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1. Introduction 

The Bank of Finland Payment and Settlement System Simulator (BoF-PSS2), is 

analysis software designed for payment and settlement system simulations.  The 

simulator can be used for studying liquidity needs and risks in payment and 

settlement systems. Special situations, which are often difficult or impossible to 

test in a real environment, can be simulated with this tool.  

 This document is the user manual of BoF-PSS2. It describes features 

of the software and their use. It also provides an overview of technical details of 

the simulator and refers to other documentation, where more details can be found.  

 

The manual is structured as follows.  

¶ Chapter 1 provides this introduction and describes general structure and 

possible usages of BoF-PSS2.  

¶ Chapter 2 provides instructions for installation of BoF-PSS2 and necessary 

third party software.  

¶ Chapter 3 presents the user interface of BoF-PSS2 and describes its 

existing features.  

¶ Chapter 4 presents outline of algorithms, which are the building blocks 

used in describing simulated payment systems.  

¶ Chapter 5 presents outline of data management and structure of the 

database.  

¶ Chapter 6 provides screenshots of the graphical user interface.  

¶ Chapter 7 includes references to more detailed technical documentation of 

the simulator. 

¶ Chapter 8 includes short troubleshooting guide 

¶ Chapter 9 lists acknowledgements of contributors, who have participated 

in the development of the tool. 

 

1.1 General overview 

The BoF-PSS2 system structure contains three main subsystems: 

a) Input generation subsystem 

b) Simulation execution subsystem  

c) Output analysing subsystem  
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The architecture of the PSS2 program is pictured below: 

 
 

 

1.1.1 Input generation subsystem  

The input generation subsystem includes tools to import and validate transaction 

data, participant data, as well as data on daily account balances and credit limits. 

All data are stored in database files. The importerôs main task is to check that the 

input data is formally valid and then transfer it into system database structures. The 

correctness of the input data is vital. Account numbers or identifiers in the 

transaction file must correspond to the account or participant data. 

 All input data must be presented in CSV (comma separated values) format, but 

it can be entered in a user-defined order. The input data can be edited by exporting 

them from the input database as CSV files to Excel. They can then be re-imported 

after the changes. (Current Excel versions can handle about 65,000 rows. If larger 

files need to be edited, other tools (e.g. Access or SAS) or direct programming is 

usually needed. In rare situations, splitting tables in sub-tables may be a suitable 

solution.) The simulator does not include a proprietary editor for this purpose. 

 

 

1.1.2 Simulation execution subsystem 

The simulation execution subsystem includes tools for configuring and running 

simulations. It also contains the actual simulation and settlement logic. It keeps a 
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log of all events and bookings and makes reports and statistics on simulation runs. 

A control panel facility is available to set up and manage settlement structures, 

configure settlement rules and launch, monitor and control simulation runs. The 

simulator keeps a log file for the user of all simulations made. 

 

 

1.1.3 Output analysing subsystem  

The output analysing subsystem has the functionality for reporting basic statistics 

for common result parameters. The output database contains the raw data for the 

booking order of transactions and balances of settlement accounts. The input 

database contains the transaction flow, while the output database contains the 

settlement flow, i.e. settlement order and timing of submitted transactions. 

 An analyser program is used to generate additional reports. Users typically 

perform many different simulations and want to compare the results of the different 

runs. The analyser does some comparisons automatically, but additional analyses 

may require exporting CSV files for use with tools such as Excel. It is thus advisable 

to create a structure beforehand for simulation runs and determine which results are 

to be stored in databases for further analysis. The databases can become overly 

massive when transaction volumes are high and all transaction-level events are 

retained in the databases. 

 

 

1.2 Supported system structures and simulation examples 

BoF-PSS2 software supports a large variety of general system structures. It can 

model most payment and settlement structures and processes found in real systems. 

 The simulator supports real-time gross settlement (RTGS), continuous net 

settlement (CNS) and deferred net settlement (DNS) systems. The processing 

options for these systems are defined by selecting appropriate algorithms. For 

example, QUE algorithms define how transactions are released from queues, while 

PNS algorithms define when and how partial net settlement of queued transactions 

will be invoked. 

 The simulator also has multi-system capabilities, whereby a large number of 

interacting systems can be included in the same simulation (see chapter 3.9.4). 

When transactions occur between systems, they are booked in separate intersystem 

accounts. There are two types of intersystem transactions: straightforward 

participant-to-participant transactions or system invoked injection or settlement 

transactions between a main and ancillary system. In the straightforward case, the 

sending systemôs transaction data include a reference to a receiving participant in 

another system. It is possible in ancillary systems to define the end-of-day 

settlement system and accounts for each participant. Intraday injections may also 



BoF-PSS2 User Manual  8 

be defined. These transfer liquidity between the main and ancillary system during 

the day according to participant needs. 

 Typical interacting system scenarios include: 

 

ï Several independent RTGS systems constituting a network of systems, e.g. 

TARGET, 

ï A domestic payment system environment consisting of an RTGS system and 

ancillary systems, e.g. a CNS and a DNS system settling in the RTGS system, 

and 

ï RTGS system settlement between an RTGS and a securities settlement system. 

 

The simulator also supports multi-currency and multi-asset processing, which 

allows simulation of international payment systems and securities settlement 

systems. Assets are treated as book-entry currencies. Payment-versus-payment 

(PVP) and delivery-versus-payment (DVP) processing is supported. DVP/PVP 

transaction pairs or groups should be connected via a DVP/PVP-link code. In 

addition to single intra-system DVP/PVP processing in RTGS or deferred net 

settlement mode, the simulator also supports RTGS DVP/PVP settlement between 

real-time systems. 

 The focal output factors in simulations are typically counterparty risk and 

overall risk, liquidity consumption, settlement volumes, gridlock situations and 

queuing time. Measures for these factors will be stored in the output database. In 

what-if simulations, the input parameters are modified to distinguish effects on 

output factors. The following input parameters are often used or modified in 

simulations: 

 

ï Input transaction flow (e.g. testing when a single counterparty or system has 

problems), 

ï Available liquidity, 

ï Credit limit/debit cap restrictions, 

ï Queuing and netting processes, 

ï Participant behaviour due to e.g. new pricing patterns, 

ï New settlement procedures, e.g. new algorithms, 

ï Structural changes, e.g. the merging of several systems, 

ï Changes in participant structure (e.g. introducing new participants, merging old 

participants), and 

ï New intersystem processes (e.g. a shift to RTGS-based DVP processing from 

end-of-day batch processing). 

 

Liquidity is introduced the simulations either by defining daily opening balances 

and/or intraday credit limits. Liquidity can also be introduced via repo-transactions 

and there are more alternatives available: introducing only the money legs between 
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the participants and the central bank account (with abundant limit), introducing in 

DVP mode the money legs in the RTGS system and the asset legs in a separate 

securities settlement system or having a special collateral account (monetary value 

only) in the RTGS or securities settlement system. 

 Participant level risk management features can also be directly introduced in 

simulations by using bilateral limits (bilateral debit caps). These can be defined at 

bilateral and also at multilateral level separately from other liquidity arrangements.  

 Simulations may use available data from current systems or fictional, but 

representative, data.  The simulator can be described as a deterministic model with 

stochastic input. 

 Data for some examples are distributed with the simulator software, e.g. an 

RTGS simulation, an RTGS system with an ancillary CNS or DNS system and a 

real-time DVP securities settlement system. Some correct results are provided for 

all examples as illustration of what can be obtained as simulation output.  All 

examples use semicolon as data separator points as decimal separator. The data 

for the examples and system descriptions are found in the directory C:\BoF-

PSS2\examples\DECIMAL_POINT. 
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2 Installation 

Before using BoF-PSS2 software, you need to install a MySQL, MariaDB or MS 

SQL (less tested) database server. Instructions for this are given below.  

 

 Information on how to order and download the BoF-PSS2 program is posted at 

www.bof.fi/sc/bof-pss. 

 

2.1 Hardware and software requirements 

Hardware 

At least a PC Pentium 4 class processor with at least 1 GB of main memory is 

recommended, even though the simulator can be run with less memory and a slower 

processor. Sufficient main memory is essential for rapid execution of large 

transaction volumes. At least 2 GB of main memory is recommended for large 

simulations and 4 GB or more for very large simulations (>1,2 million transactions 

and >1000 participants). Note that the 32-bit version of the Java virtual machine is 

able to use only approximately 1.5 GB of memory. In order to be able to allocate 

more memory than 1.5 GB to the Java virtual machine and the simulator, 64-bit 

versions of the Java Runtime Environment and the simulator are needed. Naturally 

the operating system also needs to be a 64-bit environment. 

 The BoF-PSS2 simulator can process massive transaction flows effectively 

with adequate available main memory resources. The complexity of the algorithms 

used and the selected output tables to be computed during the simulations strongly 

influence the running times and memory usage of simulations. 

 The BoF-PSS2 simulator keeps all transactions and other input data to be 

processed during a simulation in the main memory. The amount of transactions is 

the decisive factor in main memory use. When there are more transactions than 

space in the main memory, system performance is likely to degrade strongly due to 

necessary disk swaps. Even then, the simulator continues processing during such 

circumstances until the limit of 1.5 GB is achieved for the 32-bit version.  

 

Software 

Windows XP/Vista/Windows 7  

Microsoft Excel installed (required to open reports from the user interface) 

MySQL/MariaDB/MS SQL-SERVER database server installed. 

Sun Microsystemôs Java Runtime Environment (JRE) 1.7.0_09-b05 (distributed 

and installed with the BoF-PSS2 program). 

The BoF-PSS2 program should work with limitations in Linux, although this is yet 

to be tested. Please contact the Bank of Finland if you are interested in running the 

software in a Linux environment. 

http://www.bof.fi/sc/bof-pss
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2.2 Installing a database server 

The BoF-PSS2 program assumes that Microsoft Excel and either MySQL, 

MariaDB or MSSQL Server are installed before the installation of the Simulator. 

 

2.2.1 Installing MySQL 

 This chapter describes how to install MySQL database server, either one with 

commercial or GPL license. Refer to the the next section if you prefer MariaDB.  

 The basic environment for the simulator is assumed to be a stand-alone PC or 

a server in which the MySQL database is installed separately. If you employ a PC 

or a server in which MySQL is already installed and used by other applications, it 

is advisable to contact your in-house technical support persons or consult the 

MySQL manual on multi-application parallel use. 

 MySQL versions that have been tested with the simulator are 4.1 and 5.083, 5.5 

and 5.6. Installation  procedures of these versions are identical. Necessary steps for 

the installation of MySQL 5.0 are listed below. Be aware that the database storing 

policy has changed with newer versions of MySQL. For example the versions 5.5 

and 5.6 do not allow the storing of datasbe files anywhere else than to the database 

engineôs data directory. As such, this is not an issue for the simulator as the 

simulator has always support free locations for the databases. For this purpose the 

simulator has an automated databse storing policy recognition system. 

  

1. Extract the archive containing the MySQL setup program (e.g. mysql-classic-

5.0.83-win32.zip) and run Setup.exe. Click next in the Setup Wizard window. 
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2. You have to accept the license agreement to proceed with the installation. 

Please consult your commercial MySQL license or the GPL license. 
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3. Select "Custom" and click next. 

 

4. It is recommended to install to either C:\MySQL\ or C:\Program 

Files\MySQL\. The simulator installation  program  is able to automatically 
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detect these folders and will configure the  database.bat 

database_shutdown.bat and  C:\my.cnf files accordingly.  

 

 MySQL Server and Client Programs should be selected for installation. The 

other items are not necessary for the simulator. 

 

Using the default location for MySQL (C:\MySQL\ )  is advisable.  

5. Click next and install the MySQL server. 
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6. After completing the installation wizard select the option "Configure the 

MySQL Server now" and click Finish. 

 

7. Select "Standard Configuration" and click next. 
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8. Unselect "Install As Windows Service" and select "Include Bin Directory in 

Windows PATH". 

 

 

9. Click next and execute, and the setup of MySQL is finished. 

 

If you have problems, please consult the MySQL manual at 

http://dev.mysql.com/doc/refman/5.0/en/index.html. 

 

 

2.2.2 Installing MariaDB 

MariaDB database server offers a drop-in replacement functionality for MySQL. It 

is built by some of the original authors of MySQL together with assistance of free 

and open source software developers. Starting with the simulator version 6.0.0, 

MariaDB versions 5.2,  5.3, 5.5 and 10 (both 32bit and 64bit) are expected to work 

equally well as the commercial MySQL software. Note that all versions do not 

allow to save database files to other directories than the data directory of the DB 

engine. We know that 5.2 and 5.3 do allow saving database table files freely, but 

for instance version 10 does not. This is not an issue for the simulator as the 

simulator has always allowed to store databases to arbitrary locations. The 

simulator has an automated databse storing policy recognition system which will 

guide project creation. 

 

http://dev.mysql.com/doc/refman/5.0/en/index.html
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Installation steps of the MariaDB database server: 

 

1. Download the MariaDB installation utility corresponding to your operation 

system from http://downloads.mariadb.org/mariadb/5.3/  . For 32-bit 

Windows the file name is of the format mariadb-5.3.7-win32.msi and for 64-

bit Windows it is of the format mariadb-5.3.7-winx64.msi. 

2. Double click the msi-installation file to start the installation and click Next 

in the setup wizard window. 

 

 
3. Accept the license to proceed with the installation and click Next. 

http://downloads.mariadb.org/mariadb/5.3/
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4. At the Custom Setup screen, select at least the MariaDB Server ñDatabase 

instanceò and ñClient Programsò to be installed. Install additional parts 

according to your preference. The BoF-PSS2 setup will automatically detect 

MariaDB installed in C:\MySQL though any location is acceptable. 

 
5. Untick  the option ñModify password for database user órootôñ. 
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6. Untick  the ñInstall as serviceò option. 

 

 
 

7. Enable or disable the Feedback plugin. 
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8. Click Next when Ready to install MariaDB. 

 

 
 

9. Copying the files file will take about half a minute. 
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10. Click Next to finish the installation. 

 

 

 
 

 

2.2.3 Installing MS SQL-Server 

These instructions apply to Microsoftôs SQL-server 2012.EXPRESS. MS SQL 

server 2012 requires either  .NET 3.5 SP1 or .NET 4 frameworks and service pack  

1 to be installed on your computer. Depending on the upgrade status of your 

computer theses might or might not be installed on your computer. The installation 

software is likely to inform the user if one of these is missing.  

 

1. Download the MS-SQL Server correspondin to your system requirements 

from http://www.microsoft.com/en-us/download/details.aspx?id=29062. 

 

2. Run the setup .exe file The SQL Server installation center will open. 

 

 

http://www.microsoft.com/en-us/download/details.aspx?id=29062
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3. For a new installation select: New SQL Server stand-alone installation or 

add features to an existing installation. 

 

 
 

 

4. If your computer is connected to the internet, you might want to allow the 

installer to get updates. 
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5. Select install new SQL-Server 

 

 
 

6. Accept licensing conditions and click next 
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7. Select all features and click next. 

 

 
 

8. Select Default instance. Set instance ID to MSSQLSERVER 

 




























































































































































































































































































































