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Abstract

The purpose of this paper is to evaluate the performance and ease-of-use of four methods of sending non-contiguous data in MPI programs.  The methods considered in this paper are:  (1) using Fortran 90 array sections, (2) using MPI derived types, (3) using explicit user packing into a contiguous buffer, and (4) using explicit packing with mpi_pack and mpi_unpack into a contiguous buffer.  Four communication tests, commonly found in scientific applications, were designed and run with a variety of message sizes on a Cray X1, a Cray XT3, an IBM Power4 system, and on an Intel/Myrinet cluster.  Methods (1) and (2) were much easier to use than the other methods.  Performance of MPI derived types depended on the quality of the implementation and provided the best performance compared with the other methods on the IBM and Cray XT3 machines.

1.    Introduction 

The Message Passing Interface (MPI) standard was introduced in 1994. MPI is a message-passing library, a collection of routines that enable passing messages in Fortran, C and C++ among processors for distributed memory parallel computers. MPI derived datatypes provide a convenient way to send non-contiguous data in a single communication.  Non-contiguous data can also be sent by explicitly copying the data into a contiguous buffer and sending the contiguous buffer.  Another method of sending non-contiguous data is using mpi_pack to copy the data into a contiguous buffer for sending.  When non-contiguous data can be represented by a Fortran 90 array section, this data can be sent using the array section; for example, call mpi_send(A(1:5:2), 3, mpi_real, …).  The purpose of this paper is to evaluate the performance and ease-of-use of these methods for sending non-contiguous data for a variety of constructs commonly found in scientific applications.  

Four communication tests were chosen to represent commonly-used scientific operations involving sending noncontiguous data: 

1. sending row blocks of 2-dimensional arrays, 

2. sending elements with uniform stride in 1-dimensional arrays, 

3. sending the lower triangular portion of 2-dimensional arrays, and 

4. sending block diagonals of 2-dimensional arrays.  

These tests were run on the Cray X1, the Cray XT3, the IBM DataStar, and on an Intel/Myrinet cluster.  All tests were executed on nodes with no other jobs running.  

Measuring the performance of MPI derived types is also being done at the University of Karlsruhe in Germany, where they have added MPI derived type performance tests to their SKaMPI (Special Karlsruher MPI) MPI benchmark [7][8]. The SKaMPI MPI benchmarks for MPI derived types do not employ cache flushing techniques whereas the performance measurements in this paper measure memory resident (and not in cache) data.  This paper also compares the performance of several of different methods for sending non-contiguous data, whereas the SKaMPI tests do not.   The Pallas MPI Benchmarks are now called the Intel MPI Benchmarks [12] since Intel purchased Pallas.  However, these tests do not include evaluating the performance of MPI derived types.

The Cray X1 is a nonuniform memory access (NUMA) machine consisting of multiple node modules. Each node module contains four multistreaming processors (MSPs), along with either 16 or 32 GB of flat, shared memory plus hardware to support high-speed node to node communication. For more information about the Cray X1, see [1].   All tests have been compiled to MSP mode using Cray Fortran compiler, version 5.4.0.0.10. The version of MPI is mpt.2.4.0.2.  This version of MPI on the Cray X1 is based on MPICH1 from Argonne National Laboratory.

The Cray XT3 used was 151 nodes. Each node is comprised of single processor AMD Opteron processor.  The communication network to connect nodes is a 3D toroidal grid built by Cray.  The system uses Linux on the service nodes and Catamount on the computer nodes, and uses PGI compilers. The MPI implementation is based on MPICH2 from Argonne National Laboratory.  For more information about the Cray XT3, see [2].   

The IBM Power4 system used was a 1408 processors machine located in San Diego Supercomputer Center and named DataStar. DataStar has a mix of 176 8-way nodes with 16 GB memory, six 32-way nodes with 128 GB memory and one 32-way node with 256 GB memory. Each Power4 CPU runs at 1.6 GHz.  Each Power4 CPU has a two-way associative L1 (32 KB) cache, and a four-way associative L2 (1.4 MB) cache, and the CPU's on a node share an 8-way associative L3 cache (128 MB). All tests are executed on dedicated 8-way nodes.  For more information on this machine, see [3].

The Intel/Myrinet cluster used was a 44 dual processor Intel 2.8 GHz Xeon/Myrinet cluster, located at Iowa State University, see [4].  The system was running RedHat 8.0 with SMP enabled (which uses the 2.4.18-14smp Linux kernel) and all tests were used the version 7.1 Intel’s Fortran 95 compiler.  This machine is running Myrinet’s MPI GM libraries based on MPICH version 1.2.5.   Myricom [13] does not currently support MPICh2, but they plan to support MPICH2 with the next release of MPICH-MX.

Section 2 introduces the timing methodology employed and section 3 presents each of the tests and performance results. The conclusions are discussed in section 4.

2.   Timing Methodology

2.1   Measuring Times 

This section describes the timing methodology used for this paper.  Round trip ping pong times were measured and then divided by two to obtain the time of sending and receiving a message.  Timings can vary significantly if messages are cache resident or memory resident (and not resident in any data cache).  Figure 2.1 shows the difference in timings when messages are cache resident and when messages are memory resident on the IBM DataStar for the MPI derived type in test 3 with n = 32.  Notice that cache resident message times are about three times faster than memory resident times on this machine.  In this study timings were done with memory resident messages so (data) caches were flushed prior to each timing.  


[image: image1.wmf]Figure 2.1  Memory resident versus cache resident message 

comparison for MPI derived type in test 3 within a node 

on the IBM DataStar .

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Number of Trials

Time (millisecs)

with cache flushing

without cache flushing

 

Most of today’s computers are a collection of shared memory nodes interconnected with a communication network for MPI communication.  In general, the performance of MPI communication between nodes will be different from communication within a single node.   Therefore, timings were performed using p MPI processes and measuring times between MPI process of rank 0 and rank p-1, where p is chosen so the communication will be within a node or between nodes.

The following shows how timings were performed where the k-loop was only executed on the rank 0 and p-1 MPI processes:

integer,parameter ::  ncache = ..     ! number of 8 byte words in the highest level cache

double precision ::  flush(ncache), x

integer,parameter ::  ntrial=51        ! number of timing trials

double precision(:,:) :: ary_time   

x = 0.d0

call random_number(flush)

call mpi_type_vector ( … )      ! define MPI derived type

call mpi_type_commit ( … )

    …..

  do k = 1, ntrial  

         flush(1:ncache) = flush(1:ncache)  + x    ! flush the cache

          call mpi_barrier(mpi_comm_world, ierror)

           if (rank == 0) then

                 t = mpi_wtime()    ! time in seconds

                 call mpi_send (A… )

                 call mpi_recv (B… )

                 ary_time(k,j) = 0.5*(mpi_wtime() – t)   ! measure time & divide by 2

               ! The following lines are for preventing compile optimization

                 i = min(k, j,  ncache)

                 A(i,i) = A(i,i) + 0.01d0*(B(i,i) + flush(i))

                 x = x + A(i,i)*0.1d0

         elseif (rank == p-1) then

                 call mpi_recv ( A… )

                 call mpi_send (B …)

           endif

           call mpi_barrier(mpi_comm_world, ierror)

                                   enddo                                      

 print *, flush(1),+A(1,1)+B(1,1)   ! prevent dead code elimination by the compiler
The flush array was chosen large enough to flush all (data) caches and was set to different sizes depending on the machine used.  Ping pong timings were performed using two distinct buffers, A and B.  This was needed to ensure that buffers were memory resident.  For example, when process j receives data in A, then all or a part of A will be in cache.   If A is then sent back to processor of rank 0, then the timings will be faster since A is (partially) cache resident.  Thus, the message is sent back using B and is received in B since B is not cache resident on either MPI processes.

The first call to mpi_barrier guarantees that all processes reach this point before calling mpi_wtime. The second call to mpi_barrier is to ensure that no process starts the next trial until all processes have completed timing the ping pong operation. 

Most compilers perform optimizations that might change the program, e.g. loop splitting, dead code elimination, prefetching of data.  These optimizations may affect the accuracy of the measured ping pong times.  All tests were compiled with the –O0 compiler option that is supposed to turn off optimization.  However, the above program was carefully written to ensure accurate timings even if compiler optimizations are performed.   (We did try running some of our tests on the Intel/Myrinet cluster using Intel’s Fortran compiler with the –O0 and –O options and no performance differences were found.)

2.2   Variability of Timings within Nodes

It is important to perform multiple timings for each test to determine the variability of the timings.  The smaller the messages being sent, the more variability there will be in the measured times, so we chose the smallest message size in test 1 with MPI derived data types in section 3 to study the variability of the measured times.    We set our timing program to time 500 ping pongs and then ran this program twice on a single 2 processor node of the Intel Xeon/Myrinet cluster.  The nodes on this machine are dedicated to running only our MPI program. Figure 2.2 shows the results of these two runs.  Notice the shifts in average times both within a single run and between multiple runs.  These shifts in timing are likely due to the starting and stopping of various processes executing under the control of the operating system.  Notice that there are two MPI processes using both of the two physical processors on the same node.  Therefore, the operating system processes must share the two processors with the MPI processes and hence interfere with the execution of the MPI program.  This program was run at different times during the day and on different days.  The average varied from 0.24 to 0.28 milliseconds yielding a maximum variation of about 17%. 


[image: image2.wmf]Figure 2.2  Within node timing results for two runs of test 1 with the 

MPI derived type method on the Intel/Myrinet cluster.
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The timing results when running this same program on the IBM DataStar machine within a node were more stable than on the Intel/Myrinet cluster.  Table 2.1 shows the results of 3 different runs and Figure 2.3 shows the graph of the first run listed in Table 2.1.  The maximum variation of times within a node on the IBM machine was less than 5%.  This stability of time measurements is likely due to the fact that the ping pong test only used 2 of the 8 processors on the node.   Tasks being run by the operating system could then run on processors not involved in the ping pong.  Recall that the coefficient of variance is 

defined to be the standard deviation divided by the average.

Table 2.1  Within a node timing results for test 1 with the

MPI derived type method on the IBM DataStar.

	Run
	Average Time

(Millisecond)
	Minimum Time

(Millisecond)
	Maximum Time

(Millisecond)
	Standard Deviation
	   Coefficient

of Variance 

	1
	2.97E-01
	2.89E-01
	3.18E-01
	5.62E-03
	1.89E-02

	2
	3.04E-01
	2.99E-01
	3.56E-01
	6.41E-03
	2.11E-02

	3
	3.06E-01
	3.01E-01
	3.66E-01
	7.69E-03
	2.51E-02


Variability of timing results for the two Cray machines for this same program both within a node and between nodes were similar to variability of results on the IBM machine and were less than 5%


[image: image3.wmf]Figure 2.3  Within node timing results for test 1 with the MPI derived 

type method on the IBM DataStar.
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2.3   Variability of Timings between Nodes

When running this same program used in section 2.2 between nodes on the Intel/Myrinet cluster, the timing data was much more stable.  Figure 2.4 shows the timing results and Table 2.2 shows 3 timing runs.  The data between nodes for this machine varied less than  5%.

[image: image4.wmf]Figure 2.4  Between nodes timing results for test 1 with the MPI derived 

type method on the Intel/Myrinet cluster.
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Table 2.2   Between node timing results for test 1 with the

MPI derived type method on the Intel/Myrinet cluster.

	Run
	Average Time

(Millisecond)
	Minimum Time

(Millisecond)
	Maximum Time

(Millisecond)
	Standard Deviation
	   Coefficient

of Variance 

	1
	3.31E-01
	3.13E-01
	3.77E-01
	7.15E-03
	2.16E-02

	2
	3.28E-01
	3.12E-01
	3.77E-01
	7.67E-03
	2.34E-02

	3
	3.24E-01
	3.04E-01
	4.16E-01
	7.26E-03
	2.24E-02


When running this same program between nodes on the IBM DataStar, the timing data was as stable as within a node.  Figure 2.5 shows the timing results and Table 2.3 shows 3 timing runs.  The data between nodes for this varied at most 5%.

[image: image5.wmf]Figure 2.5   Between nodes timing results for test 1 with the MPI derived 

type method on the IBM DataStar.
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Table 2.3   Between nodes timing results for test 1 with the

MPI derived type method on the IBM DataStar.
	Run
	Average Time

(Millisecond)
	Minimum Time

(Millisecond)
	Maximum Time

(Millisecond)
	Standard Deviation
	   Coefficient

of Variance 

	1
	3.20E-01
	3.14E-01
	3.97E-01
	1.02E-02
	3.19E-02

	2
	3.20E-01
	3.145E-01
	3.81E-01
	9.49E-03
	2.96E-02

	3
	3.19E-01
	3.14E-01
	3.73E-01
	7.75E-03
	2.43E-02


2.4   Number of Timing Trials

The first time a function/subroutine is called requires additional time that subsequent calls due to the time required for initial set up.  Because of this, the first timing trial was always longer than (most) subsequent timing.  For this reason, we always discarded the first timing trial.

How many timing trials should one use to compute an average value for the operation being timed?   If there are shifts in average times as shown in Figure 2.2, then the average value computed will depend how many timing trials are near to each of the two different average values.  In such situations, it is impossible to determine an appropriate number of timing trials to use.  Fortunately, most all of the timing trials for all machines and for all tests looked similar to the timing trials shown in Figure 2.6. 


[image: image6.wmf]Figure 2.6   Within node timing results for test 1 with the MPI derived 

type method on the Intel/Myrinet cluster.
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To determine how many trials should be used for running all our tests, we took this data and plotted the average times over the first N trials in Figure 2.7.  Thus, Figure 2.7 is a graph of average(n) for n = 1, 2, 3, …., 200; where

average(n) = (average(1) + average(2) + … + average(n))/n

Notice that there is little difference in the average values from roughly 20 trials to 200 trials.  We purposely chose the scale for the y-axis in Figure 2.7 to be the same as the scale for all the graphs in this section so it would be easy to compare these average times with the data presented in the other Figures.  To be conservative, we always measured 51 times, discarded the first timing, and then took an average of the remaining 50 timing trials.


[image: image7.wmf]Figure 2.7   Average time for N trials for N = 1, 2, . . . ,  200 for test 

1 with the MPI derived type method on the Intel/Myrinet cluster 

within a node.

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0

25

50

75

100

125

150

175

200

Number of Trials

Time (millisecond)


3.   Description of Tests and Performance Results

This section describes each of the five ping pong tests that compare the performance of MPI derived types with using (1) explicit packing, (2) mpi_pack and mpi_unpack, and with using (3) Fortran 90 array sections, when possible.  Performance results are presented for different message sizes between nodes and within a shared memory node for the machines listed in section 1.  Throughout this section dp denotes mpi_double_precision and comm. denotes mpi_comm_world.  The raw data used for computing the ratios for all figures in this section are presented in the appendix. 

3.1   Test 1: Sending row blocks of 2-dimensional arrays

Since Fortran stores 2-dimensional arrays by column, sending row blocks of length k of an array A(m,n) involves the sending of noncontiguous data.  These row blocks can be sent using any of the four methods described above. To compare their performance, we chose A to be of type double precision and of size 500 by 1000 with row blocks of size 1, 10, 50, 100, 300, 400, 499, and 500.  499 was chosen find out if there was a significant performance difference when sending the entire array with sending all but one row of the array. The size of 500 was used to compare performance with sending contiguous data. We chose the size of A to be large enough so timings would involve hundreds of clock ticks of the timer, mpi_wtime.  For all machines, the value of mpi_wtick was about one microsecond.  Of course, there are many other sizes of A and row block sizes that could have been used.

The MPI derived type for sending k rows of A was called rowblock and was created as follows:

call mpi_type_vector (n, k, m, dp, rowblock, ierror)

call mpi_type_commit (rowblock, ierror)

Using the notation of the timing template shown in section 2, the timing for this method can be described as follows:

if (rank == 0) then

     t = mpi_wtime ( )

     call mpi_send (A(1, 1), 1, rowblock, …)

     call mpi_recv (B(1,1), 1, rowblock, …)

     time(ktrial, j)  =  0.5d0 * (mpi_time( ) – t)

elseif (rank == j) then

     call mpi_recv (A(1,1), 1, rowblock, …)

     call mpi_send (B(1,1), 1, rowblock, …)

endif

The mpi_pack and mpi_unpack routines can also be used to send k rows of A.  The sender packs the data to a contiguous buffer, called temp1, using mpi_pack and the receiver unpacks the data using mpi_unpack. This was done as follows, where the integer variable size is set by calling mpi_pack_size(k, dp, comm., size, ierror):

if (rank == 0) then

     t = mpi_wtime()

     position = 0

     do i = 1, n

           call mpi_pack(A(1,i), k, dp, temp1, n*size, position, comm, ierror)

     enddo

     call mpi_send(temp1, position, mpi_packed, …)

     call mpi_recv(temp2, n*size, mpi_packed, …)

     do i = 1, n

           call mpi_unpack(temp2, n*size, position, B(1,i),k,dp, comm, ierror)

     enddo

     time(ktrial, j) = 0.5d0*(mpi_wtime ( ) – t)

elseif (rank == j) then


     position = 0

     call mpi_recv(temp1, n*size, mpi_packed, …)

     do i = 1, n

           call mpi_unpack(temp1, n*size, position, A(1,i),k,dp, comm, ierror)

     enddo

     position = 0

     do i = 1, n

          call mpi_pack(B(1,i), k, dp, temp2, n*size,  position, comm, ierror)

     enddo

     call mpi_send(temp2, position, mpi_packed, …)

endif

The k rows of A can also be sent with the user packing the data into a contiguous temporary buffer of size k by n as shown below.  Notice the copies are written to insure stride one memory accesses.

if (rank == 0) then

     t = mpi_wtime()

     do i = 1, n

           temp1(1:k, i) = A(1:k, i)

      enddo   

      call mpi_send(temp1, k*n, …)

      call mpi_recv(temp2, k*n, …)

      do i =  1, n

           B(1:k, i) = temp2(1:k, i)

      enddo

      time(ktrial, j) = 0.5d0*(mpi_wtime( ) – t)

elseif (rank == j) then

      call mpi_recv(temp1, k*n, …)

      do i = 1, n

          A(1:k, i) = temp1(1:k, i)

      enddo

       do i = 1, n

            temp2(1:k, i) = B(1:k, i)  

       enddo  

       call mpi_send(temp2, k*n, …)

endif              

Fortran 90 array sections may also be used to send k rows of A:

if (rank == 0) then

      t = mpi_wtime()

      call mpi_send(A(1:k,1:n), k*n, …)

      call mpi_recv(B(1:k,1:n), k*n, …)

      time(ktrial, j) = 0.5d0*(mpi_wtime( ) – t)

 elseif (rank == j) then

      call mpi_recv(A(1:k,1:n), k*n, …)

      call mpi_send(B(1:k,1:n), k*n, …)

endif              

Performance results for test 1 are presented in Figures 3.1 through 3.7.  For each machine, the performance ratios within a node and between nodes are similar.   For the Intel/Myrinet cluster the mpi_pack method performed best for k = 50, 100, 400, and 499 but other methods performed best for the other values of k.  For IBM DataStar, MPI derived types performed best for all values of k.  For the Cray X1, for k = 1, 10, 50, and 100 Fortran array sections performed best but MPI derived types performed best for the other values of k.  For the Cray XT3, MPI derived types performed best for all values of k.  Notice that using Fortran array sections provides nearly the same performance as user packing for all machines and using MPI derived types provides best performance for all machines for most values of k except for the Intel/Myrinet cluster.


[image: image8.wmf]Figure 3.1   Test 1 ratios for the Intel/Myrinet cluster within a node
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[image: image9.wmf]Figure 3.2  Test 1 ratios for the Intel/Myrinet cluster between nodes
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[image: image10.wmf]Figure 3.3   Test 1 ratios for the IBM DataStar within a node
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[image: image11.wmf]Figure 3.4   Test 1 ratios for the IBM DataStar between nodes
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[image: image12.wmf]Figure 3.5   Test 1 ratios for the Cray X1 within a node
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[image: image13.wmf]Figure 3.6   Test 1 ratios for the Cray X1 between nodes
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[image: image14.wmf]Figure 3.7   Test 1 ratios for the Cray XT3 between nodes
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3.2   Test 2. Sending elements with uniform stride in a 1-dimensional array

Sometimes one would like to send data with a uniform stride in a 1-dimensional array.  When the stride is greater than one, this means sending data that is not contiguous in memory.  Let A and B be double precision 1-dimensional arrays of length n = 5000 and take stride = 2, 3, 4, 5, …, 17.  This noncontiguous data can be sent using all of the methods described in section 3.1. Their timing programs are also similar, so their descriptions are not repeated in this section.

The MPI derived type used to send this data is called data and is defined as follows: 

count = ceiling(dble(n)/stride)       ! number of elements sent

call mpi_type_vector(count, 1, stride, dp, data, ierror)

call mpi_type_commit(stride, ierror)

For the mpi_pack method, the data was packed into temp1 as follows:

do i = 0, count-1

     call mpi_pack(A(stride*i+1), 1, dp, temp1, count*size,  &

                               position, comm, ierror)

enddo

The user packing method uses:

temp1(1:count) = A(1:n:stride)

call mpi_send(temp1, count, dp, ….)

The Fortran array section method uses:

                       call mpi_send(A(1:n:stride), count, dp, ….)

Performance results for test 2 are presented in Figures 3.8 through 3.14 and include stride one results.  For each machine, the performance ratios within a node and between nodes are similar.  The performance rations for the Intel/Myrinet cluster, the IBM DataStar, and the Cray XT3 are similar with the mpi_pack method performing poorly and the other methods performing about the same.  For the Cray X1, the MPI derived type method performed poorly and the mpi_pack method also performing better but still performing poorly compared with the other methods.  For all machines, excluding the Cray X1, user packing, Fortran array sections, and MPI derived types perform about the same.


[image: image15.wmf]Figure 3.8   Test 2 ratios for the Intel/Myrinet cluster within a node
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[image: image16.wmf]Figure 3.9   Test 2 ratios for the Intel/Myrinet cluster between nodes
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[image: image17.wmf]Figure 3.10   Test 2 ratios for the IBM DataStar within a node
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[image: image18.wmf]Figure 3.11   Test 2 ratios for the IBM DataStar between nodes
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[image: image19.wmf]Figure 3.12   Test 2 ratios for the Cray X1 within a node
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[image: image20.wmf]Figure 3.13   Test 2 ratios for the Cray X1 between nodes
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[image: image21.wmf]Figure 3.14   Test 2 ratios for the Cray XT3 between nodes
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3.3   Test 3. Sending the lower triangular portion of a 2-dimensional array

Sometimes one would like to send only the lower (or upper) triangular portion of a 2-dimensional array instead of sending the entire array.  Since this data is not contiguous in memory, it can be sent using MPI derived types, mpi_pack and mpi_unpack, or the user can pack the data into a contiguous temporary array.  Let A be a double precision array of dimension n by n.  To compare these three methods, we chose n to be 16, 32, 64, 128, 200, 400, 600, and 800.  The timing programs for these methods are similar to the descriptions in section 3.1.

The MPI derived type used to send this data is called ltriangle and is defined as follows: 

do i = 1, n                  ! initialize the block and disp arrays

      block(i) = n+1-i

      disp(i) = (i-1)*(n+1)

enddo

call mpi_type_indexed (n, block, disp, mpi_double_precision, &

                                      ltriangle, ierror)

call mpi_type_commit (ltriangle, ierror)

For the mpi_pack method, the data was packed into temp1 as follows:

position = 0

do i = 1, n

      call mpi_pack(A(i, i), n-i+1, dp, temp1, size, position, comm, ierror)

enddo

The user packing method packs the non-contiguous data into the temporary array temp1 of length n*(n+1)/2 as follows:

index = 1

do j = 1, n

      do i = j, n

            temp1(index) = A(i, j)

            index = index+1

      enddo

enddo   

Performance results for test 3 are presented in Figures 3.15 through 3.21 and include stride one results.  For each machine, the performance ratios within a node and between nodes are similar.    For the Cray XT3 and the IBM machines, MPI derived types performed the best.  For the Cray X1, mpi_pack performed best and both mpi_pack and MPI derived types performed much better than user packing for the larger matrix sizes.  For the Intel/Myrinet cluster, all three methods performed about the same and no single method performed best for all matrix sizes.


[image: image22.wmf]Figure 3.15   Test 3 ratios for the Intel/Myrinet cluster within a node
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[image: image23.wmf]Figure 3.16   Test 3 ratios for the Intel/Myrinet cluster between  

nodes
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[image: image24.wmf]Figure 3.17   Test 3 ratios for the IBM DataStar within a node
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[image: image25.wmf]Figure 3.18  Test 3 ratios for the IBM DataStar between nodes
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[image: image26.wmf]Figure 3.19   Test 3 ratios for the Cray X1 within a node
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[image: image27.wmf]Figure 3.20   Test 3 ratios for the Cray X1 between nodes
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[image: image28.wmf]Figure 3.21   Test 3 ratios for the Cray XT3 between nodes
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3.4   Test 4. Sending block diagonal of a 2-dimensional array

The blocks in block diagonal arrays can be sent using MPI derived types, mpi_pack and mpi_unpack, or the user can pack the blocks into a contiguous temporary array. Let A be a double precision array with the size of n by n with blocksize m.  We chose n be 64, 128, 512 and 1024, and m be 4, 8 and 16.  

The MPI derived type used to send this data is called bdiag and is defined as follows: 

blocklen(1:n) = m

do i = 1, n

      disp(i) = (i-1)*n + INT((i-1)/m)*m

enddo

call mpi_type_indexe d (n, blocklen, disp, dp, bdiag, ierror)

call mpi_type_commit (bdiag, ierror)

The timing was done exactly as was done for in test 1 with the row MPI derived type replaced with bdiag.

For the mpi_pack method, the data was packed into temp1 as follows

position = 0

do i = 1, n

     call mpi_pack (A(i, i), m, dp, temp1, size, position, … )

enddo

The user packing method packs the non-contiguous data into the temporary array temp1 of size m by n as follows:

count = n/m           ! the number of blocks  

do i = 1, count

     j = i*m

     temp1(1:m, (j-m+1):j)  =  A((j-m+1):j, (j-m+1):j)

enddo  

Figures 3.22 through 3.28 present the comparative performance data.  Notice that the using MPI derived types gives the best performance for the IBM DataStar, the Cray XT3, and the Intel/Myrinet cluster (except for one the n = 1024 and m = 16).  For the Cray X1, MPI derived types gives the poorest performance.


[image: image29.wmf]Figure 3.22   Test 4  ratios for the Intel/Myrinet cluster within a 

node.

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

(64,4)

 (64,8)

(64,16)

(128,4)

(128,8)

(128,16)

(512,4)

(512,8)

(512,16)

(1024,4)

(1024,8)

(1024,16)

(Array Size, Block Size) 

Ratios

Ratio of (derived type)/(user packing)

Ratio of (mpi_pack)/(user packing)



 EMBED Excel.Chart.8 \s [image: image30.wmf]Figure 3.23   Test 4  ratios for the Intel/Myrinet cluster between 

nodes.
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 EMBED Excel.Chart.8 \s [image: image31.wmf]Figure 3.24   Test 4  ratios for the IBM DataStar within a node.
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[image: image32.wmf]Figure 3.25   Test 4  ratios for IBM DatatStar between nodes.
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[image: image33.wmf]Figure 3.26   Test 4  ratios for the Cray X1 within a node.
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[image: image34.wmf]Figure 3.27   Test 4  ratios for the Cray X1 between nodes.
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[image: image35.wmf]Figure 3.28  Test 4  ratios for the Cray XT3 between nodes.
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4.  Conclusions
The purpose of this paper is to evaluate the performance and ease-of-use of four methods of sending non-contiguous data for a variety of constructs commonly found in scientific applications.   The methods of sending non-contiguous data considered in this paper are:  (1) using Fortran 90 array sections, (2) using MPI derived types, (3) using explicit user packing into a contiguous buffer, and (4) using explicit packing with mpi_pack and mpi_unpack into a contiguous buffer.

We found that using both MPI derived types and Fortran 90 array sections to be easy-to-use and much easier to use than methods 3 and 4 listed above.  However, Fortran 90 array sections can only be used to send noncontiguous data that can be represented as a Fortran 90 array section. In addition, Fortran 90 array sections cannot be used with nonblocking sends and receives, see [11].    Clearly, Fortran 90 array sections cannot be used in C and C++ MPI programs.  However, MPI derived types can be used in Fortran, C, and C++ programs.   

The performance of MPI derived types will depend on the quality of their implementation.  For the IBM DataStar and the Cray XT3, MPI derived types performed best in all tests.  For the Cray X1 and the Intel/Myrinet cluster, performance results were mixed with no single method always outperforming the other methods.  Our results show that MPICH2’s derived data type implementation is better than MPICH1’s implementation.   The MPI on the Intel/Myrinet cluster is based on MPICH1 and not on the newer MPICH2.
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Appendix

DT: MPI Derived Type method 

UP: User Packing method

MP:  mpi_pack/mpi_unpack method

FA: Fortran 90 Array section method

DP/UP:  the ratio of (derived type)/(user packing)

MP/UP: the ratio of (mpi_pack)/(user packing)

FA/UP:  the ratio of (Fortran90 array section)/(user packing)

All timing results are in milliseconds.

Note:  All raw data from Cray XT3 was obtained from a machine with system software not fully optimized.  Cray requested that we not publish the raw data, but we can publish the ratios presented in the text of this paper.

Table 1.  Test 1 sending N rows of 500 by 1000 double precision

array for the Intel/Myrinet cluster within a node.

	N
	DT
	UP
	MP
	FA
	DT/UP
	MP/UP
	FA/UP

	1
	2.53E-01
	3.12E-01
	6.44E-01
	3.17E-01
	0.81
	2.06
	1.01

	10
	6.02E-01
	7.92E-01
	9.39E-01
	1.07E+00
	0.76
	1.19
	1.35

	50
	3.21E+00
	3.23E+00
	2.53E+00
	4.70E+00
	0.99
	0.79
	1.46

	100
	5.82E+00
	6.10E+00
	4.17E+00
	1.07E+01
	0.95
	0.68
	1.76

	300
	1.66E+01
	1.78E+01
	1.12E+01
	3.11E+01
	0.93
	0.63
	1.75

	400
	2.18E+01
	2.37E+01
	1.64E+01
	4.19E+01
	0.92
	0.69
	1.77

	499
	2.64E+01
	2.83E+01
	2.00E+01
	4.62E+01
	0.93
	0.70
	1.63

	500
	1.06E+01
	2.83E+01
	2.02E+01
	4.67E+01
	0.37
	0.72
	1.65


Table 2.  Test 1 sending N rows of 500 by 1000 double precision

array for the Intel/Myrinet cluster between nodes.

	N
	DT
	UP
	MP
	FA
	DT/UP
	MP/UP
	FA/UP

	1
	3.32E-01
	3.73E-01
	6.99E-01
	2.97E-01
	0.89
	1.87
	0.80

	10
	9.21E-01
	1.09E+00
	1.22E+00
	1.20E+00
	0.85
	1.12
	1.11

	50
	5.51E+00
	4.17E+00
	3.49E+00
	5.04E+00
	1.32
	0.84
	1.21

	100
	1.02E+01
	7.83E+00
	5.95E+00
	1.28E+01
	1.30
	0.76
	1.64

	300
	2.43E+01
	2.25E+01
	1.61E+01
	3.53E+01
	1.08
	0.72
	1.57

	400
	3.07E+01
	3.00E+01
	2.12E+01
	4.65E+01
	1.02
	0.71
	1.55

	499
	3.62E+01
	3.41E+01
	2.60E+01
	5.54E+01
	1.06
	0.76
	1.62

	500
	1.64E+01
	3.41E+01
	2.64E+01
	5.52E+01
	0.48
	0.77
	1.62


Table 3.  Test 1 sending N rows of 500 by 1000 double precision

array for the IBM DataStar within a node.

	N
	DT
	UP
	MP
	FA
	DT/UP
	MP/UP
	FA/UP

	1
	2.98E-01
	3.45E-01
	7.86E-01
	2.83E-01
	0.86
	2.28
	0.82

	10
	3.80E-01
	7.84E-01
	9.40E-01
	7.18E-01
	0.48
	1.20
	0.92

	50
	6.25E-01
	2.20E+00
	1.49E+00
	2.19E+00
	0.28
	0.68
	1.00

	100
	8.28E-01
	3.86E+00
	2.07E+00
	3.89E+00
	0.21
	0.54
	1.01

	300
	1.59E+00
	1.06E+01
	4.23E+00
	1.07E+01
	0.15
	0.40
	1.01

	400
	2.01E+00
	1.42E+01
	5.48E+00
	1.42E+01
	0.14
	0.39
	1.00

	499
	2.20E+00
	1.72E+01
	6.20E+00
	1.72E+01
	0.13
	0.36
	1.00

	500
	1.49E+00
	1.72E+01
	6.11E+00
	1.72E+01
	0.09
	0.36
	1.00


Table 4.  Test 1 sending N rows of 500 by 1000 double precision

array for the IBM DataStar between nodes.

	N
	DT
	UP
	MP
	FA
	DT/UP
	MP/UP
	FA/UP

	1
	3.15E-01
	3.56E-01
	8.02E-01
	2.93E-01
	0.88
	2.25
	0.82

	10
	3.92E-01
	8.02E-01
	9.55E-01
	7.41E-01
	0.49
	1.19
	0.92

	50
	7.43E-01
	2.29E+00
	1.58E+00
	2.29E+00
	0.32
	0.69
	1.00

	100
	1.05E+00
	4.09E+00
	2.29E+00
	4.09E+00
	0.26
	0.56
	1.00

	300
	2.08E+00
	1.13E+01
	4.94E+00
	1.13E+01
	0.18
	0.44
	1.00

	400
	2.60E+00
	1.51E+01
	6.29E+00
	1.50E+01
	0.17
	0.42
	0.99

	499
	3.19E+00
	1.84E+01
	7.57E+00
	1.83E+01
	0.17
	0.41
	1.00

	500
	2.64E+00
	1.84E+01
	7.38E+00
	1.83E+01
	0.14
	0.40
	1.00


Table 5.  Test 1 sending N rows of 500 by 1000 double precision

array for the Cray X1 within a node.

	N
	DT
	UP
	MP
	FA
	DT/UP
	MP/UP
	FA/UP

	1
	4.04E+00
	3.02E+00
	2.05E+00
	1.60E+00
	1.34
	0.68
	0.53

	10
	4.27E+00
	3.05E+00
	2.09E+00
	1.68E+00
	1.40
	0.68
	0.55

	50
	4.33E+00
	3.22E+00
	2.11E+00
	1.83E+00
	1.35
	0.66
	0.57

	100
	4.44E+00
	4.97E+00
	6.03E+00
	3.56E+00
	0.89
	1.21
	0.72

	300
	5.31E+00
	1.11E+01
	6.58E+00
	8.61E+00
	0.48
	0.59
	0.77

	400
	5.96E+00
	1.47E+01
	7.38E+00
	1.18E+01
	0.41
	0.50
	0.80

	499
	6.51E+00
	1.64E+01
	7.89E+00
	1.32E+01
	0.40
	0.48
	0.81

	500
	3.40E-01
	1.65E+01
	7.66E+00
	1.34E+01
	0.02
	0.47
	0.81


Table 6.  Test 1 sending N rows of 500 by 1000 double precision

array for the Cray X1 between nodes.

	N
	DT
	UP
	MP
	FA
	DT/UP
	MP/UP
	FA/UP

	1
	5.35E+00
	3.04E+00
	2.06E+00
	1.65E+00
	1.76
	0.68
	0.54

	10
	5.40E+00
	3.06E+00
	2.08E+00
	1.67E+00
	1.77
	0.68
	0.55

	50
	5.50E+00
	3.25E+00
	2.11E+00
	1.81E+00
	1.69
	0.65
	0.56

	100
	5.59E+00
	4.98E+00
	6.05E+00
	3.55E+00
	1.12
	1.21
	0.71

	300
	6.43E+00
	1.11E+01
	6.60E+00
	8.60E+00
	0.58
	0.59
	0.77

	400
	7.12E+00
	1.47E+01
	7.44E+00
	1.18E+01
	0.48
	0.51
	0.80

	499
	7.65E+00
	1.64E+01
	7.89E+00
	1.32E+01
	0.47
	0.48
	0.80

	500
	3.57E-01
	1.65E+01
	7.65E+00
	1.34E+01
	0.02
	0.46
	0.81


Table 8.  Test 2 sending various strides elements of a double precision

array with size of 5000 for the Intel/Myrinet cluster within a node.
	STRIDE
	DT
	UP
	MP
	FA
	DT/UP
	MP/UP
	FA/UP

	1
	1.86E-01
	2.74E-01
	1.42E+00
	2.22E-01
	0.68
	5.20
	0.81

	2
	1.51E-01
	1.65E-01
	7.20E-01
	1.52E-01
	0.92
	4.37
	0.93

	3
	1.26E-01
	1.33E-01
	4.81E-01
	1.26E-01
	0.95
	3.62
	0.95

	4
	1.17E-01
	1.22E-01
	3.65E-01
	1.16E-01
	0.96
	2.99
	0.96

	5
	1.12E-01
	1.11E-01
	2.92E-01
	1.11E-01
	1.01
	2.64
	1.00

	6
	1.07E-01
	1.05E-01
	2.47E-01
	1.03E-01
	1.02
	2.36
	0.99

	7
	1.05E-01
	1.01E-01
	2.15E-01
	1.02E-01
	1.04
	2.13
	1.01

	8
	9.52E-02
	9.26E-02
	2.88E-01
	9.59E-02
	1.03
	3.10
	1.04

	9
	9.20E-02
	9.02E-02
	2.57E-01
	9.36E-02
	1.02
	2.85
	1.04

	10
	9.11E-02
	9.00E-02
	2.32E-01
	9.00E-02
	1.01
	2.57
	1.00

	11
	9.12E-02
	8.94E-02
	2.12E-01
	9.08E-02
	1.02
	2.37
	1.02

	12
	9.02E-02
	8.79E-02
	1.96E-01
	8.94E-02
	1.03
	2.23
	1.02

	13
	8.93E-02
	8.77E-02
	1.82E-01
	9.02E-02
	1.02
	2.08
	1.03

	14
	9.01E-02
	8.63E-02
	1.72E-01
	8.97E-02
	1.04
	1.99
	1.04

	15
	8.93E-02
	8.58E-02
	1.63E-01
	8.96E-02
	1.04
	1.90
	1.04

	16
	9.00E-02
	8.45E-02
	1.95E-01
	8.72E-02
	1.07
	2.30
	1.03

	17
	8.44E-02
	8.17E-02
	1.56E-01
	8.38E-02
	1.03
	1.91
	1.03


Table 9.  Test 2 sending various strides elements of a double precision

array with size of 5000 for the Intel/Myrinet cluster between nodes.

	STRIDE
	DT
	UP
	MP
	FA
	DT/UP
	MP/UP
	FA/UP

	1
	2.17E-01
	3.70E-01
	1.94E+00
	3.06E-01
	0.59
	5.26
	0.83

	2
	2.38E-01
	2.47E-01
	9.97E-01
	1.98E-01
	0.96
	4.04
	0.80

	3
	1.96E-01
	1.97E-01
	6.88E-01
	1.52E-01
	0.99
	3.48
	0.77

	4
	1.73E-01
	1.75E-01
	5.27E-01
	1.31E-01
	0.99
	3.00
	0.75

	5
	1.61E-01
	1.60E-01
	4.27E-01
	1.19E-01
	1.01
	2.66
	0.74

	6
	1.50E-01
	1.48E-01
	3.60E-01
	1.08E-01
	1.01
	2.43
	0.73

	7
	1.41E-01
	1.38E-01
	3.12E-01
	1.01E-01
	1.02
	2.27
	0.73

	8
	1.37E-01
	1.34E-01
	3.29E-01
	9.80E-02
	1.02
	2.45
	0.73

	9
	1.32E-01
	1.30E-01
	2.95E-01
	9.35E-02
	1.02
	2.28
	0.72

	10
	1.35E-01
	1.30E-01
	2.71E-01
	9.33E-02
	1.04
	2.09
	0.72

	11
	1.30E-01
	1.29E-01
	2.50E-01
	9.12E-02
	1.01
	1.94
	0.71

	12
	1.27E-01
	1.23E-01
	2.32E-01
	8.86E-02
	1.03
	1.88
	0.72

	13
	1.26E-01
	1.23E-01
	2.15E-01
	8.55E-02
	1.03
	1.75
	0.70

	14
	1.23E-01
	1.18E-01
	2.02E-01
	8.33E-02
	1.04
	1.71
	0.70

	15
	1.22E-01
	1.19E-01
	1.93E-01
	8.12E-02
	1.02
	1.61
	0.68

	16
	1.20E-01
	1.15E-01
	2.22E-01
	7.95E-02
	1.04
	1.94
	0.69

	17
	1.13E-01
	1.10E-01
	1.82E-01
	7.63E-02
	1.03
	1.65
	0.69


Table 10.  Test 2 sending various strides elements of a double precision

array with size of 5000 for the IBM DataStar within a node.

	STRIDE
	DT
	UP
	MP
	FA
	DT/UP
	MP/UP
	FA/UP

	1
	5.35E-02
	2.84E-01
	2.23E+00
	2.16E-01
	0.19
	7.83
	0.76

	2
	4.51E-02
	1.46E-01
	1.11E+00
	1.13E-01
	0.31
	7.63
	0.78

	3
	4.16E-02
	1.02E-01
	7.44E-01
	8.23E-02
	0.41
	7.32
	0.81

	4
	4.00E-02
	8.05E-02
	5.64E-01
	6.51E-02
	0.50
	7.00
	0.81

	5
	3.97E-02
	6.80E-02
	4.55E-01
	5.71E-02
	0.58
	6.70
	0.84

	6
	3.69E-02
	5.99E-02
	3.84E-01
	5.14E-02
	0.62
	6.41
	0.86

	7
	3.88E-02
	5.34E-02
	3.30E-01
	4.65E-02
	0.73
	6.19
	0.87

	8
	3.77E-02
	4.98E-02
	2.91E-01
	4.38E-02
	0.76
	5.83
	0.88

	9
	3.38E-02
	4.55E-02
	2.59E-01
	4.30E-02
	0.74
	5.70
	0.94

	10
	3.02E-02
	4.31E-02
	2.41E-01
	3.96E-02
	0.70
	5.58
	0.92

	11
	2.92E-02
	4.04E-02
	2.20E-01
	3.85E-02
	0.72
	5.43
	0.95

	12
	3.25E-02
	3.90E-02
	2.02E-01
	3.75E-02
	0.83
	5.18
	0.96

	13
	2.64E-02
	3.80E-02
	1.87E-01
	3.58E-02
	0.70
	4.91
	0.94

	14
	2.61E-02
	3.60E-02
	1.76E-01
	3.51E-02
	0.72
	4.90
	0.97

	15
	2.52E-02
	3.51E-02
	1.64E-01
	3.42E-02
	0.72
	4.68
	0.97

	16
	2.46E-02
	3.76E-02
	1.67E-01
	3.95E-02
	0.65
	4.43
	1.05

	17
	2.49E-02
	3.34E-02
	1.48E-01
	3.39E-02
	0.75
	4.42
	1.01


Table 11.  Test 2 sending various strides elements of a double precision

array with size of 5000 for the IBM DataStar between nodes.

	STRIDE
	DT
	UP
	MP
	FA
	DT/UP
	MP/UP
	FA/UP

	1
	6.03E-02
	2.90E-01
	2.23E+00
	2.29E-01
	0.21
	7.70
	0.79

	2
	6.16E-02
	1.62E-01
	1.14E+00
	1.28E-01
	0.38
	7.02
	0.79

	3
	6.18E-02
	1.14E-01
	7.66E-01
	9.54E-02
	0.54
	6.71
	0.84

	4
	6.05E-02
	9.25E-02
	5.82E-01
	7.75E-02
	0.65
	6.30
	0.84

	5
	5.69E-02
	7.91E-02
	4.68E-01
	6.87E-02
	0.72
	5.91
	0.87

	6
	5.43E-02
	6.92E-02
	3.95E-01
	6.24E-02
	0.78
	5.70
	0.90

	7
	5.39E-02
	6.39E-02
	3.39E-01
	5.82E-02
	0.84
	5.31
	0.91

	8
	5.19E-02
	5.96E-02
	3.06E-01
	5.40E-02
	0.87
	5.13
	0.91

	9
	4.98E-02
	5.59E-02
	2.70E-01
	5.34E-02
	0.89
	4.84
	0.95

	10
	4.73E-02
	5.36E-02
	2.47E-01
	5.00E-02
	0.88
	4.61
	0.93

	11
	4.41E-02
	5.15E-02
	2.27E-01
	4.90E-02
	0.86
	4.40
	0.95

	12
	4.75E-02
	5.03E-02
	2.12E-01
	4.71E-02
	0.95
	4.21
	0.94

	13
	4.16E-02
	4.94E-02
	1.99E-01
	4.73E-02
	0.84
	4.02
	0.96

	14
	4.16E-02
	4.73E-02
	1.85E-01
	4.58E-02
	0.88
	3.90
	0.97

	15
	4.05E-02
	4.59E-02
	1.75E-01
	4.48E-02
	0.88
	3.81
	0.97

	16
	4.09E-02
	4.86E-02
	1.78E-01
	5.04E-02
	0.84
	3.67
	1.04

	17
	4.04E-02
	4.41E-02
	1.61E-01
	4.43E-02
	0.92
	3.65
	1.00


Table 12.  Test 2 sending various strides elements of a double precision

array with size of 5000 for the Cray X1 within a node.

	STRIDE
	DT
	UP
	MP
	FA
	DT/UP
	MP/UP
	FA/UP

	1
	5.30E-02
	2.43E-01
	1.27E+01
	1.84E-01
	0.22
	52.39
	0.76

	2
	1.11E+01
	1.60E-01
	6.64E+00
	1.17E-01
	69.36
	41.54
	0.73

	3
	7.57E+00
	1.20E-01
	4.27E+00
	9.47E-02
	63.05
	35.58
	0.79

	4
	5.74E+00
	9.56E-02
	3.23E+00
	7.73E-02
	60.04
	33.78
	0.81

	5
	4.59E+00
	9.59E-02
	2.59E+00
	6.84E-02
	47.85
	26.99
	0.71

	6
	3.86E+00
	6.16E-02
	2.14E+00
	5.25E-02
	62.69
	34.79
	0.85

	7
	3.38E+00
	5.77E-02
	1.88E+00
	4.89E-02
	58.66
	32.56
	0.85

	8
	2.89E+00
	5.40E-02
	1.61E+00
	4.60E-02
	53.46
	29.86
	0.85

	9
	2.56E+00
	4.94E-02
	1.43E+00
	4.17E-02
	51.89
	28.94
	0.84

	10
	2.32E+00
	4.69E-02
	1.30E+00
	3.98E-02
	49.42
	27.66
	0.85

	11
	2.11E+00
	4.60E-02
	1.18E+00
	4.02E-02
	45.78
	25.69
	0.87

	12
	1.94E+00
	4.45E-02
	1.09E+00
	3.87E-02
	43.61
	24.40
	0.87

	13
	1.79E+00
	4.36E-02
	1.01E+00
	3.86E-02
	40.96
	23.24
	0.89

	14
	1.67E+00
	4.15E-02
	9.35E-01
	3.68E-02
	40.18
	22.54
	0.89

	15
	1.56E+00
	4.12E-02
	8.74E-01
	3.66E-02
	37.71
	21.20
	0.89

	16
	1.46E+00
	4.24E-02
	8.24E-01
	3.70E-02
	34.45
	19.42
	0.87

	17
	1.38E+00
	3.97E-02
	7.79E-01
	3.49E-02
	34.84
	19.63
	0.88


Table 13.  Test 2 sending various strides elements of a double precision

array with size of 5000 for the Cray X1 between nodes.

	STRIDE
	DT
	UP
	MP
	FA
	DT/UP
	MP/UP
	FA/UP

	1
	4.60E-02
	2.55E-01
	1.27E+01
	1.80E-01
	0.18
	49.62
	0.70

	2
	1.71E+01
	1.54E-01
	6.37E+00
	1.23E-01
	110.52
	41.28
	0.80

	3
	1.14E+01
	1.21E-01
	4.28E+00
	9.46E-02
	93.75
	35.24
	0.78

	4
	8.55E+00
	1.01E-01
	3.23E+00
	8.85E-02
	84.90
	32.03
	0.88

	5
	6.84E+00
	8.51E-02
	2.58E+00
	7.75E-02
	80.38
	30.29
	0.91

	6
	5.71E+00
	6.46E-02
	2.14E+00
	5.51E-02
	88.31
	33.05
	0.85

	7
	4.90E+00
	5.90E-02
	1.84E+00
	5.13E-02
	83.19
	31.26
	0.87

	8
	4.30E+00
	5.94E-02
	1.61E+00
	4.80E-02
	72.41
	27.14
	0.81

	9
	3.83E+00
	5.19E-02
	1.43E+00
	4.30E-02
	73.80
	27.61
	0.83

	10
	3.47E+00
	4.92E-02
	1.29E+00
	4.11E-02
	70.55
	26.25
	0.84

	11
	3.12E+00
	4.82E-02
	1.18E+00
	4.22E-02
	64.74
	24.51
	0.88

	12
	2.88E+00
	4.60E-02
	1.08E+00
	4.03E-02
	62.56
	23.57
	0.88

	13
	2.65E+00
	4.55E-02
	9.90E-01
	4.02E-02
	58.17
	21.76
	0.88

	14
	2.47E+00
	4.35E-02
	9.29E-01
	3.84E-02
	56.85
	21.38
	0.88

	15
	2.32E+00
	4.36E-02
	8.74E-01
	3.97E-02
	53.30
	20.07
	0.91

	16
	2.16E+00
	4.38E-02
	8.18E-01
	3.83E-02
	49.24
	18.66
	0.87

	17
	2.04E+00
	4.07E-02
	7.71E-01
	3.62E-02
	50.22
	18.96
	0.89


Table 15.  Test 3 sending the lower triangular portion of a 2-dimension double

precision array for various sizes for the Intel/Myrinet cluster within a node.

	Array Size
	DT
	UP
	MP
	DT/UP
	MP/UP

	16
	2.53E-02
	1.92E-02
	2.28E-02
	1.32
	1.19

	32
	4.92E-02
	4.62E-02
	4.76E-02
	1.06
	1.03

	64
	1.24E-01
	1.38E-01
	1.36E-01
	0.90
	0.99

	128
	4.07E-01
	4.80E-01
	4.54E-01
	0.85
	0.95

	200
	1.26E+00
	1.19E+00
	1.02E+00
	1.06
	0.86

	400
	4.29E+00
	4.01E+00
	3.59E+00
	1.07
	0.89

	600
	9.43E+00
	8.56E+00
	7.74E+00
	1.10
	0.90

	800
	1.66E+01
	1.51E+01
	1.35E+01
	1.10
	0.89


Table 16.  Test 3 sending the lower triangular portion of a 2-dimension double

precision array for various sizes for the Intel/Myrinet cluster between nodes.

	Array Size
	DT
	UP
	MP
	DT/UP
	MP/UP

	16
	3.37E-02
	2.93E-02
	3.33E-02
	1.15
	1.14

	32
	6.71E-02
	6.92E-02
	7.01E-02
	0.97
	1.01

	64
	1.87E-01
	1.99E-01
	2.00E-01
	0.94
	1.01

	128
	5.80E-01
	6.34E-01
	6.09E-01
	0.92
	0.96

	200
	2.11E+00
	1.39E+00
	1.33E+00
	1.51
	0.96

	400
	7.43E+00
	4.93E+00
	4.63E+00
	1.51
	0.94

	600
	1.51E+01
	1.07E+01
	9.95E+00
	1.41
	0.93

	800
	2.41E+01
	1.87E+01
	1.72E+01
	1.29
	0.92


Table 17.  Test 3 sending the lower triangular portion of a 2-dimension double

precision array for various sizes for the IBM DataStar within a node.

	Array Size
	DT
	UP
	MP
	DT/UP
	MP/UP

	16
	1.71E-02
	2.12E-02
	2.19E-02
	0.81
	1.03

	32
	2.24E-02
	4.78E-02
	3.82E-02
	0.47
	0.80

	64
	4.43E-02
	1.52E-01
	8.27E-02
	0.29
	0.54

	128
	1.08E-01
	5.55E-01
	2.17E-01
	0.19
	0.39

	200
	1.81E-01
	1.32E+00
	4.41E-01
	0.14
	0.33

	400
	4.68E-01
	4.94E+00
	1.23E+00
	0.09
	0.25

	600
	9.33E-01
	1.10E+01
	2.54E+00
	0.08
	0.23

	800
	1.56E+00
	1.97E+01
	4.44E+00
	0.08
	0.23


Table 18.  Test 3 sending the lower triangular portion of a 2-dimension double

precision array for various sizes for the IBM DataStar between nodes.

	Array Size
	DT
	UP
	MP
	DT/UP
	MP/UP

	16
	2.78E-02
	2.91E-02
	3.22E-02
	0.96
	1.11

	32
	4.29E-02
	6.14E-02
	5.32E-02
	0.70
	0.87

	64
	6.43E-02
	1.71E-01
	9.82E-02
	0.38
	0.57

	128
	1.36E-01
	5.86E-01
	2.46E-01
	0.23
	0.42

	200
	2.37E-01
	1.34E+00
	4.55E-01
	0.18
	0.34

	400
	6.65E-01
	5.11E+00
	1.42E+00
	0.13
	0.28

	600
	1.30E+00
	1.14E+01
	2.97E+00
	0.11
	0.26

	800
	2.25E+00
	2.03E+01
	5.17E+00
	0.11
	0.25


Table 19.  Test 3 sending the lower triangular portion of a 2-dimension double

precision array for various sizes for the Cray X1 within a node.

	Array Size
	DT
	UP
	MP
	DT/UP
	MP/UP

	16
	1.48E-01
	1.87E-01
	6.96E-02
	7.95E-01
	3.73E-01

	32
	2.71E-01
	5.83E-01
	1.14E-01
	4.65E-01
	1.96E-01

	64
	5.23E-01
	2.21E+00
	2.19E-01
	2.37E-01
	9.94E-02

	128
	1.05E+00
	8.35E+00
	6.66E-01
	1.26E-01
	7.98E-02

	200
	1.63E+00
	2.00E+01
	1.19E+00
	8.14E-02
	5.95E-02

	400
	3.38E+00
	7.79E+01
	2.79E+00
	4.34E-02
	3.58E-02

	600
	5.29E+00
	1.71E+02
	4.60E+00
	3.09E-02
	2.69E-02

	800
	7.59E+00
	3.01E+02
	6.67E+00
	2.52E-02
	2.22E-02


Table 20.  Test 3 sending the lower triangular portion of a 2-dimension double

precision array for various sizes for the Cray X1 between nodes.

	Array Size
	DT
	UP
	MP
	DT/UP
	MP/UP

	16
	1.44E-01
	1.57E-01
	6.07E-02
	0.92
	0.39

	32
	2.74E-01
	5.10E-01
	9.48E-02
	0.54
	0.19

	64
	5.02E-01
	1.89E+00
	1.98E-01
	0.27
	0.11

	128
	9.97E-01
	7.15E+00
	5.82E-01
	0.14
	0.08

	200
	1.54E+00
	1.72E+01
	1.04E+00
	0.09
	0.06

	400
	3.21E+00
	6.70E+01
	2.46E+00
	0.05
	0.04

	600
	5.12E+00
	1.47E+02
	4.08E+00
	0.03
	0.03

	800
	7.37E+00
	2.59E+02
	5.97E+00
	0.03
	0.02


Table 22.  Test 4 sending the block diagonal of a 2-dimension double precision

array for various array and block sizes for the Intel/Myrinet cluster within a node.

	Array Size
	Block Size
	DT
	UP
	MP
	DT/UP
	MP/UP

	64
	4
	4.05E-02
	3.58E-02
	5.44E-02
	1.06
	1.41

	64
	8
	5.64E-02
	5.71E-02
	7.15E-02
	0.99
	1.25

	64
	16
	7.30E-02
	8.49E-02
	8.48E-02
	0.84
	0.99

	128
	4
	6.48E-02
	6.14E-02
	9.70E-02
	1.05
	1.60

	128
	8
	9.34E-02
	9.86E-02
	1.25E-01
	0.89
	1.13

	128
	16
	1.44E-01
	1.73E-01
	1.72E-01
	0.91
	1.01

	512
	4
	2.52E-01
	2.45E-01
	3.81E-01
	0.96
	1.35

	512
	8
	2.95E-01
	3.51E-01
	4.28E-01
	0.87
	1.12

	512
	16
	4.92E-01
	6.58E-01
	6.19E-01
	0.79
	0.96

	1024
	4
	4.93E-01
	4.83E-01
	7.57E-01
	0.95
	1.35

	1024
	8
	5.81E-01
	6.95E-01
	8.39E-01
	0.83
	1.11

	1024
	16
	1.30E+00
	1.30E+00
	1.21E+00
	0.94
	0.95


Table 23.  Test 4 sending the block diagonal of a 2-dimension double precision

array for various array and block sizes for the Intel/Myrinet cluster between nodes.

	Array Size
	Block Size
	DT
	UP
	MP
	DT/UP
	MP/UP

	64
	4
	6.07E-02
	5.58E-02
	6.65E-02
	1.03
	1.29

	64
	8
	8.03E-02
	8.20E-02
	8.96E-02
	0.98
	1.13

	64
	16
	1.27E-01
	1.34E-01
	1.31E-01
	0.91
	0.98

	128
	4
	9.44E-02
	9.03E-02
	1.11E-01
	1.04
	1.21

	128
	8
	1.37E-01
	1.43E-01
	1.55E-01
	0.92
	1.08

	128
	16
	2.33E-01
	2.51E-01
	2.44E-01
	0.94
	0.97

	512
	4
	3.02E-01
	3.06E-01
	3.84E-01
	0.98
	1.23

	512
	8
	4.11E-01
	4.39E-01
	4.78E-01
	0.93
	1.07

	512
	16
	7.04E-01
	7.89E-01
	7.75E-01
	0.90
	0.98

	1024
	4
	5.58E-01
	5.71E-01
	7.24E-01
	0.97
	1.25

	1024
	8
	7.65E-01
	8.27E-01
	9.07E-01
	0.90
	1.02

	1024
	16
	2.10E+00
	1.52E+00
	1.47E+00
	1.28
	0.96


Table 24.  Test 4 sending the block diagonal of a 2-dimension double precision

array for various array and block sizes for the IBM DataStar within a node.

	Array Size
	Block Size
	DT
	UP
	MP
	DT/UP
	MP/UP

	64
	4
	5.93E-02
	6.44E-02
	9.22E-02
	0.92
	1.43

	64
	8
	6.05E-02
	8.29E-02
	9.67E-02
	0.73
	1.17

	64
	16
	7.71E-02
	1.16E-01
	1.28E-01
	0.66
	1.10

	128
	4
	9.64E-02
	1.15E-01
	1.64E-01
	0.84
	1.42

	128
	8
	1.04E-01
	1.52E-01
	1.67E-01
	0.69
	1.10

	128
	16
	1.38E-01
	2.19E-01
	2.48E-01
	0.63
	1.14

	512
	4
	5.35E-01
	6.19E-01
	7.77E-01
	0.86
	1.26

	512
	8
	5.51E-01
	7.56E-01
	7.91E-01
	0.73
	1.05

	512
	16
	5.59E-01
	1.02E+00
	1.13E+00
	0.55
	1.11

	1024
	4
	1.07E+00
	1.24E+00
	1.54E+00
	0.87
	1.25

	1024
	8
	9.01E-01
	1.51E+00
	1.56E+00
	0.60
	1.03

	1024
	16
	1.03E+00
	2.00E+00
	2.23E+00
	0.52
	1.12


Table 25.  Test 4 sending the block diagonal of a 2-dimension double precision

array for various array and block sizes for the IBM DataStar between nodes.

	Array Size
	Block Size
	DT
	UP
	MP
	DT/UP
	MP/UP

	64
	4
	9.33E-02
	8.51E-02
	1.16E-01
	1.10
	1.36

	64
	8
	9.19E-02
	1.02E-01
	1.18E-01
	0.90
	1.15

	64
	16
	1.08E-01
	1.33E-01
	1.52E-01
	0.81
	1.14

	128
	4
	1.32E-01
	1.38E-01
	1.88E-01
	0.96
	1.36

	128
	8
	1.32E-01
	1.69E-01
	1.89E-01
	0.78
	1.12

	128
	16
	1.63E-01
	2.32E-01
	2.76E-01
	0.70
	1.19

	512
	4
	5.10E-01
	6.33E-01
	8.03E-01
	0.81
	1.27

	512
	8
	4.50E-01
	7.62E-01
	8.06E-01
	0.59
	1.06

	512
	16
	5.60E-01
	1.00E+00
	1.11E+00
	0.56
	1.11

	1024
	4
	8.57E-01
	1.23E+00
	1.56E+00
	0.69
	1.27

	1024
	8
	8.08E-01
	1.50E+00
	1.56E+00
	0.54
	1.04

	1024
	16
	1.09E+00
	2.00E+00
	2.24E+00
	0.55
	1.12


Table 26.  Test 4 sending the block diagonal of a 2-dimension double precision

array for various array and block sizes for the Cray X1 within a node.

	Array Size
	Block Size
	DT
	UP
	MP
	DT/UP
	MP/UP

	64
	4
	5.22E-01
	2.38E-01
	2.20E-01
	2.19
	0.92

	64
	8
	5.29E-01
	2.18E-01
	2.15E-01
	2.42
	0.98

	64
	16
	5.33E-01
	2.28E-01
	2.42E-01
	2.33
	1.06

	128
	4
	1.02E+00
	4.58E-01
	3.97E-01
	2.22
	0.87

	128
	8
	1.03E+00
	4.34E-01
	4.21E-01
	2.36
	0.97

	128
	16
	1.04E+00
	4.20E-01
	4.28E-01
	2.48
	1.02

	512
	4
	3.96E+00
	1.77E+00
	1.54E+00
	2.23
	0.87

	512
	8
	4.01E+00
	1.58E+00
	1.53E+00
	2.54
	0.97

	512
	16
	4.05E+00
	1.48E+00
	1.54E+00
	2.74
	1.04

	1024
	4
	7.87E+00
	3.43E+00
	3.02E+00
	2.29
	0.88

	1024
	8
	7.96E+00
	3.08E+00
	3.01E+00
	2.58
	0.98

	1024
	16
	8.04E+00
	2.90E+00
	3.02E+00
	2.77
	1.04


Table 27.  Test 4 sending the block diagonal of a 2-dimension double precision

array for various array and block sizes for the Cray X1 between nodes.

	Array Size
	Block Size
	DT
	UP
	MP
	DT/UP
	MP/UP

	64
	4
	4.97E-01
	2.15E-01
	1.79E-01
	2.32
	0.84

	64
	8
	4.99E-01
	1.97E-01
	1.77E-01
	2.53
	0.90

	64
	16
	5.05E-01
	2.08E-01
	2.08E-01
	2.43
	1.00

	128
	4
	9.78E-01
	3.93E-01
	3.30E-01
	2.49
	0.84

	128
	8
	9.73E-01
	3.89E-01
	3.54E-01
	2.50
	0.91

	128
	16
	9.76E-01
	3.77E-01
	3.49E-01
	2.59
	0.93

	512
	4
	3.82E+00
	1.51E+00
	1.24E+00
	2.52
	0.82

	512
	8
	3.85E+00
	1.38E+00
	1.25E+00
	2.79
	0.91

	512
	16
	3.85E+00
	1.32E+00
	1.26E+00
	2.90
	0.95

	1024
	4
	7.62E+00
	2.97E+00
	2.43E+00
	2.56
	0.82

	1024
	8
	7.61E+00
	2.71E+00
	2.43E+00
	2.81
	0.90

	1024
	16
	7.64E+00
	2.58E+00
	2.45E+00
	2.96
	0.95
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Figure 2.3  Within node timing results for test 1 with the MPI derived type method on the IBM DataStar.
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		PE		K		Trail Number		DT time1		Avg1

		2		1		0
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		2		1		3		2.98E-01		3.06E-01

		2		1		4		2.98E-01		3.04E-01

		2		1		5		2.99E-01		3.03E-01

		2		1		6		2.98E-01		3.02E-01

		2		1		7		2.99E-01		3.02E-01

		2		1		8		3.00E-01		3.01E-01

		2		1		9		3.00E-01		3.01E-01

		2		1		10		3.01E-01		3.01E-01

		2		1		11		3.14E-01		3.02E-01

		2		1		12		2.98E-01		3.02E-01

		2		1		13		3.00E-01		3.02E-01

		2		1		14		2.97E-01		3.01E-01

		2		1		15		2.99E-01		3.01E-01

		2		1		16		2.97E-01		3.01E-01

		2		1		17		3.00E-01		3.01E-01

		2		1		18		2.97E-01		3.01E-01

		2		1		19		2.97E-01		3.01E-01

		2		1		20		2.99E-01		3.01E-01

		2		1		21		3.00E-01		3.00E-01

		2		1		22		2.98E-01		3.00E-01
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		2		1		28		3.02E-01		3.00E-01

		2		1		29		2.99E-01		3.00E-01

		2		1		30		2.97E-01		3.00E-01

		2		1		31		2.98E-01		3.00E-01

		2		1		32		3.01E-01		3.00E-01

		2		1		33		3.01E-01		3.00E-01

		2		1		34		2.98E-01		3.00E-01

		2		1		35		2.99E-01		3.00E-01
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		2		1		82		2.99E-01		2.99E-01

		2		1		83		2.99E-01		2.99E-01

		2		1		84		3.00E-01		2.99E-01

		2		1		85		3.21E-01		3.00E-01

		2		1		86		2.98E-01		3.00E-01

		2		1		87		2.98E-01		2.99E-01

		2		1		88		2.99E-01		2.99E-01

		2		1		89		2.98E-01		2.99E-01

		2		1		90		2.99E-01		2.99E-01

		2		1		91		2.98E-01		2.99E-01

		2		1		92		2.99E-01		2.99E-01

		2		1		93		3.02E-01		2.99E-01

		2		1		94		3.00E-01		2.99E-01

		2		1		95		2.99E-01		2.99E-01

		2		1		96		2.99E-01		2.99E-01

		2		1		97		3.01E-01		2.99E-01

		2		1		98		2.99E-01		2.99E-01

		2		1		99		2.99E-01		2.99E-01

		2		1		100		2.99E-01		2.99E-01

		2		1		101		3.00E-01		2.99E-01
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		2		1		116		2.99E-01		2.99E-01
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		2		1		120		2.99E-01		2.99E-01

		2		1		121		2.99E-01		2.99E-01

		2		1		122		2.99E-01		2.99E-01

		2		1		123		3.03E-01		2.99E-01

		2		1		124		2.98E-01		2.99E-01

		2		1		125		3.01E-01		2.99E-01

		2		1		126		2.99E-01		2.99E-01

		2		1		127		2.99E-01		2.99E-01

		2		1		128		3.16E-01		2.99E-01

		2		1		129		3.16E-01		3.00E-01

		2		1		130		2.98E-01		3.00E-01

		2		1		131		3.01E-01		3.00E-01

		2		1		132		2.99E-01		3.00E-01

		2		1		133		2.99E-01		3.00E-01

		2		1		134		2.99E-01		3.00E-01

		2		1		135		2.98E-01		3.00E-01

		2		1		136		2.99E-01		3.00E-01

		2		1		137		2.97E-01		3.00E-01

		2		1		138		2.98E-01		3.00E-01

		2		1		139		2.98E-01		3.00E-01

		2		1		140		2.99E-01		3.00E-01

		2		1		141		3.00E-01		3.00E-01

		2		1		142		2.99E-01		3.00E-01

		2		1		143		2.99E-01		3.00E-01

		2		1		144		2.98E-01		3.00E-01

		2		1		145		2.98E-01		3.00E-01

		2		1		146		2.99E-01		2.99E-01

		2		1		147		2.98E-01		2.99E-01

		2		1		148		2.99E-01		2.99E-01

		2		1		149		2.99E-01		2.99E-01

		2		1		150		2.99E-01		2.99E-01

		2		1		151		2.98E-01		2.99E-01

		2		1		152		2.99E-01		2.99E-01

		2		1		153		2.98E-01		2.99E-01

		2		1		154		3.00E-01		2.99E-01

		2		1		155		2.98E-01		2.99E-01

		2		1		156		2.98E-01		2.99E-01

		2		1		157		2.97E-01		2.99E-01

		2		1		158		3.17E-01		3.00E-01

		2		1		159		2.98E-01		3.00E-01

		2		1		160		3.00E-01		3.00E-01

		2		1		161		3.02E-01		3.00E-01

		2		1		162		3.01E-01		3.00E-01

		2		1		163		2.98E-01		3.00E-01

		2		1		164		2.99E-01		3.00E-01

		2		1		165		3.49E-01		3.00E-01

		2		1		166		3.00E-01		3.00E-01

		2		1		167		2.98E-01		3.00E-01

		2		1		168		2.99E-01		3.00E-01

		2		1		169		3.19E-01		3.00E-01

		2		1		170		3.00E-01		3.00E-01

		2		1		171		2.98E-01		3.00E-01

		2		1		172		3.00E-01		3.00E-01

		2		1		173		3.02E-01		3.00E-01

		2		1		174		3.17E-01		3.00E-01

		2		1		175		3.01E-01		3.00E-01

		2		1		176		2.99E-01		3.00E-01

		2		1		177		3.21E-01		3.00E-01

		2		1		178		3.00E-01		3.00E-01

		2		1		179		2.97E-01		3.00E-01

		2		1		180		2.97E-01		3.00E-01

		2		1		181		3.04E-01		3.00E-01

		2		1		182		2.99E-01		3.00E-01

		2		1		183		2.98E-01		3.00E-01

		2		1		184		2.99E-01		3.00E-01

		2		1		185		3.00E-01		3.00E-01

		2		1		186		2.99E-01		3.00E-01

		2		1		187		2.99E-01		3.00E-01

		2		1		188		3.00E-01		3.00E-01

		2		1		189		2.99E-01		3.00E-01

		2		1		190		2.99E-01		3.00E-01

		2		1		191		2.99E-01		3.00E-01

		2		1		192		3.00E-01		3.00E-01

		2		1		193		2.99E-01		3.00E-01

		2		1		194		2.98E-01		3.00E-01

		2		1		195		2.98E-01		3.00E-01

		2		1		196		3.02E-01		3.00E-01

		2		1		197		2.98E-01		3.00E-01

		2		1		198		2.99E-01		3.00E-01

		2		1		199		2.97E-01		3.00E-01

		2		1		200		3.01E-01		3.00E-01

		2		1		201		3.16E-01		3.00E-01

		2		1		202		2.98E-01		3.00E-01

		2		1		203		2.97E-01		3.00E-01

		2		1		204		3.01E-01		3.00E-01

		2		1		205		2.99E-01		3.00E-01

		2		1		206		2.98E-01		3.00E-01

		2		1		207		3.32E-01		3.00E-01

		2		1		208		2.99E-01		3.00E-01

		2		1		209		2.98E-01		3.00E-01

		2		1		210		2.99E-01		3.00E-01

		2		1		211		2.99E-01		3.00E-01

		2		1		212		2.98E-01		3.00E-01

		2		1		213		2.99E-01		3.00E-01

		2		1		214		3.00E-01		3.00E-01

		2		1		215		3.01E-01		3.00E-01

		2		1		216		2.96E-01		3.00E-01

		2		1		217		2.99E-01		3.00E-01

		2		1		218		2.98E-01		3.00E-01

		2		1		219		2.99E-01		3.00E-01

		2		1		220		2.99E-01		3.00E-01

		2		1		221		2.99E-01		3.00E-01

		2		1		222		2.98E-01		3.00E-01

		2		1		223		3.00E-01		3.00E-01

		2		1		224		2.98E-01		3.00E-01

		2		1		225		2.97E-01		3.00E-01

		2		1		226		2.99E-01		3.00E-01

		2		1		227		3.19E-01		3.00E-01

		2		1		228		2.98E-01		3.00E-01

		2		1		229		2.98E-01		3.00E-01

		2		1		230		3.60E-01		3.00E-01

		2		1		231		3.00E-01		3.00E-01

		2		1		232		2.98E-01		3.00E-01

		2		1		233		2.98E-01		3.00E-01

		2		1		234		3.01E-01		3.00E-01

		2		1		235		2.98E-01		3.00E-01

		2		1		236		3.01E-01		3.00E-01

		2		1		237		3.00E-01		3.00E-01

		2		1		238		3.00E-01		3.00E-01

		2		1		239		3.00E-01		3.00E-01

		2		1		240		2.99E-01		3.00E-01

		2		1		241		3.00E-01		3.00E-01

		2		1		242		3.02E-01		3.00E-01

		2		1		243		2.97E-01		3.00E-01

		2		1		244		2.98E-01		3.00E-01

		2		1		245		2.98E-01		3.00E-01

		2		1		246		3.01E-01		3.00E-01

		2		1		247		2.98E-01		3.00E-01

		2		1		248		2.97E-01		3.00E-01

		2		1		249		2.98E-01		3.00E-01

		2		1		250		3.20E-01		3.00E-01

		2		1		251		2.98E-01		3.00E-01

		2		1		252		2.99E-01		3.00E-01

		2		1		253		3.00E-01		3.00E-01

		2		1		254		2.99E-01		3.00E-01

		2		1		255		3.00E-01		3.00E-01

		2		1		256		3.18E-01		3.00E-01

		2		1		257		3.00E-01		3.00E-01

		2		1		258		2.99E-01		3.00E-01

		2		1		259		2.98E-01		3.00E-01

		2		1		260		2.98E-01		3.00E-01

		2		1		261		3.01E-01		3.00E-01

		2		1		262		2.97E-01		3.00E-01

		2		1		263		2.98E-01		3.00E-01

		2		1		264		2.98E-01		3.00E-01

		2		1		265		3.00E-01		3.00E-01

		2		1		266		2.98E-01		3.00E-01

		2		1		267		2.97E-01		3.00E-01

		2		1		268		3.00E-01		3.00E-01

		2		1		269		3.00E-01		3.00E-01

		2		1		270		2.97E-01		3.00E-01

		2		1		271		2.99E-01		3.00E-01

		2		1		272		3.36E-01		3.00E-01

		2		1		273		3.00E-01		3.00E-01

		2		1		274		3.02E-01		3.00E-01

		2		1		275		3.00E-01		3.00E-01

		2		1		276		3.10E-01		3.01E-01

		2		1		277		2.98E-01		3.01E-01

		2		1		278		2.98E-01		3.01E-01

		2		1		279		2.99E-01		3.00E-01

		2		1		280		3.01E-01		3.00E-01

		2		1		281		2.98E-01		3.00E-01

		2		1		282		2.99E-01		3.00E-01

		2		1		283		2.99E-01		3.00E-01

		2		1		284		3.00E-01		3.00E-01

		2		1		285		2.98E-01		3.00E-01

		2		1		286		2.98E-01		3.00E-01

		2		1		287		2.98E-01		3.00E-01

		2		1		288		2.99E-01		3.00E-01

		2		1		289		3.00E-01		3.00E-01

		2		1		290		2.97E-01		3.00E-01

		2		1		291		2.97E-01		3.00E-01

		2		1		292		3.00E-01		3.00E-01

		2		1		293		2.98E-01		3.00E-01

		2		1		294		2.98E-01		3.00E-01

		2		1		295		3.02E-01		3.00E-01

		2		1		296		2.98E-01		3.00E-01

		2		1		297		2.99E-01		3.00E-01

		2		1		298		3.00E-01		3.00E-01

		2		1		299		3.01E-01		3.00E-01

		2		1		300		2.98E-01		3.00E-01

		2		1		301		2.98E-01		3.00E-01

		2		1		302		2.98E-01		3.00E-01

		2		1		303		3.02E-01		3.00E-01

		2		1		304		3.00E-01		3.00E-01

		2		1		305		2.98E-01		3.00E-01

		2		1		306		3.00E-01		3.00E-01

		2		1		307		3.20E-01		3.00E-01

		2		1		308		2.97E-01		3.00E-01

		2		1		309		2.98E-01		3.00E-01

		2		1		310		2.98E-01		3.00E-01

		2		1		311		3.00E-01		3.00E-01

		2		1		312		3.01E-01		3.00E-01

		2		1		313		2.99E-01		3.00E-01

		2		1		314		2.99E-01		3.00E-01

		2		1		315		3.00E-01		3.00E-01

		2		1		316		2.99E-01		3.00E-01

		2		1		317		2.99E-01		3.00E-01

		2		1		318		2.99E-01		3.00E-01

		2		1		319		2.98E-01		3.00E-01

		2		1		320		2.97E-01		3.00E-01

		2		1		321		2.98E-01		3.00E-01

		2		1		322		3.01E-01		3.00E-01

		2		1		323		2.98E-01		3.00E-01

		2		1		324		3.00E-01		3.00E-01

		2		1		325		3.00E-01		3.00E-01

		2		1		326		3.02E-01		3.00E-01

		2		1		327		2.98E-01		3.00E-01

		2		1		328		2.99E-01		3.00E-01

		2		1		329		3.02E-01		3.00E-01

		2		1		330		3.01E-01		3.00E-01

		2		1		331		3.00E-01		3.00E-01

		2		1		332		3.02E-01		3.00E-01

		2		1		333		3.19E-01		3.00E-01

		2		1		334		3.00E-01		3.00E-01

		2		1		335		2.99E-01		3.00E-01

		2		1		336		3.19E-01		3.00E-01

		2		1		337		3.35E-01		3.01E-01

		2		1		338		3.01E-01		3.01E-01

		2		1		339		2.98E-01		3.01E-01

		2		1		340		2.99E-01		3.01E-01

		2		1		341		2.99E-01		3.01E-01

		2		1		342		3.18E-01		3.01E-01

		2		1		343		2.98E-01		3.01E-01

		2		1		344		2.99E-01		3.01E-01

		2		1		345		2.99E-01		3.01E-01

		2		1		346		3.17E-01		3.01E-01

		2		1		347		2.99E-01		3.01E-01

		2		1		348		2.97E-01		3.01E-01

		2		1		349		3.01E-01		3.01E-01

		2		1		350		2.99E-01		3.01E-01

		2		1		351		2.98E-01		3.01E-01

		2		1		352		2.97E-01		3.01E-01

		2		1		353		2.99E-01		3.01E-01

		2		1		354		2.99E-01		3.01E-01

		2		1		355		2.98E-01		3.01E-01

		2		1		356		3.00E-01		3.01E-01

		2		1		357		2.99E-01		3.01E-01

		2		1		358		2.99E-01		3.01E-01

		2		1		359		3.01E-01		3.01E-01

		2		1		360		3.01E-01		3.01E-01

		2		1		361		2.99E-01		3.01E-01

		2		1		362		2.99E-01		3.01E-01

		2		1		363		3.00E-01		3.01E-01

		2		1		364		3.00E-01		3.01E-01

		2		1		365		2.99E-01		3.01E-01

		2		1		366		2.99E-01		3.01E-01

		2		1		367		3.00E-01		3.01E-01

		2		1		368		3.01E-01		3.01E-01

		2		1		369		2.99E-01		3.01E-01

		2		1		370		2.97E-01		3.01E-01

		2		1		371		2.98E-01		3.01E-01

		2		1		372		2.98E-01		3.01E-01

		2		1		373		2.97E-01		3.01E-01

		2		1		374		2.98E-01		3.00E-01

		2		1		375		3.16E-01		3.01E-01

		2		1		376		3.00E-01		3.01E-01

		2		1		377		2.97E-01		3.01E-01

		2		1		378		2.98E-01		3.01E-01

		2		1		379		3.00E-01		3.01E-01

		2		1		380		2.99E-01		3.01E-01

		2		1		381		2.99E-01		3.01E-01

		2		1		382		2.97E-01		3.00E-01

		2		1		383		3.00E-01		3.00E-01

		2		1		384		3.01E-01		3.01E-01

		2		1		385		2.99E-01		3.00E-01

		2		1		386		2.97E-01		3.00E-01

		2		1		387		2.99E-01		3.00E-01

		2		1		388		2.98E-01		3.00E-01

		2		1		389		2.98E-01		3.00E-01

		2		1		390		2.97E-01		3.00E-01

		2		1		391		3.00E-01		3.00E-01

		2		1		392		2.98E-01		3.00E-01

		2		1		393		2.99E-01		3.00E-01

		2		1		394		3.03E-01		3.00E-01

		2		1		395		2.99E-01		3.00E-01

		2		1		396		2.99E-01		3.00E-01

		2		1		397		2.98E-01		3.00E-01

		2		1		398		2.99E-01		3.00E-01

		2		1		399		2.99E-01		3.00E-01

		2		1		400		3.01E-01		3.00E-01

		2		1		401		2.99E-01		3.00E-01

		2		1		402		3.01E-01		3.00E-01

		2		1		403		2.99E-01		3.00E-01

		2		1		404		3.16E-01		3.00E-01

		2		1		405		3.00E-01		3.00E-01

		2		1		406		3.00E-01		3.00E-01

		2		1		407		2.97E-01		3.00E-01

		2		1		408		3.00E-01		3.00E-01

		2		1		409		2.99E-01		3.00E-01

		2		1		410		3.00E-01		3.00E-01

		2		1		411		3.00E-01		3.00E-01

		2		1		412		2.98E-01		3.00E-01

		2		1		413		2.99E-01		3.00E-01

		2		1		414		3.00E-01		3.00E-01

		2		1		415		2.98E-01		3.00E-01

		2		1		416		3.01E-01		3.00E-01

		2		1		417		2.99E-01		3.00E-01

		2		1		418		2.98E-01		3.00E-01

		2		1		419		2.98E-01		3.00E-01

		2		1		420		2.97E-01		3.00E-01

		2		1		421		2.99E-01		3.00E-01

		2		1		422		2.98E-01		3.00E-01

		2		1		423		2.98E-01		3.00E-01

		2		1		424		2.97E-01		3.00E-01

		2		1		425		3.00E-01		3.00E-01

		2		1		426		3.02E-01		3.00E-01

		2		1		427		3.33E-01		3.00E-01

		2		1		428		2.97E-01		3.00E-01

		2		1		429		3.00E-01		3.00E-01

		2		1		430		2.99E-01		3.00E-01

		2		1		431		2.98E-01		3.00E-01

		2		1		432		2.99E-01		3.00E-01

		2		1		433		3.01E-01		3.00E-01

		2		1		434		2.98E-01		3.00E-01

		2		1		435		3.32E-01		3.01E-01

		2		1		436		3.01E-01		3.01E-01

		2		1		437		2.97E-01		3.01E-01

		2		1		438		2.99E-01		3.01E-01

		2		1		439		3.00E-01		3.01E-01

		2		1		440		2.99E-01		3.01E-01

		2		1		441		2.99E-01		3.01E-01

		2		1		442		3.18E-01		3.01E-01

		2		1		443		2.98E-01		3.01E-01

		2		1		444		3.01E-01		3.01E-01

		2		1		445		3.00E-01		3.01E-01

		2		1		446		2.99E-01		3.01E-01

		2		1		447		2.98E-01		3.01E-01

		2		1		448		3.01E-01		3.01E-01

		2		1		449		2.99E-01		3.01E-01

		2		1		450		3.00E-01		3.01E-01

		2		1		451		3.01E-01		3.01E-01

		2		1		452		2.99E-01		3.01E-01

		2		1		453		2.99E-01		3.01E-01

		2		1		454		3.01E-01		3.01E-01

		2		1		455		3.41E-01		3.01E-01

		2		1		456		3.00E-01		3.01E-01

		2		1		457		3.04E-01		3.01E-01

		2		1		458		2.99E-01		3.01E-01

		2		1		459		2.98E-01		3.01E-01

		2		1		460		3.00E-01		3.01E-01

		2		1		461		2.99E-01		3.01E-01

		2		1		462		3.18E-01		3.01E-01

		2		1		463		3.01E-01		3.01E-01

		2		1		464		2.98E-01		3.01E-01

		2		1		465		3.19E-01		3.01E-01

		2		1		466		3.01E-01		3.01E-01

		2		1		467		3.05E-01		3.01E-01

		2		1		468		2.99E-01		3.01E-01

		2		1		469		2.99E-01		3.01E-01

		2		1		470		3.04E-01		3.01E-01

		2		1		471		3.00E-01		3.01E-01

		2		1		472		2.98E-01		3.01E-01

		2		1		473		2.98E-01		3.01E-01

		2		1		474		2.98E-01		3.01E-01

		2		1		475		3.00E-01		3.01E-01

		2		1		476		2.99E-01		3.01E-01

		2		1		477		2.99E-01		3.01E-01

		2		1		478		3.01E-01		3.01E-01

		2		1		479		2.98E-01		3.01E-01

		2		1		480		2.97E-01		3.01E-01

		2		1		481		3.01E-01		3.01E-01

		2		1		482		3.00E-01		3.01E-01

		2		1		483		2.98E-01		3.01E-01

		2		1		484		3.01E-01		3.01E-01

		2		1		485		2.98E-01		3.01E-01

		2		1		486		2.99E-01		3.01E-01

		2		1		487		3.00E-01		3.01E-01

		2		1		488		2.99E-01		3.01E-01

		2		1		489		2.99E-01		3.01E-01

		2		1		490		3.00E-01		3.01E-01

		2		1		491		2.99E-01		3.01E-01

		2		1		492		3.01E-01		3.01E-01

		2		1		493		2.97E-01		3.01E-01

		2		1		494		3.01E-01		3.01E-01

		2		1		495		2.98E-01		3.01E-01

		2		1		496		2.98E-01		3.01E-01

		2		1		497		3.00E-01		3.01E-01

		2		1		498		2.99E-01		3.01E-01

		2		1		499		2.99E-01		3.01E-01

		2		1		500		3.20E-01		3.01E-01

		2		1		501		3.20E-01		3.01E-01






_1173819497.xls
Chart1

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24

		25

		26

		27

		28

		29

		30

		31

		32

		33

		34

		35

		36

		37

		38

		39

		40

		41

		42

		43

		44

		45

		46

		47

		48

		49

		50

		51

		52

		53

		54

		55

		56

		57

		58

		59

		60

		61

		62

		63

		64

		65

		66

		67

		68

		69

		70

		71

		72

		73

		74

		75

		76

		77

		78

		79

		80

		81

		82

		83

		84

		85

		86

		87

		88

		89

		90

		91

		92

		93

		94

		95

		96

		97

		98

		99

		100

		101

		102

		103

		104

		105

		106

		107

		108

		109

		110

		111

		112

		113

		114

		115

		116

		117

		118

		119

		120

		121

		122

		123

		124

		125

		126

		127

		128

		129

		130

		131

		132

		133

		134

		135

		136

		137

		138

		139

		140

		141

		142

		143

		144

		145

		146

		147

		148

		149

		150

		151

		152

		153

		154

		155

		156

		157

		158

		159

		160

		161

		162

		163

		164

		165

		166

		167

		168

		169

		170

		171

		172

		173

		174

		175

		176

		177

		178

		179

		180

		181

		182

		183

		184

		185

		186

		187

		188

		189

		190

		191

		192

		193

		194

		195

		196

		197

		198

		199

		200



Number of Trials

Time (millisecond)

Figure 2.7   Average time for N trials for N = 1, 2, . . . ,  200 for test 1 with the MPI derived type method on the Intel/Myrinet cluster within a node.
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		PE		K		Trail Number		DT time1		Avg1

		2		1		0

		2		1		1		2.78E-01		2.78E-01

		2		1		2		2.75E-01		2.77E-01

		2		1		3		2.75E-01		2.76E-01

		2		1		4		2.73E-01		2.75E-01

		2		1		5		2.77E-01		2.76E-01

		2		1		6		2.65E-01		2.74E-01

		2		1		7		2.74E-01		2.74E-01

		2		1		8		2.64E-01		2.72E-01

		2		1		9		2.74E-01		2.73E-01

		2		1		10		2.73E-01		2.73E-01

		2		1		11		2.70E-01		2.72E-01

		2		1		12		2.70E-01		2.72E-01

		2		1		13		2.82E-01		2.73E-01

		2		1		14		2.74E-01		2.73E-01

		2		1		15		2.72E-01		2.73E-01

		2		1		16		2.80E-01		2.73E-01

		2		1		17		2.85E-01		2.74E-01

		2		1		18		2.75E-01		2.74E-01

		2		1		19		2.75E-01		2.74E-01

		2		1		20		2.68E-01		2.74E-01

		2		1		21		2.70E-01		2.74E-01

		2		1		22		2.73E-01		2.74E-01

		2		1		23		2.73E-01		2.74E-01

		2		1		24		2.67E-01		2.73E-01

		2		1		25		2.78E-01		2.74E-01

		2		1		26		2.65E-01		2.73E-01

		2		1		27		2.68E-01		2.73E-01

		2		1		28		2.70E-01		2.73E-01

		2		1		29		2.75E-01		2.73E-01

		2		1		30		2.60E-01		2.73E-01

		2		1		31		2.73E-01		2.73E-01

		2		1		32		2.74E-01		2.73E-01

		2		1		33		2.65E-01		2.72E-01

		2		1		34		2.64E-01		2.72E-01

		2		1		35		2.77E-01		2.72E-01

		2		1		36		2.71E-01		2.72E-01

		2		1		37		2.77E-01		2.72E-01

		2		1		38		2.73E-01		2.72E-01

		2		1		39		2.63E-01		2.72E-01

		2		1		40		2.73E-01		2.72E-01

		2		1		41		2.73E-01		2.72E-01

		2		1		42		2.76E-01		2.72E-01

		2		1		43		2.65E-01		2.72E-01

		2		1		44		2.69E-01		2.72E-01

		2		1		45		2.72E-01		2.72E-01

		2		1		46		2.73E-01		2.72E-01

		2		1		47		2.68E-01		2.72E-01

		2		1		48		2.70E-01		2.72E-01

		2		1		49		2.72E-01		2.72E-01

		2		1		50		2.78E-01		2.72E-01

		2		1		51		2.66E-01		2.72E-01

		2		1		52		2.68E-01		2.72E-01

		2		1		53		2.65E-01		2.72E-01

		2		1		54		2.72E-01		2.72E-01

		2		1		55		2.70E-01		2.72E-01

		2		1		56		2.70E-01		2.72E-01

		2		1		57		2.78E-01		2.72E-01

		2		1		58		2.69E-01		2.72E-01

		2		1		59		2.83E-01		2.72E-01

		2		1		60		2.83E-01		2.72E-01

		2		1		61		2.72E-01		2.72E-01

		2		1		62		2.65E-01		2.72E-01

		2		1		63		2.69E-01		2.72E-01

		2		1		64		2.68E-01		2.72E-01

		2		1		65		2.68E-01		2.72E-01

		2		1		66		2.72E-01		2.72E-01

		2		1		67		2.67E-01		2.72E-01

		2		1		68		2.64E-01		2.72E-01

		2		1		69		2.69E-01		2.72E-01

		2		1		70		2.80E-01		2.72E-01

		2		1		71		2.64E-01		2.72E-01

		2		1		72		2.75E-01		2.72E-01

		2		1		73		2.71E-01		2.72E-01

		2		1		74		2.68E-01		2.72E-01

		2		1		75		2.72E-01		2.72E-01

		2		1		76		2.68E-01		2.72E-01

		2		1		77		2.93E-01		2.72E-01

		2		1		78		2.66E-01		2.72E-01

		2		1		79		2.72E-01		2.72E-01

		2		1		80		2.73E-01		2.72E-01

		2		1		81		2.75E-01		2.72E-01

		2		1		82		2.69E-01		2.72E-01

		2		1		83		2.66E-01		2.72E-01

		2		1		84		2.64E-01		2.72E-01

		2		1		85		2.71E-01		2.72E-01

		2		1		86		2.67E-01		2.72E-01

		2		1		87		2.68E-01		2.72E-01

		2		1		88		2.70E-01		2.72E-01

		2		1		89		2.73E-01		2.72E-01

		2		1		90		2.69E-01		2.72E-01

		2		1		91		2.80E-01		2.72E-01

		2		1		92		2.70E-01		2.72E-01

		2		1		93		2.73E-01		2.72E-01

		2		1		94		2.76E-01		2.72E-01

		2		1		95		2.62E-01		2.72E-01

		2		1		96		2.78E-01		2.72E-01

		2		1		97		2.77E-01		2.72E-01

		2		1		98		2.72E-01		2.72E-01

		2		1		99		2.70E-01		2.72E-01

		2		1		100		2.60E-01		2.72E-01

		2		1		101		2.77E-01		2.72E-01

		2		1		102		2.66E-01		2.72E-01

		2		1		103		2.69E-01		2.72E-01

		2		1		104		2.73E-01		2.72E-01

		2		1		105		2.72E-01		2.72E-01

		2		1		106		2.65E-01		2.71E-01

		2		1		107		2.83E-01		2.72E-01

		2		1		108		2.77E-01		2.72E-01

		2		1		109		2.75E-01		2.72E-01

		2		1		110		2.73E-01		2.72E-01

		2		1		111		2.89E-01		2.72E-01

		2		1		112		2.69E-01		2.72E-01

		2		1		113		2.65E-01		2.72E-01

		2		1		114		2.79E-01		2.72E-01

		2		1		115		2.69E-01		2.72E-01

		2		1		116		2.69E-01		2.72E-01

		2		1		117		2.72E-01		2.72E-01

		2		1		118		2.62E-01		2.72E-01

		2		1		119		2.65E-01		2.72E-01

		2		1		120		2.75E-01		2.72E-01

		2		1		121		2.71E-01		2.72E-01

		2		1		122		2.71E-01		2.72E-01

		2		1		123		2.70E-01		2.72E-01

		2		1		124		2.65E-01		2.72E-01

		2		1		125		2.68E-01		2.72E-01

		2		1		126		2.62E-01		2.71E-01

		2		1		127		2.63E-01		2.71E-01

		2		1		128		2.55E-01		2.71E-01

		2		1		129		2.64E-01		2.71E-01

		2		1		130		2.68E-01		2.71E-01

		2		1		131		2.66E-01		2.71E-01

		2		1		132		2.70E-01		2.71E-01

		2		1		133		2.56E-01		2.71E-01

		2		1		134		2.60E-01		2.71E-01

		2		1		135		2.66E-01		2.71E-01

		2		1		136		2.57E-01		2.71E-01

		2		1		137		2.63E-01		2.71E-01

		2		1		138		2.72E-01		2.71E-01

		2		1		139		2.62E-01		2.71E-01

		2		1		140		2.59E-01		2.71E-01

		2		1		141		2.59E-01		2.71E-01

		2		1		142		2.62E-01		2.70E-01

		2		1		143		2.60E-01		2.70E-01

		2		1		144		2.73E-01		2.70E-01

		2		1		145		2.65E-01		2.70E-01

		2		1		146		2.70E-01		2.70E-01

		2		1		147		2.59E-01		2.70E-01

		2		1		148		2.73E-01		2.70E-01

		2		1		149		2.72E-01		2.70E-01

		2		1		150		2.55E-01		2.70E-01

		2		1		151		2.76E-01		2.70E-01

		2		1		152		2.70E-01		2.70E-01

		2		1		153		2.55E-01		2.70E-01

		2		1		154		2.61E-01		2.70E-01

		2		1		155		2.70E-01		2.70E-01

		2		1		156		2.64E-01		2.70E-01

		2		1		157		2.63E-01		2.70E-01

		2		1		158		2.68E-01		2.70E-01

		2		1		159		2.55E-01		2.70E-01

		2		1		160		2.66E-01		2.70E-01

		2		1		161		2.65E-01		2.70E-01

		2		1		162		2.55E-01		2.70E-01

		2		1		163		2.54E-01		2.70E-01

		2		1		164		2.63E-01		2.70E-01

		2		1		165		2.68E-01		2.70E-01

		2		1		166		2.62E-01		2.70E-01

		2		1		167		2.69E-01		2.70E-01

		2		1		168		2.57E-01		2.69E-01

		2		1		169		2.59E-01		2.69E-01

		2		1		170		2.56E-01		2.69E-01

		2		1		171		2.78E-01		2.69E-01

		2		1		172		2.65E-01		2.69E-01

		2		1		173		2.66E-01		2.69E-01

		2		1		174		2.64E-01		2.69E-01

		2		1		175		2.68E-01		2.69E-01

		2		1		176		2.65E-01		2.69E-01

		2		1		177		2.57E-01		2.69E-01

		2		1		178		2.57E-01		2.69E-01

		2		1		179		2.67E-01		2.69E-01

		2		1		180		2.59E-01		2.69E-01

		2		1		181		2.60E-01		2.69E-01

		2		1		182		2.62E-01		2.69E-01

		2		1		183		2.69E-01		2.69E-01

		2		1		184		2.64E-01		2.69E-01

		2		1		185		2.74E-01		2.69E-01

		2		1		186		2.66E-01		2.69E-01

		2		1		187		2.65E-01		2.69E-01

		2		1		188		2.65E-01		2.69E-01

		2		1		189		2.57E-01		2.69E-01

		2		1		190		2.66E-01		2.69E-01

		2		1		191		2.56E-01		2.69E-01

		2		1		192		2.60E-01		2.69E-01

		2		1		193		2.59E-01		2.69E-01

		2		1		194		2.68E-01		2.69E-01

		2		1		195		2.64E-01		2.69E-01

		2		1		196		2.65E-01		2.69E-01

		2		1		197		2.64E-01		2.69E-01

		2		1		198		2.72E-01		2.69E-01

		2		1		199		2.67E-01		2.69E-01

		2		1		200		2.68E-01		2.69E-01

		2		1		201		2.68E-01		2.69E-01

		2		1		202		2.68E-01		2.69E-01

		2		1		203		2.69E-01		2.69E-01

		2		1		204		2.55E-01		2.69E-01

		2		1		205		2.60E-01		2.69E-01

		2		1		206		2.52E-01		2.68E-01

		2		1		207		2.57E-01		2.68E-01

		2		1		208		2.72E-01		2.68E-01

		2		1		209		2.58E-01		2.68E-01

		2		1		210		2.68E-01		2.68E-01

		2		1		211		2.70E-01		2.68E-01

		2		1		212		2.59E-01		2.68E-01

		2		1		213		2.58E-01		2.68E-01

		2		1		214		2.60E-01		2.68E-01

		2		1		215		2.65E-01		2.68E-01

		2		1		216		2.58E-01		2.68E-01

		2		1		217		2.73E-01		2.68E-01

		2		1		218		2.60E-01		2.68E-01

		2		1		219		2.57E-01		2.68E-01

		2		1		220		2.61E-01		2.68E-01

		2		1		221		2.64E-01		2.68E-01

		2		1		222		2.66E-01		2.68E-01

		2		1		223		2.71E-01		2.68E-01

		2		1		224		2.63E-01		2.68E-01

		2		1		225		2.65E-01		2.68E-01

		2		1		226		2.61E-01		2.68E-01

		2		1		227		2.65E-01		2.68E-01

		2		1		228		2.63E-01		2.68E-01

		2		1		229		2.66E-01		2.68E-01

		2		1		230		2.66E-01		2.68E-01

		2		1		231		2.72E-01		2.68E-01

		2		1		232		2.59E-01		2.68E-01

		2		1		233		2.62E-01		2.68E-01

		2		1		234		2.57E-01		2.68E-01

		2		1		235		2.61E-01		2.68E-01

		2		1		236		2.64E-01		2.68E-01

		2		1		237		2.69E-01		2.68E-01

		2		1		238		2.57E-01		2.68E-01

		2		1		239		2.59E-01		2.68E-01

		2		1		240		2.66E-01		2.68E-01

		2		1		241		2.74E-01		2.68E-01

		2		1		242		2.66E-01		2.68E-01

		2		1		243		2.67E-01		2.68E-01

		2		1		244		2.65E-01		2.68E-01

		2		1		245		2.57E-01		2.68E-01

		2		1		246		2.66E-01		2.68E-01

		2		1		247		2.58E-01		2.68E-01

		2		1		248		2.59E-01		2.68E-01

		2		1		249		2.64E-01		2.68E-01

		2		1		250		2.67E-01		2.68E-01

		2		1		251		2.67E-01		2.68E-01

		2		1		252		2.66E-01		2.68E-01

		2		1		253		2.65E-01		2.68E-01

		2		1		254		2.68E-01		2.68E-01

		2		1		255		2.76E-01		2.68E-01

		2		1		256		2.57E-01		2.68E-01

		2		1		257		2.59E-01		2.68E-01

		2		1		258		2.67E-01		2.68E-01

		2		1		259		2.53E-01		2.67E-01

		2		1		260		2.62E-01		2.67E-01

		2		1		261		2.65E-01		2.67E-01

		2		1		262		2.60E-01		2.67E-01

		2		1		263		2.57E-01		2.67E-01

		2		1		264		2.57E-01		2.67E-01

		2		1		265		2.60E-01		2.67E-01

		2		1		266		2.57E-01		2.67E-01

		2		1		267		2.73E-01		2.67E-01

		2		1		268		2.63E-01		2.67E-01

		2		1		269		2.62E-01		2.67E-01

		2		1		270		2.62E-01		2.67E-01

		2		1		271		2.64E-01		2.67E-01

		2		1		272		2.59E-01		2.67E-01

		2		1		273		2.57E-01		2.67E-01

		2		1		274		2.65E-01		2.67E-01

		2		1		275		2.73E-01		2.67E-01

		2		1		276		2.62E-01		2.67E-01

		2		1		277		2.56E-01		2.67E-01

		2		1		278		2.72E-01		2.67E-01

		2		1		279		2.69E-01		2.67E-01

		2		1		280		2.70E-01		2.67E-01

		2		1		281		2.63E-01		2.67E-01

		2		1		282		2.71E-01		2.67E-01

		2		1		283		2.56E-01		2.67E-01

		2		1		284		2.66E-01		2.67E-01

		2		1		285		2.65E-01		2.67E-01

		2		1		286		2.71E-01		2.67E-01

		2		1		287		2.65E-01		2.67E-01

		2		1		288		2.59E-01		2.67E-01

		2		1		289		2.76E-01		2.67E-01

		2		1		290		2.62E-01		2.67E-01

		2		1		291		2.69E-01		2.67E-01

		2		1		292		2.62E-01		2.67E-01

		2		1		293		2.66E-01		2.67E-01

		2		1		294		2.66E-01		2.67E-01

		2		1		295		2.66E-01		2.67E-01

		2		1		296		2.61E-01		2.67E-01

		2		1		297		2.63E-01		2.67E-01

		2		1		298		2.58E-01		2.67E-01

		2		1		299		2.58E-01		2.67E-01

		2		1		300		2.60E-01		2.67E-01

		2		1		301		2.60E-01		2.67E-01

		2		1		302		2.62E-01		2.67E-01

		2		1		303		2.68E-01		2.67E-01

		2		1		304		2.65E-01		2.67E-01

		2		1		305		2.64E-01		2.67E-01

		2		1		306		2.73E-01		2.67E-01

		2		1		307		2.54E-01		2.67E-01

		2		1		308		2.69E-01		2.67E-01

		2		1		309		2.61E-01		2.67E-01

		2		1		310		2.66E-01		2.67E-01

		2		1		311		2.55E-01		2.67E-01

		2		1		312		2.71E-01		2.67E-01

		2		1		313		2.57E-01		2.67E-01

		2		1		314		2.54E-01		2.67E-01

		2		1		315		2.62E-01		2.67E-01

		2		1		316		2.62E-01		2.67E-01

		2		1		317		2.76E-01		2.67E-01

		2		1		318		2.72E-01		2.67E-01

		2		1		319		2.56E-01		2.67E-01

		2		1		320		2.70E-01		2.67E-01

		2		1		321		2.58E-01		2.67E-01

		2		1		322		2.58E-01		2.67E-01

		2		1		323		2.62E-01		2.67E-01

		2		1		324		2.59E-01		2.67E-01

		2		1		325		2.73E-01		2.67E-01

		2		1		326		2.66E-01		2.67E-01

		2		1		327		2.73E-01		2.67E-01

		2		1		328		2.59E-01		2.67E-01

		2		1		329		2.65E-01		2.67E-01

		2		1		330		2.75E-01		2.67E-01

		2		1		331		2.63E-01		2.67E-01

		2		1		332		2.62E-01		2.67E-01

		2		1		333		2.71E-01		2.67E-01

		2		1		334		2.59E-01		2.67E-01

		2		1		335		2.59E-01		2.67E-01

		2		1		336		2.66E-01		2.67E-01

		2		1		337		2.53E-01		2.67E-01

		2		1		338		2.65E-01		2.67E-01

		2		1		339		2.62E-01		2.67E-01

		2		1		340		2.65E-01		2.67E-01

		2		1		341		2.60E-01		2.67E-01

		2		1		342		2.71E-01		2.67E-01

		2		1		343		2.69E-01		2.67E-01

		2		1		344		2.68E-01		2.67E-01

		2		1		345		2.78E-01		2.67E-01

		2		1		346		2.71E-01		2.67E-01

		2		1		347		2.62E-01		2.67E-01

		2		1		348		2.67E-01		2.67E-01

		2		1		349		2.69E-01		2.67E-01

		2		1		350		2.64E-01		2.67E-01

		2		1		351		2.69E-01		2.67E-01

		2		1		352		2.58E-01		2.67E-01

		2		1		353		2.65E-01		2.67E-01

		2		1		354		2.55E-01		2.67E-01

		2		1		355		2.70E-01		2.67E-01

		2		1		356		2.63E-01		2.67E-01

		2		1		357		2.64E-01		2.67E-01

		2		1		358		2.54E-01		2.67E-01

		2		1		359		2.68E-01		2.67E-01

		2		1		360		2.60E-01		2.67E-01

		2		1		361		2.62E-01		2.66E-01

		2		1		362		2.63E-01		2.66E-01

		2		1		363		2.53E-01		2.66E-01

		2		1		364		2.63E-01		2.66E-01

		2		1		365		2.70E-01		2.66E-01

		2		1		366		2.69E-01		2.66E-01

		2		1		367		2.62E-01		2.66E-01

		2		1		368		2.62E-01		2.66E-01

		2		1		369		2.70E-01		2.66E-01

		2		1		370		2.65E-01		2.66E-01

		2		1		371		2.55E-01		2.66E-01

		2		1		372		2.70E-01		2.66E-01

		2		1		373		2.57E-01		2.66E-01

		2		1		374		2.60E-01		2.66E-01

		2		1		375		2.67E-01		2.66E-01

		2		1		376		2.61E-01		2.66E-01

		2		1		377		2.57E-01		2.66E-01

		2		1		378		2.65E-01		2.66E-01

		2		1		379		2.64E-01		2.66E-01

		2		1		380		2.67E-01		2.66E-01

		2		1		381		2.66E-01		2.66E-01

		2		1		382		2.68E-01		2.66E-01

		2		1		383		2.63E-01		2.66E-01

		2		1		384		2.58E-01		2.66E-01

		2		1		385		2.60E-01		2.66E-01

		2		1		386		2.58E-01		2.66E-01

		2		1		387		2.60E-01		2.66E-01

		2		1		388		2.63E-01		2.66E-01

		2		1		389		2.66E-01		2.66E-01

		2		1		390		2.69E-01		2.66E-01

		2		1		391		2.61E-01		2.66E-01

		2		1		392		2.68E-01		2.66E-01

		2		1		393		2.62E-01		2.66E-01

		2		1		394		2.67E-01		2.66E-01

		2		1		395		2.58E-01		2.66E-01

		2		1		396		2.70E-01		2.66E-01

		2		1		397		2.69E-01		2.66E-01

		2		1		398		2.70E-01		2.66E-01

		2		1		399		2.63E-01		2.66E-01

		2		1		400		2.69E-01		2.66E-01

		2		1		401		2.60E-01		2.66E-01

		2		1		402		2.51E-01		2.66E-01

		2		1		403		2.70E-01		2.66E-01

		2		1		404		2.66E-01		2.66E-01

		2		1		405		2.63E-01		2.66E-01

		2		1		406		2.53E-01		2.66E-01

		2		1		407		2.68E-01		2.66E-01

		2		1		408		2.52E-01		2.66E-01

		2		1		409		2.77E-01		2.66E-01

		2		1		410		2.54E-01		2.66E-01

		2		1		411		2.59E-01		2.66E-01

		2		1		412		2.60E-01		2.66E-01

		2		1		413		2.61E-01		2.66E-01

		2		1		414		2.73E-01		2.66E-01

		2		1		415		2.61E-01		2.66E-01

		2		1		416		2.54E-01		2.66E-01

		2		1		417		2.61E-01		2.66E-01

		2		1		418		2.68E-01		2.66E-01

		2		1		419		2.66E-01		2.66E-01

		2		1		420		2.73E-01		2.66E-01

		2		1		421		2.67E-01		2.66E-01

		2		1		422		2.70E-01		2.66E-01

		2		1		423		2.60E-01		2.66E-01

		2		1		424		2.57E-01		2.66E-01

		2		1		425		2.68E-01		2.66E-01

		2		1		426		2.74E-01		2.66E-01

		2		1		427		2.69E-01		2.66E-01

		2		1		428		2.70E-01		2.66E-01

		2		1		429		2.78E-01		2.66E-01

		2		1		430		2.65E-01		2.66E-01

		2		1		431		2.60E-01		2.66E-01

		2		1		432		2.65E-01		2.66E-01

		2		1		433		2.73E-01		2.66E-01

		2		1		434		2.67E-01		2.66E-01

		2		1		435		2.61E-01		2.66E-01

		2		1		436		2.62E-01		2.66E-01

		2		1		437		2.63E-01		2.66E-01

		2		1		438		2.62E-01		2.66E-01

		2		1		439		2.67E-01		2.66E-01

		2		1		440		2.60E-01		2.66E-01

		2		1		441		2.63E-01		2.66E-01

		2		1		442		2.72E-01		2.66E-01

		2		1		443		2.62E-01		2.66E-01

		2		1		444		2.59E-01		2.66E-01

		2		1		445		2.67E-01		2.66E-01

		2		1		446		2.69E-01		2.66E-01

		2		1		447		2.59E-01		2.66E-01

		2		1		448		2.59E-01		2.66E-01

		2		1		449		2.71E-01		2.66E-01

		2		1		450		2.62E-01		2.66E-01

		2		1		451		2.62E-01		2.66E-01

		2		1		452		2.56E-01		2.66E-01

		2		1		453		2.64E-01		2.66E-01

		2		1		454		2.53E-01		2.66E-01

		2		1		455		2.57E-01		2.66E-01

		2		1		456		2.66E-01		2.66E-01

		2		1		457		2.63E-01		2.66E-01

		2		1		458		2.71E-01		2.66E-01

		2		1		459		2.67E-01		2.66E-01

		2		1		460		2.75E-01		2.66E-01

		2		1		461		2.76E-01		2.66E-01

		2		1		462		2.61E-01		2.66E-01

		2		1		463		2.70E-01		2.66E-01

		2		1		464		2.69E-01		2.66E-01

		2		1		465		2.59E-01		2.66E-01

		2		1		466		2.73E-01		2.66E-01

		2		1		467		2.61E-01		2.66E-01

		2		1		468		2.60E-01		2.66E-01

		2		1		469		2.68E-01		2.66E-01

		2		1		470		2.70E-01		2.66E-01

		2		1		471		2.61E-01		2.66E-01

		2		1		472		2.58E-01		2.66E-01

		2		1		473		2.74E-01		2.66E-01

		2		1		474		2.62E-01		2.66E-01

		2		1		475		2.66E-01		2.66E-01

		2		1		476		2.68E-01		2.66E-01

		2		1		477		2.63E-01		2.66E-01

		2		1		478		2.64E-01		2.66E-01

		2		1		479		2.65E-01		2.66E-01

		2		1		480		2.70E-01		2.66E-01

		2		1		481		2.55E-01		2.66E-01

		2		1		482		2.57E-01		2.66E-01

		2		1		483		2.63E-01		2.66E-01

		2		1		484		2.62E-01		2.66E-01

		2		1		485		2.65E-01		2.66E-01

		2		1		486		2.62E-01		2.66E-01

		2		1		487		2.64E-01		2.66E-01

		2		1		488		2.60E-01		2.66E-01

		2		1		489		2.65E-01		2.66E-01

		2		1		490		2.59E-01		2.66E-01

		2		1		491		2.59E-01		2.66E-01

		2		1		492		2.60E-01		2.66E-01

		2		1		493		2.72E-01		2.66E-01

		2		1		494		2.70E-01		2.66E-01

		2		1		495		2.73E-01		2.66E-01

		2		1		496		2.57E-01		2.66E-01

		2		1		497		2.56E-01		2.66E-01

		2		1		498		2.59E-01		2.66E-01

		2		1		499		2.57E-01		2.66E-01

		2		1		500		2.68E-01		2.66E-01
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Figure 3.1   Test 1 ratios for the Intel/Myrinet cluster within a node
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rows_hpc_in

		PE		N		DT		UP		MP		FP		DT/UP		MP/UP		FP/UP

		1.00		1.00		2.53E-01		3.12E-01		6.44E-01		3.17E-01		0.81		2.06		1.01

		1.00		10.00		6.02E-01		7.92E-01		9.39E-01		1.07E+00		0.76		1.19		1.35

		1.00		50.00		3.21E+00		3.23E+00		2.53E+00		4.70E+00		0.99		0.79		1.46

		1.00		100.00		5.82E+00		6.10E+00		4.17E+00		1.07E+01		0.95		0.68		1.76

		1.00		300.00		1.66E+01		1.78E+01		1.12E+01		3.11E+01		0.93		0.63		1.75

		1.00		400.00		2.18E+01		2.37E+01		1.64E+01		4.19E+01		0.92		0.69		1.77

		1.00		499.00		2.64E+01		2.83E+01		2.00E+01		4.62E+01		0.93		0.70		1.63

		1.00		500.00		1.06E+01		2.83E+01		2.02E+01		4.67E+01		0.37		0.72		1.65
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Figure 3.23   Test 4  ratios for the Intel/Myrinet cluster between nodes.

1.0867678454

1.1902742356

0.9798791382

1.092757441

0.9462401745

0.9818285065

1.0453909501

1.2334964137

0.9594839989

1.0821075864

0.930879788

0.9758490355

0.9871266786

1.2534126878

0.9362547894

1.0899412168

0.8923484669

0.982892517

0.9778026517

1.2679867362

0.9247347312

1.0957747977

1.384885892

0.9690433934



bdiag_hpc_betw

		2		64		4		6.07E-02		5.58E-02		6.65E-02		1.09		1.19

		2		64		8		8.03E-02		8.20E-02		8.96E-02		0.98		1.09

		2		64		16		1.27E-01		1.34E-01		1.31E-01		0.95		0.98

		2		128		4		9.44E-02		9.03E-02		1.11E-01		1.05		1.23

		2		128		8		1.37E-01		1.43E-01		1.55E-01		0.96		1.08

		2		128		16		2.33E-01		2.51E-01		2.44E-01		0.93		0.98

		2		512		4		3.02E-01		3.06E-01		3.84E-01		0.99		1.25

		2		512		8		4.11E-01		4.39E-01		4.78E-01		0.94		1.09

		2		512		16		7.04E-01		7.89E-01		7.75E-01		0.89		0.98

		2		1024		4		5.58E-01		5.71E-01		7.24E-01		0.98		1.27

		2		1024		8		7.65E-01		8.27E-01		9.07E-01		0.92		1.10

		2		1024		16		2.10E+00		1.52E+00		1.47E+00		1.38		0.97
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Figure 3.22   Test 4  ratios for the Intel/Myrinet cluster within a node.
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bdiag_hpc_in

		1		64		4		4.05E-02		3.58E-02		5.44E-02		1.13		1.52

		1		64		8		5.64E-02		5.71E-02		7.15E-02		0.99		1.25

		1		64		16		7.30E-02		8.49E-02		8.48E-02		0.86		1.00

		1		128		4		6.48E-02		6.14E-02		9.70E-02		1.06		1.58

		1		128		8		9.34E-02		9.86E-02		1.25E-01		0.95		1.27

		1		128		16		1.44E-01		1.73E-01		1.72E-01		0.83		0.99

		1		512		4		2.52E-01		2.45E-01		3.81E-01		1.03		1.55

		1		512		8		2.95E-01		3.51E-01		4.28E-01		0.84		1.22

		1		512		16		4.92E-01		6.58E-01		6.19E-01		0.75		0.94

		1		1024		4		4.93E-01		4.83E-01		7.57E-01		1.02		1.57

		1		1024		8		5.81E-01		6.95E-01		8.39E-01		0.84		1.21

		1		1024		16		1.30E+00		1.30E+00		1.21E+00		1.00		0.93
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Figure 3.16   Test 3 ratios for the Intel/Myrinet cluster between  nodes
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lowtri_hpc_betw

		3		16		3.37E-02		2.93E-02		3.33E-02		1.15		1.14

		3		32		6.71E-02		6.92E-02		7.01E-02		0.97		1.01

		3		64		1.87E-01		1.99E-01		2.00E-01		0.94		1.01

		3		128		5.80E-01		6.34E-01		6.09E-01		0.92		0.96

		3		200		2.11E+00		1.39E+00		1.33E+00		1.51		0.96

		3		400		7.43E+00		4.93E+00		4.63E+00		1.51		0.94

		3		600		1.51E+01		1.07E+01		9.95E+00		1.41		0.93

		3		800		2.41E+01		1.87E+01		1.72E+01		1.29		0.92
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Figure 3.9   Test 2 ratios for the Intel/Myrinet cluster between nodes
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strele_hpc_betw

		PE		STRIDE		DT		UP		MP		FP		DT/UP		MP/UP		FP/UP

		3		1		2.17E-01		3.70E-01		1.94E+00		3.06E-01		5.85E-01		5.26E+00		8.28E-01

		3		2		2.38E-01		2.47E-01		9.97E-01		1.98E-01		9.62E-01		4.04E+00		7.99E-01

		3		3		1.96E-01		1.97E-01		6.88E-01		1.52E-01		9.94E-01		3.48E+00		7.70E-01

		3		4		1.73E-01		1.75E-01		5.27E-01		1.31E-01		9.86E-01		3.00E+00		7.45E-01

		3		5		1.61E-01		1.60E-01		4.27E-01		1.19E-01		1.01E+00		2.66E+00		7.42E-01

		3		6		1.50E-01		1.48E-01		3.60E-01		1.08E-01		1.01E+00		2.43E+00		7.30E-01

		3		7		1.41E-01		1.38E-01		3.12E-01		1.01E-01		1.02E+00		2.27E+00		7.30E-01

		3		8		1.37E-01		1.34E-01		3.29E-01		9.80E-02		1.02E+00		2.45E+00		7.31E-01

		3		9		1.32E-01		1.30E-01		2.95E-01		9.35E-02		1.02E+00		2.28E+00		7.21E-01

		3		10		1.35E-01		1.30E-01		2.71E-01		9.33E-02		1.04E+00		2.09E+00		7.19E-01

		3		11		1.30E-01		1.29E-01		2.50E-01		9.12E-02		1.01E+00		1.94E+00		7.10E-01

		3		12		1.27E-01		1.23E-01		2.32E-01		8.86E-02		1.03E+00		1.88E+00		7.17E-01

		3		13		1.26E-01		1.23E-01		2.15E-01		8.55E-02		1.03E+00		1.75E+00		6.97E-01

		3		14		1.23E-01		1.18E-01		2.02E-01		8.33E-02		1.04E+00		1.71E+00		7.03E-01

		3		15		1.22E-01		1.19E-01		1.93E-01		8.12E-02		1.02E+00		1.61E+00		6.80E-01

		3		16		1.20E-01		1.15E-01		2.22E-01		7.95E-02		1.04E+00		1.94E+00		6.92E-01

		3		17		1.13E-01		1.10E-01		1.82E-01		7.63E-02		1.03E+00		1.65E+00		6.91E-01
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Figure 3.15   Test 3 ratios for the Intel/Myrinet cluster within a node
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lowtri_hpc_in

		1		16		2.53E-02		1.92E-02		2.28E-02		1.32		1.19

		1		32		4.92E-02		4.62E-02		4.76E-02		1.06		1.03

		1		64		1.24E-01		1.38E-01		1.36E-01		0.90		0.99

		1		128		4.07E-01		4.80E-01		4.54E-01		0.85		0.95

		1		200		1.26E+00		1.19E+00		1.02E+00		1.06		0.86

		1		400		4.29E+00		4.01E+00		3.59E+00		1.07		0.89

		1		600		9.43E+00		8.56E+00		7.74E+00		1.10		0.90

		1		800		1.66E+01		1.51E+01		1.35E+01		1.10		0.89
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Figure 3.17   Test 3 ratios for the IBM DataStar within a node
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lowtri_ibm_in

		1		16		1.71E-02		2.12E-02		2.19E-02		0.81		1.03

		1		32		2.24E-02		4.78E-02		3.82E-02		0.47		0.80

		1		64		4.43E-02		1.52E-01		8.27E-02		0.29		0.54

		1		128		1.08E-01		5.55E-01		2.17E-01		0.19		0.39

		1		200		1.81E-01		1.32E+00		4.41E-01		0.14		0.33

		1		400		4.68E-01		4.94E+00		1.23E+00		0.09		0.25

		1		600		9.33E-01		1.10E+01		2.54E+00		0.08		0.23

		1		800		1.56E+00		1.97E+01		4.44E+00		0.08		0.23
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Figure 3.20   Test 3 ratios for the Cray X1 between nodes
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lowtri_x1_betw

		4		16		1.44E-01		1.57E-01		6.07E-02		0.92		0.39

		4		32		2.74E-01		5.10E-01		9.48E-02		0.54		0.19

		4		64		5.02E-01		1.89E+00		1.98E-01		0.27		0.11

		4		128		9.97E-01		7.15E+00		5.82E-01		0.14		0.08

		4		200		1.54E+00		1.72E+01		1.04E+00		0.09		0.06

		4		400		3.21E+00		6.70E+01		2.46E+00		0.05		0.04

		4		600		5.12E+00		1.47E+02		4.08E+00		0.03		0.03

		4		800		7.37E+00		2.59E+02		5.97E+00		0.03		0.02
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Figure 3.19   Test 3 ratios for the Cray X1 within a node
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lowtri_x1_in

		2		16		1.48E-01		1.87E-01		6.96E-02		7.95E-01		3.73E-01

		2		32		2.71E-01		5.83E-01		1.14E-01		4.65E-01		1.96E-01

		2		64		5.23E-01		2.21E+00		2.19E-01		2.37E-01		9.94E-02

		2		128		1.05E+00		8.35E+00		6.66E-01		1.26E-01		7.98E-02

		2		200		1.63E+00		2.00E+01		1.19E+00		8.14E-02		5.95E-02

		2		400		3.38E+00		7.79E+01		2.79E+00		4.34E-02		3.58E-02

		2		600		5.29E+00		1.71E+02		4.60E+00		3.09E-02		2.69E-02

		2		800		7.59E+00		3.01E+02		6.67E+00		2.52E-02		2.22E-02
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Figure 3.26   Test 4  ratios for the Cray X1 within a node.
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bdiag_x1_in

		2		64		4		5.22E-01		2.38E-01		2.20E-01		2.19		0.92

		2		64		8		5.29E-01		2.18E-01		2.15E-01		2.42		0.98

		2		64		16		5.33E-01		2.28E-01		2.42E-01		2.33		1.06

		2		128		4		1.02E+00		4.58E-01		3.97E-01		2.22		0.87

		2		128		8		1.03E+00		4.34E-01		4.21E-01		2.36		0.97

		2		128		16		1.04E+00		4.20E-01		4.28E-01		2.48		1.02

		2		512		4		3.96E+00		1.77E+00		1.54E+00		2.23		0.87

		2		512		8		4.01E+00		1.58E+00		1.53E+00		2.54		0.97

		2		512		16		4.05E+00		1.48E+00		1.54E+00		2.74		1.04

		2		1024		4		7.87E+00		3.43E+00		3.02E+00		2.29		0.88

		2		1024		8		7.96E+00		3.08E+00		3.01E+00		2.58		0.98

		2		1024		16		8.04E+00		2.90E+00		3.02E+00		2.77		1.04
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Figure 3.24   Test 4  ratios for the IBM DataStar within a node.
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bdiag_ibm_in

		1		64		4		5.93E-02		6.44E-02		9.22E-02		0.92		1.43

		1		64		8		6.05E-02		8.29E-02		9.67E-02		0.73		1.17

		1		64		16		7.71E-02		1.16E-01		1.28E-01		0.66		1.10

		1		128		4		9.64E-02		1.15E-01		1.64E-01		0.84		1.42

		1		128		8		1.04E-01		1.52E-01		1.67E-01		0.69		1.10

		1		128		16		1.38E-01		2.19E-01		2.48E-01		0.63		1.14

		1		512		4		5.35E-01		6.19E-01		7.77E-01		0.86		1.26

		1		512		8		5.51E-01		7.56E-01		7.91E-01		0.73		1.05

		1		512		16		5.59E-01		1.02E+00		1.13E+00		0.55		1.11

		1		1024		4		1.07E+00		1.24E+00		1.54E+00		0.87		1.25

		1		1024		8		9.01E-01		1.51E+00		1.56E+00		0.60		1.03

		1		1024		16		1.03E+00		2.00E+00		2.23E+00		0.52		1.12
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Figure 3.21   Test 3 ratios for the Cray XT3 between nodes
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lowtri_rs_betw

		1		16		4.18E-02		3.77E-02		5.45E-02		1.11		1.45

		1		32		5.23E-02		5.18E-02		7.87E-02		1.01		1.52

		1		64		9.60E-02		1.18E-01		1.31E-01		0.81		1.11

		1		128		2.56E-01		3.52E-01		3.46E-01		0.73		0.98

		1		200		5.46E-01		7.26E-01		6.94E-01		0.75		0.96

		1		400		1.87E+00		2.52E+00		2.20E+00		0.74		0.87

		1		600		3.97E+00		5.34E+00		4.42E+00		0.74		0.83

		1		800		6.84E+00		9.25E+00		7.42E+00		0.74		0.80
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Figure 3.25   Test 4  ratios for IBM DatatStar between nodes.
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bdiag_ibm_betw

		1		64		4		9.33E-02		8.51E-02		1.16E-01		1.10		1.36

		1		64		8		9.19E-02		1.02E-01		1.18E-01		0.90		1.15

		1		64		16		1.08E-01		1.33E-01		1.52E-01		0.81		1.14

		1		128		4		1.32E-01		1.38E-01		1.88E-01		0.96		1.36

		1		128		8		1.32E-01		1.69E-01		1.89E-01		0.78		1.12

		1		128		16		1.63E-01		2.32E-01		2.76E-01		0.70		1.19

		1		512		4		5.10E-01		6.33E-01		8.03E-01		0.81		1.27

		1		512		8		4.50E-01		7.62E-01		8.06E-01		0.59		1.06

		1		512		16		5.60E-01		1.00E+00		1.11E+00		0.56		1.11

		1		1024		4		8.57E-01		1.23E+00		1.56E+00		0.69		1.27

		1		1024		8		8.08E-01		1.50E+00		1.56E+00		0.54		1.04

		1		1024		16		1.09E+00		2.00E+00		2.24E+00		0.55		1.12
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Figure 3.27   Test 4  ratios for the Cray X1 between nodes.
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bdiag_x1_betw

		6		64		4		4.97E-01		2.15E-01		1.79E-01		2.32		0.84

		6		64		8		4.99E-01		1.97E-01		1.77E-01		2.53		0.90

		6		64		16		5.05E-01		2.08E-01		2.08E-01		2.43		1.00

		6		128		4		9.78E-01		3.93E-01		3.30E-01		2.49		0.84

		6		128		8		9.73E-01		3.89E-01		3.54E-01		2.50		0.91

		6		128		16		9.76E-01		3.77E-01		3.49E-01		2.59		0.93

		6		512		4		3.82E+00		1.51E+00		1.24E+00		2.52		0.82

		6		512		8		3.85E+00		1.38E+00		1.25E+00		2.79		0.91

		6		512		16		3.85E+00		1.32E+00		1.26E+00		2.90		0.95

		6		1024		4		7.62E+00		2.97E+00		2.43E+00		2.56		0.82

		6		1024		8		7.61E+00		2.71E+00		2.43E+00		2.81		0.90

		6		1024		16		7.64E+00		2.58E+00		2.45E+00		2.96		0.95
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Figure 3.14   Test 2 ratios for the Cray XT3 between nodes
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strele_rs_betw

		PE		STRIDE		DT		UP		MP		FP		DT/UP		MP/UP		FP/UP

		1		1		6.01E-02		2.36E-01		3.86E+00		2.53E-01		0.25		16.38		1.08

		1		2		1.08E-01		1.49E-01		2.06E+00		1.51E-01		0.73		13.81		1.01

		1		3		9.95E-02		1.17E-01		1.46E+00		1.19E-01		0.85		12.46		1.02

		1		4		9.36E-02		1.06E-01		1.12E+00		1.04E-01		0.88		10.55		0.98

		1		5		8.81E-02		1.03E-01		9.06E-01		9.49E-02		0.86		8.80		0.92

		1		6		8.67E-02		9.79E-02		7.70E-01		8.84E-02		0.89		7.86		0.90

		1		7		8.40E-02		9.54E-02		6.73E-01		8.49E-02		0.88		7.05		0.89

		1		8		8.34E-02		9.39E-02		6.00E-01		8.15E-02		0.89		6.38		0.87

		1		9		7.99E-02		9.07E-02		5.39E-01		7.79E-02		0.88		5.94		0.86

		1		10		7.67E-02		8.92E-02		3.97E-01		7.46E-02		0.86		4.44		0.84

		1		11		7.08E-02		8.11E-02		4.43E-01		6.90E-02		0.87		5.47		0.85

		1		12		6.78E-02		7.37E-02		4.04E-01		6.51E-02		0.92		5.49		0.88

		1		13		7.00E-02		7.15E-02		3.95E-01		6.50E-02		0.98		5.52		0.91

		1		14		6.67E-02		6.67E-02		3.60E-01		6.24E-02		1.00		5.40		0.94

		1		15		6.21E-02		6.27E-02		3.47E-01		5.87E-02		0.99		5.54		0.94

		1		16		5.83E-02		5.89E-02		3.18E-01		5.62E-02		0.99		5.41		0.96

		1		17		5.62E-02		5.68E-02		3.10E-01		5.39E-02		0.99		5.46		0.95
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Figure 3.12   Test 2 ratios for the Cray X1 within a node
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strele_x1_in

		PE		STRIDE		DT		UP		MP		FP		DT/UP		MP/UP		FP/UP

		3		1		5.30E-02		2.43E-01		1.27E+01		1.84E-01		0.22		52.39		0.76

		3		2		1.11E+01		1.60E-01		6.64E+00		1.17E-01		69.36		41.54		0.73

		3		3		7.57E+00		1.20E-01		4.27E+00		9.47E-02		63.05		35.58		0.79

		3		4		5.74E+00		9.56E-02		3.23E+00		7.73E-02		60.04		33.78		0.81

		3		5		4.59E+00		9.59E-02		2.59E+00		6.84E-02		47.85		26.99		0.71

		3		6		3.86E+00		6.16E-02		2.14E+00		5.25E-02		62.69		34.79		0.85

		3		7		3.38E+00		5.77E-02		1.88E+00		4.89E-02		58.66		32.56		0.85

		3		8		2.89E+00		5.40E-02		1.61E+00		4.60E-02		53.46		29.86		0.85

		3		9		2.56E+00		4.94E-02		1.43E+00		4.17E-02		51.89		28.94		0.84

		3		10		2.32E+00		4.69E-02		1.30E+00		3.98E-02		49.42		27.66		0.85

		3		11		2.11E+00		4.60E-02		1.18E+00		4.02E-02		45.78		25.69		0.87

		3		12		1.94E+00		4.45E-02		1.09E+00		3.87E-02		43.61		24.40		0.87

		3		13		1.79E+00		4.36E-02		1.01E+00		3.86E-02		40.96		23.24		0.89

		3		14		1.67E+00		4.15E-02		9.35E-01		3.68E-02		40.18		22.54		0.89

		3		15		1.56E+00		4.12E-02		8.74E-01		3.66E-02		37.71		21.20		0.89

		3		16		1.46E+00		4.24E-02		8.24E-01		3.70E-02		34.45		19.42		0.87

		3		17		1.38E+00		3.97E-02		7.79E-01		3.49E-02		34.84		19.63		0.88
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Figure 3.13   Test 2 ratios for the Cray X1 between nodes
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strele_x1_betw

		PE		STRIDE		DT		UP		MP		FP		DT/UP		MP/UP		FP/UP

		6		1		4.60E-02		2.55E-01		1.27E+01		1.80E-01		0.18		49.62		0.70

		6		2		1.71E+01		1.54E-01		6.37E+00		1.23E-01		110.52		41.28		0.80

		6		3		1.14E+01		1.21E-01		4.28E+00		9.46E-02		93.75		35.24		0.78

		6		4		8.55E+00		1.01E-01		3.23E+00		8.85E-02		84.90		32.03		0.88

		6		5		6.84E+00		8.51E-02		2.58E+00		7.75E-02		80.38		30.29		0.91

		6		6		5.71E+00		6.46E-02		2.14E+00		5.51E-02		88.31		33.05		0.85

		6		7		4.90E+00		5.90E-02		1.84E+00		5.13E-02		83.19		31.26		0.87

		6		8		4.30E+00		5.94E-02		1.61E+00		4.80E-02		72.41		27.14		0.81

		6		9		3.83E+00		5.19E-02		1.43E+00		4.30E-02		73.80		27.61		0.83

		6		10		3.47E+00		4.92E-02		1.29E+00		4.11E-02		70.55		26.25		0.84

		6		11		3.12E+00		4.82E-02		1.18E+00		4.22E-02		64.74		24.51		0.88

		6		12		2.88E+00		4.60E-02		1.08E+00		4.03E-02		62.56		23.57		0.88

		6		13		2.65E+00		4.55E-02		9.90E-01		4.02E-02		58.17		21.76		0.88

		6		14		2.47E+00		4.35E-02		9.29E-01		3.84E-02		56.85		21.38		0.88

		6		15		2.32E+00		4.36E-02		8.74E-01		3.97E-02		53.30		20.07		0.91

		6		16		2.16E+00		4.38E-02		8.18E-01		3.83E-02		49.24		18.66		0.87

		6		17		2.04E+00		4.07E-02		7.71E-01		3.62E-02		50.22		18.96		0.89
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Figure 3.18  Test 3 ratios for the IBM DataStar between nodes
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lowtri_ibm_in

		10		16		2.78E-02		2.91E-02		3.22E-02		0.96		1.11

		10		32		4.29E-02		6.14E-02		5.32E-02		0.70		0.87

		10		64		6.43E-02		1.71E-01		9.82E-02		0.38		0.57

		10		128		1.36E-01		5.86E-01		2.46E-01		0.23		0.42

		10		200		2.37E-01		1.34E+00		4.55E-01		0.18		0.34

		10		400		6.65E-01		5.11E+00		1.42E+00		0.13		0.28

		10		600		1.30E+00		1.14E+01		2.97E+00		0.11		0.26

		10		800		2.25E+00		2.03E+01		5.17E+00		0.11		0.25
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Figure 3.11   Test 2 ratios for the IBM DataStar between nodes
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strele_ibm_betw

		PE		STRIDE		DT		UP		MP		FP		DT/UP		MP/UP		FP/UP

		14		1		6.03E-02		2.90E-01		2.23E+00		2.29E-01		0.21		7.70		0.79

		14		2		6.16E-02		1.62E-01		1.14E+00		1.28E-01		0.38		7.02		0.79

		14		3		6.18E-02		1.14E-01		7.66E-01		9.54E-02		0.54		6.71		0.84

		14		4		6.05E-02		9.25E-02		5.82E-01		7.75E-02		0.65		6.30		0.84

		14		5		5.69E-02		7.91E-02		4.68E-01		6.87E-02		0.72		5.91		0.87

		14		6		5.43E-02		6.92E-02		3.95E-01		6.24E-02		0.78		5.70		0.90

		14		7		5.39E-02		6.39E-02		3.39E-01		5.82E-02		0.84		5.31		0.91

		14		8		5.19E-02		5.96E-02		3.06E-01		5.40E-02		0.87		5.13		0.91

		14		9		4.98E-02		5.59E-02		2.70E-01		5.34E-02		0.89		4.84		0.95

		14		10		4.73E-02		5.36E-02		2.47E-01		5.00E-02		0.88		4.61		0.93

		14		11		4.41E-02		5.15E-02		2.27E-01		4.90E-02		0.86		4.40		0.95

		14		12		4.75E-02		5.03E-02		2.12E-01		4.71E-02		0.95		4.21		0.94

		14		13		4.16E-02		4.94E-02		1.99E-01		4.73E-02		0.84		4.02		0.96

		14		14		4.16E-02		4.73E-02		1.85E-01		4.58E-02		0.88		3.90		0.97

		14		15		4.05E-02		4.59E-02		1.75E-01		4.48E-02		0.88		3.81		0.97

		14		16		4.09E-02		4.86E-02		1.78E-01		5.04E-02		0.84		3.67		1.04

		14		17		4.04E-02		4.41E-02		1.61E-01		4.43E-02		0.92		3.65		1.00
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Figure 3.4   Test 1 ratios for the IBM DataStar between nodes
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rowft2_ibm_betw_rat

		PE		N		DT		UP		MP		FUP		DT/UP		MP/UP		FUP/UP

		8.00		1.00		3.15E-01		3.56E-01		8.02E-01		2.93E-01		0.88		2.25		0.82

		8.00		10.00		3.92E-01		8.02E-01		9.55E-01		7.41E-01		0.49		1.19		0.92

		8.00		50.00		7.43E-01		2.29E+00		1.58E+00		2.29E+00		0.32		0.69		1.00

		8.00		100.00		1.05E+00		4.09E+00		2.29E+00		4.09E+00		0.26		0.56		1.00

		8.00		300.00		2.08E+00		1.13E+01		4.94E+00		1.13E+01		0.18		0.44		1.00

		8.00		400.00		2.60E+00		1.51E+01		6.29E+00		1.50E+01		0.17		0.42		0.99

		8.00		499.00		3.19E+00		1.84E+01		7.57E+00		1.83E+01		0.17		0.41		1.00

		8.00		500.00		2.64E+00		1.84E+01		7.38E+00		1.83E+01		0.14		0.40		1.00
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Figure 3.5   Test 1 ratios for the Cray X1 within a node
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rows_x1_in

		PE		N		DT		UP		MP		FP		DT/UP		MP/UP		FP/UP

		3.00		1.00		4.60E+00		3.71E+00		2.62E+00		1.88E+00		1.24		0.71		0.51

		3.00		10.00		4.77E+00		3.73E+00		2.63E+00		1.93E+00		1.28		0.70		0.52

		3.00		50.00		4.89E+00		3.96E+00		2.68E+00		2.10E+00		1.23		0.68		0.53

		3.00		100.00		4.99E+00		5.91E+00		6.91E+00		3.98E+00		0.84		1.17		0.67

		3.00		300.00		6.04E+00		1.26E+01		8.00E+00		9.72E+00		0.48		0.64		0.77

		3.00		400.00		6.70E+00		1.65E+01		8.62E+00		1.32E+01		0.41		0.52		0.80

		3.00		499.00		7.49E+00		1.84E+01		9.03E+00		1.49E+01		0.41		0.49		0.81

		3.00		500.00		4.72E-01		1.85E+01		9.23E+00		1.53E+01		0.03		0.50		0.83






_1173298096.xls
Chart1

		1.00		1.00		1.00

		10.00		10.00		10.00

		50.00		50.00		50.00

		100.00		100.00		100.00

		300.00		300.00		300.00

		400.00		400.00		400.00

		499.00		499.00		499.00

		500.00		500.00		500.00



Ratio of (derived type)/(user packing)

Ratio of (mpi_pack)/(user packing)

Ratio of (Fortran90 array section)/(user packing)

The number of rows

Ratios

Figure 3.6   Test 1 ratios for the Cray X1 between nodes
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rows_x1_betw

		PE		N		DT		UP		MP		FP		DT/UP		MP/UP		FP/UP

		7.00		1.00		6.89E+00		3.73E+00		2.59E+00		1.85E+00		1.85		0.70		0.50

		7.00		10.00		6.92E+00		3.75E+00		2.61E+00		1.91E+00		1.85		0.70		0.51

		7.00		50.00		7.03E+00		4.06E+00		2.68E+00		2.10E+00		1.73		0.66		0.52

		7.00		100.00		7.14E+00		5.90E+00		6.94E+00		3.97E+00		1.21		1.18		0.67

		7.00		300.00		8.16E+00		1.26E+01		7.84E+00		9.63E+00		0.65		0.62		0.76

		7.00		400.00		8.97E+00		1.66E+01		8.54E+00		1.31E+01		0.54		0.52		0.79

		7.00		499.00		9.72E+00		1.85E+01		8.90E+00		1.53E+01		0.53		0.48		0.83

		7.00		500.00		4.56E-01		1.85E+01		9.36E+00		1.50E+01		0.02		0.51		0.81
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Figure 3.3   Test 1 ratios for the IBM DataStar within a node
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rowft2_ibm_in_rat

		PE		N		DT		UP		MP		FUP		DT/UP		MP/UP		FUP/UP

		1.00		1.00		2.98E-01		3.45E-01		7.86E-01		2.83E-01		0.86		2.28		0.82

		1.00		10.00		3.80E-01		7.84E-01		9.40E-01		7.18E-01		0.48		1.20		0.92

		1.00		50.00		6.25E-01		2.20E+00		1.49E+00		2.19E+00		0.28		0.68		1.00

		1.00		100.00		8.28E-01		3.86E+00		2.07E+00		3.89E+00		0.21		0.54		1.01

		1.00		300.00		1.59E+00		1.06E+01		4.23E+00		1.07E+01		0.15		0.40		1.01

		1.00		400.00		2.01E+00		1.42E+01		5.48E+00		1.42E+01		0.14		0.39		1.00

		1.00		499.00		2.20E+00		1.72E+01		6.20E+00		1.72E+01		0.13		0.36		1.00

		1.00		500.00		1.49E+00		1.72E+01		6.11E+00		1.72E+01		0.09		0.36		1.00
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Figure 2.2  Within node timing results for two runs of test 1 with the MPI derived type method on the Intel/Myrinet cluster.
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		1		1		102		2.95E-01				2.40E-01

		1		1		103		2.92E-01				2.37E-01

		1		1		104		2.92E-01				2.45E-01

		1		1		105		2.94E-01				2.44E-01

		1		1		106		2.89E-01				2.37E-01

		1		1		107		2.97E-01				2.40E-01

		1		1		108		3.08E-01				2.37E-01

		1		1		109		3.00E-01				2.42E-01

		1		1		110		2.93E-01				2.42E-01

		1		1		111		2.93E-01				2.41E-01

		1		1		112		2.84E-01				2.34E-01

		1		1		113		3.06E-01				2.44E-01

		1		1		114		2.91E-01				2.42E-01

		1		1		115		2.92E-01				2.42E-01

		1		1		116		2.96E-01				2.36E-01

		1		1		117		2.95E-01				2.35E-01

		1		1		118		2.82E-01				2.32E-01

		1		1		119		3.01E-01				2.36E-01

		1		1		120		3.01E-01				2.39E-01

		1		1		121		2.86E-01				2.39E-01

		1		1		122		2.91E-01				2.37E-01

		1		1		123		2.96E-01				2.36E-01

		1		1		124		2.99E-01				2.39E-01

		1		1		125		2.95E-01				2.41E-01

		1		1		126		2.75E-01				2.37E-01

		1		1		127		2.93E-01				2.46E-01

		1		1		128		2.76E-01				2.30E-01

		1		1		129		2.91E-01				2.28E-01

		1		1		130		2.76E-01				2.32E-01

		1		1		131		2.85E-01				2.29E-01

		1		1		132		2.89E-01				2.28E-01

		1		1		133		2.83E-01				2.24E-01

		1		1		134		2.87E-01				2.33E-01

		1		1		135		2.76E-01				2.29E-01

		1		1		136		2.90E-01				2.24E-01

		1		1		137		2.86E-01				2.22E-01

		1		1		138		2.85E-01				2.41E-01

		1		1		139		2.78E-01				2.31E-01

		1		1		140		2.81E-01				2.31E-01

		1		1		141		2.76E-01				2.32E-01

		1		1		142		2.83E-01				2.29E-01

		1		1		143		2.78E-01				2.36E-01

		1		1		144		2.86E-01				2.27E-01

		1		1		145		2.92E-01				2.31E-01

		1		1		146		2.91E-01				2.24E-01

		1		1		147		2.88E-01				2.32E-01

		1		1		148		3.01E-01				2.29E-01

		1		1		149		2.84E-01				2.23E-01

		1		1		150		2.88E-01				2.36E-01

		1		1		151		2.82E-01				2.28E-01

		1		1		152		2.77E-01				2.33E-01

		1		1		153		2.71E-01				2.26E-01

		1		1		154		2.80E-01				2.30E-01

		1		1		155		2.82E-01				2.31E-01

		1		1		156		2.75E-01				2.31E-01

		1		1		157		2.74E-01				2.26E-01

		1		1		158		2.79E-01				2.33E-01

		1		1		159		2.80E-01				2.37E-01

		1		1		160		2.99E-01				2.30E-01

		1		1		161		2.88E-01				2.38E-01

		1		1		162		2.82E-01				2.37E-01

		1		1		163		2.85E-01				2.38E-01

		1		1		164		2.86E-01				2.28E-01

		1		1		165		2.85E-01				2.28E-01

		1		1		166		2.88E-01				2.34E-01

		1		1		167		2.79E-01				2.29E-01

		1		1		168		2.88E-01				2.37E-01

		1		1		169		2.79E-01				2.28E-01

		1		1		170		2.87E-01				2.26E-01

		1		1		171		2.83E-01				2.32E-01

		1		1		172		2.81E-01				2.31E-01

		1		1		173		2.81E-01				2.27E-01

		1		1		174		2.79E-01				2.37E-01

		1		1		175		2.71E-01				2.27E-01

		1		1		176		2.90E-01				2.29E-01

		1		1		177		2.89E-01				2.25E-01

		1		1		178		2.95E-01				2.28E-01

		1		1		179		2.88E-01				2.29E-01

		1		1		180		2.87E-01				2.34E-01

		1		1		181		3.00E-01				2.29E-01

		1		1		182		2.92E-01				2.31E-01

		1		1		183		2.78E-01				2.30E-01

		1		1		184		2.88E-01				2.29E-01

		1		1		185		2.75E-01				2.26E-01

		1		1		186		2.85E-01				2.37E-01

		1		1		187		2.80E-01				2.30E-01

		1		1		188		2.77E-01				2.30E-01

		1		1		189		2.88E-01				2.28E-01

		1		1		190		2.83E-01				2.29E-01

		1		1		191		2.81E-01				2.33E-01

		1		1		192		2.76E-01				2.31E-01

		1		1		193		2.90E-01				2.27E-01

		1		1		194		2.70E-01				2.20E-01

		1		1		195		2.83E-01				2.32E-01

		1		1		196		2.79E-01				2.31E-01

		1		1		197		2.88E-01				2.39E-01

		1		1		198		2.93E-01				2.29E-01

		1		1		199		2.86E-01				2.34E-01

		1		1		200		2.88E-01				2.36E-01

		1		1		201		2.81E-01				2.34E-01

		1		1		202		2.76E-01				2.31E-01

		1		1		203		2.73E-01				2.36E-01

		1		1		204		2.79E-01				2.27E-01

		1		1		205		2.83E-01				2.26E-01

		1		1		206		2.83E-01				2.29E-01

		1		1		207		2.85E-01				2.30E-01

		1		1		208		2.85E-01				2.37E-01

		1		1		209		2.84E-01				2.30E-01

		1		1		210		2.84E-01				2.34E-01

		1		1		211		2.88E-01				2.34E-01

		1		1		212		2.76E-01				2.28E-01

		1		1		213		2.82E-01				2.34E-01

		1		1		214		2.81E-01				2.29E-01

		1		1		215		2.83E-01				2.34E-01

		1		1		216		2.99E-01				2.34E-01

		1		1		217		2.93E-01				2.25E-01

		1		1		218		2.95E-01				2.30E-01

		1		1		219		2.83E-01				2.27E-01

		1		1		220		2.91E-01				2.35E-01

		1		1		221		2.79E-01				2.31E-01

		1		1		222		2.76E-01				2.32E-01

		1		1		223		2.73E-01				2.39E-01

		1		1		224		2.72E-01				2.35E-01

		1		1		225		2.86E-01				2.32E-01

		1		1		226		2.87E-01				2.34E-01

		1		1		227		2.78E-01				2.30E-01

		1		1		228		2.88E-01				2.27E-01

		1		1		229		2.77E-01				2.29E-01

		1		1		230		2.77E-01				2.38E-01

		1		1		231		2.70E-01				2.28E-01

		1		1		232		2.86E-01				2.29E-01

		1		1		233		2.84E-01				2.23E-01

		1		1		234		2.81E-01				2.33E-01

		1		1		235		2.77E-01				2.37E-01

		1		1		236		2.90E-01				2.40E-01

		1		1		237		2.91E-01				2.36E-01

		1		1		238		2.98E-01				2.29E-01

		1		1		239		2.74E-01				2.36E-01

		1		1		240		2.79E-01				2.32E-01

		1		1		241		2.81E-01				2.30E-01

		1		1		242		2.79E-01				2.31E-01

		1		1		243		2.72E-01				2.28E-01

		1		1		244		2.80E-01				2.31E-01

		1		1		245		2.96E-01				2.31E-01

		1		1		246		2.84E-01				2.38E-01

		1		1		247		2.75E-01				2.36E-01

		1		1		248		2.81E-01				2.30E-01

		1		1		249		2.84E-01				2.32E-01

		1		1		250		2.75E-01				2.32E-01

		1		1		251		2.79E-01				2.34E-01

		1		1		252		2.84E-01				2.30E-01

		1		1		253		2.78E-01				2.32E-01

		1		1		254		2.91E-01				2.37E-01

		1		1		255		2.90E-01				2.26E-01

		1		1		256		2.90E-01				2.29E-01

		1		1		257		2.80E-01				2.29E-01

		1		1		258		2.83E-01				2.27E-01

		1		1		259		2.80E-01				2.39E-01

		1		1		260		3.03E-01				2.26E-01

		1		1		261		2.81E-01				2.28E-01

		1		1		262		2.83E-01				2.36E-01

		1		1		263		2.83E-01				2.28E-01

		1		1		264		2.77E-01				2.35E-01

		1		1		265		2.81E-01				2.32E-01

		1		1		266		2.78E-01				2.26E-01

		1		1		267		2.79E-01				2.27E-01

		1		1		268		2.93E-01				2.37E-01

		1		1		269		2.87E-01				2.37E-01

		1		1		270		2.88E-01				2.35E-01

		1		1		271		2.83E-01				2.30E-01

		1		1		272		2.86E-01				2.31E-01

		1		1		273		2.67E-01				2.28E-01

		1		1		274		2.82E-01				2.31E-01

		1		1		275		2.75E-01				2.29E-01

		1		1		276		2.79E-01				2.25E-01

		1		1		277		2.75E-01				2.26E-01

		1		1		278		2.83E-01				2.32E-01

		1		1		279		2.83E-01				2.27E-01

		1		1		280		2.82E-01				2.32E-01

		1		1		281		2.76E-01				2.31E-01

		1		1		282		2.70E-01				2.27E-01

		1		1		283		2.80E-01				2.35E-01

		1		1		284		2.69E-01				2.31E-01

		1		1		285		2.93E-01				2.32E-01

		1		1		286		2.89E-01				2.31E-01

		1		1		287		2.73E-01				2.29E-01

		1		1		288		2.78E-01				2.30E-01

		1		1		289		2.91E-01				2.25E-01

		1		1		290		2.86E-01				2.26E-01

		1		1		291		2.81E-01				2.33E-01

		1		1		292		2.80E-01				2.26E-01

		1		1		293		2.91E-01				2.27E-01

		1		1		294		2.73E-01				2.33E-01

		1		1		295		2.85E-01				2.31E-01

		1		1		296		2.83E-01				2.29E-01

		1		1		297		2.88E-01				2.29E-01

		1		1		298		2.85E-01				2.29E-01

		1		1		299		2.77E-01				2.32E-01

		1		1		300		2.83E-01				2.35E-01

		1		1		301		2.80E-01				2.32E-01

		1		1		302		2.79E-01				2.26E-01

		1		1		303		2.83E-01				2.25E-01

		1		1		304		2.76E-01				2.40E-01

		1		1		305		2.73E-01				2.29E-01

		1		1		306		2.81E-01				2.29E-01

		1		1		307		2.81E-01				2.22E-01

		1		1		308		2.82E-01				2.31E-01

		1		1		309		2.93E-01				2.28E-01

		1		1		310		2.53E-01				2.29E-01

		1		1		311		2.84E-01				2.30E-01

		1		1		312		2.73E-01				2.28E-01

		1		1		313		2.86E-01				2.31E-01

		1		1		314		2.83E-01				2.34E-01

		1		1		315		2.79E-01				2.26E-01

		1		1		316		2.80E-01				2.29E-01

		1		1		317		2.83E-01				2.26E-01

		1		1		318		2.80E-01				2.35E-01

		1		1		319		2.86E-01				2.32E-01

		1		1		320		2.83E-01				2.36E-01

		1		1		321		2.73E-01				2.24E-01

		1		1		322		2.84E-01				2.25E-01

		1		1		323		2.83E-01				2.34E-01

		1		1		324		2.93E-01				2.32E-01

		1		1		325		2.82E-01				2.24E-01

		1		1		326		2.94E-01				2.30E-01

		1		1		327		2.93E-01				2.31E-01

		1		1		328		2.83E-01				2.35E-01

		1		1		329		2.89E-01				2.37E-01

		1		1		330		2.83E-01				2.33E-01

		1		1		331		2.88E-01				2.40E-01

		1		1		332		2.89E-01				2.34E-01

		1		1		333		3.05E-01				2.29E-01

		1		1		334		2.76E-01				2.29E-01

		1		1		335		2.82E-01				2.30E-01

		1		1		336		2.83E-01				2.33E-01

		1		1		337		3.01E-01				2.25E-01

		1		1		338		2.99E-01				2.29E-01

		1		1		339		2.83E-01				2.37E-01

		1		1		340		2.62E-01				2.37E-01

		1		1		341		2.50E-01				2.24E-01

		1		1		342		2.47E-01				2.30E-01

		1		1		343		2.62E-01				2.26E-01

		1		1		344		2.58E-01				2.37E-01

		1		1		345		2.56E-01				2.32E-01

		1		1		346		2.53E-01				2.28E-01

		1		1		347		2.50E-01				2.36E-01

		1		1		348		2.60E-01				2.26E-01

		1		1		349		2.61E-01				2.34E-01

		1		1		350		2.61E-01				2.23E-01

		1		1		351		2.57E-01				2.32E-01

		1		1		352		2.58E-01				2.29E-01

		1		1		353		2.66E-01				2.31E-01

		1		1		354		2.50E-01				2.29E-01

		1		1		355		2.50E-01				2.28E-01

		1		1		356		2.60E-01				2.25E-01

		1		1		357		2.59E-01				2.26E-01

		1		1		358		2.55E-01				2.29E-01

		1		1		359		2.52E-01				2.30E-01

		1		1		360		2.56E-01				2.34E-01

		1		1		361		2.63E-01				2.28E-01

		1		1		362		2.61E-01				2.21E-01

		1		1		363		2.60E-01				2.29E-01

		1		1		364		2.54E-01				2.35E-01

		1		1		365		2.51E-01				2.36E-01

		1		1		366		2.52E-01				2.27E-01

		1		1		367		2.61E-01				2.33E-01

		1		1		368		2.51E-01				2.32E-01

		1		1		369		2.60E-01				2.32E-01

		1		1		370		2.54E-01				2.35E-01

		1		1		371		2.62E-01				2.35E-01

		1		1		372		2.63E-01				2.33E-01

		1		1		373		2.58E-01				2.27E-01

		1		1		374		2.57E-01				2.29E-01

		1		1		375		2.58E-01				2.26E-01

		1		1		376		2.55E-01				2.28E-01

		1		1		377		2.54E-01				2.32E-01

		1		1		378		2.60E-01				2.36E-01

		1		1		379		2.58E-01				2.42E-01

		1		1		380		2.57E-01				2.27E-01

		1		1		381		2.60E-01				2.34E-01

		1		1		382		2.64E-01				2.29E-01

		1		1		383		2.57E-01				2.32E-01

		1		1		384		2.52E-01				2.32E-01

		1		1		385		2.62E-01				2.29E-01

		1		1		386		2.56E-01				2.35E-01

		1		1		387		2.55E-01				2.34E-01

		1		1		388		2.57E-01				2.30E-01

		1		1		389		2.70E-01				2.30E-01

		1		1		390		2.59E-01				2.34E-01

		1		1		391		2.65E-01				2.33E-01

		1		1		392		2.57E-01				2.30E-01

		1		1		393		2.50E-01				2.28E-01

		1		1		394		2.54E-01				2.28E-01

		1		1		395		2.59E-01				2.34E-01

		1		1		396		2.53E-01				2.36E-01

		1		1		397		2.61E-01				2.31E-01

		1		1		398		2.56E-01				2.36E-01

		1		1		399		2.55E-01				2.38E-01

		1		1		400		2.68E-01				2.36E-01

		1		1		401		2.58E-01				2.29E-01

		1		1		402		2.56E-01				2.26E-01

		1		1		403		2.61E-01				2.30E-01

		1		1		404		2.67E-01				2.29E-01

		1		1		405		2.53E-01				2.29E-01

		1		1		406		2.57E-01				2.22E-01

		1		1		407		2.62E-01				2.32E-01

		1		1		408		2.56E-01				2.31E-01

		1		1		409		2.60E-01				2.31E-01

		1		1		410		2.61E-01				2.30E-01

		1		1		411		2.61E-01				2.31E-01

		1		1		412		2.58E-01				2.40E-01

		1		1		413		2.60E-01				2.37E-01

		1		1		414		2.55E-01				2.29E-01

		1		1		415		2.63E-01				2.36E-01

		1		1		416		2.60E-01				2.34E-01

		1		1		417		2.62E-01				2.30E-01

		1		1		418		2.51E-01				2.27E-01

		1		1		419		2.55E-01				2.31E-01

		1		1		420		2.60E-01				2.35E-01

		1		1		421		2.57E-01				2.28E-01

		1		1		422		2.63E-01				2.32E-01

		1		1		423		2.56E-01				2.31E-01

		1		1		424		2.61E-01				2.32E-01

		1		1		425		2.68E-01				2.29E-01

		1		1		426		2.56E-01				2.32E-01

		1		1		427		2.68E-01				2.37E-01

		1		1		428		2.51E-01				2.36E-01

		1		1		429		2.58E-01				2.37E-01

		1		1		430		2.72E-01				2.31E-01

		1		1		431		2.58E-01				2.26E-01

		1		1		432		2.65E-01				2.27E-01

		1		1		433		2.57E-01				2.29E-01

		1		1		434		2.60E-01				2.33E-01

		1		1		435		2.54E-01				2.28E-01

		1		1		436		2.53E-01				2.28E-01

		1		1		437		2.57E-01				2.30E-01

		1		1		438		2.62E-01				2.32E-01

		1		1		439		2.62E-01				2.26E-01

		1		1		440		2.61E-01				2.29E-01

		1		1		441		2.63E-01				2.35E-01

		1		1		442		2.54E-01				2.20E-01

		1		1		443		2.57E-01				2.34E-01

		1		1		444		2.55E-01				2.32E-01

		1		1		445		2.52E-01				2.38E-01

		1		1		446		2.57E-01				2.26E-01

		1		1		447		2.61E-01				2.31E-01

		1		1		448		2.56E-01				2.22E-01

		1		1		449		2.53E-01				2.29E-01

		1		1		450		2.56E-01				2.32E-01

		1		1		451		2.55E-01				2.24E-01

		1		1		452		2.64E-01				2.28E-01

		1		1		453		2.68E-01				2.33E-01

		1		1		454		2.62E-01				2.36E-01

		1		1		455		2.59E-01				2.32E-01

		1		1		456		2.57E-01				2.36E-01

		1		1		457		2.55E-01				2.34E-01

		1		1		458		2.52E-01				2.28E-01

		1		1		459		2.60E-01				2.30E-01

		1		1		460		2.57E-01				2.31E-01

		1		1		461		2.58E-01				2.29E-01

		1		1		462		2.59E-01				2.38E-01

		1		1		463		2.57E-01				2.24E-01

		1		1		464		2.59E-01				2.38E-01

		1		1		465		2.57E-01				2.28E-01

		1		1		466		2.51E-01				2.26E-01

		1		1		467		2.66E-01				2.31E-01

		1		1		468		2.60E-01				2.29E-01

		1		1		469		2.63E-01				2.34E-01

		1		1		470		2.59E-01				2.38E-01

		1		1		471		2.61E-01				2.26E-01

		1		1		472		2.63E-01				2.37E-01

		1		1		473		2.61E-01				2.31E-01

		1		1		474		2.65E-01				2.24E-01

		1		1		475		2.60E-01				2.31E-01

		1		1		476		2.57E-01				2.24E-01

		1		1		477		2.54E-01				2.34E-01

		1		1		478		2.61E-01				2.30E-01

		1		1		479		2.58E-01				2.32E-01

		1		1		480		2.52E-01				2.35E-01

		1		1		481		2.62E-01				2.22E-01

		1		1		482		2.58E-01				2.31E-01

		1		1		483		2.53E-01				2.38E-01

		1		1		484		2.62E-01				2.28E-01

		1		1		485		2.60E-01				2.34E-01

		1		1		486		2.52E-01				2.31E-01

		1		1		487		2.59E-01				2.29E-01

		1		1		488		2.57E-01				2.29E-01

		1		1		489		2.57E-01				2.29E-01

		1		1		490		2.57E-01				2.32E-01

		1		1		491		2.55E-01				2.31E-01

		1		1		492		2.54E-01				2.35E-01

		1		1		493		2.54E-01				2.32E-01

		1		1		494		2.65E-01				2.37E-01

		1		1		495		2.53E-01				2.35E-01

		1		1		496		2.55E-01				2.34E-01

		1		1		497		2.63E-01				2.28E-01

		1		1		498		2.51E-01				2.33E-01

		1		1		499		2.60E-01				2.31E-01

		1		1		500		2.50E-01				2.28E-01

		1		1		501		2.62E-01				2.34E-01
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Figure 3.8   Test 2 ratios for the Intel/Myrinet cluster within a node

0.6783826725

5.2037547711

0.8103913655

0.9191510036

4.3723499226

0.9253879088

0.9499507107

3.620826404

0.9472943584

0.9629267571

2.9946686163

0.9558949167

1.0076802282

2.6389209776

1.0028338327

1.0240595051

2.3598054642

0.9864492443

1.0420620112

2.1302453452

1.0104609155

1.0280738532

3.1045426381

1.0352167258

1.0201523569

2.8515241232

1.0375525321

1.0115636785

2.5741927746

0.9993792282

1.0205196415

2.3682214595

1.0152675171

1.0257068795

2.2343749467

1.0164084529

1.0182843732

2.0791589166

1.0291605702

1.0432032121

1.9882976579

1.038750252

1.0415845625

1.8965195593

1.044620766

1.0655656793

2.3025809644

1.0316163991

1.0324759303

1.9056958595

1.0257184212



strele_hpc_in

		PE		STRIDE		DT		UP		MP		FP		DT/UP		MP/UP		FP/UP

		1		1		1.86E-01		2.74E-01		1.42E+00		2.22E-01		0.68		5.20		0.81

		1		2		1.51E-01		1.65E-01		7.20E-01		1.52E-01		0.92		4.37		0.93

		1		3		1.26E-01		1.33E-01		4.81E-01		1.26E-01		0.95		3.62		0.95

		1		4		1.17E-01		1.22E-01		3.65E-01		1.16E-01		0.96		2.99		0.96

		1		5		1.12E-01		1.11E-01		2.92E-01		1.11E-01		1.01		2.64		1.00

		1		6		1.07E-01		1.05E-01		2.47E-01		1.03E-01		1.02		2.36		0.99

		1		7		1.05E-01		1.01E-01		2.15E-01		1.02E-01		1.04		2.13		1.01

		1		8		9.52E-02		9.26E-02		2.88E-01		9.59E-02		1.03		3.10		1.04

		1		9		9.20E-02		9.02E-02		2.57E-01		9.36E-02		1.02		2.85		1.04

		1		10		9.11E-02		9.00E-02		2.32E-01		9.00E-02		1.01		2.57		1.00

		1		11		9.12E-02		8.94E-02		2.12E-01		9.08E-02		1.02		2.37		1.02

		1		12		9.02E-02		8.79E-02		1.96E-01		8.94E-02		1.03		2.23		1.02

		1		13		8.93E-02		8.77E-02		1.82E-01		9.02E-02		1.02		2.08		1.03

		1		14		9.01E-02		8.63E-02		1.72E-01		8.97E-02		1.04		1.99		1.04

		1		15		8.93E-02		8.58E-02		1.63E-01		8.96E-02		1.04		1.90		1.04

		1		16		9.00E-02		8.45E-02		1.95E-01		8.72E-02		1.07		2.30		1.03

		1		17		8.44E-02		8.17E-02		1.56E-01		8.38E-02		1.03		1.91		1.03
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Figure 3.10   Test 2 ratios for the IBM DataStar within a node
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strele_ibm_in

		PE		STRIDE		DT		UP		MP		FP		DT/UP		MP/UP		FP/UP

		1		1		5.35E-02		2.84E-01		2.23E+00		2.16E-01		0.19		7.83		0.76

		1		2		4.51E-02		1.46E-01		1.11E+00		1.13E-01		0.31		7.63		0.78

		1		3		4.16E-02		1.02E-01		7.44E-01		8.23E-02		0.41		7.32		0.81

		1		4		4.00E-02		8.05E-02		5.64E-01		6.51E-02		0.50		7.00		0.81

		1		5		3.97E-02		6.80E-02		4.55E-01		5.71E-02		0.58		6.70		0.84

		1		6		3.69E-02		5.99E-02		3.84E-01		5.14E-02		0.62		6.41		0.86

		1		7		3.88E-02		5.34E-02		3.30E-01		4.65E-02		0.73		6.19		0.87

		1		8		3.77E-02		4.98E-02		2.91E-01		4.38E-02		0.76		5.83		0.88

		1		9		3.38E-02		4.55E-02		2.59E-01		4.30E-02		0.74		5.70		0.94

		1		10		3.02E-02		4.31E-02		2.41E-01		3.96E-02		0.70		5.58		0.92

		1		11		2.92E-02		4.04E-02		2.20E-01		3.85E-02		0.72		5.43		0.95

		1		12		3.25E-02		3.90E-02		2.02E-01		3.75E-02		0.83		5.18		0.96

		1		13		2.64E-02		3.80E-02		1.87E-01		3.58E-02		0.70		4.91		0.94

		1		14		2.61E-02		3.60E-02		1.76E-01		3.51E-02		0.72		4.90		0.97

		1		15		2.52E-02		3.51E-02		1.64E-01		3.42E-02		0.72		4.68		0.97

		1		16		2.46E-02		3.76E-02		1.67E-01		3.95E-02		0.65		4.43		1.05

		1		17		2.49E-02		3.34E-02		1.48E-01		3.39E-02		0.75		4.42		1.01
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Figure 3.28  Test 4  ratios for the Cray XT3 between nodes.
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bdiag_rs_betw

		1		64		4		4.87E-02		4.74E-02		9.91E-02		1.03		2.09

		1		64		8		5.55E-02		5.66E-02		9.72E-02		0.98		1.72

		1		64		16		7.05E-02		8.51E-02		1.07E-01		0.83		1.26

		1		128		4		6.00E-02		6.38E-02		1.57E-01		0.94		2.46

		1		128		8		7.70E-02		8.43E-02		1.58E-01		0.91		1.88

		1		128		16		1.09E-01		1.36E-01		1.76E-01		0.80		1.29

		1		512		4		1.24E-01		1.55E-01		5.98E-01		0.80		3.87

		1		512		8		1.91E-01		2.36E-01		6.11E-01		0.81		2.59

		1		512		16		3.42E-01		4.48E-01		7.09E-01		0.76		1.58

		1		1024		4		2.16E-01		2.77E-01		1.17E+00		0.78		4.24

		1		1024		8		3.53E-01		4.52E-01		1.19E+00		0.78		2.64

		1		1024		16		6.67E-01		8.91E-01		1.33E+00		0.75		1.49
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Figure 2.4  Between nodes timing results for test 1 with the MPI derived type method on the Intel/Myrinet cluster.
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raw_rows_betw_graph

		PE		K		Trail Number		DT time1

		2		1		0

		2		1		1		3.25E-01

		2		1		2		3.34E-01

		2		1		3		3.35E-01

		2		1		4		3.24E-01

		2		1		5		3.24E-01

		2		1		6		3.22E-01

		2		1		7		3.27E-01

		2		1		8		3.34E-01

		2		1		9		3.30E-01

		2		1		10		3.49E-01

		2		1		11		3.42E-01

		2		1		12		3.25E-01

		2		1		13		3.29E-01

		2		1		14		3.34E-01

		2		1		15		3.50E-01

		2		1		16		3.31E-01

		2		1		17		3.26E-01

		2		1		18		3.40E-01

		2		1		19		3.32E-01

		2		1		20		3.22E-01

		2		1		21		3.29E-01

		2		1		22		3.33E-01

		2		1		23		3.21E-01

		2		1		24		3.34E-01

		2		1		25		3.40E-01

		2		1		26		3.34E-01

		2		1		27		3.41E-01

		2		1		28		3.30E-01

		2		1		29		3.34E-01

		2		1		30		3.27E-01

		2		1		31		3.31E-01

		2		1		32		3.30E-01

		2		1		33		3.25E-01

		2		1		34		3.32E-01

		2		1		35		3.25E-01

		2		1		36		3.35E-01

		2		1		37		3.37E-01

		2		1		38		3.37E-01

		2		1		39		3.39E-01

		2		1		40		3.35E-01

		2		1		41		3.40E-01

		2		1		42		3.21E-01

		2		1		43		3.35E-01

		2		1		44		3.25E-01

		2		1		45		3.35E-01

		2		1		46		3.30E-01

		2		1		47		3.30E-01

		2		1		48		3.35E-01

		2		1		49		3.30E-01

		2		1		50		3.35E-01

		2		1		51		3.29E-01

		2		1		52		3.24E-01

		2		1		53		3.37E-01

		2		1		54		3.50E-01

		2		1		55		3.28E-01

		2		1		56		3.28E-01

		2		1		57		3.42E-01

		2		1		58		3.35E-01

		2		1		59		3.32E-01

		2		1		60		3.37E-01

		2		1		61		3.40E-01

		2		1		62		3.35E-01

		2		1		63		3.37E-01

		2		1		64		3.33E-01

		2		1		65		3.20E-01

		2		1		66		3.31E-01

		2		1		67		3.38E-01

		2		1		68		3.36E-01

		2		1		69		3.34E-01

		2		1		70		3.31E-01

		2		1		71		3.30E-01

		2		1		72		3.33E-01

		2		1		73		3.22E-01

		2		1		74		3.27E-01

		2		1		75		3.45E-01

		2		1		76		3.40E-01

		2		1		77		3.35E-01

		2		1		78		3.34E-01

		2		1		79		3.43E-01

		2		1		80		3.37E-01

		2		1		81		3.31E-01

		2		1		82		3.25E-01

		2		1		83		3.29E-01

		2		1		84		3.37E-01

		2		1		85		3.38E-01

		2		1		86		3.41E-01

		2		1		87		3.29E-01

		2		1		88		3.31E-01

		2		1		89		3.12E-01

		2		1		90		3.41E-01

		2		1		91		3.22E-01

		2		1		92		3.38E-01

		2		1		93		3.36E-01

		2		1		94		3.32E-01

		2		1		95		3.52E-01

		2		1		96		3.22E-01

		2		1		97		3.24E-01

		2		1		98		3.40E-01

		2		1		99		3.38E-01

		2		1		100		3.16E-01

		2		1		101		3.31E-01

		2		1		102		3.27E-01

		2		1		103		3.39E-01

		2		1		104		3.20E-01

		2		1		105		3.27E-01

		2		1		106		3.34E-01

		2		1		107		3.27E-01

		2		1		108		3.36E-01

		2		1		109		3.18E-01

		2		1		110		3.25E-01

		2		1		111		3.27E-01

		2		1		112		3.37E-01

		2		1		113		3.30E-01

		2		1		114		3.29E-01

		2		1		115		3.29E-01

		2		1		116		3.21E-01

		2		1		117		3.33E-01

		2		1		118		3.27E-01

		2		1		119		3.36E-01

		2		1		120		3.32E-01

		2		1		121		3.37E-01

		2		1		122		3.40E-01

		2		1		123		3.33E-01

		2		1		124		3.25E-01

		2		1		125		3.26E-01

		2		1		126		3.25E-01

		2		1		127		3.40E-01

		2		1		128		3.37E-01

		2		1		129		3.32E-01

		2		1		130		3.32E-01

		2		1		131		3.42E-01

		2		1		132		3.33E-01

		2		1		133		3.38E-01

		2		1		134		3.32E-01

		2		1		135		3.27E-01

		2		1		136		3.21E-01

		2		1		137		3.34E-01

		2		1		138		3.23E-01

		2		1		139		3.08E-01

		2		1		140		3.37E-01

		2		1		141		3.23E-01

		2		1		142		3.40E-01

		2		1		143		3.32E-01

		2		1		144		3.24E-01

		2		1		145		3.37E-01

		2		1		146		3.32E-01

		2		1		147		3.28E-01

		2		1		148		3.40E-01

		2		1		149		3.21E-01

		2		1		150		3.29E-01

		2		1		151		3.49E-01

		2		1		152		3.22E-01

		2		1		153		3.34E-01

		2		1		154		3.31E-01

		2		1		155		3.35E-01

		2		1		156		3.38E-01

		2		1		157		3.42E-01

		2		1		158		3.37E-01

		2		1		159		3.29E-01

		2		1		160		3.32E-01

		2		1		161		3.38E-01

		2		1		162		3.27E-01

		2		1		163		3.29E-01

		2		1		164		3.25E-01

		2		1		165		3.30E-01

		2		1		166		3.45E-01

		2		1		167		3.27E-01

		2		1		168		3.37E-01

		2		1		169		3.23E-01

		2		1		170		3.23E-01

		2		1		171		3.35E-01

		2		1		172		3.39E-01

		2		1		173		3.27E-01

		2		1		174		3.24E-01

		2		1		175		3.32E-01

		2		1		176		3.29E-01

		2		1		177		3.40E-01

		2		1		178		3.25E-01

		2		1		179		3.36E-01

		2		1		180		3.36E-01

		2		1		181		3.35E-01

		2		1		182		3.42E-01

		2		1		183		3.27E-01

		2		1		184		3.28E-01

		2		1		185		3.27E-01

		2		1		186		3.29E-01

		2		1		187		3.26E-01

		2		1		188		3.35E-01

		2		1		189		3.25E-01

		2		1		190		3.47E-01

		2		1		191		3.27E-01

		2		1		192		3.40E-01

		2		1		193		3.37E-01

		2		1		194		3.35E-01

		2		1		195		3.47E-01

		2		1		196		3.29E-01

		2		1		197		3.35E-01

		2		1		198		3.36E-01

		2		1		199		3.31E-01

		2		1		200		3.32E-01

		2		1		201		3.43E-01

		2		1		202		3.33E-01

		2		1		203		3.57E-01

		2		1		204		3.36E-01

		2		1		205		3.19E-01

		2		1		206		3.29E-01

		2		1		207		3.46E-01

		2		1		208		3.46E-01

		2		1		209		3.30E-01

		2		1		210		3.27E-01

		2		1		211		3.35E-01

		2		1		212		3.29E-01

		2		1		213		3.32E-01

		2		1		214		3.29E-01

		2		1		215		3.34E-01

		2		1		216		3.33E-01

		2		1		217		3.35E-01

		2		1		218		3.34E-01

		2		1		219		3.37E-01

		2		1		220		3.27E-01

		2		1		221		3.38E-01

		2		1		222		3.36E-01

		2		1		223		3.27E-01

		2		1		224		3.33E-01

		2		1		225		3.27E-01

		2		1		226		3.32E-01

		2		1		227		3.40E-01

		2		1		228		3.28E-01

		2		1		229		3.37E-01

		2		1		230		3.27E-01

		2		1		231		3.31E-01

		2		1		232		3.37E-01

		2		1		233		3.31E-01

		2		1		234		3.29E-01

		2		1		235		3.27E-01

		2		1		236		3.39E-01

		2		1		237		3.34E-01

		2		1		238		3.35E-01

		2		1		239		3.34E-01

		2		1		240		3.45E-01

		2		1		241		3.37E-01

		2		1		242		3.32E-01

		2		1		243		3.32E-01

		2		1		244		3.32E-01

		2		1		245		3.21E-01

		2		1		246		3.47E-01

		2		1		247		3.32E-01

		2		1		248		3.30E-01

		2		1		249		3.42E-01

		2		1		250		3.29E-01

		2		1		251		3.29E-01

		2		1		252		3.41E-01

		2		1		253		3.31E-01

		2		1		254		3.31E-01

		2		1		255		3.24E-01

		2		1		256		3.32E-01

		2		1		257		3.26E-01

		2		1		258		3.22E-01

		2		1		259		3.28E-01

		2		1		260		3.19E-01

		2		1		261		3.33E-01

		2		1		262		3.30E-01

		2		1		263		3.30E-01

		2		1		264		3.22E-01

		2		1		265		3.28E-01

		2		1		266		3.22E-01

		2		1		267		3.27E-01

		2		1		268		3.38E-01

		2		1		269		3.40E-01

		2		1		270		3.33E-01

		2		1		271		3.29E-01

		2		1		272		3.34E-01

		2		1		273		3.49E-01

		2		1		274		3.25E-01

		2		1		275		3.42E-01

		2		1		276		3.38E-01

		2		1		277		3.27E-01
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Figure 2.5   Between nodes timing results for test 1 with the MPI derived type method on the IBM DataStar.
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0.319719

0.316858

0.318766

0.317812

0.320435

0.338793

0.318289

0.316858

0.31805

0.315666

0.317216

0.317454

0.339389

0.319362

0.319719

0.316143

0.31805

0.3196

0.34833

0.316024

0.318527

0.316143

0.316501

0.317097

0.319362

0.354528

0.316739

0.318527

0.319242

0.316381

0.317454

0.318527

0.316739

0.317454

0.31817

0.317812

0.317812

0.317097

0.380635

0.31805

0.320911

0.317097

0.319004

0.317097

0.317335

0.317097

0.3196

0.317693

0.31805

0.321627

0.317454

0.317812

0.317097

0.318885

0.316143

0.317812

0.319362

0.356317

0.318766

0.317454

0.315666

0.316858

0.319362

0.31662

0.318408

0.317216

0.316978

0.316978

0.319481

0.316858

0.314832

0.318527

0.316739

0.352621

0.317335

0.318289

0.353932

0.317335

0.319004

0.317812

0.317216

0.317693

0.318885

0.315785

0.317097

0.318885

0.318766

0.315905

0.316024

0.315428

0.319958

0.31805

0.354528

0.318885

0.317693

0.316978

0.316858

0.315905

0.315905



raw_rows_betw_graph

		PE		K		Trail Number		DT time1

		2		1		0

		2		1		1		3.28E-01

		2		1		2		3.34E-01

		2		1		3		3.17E-01

		2		1		4		3.18E-01

		2		1		5		3.17E-01

		2		1		6		3.19E-01

		2		1		7		3.19E-01

		2		1		8		3.19E-01

		2		1		9		3.34E-01

		2		1		10		3.16E-01

		2		1		11		3.18E-01

		2		1		12		3.20E-01

		2		1		13		3.17E-01

		2		1		14		3.17E-01

		2		1		15		3.17E-01

		2		1		16		3.18E-01

		2		1		17		3.16E-01

		2		1		18		3.17E-01

		2		1		19		3.20E-01

		2		1		20		3.18E-01

		2		1		21		3.17E-01

		2		1		22		3.17E-01

		2		1		23		3.18E-01

		2		1		24		3.19E-01

		2		1		25		3.16E-01

		2		1		26		3.56E-01

		2		1		27		3.17E-01

		2		1		28		3.23E-01

		2		1		29		3.20E-01

		2		1		30		3.18E-01

		2		1		31		3.16E-01

		2		1		32		3.17E-01

		2		1		33		3.17E-01

		2		1		34		3.20E-01

		2		1		35		3.17E-01

		2		1		36		3.18E-01

		2		1		37		3.47E-01

		2		1		38		3.18E-01

		2		1		39		3.18E-01

		2		1		40		3.17E-01

		2		1		41		3.17E-01

		2		1		42		3.16E-01

		2		1		43		3.17E-01

		2		1		44		3.27E-01

		2		1		45		3.20E-01

		2		1		46		3.18E-01

		2		1		47		3.22E-01

		2		1		48		3.20E-01

		2		1		49		3.55E-01

		2		1		50		3.18E-01

		2		1		51		3.19E-01

		2		1		52		3.20E-01

		2		1		53		3.18E-01

		2		1		54		3.17E-01

		2		1		55		3.17E-01

		2		1		56		3.20E-01

		2		1		57		3.18E-01

		2		1		58		3.17E-01

		2		1		59		3.20E-01

		2		1		60		3.17E-01

		2		1		61		3.17E-01

		2		1		62		3.30E-01

		2		1		63		3.18E-01

		2		1		64		3.17E-01

		2		1		65		3.17E-01

		2		1		66		3.20E-01

		2		1		67		3.19E-01

		2		1		68		3.17E-01

		2		1		69		3.18E-01

		2		1		70		3.18E-01

		2		1		71		3.19E-01

		2		1		72		3.18E-01

		2		1		73		3.17E-01

		2		1		74		3.19E-01

		2		1		75		3.18E-01

		2		1		76		3.37E-01

		2		1		77		3.17E-01

		2		1		78		3.19E-01

		2		1		79		3.37E-01

		2		1		80		3.18E-01

		2		1		81		3.19E-01

		2		1		82		3.17E-01

		2		1		83		3.21E-01

		2		1		84		3.18E-01

		2		1		85		3.19E-01

		2		1		86		3.17E-01

		2		1		87		3.18E-01

		2		1		88		3.18E-01

		2		1		89		3.16E-01

		2		1		90		3.19E-01

		2		1		91		3.17E-01

		2		1		92		3.37E-01

		2		1		93		3.19E-01

		2		1		94		3.17E-01

		2		1		95		3.19E-01

		2		1		96		3.23E-01

		2		1		97		3.17E-01

		2		1		98		3.17E-01

		2		1		99		3.22E-01

		2		1		100		3.17E-01

		2		1		101		3.17E-01

		2		1		102		3.17E-01

		2		1		103		3.21E-01

		2		1		104		3.16E-01

		2		1		105		3.19E-01

		2		1		106		3.18E-01

		2		1		107		3.17E-01

		2		1		108		3.17E-01

		2		1		109		3.17E-01

		2		1		110		3.19E-01

		2		1		111		3.16E-01

		2		1		112		3.34E-01

		2		1		113		3.16E-01

		2		1		114		3.19E-01

		2		1		115		3.16E-01

		2		1		116		3.19E-01

		2		1		117		3.18E-01

		2		1		118		3.17E-01

		2		1		119		3.17E-01

		2		1		120		3.17E-01

		2		1		121		3.19E-01

		2		1		122		3.17E-01

		2		1		123		3.20E-01

		2		1		124		3.37E-01

		2		1		125		3.19E-01

		2		1		126		3.25E-01

		2		1		127		3.17E-01

		2		1		128		3.20E-01

		2		1		129		3.17E-01

		2		1		130		3.18E-01

		2		1		131		3.16E-01

		2		1		132		3.19E-01

		2		1		133		3.16E-01

		2		1		134		3.19E-01

		2		1		135		3.78E-01

		2		1		136		3.17E-01

		2		1		137		3.16E-01

		2		1		138		3.17E-01

		2		1		139		3.20E-01

		2		1		140		3.17E-01

		2		1		141		3.17E-01

		2		1		142		3.19E-01

		2		1		143		3.19E-01

		2		1		144		3.36E-01

		2		1		145		3.17E-01

		2		1		146		3.57E-01

		2		1		147		3.17E-01

		2		1		148		3.17E-01

		2		1		149		3.17E-01

		2		1		150		3.21E-01

		2		1		151		3.16E-01

		2		1		152		3.19E-01

		2		1		153		3.17E-01

		2		1		154		3.32E-01

		2		1		155		3.17E-01

		2		1		156		3.19E-01

		2		1		157		3.15E-01

		2		1		158		3.18E-01

		2		1		159		3.17E-01

		2		1		160		3.37E-01

		2		1		161		3.16E-01

		2		1		162		3.18E-01

		2		1		163		3.17E-01

		2		1		164		3.17E-01

		2		1		165		3.17E-01

		2		1		166		3.17E-01

		2		1		167		3.17E-01

		2		1		168		3.18E-01

		2		1		169		3.16E-01

		2		1		170		3.33E-01

		2		1		171		3.16E-01

		2		1		172		3.17E-01

		2		1		173		3.17E-01

		2		1		174		3.19E-01

		2		1		175		3.17E-01

		2		1		176		3.17E-01

		2		1		177		3.16E-01

		2		1		178		3.18E-01

		2		1		179		3.18E-01

		2		1		180		3.17E-01

		2		1		181		3.18E-01

		2		1		182		3.16E-01

		2		1		183		3.17E-01

		2		1		184		3.17E-01

		2		1		185		3.18E-01

		2		1		186		3.38E-01

		2		1		187		3.14E-01

		2		1		188		3.48E-01

		2		1		189		3.18E-01

		2		1		190		3.16E-01

		2		1		191		3.17E-01

		2		1		192		3.18E-01

		2		1		193		3.17E-01

		2		1		194		3.16E-01

		2		1		195		3.16E-01

		2		1		196		3.16E-01

		2		1		197		3.17E-01

		2		1		198		3.17E-01

		2		1		199		3.16E-01

		2		1		200		3.17E-01

		2		1		201		3.17E-01

		2		1		202		3.33E-01

		2		1		203		3.17E-01

		2		1		204		3.19E-01

		2		1		205		3.17E-01

		2		1		206		3.17E-01

		2		1		207		3.55E-01

		2		1		208		3.17E-01

		2		1		209		3.17E-01

		2		1		210		3.16E-01

		2		1		211		3.17E-01

		2		1		212		3.16E-01

		2		1		213		3.17E-01

		2		1		214		3.17E-01

		2		1		215		3.18E-01

		2		1		216		3.17E-01

		2		1		217		3.15E-01

		2		1		218		3.26E-01

		2		1		219		3.17E-01

		2		1		220		3.15E-01

		2		1		221		3.17E-01

		2		1		222		3.16E-01

		2		1		223		3.18E-01

		2		1		224		3.21E-01

		2		1		225		3.17E-01

		2		1		226		3.19E-01

		2		1		227		3.15E-01

		2		1		228		3.18E-01

		2		1		229		3.16E-01

		2		1		230		3.15E-01

		2		1		231		3.35E-01

		2		1		232		3.18E-01

		2		1		233		3.17E-01

		2		1		234		3.19E-01

		2		1		235		3.17E-01

		2		1		236		3.17E-01

		2		1		237		3.27E-01

		2		1		238		3.57E-01

		2		1		239		3.57E-01

		2		1		240		3.20E-01

		2		1		241		3.16E-01

		2		1		242		3.17E-01

		2		1		243		3.17E-01

		2		1		244		3.17E-01

		2		1		245		3.17E-01

		2		1		246		3.17E-01

		2		1		247		3.35E-01

		2		1		248		3.17E-01

		2		1		249		3.18E-01

		2		1		250		3.16E-01

		2		1		251		3.18E-01

		2		1		252		3.15E-01

		2		1		253		3.15E-01

		2		1		254		3.16E-01

		2		1		255		3.53E-01

		2		1		256		3.16E-01

		2		1		257		3.16E-01

		2		1		258		3.18E-01

		2		1		259		3.17E-01

		2		1		260		3.17E-01

		2		1		261		3.18E-01

		2		1		262		3.17E-01

		2		1		263		3.32E-01

		2		1		264		3.18E-01

		2		1		265		3.17E-01

		2		1		266		3.16E-01

		2		1		267		3.17E-01

		2		1		268		3.61E-01

		2		1		269		3.17E-01

		2		1		270		3.16E-01

		2		1		271		3.16E-01

		2		1		272		3.17E-01

		2		1		273		3.18E-01

		2		1		274		3.17E-01

		2		1		275		3.16E-01

		2		1		276		3.17E-01

		2		1		277		3.20E-01

		2		1		278		3.16E-01

		2		1		279		3.35E-01

		2		1		280		3.16E-01

		2		1		281		3.17E-01

		2		1		282		3.17E-01

		2		1		283		3.16E-01

		2		1		284		3.16E-01

		2		1		285		3.17E-01

		2		1		286		3.17E-01

		2		1		287		3.53E-01

		2		1		288		3.18E-01

		2		1		289		3.16E-01

		2		1		290		3.28E-01

		2		1		291		3.17E-01

		2		1		292		3.19E-01

		2		1		293		3.20E-01

		2		1		294		3.19E-01

		2		1		295		3.17E-01

		2		1		296		3.17E-01

		2		1		297		3.18E-01

		2		1		298		3.71E-01

		2		1		299		3.17E-01

		2		1		300		3.17E-01

		2		1		301		3.22E-01

		2		1		302		3.16E-01

		2		1		303		3.59E-01

		2		1		304		3.17E-01

		2		1		305		3.17E-01

		2		1		306		3.17E-01

		2		1		307		3.17E-01

		2		1		308		3.17E-01

		2		1		309		3.17E-01

		2		1		310		3.16E-01

		2		1		311		3.16E-01

		2		1		312		3.19E-01

		2		1		313		3.16E-01

		2		1		314		3.32E-01

		2		1		315		3.16E-01

		2		1		316		3.17E-01

		2		1		317		3.16E-01

		2		1		318		3.16E-01

		2		1		319		3.16E-01

		2		1		320		3.16E-01

		2		1		321		3.17E-01

		2		1		322		3.17E-01

		2		1		323		3.15E-01

		2		1		324		3.17E-01

		2		1		325		3.21E-01

		2		1		326		3.16E-01

		2		1		327		3.16E-01

		2		1		328		3.18E-01

		2		1		329		3.17E-01

		2		1		330		3.25E-01

		2		1		331		3.17E-01

		2		1		332		3.17E-01

		2		1		333		3.16E-01

		2		1		334		3.17E-01

		2		1		335		3.15E-01

		2		1		336		3.17E-01

		2		1		337		3.16E-01

		2		1		338		3.16E-01

		2		1		339		3.18E-01

		2		1		340		3.17E-01

		2		1		341		3.18E-01

		2		1		342		3.15E-01

		2		1		343		3.16E-01

		2		1		344		3.18E-01

		2		1		345		3.18E-01

		2		1		346		3.35E-01

		2		1		347		3.16E-01

		2		1		348		3.17E-01

		2		1		349		3.17E-01

		2		1		350		3.17E-01

		2		1		351		3.19E-01

		2		1		352		3.18E-01

		2		1		353		3.17E-01

		2		1		354		3.54E-01

		2		1		355		3.17E-01

		2		1		356		3.17E-01

		2		1		357		3.18E-01

		2		1		358		3.17E-01

		2		1		359		3.16E-01

		2		1		360		3.17E-01

		2		1		361		3.32E-01

		2		1		362		3.19E-01

		2		1		363		3.20E-01

		2		1		364		3.16E-01

		2		1		365		3.19E-01

		2		1		366		3.17E-01

		2		1		367		3.15E-01

		2		1		368		3.18E-01

		2		1		369		3.19E-01

		2		1		370		3.30E-01

		2		1		371		3.18E-01

		2		1		372		3.19E-01

		2		1		373		3.16E-01

		2		1		374		3.20E-01

		2		1		375		3.17E-01

		2		1		376		3.20E-01

		2		1		377		3.16E-01

		2		1		378		3.19E-01

		2		1		379		3.16E-01

		2		1		380		3.21E-01

		2		1		381		3.16E-01

		2		1		382		3.17E-01

		2		1		383		3.17E-01

		2		1		384		3.21E-01

		2		1		385		3.19E-01

		2		1		386		3.16E-01

		2		1		387		3.19E-01

		2		1		388		3.16E-01

		2		1		389		3.18E-01

		2		1		390		3.18E-01

		2		1		391		3.19E-01

		2		1		392		3.50E-01

		2		1		393		3.16E-01

		2		1		394		3.21E-01

		2		1		395		3.16E-01

		2		1		396		3.17E-01

		2		1		397		3.18E-01

		2		1		398		3.19E-01

		2		1		399		3.58E-01

		2		1		400		3.17E-01

		2		1		401		3.55E-01

		2		1		402		3.19E-01

		2		1		403		3.20E-01

		2		1		404		3.17E-01

		2		1		405		3.19E-01

		2		1		406		3.18E-01

		2		1		407		3.20E-01

		2		1		408		3.39E-01

		2		1		409		3.18E-01

		2		1		410		3.17E-01

		2		1		411		3.18E-01

		2		1		412		3.16E-01

		2		1		413		3.17E-01

		2		1		414		3.17E-01

		2		1		415		3.39E-01

		2		1		416		3.19E-01

		2		1		417		3.20E-01

		2		1		418		3.16E-01

		2		1		419		3.18E-01

		2		1		420		3.20E-01

		2		1		421		3.48E-01

		2		1		422		3.16E-01

		2		1		423		3.19E-01

		2		1		424		3.16E-01

		2		1		425		3.17E-01

		2		1		426		3.17E-01

		2		1		427		3.19E-01

		2		1		428		3.55E-01

		2		1		429		3.17E-01

		2		1		430		3.19E-01

		2		1		431		3.19E-01

		2		1		432		3.16E-01

		2		1		433		3.17E-01

		2		1		434		3.19E-01

		2		1		435		3.17E-01

		2		1		436		3.17E-01

		2		1		437		3.18E-01

		2		1		438		3.18E-01

		2		1		439		3.18E-01

		2		1		440		3.17E-01

		2		1		441		3.81E-01

		2		1		442		3.18E-01

		2		1		443		3.21E-01

		2		1		444		3.17E-01

		2		1		445		3.19E-01

		2		1		446		3.17E-01

		2		1		447		3.17E-01

		2		1		448		3.17E-01

		2		1		449		3.20E-01

		2		1		450		3.18E-01

		2		1		451		3.18E-01

		2		1		452		3.22E-01

		2		1		453		3.17E-01

		2		1		454		3.18E-01

		2		1		455		3.17E-01

		2		1		456		3.19E-01

		2		1		457		3.16E-01

		2		1		458		3.18E-01

		2		1		459		3.19E-01

		2		1		460		3.56E-01

		2		1		461		3.19E-01

		2		1		462		3.17E-01

		2		1		463		3.16E-01

		2		1		464		3.17E-01

		2		1		465		3.19E-01

		2		1		466		3.17E-01

		2		1		467		3.18E-01

		2		1		468		3.17E-01

		2		1		469		3.17E-01

		2		1		470		3.17E-01

		2		1		471		3.19E-01

		2		1		472		3.17E-01

		2		1		473		3.15E-01

		2		1		474		3.19E-01

		2		1		475		3.17E-01

		2		1		476		3.53E-01

		2		1		477		3.17E-01

		2		1		478		3.18E-01

		2		1		479		3.54E-01

		2		1		480		3.17E-01

		2		1		481		3.19E-01

		2		1		482		3.18E-01

		2		1		483		3.17E-01

		2		1		484		3.18E-01

		2		1		485		3.19E-01

		2		1		486		3.16E-01

		2		1		487		3.17E-01

		2		1		488		3.19E-01

		2		1		489		3.19E-01

		2		1		490		3.16E-01

		2		1		491		3.16E-01

		2		1		492		3.15E-01

		2		1		493		3.20E-01

		2		1		494		3.18E-01

		2		1		495		3.55E-01

		2		1		496		3.19E-01

		2		1		497		3.18E-01

		2		1		498		3.17E-01

		2		1		499		3.17E-01

		2		1		500		3.16E-01

		2		1		501		3.16E-01
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Timing result
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Figure 2.6   Within node timing results for test 1 with the MPI derived type method on the Intel/Myrinet cluster.
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		2		1		275		2.73E-01

		2		1		276		2.62E-01

		2		1		277		2.56E-01

		2		1		278		2.72E-01

		2		1		279		2.69E-01

		2		1		280		2.70E-01

		2		1		281		2.63E-01

		2		1		282		2.71E-01

		2		1		283		2.56E-01

		2		1		284		2.66E-01

		2		1		285		2.65E-01

		2		1		286		2.71E-01

		2		1		287		2.65E-01

		2		1		288		2.59E-01

		2		1		289		2.76E-01

		2		1		290		2.62E-01

		2		1		291		2.69E-01

		2		1		292		2.62E-01

		2		1		293		2.66E-01

		2		1		294		2.66E-01

		2		1		295		2.66E-01

		2		1		296		2.61E-01

		2		1		297		2.63E-01

		2		1		298		2.58E-01

		2		1		299		2.58E-01

		2		1		300		2.60E-01

		2		1		301		2.60E-01

		2		1		302		2.62E-01

		2		1		303		2.68E-01

		2		1		304		2.65E-01

		2		1		305		2.64E-01

		2		1		306		2.73E-01

		2		1		307		2.54E-01

		2		1		308		2.69E-01

		2		1		309		2.61E-01

		2		1		310		2.66E-01

		2		1		311		2.55E-01

		2		1		312		2.71E-01

		2		1		313		2.57E-01

		2		1		314		2.54E-01

		2		1		315		2.62E-01

		2		1		316		2.62E-01

		2		1		317		2.76E-01

		2		1		318		2.72E-01

		2		1		319		2.56E-01

		2		1		320		2.70E-01

		2		1		321		2.58E-01

		2		1		322		2.58E-01

		2		1		323		2.62E-01

		2		1		324		2.59E-01

		2		1		325		2.73E-01

		2		1		326		2.66E-01

		2		1		327		2.73E-01

		2		1		328		2.59E-01

		2		1		329		2.65E-01

		2		1		330		2.75E-01

		2		1		331		2.63E-01

		2		1		332		2.62E-01

		2		1		333		2.71E-01

		2		1		334		2.59E-01

		2		1		335		2.59E-01

		2		1		336		2.66E-01

		2		1		337		2.53E-01

		2		1		338		2.65E-01

		2		1		339		2.62E-01

		2		1		340		2.65E-01

		2		1		341		2.60E-01

		2		1		342		2.71E-01

		2		1		343		2.69E-01

		2		1		344		2.68E-01

		2		1		345		2.78E-01

		2		1		346		2.71E-01

		2		1		347		2.62E-01

		2		1		348		2.67E-01

		2		1		349		2.69E-01

		2		1		350		2.64E-01

		2		1		351		2.69E-01

		2		1		352		2.58E-01

		2		1		353		2.65E-01

		2		1		354		2.55E-01

		2		1		355		2.70E-01

		2		1		356		2.63E-01

		2		1		357		2.64E-01

		2		1		358		2.54E-01

		2		1		359		2.68E-01

		2		1		360		2.60E-01

		2		1		361		2.62E-01

		2		1		362		2.63E-01

		2		1		363		2.53E-01

		2		1		364		2.63E-01

		2		1		365		2.70E-01

		2		1		366		2.69E-01

		2		1		367		2.62E-01

		2		1		368		2.62E-01

		2		1		369		2.70E-01

		2		1		370		2.65E-01

		2		1		371		2.55E-01

		2		1		372		2.70E-01

		2		1		373		2.57E-01

		2		1		374		2.60E-01

		2		1		375		2.67E-01

		2		1		376		2.61E-01

		2		1		377		2.57E-01

		2		1		378		2.65E-01

		2		1		379		2.64E-01

		2		1		380		2.67E-01

		2		1		381		2.66E-01

		2		1		382		2.68E-01

		2		1		383		2.63E-01

		2		1		384		2.58E-01

		2		1		385		2.60E-01

		2		1		386		2.58E-01

		2		1		387		2.60E-01

		2		1		388		2.63E-01

		2		1		389		2.66E-01

		2		1		390		2.69E-01

		2		1		391		2.61E-01

		2		1		392		2.68E-01

		2		1		393		2.62E-01

		2		1		394		2.67E-01

		2		1		395		2.58E-01

		2		1		396		2.70E-01

		2		1		397		2.69E-01

		2		1		398		2.70E-01

		2		1		399		2.63E-01

		2		1		400		2.69E-01

		2		1		401		2.60E-01

		2		1		402		2.51E-01

		2		1		403		2.70E-01

		2		1		404		2.66E-01

		2		1		405		2.63E-01

		2		1		406		2.53E-01

		2		1		407		2.68E-01

		2		1		408		2.52E-01

		2		1		409		2.77E-01

		2		1		410		2.54E-01

		2		1		411		2.59E-01

		2		1		412		2.60E-01

		2		1		413		2.61E-01

		2		1		414		2.73E-01

		2		1		415		2.61E-01

		2		1		416		2.54E-01

		2		1		417		2.61E-01

		2		1		418		2.68E-01

		2		1		419		2.66E-01

		2		1		420		2.73E-01

		2		1		421		2.67E-01

		2		1		422		2.70E-01

		2		1		423		2.60E-01

		2		1		424		2.57E-01

		2		1		425		2.68E-01

		2		1		426		2.74E-01

		2		1		427		2.69E-01

		2		1		428		2.70E-01

		2		1		429		2.78E-01

		2		1		430		2.65E-01

		2		1		431		2.60E-01

		2		1		432		2.65E-01

		2		1		433		2.73E-01

		2		1		434		2.67E-01

		2		1		435		2.61E-01

		2		1		436		2.62E-01

		2		1		437		2.63E-01

		2		1		438		2.62E-01

		2		1		439		2.67E-01

		2		1		440		2.60E-01

		2		1		441		2.63E-01

		2		1		442		2.72E-01

		2		1		443		2.62E-01

		2		1		444		2.59E-01

		2		1		445		2.67E-01

		2		1		446		2.69E-01

		2		1		447		2.59E-01

		2		1		448		2.59E-01

		2		1		449		2.71E-01

		2		1		450		2.62E-01

		2		1		451		2.62E-01

		2		1		452		2.56E-01

		2		1		453		2.64E-01

		2		1		454		2.53E-01

		2		1		455		2.57E-01

		2		1		456		2.66E-01

		2		1		457		2.63E-01

		2		1		458		2.71E-01

		2		1		459		2.67E-01

		2		1		460		2.75E-01

		2		1		461		2.76E-01

		2		1		462		2.61E-01

		2		1		463		2.70E-01

		2		1		464		2.69E-01

		2		1		465		2.59E-01

		2		1		466		2.73E-01

		2		1		467		2.61E-01

		2		1		468		2.60E-01

		2		1		469		2.68E-01

		2		1		470		2.70E-01

		2		1		471		2.61E-01

		2		1		472		2.58E-01

		2		1		473		2.74E-01

		2		1		474		2.62E-01

		2		1		475		2.66E-01

		2		1		476		2.68E-01

		2		1		477		2.63E-01

		2		1		478		2.64E-01

		2		1		479		2.65E-01

		2		1		480		2.70E-01

		2		1		481		2.55E-01

		2		1		482		2.57E-01

		2		1		483		2.63E-01

		2		1		484		2.62E-01

		2		1		485		2.65E-01

		2		1		486		2.62E-01

		2		1		487		2.64E-01

		2		1		488		2.60E-01

		2		1		489		2.65E-01

		2		1		490		2.59E-01

		2		1		491		2.59E-01

		2		1		492		2.60E-01

		2		1		493		2.72E-01

		2		1		494		2.70E-01

		2		1		495		2.73E-01

		2		1		496		2.57E-01

		2		1		497		2.56E-01

		2		1		498		2.59E-01

		2		1		499		2.57E-01

		2		1		500		2.68E-01

		2		1		501		3.31E-01






