
PE mapping and the contention problem on theT3EMatthias M�uller� and Michael M. ReschyOctober 21, 1998AbstractWidespread communication patterns found in most parallel programswith domain decomposition can lead to contention and thus to perfor-mance loss. We show that improved mapping of the communication topol-ogy on the physical processing elemtents (PEs) is one possible solution tothe problem.1 IntroductionBenchmarks are widely used to measure performance. On one hand they shouldbe speci�c enough to serve as a guideline for improvements, on the other handthey should re
ect the demand of real applications. The Message Passing Inter-face [1] (MPI) is a widespread library for communication on parallel computers.Most MPI benchmarks concentrate on point to point and global communica-tions [2]. Some benchmarks also use kernels of applications or even completeapplications [3, 4].In the course of pro�ling and improving some of our parallel applicationswe encountered some problems that were not represented in benchmarks resultsavailable to us so far. Because we think that some of these problems are ofgeneral interest we try here to present the results and make proposals for possiblenew benchmarks.One situation that occurs in many parallel application is that the algorithmperforms a compute - communicate - compute loop. In this case all PEs com-municate at the same time. This can overburden the communication network,the so called contention occurs.�Institute of Computer Applications 1, University of Stuttgart, Pa�enwaldring 27, D-70550Stuttgart, Germany, e-mail: matthias@ica1.uni-stuttgart.deyHigh Performance Computing Center Stuttgart (HLRS), Allmandring 30, D-70550Stuttgart, Germany, e-mail: resch@hlrs.de
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2 PE mapping and MPIMPI identi�es a PE with its rank. In the �rst place there is no information abouta topology associated with those ranks. On the T3E the PEs are numbered in away that ranks with a small di�erence are likely to be close in the communicationnetwork. It is clear that it is impossible to provide a good solution for allsituations.MPI therefore o�ers to create special process topologies. One possibilityis to create an n-dimensional cartesian grid with a call to MPI Cart create.One option allows the ranks to be reordered, this gives the implementationthe possibility to remap the PEs to get the best performance with the spe-ci�c hardware. The PEs of the T3E are physically organized in a bidirectionalthree dimensional torus. This is well suited for the cartesian grids found inapplications with domain decomposition.

Figure 1: Di�erent mappings onto PEs. Left: generated with MPI Cart create.Right: generated with MPI Cart create that performs reordering.During our investigations we found that MPI on the Cray does no reorderingof PEs. We therefore tried to do an optimized reordering of PEs based onthe information that we get from the sysconf call. The algorithm chosen foroptimization is to sort physical coordinates that we get from sysconf accordingto x,y and z-coordinates. There are 6 permutations of the (x,y,z) triplet. Each2



of them is tested with respect to average hop count and the optimum orderingis chosen. Results for di�erent cartesian communicators are shown in Fig. 1.The result of the optimization measured in reduction of average hop countsis given in Tab. 1 for varying dimensions of the cartesian communicator.Grid without reordering with reordering2x2x2 1.3 1.33x3x3 2.5 1.84x4x1 2 14x4x4 2.8 1.88x4x1 2.2 18x4x2 1.5 1Table 1: Average number of hops a message has to travel.3 Benchmarks3.1 Pair communication3.1.1 Description:For contention to occur several PE have to communicate simultaneously. Wechoose a communication pattern where the PEs communicate pairwise with eachother (see Fig. 2).

Figure 2: Topology of the benchmark problemIt's clear that this does not re
ect any real application but the design goalwas to have completely independent communications. The messages are sentwith MPI Isend and received with MPI Irecv (see Fig. 3). Because the hardwareof the T3E is capable of bidirectional communication the messages could be sent3



and received at the same time. We could have used MPI Sendrecv but the useof the immediate send and receives re
ects the use in application where somecomputations are done between the send/receive calls and the MPI Waitany.The topology is created with a call to MPI Cart create and MPI Cart shift.This gives the underlying MPI implementation the possibility to perform anoptimized mapping onto the hardware.MPI_Isend(sendfield,size,MPI_DOUBLE,partner,tag,comm,&request[0]);MPI_Irecv(recvfield,size,MPI_DOUBLE,partner,tag,comm,&request[1]);MPI_Waitall(2,request,status);Figure 3: Code segement of the benchmark code.We de�ne the bandwidth as the amount of data that can be sent by one PEper second.3.1.2 Result:From the observed maximum bandwidth of about 200MB/s with 2 PEs (seeFig. 4) we conclude that at least to some extent bidirectional communication isperformed. One link of a T3E-900 has a bandwidth of about 300MB/s for MPI.
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Figure 4: Bandwith depending of message size and number of PEs. The topologyis created with MPI Cart create.The contention is obvious in Fig. 4. The bandwidth for message sizes above4



10.000 bytes drops with increasing number of PEs. For 64 PEs the bandwidthfor large messages drops to less than half of the uncongested value.
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Figure 5: Bandwith depending of message size and number of PEs. The topologyis created with an optimized mapping.Using the optimized mapping we can reduce congestion dramatically. Fig.5 shows that nearly for all cases we can get better results.3.1.3 Extension to cyclic communication:To �nd out about the behaviour of the toroidal communication network weextended the example. Now communication is done between all neighbouringnodes in the x-direction. Each process has to talk to a left and a right neighbour.In principal we would assume that all communication can be done within onesingle communication step. This should also hold for cyclic communicationpatterns assuming that all processes are equal with respect to network topology.For our test example we created a 8x4x1 cartesian communicator. On the oneside we did tests with a periodic communicator and compared these results totests done with a non-periodic. The tests with a periodic communicator includecyclic communication. For the non-periodic communicator no cyclic communi-cation is done. A �rst guess would be that the additional communication shouldcost more. This would be true on machines with a standard network. However,the toroidal mesh of the T3E should show no di�erence. All tests were doneusing a �xed message size of 4MB. All measurements were done 100 times andthe accumulated times are given. Without setting MPI BUFFER MAX onecommunication should take about 2.7 seconds.5



First results showed a signi�cant di�erence which was independent of theordering method chosen. The overhead for cyclic communication was signi�cantfor both kinds of communicators as can be seen in Tab. 2.without reordering with reorderingnon-periodic 8.2 sec 5.9 secperiodic 8.7 sec 6.8 secTable 2: Time for twosided exchange communication.The striking point here is that even for a periodic communicator we wouldexpect that all communication could be done within two communication cy-cles. This should take 5.4 seconds. For the Cray T3E it takes more than 3communication cycles. For our own method there is still some overhead.To �nd out what could be done about that problem we did some moretests with di�erent communication patterns. The result was that once cycliccommunication is involved the performance of the network decreases. Furtherinvestigation made us think that we should optimize our communication patternto make it easier for the system to cope with a fully loaded network. So weexplicitely decoupled the communication and did it in two steps. For this, everysecond processor row started with the communication to the right neighbour.Every other second row did the same for the left one. In the next step allprocessors switched to the other neighbour. This way we thought that withintwo communication steps all communication should be �nished. The results aregiven in Tab. 3. without reordering with reorderingstandard 8.7 sec 6.8 secnew 9.2 sec 5.4 secTable 3: Time for twosided exchange communication using a two step commu-nication scheme.Although the decoupling of communication should make the Cray MPI ver-sion faster it actually slows it down even more. We suspect that by prescribingthe communication pattern we loose the possibility to optimize the communi-cation for the bad mapping of processes. For our own mapping strategy we �ndthat we actually can achieve peak bandwidth for that communication pattern.In this chapter we have seen that completely independent messages caninterfere with each other: the communication gets slower because the networkof the parallel computer gets congested. In the next chapter we will discuss acommunication pattern that can be found in real applications and show howour modi�ed mapping can provide a solution to the contention problem.6



3.2 Application benchmark3.2.1 DescriptionThe topology in this case is a three dimensional cartesian grid. This correspondsto a standard domain decomposition that can be found in many applications.First the communication between the neighbours of one dimension is performed.After it is completed the communication for the next dimension is started. Thetopology is again created with a call to MPI Cart create.We de�ned the bandwidth as the amount of data a PE can send. Becausethere are two sends done simultaneously in di�erent directions the theoreticalpeak bandwidth is 600MB/s for MPI.3.2.2 ResultThe observed bandwidth is always below 200MB/s (see Fig. 6). There seemsto be just one send active at a time.
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Figure 6: Bandwith depending of message size without reordering of PEs.Again we see the congestion. In this case the bandwidth decreased from200MB/s to 124MB/s for 128 PEs (8x4x4). The decrease is less pronouncedthan in the benchmark case because the di�erent directions are e�ected to dif-ferent degrees. A poor performance of one direction is compensated by a goodperformance of another one. In principle there is no reason for a congestion,the layout of the T3E is a bidirectional three dimensional torus[5, 6]. Twoneighbours in a cartesian grid should have a direct connection.However the operating system does not know whether a request for 64 PEsresults in a 4x4x4 or 8x8 grid. It guarantees just a connected area in physical7



PE space. This provides a �rst approach to local communication between PEs.But even if the layout of the physical PEs corresponds to the requested gridcontention occurs. MPI Cart create does not reorder the ranks to optimize themapping.Instead of calling the original MPI Cart create we used our own versionthat performs reordering as described above. The result is shown in Fig. 7.The bandwidth drops only to 154MB/s. We checked the quality of a mappingby looking at the average number of hops a message has to travel. The hopcount of the grids created by our mapping was between 1 and 1.8 ( see Table.1). Whenever the layout of the physical PEs corresponded to the requested gridthe hop count was one. The performance is between 2 and 40 percent better thanthe unoptimized mapping for PE numbers larger than 8. Contention only occurswhen the topology is strongly disturbed. In the case of 8x8x4 PEs the domainwas practically separated into two partitions with 128 PEs. Small distortionsare handled well as can be seen in Fig. 1.
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Figure 7: Bandwith depending of message size with reordering of PEs.4 ConclusionWe have shown that the mapping of communication topology onto the under-lying hardware is important for benchmarks re
ecting communication patternsfound in real applications. This opens a wide �eld of optimization. Our �rst�nding was that the application partition of a T3E should be con�gured to beundisturbed by OS or CMD PEs in its area. This will not only provide better8
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