IMPLEMENTATION ISSUES OFA DISTRIBUTED REAL-TIME LOGIC LANGUAGEM. D�az, B. Rubio, J.M. TroyaDpto. de Lenguajes y Ciencias de la Computaci�nUniversidad de M�lagaPza. El Ejido, s/n. 29013 M�laga - SPAINmdr,tolo,troya@lcc.uma.esAbstractThe integration of different paradigms within the declarative framework has been a very activeresearch area in recent years, especially in the field of concurrent and distributed extensions fordeclarative languages. On the other hand, the high complexity of distributed real-time systemsrequires extra effort in the design of new languages, methodologies and techniques suitable forthese systems. In this paper, we present some implementation issues of a new language thatintegrates the real-time and distributed paradigms within the framework of a concurrent logiclanguage. Concurrent logic languages (CLLs) are capable of expressing concurrence,communication and nondeterminism in a very natural way. That is, the intrinsic parallel semanticsof the concurrent logic languages makes them well-suited for distributed programming. Theproposed language is particularly suitable for loosely coupled systems and it contains mechanismsfor distributed and real-time process control. A new execution model for concurrent logic languagesis presented, which enables efficient distributed execution and real-time control. A new abstractmachine for this model and its implementation on a Unix workstations network are presented.1. INTRODUCTIONDistributed real-time systems are very complex and they have very strict safety andreliability requirements. These systems are composed of collections of diverse computations,without central coordination and without a total knowledge of each other. Moreover, mostprogramming languages have not been designed to support such systems, but rather to describetightly coordinated computations. In the last few years, many new proposals for distributed andreal-time systems have emerged [4]. Some of these models are based on traditional imperativelanguages, but others are intended to provide new paradigms suited to the characteristics ofthese kinds of systems [1]. In this sense, many different approaches for the integration ofdistributed and real-time paradigms in declarative languages have been proposed [2][15].Concurrent logic languages (CLLs) have appeared as an attempt to adapt Prolog to parallelsystems [6], and its suitability for distributed systems has been demonstrated by Shapiro [19].In fact, CLLs have been used as kernel languages to construct declarative environments fordistributed programming [9][12]. CLLs have evolved out of these inefficient environments into new languages more oriented towards the characteristics of distributed systems. Somelanguages which have come out from this evolution are RGDC [7], Strand [13], Sandra [11]and Janus [18], which despite being a language used for concurrent constraint programming,has the same basis of CLLs. Something that is common to all these proposals is that they try toovercome one of the drawbacks of CLLs in their use for distributed systems: their inefficiency.Distributed implementations of CLLs are not very efficient, mainly because the communicationmechanism is based on sharing logical variables and its implementation on distributedenvironments involves very high costs. We propose a new approach to distributedprogramming based on Parlog [6] and oriented to coarse granularity parallelism: the DRLlanguage. This language has been designed on the basis of extending CLLs to cover thedifferent aspects of complex real-time distributed systems. In this sense, a new executionmodel for CLLs is presented which provides efficient distributed execution and real-timecontrol.In the present paper we describe the implementation of this new model, which is based on adistributed abstract machine. In section 2 the most relevant aspects of the DRL language arepresented. In section 3 we introduce the abstract machine«s execution model and some resultsof the implementation. Finally, in section 4, some conclusions are presented.2. THE DRL LANGUAGEIn the following a basic knowledge of CLLs is assumed [6][19]. In this section we willdescribe the DRL language’s basic features. The characteristics of this language are determinedby two main factors: firstly, the language must preserve the declarative nature of CLLs and,secondly, the language must be efficiently executed in distributed systems. These objectives,and the drawbacks of these languages for their implementation on distributed systems, have ledus to extend CLLs in different ways. The main characteristics of DRL are: flat guards (toimprove efficiency [13]), explicit mode declarations, real-time control (based on temporalguards) [10], exception handling and channel based remote communications.The language’s execution model is process oriented. Processes can be grouped into grains,that is the minimum execution unit that can be executed in another processor. Processbehaviour is expressed by a set of Flat Guarded Horn Clauses (i.e. the predicates that canappear in the guards are predefined). Real-time constraints are expressed by means of temporalguards . A temporal guard is a guard with an after(T) primitive, where T expresses time inseconds. Besides the utilization of temporal guards the language provides primitives that allowthe constraint of process execution time.2.1. Remote ExecutionIn order to execute a set of processes in a remote processor it is necessary to group theminto a grain. Grain definition has the following format:

grain grain_name(m1,...,mn). %( mi= ? in, ^ out, # constant)grain_name(T1,...,Tn)<-g1,...,gr: b1,...,bk.<Local predicate definitions><Exception handling>end grain.A grain is executed by means of a remote metacall:remote_call(Processor,grain_name(V1,...,Vn), Status, Control).Where:-Processor is a processor’s symbolic name where the grain will be executed or is aninteger indicating a logical processor number.-Status is the list of states of the process that will be used in exception handling.-Control is a list used to control the process and to propagate exceptions.The predicate defined in the grain with the same name as the grain and all the childprocesses will be executed in the processor indicated in the remote metacall. Communicationwith that process will be achieved through logic channels instead of shared logic variables andthe directionality of these channels is indicated in the definition of the grain. The process willnot be executed until all constant arguments (declared with #) are known. A logic channel is alist that will be instantiated incrementally. This list can contain: constant terms, terms withlogic variables (the transmision of terms with logic variables will be postponed until all of thembecome ground) and terms including logic channels (variables annotated with ? or ^, permittingthe dynamic creation of channels).Communication between processes in the same grain is achieved through shared logicvariables as in other CLLs. The Status and Control list of the remote metacall are consideredlogic channels too. Grain creation is dynamic, i.e. a grain can be created at any moment duringexecution and in any processor. The remote metacall Processor variable can be instantiated tothe name/number of a processor or to the terms: local (the process is executed in the sameprocessor) and auto(X) (the system will decide where to allocate the grain).Besides the remote metacall other primitives are defined in the language to make thedevelopment of distributed systems easier [10]. The environment is initialized from a processor(called root processor) and a system server is created in each processor in the network.2.2. Exception HandlingException handling is achieved by means of a special predicate excep(Status,Control),whose arguments are the Status and Control logic channels of the remote metacall. When agrain is created an exception handling process is created too. An exception is detected by thispredicate when the head of the Control list is instantiated. This variable can be instantiatedoutside the grain by a process that shares the control variable with the remote metacall or by theexecution of the predicate raise(Term) by a process in the grain. When this predicate is executed the head of the Control list is instantiated to Term. The exception process caninstantiate the Status variable that can be consulted by a process that shares this variable in theoriginal processor. The exception process can create other processes and suspend or abort thegrain execution.grain reader(#,^)reader(Device,[Value|L])<-read(Device,Value,St), continue(Device,L,St).mode continue(?,?,?).continue(D,L,ok)<-reader(D,L).continue(D,L,error)<-raise(error(D,L)).excep([error(D,L)|Control],Status)<-reset(D), excep(Control,Status).excep([abort],[aborted])<-stop.end grain.mode control(?,^).control(Disp,Read)<- wait(30,Ctrl),remote_call(processor2,reader(Disp,Read),St,Ctrl).mode wait(?,^).wait(T,[abort])<-after(T):true.<- control(disk,L).The above DRL program shows an example where a process reads a device that returns astatus (ok or error). This process is executed in a remote processor and the read data is returnedto the original processor. The process is aborted after 30 seconds.2.3. Real-Time ControlConcurrent logic languages do not provide any mechanism to express real-time constraintsin the execution of processes. Sandra [11] introduces the notion of logical clocks to expresstime in the field of CLLs, but the concept of time in Sandra is not actually real-time. The logicalclocks only have the task of ordering the occurrence of events in the system. Another approachin the field of declarative languages is that of Erlang [2], a functional language that evolvedfrom Strand. This language can express real-time constraints, but its semantics is at presentvery different from that of CLLs.As the execution model of CLLs is based on interleaving, the process scheduling ordercannot be known. We propose an extension of CLLs that allows expression of process timingconstraints. This extension implies a modification of the execution model. In CLLs a processmay suspend in a non-instantiated variable, during matching of the clause head or in guardevaluation. In our extension, processes may also suspend in the evaluation of timed guards. Atimed guard is a guard with an a f t e r ( T ) primitive, where T is a termmsec(Seconds,Miliseconds). This primitive makes the process to suspend for the timeexpressed in the term msec(Seconds,Miliseconds), after the matching of the head and theguard evaluation. If there is no other clause that commits before that time has elapsed, then thatclause is selected to reduce the process. A clause that contains a timed guard is called a timedclause. In the example below two processes are defined: a producer, p, and a consumer c that communicate via a shared variable L. There is a timed guard in the definition of consumer, thatdetects a time out error if no data arrives in the channel within a ten second period.mode p(^).mode c(?,?,^)p([item|L])<-p(L).c([X|L],T,St)<-c(L,T,St).c(L,T,St)<-after(T):St=time_out.<-p(L),c(L,10,St).When a timed clause exists in the definition of a process, this process must be selected forreduction as soon as possible, i.e. that process has higher priority than ordinary ones, withouta timed guard. If this does not happen then the time expressed in the guard is not real. Forexample, let us assume the following scenario, where p and c are the processes defined aboveand r is a process independent from p and c.pL=[item,r r r.....rL=[item,item,...cTime(time>T)pFig. 1The consumer process does not detect that the producer has taken more than T time units toproduce the second item of the list, because different instances of the r process have beenscheduled meanwhile. However if the c process had been scheduled before the r process thissituation would have been detected. Besides the temporal guards, other primitives have beenincluded in the language:- init_clock: Initializes the local clock.- clock(msec(Sec,Msec)): Returns in Sec and Msec the time elapsed since thelast clock initialization.- delay(msec(Sec,Msec)): A delay of Sec seconds and Msec miliseconds. Theprocess is suspended during the time units indicated by its argument.- timeout(Pred,Time,Status): A metacall executes the process indicated byPred limiting its execution time and returning the Status (success, failed,timeout).- alarm(Pred,Time,Ctrl): The process starts its execution once the timeindicated by Time has elapsed, the alarm can be cancelled using the control list.3. IMPLEMENTATIONSince concurrent logic oriented architectures are not available, it is usual to design anabstract machine, and use current systems to emulate its behaviour. Different abstract machinesfor logic languages have been proposed, most of them based on the one defined by Warren[21] for Prolog. In particular, sequential [14], shared memory [8] and distributed architectures

[16] have been proposed for CLLs on abstract machines.The main problem that appears in the implementation of these languages on distributedsystems is global shared memory space simulation. The usual solution to this problem is tomaintain a single occurrence of a logic variable in only one processor and to use remotereferences to it in the other nodes [12]. The main problem with this solution is that every time areference to a remote variable appears it is necessary to establish a communication with thenode where the variable is, and this is not very efficient. Other solutions exist, such as the onepresented in [20], where a method based on the migration of variables is proposed, but thismethod has an even higher cost, which is only justified by the special characteristics of theexecution model of Concurrent Prolog [19], that needs to implement distributed unification inan atomic way.Another important problem that appears in the distributed implementation of these kinds oflanguages is distributed garbage collection. The implementation of garbage collection ondistributed systems involves very high costs. Most of the algorithms need to stop the wholesystem to recover memory areas, bringing a large overhead into the system. In DRL a newcommunication mechanism is introduced for logic variables shared across different processors:logic channels. Remote references to variables are not necessary with logic channels, andcommunication between processors is highly reduced. Another advantage of this model is thatgarbage collection can be achieved locally, and it is not necessary to stop the whole system toachieve such a collection. Two previous implementations of this model exist: the first one wasdeveloped on a Parlog system using metainterpretation [9] and the second one was aninterpreter for a subset of the language developed in C on a Unix workstations system [10].We will now present a new compilation based version for an abstract machine for acomplete version of DRL. The implementation is based on the emulation of a distributedabstract machine, and it has been developed on a Unix workstations network, using C andTCP/IP sockets for communication. DRL is a flat CLL extended for real-time control, explicitdistributed execution, communication based on logic channels etc., so we have based ourimplementation on an existing sequential implementation for Flat Parlog [17].Reduction EngineIncoming callsOutgoing callsExternal Commun.ModuleComm.NetworkUnixFig. 2Each of DRL distributed implementation nodes is based on this sequential version (which has been extended to cope with the characteristics of our language), with the addition of threenew modules which are in charge of managing the language’s communication and distributedexecution: external communication, incoming calls and outgoing call modules (Fig. 2).3.1. Execution ModelThe execution model provides the basic control mechanisms to execute DRL programs onthe abstract machine. We have selected a process oriented model, based on an AND treeexecution model [8]. This has been inherited from the sequential abstract machine for FlatParlog, but has been adapted to include DRL’s real-time and remote execution features, and toallow execution of control metacalls which implies the control of process suspension,cancellation and failure. In a pure Flat Parlog execution model, if any process fails, the wholecomputation fails. In the DRL model, if a process fails, and it is a descendent of a controlmetacall, this metacall succeeds returning a failed status, but the computation will not fail.When a process is created its state is active , and it remains in this state until it is scheduled.A process is in the executing state until it finishes or suspends. If a process succeeds, itfinishes normally returning the memory assigned to the system and the computation goes on.On the other hand, if a process fails, it has to test if it is a descendent of a control metacallbefore finishing normally. If it is not, the whole computation fails, as in the Flat Parlog model.Otherwise, it sets a flag in its control metacall parent indicating a fail. When any process isscheduled, before starting its execution it tests whether it is a descendent of a control metacallwith the fail flag set, in which case it finishes directly without executing (indirect killing). This"indirect killing" mechanism is also used to implement the cancellation of the descendentprocesses of a control metacall that has been cancelled (when the exception handling processexecutes stop). Suspension control inside a control metacall is achieved in a similar way(indirect suspension). A suspension flag is set in the control metacall, and the descendentprocesses will suspend on the metacall«s Control variable when they are scheduled. When theexception handling process executescontinue all the descendent processes will wake up, settingits state to active.These indirect ways of implementing suspension, cancellation and failure are very simpleand efficient, and they are well-suited to the real-time features of our language. A processenters the suspension on variable state when no candidate clause can be selected for reductionwithout instantiating variables. A process can be suspended on more that one variable at thesame time, and will enter the active state when any of these variables is instantiated. A processenters the suspension on children state when it is waiting for its children to finish and when allof them finish it also enters the active state. A process enters the suspension on temporal guardstate when no candidate clause can be selected for reduction and there exists at least onesuccessfully evaluated clause with a temporal guard. Once the time indicated in the temporalguard has elapsed, the process enters the executing state. A process can be suspended at thesame time on variables and on temporal guards. In this situation it can enter the active state ifone of its suspension variables is instantiated, or it can enter the executing state when the time indicated in the temporal guard has elapsed. As a special situation, the control metacall call/3can be suspended on children and on its Control variable at the same time.Process execution consists of two phases: Test and Spawn. When a process is scheduledafter a suspension, execution will continue from where its continuation pointer indicates. In thismodel there are two continuation pointers: one for the temporal guards and another forsuspension on variables or children. These continuation pointers can be modified duringprocess execution.In the test phase, the machine tries to find a candidate clause to commit the goal. In order toachieve this it matches the input arguments and it evaluates the guards of the different clausesthat define the process. In the spawn phase, once the process has committed a clause, it carriesout output unification, and if this succeeds and there is a body in the clause, it also achieves thecreation of the child processes.Test Phasemore clauses?noyesvariables in suspension table or temporal guards?suspendfailnoinput matching & guardsadd variable to suspensiontablesusp.successfail SpawnPhasetimeset timeandConti-nuationsequential operator?nosuspendnoModify Continuationyesvariables in suspension table or temporal guards?yesyesOutputUnificationfailSpawn Phasesuccessempty bodyfailbodySusp. childrensuccessModify Continuationspawn processessequentialoperatoryesnoFig. 3. Test and Spawn PhasesRemote ExecutionA process is completely executed in a processor. When a grain process is created by aremote metacall, that process will be executed in the processor indicated by the first argumentof the metacall. Each processor has a statistics table with information about the load of eachprocessor in the system (CPU and memory). This information is updated by using someadditional information that is included in each interchanged message. If the first argument of themetacall is the term auto(X), then the system will allocate the process in the less loadedprocessor and will instantiate the X variable with the processor«s identifier. When a remotemetacall is executed in the i processor in order to execute a grain in the j processor, a call/3process will be created in the j processor, which will be in charge of executing the processindicated in the remote metacall. All the child processes of the grain will be descendents of the call/3 process, and all of them will be controlled by this control metacall. In the originalprocessor (i), a remote_call process is created. This process will suspend on its Status variableuntil the remote call/3 process finishes its execution instantiating this variable. This remote_callprocess will be the representative of the remote process execution in original processor.Communication between processes that are placed in different processors will be achievedby using logic channels. Remote metacall execution implies the creation of, at least, two logicchannels: The Status channel (input in the original processor and output in the remote one) andthe Control channel (output in the original processor and input in the remote one), to controlprocess execution and exceptions. The exception handling process will be simply another childof the call/3 process, and will be suspended on the Control variable and able to instantiate theStatus variable. Besides these control channels, all the channels that appear in grain definitionwill be created, with the directionality indicated in this definition. A logic channel, betweenprocessors i and j, will have an output (input) channel variable in the i processor and an input(output) channel variable in the j processor. Besides the logic channels that appear in graindefinition, other logic channels can be automatically created during process execution. Thispermits the use of incomplete messages between processes placed in different processors and,also the creation of communication channels between two processors via other intermediateprocessors.3.2. Data Areas and StructuresThe abstract machine use mainly three different data structures. The process structure: it hasa fixed size and contains enough information to execute a process: parent pointer, referencecount, argument count, state flags for the control metacall, time information , etc. When aprocess is created a process structure is allocated in the corresponding area (process stack). Aprocess is really a synonymous of a process structure. In each processor, the PS register of theabstract machine point to the process structure of the current executing process. The instructionstructure is compossed by a field indicating the instruction code, and the necessary argumentsfor that instruction. The working word of the abstract machine is composed by two fields: theflags field, that indicates the kind of data of the word (list, atom, channel,...) and the valuefield, that contains a value or a pointer to an data area, depending on the content of the flagsfield.The memory of each abstract machine processor is divided into different data areas. Thecode area, that contains the compiled code of a program. The process stack, that contains thestructures of the processes. The argument stack, that contains the environments and argumentsof the processes i.e, the structures of variable size of a process. The environments contains thevariables that appear before and after a sequential operator in a clause. The heap contains thelists, variables, terms and channels created during the execution. Three execution queues: onefor the processes suspended on temporal guards, another one for high priority processes andthe last one for the rest of the processes.

The input channels table will contain information about the channels: the remote processorand the heap index of the variable corresponding to the input channel. The output channels tablewill contain: the remote processor and the number of the input channel associated in thatprocessor. The output channel variables will point to its corresponding entry in this table. It ispossible that some of this information can be unknown when a logic channel is created(because an output channel variable need a confirmation from the remote process with the inputchannel number corresponding in that processor), so, if we try to send data by one of thesechannels before that the confirmation arrives, the sending of this data is postponed. To achievethis, we need another field in this table, that will point to the location in the heap of the data tobe sent.The active processors table contains the processors identifiers that can be used in the remotemetacalls. This table and the two channels table are managed by incoming/outgoing calls andthe communication management modules.HeapCode AreaChannels TablesProcess StackArgument StackFreeHoleExecution Queues(Normal, Priority, Time)UsefulActive Processors TableFig. 4. Data areas

Beside these data areas, the abstract machine will have a set of internal registers in eachprocessor:-PC. Program counter.-PS. Current process.-HP. The top of the heap.-A0,A1,...,An. Argument registers.-X0,X1,...Xn. Temporal registers.-etc.3.3. Instruction SetThe abstract machine code for a DRL procedure consists of instructions to try alternativeclauses followed by the code for each clause. The code for a clause can be further divided intotest phase and spawn phase instructions. The instruction set is very similar to the one defined in[17]. Instructions have been added to deal with logic channels, and the implementation of someof the original instructions have also been modified. We can divide the instruction set asfollows:a) For trying alternative clauses: try, trust, suspend_process.try is a jump instruction to the begining of clause«s code.trust is similar to previous instruction, but for the last clause of the procedure.suspend_process implements the sequential clause operator.b) Test phase:wait,read,builtin.wait instructions corresponds with the clause input arguments.read instructions try subterms of lists and structures on input arguments.builtin instructions corresponding to the primitives allowed in the guards.c) For selecting a clause: commitd) Spawn phase: get,unify,proceed,fail,call,put,push.get instructions correspond with output arguments.unify instructions correspond with the subterms of lists and structures.A process that executes the proceed instruction terminates successfullyThe fail instruction terminates the process with failure.call instructions create processes.put instructions build the arguments of the primitives in the guards and the subterms of listsand structures in the arguments of the body goals.push instructions build the arguments of body goals e) For allocating and deallocating environments: allocate, deallocate.3.4. Garbage CollectionOne of the most important problems that arises in the distributed implementation of CLLs isgarbage collection. Some algorithms exist for garbage collection in distributed systems [13],but a common drawback to many of them is that computation has to be stopped to achieve aglobal garbage collection. Algorithms also exist that collect garbage incrementally, but theyincur very high costs. In our model, there are no remote references to variables and garbagecollection can be achieved locally, in the same way as in a monoprocessor implementation. Theefficiency of garbage collection algorithms is especially important in real-time systems becausea garbage collection phase can lose deadlines to real-time processes. Some proposed algorithmsfor real-time garbage collection [2] also exist.In our implementation we have used the stop & copy garbage collection algorithm [3], withsome modifications. In the original algorithm a garbage collection phase starts when the heap orthe argument stack is full and the whole data area is inspected for garbage collection. In a real-time environment it is necessary to take into account the process deadlines before starting agarbage collection phase. We have modified the algorithm to achieve incremental garbagecollection (data areas can be garbage collected in various phases) and to take into account theprocess deadlines before starting a garbage collection phase. To achieve this, we have defined acritical threshold, that depends on the amount of free space in the stack and heap and on theamount of processes ready for execution. A garbage collection phase will start only if there isno process with maximum priority or the deadlines of real-time processes allow a garbagecollection phase without losing any of them. A garbage collection phase can also start if all theprocesses are of low priority. To implement this algorithm it is necessary to know a limit to themaximum time for garbage collection.3.5. ResultsThe system has been successfully implemented on a Unix workstations network, using Cand TCP/IP sockets for communication. Some examples, some of which were taken from theCLL literature (nqueens, matrix multiplication, quicksort,...) and adapted to DRL, have beenused to test the system. Other typical distributed programming problems have also beensuccesfully implemented, especially those related to communication protocol specification andsimulation (token ring, alternating bit protocol, daemon game,...). The real-time aspects of thelanguage have also been tested with some common problems. Periodic and aperiodic processeshave been used and the system has performed well, meeting the deadlines in the order of a tenthof a second.Although the main aim of the system has not been to improve the execution of parallelprograms, but to design a language for distributed and real-time programming, somemeasurements of the system’s efficiency in executing parallel algorithms have also been carried out. The problems were adapted for execution in the actual system. The sequential version’stimings have been taken in a previous sequential implementation of a real-time sequential FlatParlog version.The number of process migrations (only the grain processes) is very low and the loadbalancing is quite good (the number of reductions achieved by each processor is very similar).The number of messages is very low, in the order of 5 messages for each 1000 reductions. Thespeed up obtained is nearly lineal, and we even obtained a superlineal one with the thirdproblem, due to the great number of garbage collections made in the sequential version.nqueens(7)qsort(3000)matmult(40)Sequential90.356.532.43 processors47.321.913.6Speed up1.92.62.46 processors20.810.64.5Speed up4.35.36.44. CONCLUSIONSThe implementation of the DRL language has been presented. DRL has been designed withthe aim of integrating distributed and real-time programming under a declarative languageframework. The basis for this language’s development has been CLLs, which have beenextended to cope with the requirements of distributed and real-time languages. A newdistributed abstract machine for the execution of DRL has been proposed, and theimplementation’s main issues have been discussed. The implementation is based on the emulation of this distributed abstract machine, whichhas been developed on a Unix workstations network, using C and TCP/IP sockets forcommunication. Some examples have been used to test the system, of which some were takenfrom the literature about CLLs and have been adapted to the DRL language. Other typicaldistributed programming problems have also been succesfully implemented, especially thoserelated to communication protocol specification and simulation. The real-time aspects of thelanguage have also been tested with some common problems. Periodic and aperiodic processeshave been used and the system has performed well, meeting the deadlines in the order of a tenthof a second.REFERENCES[1] AGHA, G. Actors: A Model of Concurrent Computation in Distributed Systems. MIT Press. 1986.[2] ARMSTRONG, J.; VIRDING, R. AND WILLIANS, M. "Concurrent Programming in ERLANG". PrenticeHall. 1993.[3] BAKER, H.G. "List processing in real time on a serial computer". Communications of the ACM 21,4(April 1978), pp. 280-294.

[4] BAL, H.E.; STEINER, J.G.; TANENBAUM, A.S. �Programming Languages for Distributed ComputingSystems�, in ACM Computing Surveys, vol. 21, 3. 1989. pp. 261-322.[5] BANATRE, J-P.; LEMETAYER, D. "The GAMMA Model and its Discipline of Programming", in Scienceof Computer Programming, 15 (1). 1990. pp. 55-77.[6] CLARK, K.; GREGORY, S. "PARLOG: Parallel Programming in Logic" in ACM Transactions onProgramming Languages and Systems, vol 8, 1. 1986.[7] COHEN, D.; HUNTBACH, M.M.; RINGWOOD, G.A. "Logical Occam". Tech. Report. Dept. ofComputer Science, Qeen Mary and Westfield College. London. 1991.[8] CRAMMOND, J. �The abstract machine and implementation of parallel Parlog�. Tech. Report Dept. ofComputing of Imperial College. 1990.[9] DIAZ, M.; PIMENTEL, E.; TROYA, J.M. "A Declarative Environment for Distributed Programming", inProc. of 12th IFIP, 1992. pp. 163-169.[10] DIAZ, M; TROYA, J.M. "A Parlog based real-time distributed logic environment", Future GenerationComputer Systems, 9, 1993, pp. 201-218[11] ELSHIEWY, M.A. �Robust Coordinated Reactive Computing in Sandra�. PhD. SICS, 1990.[12] FOSTER, I. System Programming in Parallel Logic Languages. Prentice Hall, 1990.[13] FOSTER I, TAYLOR S. "Strand: New Concepts in Parallel Programming". Prentice-Hall, 1990.[14] FOSTER, I.; GREGORY, S.; RINGWOOD, G.; SATOH, K.; "A sequential implementation of Parlog",Proc. of the 3rd ICLP, London, UK, LNCS-225, Springer-Verlag, pp. 149-156. 1986.[15] HALBWACHS, N.; CASPI, P.; RAYMOND, P.; PILAUD, D. "The Synchronous dataflow programminglanguage LUSTRE", in Proc. IEEE, vol. 79. 1991. pp. 1305-1320.[16] ICHIYOSHI, N.; ROKUSAWA, K; NAKAJIMA, K; INAMURA, Y. "A new external referencemanagement and distributed unification for KL1". Proc. of Int. Conf. on 5th Generation Computer Systems.ICOT. 1988.[17] RUBIO, B. ; TROYA J.M.; "A Sequential Implementation of Flat Parlog". Technical Report. Dpto.Lenguajes y Ciencias de la Computaci�n. Universidad de M�laga. 1993.[18] SARASWAT, V.A.; KAHN, K.; LEVI, J. "Janus: A step towards distributed constraint programming", inProc. of ICLP. 1990.[19] SHAPIRO, E. "The Family of Concurrent Logic Programming Languages" in ACM. Computing SurveysVol 21, 3. 1989. pp. 413- 510.[20] TAYLOR, S. "Parallel Logic Programming Techniques". Prentice Hall, 1989.[21] WARREN, D.H.D. "An Abstract Prolog Instruction Set". Technical Note 309, SRI International, Stanford1983