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I) Introduction 

Over just the last few years the power (in terms of speed and core 

size) of personal computers has grown at an incredible rate, which no 

one could have foreseen, and at the present time they have reached the 

point where it is practical to use personal computers for large scientific 

applications. What is truly amazing is that as the power of these personal 

computers has grown the price has remaining relatively low. Of equal 

importance to the availability and cost of personal computers is the 

availability of computer software for use on these computers. At the 

current time personal computers have excellent FORTRAN compilers and 

related supporting software facilities and more and more application 

programs are being converted for use on personal computers. Today we 

we have reached thfc point where the combination of personal computer 

power and low cost can allow even small institutes that cannot afford 

larger computers to have significant computer resources available for 

their use. 

II) Brief History 

In order to examine the direction that computer development has taken 

over the last few decades, I would like to briefly review the history 

of computers. 

The earliest electronic computers used fixed programs, essentially 

plug boards with many wires to allow a fixed set of operations to be 

performed on data. The birth of the modern computer may be considered 

to have occurred when John von Neumann had the idea to store not only 



data, but also the computer program within the computer. Storing the 

program within the computer allowed the program to be handled jusi like 

data. For example, the program could be written in a higher level language 

and then compiled and checked for errors. Most important is the fact that 

programs could be modified during execution and could be designed to make 

decisions based on compuer results; thi3 is so much taken for granted today 

that it is hard for us to appreciate what a revolution this one simple idea 

caused. 

Once computer programs were stored within computers it was possible to 

consider solving much more complicated problems. Fortunately the possibility 

of solving more complicated problems, due to stored programs, was accompanied 

by a tremendous increase in the speed and reliability of computers. 

Forty year- ago the most advanced computers were composed of thousands of 

vacuum tubes and for the first time in history it was possible to perform 

arithmetic operations in milliseconds. However, these computers were not 

very reliable, since vacuum tubes failed too often. Roughly thirty years 

ago the introduction of the transistor allowed operations to be performed 

in microseconds and greatly improved the reliability of computers. 

About twenty five years ago IBM introduced their IBM-7090/7094 computer -

the first "big" computer available for general scientific use. This computer 

had an enormous (for then) core of 32 K words of memory and 2 microsecond 

cycle time. At that time this computer cost roughly S 1,000,000. 

Over the last twenty five year3 the increase in computer speed and size 

has been absolutely incredible, to give but a few examples: 

20 years ago - CDC-6600 - 200 nanoseconds 

15 years ago - CDC-7600 - 50 nanoseconds 

10 years ago - CRAY-1 - - nanoseconds (parallel processing) 

In the near future the CRAY-3 will come into operation and with it for 

the first time we will be talking about picoseconds. 

To summarize this brief history, in only thirty years there has been a 



tremendous increase in the speed of computers as we went from operations 

in milliseconds to microseconds to nanosecond and in the not too distant 

future we will be talking about picoseconds. This increase in speed has 

been accompanied by a tremendous reduction in the cost per operation and 

today we can perform 10 to 100 thousand operations for what is cost to 

perform one operaton in 1960. 

Ill) The Problem 

III.a) Hardware 

The problem is that with all of the advances that have been made in computers 

a large mainframe computer today still costs roughly what it cost in 1960; 

roughly S 1,000,000 or more. This means that even with all of our advances 

in computer technology we are still not moving in the direction of allowing 

everyone to use large computers; this in particularly true for small Institutes 

and developing countries, which simply cannot afford large computers. Until 

recently, for scientific applications there was really no alternative to large 

mainframe computers, with the results that if one could not afford a large 

computer, one simply did without computers. 

III.a) Software 

Many reactor physics codes require a large core and relatively long 

execution times. In addition these programs are invariably written in 

FORTRAN, which is more or less the universally accepted language used for 

scientific applications. Even with the introduction of personal computers 

the combined requirements of large core, long running time and FORTRAN 

initially made it impractical to even consider converting reactor physics 

codes for use on small computers. 

IV) The Solution 

IV.a) Hardware 

Fortunately during the last few years there appears that there may yet be 

hope for the common man. The introduction of personal computers and their 

rapid increase in 3peed and size and at the same time the reduction in their 



cost, now makes it possible for even small insititutes to afford computers 

that can be used for practical scientific pplications. 

In February, !986 the author presented a similar paper; at that time the 

availability of the IBM-AT personal computer had already made it possible 

to perform serious scientific calculations. A typical IBM-AT configuration 

consists of, 

* 2S6-512 K core (expandable up to 4 megabytes) 

* 40 megabytes of fixed disk 

* math co-processor (floating point hardware) 

* excellent and very up to date software 

When this computer was announced in 1964 it coat approximately S 12,000, 

but by now the coat of IBM-AT compatible computers is under $ 4,000. 

In the short time since February, 1986 the revolution in personal computers 

has continued as personal computers have continued to increase in speed and 

size and amazingly are still relatively inexpensive. To give but one example 

of a personal computer which is available today, I will describe a typical 

configuration for a SUN-3/60 computer terminal, 

* 4 megabtyes (expandable up to 32 megabytes) 

* 142 megabytes of fixed disk (expandable to gigabytes) 

* math co-processor 

* a complete UNIX operating system 

* high resolution black and white qr color graphics (1600 x 1200) 

The configuration described above can be purchased for an amazing 5 9,000. 

Not only do the SUN terminals provide more core and disk storage than the 

IBM-AT, but they also provide a significant increase in speed. Comparisons 

have shown that the SUN-3/60 terminal can execute a variety of scientific 

application codes at 1/10 the scalar speed of a CRAY-1 computer. Thia means 

that you can now have sitting on your desk more computer power for $ 9,000 

than is available to one of 10 people sharing a CRAY-1 computer, which cost 

millions of dollars. The SUN-3/60 configuration descibed above may sound 

like science fiction, but this is only a typical configuration, not the 



largest configuration available today; the new SUN-4 terminals can have up 

to 128 megabytes of real memory and gigabytes of virtual memory. 

The SUN UNIX system allows SUN terminals to be used as stand alone terminals 

or as part of a network; individual SUN terminals each with 2 megabytes of 

core can be purchased for about S 3,000 eachinals. To give but one example 

of U3ing these terminals, at Lawrence Livermore National Laboratory a number 

of SUN terminals have been networked together. In an individual office it is 

possible to use a terminal locally with 2-4 megabytes of core, but if more 

core is required one can simply switch to a larger computer within the 

network to have access to 8 megabtyes of core (soon to be upgraded to 40 

megabytes) and gigabytes of disk space. 

Not only is the hardware of the SUN systems impressive, but the software 

is equally as impressive. The UNIX operation system in combination with 

WINDOWS allows users to submit programs to be run in either the foreground 

or background. This capability allows individual terminals to be shared 

between a number of users, e.g., submit a job in the background and walk 

away from the terminal to allow someone el3e to use the terminal; at any time 

you can return and inquire to see if your job has finished. This capability 

allows the utility of terminals to be greatly increased; it is virtually 

impossible for only one user to continuously use a terminal 24 hours a day, 

but background jobs submitted by any number of users can be running at all 

times without preventing active use of the terminal. 

IV.a) Software 

All of this computer power would be useless for scienific applications if 

we did not have computer programs which can utilize the power. For scientific 

applications, as mentioned above, a FORTRAN compiler is required. Fortunately 

the new personal computers have excellent FORTRAN compilers. One of the 

important characteristics of personal computers is that the supporting software 

is very up to date and in the case of their FORTRAN compilers, in the opinion 

of the authcr, the FORTRAN compilers available on either the IBM-AT or a SUN 

terminal are excellent. The only difficulty which may be encountered when one 



attempts to convert programs for use on these computers is that the compilers 

are very strictly FORTRAN-77 and older programs have a tendency to violate 

many FORTRAN-77 conventions. 

Even the availability of a FORTRAN compiler i3 not sufficient; we require 

that application programs be available for use of personal computers. This 

point has been recognized by the Radiation Shielaing Information Center 

(RSIC), Oak Ridge, whicn is now collecting and disseminating reactor physics 

core on diskettes for use on personal computers. At the present time a number 

of well known codes, such as ANISN, are available through RSIC and in the near 

future it is expected that the number of codes available on diskette will 

rapidly grow. The Nuclear Energy Agency/Data Bank (NEA/DB) , Saclay, which 

provides computer programs for use by member states of the IAEA, is presently 

reviewing the situation concerning providing programs on diskettes and 

hopefully in the not too distant future will begin to provide this service. 

It seem3 obvious that even t"day personal computers are large enough and 

fast enough that they no longer need be considered a limiting factor in 

performing reactor phyaics calculations. An important point to realize is 

that the advances in personal computers is continuing and this makes it 

very difficult at any point in time to select one personal computer as a 

standard to which all reactor physics codes should be converted; by the 

time the codes are converted the "standard" will be out-of-date. A better 

standard to use is that all codes be converted to be strictly FORTRAN-77 

compatible; once the codes are converted they can then to implemented on 

any number of different types of personal computers which are available 

today and presumably al3o on the personal computers which will be available 

tomorrow. 

V) Applications 

It seems obvious that personal computers are now large enough and fast enough 

to accommodate all but the largest, longest running reactor physics codes. 

An effort should be made to actively support the conversion of reactor 



physics codes for use on personal computers; this is an area in which the IAEA 

could play a leading role. Without active financial support and direction to 

establish priorities for conversion of codes the effort to make available a 

significant number of reactor physics to IAEA member states may require a very 

significant period of time. 

Besides direct applications, personal computers can play a very important 

role in education. The university training in even advanced countries seems to 

have overlooked the potential importance that computer graphics can play in 

helping students understand the phenomema which they are studying in the class 

room. Reactor physics is a particularly interesting area in which understanding 

can be significantly improved by allowing people is "see" what is happening. 

As a first effort in the direction of developing training tools to teach 

reactor physics on personal computers the author has developed a number of 

codes which are aimed at helping students to better understand the phenomema 

and methods that they are learning in the classroom. Several examples of codes 

developed for this purpose include, 

(1) Comparison of diffusion, S-n, integral transport and Monte Carlo - in a 

simple plane geometry the program allows the user to see the results on 

a computer terminal as the program starts from the simplest method 

(diffusion) and then proceeds to solve the same problem using progressively 

more sophisticated methods. The results can help the student to more 

clearly understand where each method is applicable or has limitiations. 

(2) Calculation of the temperature effect on resonances - the program performs 

Doppler broadening calculations and presents a side by side comparison 

of the effect that changes in the temperature of a medium has on the shape 

of a resonances of a variety of widths. 

(3) reactor dynamics calculation - the program solves the point kinetics 

equations and allows the user to study the effect of the insertion or 

withdrawl of reactivity at different rates. The results are presented 

graphically to allow the student to see the change in flux as well as 

the change in delayed neutron precursor concentrations. 



(4) solution of the 2 group diffusion equation - in plane geometry the program 

solves the 2 group diffusion equation for a core and reflector. The 

program considers isolated or infinitely repeating cells. The user can 

change the parameters which couple the groups and the dimensions of the 

core and reflector. The program will allow the user to specify a minimum 

and maximum reflector thickness and an increment and will proceed to 

solve the equations for each reflector thickness. For each reflector 

thickness results are presented on the screen showing the spatially 

dependent flux and current for each group separately as well as the total 

flux. At the end of the calculation the program presents graphically a 

plot of K-eff vs. reflector thickness. This simple program can give the 

user a much better understanding of the importance and interplay between 

the many factors which effect the reactivity of a reactor. 

VI) Summary 

In this paper it has been pointed out that personal computers are now 

powerful enough (in terms of core size and speed) to allow them to be 

used for serious reactor physics applications. In addition the low cost of 

personal computers means that even small institutes can now have access to 

a significant amount of computer power. At the present time distribution 

centers, such as RSIC, are beginning to distribute reactor physics codes 

for -se on personal computers; hopefully in the near future more and more 

of these codes will become available through distribution centers, such as 

RSIC. 

The IAEA can play a significant role in making computer power available 

to member states, particularly to smaller member states, by assisting in 

two important areas, 

(1) provide financial support and technical advice to assist member states 

to acquire personal computers; the current cost of $ 3,000 to 9,000 for 

personal computers is not unreasonable. In addition to financial support, 

member states need technical advice to assist them in selecting the 

best available computer facilities to meet their needs, within financial 



constraints . 

(2) provide financial support and technical direction to identify reactor 

physics codes which should be converted for use on personal computers and 

establish a priority order and time schedule for their conversion, testing 

and implementation. 

(3) provide training to familiarize reactor physics codes user3 with both the 

theory upon which codes are based and how theory has been practically 

implemented in the codes. 

This work was performed under the auspices of the U.S. Department of Energy 
by Lawrence Livermore National Laboratory under contract No. W-7405-Eng-48. 
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