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Within the field of Computer Science there is a strong interest in parallel proce&siagesult, there ka
been attempts at designing compilers that optimize programs written ientional programming lan-
guages, e.g. theeetorization of compilers for FORRAN. Moreover, concurrent Pascal, Glypniand vec-

tor dialects hee keen designed taéilitate the use of the architectural features of multiprocessoctor
machine, and array processor computer systéxnkerman notes that "mgrof these languages or dialects
are 'unnatural’ in the sense thatytaosely reflect the behavior of the system for whicly tre designed,
rather than the manner in which programmers normally think about problem solMihgt'is, these
attempts hee made the properties of such systems visible to the programmer and hence act as vehicles that
the programmer can use to help a compiler vercthe presence of parallelism within a program. It is in
light of these points that the author makes the recommendation that appléditiitional languages be
considered for data flosystems.

Data flov computers seek to takadvantage of parallelism and hence need programming languages that
efficiently use such an architectur€he authos recommendation for the use of the appli@tkfinitional
languages is based upon a presentation of the characteristics of agphedtdefinitional languages in
respect to their ability to work in a parallel processingrenment. Thecharacteristics of data flolan-
guages, based on the abdwo groups, are expounded upon in detail. These properties are namely: (1) a
freedom from side &cts, (2) locality of effect (3) equalence of instruction scheduling constraints with
data dependencies, (4) "single assignmentVations, (5) distinctie iteration notation, and (6) a lack of
"history sensitre" procedures. 8l chosen examples from the dataMlanguages Val, Id, and Lucid are
used to illustrate the ggn presentation on each of these properties.

In distinction to multiprocessor systems, datavfiystems are designed tmeeute algorithms with a fine
grain of parallelism diciently. Parallelism is exploited at thevd of individual instructions as well as at
coarser leels. Thusthe following FORTRAN code would contain the permissible computational sequence
of (1,[2 and 3 simultaneously], [4 and 5 simultaneously], and 6)

1 P=X+Y 2 Q=P/Y 3 R=X*P 4 S=R-Q 5 T
=R*P 6 RESULT=S/T

Typically, programs contain sections, often far resetbfrom each otherat which computations may pro-

ceed simultaneouslyHoweve, as the author points out, the exploitation of parallelism at akl¢eis
dependent upon the instruction sequencing constraints which must be deducible from the program itself.
That is, the status of each innstruction is kept in a special memory that is capaie®ithg the instruc-

tion when all of the necessary datdues hae been met. Thus, the programming language for a data flo
computer system must meetatwriteria:

(1) It must be possible to deduce the data dependencies of the program operations.
(2) The sequencing constraints mustagls beexactly the same as the data dependencies,
so that the instructiorexecution rule can be based on theikability of data.

As is demonstrated, these criteria can easily be met by utilizing the properties of locality of effect and free-
dom from side effects.

Locality of effect means that instructions do notehennecessaryaf-reaching data dependencid=or the

FORTRAN example the temporary variables@® R S, and T are used. The use of these variables in a
fragment appearing elsewhere in the program for some unrelated computatichpnerent concurrent

execution due to the apparent data dependencies arising from the duplidatiomn, freedom from side

effects is necessary to ensure that the data dependencies are the same as the sequencing constraints.
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Typical side effects arise in procedures modifying variables in the calling programs and in the way data
structures are manipulated in gentional languages. The auth®recommended solution is the manipula-
tion of data structures in the samaythat scalars are manipulated. The simplest operator to perform the
applicatve eguivalent of modifying an array takes threggaments: ararray an ndex, and a ne data
vaue. Theresult is a n& array containing the e data value in the desired location. Thus, in HBRN,

A[3] = 0 performed on the array values [3, 1, 4, 1, 6] results in the sequence [3, 1, 0J4in6]the abee
stated method thexpression B ;= A[3,0] leaes B with the same final sequence and does not change the
array A. This value-oriented approach to arrays calls for the programmentarvigray as values instead

of objects residing in static locations of memoAckerman notes the outcome of using appheatan-
guages that perform all processing by means of operators appliethés @and are thus natural languages
for data flev computations:

Viewing arrays and records as values manipulated by operations allows the parallelism among
the operators to be deduced from the data dependencies.

Having demonstrated the suitableness of an appleatogramming style and aalue-oriented rather than
object-orientedxecution model, the implications of this style are related to the assignment statement, itera-
tive dructures, and error/exception handling. The assignment statement, e.g. S =Koty nav be

seen as a definition rather than an assignment since the fady isfthe binding of a value to the name
appearing on the left side of the statement. Such definitional type language statements are suitable for pro-
gram verification since the assertions made in proving correctnessaatly ¢he same as the definitions
appearing in the program itself. This is in distinct contrast teedional imperatie languages where one

must follow the flov of control to determine where in the text assertions are foeiterative gructures all
redefinitions tak dace at the boundary between iteratcycles. Theauthor concludes that the desired def-
initional characteristic and ease of program verification can be found in existing definitional languages.
Thus, by using the properties of appligatend definitional languages suitable datavflanguages can be
created. Irthe concluding section of this well presented paper the autiaoniees methods of ackiag

high speed parallekecution on data fl@ computers or supercomputers.



