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Reid works as a consulting reliability engineer in the Washington, DC area and is a long-time member of the Washington Chapter.  He has sought out and tested several computer programs that support simulation and analysis of the mission reliability and availability of complex systems.  The objective is to furnish users a central resource for identifying some currently available mission simulation tools, comparing their capabilities, and locating their vendors.

This report reflects developments since the previous (September 1999) comparison.  Two new simulators have been added and the previous descriptions updated with new information.

Reid’s subject is a moving target; the report is believed to be current as of June 2000 but computer software is a rapidly evolving industry.  The opinions expressed are those of the author, who reserves the right to tell you tomorrow that what he told you today was wrong.  Practitioners who have experience using the programs, and vendors who know something that was missed, are invited to contact him at reidwillis@juno.com with your comments and corrections.

Comparison of Reliability-Availability Simulators

A number of software tools have recently become available for use by reliability engineers. Like any other engineering support software, a mission reliability simulator can be expensive and will probably require a significant investment in learning how to use it with confidence.  The objective of this comparison is to give reliability engineers a quick way to identify those tools that might meet their current and future requirements, and find the vendors.  As seen, some also offer useful features such as data commonality with other reliability software.

Software Selection

.  Nine simulation computer programs were evaluated against a set of common requirements for mission simulation and reliability-availability analysis.  Overall, the simulators offer a wide variety of basic functions and special features.  The simulators and their sources are:

· AvSim+, Item Software, Inc., 2030 Main Street, Suite 1130, Irvine, CA 92614

· BlockSim, ReliaSoft Corporation, 115 S. Sherwood Village Drive, Suite 103, Tucson, AZ 85710

· Computer Aided Reliability Engineering (CARE) VRBD, BQR Reliability Engineering, Ltd., 7 Bialik Street, P.O. Box 208, Rizhon Lezion, 75101, Israel

· Measures of Dependability (MEADEP), SoHaR Inc., 8421 Wilshire Blvd, Suite 201, Beverly Hills, CA 90211

· RAM Commander, Advanced Logistic Developments, 16 Thomas Drive, Rome, NY 43440

· Rapid Availability Prototyping for Testing Operational Readiness (RAPTOR),  Cybermesa

· Relex RBD, Relex Software Corporation, 540 Pellis Road, Greensburg, PA 15601

· SPAR, Clockwork Designs, Inc., 3432 Greystone Drive, Suite 202, Austin, TX 78731

· TIGER, Naval Sea Systems Command (code 03L5), Arlington, VA 22202.

Comparisons were based on practical tests of AvSim+ version 7.02, BlockSim 1.0,  CARE VRBD 2.2.0.0, MEADEP 1.8, RAM Commander 6.11, RAPTOR 4.0s, Relex RBD 6.0, and SPAR 3.1.2; and on study of user documentation provided for AvSim, BlockSim, CARE, MEADEP, RAM Commander, Relex, and SPAR.  TIGER evaluation was based on beta testing of version 10.

The commercial vendors or government sponsors were consulted to resolve any questions and test their degree of user support.

Criteria

After review of several reliability-availability and logistics analyses that have been conducted for the Army, Navy, Marines and Coast Guard in support of ship, vehicle and aircraft development and improvement programs, ten (admittedly arbitrary) simulation capabilities were defined that users might need in mission simulations to support reliability-maintainability analyses:

Complex models:  Represent large systems, down to the equipment item level, including complex design redundancies.

Multi-phase mission:  Simulate system operation over a timeline of changing success requirements, equipment operating conditions, and repair constraints.

Spares inventories and restock:  Represent spare parts consumption, routine local spares stock replenishment, and urgent orders for spares not on hand.

Statistical options:  As a minimum, offer a choice of Exponential or Weibull distribution for equipment failure and Exponential or Lognormal for repair.

Data sharing:  Participate in a data interchange of system configuration, equipment characteristics, and parts lists accessible to support other reliability and maintainability studies.

Operational availability:  Calculate system mission availability under logistic constraints.

Reliability:  Calculate system reliability at end of mission.

Critical equipment:  Rank equipment or other elemental components by responsibility for system downtime (unavailability) and mission failures (unreliability).

Graphics:  Provide a graphic user interface for model preparation, simulation control, and presentation of results.

User Assistance:  Respond within one working day to requests for technical support.

Comparison Results

The figure on the next page tabulates simulator features, tested against the stated criteria.  It is intended to serve as a check-off sheet for the simulators that might meet the user’s particular requirements, and does not indicate the superiority of one simulator over another.  

Most of the simulators were easy to categorize against most of the capabilities, but some cases were not so clearly defined.
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Complex models:  All of the simulators are adequately sized to model large systems of 1,000 or more components, although CARE, RAM Commander and RAPTOR cannot represent some standby redundancy designs that often characterize large system operations.

Multi-phase mission:  SPAR and TIGER can simulate system operations over a timeline of varying conditions.  The user can lay out a schedule of changes in system operations, requirements, and maintenance capabilities during the mission, and in the case of SPAR, placing additional systems in service.  The other simulators are limited to single-phase missions.

Spares:  On-hand spares support strategy and maintenance policy may be important factors in system reliability and availability analyses.  SPAR models can represent individual spare parts, including refurbishment, return to stock, and maintenance costs.  AvSim, RAPTOR, Relex and TIGER deal with spare items but not parts.  CARE users can approximate some sparing actions by using its standby redundancy with delay (cold standby) option, and skilled MEADEP users might model spares levels as Markov states.  Where on-hand spares do not apply, all of the simulators can represent mean overall logistic delays, if necessary by adjusting the repair rates.

Statistics:  These are all stochastic simulators, that is, the input failure and repair data and the output figures of merit are statistically distributed.  Often, users have only mean failure and repair data, and must assume they are Exponentially distributed.  More fortunate users may have the necessary additional data to model Weibull failure and Lognormal repair.

AvSim, BlockSim, MEADEP and Relex offer Exponential, Weibull, Lognormal and (in most cases) Gauss (Normal) failure and repair.  However CARE and RAM Commander are limited to the Exponential distribution, and TIGER to Exponential or a restricted Gamma.  At the other extreme, RAPTOR has a menu of 16 input distributions, SPAR can create do-it-yourself distributions including bathtub curves, and BlockSim can handle mixed-Weibull failure.

As to output figures of merit, users are more concerned with precision.  How much mathematical confidence can be placed in the result?  RAPTOR, SPAR and TIGER report standard deviation; CARE reports estimated accuracy values. CARE and SPAR can also display histograms.  CARE and TIGER offer the option of running the simulation to attain a user-specified number of significant figures.  AvSim, BlockSim, MEADEP, Relex and RAM Commander do not report statistical confidence.  All the simulators are Monte Carlo except CARE and MEADEP, which use state-matrix mathematics that are inherently more precise for high system values (three nines or better).

Data sharing is a boon to reliability engineers who are also conducting other analyses such as predictions or FMECA for the same system, as a time saver, and for positive configuration control.  CARE, RAM Commander and Relex allow reliability engineers to draw on CAD/CAE data bases containing system configurations and equipment characteristics, and share their models with other software tools that use the same formats.  MEADEP users can work from data bases in standard ASCII format.  BlockSim can share data, but only with other software from the same vendor.  AvSim and SPAR each export and import data in MS Access format, which is accessible in Excel, CAD or ASCII form.  BlockSim, CARE, Relex and SPAR incorporate project management software to manage reusable item data and system configurations.  Simulators like MEADEP that have MS-compatible output graphics allow the user to copy and paste figures into customer presentations and the final report using the Windows clipboard.

Operational availability and reliability are the primary analytical figures of merit chosen by most users.  All of the simulators calculate some form of system availability and all produce mission operational availability (as defined for this comparison) except BlockSim, MEADEP and RAM Commander, which cannot represent detailed on-hand spares constraints (see the discussion of spares support, above).  CARE can calculate operational availability within the limits of its ability to model local spares.  All of the simulators can calculate system reliability, but SPAR requires the user to write the logic to do it.

Critical equipment:  Only BlockSim, CARE, SPAR and TIGER generate quantitative rankings of item responsibility for system downtime and mission failures.  The BlockSim ranking can include cost effectiveness.

Graphics software is a great help at both ends of a simulation, for ease of creating input models and preparing presentations of the results. TIGER users can create models only in level-of-indenture windows.  All the other simulators give users a capability to create system models in reliability block diagram form.  MEADEP also offers Markov form, and AvSim has optional fault-trees.  CARE users can choose reliability block diagram, network, or Markov modeling of each block in the system.  BlockSim’s extensive capabilities make its input models a graphic art form.

AvSim, BlockSim, MEADEP, RAM Commander, RAPTOR, Relex and SPAR all provide color graphics of some mission simulation results.  CARE and TIGER results are in tabular form only.  At the other extreme, BlockSim output charts are the Mona Lisa of simulator graphics.  A nice feature of simulators like MEADEP whose outputs are in MS Office-compatible form is that the graphics can be pasted into the user’s report.

User Assistance:  Familiarization with new computer software is always a frustrating experience for users.  Most of the vendors or program sponsors of mission simulation programs are responsive to users who have trouble applying the program to their situation or who need explanations of the explanations in the manual.  Experts answer the phone at AvSim, BlockSim, CARE, MEADEP, and SPAR.  Relex and TIGER experts promptly return calls.  The RAPTOR distributor can be slow to respond and the new version doesn’t have a manual yet; new management may turn this around.  AvSim originates in England and CARE, SPAR and RAM Commander are all products of Israel.  The CARE home office, AvSim’s representative in California and SPAR’s U.S. distributor in Texas are very knowledgeable and helpful, but RAM Commander users complain that the U.S. representative in New York refers all technical questions to Israel, often with no response.

Program Summaries

After reviewing program documentation, the simulators were test-run and any remaining questions were referred to the vendors.  The main focus was not only on program features bearing on the stated capabilities, but also on unique features of special interest to reliability engineers.  In this discussion, ‘ease of use’ ratings assume a user who is experienced in reliability analysis and has some familiarity with scientific software.  The simulators were not tested for mathematical accuracy.

AvSim+ is relatively easy to learn and generates very flexible output graphics.  Users can create input models in either reliability block diagram or fault tree form.  The optional statistical distributions are Exponential or Weibull for component failure and Exponential, Gauss or Lognormal for repair.  AvSim can simulate changes in equipment failure and repair rates during a multi-phase mission, but not changes in system requirements.   Spares are represented by on-hand stocks of replacement equipments, replenished at user-specified intervals and supplemented by ordering items not carried.  The program imports and exports equipment data in either MicroSoft ExCel or ASCII text format.  Monte Carlo stochastics calculate reliability, instantaneous availability and operational availability figures of merit, but equipment items are not rated for their relative impact on system performance.  Execution time is reasonable for Monte Carlo.  Or if repair is not allowed, the program can use analytical stochastics to produce quick, precise reliability and instantaneous availability results.  The user can select, modify or create tabular and graphic presentations of the simulation products, including cost summaries, at any system level.  There is no indication of the statistical precision of results.  The on-screen help displays provide an excellent explanation of program operation, and AvSim experts are accessible by phone and e-mail.

BlockSim is a new simulator on the market.  It incorporates its own spreadsheet and report generator, and can produce input and output graphics far superior to the competition.  However it is limited to single-phase missions and can represent sparing only in terms of mean logistic downtime.  The system model must be prepared bottom-up, on reliability block diagram ‘pages’ created by the user.  A Project Manager program keeps track of user-selected subsystems and data items.  It is relatively easy to use, considering the number of input and output options it offers.  Failure and repair distributions may be Exponential, Gamma, Weibull, Gauss, or Lognormal; an additional failure option is mixed Weibull with up to four subpopulations.  During input, the user can get a quick view of some calculation products.  Simulation results include mission reliability, instantaneous and average availability, maintenance demand and cost, and other statistics for every configuration block Components are compared for their potential to improve system reliability, including cost effectiveness.  The program can also run as an allocation model. The Users Manual provides a very complete reference and technical help is available by telephone and e-mail.

‘CARE’ refers here to the Visual RBD part of the CARE family of reliability engineering tools.  CARE VRBD is easy to use and quick-response, but limited to single-phase missions.  It has by far the most user-friendly operation.  One side of the input screen displays a level-of-indenture index of the modeled system’s structure, while the other side shows any selected block in the user’s choice of reliability block diagram, network, or Markov representation or, at a mouse click, a data entry form for the block.  Failure and repair are assumed to be Exponential.  Model system size is unlimited and the user can select from a wide variety of maintenance strategies.  Spares stocks can be modeled by a companion costing program, but are not represented in the simulator.  A nice feature is that the same system structure can be used for either mission simulation or reliability and maintainability allocation, the processor can go either way.  Simulation is performed by solving hierarchical transition matrices, and is very quick.  Mission reliability, steady-state availability and other figures of merit are calculated for all hierarchical blocks, but instantaneous and operational availability are not included.  The program displays simulation results in tabular form, along with reliability curves.  The user can specify the desired precision (number of significant figures) and the program will run to achieve that statistical accuracy.  Equipment items are rated for their relative impact on system performance.   Context-sensitive help is displayed on the screen and knowledgeable technical personnel are readily accessible by internet and e-mail.  (Phone calls might be a little expensive, the office is in Israel.)

MEADEP is easy to learn and quick-response, but limited to single-phase missions.  Users can create system models as reliability block diagrams or Markov models of unlimited size, enter the failure and repair rates, and display the results, all in graphic form.  However users will need to keep a map of the configuration because every hierarchical block is displayed on its own screen ‘page.’  The optional statistical distributions are Exponential or Weibull for failure and Exponential or Lognormal for repair.  Model system size is unlimited.  The simulator does not represent spares consumption or on-hand stocks.  MEADEP consists of three separate programs for data analysis, model preparation, and simulation.  The interface is by ASCII files.  Simulation is performed by solving state matrices and is very quick.  Reliability and steady-state availability figures of merit are calculated for all hierarchical levels, but instantaneous and operational availability are not included. Equipment items are not rated for their relative impact on system performance.  The program displays analyses of input data, including the degree of precision, in graphic form; simulation output graphics are very limited.  Context-sensitive help is displayed on screen and knowledgeable MEADEP technical personnel are readily accessible by telephone and e-mail.

RAM Commander capabilities are limited.  Input models are in a level-of-indenture graphic form that cannot represent the complex success paths inherent in ship and aircraft systems.  Failure and repair are assumed to be Exponentially distributed and there is no provision for multi-phase missions.  Logistic support is represented as an on-site inventory of spare equipments and placing urgent orders.  RAM Commander exports and imports equipment and parts data in a proprietary format that is compatible with other reliability software offered by the same vendor.  The simulator uses quick-response hierarchical matrix solutions to calculate reliability and instantaneous availability at all levels, but it cannot produce mission operational availability and does not rank equipment items by their culpability for system failures and downtime.  There is no indication of the precision of results.  RAM Commander displays context-sensitive help windows on-screen, but users find it difficult to get technical advice from the vendor.

RAPTOR has seen many changes since the 1999 comparison report.  Cybermesa has added event elements, ‘cold standby’ redundancy, cost analysis, better simulation control, and graphic output.  The description below refers to the government ‘RAPTOR 4’ version, which is free; a commercial version called ‘RAPTOR +’ is scheduled for sale later this year.

RAPTOR 4 offers strong statistics and the price is right, but still has limited capabilities.  He program provides an easy-to-use graphic interface for creating models of adequate size in reliability block diagram form, but cannot represent complex system structures.  The input format is laid out on a single grid without paging that is awkward for portraying large systems.  The user can choose from 16 statistical distributions, including Exponential, Weibull and Lognormal, for equipment failure and repair.  There is no provision for multi-phase missions.  Logistic support is represented by spare components that are restocked at fixed intervals.  RAPTOR does not interface with a data base.  The simulator uses Monte Carlo stochastics that are painfully slow.  A unique multiple random stream feature is provided for Monte Carlo sensitivity studies.  The results include extensive system and equipment reliability, availability, cost and other statistics in tabular form, with some output graphics.  Equipment items are not ranked by their responsibility for system failures and downtime.  Statistical confidence in the results is not indicated directly, but the user can calculate it from the information provided.  Surprisingly, the example that comes with the program runs only 43 trials and gives the answer to 9 decimal places.  User documentation and on-line help are planned, but the beta version that was tested did not include them yet.  Fortunately, RAPTOR operation is very straightforward and users don’t need much help.  The Air Force sponsor is difficult to reach and the distributor has been slow responding to e-mail queries.

Relex RBD is directly connected to equipment data bases and to other Relex analytical tools, but can only simulate single-phase missions.  The program has a colorful user interface for creating reliability block diagram models of unlimited size.  The options for statistical distribution of failure and repair include Exponential, Weibull and Lognormal.  Relex can draw on extensive libraries containing detailed source data, and exchanges system descriptions and data sets in standard CAD/CAE format with other reliability tools.  The program can optimize on-site spare parts allowances.  Relex employs quick-response matrix solutions to calculate mission reliability and steady-state availability at all levels, but not instantaneous or mission operational availability.  There is no indication of statistical confidence in the results.  The user can select or create extensive output tables and graphics.  Relex provides detailed help displays and technical support is very responsive by e-mail or telephone.

SPAR is the powerhouse of mission simulators.  It has the strongest test planning and logistic strategy analysis features.  It also has the steepest learning curve.  Input is in convenient reliability block diagram graphic form, beginning at the equipment or LRU level.  SPAR can import and export system structures, item data and spares allowances in MS Access format, which is compatible with Excel, ASCII and CAD.  Only SPAR has the capability of incorporating user-defined variables and logic.  This option can be very powerful, but is inherently tedious to create and difficult to validate.  The simulator calculates instantaneous availability and operational availability, employing responsive Monte Carlo stochastics.  Users can calculate reliability by writing a logic statement for it.  The program can simulate complicated test procedures for fault detection and detailed spares handling including refurbishment, return to stock, and maintenance costs.  It can also represent support of multiple systems, with new systems being added on a schedule.  Output is in tabular and graphic form, including equipment criticality (culpability for system downtime and mission failures) and statistical histograms.  The user can control program precision.  On-line help is displayed and an expert answers the telephone and e-mail, but getting your first real simulation running may require financing an introductory course and several hours of vendor assistance. 

TIGER gives good value for the prescribed essential features, but will take time to learn and does not offer graphics.  Users can model systems of unlimited size, in level-of-indenture Windows input.  The user can choose only Exponential or Gamma failure and repair distributions.  The program will simulate multi-phase missions representing an unlimited sequence of varying system operating conditions and requirements.  Logistic support aspects include shop queues, on-board spares inventories, routine restocking, and urgent requisitions.  Simulation employs Monte Carlo stochastics; the response time varies depending on user requirements for precision.  The TIGER package contains two programs, one to prepare or modify models and the other to run them.  The interface is in ASCII file format.  The simulation products are in tabular form and include reliability, instantaneous availability, mission operational availability and other figures of merit at all system levels, equipment culpability for system failures and downtime, and statistical confidence in the results.  The user can specify the desired number of decimal places of precision for simulation.  Data is not shared with other software.  There are no on-screen help displays but the Navy sponsor responds to requests for technical assistance by phone and e-mail.

Sources

Ordering the software is easy but prices vary widely.  Most vendors will reduce prices for quantity, government and academic buyers.  Some vendors deliver by download from their Web site.  Others mail CD-ROM or floppy media.  Some offer both.  In either case a license number or hardware key, obtained from the vendor, may be required to activate the program.  Users are advised that the CD-ROM media may require a 20x or better (or R, RW or DVD) drive to operate properly.

RAPTOR and TIGER are both government-sponsored.  RAPTOR 4 is free; visit http://internet.cybermesa.com/~kem .  (A commercial version, called RAPTOR+, will be released later this year.  The price has not been announced.)  TIGER is free to government and outsource users; call Dr. Hartman at (703) 418-2634 or e-mail HartmanPJ@navsea.navy.mil .

The AvSim price is $3,400, including one year of program maintenance and upgrades by Item Software.  The marketing director for AvSim is Leah Ranney; e-mail leah@itemsoft.com .

BlockSim sells for $1,995; get the details from Doug Ogden at (888) 886-0410 or see www.reliasoft.com .

The basic CARE VRBD simulator with reliability block diagram modeling costs $1,600.  The network option is another $3,800 and the Markov option is $7,250, but you can get the complete capability for $11,900.  A monthly lease is available for 8% of the purchase price.  BQR provides free upgrades and technical support for a year and offers a long-term maintenance contract.  Visit web site www.bqr.com, e-mail info@bqr.com or call Yizhak Bot at (overseas) 972-3-966 3569.

MEADEP is $1999 for a single installation or $2999 for a floating license.  It is warranted for 90 days, but current SoHar practice is to provide upgrades and tech assistance for an indefinite period.  Call Jeff Agron at (323) 653-4717 or check the web at www.sohar.com .

.  

Relex RBD can be leased, or bought outright for $2,495 alone, but the price is discounted if bundled with other Relex products such as parts prediction and FMECA.  Upgrades are free for 90 days.  Call (724) 836-8800, see web site www.relexsoftware.com , or e-mail info@relexsoftware.com .

SPAR prices start at $20,000 for the simulator and can go as high as $75,000 if tailored by Clockwork for special industrial applications or analytical methods.  For the real story call Haran Boral at (512) 338-1845.  Clockwork provides one year of maintenance for SPAR, including upgrades.

Demonstration copies are available from most vendors; some will ask you to write them on your company or agency letterhead.  The AvSim+ and Relex RBD demos are sized for very small systems.  BlockSim can be activated for a 45-day demo by a license number obtained from ReliaSoft.  Similarly, users can activate the CARE package for 30 days by obtaining a demo license from BQR.  The MEADEP demo is actually two demos:  One operates at full capability for 30 days and the other is a small-system version without time limit.  Serious SPAR customers can obtain the software for an evaluation period and then return the plug-in hardware key if they decide not to buy.  ALD offers a similar arrangement for RAM Commander.

Training can be a cost-effective timesaver, and is a particularly good investment for those reliability tools that are the most versatile.

Cybermesa periodically offers RAPTOR training sessions in different areas of the country; check with KEM@cybermesa.com . Reliasoft schedules one-day BlockSim courses at different locations around the country, for a tuition of $395 per person.  Visit web site www.reliasoft.com/seminars for the schedule.  A five-day course in CARE VRBD and other CARE products is available at the user’s site, on request from info@bqr.com .  Relex periodically holds free sessions at various locations; inquire at info@relexsoftware.com .  For SPAR training, check with Julie@clockwork-group.com .  TIGER training sessions can be scheduled by Reliability Tools and Analyses; e-mail John Miller at JWM07@erols.com . 

.

Future plans are known for most vendors, that is if we can define software ‘future’ as during the year 2000.  BlockSim will interface with RAC’s PRISM reliability predictor.  CARE will be upgraded with Normal, Lognormal and Weibull distributions, and will incorporate preventive maintenance.  MEADEP will add time-in-state calculations and criticality rankings.  RAPTOR 4.0 (the government version) and 4.0+ (the commercial version) should be ready for distribution mid-year, complete with on-line help and a users manual.  Item plans to include a mission availability simulator as part of its new ToolKit reliability software suite, to be released in June.  AvSim and Relex are both upgraded regularly, and the practice is expected to continue.  The TIGER 10 delivery date is uncertain.

