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1 IntroductionThe generation of e�cient parallel code for message{passing multicomputer systems is adi�cult problem which involves a number of tasks that have no analogue in uniprocessorarchitectures. In particular, the work to be done must be partitioned into concurrentlyexecutable units, the resulting units must be mapped to the available processors, andprovisions have to be taken to support interprocessor communication and synchroniza-tion. Two di�erent approaches are currently being investigated: a) an approach where theprogrammer uses special parallel programming languages or language features to indicatesections for simultaneous execution [5, 7, 12, 14, 26]; and b) an approach where a programwritten in a sequential language is automatically transformed into a version which canbe scheduled for parallel execution [15, 16, 18, 37]. In the �rst approach, a programmeris potentially capable of designing algorithms that may exploit parallelism better than inthe second approach. This depends on the programmer's ability to come up with a cleverparallel solution, the power of the parallel language features provided and the program-mers's skills to use them appropriately. However, a parallel program developed in thismanner is quite often intimately related to the particular multi{processor architectureconsidered and thus not easily portable to other parallel processors, because the program-mer typically makes use of the properties of the architecture when designing the solutionfor a given problem. Therefore, a completely di�erent approach may be required whenthe program is supposed to run on another system. Furthermore, since programmers areexpected to redesign a possibly large number of already existing programs from scratch,the second approach is economically much more attractive, because it circumvents theprogram development overhead and avoids the portability problems associated with the�rst approach.In this paper we present a system that performs automatic partitioning, mapping andcommunication code generation for sequential divide{and{conquer algorithms written inthe C programming language. The divide{and{conquer paradigm is an ideal candidate2



for automatic parallelization, because the philosophy behind it is to recursively fragmenta problem into independent subproblems of the same kind until the problem size has beenreduced to a prede�ned value, then solve these subproblems independently and �nallycombine the solutions of the subproblems [32]. Thus, the partitioning method is inherentlydetermined by the properties of the algorithm and therefore considerably simpler than foran arbitrary sequential program. The restriction to divide{and{conquer algorithms clearlylimits the applicability of our system, but considering the importance of the paradigm in awide range of problem domains, such as sorting (quicksort, mergesort), searching (binarysearch), computational geometry (convex hull, closest points), graph theory (travelingsalesman, depth �rst search) and numerical computation (matrix problems, fast fouriertransform) [6, 8, 10, 11, 29, 32], the system is nevertheless extremely useful. In contrastto the e�orts required to design and implement parallel divide{and{conquer algorithmsby hand [19, 23, 35], the user of our system is expected to add only a few annotations toan existing sequential program in order to indicate his or her desire to run the programon a parallel architecture. Another approach aimed at easy to program parallel divide{and{conquer algorithms is the Beeblebrox system [28]. In this system, an object{orientedframework of C++ classes is provided to support the formulation of divide{and{conqueralgorithms which will then be executed in parallel by a speci�c runtime system.Our system generates parallel code which is then automatically downloaded and executedon a multicomputer. Currently, two hardware platforms are supported: a meiko trans-puter system [24] and a workstation cluster using the \parallel virtual machine" (pvm)software package [13]. The system's design and implementation will be discussed and run-time measurements for several example algorithms will be presented in order to illustratethe performance speedups obtained.The paper is organized as follows. In section 2 we describe the general approaches takento support partitioning, mapping and communication code generation. Section 3 discussesthe program annotations introduced for generating parallel code. In section 4 we explainthe architectural properties of our system and the strategies employed for transforming3



the sequential program into a parallel version. In section 5 the implementation of thesystem is discussed and performance results for selected examples of divide{and{conqueralgorithms are presented. Section 6 concludes the paper and outlines areas for futureresearch.2 Parallelizing Divide{and{Conquer AlgorithmsThe parallel architectures on which our work is based are message{passing multicom-puters. A multicomputer is a network of processors, each having a local memory andfacilities for sending messages to and receiving messages from other processors in the net-work; each processor has access only to its local memory, and there is no common globalmemory. The topology of the network may be arbitrary, but is usually organized as somewell{known interconnection structure.In such an environment there are several options for solving the problems of partitioning,mapping and communication code generation. The general approaches that we have takenare discussed in the following subsections.2.1 The Partitioning ProblemThe notion of automatic parallelization is usually used in conjunction with researchprojects on parallelizing numerical applications written in fortran dialects or languageswith comparable computation models [3, 9, 20, 33, 36].Such parallelizing systems exploit data parallelism. Hence, they simultaneously executeoperations on regularly shaped data structures like arrays or matrices. Usually, the datastructures are spread over the processing elements. The generated parallel programs followthe spmd paradigm (single program, multiple data) [2] where each processor executes theprogram on its data partition. Access to remote data items is realized by automaticallyinserted message passing code. 4



In this environment, data partitions to be distributed among the processors are determinedby user interaction or by program analysis of loops operating on the data structuresinvolved. The interferences between data partitioning, its mapping to the processors,and the generated parallel programs are crucial for determining the performance of theparallelized application programs.Divide{and{conquer algorithms eliminate the need for developing a sophisticated parti-tioning technique, because the information how to partition is included in the algorithmitself. Since the initial problem is recursively divided into independent subproblems thesolutions of which are again recursively combined to yield a solution for the initial prob-lem, a divide{and{conquer computation can be viewed as the process of expanding andshrinking a tree structure. The tree is dynamically formed during the computation; when-ever a new subdivision is performed within the algorithm, descendants of a node will becreated. Additional techniques to discover concurrently executable units, as required foran arbitrary sequential program, are not necessary.The generated parallelized programs call the divide{and{conquer routines on remote pro-cessors while exchanging parameters and results. This leads to a program structure knownfrom functional parallelism [7], where the set of functions (routines) of a given program isdistributed over the processors while each processor services requests for execution of itsroutines. In the special case of divide{and{conquer algorithms it is one unique functionwhich is placed on the processors. Thus, the divide{and{conquer paradigm leads to spmdprogramming, too, and furthermore constitutes the junction between data parallelism andfunctional parallelism.2.2 The Mapping ProblemThe mapping problem involves the decision of how the concurrently executable units de-termined by the partitioning method are assigned to the processors of the multicomputersystem in order to achieve a maximal degree of parallelism in an e�cient manner. Since5



the mapping will a�ect the overall execution time and thus the speedup attainable by theparallel program, it must be chosen carefully. In particular, it should keep the computa-tional load of the processors balanced and should minimize the communication overheadamong the processors. Because of its importance, the mapping problem has attracted agreat amount of research e�orts during the last years [27].Systems exploiting the data parallel approach like [3, 9, 20, 33, 36] develop mappingstrategies which originate from a given data distribution. The goal of such systems is tomaximize locality of data accesses [31]. In this respect, every processor should execute apartition of the program which allows it to operate mainly on the data located in its localmemory. Thus, �nding suitable data distributions for given multicomputer architecturesis a di�cult task for data parallel systems and hence therefore usually relies on userinteraction.The concept of locality of data accesses is not directly applicable to divide{and{conquerparallelization, because the parallelized programs are structured in a di�erent manner,as described above. Nevertheless, it is still extremely important to minimize the overallcommunication costs.A divide{and{conquer algorithm accesses sets of data which are de�ned by the algorithm'sparameter and result declarations. Due to the completely dynamic nature of the callrelation between the processors, it is impossible to pre{distribute data at compile time.Instead, the data necessary for computing the whole problem is located on the processorassigned to it. Data sets for computing subproblems are passed to another processor alongwith the corresponding function call.A proper de�nition of parameters and results yield a minimal set of data to be com-municated between the processors. Thus, minimizing parameter data is the divide{and{conquer equivalent to maximizing locality. The minimal size of parameter and result datais a property of the algorithm to be parallelized and thus determines the algorithm's suit-ablility for parallelization. As a consequence, mapping strategies for divide{and{conquer6



algorithms try to achieve di�erent goals.Several approaches for mapping divide{and{conquer algorithms to multiprocessor archi-tectures have been proposed in the literature [23, 35], and similar to these proposals wealso simplify the following discussion by assuming that the divide{and{conquer paradigmis based on two recursive subdivisions of the problem instead of the n subdivisions whichare possible in general. An obvious approach is to let one processor divide the prob-lem into two subproblems and pass these on to two further processors. This procedureis recursively continued until the problem has been broken up su�ently, resulting in amapping to an architecture designed as a binary tree topology. The processors at theleaves of this tree solve the subproblems assigned to them and propagate the results totheir parents. These in turn combine the results and send them to their parents until theprocessor at the root is reached.The binary tree approach has two major drawbacks. First, the number of processorsrequired must be a power of 2 (minus 1) and second, many of these processors (all interiornodes in the tree) are idle while the leaf processors perform the computation, becausethey are only involved in dividing the subproblems and combining their solutions.Another approach which avoids these drawbacks [23] is to let one processor divide theinitial problem into two subproblems, pass one of these to a further processor and keepthe other half to itself. Every processor repeats this step recursively until the problemsize is su�ciently small and performs the computation assigned to it, which e�ectivelyconstitutes a mapping to a binomial tree topology [34]. The results are propagated upthe tree and combined in the reverse order in which the subproblems were passed downthe tree. It is intuitively clear that the number of processors required in this topology isless than in a binary tree and that a processor, after having received a subproblem, onlyidles when its computation is �nished or the problem sizes are signi�cantly imbalanced.However, the particular binomial tree topology required for a given algorithm cannot bewired up in advance, because its structure is data dependent and therefore highly irregular.7



As a consequence, it is better to adopt the binomial tree as the basic computation graphand map it to more regular physical topologies. This is exactly the mapping approach thatwe have used in our system, and the physical topologies investigated are the hypercubeinterconnection structure, the cube{connected{cycles network [25], and an ethernet{basedbus system.2.3 Communication Code GenerationThe fundamental communication pattern used in our system is based on a master/workerorganization in which a single master task distributes the work to a set of worker tasksvia an asynchronous remote procedure call mechanism. The master/worker principle isapplied recursively in our approach for each of the subproblems created during the divide{and{conquer computation. In addition to the initial master task, which is responsible forthe particular problem to be solved, there is a unique scheduler task which controls thepool of available processors and is thus the only entity that knows the physical topology ofthe network. The scheduler is responsible for performing the mapping from the binomialtree to the underlying physical topology during runtime. The initial master and thescheduler are assigned to the same dedicated processor, while each worker runs on aunique processor contained in the pool.Initially, both the master and all workers identify themselves to the scheduler. Theproblem to be solved is then given to the master who in turn divides it and requeststhe unique identi�cation of an idle worker from the scheduler. The request is servicedby returning the identi�cation of the worker residing on the nearest idle processor inaccordance to the physical topology. Upon receipt, the master sends the subproblem tothis worker. The worker repeats the process and thus acts as the master of the subproblemwhich it intends to propagate. Once a worker has �nished its computation and hasreturned the results to its master, the master informs the scheduler to release the workerand make it again available to the pool of idle processors. The whole computation is�nished when the master terminates and all workers have been returned to the pool.8



It is important to �nd a set of subproblems to be solved concurrently which is optimal inorder to minimize completion time. Trying to propagate all subproblems leads to optimalload balancing between the processors because there will be unsolved problems at almostevery time of the computation. But processor utilization is far from optimal because ofprohibitive communication overheads.The opposite strategy for assigning subproblems to processors, well known from paral-lelizing compilers for fortran dialects, performs this mapping statically at compile timein order to minimize communication overhead. Unfortunately, this approach is not fea-sible for divide{and{conquer parallelization, because the set of subproblems to be solveddepends on the actual parameters of the divide{and{conquer algorithm.A nearly optimal solution to this problem can be obtained by applying a technique calleddynamic partitioning. In this approach, also used in [16, 30], it is decided at runtimewhether a given subproblem should be propagated to another processor or better becomputed locally.In our particular model, every processor computes exactly one problem at a time. In orderto utilize n processors, communication overheads become minimal when only the n com-putationally \largest" subproblems are spread over the processors. Thus, every processorcomputes exactly one subproblem. Assuming that the completion time of a subproblemis a function which monotonically increases with the problem size, our experiments haveshown that the completion time can be minimized when subproblems are propagated toother processors if the following inequality is true:Sc � f > Si = nwhere n is the number of available processors, Si is the initial (whole) problem size, Scis the size of the problem currently considered, and f is the factor determining in howmany subproblems (usually 2) a problem is divided.9



3 Program AnnotationsThe system presented in this paper processes the C language conforming to the ansistandard [17], but a few program annotations are required for generating code which isable to operate in parallel. These annotations are only of a declarative nature, included toovercome C's de�ciencies related to the description of formal parameters and side e�ectsin functions. Thus, the annotations are not necessary as far as partitioning and mappingfor parallel execution is concerned. The two main problems which cause the need forprogram annotations are the following:1. Unfortunately, C's declaration of formal parameters is far from being as completeas it would be necessary to transport parameters and results between di�erent pro-cessors.First, the parameter declaration does not express which parameters are read by afunction (\input parameters") and which ones will be modi�ed (\output parame-ters"). In the presence of further function calls from inside the function's body, itis also impossible to derive this information from the statements being executed.Second, the parameter declaration provides no information about the memory areasused to hold the set of parameters. In particular, the notations for arrays andpointers together with pointer aliases cause intractable problems. It has been provenin [21] that in languages like C which allow arbitrary pointers, the problem ofdetermining aliases at a program point is P-space-hard.2. In our system, recursive function calls are performed using an asynchronous remote{procedure{call (\rpc") mechanism. Its asynchronous nature implies the need fora synchronization mechanism | the caller has to wait for the callee's terminationbefore it may use its results.Again, in the presence of further function calls from inside the function's body, it isimpossible to derive which statements access the results of a callee. Therefore, the10



programmer has to indicate a \synchronization point" after which he or she expectsall results to be available. This conforms to the implementation of an asynchronousrpc suggested in the literature [22].The program annotations introduced are explained in detail in the following:parallel This new keyword preceeds a function de�nition and simply tells the compilerthat this function is intended to be executed in parallel.sync This newly introduced statement de�nes the \synchronization point" after which allresults of recursive subproblems are expected to be available.input The set of input declarations (located between the parameter declarations andthe function's body) describe which parameters have to be provided to a (possiblyremotely) called function. If necessary, these declarations also provide informationabout array sizes which may be stated in terms of parameter variables or constants.output Analogously to input, these declarations (together with the function's returnvalue) form the set of a function's results.problemsize This declaration is used to denote a numerical value describing the size ofthe problem currently dealt with by an invocation of the function, particularly inrelation to recursive calls for subproblems. This declaration is only needed for thedynamic partitioning technique as discussed in section 2.3.We will now illustrate these annotations by using the well known quicksort algorithm asan example. Figure 1 shows the C{code with all additional declarations. They are printedin italics to distinguish them from the rest of the code.pleaseinsert�g. 1here It is easy to see that this function is intended to execute in parallel, sorts n+ 1 elementsper invocation, and reads the parameter n as well as n+ 1 elements of array. The latterones will also be modi�ed. The synchronization point forms the end of the function'sbody, because it is not necessary to combine the sorted subarrays.11



4 System DescriptionIn this section the functionality of our system for automatic parallelization of divide{and{conquer algorithms is presented. In particular, we describe all the steps required fortransforming a sequential program, available as C source code, into concurrently excutablebinaries. Figure 2 shows these steps graphically. The naming conventions for �les andprograms are identical to those common in a unix environment. The individual programsperforming the transformation steps are listed at the bottom of the �gure.pleaseinsert�g. 2here 4.1 PreprocessingIn the �rst step, the original C source code is precompiled with the C{preprocessor (cpp)in order to allow a parser to operate on the program, because the preprocessor supplies alldeclarations from included �les and transforms the input into a version which conformsto the ansi C{syntax de�ned in [17].The C{preprocessor is also used to allow conditional compilation for either sequentialor parallel execution. The reader may have observed in the previous section that thesyntax of our program annotations is compatible with the C{preprocessor's macros. Theprogrammer has to include a special header �le containing macro de�nitions which con-ditionally remove all annotations and thus allow (traditional) compilation for sequentialexecution.4.2 Restructuring the Source CodeAfter the preprocessing step has been performed, dcpar restructures the source code intothree parts:1. The \master part" contains the original main() function, which will become partof the master program. To resolve name con
icts, it will be renamed and can thus12



be called from the master's main() function.2. The \function part" is used for both the master and the worker program. It replacesthe recursive function calls and directs them to a stub. Within this stub it is decidedwhether the function will be executed on another processor. If not, the call isdirected to the original function. Additionally, code for transmitting parametersand receiving results is located in this part.3. The \worker part" contains code for receiving the parameters, calling the functionand returning the results.We will now take a closer look at the key transformation which is performed on a recursivefunction. Let us assume that there is a function f with a single parameter a of type T1and a return value of type T2:parallel T2 f (T1 a)input(a)f : : :result = f(a1) + f(a2);: : :sync;return (result);gThe function part (as mentioned above) will contain the following function, in which theoriginal recursive call is divided into calls to the stub and the local function (for the lastsubproblem) and the �nal combination of the results. An array is automatically generatedwhich temporarily stores the subproblem's results:
13



T2 local f (T1 a)f T2 result vector[2];: : :stub for f (&result vector[0],a1),result vector[1] = local f(a2);: : :result = result vector[0] + result vector[1];return (result);g4.3 Compiling and Linking to Executable ProgramsThe master- and function parts produced so far are then concatenated (by cat) in orderto form the application speci�c part of the master task described in section 2.3. The sameprocedure is applied to the worker- and function parts to obtain the application speci�cpart of the worker task.Afterwards, these parts are separately compiled with the C compiler of the target system(by cc), resulting in two object �les.In the last step, the object �les produced so far are linked together (via ld) with theappropriate main(){programs and a hardware{architecture speci�c \communications li-brary".This library contains the implementation of an asynchronous remote-procedure-call mech-anism. It consists of several modules one of which realizes the interface to the underlyingruntime system of the target machine, which in our case are the runtime systems of themeiko Computing Surface transputer network [24] and the pvm package [13].The main program for the master initializes the communicationmodules and calls the (nowrenamed) function main() from the original source code, passing through its commandline parameters. When the computation is �nished, the master terminates the workertasks. 14



The main program for the workers also initializes the communication modules and thenwaits for incoming messages indicating requests for calling the recursive function. After�nishing a computation, a worker returns the results and waits for the next request. If aworker receives a message to terminate, it stops running.5 Implementation and PerformanceTwo message passing multicomputer systems were used to run the programs in parallel.The �rst is the meiko Computing Surface [24], consisting of 72 transputers T800 (25MHz) with 1 mb ram and a sun 4/390 acting as the host computer. The second is a setof 12 sun Sparcstation 10/20 workstations, interconnected via a local ethernet cable andcommunicating using the pvm software package [13].These two architectures have been chosen to investigate the runtime behaviours in atightly coupled system with fast communication (transputers) as well as in a situation inwhich communication is very expensive but the pocessors are more powerful (workstationcluster).5.1 Example AlgorithmsIn order to investigate the performance of our system, we have programmed several divide{and{conquer algorithms and measured their runtimes in comparison to the sequentialexecution of the programs. The following examples of divide{and{conquer algorithmshave been selected:1. The �rst example is the well{known quicksort algorithm [11] for sorting an array ofn integer numbers.2. The second example is an algorithm that multiplies two matrices of size n � n.The algorithm is based on an iterative version consisting of three nested loops and15



requiring O(n3) multiplications. The outermost loop has been replaced by recursivecalls for two multiplications of size n=2.3. The third example is an algorithm for adaptive numerical integration [4], i.e. com-puting R ba f(x)dx for a function f(x) in the interval between the points a and b. Thebasic idea of the algorithm is that f(x) is replaced by a straight line from (a; f(a))to (b; f(b)) and the integral is approximated by computing the area bounded bythe resulting trapezoid. This process is recursively continued for two subintervalsas long as the area di�ers signi�cantly from the sum of the areas of the subinter-vals' trapezoids. The algorithm is adaptive in the sense that the partitioning intosubintervals depends on the shape of the function considered.4. The fourth example is an algorithm for solving the knapsack problem [32], which isde�ned as the problem of �nding a set of items each with a weight w and a value vin order to maximize the total value while not exceeding a �xed weight limit. Theproblem for n items is recursively divided into two subproblems for n�1 items, onewith the missing item put into the knapsack and one without it.5. The �fth example is the mergehull algorithm [29] for determining the convex hullof n points in a plane. This algorithm divides the original set of points S into twosubsets S1 and S2 of approximately equal cardinalities, recursively computes theirconvex hulls CH(S1) and CH(S2) and combines them using a Graham scan to formCH(S).6. The sixth example is an algorithm for the decomposition of positive integer numbersinto prime factors, also known as integer factorization [11]. The algorithm imple-mented here is not one of the popular heuristic ones. Instead, it �nds all primefactors of a given number N in the interval ranging from n1 to n2. In order toachieve this, it divides the given interval into two of half the size and tests theirelements respectively. 16



7. The last example is an exact algorithm for the set{covering problem [11]. The taskis to �nd a minimal set of subsets of a set S which covers the properties of allelements of the set S.5.2 Performance EvaluationThe seven programs have been automatically parallelized with our system and executedon both multicomputers. On the meiko transputer system, the physical topologies usedwere hypercubes for p = 2; p = 4 and p = 8 processors and cube{connected cycles (with2 processors in each corner) for p = 16 and p = 32. The latter topology has been selectedto minimize the path length under the constraint that each transputer is equipped withfour physical links only. For p = 32 it is illustrated in Figure 3. The interconnectiontopology of the workstation cluster is simply a bus system due to the ethernet cabling.pleaseinsert�g. 3here The programs have also been compiled to run sequentially on one processor. The runtimesmeasured for the sequential programs Ts were used to compute the speedup S = Ts=Tp,where Tp is the runtime of the parallel execution with p processors. The speedup fac-tors achieved on the transputer system are shown in Figure 4, the ones obtained on theworkstation cluster can be found in Figure 5.pleaseinsert�gs 4and 5here The speedups achieved for the individual problems di�er signi�cantly and thus indicatethe suitability of the di�erent algorithms for parallel execution in a message{passingmulticomputer environment. Since in the absence of a shared memory the total costs areclearly dominated by communication, we will evaluate the measured runtime behavioursbased on the algorithms' computational time complexity C and the parameter data sizeP , as introduced in section 2.2. The following table lists these properties of the selectedalgorithms; n denotes the problem size. 17



Algorithm Time Complexity C Parameter data size PQuicksort O(n log n) O(n)Convex Hull O(n log n) O(n)Matrix Multiplication O(n3) O(n2)Adaptive Integration O(n) O(1)Integer Factorization O(npn) O(1)Set Covering O(2n) O(n2)Knapsack O(2n) O(n)As shown by Figures 4 and 5, the example algorithms can be divided into two groups:algorithms with or without reasonable speedups. The latter group consists of quicksort,convex hull, and matrix multiplication. These algorithms have a low ratio of C=P incommon, di�ering only by constant factors. On the transputer system, where communi-cation is relatively cheap, matrix multiplication and convex hull show small speedups. Buton the workstation cluster with fast processors and a slow network, they do not exhibitconsiderable speedup factors.The group of algorithms with reasonable performance, namely adaptive integration, in-teger factorization, set covering, and knapsack are characterized by a high ratio C=P , socomputation time saved by parallel execution is not outweighed by communication costs.The program for adaptive integration shows a good speedup behaviour although its C=Pratio does not look better than the ratio for matrix multiplication. This is essentially dueto the very small, constant communication cost of only three 
oating{point values perfunction call.Summarizing our results, the divide{and{conquer paradigm has a good potential for par-allel applications while a particular algorithm's suitability for parallelization can directlybe derived from its C and P parameters.6 ConclusionsIn this paper we have presented a system that automatically partitions sequential divide{and{conquer algorithms programmed in C into independent tasks, maps these to multi-18



computer systems and executes them in parallel. The user is required to make only minormodi�cations to an existing sequential program in order to tell the system that it shouldparallelize the algorithm. Apart from using standard unix tools and compilers for theparallel target machines, the system is fully implemented in C and thus easily portable toother architectures. Several examples of divide{and{conquer algorithms have been paral-lelized in order to measure the speedups attainable. It has been shown that these speedupsare primarily dependent on the properties of the algorithms, such as computation timecomplexity and parameter data size.There are a number of issues for future research, such as exploiting knowledge aboutalgorithm properties for parallel{code generation, developing alternative execution mo-dels for parallel divide{and{conquer algorithms based on a virtual shared memory, andinvestigating the automatic parallelization of further classes of algorithms.References[1] ACM SIGARCH AND IEEE COMPUTER SOCIETY. Supercomputing '93, Port-land, Oregon, IEEE Computer Society Press, 1993.[2] G. S. ALMASI, A. GOTTLIEB. Highly Parallel Computing. Benjamin/Cummings,1994.[3] F. ANDR�E, M. LE FUR, Y. MAH�EO, J.-L. PAZAT. The Pandore Compiler:Overview and Experimental Results. Technical Report No. 869, IRISA, Cedex,France, 1994.[4] G. R. ANDREWS. Paradigms for Process Interaction in Distributed Programs. ACMComputing Surveys, 23(1):49{90, 1991.[5] G. R. ANDREWS, R. A. OLSSON. The SR Programming Language. Ben-jamin/Cummings, 1993. 19
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