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ABSTRACT 
 
The Human-System Interface Laboratory (LABIHS) simulator is composed by a set of advanced hardware and 

software components whose goal is to simulate the main characteristics of a Pressured Water Reactor (PWR). 

This simulator serves for a set of purposes, such as: control room modernization projects; designing of operator 

aiding systems; providing technological expertise for graphical user interfaces (GUIs) designing; control rooms 

and interfaces evaluations considering both ergonomics and human factors aspects; interaction analysis between 

operators and the various systems operated by them; and human reliability analysis in scenarios considering 

simulated accidents and normal operation. The simulator runs in a PA-RISC architecture server (HPC3700), 

developed nearby 2000’s, using the HP-UX operating system. All mathematical modeling components were 

written using the HP Fortran-77 programming language with a shared memory to exchange data from/to all 

simulator modules. Although this hardware/software framework has been discontinued in 2008, with costumer  

support ceasing in 2013, it is still used to run and operate the simulator. Due to the fact that the simulator is 

based on an obsolete and proprietary appliance, the laboratory is subject to efficiency and availability issues, 

such as: downtime caused by hardware failures; inability to run experiments on modern and well known 

architectures; and lack of choice of running multiple simulation instances simultaneously. This way, there is a 

need for a proposal and implementation of solutions so that: (i) the simulator can be ported to the Linux 

operating system, running on the x86 instruction set architecture (i.e. personal computers); (ii) we can 

simultaneously run multiple instances of the simulator; and (iii) the operator terminals run remotely. This paper 

deals with the design stage of the simulator modernization, in which it is performed a thorough inspection of the 

hardware and software currently in operation. Our goal is to highlight critical points to the simulator portability, 

that is, the set of  techniques and programming directives that need to be adapted or reformulated. We also 

present chosen solutions for the detected issues. 
 

 

1. INTRODUCTION 
 

 

The Human-System Interface Laboratory (LABIHS) simulator [1] serves for a set of 

purposes, such as: control room modernization projects; designing of operator aiding 

systems; providing technological expertise for graphical user interfaces (GUIs) designing; 

control rooms and interfaces evaluations considering both ergonomics and human factors 

aspects; interaction analysis between operators and the various systems operated by them; 

and human reliability analysis in scenarios considering simulates accidents and normal 

operation. 

 

The simulator runs in a PA-RISC [5] architecture server (Hewlet Packard™  HPC3700), 

developed nearby 2000’s, using the HP-UX Operating System [2]. All mathematical 

modeling components were written using the HP Fortran-77 programming language with a 

shared memory to exchange data from/to all simulator modules. 
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Since this appliance was delivered and became operative, in 2003, the demand for 

experiments has being increasing constantly. However, its capability to cope with the 

increased demand has been compromised by the fact that the simulator is based on an 

obsolete and proprietary appliance. Thus, the laboratory is subject to efficiency and 

availability issues, such as: downtime caused by hardware failures; inability to run 

experiments on modern and well known architectures; and lack of choice of running multiple 

simulation instances simultaneously.  

 

This way, there is a need for a proposal and implementation of solutions so that:  

• operator modules run remotely.  

• the simulator can be ported to the Linux operating system, running on the x86 

instruction set architecture [3]; 

• run multiple instances of the simulator; and 

• all limitations cited in Section 2.1 are dealt. 

 

 

This paper deals with the design stage of the simulator modernization, in which it is 

performed a thorough inspection of the hardware and software currently in operation. Our 

goal is to highlight critical points to the simulator portability, that is, the set of advanced 

techniques and programming directives that need to be adapted or reformulated. We also 

present chosen solutions for the detected issues. 

 

The remainder of this paper is organized as follows. In Section 2, we present a brief overview 

of the simulator´s architecture as well as its main limitations. In Section 3 we introduce the 

proposed modernized architecture for the simulator, together with the chosen techniques to 

overcome each limitation. Section 4 brings some conclusions and comments on the current 

stage of the simulator modernization. 

 

2. PWR SIMULATOR SOFTWARE: OVERVIEW 
 

Broadly, the PWR simulator software is composed of a set of applications that communicates 

between each other, as shown in Figure 1.  

 

The Modeling Program is the main component of the simulator. It contains all mathematical 

models that represent the most relevant characteristics of a pressurized water reactor power 

plant. 

 

The Instruction Station module allows that an instructor interact with the ongoing simulation 

to provide commands according to which scenario the instructor wants to make available to 

the operators. 

 

Three other modules provide logs and reports: RealTime Scheduler is used to set timers and 

schedule tasks for both Parameter Logger and Alarm List modules; the Parameter Logger 

module stores, into files, a set of variables describing states through which the simulation has 

gone in the past; the Alarm List module provides alarms that guide the operators during the 

power plant operation procedures. 
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All communication among the presented modules is provided by means of a shared memory 

[4]. A shared memory is a RAM memory region in a computer system in which several 

running processes writes to and reads from. Due to its inherent simplicity, a shared memory 

can only be accesses by local processes.  

 

 

 

 
 

 

 

 

Because of this, the MMI (Man Machine Interface) must run locally at the very same host 

(i.e. HP UX Operating System, in Figure 1) as all other modules of the simulator.  Since the 

plant is generally operated by several persons, a number of MMI processes also need to be 

run locally.  

 

To accomplish this, each operator uses a PC running Windows operating system to run the X-

Manager [5] application. This application allows the operator to remotely access the machine 

running the simulator, and start an instance of the MMI. Since MMI is running locally, it can 

write to or read from the shared memory, allowing the operator to read the current simulator 

state as well as to provide commands to it. 

 

The TCP Server module was developed by the LABIHS laboratory years after the simulator 

started operating. This module is able to serve a single network session to exchange data with 

the shared memory. This makes it possible for the simulator to be operated by a virtual 

operation room developed by the virtual reality laboratory. 

 

2.1. PWR Simulator: Limitations of The Current Version 

 

Figure 1: Current simulator´s architecture overview 
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By the time the PWR simulator was developed (i.e. 1985-2002), the processing power of 

computers was an important issue to the development team, since the PWR simulator is quite 

a complex and CPU consuming software. Thus, the developers of the PWR simulator had to 

take project choices that were allowed them to accomplish the performance requirements. 

 

Today, however, about a decade after the PWR simulator started to operate, these choices 

pose a set of limitations to the experimentation environment. The modernized version of the 

simulator, presented on Section 3, is being developed in order to overcome all limitations 

commented below. 

 

2.1.1. Hardware obsolescence 
 

The computer applicance selected to develop and to operate the PWR simulator is a PA RISC 

[6,7] workstation, the HP 3700, running the HP UX operating system. This project decision 

was based on the fact that this was considered to be higher performance solution at the time.  

 

One important limitation of this solution relies in its incompatibility with today´s most widely 

used architecture: CISC [7]. Examples of computers based on this architecture are the Intel 

x86, also known as PC (Personal Computer), the Macintosh Computers, and most of 

smartphone solutions available today. In fact, these products form the vast majority of 

computers available today.  

 

Furthermore, the HP PA-RISC architecture was discontinued in 2008, and the consumer 

support for these products will cease in 2013. Thus, the PWR simulator hardware and 

software solution is prone to serious obsolescence.  If the hardware fails it will be too 

difficult to fix it, as it will be almost impossible to find compatible replacement parts. Also, 

the lack of security and bug updates is a relevant issue. 

 

2.1.2. Portability 
 

Another project decision taken to overcome the processing power limitations by the time the 

simulator was developed is the use of a shared memory to provide communication among the 

simulator modules, as shown in Figure 1. 

 

Shared memory was chosen because, when compared to other inter process communication 

methods (i.e. Pipes, Messages Passing, Remote Procedure Calls, Sockets), it is the fastest 

choice [4].  

 

This is true because once the memory region is mapped into the address space of the 

processes that are sharing the memory region, no explicit kernel (operating system core) 

involvement occurs in passing data in between. 

 

What is normally required, however, is some form of synchronization between processes that 

are storing and fetching information to and from the shared memory region. Interestingly, the 

HP Fortran programming language, used to build the core modules of the simulator, provides 

a simplified API (Application Programming Interface) for the programmer to build the 

required synchronization. 
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A downside of this is that HP shared memory API is a proprietary solution, which means that 

all other APIs available today are incompatible with HP´s shared memory.  

 

To make matters worse, not only was the simulator´s shared memory implemented using 

proprietary code, but other minor features also do so. 

 

The portability issue can be summarized as follows. The PWR simulator, in its current 

version, makes use of proprietary API to implement its core features. Today, standardized 

APIs are incompatible with HP´s Fortran, so that the source code of the simulator is not 

portable to currently available computers.  

 

2.1.3. Scalability 
 

The third limitation of the current version of the PWR simulator is the inability to run more 

than once instance, allowing only a single experiment to be run at the same time.  

 

It turns out that it is common that an instance stay active for several days, which is the case 

when LABIHS is offering courses that uses the simulator. No other simulation experiments 

can be executed while there is a running instance. The technical reason for this limitation is 

indeed simple, and relies on the way the shared memory of the simulator was implemented.  

 

The project team chose to always place the shared memory at the same point of the RAM 

memory. Thus, as shown in Figure 2, if another simulator instance is started, both instances 

would read from and write to the very same shared memory. This would cause severe 

inconsistence, because the shared memory would no longer represent states of Instance 1 or 

Instance 2. 

 

 Figure 2: Shared memory inconsistence caused by two 

simulator instances operating at the same memory region 
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2.1.4. Efficiency 

 
The main efficiency issue of the current PWR simulator version relies on the TCP Server 

module, and is closely related to the incompatibility issue presented in Section 2.1.1. 

 

As explained in Section 2, the TCP Server was conceived to allow remote communication 

between a virtual operator control room and the simulator´s shared memory.  

 

In fact, the virtual control room as developed on a hardware/software solution which is more 

modern when compared to the PWR simulator. As a result, the hardware are quite different 

(CISC versus RISC).  

 

A major incompatibility issue between the PWR simulator and the virtual control room is the 

way data is stored in its memory, that is, the so called byte order [8,4].  

 

As illustrated in Figure 3, there are two international standards for the byte order, and both 

are incompatible: Big-Endian and Little-Endian [8,4]. While the PWR Simulator hardware 

uses the Big-Endian standard, modern computers follow the Little-Endian standard.  Thus, 

special care must be taken when transferring data between in between. Otherwise the 

communication will be mistaken.  

 

The solution currently implemented on the TCP Server module of the PWR simulator handles 

the byte order conversion in a certain manner that could be improved for more efficient 

transmission. More specifically, the available byte order conversion doubles the required 

amount of data that has to be sent. This is, indeed, what we call an efficiency limitation.  

 

 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

3. MODERNIZED SIMULATOR 
 

The main goal of the modernized version of the PWR Simulator is to overcome all limitations 

listed in Section 2.1, that is, obsolescence, portability, scalability and efficiency.  

 

0A 0B 0C 0D 

 
A A+1 A+2 A+3 

 
0D 0C 0B 0A 

 

Memory Addresses: 
0A0B0C0D 

Hexadecimal value to  
be stored in memory 

Big-Endian starts with the most  

significant byte at the first memory address 

Figure 3: Byte Order Example 

Little-Endian starts with the least  

significant byte at the first memory address 

Most significant byte Least significant byte 
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In Figure 4, we present the architecture for the new version of the PWR simulator. In the 

following, we present solutions for each one of the limitations highlighted for the original 

version.  

 

3.1. Assuring portability and avoiding hardware obsolescence 
 

The reason that allows portability and obsolescence issues to be treated together in this 

section is that the solution for one of them also helps to solve the other. That is, by solving 

the portability issue and being able to compile and run the simulator on the x86/Linux 

environment, the hardware obsolescence issue is no more a problem, as explained below. 

 

 

 

 
 

 

 

It is known that the Intel™ x86 architecture is the most widely used computer platform in the 

world. Also, the Linux operating system is an open source software that is supported and 

maintained by thousands [8] of companies, universities and communities all around the 

world. 

 

Backward compatibility widely assured by both hardware (x86) and software (Linux) 

solutions. This way, when it comes the time in which there is a need for replacing the 

simulator workstation with a newer version, it is straightforward to install an updated version 

of the Linux operating system on it, and recompile the simulator´s source code. 

 

In order to compile all modules written in HP FORTRAN in the x86/Linux platform, all 

source code was edited and the shared memory features were removed. Also, all compilation 

Figure 4: Modernized Simulator´s architecture overview 
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scripts had to be rewritten from scratch, since the ones available at the HP PA-RISC platform 

is too different from what works on Linux. 

 

By referring to Figure 1, one can note that without the shared memory, different modules of 

the simulator would not communicate to each other, and the simulator would not work.  

 

To replace the simulator´s shared memory, a new module as conceived: the Network Data 

Server, shown in Figure 4. This module is capable of serving several network sessions at the 

same time. More details on the methods used to implement this concurrent network server is 

found in Section 3.2. 

 

Through the Network Data Server module, all simulator´s modules, i.e., the Modeling 

Program, the Instructor Station, the RealTime Scheduler, the Parameter Logger, the Alarms 

and the MMI, will communicate to each other. 

 

Among all well-known inter-process communications implementation methods [4,8] (i.e. 

Shared Memories, Pipes, Messages Passing, Remote Procedure Calls - RPC, Sockets ), only 

two of them were conceived to provide network communications capability: RPC and 

Sockets. Between them, we opted for the Sockets choice since it the de facto solution used by 

the Internet. As a consequence, the PWR simulator becomes a distributed system, and there 

are virtually no bounds† on where (different hosts) each module one can run. 

 

The Network Data Server module needs to be portable, just as all other modules of the 

simulator. This way, the C programming language [9] is being used to implement it, and the 

module is being carefully crafted to comply with the POSIX standard [11,8,4]. POSIX stands 

for Portable Operating System Interface for Unix, and is the name of a family of IEEE 

standards to define the API, for software compatible with variants of the Unix operating 

system. 

 

These choices are important, as the Network Data Server module needs to consistently 

compile and run in both computer environments (i.e. PA-RISC HP UX and x86 Linux), 

specially during the test phase of this project.  

 

In fact, sometimes it is not enough to follow a programming standard such as the POSIX. 

Figure 5 shows an example of a piece of C language code. Even though the POSIX standard 

is being respected, platform-specific code needs to be written if one wants to compile it in 

both HPUX and Linux operating system. This type of situation is carefully treated on the 

Network Data Server module. 

 

 

 

 

 

 

 

 

 

 

 

#ifdef LINUX 

        if( socket_conectado < 0 )  

#endif 

#ifdef HPUX 

        if( *socket_conectado < 0 )  
#endif 

Figure 5: Following POSIX standard sometimes is not enough and there is 

a need for writing specific code to assure portability 

† As the PWR Simulator is a real time software, the  communication delay  

   between modules must remain strictly under a certain value (i.e. 100ms) 
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3.2. Providing Scalability and improving efficiency 
 

The choice of using the Sockets API to provide inter-process communication on the new 

version of the simulator is also useful to solve the scalability issue. 

 

There are two main features required for the simulator software to be considered scalable, 

according to this modernization project requirement: 

• the possibility to the simulator to run several instances at the same time, and 

• each instance of the simulator must be able to serve several MMI sessions at the 

same time. 

 

The first feature is easy to achieve, once the Network Data Server is based on the Socket API. 

When sockets are used for inter-process communication, one needs to provide the port 

number to which the software will listen for connection requests. It is, indeed, straightforward 

to write a network server software that accepts the port number as a user parameter, as shown 

in Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

Thus, if there is a need to start another instance of the network server module, the user needs 

only to start another terminal an run the module again, providing a different port number. 

Figure 7 illustrates the execution of two instances of the simulator at the same time, one is 

using port number 5050, and the other one is using port number 5051.  

 

The other required feature, namely, the ability of each network server to communicate to 

several MMI concurrently, is more complex to provide. Two POSIX standards options are 

currently available for implementing concurrent service at a network server software: 

processes (fork) [8,4] and threads [10]. 

 

Both are advanced programming techniques, but the main difference between them is that 

when a process calls a fork, the operating system creates a copy of the process and now two 

processes are running on different areas of the computer memory: the parent and the child.  

Thus, any communication between them needs to be explicitly implemented as if they were 

to strange processes. For example, a shared memory could be implemented so both processes 

can communicate, or they could open a socket to exchange data. Figure 8 (b) shows an 

example with three processes created by using the fork system call. Note that each process 

has its own data (variables) memory area. 

 

On the other side, as shown in Figure 8 (a), if a process uses threads to create another 

execution instance, the original process continues to run, and the operating system creates a 

thread into the same memory space of the process. Then, if the thread writes a value to a 

gdjaime@linux$ ./NetworkDataServer 5050 

Figure 6: User starts the Network Data Server module, 

and commands it to listen to port number 5050 
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global variable, the main thread will be able to read it. In other words, the communication 

between them is trivial. 

 

 

 

 
 

 

 

 

 

Refer to Figure 4, in which a single Network Data Server is communicating to several 

processes: all simulator´s core modules to the left and four instances of the MMI to the right. 

If an operator sitting on any of the operator´s workstation interacts with the simulator, all 

other modules need (including other three MMIs) to be aware of this.  

 

Suppose that there is one thread of the Network Data Server running to serve each module 

currently active. As all threads share the same memory area, if any change is made to a global 

variable, all other threads will be aware of this. It is clear, then, that the threads solution fits 

just right as the programming technique. 

 

One may argue that, by using threads to serve several network connections, there is a need to 

implement some kind of access control at the global variables, so that only one operation is 

executed at a time, to avoid inconsistency. To avoid this kind of inconsistency, the Network 

Data Server uses the Mutex API [4,8] to provide the required access synchronization to 

global variables. 

 

Figure 7: Two instances of the simulator running at the same time, MMI 

remotely running at operators´ workstations. Ports 5050 and 5051 are being 

used. 



INAC 2011, Belo Horizonte, MG, Brazil. 

 
 

 

 

 

 

 

Besides the fact that threads fits to what is the Networt Data Server module, when comparing 

processes and threads, there are several efficiency characteristics that also makes threads the 

best choice. We highlight the most important bellow: 

• threads have direct access to the data segment of its  process;  

• threads can directly communicate with other threads of its process;  

• threads have almost no overhead, while processes (fork) have considerable overhead; 

• new threads are much more easily created than processes. 

 

Another important efficiency issue in regard to the modernization of the PWR simulator is 

related to the hardware incompatibility presented in Section 2.1.4, where the concept of Byte 

Order is illustrated. 

 

On the current version of the simulator, the technique used to overcome the byte order 

incompatibility is performed in a certain manner that results on the need of sending two 

copies of each byte transmitted. As a result, each communication session requires twice the 

bit rate as if there was no hardware incompatibility between the sender and the receiver. 

 

Now consider the new architecture presented on Figure 4. The number of MMI sessions 

presented on this figure is reduced because of lack of space. For each simulation experiment 

the actual number of MMI instances is usually between eight and twelve. Also, there are 

communications sessions (TCP connections [8] in Figure 4) between each one of the five 

core modules to the Network Data Server. Then, each simulation may require a total of 

seventeen TCP connections. 

 

It is not difficult to see that sending twice as the required amount of data through seventeen 

TCP connection is not the most efficient way of exchanging data between modules. This 

Figure 8: (a) Concurrent threads always share its data memory area; and (b) 

when a fork is called and child processes are created, they will have its own 

(separated) data memory area. 
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would impose serious limitations to the number of simulations instances that could be 

concurrently run. 

 

To deal with this, all communication between the Network Data Server and other modules 

will rely on the External Data Representation – XDR standard [12,13,8,4]. In short, this 

standard provides for hardware independent data representation. By using this standard, each 

network session (TCP connection) will require half of the bit rate used by the current 

simulator version. 

 

4. CONCLUSIONS 
 

In this work, we provide the methodology for the modernization of the PWR simulator. We 

discussed several obsolescence, portability, scalability and efficiency limitations that will be 

dealt by our proposed new version of the simulator. 

 

Along with the overview of the proposed new architecture, we provided which techniques are 

being used to overcome each one of the posed limitations. 

 

Currently the new version of the simulator is still under development, and some of the 

features commented in this work is already available.  

One example is the adequation of the HP Fortran 77 source code of the core modules to a 

Fortran compiler compatible with the Linux operating system.  

 

Another example is the Network Data Server module that is already working. It includes all 

portability and scalability features addressed in this work.  

 

Two phases are still under development though: (i) the use of the XDR standard to improve 

the communication efficiency between the simulator modules, and (ii) the integration of the 

Network Data Server to the simulator core modules, in order to replace the shared memory. 

 

The modernized version of the simulator will enable the LABIHS laboratory to work more 

efficiently. By being able to freely run simulator instances in currently available and widely 

used computer architectures, such as the PC, one great issue is solved: the obsolescence.  

 

Also,  by providing the ability of executing several PWR simulations experiments at the same 

time, this work is greatly contributing to all research projects that makes use of the LABIHS 

PWR simulator. 
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