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I sat in a small yakatori joint in Kita Shinchi, 

nursing a sake, when a guy wandered in and 

ordered a shochu straight up.  From the look 

of his shoes, I knew he was French.  I soon 

found out that we had more in common than 

just Japanese booze and chopsticks.

It was in Osaka, eight 

years ago, on the first 

evening of the late 

autumn rains. After a 

hard day at PSAM 6, 

my head ached.



• La BDD complexity, she is not related to the number of prime 

implicants of the encoded formula 

• Zee petite BDD here, she encodes a total of 109 cutsets
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• La BDD complexity, she is not related to the number of prime 

implicants of the encoded formula 

• Zees petite BDD (37620 nodes) encodes a total of 109

cutsets
He called him self Rauzy and he talked 

about PSA like most of the French guys 

I know talk about wine and women: with 

passion and conviction.  He was a big 

boy, he moved fast like a middle weight.
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• La BDD complexity, she is not related to the number of prime 

implicants of the encoded formula 

• Zees petite BDD (37620 nodes) encodes a total of 109

cutsets
We talked late into the night.  And as the 

rain stopped and the mist crawled up 

from the harbor into Kita Shinchi, we 

walked back to the hotel, and I started 

thinking about a collaboration…
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• La BDD complexity, she is not related to the number of prime 

implicants of the encoded formula 

• Zees petite BDD (37620 nodes) encodes a total of 109

cutsets
We talked late into the night.  And as the 

rain stopped and the mist crawled from 

the harbor through Kita Shinchi, we 

walked back to the hotel, and I started 

thinking about joining Antoine a bit on 

the road …

La BDD
Binary Decision Diagrams



• Quality assurance by 
comparison;

• Peer review of algorithms;

• Portability of the models 
between different software;

• Clarity of the models;

• Correct uncertainty and 
importance calculations;

• A universal format for industry 
data.

• Assurance of model 
completeness as quantified;

• Overuse of classical tools;

• Inadequate models of 
human/organization/machine 
interactions;

• Difficulty of explaining risk in 
financial (not technical) terms; 

• Formal verification of 
calculation methods; 

We began working together all over the world.  

Other PSA professionals joined us for new, 

interesting, and challenging projects.  But our 

interests took an unexpected turn when we saw 

important issues which needed to be addressed:



So we banded together to do 

something about the situation.
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We created the Open PSA Initiative



“We hope to provide an open and 

transparent public forum to 

disseminate information, 

independently review new ideas, and 

spread the word. We want to 

emphasize an openness which will 

lead to methods and software with 

higher quality, lead to better 

understanding of PSA models, 

encourage peer review, and allow the 

transportability of models and 

methods.” --- from www.open-psa.org

We wrote a Statement of 

Purpose ...



and created a web site to share ideas



Then we made a decision as to what was important:

A Standard PSA ARCHITECTURE



… which must:
• Be Open
• Be Extensible
• Be Adaptable
• Separate data and 
software

A Standard PSA ARCHITECTURE

Then we made a decision as to what was important:



… which must:
• Be Open
• Be Extensible
• Be Adaptable
• Separate data and 
software

… to allow the greatest 
inter-connectivity and 
portability between data, 
models and software.

A Standard PSA ARCHITECTURE

Then we made a decision as to what was important:



… and in this way, we can 
make progress against 

complexity.

• Model Size
• Elements of Modeling Style
• Declarative Modeling

• Problem Complexity
• Modeler based heuristics
• Structured Modeling



• The foundation is a standard for representing a 

PSA model, therefore facilitating independence 

between model representations and software;

• Each risk application would generate a model in 

this standard from it’s own internal 

representation;

• Viewers and calculation engines would interface 

with models via the standard representation.

… but enough words, let’s look at this like 

engineers ...

Our Proposed PSA Software 

Architecture



The Open PSA Model Exchange Format

The        Model of the PRA Architecture

… first the foundation …

catch the wave of the future



… now assemble the risk applications and data …

Risk Applications

Safety Monitors

PSA Viewers

Industry Data

Calculation Engines

Next Generation Tools

Standard Format



… and then build upon the foundation …



… for example …

RiskSpectrum

FTRex

NRC PRA Reviewer



… or this …

RSAT

Industry Common Cause Data

CAFTA

RISKMAN



… or even this …

RSAT

FTRex

RISKMAN

Risk Spectrum

RDAT

Luke Tree Walker

… all interconnected through the foundation: a Standard Representation Format.



This is not just imagination.

We have actually used a 
prototype format like this in 
research and production.





XML (Extensible Markup Language) is a public-domain, flexible way to create common information 
formats and share both the formats and the data on the World Wide Web, intranets, and between 
computer programs.

For example, software makers might agree on a standard or common way to describe and exchange 
data and then describe the data format with XML.  Such a standard way of describing data would 
enable users to make valid comparisons. 

XML, a formal recommendation from the World Wide Web Consortium (W3C), is similar to the 
language of today's Web pages, the Hypertext Markup Language (HTML).  An XML file can be 
processed purely as data by a program or it can be stored with similar data on another computer 
or, like an HTML file, that it can be displayed.  Each application can decide how to handle the 
incoming data; it could be calculated, displayed, or inform the user that this type of data cannot be 
used. 

XML is "extensible" because the markup symbols are unlimited and self-defining. XML is actually a 
simpler and easier-to-use subset of the Standard Generalized Markup Language (SGML), the 
standard for how to create a document structure.

It is now the case that XML is used in many Next Generation applications.



CAFTA

FTRex

Aralia

MS EXCEL

Three different FTL models from 
three different US organizations.

Example #1



RiskSpectrum

RSAT

Aralia

MS EXCEL

A Japanese core damage model 
solved exactly with BDD.

Example #2



Saphire

Aralia

Riskman

Example #3

An investigation of a SPAR 
model.



Saphire

Item Software

Aralia

Riskman

A sanity check on the MER PRA 
done by NASA.

Example #4







A Standard PSA Model Representation Format 

Scope and Needs Statement for ASME 
 

Scope:   We propose that an independent international standard format be created to 
represent computerized PSA models and industry data in digital fiorm.  We propose that 

an ASME subgroup be created to (1) create a prototype Standard Model Representation 

Format (SMRF), (2) present examples in the prototype format, and (3) deliver a report as 

to the efficacy of the prototype in addressing the “Needs” statement, below.  

 

Needs:   Over the last 5 years, new calculation techniques, such as BDD, have been 
extensively studied in nuclear PSA, and research efforts made in the direction of “next 

generation” PSA software and “declarative modeling”, which try to present a more 

informative view of the actual systems, components, and interactions which the model 

represents. 

 

The concern of these studies has been to end the use of approximations: numerical 

approximations for which we do not know the error factors, and modeling 

approximations which leave out perhaps critical elements of the actual plant. 

 

From all these investigations, some alarming issues related to large nuclear PSA models 

have been raised, which we feel need to be addressed before we put new calculation 

engines or next generation user interfaces into place. We believe that to address these 

issues enumerated below, a SMRF for PSA models, a representation which is 

independent of all PSA software, must be in place.  Each software would retain their own 

internal representation for a model; but each software would also be able to share models 

and industry data by means of the SMRF. 

 

1. Quality assurance of calculations: at the moment, a model built with one 

software, such as CAFTA, cannot be simply quantified with another software, 

such as SAPHIRE or RiskSpectrum, and visa versa; there are too many software 

dependent features used by modelers to make inter-calculation comparisons a 

one-step process.  A standard representation will allow models to be quantified by 

several calculation engines, therefore quality assuring results in a strong way. 

 

2. Over  reliance on numerical approximations and truncation: while this cannot 

be solved directly by a standard representation, as new calculation engines are 

completed, a standard representation will allow new engines to be snapped into 

new (or existing) user interfaces without changing the model or user interface 

software. 

 

3. Portability of the models between different software: at the moment, models 

are essentially non-portable between calculation engines, as pointed out above.  

We would like to emphasize here that a standard representation would allow 

complete, whole models to be shared right now between software; the onus will 

be on each software to correctly interpret the model representation.  We have 
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The Open-PSA Initiative 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Open-PSA Model Exchange Format 

The Madrid

Meeting



Work Package #1

Pledges of Participation 

Organization Participation in Euro 

KKG 7500 

KKL 7500 

NoK 7500 

Tractebel 7500 

AREVA 7500 

KKB 5000 

CSN 3000 

EdF 7500 

IRNS 7500 

TOTAL 53,500 

 

 

 

Open PSA Work Packages 

 

 

 

 

Work Package Proposal 

 

 

 

Translation of Risk Spectrum models 

into 

Open-PSA International Standard Representation Format 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

Reference: Open-PSA Work Package RS32-SuRF 

Version: 2.0 

Creation Date: 03/12/2007 

Last Modification Date: 07/12/2007 

Authors: S. Epstein, J. Sörman & A. Rauzy 





The Open-PSA Initiative
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The Open PSA Initiative
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Agenda

AntoineManagement Overview- 12h30

MarkClarification and discussion 
about all issues by participants

13h30 – 16h00

Lunch and Continuing 
Discussions

12h30 – 13h30

AntoineOverview of the Technical Goals12h00 –

Mark ¾ & Johan Sörman ¼Update on Open PSA11h00 – 12h00

Leila MarleIntroduction of IMdR10h45 - 11h00

Presentation of the participants10h30-10h45

Discussion LeaderSubjectTime





EdF Open PSA Review of the 

OPSAMEF



How we will go forward:

• Help software vendors and PSA modelers investigate their

models (Model Triage).

• Creation of Work Packages in the USA and Japan

• Creation/Continuation of Working Groups

• Standard Format 

• Seismic Quantification

• Benchmarking

• Dynamic PSA

• Creation of Short Courses from Open PSA Experts

• Internships for personnel from other companies to learn

about good PSA practices and PSA software.



In this context, items 

needing discussion …

• International Group

• Alliance/Consortium

• Manpower

• Financial Support

• Research and Development Work 

Packages

• Administrate Work Packages and Short        

Courses

• Administrate Working Groups

• Make Translators for MEF

• Board of Directors

• Owned by Members (??)

• Not-for-Profit (??)


