
Scheduling Parallel Applications in Networks of MixedUniprocessor/Multiprocessor WorkstationsOlaf Arndt1, Bernd Freisleben1, Thilo Kielmann2, Frank Thilo11Dept. of Electrical Eng. and Computer Science, University of Siegen,H�olderlinstr. 3, D-57068 Siegen, Germanyfarndt|freisleb|thilog@informatik.uni-siegen.de2Dept. of Math. and Computer Science, Vrije Universiteit, Amsterdam,De Boelelaan 1081a, 1081 HV Amsterdam, The Netherlandskielmann@cs.vu.nlAbstractTrying to exploit the idle computing power ofworkstation networks for parallel applications requiresmeans for dynamic workload scheduling. In this paper,we present the features of the Winner resource man-agement system developed for this purpose. Winnerrelies on an elaborate technique for accurately mea-suring the currently available computing speed of aworkstation, particularly in the presence of workload.Empirical investigations demonstrate that this tech-nique is applicable to both uniprocessor and multipro-cessor workstations. Winner's approach to schedul-ing is shown for a parallel version of gnu make andfor the PVM parallel programming platform. Perfor-mance measurements for both cases are presented toillustrate the bene�ts of our approach.1 IntroductionThe price/performance ratio of networks of work-stations (NOWs) has fostered their deployment as sys-tem architectures for parallel processing applications.Several projects have been initiated to deliver parallelsupercomputing power by stacking up and connectingtogether large numbers of dedicated o�-the-shelf work-stations [1, 3, 14]. In addition, the omnipresence ofenterprise NOWs in today's computing infrastructuresand the fact that workstations are idle or only lightlyloaded for signi�cant fractions of time have increasedthe desire to exploit this accrued computational powerfor the parallel evaluation of computationally intensivetasks.

However, scheduling parallel applications on enter-prise NOWs is quite di�erent from scheduling them ondedicated parallel computers. The scheduling strate-gies used in the latter rely on exclusively accessibleand identical processing elements. Scheduling in en-terprise NOWs is more challenging, since the actualcomputing power available for parallel applications isa highly dynamic entity. The reasons are that (a) thespeed characteristics of the machines are typically dif-ferent, (b) machines may fail or may be switched onor o� by their primary users, and (c) primary usersgenerate workload which should be processed withoutinterference by additional parallel computations.To cope with these problems, so{called resourcemanagement systems for NOWs have been developed[7, 9, 10, 11]. The incarnation of our ideas on manag-ing the resources of a NOW is the Winner system1.Its design rationale and basic functionality were al-ready described in a previous paper [2]. In the presentpaper, we particularly focus on Winner's featuresthat support parallel applications. Therefore, wepresent Winner's technique for measuring the dy-namically available computing speed of a workstationin the presence of current workload. We show that,using this technique, symmetric multiprocessor work-stations (SMPs) can be seamlessly integrated into taskplacement decisions. We present the behavior ofWin-ner's scheduling for a parallel version of gnumake [13]and for the PVM parallel programming platform [5].Winner's 
exibility in providing support for schedul-ing in these di�erent scenarios stems from its modulardesign which also opens it for new kinds of applicationsas well as new hardware components.1Workstations In Networks Now Exploit Resources



2 The Winner System DesignWinner has been designed for typical Unix NOWenvironments, consisting of a central server and severalworkstations. For a Winner NOW, the server is re-quired to provide shared �le systems and user accountsfor all connected workstations. The various tasks ofthe Winner system are performed by three kinds ofmanager processes: system managers, node managers,and job managers. The distribution of these managerprocesses across the workstations is shown in Figure 1.Additionally, there are several user{interface tools e.g.for status reports and for in
uencing the usage of auser's workstation.
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Figure 1: Manager processes in a Winner cluster.The system manager is the central server process ofa Winner network. Its duties include (a) collectingthe load information of all respective workstations, (b)managing the currently active jobs, and (c) decidingwhich hosts are assigned to a particular job request.On every host participating in a Winner network,a node manager performs the tasks related to the ma-chine it runs on. First of all, it periodically measuresthe host's utilization and reports it to the system man-ager. Furthermore, node managers are responsible forstarting and controlling Winner processes on theirnode, like e.g. reducing process priorities whenever aconsole user shows up. Winner has a rich set of fea-tures for `protecting' console users. A description ofthese features is beyond the scope of this paper andcan be found in [2].System and node managers run as daemon pro-cesses. In contrast, job managers are invoked by aWinner user in order to execute a sequential or par-allel job. Thus, job managers are part of Winner's

user interface. Their duties are (a) acquiring resourcesfrom the system manager, (b) starting processes onthe acquired nodes via the respective node managers,and (c) controlling and possibly redirecting input andoutput of the started processes.Winner's modular structure yields a system whichis easily extensible and adaptable to further worksta-tion platforms or kinds of jobs. Its manager pro-cesses and user{interface tools are implemented inC++. They communicate with each other by a reli-able message{exchange layer on top of UDP sockets.Currently, Winner runs on Digital Unix, Linux, andSolaris. Two job managers are available for sequen-tial tasks; one for batch execution and another onefor interactive programs (including X{Window appli-cations) [2]. The job managers currently available forscheduling parallel applications will be described inthe remainder of the paper.3 Determining Processor Speed in thePresence of WorkloadIn order to perform suitable task placement de-cisions, the system manager must have an accurateglobal view of the processor speed and current utiliza-tion of the workstations. To achieve this, each nodemanager provides the system manager with the infor-mation related to its own workstation. In this sec-tion, we will explain how Winner's system managercomputes Sc, the currently available speed a work-station can o�er to a process to be scheduled. After�rst presenting the case of single-processor machines,we will extend Winner's scheme for computing Sc toSMP workstations containing multiple (identical) pro-cessors.3.1 The Duties of Node ManagersAt startup, each node manager performs a simplebenchmark loop, evaluating the machine's speed (of asingle processor) in integer operations, 
oating pointcalculations, and memory access. This benchmark'sresult is a single number proportional to the host'ssequential performance, relative to every other work-station in a network. This value (called the base speedSb) is reported to the system manager along with thenode name, IP address, and other static data such asthe amount of main memory and the number of CPUs.Afterwards, the node manager regularly queriesseveral load characteristics of its local host and reportsthem to the system manager either if they di�er signif-icantly from the last set of data sent or after a certain



time interval, indicating that the node manager is still\alive".To measure the currently existing workload of amachine, Unix kernels provide a so-called load aver-age value averaging the number of processes in therun queue within certain time intervals, the fastest ofwhich is typically averaged over the last 60 seconds.Due to this averaging procedure, these load values fol-low the real load situation only very slowly. To getmore recent data, Winner computes the current runqueue length from two consecutively measured load-average values as follows. The Unix load average valueat at time t is computed by the kernel every i secondsfrom the current length of the run queue q and theload average at�i, i seconds ago:at = � at�i + (1� �) qHere, � is the smoothing factor determining by whichthe old average at�i contributes to at. For the 60 sec-ond load average, a value of � = e�i=60 is used. Ne-glecting variations of the run queue length q during aninterval and assuming an interval of i = 10 seconds be-tween two consecutive load measurements performedby Winner, we get an approximation for the averagerun queue length a from two consecutive load values:a = at � e�10=60 at�101� e�10=60Using this equation,Winner calculates the averagerun queue length a every 10 seconds. Fig. 2 illustratesthe bene�ts of using a instead of the values at as theyare reported by the Unix kernels. In this �gure, theload of a (hypothetical) machine changes between thevalues 0, 1, and 2. Winner's a value follows the loadto its exact value every 10 seconds, as soon as thenext value of a is computed. For 5{seconds averag-ing, the load average at follows the real load slightlyslower than a. Unfortunately, this averaging interval isonly available on Digital Unix. Various other 
avors ofUnix (e.g. Solaris, Linux, AIX, BSD/OS) only providea load value at that is averaged over the last 60 sec-onds. It is obvious from the �gure that this value lagsfar behind the real load situation. Hence, computingthe load average a,Winner can react much faster andhence much more accurate to changing load situations.Unfortunately, the load average values at as re-ported by the Unix kernels may be misleadingly high.This can happen when many shortly running processesare in the run queue. In that case, the CPU utilizationcan be observed more accurately using the fraction oftime the processor(s) spent in the idle CPU state. Inthe single-processor case, the fraction of time spent
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Figure 2: Load averages computed by Winner anddi�erent Unix kernels.in this state is reported by the operating system tobe within the interval [0; 1]. In the case of a machinewith p processors, an interval of [0; p] is used instead.However, once the CPU idle time is close to zero, it isimpossible to distinguish whether only one process isfully utilizing the CPU or whether several processes(per processor) are present in the CPU run queue.Hence, both types of information have to be used byWinner to determine processor utilization exactly.3.2 The Single-Processor CaseWhenever a job manager requests a new node forits job, the system manager has to select the most ap-propriate machine. Besides checking for the presenceof a console user and verifying static properties such asrequested memory sizes, the system manager basicallytakes the currently available speed into account.Based on the workstation's base speed Sb, its cur-rent speed Sc is calculated as Sc = Sb=�, where �denotes the fraction of available processing power inthe presence of the current workload. Assuming a con-stant load, � could be calculated as � = a+ 1 (wherea is the load average as computed by the node man-ager). This re
ects the fact that after starting a newprocess, there are � active processes sharing the CPU.As explained above, computing the available pro-cessor speed based on the load average may be in-accurate. Hence, for achieving more precise values,Winner's system manager instead calculates � by us-ing ti (the percentage of time the processor was idle):� = 2� ti, yielding � � 1 for high percentages of idletime and � � 2 for higher CPU usage.In the case of small values of ti, it can be assumedthat the workload consists of more than one process.



Then, the load average value should be used for cal-culating � in order to re
ect the higher load. An em-pirically determined threshold of ti = 0:15 is used forswitching between the two cases. � is hence computedas follows: � = � a+ 1; ti < 0:152� ti; ti � 0:153.3 The Multi-Processor CaseFor seamlessly integrating SMP machines intoWinner networks, the system manager has to adaptits computation of Sc accordingly. There are two basicdi�erences that have to be taken into account. First,on a machine with p processors, the fraction of CPUidle time is reported in the interval [0; p]. Second, thenumber of running processes (constituting the load av-erage a) will be serviced by all p processors. Assum-ing an ideal scheduler (in the operating system), theirload will be equally distributed across all p proces-sors. Nevertheless, a single process can only be servedby a single processor. Hence, whenever there are lessprocesses than processors, the available speed must bederived from the capacity of only one processor.This situation changes in the case of multithread-ing. But since it is impossible to predict whethera given program binary will use multiple threads ofcontrol, a resource \multi-processor machine" has tobe requested by the user explicitly in this case. Al-though the scheme presented here does not help toautomatically select multiprocessor workstations formultithreaded applications, the workload generated bymultiple threads will still be observed correctly.The computation of Sc = Sb=� is performed analo-gously to the single-processor case with the exceptionthat � is computed via an intermediate value �0. Forti � 0:15, �0 is computed as �0 = 1 + p � ti. Forti < 0:15, �0 = a + 1 as with a single processor. Fi-nally, � is computed as � = �0=pwhile excluding values� < 1 whenever there are less processes than proces-sors. The computation of �0 and � can be summarizedas follows: �0 = � a+ 1; ti < 0:151 + p� ti; ti � 0:15� = � 1; �0 < p�0=p; �0 � pIt is easy to see that the computation for � coincideswith its single-processor counterpart for p = 1. Conse-quently, Winner's always uses this enhanced schemefor computing Sc. Fig. 3 illustrates how Sc models

CPU capacity available to new processes in SMP sys-tems, depending on the number of CPUs and the givenload average. Given p CPUs and load averages of upto p� 1, 100% of a single CPU's capacity is availableto a new process. With higher load, this capacity de-creases while CPUs are shared between processes.
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Figure 3: Available CPU capacity in SMP systems asmodelled by Sc.In order to evaluate Winner's model of processscheduling on SMP machines, its actual behavior hasbeen tested on two SMP platforms. One machine isequipped with two 200 MHz Sun Ultra Sparc proces-sors running Solaris 2.6, the other with four 200 MHzPentium Pro processors, running Linux 2.1.89. Thebenchmark program computed the prime numbers upto 2 �106. It merely uses CPU power without perform-ing I/O operations. As background load, up to tenlong running, CPU intensive processes (approximatingthe value of �) have been used which where presentthroughout the benchmark. Basically, our measure-ments compare the actual process scheduling with theruntimes expected viaWinner's Sc value without dis-turbance by I/O operations.As shown in Figure 4, Winner's Sc value perfectlymodels the real behavior of the Linux SMP scheduler.On Solaris, Sc still produces gradually correct resultswhile the costs of process switching seem to be sig-ni�cantly higher than on Linux. Therefore, the actualbenchmark runtime is up to 10% slower than expected.It would be interesting to investigate whether these re-sults carry over to larger SMPs where memory accessbecomes a bottleneck.
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Figure 4: Process scheduling on SMP machines.4 A Parallel gnu makeThe standard Unix tool make is typically used forbuilding large software systems from their source code�les. Therefore, a so-called make�le contains all de-pendencies between source code, the �nal applicationbinary, and possible sets of intermediate �les. Forbuilding an application binary, make reads the respec-tive make�le and creates a dependency graph betweenall �les. Typically, the making of intermediate �les (orof multiple targets) can be performed independently,according to the graph structure, and may hence beconstructed in parallel.The freely available implementation of gnumake [13] already allows to make independent targetsquasi-parallel within multiple, concurrent processes ona single machine. To utilize this feature, the user hasto specify a maximum number of concurrently oper-ating processes. wmake (Winner make) extends gnumake by plugging in code to select the most suitable(e.g. fastest available) workstations as targets for pro-cess creation, thus transforming the make process intoa parallel and distributed application.wmake's runtime behavior was evaluated on a clus-ter of Sun Sparc workstations sharing a NFS �le sys-tem over 10 MBit/s ethernet and running the Solarisoperating system, two of which are equipped with twoprocessors (see Table 1). These runtime measurementswere performed in order to evaluate two aspects: Win-ner's e�cacy for parallel jobs, and the policy of uti-lizing SMP workstations like multiple single-processormachines. wmake's test targets were the building ofthe ACE toolkit consisting of 167 C++ source �les, theEmacs editor with 76 C source �les, and the POV{Rayraytracer with 69 C source �les.

Table 1: Sparc workstations for evaluating wmake.Name Architecture MHz CPUs Sbpi47 UltraSPARC 200 2 307pi45 UltraSPARC 167 1 279pi16 SuperSPARC 60 2 113pi24 MicroSPARC 70 1 69pi25 MicroSPARC 70 1 68pi31 MicroSPARC 70 1 66

1

1.25

1.5

1.75

2

2.25

2.5

2.75

3

1 1.5 2 2.5 3 3.5 4 4.5

S
pe

ed
up

Relative CPU power

ACE (10:49)
Emacs (03:07)

POV-Ray (00:44)

Figure 5: Speedup of wmake, up to 8 parallel processes.Figure 5 shows the speedup achieved by wmake forwhich one up to eight parallel processes have been re-quested. The sequential runtimes are given in the for-mat (mm:ss). By assigning the fastest available CPU(one inside pi47) the relative speed of 1:0, the accu-mulated speed of all CPUs has a value of 4:28. In theabsence of additional workload, when invoked with oneactive process,Winner will place it on the fastest ma-chine, pi47. With two parallel processes, both will beplaced on pi47, exploiting both CPUs inside this ma-chine. Accordingly, with three parallel processes, twowill be placed on pi47 and one on pi45. Further on,all eight available CPUs will be used in this manner.Taking into account that compiler runs typically causesigni�cant fractions of I/O time and that the �nal link-ing phases are inherently sequential, the maximallyachieved speedup values clearly indicate the usefulnessof wmake's parallelization. Furthermore, the runtimeimprovements achieved by employing the second CPUsof the two dual-processor workstations emphasize ourresults on Winner's scheduling policy for SMP ma-chines as presented in the previous section.So far, we investigated Winner's scheduling poli-cies only in the absence of additional workload. In thiscase, the machines' static base{speed values Sb deter-



mine the task placement decisions. Because Winnerkeeps track of dynamically changing workload condi-tions, it also avoids scheduling tasks on temporarilyslow machines. This behavior is analyzed in the nextsection along with Winner's PVM support.5 Scheduling PVM TasksWinner provides a job manager (wpvm) for beingable to schedule PVM tasks. This job manager au-tomatically selects a number of appropriate hosts forthe PVM virtual machine (usually a tedious task whenperformed manually), starts the user's parallel appli-cation, and improves PVM's scheduling by utilizingWinner's load distribution mechanism.5.1 System IntegrationIn order to avoid changes to the PVM system and toapplication programs, Winner follows the approachintroduced along with the CARMI system [11] for in-tegrating a resource management system into PVM.This is achieved by registering several processes intothe PVM infrastructure (for details see [2]): The so-called PVM resource manager is the most important ofthese processes. Its main task is to replace PVM's de-fault round-robin scheduling by Winner's workloadscheduling schemes. The hoster and tasker processesare responsible for starting the PVM daemons andPVM user processes, respectively, thus enabling wpvmto start and control all processes of the PVM applica-tion via the Winner interfaces.A user invokes wpvm specifying the desired numberof hosts and the name of the user application's masterprogram. wpvm then contacts the system manager inorder to get assigned the most suitable (i.e. the fastestavailable) workstations. The fastest of these hosts isselected to act as the master host for the virtual ma-chine. wpvm spawns the resource manager task on themaster host. This task initializes the virtual machineby starting the master PVM daemon. Next, the hostertask is started, and the virtual machine is expanded toinclude all assigned hosts. Finally, one tasker processis started on each workstation.After all taskers are active, wpvm spawns the ap-plication's master task on the master host. The mas-ter task then will presumably spawn some PVM childprocesses (via pvm spawn()). The task placement deci-sions for these processes are then automatically redi-rected to the resource manager which uses Winnerfor choosing a suitable host for each task.

When all user tasks have terminated, the paralleljob has obviously �nished. wpvm will now shut downthe PVM virtual machine, wait for all auxiliary tasks(resource manager, hoster and taskers) to �nish, and�nally terminate itself.5.2 Runtime EvaluationTo illustrate Winner's e�ect on application run-times, a parallel algorithm for solving the knapsackproblem was implemented using the PVM system. Theknapsack problem is de�ned as the problem of �ndinga set of items each with a weight w and a value v inorder to maximize the total value while not exceed-ing a �xed weight limit. In the implemented divide{and{conquer algorithm [4], the problem for n itemsis recursively divided into two subproblems for n � 1items, one with the missing item put into the knap-sack and one without it. Whereas the �rst subproblemis handed over to another processor, the second one isrecursively computed within the same node, yielding adynamically shaped task tree. The assignment of tasksto processors and the related workload distribution isthe primary problem of such tree computations.We performed comparative runtime measurementson a cluster of workstations (based on Linux 2.1.89)which consists of 16 machines with one Pentium IIprocessor each, running at 300 MHz, and the above-mentioned SMP server with 4 Pentium Pro CPUs, run-ning at 200 MHz. As the communication platform,we used PVM version 3.4.beta6. To simplify the fol-lowing analysis, we normalized the base speed of thePentium II processors to Sb = 1:0. Relative to theseprocessors, a single Pentium Pro of the SMP machinehas Sb = 0:65. We performed three series of mea-surements, using 8, 12, 16, and 20 CPUs; each withstandard PVM and with wpvm. Since the number oftasks created by the knapsack application is a powerof two, the number of created processes was 8, 16, 16,and 32, respectively. Hence, in the case of 12 and 20CPUs, some of them had to accomodate two tasks.For the wpvm runs, the machines were selected dy-namically by wpvm. For the PVM runs, we assumeda \smart" user with knowledge about the static ma-chine speeds. Hence, in both cases the Pentium II ma-chines were used, and the SMP server was only addedfor the 20-CPU tests. Furthermore, we assumed thatthe PVM user would ignore dynamic load situationsfor selecting hosts, leading to randomly overlappingPVM con�gurations with background load processes.We reckon this kind of user behavior to be typical formanually setting up PVM con�gurations.In the �rst series of experiments, no machine did



have any additional workload. In the second series,we inserted 6 CPU-intensive processes (the above-mentioned approximation of �) prior to the start of theparallel application. Again, the background load wasstill present when the application terminated. Thesesix processes were also placed byWinner, hence someof the Pentium II machines were randomly picked. Thethird series of experiments was analogous to the sec-ond one, except that 12 background processes wereinserted into the system.
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Figure 6: Runtimes of the knapsack application asscheduled by PVM and wpvm, depending on addi-tional work load.Figure 6 presents the results of our measurements.The values shown are average values of multiple runs.First of all, Figure 6 demonstrates that the applicationruntimes using Winner are signi�cantly smaller thanthose resulting from using the PVM scheduler. Sincein the absence of additional load wpvm selects equallyfast machines as those used in the PVM experiments,the di�erences in the runtimes must be due to the dif-ferences in assigning tasks to hosts. An investigationof PVM's placement decisions indeed revealed that onsome machines multiple tasks had been placed, whileon other machines no tasks at all were running. Itseems that PVM still has problems performing round-robin scheduling correctly when tasks get created dy-namically on di�erent machines at the same time.At least without additional workload, the PVMruns using 8 to 16 uniprocessor machines yield resultsthat are consistent with each other (although they arestill much higher than the corresponding wpvm re-sults). But when the SMP machine is added, the 16additionally created processes are distributed poorly,which is due to the above-mentioned problems as wellas because PVM has no knowledge about the num-

ber of CPUs in the SMP machine. It hence treats itlike a uniprocessor workstation. Furthermore, in thecase of background workload, PVM fails to distributeworkload e�ciently, leading to much higher runtimes.wpvm, however, builds PVM con�gurations by col-lecting the currently fastest hosts. An unloaded Pen-tium II (Sc = 1:0) is preferred over a single PentiumPro (Sc = 0:65), which is preferred over a PentiumII with a background process (Sc = 0:5). For runswith 20 CPUs, wpvm has to use all available ma-chines. Hence, the performance degrades when thebackground workload is increased. When using lessCPUs, wpvm avoids the slower hosts and places sev-eral tasks onto the SMP machine, thus minimizing thebackground load's impact on the parallel application.To summarize our results, we observe that com-pared to the plain PVM system, wpvm nicely mapsprocesses to available CPUs while taking dynamicallychanging CPU speeds as well as SMP machines intoaccount, which �nally yields faster application run-times. By automatically building a PVM virtual ma-chine consisting of the actually fastest CPUs, wpvmalso removes this tedious task from the PVM user.6 Related WorkThere are several alternative resource managementapproaches for NOWs that provide support for thescheduling of parallel applications. Their propertieswith respect to this support are brie
y described inthe following. To the best of our knowledge, none ofthem explicitly supports SMP workstations.CARMI [11] operates on top of Condor [9] and pro-vides a resource management API to PVM applica-tions, allowing them to exploit dynamically changingsets of hosts. However, existing PVM applicationshave to be rewritten which can be rather tedious asprogrammers have to explicitly handle the additionand removal of hosts. This problem is somewhat alle-viated by the accompanying WoDi library, which pro-vides a comfortable interface for implementing man-ager/worker applications on top of CARMI.The Prospero Resource Manager (PRM) [10] lendsits modular structure to Winner. However, PRM'sevaluation of load information is rather simplistic inthat it is only used to decide whether or not a worksta-tion is available for job assignment. Moreover, while ahost is assigned to a job, this machine is not availablefor further jobs. PRM supports PVM applications byproviding its own version of PVM, yielding compati-bility problems with current and future PVM releases.



Finally, the load balancing extension to PVM in-troduced in [7] collects real load information whichit presents to PVM applications by means of a loadvector as well as a dedicated, load balancing spawnfunction. Unlike Winner, this system is restrictedto a single instance of a PVM virtual machine andtherefore only performs load balancing for one PVMapplication at a time. In contrast, Winner works onthe middleware level and is hence capable of simulta-neously scheduling several (sequential as well as paral-lel) applications without undesirable interferences be-tween their load distribution decisions. Furthermore,wpvm does not require any changes to existing appli-cation binaries in order to make its services accessible.7 ConclusionsIn this paper, we presented the features of theWin-ner resource management system that provide sup-port for scheduling parallel applications. We explainedhow Winner seamlessly integrates symmetric multi-processor workstations in its scheduling decisions, afeature that presently does not seem to be supportedby any other resource management system. Further-more, we have presented Winner's scheduling behav-ior for a parallel version of gnu make and for thePVM parallel programming environment. Runtimemeasurements have shown the suitability of our ap-proach in general, as well as the superiority ofWinnercompared to the default PVM scheduler.There are several areas of ongoing and future re-search: support for further programming platformslike MPI [6] and Objective Linda [8], developmentof a batch queueing system for controlled and fault{tolerant execution of long{running applications, andthe integration of checkpointing and migration facili-ties for parallel applications like to ones implementedin the CoCheck system [12].References[1] T. E. Anderson, D. E. Culler, D. A. Patterson,and the NOW Team. A Case for NOW (Networksof Workstations). IEEE Micro, 15(1):54{64, 1995.[2] O. Arndt, B. Freisleben, T. Kielmann, andF. Thilo. Dynamic Load Distribution with theWinner System. In Proc. Workshop Anwendungs-bezogene Lastverteilung (ALV'98), pages 77 { 88,Munich, Germany, 1998. Published as TechnicalReport TUM-I9806, SFB 342/01/98 A
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