TEXT A

During the past years at Stanford scientists have become very interested in the use of ALGOL for writing and communication of programs. Most of you are aware that the first version of the ALGOL language was described in the December 1958 Communitions of the ACM. Subsequent to the publication of this description some modifications in the language were made which resulted in the 1960 version or ALGOL 60 which was published simultaneously in Numerische Mathematic and in the May 1960 Communications of the ACM.

If the ALGOL language becomes universally accepted, it will provide a powerful tool for the communication of algorithms and effective computing techniques. Indeed, even if there were no computing machines, ALGOL would be useful for the publication of algorithms and techniques in the field of numerical analysis. One might say that ALGOL provides a dynamic language for describing operations to be carried out while the ordinary language of formal mathematics, which has long been established and universally accepted, provides a static language.

While this use of ALGOL as a means of communication between people is of utmost importance, it would clearly be very desirable to be able to take programs written in ALGOL and put them directly on one's own machine with reasonable expectation that it would run correctly the first time. This is not possible at the present time, although it was indicated at the meeting of the ALGOL working group in August at Milwaukee that ALGOL 60 compilers are either being written or planned for most of the major machines now on the market. Whether these compilers will accept all ALGOL 60 programs or only somewhat restricted subset remains to be seen. When they do become available it will be possible to write programs in the ALGOL 60 language (perhaps suitably restricted) and compile and run them on any of the several machines.

Since June at Stanford a Burroughs 220 computer has been in operation. It has 8000 words of core storage, 5 magnetic tape units, card input and output together with an on-line 407 for direct printed output. For this machine, the automatic programming section of the Burroughs Corporation under the direction of Robert Barton has written a compiler which accepts programs written in a version or dialect of ALGOL which is closer to the 1958 version of ALGOL than it is to ALGOL 60. This version of ALGOL accepted by the compiler is called Burroughs ALGOL or BALGOL. The compiler is one-pass compiler and it compiles programs very rapidly. It is asserted that it compiles programs at least three times as fast as FORTRAN does on the IBM 704. To be sure it does not check all the things that FORTRAN does but it does produce a very good program and it does flag certain errors which it can detect.   Indeed, compilation is so fast that we usually compile a program each time it is to be run rather than attempting to preserve the machine language object program and loading it for each running of the problem. This means that programs are normally preserved in the ALGOL form. Thus changes in the program are easily made at this level since recompilation is the normal  mode of operation anyway. In other words, we use the Burroughs ALGOL system as a load and go type compiler. Our machine is already heavily used and about 80 per cent of the programs are being written in BALGOL with the remainder being mostly written in BLEAP, a symbolic assembly language. We have given several short one-week courses on the Burroughs ALGOL and we find that after about 4 or 5 two-hour sessions students are ready to write programs in this language. As a result a great variety of programs have been written in this language by a large number of different people. Since the compiler flags violations of the rules of the language it is fairly easy to get a program which is correct as far as the language is concerned after two or three recompilations. Such a program will then usually run and produce answers which may or may not be correct, depending on whether the programmer has made logical or other errors in his program. Such errors can usually be found by inserting temporary additional output statements in the program.   A monitoring procedure is to be added to the compiler but is not yet available. It should simplify the debugging of programs. Since a program is normally recompiled each time it is run, it is a simple matter to add or remove these temporary output statements.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

All students who took Computer Laboratory this summer were required to learn to use the Burroughs ALGOL language. This course is an individual study course and   each student works by himself on problems that interest him, either chosen himself or suggested by the instructor. Because it was much easier to get programs running in this system than in previously available systems, the students were able to program many more programs and were able to direct their attention more to the mathematical and computational aspects of their problems instead of spending as much time as formely on the details of coding. For example, one student wrote a program for the solution of systems of ordinary differential equations by the method of Rung-Kutta incorporating automatic changes of the step-size as needed to secure prescribed accuracy. Another student did some experimentation with various methods of solving polynomial equations using such methods as the Newton-Raphson iteration and a method suggested by Laguerre. Another student prepared a set of package routines or procedures for carring out range arithmetic. Range arithmetic may also be called interval arithmetic. The result of operating on two intervals A and B in this system is another interval C having the property that C contains the result c of operating upon any two numbers a and b where a is in A and b is in B. We hope that these will be useful for obtaining error bound in the solution of a veriety of problems.

A fairly lengthy program was written for the calculation of a system of orthonomal functions and for the solution of a harmonic boundary value problem, making use of this system. The program was first written in FORTRANSIT for a basic IBM 650 before our Burroughs 220 was installed and was successfully run on the 650. The change to Burroughs ALGOL was quite easy to accomplish, proceeding largely on a statement-by-statement basis. Compilation on the Burroughs 220 was nearly 30 times as fast as on the IBM 650 which, it will be recalled, required 3 passes. The resulting program ran about 15 times as fast on the 220 as on 650. As a result we were able to increase considerably the number of functions on our orthnomal system and thus obtain results of greater accuracy with only a few minutes of machine time. In order to describe our program for publication we then wrote it in ALGOL 60 notation. This turned out to be quite easy to do and was carried out largely on a statement-by-statement basis. The translation from Burroughs ALGOL to ALGOL 60 required a certain amount of care because there are certain important differences between the two languages that will be explained later in this paper. Both ALGOL 60 program and the corresponding Burroughs ALGOL program have been published in a Stanford University Technical Report.

Considerable experimenting has been done with methods of solving simultaneous linear equations. In particular there was written a program using the Crout method with search for pivots and row interchanges. This was written in Burroughs ALGOL and is now operating successfully; it was also written in ALGOL 60 in which form it appears in the September 1960 Communications of the ACM. In order to test the possibility of taking an existing ALGOL 60 program and translating it to Burroughs ALGOL, a routine written by H. Rutishauser was selected. This is his procedure IRCH which is the LR method for finding eigenvalues of a symmetric band matrix. The idea was to see if this could be done without studying in all details the mathematical methods involved. We wanted to translate as far as possible on a statement-by-statement basis. Certain changes had to be made because of the differences between the two systems. After the translation was made we were almost able to run the program. Unfortunately the program turned up a defect in the Burroughs compiler which had to be circumvented and later corrected. Aside from this the program run but failed to give all the eigenvalues called for. It was found that the output statement was in correctly placed and the simple expedient of moving this statement made the whole program operate correctly. Thus it was concluded that an ALGOL 60 program can be easily converted to BALGOL and run on the 220 without necessitating a detailed study of the program.

It appears that many published ALGOL programs contain minor errors. However, they are easy to read and so it is usually easy to detect and correct these minor errors.

