscribe for simulation results, both in terms of trend data and profile data. The data which are subscribed for is reported back to the MATLAB application when the function OsiSim returns. 

1.5.1 Specifying variables

The OSI toolbox provides the same syntax for specifying variables as the OLGA Server. This means that POSITION statements must be included in the OLGA input file in order to specify trend data and branch labels are used to specify profile data.

1.5.1.1 Profile variables

To specify profile variables one refers to the branch label in combination with one or more variable names (see Appendix A in OLGA User Manual for a complete list of output variables and their names).   Also note that to extract the accumulated pipeline distance from the OLGA server is not possible in version 3.5 of OLGA.  

Assume that the branch with label HOD-VALH has been defined with the following BRANCH statement on the OLGA input file:

BRANCH LABEL=HOD-VALH, FROM=HOD, TO=VALH, GEOMETRY=HOD-VALH-GEOM, FLUID=1, FLOAT=ON

Then the following command subscribe for pressure and temperature profile data for the branch HOD-VALH:



[err, errmsg] = OsiSetProfileVar('$HOD-VALH PT TM');

The same syntax applies for the function requesting profile data (OsiSendProfileData).   

1.5.1.2 Trend variables

In order to specify trend variables it is necessary to define POSITION statements on the OLGA input file. Associated with the POSITION statement there is a POSITION LABEL, this label is used together with one or more variable names to identify trend variables. Assume that a position  in the pipeline has been defined on the OLGA input file by the following POSITION statement: 

POSITION LABEL = HOD-OUTL, BRANCH = HOD-VALH, PIPE = DES_P4, SECTION = 1

Then the following command subscribe for pressure and temperature trend data at the position identified by the label HOD-OUTL:

 
[err, errmsg] = OsiSetTrendVar('$HOD-OUTL PT TM');

The same syntax applies for the function requesting trend data (OsiSendTrendData).   

1.5.2 Output data format

Most of the functions only return an error code and an error message. These functions are:

OsiConnect, OsiDeleteSnap, OsiDisconnect, OsiInitialize, OsiLoadInput, OsiLoadSnap, OsiPigLaunch, OsiPing, OsiPrint, OsiProfile, OsiSaveSnap, OsiSetInputData, OsiSetInputVar, OsiSetProfileVar, OsiSetTend, OsiSetTime, OsiSetTrendVar, OsiStart, OsiStopServer, OsiTestOff, OsiTestOn and OsiTrend. 

The error code is an integer and the error message is a character string with more descriptive information. It is up to the application to make use of this information. 

The following two functions return a floating point number in addition to the error code and the error message:


OsiGetDT and OsiGetTime. 

The remaining three functions:

OsiSendProfileData, OsiSendTrendData and OsiSim 

return two or four variables which might be (possible vectors):

time (t), position/distance (d), trend data (y) or profile data (p). 

The functions OsiSendProfileData and OsiSendTrendData return the current value of the requested variables (only one time instant). The requested variables are stored in columns in the same order as requested. If the function OsiSendTrendData request the three variables: pressure (PT), temperature (TM) and holdup (HOL) in this order, then t is a 1 by 1 matrix containing the time and y is a 1 by 3 matrix containing the three variables. The first “column” contains the pressure, the second “column” contains the temperature and the third “column” contains the holdup. 

The function OsiSendProfileData stores the requested variables in columns in the same manner as OsiSendTrendData,  however, the number of rows in the matrices d and p are larger than one. Each row corresponds to one section in the pipeline model. 

The function OsiSim may return more than one time instant, in this case the data for each time instant is stacked above each other, i.e. expanding the number of rows and not the number of columns. For trend data this is the obvious way to return data. For profile data the matrix p contains several blocks. Each block contains the profile data at one time instant, and the blocks are stacked on top of each other.

1.6 Input data format

The function OsiSetInputVar is used by the MATLAB application to prepare the server to receive input through the interface. In addition to specifying the variable names (a string) it is also necessary to specify the number of elements for each variable. The reason for this is that the number of elements may change depending on the variable type. 

In the present version of the OLGA Server it is necessary to indirectly affect the opening of a valve by adjusting the set point to a manual controller. Assume that the following controller and valve definitions are present at the OLGA input file:

CONTROLLER LABEL C-PV, TYPE = MANUAL, TIME = 0, SETPOINT = 0.5, STROKETIME = 20

VALVE LABEL = PV, BRANCH = HOD-VALH, PIPE = ASC_P7, SECTIONBOUNDARY = 1, \ 
DIAMETER = 0.2, CD = 0.84, CONTROLLER = C-PV

Then the following MATLAB command (call to the OsiSetInputVar function) prepares the OLGA Server to receive input for the valve opening from the MATLAB application:


[err, errmsg] = OsiSetInputVar('CONTROLLER C-PV', [1]);

For further details on which variables that can be manipulated from the OLGA Server client, (MATLAB application) consult the OLGA Server documentation.  

The function OsiSetInputData is used by the MATLAB application to send new input data, boundary conditions and new physical variables to the server. The input to this function is a vector with the new data. The size of this vector must equal to the sum of all variable sizes specified in the call to OsiSetInputVar. The ordering of the data in this vector must also correspond to the order specified in the string containing the variable names.

Assuming that the above call to OsiSetInputVar function has been executed, then the following OsiSetInputData command changes the valve opening to 60% open:


[err, errmsg] = OsiSetInputData(0.6);

1.7 Location of OLGA related files

All files related to OLGA, i.e. the OLGA input file, OLGA restart/snap files, the file containing the PVT table etc. are referenced relative to the directory where the OLGA Server is started.

1.8 Other documentation 

This is a supplement to the OLGA documentation. In order to understand and use the OSI toolbox, it is necessary to consult the OLGA User Manual and the “TECHNICAL NOTE: The OLGA Server Interface”. 

The technical on the OLGA Server Interface contains a brief description on how to address variables in the OLGA Server, it also contains a table of all variables which can be manipulated (changed) from the client (the MATLAB application in this case). 

The OLGA User Manual contains an appendix with all the output variables, which can be accessed in OLGA.  

2 Reference 

This section contains a list of functions grouped by subject and a list of functions in alphabetic order. Further information about each function is available through the online Help facility in MATLAB (type help funcname where funcname is one of the OSI function names). 


Set up, test and close connection to the OLGA Server

OsiConnect
Connect to OLGA Server.

OsiDisconnect
Disconnect from OLGA Server.

OsiStopServer
Stop OLGA Server.

OsiPing
Sends PING to OLGA SERVER and waits for PONG as a response.


Load pipeline model and initialize OLGA Server

OsiLoadInput
Load OLGA input file.

OsiInitialize
Initialize OLGA Server.

OsiStart
Load OLGA input file and initialize OLGA Server.


Operations on (data interchange with) files 

OsiLoadSnap
Load OLGA snap/restart file. 

OsiSaveSnap
Save OLGA snap/restart file.

OsiDeleteSnap
Delete OLGA snap/restart file.

OsiPrint
Append state information to OLGA's normal output file. 

OsiProfile 
Append state information to OLGA's profile plot file.

OsiTrend
Append state information to OLGA's trend plot file.


Customizing input (advertise) and output (subscribe)

OsiSetInputVar
Advertise input variables (prepare OLGA Server to receive input).

OsiSetInputData
Set/send input data to OLGA Server.

OsiSetProfileVar
Subscribe for pipeline profile results.

OsiSetTrendVar
Subscribe for pipeline trend results.

OsiPigLaunch
Launch the pig.


Extract simulation results/information

OsiSendProfileData
Request profile data from OLGA Server.

OsiSendTrendData
Request trend data from OLGA Server.

OsiGetTime
Get current time in OLGA Server.


Controlling and initiating simulation

OsiSim
Simulate pipeline.

OsiSetTime
Set current time in OLGA Server.

OsiGetDT
Get the (planned) size of the next integration time step.

OsiSetTend
Set integration end time. 


For debug and development purpose

OsiTestOff
Tell OLGA Server to stop printing additional test information.

OsiTestOn
Tell OLGA Server print more test information.  


OSI functions listed in alphabetic order

OsiConnect
Connect to OLGA Server.

OsiDeleteSnap
Delete OLGA snap/restart file.

OsiDisconnect
Disconnect from OLGA Server.

OsiGetDT
Get the (planned) size of the next integration time step.

OsiGetTime
Get current time in OLGA Server.

OsiInitialize
Initialize OLGA Server.

OsiLoadInput
Load OLGA input file.

OsiLoadSnap
Load OLGA snap/restart file. 

OsiPigLaunch
Launch the pig.

OsiPing
Sends PING to OLGA SERVER and waits for PONG as a response.

OsiPrint
Append state information to OLGA's normal output file. 

OsiProfile 
Append state information to OLGA's profile plot file.

OsiSaveSnap
Save OLGA snap/restart file.

OsiSendProfileData
Request profile data from OLGA Server.

OsiSendTrendData
Request trend data from OLGA Server.

OsiSetInputData
Set/send input data to OLGA Server.

OsiSetInputVar
Advertise input variables (prepare OLGA Server to receive input).

OsiSetProfileVar
Subscribe for pipeline profile results.

OsiSetTend
Set integration end time. 

OsiSetTime
Set current time in OLGA Server.

OsiSetTrendVar
Subscribe for pipeline trend results.

OsiSim
Simulate pipeline.

OsiStart
Load OLGA input file and initialize OLGA Server.

OsiStopServer
Stop OLGA Server.

OsiTestOff
Tell OLGA Server to stop printing additional test information.

OsiTestOn
Tell OLGA Server print more test information.  

OsiTrend
Append state information to OLGA's trend plot file.

3 Malfunctions and errors in the OLGA Server

The intention with this section is to summarize some of the errors/malfunctions detected in the OLGA Server during the development of the OSI toolbox. 

1. OLGA_READ_INPUT: When sending the message OLGA_READ_INPUT (using the OsiLoadInput function) an error is sent back to the client, if any of the conditions qualifying for a warning message during compilation of the PVT table turn out to be right. The application may consider rejecting this type of error.

2. OLGA_START: The same error as in case 1 is reported when sending the message OLGA_START (using the OsiStart function). 

3. OLGA_READ_INPUT, OLGA_START: A non-existing input file causes the OLGA Server to abort. 

4. OLGA_READ_INPUT, OLGA_START: Loading the same OLGA input file twice or loading first one OLGA input file and then a second one causes the OLGA Server to abort. 

5. In order to load a new input file the client has to stop and restart the OLGA server.

6. OLGA_LOAD_SNAP: The OLGA Server replies with OLGA_OK also when it can not load the restart/snap file.

7. OLGA_LOAD_SNAP: Aborts the OLGA Server if error conditions when reading the restart file turns out to be right. 

8.  OLGA_DELETE_SNAP: Does not delete the restart/snap file on disk.

9. OLGA_PIG_LAUNCH: The OLGA Server does not reply OLGA_ERROR or OLGA_OK as the OLGA Server documentation claims. The OSI toolbox is rewritten so that the current version does not wait for any reply from the OLGA Server for this message. 

10. OLGA_PIG_LAUNCH, OLGA_SIM_STEP: OLGA_PIG_LAUNCH has caused the OLGA Server to abort during simulation. In this case the pig caused OLGA to reduce the time step to below the minimum time step and the server the aborted. 

11. Setting the valve opening directly does not work (is not taken into account), instead one has to set the valve opening indirectly by setting the setpoint to a manual controller which is linked to the valve. 


ABB Corporate Research

ABB Teknologi AS
Office address
Telephone
Fax

P O Box 90
Bergerveien 12
+47 66 84 30 60
+47 66 84 35 40

N-1361 Billingstad
Billingstad

+47 66 84 35 41

Norway
Norway



PAGE  
15

