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If the number of processes is not defined in a task then this number is as-
sumed to be not greater than 16. A zero-rank process in the
MPI_COMM_WORLD communicator is called a master process throughout all
task groups. All other processes are called slave processes.

If a task does not specify the maximal size of an input sequence of number
then this size should be considered as 20.

1. Processes and their ranks

MPI1Procl. Input a real number X in each process of the
MPI_ COMM_WORLD communicator and output its opposite value —X.
Also output the total number of processes in the master process (that is, a
rank-zero process). For data input and output use the input-output stream
pt. Also output the value —X in the debug section using the Show function,
which is also defined in the taskbook.

MPI1Proc2. Input an integer A in each process of the MPI_COMM_WORLD
communicator and output doubled value of A. Also output the total number
of processes in the master process (that is, a rank-zero process). For data
input and output use the input-output stream pt. In the main process, dupli-
cate the data output in the debug section by displaying on separate lines the
doubled value of A and the total number of processes (use two calls of the
ShowL.ine function, which is defined in the taskbook along with the Show
function).

MPI1Proc3. Input a real number X and output its opposite value in the master
process. Also output the rank of slave processes (which are processes
whose rank is greater than 0); the rank of each process should be output in
the process of this rank. In addition, duplicate the data output in the debug
section by displaying the value of —X with the "-X=" comment and the rank
values with the "rank=" comments (use the Show function calls with two
parameters).

MPI1Proc4. Input one integer in processes with even rank (inclusive of the
main process) and output the doubled value of input number. Do not per-
form any action in processes with odd rank.

MPI1Proc5. Input one integer in processes with even rank (inclusive of the
main process), input one real number in processes with odd rank. Output
doubled value of input number in each process.

MPI1Proc6. Input one integer in slave processes with even rank, input one real
number in processes with odd rank. Output doubled value of input number
in each slave process. Do not perform any action in the master process.

MPI1Proc7. An integer N (> 0) and a sequence of N real numbers are given in
each process with even rank (inclusive of the master process). Output the



sum of given numbers in each process. Do not perform any action in
processes with odd rank.

MPI1Proc8. An integer N (> 0) and a sequence of N real numbers are given in
each process. Output the sum of given numbers in each process with even
rank (inclusive of the main process), output the average of given numbers
in each process with odd rank.

MPI1Proc9. An integer N (> 0) and a sequence of N real numbers are given in
each process. Output the sum of given numbers in each slave process with
even rank, output the average of given numbers in each process with odd
rank, output the product of given numbers in the master process.

MPI1Proc10. An integer N (>0) and a sequence of N numbers are given in
each process. The sequence contains real numbers in the slave processes
with odd rank (1, 3, ...) and integers in the slave processes with even rank
(2,4 ...). The type of elements in the master process depends on the num-
ber of processes K: if K is an odd number then the sequence contains integ-
ers otherwise the sequence contains real numbers. Output the minimal ele-
ment of the given sequence in each even-rank process (inclusive of the
master process), output the maximal element of the given sequence in each
odd-rank process.

2. Point-to-point communication

2.1. Blocking communications

MPI2Sendl1. An integer is given in each process. Send all given integers to the
master process using the MP1_Send and MPI_Recv functions (the blocking
functions for standard communication mode) and output received integers
in the master process in ascending order of ranks of sending processes.

MPI2Send?2. A real number is given in each slave process. Send all given num-
bers to the master process using the MPI_Bsend (the blocking function for
buffered send) and MPI_Recv functions and output received numbers in
the master process in descending order of ranks of sending processes. Use
the MPI1_Buffer_attach function for attaching a buffer to a process.

MPI12Send3. Four integers are given in each slave process. Send all given in-
tegers to the master process using one call of the MPI_Send function for
each sending process. Output received integers in the master process in as-
cending order of ranks of sending processes.

MPI12Send4. An integer N (0 < N < 5) and a sequence of N integers are given in
each slave process. Send all given sequences to the master process using
one call of the MPI_Bsend function for each sending process. Output re-
ceived integers in the master process in ascending order of ranks of sending



processes. Use the MPI_Get_count to determine the size of received se-
quences.

MPI12Send5. A sequence of real numbers is given in the master process; the
size of sequence is equal to the number of slave processes. Send each ele-
ment of given sequence to corresponding slave process using the
MPI1_Send function: the first number should be sent to the process 1, the
second number should be sent to the process 2, and so on. Output received
numbers in the slave processes.

MPI12Send6. A sequence of real numbers is given in the master process; the
size of sequence is equal to the number of slave processes. Send each ele-
ment of given sequence to corresponding slave process (in inverse order)
using the MPI_Bsend function: the first number should be sent to the last
process, the second number should be sent to the last but one process, and
so on. Output received numbers in the slave processes.

MPI12Send7. An integer N and a sequence of N real numbers is given in the
master process; K—1<N <10, K is the number of processes. Send ele-
ments of given sequence with order number 1, 2, ..., K— 2 to slave process
of rank 1, 2, ..., K — 2 respectively, and send remaining elements of the se-
quence to the process K—1. Output received numbers in the slave
processes. Use the MPI _Send function to send data, use the
MPI1_Get_count function to determine the size of received sequences in the
process K — 1.

MPI12Send8. An integer is given in each slave process; only one of given integ-
ers is nonzero-valued. Send nonzero integer to the master process. Output
the received number and the rank of sending process in the master process.
Use the MPI_Recv function with the MPI_ANY_SOURCE parameter to
receive data in the master process.

MPI12Send9. An integer N is given in each slave process; one of given integers
IS positive, others are zero-valued. Also a sequence of N real numbers is
given in the slave process with nonzero integer N. Send the given sequence
to the master process. Output the received numbers and the rank of sending
process in the master process. Use the MPI_Recv function with the
MPI_ANY_SOURCE parameter to receive data in the master process.

MPI12Send10. An integer N is given in each slave process, an integer K (> 0) is
given in the master process; the number K is equal to number of slave
processes whose given integers N are positive. Send all positive integers N
to the master process. Output sum of received numbers in the master
process. Use the MPI_Recv function with the MPI_ANY_SOURCE para-
meter to receive data in the master process.

MPI12Sendl11. A real number is given in each process. Send the given number
from the master process to all slave processes and send the given numbers



from the slave processes to the master process. Output the received num-
bers in each process. The numbers received by the master process should
be output in ascending order of ranks of sending processes. Use the
MPI_Ssend function to send data.

Note. The MPI_Ssend function provides a synchronous data transfer
mode, in which the operation of sending a message will be completed only
after the receiving process starts to receive this message. In the case of data
transfer in synchronous mode, there is a danger of deadlocks because of the
incorrect order of the function calls for sending and receiving data.

MPI2Send12. An integer is given in each process. Using the MPI_Ssend and
MPI_Recv functions, perform the right cyclic shift of given data by step 1
(that is, the given integer should be sent from the process 0 to the process 1,
from the process 1 to the process 2, ..., from the last process to the
process 0). Output the received number in each process.

Note. See note to MPI2Send11.

MPI2Send13. An integer is given in each process. Using the MPI_Ssend and
MPI1_Recv functions, perform the left cyclic shift of given data by step —1
(that is, the given integer should be sent from the process 1 to the process 0,
from the process 2 to the process 1, ..., from the process O to the last
process). Output the received number in each process.

Note. See note to MPI2Send11.

MPI12Send14. Two integers are given in each process. Send the first integer to
the previous process and the second integer to the next process (use the
MPI_Ssend and MPI_Recv functions). The last process is assumed to be
the previous one for the master process, the master process is assumed to
be the next one for the last process. Output the received numbers in each
process in the following order: the number received from the previous
process, then the number received from the next process.

Note. See note to MPI2Send11.

MPI2Send15. A real number A and an integer N are given in each process; the
set of given integers N contains all values in the range 0 to K — 1, K is the
number of processes. Send the number A to the process N in each process
(use the MPI_Send and MPI_Recv functions and the MPI_ANY_SOURCE
parameter). Output the received number and the rank of sending process in
each process.

MPI12Send16. An integer N is given in each process; the value of N is equal
to 1 for one process and is equal to O for others. Also a sequence of K—1
real numbers is given in the process with nonzero integer N; K is the num-
ber of processes. Send each number from the given sequence to one of oth-
er processes in ascending order of ranks of receiving processes. Output the
received number in each process.



MPI2Send17. A sequence of K — 1 integers is given in each process; K is the
number of processes. Send one of the integers from the given sequence in
each process to the corresponding process in ascending order of ranks of
receiving processes. Output the received numbers in each process in as-
cending order of ranks of sending processes.

MPI12Send18. The number of processes is an even number. An integer N
(0 <N <5) and a sequence of N real numbers are given in each process.
Exchange given sequences of processes 0 and 1, 2 and 3, and so on, using
the MPI_Sendrecv function. Output the received sequence of real numbers
in each process.

MPI12Send19. A real number is given in each process. Change the order of giv-
en numbers to inverse one by sending the given numbers from the
process 0 to the last process, from the process 1 to the last but one process,
..., from the last process to the process 0. Use the MPI_Sendrecv_replace
function. Output the received number in each process.

MPI12Send20. A real number A and its order number N (as an integer) are given
in each slave process; the set of integers N contains all values in the range 0
to K—1, K is the number of processes. Send all numbers A to the master
process and output the received numbers in ascending order of their order
numbers N. Do not use arrays. Use the order number N as a msgtag para-
meter of the MPI_Send function.

MPI12Send21. An integer L (> 0) and a sequence of L pairs (A, N) are given in
each slave process; A is a real number and N is the order number of A. The
sum of all integers L is equal to 2K, where K is the number of processes;
the set of integers N contains all values in the range 1 to 2K. Send all num-
bers A to the master process and output the received numbers in ascending
order of their order numbers N. Do not use arrays. Use the order number N
as a msgtag parameter of the MP1_Send function.

MPI2Send22. A sequence of pairs (T, A) is given in the master process; the
size of sequence is equal to the number of slave processes. An integer T is
equal to O or 1; if T=0 then A is an integer, otherwise A is a real number.
Send one of the numbers A to the corresponding slave process (the first
number to the process 1, the second number to the process 2, and so on)
and output received numbers in the slave processes. Use the value of T as a
msgtag parameter of the MP1_Send function to send information about the
type of number A; use the MPI_Probe function with the parameter
MPI_ANY_TAG to receive this information.

Note. To avoid the code duplication, use the auxiliary template functions
template <typename T> void send (int t, int dest, MPI Datatype d) o
send data and template <typename T> void recv (MPI Datatype d) to re-



ceive data. Use a number equal to 0 or 1 for the t parameter and the rank of
receiving process for the dest parameter.

MPI12Send23. Two integers T, N and a sequence of N numbers are given in

each slave process. An integer T is equal to 0 or 1; if T =0 then the given
sequence contains integers, otherwise it contains real numbers. Send all
given sequences to the master process and output received numbers in the
ascending order of ranks of sending processes. Use the value of T as a
msgtag parameter of the MPI_Send function to send information about the
sequence type; use the MPI _Probe function with the parameter
MPI_ANY _TAG to receive this information.
Note. To avoid the code duplication, use the auxiliary template functions
template <typename T> void send(int t, MPI Datatype d) [0 send data and
template <typename T> void recv(MPI Datatype d, MPI Status s) to receive
data. Use a number equal to O or 1 for the t parameter and the result re-
turned by the MPI_Probe function for the s parameter.

MPI12Send24. The number of processes K is an even number: K =2N. A se-
quence of N real numbers is given in each even-rank process (0, 2, ...,
K — 2), a sequence of N integers is given in each odd-rank process (1, 3, ...,
K —1). Using the MPI_Sendrecv_replace function, perform the cyclic shift
of all real-valued sequences in the direction of increasing the ranks of
processes and the cyclic shift of all integer sequences in the direction of de-
creasing the ranks of processes (that is, the real-valued sequences should be
sent from the process 0 to the process 2, from the process 2 to the process
4, ..., from the process K — 2 to the process 0 and the integer sequences
should be sent from the process K—1 to the process K —3, from the
process K — 3 to the process K—5, ..., from the process 1 to the process
K —1). Output received data in each process. To determine the rank of the
receiving process, use the expression containing the % operator of taking
the remainder after integer division. Use the MPI_ANY_SOURCE parame-
ter as the rank of sending process.

Note. To avoid the code duplication, use the auxiliary template function

template <typename T> void sendrecv(int rank, int size, MPI Datatype
d, int step). The step parameter specifies a shift value, which should be
equal to 2 for real-valued sequences and equal to —2 for integer ones.

MPI12Send25. The number of processes K is an even number: K =2N. A se-
quence of R+ 1 real numbers is given in the first half of the processes,
where R is the process rank (R=0, 1, ..., N—1). A sequence of 2N — R in-
tegers is given in the second half of the processes, where R is the process
rank (R=N, N+1,..., 2N —1). Using the MPI_Sendrecv function, send
the given seguences from each half of the processes to the corresponding
process of the other half (that is, the sequence from the process 0 should be
sent to the process N, from the process 1 — to the process N + 1, from the



process N — to the process 0, from the process 2N — 1 — to the process
N — 1, and so on). Output received data in each process.

Note. To avoid the code duplication, use the auxiliary template function
template <typename T1, typename T2> void sendrecv (MPI Datatype dl, int

cntl, int rank2, MPI Datatype d2, int cnt2), where the d1 and cntl pa-
rameters define the properties of the process that calls the function (the
type and the number of elements of sending sequence) and the parameters
rank2, d2, cnt2 are the rank and the similar properties of the process in-
volved in data exchange.

2.2. Nonblocking communications

MPI12Send26. An integer N is given in each process. The value of N is equal to
0 in all processes, except for one, and it is equal to 1 in some selected
process. Also an integer sequence A of size K—1 is given in the selected
process, where K is the number of processes. Do not save the sequence A in
array. Send one element of the sequence A at a time to other processes in
ascending order of their ranks and output the received number in each
process. Use the required number of the MPI_Issend and MPI_Wait func-
tion calls (sending a message in synchronous nonblocking mode) in the se-
lected process and the MPI_Recv function call in the other processes. Ad-
ditionally, display the duration of each MP1_Wait function call (in millise-
conds) in the debug section. To do this, call the MPI_Wtime function be-
fore and after the MPI_Wait call and use the Show function to display the
difference between returned values of the MP1_Wtime function multiplied
by 1000. Check how the debugging information changes if the MPI_Isend
function (sending a message in standard nonblocking mode) will be used
instead of the MPI_Issend function.

MPI12Send27. An integer N is given in each process. The value of N is equal to
—1 in some selected process of the rank R and it is equal to R in the other
processes. A real number A is also given in all processes, except for the se-
lected one. Send the numbers A to the selected process and output received
numbers in ascending order of ranks of sending processes. Use the required
number of the MPI_Recv function calls in the selected process and the
MPI_Issend and MPI_Test function call in the other processes. Repeat the
MPI_Test function call until it returns a nonzero flag, and display the re-
quired number of iterations of the loop in the debug section using the Show
function. Check how the debugging information changes if the MPI_Isend
function will be used instead of the MPI_Issend function.

MPI12Send28. An integer N is given in each process. The value of N is equal to
—1 in some selected process of the rank R and it is equal to R in the other
processes. A real number A is also given in all processes, except for the se-
lected one. Send the numbers A to the selected process and output received
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numbers in descending order of ranks of sending processes. Use the re-
quired number of the MPI_Irecv and MPI_Test function calls (receiving a
message in nonblocking mode) in the selected process and the MPI_Ssend
function call in the other processes. Repeat the MPI_Test function call after
each MPI_Irecv function call until MPI_Test returns a nonzero flag, and
display the required number of iterations of the loop in the debug section
using the Show function. Check how the debugging information changes if
the MPI_Send function will be used instead of the MP1_Ssend function.

MPI12Send29. An integer N is given in each process. The value of N is equal to
—1 in some selected process of the rank R and it is equal to R in the other
processes. A real number A is also given in all processes, except for the se-
lected one. Send the numbers A to the selected process and output the sum
S of received numbers. Use the required number of the MPI_Irecv and
MPI_Waitany function calls in the selected process and the MPI_Ssend
function call in the other processes. Declare an array Q of the MP1_Request
type in the selected process and call the MPI_Irecv functions in a loop with
the a separate element of Q for each function call. Then call the
MPI_Waitany function in a second loop to accumulate the sum S. Addi-
tionally, display the following data in the debug section in each iteration of
the second loop (using the Show and ShowL.ine function call): the value of
A added to the sum at this iteration, and the rank of the process that sent
this value.

MPI12Send30. An integer N is given in each process. The value of N is equal to
0 in all processes, except for two, and it is equal to 1 in the first selected
process (the sender) and it is equal to 2 in the second selected process (the
receiver). Also an integer R and a sequence of K integers are given in the
sender, where R is the rank of the receiver and K is the number of
processes. Do not save the sequence A in array. Send all elements of the
sequence A to the receiver and output the received numbers in the same or-
der. Use the single call of the MPI_Ssend_init function and the required
number of the MPI_Start and MPI_Wait function calls in the sender, and
the single call of the MPI_Recv_init function and the required number of
the MPI1_Start and MPI_Wait function calls in the receiver. Additionally,
display the duration of each MPI_Wait function call (in milliseconds) in the
debug section (for both the sender and the receiver). To do this, call the
MPI_Wtime function before and after the MP1_Wait call and use the Show
function to display the difference between returned values of the
MPI_Wtime function multiplied by 1000. Check how the debugging in-
formation changes if the MPI_Send_init function will be used instead of
the MPI_Ssend_init function.
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MPI12Send31. An integer N is given in each process. The value of N is equal to
2 in the first selected process (the receiver), it is equal to 1 in some other
selected processes (the senders), it is equal to O in all other processes. Also
an integer R and a sequence A of K integers are given in each sender, where
R is the rank of the receiver and K is the number of processes, and the
number of senders C is given in the receiver. Send all sequences A to the
receiver and output the sums S of elements of all sequences A with the
same indices (in ascending order of indices). Use the single call of the
MPI_Ssend function in each sender. Declare an array Q of the
MPI1_Request type in the receiver and call the MPI_Recv _init functions in
a loop with a separate element of Q for each function call. Then call the
MPI_Startall function in the receiver and, after that, call the MPI1_Waitany
function in a second loop to accumulate the sums S. Additionally, display
the following data in the debug section in each iteration of the second loop
(using two Show function and one ShowLine function calls): the duration
of each MPI_Waitany function call (in milliseconds), the returned value of
the third parameter (named index) of the MPI_Waitany function, and the
rank of current sender that corresponds to the index parameter. To find the
duration, call the MP1_Wtime function before and after the MPI_Waitany
call and calculate the difference between returned values of the
MPI_Wtime function multiplied by 1000. To find the rank of the current
sender, use the value of the last parameter (of the MPI_Status type) re-
turned by the MPI_Waitany function.

MPI12Send32. An integer N is given in each process. The value of N is equal to
1 in the first selected process (the sender), it is equal to 2 in some other se-
lected processes (the receivers), it is equal to O in all other processes. Also
a real number A, an integer C, and a sequence R of C integers are given in
the sender, where C is the number of receivers and R contains ranks of all
receivers. Send the number A to all receivers and output it in each receiver.
Use the single call of the MPI_Recv function in each receiver. Declare an
array Q of the MPI_Request type in the sender and call the MP1_Ssend_init
functions in a loop with a separate element of Q for each function call.
Then call the MPI_Startall function in the sender and, after that, call the
MPI_Testany function in a second loop (the MPI1_Testany function should
be called in a nested loop until it returns a nonzero flag). Additionally, dis-
play the following data in the debug section in each iteration of the second
loop (using the Show and ShowLine function call): the returned value of
the third parameter (named index) of the MPI_Testany function (when it
returns a nonzero flag), and the number of MPI_Testany function calls (that
IS, the number of iterations of the nested loop). Check how the debugging
information changes if the MPI_Send_init function will be used instead of
the MPI1_Ssend_init function.
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3. Collective communications

3.1. Collective data transfer

MPI3Colll. An integer is given in the master process. Send the given integer to
all slave processes using the MPI_Bcast function. Output the received in-
teger in all slave processes.

MPI3Coll2. A sequence of 5 real numbers is given in the master process. Send
the given sequence to all slave processes using the MPI_Bcast function.
Output received data in all slave processes.

MPI3Coll3. A real number is given in each process. Send the given numbers to
master process using the MPI_Gather function. Output received numbers in
the master process in ascending order of ranks of sending processes (start-
ing with the number that is given in the master process).

MPI3Coll4. A sequence of 5 integers is given in each process. Send the given
sequences to master process using the MPI_Gather function. Output re-
ceived data in the master process in ascending order of ranks of sending
processes (starting with the sequence that is given in the master process).

MPI3Coll5. A sequence of R + 2 integers is given in each process; the integer R
is equal to rank of the process (there are given 2 integers in the process 0,
3 integers in the process 1, and so on). Send the given sequences to master
process using the MPI_Gatherv function. Output received data in the mas-
ter process in ascending order of ranks of sending processes (starting with
the sequence that is given in the master process).

MPI3Coll6. A sequence of K real numbers is given in the master process; K is
the number of processes. Send one element of given sequence to each
process (inclusive of the master process) using the MPI_Scatter function.
Output the received number in each process.

MPI3Coll7. A sequence of 3K real numbers is given in the master process, K is
the number of processes. Send three elements of given sequence to each
process (inclusive of the master process) using the MPI_Scatter function.
Output received numbers in each process.

MPI3Coll8. A sequence of K real numbers is given in the master process; K is
the number of processes. Using the MPI_Scatterv function, send elements
of given sequence to all processes as follows: the first element should be
sent to the process K—1, the second element should be sent to the
process K — 2, ..., the last element should be sent to the process 0). Output
the received number in each process.
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MPI3Coll9. A sequence of K(K + 3)/2 integers is given in the master process; K
Is the number of processes. Using the MPI_Scatterv function, send R + 2
elements of given sequence to the process of rank R, where R=0, ...,
K — 1: the first two elements should be sent to the process 0, the next three
elements should be sent to the process 1, and so on. Output received num-
bers in each process.

MPI3Coll10. A sequence of K + 2 real numbers is given in the master process;
K is the number of processes. Using the MPI1_Scatterv function, send three
elements of given sequence to each process as follows: elements with order
numbers in the range R + 1 to R + 3 should be sent to the process of rank R,
where R=0, ..., K—1 (the initial three elements should be sent to the
process 0; the second, the third, and the fourth element should be sent to
the process 1, and so on). Output received numbers in each process.

MPI3Coll11. A real number is given in each process. Send given numbers to all
process using the MPI_Allgather function. Output received data in each
process in ascending order of ranks of sending processes (inclusive of the
number received from itself).

MPI13Coll12. Four integers are given in each process. Send given integers to all
processes using the MPI_Allgather function. Output received data in each
process in ascending order of ranks of sending processes (inclusive of the
numbers received from itself).

MPI3Coll13. A sequence of R + 2 integers is given in each process; R is the
rank of process (that is, two integers are given in the process 0, three integ-
ers are given in the process 1, and soon). Send given integers to all
processes using the MPI_Allgatherv function. Output received data in each
process in ascending order of ranks of sending processes (inclusive of the
numbers received from itself).

MPI13Coll14. A sequence of K real numbers is given in each process; K is the
number of processes. Using the MPI1_Alltoall function, send one element of
each given sequence to each process as follows: first element of each se-
guence should be sent to the process 0, second element of each sequence
should be sent to the process 1, and so on. Output received numbers in each
process in ascending order of ranks of sending processes (inclusive of the
number received from itself).

MPI3Coll15. A sequence of 3K integers is given in each process; K is the num-
ber of processes. Using the MPI1_Alltoall function, send three elements of
each given sequence to each process as follows: the initial three elements
of each sequence should be sent to the process 0, the next three elements of
each sequence should be sent to the process 1, and so on. Output received
numbers in each process in ascending order of ranks of sending processes
(inclusive of the numbers received from itself).
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MPI3Coll16. A sequence of K(K + 1)/2 integers is given in each process; K is
the number of processes. Using the MPI_Alltoallv function, send some
elements of each given sequence to each process as follows: the first ele-
ment of each sequence should be sent to the process 0, the next two ele-
ments of each sequence should be sent to the process 1, the next three ele-
ments of each sequence should be sent to the process 2, and so on. Output
received numbers in each process in ascending order of ranks of sending
processes (inclusive of the numbers received from itself).

MPI3ColI17. A sequence of K + 1 real numbers is given in each process; K is
the number of processes. Using the MPI1_Alltoallv function, send two ele-
ments of each given sequence to each process as follows: the initial two
elements of each sequence should be sent to the process 0, the second and
the third element of each sequence should be sent to the process 1, ..., the
last two elements of each sequence should be sent to the last process. Out-
put received numbers in each process in ascending order of ranks of send-
ing processes (inclusive of the numbers received from itself).

MPI3Coll18. A sequence of K + 1 real numbers is given in each process; K is
the number of processes. Using the MPI1_Alltoallv function, send two ele-
ments of each given sequence to each process as follows: the last two ele-
ments of each sequence (with the order numbers K + 1 and K) should be
sent to the process 0, the elements of each sequence with the order numbers
K — 1 and K should be sent to the process 1, ..., the initial two elements of
each sequence should be sent to the last process. Output received numbers
in each process in ascending order of ranks of sending processes (inclusive
of the numbers received from itself).

3.2. Global reduction operations

MPI3Coll19. A sequence of K + 5 integers is given in each process; K is the
number of processes. Find sums of elements of all given sequences with the
same order number using the MPI_Reduce function with the MPI_SUM
operation. Output received sums in the master process.

MPI3ColI20. A sequence of K + 5 real numbers is given in each process; K is
the number of processes. Find the minimal value among the elements of all
given sequences with the same order number using the MPI_Reduce func-
tion with the MPI_MIN operation. Output received minimal values in the
master process.

MPI3Coll21. A sequence of K +5 integers is given in each process; K is the
number of processes. Using the MPI_Reduce function with the
MPI_MAXLOC operation, find the maximal value among the elements of
all given sequences with the same order number and also the rank of
process that contains this maximal value. Output received maximal values
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and ranks in the master process (first, output all maximal values, then out-
put all corresponding ranks).

MPI13Coll22. A sequence of K + 5 real numbers is given in each process; K is
the number of processes. Find products of elements of all given sequences
with the same order number using the MPI_Allreduce function with the
MP1_PROD operation. Output received products in each process.

MPI13Coll23. A sequence of K + 5 real numbers is given in each process; K is
the number of processes. Using the MPI_Allreduce function with the
MPI_MINLOC operation, find the minimal value among the elements of
all given sequences with the same order number and also the rank of
process that contains this minimal value. Output received minimal values in
the master process and output corresponding ranks in each slave process.

MPI13Coll24. A sequence of K integers is given in each process; K is the number
of processes. Using the MPI_Reduce_scatter function, find sums of ele-
ments of all given sequences with the same order number and send one sum
to each process as follows: the first sum should be sent to the process 0, the
second sum should be sent to the process 1, and so on. Output the received
sum in each process.

MPI3ColI25. A sequence of 2K real numbers is given in each process; K is the
number of processes. Using the MPI_Reduce_scatter function, find max-
imal values among elements of all given sequences with the same order
number and send two maximal values to each process as follows: the initial
two maximums should be sent to the process 0, the next two maximums
should be sent to the process 1, and so on. Output received data in each
process.

MPI13Coll26. A sequence of K(K + 3)/2 integers is given in each process; K is
the number of processes. Using the MP1_Reduce_scatter function, find mi-
nimal values among elements of all given sequences with the same order
number and send some minimal values to each process as follows: the ini-
tial two minimums should be sent to the process 0, the next three mini-
mums should be sent to the process 1, ..., the last K + 1 minimums should
be sent to the process K — 1. Output received data in each process.

MPI13Coll27. A sequence of K + 5 real numbers is given in each process; K is
the number of processes. Using the MPI_Scan function, find products of
elements of given sequences with the same order number as follows: the
products of elements of sequences given in the processes of rank 0, ..., R
should be found in the process R (R =0, 1, ..., K—1). Output received data
in each process; in particular, products of elements of all given sequences
should be output in the process K — 1.

MPI3Coll28. A sequence of K + 5 integers is given in each process; K is the
number of processes. Using the MPI_Scan function, find maximal values
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among elements of given sequences with the same order number as fol-
lows: the maximal values of elements of sequences given in the processes
of rank O, ..., R should be found in the processR (R=0, 1,..., K—1).
Output received data in each process.

4. Derived datatypes and data packing

4.1. The simplest derived types

MPI14Typel. A sequence of K—1 triples of integers is given in the master
process; K is the amount of processes. Send all given data to each slave
process using derived datatype with three integer elements and one collec-
tive operation with the derived datatype. Output received data in each slave
process in the same order.

MPI14Type2. A sequence of K—1 triples of integers is given in the master
process; K is the amount of processes. Send one given triple at a time to
each slave process using derived datatype with three integer elements and
one collective operation with the derived datatype. Output received integers
in each slave process in the same order.

MPI14Type3. A triple of integers is given in each slave process. Send all given
triples to the master process using derived datatype with three integer ele-
ments and one collective operation with the derived datatype. Output re-
ceived data in the master process in ascending order of ranks of sending
processes.

MPI4Type4. A sequence of K—1 triples of numbers is given in the master
process; K is the amount of processes. Two initial items of each triple are
integers, the last item is a real number. Send all given triples to each slave
process using derived datatype with three elements (two integers and a real
number) and one collective operation with the derived datatype. Output re-
ceived data in each slave process in the same order.

MPI4Type5. A sequence of K—1 triples of numbers is given in the master
process; K is the amount of processes. The first item and the last item of
each triple are integers, the middle item is a real number. Send one given
triple at a time to each slave process using derived datatype with three ele-
ments (an integer, a real number, an integer) and one collective operation
with the derived datatype. Output received data in each slave process in the
same order.

MPI14Type6. A triple of numbers is given in each slave process. The first item
of each triple is a real number, the other items are integers. Send all given
triples to the master process using derived datatype with three elements (a
real number and two integers) and one collective operation with the derived
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datatype. Output received data in the master process in ascending order of
ranks of sending processes.

MPI14Type7. A triple of numbers is given in each process. The first item and the
last item of each triple are integers, the middle item is a real number. Send
the given triples from each process to all processes using derived datatype
with three elements (an integer, a real number, an integer) and one collec-
tive operation with the derived datatype. Output received data in each
process in ascending order of ranks of sending processes (inclusive of data
received from itself).

MPI14Type8. A sequence of R triples of numbers is given in each slave process;
R is the rank of process. Two initial items of each triple are integers, the
last item is a real number. Send all given triples to the master process using
derived datatype with three elements (two integers and a real number) and
one collective operation with the derived datatype. Output received data in
the master process in ascending order of ranks of sending processes.

4.2. Data packing

MPI14Type9. Two sequences of K numbers are given in the master process; K is
the amount of processes. The first given sequence contains integers, the
second given sequence contains real numbers. Send all data to each slave
process using the MPI_Pack and MPI_Unpack functions and one collective
operation. Output received data in each slave process in the same order.

MPI14Typel0. A sequence of K — 1 triples of numbers is given in the master
process; K is the amount of processes. The first item and the last item of
each triple are integers, the middle item is a real number. Send one given
triple at a time to each slave process using the pack/unpack functions and
one collective operation. Output received numbers in each slave process in
the same order.

MPI14Typell. A sequence of K — 1 triples of numbers is given in the master
process; K is the amount of processes. Two initial items of each triple are
integers, the last item is a real number. Send all given triples to each slave
process using the pack/unpack functions and one collective operation. Out-
put received data in each slave process in the same order.

MPI14Typel2. A triple of numbers is given in each slave process. Two initial
items of each triple are integers, the last item is a real number. Send the
given triples from each slave process to the master process using the
pack/unpack functions and one collective operation. Output received data
in the master process in ascending order of ranks of sending processes.

MPI14Typel3. A real number and a sequence of R integers are given in each
slave process; R is the rank of process (one integer is given in the
process 1, two integers are given in the process 2, and so on). Send all giv-
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en data from each slave process to the master process using the
pack/unpack functions and one collective operation. Output received data
in the master process in ascending order of ranks of sending processes.

4.3. Additional ways of derived types creation

MPI14Typel4. Two sequences of integers are given in the main process: the se-
quence A of the size 3K and the sequence B of the size K, where K is the
number of slave processes. The elements of sequences are numbered from
1. Send NR elements of the sequence A to each slave process R (R =1,
2, ..., K) starting with the A. and increasing the ordinal number by 2 (R,
R+2,R+4,...). For example, if N, is equal to 3 then the process 2 should
receive the elements A, A, A.. Output all received data in each slave
process. Use one call of the MP1_Send, MPI.robe, and MPI_Recv functions
for sending numbers to each slave process; the MPI_Recv function should
return an array that contains only elements that should be output. To do
this, define a new datatype that contains a single integer and an additional
empty space (a hole) of a size that is equal to the size of integer datatype.
Use the following data as parameters for the MP1_Send function: the given
array A with the appropriate displacement, the amount N. of sending ele-
ments, a new datatype. Use an integer array of the size N. and the MPI_INT
datatype in the MPI_Recv function. To determine the number N. of re-
ceived elements, use the MP1_Get_count function in the slave processes.
Note. Use the MPI_Type create_resized function to define the hole size
for a new datatype (this function should be applied to the MPI_INT data-
type). In the MPI-1, the zero-size upper-bound marker MP1_UB should be
used jointly with the the MPI_Type_struct for this purpose (in MPI-2, the
MPI_UB pseudo-datatype is deprecated).

MPI14Typel5. An real-valued square matrix of order K is given in the master
process; K is the number of slave processes. Elements of the matrix should
be stored in a one-dimensional array A in a row-major order. The columns
of matrix are numbered from 1. Send R-th column of matrix to the process
of rank R (R=1, 2, ..., K) and output all received elements in each slave
process. Use one call of the MPI_Send and MPI_Recv functions for send-
ing elements to each slave process; the MPI_Recv function should return
an array that contains only elements that should be output. To do this, de-
fine a new datatype that contains a single real number and an additional
empty space (a hole) of the appropriate size. Use the following data as pa-
rameters for the MP1_Send function: the given array A with the appropriate
displacement, the amount K of sending elements (i. e., the size of column),
a new datatype. Use a real-valued array of the size K and the
MPI_DOUBLE datatype in the MPI_Recv function.

Note. See the note to MP14Typel4.
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MPI14Typel6. R-th column of a real-valued square matrix of order K is given in
the slave process of rank R (R=1, 2, ..., K); K is the number of slave
processes, the columns of matrix are numbered from 1. Send all columns to
the master process and store them in a one-dimensional array A in a row-
major order. Output all elements of A in the master process. Use one call of
the MP1_Send and MPI_Recv functions for sending elements of each col-
umn; the resulting array A with the appropriate displacement should be the
first parameter for the MPI_Recv function, and a number 1 should be its
second parameter. To do this, define a new datatype (in the master process)
that contains K real numbers and an empty space (a hole) of the appropriate
size after each number. Define a new datatype in two steps. In the first step,
define auxiliary datatype that contains one real number and additional hole
(see the note to MPI4Typel4). In the second step, define the final datatype
using the MPI_Type_contiguous function (this datatype should be the third
parameter for the MPI_Recv function). The MPI_Type_commit function is
sufficient to call only for the final datatype. Use a real-valued array of size
K and the MPI_DOUBLE datatype in the MPI_Send function.

MPI14Typel7. The number of slave processes K is a multiple of 3 and does not
exceed 9. An integer N is given in each process, all the numbers N are the
same and are in the range from 3 to 5. Also an integer square matrix of or-
der N (a block) is given in each slave process; the block should be stored in
a one-dimensional array B in a row-major order. Send all arrays B to the
master process and compose a block matrix of the size (K/3) x 3 (the size is
indicated in blocks) using a row-major order for blocks (i. e., the first row
of blocks should include blocks being received from the processes 1, 2, 3,
the second row of blocks should include blocks from the processes 4, 5, 6,
and so on). Store the block matrix in the one-dimensional array A in a row-
major order. Output all elements of A in the master process. Use one call of
the MP1_Send and MPI_Recv functions for sending each block B; the re-
sulting array A with the appropriate displacement should be the first para-
meter for the MPI_Recv function, and a number 1 should be its second pa-
rameter. To do this, define a new datatype (in the master process) that con-
tains N sequences, each sequence contains N integers, and an empty space
(a hole) of the appropriate size should be placed between the sequences.
Define the required datatype using the MPI_Type_vector function (this da-
tatype should be the third parameter for the MPI_Recv function). Use the
array B of size N-N and the MPI_INT datatype in the MPI_Send function.

MPI14Typel8. The number of slave processes K is a multiple of 3 and does not
exceed 9. An integer N in the range from 3 to 5 and an integer block matrix
of the size (K/3) x 3 (the size is indicated in blocks) are given in the master
process. Each block is a lower triangular matrix of order N, the block con-
tains all matrix elements, inclusive of zero-valued ones. The block matrix
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should be stored in the one-dimensional array A in a row-major order. Send
a non-zero part of each block to the corresponding slave process in a row-
major order of blocks (i. e., the blocks of the first row should be sent to the
processes 1, 2, 3, the blocks of the second row should be sent to the
processes 4, 5, 6, and so on). Output all received elements in each slave
process (in a row-major order). Use one call of the MP1_Send, MPI_Probe,
and MPI_Recv functions for sending each block; the resulting array A with
the appropriate displacement should be the first parameter for the
MPI_Send function, and a number 1 should be its second parameter. To do
this, define a new datatype (in the master process) that contains N se-
quences, each sequence contains non-zero part of the next row of a lower
triangular block (the first sequence consists of 1 element, the second se-
quence consists of 2 elements, and so on), and an empty space (a hole) of
the appropriate size should be placed between the sequences. Define the
required datatype using the MPI_Type indexed function (this datatype
should be the third parameter for the MPI_Send function). Use an integer
array B, which contains a non-zero part of received block, and the
MPI_INT datatype in the MPI_Recv function. To determine the number of
received elements, use the MPI_Get_count function in the slave processes.

MPI14Typel9. The number of slave processes K is a multiple of 3 and does not
exceed 9. An integer N is given in each process, all the numbers N are the
same and are in the range from 3 to 5. Also an integer P and a non-zero
part of an integer square matrix of order N (a Z-block) are given in each
slave process. The given elements of Z-block should be stored in a one-
dimensional array B in a row-major order. These elements are located in
the Z-block in the form of the symbol "Z", i. e. they occupy the first and
last row, and also the antidiagonal. Define a zero-valued integer matrix of
the size N-(K/3) x 3N in the master process (all elements of this matrix are
equal to 0 and should be stored in a one-dimensional array A in a row-
major order). Send a non-zero part of the given Z-block from each slave
process to the master process in ascending order of ranks of sending
processes and write each received Z-block in the array A starting from the
element of array A with index P (the positions of Z-blocks can overlap, in
this case the elements of blocks received from processes of higher rank will
replace some of the elements of previously written blocks). Output all ele-
ments of A in the master process. Use one call of the MPI_Send and
MPI_Recv functions for sending each Z-block; the array A with the appro-
priate displacement should be the first parameter for the MPI_Recv func-
tion, and a number 1 should be its second parameter. To do this, define a
new datatype (in the master process) that contains N sequences, the first
and the last sequences contain N integers, the other sequences contain 1 in-
teger, and an empty space (a hole) of the appropriate size should be placed
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between the sequences. Define the required datatype using the
MPI1_Type_indexed function (this datatype should be the third parameter
for the MPI_Recv function). Use the array B, which contains a non-zero
part of a Z-block, and the MPI_INT datatype in the MPI_Send function.
Note. Use the msgtag parameter to send the Z-block insertion position P to
the main process. To do this, set the value of P as the msgtag parameter for
the MPI_Send function in slave processes, call the MPI_Probe function
with the MPI_ANY_TAG parameter in the master process (before calling
the MPI_Recv function), and analyze its returned parameter of the
MPI_Status type.

MPI14Type20. The number of slave processes K is a multiple of 3 and does not
exceed 9. An integer N is given in each process, all the numbers N are the
same and are in the range from 3 to 5. Also an integer P and a non-zero
part of an integer square matrix of order N (an U-block) are given in each
slave process. The given elements of U-block should be stored in a one-
dimensional array B in a row-major order. These elements are located in
the U-block in the form of the symbol "U", i. e. they occupy the first and
last column, and also the last row. Define a zero-valued integer matrix of
the size N-(K/3) x 3N in the master process (all elements of this matrix are
equal to 0 and should be stored in a one-dimensional array A in a row-
major order). Send a non-zero part of the given U-block from each slave
process to the master process in ascending order of ranks of sending
processes and write each received U-block in the array A starting from the
element of array A with index P (the positions of U-blocks can overlap, in
this case the elements of blocks received from processes of higher rank will
replace some of the elements of previously written blocks). Output all ele-
ments of A in the master process. Use one call of the MPI _Send and
MPI1_Recv functions for sending each U-block; the array A with the appro-
priate displacement should be the first parameter for the MPI_Recv func-
tion, and a number 1 should be its second parameter. To do this, define a
new datatype (in the master process) that contains appropriate number of
sequences with empty spaces (holes) between them. Define the required da-
tatype using the MPI_Type_indexed function (this datatype should be the
third parameter for the MPI_Recv function). Use the array B, which con-
tains a non-zero part of an U-block, and the MPI_INT datatype in the
MPI_Send function.

Note. See the note to MPI14Typel0.

4.4. The MPI_Alltoallw function (MPI-2)

MPI14Type21. Solve the MPI4Typel5 task by using one collective operation
instead of the MPI_Send and MPI_Recv functions to pass data.



22

Note. You cannot use the functions of the Scatter group, since the dis-
placements for the passing data items (columns of the matrix) should be
specified in bytes rather than in elements. Therefore, you should use the
function MPI_Alltoallw introduced in MPI-2, which allows you to confi-
gure the collective communications in the most flexible way. In this case,
the MPI_Alltoallw function should be used to implement a data passing of
the Scatter type (and most of the array parameters used in this function
need to be defined differently in the master and slave processes).

MPI14Type22. Solve the MPI4Typel6 task by using one collective operation
instead of the MPI_Send and MPI_Recv functions to pass data.
Note. See the note to MPI14Type21. In this case, the MPI_Alltoallw func-
tion should be used to implement a data passing of the Gather type.

5. Process groups and communicators

5.1. Creation of new communicators

MPI5Comm1. A sequence of K integers is given in then master process; K is
the number of processes whose rank is an even number (0, 2, ...). Create a
new communicator that contains all even-rank processes using the
MPI_Comm_group, MPI_Group _incl, and MPI_Comm_create functions.
Send one given integer to each even-rank process (including the master
process) using one collective operation with the created communicator.
Output received integer in each even-rank process.

MPI5Comm2. Two real numbers are given in each process whose rank is an
odd number (1, 3, ...). Create a new communicator that contains all odd-
rank processes using the MPI_Comm_group, MPI_Group_excl, and
MPI_Comm_create functions. Send all given numbers to each odd-rank
process using one collective operation with the created communicator.
Output received numbers in each odd-rank process in ascending order of
ranks of sending processes (including numbers received from itself).

MPI5Comma3. Three integers are given in each process whose rank is a mul-
tiple of 3 (including the master process). Using the MPI_Comm_split func-
tion, create a new communicator that contains all processes with ranks that
are a multiple of 3. Send all given numbers to master process using one col-
lective operation with the created communicator. Output received integers
in the master process in ascending order of ranks of sending processes (in-
cluding integers received from the master process).

Note. When calling the MPI_Comm_split function in processes that are
not required to include in the new communicator, one should specify the
constant MP1_UNDEFINED as the color parameter.
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MPI5Comm4. A sequence of 3 real numbers is given in each process whose
rank is an even number (including the master process). Find the minimal
value among the elements of the given sequences with the same order
number using a new communicator and one global reduction operation.
Output received minimums in the master process.

Note. See the note to MPI5Comma3.

MPI5Comm5. A real number is given in each process. Using the
MPI_Comm_split function and one global reduction operation, find the
maximal value among the numbers given in the even-rank processes (in-
cluding the master process) and the minimal value among the numbers giv-
en in the odd-rank processes. Output the maximal value in the process 0
and the minimal value in the process 1.

Note. The program should contain a single MP1_Comm_split call, which
creates the both required communicators (each for the corresponding group
of processes).

MPI5Comm6. An integer K and a sequence of K real numbers are given in the
master process, an integer N is given in each slave process. The value of N
is equal to 1 for some processes and is equal to O for others; the number of
processes with N =1 is equal to K. Send one real number from the master
process to each slave process with N = 1 using the MPI_Comm_split func-
tion and one collective operation. Output the received numbers in these
slave processes.

Note. See the note to MPI5Comma3.

MPI5Comm7. An integer N is given in each process; the value of N is equal
to 1 for at least one process and is equal to O for others. Also a real num-
ber A is given in each process with N = 1. Send all numbers A to the first
process with N = 1 using the MPI_Comm_split function and one collective
operation. Output received numbers in this process in ascending order of
ranks of sending processes (including the number received from this
process).

Note. See the note to MPI5Comma3.

MPI5Comma8. An integer N is given in each process; the value of N is equal
to 1 for at least one process and is equal to O for others. Also a real num-
ber A is given in each process with N = 1. Send all numbers A to the last
process with N =1 using the MP1_Comm_split function and one collective
operation. Output received numbers in this process in ascending order of
ranks of sending processes (including the number received from this
process).

Note. See the note to MPI5Comma3.

MPI5Comm9. An integer N is given in each process; the value of N is equal
to 1 for at least one process and is equal to O for others. Also a real num-
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ber A is given in each process with N =1. Send all numbers A to each
process with N = 1 using the MPI_Comm_split function and one collective
operation. Output received numbers in these processes in ascending order
of ranks of sending processes (including the number received from itself).
Note. See the note to MPI5Comma3.

MPI5Comm10. An integer N is given in each process; the value of N is equal
to 1 for some processes and is equal to 2 for others, there are at least one
process with N =1 and one process with N = 2. Also an integer A is given
in each process. Using the MPI_Comm_split function and one collective
operation, send integers A from all processes with N =1 to each process
with N =1 and from all processes with N =2 to each process with N =2,
Output received integers in each process in ascending order of ranks of
sending processes (including the integer received from itself).

Note. See the note to MPI5Commb.

MPI5Comm11. An integer N is given in each process; the value of N is equal
to 1 for at least one process and is equal to O for others. Also a real num-
ber A is given in each process with N = 1. Find the sum of all real num-
bers A using the MP1_Comm_split function and one global reduction oper-
ation. Output the received sum in each process with N = 1.

Note. See the note to MPI5Comma3.

MPI5Comm12. An integer N is given in each process; the value of N is equal
to 1 for some processes and is equal to 2 for others, there are at least one
process with N =1 and one process with N =2. Also a real number A is
given in each process. Using the MPI_Comm_split function and one global
reduction operation, find the minimal value among the numbers A given in
the processes with N = 1 and the maximal value among the numbers A giv-
en in the processes with N = 2. Output the minimal value in each process
with N = 1 and the maximal value in each process with N = 2.

Note. See the note to MPI5Commb.

5.2. Virtual topologies

MPI5Comm13. An integer N (> 1) is given in the master process; the number
of processes K is assumed to be a multiple of N. Send the integer N to all
processes and define a Cartesian topology for all processes as a (N x K/N)
grid using the MPI_Cart_create function (ranks of processes should not be
reordered). Find the process coordinates in the created topology using the
MPI_Cart_coords function and output the process coordinates in each
process.

MPI5Comm14. An integer N (> 1) is given in the master process; the number N
IS not greater than the number of processes K. Send the integer N to all
processes and define a Cartesian topology for the initial part of processes as
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a (N x K/N) grid using the MPI_Cart_create function (the symbol "/" de-
notes the operator of integer division, ranks of processes should not be
reordered). Output the process coordinates in each process included in the
Cartesian topology.

MPI15Comm15. The number of processes K is an even number: K =2N, N > 1.

A real number A is given in the processes 0 and N. Define a Cartesian to-
pology for all processes as a (2 x N) grid. Using the MPI_Cart_sub func-
tion, split this grid into two one-dimensional subgrids (namely, rows) such
that the processes 0 and N were the master processes in these rows. Send
the given number A from the master process of each row to each process of
the same row using one collective operation. Output the received number in
each process (including the processes 0 and N).

MPI5Comm16. The number of processes K is an even number: K=2N, N > 1.

A real number A is given in the processes 0 and 1. Define a Cartesian to-
pology for all processes as a (N x 2) grid. Using the MPI_Cart_sub func-
tion, split this grid into two one-dimensional subgrids (namely, columns)
such that the processes 0 and 1 were the master processes in these columns.
Send the given number A from the master process of each column to each
process of the same column using one collective operation. Output the re-
ceived number in each process (including the processes 0 and 1).

MPI15Comm17. The number of processes K is a multiple of 3: K=3N, N> 1. A

sequence of N integers is given in the processes 0, N, and 2N. Define a Car-
tesian topology for all processes as a (3 x N) grid. Using the MPI_Cart_sub
function, split this grid into three one-dimensional subgrids (namely, rows)
such that the processes 0, N, and 2N were the master processes in these
rows. Send one given integer from the master process of each row to each
process of the same row using one collective operation. Output the received
integer in each process (including the processes 0, N, and 2N).

MPI15Comm18. The number of processes K is a multiple of 3: K=3N, N> 1. A

sequence of N integers is given in the processes 0, 1, and 2. Define a Carte-
sian topology for all processes as a (N x 3) grid. Using the MPI_Cart_sub
function, split this grid into three one-dimensional subgrids (namely, col-
umns) such that the processes 0, 1, and 2 were the master processes in these
columns. Send one given integer from the master process of each column to
each process of the same column using one collective operation. Output the
received integer in each process (including the processes 0, 1, and 2).

MPI5Comm19. The number of processes K is equal to 8 or 12. An integer is

given in each process. Define a Cartesian topology for all processes as a
three-dimensional (2 x 2 x K/4) grid (ranks of processes should not be
reordered), which should be considered as 2 two-dimensional (2 x K/4)
subgrids (namely, matrices) that contain processes with the identical first
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coordinate in the Cartesian topology. Split each matrix into two one-
dimensional rows of processes. Send given integers from all processes of
each row to the master process of the same row using one collective opera-
tion. Output received integers in the master process of each row (including
integer received from itself).

MPI5Comm20. The number of processes K is equal to 8 or 12. An integer is
given in each process. Define a Cartesian topology for all processes as a
three-dimensional (2 x 2 x K/4) grid (ranks of processes should not be
reordered), which should be considered as K/4 two-dimensional (2 x 2)
subgrids (namely, matrices) that contain processes with the identical third
coordinate in the Cartesian topology. Split this grid into K/4 matrices of
processes. Send given integers from all processes of each matrix to the
master process of the same matrix using one collective operation. Output
received integers in the master process of each matrix (including integer re-
ceived from itself).

MPI5Comm21. The number of processes K is equal to 8 or 12. A real number
Is given in each process. Define a Cartesian topology for all processes as a
three-dimensional (2 x 2 x K/4) grid (ranks of processes should not be
reordered), which should be considered as 2 two-dimensional (2 x K/4)
subgrids (namely, matrices) that contain processes with the identical first
coordinate in the Cartesian topology. Split each matrix into K/4 one-
dimensional columns of processes. Using one global reduction operation,
find the product of all numbers given in the processes of each column.
Output the product in the master process of the corresponding column.

MPI5Comm22. The number of processes K is equal to 8 or 12. A real number
Is given in each process. Define a Cartesian topology for all processes as a
three-dimensional (2 x 2 x K/4) grid (ranks of processes should not be
reordered), which should be considered as K/4 two-dimensional (2 x 2)
subgrids (namely, matrices) that contain processes with the identical third
coordinate in the Cartesian topology. Split this grid into K/4 matrices of
processes. Using one global reduction operation, find the sum of all num-
bers given in the processes of each matrix. Output the sum in the master
process of the corresponding matrix.

MPI5Comm23. Positive integers M and N are given in the master process; the
product of the numbers M and N is less than or equal to the number of
processes. Also integers X and Y are given in each process whose rank is in
the range 0 to M-N — 1. Send the numbers M and N to all processes and de-
fine a Cartesian topology for initial M-N processes as a two-dimensional
(M x N) grid, which is periodic in the first dimension (ranks of processes
should not be reordered). Using the MPI_Cart_rank function, output the
rank of process with the coordinates X, Y (taking into account periodicity)
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in each process included in the Cartesian topology. Output —1 in the case of
erroneous coordinates.

Note. If invalid coordinates are specified when calling the MPI_Cart_rank
function (for instance, in the case of negative coordinates for non-periodic
dimensions) then the function itself returns an error code (instead of the
successful return code MPI_SUCCESS) whereas the return value of the
rank parameter is undefined. So, in this task, the number —1 should be out-
put when the MPI_Cart_rank function return a value that differs from
MPI_SUCCESS. To suppress the output of error messages in the debug
section of the Programming Taskbook window, it is enough to set the spe-
cial error handler named MPI_ERROR_RETURN before calling a function
that may be erroneous (use the MPl.omm_set_errhandler function or, in
MPI-1, the MPI_Errhandler_set function). When an error occurs in some
function, this error handler performs no action except setting an error return
value for this function. In MPICH version 1.2.5, the MPI_Cart_rank func-
tion returns the rank parameter equal to —1 when the process coordinates
are invalid. This feature may sumplify the solution; however, in this case,
one also should suppress the output of error messages by means of special
error handler setting.

MPI5Comm24. Positive integers M and N are given in the master process; the
product of the numbers M and N is less than or equal to the number of
processes. Also integers X and Y are given in each process whose rank is in
the range 0 to M-N — 1. Send the numbers M and N to all processes and de-
fine a Cartesian topology for initial M-N processes as a two-dimensional
(M x N) grid, which is periodic in the second dimension (ranks of processes
should not be reordered). Using the MPI_Cart_rank function, output the
rank of process with the coordinates X, Y (taking into account periodicity)
in each process included in the Cartesian topology. Output —1 in the case of
erroneous coordinates.

Note. See the note to MPI5Comm23.

MPI5Comm25. A real number is given in each slave process. Define a Carte-
sian topology for all processes as a one-dimensional grid. Using the
MPI_Send and MPI_Recv functions, perform a shift of given data by
step —1 (that is, the real number given in each process should be sent to the
process of the previous rank). Ranks of source and destination process
should be determined by means of the MPI_Cart_shift function. Output re-
ceived data in each destination process.

MPI15Comm26. The number of processes K is an even number: K =2N, N > 1.
A real number A is given in each process. Define a Cartesian topology for
all processes as a two-dimensional (2 x N) grid (namely, matrix); ranks of
processes should not be reordered. Using the MPI_Sendrecv function, per-
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form a cyclic shift of data given in all processes of each row of the matrix
by step 1 (that is, the number A should be sent from each process in the
row, except the last process, to the next process in the same row and from
the last process in the row to the first process in the same row). Ranks of
source and destination process should be determined by means of the
MPI_Cart_shift function. Output received data in each process.

MPI5Comm27. The number of processes K is equal to 8 or 12. A real num-
ber A is given in each process. Define a Cartesian topology for all
processes as a three-dimensional (2 x 2 x K/4) grid (ranks of processes
should not be reordered), which should be considered as K/4 two-
dimensional (2 x 2) subgrids (namely, matrices) that contain processes with
the identical third coordinate in the Cartesian topology and are ordered by
the value of this third coordinate. Using the MPI_Sendrecv_replace func-
tion, perform a cyclic shift of data given in all processes of each matrix by
step 1 (that is, the numbers A should be sent from all processes of each ma-
trix, except the last matrix, to the corresponding processes of the next ma-
trix and from all processes of the last matrix to the corresponding processes
of the first matrix). Ranks of source and destination process should be de-
termined by means of the MPI1_Cart_shift function. Output received data in
each process.

MPI5Comm28. The number of processes K is an odd number: K=2N+1
(1<N<5). An integer A is given in each process. Using the
MPI1_Graph_create function, define a graph topology for all processes as
follows: the master process must be connected by edges to all odd-rank
processes (that is, to the processes 1, 3, ..., 2N —1); each process of the
rank R, where R is a positive even number (2, 4, ..., 2N), must be con-
nected by edge to the process of the rank R — 1. Thus, the graph represents
N-beam star whose center is the master process, each star beam consists of
two slave processes of ranks R and R + 1, and each odd-rank process R is
adjacent to star center (namely, the master process).
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Using the MPI_Send and MPI_Recv functions, send the given integer A
from each process to all its adjacent processes (its neighbors). The amount
and ranks of neighbors should be determined by means of the
MPI1_Graph_neighbors_count and MPI_Graph_neighbors functions respec-
tively. Output received data in each process in ascending order of ranks of
sending processes.

MPI5Comm29. The number of processes K is an even number: K=2N
(1<N<®6). An integer A is given in each process. Using the
MPI1_Graph_create function, define a graph topology for all processes as
follows: all even-rank processes (including the master process) are linked
inachain0—2—4—6— ... — (2N — 2); each process with odd rank R
(1, 3, ..., 2N — 1) is connected by edge to the process with the rank R — 1.
Thus, each odd-rank process has a single neighbor, the first and the last
even-rank processes have two neighbors, and other even-rank processes
(the "inner" ones) have three neighbors.
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Using the MPI_Sendrecv function, send the given integer A from each
process to all its neighbors. The amount and ranks of neighbors should be
determined by means of the MPI_Graph_neighbors count and
MPI1_Graph_neighbors functions respectively. Output received data in each
process in ascending order of ranks of sending processes.

MP15Comm30. The number of processes K is equal to 3N +1 (1 <N <5). An
integer A is given in each process. Using the MPI_Graph_create function,
define a graph topology for all processes as follows: processes of ranks R,
R+1, R+2,whereR=1,4,7,..., are linked by edges and, moreover, each
process whose rank is positive and is a multiple of 3 (that is, the process 3,
6,...) is connected by edge to the master process. Thus, the graph
represents N-beam star whose center is the master process, each star beam
consists of three linked slave processes, and each slave process with rank
that is a multiple of 3 is adjacent to star center (namely, the master
process).
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Using the MPI_Sendrecv function, send the given integer A from each
process to all its neighbors. The amount and ranks of neighbors should be
determined by means of the MPI_Graph_neighbors _count and
MPI1_Graph_neighbors functions respectively. Output received data in each
process in ascending order of ranks of sending processes.

5.3. The distributed graph topology (MPI-2)

MPI5Comm31. The number of processes K is a multiple of 3; an integer A is
given in each process. Using the MPI_Dist_graph_create function, define a
distributed graph topology for all processes as follows: all processes whose
rank is a multiple of 3 (0, 3, ..., K—3) are linked in a ring, each process in
this ring is the source for the next process of the ring (that is, the process 0
is the source for the process 3, the process 3 is the source for the process
6, ..., the process K — 3 is the source for the process 0); besides, the process
3N (N=0, 1,..., K/3—1) is the source for the processes 3N+ 1 and
3N + 2, and the process 3N + 1 is the source for the process 3N + 2.
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The complete definition of the graph topology should be given in the mas-
ter process (whereas the second parameter of the MPI_Dist_graph_create
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function should be equal to 0 in all slave processes). The weights parameter
should be equal to MPI_UNWEIGHTED, the info parameter should be
equal to MPI_INFO_NULL, ranks of processes should not be reordered.
Using the MPI_Send and MPI_Recv functions, send the given numbers
from the source processes to the destination processes and output the sum
of the given number A and all received numbers in each process. The
amount and ranks of source and destination processes should be determined
by means of  the MPI_Dist_graph_neighbors_count and
MPI_Dist_graph_neighbors functions.

MPI5Comm32. The number of processes is in the range 4 to 15; an integer A is
given in each process. Using the MP1_Dist_graph_create function, define a
distributed graph topology for all processes as follows: all processes form a
binary tree with the process 0 as a tree root, the processes 1 and 2 as a tree
nodes of level 1, the processes from 3 to 6 as a tree nodes of level 2 (the
processes 3 and 4 are the child nodes of the process 1 and the processes 5
and 6 are the child nodes of the process 2), and so on. Each process is the
source for all its child nodes, so each process has 0 to 2 destination
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The complete definition of the graph topology should be given in the mas-
ter process (whereas the second parameter of the MPI_Dist_graph_create
function should be equal to 0 in all slave processes). The weights parameter
should be equal to MPI_UNWEIGHTED, the info parameter should be
equal to MPI_INFO_NULL, ranks of processes should not be reordered.
Using the MPI_Send and MPI_Recv functions in each process, find and
output the sum of the given number A and all the numbers that are given in
ancestors of all levels—from the tree root (the master process) to the near-
est ancestor (the parent process). The amount and ranks of source and des-
tination processes should be determined by means of the
MPI_Dist_graph_neighbors_count and MPI_Dist_graph_neighbors func-
tions.
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6. Parallel file input-output (MPI-2)

Use the char[12] array to store the filename, use the MPI_Bcast function
with the MPI_CHAR datatype parameter to send the filename from the master
process to the slave processes.

You do not need to set the view of the data in the file by means the
MPI_File_set view function in the initial two subgroups (MPIGFilel—
MPI6Filel6); it is enough to use the default view, in which both the elementary
datatype and the filetype are of the MPI_BYTE type, the initial displacement is
equal to O for all processes, and the "native" data representation is used. The
same data representation should be specified for the file view in the tasks of the
third subgroup (MPI6File17-MPI6File30).

Use the MPI_Type get extent function to determine the extent of the
MPI_INT and MPI_DOUBLE types.

Use the function MPI_Type create resized to specify the additional empty
space in tasks devoted to the file view setting. One can use also the zero-size up-
per-bound marker MPI_UB but this pseudo-datatype is deprecated in the MPI-2
standard.

6.1. Local functions for file input-output

MPI6Filel. The name of existing file of integers is given in the master process;
the amount of file items, which should be read, and their ordinal numbers
are given in each slave process (the file items are numbered from 1). File
items with some numbers may be missing in the source file. Using the re-
quired number of the MPI _File read at local function calls in each
process, read existing file items with the specified ordinal numbers from
the source file and output them in the same order. To check existence of
file item with the specified ordinal number, you can either use the
MPI_File_get size function, or analyze the MPI_Status parameter of the
MPI_File read_at function.

MPI6File2. The name of file is given in the master process; the amount of pairs
of integers and the pairs themselves are given in each slave process; the
first term of the pair is the ordinal number of the file item, the second term
of the pair is the value of this file item (the file items are numbered from 1,
all ordinal numbers are different and cover range from 1 to some integer).
Create a new file of integers with the given name and write the given data
to this file using the required number of the MPI_File_write_at local func-
tion calls in each slave process.

MPI6File3. The name of existing file of real numbers is given in the master
process. The file contains elements of the K x N matrix, where K is the
number of slave processes. Using one call of the MPI_File read at local
function in each slave process, read and output elements of Rth matrix row
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in the process of rank R (rows are numbered from 1). Use the
MPI_File_get_size function to determine the file size.

MPI16File4. The name of file is given in the master process; a sequence of R real
numbers is given in each slave process, where R is the process rank. Create
a new file of real numbers with the given name and write the given data to
this file in ascending order of ranks of processes containing these data. Use
one call of the MPI1_File_write_at local function in each slave process.

MPI6File5. The name of existing file of integers is given in the master process.
The file contains all integers in the range from 1 to K, where K is the max-
imal rank of process. Read and output two sequences of the file items in
each slave process. The first sequence contains the initial part of the file
items until the first item whose value is equal to the process rank (including
this item); the second sequence contains the final part of the file items and
has the same size as the first one. Elements of each sequence should be
output in the order they are stored in the file. Use the required number of
the MPI_File read local function calls in each process (without using ar-
rays) and also the MPI_File_get position function call to determine the
size of the first sequence and the MPI_File_seek function call with the
MPI_SEEK _END parameter to move the file pointer to the beginning of
the second sequence.

MPI6File6. The name of file is given in the master process; an integer is given
in each slave process. Create a new file of integers with the given name and
write K successive copies of each given integer to this file, where K is the
number of slave processes. The order of integers in the file should be the
inverse of the order of the slave processes (i. e., K copies of the integer
from the process 1 should be written at the end of file, K copies of the in-
teger from the process 2 should be written before them, and so on). Use one
call of the MPI_File_write local function in each slave process and also the
MPI_File_seek function with the MPI_SEEK_SET parameter.

MPI6File7. The name of existing file of integers is given in the master process.
The sum of all file item values is greater than K, where K is the number of
slave processes. Read initial file items in each slave process until the sum
of their values exceeds the rank of process and output this sum and the
amount N of read numbers. After that, in addition, read and output the val-
ues of the last N file items in the order they are stored in the file. Use the
required number of the MPI_File read local function calls in each slave
process (without using arrays) and also the MPI_File_get_position function
call to determine the amount N and the MPI_File_seek function call with
the MPI_SEEK_END parameter to move the file pointer to beginning of
the group of the last N items.
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MPI6File8. The name of file is given in the master process; a real number is
given in each slave process. Create a new file of real numbers with the giv-
en name and write R successive copies of each given real number to this
file, where R is equal to the rank of the process in which this number is
given. The order of numbers in the file should be the inverse of the order of
the slave processes (i. e., single copy of the real number from the process 1
should be written at the end of file, two copies of the real number from the
process 2 should be written before it, and so on). Use one call of the
MPI_File_write local function in each slave process and also the
MPI_File_seek function with the MPI_SEEK_SET parameter.

6.2. Collective functions for file input-output

MPI6File9. The name of existing file of integers is given in the master process.

Read and output the R + 1 file items in each process starting with the item
with the ordinal number R + 1, where R is the process rank (0, 1, ...). File
items are numbered from 1; thus, you should read only the initial file item
in the process 0, the two following items in the process 1, the three items
starting with the third one in the process 2, and so on. If the file does not
contain enough items then, in some processes, the number of output items
may be less than the required one. Use one call of the MPI_File read all
collective function call and also the MPI_File_get size function to deter-
mine the file size.
Note. In MPICH2 1.3, the function MPI_File read all does not allow to
determine the number of actually read file items based on the information
contained in the MPI_Status parameter: this parameter always contain the
number of items to be read, and if there are not enough items in the file
then zero values are appended to the output array.

MPI6File10. The name of file is given in the master process; a sequence of R
integers is given in each slave process, where R is the process rank (1,
2, ...). Create a new file of integers with the given name and write the giv-
en sequences to this file in ascending order of ranks of processes containing
these sequences. Use one call of the MPI1_File_write_all collective function
(for all processes including the process 0) and also the MPI_File_seek
function with the MPI_SEEK_SET parameter.

MPI6Filell. The name of existing file of real numbers is given in the master
process. In addition, an integer is given in each process. This integer is
equal to O or it is equal to the ordinal number of one of the existing items of
the file (the file items are numbered from 1). Using the MPI_Comm_split
function, create a new communicator containing only those processes in
which a non-zero integer is given. Using the MPI_File_read at all collec-
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tive function for all processes of this communicator, read and output a file
item located at a position with the given ordinal number.

MPI6File12. The name of existing file of real numbers is given in the master
process. In addition, an integer is given in each process. This integer is
equal to O or it is equal to the ordinal number of one of the existing items of
the file (the file items are numbered from 1). Using the MPI_Comm_split
function, create a new communicator containing only those processes in
which a non-zero integer is given. Using the MPI1_File_write_at _all collec-
tive function for all processes of this communicator, replace the value of
the file item, that has the given ordinal number, by the value of the process
rank in the new communicator (the rank should be converted to a real num-
ber).

MPI6File13. The name of existing file of integers is given in the master
process. In addition, an integer is given in each process. This integer is
equal to 0 or 1. Using the MPI_Comm_split function, create a new com-
municator containing only those processes in which the number 1 is given.
Using the MPI_File_read_ordered collective function for all processes of
this communicator, read and output the R+ 1 file item, where R is the
process rank in the new communicator (items should be read in ascending
order: the first item in the process 0, two next items in the process 1, three
next items in the process 2, and so on). If the file does not contain enough
items, then, in some processes, the number N of output items may be less
than required one or even may be equal to zero. In addition, output the
number N of actually read items and the new value P of the shared file
pointer in each process of the new communicator. Use the MPI_Status pa-
rameter of the MPI_File read ordered function to determine the number N
of actually read items. Use the MPI_File _get position_shared function to
determine the current value of P (this value should be the same in all
processes).

MPI6File14. The name of file is given in the master process. In addition, an in-
teger N is given in each process. Create a new file of integers with the giv-
en name. Using the MPI_Comm_split function, create a new communicator
containing only those processes in which a non-zero integer is given. Using
the MPI_File_write_ordered collective function for all processes of the new
communicator, write K successive copies of each given integer N to this
file, where K is the number of processes in the new communicator. The in-
tegers N should be written to the file in the ascending order of ranks of
processes containing these integers.

MPI6Filel5. The name of existing file of integers is given in the master
process. The file contains at least K items, where K is the number of
processes. Using the MPI_Comm_split function, create a new communica-
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tor containing only processes with odd rank (1, 3, ...). Using one call of the
MPI_File_seek shared and MPI_File_read ordered collective functions,
read and output two file items at a time in each process of the new commu-
nicator: the second and the first item from the end (in this order) should be
read and output in the process of the rank 1 in the MPI_COMM_WORLD
communicator, the fourth and third item from the end should be read and
output in the process of the rank 3, and so on.

Note. To ensure the required order of data reading in the
MPI_File_read ordered function, you should inverse the order of the
processes in the created communicator (in comparison with the processes
in the MPI_COMM_WORLD communicator).

MPI6Filel6. The name of file is given in the master process. In addition, an in-

teger N (>0) and N real numbers are given in each process. Create a new
file of real numbers with the given name. Using the MPI_Comm_split
function, create a new communicator containing only those processes in
which a non-zero integer N is given. Using one call of the
MPI_File_write_ordered collective function for all processes of the new
communicator, write the given real numbers to the file in the inverse order:
at first, all the real numbers from the process with the maximal rank in the
communicator MPI_COMM_WORLD should be written (in inverse order),
after that, all the numbers from the process with the previous rank, and
SO on.
Note. To ensure the required order of data writing in the
MPI_File_write_ordered function, you should inverse the order of the
processes in the created communicator (in comparison with the processes
in the MPI_COMM_WORLD communicator).

6.3. File view setting for file input-output

MPI6Filel7. The name of existing file of integers is given in the master
process. The file contains 2K items, where K is the number of processes.
Using one call of the MPI_File_read all collective function (and without
using the MPI1_File_seek function), read and output two file items at a time
in each process. The file items should be read and output in the order in
which they are stored in a file. To do this, use the MPI_File_set view func-
tion to define a new file view with the MPI_INT elementary datatype, the
same filetype, and the appropriate displacement (the displacement will be
different for different processes).

MPI6File18. The name of existing file of integers is given in the master
process. The file contains elements of the K x5 matrix, where K is the
number of processes. In addition, an integer N (1 <N <5) is given in each
process; this integer determines the ordinal number of a selected element in
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some matrix row, namely, in the first row for the process 0, in the second
row for the process 1, and so on (the row elements are numbered from 1).
Using one call of the MPI_File_write_at all collective function with the
second parameter equal to N — 1, replace the value of the selected element
In each matrix row by the rank of the corresponding process (the selected
element in the first row should be replaced by 0, the selected element in the
second row should be replaced by 1, and soon). To do this, use the
MPI1 _File_set_view function to define a new file view with the MPI_INT
elementary datatype, the same filetype, and the appropriate displacement
(the displacement will be different for different processes).

MPI6File19. The name of existing file of real numbers is given in the master
process. The file contains elements of the K x 6 matrix, where K is the
number of processes. In addition, an integer N (1 <N <6) is given in each
process; this integer determines the ordinal number of a selected element in
some matrix row, namely, in the last row for the process 0, in the last but
one row for the process 1, and so on (the row elements are numbered from
1). Using one call of the MPI_File_read_at_all collective function with the
second parameter equal to N — 1, read and output the value of the selected
row element in the corresponding process (the selected element in the first
row should be output in the last process, the selected element in the second
row should be output in the last but one process, and so on). To do this, use
the MPI_File_set view function to define a new file view with the
MPI_DOUBLE elementary datatype, the same filetype, and the appropriate
displacement (the displacement will be different for different processes).

MPI6File20. The name of file is given in the master process. In addition, a se-
qguence of R+ 1 real numbers is given in each process, where R is the
process rank (0, 1, ...). Create a new file of real numbers with the given
name. Using one call of the MPI_File write_all collective function (and
without using the MPI1_File_seek function), write all given numbers to the
file in the order that is inverse to the order in which they are given in
processes: at first, the numbers from the last process (in the inverse order)
should be written, after that, the numbers from the last but one process (in
the inverse order), and so on. To do this, use the MPI_File_set view func-
tion to define a new file view with the MPI_DOUBLE elementary data-
type, the same filetype, and the appropriate displacement (the displacement
will be different for different processes).

MPI6File21. The name of existing file of integers is given in the master
process. The file contains 3K items, where K is the number of processes.
Read and output three file items, namely, A, B, C, in each process. These
items are located in the given file as follows: A, A, ..., A, B, B, ..., B«
C, C, ..., C«. (an index indicates the process rank). To do this, use one call
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of the MPI_File_read_all collective function and a new file view with the
MPI_INT elementary datatype, the appropriate displacement (the dis-
placement will be different for different processes), and a new filetype that
consists of an integer and a terminal empty space of a size equal to the ex-
tent of K — 1 integers.

MPI6File22. The name of file is given in the master process. In addition, three
integers, namely, A, B, C, are given in each process. The number of
processes is equal to K. Create a new file of integers with the given name
and write the given integers to this file as follows: A.., A.,, ..., A, B., B«
2y «+es Boy Cesy Ciay ..., Co (@n index indicates the process rank). To do this,
use one call of the MPI_File_write_all collective function and a new file
view with the MPI_INT elementary datatype, the appropriate displacement
(the displacement will be different for different processes), and a new file-
type that consists of an integer and a terminal empty space of a size equal
to the extent of K — 1 integers.

MPI6File23. The name of existing file of real numbers is given in the master
process. The file contains 6K items, where K is the number of processes.
Read and output six file items, namely, A, B, C, D, E, F, in each process.
These items are located in the given file as follows: A, B,, C,, A, B, C,, ...,
A, B., C., D, E, F, D, E, F, ..., Da, E«, F« (an index indicates the
process rank). To do this, use one call of the MPI_File_read_all collective
function and a new file view with the MPI_DOUBLE elementary datatype,
the appropriate displacement (the displacement will be different for differ-
ent processes), and a new filetype that consists of three real numbers and a
terminal empty space of the appropriate size.

MPI6File24. The name of file is given in the master process. In addition, four
real numbers, namely, A, B, C, D, are given in each process. The number of
processes is equal to K. Create a new file of real numbers with the given
name and write the given real numbers to this file as follows: A.., B.., A,
B, ..., A, B, Ciiy Dy Cisy Disy ..., C;, D, (an index indicates the process
rank). To do this, use one call of the MPI1_File_write_all collective function
and a new file view with the MPI_DOUBLE elementary datatype, the ap-
propriate displacement (the displacement will be different for different
processes), and a new filetype that consists of two real numbers and a ter-
minal empty space of the appropriate size.

MPI6File25. The name of file is given in the master process. In addition,
3-(R +1) integers are given in the process of rank R (R=0, 1, ..., K—1,
where K is the number of processes): 3 integers, namely, A, B, C, are given
in the process 0, 6 integers, namely, A, A’, B, B’, C, C’, are given in the
process 1, 9 integers, namely, A, A’, A”’, B, B’, B’, C, C*, C*’, are given in
the process 2, and so on. Create a new file of real numbers with the given
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name and write the given integers to this file as follows: A, A, A’,, A, A’,,
A, ..., B, B, B, B, B, B, ... (an index indicates the process rank). To
do this, use one call of the MPI_File_write_all collective function and a
new file view with the MPI_INT elementary datatype, the appropriate dis-
placement (the displacement will be different for different processes), and a
new filetype that consists of R + 1 integers and a terminal empty space of
the appropriate size.

MPI6File26. The name of file is given in the master process. In addition, four
real numbers, namely, A, B, C, D, are given in each process. The number of
processes is equal to K. Create a new file of real numbers with the given
name and write the given real numbers to this file as follows: A, A, ..., Ac,
B, ..., B, B, C,, C, ..., C.,, Dy, ..., D, (an index indicates the process
rank). To do this, use one call of the MPI1_File_write_all collective function
and a new file view with the MPI_DOUBLE elementary datatype, the ap-
propriate displacement (the displacement will be different for different
processes), and a new filetype that consists of two real numbers (with an
additional empty space between these numbers) and a terminal empty space
of the appropriate size.

MPI6File27. The name of existing file of real numbers is given in the master
process. The file contains elements of the (K/2) x K matrix, where K is the
number of processes (K is an even number). Read and output elements of
(R + 1)th matrix column in the process of rank R (R =0, ..., K—1, columns
are numbered from 1). To do this, use one call of the MPI_File_read_all
collective function and a new file view with the MPI_DOUBLE elementary
datatype, the appropriate displacement (the displacement will be different
for different processes), and a new filetype that consists of one real number
and a terminal empty space of the appropriate size.

MPI16File28. The name of file is given in the master process. In addition, an in-
teger N and a sequence of K/2 real numbers are given in each process,
where K is the number of processes (K is an even number). The numbers N
are different for all processes and are in the range from 1 to K. Create a
new file of real numbers with the given name. Write a (K/2) x K matrix to
this file; each process should write its sequence of real numbers into a col-
umn of the matrix with the ordinal number N (the columns are numbered
from 1). To do this, use one call of the MPI_File _write_all collective func-
tion and a new file view with the MPI_DOUBLE elementary datatype, the
appropriate displacement (the displacement will be different for different
processes), and a new filetype that consists of one real number and a ter-
minal empty space of the appropriate size.

MPI6File29. The name of existing file of integers is given in the master
process. The file contains elements of a block matrix of the size (K/3) x 3
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(the size is indicated in blocks), where K is the number of processes (K is a
multiple of 3). Each block is a square matrix of order N (all the numbers N
are the same and are in the range from 2 to 5). Read and output one block
of the given matrix in each process in a row-major order of blocks. To do
this, use one call of the MPI_File read_all collective function and a new
file view with the MPI_INT elementary datatype, the appropriate dis-
placement (the displacement will be different for different processes), and a
new filetype that consists of N integers and a terminal empty space of the
appropriate size. Use the MPI_File_get size function to determine the
number N.

MPI6File30. The name of file and an integer N are given in the master process
(N is in the range 2 to 5). In addition, two integers | and J are given in each
process. The integers | and J determine a position (that is, row and column
numbers) of some square block of a block matrix of the size (K/3) x 3 (the
size is indicated in blocks), where K is the number of processes (K is a mul-
tiple of 3). The integers | are in the range of 1 to K/3, the integers J are in
the range 1 to 3; all processes contain different positions of blocks. Each
block is a square matrix of order N. Create a new file of integers with the
given name. Write a (K/3) x 3 block matrix to this file; each process should
write a matrix block to the block position (I, J). All the elements of the
block written by the process of rank R (R=0, 1, ..., K— 1) should be equal
to the number R. To do this, use one call of the MPI_File_write_all collec-
tive function and a new file view with the MPI_INT elementary datatype,
the appropriate displacement (the displacement will be different for differ-
ent processes), and a new filetype that consists of N integers and a terminal
empty space of the appropriate size. Use the MPI_Bcast collective function
to send the value of N to all processes.

7. One-sided communications (MPI-2)

When defining an access window object using the MP1_Win_create func-
tion, it is recommended to specify the disp_unit displacement (the third parame-
ter) equal to the size of the data item of the corresponding type (it is always ei-
ther MPI_INT or MPI_DOUBLE in all tasks, so the size can be obtained using
the MPI_Type_get _extent or MPI_Type_size function). In this case one can in-
dicate the target disp displacement (the fifth parameter of the MPI_Get,
MPI_Put, MP1_Accumulate functions) equal to the initial index of the used part
of the array (rather than the number of bytes from the beginning of the array to
the required part, as in the case of the disp_unit parameter equal to 1).

It is suffice to specify the MPI1_INFO_NULL constant as the info parame-
ter (the fourth parameter of the MP1_Win_create function).
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If you do not need to create a window in some processes then the value 0
should be specified as the size parameter (the second parameter of the
MPI_Win_create function) in these processes.

It is suffice to specify a constant O as the assert parameter in all synchroniz-
ing functions (MP1_Win_fence, MPI_Win_start, MPI_Win_post,
MPI_Win_lock); this parameter is the last but one parameter in all these func-
tions.

In the first subgroup (MPI7Win1l-MPI7Winl7), you should use the
MPI_Win_fence collective function as a synchronizing function that should be
called both before the actions related to the one-way data transfer and after these
actions but before the actions related to access to the transferred data.

The tasks of the second subgroup (MP17Win18—-MPI7Win30) require the
use of local synchronization: the MPI_Win_start, MPI_Win_complete,
MPI_Win_post, MPI_Win_wait functions or a pair of the MPI_Win_lock,
MPI_Win_unlock functions. In the tasks of this subgroup, there is always speci-
fied which kind of the local synchronization you should use.

7.1. One-sized communications with the simplest
synchronization

MPI7Winl. An integer is given in each slave process. Create an access window
of the size K of integers in the master process (K is the number of slave
processes). Using the MPI_Put function call in the slave processes, send all
the given integers to the master process and output received integers in the
ascending order of ranks of sending processes.

MPI7Win2. A sequence of R real numbers is given in each slave process, where
R is the process rank (1, 2, ...). Create an access window of the appropriate
size in the master process. Using the MPI_Put function call in the slave
processes, send all the given real numbers to the master process and output
received numbers in the ascending order of ranks of sending processes.

MPI7Win3. An array A of K integers is given in the master process, where K is
the number of slave processes. Create an access window containing the ar-
ray A in the master process. Using the MPI_Get function call in the slave
processes, receive and output one element of the array A in each slave
process. Elements of the array A should be received in the slave processes
in descending order of their indices (that is, the element A, should be re-
ceived in the last process, the element A, should be received in the last but
one process, and so on).

MPI7Win4. An array A of K + 4 real numbers is given in the master process,
where K is the number of slave processes. Create an access window con-
taining the array A in the master process. Using the MPI_Get function call
in the slave processes, receive and output five elements of the array A in
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each slave process starting with the element of index R — 1, where R is the
slave processrank (R=1, 2, ..., K—1).

MPI7Win5. An array A of K integers is given in the master process, where K is

the number of slave processes. In addition, an index N (an integer in the
range 0 to K — 1) and an integer B are given in each slave process. Create
an access window containing the array A in the master process. Using the
MPI1_Accumulate function call in the slave processes, multiply the element
A, by the number B and then output the modified array A in the master
process.
Note. Some slave processes can contain the same value of N; in this case
the element A, will be multiplied several times. This circumstance does not
require additional synchronization due to the features of the
MPI_Accumulate function implementation.

MPI7Win6. An array A of 2K — 1 real numbers is given in the master process (K
is the number of slave processes), and array B of R real numbers is given in
each slave process (R is the process rank, R=1, 2, ..., K—1). Create an
access window containing the array A in the master process. Using the
MPI_Accumulate function call in the slave processes, add the values of all
the elements of array B from the process of rank R to the elements of array
A starting with the index R — 1 (the single element B, from the process 1
should be added to the element A,, the elements B, and B, from the process
2 should be added to the elements A, and A, respectively, the elements B,
B., and B, from the process 3 should be added to elements A,, A,, and A. re-
spectively, and so on). Output the modified array A in the master process.
Note. Elements of array A, starting from the index 2, will be modified sev-
eral times by adding values from the different slave processes. This cir-
cumstance does not require additional synchronization due to the features
of the MPI_Accumulate function implementation.

MPI7Win7. An array A of 2K integers is given in the master process, where K is
the number of slave processes. Create an access window containing two in-
tegers in each slave process. Using the MPI_Put function call in the master
process, send and output two elements of the array A in each slave process.
Elements of the array A should be sent to slave processes in ascending or-
der of their indices (that is, the elements A, and A, should be sent to the
process 1, the elements A, and A, should be sent to the process 2, and
SO on).

MPI7Win8. An integer R and a real number B are given in each process. All the
integers R are different and are in the range from 0 to K — 1, where K is the
number of processes. Create an access window containing one real number
in each process. Using the MPI_Put function call in each process, send the
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number B from this process to the process R and output received numbers
in all processes.

MPI7Win9. An array A of K integers is given in each process, where K is the
number of processes. Create an access window containing the array A in
each process. Using several calls of the MPI_Get function in each process
R(R=0,..., K—1), receive and output elements of all arrays A with the
index R. Received elements should be output in descending order of ranks
of sending processes (that is, the element received from the process K — 1
should be output first, the element received from the process K — 2 should
be output second, and so on).

Note. The function MPI_Get, as well as other one-way communication
functions, can also be used to access the window created in the calling
process.

MPI17Win10. An array A of 5 real numbers and integers N, and N, are given in
each process. Each of the numbers N, and N, is in the range O to 4. Create
an access window containing the array A in each process. Using two calls
of the MPI_Get function in each process, receive and output the element of
index N, from the array A of the previous process and then receive and out-
put the element of index N, from the array A of the next process (the num-
bers N, and N, are taken from the calling process, processes are taken in a
cyclic order).

MPI7Winl11. The number of processes K is an even number. An array A of K/2

integers is given in each process. Create an access window containing the
array A in all the odd-rank processes (1, 3, ..., K—1). Using the required
number of calls of the MPI_Accumulate function in each even-rank
process, add the element A[I] of the process 2J to the element A[J] of the
process 21+ 1 and output the changed arrays A in all the odd-rank
processes.
Note. The required changing of the given arrays can be described in the
another way: if B denotes a matrix of order K/2 whose rows coincide with
the arrays A given in the even-rank processes and C denotes a matrix of the
same order whose rows coincide with the arrays A given in the odd-rank
processes then the matrix C should be transformed as follows: elements of
the row | of the matrix B should be added to the corresponding elements of
the column | of the matrix C.

MPI7Win12. Solve the MPI7Winl1 task by creating access windows in even-
rank processes and using the MPI_Get function calls instead of the
MPI1_Accumulate function calls in odd-rank processes.

Note. Since the numbers received from the even-rank processes must be
added to the elements of array A after the second MPI_Win_fence synchro-
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nization function call, it is convenient to use an auxiliary array to store the
received numbers.

MPI7Win13. Three integers N,, N, N, are given in each process; each given in-
teger is in the range 0 to K—1, where K is the number of processes (the
values of some of these integers in each process may coincide). In addition,
an array A of R + 1 real numbers is given in each process, where R is the
process rank (0, ..., K—1). Create an access window containing the array A
in all the processes. Using three calls of the MPI_Accumulate function in
each process, add the integer R + 1 to all elements of the arrays A given in
the processes N,, N,, N;, where R is the rank of the process that calls the
MPI_Accumulate function (for instance, if the number N, in the process 3 is
equal to 2 then a real number 4.0 should be added to all the elements of ar-
ray A in the process 2). If some of the integers N,, N,, N, coincide in the
process R then the number R + 1 should be added to the elements of the
corresponding arrays several times. Output the changed arrays A in each
process.

MPI7Winl14. An array of K real numbers is given in each process, where K is

the number of processes. The given array contains a row of an upper trian-
gular matrix A, inclusive of its zero-valued part (the process of rank R con-
tains the Rth row of the matrix, the rows are numbered from 0). Create an
access window containing the given array in all the processes. Using the
required number of calls of the MP1_Get function in each process, write the
rows of the matrix transposed to the given matrix A (inclusive of its zero-
valued part) in the given arrays. Then output the changed arrays in each
process. Do not use auxiliary arrays.
Notes. (1) The rows of the transposed matrix coincide with the columns of
the original matrix, so the resulting matrix will be the lower triangular one.
(2) You should write zero values to the required array elements only after
the second call of the MPI_Win_fence function. (3) You can not create an
access window for the last process.

MPI7Win15. Solve the MPI7Winl14 task by using the MPI_Put function calls
instead of the MPI1_Get function calls.
Note. In this case, you can not create an access window for the master
process.

MPI7Win16. One row of the square real-valued matrix A of order K is given in
each process, where K is the number of processes (the process of rank R
contains the Rth row of the matrix, the rows are numbered from 0). In addi-
tion, a real number B is given in each process. Create an access window
containing the given row of the matrix A in all the processes. Using the re-
quired number of calls of the MP1_Accumulate function in each process R
(R=0, ..., K—1), change the matrix row given in the next process as fol-
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lows: all row elements that are less than the number B from the process R
should be replaced by this number B (processes are taken in a cyclic order).
Then, using K calls of the MPI_Get function in each process, receive and
output the Rth column of the transformed matrix A in the process R
(R=0, ..., K—1, the columns are numbered from 0).

Note. You should call the MPI_Win_fence synchronization function three
times in each process.

MPI7Win17. One row of the square real-valued matrix A of order K is given in
each process, where K is the number of processes (the process of rank R
contains the Rth row of the matrix, the rows are numbered from 0). In addi-
tion, a real number B is given in each process. Create an access window
containing the given row of the matrix A in all the processes. Using the re-
quired number of calls of the MPI_Accumulate function in each process R
(R=0, ..., K—1), change the matrix row given in the previous process as
follows: all row elements that are greater than the number B from the
process R should be replaced by this number B (processes are taken in a
cyclic order). Then, using K calls of the MPI_Accumulate function in each
slave process, add the first element of the row from each slave process R
(1, ..., K—1) to all the elements of the Rth column of the transformed ma-
trix A (the columns are numbered from 0). Output the new contents of the
given row of the matrix A in each process after all transformations.

Note. You should call the MPI_Win_fence synchronization function three
times in each process.

7.2. Additional types of synchronization

MPI7Win18. The number of processes K is an even number. An integer A is

given in each even-rank process (0, 2, ..., K— 2). Create an access window
containing one integer in all the odd-rank processes (1, 3, ..., K—1). Using
the MPI1_Put function call in each even-rank process 2N, send the integer A
to the process 2N+ 1 and output the received integers. Use the
MPI_Win_start and MP1_Win_complete synchronization functions in the
even-rank processes and the MPI_Win_post and MPI_Win_wait synchro-
nization functions in the odd-rank processes. Use the MPI_Group _incl
function to create a group of processes specified as the first parameter of
the MPI_Win_start and MPI_Win_post functions. The MPI_Group_incl
function should be applied to the group of the MPI_COMM_WORLD
communicator (use the MPI_Comm_group function to obtain the group of
the MPI_COMM_WORLD communicator).
Note. Unlike the MPI_Win_fence collective synchronization function,
used in previous tasks, the synchronization functions used in this and the
subsequent tasks are local ones and, in addition, allow to specify the groups
of origin and target processes for one-way communications.
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MPI7Win19. An array A of K real numbers is given in the master process,
where K is the number of slave processes. Create an access window con-
taining the array A in the master process. Using the MPI_Get function call
in each slave process, receive and output one of elements of the array A.
The elements should be received in descending order of their indices (that
IS, the element with the index K — 1 should be received in the process 1, the
element with the index K —2 should be received in the process 2, and
so on). Use the MPI_Win_start and MPI_Win_complete synchronization
functions in the slave processes and the MPI_Win_post and MPI_Win_wait
synchronization functions in the master process. Use the MPI1_Group_incl
function to create a group of processes specified as the first parameter of
the MPI_Win_start function, use the MPI_Group_excl function to create a
group of processes specified as the first parameter of the MPI_Win_post
function. The MPI_Group_incl and MPI_Group_excl functions should be
applied to the group of the MPI_COMM_WORLD communicator.

MPI7Win20. The number of processes K is a multiple of 3. An array A of 3 real
numbers is given in the processes of rank 3N (N =0, ..., K/3—1). Create
an access window containing the array A in all processes in which this ar-
ray is given. Using one call of the MPI_Get function in the processes of
rank 3N+ 1 and 3AN+2 (N=0, ..., K/I3—1), receive and output one ele-
ment A, and two elements A, A, respectively from the process 3N (namely,
the process 1 should output the element A, received from the process 0, the
process 2 should output the elements A, and A, received from the process 0,
the process 4 should output the element A, received from the process 3, and
so on). Use the MPI_Win_post and MPI_Win_wait synchronization func-
tions in the processes of rank 3N and the MPI_Win start and
MPI_Win_complete synchronization functions in the other processes.

MPI7Win21. The number of processes K is an even number. An array A of K/2
real numbers and an array N of K/2 integers are given in the master process.
All the elements of the array N are distinct and are in the range 1 to K — 1.
Create an access window containing one real number in each slave process.
Using the required number of calls of the MPI_Put function in the master
process, send the real number A, to the slave process of rank N, (1 =0, ...,
K/2 — 1). Output the received number (or 0.0 if the process did not receive
data) in each slave process. Use the MPI_Win_post and MPI_Win_wait
synchronization functions in the slave processes and the MPI_Win_start
and MPI_Win_complete synchronization functions in the master process.

MPI7Win22. An array A of K real numbers (where K is the number of slave
processes) and an array N of 8 integers are given in the master process. All
the elements of the array N are in the range 1 to K; some elements of this
array may have the same value. In addition, an array B of R real numbers is
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given in the slave process of rank R (R =1, ..., K). Create an access win-
dow containing the array B in each slave process. Using the required num-
ber of calls of the MP1_Accumulate function in the master process, add all
the elements of the array A to the corresponding elements of the array B
from the process of rank N, 1 =0, ..., 7 (that is, the element A, should be
added to the element B,, the element A, should be added to the element B,,
and so on). Elements of the array A can be added several times to some ar-
rays B. Output the array B (which may be changed or not) in each slave
process. Use the MPI_Win_post and MPI_Win_wait synchronization func-
tions in the slave processes and the MPI_Win start and
MPI_Win_complete synchronization functions in the master process.

MPI7Win23. An array A of 5 real numbers is given in each process. In addition,
two arrays N and M of 5 integers are given in the master process. All the
elements of the array N are in the range 1 to K, where K is the number of
slave processes, all the elements of the array M are in the range 0 to 4.
Some elements of both the array N and the array M may have the same val-
ue. Create an access window containing the array A in each slave process.
Using the required number of calls of the MPI_Get function in the master
process, receive the element of A with the index M, from the process N,
(1=0, ..., 4) and add the received element to the element A, in the master
process. After changing the array A in the master process, change all the ar-
rays A in the slave processes as follows: if some element of the array A
from the slave process is greater than the element, with the same index, of
the array A from the main process then replace this element in the slave
process by the corresponding element from the master process (to do this,
use the required number of calls of the MPI_Accumulate function in the
master process). Output the changed arrays A in each process. Use two
calls of the MPI_Win_post and MPI_Win_wait synchronization functions
in the slave processes and two calls of the MPI_Win start and
MPI_Win_complete synchronization functions in the master process.

MPI17Win24. An integer N is given in each slave process, all the integers N are
distinct and are in the range 0 to K—1, where K is the number of slave
processes. Create an access window containing an array A of K integers in
each slave process. Without performing any synchronization function calls
in the master process (except calling the MPI_Barrier function) and using a
sequence of calls of the MPI_Win_lock, MPI1_Win_unlock, MPI_Batrrier,
MPI_Win_lock, MPI_Win_unlock synchronization functions in the slave
processes, change element of the array A with index N by assigning the
rank of the slave process, which contains the integer N, to this element (to
do this, use the MPI_Put function) and then receive and output all the ele-
ments of the changed array A in each slave process (to do this, use the
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MPI_Get function). Use the MPI_LOCK_SHARED constant as the first
parameter of the MPI_Win_lock function.

Note. The MPI_Win_lock and MPI_Win_unlock synchronization func-
tions are used mainly for one-way communications with passive targets. In
such a kind of one-way communications, the target process does not
process the data transferred to it but acts as their storage, which is accessi-
ble to other processes.

MPI7Win25. The number of processes K is a multiple of 3. An array A of 5 real
numbers is given in the processes of rank 3N (N =0, ..., K/3 — 1), an integ-
er M and a real number B are given in the processes of rank 3N + 1. The
given integers M are in the range 0 to 4. Create an access window contain-
ing the array A in all processes in which this array is given. Using the
MPI1_Accumulate function call in the processes of rank 3AN+1 (N=0, ...,
K/3 — 1), change the array A from the process 3N as follows: if the array
element with the index M is greater than the number B then this element
should be replaced by the number B (the numbers M and B are taken from
the process 3N + 1). Then send the changed array A from the process 3N to
the process 3N + 2 and output the received array in the process 3N + 2; to
do this, use the MPI_Get function call in the process of rank 3N + 2. Use
the MPI_Win_lock, MPI_Win_unlock, MPI_Barrier synchronization func-
tions in the processes of rank 3N + 1, the MPI_Barrier, MPI_Win_lock,
MPI_Win_unlock synchronization functions in the processes of rank
3N + 2, and the MPI_Barrier function in the processes of rank 3N. Use the
MPI_LOCK_EXCLUSIVE constant as the first parameter of the
MPI_Win_lock function.

MPI7Win26. An array A of 5 positive real numbers is given in each slave
process. Create an access window containing an array B of 5 zero-valued
real numbers in the master process. Without performing any synchroniza-
tion function calls in the master process (except calling the MPI_Barrier
function) and using a sequence of calls of the MPI_Win_lock,
MPI_Win_unlock, MPI_Barrier, MPI_Win_lock, MPI_Win_unlock syn-
chronization functions in the slave processes, change elements of the array
B by assigning the maximal value of the array A elements with the index |
(1=0,...,4) to the array B element with the same index (to do this, use the
MPI1_Accumulate function) and then receive and output all the elements of
the changed array B in each slave process (to do this, use the MPI_Get
function). Use the MP1_LOCK_SHARED constant as the first parameter of
the MPI_Win_lock function.

MPI7Win27. Two real numbers X, Y (the coordinates of a some point on a
plane) are given in each slave process. Using the MP1_Get function in the
master process, receive real numbers X, Y, in this process that are equal to
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the coordinates of the point that is the most remote from the origin among
all the points given in the slave processes. Then send the numbers X, Y,
from the master process to all the slave processes and output these numbers
in the slave processes; to do this, use the MPI_Get function call in the slave
processes. Use the MPI_Win_lock, MPI_Win_unlock, MPI_Barrier syn-
chronization functions in the master process and the MPI_Barrier,
MPI_Win_lock, MPI_Win_unlock synchronization functions in the slave
processes.

Note. This task can not be solved by using one-way communications only
on the side of the slave processes by means of the lock/unlock synchroniza-
tions.

MPI17Win28. Solve the MPI17Win27 task using the single access window con-

taining the numbers X,, Y, in the master process. Use the MPI_Get and
MPI_Put functions in the slave processes to find the numbers X, Y, (for
some processes, the MPI_Put function is not required), use the MPI_Get
function to send the numbers X0, YO to all the slave processes (as in the
MPI7Win27 task). To synchronize exchanges when find the numbers X,, Y.,
use two calls of each of the MPI1_Win_start and MPI_Win_complete func-
tions in the slave processes and calls of the MPI _Win post and
MPI_Win_wait functions in a loop in the master process (it is necessary to
define a new group of processes at each iteration of the loop; this group
should be used in the MPI_Win_post function call). To synchronize send-
ing numbers X,, Y, to slave processes, use the MPI_Barrier function in the
master process and the MPI_Barrier, MPI_Win_Lock, MPI_Win_unlock
functions in the slave processes (as in the MP17Win27 task).
Note. The solution method described in this task allows one-way commu-
nications to be used only on the side of the slave processes (in contrast to
the method described in the MPI7Win27 task) but it requires to apply a
synchronizations that different from the lock/unlock ones.

MPI17Win29. One row of the square integer-valued matrix of order K is given in
each process, where K is the number of processes (the process of rank R
contains the Rth row of the matrix, the rows are numbered from 0). Using
the MPI1_Get function calls in the master process, receive a matrix row with
the minimal sum S of elements in this process and also find the number N
of matrix rows with this minimal sum (if N > 1 then the last of such rows,
that is, the row with the maximal ordinal number, should be saved in the
master process). Then send this matrix row, the sum S, and the number N to
each slave process using the MPI_Get function in these processes. Output
all received data in each process. To do this, create an access window con-
taining K + 2 integers in each process; the first K elements of the window
should contain the elements of the matrix row, the next element should
contain the sum S of its elements, and the last element should contain the
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number N. Use the MPI_Win_lock, MPI_Win_unlock, MPI_Barrier syn-
chronization functions in the master process and the MPI_Barrier,
MPI_Win_lock, MPI_Win_unlock synchronization functions in the slave
processes.

Note. This task can not be solved by using one-way communications only
on the side of the slave processes by means of the lock/unlock synchroniza-
tions.

MPI7Win30. Solve the MPI7Win29 task using the single access window con-

taining the matrix row and the numbers S and N in the master process. Use
the MPI_Get and MPI_Put functions in the slave processes to find the ma-
trix row with the minimal sum and the related numbers S and N (for some
processes, the MPI1_Put function is not required), use the MPI_Get function
to send the row with the minimal sum and the numbers S and N to all the
slave processes (as in the MPI7Win29 task). To synchronize exchanges
when find the matrix row, use two calls of each of the MPI_Win_start and
MPI_Win_complete functions in the slave processes and calls of the
MPI_Win_post and MPI_Win_wait functions in a loop in the master
process (it is necessary to define a new group of processes at each iteration
of the loop; this group should be used in the MP1_Win_post function call).
To synchronize sending the row with the minimal sum and the numbers S
and N to slave processes, use the MPI_Barrier function in the master
process and the MPI1_Barrier, MPI_Win_Lock, MPI_Win_unlock functions
in the slave processes (as in the MP17Win29 task).
Note. The solution method described in this task allows one-way commu-
nications to be used only on the side of the slave processes (in contrast to
the method described in the MPI7Win29 task) but it requires to apply a
synchronizations that different from the lock/unlock ones.

8. Inter-communicators and process creation

The basic tools for creation of inter-communicators and their use for point-
to-point communication are defined in the MPI-1 standard. Therefore, 5 tasks of
this group (MPI8Interl1-MPI8Inter4 and MPI8Inter9) can be solved using the
MPICH 1.2.5 system. Other tasks are devoted to the new functions for inter-
communicator creation (MPI8Inter5—MPI18Inter8), to the collective communica-
tions via inter-communicators (MPI18Inter10-MPI8Inter14) and to use inter-
communicators for process creation (MPI8Inter15-MPI8Inter22). All these fea-
tures have appeared in the MPI-2 standard, so you should use the MPICH2 1.3
system to solve these tasks.

You should use a copy of the communicator MPI_COMM_WORLD as the
peer communicator (the third parameter of the MPI_Intercomm_create func-
tion). Use the MPI_Comm_dup function to create this copy.
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The parameters of the MPI_Comm_spawn function, which is used for
process creation in then MPI8Inter15-MPI8Inter22 tasks, should be as follows:
the first parameter should be the name of the executable file ptprj.exe, the
second parameter argv is enough to specify the NULL constant, the fourth pa-
rameter info should be the MPI_NULL_INFO constant, the last parameter ar-
ray_of errcodes should be the MPI_ERRCODES_IGNORE constant. If the task
does not specify the source communicator for the process creation then it is as-
sumed that this communicator should be the MPI_COMM_WORLD one.

Instead of the string "ptprj.exe"”, you can use the function char* GetEx-
ename() that is implemented in the Programming Taskbook and returns the full
name of the executable file.

8.1. Inter-communicator creation

MPI8Interl. The number of processes K is an even number. An integer X is
given in  each process. Using  the MPI1_Comm_group,
MPI1_Group_range _incl, and MPI_Comm_create functions, create two
communicators: the first one contains the even-rank processes in the same
order (0, 2, ..., K/2 — 2), the second one contains the odd-rank processes in
the same order (1, 3, ..., K/2 — 1). Output the ranks R of the processes in-
cluded in these communicators. Then combine these communicators into
an inter-communicator using the MPI_Intercomm_create function. Using
the MPI_Send and MPI_Recv functions for this inter-communicator, send
the integer X from each process to the process with the same rank from the
other group of the inter-communicator and output the received integers.

MPI18Inter2. The number of processes K is an even number. An integer C and a
real number X are given in each process. The numbers C are equal to 0 or
1, the amount of integers 1 is equal to the amount of integers 0. The integer
C is equal to 0 in the process of rank 0 and is equal to 1 in the process of
rank K — 1. Using one call of the MPI_Comm_split function, create two
communicators: the first one contains processes with C = 0 (in the same or-
der) and the second one contains processes with C =1 (in the inverse or-
der). Output the ranks R of the processes included in these communicators
(note that the first and the last processes of the MPI_COMM_WORLD
communicator will receive the value R = 0). Then combine these commu-
nicators into an inter-communicator using the MPI_Intercomm_create
function. Using the MPI_Send and MPI_Recv functions for this inter-
communicator, send the real number X from each process to the process
with the same rank from the other group of the inter-communicator and
output the received numbers.

MPI8Inter3. The number of processes K is a multiple of 3. A real number X is
given in the processes of rank 3N (N =0, ..., 3K — 3), real numbers X and Y
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are given in the processes of rank 3N + 1, a real number Y is given in the
processes of rank 3N+2. Using the MPI_Comm _group,
MPI_Group_range_incl, and MPI_Comm_create functions, create three
communicators: the first one contains processes of rank 3N in the same or-
der (0, 3, ..., K—3), the second one contains processes of rank 3N + 1 in
the inverse order (K—2, K—5, ..., 1), the third one contains processes of
rank 3N + 2 in the same order (2, 5, ..., K—1). Output the ranks R of the
processes included in these communicators. Then combine these communi-
cators into two inter-communicators using the MPI_Intercomm_create
function. The first inter-communicator contains the first and second group
of processes, the second one contains the second and third group of
processes. Using the MPI_Send and MPI_Recv functions for these inter-
communicators, exchange the numbers X in the processes with the same
rank in the first and second group and the numbers Y in the processes with
the same rank in the second and third group. Output the received number in
each process.

Note. The MPI_Intercomm_create function should be called once for
processes of the first and third groups, and twice for processes of the
second group, and this number of calls should be performed for the
MPI1_Send and MPI_Recv functions.

MPI8Inter4. The number of processes K is a multiple of 3. Three integers are
given in each process. The first integer (named C) is in the range 0 to 2, the
amount of each value 0, 1, 2 is equal to K/3, processes 0, 1, 2 contain C
with the value 0, 1, 2 respectively. Using one call of the MPI_Comm_split
function, create three communicators: the first one contains processes with
C =0 (in the same order), the second one contains processes with C =1 (in
the same order), the third one contains processes with C =2 (in the same
order). Output the ranks R of the processes included in these communica-
tors (note that the processes 0, 1, 2 of the MPI_COMM_WORLD commu-
nicator will receive the value R =0). Then combine these communicators
into  three  inter-communicators using two calls of the
MPI_Intercomm_create function in each process. The first inter-
communicator contains groups of processes with C equal to 0 and 1, the
second one contains groups of processes with C equal to 1 and 2, the third
one contains groups of processes with C equal to 0 and 2 (thus, the created
inter-communicators will form a ring connecting all three previously
created groups). Denoting two next given integers in the first group as X
and Y, in the second group as Y and Z, and in the third group as Z and X (in
this order) and using two calls of the MPI_Send and MPI_Recv functions
for these inter-communicators, exchange the numbers X in the processes
with the same rank in the first and second group, the numbers Y in the
processes with the same rank in the second and third group, and the num-
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bers Z in the processes with the same rank in the first and third group. Out-
put the received numbers in each process.

MPI18Inter5. The number of processes K is a multiple of 4. An integer X is given
in each process. Using the MPI_Comm_group, MPI_Group_range_incl and
MPI_Comm_create function, create two communicators: the first one con-
tains the first half of the processes (of rank 0, 1, ..., K/2 — 1 in this order),
the second one contains the second half of the processes (of rank K/2,
K/2+1, ..., K—1 in this order). Output the ranks R, of the processes in-
cluded in these communicators. Then combine these communicators into
an inter-communicator using the MPI_Intercomm_create function. Using
the MPI_Comm_create function for this inter-communicator, create a new
inter-communicator whose the first group contains the even-rank processes
of the first group of the initial inter-communicator (in the same order) and
the second group contains the odd-rank processes of the second group of
the initial inter-communicator (in the inverse order). Thus, the first and
second groups of the new inter-communicator will include the processes of
the MPI_COMM_WORLD communicator with ranks 0, 2, ..., K/2—2 and
K—-1,K-3, ..., K/I2 + 1 respectively. Output the ranks R, of the processes
included in the new inter-communicator. Using the MPI _Send and
MPI_Recv functions for the new inter-communicator, send the integer X
from each process to the process with the same rank from the other group
of the inter-communicator and output the received numbers.

MPI18Inter6. The number of processes K is a multiple of 4. A real number X is
given in  each process. Using  the MPI1_Comm_group,
MPI1_Group_range_incl and MPI_Comm_create function, create two com-
municators: the first one contains the first half of the processes (of rank 0,
1, ..., K/I2 =1 in this order), the second one contains the second half of the
processes (of rank K/2, K/2 + 1, ..., K— 1 in this order). Output the ranks R,
of the processes included in these communicators. Then combine these
communicators into an inter-communicator using the
MPI_Intercomm_create function. Using one call of the MPI_Comm_split
function for this inter-communicator, create two new inter-communicators:
the first one contains the even-rank processes of the initial inter-
communicator, the second one contains the odd-rank processes of the initial
intercommunicator; the processes of the second group of each new inter-
communicator should be in the inverse order. Thus, the first new communi-
cator will include groups of the processes of the MPI_COMM_WORLD
communicator with ranks 0, 2, ..., K/2—-2 and K—-2, K—4, ..., K/2, the
first new communicator will include groups of the processes of the
MPI_COMM_WORLD communicator with ranks 1, 3, ..., K/2—1 and
K-1, K—=3, ..., K/2+ 1. Output the ranks R, of the processes included in
the new inter-communicators. Using the MPI_Send and MPI_Recv func-
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tions for the new inter-communicators, send the integer X from each
process to the process with the same rank from the other group of this inter-
communicator and output the received numbers.

MPI8Inter7. The number of processes K is an even number. An integer C is

given in each process. The numbers C are equal to 0 or 1. A single value of
C =1 is given in the first half of the processes, the number of values of
C =1 is greater than one in the second half of the processes and, in addi-
tion, there is at least one value C =0 in the second half of the processes.
Using the MPI_Comm_split function, create two communicators: the first
one contains the first half of the processes (of rank 0, 1, ..., K/2 — 1 in this
order), the second one contains the second half of the processes (of rank
K/2, KI2+1, ..., K—=1in this order). Output the ranks R, of the processes
included in these communicators. Then combine these communicators into
an inter-communicator using the MPI_Intercomm_create function. Using
the MPI_Comm_split function for this inter-communicator, create a new
inter-communicator with groups which contain processes from the corres-
ponding groups of the initial inter-communicator with the values C=1 (in
the inverse order). Thus, the first group of the new inter-communicator will
include a single process, and the number of processes in the second group
will be in the range 2 to K/2 — 1. Output the ranks R, of the processes that
are included in the second group of the new inter-communicator (this group
contains more than one process). Input an array Y of K, integers in the sin-
gle process of the first group of the new inter-communicator, where K, is
the number of the processes in the second group. Input an integer X in each
process of the second group of the new inter-communicator. Using the re-
quired number of calls of the MPI_Send and MPI_Recv functions for all
the processes of the new inter-communicator, send all the integers X to the
single process of the first group and send the element of the array Y with
the index R, to the process R, of the second group (R.=0, 1, ..., K.—1).
Output all received numbers (the integers X should be output in ascending
order of ranks of sending processes).
Note. In the MPICH 2 version 1.3, the MPI_Comm_split function call for
some inter-communicator is erroneous if some of the values of its color pa-
rameter are equal to MP1_UNDEFINED. Thus, you should use only non-
negative values of color in this situation. In addition, the program can be-
have incorrectly if the MPI_Comm_split function create empty groups for
some inter-communicators (this is possible if the same color values are
specified for all processes of one of the groups of the initial inter-
communicator and these color values are different from color values for
some processes of the other group).

MPI8Inter8. An integer C is given in each process. The integer C is in the range
0 to 2, all the values of C (0, 1, 2) are given for the even-rank processes and
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for the odd-rank processes. Using one call of the MPI_Comm_split func-
tion, create two communicators: the first one contains the even-rank
processes (in ascending order of ranks), the second one contains the odd-
rank processes (in ascending order of ranks). Output the ranks R, of the
processes included in these communicators. Then combine these communi-
cators into an inter-communicator using the MPI_Intercomm_create func-
tion. Using one call of the MPI_Comm_split function for this inter-
communicator, create three new inter-communicators with groups which
contain processes from the corresponding groups of the initial inter-
communicator with the same values of C (in the same order). Thus, for in-
stance, the first group of the first new inter-communicator will include the
even-rank processes with C =0 and the second group of the third new in-
ter-communicator will include the odd-rank processes with C = 2. Output
the ranks R, of the processes included in the new inter-communicators. In-
put an integer X in the processes of the first group of each new inter-
communicator, input an integer Y in the processes of the second group of
each new inter-communicator. Using the required number of calls of the
MPI1_Send and MPI_Recv functions for all the processes of all the new in-
ter-communicators, send all the integers X to each process of the second
group of the same inter-communicator and send all the integers Y to each
process of the first group of the same inter-communicator. Output all re-
ceived numbers in ascending order of ranks of sending processes.

MPI18Inter9. The number of processes K is an even number. An integer C is
given in each process. The integer C is in the range 0 to 2, the first value
C =1 is given in the process 0, the first value C = 2 is given in the process
K/2. Using the MP1_Comm_split function, create two communicators: the
first one contains processes with C =1 (in the same order), the second one
contains processes with C = 2 (in the same order). Output the ranks R of the
processes included in these communicators (output the integer —1 if the
process is not included into the created communicators). Then combine
these communicators into an inter-communicator using the
MPI _Intercomm_create function. A group containing processes with C =1
Is considered to be the first group of the created inter-communicator and
the group of processes with C =2 is considered to be its second group. In-
put an integer X in the processes of the first group, input an integer Y in the
processes of the second group. Using the required number of calls of the
MPI_Send and MPI_Recv functions for all the processes of the inter-
communicator, send all the integers X to each process of the second group
and send all the integers Y to each process of the first group. Output all re-
ceived numbers in ascending order of ranks of sending processes.
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8.2. Collective communications for inter-communicators

MPI18Inter10. The number of processes K is an even number. An integer C is
given in each process. The integer C is in the range 0 to 2, the first value
C =1 is given in the process 0, the first value C = 2 is given in the process
K/2. Using the MP1_Comm_split function, create two communicators: the
first one contains processes with C =1 (in the same order), the second one
contains processes with C = 2 (in the same order). Output the ranks R of the
processes included in these communicators (output the integer —1 if the
process is not included into the created communicators). Then combine
these communicators into an inter-communicator using the
MPI_Intercomm_create function. A group containing processes with C =1
is considered to be the first group of the created inter-communicator and
the group of processes with C = 2 is considered to be its second group. In-
put integers R, and R, in each process of the inter-communicator. The val-
ues of the numbers R, coincide in all processes and indicate the rank of the
selected process of the first group; the values of the numbers R, also coin-
cide in all processes and indicate the rank of the selected process of the
second group. A sequence of three integers X is given in the selected
process of the first group, a sequence of three integers Y is given in the se-
lected process of the second group. Using two calls of the MPI_Bcast col-
lective function in each process of the inter-communicator, send the num-
bers X to all the processes of the second group, send the numbers Y to all
the processes of the first group, and output the received numbers.

MPI8Inter11. The number of processes K is an even number. An integer C is
given in each process. The integer C is in the range 0 to 2, the first value
C =1 s given in the process 0, the first value C = 2 is given in the process
K/2. Using the MP1_Comm_split function, create two communicators: the
first one contains processes with C =1 (in the same order), the second one
contains processes with C = 2 (in the same order). Output the ranks R of the
processes included in these communicators (output the integer —1 if the
process is not included into the created communicators). Then combine
these communicators into an inter-communicator using the
MPI_Intercomm_create function. A group containing processes with C =1
is considered to be the first group of the created inter-communicator and
the group of processes with C = 2 is considered to be its second group. In-
put an integer R, in each process of the inter-communicator. The values of
the number R, coincide in all processes and indicate the rank of the selected
process of the first group. An array X of K, integers is given in the selected
process of the first group, where K, is the number of processes in the
second group. Using one call of the MPI_Scatter collective function in each
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process of the inter-communicator, send the element X[R.] to the process R,
of the second group (R. =0, ..., K, — 1) and output the received numbers.

MPI18Inter12. The number of processes K is an even number. An integer C is
given in each process. The integer C is in the range 0 to 2, the first value
C =1 s given in the process 0, the first value C =2 is given in the process
K/2. Using the MP1_Comm_split function, create two communicators: the
first one contains processes with C =1 (in the same order), the second one
contains processes with C = 2 (in the same order). Output the ranks R of the
processes included in these communicators (output the integer —1 if the
process is not included into the created communicators). Then combine
these communicators into an inter-communicator using the
MPI_Intercomm_create function. A group containing processes with C =1
Is considered to be the first group of the created inter-communicator and
the group of processes with C =2 is considered to be its second group. In-
put an integer R, in each process of the inter-communicator. The values of
the number R, coincide in all processes and indicate the rank of the selected
process of the second group. An integer X is given in all the processes of
the first group. Using one call of the MPI_Gather collective function in
each process of the inter-communicator, send all the integers X to the se-
lected process of the second group. Output the received numbers in this
process in ascending order of ranks of sending processes.

MPI18Inter13. The number of processes K is an even number. An integer C is
given in each process. The integer C is in the range 0 to 2, the first value
C =1 s given in the process 0, the first value C = 2 is given in the process
K/2. Using the MP1_Comm_split function, create two communicators: the
first one contains processes with C =1 (in the same order), the second one
contains processes with C = 2 (in the same order). Output the ranks R of the
processes included in these communicators (output the integer —1 if the
process is not included into the created communicators). Then combine
these communicators into an inter-communicator using the
MPI_Intercomm_create function. A group containing processes with C =1
Is considered to be the first group of the created inter-communicator and
the group of processes with C =2 is considered to be its second group. An
integer X is given in each process of the first group, an integer Y is given in
each process of the second group. Using one call of the MPI_Allreduce col-
lective function in each process of the inter-communicator, receive the
number Y., in each process of the first group and the number X... in each
process of the second group, where the number Y., is the minimal value of
the given integers Y and the number X.. is the maximal value of the given
integers X. Output the received numbers.
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MPI8Inter14. The number of processes K is an even number. An integer C is
given in each process. The integer C is in the range 0 to 2, the first value
C =1 s given in the process 0, the first value C = 2 is given in the process
K —1. Using the MPI_Comm_split function, create two communicators:
the first one contains processes with C = 1 (in the same order), the second
one contains processes with C = 2 (in the inverse order). Output the ranks R
of the processes included in these communicators (output the integer —1 if
the process is not included into the created communicators). Then combine
these communicators into an inter-communicator using the
MPI_Intercomm_create function. A group containing processes with C =1
is considered to be the first group of the created inter-communicator and
the group of processes with C = 2 is considered to be its second group. An
array X of K, integers is given in each process of the first group, where K, is
the number of processes in the second group; an array Y of K, integers is
given in each process of the second group, where K, is the number of
processes in the first group. Using one call of the MPI_Alltoall collective
function in each process of the inter-communicator, send the element Y[R,]
of each array Y to the process R, of the first group (R.=0, ..., K.—1) and
send the element X[R.] of each array X to the process R, of the second group
(R.=0, ..., K.—1). Output the received numbers in ascending order of
ranks of sending processes.

8.3. Process creation

MPI8Interl5. A real number is given in each process. Using the
MPI_Comm_spawn function with the first parameter "ptprj.exe", create
one new process. Using the MPI_Reduce collective function, send the sum
of the given numbers to the new process. Output the received sum in the
debug section using the Show function in the new process. Then, using the
MPI_Bcast collective function, send this sum to the initial processes and
output it in each process.

MPI8Inter16. An array A of K real numbers is given in each process, where K is
the number of processes. Using one call of the MPI_Comm_spawn func-
tion with the first parameter "ptprj.exe”, create K new processes. Using the
MPI_Reduce_scatter_block collective function, send the maximal value of
the elements A[R] of the given arrays to the new process of rank R
(R=0, ..., K—1). Output the received maximal value in the debug section
using the Show function in each new process. Then, using the MPI_Send
and MPI_Recv functions, send the maximal value from the new process of
rank R (R=0, ..., K—1) to the initial process of the same rank and output
the received numbers in the initial processes.
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MPI18Inter17. The number of processes K is an even number. Arrays of K/2 real
numbers are given in the processes of rank 0 and 1. Using one call of the
MPI_Comm_spawn function with the first parameter "ptprj.exe", create
two new processes. Using one call of the MPI_Comm_split function for the
inter-communicator connected with the new processes, create two new in-
ter-communicators: the first one contains the group of even-rank initial
processes (0, ..., K—2) and the new process of rank 0 as the second group,
the second one contains the group of odd-rank initial processes (1, ...,
K—1) and the new process of rank 1 as the second group. Using the
MPI1_Send function in the initial processes and the MPI_Recv function in
the new processes, send all the given numbers from the first process of the
first group of each inter-communicator to the single process of its second
group. Output the received numbers in the debug section using the Show
function in the new processes. Then, using the MPI_Scatter collective func-
tion for inter-communicators, send one number from the new process to
each process of the first group of the corresponding inter-communicator (in
ascending order of ranks of receiving processes) and output the received
numbers.

MPI18Inter18. The number of processes K is an even number. Arrays A of K/2
real numbers are given in each process. Using one call of the
MPI_Comm_spawn function with the first parameter "ptprj.exe", create K
new processes. Using one call of the MPI_Comm_split function for the in-
ter-communicator connected with the new processes, create two new inter-
communicators: the first one contains the group of even-rank initial
processes (0, ..., K—2) and the even-rank new processes as the second
group, the second one contains the group of odd-rank initial processes
(1, ..., K—1) and the odd-rank new processes as the second group. Perform
the following actions for each created inter-communicator: (1) find the mi-
nimal value (for the first inter-communicator) or the maximal value (for the
second one) of the elements A[R] (R=0, ..., K/2—1) of all the arrays A
given in the first group of this inter-communicator; (2) send the found val-
ue to the new process of rank R in the second group of the corresponding
inter-communicator. For instance, the minimal of the first elements of the
arrays given in the even-rank initial processes should be sent to the first of
the new processes, the maximal of the first elements of the arrays given in
the odd-rank initial processes should be sent to the second of the new
processes (since this process has rank 0 in the corresponding inter-
communicator). To do this, use the MPI_Reduce_scatter_block collective
function. Output the received values in the debug section using the Show
function in each new process. Then, using the MP1_Reduce collective func-
tion, find the minimum of the values received in the second group of the
first inter-communicator, send the found minimum to the first process of
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the first group of this inter-communicator (that is, to the process 0 in the
MPI_COMM_WORLD communicator), and output the received minimum.
Also, find the maximum of the values received in the second group of the
second inter-communicator, send the found maximum to the first process of
the first group of this inter-communicator (that is, to the process 1 in the
MPI_COMM_WORLD communicator), and output the received maxi-
mum.

MPI18Inter19. An array A of 2K integers is given in the master process, where K
IS the number of processes. Using one call of the MPI_Comm_spawn func-
tion with the first parameter "ptprj.exe", create K new processes. Using the
MPI_Intercomm_merge function for the inter-communicator connected
with the new processes, create a new intra-communicator which include
both the initial and the new processes. The order of the processes in the
new intra-communicator should be as follows: the initial processes, then
the new ones (to specify this order, use the appropriate value of the para-
meter high of the MPI_Intercomm_merge function). Using the MPI_Scatter
collective function for the new intra-communicator, send the element A[R]
of the array A to the process of rank R in this intra-communicator
(R=0, ..., 2K —1). Output the numbers received in the initial processes in
the section of results, output the numbers received in the new processes in
the debug section using the Show function. Then, using the MPI_Reduce
collective function in this intra-communicator, find and output the sum of
all numbers in the process of rank 1 in this intra-communicator.

MPI8Inter20. The number of processes K is not a multiple of 4. An integer A is
given in each process. Using one call of the MPI_Comm_spawn function
with the first parameter "ptprj.exe"”, create such a number of new processes
(1, 2 or 3) that the total number of processes K, in the application would be
a multiple of 4. Define an integer A equal to —R — 1 in each new process,
where R is the process rank. Using the MPI_Intercomm_merge function for
the inter-communicator connected with the new processes, create a new in-
tra-communicator which include both initial and new processes. The order
of the processes in the new intra-communicator should be as follows: the
initial processes, then the new ones (to specify this order, use the appropri-
ate value of the parameter high of the MPI_Intercomm_merge function).
Using the MPI_Cart_create function for the new intra-communicator, de-
fine a Cartesian topology for all processes as a two-dimensional (K./4 x 4)
grid, which is periodic in the second dimension (ranks of processes should
not be reordered). Find the process coordinates in the created topology us-
ing the MPI1_Cart_coords function. Output the coordinates found in the ini-
tial processes in the section of results, output the coordinates found in the
new processes in the debug section with the "X =" and "Y =" comments
using the Show function. Using the MPI_Comm_shift and
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MPI1_Sendrecv_replace functions, perform a cyclic shift of the integers A
given in all processes of each column of the grid by step —1 (that is, the
number A should be sent from each process in the column, with the excep-
tion of the first process, to the previous process in the same column and
from the first process in the column to the last process in the same column).
Output the integers A received in the initial processes in the section of re-
sults, output the integers A received in the new processes in the debug sec-
tion with the "A =" comment using the Show function.

MPI8Inter21. A real number is given in each process; this number is denoted by

the letter A in the master process and by the letter B in the slave processes.
Using two calls of the MPI_Comm_spawn function with the first parameter
"ptprj.exe", create two groups of new processes as follows: the first group
(named the server group) should include one process, the second group
(named the client group) should include K — 1 processes, where K is the
number of initial processes. Send the number A from the master process to
the single new process of the server group, send the number B from each
slave process to the corresponding new process of the client group (in as-
cending order of the process ranks). Output the number received in each
new process in the debug section using the Show function. Using the
MPI_Open_port, MPI_Publish_name, and MPI_Comm_accept functions
on the server side and the MPI_Lookup _name and MPI_Comm_connect
functions in the client side, establish a connection between two new groups
of processes by means of a new inter-communicator. Using the MP1_Send
and MPI1_Recv functions for this inter-communicator, receive the number A
in each process of the client group from the process of the server group.
Found the sum of the received number A and the number B, which is re-
ceived earlier from the initial slave process, and output the sum A+ B in
the debug section using the Show function in each process of the client
group. Send this sum to the corresponding initial slave process and output
the received sum in this process (the sum found in the process of rank R of
the client group should be sent to the initial process of rank R + 1).
Note. The MPI_Lookup_name function call in the client processes should
be performed after the function MPI_Publish_name call in the server
process. You can, for example, use the MPI_Barrier function for the initial
processes and the server process: in the server process, the MPI_Barrier
function should be called after the call of the MP1_Publish_name function,
whereas in the initial processes, the MPI_Barrier function should be called
before the call of the MPI_Comm_spawn function which create the client
group.

MPI8Inter22. An integer N is given in each process. The integer N can take
three values: 0, 1 and K (K > 1). There is exactly one process with the value
N =1 and exactly K processes with the value N = K. In addition, an integer
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A is given in the processes with the non-zero integer N. Using the
MPI_Comm_split  finction,  split  the initial communicator
MPI_COMM_WORLD into two ones: the first new communicator should
include the process with N = 1, the second one should include the processes
with N = K. Using one call of the MPI_Comm_spawn function with the
first parameter "ptprj.exe" for each new communicator, create two groups
of new processes. The number of processes in each new group must coin-
cide with the number of processes in the corresponding communicator (that
IS, the first group, named the server group, should include one process and
the second one, named the client group, should include K processes). Send
the integer A from each initial process to the new process; the rank of the
receiving process should coincide with the rank of the sending process in
the new communicator. Output the received integers in the debug section
using the Show function. Using the MPI_Open_port, MPI_Publish_name,
and MPI_Comm_accept functions on the server side and the
MPI_Lookup_name and MPI_Comm_connect functions in the client side,
establish a connection between two new groups of processes by means of a
new inter-communicator. Using the MPI_Gather collective function for this
inter-communicator, send all the integers A from the processes of the client
group to the single process of the server group and output the received
numbers in the debug section using several calls of the Show function in
the process of the server group. Then, using the MPI_Send and MPI_Recv
functions, send all these numbers from the process of the server group to
the initial process that has created the server group. Output the received
numbers in this initial process.

Note. The MPI_Lookup_name function call in the client processes should
be performed after the MPI_Publish_name function call in the server
process. You can, for example, send the number A to the process of the
server group using the MPI1_Ssend function and call the MPI_Barrier func-
tion for the MPI_COMM_WORLD communicator after the call of the
MPI_Ssend function (on the side of the receiving process, you should re-
ceive the number A only after the call of the MPI_Publish_name function).
In the other processes of the MPI_COMM_WORLD communicator, you
should call the MPI_Barrier function and then send the numbers A to the
processes of the client group. Thus, any of the processes of the client group
will receive the number A only when the process of the server group has al-
ready called the MPI_Publish_name function.

9. Parallel matrix algorithms

All numeric data in tasks are integers. Matrices should be input and output
by rows. Files with the matrix elements also contain them in a row-major order.
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The number of processes in tasks related to the band algorithms
(MPI9Matr2—MPI19Matr20) does not exceed 5. The number of processes in tasks
related to the block algorithms (MPI19Matr21-MPI19Matr44) does not exceed 16.

Use the char[12] array to store the file name, use the MPI_Bcast function
with the MPI_CHAR datatype parameter to send the file name from the master
process to the slave processes.

The program templates for each task already contain descriptions of integer
variables for storing the numeric data mentioned in tasks (in particular, the ma-
trix sizes), pointers to arrays for storing the matrices themselves, as well as va-
riables of the MPI_Datatype and MPI_Comm type. These variables should be
used in all the functions that you need to implement when solving tasks. All
names of variables correspond to the notations used in the task formulations. For
arrays associated with bands or blocks of matrices, the names a, b, ¢, t are used,
for arrays associated with the initial matrices A, B, and their resulting product C,
the names with the underline are used (namely, a_,b_, c ).

Tasks with the file input-output (MP19Matr8—MPI19Matr10, MPI9Matr18-
MPI9Matr20, MPI9Matr29—MPI9Matr31, MPI9Matr42—MPI9Matr44) require
using of the MPI-2 library (the MPICH2 1.3 system). To solve the other tasks in
this group, you can use any version of MPI (MPICH 1.3.5 or MPICH2 1.3).

9.1. Non-parallel matrix multiplication algorithm

MPI9Matrl. Integers M, P, Q, a matrix A of the size M x P, and a matrix B of
the size P x Q are given in the master process. Find and output a M x Q
matrix C that is the product of the matrices A and B.

The formula for calculating the elements of the matrix C under the assump-
tion that the rows and columns of all matrices are numbered from 0 is as
follows: C,=A.,B,+A,B,+...+A.B.., where 1=0,...., M-1,
J=0,...,0-1.

To store the matrices A, B, C, use one-dimensional arrays of size M-P, P-Q,
and M-Q placing elements of matrices in a row-major order (that is, the
matrix element with indices | and J will be stored in the element of the cor-
responding array with the index I-N + J, where N is the number of columns
of the matrix). The slave processes are not used in this task.

9.2. Band algorithm 1 (horizontal bands)

MPI9Matr2. Integers M, P, Q, a matrix A of the size M x P, and a matrix B of
the size P x Q are given in the master process. In the first variant of the
band algorithm of matrix multiplication, each matrix multiplier is divided
into K horizontal bands, where K is the number of processes (hereinafter
bands are distributed by processes and used to calculate a part of the total
matrix product in each process).
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The band of the matrix A contains N, rows, the band of the matrix B con-
tains N, rows. The numbers N, and N, are calculated as follows:
N. = cell(M/K), N, = ceil(P/K), where the operation "/" means the division
of real numbers and the function ceil performs rounding up. If the matrix
contains insufficient number of rows to fill the last band then the zero-
valued rows should be added to this band.

Add, if necessary, the zero-valued rows to the initial matrices, save them in
one-dimensional arrays in the master process, and then send the matrix
bands from these arrays to all processes as follows: a band with the index R
Is sent to the process of rank R (R=0, 1, ..., K— 1), all the bands A. are of
the size N, x P, all the bands B. are of the size N, x Q. In addition, create a
band C. in each process to store the part of the matrix product C = AB
which will be calculated in this process. Each band C. is of the size N, x Q
and is filled with zero-valued elements.

The bands, like the initial matrices, should be stored in one-dimensional ar-
rays in a row-major order. To send the matrix sizes, use the MPI_Bcast col-
lective function, to send the bands of the matrices A and B, use the
MPI_Scatter collective function.

Include all the above mentioned actions in a MatrlScatterData function
(without parameters). As a result of the call of this function, each process
will receive the values N,, P, N,, Q, as well as one-dimensional arrays filled
with the corresponding bands of the matrices A, B, C. Output all obtained
data (that is, the numbers N,, P, N,, Q and the bands of the matrices A, B, C)
in each process after calling the MatrlScatterData function. Perform the in-
put of initial data in the MatrlScatterData function, perform the output of
the results in the Solve function.

Note. To reduce the number of the MPI_Bcast function calls, all matrix
sizes may be sent as a single array.

MPI9Matr3. Integers N., P, N, Q and one-dimensional arrays filled with the
corresponding bands of matrices A, B, C are given in each process (thus,
the given data coincide with the results obtained in the MPI9Matr2 task).
Implement the first step of the band algorithm of matrix multiplication as
follows: multiply elements in the bands A. and B. of each process and per-
form the cyclic sending each band B. to the process of the previous rank
(that is, from the process 1 to the process 0, from the process 2 to the
process 1, ..., from the process 0 to the process K — 1, where K is the num-
ber of processes).

Use the MPI_Sendrecv_replace function to send the bands. To determine
the ranks of the sending and receiving processes, use the expression con-
taining the % operator that gives the remainder of a division.
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Include all the above mentioned actions in a Matr1Calc function (without
parameters). Output the new contents of the bands C. and B. in each
process; perform data input and output in the Solve function.

Note. As a result of multiplying the bands A. and B., each element of the
band C. will contain a part of the terms included in the elements of the
product AB; all elements of the band B. and some of the elements of the
band A. will be used (in particular, the first N, elements of the band A, will
be used in the process 0 in the first step and the last N, elements of the band
A« will be used in the process K — 1 in the first step).

MPI9Matr4. Integers N,, P, N,, Q and one-dimensional arrays filled with the
corresponding bands of matrices A, B, C are given in each process (thus,
the given data coincide with the results obtained in the MPI19Matr2 task).
Modify the MatrlCalc function, which was implemented in the previous
task; the modified function should provide execution of any step of the
band algorithm of matrix multiplication.

To do this, add the parameter named step to the function (this parameter
specifies the step number and may be in the range 0 to K—1, where K is
the number of processes) and use the value of this parameter in the part of
the algorithm that deals with the recalculation of the elements of the band
C. (the cyclic sending of the bands B. does not depend on the value of the
parameter step).

Using two calls of the modified Matr1Calc function with the parameters 0
and 1, execute two initial steps of the band algorithm and output the new
contents of the bands C. and B. in each process. Perform data input and
output in the Solve function.

Note. The parameter step determines which part of the band A. will be used
for the next recalculation of the elements of the band C. (note that these
parts should be selected cyclically).

MPIOMatr5. Integers N., P, N,, Q and one-dimensional arrays filled with the
corresponding bands of matrices A, B, C are given in each process (thus,
the given data coincide with the results obtained in the MPI9Matr2 task). In
addition, a number L with the same value is given in each process. The val-
ue of L is in the range 3 to K, where K is the number of processes, and de-
termines the number of steps of the band algorithm.

Using the function Matr1Calc(l) (see the previous task) in a loop with the
parameter | (1=0, ..., L —1), execute the initial L steps of the band algo-
rithm and output the new contents of the bands C. and B. in each process.
Perform data input and output in the Solve function.
Remark. If the value of L is equal to K then the bands C. will contain the
corresponding parts of the final matrix product AB.
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MPI9Matr6. An integer M (the number of rows of the matrix product) is given
in the master process. In addition, integers N,, Q and one-dimensional ar-
rays filled with the N, x Q bands of matrix C are given in each process (the
given bands of C are obtained as a result of K steps of the band algo-
rithm — see the MPI9Matr5 task). Send all the bands C. to the master
process and output the received matrix C of the size M x Q in this process.
To store the resulting matrix C in the master process, use a one-
dimensional array sufficient to store the matrix of the size (N.-K) x Q. To
send data to this array, use the MPI_Gather collective function.

Include all the above mentioned actions in a MatrlGatherData function
(without parameters). Perform the input of initial data in the Solve function,
perform the output of the resulting matrix in the MatrlGatherData function.

MPI9Matr7. Integers M, P, Q, a matrix A of the size M x P, and a matrix B of
the size P x Q are given in the master process (thus, the given data coincide
with the given data in the MP19Matr2 task).

Using successively the MatrlScatterData, MatrlCalc (in a loop), and
MatrlGatherData  functions, that are  developed in  the
MPI9Matr2—MPI9Matr6 tasks, find a matrix C, which is equal to the prod-
uct of the initial matrices A and B, and output this matrix in the master
process.

In addition, output the current contents of the band C. in each process after
each call of the Matr1Calc function. Modify the MatrlCalc function (see
the MPI9Matr4 task), before using in this task, as follows: the bands B.
should not be sent when the parameter step is equal to K — 1.

MPI9Matr8. Integers M, P, Q and two file names are given in the master
process. The given files contain elements of a matrix A of the size M x P
and a matrix B of the size P x Q. Modify the initial stage of the band algo-
rithm of matrix multiplication (see the MPI9Matr2 task) as follows: each
process should read the corresponding bands of the matrices A and B di-
rectly from the given files using the MPI_File_seek and MPI_File_read_all
collective functions (a new file view is not required).

To send the sizes of matrices and file names, use the MPI_Bcast collective
function.

Include all these actions in a MatrlScatterFile function (without parame-
ters). As a result of the call of this function, each process will receive the
values N,, P, N., Q, as well as one-dimensional arrays filled with the cor-
responding bands of the matrices A, B, C. Output all obtained data (that is,
the numbers N,, P, N,, Q and the bands of the matrices A, B, C) in each
process after calling the MatrlScatterFile function. Perform the input of
initial data in the Matr1ScatterFile function, perform the output of the re-
sults in the Solve function.
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Remark. For some bands, some of their elements (namely, the last rows)
or even the entire bands should not be read from the source files and will
remain zero-valued ones. However, this situation does not require special
processing, since the MPI1_File _read_all function automatically stops read-
ing the data (without generating any error message) when the end of the file
IS reached.

MPI9Matr9. Integers N,, Q and one-dimensional arrays filled with the N, x Q
bands C. are given in each process (the given bands C. are obtained as a re-
sult of K steps of the band algorithm of matrix multiplication — see the
MPI9Matr5 task). In addition, an integer M (the number of rows of the ma-
trix product) and the name of file (to store this product) are given in the
master process.

Send the number M and the file name to all processes using the MPI_Bcast
function. Write all the parts of the matrix product contained in the bands C.
to the resulting file, which will eventually contain a matrix C of the size
M x Q. To write the bands to the file, use the MPI_File seek and
MPI_File_write_all collective functions.

Include all these actions (namely, the input of file name, sending number M
and the file name, and writing all bands to the file) in a MatrlGatherFile
function. Perform the input of all initial data, except the file name, in the
Solve function.

Note. When writing data to the resulting file, it is necessary to take into ac-
count that some of the bands C. may contain trailing zero-valued rows that
are not related to the resulting matrix product (the number M should be sent
to all processes in order to control this situation).

MPI9Matr10. Integers M, P, Q and three file names are given in the master

process. The first two file names are related to the existing files containing
the elements of matrices A and B of the size M x P and P x Q, respectively,
the third file should be created to store the resulting matrix product C = AB.
Using successively the MatrlScatterFile, MatrlCalc (in a loop), and
MatrlGatherFile functions (see the MPI9Matr8, MPI9Matr5, MPI9Matr9
tasks), find a matrix C and write its elements to the resulting file.
In addition, output the current value of the c[step] in each process after
each call of the MatrlCalc function, where c is a one-dimensional array
containing the band C., and step is the algorithm step number (O, 1, ...,
K —1). Thus, the element c[0] should be output on the first step of the algo-
rithm, the element c[1] should be output on the second step of the algo-
rithm, and so on.
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9.3. Band algorithm 2 (horizontal and vertical bands)

MPI9Matrll. Integers P and Q are given in each process; in addition, a matrix
B of the size P x Q is given in the master process. The number Q is a mul-
tiple of the number of processes K. Input the matrix B into a one-
dimensional array of the size P-Q in the master process and define a new
datatype named MPI_BAND_B that contains a vertical band of the matrix
B. The width of the vertical band should be equal to N. = Q/K columns.
When defining the MPI_BAND _B datatype, use the MPI_Type_vector and
MPI_Type_commit functions.

Include this definition in a Matr2CreateTypeBand(p, n, q, t) function with
the input integer parameters p, n, g and the output parameter t of the
MPI_Datatype type; the parameters p and n determine the size of the ver-
tical band (the number of its rows and columns), and the parameter g de-
termines the number of columns of the matrix from which this band is ex-
tracted.

Using the MPI_BAND B datatype, send to each process (inclusive of the
master process) the corresponding band of the matrix B in the ascending
order of ranks of receiving processes. Sending should be performed using
the MPI_Send and MPI_Recv functions; the bands should be stored in one-
dimensional arrays of the size P-N.. Output the received band in each
process.

Remark. In the MPICH2 version 1.3, the MPI_Send function call is erro-
neous if the sending and receiving processes are the same. You may use the
MPI1_Sendrecv function to send a band to the master process. You may also
fill a band in the master process without using tools of the MPI library.

MPI9Matrl12. Integers M, P, Q, a matrix A of the size M x P, and a matrix B of
the size P x Q are given in the master process. In the second variant of the
band algorithm of matrix multiplication, the first multiplier (the matrix A)
is divided into K horizontal bands and the second multiplier (the matrix B)
is divided into K vertical bands, where K is the number of processes (herei-
nafter bands are distributed by processes and used to calculate a part of the
total matrix product in each process).

The band of the matrix A contains N, rows, the band of the matrix B con-
tains N. columns. The numbers N, and N, are calculated as follows:
N, = ceil(M/K), N, = ceil(Q/K), where the operation "/" means the division
of real numbers and the function ceil performs rounding up. If the matrix
contains insufficient number of rows (or columns) to fill the last band then
the zero-valued rows (or columns) should be added to this band.

Add, if necessary, the zero-valued rows or columns to the initial matrices,
save them in one-dimensional arrays in the master process, and then send
the matrix bands from these arrays to all processes as follows: a band with
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the index R is sent to the process of rank R (R=0, 1, ..., K—1), all the
bands A. are of the size N, x P, all the bands B. are of the size P x N.. In ad-
dition, create a band C. in each process to store the part of the matrix prod-
uct C = AB which will be calculated in this process. Each band C. is of the
size (N, K) x N, and is filled with zero-valued elements.

The bands, like the initial matrices, should be stored in one-dimensional ar-
rays in a row-major order. To send the matrix sizes, use the MPI_Bcast col-
lective function, to send the bands of the matrix A, use the MPI_Scatter col-
lective function, to send the bands of the matrix B, use the MPI_Send and
MPI1_Recv functions and also the MPI_BAND _B datatype created by the
Matr2CreateTypeBand function (see the previous task and a note to it).
Include all the above mentioned actions in a Matr2ScatterData function
(without parameters). As a result of the call of this function, each process
will receive the values N,, P, N,, as well as one-dimensional arrays filled
with the corresponding bands of the matrices A, B, C. Output all obtained
data (that is, the numbers N., P, N. and the bands of the matrices A, B, C) in
each process after calling the Matr2ScatterData function. Perform the input
of initial data in the Matr2ScatterData function, perform the output of the
results in the Solve function.

Notes. (1) When input the matrix B into an array in the master process, it
should be taken into account that this array may contain elements corres-
ponding to additional zero-valued columns.

(2) To reduce the number of the MPI_Bcast function calls, all matrix sizes
may be sent as a single array.

MPI9Matr13. Integers N,, P, N, and one-dimensional arrays filled with the cor-
responding bands of matrices A, B, C are given in each process (thus, the
given data coincide with the results obtained in the MP19Matr12 task). Im-
plement the first step of the band algorithm of matrix multiplication as fol-
lows: multiply elements in the bands A. and B, of each process and perform
the cyclic sending each band A. to the process of the previous rank (that is,
from the process 1 to the process 0, from the process 2 to the process 1, ...,
from the process 0 to the process K—1, where K is the number of
processes).

Use the MPI1_Sendrecv_replace function to send the bands. To determine
the ranks of the sending and receiving processes, use the expression con-
taining the % operator that gives the remainder of a division.

Include all the above mentioned actions in a Matr2Calc function (without
parameters). Output the new contents of the bands C. and A. in each
process; perform data input and output in the Solve function.

Note. In this variant of the band algorithm, the bands A. contain the full
rows of the matrix A and the bands B. contain the full columns of the ma-
trix B, so, as a result of their multiplication, the band C. will contain part of
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the elements of the final matrix product already at the first step of the algo-
rithm (the other elements of the band C. will remain zero-valued). The lo-
cation of the found elements in the band C. depends on the rank of the
process (in particular, the first N, rows of the band C, in the process 0 will
be filled in the first step and the last N, rows of the band C., in the process
K — 1 will be filled in the first step).

MPI9Matr14. Integers N,, P, N. and one-dimensional arrays filled with the cor-
responding bands of matrices A, B, C are given in each process (thus, the
given data coincide with the results obtained in the MPI9Matrl2 task).
Modify the Matr2Calc function, which was implemented in the previous
task; the modified function should provide execution of any step of the
band algorithm of matrix multiplication.

To do this, add the parameter named step to the function (this parameter
specifies the step number and may be in the range 0 to K— 1, where K is
the number of processes) and use the value of this parameter in the part of
the algorithm that deals with the recalculation of the elements of the band
C. (the cyclic sending of the bands A. does not depend on the value of the
parameter step).

Using two calls of the modified Matr2Calc function with the parameters 0
and 1, execute two initial steps of the band algorithm and output the new
contents of the bands C. and A. in each process. Perform data input and
output in the Solve function.

Note. The parameter step determines which rows of the band C. will be
calculated in this step of the algorithm (note that these rows are selected
cyclically).

MPI9Matrl5. Integers N,, P, N, and one-dimensional arrays filled with the cor-
responding bands of matrices A, B, C are given in each process (thus, the
given data coincide with the results obtained in the MPI9Matr12 task). In
addition, a number L with the same value is given in each process. The val-
ue of L is in the range 3 to K, where K is the number of processes, and de-
termines the number of steps of the band algorithm.

Using the function Matr2Calc(l) (see the previous task) in a loop with the
parameter | (1 =0, ..., L — 1), execute the initial L steps of the band algo-
rithm and output the new contents of the bands C. and A. in each process.
Perform data input and output in the Solve function.
Remark. If the value of L is equal to K then the bands C. will contain the
corresponding parts of the final matrix product AB.

MPI9Matrl6. Integers M and Q (the numbers of rows and columns of the ma-
trix product) are given in the master process. In addition, integers N,, N,
and one-dimensional arrays filled with the (N,-K) x N, bands of the matrix
C are given in each process (the given bands of C are obtained as a result of
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K steps of the band algorithm — see the MPI9Matrl5 task). Send all the
bands C. to the master process and output the received matrix C of the size
M x Q in this process.

To store the resulting matrix C in the master process, use a one-
dimensional array sufficient to store the matrix of the size (N,-K) x (N.-K).
To send data to this array, use the MPI_Send and MPI1_Recv functions and
the MP1_BAND _C datatype created by the Matr2CreateTypeBand function
(see the MPI9Matrl11 task and a note to it).

Include all the above mentioned actions in a Matr2GatherData function
(without parameters). Perform the input of initial data in the Solve function,
perform the output of the resulting matrix in the Matr2GatherData function.
Note. When output the matrix C in the master process, it should be taken
into account that an array, which is intended for matrix storage, may con-
tain elements corresponding to additional zero-valued columns.

MPI9Matrl7. Integers M, P, Q, a matrix A of the size M x P, and a matrix B of
the size P x Q are given in the master process (thus, the given data coincide
with the given data in the MPI19Matr12 task).

Using successively the Matr2ScatterData, Matr2Calc (in a loop), and
Matr2GatherData  functions,  that are  developed in  the
MPI9Matr12—MPI9Matrl6 tasks, find a matrix C, which is equal to the
product of the initial matrices A and B, and output this matrix in the master
process.

In addition, output the current contents of the band C. in each process after
each call of the Matr2Calc function.

Modify the Matr2Calc function (see the MPI19Matr14 task), before using in
this task, as follows: the bands A. should not be sent when the parameter
step is equal to K — 1.

MPI9Matr18. Integers M, P, Q and two file names are given in the master

process. The given files contain elements of a matrix A of the size M x P
and a matrix B of the size P x Q. The number Q is a multiple of the number
of processes K. Modify the initial stage of the band algorithm of matrix
multiplication (see the MPI9Matr12 task) as follows: each process should
read the corresponding bands of the matrices A and B directly from the giv-
en files.
To send the sizes of matrices and file names, use the MPI_Bcast collective
function. Use the MPI_File seek and MPI_File read _all collective func-
tions to read the horizontal bands of the matrix A. To read the vertical
bands of the matrix B, set the appropriate file view using the
MPI_File_set view function and the MPI_BAND _B file type defined with
the Matr2CreateTypeBand function (see the MPI9Matrl1 task), and then
use the MPI_File_read_all function.
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Include all these actions in a Matr2ScatterFile function (without parame-
ters). As a result of the call of this function, each process will receive the
values N,, P, N,, as well as one-dimensional arrays filled with the corres-
ponding bands of the matrices A, B, C. Output all obtained data (that is, the
numbers N,, P, N, and the bands of the matrices A, B, C) in each process af-
ter calling the Matr2ScatterFile function. Perform the input of initial data in
the Matr2ScatterFile function, perform the output of the results in the Solve
function.

Note. A condition that the number Q is a multiple of K allows us to per-
form reading of the bands B. using the same file type in all processes.

If this condition is not fulfilled then it would be necessary to use special
types that ensure the correct reading from the file and write to the array of
"truncated" bands of the matrix B in the last processes (in addition, in this
case it would be necessary to send to each process the value of Q which is
necessary for the correct type definition for "truncated" bands).

MPI9Matr19. Integers N,, N. and one-dimensional arrays filled with the
(N.-K) x N, bands C. are given in each process (the given bands C, are ob-
tained as a result of K steps of the band algorithm of matrix multiplica-
tion — see the MPI9Matr15 task). In addition, an integer M (the number of
rows of the matrix product) and the name of file (to store this product) are
given in the master process. The number of columns Q of the matrix prod-
uct is a multiple of the number of processes K (and, therefore, is equal to
N, K).

Send the number M and the file name to all processes using the MPI_Bcast
function. Write all the parts of the matrix product contained in the bands C.
to the resulting file, which will eventually contain a matrix C of the size
M x Q.

To write the bands to the file, set the appropriate file view using the
MPI_File_set_view function and the MPI_BAND_C file type defined with
the Matr2CreateTypeBand function (see the MPI9Matrl1 task), and then
use the MPI1_File_write_all function.

Include all these actions (namely, the input of file name, sending number M
and the file name, and writing all bands to the file) in a Matr2GatherFile
function. Perform the input of all initial data, except the file name, in the
Solve function.

Note. When writing data to the resulting file, it is necessary to take into ac-
count that the bands C. may contain trailing zero-valued rows that are not
related to the resulting matrix product (the number M should be sent to all
processes in order to control this situation).

MPI9Matr20. Integers M, P, Q and three file names are given in the master
process. The first two file names are related to the existing files containing
the elements of matrices A and B of the size M x P and P x Q, respectively,
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the third file should be created to store the resulting matrix product C = AB.
The number Q is a multiple of the number of processes K. Using succes-
sively the Matr2ScatterFile, Matr2Calc (in a loop), and Matr2GatherFile
functions (see the MPI9Matr18, MPI9Matrl5, MPI9Matrl19 tasks), find a
matrix C and write its elements to the resulting file.

In addition, output the current value of the c[step] in each process after
each call of the Matr2Calc function, where c is a one-dimensional array
containing the band C., and step is the algorithm step number (0, 1, ...,
K —1). Thus, the element c[0] should be output on the first step of the algo-
rithm, the element c[1] should be output on the second step of the algo-
rithm, and so on.

9.4. Cannon's block algorithm

MPI9Matr21. Integers M and P are given in each process; in addition, a matrix
A of the size M x P is given in the master process. The number of processes
K is a perfect square: K = K,-K,, the numbers M and P are multiples of K.
Input the matrix A into a one-dimensional array of the size M-P in the mas-
ter process and define a new datatype named MPI_BLOCK_ A that con-
tains a M, x P, block of the matrix A, where M, = M/K,, P, = P/K..

When defining the MPI_BLOCK_A type, use the MPI_Type_vector and
MPI_Type_commit  functions. Include this definition in a
Matr3CreateTypeBlock(mO0, p0, p, t) function with the input integer para-
meters mO, p0, p and the output parameter t of the MPI_Datatype type; the
parameters m0 and pO determine the size of the block, and the parameter p
determines the number of columns of the matrix from which this block is
extracted.

Using the MPI_BLOCK A datatype, send to each process (in ascending
order of ranks of processes, inclusive of the master process) the corres-
ponding block of the matrix A in a row-major order of blocks (that is, the
first block should be sent to the process 0, the next block in the same row
of blocks should be sent to the process 1, and so on). Sending should be
performed using the MPI_Send and MPI_Recv functions; the blocks should
be stored in one-dimensional arrays of the size M,-P.. Output the received
block in each process.

Remark. In the MPICH2 version 1.3, the MPI_Send function call is erro-
neous if the sending and receiving processes are the same. You may use the
MPI_Sendrecv function to send a block to the master process. You may al-
so fill a block in the master process without using tools of the MPI library.

MPI9Matr22. Integers M,, P, and a matrix A of the size M, x P, are given in each
process. The number of processes K is a perfect square: K = K,-K.,. Input the
matrix A into a one-dimensional array of the size M, P, in each process and
create a new communicator named MPI_COMM_GRID using the
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MPI_Cart_create function. The MPI_COMM_GRID communicator defines
a Cartesian topology for all processes as a two-dimensional periodic K, x K,
grid (ranks of processes should not be reordered).

Include the creation of the MPI_COMM _GRID communicator in a
Matr3CreateCommGrid(comm) function with the output parameter comm
of the MPI_Comm type. Using the MPI_Cart _coords function for this
communicator, output the process coordinates (I,, J,) in each process.
Perform a cyclic shift of the matrices A given in all processes of each grid
row |, by 1, positions left (that is, in descending order of ranks of processes)
using the MPI_Cart_shift and MPI_Sendrecv_replace functions. Output the
received matrix in each process.

MPI9Matr23. Integers M, P, Q, a matrix A of the size M x P, and a matrix B of
the size P x Q are given in the master process. The number of processes K
Is a perfect square: K = K,-K.. In the block algorithms of matrix multiplica-
tion, the initial matrices are divided into K blocks and are interpreted as
square block matrices of the order K, (hereinafter blocks are distributed by
processes and used to calculate a part of the total matrix product in each
process).

The block of the matrix A is of the size M, x P,, the block of the matrix B is
of the size P, x Q,, the numbers M, P, Q, are calculated as follows:
M, = ceil(M/K,), P,=ceil(P/K;), Q,=ceil(Q/K,), where the operation "/
means the division of real numbers and the function ceil performs rounding
up. If the matrix contains insufficient number of rows (or columns) to fill
the last blocks then the zero-valued rows (or columns) should be added to
these blocks.

Add, if necessary, the zero-valued rows or columns to the initial matrices
(as a result, the matrices A and B will have the size (M,'K,) x (P,-K;) and
(P K,) x (Q,-K,) respectively), save them in one-dimensional arrays in the
master process, and then send the matrix blocks (in a row-major order)
from these arrays to all processes (in ascending order of its ranks): the
process R will receive the blocks A. and B.,, R=0, ..., K— 1. In addition,
create a block C. in each process to store the part of the matrix product
C = AB which will be calculated in this process. Each block C. is of the size
M, x Q, and is filled with zero-valued elements.

The blocks, like the initial matrices, should be stored in one-dimensional
arrays in a row-major order. To send the matrix sizes, use the MPI_Bcast
collective function, to send the blocks of the matrices A and B, use the
MPI_Send and MPI_Recv functions and also the MPI_BLOCK_A and
MPI_BLOCK B datatypes created by the Matr3CreateTypeBlock function
(see the MPI9Matr21 task and a note to it).

Include all the above mentioned actions in a Matr3ScatterData function
(without parameters). As a result of the call of this function, each process



75

will receive the values M., P,, Q,, as well as one-dimensional arrays filled
with the corresponding blocks of the matrices A, B, C. Output all obtained
data (that is, the numbers M,, P,, Q, and the blocks of the matrices A, B, C)
In each process after calling the Matr3ScatterData function. Perform the in-
put of initial data in the Matr3ScatterData function, perform the output of
the results in the Solve function.

Notes. (1) When input the matrices A and B into arrays in the master
process, it should be taken into account that these arrays may contain ele-
ments corresponding to additional zero-valued columns.

(2) To reduce the number of the MPI_Bcast function calls, all matrix sizes
may be sent as a single array.

MPI9Matr24. Integers M,, P,, Q, and one-dimensional arrays filled with the cor-
responding blocks of matrices A, B, C are given in each process (thus, the
given data coincide with the results obtained in the MP19Matr23 task). Im-
plement the initial block redistribution used in the Cannon's algorithm for
block matrix multiplication.

To do this, define a Cartesian topology for all processes as a two-
dimensional periodic K, x K, grid, where K, -K, is equal to the number of
processes (ranks of processes should not be reordered), and perform a cyc-
lic shift of the blocks A. given in all processes of each grid row I, by I, posi-
tions left (that is, in descending order of ranks of processes), 1,=0, ...,
K, — 1, and perform a cyclic shift of the blocks B. given in all processes of
each grid column J, by J, positions up (that is, in descending order of ranks
of processes), J, =0, ..., K, — 1.

To create the MPI_COMM_GRID communicator associated with the Car-
tesian topology, use the Matr3CreateCommGrid function implemented in
the MPI9Matr22 task. Use the MPI_Cart coords, MPI_Cart_shift,
MPI1_Sendrecv_replace functions to perform the cyclic shifts (compare
with MPI9Matr22).

Include all the above mentioned actions in a Matr3Init function (without
parameters). Output the received blocks A. and B. in each process; perform
data input and output in the Solve function.

MPI9Matr25. Integers M., P,, Q, and one-dimensional arrays filled with the cor-
responding blocks of matrices A, B, C are given in each process. The
blocks C. are zero-valued, the initial redistribution for the blocks A. and B,
has already been performed in accordance with the Cannon's algorithm (see
the previous task). Implement one step of the Cannon's algorithm of matrix
multiplication as follows: multiply elements in the blocks A. and B. of each
process and perform a cyclic shift of the blocks A, given in all processes of
each row of the Cartesian periodic grid by 1 position left (that is, in des-
cending order of ranks of processes) and perform a cyclic shift of the
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blocks B, given in all processes of each grid column by 1 position up (that
IS, in descending order of ranks of processes).

To create the MPI_COMM_GRID communicator associated with the Car-
tesian topology, use the Matr3CreateCommGrid function implemented in
the MPI9Matr22 task. Use the MPI_Cart_shift and MPI_Sendrecv_replace
functions to perform the cyclic shifts (compare with MPI9Matr22).

Include all the above mentioned actions in a Matr3Calc function (without
parameters). Output the new contents of the blocks C., A., and B. in each
process; perform data input and output in the Solve function.

Remark. A special feature of the Cannon's algorithm is that the actions at
each step are not depend on the step number.

MPI9Matr26. Integers M,, P,, Q, and one-dimensional arrays filled with the cor-
responding blocks of matrices A, B, C are given in each process. The
blocks C. are zero-valued, the initial redistribution for the blocks A. and B.
has already been performed in accordance with the Cannon's algorithm (see
the MPI9Matr24 task). In addition, a number L with the same value is giv-
en in each process. The value of L is in the range 2 to K,, where K,-K, is the
number of processes, and determines the number of steps of the Cannon's
algorithm.

Using the function Matr3Calc (see the previous task) in a loop, execute the
initial L steps of the Cannon's algorithm and output the new contents of the
blocks C., A., and B. in each process. Perform data input and output in the
Solve function.

Note. If the value of L is equal to K, then the blocks C. will contain the cor-
responding parts of the final matrix product AB.

MPI9Matr27. Integers M and Q (the numbers of rows and columns of the ma-
trix product) are given in the master process. In addition, integers M,, Q.
and one-dimensional arrays filled with the M, x Q, blocks of the matrix C
are given in each process (the given blocks of C are obtained as a result of
K, steps of the Cannon's algorithm — see the MPI19Matr26 task). Send all
the blocks C. to the master process and output the received matrix C of the
size M x Q in this process.

To store the resulting matrix C in the master process, use a one-
dimensional array sufficient to store the matrix of the size (M,'K,) x (Q. K,).
To send the blocks C. to this array, use the MPI_Send and MPI_Recv func-
tions and the MPI BLOCK C datatype created by the
Matr3CreateTypeBlock function (see the MPI9Matr21 task and a note to
it).

Include all the above mentioned actions in a Matr3GatherData function
(without parameters). Perform the input of initial data in the Solve function,
perform the output of the resulting matrix in the Matr3GatherData function.
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Note. When output the matrix C in the master process, it should be taken
Into account that an array, which is intended for matrix storage, may con-
tain elements corresponding to additional zero-valued columns.

MPI9Matr28. Integers M, P, Q, a matrix A of the size M x P, and a matrix B of
the size P x Q are given in the master process (thus, the given data coincide
with the given data in the MPI9Matr23 task).

Using successively the Matr3ScatterData, Matr3Calc (in a loop), and
Matr3GatherData  functions,  that are  developed in  the
MPI9Matr23—MPI9Matr27 tasks, find a matrix C, which is equal to the
product of the initial matrices A and B, and output this matrix in the master
process.

In addition, output the current contents of the block C. in each process after
each call of the Matr3Calc function.

The MPI_COMM_GRID communicator, which is used in the Matr3Init
and Matr3Calc functions, should not be created several times. To do this,
modify the Matr3CreateCommGrid function; the modified function should
not perform any actions when it is called with the parameter comm that is
not equal to MPI_COMM_NULL.

In addition, modify the Matr3Calc function (see the MP19Matr25 task), be-
fore using in this task, as follows: add the parameter named step to this
function (step =0, ..., K, — 1); the blocks A. and B. should not be sent when
the parameter step is equal to K, — 1.

MPI9Matr29. Integers M, P, Q and two file names are given in the master
process. The given files contain elements of a matrix A of the size M x P
and a matrix B of the size P x Q. Modify the stage of receiving blocks for
the Cannon's algorithm of matrix multiplication (see the MPI19Matr23 task)
as follows: each process should read the corresponding blocks of the ma-
trices A and B directly from the given files. In this case, all processes
should receive not only the sizes M,, P,, Q, of the blocks, but also the sizes
M, P, Q of the initial matrices, which are needed to determine correctly the
positions of blocks in the source files.

To send the sizes of matrices and file names, use the MPI_Bcast collective
function. Use the MPI_File _read _at local function to read each row of the
block (a new file view is not required).

Include all these actions in a Matr3ScatterFile function (without parame-
ters). As a result of the call of this function, each process will receive the
values M, P, Q, M,, P,, Q., as well as one-dimensional arrays filled with the
corresponding blocks of the matrices A, B, C. Output all obtained data (that
is, the numbers M, P, Q, M,, P,, Q, and the blocks of the matrices A, B, C)
in each process after calling the Matr3ScatterFile function. Perform the in-
put of initial data in the Matr3ScatterFile function, perform the output of
the results in the Solve function.
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Note. For some blocks, some of their elements (namely, the last rows
and/or columns) should not be read from the source files and will remain
zero-valued ones. To determine the actual size of the block being read (the
number of rows and columns), it is required to use the sizes of the initial
matrices and the coordinates (l., J,) of the block in a square Cartesian grid
of order K, (note that I, = R/K,, J, = R%K,, where R is the process rank).
Remark. Whereas the values of P and Q are necessary to ensure the cor-
rect reading of the file blocks, the value of M is not required for this pur-
pose, since the attempt to read data beyond the end of file is ignored (with-
out generating any error message). However, the value of M is required at
the final stage of the algorithm (see the next task), so it must also be sent to
all processes.

MPI9Matr30. Integers M, Q, M,, Q, and one-dimensional arrays filled with the
M, x Q, blocks C. are given in each process (the given blocks C. are ob-
tained as a result of K, steps of the Cannon's block algorithm of matrix mul-
tiplication — see the MPI9Matr25 task). In addition, the name of file to
store the matrix product is given in the master process.

Send the file name to all processes using the MP1_Bcast function. Write all
the parts of the matrix product contained in the blocks C. to the resulting
file, which will eventually contain a matrix C of the size M x Q.

Use the MPI_File_write_at local function to write each row of the block to
the file (a new file view is not required).

Include all these actions (hamely, the input of file name, sending the file
name, and writing all blocks to the file) in a Matr3GatherFile function. Per-
form the input of all initial data, except the file name, in the Solve function.
Note. When writing data to the resulting file, it is necessary to take into ac-
count that some of the blocks C. may contain trailing zero-valued rows
and/or columns that are not related to the resulting matrix product (see also
the note and the remark for the previous task).

MPI9Matr31. Integers M, P, Q and three file names are given in the master
process. The first two file names are related to the existing files containing
the elements of matrices A and B of the size M x P and P x Q, respectively,
the third file should be created to store the resulting matrix product C = AB.
Using successively the Matr3ScatterFile, Matr3Init, Matr3Calc (in a loop),
and Matr3GatherFile functions (see the MPI9Matr29, MPI9Matr24,
MPI9Matr25, and MPI9Matr30 tasks), find a matrix C and write its ele-
ments to the resulting file.

In addition, output the current value of the c[step] in each process after
each call of the Matr3Calc function, where c is a one-dimensional array
containing the block C., and step is the algorithm step number (0, 1, ...,
K, —1). Thus, the element c[0] should be output on the first step of the al-
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gorithm, the element c[1] should be output on the second step of the algo-
rithm, and so on.

9.5. Fox's block algorithm

MPI9Matr32. Integers M and P are given in each process; in addition, a matrix
A of the size M x P is given in the master process. The number of processes
K is a perfect square: K = K,-K,, the numbers M and P are multiples of K.
Input the matrix A into a one-dimensional array of the size M-P in the mas-
ter process and define a new datatype named MPI_BLOCK_A that con-
tains a M, x P, block of the matrix A, where M, = M/K,, P, = P/K..

When defining the MP1_BLOCK A type, use the MPI_Type vector and
MPI_Type_commit  functions. Include this definition in a
Matr4CreateTypeBlock(mO, pO0, p, t) function with the input integer para-
meters mO, p0, p and the output parameter t of the MPI_Datatype type; the
parameters m0 and pO determine the size of the block, and the parameter p
determines the number of columns of the matrix from which this block is
extracted.

Using the MPI_BLOCK A datatype, send to each process (in ascending
order of ranks of processes, inclusive of the master process) the corres-
ponding block of the matrix A in a row-major order of blocks (that is, the
first block should be sent to the process 0, the next block in the same row
of blocks should be sent to the process 1, and so on). Sending should be
performed using the MPI_Alltoallw function; the blocks should be stored
in one-dimensional arrays of the size M,-P,. Output the received block in
each process.

Notes. (1) Use the MPI_Send and MPI_Recv functions instead of the
MPI_Alltoallw function when solving this task using the MPI-1 library.

(2) The MPI1_Alltoallw function introduced in MPI-2 is the only collective
function that allows you to specify the displacements for the sent data in
bytes (not in elements). This gives opportunity to use it in conjunction with
complex data types to implement any variants of collective communica-
tions (in our case, we need to implement a communication of the scatter
type).

It should be note that all array parameters of the MPI_Alltoallw function
associated with the sent data must be differently defined in the master and
slave processes. In particular, the array scounts (which determines the
number of sent elements) must contain the values 0 in all the slave
processes and the value 1 in the master process (the sent elements are of the
MPI_BLOCK A datatype).

At the same time, arrays associated with the received data will be defined
in the same way in all processes; in particular, the zero-indexed element of
the array rcounts (which determines the number of received elements) must
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be equal to M,-P,, and all other elements of this array must be equal to 0
(the received elements are of the MPI_INT datatype).

It is necessary to pay special attention to the correct definition of elements
in the array sdispls of displacements for the sent data in the master process
(in the slave processes, it is enough to use the zero-valued array sdispls).

MPI9Matr33. Integers M,, P, and a matrix A of the size M, x P, are given in each
process. The number of processes K is a perfect square: K = K,-K.. Input the
matrix A into a one-dimensional array of the size M,-P, in each process and
create a new communicator named MPI_COMM_GRID using the
MPI_Cart_create function. The MPI_COMM_GRID communicator defines
a Cartesian topology for all processes as a two-dimensional periodic K, x K,
grid (ranks of processes should not be reordered).

Include the creation of the MPI_COMM_GRID communicator in a
Matr4CreateCommGrid(comm) function with the output parameter comm
of the MPI_Comm type. Using the MPI_Cart_coords function for this
communicator, output the process coordinates (l., J.) in each process.

On the base of the MPI_COMM_GRID communicator, create a set of
communicators named MPI_COMM_ROW, which are associated with the
rows of the initial two-dimensional grid. Use the MPI_Cart_sub function to
create the MPI_COMM_ROW communicators.

Include the creation of the MPI_COMM_ROW communicators in a
Matr4CreateCommRow(grid, row) function with the input parameter grid
(the communicator associated with the initial two-dimensional grid) and the
output parameter row (both parameters are of the MPI_Comm type). Out-
put the process rank R, for the MPI_COMM_ROW communicator in each
process (this rank must be equal to J,).

In addition, send the matrix A from the grid element (1., I,) to all processes
of the same grid row I, (I, =0, ..., K,— 1) using the MPI_Bcast collective
function for the MPI_COMM_ROW communicator. Save the received ma-
trix in the auxiliary matrix T of the same size as the matrix A (it is neces-
sary to copy the matrix A to the matrix T in the sending process before the
call of the MPI_Bcast function). Output the received matrix T in each
process.

MPI9Matr34. Integers P,, Q, and a matrix B of the size P, x Q, are given in each
process. The number of processes K is a perfect square: K = K,-K.. Input the
matrix B into a one-dimensional array of the size P,-Q, in each process and
create a new communicator named MPI_COMM_GRID, which defines a
Cartesian topology for all processes as a two-dimensional periodic K, x K,
grid.

Use the Matr4CreateCommGrid function (see the MPI9Matr33 task) to
create the MPI_COMM _GRID communicator. Using the MPI_Cart_coords
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function for this communicator, output the process coordinates (l,, J;) in
each process.

On the base of the MPI_COMM_GRID communicator, create a set of
communicators named MPI_COMM_COL, which are associated with the
columns of the initial two-dimensional grid. Use the MPI_Cart_sub func-
tion to create the MPI_COMM_COL communicators.

Include the creation of the MPI_COMM_COL communicators in a
Matr4CreateCommCol(grid, col) function with the input parameter grid
(the communicator associated with the initial two-dimensional grid) and the
output parameter col (both parameters are of the MPI_Comm type). Output
the process rank R, for the MPI_COMM_COL communicator in each
process (this rank must be equal to 1,).

In addition, perform a cyclic shift of the matrices B given in all processes
of each grid column J, by 1 position up (that is, in descending order of
ranks of processes) using the MPI_Sendrecv_replace function for the
MPI_COMM_COL communicator (to determine the ranks of the sending
and receiving processes, use the expression containing the % operator that
gives the remainder of a division). Output the received matrix in each
process.

MPI19Matr35. Integers M, P, Q, a matrix A of the size M x P, and a matrix B of
the size P x Q are given in the master process. The number of processes K
Is a perfect square: K = K, K.. In the block algorithms of matrix multiplica-
tion, the initial matrices are divided into K blocks and are interpreted as
square block matrices of the order K, (hereinafter blocks are distributed by
processes and used to calculate a part of the total matrix product in each
process).

The block of the matrix A is of the size M, x P,, the block of the matrix B is
of the size P, x Q,, the numbers M, P, Q, are calculated as follows:
M, = ceil(M/K,), P,=ceil(P/K;), Q,=ceil(Q/K,), where the operation "/"
means the division of real numbers and the function ceil performs rounding
up. If the matrix contains insufficient number of rows (or columns) to fill
the last blocks then the zero-valued rows (or columns) should be added to
these blocks.

Add, if necessary, the zero-valued rows or columns to the initial matrices
(as a result, the matrices A and B will have the size (M.K;) x (P,-K;) and
(P K) x (Q,-K,) respectively), save them in one-dimensional arrays in the
master process, and then send the matrix blocks (in a row-major order)
from these arrays to all processes (in ascending order of its ranks): the
process R will receive the blocks A. and B,, R=0, ..., K—1. In addition,
create two blocks C. and T, filled with zero-valued elements in each
process: the block C. is intended to store the part of the matrix product
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C = AB, which will be calculated in this process, the block T. is an auxiliary
one. Each block C. and T. is of the size M, x Q..

The blocks, like the initial matrices, should be stored in one-dimensional
arrays in a row-major order. To send the matrix sizes, use the MPI_Bcast
collective function, to send the blocks of the matrices A and B, use the
MPI1_Alltoallw collective function and also the MPI_ BLOCK_A and
MPI_BLOCK B datatypes created by the Matr4CreateTypeBlock function
(see the MPI19Matr32 task and notes to it).

Include all the above mentioned actions in a Matr4ScatterData function
(without parameters). As a result of the call of this function, each process
will receive the values M., P,, Q., as well as one-dimensional arrays filled
with the blocks A., B., C., T.. Output all obtained data (that is, the numbers
M, P,, Q, and the blocks A., B., C., T.) in each process after calling the
Matr4ScatterData function. Perform the input of initial data in the
Matr4ScatterData function, perform the output of the results in the Solve
function.

Notes. (1) When input the matrices A and B into arrays in the master
process, it should be taken into account that these arrays may contain ele-
ments corresponding to additional zero-valued columns.

(2) To reduce the number of the MPI_Bcast function calls, all matrix sizes
may be sent as a single array.

MPI9Matr36. Integers M, P,, Q, and one-dimensional arrays filled with the
blocks A, B., C., T are given in each process (thus, the given data coincide
with the results obtained in the MPI9Matr35 task). A virtual Cartesian to-
pology in the form of a square grid of order K, is used for all processes, the
value of K, K, is equal to the number of the processes. Each step of the
Fox's block algorithm of matrix multiplication consists of two stages.

In the first stage of the first step, the block A. is sent from the process with
the grid coordinates (I, I;) to all processes of the same grid row I,
(1,=0, ..., K,—1). The received block is saved in the block T. in the receiv-
ing processes. Then the block T. is multiplied by the block B. from the
same process and the result is added to the block C..

Implement the first stage of the first step of the Fox's algorithm. To do this,
create the MPI_COMM_GRID and MPI_COMM_ROW communicators
using the Matr4CreateCommGrid and Matr4CreateCommRow functions
implemented in the MPI9Matr33 task. Use the MPI_Bcast function for the
MPI_COMM_ROW communicator to send the blocks A. (compare with
MPI9Matr33).

Include all the above mentioned actions in a Matr4Calcl function (without
parameters). Output the new contents of the blocks T. and C. in each
process; perform data input and output in the Solve function.
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MPI9Matr37. Integers M,, P,, Q, and one-dimensional arrays filled with the
blocks A., B., C., T. are given in each process (thus, the given data coincide
with the results obtained in the MPI9Matr35 task).

Implement the second stage of the first step of the Fox's algorithm of ma-
trix multiplication as follows: perform a cyclic shift of the blocks B. given
in all processes of each column of the Cartesian periodic grid by 1 position
up (that is, in descending order of ranks of processes).

To do this, create the MPI_COMM_GRID and MPI_COMM_COL com-
municators using the Matr4CreateCommGrid and Matr4CreateCommCaol
functions implemented in the MPI9Matr34 task, then use the MPI_Bcast
function for the MPI_COMM_COL communicator to perform the cyclic
shift of the blocks B. (compare with MPI9Matr34).

Include all the above mentioned actions in a Matr4Calc2 function (without
parameters). Output the received blocks B. in each process; perform data
input and output in the Solve function.

MPI9Matr38. Integers M,, P,, Q, and one-dimensional arrays filled with the
blocks A., B., C., T. are given in each process (thus, the given data coincide
with the results obtained in the MPI9Matr35 task).

Modify the Matr4Calcl function, which was implemented in the
MPI9Matr36 task; the modified function should provide execution of the
first stage of any step of the Fox's algorithm. To do this, add the parameter
named step to the function (this parameter specifies the step number and
may be in the range 0 to K, — 1, where K, is the order of the Cartesian grid
of processes) and use the value of this parameter in the part of the algo-
rithm that deals with the sending the blocks A.: the block A. should be sent
from the process with the grid coordinates (l,, (I, + step)%K,) to all
processes of the same grid row I, I, =0, ..., K, — 1 (the recalculation of the
elements of the block C. does not depend on the value of the parameter
step).

Using successively the calls of Matr4Calc1(0), Matr4Calc2(),
Matr4Calcl1(1) (the Matr4Calc2 function provides the second stage of each
step of the algorithm — see the MP19Matr37 task), execute two initial steps
of the Fox's algorithm and output the new contents of the blocks T., B., and
C. in each process. Perform data input and output in the Solve function.

MPI9Matr39. Integers M, P, Q, and one-dimensional arrays filled with the
blocks A, B., C., T. are given in each process (thus, the given data coincide
with the results obtained in the MP19Matr35 task). In addition, a number L
with the same value is given in each process. The value of L is in the range
3 to K, and determines the number of steps of the Fox's algorithm.

Using successively the calls of Matr4Calc1(0), Matr4Calc2(),
Matr4Calc1(1), Matr4Calc2(), ..., Matr4Calc1(L — 1) (see the MPI9Matr38
and MPI9Matr37 tasks), execute the initial L steps of the Fox's algorithm



84

and output the new contents of the blocks T,, B, and C, in each process.
Perform data input and output in the Solve function.

Remark. If the value of L is equal to K, then the blocks C. will contain the
corresponding parts of the final matrix product AB. Note that the second
stage (associated with the call of the Matr4Calc2 function) is not necessary
at the last step of the algorithm.

MPI9Matr40. Integers M and Q (the numbers of rows and columns of the ma-
trix product) are given in the master process. In addition, integers M., Q.
and one-dimensional arrays filled with the M, x Q, blocks of the matrix C
are given in each process (the given blocks of C are obtained as a result of
K, steps of the Fox's algorithm — see the MP19Matr39 task).

Send all the blocks C. to the master process and output the received matrix
C of the size M x Q in this process. To store the resulting matrix C in the
master process, use a one-dimensional array sufficient to store the matrix of
the size (MK, x (Q,K,). To send the blocks C. to this array, use the
MPI1_Alltoallw collective function and the MPI_BLOCK_ C datatype
created by the Matr4CreateTypeBlock function (see the MPI9Matr32 task
and notes to it).

Include all the above mentioned actions in a Matr4GatherData function
(without parameters). Perform the input of initial data in the Solve function,
perform the output of the resulting matrix in the Matr4GatherData function.
Note. When output the matrix C in the master process, it should be taken
into account that an array, which is intended for matrix storage, may con-
tain elements corresponding to additional zero-valued columns.

MPI9Matr41l. Integers M, P, Q, a matrix A of the size M x P, and a matrix B of
the size P x Q are given in the master process (thus, the given data coincide
with the given data in the MPI9Matr35 task).

Using successively the Matr4ScatterData, Matr4Calcl, Matr4Calc2, and
Matr4GatherData  functions, that are  developed in  the
MPI9Matr35—MPI9Matr40 tasks, find a matrix C, which is equal to the
product of the initial matrices A and B, and output this matrix in the master
process. The Matr4Calcl and Matr4Calc2 functions should be called in a
loop, the number of Matr4Calc2 function calls must be one less than the
number of Matr4Calcl function calls.

In addition, output the current contents of the block C. in each process after
each call of the Matr4Calcl function.

The MPI_COMM_GRID, MPI_COMM_ROW, and MPI_COMM_COL
communicators that are used in the Matr4Calcl and Matr4Calc2 functions,
should not be created several times. To do this, modify the
Matr4CreateCommGrid, Matr4CreateCommRow, and
Matr4CreateCommCol functions (see the MPI9Matr33 and MPI9Matr34



85

tasks); the modified functions should not perform any actions when it is
called with the parameter comm that is not equal to MPI_COMM_NULL.

MPI9Matr42. Integers M, P, Q and two file names are given in the master
process. The given files contain elements of a matrix A of the size M x P
and a matrix B of the size P x Q. The numbers M, P, and Q are multiples of
the order K, of square grid of processes.

Modify the stage of receiving blocks for the Fox's algorithm of matrix mul-
tiplication (see the MPI19Matr35 task) as follows: each process should read
the corresponding blocks of the matrices A and B directly from the given
files.

To send the sizes of matrices and file names, use the MPI_Bcast collective
function. To read the blocks from the files, set the appropriate file views
using the MPI_File set view function and the MPI_BLOCK A and
MPI_BLOCK B file types defined with the Matr4CreateTypeBIock func-
tion (see the MPI9Matr32 task), and then use the MPI_File_read all func-
tion.

Include all these actions in a Matr4ScatterFile function (without parame-
ters). As a result of the call of this function, each process will receive the
values M,, P,, Q,, as well as one-dimensional arrays filled with the blocks
A., B., C., T. (the blocks C. and T. should contain zero-valued elements).
Output all obtained data (that is, the numbers M,, P,, Q, and the blocks A.,
B., C., T.) in each process after calling the Matr4ScatterFile function. Per-
form the input of initial data in the Matr4ScatterFile function, perform the
output of the results in the Solve function.

Remark. A condition that the numbers M, P, Q are multiples of K, means
that you do not need to add zero-valued rows and/or zero-valued columns
to the blocks obtained from the matrices A and B, and therefore you may
perform reading of the blocks A. and B. using the same file types (namely,
MPI_BLOCK_ A and MPI_BLOCK B) in all processes.

If this condition is not fulfilled then it would be necessary to use special
types that ensure the correct reading from the file and write to the array of
"truncated" blocks of the matrices A and B in some processes (in addition,
in this case it would be necessary to send to each process the values of P
and Q that are necessary for the correct type definition for "truncated"
blocks).

MPI19Matr43. Integers M., Q, and one-dimensional arrays filled with the M, x Q,
blocks C. are given in each process (the given blocks C. are obtained as a
result of K, steps of the Fox's block algorithm of matrix multiplication —
see the MP19Matr39 task). In addition, the name of file to store the matrix
product is given in the master process. The numbers M and Q (the numbers
of rows and columns of the matrix product) are multiples of the order K, of
square grid of processes (thus, M = M,'K,, Q = Q,"K,).
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Send the file name to all processes using the MPI_Bcast function. Write all
the parts of the matrix product contained in the blocks C. to the resulting
file, which will eventually contain a matrix C of the size M x Q.

To write the blocks to the files, set the appropriate file view using the
MPI_File_set view function and the MPI_BLOCK C file type defined
with the Matr4CreateTypeBlock function (see the MPI9Matr32 task), and
then use the MPI_File_write_all collective function.

Include all these actions (hamely, the input of file name, sending the file
name, and writing all blocks to the file) in a Matr4GatherFile function. Per-
form the input of all initial data, except the file name, in the Solve function.
Remark. A condition that the numbers M and Q are multiples of K, means
that the blocks C. do not contain "extra" zero-valued rows and/or columns,
and therefore you may perform writing of the blocks C. to the file using the
same file type (namely, MPI_BLOCK_C) in all processes.

MPI9Matr44. Integers M, P, Q and three file names are given in the master
process. The first two file names are related to the existing files containing
the elements of matrices A and B of the size M x P and P x Q, respectively,
the third file should be created to store the resulting matrix product C = AB.
The numbers M, P, and Q are multiples of the order K, of square grid of
processes.

Using successively the Matr4ScatterFile, Matr4Calcl, Matr3Calc2, and
Matr4GatherFile  functions (see the MPI9Matr42, MPI9Matr38,
MPI9Matr37, and MPI9Matr43 tasks), find a matrix C and write its ele-
ments to the resulting file. The Matr4Calcl and Matr4Calc2 functions
should be called in a loop, the number of Matr4Calc2 function calls must
be one less than the number of Matr4Calcl function calls.

In addition, output the current value of the c[step] in each process after
each call of the Matr4Calcl function, where c is a one-dimensional array
containing the block C., and step is the algorithm step number (0, 1, ...,
K, —1). Thus, the element c[0] should be output on the first step of the al-
gorithm, the element c[1] should be output on the second step of the algo-
rithm, and so on.
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10. Tlpouecchbl U ux paHru

MPI1Procl. B kaxaoM u3 TMpOIECCOB, BXOJAIMMX B KOMMYHHKATOP
MPI_COMM_WORLD, npodecTb 0JTHO BELIECTBEHHOE YUCJIO M BBIBECTH
€ro MPOTHBOTIOJIOKHOE 3HaUYeHKE. /(7151 BBO/Ia 1 BRIBOJIAa JAHHBIX MCITOJIB30-
BaTh MOTOK BBOJA-BBIBOJIA pt, OMPEICICHHBIA B 3amadyHuke. Kpome Toro,
0TOOpa3uTh HaWJIEHHOE 3HAYEHWE B pasieiie OTJIAJIKH, MCIOIb3ys (PyHK-
1o Show, Takke onpeeIeHHYIO B 3aJaUHUKE.

MPI1Proc2. B xaxaoM w#3 TIPOIECCOB, BXOMAIMUX B KOMMYHHKATOD
MPI_COMM_WORLD, npouectb 0JHO 1€J10€ YUCIO A U BBIBECTH €TI0 y]I-
BOEHHOE 3HaueHue. Kpome toro, 1 ernasnoco npoyecca (mpouecca panra
0) BbIBECTH KOJUYECTBO IMPOIIECCOB, BXOSIIMX B KOMMYHHUKATOD
MPI_ COMM_WORLD. /lng BBOJIa ¥ BBIBOJA IAaHHBIX HCIOJIb30BaTh IO-
TOK BBOJIa-BbIBO/Ia pt. B rimaBHOM mporiecce mpoyoaupoBaTh BBIBO JaH-
HBIX B pas3fiesie OTIaJKd, OTOOpa3uB Ha OTACIIBHBIX CTPOKAX YJIBOCHHOE
3HaueHHue A 1 KOJIMYECTBO MPOIIECCOB (KMCIIOIb30BATh JBA BHI30BA (DYHKITMHU
ShowLine, onpeneneHHol B 3alauHuke Hapsay ¢ GyHKiuer Show).

MPI1Proc3. B rnaBHOM mpoliecce MpouecTh BEIECTBEHHOE YUCIIO X U BHIBECTH
€ro IMPOTHUBOIOJIOKHOE 3HAYEHUE, B KAXKIOM U3 OCTaJIbHBIX IMPOIIECCOB
(noouunennvix npoyeccos, panr KOTopbix Oojbie () BBIBECTH €ro paHr.
Kpome Toro, mpoay0nupoBaTh BEIBO/ IaHHBIX B pa3jieiie OTIa KU, OToOpa-
3WB 3HaYeHUE —X ¢ KOMMEHTapHueM «-X=», a 3HaUCHHUs PAHTOB C KOMMEH-
TapusaMu «rank=» (Ucnosib30BaTh GyHKIMIO Show ¢ IByMs mapameTpaMu).

MPI1Proc4. B nporeccax ueTHOTO paHra (BKJItOuYas TJIaBHBIM) BBECTH IIEJIOE
YHUCJIO U BBIBECTH €T0 yIBOCHHOE 3HaUY€HHE. B mporeccax HEUeTHOro paHra
HE BBINOJIHATh HUKAKUX JICHCTBUM.

MPI1Proc5. B nporeccax ueTHOro panra (BKJItOuYas TJIaBHBIN) BBECTH IIEJIOE
YHCII0, B MPOIIECCaX HEYETHOTO paHTa BBECTH BEIIECTBEHHOE 4ncio. B ka-
’KJIOM TIPOIIECCE BHIBECTH YIBOCHHOE 3HAYCHHE BBEIEHHOTO YHMCIIA.

MPI1Proc6. B nogunHeHHBIX Tpolieccax YeTHOTO PaHra BBECTH II€JI0€ YHCIIO, B
mpolleccax HEUeTHOTO paHra BBECTH BEIIECTBEHHOE 4YHCIO. B Kaxaom
MMOTYMHEHHOM TIPOIIECCE BHIBECTH YABOCHHOE 3HAYCHHUE BBEACHHOTO YHCIIA.
B rimaBHOM miporiecce He BBITIOJHATh HUKAKUX JICHCTBUH.

MPI1Proc7. B kaxxqom nponecce 4eTHOrO paHra (BKJIro4as TJIaBHBIN) JaHO 1ie-
noe yuciio N (> 0) u Habop u3 N BelmecTBeHHBIX urces. BelBecTH B Kaxk-
JIOM U3 3THX MPOLECCOB CYMMY YHCEN U3 JaHHOro Habopa. B mpoueccax
HEYCTHOT'O PaHTa HE BBITOTHATh HUKAKUX JICHCTBHA.

MPI1Proc8. B kaxmom mporecce gado meinoe uruciao N (> 0) u nadop u3 N Be-
IIECTBEHHBIX YHcell. B mporeccax 4eTHOro paHra (BKJIrOYas TIaBHBIN) BbI-
BECTH CyMMY YHCEJNl U3 JaHHOTO Habopa, B Ipolieccax HEYETHOTO paHTa
BBIBECTHU CpeiHee apu(hMeTHIECKOe YHCEIT U3 TAaHHOTO Habopa.



88

MPI1Proc9. B kaxmom mporecce naHo meioe uncio N (> 0) u Hadop u3 N Be-
IIECTBEHHBIX YuCel. B MOMUYMHEHHBIX MpOIEcCaX YETHOTO PaHTa BBHIBECTH
CYMMY YHCEJl U3 TaHHOTO Habopa, B MPOIleccax HEUETHOTO PAaHTa BHIBECTH
cpenHee apuMeTHIecKoe Yncel U3 JaHHOrO Habopa, B IJIaBHOM IPOIIECCe
BBIBECTH ITPOU3BEICHUE YHCEIT U3 JAHHOTO Habopa.

MPI1Proc10. B kaxmom nporecce mgano 1enoe guciio N (> 0) u mHabop u3 N
YHCEII, MPUYEM B IMOTIMHEHHBIX MpoIieccax HeueTHoro panra (1, 3, ...) Ha-
OOp COMEPIKUT BEIIECTBCHHBIC YMCIIa, B TIOJJYMHECHHBIX MPOIECCaX YCTHOTO
panra (2, 4, ...) — IeNBIC YUCIa, @ TUI AJIEMEHTOB B TJIABHOM ITPOIIECCE
3aBHCHUT OT OOIIET0 KOJMYECTBA MPOIECCOB: €CIU KOJIMYECTBO MPOIECCOB
HEYCTHOE, TO Ha0Op COJCPIKHT IICNIbIC YHCIIA, a SCIIM YETHOE, TO BEIISCT-
BeHHBIC. B mporeccax yeTHoro panra (BKJIrO4Yasl IJ1aBHBIN) BEIBECTH MUHU-
MaJbHBIA AJIEMEHT U3 JAaHHOTO Habopa, B IPOIleccax HEUETHOTO PaHTa BhI-
BECTH MaKCHUMAaJIbHEIN AJICMEHT.

11. O6bmeH coobLeHnaMn mexay oTaenbHbIMU
npoueccamu

11.1. brokupyrowas nepecsbisika 0aHHbIX

MPI2Sendl. B kaxmaoM mogurHEHHOM MpoIlecce TaHo Iienoe uucio. Ilepe-
CJIaTh ATH YHWCJAa B IJIaBHBIM mporecc, ucnonb3ys pynkuun MPI Send u
MPI Recv (ctanmaptHbie OJIOKUPYIOMIME PYHKIMM [IJIs TIepeadu U mpue-
Ma COOOIIIEHUsT), U BBIBECTH UX B IIaBHOM mpoiiecce. [lomyuenHsie uncia
BBIBOJUTH B MIOPSJKE BO3PACTAHUSI PAHTOB MEPECTABLINX UX IIPOLIECCOB.

MPI12Send2. B kaxaoM MOJYMHEHHOM IPOIECCE JaHO BEIIECTBEHHOE YHMCIIO.
[lepecnarb 3TM 4Kclia B TJIABHBIA MPOLECC, HUCMONb3YS (DYHKIHH
MPI Bsend (mockuika cooOuienus ¢ Oydepusanueii) 1 MPI Recv, u BbI-
BECTH UX B IJIaBHOM Iporiecce. [lomyyeHHble 9rciia BEIBOJIUTE B MOPSIKE
yOBIBaHMS PaHTOB TIEPECIIaBIIUX UX mporeccoB. Jis 3ananust Oydepa uc-
nosib3oBaTh GpyHkuuo MPI Buffer attach.

MPI12Send3. B kaxaoM MOJYMHEHHOM IPOIECCE JaHBl YEThIPE MEJIbIX YUCIIA.
[lepecnaTh 3TH YKClIa B TJIABHBIA MPOIECC, UCIIOIB3YS IO OJTHOMY BBI3OBY
dbynkuun MPI Send s ka)xaoro nepemaromiero mpormecca, i BHIBECTH UX
B TJIaBHOM Tipoiiecce. [lomydeHHbie 9ncia BEIBOAUTH B MOPSIKE BO3pACTa-
HUS PAHTOB IIEPECIaBIINX UX IPOIECCOB.

MPI2Send4. B kaxaoM IOAYMHEHHOM IIpoliecce JaHO Ienoe yucio N
(0<N<5) u mvabop u3 N wmensix umcen. IlepecmaTh gaHHBIE HAOOPHI B
TJIaBHBINA TIPOIIECC, UCTIOJB3Ys MO0 oaHOMY BbI3oBY (yHkimu MPI Bsend
JUTSL K&KJIOTO TIEPEIAroIIero Mpoliecca, U BBIBECTH HAOOPHI B TJIABHOM TIPO-
1ecce B IMOPSJAKE BO3PACTAaHHS PAHTOB NEPECIABIIMX MX MOpoueccoB. [
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oTpeeieHUsT pa3Mepa IepeciaHHOro Habopa HWCMOIb30BaTh (YHKIIUIO
MPI_Get_count.

MPI12Send5. B riaBHoM mpoliecce 1aH HaOOp BEIIECCTBEHHBIX YHCEN; KOJUYEC-
CTBO YHCEJl PAaBHO KOJWUYECTBY IMOAYMHEHHBIX TporeccoB. C MOMOIIBIO
¢yukun MPI Send mepecnaTe mo ogHOMY UMCIy B KaXAbIH U3 MOAYH-
HEHHBIX MPOIECCOB (TIEPBOE YMCIIO B Tporiecc 1, BTopoe — B mporecc 2,
U T. JI.) ¥ BRIBECTH B TIOJTYMHEHHBIX MTPOIIECCAX TOTYICHHBIC YHCIIA.

MPI12Send6. B riaBHoM mpoliecce JaH HaOOp BEIICCTBEHHBIX YHCEN; KOJIUYe-
CTBO 4YHCEJ PaBHO KOJMYECTBY MOAYMHEHHBIX MporeccoB. C MOMONIbIO
¢ynkuun MPI_Bsend mepecnath mo ofHOMY YHCITY B KaXKIbIA U3 MOIYH-
HEHHBIX TPOIIECCOB, TIepedupas mporecchl B 00paTHOM Topsake (TepBoe
YUCIIO B TOCJIEIHUN MPOLECC, BTOPOE — B IMPEIANOCICIHUN IPOoLecC,
U T. ]I.), ¥ BBIBECTH B TOJYMHEHHBIX MPOLECCAX MTOTYUYECHHbBIEC YUCA.

MPI12Send7. B rmaBaoM niporiecce nano menoe yrciao N u vHabop u3z N ymcen;
K—-1<N<10, rne K — xonudectBo mpoieccoB. C momMoibio QPyHKIUH
MPI_Send nepecnath o oIHOMY YHCITy X JaHHOTO Habopa B mporiecchl 1,
2, ..., K—2, a ocraBmmecs uncia — B mporecc K — 1, u BBIBECTH TOJIY-
yeHHbIe uncna. B mpouecce K — 1 1151 onpenieneHust KOJIMYECTBA MOTyUYEH-
HBIX YHCel Ucronb3oBaTh pyHkuuio MPI Get count.

MPI12Send8. B kaxaoM NMOTYMHEHHOM IPOIECCe JaHO IEJI0€ YMCII0, PHUeM
TOJIBKO JJISI OJTHOTO MPOIEcca 3TO YUCIO OTJIIMYHO OT HyJsl. [lepecnats He-
HYJIEBOE YUCJIO B TJIABHBINM MPOIECC U BBIBECTH B IJIaBHOM IPOIIECCE MOITY-
YEeHHOE YHCJIO M paHT MpoIllecca, MepeciaBiiero 3To yucio. Jus npuema
COOOIIIeHNsT B TJIABHOM IIpollecce HCIosb3oBaTh ¢yHkimio MPI Recv c
napamerpom MPI ANY SOURCE.

MPI12Send9. B kaxaoM mo4rMHEHHOM Mpoliecce AaHo meoe uncio N, mpuuem
JUTSL OJTHOTO TIPOLIecca 3TO YMCIIO OOJIbIe HYJS, a I OCTAJIBHBIX PaBHO
nHymto. B mpouiecce ¢ menysneBbiM N man takxe Habop u3 N uucen. Ilepe-
ClaTh JaHHBIA HA0Op YMCEN B TJABHBIM MPOIECC W BBIBECTH B TJIABHOM
Mpolecce MOMYYCHHBIE YMCa U PaHT IMpoIllecca, MepeciaBliero 3TOT Ha-

oop. [Tpu npuemMe COOOIIIEHUS UCII0JIb30BaTh napameTp
MPI1_ANY_SOURCE.

MPI12Send10. B kaxxaoM HOTYMHEHHOM Ipolecce AaHo meiaoe umcio N, B
rJIaBHOM TIporiecce aaHo neioe uncio K (> 0), paBHOE KOJUYECTBY TeX
MOJYMHEHHBIX MPOIECCOB, B KOTOPHIX JAaHBI MOJOXHUTeNbHbIe yucia N.
[lepecnaTh Bce monokutenbHbie yncia N B TIaBHBIN MPOIIECC U BHIBECTH B
HEM CyMMY MOJY4YeHHBIX yuceln. /[t mprema cooOimeHuit B TIaBHOM TPO-

necce  ucnonb3zoBath  ¢QyHkuuio  MPI Recv ¢ mapamerpom
MPI_ANY_SOURCE.

MPI12Sendl1l. B kaxaom mpoliecce JaHO BEHICCTBCHHOE umcio. [lepecnarth
YUCJI0 U3 TJIaBHOTO Mpoliecca BO BCE MOAUYUHEHHBIE TTPOIIECCHI, a BCE YUCIIA
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U3 TIOTYNHEHHBIX TPOIECCOB — B TJIABHBIN, U BBIBECTH B KaXJIOM TIPOIIEC-
ce TOJIy4eHHBIC Ynciia (B TJITABHOM IPOIIECCE YKCIIa BBIBOJIUTH B TIOPSJIKE
BO3pacTaHUs PAHTOB IEPEClaBIINX UX MpoleccoB). s oTmpaBku coob-
IeHUi ucnoib3oBath GyHkiuo MPI Ssend.

YkasaHue. @yuaknus MPI Ssend oGecrnieunBaeT cunxpouHblil pexcum Tie-
PECBIIKM JaHHBIX, TIPU KOTOPOM OIepaIisi OTIPaBKH COOOIIEHUs Oynmer
3aBepIlicHa TOJBKO IMOCIIe Hadajga MpHeMa 3TOTO COOOIICHHS MPOIECCOM-
nosrydatesnieM. B ciydae mepechUTKd JaHHBIX B CHHXPOHHOM PEXHME BO3-
HUKaET OMAaCHOCTh 83aumublx o10kuposok (deadlocks) uz-3a HenmpaBuILHO-
T'0 MOPSAKA BBI30Ba (DYHKIIMI OTIIPABKH M MTOTYYEHUS COOOIICHUH.

MPI2Send12. B kaxaom mporiecce aaHo 1enoe 9uciio. C moMOIbio GyHKIHMA
MPI_Ssend u MPI_Recv ocymiecTBUTb 1151 BCEX MPOIECCOB ITUKIMUCSCKUN
CIBUT JAHHBIX C aroMm 1, mepecnas ynciio u3 nponecca 0 B nmpouecc 1, u3
npouecca 1 B mpouecc 2, ..., U3 nocieanero mnpouecca B npoiecc 0. B ka-
YKJIOM TIPOIIECCE BBIBECTH MOJIYYEHHOE YHCIIO.

YkasaHue. CM. ykazanue k 3anade MPI2Send11.

MPI12Send13. B kaxxaom mporiecce gaHo 1menoe 9ucio. C moMoIbo GyHKInm
MPI_Ssend u MPI_Recv ocymiecTBUTh AJi BCEX MPOLIECCOB HUKINYECKHM
CIBUI JAaHHBIX ¢ I1arom —l, mepecnaB uucio u3 npouecca 1 B mpouecc 0,
u3 npouecca 2 B npouecc 1, ..., u3 npouecca 0 B nmocnenHuii npouecc. B
Ka)KJIOM IPOLECCE BBIBECTHU MTOJIYYEHHOE YHUCIIO.

YkasaHue. Cu. ykazanue k 3agade MPI2Send11.

MPI12Send14. B kaxmom mpoiiecce MaHbl jaBa MenbiXx duciaa. C MOMOIIBIO
¢bynkuuiit MPI Ssend u MPI_Recv nepecnars nepBoe 4ucio B Mpeabay-
M Tpolecc, a BTopoe — B nocieAyomuil npouecc (ams npouecca 0
CUMTATh MPEABIYIINM TOCIEAHUNA TPOIlecC, a AJIs MOCIEIHEro mpoiecca
cuutath nocienyrommm nporecc 0). B kaxxaoM mporecce BHIBECTH YHUCIA,
MOJTyYEHHBIE OT MPEBIAYIIEr0 U MOCIEAYIOIEro mpolecca (B ykazaHHOM
NOPSIZIKE).

YkasaHue. CM. ykazanue k 3agade MPI2Send11.

MPI12Send15. B kaxmom mporiecce JaHbl [Ba YHCIA: BEIIECTBEHHOE A U IIeoe
N, npuuem Habop umucen N comepxut Bce 3Hauenus ot 0 mo K— 1, roe K
— KkoymmuecTBO mporeccoB. Mcnonwsiys pynkiuu MPI Send u MPI Recv
(c mapamerpoM MPI ANY SOURCE), BBIIIOTHUTh B KaXJOM IMpOIECCEe
nepechutky unciia A B mporiecc N ¥ BBIBECTH MOJTYYEHHOE YUCIIO0, a TAKKE
paHr mporecca, 3 KOTOpPOTo YMCI0 ObLJIO MOTYyUYEHO.

MPI12Send16. B kaxaom mporiecce aaHo 1ennoe yucio N, mpudeM Jjis 0JHOro
npoiiecca 3HaueHue N paBHo 1, a jis octansHbIX paBHO (. B mponecce ¢
N = 1 man Taxxe Habop u3 K — 1 uncina, rme K — KoanuecTBO ImpoIeccos.
[lepecnath U3 3TOTO MpOIIECcca MO OJHOMY M3 YHUCEI TAaHHOTO Habopa B OC-
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TaJbHBIC TPOIIECCHI, Tepedupasi paHTH MOIy4aTeseii B BO3pacTaroIeM Io-
PANIKE, U BEIBECTU B KAXKJIOM U3 HUX MMOJTYYEHHOE YUCIIO.

MPI12Sendl17. B xaxmom mporecce nan Hadop u3 K — 1 menoro yucna, rae K
— KOJIMYECTBO TporieccoB. [ KaKaoro mporecca rnepeciaTh Mo 0JHOMY
W3 JaHHBIX B HEM YHCET B OCTAJBHBIE IMPOIIECCHI, ITepedupasi paHTy Mpo-
IIECCOB-TIOJIyYaTeNield B BO3PACTAIONIEM TOPSIKE, M BBIBECTU MOTyYCHHBIE
YHCJIa B MOPSAKE BO3PACTAHUS PAHTOB MEPECIIABIINX WX MPOIECCOB.

MPI12Send18. KoaudecTBo mpoieccoB — 4YeTHOE YKciao. B kaxmom mporecce
nano nenoe yrcao N (0 <N < 5) u vabop u3 N uncen. C momomipo QyHK-
i MPI Sendrecv BeIMOTHUTE 0OMEH MCXOAHBIMH HaOOpaMH MEXITY T1a-
pamu npouieccoB 0 u 1, 2 u 3, u T. A. B Kaxxgom mporecce BHIBECTH MOTY-
YEHHBIN HA0Op yuces.

MPI12Send19. B kaxaom mpoliecce JaHO BellecTBeHHOE YKciio. C IMOMOIIBIO
¢ynxunn MPI Sendrecv_replace momMeHsTh MOPSIAOK UCXOAHBIX YHCEN HA
oOpaTHbIid (yucio u3 nponecca 0 TOKHO OBITH MEpPEAaHO B MOCIEIHHM
IpOLECC, YUCIO U3 Mpolecca 1 — B mpeanocieaHuii npouece, ..., YUCIO
U3 noclieaHero npormecca — B nporecc 0). B kaxaoM mporecce BbIBECTU
HOJyYEHHOE YHCIIO.

MPI12Send20. B kaxaoM MOJYMHEHHOM IPOIecce JaHO BEIIECTBEHHOE YHCIIO
A u ero nopsankosbsiid Homep N (11esoe uucio); Habop Bcex HomepoB N co-
JIEp>KUT Bce 1enbie uncna ot 1 1o K — 1, rae K — KoJan4ecTBO mpoiieccoB.
[lepecnath uncia A B TJIaBHBIN MPOIECC U BBIBECTH MX B MOPSJIKE, COOT-
BETCTBYIOIIIEM BO3pacTaHuio ux HomepoB N. MaccuBbl HE HCHOJIB30BATh;
st mepenadn Homepa N ykaspiBaTh €ro B KayecTBE MmapaMerpa msgtag
¢bynkiun MPI Send.

MPI12Send21. B kaxaoM MOJYMHEHHOM IIpoliecce aaHo 1enoe uncio L (> 0) u
Habop u3 L map uucen (A, N), rne A — BemectBeHHOe yucio, a N — ero
nopsnkoBbii HOMep. Bee uncna L B cymme pasnbl 2K, e K — xonmuect-
BO TpoIiieccoB; Habop HoOMepoB N, JaHHBIX BO BCEX MPOIIECCAX, COACPIKUT
Bce nenbie uncna ot 1 go 2K. Ilepecnats uncna A B TTaBHBIN mporecc u
BBIBECTH WX B TOPSJIKE, COOTBETCTBYIOIIEM BO3pacTaHUIO X HOMepoB N.
s nepenaun HoMepa N yka3bIBaTh €ro B KauecTBE MapaMeTpa msgtag
¢ynxuun MPI_Send.

MPI12Send22. B rnaBaom mporecce gaH Habop map uuncen (T, A); KOIHIECTBO
nap paBHO YMCIY MOAYMHEHHBIX mpoleccoB. Uucno T — uenoe, paBHoe 0
win 1. Yucno A — nenoe, ecnu T = 0, u BemecTtBeHHoe, eciu 1 = 1. [lepe-
CJIaTh MO OJHOMY YHCTY A B KKl U3 MOAYNHEHHBIX TIPOIECCOB (MIEPBOE
YUCJI0 B TIpoiiecc 1, BTopoe — B MpoOIeCC 2, U T. [I.) U BBIBECTH MOJy4CH-
HbIe uncia. s nepenayn HHGOpMAIMHU O THUIIE EPECIaHHOTO YUCIIa yKa-
3bIBaTh YKCIO T B KauecTBe mapamerpa msgtag ¢pyukiuun MPI Send, ans



92

noJsrydeHus: 3Toi nHpopManuu ucnoip3oBath ¢yHkiuo MPI Probe ¢ ma-
pamerpom MPI ANY TAG.

YkasaHue. UtoOsl n3bexaTh JyOJUPOBAaHUS KOJIA, UCTIOIB3YHTE BCIIOMO-
raTelnbHble wabaonnuvie @yukyuu template<typename T> void
send (int t, int dest, MPI Datatype d) (mIf OTHpaBKH
JAHHBIX) U template<typename T> void recv (MPI Datatype
d) (mns mofydeHus TaHHbIX). B kauecTBe mapameTpa t yKa3pIlBaTe 4YUCIo,
paBHoe 0 wumu 1, B kauecTBe mnapamerpa dest — paHr mpoiiecca-
IIOJIy4aTessl.

MPI12Send23. B kaxa0oM Mo {dUHESHHOM ITPOIIECCe JaHbI IBa MEbIX yucia T, N
u "Habop u3 N uucen. Uucno T paBro 0 miam 1. HaGop comepxut 1ienbie
yucia, ecnu T = 0, u BeniecTBeHHbIe uKcia, ecnu T = 1. [lepecnats ucxonu-
HbIe HAOOPHI B TJIaBHBIN MPOIECC U BHIBECTH MOJYYCHHBIC YUCTIa B TIOPSJIKE
BO3pACTaHUs PAHTOB MepeclaBIInX UX MmporieccoB. s nepexaun undop-
Malliyd O TUIE TEPECIaHHbIX YHUCEN YKa3blBaTh YMCIO | B KauecTBE Mapa-
Merpa msgtag gynkiuu MPI Send, mis momydenust 3Toit mHGOpMaIUu
ucnosb3oBaTh GyHkuo MPI Probe ¢ mapamerpom MPI ANY TAG.
YkasaHue. UtoObl n30exaTh TyOMMpOBaHUS KOJA, UCTIONB3yWTE BCIIOMO-
ratelibHble wabnonHvle Qyukyuu template<typename T> void
send (int t, MPI Datatype d) (mif OTHNpPaBKM MAAHHBIX) H
template<typename T> void recv(MPI Datatype d,
MPI Status s) (mif nonydeHus NaHHBIX). B kadectBe mapamerpa t
yKas3bpIBalTe ynciio, pasHoe 0 wim 1, B kauecTBe mapamerpa s — pe3ybTar,
BO3BpameHHbI Qynkiueir MPI Probe.

MPI12Send24. KoanuectBo mpomeccoB K sBnsiercst yetHeiM: K = 2N. B mpo-
neccax yetHoro paunra (0, 2, ..., K —2) nan Hadop u3 N BelecTBEHHbIX YH-
cell, B mporieccax HeueTHoro panra (1, 3, ..., K—1) — Habop u3 N 1enbix
yucen. WMcnonb3ys ¢ynkuuio MPI Sendrecv replace, BBIOJHUTH ITUKITU-
YECKUU CIBUT BCEX HAOOPOB BEIICCTBEHHBIX YMCEI B HAINIPABJICHUH yBEIU-
YEHHSI PAHTOB MPOIIECCOB U IUKINYECKUM CIBUT BCEX HAOOPOB IIEJIBIX YHU-
CeJI B HalPaBJICHUH YMEHBIIICHUS PAHTOB (TaKuM 00pa3oM, BEIIECTBEHHBIC
Ha0OpBI HAJO TepeciaTh u3 npoiecca 0 B mporecc 2, u3 mporecca 2 — B
npouecc 4, ..., u3 nporecca K —2 — B nportecc 0; mienouncieHdsie Habo-
pbl Hago mepecnaTh W3 mporecca K—1 B mpouecc K— 3, u3 mporecca
K—3 B mpouiecc K—5, ..., u3 nponecca 1 B nporecc K — 1). BeiBectu B
KaXIOM TPOIIECCe MOTyYeHHbIe uncia. st onpeneneHus paHroB Mporec-
COB-TIOJTy4YaTeJICH HCITOB30BaTh BBIPAXKEHHUE, COJAEpIKaIee omepamnuio %
HaXOXKJIEHUS OCTaTKa OT JICJICHWSA, B KadecTBe paHra mpolecca-
OTHpaBUTENS JOCTAaTOYHO yKa3biBaTh koHCTaHTY MPI ANY SOURCE.
YkasaHue. UtoObl u3bexaTh TyOIMpPOBaHUsS KOJA, UCTIONB3YHWTE BCIIOMO-
raTelbHy0 wabnouuyro Qyukyuro template<typename T> void
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sendrecv (int rank, 1int size, MPI Datatype d, int
step), rae napaMeTp step ykasblBaeT BEIMYMHY CIBUTa, PAaBHYIO 2 JJIs
Ha0OPOB BEIIECTBEHHBIX YMCEI U —2 JJIsl IETIOUUCICHHBIX Ha0OPOB.

MPI12Send25. Komnuectso nporieccoB K sBisercs yetapiM: K = 2N. B nepBoii

MIOJIOBUHE MPOLIECCOB JaH HAOOp LeybiXx yucen pasmepa R+ 1, rie R —
panr nporiecca (R=0, 1, ..., N — 1), Bo BTOpoOii ITOJIOBUHE MPOIIECCOB JTaH
HaOop BemiecTBeHHbIX yucen pasmepa 2N — R, rne R — panr mpouecca
(R=N, N+1, ..., 2N —1). HUcnons3ys ¢yuaxkuuro MPI Sendrecv, mnepe-
CJIaTh MCXOJIHbIE HAOOPHI U3 KaXKIOW MOJOBHUHBI MPOIECCOB B COOTBETCT-
BYIOIIH TMpoliecc APYyroil MoJOBHHEI (B YaCTHOCTH, Habop u3 mporecca 0
Haj0 nepecnathk B npoiecc N, u3 mpouecca 1 — B nponecc N + 1, u3 npo-
necca N — B nporecc 0, u3 nporecca 2N — 1 — B poriecc N — 1). BriBec-
TH B KKJIOM MPOIECCe MOJIYyICHHbIC YUCIIA.
YkasaHue. UtobOsl nzbexarh TyOIupoBaHUs KOJa, UCIOIB3YHTE BCIIOMO-
raTeiabHyl0  wabnounyro  @yukyuro template<typename  T1,
typename T2> void sendrecv (MPI Datatype dl, int
cntl, int rank2, MPI Datatype d2, int cnt2), rme na-
pameTpsl d1 u cntl ompenensioT XapaKTePUCTHKHU MPOIECCa, BHI3BABIIETO
(yHKUMIO (THUII 3JEMEHTOB B HAa0Ope M UX KOJHMYECTBO), a MapaMeTphl
rank2, d2, cnt2 — paHr u aHAJOTMYHBIC XapaKTEPUCTHKH Ipoliecca, ¢ KO-
TOPBIM BBITIOJTHSACTCS OOMEH JTAaHHBIMU.

11.2. Hebnokupyrowas nepechiyika OaHHbIX

MPI12Send26. B kaxaom mporecce maHo neiaoe uncio N; Bo Bcex mporeccax,
Kpome ojHoro, 3HayeHre N paBHO 0, B HEKOTOPOM BBIJIEJICHHOM IpOLIecce
3HaueHue N paBHo 1. B BblelIeHHOM mpolecce Takke JaH Habop LEIbIX
gucen A pasmepa K — 1, rne K — konuyecTtBo mnpoueccoB. He coxpansis
Habop A B MaccuBe, IEpeciiaTh MO OJHOMY 3JIEMEHTY 3TOr0 Habopa U3 BbI-
JIEJIEHHOT0 Tpoliecca BO BCE OCTaJlbHBIE MPOLIECCHI, Mepedupas uX B IMO-
pSAIKEe BO3pacTaHUsl PAHIOB, U BBIBECTH B KaXJOM IPOLIECCE MOJTYyYEHHOE
yucno. JlJig nepecbulky JaHHBIX UCIIOJIb30BaTh TPeOyeMoe KOJIUYECTBO Bbl-
30BOB (pyHk1mit MPI Issend (mocbuika cooOmieHHns B CHHXPOHHOM HEO0JI0-
kupyromiem pexkume) U MPI Wait B BeiienieHHOM miporiecce U GyHKIIUIO
MPI_Recv B octanbHbIX Tiporieccax. JlomosHUTENTbHO 0TOOPa3uTh B pasie-
Jie OTIaJKH MPOAOKUTENBHOCTh KaXKAoro Bei3oBa (pynkuun MPI Wait B
MUJUIMCEKYHAaxX; AJis 3Toro BbI3BaTh (pyHKuuto MPI Wtime no u mocne
MPI Wait u ¢ nomomipto ¢pyHKIMH Show BBIBECTH Pa3HOCTb BO3BPALICH-
HeIX QyHkuuer MPI Wtime 3nauyenuii, ymHoxennyto Ha 1000. IIpose-
pUTh, KaK MU3MEHUTCA OTIafouyHas MHGOpMALMs, €ClIH BMECTO (PYHKIUU
MPI Issend ucnonb3oBats @ynkiuto MPI Isend (moceuika cooOuieHust B
CTaHAAPTHOM HEOJIIOKUPYIOUIEM PEKUME).
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MPI12Send27. B kaxmom mporecce gaHo nenoe uucio N; B HEKOTOpOM BbIjie-
neHHoM mporiecce 3HaueHue N paBHo —1, a B ocTanbHbIX nponeccax N sB-
JSIeTCSl OJJMHAKOBBIM M paBHO paHry R BwimeneHHoro mporecca. Bo Bcex
mpolieccax, KpOMe BhIACIEHHOT0, TAKXKe TJaHO BeliecTBeHHoe unciio A. Ile-
peciaTh JaHHbIE YKciia A B BbIJICJICHHBIN MPOIIECC U BHIBECTH UX B MOPSIKE
BO3pACTaHUsl PAHIOB IMPOLECCOB-OTIpPaBUTENEH. J[JI1 MEepechbUTKN AaHHBIX
HCII0JIB30BaTh TpeOyeMoe KoJn4uecTBO BbI30BOB GyHKIIMH MPI Recv B BHI-
nenenHoM nporecce u Gynkiuu MPI Issend 1 MPI Test B ocTanbHBIX
nporeccax. Beizo ¢yakuuun MPI Test moBTopsaTs B IMKJIE A0 TEX IIOP,
MIOKa OHa HE BEPHET HEHYJIEBOW (uiar, U 0TOOpa3uTh B pas3zeliie OTIaIKU
noTpeboBaBIIeecs: KOJIMUYECTBO UTEPALMNA 3TOTO LHUKJIA, UCHONIB3YS (PyHK-
uuto Show. IIpoBepuTh, Kak U3MEHUTCS OTIaZ04YHasi MH(OpManus, eciu
BMecTo ¢yHknun MPI_Issend ncnons3oBate ¢pyakmuro MPI_Isend.

MPI12Send28. B kaxmom mpoiiecce AaHo 1enoe yucio N; B HEKOTOpOM Bbljie-
JgeHHoM mporiecce 3HaueHue N paBHo —1, a B ocTanbHbIX nporeccax N sB-
JISIeTCSl OJJMHAKOBBIM M paBHO paHry R BwimeneHHoro mporecca. Bo Bcex
mpoIieccax, KpoMe BbIJICJICHHOT0, TaKXKe JIaHO BerlecTBeHHOoe uncio A. Ile-
pecnath JaHHbIe yncia A B BBIJICJICHHBIN MPOIECC U BHIBECTU UX B MOPSIKE
yOBIBaHUS PAHTOB MPOLIECCOB-OTNpaBUTENCH. JIJs MepechlIKU JaHHbBIX HC-
M0JIb30BaTh TpeOyeMoe KOIMuecTBO BbI30BOB GyHKIui MPI Irecv (mpuem
coobmieHus B HeOnokupyromiem pexume) u MPI Test B BbiieieHHOM 1po-
necce u ¢pynknuo MPI Ssend B octansHbIX mporeccax. [locime kaxmoro
BbI3oBa ¢yHkuuu MPI Irecv opranmzoBarh IMKJ, B KOTOPOM BBI3BIBATH
dbynkuuro MPI Test, moka oHa He BEpHET HEHYJIeBOU ¢iar, 1 0TOOpakaTh
B pazjielie OTJIaKu MoTpeOoBaBIIeecs KOIMUYECTBO UTEPALIMA ITOTO ITUKJIA,
ucnons3ysa ¢pyHkiuo Show. IIpoBeputh, Kak U3MEHUTCS OTJaJ04YHAsT UH-

dbopmanus, ecnu BMecto (yHkiuu MPI Ssend ucnons3oBaTh (QyHKIHIO
MPI_Send.

MPI12Send29. B kaxmom mporiecce AaHo 1enoe yucio N; B HEKOTOpOM Bbljie-
JeHHoM Tporiecce 3HaueHue N paBHO —1, a B octanbHbIx npoueccax N sB-
JISIeTCSl OJJMHAKOBBIM M paBHO paHry R BwimeneHHoro mporecca. Bo Bcex
npolieccax, KpOMe BbIACIEHHOI0, TAKXKE JaHO BeuiecTBeHHoe uncio A. Ile-
pecnath TaHHbIe uyncia A B BBIJCICHHBIN MPOIECC U BHIBECTH UX CYMMY S.
JIsi mepechbUIKU JAaHHBIX MCIOJIb30BaTh TpeOyemMoe KOJMYECTBO BBHI3ZOBOB
¢bynkuuii MPI Irecv u MPI_Waitany B BblesieHHOM mipouiecce U (PyHK-
o MPI Ssend B octaneHBIX miporieccax. B BbIZIEIEHHOM Tpoliecce Omu-
catb MaccuB Q Ttuma MPI Request u opranu3zoBath BBI30B (DYHKIIMIA
MPI Irecv B oTaenpHOM LUKIIE, YKa3bIBas JJIsI KaXA0TO BBI30BA CBOM JJle-
MeHT MaccuBa Q. Ilociie BbIXOAa M3 3TOro IMKJIA OpPraHU30BaTh BTOPOM
IIUKJI, B KOTOPOM BbI3bIBaTh QyHKIH0 MPI Waitany u HakamimBath cym-
My S. JIOMOJHUTENBHO HA KAXKIOW UTEpallMd BTOPOTO IIMKJIA OTOOpaKaTh B
paszene OTJIaJKHU CIEAyIOUIMe JaHHble (MCHOJb3ys MO OAHOMY BBI3OBY
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¢yukuit Show u ShowLine): 3nauenue A, 1o6aBieHHOE K CyMME Ha J1aH-
HOMW UTepaluy UKIa, ¥ paHr Ipolecca, epeciaBIlero 3To 3HaYeHHe.

MPI12Send30. B kaxxaom mporecce aaHo nejioe uncio N; Bo Bcex mporeccax,
3a UCKIIOYEHUEM JBYyX, 3HaueHne N paBHo 0; B OJHOM M3 OCTaBIIUXCS
nporeccoB (npoyecce-omnpagumene) 3Hadenune N paBHo 1, B npyrom
(npoyecce-nonyyamene) 3nauenue N paBHO 2. B mporecce-otmnpaBurene
TaKKe JaHO IIeJI0e YUCI0 R — paHr mporiecca moixydaTens u Habop A 1ie-
neIx yncen pazmepa K, roe K — konudectBo npoueccoB. He coxpansis Ha-
6op A B MaccuBe, mepeciiaTh BCE €ro AJIEMEHTHI MPOLECCy-TMOTydaTenio u
BBIBECTH MX B TOM K€ mopsiake. JlJis mepechUlKH JaHHBIX HCHOJIb30BaTh
eauHCTBeHHBIN BbI30B PyHkimu MPI Ssend init u TpeOyeMoe KOIU4eCTBO
Bb130BOB (pyHkimit MPI Start u MPI Wait B mporiecce-otnpaBurene u
eAMHCTBEHHBIN BhI30B GyHKIIMH MPI Recv init u TpedyemMoe KOIU4ECTBO
Bb130BOB (yHkumit MPI Start u MPI Wait B nporecce-nonyudarene. Jlo-
HOJHUTENILHO 0TOOPa3uTh B pa3zelie OTIaAKU MPOAOLKUTEIbHOCTD KaXKI0-
ro Bbi3oBa (pyHkimu MPI Wait B Mummcekynaax (kak s mporecca-
OTIPABUTENISA, TaK U JUIsl IPOLIECCa-TOMyYaTesl); A 3TOro BbI3BaTh (PYyHK-
uuto MPI Wtime no u nmocine MPI Wait u ¢ nomompsio ¢pynkuun Show
BBIBECTH PA3HOCTh BO3BpallleHHbIX QyHkiuedn MPI Wtime 3nauenunii, ym-
HoxeHHYI0 Ha 1000. ITpoBeputh, Kak M3MEHUTCS OTJIaJO4YHAsT MHPOpMa-
uusa, ecau BMmecto (pyHknuu MPI Ssend init wcnonbs3oBaTh (YyHKLIHIO
MPI_Send_init.

MPI12Send31. B xaxmoMm mporecce jaHo 1enoe yucio N; B 0JTHOM U3 MpoIiec-
coB (npoyecce-nonyuamere) 3nadenue N paBHO 2, B HEKOTOPBIX Mpolieccax
(npoyeccax-omnpasumensix) 3nauenrie N paBHO 1, B OCTaIBHBIX IpoIeccax
3Hauenue N paBHo 0. B kax0M 13 mpoleccoB-OTHpaBUTENCH TaKkkKe JaHO
nesnoe 4ucio R — paHr mporecca-mosydarens U Habop A IeNbIX 4Yucen
pa3mepa K, rae K — konunuecTBo mpoueccoB. B nmpouecce-nonyyarene na-
HO 11es10e ynciio C — KoIM4ecTBO mpoleccoB-oTnpaButene. Ilepecnars
BCce HAOOpel A TpoliecCy-TIOJydaTel0 U BBIBECTH HAOOp S CyMMapHBIX
3HAUYCHUN AJIEMEHTOB BCeX HAOOPOB A ¢ OJMHAKOBBHIMHU WHIAEKCAMHU (B IO-
pAIAKE BO3pACTaHMSI MHAEKCOB). s MepechUIKM JAHHBIX HCIOJIb30BaTh
eAMHCTBEHHbIN BbI30B ¢yHkuuu MPI Ssend B mpoueccax-oTnpaBHUTENsX.
B npornecce-nonyuarene onucath maccuB Q tumna MPI Request u opranu-
30BaTh BI30B (pyHKIM MPI Recv init B oTIeIbHOM LMKJIE, YKa3bIBas JIJIs
Ka)KJI0T0 BbI30Ba cBOM 31emMeHT MaccuBa Q. Ilocie BbIxosa U3 3TOro nukia
BBITIOJIHUTh €JUHCTBEHHBIN BbI30B (yHkuuu MPI Startall u opranuzosars
BTOPOM LIMKJ, B KOTOPOM BbI3bIBaTh (QyHkuuio MPI Waitany u nakamiu-
BaTh CyMMapHbI€ 3HaYeHHs B MaccuBe S. JOMOJHUTENBHO HA KaXKI0M UTe-
palyy BTOPOTO LMKJIA OTOOpakaTh B paslielie OTJIAIAKU CIEAYIOIIUE J1aH-
Hble (MCHOJb3ys N1Ba BbI3oBa PyHkuuu Show u oauH BbI30B ShowLine):
MPOAOKUTENBHOCTh Kaxa0ro Bhi3oBa ¢yHkiuun MPI Waitany B mMusuiu-
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CeKyHJIaxX, 3HaUCHHE TPEThero napamerpa index, Bo3BpalieHHOe (HyHKIUEH
MPI_ Waitany, u panr mpoiiecca-oTIpaBUTENsI, COOTBETCTBYIOLIUIN Mapa-
MeTpy index. [[ns HaxoxaeHUS MPOAOKUTEIBHOCTH BBI3BATh (DYHKIIUIO
MPI Wtime no u mocie MPI Waitany ¥ BBIYHCIUTH Pa3HOCTh BO3Bpa-
meHHbIX Qynkuueir MP1 Wtime 3nauenuii, ymuoxxus ee Ha 1000. s Ha-
XOXACHUS paHTa Mpolecca-OTIPABUTENS MPOAHATN3NPOBATh 3HAYEHUE T10-
cieqHero mapamerpa (tmma MPI_Status), Bo3sBpaineHHOro (GyHKIHEH
MPI_Waitany.

MPI12Send32. B kaxaoMm mporiecce ganHo 1esinoe anucio N; B 0JJHOM W3 mporiec-
coB (npoyecce-omnpasumene) 3Hadenrne N paBHO 1, B HEKOTOPBIX MpoIIec-
cax (npoyeccax-nonyyamensx) 3HaueHre N paBHO 2, B OCTAJIBHBIX MPOILIEC-
cax 3HaueHue N paBHo 0. B mporuecce-oTnpaBuresne Takxke AaHO BELIECT-
BeHHOE ymcio A, 1iesoe yucino C — KOJIM4eCcTBO MPOIECCOB-NOTydaTenen
u Habop uenslx umcen R pasmepa C, copepxaliuil paHrd HpoOLECCOB-
nonyuyateneid. Ilepecnars uucino A Bcem mpoleccaM-ToayyaTesssM U Bbl-
BECTHU €ro B KaKJIOM U3 ATUX NpoueccoB. JlJig NepechbUIKU JaHHBIX UCIIOJb-
30Bath (¢QyHkuuio MPI Recv B mpoueccax-nomyvarensx. B mpouecce-
otmpasuTene onucarb maccuB Q tuna MPI _Request u opranu3oBaTh BbI-
30B ¢ynkiuit MPI Ssend init B 0TA€IBHOM IIUKIIE, YKA3bIBAS JAJISI KaXKI0TO
BbI30Ba CBOM 3neMeHT MaccuBa Q. [locie BpIxo/a U3 3TOTO IMKIIA BBIMOJ-
HUTb €AMHCTBEHHBIN BbI30B pyHkunu MPI_Startall u opranuzosats BTOpoit
LIMKJI, B KOTOPOM BbI3bIBaTh PyHKIMI0O MPI Testany BO BJI0OKEHHOM LIUKIIE,
MOKa OHA HE BEPHET HEeHYJEeBOM (uiar. J[omoJHUTET HO Ha KaKI0M UTepa-
UM BTOPOTO IIMKJIAa OTOOpa)kaTh B pasfelie OTJIAIKU CIEeIyIOIINe JTaHHbIE
(uconp3ysl o OgHOMY BbI30BY (yHKIMN Show u ShowLine): 3Hauenwue
TpeThero mapamerpa index, Bo3BpamieHHoe ¢pynkiueir MPI Testany (B cu-
Tyallly, KOT/1a OHA BEpHYJIa HEHYJIeBOU ¢u1ar), U KOJIMYECTBO MPOU3BEICH-
HbIX BbI30BOB (yHKImu MPI Testany (T.e. KOJIWYECTBO HUTEpaIUil BIIO-
EHHOro 1ukia). [IpoBepuTh, Kak U3MEHHUTCS OTIaA04yHas MHbOpMalus,
ecii  BMmecto ¢yHkuumun MPI Ssend init ucnonb3oBaTh  PYHKIHIO
MPI_Send_init.

12. KonnekTuBHble B3aUMOOENCTBUA

12.1. KonnekmueHas repechklsika 0aHHbIX

MPI3Colll. B rinaBHOM mporiecce IaHO Ieiaoe 4yucio. Mcmonb3yst (yHKIHEO
MPI Bcast, nepecnare 3TO 4HCIIO BO BCE MOAYMHEHHBIE ITPOLIECCHI U BBI-
BECTH B HUX MOJIYYEHHOE YHUCIIO.

MPI13Coll2. B rimaBaoM mporiecce qaH Habop u3 5 uncen. Mcmons3yst GyHKIHIO
MPI_Bcast, nepeciars 3T0T HaOOp BO BCE MOAYMHEHHBIE TIPOIECCHI U BbI-
BECTH B HUX MOJIyYEHHBIE YHCJIa B TOM K€ MOPSJIKE.
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MPI3CollI3. B kaxagom mporecce MaHO BemIeCTBEHHOE 4YHcio. Mcmomb3ys
¢yukuo MPI_ _Gather, nepecnaTe 3TH uncia B TIaBHBIA MPOIECC U BBI-
BECTH WX B MOPSAAKE BO3PACTAaHUS PAHIOB IEPECIABIIMX UX IMPOLIECCOB
(mepBbIM BBIBECTH YMCIIO, JAHHOE B TJIABHOM IIPOLIECCE).

MPI3Coll4. B kaxaom mporecce AaH HaOOp W3 5 TENbIX yucell. Mcmomb3ys
¢yukuo MPI_Gather, nepecnats 3T HaOOPHI B IIaBHBINA MPOIECC U BBI-
BECTH MX B IOPSAKE BO3PACTAaHUS PAHIOB IIEPECIABIIMX HUX IPOLIECCOB
(mepBbIM BBIBECTU HAOOP YKMCEIl, JAHHBIN B TIIaBHOM IIPOLIECCE).

MPI3Coll5. B kaxmom mporecce nan Habop u3 R + 2 1enbix gucern, rie 4uciio
R paBHO panry mporecca (B mporecce 0 maHbl 2 yucia, B nporecce | gaHbI
3 uucna, u T. 1.). Ucnons3ys ¢pynkuuo MPI Gatherv, nepecnars 311 Ha-
OOpBI B IJIaBHBIN MPOLIECC U BHIBECTH MOJyYEHHbIE HA0OOPHI B OPSAIKE BO3-
pacTaHusl PaHroB IMEPECIaBIIMX MX MPOLECCOB (TIEPBBIM BBIBECTU HAOOD,
JaHHBIN B TJIABHOM IIPOLIECCE).

MPI3Coll6. B rimaBHoM mpomecce gaH Hadop u3 K uncen, roe K — xonmyecTBo
nporeccoB. Mcnonwszys ¢ynknuro MPI Scatter, mepecnate 1mo omaHoMy
YUCTY B KaXIbI Mpoliecc (BKJIIOYas TJIABHBIN) U BBIBECTH B KaXKJIOM ITIPO-
1[eCcCe MOJTYUYeHHOE YUCIIO.

MPI3Coll7. B rimaBaom niporiecce nan Habop u3 3K uucen, rae K — xonmdect-
BO mporieccoB. Ucnonw3ys ¢pynkmuio MPI Scatter, mepecnath mo 3 yucia B
KK/l TIpoliecc (BKJItOYas TJIaBHBINA) M BBIBECTU B KaXKIOM IpoIiecce Mo-
Jy4YEHHbIE YHCIIA.

MPI13Coll8. B riaBaom mporiecce nan Hadop u3 K gucen, rae K — xonmdectso
npoueccoB. He MeHsist MOPsI0K paciioyioKeHUs Yuce B UICXOJAHOM Habope
u ucnonb3ys gynkiuto MPI Scatterv, mepecnaTs o 0JHOMY YHCITY B Ka-
XKIBINA MPOIECC; MPU ITOM MEPBOE YMCIIO HAAO nepecnars B nporecc K — 1,
BTOpOE 4muciio — B mpouecc K — 2, ..., mocnennee uncio — B mporiecc 0.
BriBecTH B KaXI0M IMPOLIECCE MOTYYEHHOE YUCTIO.

MPI3Coll9. B rnaBHom niporiecce aan Habop u3 K(K + 3)/2 nenbix uucen, rae K
— KkoJinuecTtBo TporeccoB. Mcrnonb3ys ¢ynkuuto MPI Scatterv, mepe-
CllaTh B KaXKIbIi TMPOIIECC YacTh YMCeN M3 JAaHHOTO Habopa; mpH 3TOM B
nporecc panra R Hago mepecnats R + 2 ouepennbix uucna (B mporecc 0 —
nepBbIe JIBa YKCIIa, B Tiporiecc 1 — crenyromuye Tpu ducia, u T. 1.). B ka-
’KJIOM TIPOIIECCE BHIBECTH MOJTYUCHHBIC YHCIA.

MPI13Coll10. B rimaBaom npornecce nan Habop u3 K + 2 uncen, rue K — kosu-
yecTBO nporueccoB. Mcnonsizys ¢yukiuo MPI Scatterv, nepecnaTh B kKax-
JIBIH TIPOIIECC TPHU YMCIia U3 IAaHHOTO Habopa; Mpu ATOM B Ipoliecc paHra R
JOJDKHBI OBITH TIEpecianbl uncia ¢ Homepamu oT R + 1 1o R + 3 (B mporiece
0 — mepBbIe TpH ymncia, B TIpoiecc 1 — yuciaa co BTOPOTO MO YETBEPTOE,
U T. 11.). B Kax10M nporiecce BHIBECTH TOTYUYCHHBIE YHCIIA.



98

MPI3Coll11. B xaxmom mporecce AaHO BEMIECTBEHHOE 4Ymcio. Mcmomb3ys
¢bynkmuio MPI_Allgather, nmepecnaTh 3TH 4mclia BO BCE MPOILECCH U BBI-
BECTH UX B KaXKIOM IpoIecCce B MOPSAKE BO3pACTaHMs PaHTOB IEpECiaB-
IIMX UX MPOLECCOB (BKJIIOYAs YHCIO, MTOJIYYEHHOE U3 ITOTO JKe MPoIIecca).

MPI3Coll12. B kaxaoM mpoliecce JaHbl YeThIpE IENbIX 4ncia. Mcmonb3ys
¢bynkmuio MPI_Allgather, nmepecnaTh 3TH 4mclia BO BCE MPOILECCH U BBI-
BECTH MX B KaXXIOM Ipoliecce B MOPSAIKE BO3pACTaHUS PAHTOB IepeciaB-
IIUX UX MPOLECCOB (BKJIIOYAs YHCIIA, TIOTYYESHHBIE U3 ATOTO K€ MPOoIIecca).

MPI13Coll13. B kaxmom mporecce nan Habop u3 R + 2 1enbIx uce, Tae 9uciio
R paBHO panry mporecca (B mporiecce 0 manbl 2 yucnia, B mporecce 1 gaHbl
3 4ucna, uT. 1.). Ucnone3ys ¢yukiuio MPI Allgatherv, nepeciare atu
Ha0OpBI BO BCE MPOLIECCH U BBIBECTH WX B MOPSAJKE BO3pACTaHUSI PAHTOB
MEepeCIaBIINX MX MPOLECCOB (BKIIOYAs YKCIIA, TOJYUYEHHBIE U3 3TOTO KE
npoiiecca).

MPI3Coll14. B kaxxaom mpornecce aan Haoop u3 K gucen, roe K — xonudaecTBo
npoueccoB. Ucnonb3ys ¢ynkuuio MPI Alltoall, mepecnate B Kaxkblii
Ipoliecc MO OJJHOMY YMCITy U3 BCceX HaOopoB: B mpoiiecc 0 — mepBbie unc-
Ja u3 HabopoB, B mporiecc 1 — BTOphIe yKcia, U T. . B kaxaoM nporecce
BBEIBECTH YHCJIa B TIOPSJIKE BO3PACTAHMS PAHTOB MEPECIABIINX WX TPOIEC-
COB (BKJIIOUAsl YUCII0, IOyYEHHOE M3 3TOTO XKeE TMpoIiecca).

MPI3Coll15. B kaxmom npornecce man Habop u3 3K mesbix uucedn, rae K — ko-
audectBo mporeccoB. Mcnonszys dynkimuio MPI Alltoall, mepecnars B
KaXXIBIH MPoIIecC TPU OYEPENHBIX Uncia U3 Kaxaoro Habopa (B mpoiecc 0
— TIEpBbIE TPU UHMCla, B mpoliecc 1 — crieayromiue Tpu 4ucia, u T. 1.). B
Ka)XJIOM TPOIIecCe BBIBECTU UYMCIa B TMOPSAKE BO3PACTaHUS PAHTOB Tepe-
CJIaBIIMX HMX TMPOIECCOB (BKJIIOYAsl YMCia, MOTYYCHHBIE U3 dTOTO K€ MPOo-
1ecca).

MPI3Coll16. B kaxxaom mpouecce aan Hadop u3 K(K + 1)/2 mensix umcen, rae
K — komuuectBo mpoiieccoB. Mcnonwiys pynkuuro MPI Alltoallv, nepe-
CJIaTh B KKIBIM MPOIECC YaCTh YMCEN M3 KaXJA0ro Habopa; MpHU ATOM B
nporecc R gomxHO ObITH TIepecnano R + 1 odepeanoe uncno (B mporecc 0
— TEPBOE YUCIIO KaXJI0T0 Habopa, B nporecc 1 — crnenyromniue aBa 4ucia,
U T. 11.). B Ka)x70M mporiecce BRIBECTH MOTYyUECHHbBIE YHCIIA.

MPI3Coll17. B kaxmom mporecce aan Haoop u3 K + 1 gucna, rae K — komu-
yecTBO mporeccoB. Mcnonb3ys gynkiuto MPI_ Alltoallv, mepecnats B ka-
KIBIH MPOIIECC JIBa YKCIIa U3 KaXKI0ro Habopa; mpu 3ToM B nporiece 0 Hamo
IepeciiaTh IEPBBIC JBa YKMCIIA, B IPOIecC 1 — BTOpOE M TPEThE YUCIIO, ...,
B IIOCJICIHUN TTPOLIeCC — ITOCJICAHME JBA YKCIIa KaKI0To Habopa. B kax-
JIOM TTPOIIECCE BBIBECTH MOJTyUEHHBIC YHCIIA.

MPI3Coll18. B kaxmom mporecce gan Habop u3 K + 1 gucna, roe K — kosu-
yecTBO mporieccoB. Mcnonb3ys gynkiuto MPI_Alltoallv, mepecnats B ka-
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KIBIN MPOLIECC JIBA YMCIIA U3 KaXKJI0ro Habopa; rmpu 3ToM B npouecc 0 Hamo
nepeciarh NOCIEIHUE JBa Yucia, B mporecc 1 — nBa yucia, mpeamecT-
BYIOLLIUX TOCJIETHEMY, ..., B MOCIEIHUN IMpOLIECC — MEPBBIE JIBa 4YMCIA
KaXJI0ro HaObopa. B kaxnom nponecce BBIBECTH NOJTyYEHHbBIE YHCIIA.

12.2. KonnekmusHbie onepauyuu pedykuyuu

MPI13Coll19. B kaxxaom mporiecce aan Hadop u3 K + 5 nenbix uncedn, rae K —
KOJIM4ecTBO npoiieccoB. Mcnonn3ys ¢pynkuuio MPI Reduce mis oneparuu
MPI_SUM, npocyMMUpOBaTh 3JIEMEHTHI IaHHBIX HA0OPOB C OJTHUM U TEM
K€ MOPSAKOBBIM HOMEPOM M BBIBECTH NOJYYEHHBIE CYMMbl B TJIaBHOM
Ipouecce.

MPI13Coll20. B kaxmom mpouecce gan Hadop u3 K + 5 uncen, roe K — kou-
yecTtBO mnporeccoB. Mcmnonb3ys ¢ynkuuio MPI Reduce nns omepanuu
MPI_MIN, naliTu MUHUMANILHOE 3HAYEHUE CPE/IA PJIEMEHTOB JaHHBIX Ha-
OOpOB C OJHUM U TEM K€ MOPSIKOBBIM HOMEPOM W BBIBECTH ITOTYYCHHBIC
MHUHHAMYMEI B TJIABHOM ITIpOIIecCe.

MPI3Coll21. B xaxmom nporecce nan Habop u3 K + 5 mensix gucen, rae K —
KoJInuecTBO mporieccoB. Mcnonwiys ¢pynkuuto MPI Reduce nnst onepanuu
MPI MAXLOC, HaiiTh MakCHUMaldbHOE 3HAYECHHUE CPEAU DJIEMEHTOB JaH-
HBIX HA0OPOB C OJIHUM U TEM K€ MOPSAIKOBBIM HOMEPOM M PaHT Mpolecca,
COJIEpPIKAIlleT0 3TO MaKCUMAJIbHOE 3HaYeHUE. BbIBECTH B rJIaBHOM MPOIEC-
C€ BHaYajie BCE MAKCUMYyMBI, a 3aTEM — PaHTU COAEpKaIluX UX Mpoliec-
COB.

MPI13Coll22. B kaxmom nporecce aan Hadop u3 K + 5 umcen, rae K — komm-
yecTBO mporeccoB. Mcnonw3ys ¢ynkuuio MPI Allreduce mist onepanuu
MPI_PROD, nepeMHOKUTb 371€MEHTHI JAHHBIX HA0OPOB C OAHUM U TEM KE
MNOPSIAKOBBIM HOMEPOM M BBIBECTU IOJIYUYEHHBIE MPOU3BEIEHUS BO BCEX
npoliieccax.

MPI13Coll23. B kaxxaom mpomecce nan Hadbop u3 K + 5 uncen, roe K — xonm-
gyecTBO mpoiieccoB. Mcnonw3ys ¢yakumio MPI Allreduce mnst omeparuu
MPI_MINLOC, HailTu MUHMMAaJIbHOE 3HAYEHHUE CPEIM DJIEMEHTOB JaHHBIX
Ha0OPOB C OJTHUM M TE€M K€ TOPSIKOBBIM HOMEPOM M paHT mpoliecca, co-
JeprKaIiero MUHUMaJIbHOE 3HaueHrue. BBRIBECTH B TJIaBHOM MpoOllecce MHU-
HUMYMBI, 2 B OCTaJbHBIX MPOIIECCAX — PAHTH MPOIECCOB, COJAEPIKAIINX
3TH MUHUMYMBI.

MPI13Coll24. B xaxmom mporiecce aan Habop u3 K nenbix uucen, rae K — ko-
nudecTBO TmporeccoB. Mcmonp3ys ¢ynkmuto MPI Reduce scatter, mpo-
CYMMHUPOBATh 3JIEMEHTHI JaHHBIX HAOOPOB C OJTHUM U TEM K€ MOPSIKOBBIM
HOMEPOM, IepeciaTh M0 OAHOM U3 MOJYYEHHBIX CYMM B Ka)KIbIH IPOLIECC
(nepByto cymmy — B mipotiecc 0, BTOpyto — B nipouecc 1, u T. 11.) ¥ BbIBecC-
TH B KQXKJIOM TIPOIIECCE MOIYICHHYIO CYMMY.
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MPI13Coll25. B kaxmom npouecce nan Habop u3 2K umcen, rune K — xonmdect-
BO mporeccoB. Mcnons3ys dyakumio MPI Reduce scatter, HaliTn mMakcu-
MYMBI CpEIH SJEMEHTOB 3THX HAOOPOB C OJHUM U TEM K€ MOPSAKOBBIM
HOMEPOM, TepeciaTh MO JABa HAWJIEHHBIX MaKCUMyMa B Ka)Jblid MPOIECC
(mepBble JBa MakcuMyma — B nporuecc 0, cienyronye aBa — B npouecc 1,
U T. JI.) ¥ BBIBECTH B KaXJOM IPOIIECCE MOTYyUYEHHBIE TaHHbIE.

MPI3Coll26. B kaxmom npomecce nan Hadop u3 K(K + 3)/2 nenbix umcen, rie
K — konudecTtBo mporieccoB. Ucmonbiys dyukiuo MPI Reduce scatter,
HAaWTH MUHUMAaJIbHBIC 3HAYEHUSI CPEIHU DJIEMEHTOB 3THX HAOOpPOB C OJHHUM
U TeM K€ MOPSIKOBBIM HOMEpPOM M TEepeciiaTh NMEepBbi€ JBa MUHUMYyMa B

nporiecc 0, cienyromue Tpu — B Tporiecc 1, ..., mociaennue K + 1 Muam-
MyMOB — B Tiporiecc K — 1. BeiBecTn B KaXJI0M IpoIiecce IMOTyYeHHbBIC
JTAHHBIE.

MPI3Coll27. B kaxxnom mporecce maH Hadbop u3 K + 5 umcen, rae K — konu-
yecTBO mporeccoB. Mcnonb3ys ¢ynkuuio MPI Scan, naiitu B mpoiecce
paura R (R=0, 1, ..., K— 1) npou3BecHUS 2JIEMEHTOB C OJHUM M TEM K€
MOPSITIKOBBIM HOMEPOM ISl HAOOPOB, JaHHBIX B MpoIleccax ¢ panramMu ot 0
10 R, u BeIBeCTH HalJieHHbIE Mpou3BeAeHus (mpu 3ToM B mporecce K —1
OyIlyT BbIBEJICHBI IPOU3BEACHUS FJIEMEHTOB U3 BCEX HAOOPOB).

MPI13Coll28. B kaxmom nporiecce man Habop u3 K + 5 nenbix uucen, rae K —
KoauuecTBo mporneccoB. Mcnonb3ys ¢pynkuuto MPI Scan, nHaiitu B mpo-
niecce panra R (R=0, ..., K— 1) MakcuMaJlbHbIC 3HAYCHUS CPEIIU JICMCH-
TOB C OJTHUM M TEM K€ TOPSIKOBBIM HOMEPOM 11 HaOOPOB, NaHHBIX B
nporieccax ¢ panramu oT 0 10 R, U BBIBECTH B KaXJOM MPOIIECCE HaMICH-
HBIC MAKCHUMYMBI.

13. lNpoun3BogHble TUMbI U yNakoBKa AaHHbIX

13.1. Ucnonb3oeaHue ripocmeuwux rnpou3eodHbIX muros

MPI4Typel. B rnaBHoMm miporiecce nana K — 1 Tpoiika nensix uucen, rae K —
KOJIMYECTBO IMpoueccoB. Mcnonb3ys MPOU3BOAHBIA THI, COAECPKAIUNA TPU
LEJbIX YMCIIA, U OAHY KOJUIEKTUBHYIO ONEPAIMIO MEPECHUIKU JAHHBIX, Ie-
pecnaTh BCe JaHHbIE U3 IJIaBHOTO MIPOLIECCA B TOAYMHEHHBIE U BBIBECTH UX
B IIOJJYMHEHHBIX NPOLIECCaX B TOM K€ MOPSIKE.

MPI4TypeZ2. B rnaBHoMm mporiecce naHa K — 1 tpoiika uensix uncen, rae K —
KOJIMYECTBO IPOLECCOB. MConb3ys NpoOnU3BOIHBIA THUII, COAEPKALIUN TPU
LIEJIbIX YMCJIA, U OAHY KOJUIEKTMBHYIO ONEPALMIO MEPECHUIKU JaHHBIX, IIe-
peciaTh 10 OJTHOM TPOWKE YUCEN B KOKIbIA U3 TMTOJYUHEHHBIX ITPOILIECCOB U
BBIBECTH MX B IIOJUYMHEHHBIX ITPOLIECCAX B TOM XK€ MOPSIIKE.

MPI14Type3. B kaxaomM MOJIYMHEHHOM MPOIECCE JaHa TPOMKa IEbIX YUCe].
Hcnonb3ys MpOU3BOAHBIA THII, COAEPKAIIMN TPHU LEJbIX YUCIA, U OOHY



101

KOJUICKTUBHYIO OIICPAlHIO ICPCCBUIKU AAHHBIX, IICPCCIIaTh YMUCJia U3 IIOMA-
YUMHCHHBIX ITPOLCCCOB B IJIaBHBIM U BBIBECTH ITOJIYUYCHHBIC YHMCJIa B IMOPAI-
K€ BO3paCTaHMs paHI'OB IICPCCIaBIINX UX ITPOLECCOB.

MPI4Type4. B rinaBaom mporiecce nana K — 1 tpoiika uncen, rioe K — xommde-
CTBO TIPOIIECCOB, MPUYEM IEPBBIC JBAa YUCIA KKIOU TPOUKH SBISIOTCS
[EJBIMHA, @ TPEThE UYUCIO — BEMIECTBEHHBIM. VICIOIB3ysl MPOM3BOIHBIN
THII, COJAEPKAINUNA TPU YHCIIa (1B IEIBIX U OJHO BEIIECTBEHHOE), Mepe-
CJIaTh YMCJIa W3 TJIABHOTO TMpOIlecca B MOJYMHEHHBIC M BBIBECTH WX B ITO/I-
YUHEHHBIX MPOIIECCaX B TOM K€ MOPSIIKE.

MPI4Type5. B rinaBuom nporecce nana K — 1 tpoiika uncen, roe K — konnue-
CTBO ITPOLECCOB, ITPUYEM TIEPBOE U TPETHE YUCIO KAXKIAOU TPOMUKU SABJISIOT-
Cs LUENBIMH, & BTOPOE YHCIIO — BEIIECTBEHHBIM. MCIOJIb3ysl TPOU3BOIHBIN
THUII, COJIEPXKAIMUA TpHU yucia (1leJoe, BEIIeCTBEHHOE, I1IeJIoe), MmepeciaTh
10 OZJHOM TPOMKE YMCEN B KAXKbIM U3 TOJYUHEHHBIX POLIECCOB U BBIBECTH
UX B IIOJJUMHEHHBIX IIPOLECCAX B TOM XK€ MOPSJIKE.

MPI4Type6. B kaxmoM MOJYMHECHHOM TIPOIIECCe TaHbl TPH YHCIIA: OJTHO BEIIle-
CTBEHHOE W JBa 1eNbIX. VIC0JIb3ysd MPOU3BOAHBIN THUM, COAEPKAIIAN TPU
gyucaa (0JHO BEIISCTBEHHOE M JIBa IIEJIbIX), MEpeciiaTh YKClIa U3 TMOIIH-
HEHHBIX MPOIIECCOB B IJIaBHBIA U BBIBECTH IMOJYYECHHBIC YHMCJIA B MOPSIKE
BO3PAacCTaHMsl PAHTOB MEPECIABIINX UX MPOIIECCOB.

MPI4Type7. B kaxaom mpoiiecce JaHbl TPU YUCTIA: IEPBOE U TPEThE SIBISIOTCS
IEJIBIMU, & BTOPOE — BEIIECTBEHHBIM. VCI0NIb3ysl MPOU3BOHBIN THII, CO-
Jepkamui Tpu uncia (11ejoe, BEeIeCTBeHHOE, 11eJI0€), TepeciaTh TaHHbIe
U3 KaXJ0ro mpolecca BO BCE MPOLECCHl M BBIBECTH B KaXKJOM IPOLECCE
MOJIYYCHHBIC YMCIIa B TIOPSAJIKE BO3PACTAHUSI PAHTOB MEPECIIABIINX UX MPO-
11€CCOB (BKJIIOYAs YKCIIA, MOJYUYCHHBIE U3 ATOTO *Ke Mpoiiecca).

MPI4Type8. B kaxaom mogurMHEHHOM Ipoliecce aaHbl R Tpoek uucen, rae R
— paHr nporuecca. /[Ba nepBbIX 4uciaa B KaXI0M TPOUKE SIBISIOTCS LIEbI-
MH, a TIOCJIEAHEEC — BEIIECTBEHHBIM. VICIONMB3ysl MPOM3BOAHBIN THII, CO-
JepKaluil Tpu yucia (1Ba 1esblX U OJTHO BEIIECTBEHHOE), MepeciaTh YnC-
Jla U3 MTOJJYMHEHHBIX MPOLIECCOB B IIABHBIM M BBIBECTH MOJYYEHHbBIC YUCIIA
B MMOPSJIKE BO3PACTAHUS PAHTOB NEPECIABIINX UX TTPOLIECCOB.

13.2. llepecsinka ynakogaHHbIX 0aHHbIX

MPI4Type9. B rnaBHoM mporiecce qaHbl ABa HaOopa: mepBbIi cogepxkut K ie-
JIbIX, a BTopor K BeliecTBeHHBIX yucel, rae K — KoJIM4ecTBO MpoIecCoB.
Ucnone3ys ¢pynkuun ynakosku MPI Pack u MP1 Unpack u ogny xomek-
TUBHYIO OTEPAIUI0 TEPEChUIKH JaHHBIX, MEPECciIaTh BCE JAHHBIC U3 TIIaB-
HOTO TpoIiecca B MOYMHEHHBIC U BBIBECTH UX B TIOJUYMHEHHBIX MPOIIECcax
B TOM JK€ TTOPSIIKE.
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MPI4Typel0. B rnmaBaoM nporiecce nana K — 1 tpoiika uncen, rae K — xomnu-
YECTBO MPOLIECCOB, ITPUYEM MEPBOE U TPETHE YUCIIO KAXKJIOW TPOUKH SIBIIS-
€TCSl IENIbIM, a BTOPOE YHCIO0 — BEIIECTBCHHBIM. Mcmonb3ys GyHKImm
YIAKOBKH M OJHY KOJUIEKTUBHYIO OIEpPAlMI0 MEPECHUIKH JaHHBIX, Mepe-
CJIaTh IO OJHOW TPOWKE YHCEN B MOJAUYUHEHHBIE MMPOLECCH] U BBIBECTH UX B
MOAYMHEHHBIX MPOLIECCAX B TOM K€ MOPSIKE.

MPI14Typell. B rnaBuoMm npouiecce nana K — 1 tpoiika uucen, rae K — konu-
YEeCTBO MPOIIECCOB, MPUYEM TEPBBIEC JIBA YUCIA KAXKIAOU TPOUKHU SBISIOTCS
HEeJIbIMHA, & TPEThE YMUCIO — BEIIECTBEHHbIM. Mcronb3ys GpyHKUMU yma-
KOBKHM U OJIHY KOJUICKTMBHYIO OIEpalMIO MEPEChUIKH JaHHBIX, MEpeciaTh
BCE JJaHHBIC U3 TJIABHOT'O Mpoliecca B MOAYMHEHHbIC U BBIBECTH MX B TOJI-
YUHEHHBIX IIPOIIECCax B TOM K€ MOPSJIKE.

MPI14Typel2. B kaxa10M IMOJIYMHEHHOM TPOIIECCE JaHbl TPH YUCIA: JIBA IEIBIX
U OJHO BellecTBeHHOE. Vcronb3ys (yHKIMH yIAaKOBKU M OJIHY KOJIJICK-
TUBHYIO OTIEPAIMIO MEPECHIIKM JIaHHBIX, MEpeciiaTh YHciia U3 MOJTIUHCH-
HBIX TIPOIECCOB B TJIABHBIA W BBIBECTH IMOJYUCHHBIC YHCIIA B MIOPSIKE BO3-
pacTaHus PaHTOB MEPECIABIINX WX TPOIECCOB.

MPI4Typel3. B kaxa0oM NOJYMHEHHOM Ipoliecce aH HabOop U3 OJTHOTO Bellle-
CTBEHHOT0O M R 1enbIx uucen, e 3HadeHue R paBHO paHry mporecca (B
npouecce | JaHO OJHO ILIEJ0€ YMCIIO0, B MPOLECCe 2 — JIBa LEJBIX YUCIIA,
uT. 1.). Ucnonws3ys (yHKUMM yHNakOBKM M OAHY (YHKIHIO MEepefayu |
npuemMa, repeciaTh BCce JaHHBIC B TJIABHBIN MPOIECC M BHIBECTH ITH JaH-
HBIE B TIOPSIKE BO3PACTaHUS PAHTOB MEPECIABIINX UX MPOIECCOB.

13.3. bornee crioxHble 8ulbl rMPoU38oOHbIX MUros

MPI4Typel4. B rnaBHOM mpoIliecce JaHbl ABa Habopa 1eibix yncell: A pazmepa
3K u N pasmepa K, rie K — koimuecTBO MOIIMHEHHBIX MpolieccoB. Cumn-
Tas, 4TO AJIEMEHTHl HAOOPOB HYMEpYIOTCA OT 1, mepeciaTh U BBIBECTH B
Ka)XI0M IO TYMHEHHOM mporecce panra R (R =1, 2, ..., K) N anemeHToB
u3 Habopa A, HaurHas ¢ 3iemMeHTa Ag U iepedupasi ux 4epe3 OJUH (Halpu-
Mep, ecau N, paBHO 3, TO B IPOILIECC paHra 2 HAJ0 NepeciaTh AIEMEHTHI Ay,
A4, Ag). crionb3oBaTh 11l IEPEChUIKU KaXKI0T0 Habopa 3JIEMEHTOB 10 O/1-
HoMy Bb3OBY ¢yHkimii MPI Send, MPI_Probe u MPI Recv, npuuem
¢bynkuust MPI Recv nomkHa Bo3BpaliaTh MacCuB, COAECPKALIUN TOJIBKO Te€
AJIEMEHTBI, KOTOpbie TpeOyeTcsi BhIBeCTU. JIJist 3TOTO B TJIABHOM IPOIIECcCe
ONPEAECIUTh HOBBIM THII, COAEPkKAIIWKA €IMHCTBEHHBIA LEJIOYNCICHHBIN
AJIEMEHT U JOMOJHUTENbHBIN KOHEUHBIA 1YCHMOU NPOMENCYMOK, PABHBIN
pasMepy ayieMeHTa 1ienoro tuna. Mcnons3oBath B ¢pynkiuu MPI Send uc-
XOJIHbIN MaccuB A ¢ TpeOyeMbIM CMEIIEHUEM, YKa3aB B KAYECTBE BTOPOTO
napaMeTpa KOJIUYECTBO 3JIEMEHTOB, paBHOE Ng, 2 B Kaue€CTBE TPETHErO Ma-
pamerpa — HOBBIN Tumn. B dyakuuun MPI Recv ucnonbs3oBarh 1enouuc-
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neHHbll maccuB pazMepa Ng u tunm MPI _INT. [Ins onpeneneHust koiaude-
ctBa NR TepeTaHHBIX AJIEMEHTOB HCIIOJIH30BATh B MOJYMHEHHBIX MPOIIEC-
cax ¢ynkiuto MPI Get count.

YkasaHue. [ 3amaHus 3aBepiaroIiero mycToro MpoMeXyTKa IIpH OIpe-
neiaeHud HoBoro tuma B MPI-2 crnenmyer wucnonab3oBaTh  (YHKIHIO
MPI Type create resized (B JaHHOM citydae 3Ty (YHKIIMIO HAJI0 MpUMeE-
HuTh K Ty MPI INT). B MPI-1 Hano ucnonab3oBaTh mMemKy HYIe8020
pazmepa tina MPI UB coBmectHo ¢ ¢ynkuueir MPI Type struct (B
crangapte MPI-2 Tunm MPI_UB 00bsiBJIeH yCTapeBIINM).

MPI4Typel5. B riaBHoM mpoliecce AaHa BeIIeCTBEHHAs KBaJipaTHas MaTpHIla
nopsanka K, rme K — KOJIWYeCTBO MOJYMHEHHBIX MPOLIECCOB (MaTpHIla
JIOJKHA XPAHUTHCS B OJJTHOMEPHOM MaccuBe A, B KOTOPOM 3JIEMEHTHI MaT-
pULBI pacroiaralTcs o cTpokam). CuuTasi, 4To CTOJIOLBI MAaTPHUIBI HyMe-
pytoTcst oT 1, mepeciath U BBIBECTH B KaXKJIOM IMOJYMHEHHOM IPOIIECCe
panra R (R=1, 2, ..., K) anemenTsl cTon0na Matpuisl ¢ HomepoM R. Hc-
MOJIb30BaTh M0 0JHOMY BbI30BY PpyHkuuid MPI Send u MPI_Recv, npuuem
¢ynkuusg MPI_Recv nomkHa Bo3Bpaliarh MacCUB, COAECPKAIIUI TOJIBKO Te€
AJIEMEHTHI, KOTOphIe TpeOyeTcs BbIBECTU. [[Ji 3TOro B IJIaBHOM MpoOIEcce
ONPENECTUTh HOBBIM THII, COJICPKAIMN EIUHCTBEHHBIN BEIIECTBEHHBIN
AJIEMEHT U JOTOJHUTEIbHBIA KOHEUHBIN MyCTOU MPOMEKYTOK TpeOyemMoro
pasmepa. Ucnons3oBate B ¢pynkimun MPI Send maccuB A ¢ tpebGyembiM
CMEIIIEHHEM, yKa3aB B KauecTBe BTOporo mapamerpa uucio K (1. e. koim-
YECTBO DJIEMEHTOB B Ka)JIOM CTOJIOIIE), a B KAYECTBE TPETHETO MapamMerpa
— HoBBIM TUT. B dynkimu MPI Recv ucnonps3oBath BeliecTBEHHBIN Mac-
cuB pazmepa K u tum MPI_ DOUBLE.

YkasaHune. CM. ykazanue k 3agaue MPI4Typeld.

MPI4Typel6. B kaxaom U3 MOJYMHEHHBIX MPOIECCOB JIaH CTOJOEI] BEIIeCT-
BEHHOM KBaJpaTHOW MmaTpuilsl nopsaaka K, rae K — konaudecTBo moayu-
HEHHBIX TPOIECCOB, MpuueM B nporecce panra R (R =1, ..., K) cogepxur-
csl cTosioen ¢ HoMepoM R, ecnu cuurtath, 4TO CTONOLBI HyMEpYyrOTCS OT 1.
[lepecnath Bce cTOiOLBI MaTpUIlbl B TJIABHBIA MPOLIECC, Pa3MECTUB UX B
OJTHOMEPHOM MaccuBe A, B KOTOPOM 3JEMEHThl MaTpPHUIbl XPaHATCS IO
CTpPOKaM, W BBIBECTU MOJTYy4YeHHbIH MaccuB A. [ mepechbulkM KaxKIaoro
CTOJOLIa HMCHONB30BaTh MO oOxHOMY BbI30BY ¢yHKkuuid MPI Send wu
MPI Recv, npuuem ¢ynakius MPI Recv nomkna B kadecTBe MepBOro ma-
pametpa conepxarh MaccuB A (c TpeOyeMbIM CMEIIEHUEM), a B KaYECTBE
BTOPOroO napamerpa — 4ucyio 1. st 3T0ro B INIaBHOM MPOLIECCE OIpese-
JIUTh HOBBIM THII, coepxamuil K BeleCTBEHHBIX 3JIEMEHTOB, MOCIIE KaX-
JIOTO M3 KOTOPBIX CJIEAYET MyCTOM MPOMEKYTOK TpedyeMoro pasmepa. Ori-
pezesieHre HOBOTO THIa MPOBECTH B JiBa 3Tala: Ha MEPBOM CO3/1aTh BCIIO-
MOTATENbHBIN THUII, COCTOSIIAM M3 OJHOIO BELIECTBEHHOIO YHCJA U Tpe-
OyeMoro KOHEYHOTO MyCTOro MpOMexyTka (cM. ykazanue k MPI14Typeld),
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Ha BTOPOM — CO3/aTh HA €r0 OCHOBE UTOTOBBIM THUII C IOMOIIBIO (PYHKITUN
MPI_Type contiguous, KOTOpBIH HCIOIB30BaTh B KaueCTBE TPETHETO Ma-
pametpa ¢ynkiuu MPI Recv (dynkmuto MPI Type commit goctaTouHo
BBI3BaTh TOJIbKO it utoroporo tuma). B ¢dyakmum MPI Send mcnonb3o-
BaTh BelllecTBeHHbIM MaccuB pasmepa K u tumn MPI_ DOUBLE.

MPI14Typel7. KonnyecTBO MoguMHEHHBIX TporieccoB K kpaTHO 3 U He mpeBoc-
xonuT 9. B kaxkzoMm npouecce nano uenoe yucio N; Bce uncna N oguHako-
BbI U JISKAT B AuanazoHe oT 3 a0 5. Kpome Toro, B KaxxJ1oM MOAYMHEHHOM
Ipolecce JlaHa IICJIOYMCICHHAs KBajpaTHas maTpuna nopsaka N (670k),
KOTOPYIO CJeAyeT MPpOoYecTh B OJIHOMEpHBIA MaccuB B mo ctpokam. Ilepe-
cJIaTh BCE MAacCUBbI B B TIaBHBIN NpOLIECC M COCTABUTH U3 HUX OJOUHYIO
mampuyy pazmepa (K/3) x 3 (pa3mep ykasaH B 0JI0Kax), paciosiaras OJIOKH
1o cTpokaMm (TepBasi CTpoka OJIOKOB JIOJDKHA COZIEpPKaTh OJOKH, MOTydYeH-
HbIC M3 MpoIeccoB paHra 1, 2, 3, Bropass — u3 mpoieccoB panra 4, 5, 6,
u T. 11.). briounas marpuiia n1omKHa XpaHUTBCS 10 CTPOKaM B OJTHOMEPHOM
MaccuBe A. Mcrnosib30BaTh ISl IEPECBUIKH KaKI0ro Oyoka B mo ogHomy
Bb130BY ¢QyHkuuii MPI Send u MPI Recv, npuuem ¢ynkuus MPI Recv
JIOJDKHA B KauecTBE IMEpPBOro mapamerpa cojep:katbh maccuB A (¢ TpeOye-
MBIM CMEIIEHUEM), a B KAYECTBE BTOPOTro napamerpa — uuciio 1. s sto-
T0 B TJIABHOM TIPOIIECCE ONPEACIIUTh HOBBIM THII, comepkamuid N HabopoB
AJIEMEHTOB, TIPUYEM KAl HAOOp comepuT N IEIbIX YHcell, a MEXIY
HabopaMu pacroiaraeTcs MmycTol MPOMEXyTOK Tpedyemoro pazmepa (pu
OTpeNIeICHMH HOBOTO THIa Mcnojib3oBaTh (yHkiuio MPI Type vector).
VYka3aTh CO3/aHHBII THUI B KadyeCTBE TPEThEro mapameTpa (QYHKIUU
MPI_Recv. B ¢dynkuuu MPI_Send ncnonb3oBaTh 11€109UCICHHBIN MacCUB
B (pazmepa N-N) u Tumt MPI_INT.

MPI4Typel8. KonnuecTBo MoAYMHEHHBIX TIporieccoB K kpatHo 3 1 HE TIpeBOC-
xomuT 9. B rmaBHOM nipoiiecce AaHo 1enoe yucio N, jexaliee B [uana3oHe
oT 3 10 5, u nenouunciennas 0aouHas Marpuna nopsaka (K/3) x 3 (pazmep
yKazaH B Ojokax). Kaxmplii OJIOK TIpeacTaBiIseT COOOW HudiCHempey2oib-
Hyl0 KBaJpaTHyio Marpuiy nopska N. biounyro marpuny cienyer mpo-
YECTh B OJJHOMEPHBINA MaccuB A 1o cTpokam. Ilepecnarh B KaxIblil TOAYHU-
HEHHBII MpolleCC HEHYJEBYIO YacTh COOTBETCTBYIOIIETO OJ0OKa MCXOJIHOMN
MaTpHIlbl, iepedupast OJ0KHU 1Mo cTpokaM (OJIOKK U3 MEePBOU CTPOKH JOJIK-
HBI MIepechbUIaThCs B Mpoliecchl panra 1, 2, 3, 6J10KU U3 BTOPOMl CTPOKU — B
npouecchl panra 4, 5, 6, ¥ T. 1.), ¥ BBIBECTU B KaXXJIOM MOAYMHEHHOM MPO-
1ecce MoJly4eHHbIe JaHHble (1Mo cTpokam). Mcnonp30BaTh Al MEPECHUIKH
Kaxoro OJioka 1mo ogHoMy BbI3oBY (yHkumi MPI Send, MPI_Probe u
MPI_Recv, npuuem ¢pynkuus MPI Send nomxna B kauecTBe mepBoro mna-
pameTpa conepkath MaccuB A (C TpeOyeMbIM CMEIICHHEM), a B Ka4eCTBE
BTOPOro napamMerpa — 4ucio 1. /{ns 3Toro B rimaBHOM mpoLecce onpene-
JUTh HOBBIA THT, coiepkamuii N HaOOpOB AJIEMEHTOB, MPUYEM KaXKIIbIH
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Ha0Op COAEPKUT HEHYJIEBYIO YaCTh OUEPEIHON CTPOKH OJI0Ka (IIepBbIi Ha-
O0p COCTOUT U3 OJHOTO JIEMEHTa, BTOPOW U3 JBYX, U T. 1.), & MEXKIY Ha-
Oopamu pacronaraeTcsi MycToil MPOMEXYTOK Tpebyemoro pasmepa (mpu
OTIpeeICHNN HOBOTO THIA MCTOb30BaTh GyHKIMi0 MPI Type indexed).
VYka3aTh CO3JaHHBIA THUI B KayecTBE TPEThEro mapaMerpa (QyHKIUU
MPI_Send. B ¢pynkunn MPI_Recv ucnonbp3oBaTh 11€109MCICHHBI MacCHB
B (comepskamuii HEHyJIeBYIO 4acTh mojiydeHHoro 0so0ka) u tun MPI INT.
JIns onpeneneHus KOJWYECTBAa MEPEJAaHHBIX 3JIEMEHTOB HCHOJb30BaTh B
nouMHEeHHbIX npoteccax pynkuuo MPI Get count.

MPI4Typel9. KonmruecTBo moAYMHEHHBIX TpoiteccoB K kpaTHO 3 1 HE TPeBOC-
xomuT 9. B kaxkziom mpouiecce npano uesnoe yuciao N; Bce uncna N oguHako-
BbI U JIEKaT B Auarna3oHe oT 3 10 5. KpoMe Toro, B KaX/10M NOJYMHEHHOM
IpOLECCE JAaHO LEJN0E YUCIO P 1 HEHyJIEeBbIE AJIEMEHTHI LEI0YHCICHHON
kBajapatHoi MaTpuibl nopsaka N (Z-610xa), KOTOpyIO cieqyeT MpoYecTsh B
oJlHOMepHBI MaccuB B mo crpokam. HeHyseBbie 351eMeHTHI pacnosiararoT-
cs B Z-01oke B (popMe CUMBOJA «Z», T. €. 3aHUMAIOT MEPBYIO U TOCIIE-
HIOIO CTPOKY, a Takke Mo00UHyI0 AuaroHans. OnpeneianTs B TIaBHOM MPO-
LeCCEe HYJIEBYIO IIEJIOUYHMCICHHYIO MPSMOYTOJIbHYI0O MATpHUIy pa3mepa
N-(K/3) x 3N, co3maB ais 3TOro OJHOMEPHBI MaccHB A W OOHYJIUB €ro
ANIEMEHTHI (KOTOPBIE TOJHKHBI XpaHUThHCS B MaccuBe A o ctpokam). Ilepe-
Oupasi MOJUYMHEHHBIE TTPOLIECCHI B TIOPSIKE BO3PACTAHUSI MX PAHTOB, MEpe-
CllaTh M3 KaXJO0Tr0 MOJAYMHEHHOTO TMpoIlecca JaHHYI0 B HEM HEHYJIEBYIO
4acTh Z-0J0Ka U 3amucath MOJYYCHHBIA OJIOK B MacCUB A, HauMHas C 3Jie-
MeHTa MaccuBa A ¢ uajaekcoM P (ro3uiiuu Z-6J10KOB MOTYT TIEPEKPHIBATh-
Csl; B 3TOM CJIydae 3JIE€MEHTHI OJIOKOB, OJYYEHHBIX U3 MIPOLIECCOB OOJIbIIIE-
ro pasra, OyayT 3aMeHATb HEKOTOpbIE M3 JIEMEHTOB paHee 3alMCaHHBIX
6110k0B). Mcrmonb3oBaTh AJiS MEPECHUIKM HEHYJIEBOW YacTH Kaxaoro Z-
6ioka mo omHomy BbBOBY ¢yHkiuid MPI Send m MPI Recv, mpuuem
dbynkus MPI Recv nomkHa B KauecTBe MEPBOrO mapameTpa CoJepkKaTb
MaccuB A (c TpeOyeMbIM CMEIIEHHEM), a B Ka4eCTBE BTOPOrO MapameTpa
— yucno 1. [ 3Toro B TJIaBHOM TPOIECCE ONMPEASTUTh HOBBINA THII, CO-
nepxxamuii N HaOOpOB 3J1€EMEHTOB, MpUYEM NEPBBIA U MOCIETHUN HAOOP
comepskat mo N eibIX 9ucel, OCTalbHbIe HAOOPHl — M0 OJHOMY YHCIY, a
MeX 1y HabopaMmu pacrojiaraercsi mycToi MpOMeXyTOK TpedyemMoro pazme-
pa (mpu OmpeneNeHWH HOBOTO THMA  HCIOJNB30BaTh  (PYHKIIHIO
MPI Type indexed). Yka3aTh co31aHHBIN THI B KQ4ECTBE TPETHETO IMapa-
metrpa ¢pyakuuu MPI Recv. B ¢ynkiuun MPI Send ucnonbs3zoBath 1eno-
YHCIIEHHBIA MaccuB B, coneprkamiuii HeHyeBy0 yacTh Z-0j0Ka (1o cTpo-
kam), u Turt MPI_INT.

YkasaHue. [l mepenadyn B TJIaBHBIA TpoIiecc MO3UIMH P BcTaBku Z-
0J10Ka MCTIONB3YITE mapaMeTp Msgtag; AJist STOTO B MOYMHEHHBIX MPOIIEC-
cax 3amaBaiiTe 3HaueHne P B kauecTBe mapamerpa Msgtag QyHKIMU
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MPI_Send, a B rmaBHOM miporiecce A0 BbizoBa (pyHkmuu MPI Recv BbI3BI-
Baiite pynkuuto MPI Probe ¢ mapamerpom MPI ANY TAG u anamusu-
pyiiTe BO3BpalleHHbIN ero mapameTp tumna MPI_Status.

MPI14Type20. KonnyecTBo moguuHeHHBIX TporieccoB K kpaTHO 3 U He mpeBoc-
xonut 9. B kaxkzoMm npouecce nano uenoe yucio N; Bce uncna N oguHako-
BbI U JICKAT B Auana3oHe oT 3 a0 5. KpoMe Toro, B KaJ10M MOJYUHEHHOM
IpoLecCe JAHO LIEJ0€ YUCIO P M HEHYJEBBIE 3JIEMEHTHI LIEIOYHCICHHON
kBagpatHor MaTpullbl opsinka N (U-610xa), KOTOpYIO ClieyeT mpodyecTh B
OJTHOMEpPHBINA MaccuB B mo crpokaM. HeHyseBble 371€MEHTHI pacroaararoT-
csi B U-6110ke B popme cumBona «Uy, T. €. 3aHUMAIOT NEPBBIN U MOCIEAHUM
CTOJIOCI], a TaKXe MOCIEIHIO CTPOKY. OnpeaenuTh B TIaBHOM Ipoliecce
HYJIEBYI0  LEJIOYHUCICHHYI0  MPSMOYIOJbHYIO  MaTpuily  pa3Mmepa
N-(K/3) x 3N, co3maB i1 3TOro OAHOMEpHBIH MaccuB A M OOHYJHUB €ro
3JIEMEHTHI (KOTOpbIE JOJDKHBI XpaHUThCS B MaccuBe A 1o ctpokam). [epe-
Oupasi MOJYUHEHHBIE IPOLIECCH B TOPSAKE BO3pACTaHUSI X PAaHIOB, Iiepe-
CJIaTh M3 KaXJO0ro MOJYMHEHHOTO MpOolLiecca JAHHYI0 B HEM HEHYJIEBYIO
yacTh U-0110Ka 1 3anucaTh MOJTy4YeHHBIN 00K B MaccuB A, HaUuuHas C 3Jie-
MeHTa MaccuBa A ¢ unaekcom P (mo3unmn U-0J10KOB MOTYT MEpEKphIBATh-
Csl; B 3TOM CJIy4ae 3JIEMEHTHI OJIOKOB, MOJYYEHHBIX U3 MPOLIECCOB OOJIbIIIE-
ro paHra, OyJIyT 3aMEHATh HEKOTOPBIE U3 AJIEMEHTOB paHEE 3aIMHCAHHBIX
0s10k0B). Mcnonp30BaTh 111 MEPECBUIKM HEHYJIEBOM 4YacTh Kaxuoro U-
omoka mo ogHomy BbIBOBY (QyHkuuid MPI Send m MPI Recv, npuuem
dbynkuuss MPI Recv momkHa B KauecTBe MEPBOTO MapaMmeTpa COJEpKaTh
MaccuB A (c TpeOyeMbIM CMEIICHHEM), a B Ka4eCTBE BTOPOTO Iapamerpa
— yycno 1. [ 3Toro B IJIaBHOM NPOILIECCE ONPEAEIUTh HOBBIM THII, CO-
JepKamuii TpedyemMoe KOJIM4eCTBO HAOOPOB AJIEMEHTOB C MYCTHIMU TPO-
MEXYTKaMHU MEXIy HUMHU (IIPU OINpeAeSIeHUH HOBOTO THIIA HMCIOJIb30BATh
dbynkuuro MPI Type indexed). VYka3zarh coO3maHHBIA THUI B KadecTBE
TpeTthero napamerpa ¢pynkuun MPI Recv. B pynkiun MPI_Send ncnonb-
30BaTh LIEJIOYUCIIEHHBIN MaccuB B, comepxanuii HeHyneByro vacth U-
osioka (o crpokam), u Tumt MPI_INT.

YkasaHue. Cu. ykazanue k 3agaue MPI14Typel.

13.4. KonnekmusHas ¢pyHkyus MPI_Alltoallw (MPI-2)

MPI4Type2l. Pemuts 3agaay MPI4TypelS, ucnonb3ys Ajis nepechlIKA JTaH-
HbIX BMecTo pyHkimit MPI Send u MPI Recv oiHy KOMIEKTUBHYIO OIle-
pauuio.

YkasaHue. Hcnonb30BaTh QPyHKIIMU TPYIIBI Scatter He yaacTcs, TaK Kak
3HAYEHUs] CMEIICHUN ISl PacChUIaeMbIX 3JIEMEHTOB (CTOJIOIOB MAaTpPHUIIbI)
TpeOyeTcs yKa3blBaTh HE B JIEMEHTaX, a B 6atimax. [1o3ToMy nmoaxoasuimm
BapuantoM Oyner BBeneHHas B MPI-2 ¢ynkuus MPI Alltoallw, nmo3so-
Jsfoias Hanbosiee THOKMM 00pa3oM HacTpamBaTh BapUaHT KOJUIEKTUBHOM
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NEepechlIKU. B 1aHHOM ciydae ¢ ee HOMOIIBIO CIeAyeT peann30BaTh Bapu-
aHT paccbUIKM BHaa Scatter (mpu 3TOM OOJNBIIMHCTBO MapaMeTpOB-
MAacCCHBOB, HUCIOJIb3YEMbIX B 3TOH (PyHKIIMU, HEOOXOAUMO MO-Pa3HOMY OII-
penensaTh B TTIaBHOM U MOJTYUHEHHBIX MPOIIECCax).

MPI4Type22. Pemuts 3agaay MPI4Typel6, ucnons3ys s NepechbUIKH JaH-
Heix BMecTo pynkuuid MPI _Send u MPI Recv oaHy KOIIEeKTUBHYIO Orie-
parmro.

YkasaHue. Cm. ykazanue k 3amade MPI4Type21. B nanHoM citydae ¢ 1mo-
Mmoo hyakiuu MPI Alltoallw cnenyer peanu3oBaTh BapuaHT PacChUIKH
Buaa Gather.

14. 'pynnbl NPOLECCOB U KOMMYHUKATOPDI

14.1. Co30aHue HO8bIX KOMMYHUKamopos

MPI5Comm1. B rimaBHOM mporiecce naH Habop u3 K menbix gucen, rae K —
KOJIMYECTBO MpolieccoB uetHoro panra (0, 2, ...). C nmomomibio QpyHKIUH
MPI_Comm_group, MPI Group incl u MPI Comm_create co3gath HO-
BbIIl KOMMYHHUKATOP, BKJIFOYAIOIIUI MPOIECCHl YeTHOTO paHra. VMcnonb3ys
OJIHY KOJUICKTUBHYIO OIEpPAIMIO TEPEChUIKH JaHHBIX JIS CO3JaHHOTO
KOMMYHHUKATOpa, epeciiaTh M0 OJHOMY UCXOJIHOMY YHUCITY B KaXIblid MPO-
I[IECC YETHOTO paHTra (BKJIIOYasi TJIAaBHBIN) U BHIBECTH MOJTYyUYEHHBIC YHCTIA.

MPI5Comm2. B kaxnom mporiecce HedeTHoro panra (1, 3, ...) maHbl JBa Be-
mecTBeHHbIX yucia. C  momompro  ¢ysknmii  MPI Comm group,
MPI_Group excl u MPI_Comm create co3gaTh HOBBI KOMMYHHUKATOP,
BKJTFOYAIOIIMI MPOIEeCChl HEYETHOTO paHra. Mcnonb3yst OHy KOJUIEKTHB-
HYIO OTIEpAIMIO MEePEChUIKU JAHHBIX JIJIsl CO3JaHHOTO0 KOMMYHHMKATOpa, Ie-
pecnaTh UCXOJIHbIC YKCJIa BO BCE MPOIIECChI HEUETHOI'O pPaHTra W BHIBECTH
ATU Yuclia B TIOPSAKE BO3pPACTAaHMsI PAHTOB IMEpPECciaBIIMX UX MPOLECCOB
(BKJIFOYAs YMCJIa, MOJYYEHHBIE U3 ATOTO K€ MPOoIecca).

MPI5Comm3. B kaxmoM mpoiiecce, paHr KOTOPOro JENHUTCs Ha 3 (BKItOuas
TJIaBHBIM TIpOIecC), NaHbl Tpu nensix yucia. C momomipio (QyHKIWUU
MPI_Comm_split co3aarb HOBbIE KOMMYHHUKATOpP, BKJIFOYAOUIMN MPOLIEC-
CBI, paHT KOTOPBIX AenuTcs Ha 3. Mcmonb3ys o/Hy KOJUIGKTHBHYIO Omepa-
U0 TIEPECHUTKH JAaHHBIX JJISI CO3IAHHOTO0 KOMMYHHUKATOpa, MepeciaTh Mc-
XOJIHBIE YHCJIa B TJIABHBIM MPOIECC U BBHIBECTU ATH YHCIIA B TIOPSAIKE BO3-
pacTaHusi paHTOB MEPECIABIIUX UX MPOIECCOB (BKIIOYAS YUCIIA, TOTyYeH-
HbI€ U3 TJIaBHOTO Ipoliecca).

YkasaHue. Ilpu BeizoBe ¢ynkuuu MPI_Comm_split B mporieccax, koto-
peic He TpeOyeTcs BKIIOYATh B HOBBIM KOMMYHHKATOpP, B Ka4eCTBE IMapa-
meTpa color cieayer ykaswsiBath koHcTanty MPI_UNDEFINED.
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MPI5Comm4. B kaxaom mpoiiecce YeTHOTO paHra (BKJIIOuYas TJIABHBIM Mpo-
1[eCC) 1aH Habop U3 TPEX IEMEHTOB — BEIIECTBEHHBIX uKceln. Mcnonb3ys
HOBBIF KOMMYHHKATOP W OJIHY KOJUISKTHBHYIO OIEPALIUI0 PEAyKITNH, Hal-
TH MUHUMAJIbHbIE 3HAYEHUS! CPEU DJIEMEHTOB MCXOJHBIX HAOOpPOB C O/I-
HUM U TE€M K€ MOPSIIKOBBIM HOMEPOM U BBIBECTH HalJIEHHbIE MUHUMYMBI B
rJIaBHOM Tipouecce. HoBblii KOMMYHUKATOP CO3/1aTh C MOMOIIBIO (DYHKITUN
MPI_Comm_split.

YkasaHue. Cum. ykazanue k 3agauye MPI5Comma3.

MPISComm5. B kaxaom mporiecce JaHO BelIeCTBEHHOE uuciio. Mcmonb3ys
¢ynkuio MPI Comm_split 1 0/IHy KOJUIEKTUBHYIO OTIEpAIUIO PEAYKIINH,
HAaWTH MaKCUMaJbHOE W3 YHCEJN, JaHHBIX B MPOIECCAaX C YETHBIM PAHTOM
(BKJTFOUAs TIIABHBIN TMPOIECC), © MUHUMAJILHOE W3 YHCEII, TaHHBIX B IMPO-
1eccax C HEYETHbIM paHroMm. HalileHHBbII1 MAaKCHUMYM BBIBECTH B MPOILIECCE
0, a HailIeHHBIN MUHUMYM — B Tipo1iecce 1.

YkasaHue. [Iporpamma J0KHA COJEPXKATh €IUHCTBEHHBIH BBI30OB (DYHK-
i MPI1_Comm_split, co3natomuii 00a TpeOyemMbIX KOMMyHHKaTopa (Ka-
KJIbI B COOTBETCTBYIOIIEH TPYIIIE MPOIECCOB).

MPI5Comm6. B rmaBHOM miporiecce maHo menoe uucino K u Habop u3 K Bere-
CTBEHHBIX YHCEN, B KQKIOM MMOJYMHEHHOM IpoIlecce AaHo 1enoe yuciio N,
KOTOpOE€ MOKET MpUHUMATh JBa 3HaueHus: 0 u 1 (KoaM4ecTBO MOIYMHEH-
HbIX nporieccoB ¢ N = 1 paBuo K). Ucnons3ys pynkuo MPI Comm_split
U OJIHY KOJUIEKTUBHYIO OINEpAINIO MEPEChUTKH JaHHBIX, TIEpecaTh MO OJI-
HOMY BEIIECTBEHHOMY YHCITy U3 TJIABHOTO TPOIECCa B KaXKIbIA MO TYNHEH-
HbI Tportecc ¢ N = 1 ¥ BBIBECTH B 3THX MOAYMHECHHBIX TPOIIECCax TMOJTy-
YEHHBIC YUCIA.

YkasaHue. Cu. ykazanue k 3agaae MPI5Comma3.

MPI5Comm7. B kaxxmom mporiecce 1aHo 1enoe anuciao N, KoTopoe MOXKET IpH-
HUMaTh JBa 3HaueHus: 0 u 1 (uMeercss xoTs Obl oamH mporecc ¢ N =1).
Kpome toro, B kaxaom mporecce ¢ N =1 maHo BemiecTBeHHOE 4Hclio A.
Ucnonb3ys pynkuuo MPI Comm_split 1 01HY KOJUIEKTUBHYIO OTI€paIUIO
MIEPECHUIKU JIaHHBIX, MepeciaTh yrciia A B iepBbiid u3 mipoieccoB ¢ N =1 u
BBIBECTU UX B MOPSJIKE BO3PACTAHHS PAHTOB MEPECTIABIINX MX MPOIECCOB
(BKITFOUAS YMCIIO, TIOJTyYEHHOE U3 ATOTO KE MPOoIecca).

YkasaHue. Cu. ykazanue k 3agaae MPI5Comma3.

MPI5Comma8. B kaxxaom mporiecce JaHo 1eioe yuciao N, KoTopoe MOXKeT IpH-
HUMaTh ABa 3HadeHus: 0 u 1 (uMeercss xots Obl oamH mporecc ¢ N =1).
Kpome toro, B kaxaom npouecce ¢ N =1 gaHo BeliecTBeHHOE 4Hciio A.
Ucnonb3ys pynkuro MPI Comm_split 1 01Hy KOJUIEKTUBHYIO OTIEpalrio
MEepPEeChbUIKM JaHHBIX, MepeciaTh uucia A B TOCIEAHUN W3 MPOILECCOB C
N =1 u BbIBeCTM HUX B MOPSIKE BO3pPACTAHUSI PAHTOB MEPECIABIINX HX
MPOIIECCOB (BKJIIOYAs YUCIIO, TOJYYEHHOE U3 ATOTO e MpoIiecca).
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YkasaHue. Cu. ykazanue k 3agaae MPI5Comma3.

MPISComm39. B kaxaom mporiecce gaHo 1enoe 9uciao N, KoTopoe MOXKET MpH-
HUMaTh 1Ba 3HaueHus: 0 m 1 (mMeercs xots Obl oamH mporece ¢ N =1).
Kpome toro, B xkaxzaom mpouecce ¢ N =1 maHo BemecTBeHHOE 4ucio A.
Ucnone3ys pynkuuo MPI Comm_split u 01HY KOJJIEKTUBHYIO ONIEPAIIUIO
MEePEChUTKH JTaHHBIX, MepeciaTh uuciaa A Bo Bce mporecchl ¢ N = 1 1 BBI-
BECTH HMX B IOPSAJKE BO3PACTAHHS DPAHTOB IEPECIABIIMX HX IPOIECCOB
(BKJIFOYAST YUCJII0, TIOJYUYEHHOE U3 ATOTO XKe IIpoIriecca).

YkasaHue. CM. ykazanue k 3agaue MPI5Comma3.

MPISComm10. B xaxaoMm mporiecce gaHo I1ieioe uucio N, koTopoe Moxer
OpUHUMATH JiBa 3HaYeHUs: 1 u 2 (uMeetcs XOTs Obl OJUH MPOIECC C Kax-
JIBIM U3 BO3MOXKHBIX 3HaueHui). KpoMme Toro, B KaxjaoM Ipoliecce JaHO
uenoe unciao A. Ucnons3ys pynkmuio MPI Comm_split u ogHy KoJuiek-
TUBHYIO OIIEpAllMI0 TEPEChUTKH JAHHBIX, MEpPEeCciaTh 4uciia A, JaHHBIC B
npoueccax ¢ N =1, Bo Bce npoueccsl ¢ N = 1, a yucna A, 1aHHbsie B IIpoO-
neccax ¢ N =2, Bo Bce mpoueccel ¢ N =2. Bo Bcex mpoleccax BbIBECTH
MOJTYYCHHBIC YHCIIa B TTOPSIIKE BO3PACTAHUS PAHTOB MEPECIABIINX UX TPO-
11€CCOB (BKJIIOYAs YUCIIO, TOJIYYEHHOE U3 3TOTO K€ MPOIECcca).

YkasaHue. CM. ykazanue k 3agaue MPI5Commb.

MPI5Comm11. B kaxmoM mporiecce AaHo menoe uncio N, KoTopoe MoxKeT
npuHUMaTh JBa 3HaueHus: 0 u 1 (umeetcst xoTs 0wl ouH mporece ¢ N = 1).
Kpome toro, B xaxaom mpouecce ¢ N =1 naHo BemecTBeHHOE 4ucio A.
Ucnions3ys pyukmuo MPI Comm_split u 01HY KOJIJIEKTUBHYIO OTIEpPaIIUIo
PEAYKIINHU, HAUTU CyMMY BCEX MCXOJHBIX uncel A U BBIBECTH €€ BO BCEX
npoueccax ¢ N =1.

YkasaHue. Cu. ykazanue k 3agade MPI5Comma3.

MPI5Comm12. B kaxmoMm mporiecce AaHo menoe uucio N, KoTopoe MoxKeT
MPUHUMATH JABa 3Ha4eHUs: | u 2 (MMeeTcs XOTs Obl OJIMH MPOIeCC ¢ Kak-
IBIM U3 BO3MOXHBIX 3HadueHuil). KpoMe Toro, B KaxaoMm mpoiiecce JAaHO
BemectBeHHoe unciao A. Ucnonw3ys ¢pynkuuo MPI Comm_split u ogny
KOJUICKTUBHYIO OTICPAIlUI0 PEAYKIIUU, HAUTH MUHUMAJILHOE 3HAYCHHE Cpe-
u uucen A, kotopsie aanbl B mporeccax ¢ N = 1, 1 MakcuMaabHOE 3Haue-
Hue cpeau yucen A, KoTopbie nanbl B nporeccax ¢ N = 2. Halinenusiit Mu-
HUMYM BBIBECTH B mporieccax ¢ N = 1, a HalilecHHBI MaKCUMyM — B TIPO-
neccax ¢ N = 2.

YkasaHue. Cu. ykazanue k 3agaae MPI5Commb.

14.2. BupmyarnbHbie morosoauu

MPI5Comm13. B rmaBHoM mporiecce nano meioe yucio N (> 1), npuyem u3-
BECTHO, 4TO KosinuecTBO npoueccoB K nenurcs va N. Ilepecnats uncno N
BO BCE MPOILIECCHI, TTOCIe Yero, ucnoib3ys ¢hynkuuo MPI Cart create, on-
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PEAEINUTD 71 BCEX IIPOLECCOB JEKAPTOBY TOIOJIOTHIO B BUJIC IBYMEPHOU
pemeTkn — Matpuilsl pazmepa N x K/N (mopsimox Hymepaiuu mporeccoB
octaBuTh mnpexxuum). Ucmonbdys ¢ynkumio MPI Cart coords, BeiBecTu
JUTSL KaXKA0T0 IPpOoLecca €r0 KOOPAUHATEL B CO31aHHOM TOIIOJIOTUU.

MPI15Comm14. B rnaBaom mporiecce mano menoe unciao N (> 1), He mpeBocxo-
nsmee xkonumdecta mporeccoB K. Ilepecnats uncino N Bo Bce mporiiecchl,
MOCJie Yero OMpEJCNUTh JEKAPTOBY TOMOJOTHIO NJs Ha4dallbHOM dYacTu
IPOIIECCOB B BHJIE ABYMEPHOH pemetkrn — MaTpuiel pazmepa N x K/N
(cuMBOI «/» 0003HAYAET OMEPALIUIO JICTICHUSI HALIETO, MTOPSIOK HyMepaluu
MPOLIECCOB CIIETYET OCTaBUThH MPEKHUM). [[Isi Kakioro mporecca, BKIIO-
YEHHOTO B JIEKAPTOBY TOIOJIOTHIO, BBIBECTH €TI0 KOOPAMHATHI B ATOU TOIO-
JIOTHH.

MP15Comm15. Yucno npoueccoB K sBnsiercss yetHpiM: K = 2N, N> 1. B mpo-
neccax 0 u N 1aHo no ogHOMy BenlecTBeHHOMY unciay A. OnpenenuTs 1
BCEX IPOLIECCOB JEKAapTOBY TOIMOJIOTHIO B BUAE MaTpulbl pazmepa 2 X N,
nocne 4yero, ucnonbdys ¢ynkuuto MPI Cart sub, pacmienuts MaTpuily
MIPOLIECCOB Ha JIBE OJJHOMEPHbIE CTPOKH (rpu 3ToM mporecchl O u N OyyT
IJIABHBIMHM TPOIIECCAMU B TOJYYEHHBIX CTpokax). Mcmonb3ys oaHy KoOJ-
JIEKTUBHYIO ONEpalUIO MEPEChIKN JTaHHBIX, IIepeciaaTh 4uciao A u3 rias-
HOTO TIpoIlecca Ka)I0H CTPOKM BO BCE MPOIIECCH ATOW K€ CTPOKU U BHI-
BECTH IMOJYYSCHHOE YUCIIO B KAKIOM mporiecce (Bkitovast mporecchl 0 u N).

MPISComm16. Yucno npoueccoB K siBisierca yetHbiM: K = 2N, N > 1. B mpo-
neccax 0 u 1 naHo no ogHoMy BeniecTBeHHOMY unciy A. OnpenenuTs s
BCEX MPOIIECCOB JCKApTOBY TOIMOJIOTHIO B BUAE MaTpullbl pazmepa N X 2,
nocie 4ero, ucnosb3ys ¢ynkinuo MPI Cart sub, pacmenuts Marpuiry
MPOLIECCOB Ha JIBA OJHOMEPHBIX cTOJ0LA (1pu 3ToM nponecchl 0 u 1 OynyT
TJIaBHBIMU TIPOIIECCaMU B MOJYYEHHBIX CTOJONAX). Mcrnonb3yst oqHy KOJ-
JICKTUBHYIO OTEpaIMIO MEePEChIIKMA aHHBIX, TIepeciaaTh 4ucio A U3 TiaB-
HOT'O Tpolecca KaKAoro cTosilla BO BCE MPOLECCHl 3TOTO K€ CToJIona 1
BBIBECTU TOJIYYCHHOE YHCIIO B Ka)XXIOM Ipoiiecce (BKirovas mporecchl 0
ul).

MPI5Comm17. Yucno nporeccoB K kpatHo Tpem: K =3N, N> 1. B mpomec-
cax 0, N u 2N mano o N mensix uncen. OnpeaeauTsb Al BCEX MPOIECCOB
JIEKapTOBY TOMOJIOTHIO B BUJIe MaTpullbl pasmepa 3 X N, mocie yero, uc-
nonb3ys pyHkuuio MPI Cart sub, pacuienuts MaTpuily npoiueccoB Ha TpU
onHomepHbie cTpoku (mpu 3ToM mporiecchl 0, N u 2N OyayT riaBHBIMH
MpolleccaMy B TOJYYEHHBIX CTpokax). VMcmonb3ys OHY KOJIJICKTUBHYIO
OTIepaIlI0 TIEPECHUIKN JTAaHHBIX, MepeciaTh M0 OJHOMY HCXOAHOMY YHUCITY
U3 TJIABHOTO TIPOIecca KaXKI0M CTPOKH BO BCE MPOIIECCHI ITOU K€ CTPOKU U

BBIBECTH TMOJIYYEHHOE YHCIIO B KaXJ0M Tpoliecce (Bkirouas npouecch 0, N
u 2N).
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MPI5Comm18. Yucno nporeccoB K kpatHo Tpem: K = 3N, N> 1. B mpomec-
cax 0, 1 u 2 mano mo N menbix uncen. Onpenenutsd sl BCEX MPOIECCOB
JIeKapTOBY TOTOJOTHIO B Bue MaTpullbl pazmepa N X 3, mocne yero, uc-
none3ys ¢yakiuio MPI Cart_sub, paciienuts MaTpHIly MpoLeccoB Ha TpU
OJTHOMEPHBIX cTOJONa (mpu 3ToM mporecchl 0, 1 u 2 OyayT IIaBHBIMU
IpoIeCCaMy B TOJIYYCHHBIX CTOJ01ax). Mcmonb3ys oHy KOJUICKTHBHYIO
OTIepaIfio MEPEChUIKH JaHHBIX, TIepeciaTh MO OAHOMY HCXOJHOMY UYHUCITY
U3 TJABHOTO TIpoIecca Ka)JI0ro CTOJIONa BO BCE MPOIECCHI ATOTO JKE
CTONOIIa M BBIBECTH IOJYYCHHOE YHUCIO B KaKIOM Tpoliecce (BKItoUas
nporteccel 0, 1 u 2).

MPISComm19. KomuuectBo nporieccoB K paBHo 8 miam 12, B KaXK10M mporiec-
ce JIaHo 1enoe yncio. Onpenenurs Ui BCEX MPOLIECCOB IEKAPTOBY TOIO-
JIOTHIO B BUJE TPEXMEPHOH pemeTku pa3mepa 2 x 2 x K/4 (mopsimok Hyme-
pauuu IpoLeccoB OCTABUTH MPEKHUM). IHTEprpeTupys 3Ty peleTKy Kak
JIB€ MaTpulibl pazMepa 2 X K/4 (B olHy MaTpUIly BXOJAT MPOIIECCHI C O/IU-
HaKOBOW NEPBOM KOOPAMHATOMN), pACUIENUTh KaXAYI0 MATPUILY MPOIECCOB
Ha JIB€ OJJHOMEpPHbIE CTPOKHU. Mcronb3ys OHY KOJUIEKTUBHYIO OIEpaLIUIO
MEPECHUTKH JAaHHBIX, NEpeciiaTh B TJIABHBIA MPOLIECC KAXKIOM CTPOKU HUC-
XOJIHbIE YMCJIA U3 TPOLECCOB 3TOM K€ CTPOKH U BBIBECTH IOJIyYEHHBIE Ha-
O0pbI uKcen (BKIIOYas YUCIia, MOTYyYEHHbIE U3 TJIaBHBIX IPOLECCOB CTPOK).

MPI5Comm20. KomraectBo nporeccoB K paBro 8 mimm 12, B KaK10M IIpoIiec-
ce maHo 1enoe uncio. OmpeaenuTs A BCeX MPOIECCOB JEKAPTOBY TOMO-
JIOTHIO B BUJIE TPEXMEPHOU pemieTku pasmepa 2 X 2 x K/4 (mopsigox Hyme-
paluu MpoIecCOB OCTAaBUTh MPEXHUM). HTEepnpeTupyst moJydeHHYIO pe-
metky kak K/4 matpury pazmepa 2 X 2 (B 0JlHy MaTpHILy BXOJAT MPOIECCHI
C OJMHAKOBOM TpEeThell KOOPAMHATON), pacIIenuTh 3Ty pemieTky Ha K/4
yKa3aHHBIX MaTpull. Mcrionb3yst 0HY KOJIJIEKTUBHYIO OTIEPAIIMIO TIEPECHLII-
KU JTAHHBIX, TIEPEC/IaTh B TJIABHBIN MPOIECC KAKIOW U3 MOJYyYCHHBIX MaT-
PHIl UCXOJIHBIE YUCIIA U3 MPOIECCOB ATOM K& MATPHIIBI U BHIBECTHU IONTY-
YeHHBIC HA0OPHI YKCelT (BKITFOYAs YHCIIA, TTOJIYICHHBIC U3 TJIABHBIX MPOIIEC-
COB MAaTpHII).

MPI5Comm21. KonuaectBo nporeccoB K paBuo 8 uin 12, B KaK10M Tpoliec-
Ce JIJaHO BEILECTBEHHOE uncio. OnpenenuTs I BCEX MPOLEcCoB IeKapTo-
BY TOMOJIOTUIO B BUJE TPEXMEPHOM pemieTku pasmepa 2 X 2 x K/4 (mops-
JIOK HyMEpallMK MPOLECCOB OCTABUTH NMpPEeKHUM). IHTepripeTupys 3Ty pe-
MIETKY KakK JBE MaTpHIlbl padmepa 2 X K/4 (B ogHy MaTpHIly BXOAST MpPO-
LIECChI C OAMHAKOBOM MEPBOM KOOPAMHATOMN), PACILIEIUTh KAXIYI0 MAaTPUILY
npoueccoB Ha K/4 ogHomepHbIX cTosONOB. Vcnonb3ys OHY KOJUIEKTHUB-
HYIO OIEpaIyio peayKUuu, A KaKI0ro cTojilLa MmpoueccoB HalTH mpo-
M3BEJCHUE UCXOJHBIX YHCE U BBIBECTH HAallZICHHBIE IPOU3BEICHUS B IJ1aB-
HBIX IpOoIeccax Ka)XA0ro CToJo1a.
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MPI5Comm22. KonnaectBo nporieccoB K paBHo 8 nnm 12, B KaKI0M TpoIiec-
Ce JJaHO BELIECTBEHHOE yncio. OnpenenauTs JUisl BCeX MPOLECCOB JEKAPTO-
BY TOIOJIOTHIO B BHJI€ TPEXMEPHOU pemieTku pasmepa 2 x 2 x K/4 (mopsi-
JIOK HyMepaliy MpoLEecCOB OCTaBUTh MpekHUM). HTepnpeTupys moy-
YEHHYIO pelieTky kak K/4 marpuil pasmepa 2 X 2 (B OJHY MaTpHILy BXOAST
MPOLIECCHI C OJMHAKOBOM TPEThEH KOOPAMHATOMN), PACIICTIUTD 3Ty PEIIETKY
Ha K/4 ykazanHbix Matpull. Mcrons3ysi OHY KOJJIEKTUBHYIO OMEpalUIo
PEoYKLIHH, I KaXI0M U3 MOJYYEHHBIX MAaTPHI] HAUTU CYMMY HCXOIHBIX
YUCEJ U BBIBECTU HAWJIEHHBIE CYMMBbI B KaXJOM IPOLIECCE COOTBETCTBYIO-
€ MaTPULIBL.

MPI5Comm23. B rimaBHOM Tporiecce JaHbl MOJI0KUTENIbHBIC 11eble uncia M u

N, mpousBeieHHEe KOTOPBIX HE MPEBOCXOAUT KOJIUYECTBA MPOIIECCOB; KPO-
Me Toro, B nporneccax ¢ panramu ot 0 1o M-N — 1 nansr nenbie uncna X u
Y. Ilepecnats uncna M u N Bo Bce mpoIiecchl, OCE Yero onpeeuTh AJis
HayaiabHbIX M-N mporeccoB ekapTOBY TOIOJOTHIO B BUJI€ JBYMEPHOU
pemietku pazmepa M x N, sBidromnieiicss nepuogUYECKON M0 NEPBOMY HU3-
MepeHHIO (MOPSAI0K HyMEpallH MPOIECCOB OCTaBUTh MpEeXHUM). B kax-
JIOM TIPOIIeCcCe, BXOASIIEM B CO3JaHHYIO TOIMOJOTHIO, BRIBECTH PAHT MPO-
necca ¢ koopauHaramu X, Y (C y4eTOM NEPUOAUYHOCTH), UCIIONB3YS IS
satoro ¢pynkuuo MPI Cart rank. B cnyyae HeTOIyCTUMBIX KOOPJUHAT BbI-
BecTH —1.
[NMpumeyvaHue. Ecmu npu BeizoBe QyHkmmu MPI Cart rank ykasaHbl He-
JONMYCTUMBIE KOOPJWHATHI (HAapUMeEp, OTPUIIATEIIbHBIC KOOPIAUHATHI JJIS
U3MEPEHUM, MO0 KOTOPHIM JEKapToBa peIlIeTKa HEe SIBIISETCS Mepuoanye-
CKOH), TO cama ()yHKLHS BO3BpAIAET HEHYJIEBOE 3HAUEHUE (SBISIOLLIEECS
MPU3HAKOM OIIMOKH), a BO3BpaIaeMoe 3HaueHUe apamerpa rank siBisiercs
HeonpeaeaeHHbIM. TakuM 00pa3oM, B JaHHOM 3aIaHUU 4YKCIIO —1 cieayer
BBIBOAUTH, ecinu (yHkuuss MPI Cart rank BepHyna HeHylieBOe 3HAaUYEHUE.
UToO0BI MOJaBUTHh BO3HUKAIOIIME MPU STOM COOOIIEHHs 00 ommudKax, 0To-
OpakaeMble B pasjielie OTIaJKU OKHA 33JJayHUKa, JIOCTATOYHO Mepe BhI30-
BOM (DYHKIIUH, KOTOPBIM MOXKET MPUBECTH K OIIMOKE, YCTAHOBUTDH C TIOMO-
mpto ¢pynknun MPI._Comm_set_errhandler (MPI_Errhandler_set 8 MPI-1)
crienuanbHbli Bapuant obpabomuuxa owubox MPI_ERROR_RETURN,
KOTOPBIM IPH BOSHUKHOBEHUH OITMOKHM HE BBITIOHSACT HUKAKUX JICHCTBUMH,
KpOME YCTaHOBKHM HEHYJIEBOTO BO3BPAIAEMOT0 3HAYCHHS IS dTOU (PyHK-
unu. Crnenyer 3amerutsb, uyTo B Bepcun MPICH 1.2.5 B cnyuae yka3zanus
HegonmycTuMbix koopauHat QyHkuuss MPI Cart rank Bo3Bpamiaer 3Haue-
HUE MapaMeTpa rank, paBHoe —1, 4TO MO3BOJISECT YIPOCTUTH PEIICHUE, 13-
0aBUBIIKCH OT NMPOBEPKH BO3BpaIaeMoro 3HaueHusi GyHkiuu. OQHaKo U B
ATOM Clly4ae »eJaTelbHO MOJIaBUTh BBIBOJ COOOIIEHUM 00 omubOKax OIu-
CaHHBIM BBILLIE CIOCOOOM.
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MP15Comm24. B rnaBHOM mpo1iecce JaHbl MOJOKHUTEIbHBIC Lejble yrcaa M u
N, mpousBezieHHEe KOTOPHIX HE MPEBOCXOAMUT KOJIMUYECTBA MPOIECCOB; KPO-
Me TOro, B nporeccax ¢ panramu oT 0 10 M-N — 1 nansr nenbie uncina X u
Y. Ilepecnats uncia M u N Bo Bce mpoiieccsl, Mocie 4ero onpeaeaInuThb s
HavyasibHBIX M-N TpolieccoB AeKapTOBY TOMOJOTHUIO B BHUAE JBYMEPHOU
pemietku pazmepa M x N, sBisronieiicss NepuoaUIECKO MO BTOPOMY H3-
MEpeHUI0 (MOPSIOK HyMepaluyd MPOLEecCOB OCTaBUThH MPEXHUM). B kax-
JIOM TIpoliecce, BXOJSIIEM B CO3/JaHHYIO TOIOJIOTHIO, BBIBECTH PAaHI MPO-
necca ¢ koopauHatamu X, Y (¢ y4eToM NEPUOJAMYHOCTH), UCIIOJIB3YS IS
storo ¢pynkuuo MPI Cart rank. B ciydae HeomycTUMBIX KOOPJUHAT BbI-
Bectd —1.

[MpymeyaHue. Cm. npumeuanue k 3agaruto MPI5Comm23.

MPI5Comm25. B kax10M NOIYHHEHHOM TIPOIIECCe JAaHO BEIIECTBEHHOE YHC-
710. OnpenenuTs JUisl BCEX MPOLIECCOB JEKAPTOBY TOMOJIOTHIO B BUIE OJHO-
MEPHOU PEMIETKH M OCYIIECTBUTH MTPOCTOM CABUT UCXOIHBIX JAHHBIX C ITa-
roM —1 (YUCIO0 U3 KaXIOT0 nOOYUHEeHHO20 TIpollecca MEePEChTAETCs B Mpe-
eIy mpouecc). st onpeneneHus paHToB MOCHUIAIONIUX U MPUHU-
MaIoIKX MpolreccoB ucnoib3oBaTh GyHkiMio MPI Cart_shift, nepecbuiky
BBITIOJIHATH ¢ nomotbio ¢pyHkuuit MPI Send u MPI_Recv. Bo Bcex mpo-
1eccax, MoJTyYUBIIUX JJAHHBIC, BBIBECTH 3TU JAHHBIE.

MPI5Comm26. Yucno nponeccoB K sBisercs yeTHbIM: K = 2N, N > 1; B kax-
JIOM TIpoliecce JaHoO BellecTBeHHoe uncio A. OmpeneiauTs A BCeX Ipo-
IIECCOB JIEKapTOBY TOIOJIOTHIO B BUJIe MaTpuIlbl pazmepa 2 x N (mopsgok
HyMEpaIlUK MPOLIECCOB OCTABUTH MPEKHUM) U JIJI KaXKIO0W CTPOKH MaTpHU-
IIbI OCYIIECTBUThH MUKIMYECKUI CIBUT MCXOJIHBIX TAHHBIX C maroM 1 (umc-
70 A U3 KaXJI0TO Mpoliiecca, KpoMe MOCIEAHET0 B CTPOKE, MepPechuIaeTcs B
CJIEIYIOIINNA TPOIECC ITOM K€ CTPOKH, a W3 IMOCIEIHEro mpoiecca — B
TJIABHBIN TIpoIecC 3TOM cTpoku). st onpenesieHnsi paHTOB MOCHUIAIOIINX
Y MPUHUMAIOIINX NPOLEeCCOB ucmoiab3oBaTh Ppynkiuo MPI Cart shift, me-
PECBUIKY BBINOJNHATH ¢ nmoMonibio pyHkuun MPI_Sendrecv. Bo Bcex mpo-
11eccax BBIBECTH TOJyUYCHHBIC JaHHbIC.

MPI5Comm27. KomnaectBo mporeccoB K paBHo 8 mim 12, B KaKI0M IpoIiiec-
Ce JIJaHO BEILECTBEHHOE uncio. OnpenenuTs I BceX MPOLECCOB IeKapTOo-
BY TOMOJIOTUIO B BUJE TPEXMEPHOM pemieTku pasmepa 2 X 2 x K/4 (mops-
JIOK HyMEpalu MPOIECCOB OCTaBUTh MpekHUM). MHTepnperupys momny-
YEeHHYIO penieTky kak K/4 matpuir pazmepa 2 X 2 (B 0JJHy MaTPHILy BXOJST
MPOLIECCHl C OJMHAKOBOW TPETHEU KOOPJIWHATOM, MATPHUIIbl YIIOPSI0YEHBI
10 BO3PACTAHUIO TPEThEl KOOPAUHATHI), OCYIIECTBUTH [IUKJINYECKUN CIIBUT
MCXOJHBIX JAHHBIX U3 MPOILIECCOB KAXJOW MATpUIbl B COOTBETCTBYIOIIKE
MIPOIECCHI CIAEAYIOUIENH MaTPUIlbI (M3 MPOLIECCOB MOCIEAHEN MATPHUIIbI 1aH-
HBIE MIEPEMEILIAIOTCA B MIEPBYIO MaTpuily). st onpenesieHusi paHroB MOCHI-
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JAlOMMX W TPUHUMAIONIUMX TPOIECCOB  HCMOIb30BaTh  (HYHKIUIO
MPI_Cart_shift, mnepecpimky BBINOTHATH C TNOMOUIBIO  (QYHKUIUHU
MPI_Sendrecv_replace. Bo Bcex mporieccax BBIBECTH MOJIyY€HHBIE AaH-
HBIC.

MPISComm28. Yucno mpomeccoB K saBusercs HeueTHpiM: K=2N+1
(1 <N <5); B kaxioM Tiporiecce jgaHo 1enoe unciao A. Mcmoms3ys GyHk-
muio MPI Graph_create, ompenenuTs i BCEX MPOIECCOB TOMOJIOTHIO
rpada, B KOTOpOil TJIaBHBIN MpoLIecC CBsI3aH pedpaMu CO BCEMH Mpolecca-
MU HedeTHoro panra (1, 3, ..., 2N — 1), a KaxapIii MPOIECC YETHOTO TOJIO-
xuTenpHoro panra R (2, 4, ..., 2N) cBsa3an peOpoM ¢ MpOIECCOM paHra
R — 1 (B pe3ynbrare momy4aercst N-mydeBast 3Be3/1a, IICHTPOM KOTOPOM SIB-
JISI€TCS TJIABHBIN MPOIIECC, a KaXKJIbIN JIyd COCTOUT U3 JBYX MOJYMHEHHBIX
npoiieccoB R u R+ 1, npuueM OimmkaliuM K HEHTPY SBJISIETCS MPOIIECC
HEYEeTHOro panra R).

[lepecnarh yncno A U3 KaxkJI0ro nNpouecca BCEM MPOLECcaM, CBI3AHHBIM C
HUM pedpamu (npoyeccam-cocedsm). Jiia onpenesneHus: KoJInyecTna Mmpo-
LIECCOB-COCEIEN 151 170:¢ paHroB MCIIOJIb30BaTh byHKIMH
MPI_Graph neighbors count 1 MPI_Graph_neighbors, nepecpuiky BbI-
noyiHATh ¢ nomoibelo Gynkuuit MPI Send u MPI_Recv. Bo Bcex nponec-
cax BBIBECTH IOJIyYE€HHBIE YWCJa B IMOPSJIKE BO3PACTAHUS PAHIOB Iepe-
CJIaBILIUX UX MPOIIECCOB.

MPI15Comm29. Yucno npoueccoB K sBisiercst uetbiM: K =2N (1 <N <6); B
KaXIOM Tpouecce pgaHo weioe uyucio A. Hcnonws3dys ¢yHKIuio
MPI_Graph_create, onpegenuts A BCEX MPOIIECCOB TOMOJIOTHIO Tpada, B
KOTOPOM BCE MPOLECCHl YETHOTO paHra (BKJIKOYas IVIaBHBIM MPOLIECC) CBS-
3aHbl B 1emouky: 0 — 2 — 4 — 6 — ... — (2N — 2), a xax/plii mpoiiecc
HeuetHoro panra R (1, 3, ..., 2N — 1) cBs3an ¢ nporeccom panra R —1 (B
pe3yNbTaTe KaXKIbIi MPOIECC HEUETHOTO paHra OyaeT UMEeTh €IMHCTBEH-
HOTO COCEJIa, MEPBbIN U MOCIEIHUNA MPOIECCHl YETHOTO paHra OyAyT UMETh
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0 JIBa COCE/Ia, a OCTAIbHBIE — «BHYTPEHHUE» — MPOIECCH YETHOTO paH-
ra OyAyT UMETh IO TPU COCENA).

IlepecnaTh uncino A U3 KakIoro mpouecca BceM IpoueccaM-cocensaM. s
OIIpEENICHUsT KOJIMYECTBA MPOLIECCOB-COCENEN U UX PAaHIOB HUCIOJIb30BATH
¢yukuun MPI_Graph_neighbors _count u MPI_Graph neighbors, nepe-
CBUIKY BBINOJHATH ¢ moMouibio gynknuu MPI Sendrecv. Bo Bcex nponec-

Cax BBIBECTH IIOJYYCHHBLIC YMCJIa B IIOPAAKC BO3paCTaHHA PAHIOB IICPC-
CJIaBIINX HUX IIPOLCCCOB.

MP15Comm30. Koaudgectso nporecco K pasao 3N + 1 (1 < N < 5); B kaka0oM
nporecce gaHo 1enoe uucno A. Mcnons3ys dyuknuo MPI Graph create,
OTIPENEITUTH JISl BCEX MPOIECCOB TOMOJIOTHIO Tpada, B KOTOPOH MPOIECCHI
R,R+1 R+2 tne R=1, 4, 7, ..., cBiI3aHbl MEXIy co00i peOpamu, H,
KpOME TOTO, KaXKJIbIH MPOIIECC MOJOKUTEIBHOTO paHra, KpaTHOro tpem (3,
6, ...), CBsA3aH peOpPOM C TJIaBHBIM IPOIIECCOM (B PE3YJIbTATE MOJIydaeTCs
N-iydeBasi 3B€3/1a, IEHTPOM KOTOPOM SIBJSICTCS TJIABHBIN IMPOIIECC, a Kax-
JIBII JTyd COCTOMT U3 TPEX CBA3AHHBIX MEXIY COOOM MPOLIECCOB, IPUUEM C
IIEHTPOM CBSI3aH IMPOIIECC PaHTa, KPATHOTO TPEM).

IlepecnaTth uncio A U3 KaxIoro mpouecca BceM InpoueccaM-cocensaMm. s
OIIpe/IeNICHUs] KOJINYECTBA MPOLIECCOB-COCEAEN U UX PAaHIOB HUCIOJIb30BAThH
¢yukuun MPI_Graph neighbors count 1 MPI_Graph neighbors, nepe-
CBUJIKY BBIMOJHATH ¢ Tomotibio ¢pyHkiuu MPI Sendrecv. Bo Bcex mpouec-
cax BBIBECTH IIOJYYEHHBIE YHCJIAa B MOPSAJKE BO3pAaCTaHUs PAHIOB Iepe-
CJIABIIMX X MPOLECCOB.
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14.3. Tononozus pacrpederieHHo20 epagha (MPI-2)

MPI5SComm31. KonmdectBo nporeccoB K kpatHo 3; B KaKI0M MPOIIECCE TaHO
nenoe uuciio A. Mcnonb3ys dyakmuto MPI Dist graph create, ompene-
JMTH 711 BCEX TMPOIIECCOB TOTOJIOTHIO paclpeeieHHOro rpada, B KOTOPOu
BCE Mpoliecchl paHroB, kpatHeix 3 (0, 3, ..., K —3) o06pa3yroT KojbI10, IPH-
4eM KaXIbIH M3 MPOIECCOB, BXOIIMX B KOJBIIO, SBISETCS UCTOYHUKOM
JUTS TIoCTIenytomiero mpoiecca (mporecc 0 SBISETCS UCTOYHUKOM IS TIPO-
niecca 3, mpouecc 3 — I mporiecca 6, ..., mponecc K — 3 — mist mporiec-
ca 0) u, xpome toro, nporecc paara 3N (N=0, 1, ..., K/3 — 1) sBisgercs
uctouHukoM st mpoueccoB panra 3N+ 1 m 3N+ 2, a nmponecc panra
3N + 1 sBasieTCst ICTOYHUKOM IS Tiporiecca panra 3N + 2.

@ ©
W<)—(0~>

[TonHOE OmpeneneHue TOMOJIOTMH AaTh B INIaBHOM Ipoliecce (B MOTUMHEH-
HBIX Tporieccax BTopoi mapametp ¢ynkimu MPI Dist graph create moui-
*eH ObiTb paBeH 0); mapamerp weights TMOJOXUTH  paBHBIM
MPI1_UNWEIGHTED, napametp info — paBusim MPI INFO NULL, mo-
PAIOK HyMepaluH MpoLeccoB He M3MeHsTh. [lepecnars uncna A OT mpo-
LIECCOB-UCTOYHUKOB MpOLEcCCaM-NIPUEMHUKAM M BBIBECTH B KaXKJIOM IIpO-
[IECCe CyMMY MCXOJHOro 4uciia A U BCeX YHUCell, IOJYyYEeHHBIX OT Mpollec-
COB-UCTOYHUKOB. J[J1s1 ompeseneHus: KOJIMYeCTBa HICTOYHUKOB U MTPHUEMHHU-
KOB, a TaKkKe 179 paHron HCIIOJIb30BATh byHKIIH
MPI_Dist_graph neighbors count u MPI Dist _graph neighbors, mnepe-
CBUIKY BBINOJIHATH ¢ nomolnbio ¢pynkuuii MPI Send u MPI_Recv.

MPISComm32. KonnuecTBo MpOIECCOB JIEKUT B auanazone ot 4 no 15, B ka-
XKIOM mporecce JngaHo 1enoe uucio A.  Henmonws3dys  GyHKUIMIO
MPI_Dist_graph create, omnpeaenutb Ajii BCEX MPOLECCOB TOMOJIOTHIO
pacmnpeneneHHoro rpada, KoTopasi IpeacTaBisieT co0oil OMHApHOE AEPEBO
C KOpHEM B I1aBHOM mpoiiecce (), BepIIMHAMU MEPBOrO YPOBHA B MpOLEC-
cax paHroB | u 2, BepIIMHAMU BTOPOTO YPOBHS B IMpoOIleccax paHroB 3-6
(mpudem mpouecchl panra 3 u 4 SBIAIOTCA JOUYEPHUMH BEPIIMHAMU MPO-
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necca 1, a nmporeccsl paira 5 u 6 — JI0YEpHUMH BEpIIMHAMU IIpolecca 2),
u T. 1. Kaxzaslii npouecc sBIsSETCs UICTOYHUKOM I CBOMX JOYEPHUX BEp-
IIMH; TaKuM 00pa3oM, Kaxaplil mporecc umeer oT 0 10 2 mpoueccos-

IIPUCMHHUKOB.

Ry

ODOO®®

[lonHoE omnpezaeneHne TOMOJIOTMU 1aTh B IJIaBHOM Mpouecce (B NOIYUHEH-
HBIX Tporieccax BTopoil mapamerp pynkuuu MPI Dist graph create non-
xeH ObiTb paBeH (0); mnapamerp weights TMOJIOXKUTh  PaBHBIM
MPI_UNWEIGHTED, napametp info — paBusim MPI INFO NULL, no-
PANOK HyMEpALMU IPOLECCOB HE U3MEHATh. HaliTh M BBIBECTH B KaXKJIOM
IpoLECCe CyMMY HCXOJIHOTO uuciaa A M 4Yucell, AaHHBIX B Ipoleccax-
IpeaKax cex ypoeuel — OT KOpHs (TJIABHOTO Ipoliecca) 10 Onauxaiiiero
npeaka (pOAUTENBCKOro MpoLecca-ucToUHMKa). [l onpenenenus Koauue-
CTBa UCTOYHUKOB U MPUEMHHUKOB, a TAK)K€ UX PAHTOB UCIOJB30BaTh (PyHK-
muu MPI_Dist graph neighbors count u MPI Dist graph neighbors, mne-
PECBUIKY JAaHHBIX BBIIONHATH ¢ Tnomowplo GyHkuuit MPI Send un
MPI_Recv.

15. lNapannenbHbi BBOA-BbIBOA PannoBbIX AaHHbIX

JIns xpaHeHus UMEHHU (aityia T0CTaTOYHO MCIOJIb30BaTh MaccuB char[12],
a JUIsl ero TMEepeCchUIKM U3 TJIABHOTO Mpollecca B MOJYMHEHHBbIE — (YHKIIUIO

MPI_Bcast ¢ napamerpom tina MPI CHAR.

B nepBbix nByx moarpynmnax (3amanus MPI6Filel-MPI6Filel16) ne tpeOy-
eTcsl HacTpauBaThb BHUJA  (DAMJIOBBIX JAaHHBIX C TIOMOIIBIO  (PYHKIIMH
MPI_File set view; 10CTaTOYHO MCHOJB30BaTh BUJ MO YMOJIYAHUIO, TTPU KOTO-
pom GazoBbie U (aitsioBbie 3nemMeHTsl uMetoT Tuln MPI BYTE, nayanbHOoe cme-
HIEHUE JIJIs1 BCeX MpoiieccoB paBHO 0 M MCMOJB3YyeTCs MPEACTaBICHUE «nativey.
DTO Ke IpeAcTaBiIeHrEe HAJl0 YKa3blBaTh U MPH SIBHOM HACTpoOiike BUaa (aio-
BBIX JIAaHHBIX B 3aJlaHusIX TpeTher nmoarpymmsl (MPI6File17-MPI6File30).

Jnsa onpenenenusa pazmepa tunoB MPI INT u MPI DOUBLE cnenyet
npumenats pynkuuto MPI Type size.
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JInst yka3aHus 3aBEpIIAOLIETO IIyCTOTO MPOMEXKYTKA (B 3aJaHUAX, CBA3aH-
HBIX C HACTPOWKOW BUIa (halIOBBIX TaHHBIX) CIEAYET UCIOJIB30BaTh QYHKIIHIO
MPI_Type create resized. AJbTepHATUBHBIM BapHAHTOM SIBISIETCS HCIOJIB30-
BaHue cnernuanbHoro tura MPI UB (memxu wmyneeoco pasmepa), omHako B
crannapre MPI-2 5ToT Tin 00bsBIIEH yCTapPEBIINM.

15.1. JlokanbHble gbyHKUUU Orisi ¢halinnoeo2o 8goda-8bieo0da

MPI6Filel. B riaBHOM mpoliecce JaHO UMS CYIIECTBYIOIIEro (aiiia meablx Yu-
cell. B kakoM W3 MOAYMHEHHBIX MPOIIECCOB JTaHO KOJMYECTBO (PAIOBBIX
AJIEMEHTOB, TIPEIHA3HAYCHHBIX MJI CUUTHIBAHUS B OTOM IIPOIIECCE, U TO-
PSAIKOBBIE HOMEpaA ITHX AJIEMEHTOB (3JIEMEHTBHI HymepyroTcs oT 1). Die-
MEHTBI C HEKOTOPHIMH HOMEpPAaMH B UCXOTHOM (aijae MOTYT OTCYTCTBO-
BaTh. MICIIOIB3ys B KaXK0M TIpoIiecce TpeOyeMoe KOITMIECTBO BBI30OBOB JIO-
kasbHOM (pyHkimu MPI File read at, mpouects u3 ¢aiisa cyiiecTByronme
AJIEMEHTHI ¢ YKa3aHHBIMH HOMEPaMH W BBIBECTH WX B TOM XK€ mopsiake. s
MIPOBEPKH HAJUYMS JIEMEHTA C YKa3aHHBIM MOPSIIKOBBIM HOMEPOM MOKHO
an6o ucnonb3oBath ¢yHkuuo MPI File get size, nubo ananu3upoBaTh
uHdopmalmio, Bo3BpalieHHy0 B napamerpe tuna MPI Status dyskumm
MPI1_File_read_at.

MPI6File2. B rimaBHOM miporiecce qano umMs (aiina. B kaxIoM U3 moJYMHEHHBIX
MPOIIECCOB JJAHO KOJIMYECTBO Map LEJbIX YUCET U CaMH Napbl, B KOTOPBIX
MEPBBIN YJIeH paBeH MOPSIKOBOMY HOMEPY (hailyIoBOTO AJIeMEHTa, a BTOPOi
— 3HAYEHHIO 3TOro (haloBOro dJeMeHTa (dJIEMEHTHI HymMepyroTcs oT 1,
BCE HOMEpa pa3Iu4Hbl U MPUHUMAIOT BCE 3HAUYCHHUS OT | O HEKOTOPOTO
nesnoro yucia). Co3nate HOBBIN (haiiil ENbIX YHCeI C YKa3aHHBIM UMEHEM
Y 3aIMCcaTh B HETO JAHHBIE DJIEMEHTHI, UCTIOB3YSI B KAXJOM MOJYUHEHHOM
npouecce TpeOyeMoe KOJUYECTBO BBI30BOB  JIOKAIbHOW  (DYHKLIHH
MPI_File_write_at.

MPI6File3. B rmaBHoM mpoliecce JaHO MM CYIIECTBYOIIero (aiijaa BemecT-
BEHHBIX YHCEJI, COAEPKALIET0 3JIEMEHThI IPSIMOYTOJIbHOM MaTpPHUIbI pa3Me-
pa KX N, rme K — 4ucino moguMHEHHBIX MPOIEeccoB. B kaxaoMm moayu-
HEHHOM TIPOIIeCCe MPOYECTh U BBIBECTH AJIEMEHTHI R-iI CTpOoKM MaTpHIlsI,
rae R — paHr nmoguMHEeHHOro mpouecca (CTPOKM HyMepyroTcst oT 1), uc-
MoJIb3ysl OJMH BbI3OB JoKasbHOUM (yHkimu MPI File read at. Jlnmsa ompe-
neneHus pasmepa (aiina ucnonb3oBath pyHkiuo MPI File get size.

MPI6File4. B rmaBaoM mporiecce JaHo UM (aiisia, B KaKIOM U3 O TYMHEHHBIX
mpoIieccoB J1aHo R BemecTBeHHBbIX yucen, Tie R — panr npouecca. Cos-
JIlaTh HOBBIM (Daily1 BEIIECTBEHHBIX YUCEN C YKa3aHHBIM UMEHEM U 3aIucath
B HETr'O JaHHBIC DJIEMEHTHI B MOPSIKE BO3PACTAHUS PAHTOB COACPKAIIUX UX
nporieccoB. Mcronb30BaTh B KaKJI0M MOAYMHEHHOM IPOIIECCE OJIMH BBI30B
nokanbHoM Ppynkuuu MPI File write at.
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MPI6File5. B riiaBHOM mporiecce JaHO UMS CYIIECTBYIOIIETO (haiiia MebIx Ju-
cen. Daiin 00s13aTeNBHO COACPKUT BCE IENbIE YUCHA B AMana3oHe oT 1 1o
K, tme K — makcuManbHBIA paHT mpolecca. B kaxaoM mogunHEHHOM
IpOLECCE MPOYECTh U BBIBECTH JBa ()parMeHTa (HaloBBIX JAHHBIX: HEp-
BBIM COAEPKUT HAYANLHYIO YACTh 3JIEMEHTOB JI0 IIEPBOTO 3JIEMEHTA, PABHO-
IO paHry mnpouecca (BKJIIOYas 3TOT AJIEMEHT), BTOPOM COIEPKUT 3aeep-
warowyro 4acTb (PaisioBbIX AIEMEHTOB U UMEET TOT XK€ pa3Mep, 4To U Iep-
BbIM ()parMeHT. DIEMEHTHI B KaX/10M (PparMeHTEe BBIBOAATCS B MOPSAKE UX
cienoBaHus B (Qaitsie. VMcnonp3oBaTh B KaXJI0M MOJYUHEHHOM IIpoOLiecce
HE0OX0AMMOE KOJMYECTBO BBI30BOB JIoKambHOW (yHkmmu MPI File read
(6e3  mpumMeHeHHs ~ MacCHBOB), a  TaKKe  BbI30BBl  (PyHKUIHNI
MPI _File get position st onpeaeseHust pa3mMepa NepBoro (pparmMeHTta u
MPI _File seek ¢ mapamerpom MPI _SEEK END nns nepemenieHus K Ha-
yajry BTOporo (pparmeHra.

MPI6File6. B rnaBaom mporiecce gano uMs Qaiiia, B KaKIOM U3 MOJIMHEHHbBIX
MPOIECCOB JaHo 1ienoe yncio. Co3nath HOBBINA (paili 1enbIX Yucen ¢ yKa-
3aHHBIM MUMEHEM W 3amucath B Hero K mompsa maymmux KOMUd KaKIoro
yucna, rae K paBHO KOJMYECTBY NMOAYMHEHHBIX mpoiieccoB. [lopsaok cie-
JIOBaHUs 4Kcell B (aiilyie J0KEH ObITh OOpaTHBIM MOPSIIKY MOAYMHEHHBIX
npoueccoB (K xomnuii uncna u3 nporecca 1 TOJDKHBI HAXOJUTHCS B KOHIIE
daiina, nmepes HUMH JIOJDKHBI pacnioiararbest K komuid yuciia u3 mnpoiecca
2, U T. 1.). Micnonp30BaTh B KaXJ0M IMOJYMHEHHOM IPOIIECCE OJUH BHI30B
nokansHOM ¢yHkuuu MPI File write, a Taxke ¢pynkiuto MPI File seek ¢
napamerpom MPI SEEK SET.

MPI6File7. B rnmaBHOM miporiecce JaHO MM CYIIECTBYOIIEero (aiiiaa BemecT-
BEHHBIX uncel. M3BecTHO, 4TO cCyMMa 3Ha4eHUH Bcex (halIOBBIX dJIEMEH-
ToB npeBocxoauT K, rae K — KonuyecTBO MOJYMHEHHBIX MpoueccoB. B
KaXXI0M [TOTYMHEHHOM IPOLIECCE CUMTHIBATh HAYaJIbHBIE 3JIEMEHTHI (haiina,
MOKa CyMMa MX 3HaYEHU HE MPEBBICUT PAHT MPOILIECCa, MOCIE YETO BhIBEC-
TH HaiiieHHy1o cyMmy S 1 konmdecTBo N mpounTtanHsix yucen. [locie aTo-
ro JOTIOJHUTENBHO MPOYECTh U BbIBeCTH 3HAUeHUsS N nocieonux GpaiaoBbix
AJIEMEHTOB (B MOPAJIKE UX clieoBaHUs B (paitne). Mcrnonas30BaTh B KaXKI0M
MOJYMHEHHOM MPOLECCe HEOOXOAUMOE KOJIMYECTBO BBI30BOB JIOKAJIBHOMN
¢yuxuun MPI File read (6e3 mpuMeHeHHs MacCHBOB), a TaK)K€ BBI3OBBI
¢ynxuuii MPI File get position ansa onpeaenenust N u MPI File seek c
napamerpoM MPI _SEEK END s nepemenienust k Hayainy ¢pparMeHTa u3
N nocienHux (QaiyioBBIX JIEMEHTOB.

MPI6File8. B rnaBHom mporiecce JaHo uMs (aityia, B KaKI0M U3 O JYMHEHHBIX
MIPOIIECCOB JJaHO BemecTBeHHOe Yncyio. Co3aaTh HOBBIN (haiil BEIIECTBEH-
HBIX YHUCEJl C YKa3aHHbIM MMEHEM W 3amucarh B HEro R moapsia uaymmx
KOIHI KaXJ0ro yucia, riae R paBHO paHry nponecca, B KOTOpOM JaHO 3TO
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yucno. [lopsinok caegoBanus urcen B (paitne JOJKEH ObITh 0OpamHubim TO-
PSAKY TOAYMHEHHBIX TPOIECCOB (B KOHIE (paiiyma JOKHO HAXOAUTHCA
€IMHCTBEHHOE YMCJIO W3 Mpolecca 1, mepen HUM JOJDKHBI pacrojaratbes
JIBE KOIMU YHCIIa U3 mpoiiecca 2, u T. 1.). Vcronb30BaTh B KaXa0M MOI4YH-
HEHHOM TMpOIECCe OAWH BBI3OB JokKaimbHOW (yHkmmu MPI File write, a
takoke ¢pynkiuio MPI File seek ¢ mapamerpom MPI_SEEK SET.

15.2. KonnekmueHble ¢hyHKUuUU Oris ghalsioeo2o 88o0a-8bigoda

MPI6File9. B riaBHOM mpoliecce JaHO UM CYIIECTBYIOIIEro (aiiia meablx Yu-

cen. B kaxaoMm mporiecce nmpodects u BeiBecTH R + 1 amement (aiina, Ha-
YyHas C 3JIeMeHTa ¢ HoMepoM R + 1, rie unciio R paBHO paHry mporuecca
(0, 1, ...). daiinoBble IIEMEHTHI HYMEPYIOTCS OT 1; TaKMM 00pa3oM, B IPO-
necce panra 0 Tpedyercs IpOYECTh U BBIBECTU TOJBKO HAdalbHBIN (paiisio-
BBIIl DJIEMEHT, B Mpoliecce paHra 1 — naBa crnegyromux (aiioBbIX dJIeMeH-
Ta, B MPOIIECCE paHTa 2 — TPH dJIEMEHTa, HAaUMHAs C TPEThero, U T. 1. Ecin
daiin colepKUT HEAOCTATOUHOE KOJIMYECTBO DJIEMEHTOB, TO B HEKOTOPBIX
MPOIIECCaxX YUCIIO BBIBEACHHBIX DJIEMEHTOB MOXKET OBITh MEHBIIE TpeOye-
Moro. Mcnonb3oBaTh ~ OJMH  BBI30B  KOJUIGKTUBHOW  (DYHKIIMH
MPI File read all, a Takxke d¢ynkuuto MPI File seek ¢ mapamerpom
MPI_SEEK SET u ¢ynkuuto MPI File get size nns onpenenenust pas-
Mepa UCXOAHOTo (aitna.
MpumeyaHne. B peammsarun  MPICH2  Bepcum 1.3 dyHKIHA
MPI File read all He mo3BosisieT ompeneauTh KOJIUYECTBO (PAKTHUECKU
CUMTAHHBIX (PANIOBBIX AJIEMEHTOB Ha OCHOBE MH(OpPMAIUH, COJIepIKaAIICH-
csa B mapamerpe tuna MPI Status: B 3TOM mapameTpe KOJIMYECTBO MPOYH-
TaHHBIX AJIEMEHTOB BCETJ]a paBHO TpeOyeMoMYy, a MPU HEAOCTATOYHOM KO-
audecTBe (alIOBBIX AJIIEMEHTOB B 3aBEPIIAIOIIYIO YaCTh BBIXOJHOTO Mac-
CHBa 3aMKCHIBAIOTCS HYJIEBbIC 3HAUCHUSI.

MPI6File10. B rnmaBHoM mporiecce qaHo uMs (aiiya, B KaXJI0M U3 TOTIMHCH-
HBIX MPOIIECCOB JAaH Habop u3 R 1ensix yncen, rae R — panr mpomecca (1,
2, ...). Co3naTh HOBBIN (DA IENBIX YUCEN C YKA3aHHBIM UMEHEM U 3aIlu-
caTh B HEro BCE JIaHHBIE YKCJIA B MOPSIKE UX CIe0oBaHUs (TIPOIECCHI Te-
pebuparoTcs B OPSAIKE BO3pACTaHUsI UX paHroB). Mcronb3oBaTh OAWH BbI-
30B koJutekTuBHOU pyHkuuu MPI File write all (aya Bcex mpoueccos, B
TOM uucie u s nporecca panra (), a taxxe ¢pynknuto MPI File seek ¢
napamerpom MPI SEEK SET.

MPI6Filell. B riaBHOM mpoiiecce JaHO UM CYIIECTBYIOMIECro (haiiina BeriecT-
BEHHBIX yucen. Kpome Toro, B KaxJI0M Mpouecce 1aHo LEN0e YUCIIO, PaB-
Hoe 6o 0, MO0 MOPsAIKOBOMY HOMEPY OJIHOTO U3 CYIIECTBYIOIUX (haii-
JIOBBIX 3JIEMEHTOB (dNeMeHThl Hymepytorcs oT 1). Mcnonb3ys ¢yHKIMIO
MPI_Comm_split, co3naTh HOBBIE KOMMYHHMKATOp, COAEPKALIUN TOJBKO



121

T€ MPOLECCHI, B KOTOPBIX JJAHO YUCIIO, OTIAMYHOE OT 0, ¥ C IOMOILBIO KOJI-
nextuBHOM Qynkunu MPI File read at all mpodecTs u BeIBECTH B KaXKIOM
MPOLIECCE U3 ATOTO0 KOMMYHHUKATOpa 3JIEMEHT, PACIOJIOKEHHBIN B MO3UIIUN
C YKa3aHHBIM MOPSIKOBBIM HOMEPOM.

MPI6Filel2. B rimaBHOM mpoliecce JaHO UMs CYIIECTBYIOMIEro ¢aiiia BemecT-
BEHHBIX unces. KpoMe Toro, B KaKI0M MpOIECCe TaHO IIEJI0e YHUCIIO, PaB-
HOe 60 0, MO0 MOPSIIKOBOMY HOMEPY OJTHOTO M3 CYIIECTBYIOMUX (haii-
JIOBBIX 3JIEMEHTOB (dJIeMEHTHI Hymepyiotcs oT 1). Mcmons3ys (yHKIHIO
MPI_Comm_split, co3aaTh HOBBIII KOMMYHHKATOpP, COACPM AIIUNA TOJIBKO
TE MPOIIECCHI, B KOTOPBIX JaHO YHUCIIO0, OTIHYHOE OT 0, ¥ ¢ TIOMOIIBIO KOJI-
nexktuBHOU ¢pyHkuuu MPI File write at all 3aMeHHTh HCXOaHOE 3HAUCHHE
(aiiIoBOro 7€MEHTa B MO3UIUU C YKA3aHHBIM MOPSIKOBEIM HOMEPOM Ha
3HAUEHHE paHra Impolecca B HOBOM KOMMYHHKATOpe (MpeoOpa3oBaB paHr B
BEILIECTBEHHOE YHCIIO).

MPI6Filel3. B riaBHOM mpoIiecce JaHO MMs CYIIECTBYIOMIETO (aiiyia IeNbIX
yuces. Kpome Toro, B kaxaoM npoliecce AaHO LIEJI0€ YUCII0, paBHOE MO0
0, mu6o 1. Ucnonezys dynkuuro MPI Comm_split, co3nath HOBBIN KOM-
MYHHKATOP, COJIEpPKAIUA TOJILKO TE€ MPOIECChI, B KOTOPBIX JAaHO YHCIO 1,
u ¢ nomoiplo KoyuektuBHOM QyHkimu MPI File read ordered mpouects
M BBIBECTH B Ka)KJIOM IIPOIIECCE U3 3TOr0 KOMMyHHKaTopa R + 1 snmemeHT
ucxoaHoro ¢aitna, rae R — paHr mpoiiecca B HOBOM KOMMYHHUKATOPE
(3TIEMEHTBI CUMTHIBAIOTCS MOCIIEIOBATENIHO: OAWH 3JIeMEHT B mporecce 0,
7IBa CJICIYIOIIMX dJIEMEHTa — B TpoIiecce 1, Tpu CIeayromux — B Mpolec-
ce 2, uT. a.). Ecnu ¢aiin comepXuT HEAOCTaTOYHOE KOJIUYECTBO dJIEMEH-
TOB, TO B HEKOTOPBIX MPOIIECCaX YUCIIO BBIBEJCHHBIX IeMeHTOB N MoKeT
OBITH MEHBIIIE TPeOyeMOTo WM Jlake paBHO HyNO. B kaxkmom mporiecce,
BXOJIAIIEM B HOBBIM KOMMYHUKATOD, JIOMOJIHUTEIHLHO BEIBECTH KOJIUYECTBO
N ¢akTUuecku MPOYNTAHHBIX AIEMEHTOB U HOBOE 3HaueHuEe P KOJIJIEKTUB-
HOTO (haioBoro ykaszatens. [[s ompeneneHus: KOJIM4ecTBa MPOUYUTAHHBIX
anemeHTOoB N umcmosnb3oBaTh WHGOPMAIMIO, BO3BPAIIEHHYIO B IMapaMeTpe
tunia MPI_Status ¢ynkumu MPI_File read ordered, mis HaxoxxaeHus 3Ha-
yenus P ucnonb3oBate Gpynkuuto MPI File get position shared (Bo Bcex
nporieccax 3HaueHue P 10mkHO ObITh OMHAKOBBIM).

MPI6Filel4. B rnaBHoM mporiecce aaHo ums (aiina. Kpome Toro, B kaxmaom
npouecce gano uenoe yucio N. Co3aath HOBBIH (hailil eNbIX YUCEI C yKa-
3aHHbIM UMeHeM. Mcnonbiys ¢pynkuuo MPI Comm_ split, co3aarh HOBBIM
KOMMYHHUKATOP, COAEPKAIUI TOJIBKO T€ MPOLECChl, B KOTOPhIX yuciao N He
paBHO 0, u ¢ nmomoupto koyekTuBHOM QyHkiuu MPI File write ordered
3anucath B ¢ain K noapsn uaynmx xkonui kaxaoro uz uucen N, rae K
PaBHO KOJMYECTBY MPOLECCOB B HOB0M KOMMYHHUKATOPE, a YKCIia pacroa-
raroTcs B MOPSAKE BO3PACTAHUSI PAHTOB COJIEPKAIINX UX MPOLECCOB.
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MPI6Filel5. B riaBHOM mporiecce JaHO MMS CYIIECTBYIONIETO (aiiyia IeTbix
yucen, cogepkauiero He Menee K anemeHToB, rae K — KOJIMYECTBO Mpo-
neccoB. C nmomompio Gynkmuun MPI Comm_split co3gaTe HOBBIN KOMMY-
HUKATOP, COJIepKAIllUi TOJIBKO MPOIIECCHhl ¢ HEYETHBIM panrom (1, 3, ...).
Hcnonb3yss 1O  OAHOMY  BBI30BY  KOJUIGKTHBHBIX  (DYHKIIMIA
MPI File seek shared u MPI File read ordered, mpodecTh u BBIBECTH B
Ka)XJIOM TIPOLIecCe M3 HOBOT'O KOMMYHHKATOpa IO 2 3JIEMEHTa MCXOIHOTO
daiina, mpuyeM OpeArnocieTHUA U TocaeaAHuN (paitljloBbIe AIEMEHTHI JOJIK-
HbI CUUTBIBATHCS M BHIBOJAUTHCS (B YKa3aHHOM MOPSIKE) B IpOIIECcCe C paH-
roMm 1 B ucxonnom kommyHukarope MPI COMM_WORLD, yeTBepThlii 1
TPETHUI C KOHIIA 3JIEMEHTHI — B TIPOIIECCE C PAHTOM 3, U T. II.

YkasaHue. Jlns toro 4toObl 00ecneunuTh TPeOyeMbIid TOPSIIOK CUMTHIBA-
Hus nanubeix B Gynkuun MPI File read ordered, Heo6xoammo n3MeHUTDH B
CO3JJaHHOM KOMMYHHUKATOpPE MOPAIOK CJIEIOBAHUS MPOIIECCOB HA MPOTUBO-

HOHO)KHBIﬁ (HO CpaBHCHHUIO C HCXOIHBIM IIOPAAKOM B KOMMYHHKATOPC
MPI_COMM_WORLD).

MPI6Filel6. B riaBHOM mporecce naHo uMs ¢aiima. Kpome Toro, B KakaoMm
nporecce gaHo 1eaoe uncio N (> 0) u N BemecTBeHHBIX uncen. Co3narh
HOBBIM (ailyl 1eNpIX YKcell ¢ yKa3aHHbIM MMeHeM. Mcronb3ys GyHKIUIO
MPI_Comm_split, co3narb HOBBIE KOMMYHHKATOp, COJIEPKALIUN TOJBKO
T€ Tpolnecchl, B KOTopbix unuciio N He paBHO (0, U C TOMOIIBIO €UHCTBEH-
HOTO BbI30Ba KoJiekTuBHOM QyHkimu MPI File write ordered 3amucats B
(aiin Bce BEILIECTBEHHbIC YUCHA B MOPAJIKE, 0OpamHoM UX CIEJOBAHUIO B
Ha0Ope UCXOHBIX JTAHHBIX: BHAYAJIE 3alUCHIBAIOTCS (B OOpATHOM MOPSIKE)
BCE UHWCla W3 Tpolecca ¢ HauOOJBIIMM PAHTOM B KOMMYHHUKATOpE
MPI_ COMM_WORLD, 3arem Bce yucna u3 Inpouecca ¢ MNpeablayLluM
paHrom, u T. 1.

YkasaHue. s toro 4toObl 00ecneuuTh TPeOyEeMBI MOPSIOK 3aluCH
nanueix B (QynHkiuu MPI File write ordered, HeoOXonMMO W3MEHHUTH B
CO3JJaHHOM KOMMYHHKATOPE MOPSAOK CJIEIOBAHMS MPOLECCOB HA MPOTUBO-
MOJIOKHBINA (10 CPAaBHEHHIO C HMCXOAHBIM TOPSIKOM B KOMMYHHUKATOPE

MP]_COMM_WORLD).

15.3. Hacmpouka euda OaHHbIx 05151 ¢halisiogo20 8goda-8bieoda

MPI6Filel7. B riaBHOM mpoliecce JaHO MMS CYIIECTBYIOIICTO (aiiyia Iebix
yucen, coxepxkamiero 2K smemenToB, rae K — KOJMYECTBO MPOILIECCOB.
Hcnonb3ys €IMHCTBEHHBIN BBI3OB KOJUICKTUBHOU byHKIIUN
MPI File read all (u ne mpumensist pynkuuto MPI File seek), npouects u
BBIBECTHU 10 2 DJIEMEHTA B KaXJIOM IIpoliecce, mepedupas 3JeMEHThI B TO-
psaKe ux cienoBaHus B (paitie. J[7s 9TOro mpeaBapuTeNbHO C MOMOIIBIO
dbynkuuu MPI File set view ompenenuTs HOBBINM BH JaHHBIX C 0a30BBIM
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tunioM MPI INT, takum ke pailjioBbIM TUIIOM M MOAXOASIIUM CMEIICHU-
eM (CBOUM JIJis KaX10T0 mpoliecca).

MPI6Filel8. B riaBHOM mpoIiecce JaHO MMs CYIIECTBYIOMICTO (haiiia Ie/bIX
YHCEI, COJAEPIKAIIETO IEMEHTHI MPSIMOYTOIBHOW MaTpHIlbl pazmepa K x 5,
rae K — xonuuectBo nponeccoB. Kpome Toro, B KaxaoM mpolecce AaHo
nestoe guciio N (1 < N < 5) — mopsaaKoBeIii HOMEp 6bl0eneHH020 dTTEMEHTa
B HEKOTOPOHM CTPOKE MATPHIIBI (JIEMEHTHI B CTPOKE HyMepyroTcs oT 1),
mpudeM c mporeccoM panra () CBA3BIBaCTCS TEpBas CTPOKAa MATPHUIIBI, C
npoueccom panra 1 — Bropas cTpoka, U T. A. Mcrions3ysl €IMHCTBEHHbBIN
BbI30B KoJutekTuBHOW ¢yHkiuu MPI File write at all co BTopeiM mapa-
MeTpoM, paBHbIM N — 1, U3BMEHHUTh B KaXJIOH CTPOKE HMCXOJIHON MAaTpHUIIbI
BBIJICJICHHBIN JIEMEHT, 3aMEHHUB €TI0 3HaY€HUE Ha PAHT CBA3AHHOTO C HUM
npoliecca (BbIICIICHHBIN JIEMEHT B MIEPBOM CTPOKE CIIEyeT 3aMEHUTH Ha 0,
BO BTOpOW CTpoke — Ha 1, u T. A.). s 3TOr0 mpeaBapuTenbHO ¢ MOMO-
mpto Gyakuun MPI File set view ompenenuTs HOBBIM BUJ JIaHHBIX ¢ Oa-
30BbIM THIIOM MPI INT, Takum xe (ailioBbIM THUIOM M TOIAXOJSAIIAM
CMEITIeHUEM (CBOMM JIJIs1 K&KIOTO TPOIECcCa).

MPI6Filel19. B rimaBHOM mpoliecce JaHO UMS CYIIECTBYIOMIEro ¢aiiia BemecT-
BEHHBIX YHCEII, COJCPIKAIIETO JIEMEHTHI IPSAMOYTOJILHON MaTPHIILI pa3Me-
pa Kx 6, rne K — konunuectBo mpoiieccoB. Kpome TOoro, B KakJioM mnpo-
riecce gano 1einoe anuciao N (1 < N < 6) — nopsaKoBbIii HOMED 8bl0eIeHHO-
20 BJIEMEHTa B HEKOTOPOU CTPOKE MAaTpPHUIIbl (3JIEMEHTHI B CTPOKE HyMEPY-
1oTcst oT 1), mpuyem ¢ mporieccom panra () CBA3BIBACTCS MOCIEIHSS CTPOKA
MaTpHIlbI, C TPOIECCOM paHra 1 — mpenmociaennss cTpoka, u T. 1. Uc-
MOJTB3YSI CIUHCTBEHHBII BBI3OB KOJIJICKTUBHOM byHKIAHA
MPI File read at all co BTopeiM mapamerpom, paBubiM N — 1, ipouects B
KaXJI0W CTPOKE UCXOJHON MATPHUILIBI BHIJICICHHBIN 3JIEMEHT U BBIBECTH €I0
3HAUYE€HHUE B COOTBETCTBYIOIIEM IpOIIeCcCe (BBIICICHHBIN JIEMEHT B TIEPBOM
CTPOKE CJIEyeT BBIBECTH B TMOCIIETHEM IPOIIECCE, BO BTOPOM CTPOKE — B
MPEANOCieHEM TpoIlecce, U T. 1.). st 9TOro mpeaBapuTenbHO C MOMO-
mpto pyakuuu MPI File set view ompenenuTs HOBBIM BUJ JIaHHBIX ¢ Oa-
30BeiM TUNIOM MPI DOUBLE, Takum e (aitJioBbIM TUIIOM U TOJIXOJIS-
IITUM CMEIICHUEM (CBOMM JIJIsl K&KIOTO TIpoIIecca).

MPI6File20. B rnaBHoM mporiecce aano ums (aiiza. Kpome Toro, B kaxmaom
mporiecce JaH Habop u3 R + 1 BemiecTBeHHOro 4mcia, rae R — panr mpo-
necca (0, 1, ...). Co3naTh HOBBIN (pailyt LENBIX YHCEN ¢ YKa3aHHBIM UMEHEM.
Hcnionb3ys €IMHCTBECHHBIN BBI3OB KOJUIEKTUBHOU dbyHKIIUN
MPI File write all (u ne npumensis pyukuuto MPI File seek), 3anucars
B (haiis1 BCe JJaHHBIC YHCIIA B MOPAJIKE, OOPAaTHOM UX CJIEJOBAHUIO B UCXOJI-
HOM Habope: BHauajie 3amuchiBaloTCs (B 0OpaTHOM MOPSIKE) BCE YUCTA U3
mporiecca ¢ HauOOJIBIITUM PAHTOM, 3aT€M BCE YMCIia U3 Ipoliecca ¢ Mpebl-
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OYIIAM PaHroM, u T. A. /i 3Toro npenBapuTeasHO ¢ TOMOIIBIO (PYHKIIUU
MPI File set view ompenenuTs HOBBI BHJI JaHHBIX C 0a30BBIM THUIIOM
MPI_DOUBLE, takum e (pailloBIM THIIOM W TOJIXOSIINM CMEIICHUEM
(cBOMM JIJ1s1 KaXKJIOTO MPOIECca).

MPI6File21. B riaBHOM mpoIiecce JaHO MMS CYIIECTBYIOIICTO (haiiyia Iesbix
yucen, coaepxkaiero 3K snemenToB, rae K — konudyecTBo mpoiieccoB. B
KaXJIOM TIpoliecce MpoYecTh M BbIBecTH TpH demeHTta A, B, C, pacmono-
KEHHBIX B UCXOJTHOM (hailiie B CICAYIOMEM MOpsAKe (MHIEKC YKa3bIBacT
panr nporiecca): Ag, Ay, ..., Ak.1, Bo, By, ..., Bk, Co, Co, ..., Ckq. imst 3TO-
o HCIOJb30BaTh CJAMHCTBCHHBIM BBI30B KOJUIGKTUBHOM  (DYHKIIUU
MPI File read all, mpeaBapuTenbsHO OIpeACINB HOBBIM (DAIOBBIA BHU/I
naHHbIX ¢ 0a30BbIM TurnioM MPI INT, moaxoasmmuM cMmemieHueM (CBOUM
JUISL KQXKI0TO TIPOIecca) U HOBBIM (DaJIOBBIM THIIOM, COCTOSIIIMM U3 OJHO-
ro IEJIOYUCICHHOTO 3JEMEHTAa M 3aBEpIIAOIICTO ITyCTOTO IMPOMEXKYTKA,
pa3Mep KOTOpOro paBeH MpOTsHKEeHHOCTH Habopa u3 K — 1 menoro uucia.

MPI6File22. B rnaBHoM mporuiecce aaHo ums (aiiaa. Kpome Toro, B Kaxmaom
npoiiecce aaHo o 3 uensix yucia: A, B, C. KoiaudecTBo nmporeccoB paBHO
K. Co3natb HOBBIN (ailsl 1EeNIbIX YHUCell ¢ YKa3aHHBIM UMEHEM M 3aIlicaTh B
HEro MCXOJIHbIE YHCIIa B CIEIYIOUIEM MOpsAKEe (MHACKC YKa3bIBA€T PaHT
nporecca): Ax.1, Az -..» Ao, Bk1y Bk, ..., Bo, Ck1, Ckezy .., Co. J1st 3TOTO
WCIIOJI30BaTh  €AWHCTBEHHBIH  BBI30B  KOJUICKTUBHOW  (DYHKITMH
MPI File write all, mpeaBapuTensHO omnpenenvuB HOBbINA (DailIOBBIA BUT
naHHbIX ¢ 0a3oBbIM TunoM MPI INT, noaxoasumMm cMmenieHueM (CBOUM
JUTSL K&KIOTO TIPoIiecca) U HOBBIM (DAiJIOBBIM THUIIOM, COCTOSIITUM U3 OJHO-
ro IEJOYUCIEHHOTO SJIEMEHTa M 3aBEPIIAIOIIEro IMYCTOro MPOMEXKYTKa,
pasMep KOTOpOro paBeH MpOoTsbKeHHOCTH Habopa u3 K — 1 menoro uucna.

MPI6File23. B riaBHOM mporiecce JaHO UMs CYIIECTBYIOMIETO (aiiia BemecT-
BEHHBIX YHCEII, coaepikamiero 6K ameMeHToB, rae K — KoIW4ecTBO Tpo-
1eccoB. B kakoM mporiecce mpovyecTh ¥ BBIBECTH IIECTh dJIEMEHTOB A, B,
C, D, E, F, pacnionoxeHHBIX B UCXOTHOM (paiiie B CISAYIOIIEM IOPSIKE
(MHACKC YKa3pIBaeT paHr mporecca): Ag, Bo, Co, A1, B, Cy, ..., Ak, Bk,
CK-l; DO, EO, Fo, Dl, El, Fl, ceey DK-l; EK-l; FK-l- I[J'IH 3TOI'0 HMCIIOJb30BATH
eIMHCTBEHHBIN BbI30B KoyuiekTuBHOM (yHkuuu MPI File read all, mpen-
BapUTEJIHLHO OMPEICTUB HOBBIM (PailIOBBIN BUJ TaHHBIX C 0A30BBIM THUIIOM
MPI_DOUBLE, noaxoasmuM CMEIEHUEM (CBOUM I Ka)JI0ro Mpouec-
ca) ¥ HOBBIM (DalJIOBBIM THITOM, COCTOSIIIUM M3 TPEX BEIIESCTBEHHBIX dJIe-
MEHTOB ¥ 3aBEPIIAIOIIETO MTyCTOTO MPOMEXKYTKA MOIXOIAIIETO pa3Mepa.

MPI6File24. B rnaBHoM mporiecce AaHo ums (aiiaa. Kpome Toro, B Kaxmaom
npoiiecce gaHo no 4 BemiectBeHHbIX uncna: A, B, C, D. KonuuectBo mnpo-
neccoB paBHOo K. Co3nmath HOBBIM (paiii BENIECTBEHHBIX YHCEN C yKa3aH-
HBIM MMCHEM M 3amucaTh B HETO MCXOJHBIC YKCIIa B CIICAYIOMEM TTOPSIKE
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(mHAEKC yKa3biBaeT paHr mporecca): Ax.1, Bk, Az, Bk, ..., Ao, Bo, Ckaa,
Dk.1, Ck, Dk, ..., Co, Dg. 17151 3TOr0 UCIOJIB30BaTh SAUHCTBEHHEIN BHI30B
kotektuBHOM Qynkuuu MPI File write all, npensaputensHo onpeenus
HOBBIN (pailnoBeIil B JaHHBIX ¢ 0a30BbIM Tuniom MPI DOUBLE, noaxo-
JSIIAM CMEIIeHHEeM (CBOMM IS KaKJOTo MPoliecca) U HOBBIM (DaiiioBBIM
TUTIOM, COCTOSIIIIUM M3 JIBYX BEIIECTBEHHBIX 3JIEMEHTOB U 3aBEPIIAIOIIETO
IIyCTOT0 MPOMEXKYTKA IMOIXOSIIETO pa3Mepa.

MPI6File25. B rnaBaom mporecce gano ums daitia. Kpome Toro, B mporecce
paara R (R=0, 1, ..., K—1, rne K — Koiu4ecTBO MpOIECCOB) JIaHO
3-(R + 1) unensix yucen: B mporecce 0 mansl 3 uncna A, B, C, B nmporecce 1
— 6 yucen A, A, B, B’ C, C’, B portecce 2 — 9 uncen A, A, A" B, B’ B,
C,C’ C” ut. n. Co3narb HOBBIH (haidy IIENIBIX YKCET C YKa3aHHBIM HUMECHEM
U 3aMucaTh B HETO MCXOJHBIC YKCIIa B CICAYIONIEM MOpsaKe (MHICKC yKa-
3BIBa€T paHr mporecca): Ag, Ay, A1, Az A% A%, ..., Bg, By, BY, By, BY,

", ... . JlJIs ATOTO MCHOJb30BaTh €AUHCTBEHHBIM BBI3OB KOJIJICKTUBHOM
¢bynkuuu MPI_File write all, mpeaBaputensHo onpenenuB HOBBIN (haiio-
BBIN BUJI JIaHHBIX ¢ 0a30BbIM THoM MPI INT, moaxoasmuM cMemeHueM
(cBOMM ISl KaXXI0TO TpoIlecca) U HOBBIM (haiJIOBBIM THUIIOM (CBOMIM JIJIsI
KaXXJIOTO IMpoliecca), cocTosmmM u3 R + 1 1emoro sinemMeHTa U 3aBeplaro-
IIETO IyCTOTO MPOMEXKYTKA MOIXOIAIIETO pa3Mepa.

MPI6File26. B riaBHOM mporiecce naHo uMms ¢aitra. Kpome Toro, B KaxiaoMm
nporecce AaHo 1o 4 BemiectBeHHbIX uncaa: A, B, C, D. KomuuectBo mpo-
nieccoB paBHo K. Co3math HOBBIN (haiiil BEIIECTBEHHBIX YHUCEN C YKa3aH-
HBIM UMEHEM U 3aMlKcaTh B HETO MCXO/JHBIC YHCIIA B CICAYIONEM TOPSJIKE
(MHAEKC yKas3pIBaeT paHr mporecca): Ag, Ag, ..., Ak, Bk, ..., B, Bo, Co,
Cy, ..., Ckay Dk, ..., Dg. is aTOro ucroab30BaTh ¢AUHCTBEHHBIN BBEI30B
kosuiektuBHOM QyHkuuu MPI File write all, mpeaBapurensHo onpeaenvs
HOBBIN (ailyioBbIN BUJ HaHHBIX ¢ 0a30BbIM TuioM MPI DOUBLE, noaxo-
JSIIAM CMEIIeHUEM (CBOUM Ui KaXJO0ro Ipoliecca) U HOBBIM (hailioBbIM
THUIIOM, COCTOSIIIUM M3 JIBYX BEIIECTBCHHBIX 3JIEMEHTOB (C JOMOJHUTEIb-
HBIM TTyCTBIM MTPOMEKYTKOM MEKITY STUMH 3JIEMEHTAMH) 1 3aBEPIIAIOIIETO
MyCTOT0 MPOMEXKYTKA MOIXOSIIETO pa3Mepa.

MPI6File27. B rimaBHOM mporiecce JaHO UMs CYIIECTBYIOMIETrO (aiiia BemecT-
BEHHBIX YHCEIl, COJIEPIKAIIETO AIEMEHTHI MPSMOYTOJIFHOW MATPHUIIBI pa3Me-
pa (K/2) x K, rae K — konuuecTBO mporieccoB (deTHoe urciio). B mporec-
ce paura R, R=0, ..., K— 1, mpouecTb u BBIBECTH dJIEMEHTHI CTOJIOIA HC-
XOJTHOM MaTpHIlbl ¢ HOMepoM R + 1 (cTonbiel HymepytoTes ot 1). st aTo-
IO HCIOJIb30BaTh €AMHCTBeHHbIM BbI30B ¢yHkiuun MPI File read all,
MIPEABAPUTEIILHO ONPEICTUB HOBBIM (halIOBBIA BUJ JAHHBIX C 0A30BBIM
turiom MPI DOUBLE, noaxoasimuM cMemieHueM (CBOMM I Ka)KIOTro
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mporecca) ¥ HOBBIM (DalJIOBBIM THIIOM, COCTOSIIIIMM W3 BEIMIECTBEHHOTO
AJIEMEHTA U 3aBEPIIAIOIIETO IIyCTOT0 MPOMEXKYTKA IMTOAXOIAIIETO pa3Mepa.

MPI6File28. B riaBHoMm mporecce naHo ums ¢aiina. Kpome Toro, B KaxaoMm
nporecce gaHo 1enoe uncyio N u K/2 BemecTBeHHBIX uncedn, rae K — Ko-
JMYECTBO MpolneccoB (deTHoe unciio). Yucna N ama Bcex mporeccoB pas-
JUYHBI U JIexaT B nuama3one ot 1 1o K. Co3gaTh HOBBIN (haii BEIECTBEH-
HBIX YHUCEN C YKa3aHHBIM MMEHEM W 3alucaTh B HETO0 MaTpHUIly pa3Mmepa
(K/2) x K, mpryeM KaxkIblid TIPOIECC TOJDKSH 3alicaTh CBOW HA0Op Bellle-
CTBEHHBIX YHCEN B CTOJOCT] MAaTPHUIIBI C MOPSAAKOBEIM HOMepoM N (cToO11b1
Hymepytotcs oT 1). Jljig 3TOro ucnosib3oBaTh €IWHCTBEHHBIA BBI30B KOJI-
nexktuBHoM GpyHkuuu MPI File write all, npenpaputenbHO onpeenuB HO-
BBIN (DaityioBBIN BUJT AJaHHBIX ¢ 0a30BbIM THIIOM MPI DOUBLE, noaxoss-
MM CMEIIEHHEM (CBOMM JIJIsl KaXKJIOTO IMpoIlecca) U HOBBIM (halJIOBBIM
TUIIOM, COCTOSIIIUM U3 BEUIECTBEHHOT'O JIEMEHTA U 3aBEPIAOIIETO MyCTO-
ro MPOMEXKYTKA MOJAXOSIIETO pa3mepa.

MPI6File29. B riaBHOoM mporiecce TaHO MMsI CYIISCTBYIOIIEro (aiiyia mesbix
YHCell, COAEPKAILETO MIEMEHThI 0J0YHON NPSIMOYroJIbHON MaTpuisl. Pas-
Mep matpuiibl B 010kax paBeH (K/3) x 3, rme K — KOJIMYECTBO MPOIECCOB
(uucno K xpatno 3). Kaxnawiii Onok mpeactaBisieT co0Oil KBaJIpaTHYIO
Matpuiy nopsaka N (3Hauenre N MOXET JiexaTh B IMANa3oHe oT 2 110 5).
B xaxzaom npornecce TpeOyeTcsl MPOoYeCTh U BBIBECTH OJIMH OJOK MCXOIHOM
MaTpHIbl, Iiepedupas OJ0KU 1O cTpokaM. JIJist 3TOro Mcrnonb30BaTh €IUH-
cTBeHHbI BbI30B ¢yHkuuu MPI File read all, npenBapurensHo omnpene-
JIMB HOBBIN (pailyioBbIl BuJ JaHHBIX ¢ 0a3oBeiM THHOM MPI INT, moaxo-
JSIIAM CMEIIEHUEM (CBOMM JIJISI Ka)JI0TO Mpoiiecca) U HOBBIM (DailioBbIM
TUIIOM, cOCTOAIUM U3 N LEIOYMCIEHHBIX AJIEMEHTOB U 3aBEpLIAIOIIETO
MYCTOTO MPOMEXYTKa Moaxosiuiero pasmepa. s onpenenenus uncna N
UCIOJIb30BaTh pa3Mep UCXOIHOro (haiiia, HOJydUB €ro ¢ NOMOIIbIO (PyHK-
nuu MPI_File get size.

MPI6File30. B rmaBHoM mporiecce qaHo uMs (aiiiaa u yuciio N, KoTopoe MOXKeT
JeKaTh B Auana3one ot 2 10 5. Kpome Toro, B Ka)x10M IpoIiecce aHbl 1Ba
nenslx yncna | u J, onpeaensiomuye mo3uiy (HOMEp CTPOKH U CTOIOIA)
HEKOTOPOTO KBaJPAaTHOTO OJIOKA OJOYHON MPSMOYTOJIHHOW MATPHIIBI pas-
mepa (K/3) x 3 610ko0B, rae K — kosudecTBo mporieccoB (uncio K kpatHo
3). 3navenus | mexar B auanaszone ot 1 go K/3, 3nauenus J jexar B 1ua-
nazoHe oT 1 1o 3; Bce MpoOIecChl coaep X aT Pa3IMYHbIE TTO3UIIUN OJIOKOB.
Kaxapiii 070K mpeacTaBiisieT co0OM KBaJApaTHYIO MATPHILY IENBIX YHCEIT
nopsiaka N. Co3naTh HOBBIM (haii HEIBIX YKMCEN ¢ YKa3aHHBIM HMEHEM U
3amucarh B Hero OyiouHyro marpuily pasmepa (K/3) x 3, mpudyem KaxIblid
MpoIIecC JIOJDKEH 3amucath B MaTpuily 0ok B mosunuu (I, J), a Bce ae-
MEHTBI 0JIOKa, 3amucaHHoro mpoieccoMm panmra R (R=0, 1, ..., K—1),
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JOJDKHBI OBITh paBHBI yuCHy R. {711 3TOrO MCHonab30BaTh €AMHCTBEHHBIM
Bb130B (pynkuuu MPI File write all, mpeaBapuTenbHO OmpenennB HOBBIMA
daiinoBeiii BU maHHBIX ¢ 0a3oBbM THoM MPI INT, mogxomsmnum cme-
IEHUEM (CBOMM JIJIS1 KQXKIOTO MPOIecca) U HOBBIM (PailJIOBBIM THIIOM, CO-
crosituM 13 K 1EeTOYMCIEHHBIX 3JIEMEHTOB W 3aBEPIIAIONIETO IYCTOTO
MpOMEXYyTKa mojaxonsiero pasmepa. s nepenaun 3HaueHust N Bo Bce
IIPOIIECCHI UCIO0JIB30BaTh KOJUIEKTHBHYIO dyHKIMI0O MPI Bcast.

16. OgHOCTOPOHHME KOMMYHUKaunu (MPI-2)

[Ipu onpeneneHun okHa goctymna ¢ nomoibio Gynkiuun MPI Win_create
pPEKOMEHIyeTCsl BCerja ykasbiBaTh cMmerieHue disp unit (TpeTuil mapamertp),
PaBHBIM MPOTSHKEHHOCTH 3JIEMEHTA JIaHHBIX COOTBETCTBYIOIIETO THUIA (B 3a1a-
Huax 310 Becerga aubo tun MPI INT, nu6o tun MPI_DOUBLE; npoTsixeH-
HOCTb cieayeT ompenenars ¢ nomoibio ¢yHkiuu MPI Type get extent). B
ATOM Cily4ae IpH MOCIEAYIOMMX BbI30BaX (PYHKUUN OAHOCTOPOHHETO JOCTYIMa
MPI_Get, MPI_Put, MPIl_Accumulate OyaeT 10CTaTOYHO yKa3bIBaTh CMEIIICHHE
target disp (msaTeiii mapamerp ar000M U3 3TUX (YHKIMI) paBHBIM HadaJbHOMY
MHJIEKCY HMCIOJIb3yeMOro (hparmMeHTa maccuBa (a He 4ucily OallTOB OT Hayana
MaccuBa J0 TpedyeMoro gpparmMeHTa).

B kauwectBe mapamerpa info (ueTBepThIi mapameTrp  (PYHKIIUH
MPI_Win_create) nocratouno ykassiBaTh kKoHcTaHTy MPI INFO NULL.

Ecnu B HEKOTOpBIX Ipoleccax OKHO JIOCTyIa ONPEAesATh He TpeOyeTcs, TO
B KavecTBe mapameTpa size (BToporo napametpa pynkiuu MPI Win create) B
ATHUX Ipoleccax claeayeT yKa3blBaTh 3HaueHue 0.

B kauecTBe mapamerpa assert BO BCE€X CHUHXPOHU3UPYIOMIMX (PYHKIUAX
(MPI_Win_fence, MPI_ Win_start, MPI Win_post, MPI Win_lock) gocrarou-
HO yKa3bIBaThb KOHCTaHTy 0 (JaHHBIM mapameTp SBISETCS MPEANOCIEeIHUM Ta-
paMeTpoOM BO BCEX MEPEUUCTEHHBIX (DYHKIIMSIX).

B nepgoit noarpynmne (3aganus MPI7Winl-MPI7Winl7) B kauecTtBe CUH-
XPOHU3HUPYIOIUX (PYHKIUH CIEeIyeT HCHOJb30BaTh KOJLIEKMUEHYI0 (HYHKIIHIO
MPI_Win_fence, koTtopasi 10JI’KHA BbI3BIBATHCS KaK Iepei ACHCTBUSMHU, CBS-
3aHHBIMU C OJHOCTOPOHHEW MEPECHUIKON TaHHBIX, TAK U MOCJE ITUX ACUCTBUU
(HO mepen IEeNHCTBUSMU, CBA3aHHBIMU C JOCTYIIOM K IIEPECIIAHHBIM JaHHBIM).

3anmanus Bropoi noarpymmbl (MPI7Win18—MPI7Win30) tpebyroT npume-
HEHUSl JOKAlbHbIX BapUaHTOB cuUHXpoHu3auuu: ¢yHkuuid MPI Win_start,
MPI_Win_complete, MPI Win_post, MPI Win wait unu mnapsl ¢QyHKIHA
MPI_Win_lock, MPI_Win_unlock. B 3amanusix 3T0#f moAarpyrmmsl Bceraa yka-
3bIBAETCSI, KAKOW BaprUaHT CHHXPOHHU3ALMU TPEOYEeTCsl UCIOJIb30BATh.
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16.1. OOHOCMOPOHHUE KOMMYHUKauuu ¢ ripocmedweu
CUHXPOHU3auueu

MPI7Winl. B xaxaoM 13 MOAYMHEHHBIX MPOIIECCOB JaHO OJHO IIeJI0€ Yucio. B
TJIaBHOM TIpOlLIecCce OMpeAeanTh OKHO gocTymna pa3mepa K nenbix yucen (K
— KOJMYECTBO TIOJYMHEHHBIX TMPOIECCOB) U, HCIHOJB3YS (YHKIIHIO
MPI Put B moguMHEHHBIX IPOLECCAX, 3alUCATh B IVIABHBIM IPOLIECC BCE
WCXOJIHBIC YHMCIIA, TTOCJIC YETO BHIBECTH ITH YHCIIA B MOPSIIKE BO3PACTAHUS
PAHTOB MepecIaBIIuX UX MPOLIECCOB.

MPI7Win2. B kaxIoM U3 IMOJIYMHEHHBIX IPOIECCOB JIaHO R BEIICCTBCHHBIX
yucen, rae R — panr nponecca (1, 2, ...). B rmaBHOM mpoiiecce omnpeje-
JUTh OKHO JOCTyHa MOJIXOJAIIEro pa3Mepa MU, HUCHOJIb3ys (YHKIIUIO
MPI Put B moguMHEHHBIX MpOLIECCAX, 3alUCaTh B IJIABHBIM IPOLIECC BCE
MCXOJHBIE YUCJIA, TIOCIIC YErO BBIBECTH ITH YHCIIA B MOPSAJIKE BO3PACTAHUS
PaHroB MEPECTIABIINX UX MPOLIECCOB.

MPI7Win3. B rnaBrom mpomecce maH maccuB A u3 K menbix umcen, rae K —
KOJIMYECTBO MOJUYUHEHHBIX MpoueccoB. OnpenenuTs B IJIaBHOM MpoOIecce
OKHO JIOCTYTa, cojJiepkaiiee MaccuB A, u, ucnoisiys pynkiuio MPI Get B
MOTYMHEHHBIX MPOIECCaX, MOTYYUTh U BHIBECTH B HUX MO OJJHOMY 3JI€MEH-
Ty MaccuBa A, epebupas 3JIEeMEHTHI ¢ KOHIIa (3JIeMEHT Ay TIOJIyYUTh B MO-
CIICTHEM TIporiecce, A; B IPEIIOCIEIHEM, U T. JI.).

MPI7Win4. B rinaBHoM mpormecce gaH mMaccuB A u3 K + 4 BelecTBEHHBIX YH-
cein, re K — KoIn4ecTBO MOAUYMHEHHBIX TpolieccoB. OnpenenuTs B I1aB-
HOM TIPOIIECCE OKHO JIOCTYTa, coJiepiKaliee MacCuB A, U, UCTIONB3Yys QyHK-
unro MPI_ Get B MOAYMHEHHBIX TPOLIECCAX, ITOJYYUTh U BBIBECTH B HHUX IO
IISTH DJIEMEHTOB MaccuBa A, HaunMHas ¢ djeMeHTa ¢ maaekcom R — 1, rome R
— panr nouuHeHHoro nporecca (R=1,2, ..., K—1).

MPI7Win5. B rinaBaom mpomecce maH maccuB A u3 K mesbix uucen, rae K —

KOJIMYECTBO MOJYMHEHHBIX MPOIECCOB. B KaXK/10M MOJYMHEHHOM MPOIECCe
nan uaaexc N (uucio ot 0 1o K — 1) u nenoe uucio B. B rimaBaom mporiec-
Ce OMNpEeAeNIUTh OKHO JOCTYIa, Cojepkaliee MaccuB A, U, UCHOJb3YS
¢ynkuuro MPI_Accumulate B kakioM NOJAYMHEHHOM IpOLIECCE, YMHO-
XKUTh dJIeMeHT Ay Ha yucio B, mocie 4ero BHIBECTH B IJIaBHOM MPOLIECCE
M3MEHEHHBbIA MaccuB A.
[MpumeyvaHue. Hekoropble MOMYUHEHHBIC IMPOIECCHI MOTYT COJEPKATh
coBnaaaroue 3HadueHuss N; B 3TOM citydae sneMeHT Ay JOJDKEH YMHO-
JKaTbCsl HA HECKOJBKO yuncel. JlaHHOe 00CTOsATEeNbCTBO HE TPEOYyeT J10MOJI-
HUTEJbHBIX JACHCTBUM MO CUHXPOHU3AIMU B CHIIy OCOOCHHOCTEH peanu3a-
uuu pynkuuun MPL_Accumulate.

MPI7Win6. B rinaBHOM mpoliecce OaH BEIIECTBEHHBIH MaccuB A pasmepa
2K —1 (K — KoIM4ecTBO MOJYMHEHHBIX IMPOIIECCOB), B KaXIOM IOIIH-
HEHHOM Mpoliecce AaH BelleCTBEeHHbIN MaccuB B pa3smepa R, roe R — panr
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npouecca (1, 2, ..., K—1). B riiaBHOM nipoliecce onpeaenuTb OKHO JOCTY-
na, cojepxaiiee mMaccuB A, u, ucnonb3ys pyakuuo MPI Accumulate B
KaXKIOM MOAYMHEHHOM Tpoliecce, MpruOaBUTh K dJIeMeHTaM MaccuBa A, Ha-
yiHas ¢ uHaeKca R — 1, 3HaueHus Bcex AJIeMEHTOB MaccuBa B u3 mporecca
panra R, mocie 4ero BHIBECTH B IJIaBHOM IPOIIECCE M3MEHEHHBIN MaccuB A
(enMHCTBEHHBIN 31eMEHT By u3 mpouecca 1 npubasisiercsa K 3neMeHTy Ay,
aneMeHThl By u B; u3 npouecca 2 nmpubaBisioTcss COOTBETCTBEHHO K 3Je-
MeHTaMm A; 1 Ay, aiemenTsl By, B; u B, u3 mporiecca 3 npubasistoTcst cooT-
BETCTBEHHO K dJeMeHTaM Ay, Az i A4, U T. 11.).

[MpmeyvaHue. K snementam maccuBa A, HauMHAsE ¢ MHIEKCA 2, MOTpeOy-
eTCsl MPUOABNIATH HECKOJIBKO 3HAUYECHUHN M3 Pa3HbIX MOJAYNHEHHBIX MPOIIEC-
coB. JlaHHOE OOCTOSTENBCTBO HE TPEOYET NOMOJHUTEIBHBIX JACUCTBUI IO
CUHXPOHHM3ALlMKM B  CHJy OCOOCHHOCTEH  peanu3aluu  (QyHKIUU
MPI1_Accumulate.

MPI7Win7. B rnaBaom mporecce nan MaccuB A u3 2K mensix gucen, rae K —
KOJIMYECTBO MOAYMHECHHBIX MPOIECCOB. BO BceX MOTYMHEHHBIX MpOIIeccax
OTIPENIETUTh OKHO JIOCTYIIA M3 JIBYX IEJBIX YHUCEN U, UCTIOIb3Ys HECKOJIBKO
BbI30BOB (pyHkmu MPI Put B rimaBHOM mpoliecce, 3anucaTh U BHIBECTH B
KaXJIOM MMOJYMHEHHOM MPOLECCE MO J1Ba 3JIEMEHTa U3 MaccuBa A, nepelu-
pasi UX B UCXOJIHOM Mopsiike (3yeMeHThl Ag 1 A; HaJI0 BEIBECTH B MPOIECCE
1, anementsr A, 1 Az — B miporiecce 2, U T. 1.).

MPI7Win8. B kaxxaom mporiecce JaHO 1meoe Yuciio R v BenecTBeHHOE YMCIIo
B. Bce uncna R pasnuunsl u aexat B auamna3one ot 0 no K—1, rme K —
KOJIMYECTBO MpoueccoB. Bo Bcex mpoleccax OnpeaesnTh OKHO A0CTyNa U3
OJIHOTO BEIIECTBEHHOI'0 Ynciia U, ucnoib3ys ¢pynkiuo MPI Put B kaxxaom
npouecce, rnepeciatsk yrcio B u3 atoro nporecca B npouecc R, mocine yero
BBIBECTH MOJIYYEHHBIE YHCIIa BO BCEX Mpolieccax.

MPI7Win9. B kaxmom mpouecce nan maccuB A u3 K menbix gucen, roe K —
KOJIMYECTBO IpolieccoB. Bo Bcex mporeccax omnpeaenuTs OKHO JOCTYMa,
cozepkaiiee MaccuB A, U, HCMOJb3YysS HECKOJBKO BBI30BOB (hYHKIIUH
MPI_Get B xaxmom mporecce R (R=0, ..., K— 1), moay4uth u BBIBECTH
AJIEMEHTHI BCeX MaccUBOB A ¢ mHAeKkcoM R, mepeOupast 3TH >J€MEHTHI B
nopsiike yObIBaHUSI PAaHTOB COAEPIKAIIMX MX MPOIECCOB (BHaYalle BHIBO-
TUTCS DJIEMEHT, MOJIy4YeHHBIN U3 mporiecca panra K — 1, 3arem anemMeHT u3
nporiecca panra K — 2, u . 11.).

[MpymeyaHue. Oynkiuo MPI Get, kak u apyrue QyHKImH, obecreyu-
BAIOILME OJHOCTOPOHHUE KOMMYHMKAIMHM, MOXHO HCIIOJIb30BaTh M JJIs
JI0CTYTIa K OKHY, ONPEJICJICHHOMY B BBI3BIBAIOIIEM MPOIIECCE.

MPI17Win10. B kaxaom mporecce 1aH MaccuB A M3 5 BEIIECTBEHHBIX YHCEI U
nenbie ynucia N; u N,, Kaxaoe U3 KOTOPBIX JISKUT B Auarazone ot 0 jo 4.
Bo Bcex mpolieccax onpenenuTh OKHO J0CTYyIa, coJiepxaliee Maccus A, u,
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UCTONB3Ys 1Mo ABa BbizoBa GpyHkiuun MPI Get B kaxkaom mporiecce, moiy-
YUTh U3 NMPEABIIYIIET0 NpoLecca AIEMEHT ero maccuBa A ¢ naaekcoM Ny, a
U3 MOCJEeAYIONIEero npoiecca — 3yeMeHT ¢ uHaekcoM N, (uuciaa N; u N,
OepyTcs 13 BBI3BIBAIOIIETO MPOIEcca, MPOILECCHl MepeOuparoTcs MUKIuIe-
cku). BriBecTr B Kak0M Ipoliecce MOMyuYeHHBIE YUCHIa B YKa3aHHOM I10-
pszIKe.

MPI17Win11l. KommgectBo npomeccoB K — detHoe umnciio. B kaxmom mporecce
nan maccuB A n3 K/2 menpix uucen. Bo Bcex mporieccax HEUETHOTO paHTa
(1,3, ..., K—1) ompenenuts OKHO AOCTYIA, COAEpIKaIee MacCuB A, U, HC-
noJib3yst Tpedbyemoe uncio Bei3oBoB (pyHkMu MPI Accumulate B kaxxiom
IPOIIECCE YSTHOIO paHra, A00aBuTh 3aeMeHT A[l] u3 mpomecca panra 2J K
anementy A[J] u3 mponecca panra 21 +1 (I, J =0, ..., K/2— 1) u BbiBecTH
U3MEHEHHbIE MacCUBbI A BO BCEX MpOLIEcCaX HEYETHOTO pPaHra.

Yka3saHue. Tpebyemoe mpeodpa3zoBaHrne MOKHO OIMUCATh MO-APYTrOMY: €C-
1 yepe3 B o0o3HaunTh Matpuiy nopsaka K/2, cTpoku KOTopo# coBmnazaa-
10T ¢ MaccuBaMu A U3 MPOLIECCOB YETHOTO paHra, a yepe3 C — maTpuily
TOTO € TOPSAKa, CTPOKA KOTOPOH COBIMAAAIOT C MacCMBaMu A U3 mpoiiec-
COB HEYETHOTO paHra, To mpeoOpa3oBaHKWE COCTOUT B MpUOaBIeHUH K |-my

cTonOIry MaTpuilbl C COOTBETCTBYIOIIHMX 3JIEMEHTOB |-ii CTPOKM MAaTPHIIBI
B.

MPI7Win12. Pemmts 3agauy MPI7Winl 1, onpenenvs okHa 10oCTyma B mporec-

cax YETHOro paHra W ucnojib3ys BMmecto ¢yHkiuid MPI Accumulate
dbynkuuu MPI Get B iporieccax HEYETHOTO paHra.
YkasaHue. IlockonbKy 4rcia, HOJTy4eHHBIE U3 MPOIECCOB YETHOTO PaHTa,
HE00X0aMMO J00aBJIATh K dJIEMEHTaM MaccuBa A 1ociie BbI30Ba (PYHKITUU
cuaxponuzauun MPI Win_fence, ygoOHO uCHosib30BaTh BCIOMOTraTEb-
HBIM MacCHB JJI XpAHEHUS MOJYyYEHHBIX YUCEN.

MPI7Winl13. B kaxmom mporecce ganbl Tpu menbix unciaa Ni, Ny, Na, kakmoe
U3 KOTOPBIX JISKUT B nuana3zone ot 0 1o K — 1, rne K — xonudecTBo mpo-
11ECCOB (3HAUECHMSI HEKOTOPBIX M3 ATHUX UYKCEN B KaXIOM IMPOIECCe MOTYT
coBmnajath). Kpome TOro, B KaXJ0oM mpoiecce JaH MacCuB A BEIICCTBEH-
HbIX uncen pazmepa R + 1, rne R — panr nponecca (0, ..., K—1). Bo Bcex
mpoIieccax OMpeaeaInuTh OKHO JOCTyMa, CoAepkaiiee MacCuB A, U, UCIIOJIb-
3ys 1o Tpu BbI3oBa ¢pyHkuuu MPI Accumulate B kaxknom npoiiecce, 100a-
BUTh KO BCeM d3JieMeHTaM maccuBa A B mporeccax panroB Nj, N, u N3 Be-
HIECTBEHHOE 4MCIO, paBHOe R + 1, rme R — panr nmpouecca, BbI3BaBIIETO
byakuun MPI Accumulate (mampumep, ecnu uncio N; B mporiecce paHra
3 paBHO 2, TO KO BCEM dJIEMEHTaM MaccuBa A H3 mpoliiecca 2 Hajao j00a-
BUTH BemecTBeHHOE uncio 4.0). Ecnu nekotopsie u3 uncena Ni, N, N3 B
nporiecce R coBmamarot, To uncna R + 1 Hago m100aBIATh K DJIEMEHTaM CO-



131

OTBETCTBYIOIIUX MAaCCHUBOB HECKOJIbKO pa3. BriBecTH M3MEHEHHBIE MacCH-
BBl A B Ka)XJIOM Mpolecce.

MPI7Winl4. B xaxaoM mpolecce 1aH MacCHB BEIIECTBEHHBIX YHCEN pa3Mepa

K (K — koJM4ecTBO MpOIIECCOB), COJMEPIKAIIUN CTPOKY BEPXHETPEYTOJIb-
HOI MaTpulbl A, BKJIIOYas €€ HadaJbHYI HYJEBYIO 4acTh (MPOLECC paHra
R conmepxut R-10 CTpoKy MaTpHIlbl B MPEIINOIIOKEHUN, YTO CTPOKU HyMe-
pytorcs ot 0). Bo Bcex mpoieccax ONnpeAesnTb OKHO JOCTyIa, COAepKa-
1I€€ HMCXOJHBIA MacCUB, M, UCHOJIb3ysd TpeOyeMoe KOJMYECTBO BBI3OBOB
¢yuku MPI_Get B kaxaoM mporiecce, 3anucarb B 3TH MAaCCHUBHI (U 3aTeEM
BBIBECTH) CTPOKU MaTpPHIIbl, TPAHCIIOHUPOBAHHOM K MCXOJIHOM Matpule A,
BKJIIOYAsl €€ 3aBEepIIAIOIIYI0 HYJIEBYIO 4acTh. BcrioMorarenbHble MacCUBBI
HE MCII0JIb30BaTh.
YkasaHus. (1) CTpoku TpaHCIIOHMPOBAHHOW MATPHIIBI COBMHAJAIOT CO
CTOJIOIAMU HMCXOJHOW MATpHUIbl, TAKUM 0O0pa3oM, MOJy4YEHHas MaTpHIla
OyIeT HUKHETPEYroJibHOU. (2) OOHYIATh TpeOyeMbIe 3JIEMEHTHl MACCUBOB
nmepel WX BBIBOJIOM HEOOXOAWMO TIIOCIE€ BTOPOTO BBI30BA (PyHKIHU
MPI_Win_fence. (3) OkxHo moctyna JiIs MOCJIEIHEr0 IpoIecca MOKHO He
CO3/1aBaTh.

MPI7Win15. Pemuth 3amauy MPI7Winl4, ncnosab3yss BMECTO BBI30BOB (hyHK-
uuii MPI_Get Bb130BbI pyHkuuit MPI Put.
YKkasaHve. B gaHHOM cilydae MOKHO HE CO3[aBaTh OKHO JOCTYIA JUIS
IJIABHOTO TIpoIiecca.

MPI7Winl6. B xaxaoM mpoliecce JiaHa oJiHa CTpOKa BEICCTBCHHON KBaJpaT-
HoMt MaTpuiel A mopsiaka K, rme K — konmdecTBO mporieccoB (mporece
panra R comepxxut R-10 cTpoky MaTpuIlsl B IPEANOI0KEHNUN, YTO CTPOKHU
Hymepytotesa oT 0). Kpome Toro, B KaxX10M MPOIECCE AAaHO BEIIECTBEHHOE
gucino B. Bo Bcex mporieccax ompenenuTh OKHO JOCTyMa, COJAeprKaliee
CTPOKY Matpuilbl A, ¥, UCHOJIb3YsSd TpeOyeMoe UYUCIO BHI30BOB (DYHKIIHH
MPI_Accumulate B kaxxaom mporecce panra R (R=0, ..., K—1), 3ame-
HUTH B CTPOKE MATPHUIIBI U3 CIEAYIOIIETO MPOoIlecca BCE DJIEMEHTHI, MEHb-
mue unucia B u3 mpomecca R, Ha 310 ymcio (mpouecchl mepeduparoTcs
HUKINYEeCKH). 3aTteM, ucnoib3ys K Bei3oBoB ¢yHkiuun MPI Get B kaxaom
Mpoliecce, MOJTYYUTh U BBIBECTU CTOJIOEL peoOpa3zoBaHHON MaTpulbl A ¢
HOMEPOM, COBIAJAIOIINM C PAHTOM Ipoiiecca (CTOIOBI TaKkKe HyMEpYIOT-
cs ot 0).

YkasaHue. [Ipu BBIMOTHEHUN 3TOTO 3aJaHusI B KaKIOM Ipoiiecce HeoOxo-
TTIUMO mpudcovl BeI3bIBaTH GyHKINIO cuaxpoHu3anuu MPI Win_fence.

MPI7Winl7. B xaxxaoM mpoliecce JiaHa oJiHa CTPOKa BEIICCTBEHHOW KBaJpaT-
Hou Matpuibl A mopsiaka K, roe K — KoJndecTBO MpoIeccoB (mporiece
panra R comepxut R-10 CTpOKy MaTpHIlbl B MPEANOIOKEHHH, YTO CTPOKH
Hymepytores ot 0). Kpome Toro, B KaxaoM Mponecce AaHO BEIIECTBEHHOE
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yucio B. Bo Bcex mponeccax ompenenauTh OKHO JOCTyNa, COAEpIKallee
CTPOKY MAaTpHIlbl A, M, UCTHOJB3Yysd TpeOyeMoe UYHCIO BBI30BOB (DYHKIIHH
MPI_Accumulate B kaxxqom mporecce paara R (R=0, ..., K—1), 3ame-
HUTH B CTPOKE MATPHUIIBl M3 MPEIBIAYIIETO MPOIEcca BCE IIEMEHTHI, 00IIb-
mue uyucia B w3 mponecca R, Ha 3TO ymcio (mpoueccshl nmepeduparoTcs
UKINYECKH). 3aTeM, ucrnoinb3ys K BeizoBoB (pyHkuun MPI Accumulate B
KKJIOM MOJYMHEHHOM Tpoliecce, J00aBUTh HAYaIbHBIA 3JIEMEHT CTPOKH
U3 Ka)KJI0ro MmoauuHeHHoro mpomecca panra R (1, ..., K— 1) ko Bcem aJe-
MEHTaM CTOJIOIa MpeoOpa3oBaHHOM MaTpuilkl A ¢ HoMepoM R (cTOnOIBI
takke Hymepytorca oT 0). Ilocie Bcex ommcaHHBIX MpeoOpa3oBaHUM BbI-
BECTU B KaXKJIOM MPOIECCE HOBOE COACPKUMOE COOTBETCTBYIOIIEH CTPOKH
MaTpuibl A.

YkasaHue. [Ipu BBITOTHEHUH TOTO 3aJIaHMsI B KaXKIOM IPOIIecce HE0OX0-
TIIMO mpudicObl BRI3BIBATh (hyHKIHMIO cuaXxpoHu3anuu MPI. Win_fence.

16.2. JononHumeribHble 8UObl CUHXPOHU3auuu

MPI17Win18. KonnyectBo nporeccoB K — detHoe unciio. B kaxmom mporecce

yeTHoro panra (0, 2, ..., K—2) mano nenoe uncio A. Bo Bcex mpoiieccax
HeueTHoro pasra (1, 3, ..., K— 1) onpenenuTs OKHO AOCTYyNa U3 OAHOTO
LEJI0T0 yucia u, ucnonb3ys Gynknuio MPI Put B kaxgom mpoiiecce 4eT-
Horo panra 2N, nepeciarts yncio A B nporecc panra 2N + 1 u BeIBeCTH €ro
B 3TOM Ipouecce. JlIs CHHXPOHHU3AIMU HCIOJB30BATh  (DYHKIIMH
MPI_Win_start u MPI_Win_complete B mpoueccax 4eTHOro paHra u
¢bynkunn MPI_ Win_post u MPI_Win_wait B mpolieccax HEYETHOTO PaHra;
JUTSL CO3J@aHUsl TPYIIIbI MPOLIECCOB, YKa3bIBAEMOUM B KaueCTBE MEPBOro Ma-
pametpa ¢pyukuuiit MPI Win_start 1 MPI Win_post, ucnosib3oBaTh QpyHK-
o MPI Group incl, npuMmeHuB ee K rpyIre, moJy4eHHON U3 KOMMYHU-
KaTopa MPI_ COMM_WORLD (c MTOMOIIBIO byHKIMH
MPI_Comm_group).
MpumeyaHune. B otauume ot xomrekmusnou ¢ynkuun MPI Win_ fence,
MCITIOJI30BABIIEHCS B MPEABIIYIINX 3aJaHUSAX JaHHOW IpyNIbl, CHHXPOHHU-
3Upyroume (pyHKIUHU, UCTOIb3YEMbIE B 3TOM U MOCIEAYIOMINX 33JaHUsX,
ABIIIOTCS IOKAIbHbIMU U, KPOME TOT0, MO3BOJIAIOT SIBHBIM 00pa3oM oIpe-
JeMUTh TPYNNbl UHULMUPYIOUIMX (Origin) U 1eneBbIX (target) mporeccon
IIPU OJJHOCTOPOHHUX KOMMYHUKAITUSIX.

MPI7Win19. B rnaBaom nporecce gaH maccuB A u3 K BEIIeCTBEHHBIX YHCE,
rae K — KoJlnuecTBo MOAYMHEHHBIX MPOIECCOB. B riaBHOM mpoiiecce omn-
penenuTh OKHO JIOCTYyTa, COJeprKalllee MacCuB A, U, UCTIOJIb3Ysl (PYHKIIUIO
MPI_Get B KaXJI0M MOJYUHEHHOM MPOILIECCE, MOIYUYUTh U BBIBECTU OJUH
13 DJIEMEHTOB MaccuBa A, repeOupas JIeMEHThI B 00OpaTHOM Iopsiake (B
npoiiecce panra 1 HaJlo0 MOJYYUTh PJIEMEHT MaccuBa ¢ UHAekcoM K — 1, B
mporiecce padra 2 — 3JIeMeHT ¢ uHjaekcoM K — 2, u T. 1.). Jlina cuHXpoHu-
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3anuu ucnoip3oBaTh QyHkuun MPI Win start u MPI_Win_complete B
NoJYMHEeHHbIX npoueccax u yHkiuu MPI Win_post 1 MPI_ Win_wait B
IJIaBHOM TIpolLiecce; AJIsl CO3JaHus TPYIIIbI IPOLECCOB, YKa3bIBa€MOM B Ka-
yecTBe rmepBoro mapameTrpa ¢yHkiuud MPI Win start, wucmonb3oBath
¢yukuio MPI _Group_incl, nyist co3nanus rpynisl, yka3siBaeMon B (DyHK-
muu MPI_ Win_post, ucnons3oBats ¢ynkiuto MPI Group excl (mpume-

HUB 00€ O3TW (YHKIUMU K Tpymnme, MOJIYyYeHHOM H3 KOMMYHHKATOpa
MPI_COMM_WORLD).

MPI17Win20. Yucno npoueccos K kpatro 3. B mponeccax panra 3N (N =0, ...,
K/3 — 1) man maccuB A u3 Tpex BEIICCTBEHHBIX uncell. Bo Beex mporeccax,
B KOTOPBIX JIaH MAacCCHUB, OMNPENEIUTh OKHO JOCTYIa, COJIepKalllee STOT
MacCCHUB, U, UCTIOJIB3YS 110 0JHOMY BbI30BY (pyHkiuu MPI Get B nporeccax
panra 3N+ 1u3N+2 (N=0, ..., K/I3— 1), npodecTh U BHIBECTH COOTBET-
CTBEHHO OJIMH 3JieMeHT Ag 1 11Ba anementa A; u A, u3 nporecca panra 3N
(nportecc 1 gomxkeH BbIBECTH dJeMEHT Ay, MoJydyeHHbIH u3 mporecca 0,
nporecc 2 — aneMeHTsl A; u A,, moiydeHHsie u3 npoiecca 0, mpoiecc 4
— aneMeHT Ay, TIOJIYICHHBIA U3 mpoliecca 3, u T. A.). JIsi cCHHXpoHU3aIun
ucnonb3oBath (GyHkuuun MPI Win post 1 MPI Win_wait B mpoueccax
panra 3N u ¢pyukuuu MPI Win start u MPI Win_complete B ocTanbHbIX
MpoIieccax.

MPI7Win21. KomudecTBo mporeccoB K — detHoe unciio. B riraBHOM mpornecce
maH MaccuB A n3 K/2 BemecTBeHHBIX unced U MaccuB N IeJIBIX YHCET TOrO
xe pazmepa. Bee anemenTsl MaccuBa N pa3fiuyHbI U JIeXKaT B AUANA30HE OT
1 1o K— 1. B ka)x10M MOJYMHEHHOM TPOIIECCE OMPEACTUTh OKHO J0CTYIa
M3 OJHOTO BEHIECTBEHHOTO YHWCJia M, UCIOJb3ysd TpeOyemMoe KOJUYeCTBO
BbI30BOB (pyHk1uu MPI Put B rmaBHOM mporiecce, nepeciaTh B KaXIbld 13
noaurHeHHbIX mporeccoB panra Ny (1 =0, ..., K/2 — 1) uucno A, u BeiBeCTH
MOJIYYEHHOE YUCIO (B OCTaJbHBIX MOJYMHEHHBIX MPOIECCaX BBHIBECTH Be-
mectBeHHoe yucio 0.0). Jlns CMHXpOHHM3AIMK HCHOJB30BaTh (HYHKIIMH
MPI_Win_post 1 MPI Win wait B mogquuHEHHBIX Tpolieccax U (QyHKIHH
MPI Win_start u MPI Win_complete B riiaBHOM mpoiiecce.

MPI7Win22. B riaBHOM mpoliecce 1aH MacCHB A BEIICCTBEHHBIX YHCEN pa3Me-
pa K (K — koJu4ecTBO MOAYMHEHHBIX MPOIeccoB) U MaccuB N IesbIX Yu-
cen pasmepa 8. Bce anemenTsl MmaccuBa N nexxat B nuanazone oT 1 mo K;
HEKOTOpPBhIE DJIEMEHTHI JAHHOTO MAacCHBa MOTYT COBHaAaTh. B Kaxmom
MOJAYMHEHHOM TPOIECCe JIaH BeIlleCTBEHHBIN MaccuB B pasmepa R, rme R
— panr nporecca (R=1, ..., K). Onpeaenurs B Ka)XJa0M MOIIMHEHHOM
mpoiiecce OKHO JO0CTYyTIa, cojieprKaliee maccuB B, u, ucnonn3ys tpedyemoe
KOJIM4eCcTBO BbI30BOB (pyHkiuu MPI Accumulate B riaBHOM mporiecce,
100aBUTh KO BCEM 3jJieMeHTaM MaccuBoB B u3 mporeccos panra N, (I =0,
..., 7) IeMeHThI MaccuBa A ¢ TeMU ke UHjeKcamu (K dieMeHTy By no0ag-
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JsieTCsl ANMeMEHT Ay, K dlieMeHTy By — anemeHT A, U T. 11.); 1711 HEKOTOPBIX
MaccuBOB B snemeHThI m3 MaccuBa A MOTYT M00aBIISITHCS HECKOIBKO pPas.
B kax7moM NmOAYMHEHHOM MPOIECCE BBIBECTHM MacCUB B (KoTophlil 1160
WU3MEHUTCS, OO0 COXPAaHUT WCXOAHBIC 3HAYCHUS 3JeMEHTOB). [y cuH-
XpoHHu3anuu ucnonb3oBarh GyHkuuu MPI Win post 1 MPI Win_wait B
MOTYMHEHHBIX mpoleccax — H byHKIIH MPI Win_start u
MPI_Win_complete B ri1aBHOM npo1iecce.

MPI7Win23. Bo Bcex mporieccax JaHbl BeMCCTBEHHBIC MacCHBBI A pa3mepa 5.
Kpome Toro, B rimaBHOM Mpolecce JaHbl 1enourciennbie MaccuBbl N u M
pasmepa 5 kaxnbiii. Bee anementsl MaccuBa N nexxart B Auanasone ot 1 1o
K, rae K — xoJn4ecTBO MOIYMHEHHBIX MPOIIECCOB, BCE 3JIEMEHThHI MacCHBa
M nexat B nuamnaszone ot 0 10 4; HEKOTOpBIE JIEMEHTHI Kak B MaccuBe N,
Tak U B MaccuBe M MoryT coBnagaTh. B Ka10M MOJTYHHEHHOM MPOIECCe
OIIpPENEIUTh OKHO JOCTYyIa, COJIepKallee MaccuB A, U, UCTIONb3ys TpeOye-
MO€ KoJIn4ecTBO BhI30BOB PyHkimu MPI Get B riiaBHOM mpoiiecce, mory-
gtk U3 npouecca panra N; (1 =0, ..., 4) anmemenT maccuBa A ¢ HHIEKCOM
M, u 106aBUTH €ro 3HaAYEHHUE K JIEMEHTY MaccuBa A TJIaBHOTO Ipoliecca ¢
unjekcom |. ITocne m3ameHeHnuss maccuBa A B TJIaBHOM MPOIECCE BHINOJ-
HUTh CIEAYIOUIYI0 KOPPEKTUPOBKY MAcCUBOB A BCEeX MOAYMHEHHBIX MPO-
LIECCOB: 3aMEHUTh B HUX T€ HJIEMEHTHI, KOTOPbIE OOJIbILIE 3JIEMEHTAa MACCHU-
Ba A ¢ TeM e MHAEKCOM U3 INIABHOI'O MPOLECCca, Ha 3TOT AIEMEHT, UCIOJb-
3ysl TpeOyemMoe KOJIM4ecTBO BbI30BOB (pyHkuuMu MPI Accumulate B rias-
HOM IIporecce. B kaxxaom mporecce BbIBECTH MpeoOpa3oBaHHbIE MACCUBBI
A. Jlns cUHXpOHM3allMM WCIOJIb30BaTh JIBa BBI30BA Mapbl (PYHKITUU
MPI_Win_post u MPI Win_wait B mOA4YMHEHHBIX TMPOIIECCaX U JIBA BHI30-
Ba napel pynkiuu MPI Win_start u MPI Win _complete B rimaBHOM mipo-
ecce.

MPI7Win24. B xaxmaoM MOJYUHESHHOM Ipoliecce JgaHo reinoe uncio N; Bce
yrcia N pasnuunsl u aexar B nuamnazone ot 0 1o K — 1, roe K — xommue-
CTBO INOJYMHEHHBIX MPOLECCOB. B riaBHOM Ipolecce ONpeAeIuTh OKHO
JIOCTYyTIa, COJepXkKaliee 1eiounciieHHbii maccuB A pasmepa K. He Bbimoi-
Hsl HUKaKUX BBI30BOB CUHXPOHU3HPYIOUIUX (PYHKIUH B TJIABHOM IPOLIECCE
(xpome BbI30Ba pyHkimu MPI Barrier) u ucnonb3ysi B HOJUYMHEHHBIX MPO-
1eccax MoCHeoBaTeIbHOCTh BBI30BOB CHHXPOHM3UPYIOIIUX (DYHKIIMH
MPI_Win_lock, = MPI_Win_unlock, = MPI_Barrier, MPI_Win_lock,
MPI_Win_unlock, 3anucate B aneMeHThl MaccuBa A ¢ unaekcom N paHr
MOJYMHEHHOT0 Mpolecca, coAepKallero AaHHoe 3nadyeHue N (¢ moMouibro
¢bynkuun MPI_Put), mocne yero mojayduTh W BBIBECTH B KaXKJIOM MOT4U-
HEHHOM TIPOIIECCE BCE DJIEMEHTHI ITpeoOpa3oBaHHOTO MaccuBa A (C TIOMO-
mpio Qynkiuun MPI Get). B kawgectBe mepBoro mapamerpa (yHKIIHH
MPI Win_lock ykazeiBats MPI LOCK SHARED.
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[MpmeyvaHue. Cunxponmsupytoume  pynxkuunun ~ MPI Win_lock,
MPI_Win_unlock ucnonps3ytoTcsi mperMyIIecTBEHHO MPU OJHOCTOPOHHHUX
KOMMYHHKAILIUSIX C NACCUBHbIMU Yenesvimu npoyeccamu (passive targets),
Ipy KOTOPBIX IIeNIeBOM mporecc He oOpadaThIBaeT NepeAaHHble eMy JaH-
HbIE, @ BBICTYMAET B POJIM UX XPaHWIUINA, JOCTYIHOTO IJIsl APYTHX IMPO-
IIECCOB.

MPI7Win25. KommgectBo mporieccoB K kparao 3. B mpomeccax panra 3N
(N=0, ..., K/3— 1) nan BemecTBeHHbI MaccuB A pasMepa 5, B mporieccax
panra 3N + 1 nano uenoe uncino M, nexamiee B aguanazone ot 0 mo 4, u
BellleCTBeHHOE uucio B. B kaxaoMm mporecce, cofepikamieM HCXOTHBIN
MaccuB A, OmpenenuTh OKHO JOCTyHa C 3THUM MaccuBoM. Mcmonb3ys
¢yukuuto MPI Accumulate B kaxkaom mporecce panra 3N+ 1 (N=0, ...,
K/3 — 1), npeobpa3oBarh MaccuB A u3 mporecca padra 3N ciemayronmm
0o0pa3oM: eciid JIEMEHT MaccuBa ¢ uHjekcoM M Ooubiie uncia B, To oH
3aMeHsieTcs Ha uncio B (uucna M u B 6epyrcest u3 nponiecca panra 3N + 1).
[Tocne storo, ucnons3ys gpynkuuo MPI Get B kaxxgom mpoiiecce paHra
3N + 2, MoIyYuTh W BHIBECTH B HEM BCE 3JIEMEHTHI MPEeOOpa30BaHHOTO
MaccuBa A u3 mporecca panra 3N. Mcnonb30BaTh CHHXPOHU3UPYIOIINUE
¢yaxkuun MPI Win _Lock, MPI Win_unlock, MPI Barrier B mporeccax
panra 3N + 1, dyaxkuuu MPI Barrier, MPI Win_Lock, MPI Win_unlock
B npoueccax panra 3N + 2 u dynkuuro MPI Barrier B nporneccax panra

3N. B kauectBe nepBoro mapamerpa ¢pynkuuun MPI Win lock yka3biBath
MPI_LOCK_EXCLUSIVE.

MPI7Win26. B kaxxaoM MOAYMHEHHOM IPOIIeCcce JaH BEIIECTBEHHBIH MaccuB A
pasMepa 5 ¢ MOJOKUTEIBHBIMHU 3JIEMEHTaMU. B riaBHOM mporecce onpe-
JeJIUTh OKHO JOCTYIIa, COJIeprKalliee BeleCTBeHHbIN MaccuB B pazmepa 5 ¢
HYJIeBBIMHM 3JeMEeHTaMU. He BBINONHSS HUKaKUX BBI30BOB CHHXPOHU3H-
pyomux (QYHKIMM B TJIaBHOM Ipouecce (KpoMe BbI30Ba (PYHKIIMU
MPI_Barrier) u ucnonbp3ys B MNOJUMHEHHBIX MPOLECCaX IMOCIEI0BATEb-
HOCTh  BBI30BOB  CHHXpoHM3upyromux  ¢ynkauun  MPI Win lock,
MPI_Win_unlock, MPI Barrier, MPI Win_lock, MPI Win_unlock, 3anu-
caTh B KaXIbll M3 3JEMEHTOB MaccuBa B MakcHMMallbHBIM U3 AJIEMEHTOB
MaccuBOB A ¢ TeM ke uHjIeKcoM (¢ momotbio pynkiuu MPI Accumulate),
MIOCJI€ YEro MOJYYUTh M BBIBECTU B KaXJIOM MOJYMHEHHOM MpOLIECcCe BCE
AleMeHThl MpeoOpa3oBaHHOrO MaccuBa B (¢ momomipio  QyHKIMU
MPI_Get). B kauectBe nepBoro napametpa ¢pyakmnun MPI Win_lock yxka-
3piBaTh MPI LOCK SHARED.

MPI7Win27. B xaxaoM NOJIYMHEHHOM IIPOIECCEe JaHbl JBa BEIICCTBEHHBIX
yucina X, Y — KOOpJMHATBHl TOYKM HA IUIOCKOCTH. VICTHOJIb3ysl BBI3OBBI
¢bynkiun MPI_Get B rimaBHOM miporiecce, moiyduth B HeM uucia Xo, Yo,
paBHBIE KoopauHaTaM TOM TO4kH (X, Y) cpeau TO4YeK, JaHHBIX B MOIYM-



136

HEHHBIX NpoLeccax, KoTopas SBIsSETCS HauOoJee yAaJIeHHOM OT Hayaia
koopauHat. [locne 3Toro, ucnoas3ys BeI30BH pyHkimu MPI Get B mon-
YUHEHHBIX MPOIECCAX, MOJYUYUTh U BBIBECTU B KaXKJOM U3 HUX 4ucaa Xo,
Yo, HailIeHHbIC B TJIAaBHOM Tipoiiecce. B kaxaom mpoiiecce onpeaeanTh OK-
HO JIOCTYIIa, COJIEprKalllee ABa BEIIECTBEHHBIX unciaa (X, Y i1 NOAYUHEH-
HBIX TMPOIECCOB, Xo, Yo JUIS TJIABHOTO mpolecca). Mcnonb3oBarh CUHXPO-
Husupytoume ¢pyukiuu MPI Win _lock, MPI Win_unlock, MPI Barrier B
rmaBHoM  mpouecce u  ¢pynkuum  MPI Barrier, MPI Win lock,
MPI_Win_unlock B mogqurHEHHBIX MpoIEccax.

[MpumevaHue. [lanHyro 3agady HEBO3MOXKHO PEIINTh, UCIIOJB3Ys OJHO-
CTOPOHHHE KOMMYHHKAIIMM TOJIbKO Ha CTOPOHE MOJYMHEHHBIX MPOIECCOB
U TpPU OSTOM BBHINOJHSAS CHUHXPOHM3AIUIO C TOMOIIBI0 OJIOKHPOBOK
lock/unlock.

MPI7Win28. Pemmts 3amauy MPI7Win27, ucrosib3yss €IMHCTBEHHOE OKHO
JOCTyMa B TJIaBHOM Ipolecce, cojaepxaiiee uncia Xo, Yo. s Haxoxme-
Hus unceln Xo, Yo ucnonb3zoBath GpyHkuuo MPI Get u pynkuuro MPI _Put
B MOJYMHEHHBIX Tporeccax (JJisi HEKOTOPBIX MPOIECCOB BhI3bIBATh (YyHK-
uuo MPI Put He notpeOyetcs), Ajisl MepeChbUTKU HalAECHHBIX yucen Xo, Yo
BO BCE MOJAYMHCHHBIE MPOIIECCH UCIONIb30BaTh B HUX ¢yHKIMo MPI_Get
(xak u B 3amauye MP17Win27). [Ins cuHXpoHM3aIui OOMEHOB Ha JTare Ha-
XOXKIeHUs 4ucen Xo, Yo HCIOJNB30BaTh JBa BbI30Ba Mapbl (QYHKIIHMA
MPI_Win_start u MPI_ Win_complete B mogurHEHHBIX MPOIECCaX U BBI30-
BbI 6 yuxne nByx nap ¢yukmuit MPI Win_post 1 MPI Win_wait B rias-
HOM Tiporiecce (IIPU TOM Ha KaKJIOW MTepaluu IUKIa HE0OXOIUMO OIpe-
NeNATh HOBYIO 2PYNNY HpOYecco8, UCIONb3YyEMYIO MPHU BBI30BE (PYHKIIMIA
MPI_Win_post). /{151 cuHXpoHU3aLMK IeUCTBUI IpH nepecbuike yucen Xo,
Yo B MOJUYMHEHHBIE MPOIECCH UCIMOJIB30BaTh, Kak U B 3ajaue MPI7Win27,
¢ynkuuo MPI Barrier B riaBHoMm mnpouecce u (pynkuuun MPI Barrier,
MPI_Win_Lock, MPI_Win_unlock B mogunHeHHBIX nponieccax.
MpumMmeyvaHue. OnucaHHBI BapHaHT pelieHus (B OTIIMYKE OT BapHaHTA,
npuBefeHHOro B 3agade MPI7Win27) mo3BossieT ucnoib30BaTh OJHOCTO-
POHHUE KOMMYHHUKAIMU TOJBKO HA CTOPOHE MOAYMHEHHBIX MPOLIECCOB, O~
HAKO MPHU TOM Ha MEPBOM dTare penieHus: Tpedyercst MPUMEHSTh BaprUaHT
CUHXPOHU3AIUH, OTIIMYHBIN 0T 6510kupoBOoK lock/unlock.

MPI7Win29. B kax oM mporecce JaHa oJ{Ha CTPOKa IIeJOYUCIICHHON KBaIpaT-
HOoM Matpuilsl Topsiaka K, rne K — koamyecTBO MpolieccoB (B Mmpoiiecce
panra R jgaHa ctpoka MaTpuilbl ¢ HOMepoM R; ctpoku Hymepyrotes ot 0).
Hcnone3ys Be3oBbl GyHkiuun MPI Get B rimaBHOM mporecce, MoJIyduTh B
HEM CTPOKY MATpHUILIbl C MUHUMAJILHOM CyMMOU 3JIEMEHTOB S U, KpOME TO-
ro, HailTu KonnuecTBO N cTpok ¢ MUHUMaIbHOU cymmon (eciu N > 1, To B
IJIAaBHOM TMPOIIECCE HANO0 COXPAHUTh TOCIETHIO M3 TaKHX CTPOK, T. €.
CTPOKy ¢ HauOoibiuM HoMmepoMm). Ilocime 3Toro, HMCHoJib3ys BBI3OBBI
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¢ynkun MPI Get B mOTYMHEHHBIX MPOLIECCaX, MOJYYUTh U BHIBECTH B
KKIOM U3 HUX CTPOKY C MUHUMAJIBHON CYMMOU S, HalJICHHYIO B TJIaBHOM
mpolecce, 3HaYeHHEe CyMMBI S M Koin4decTBO N CTpOK ¢ MHUHMMAJIbHOM
cyMMOM. B kaxaom mporecce OnpeaeinTh OKHO JOCTYMa, COJEpIKAIIee
K + 2 nenbix uncina; B nepBbix K 3leMEHTax OKHA COJIEPHKATCS JIEMEHTHI
CTPOKHY MaTpPHUIIbI, B CIEAYIONIEM AJIEMEHTE — CyMMa HX 3HaueHu# S, a mo-
CJIEIHUN BJIEMEHT MpenHa3HadeH s xpaHeHus yucia N. Mcnonb3oBaTh
cunxponusupytone  gynknun  MPI Win _lock, MPI Win_unlock,
MPI Barrier B r1imaBHoM 1porecce u  ¢Gynkuuu ~ MPI Barrier,
MPI_Win_lock, MPI Win_unlock B mogunHeHHBIX TpoIieccax.
[MpumeyaHue. [lanHyto 3ajady HEBO3MOXKHO PEIIHMTh, HUCIOJB3YS OJHO-
CTOPOHHUE KOMMYHHUKAIIMM TOJBKO Ha CTOPOHE MOJYMHEHHBIX MPOIIECCOB
Y BBINIOJIHASI CHHXPOHH3ALUIO € TOMOoIIbio 0s10kupoBok lock/unlock.

MPI7Win30. Pemmrte 3amauy MPI7Win29, ucnonb3ys €IMHCTBEHHOE OKHO

JI0CTyTIa B TTIABHOM TIPOIIECCE, COMIEPIKaIee CTPOKY MaTPHIIBI U YHCa S U
N. [ HaxoKIeHHsI CTPOKM C MUHUMAJIBHON CYMMOM 3JIEMEHTOB M CBS-
3aHHBIX C HEM XapaKTEepUCTUK Hcnonb3oBaTh GyHkuuo MPI Get u ¢pyHk-
uuio MPI Put B mogunHeHHBIX nporeccax (s HEKOTOPBIX MPOIECCOB BhI-
3pIBaTh PyHKIUI0 MPI Put He motpebyercs), 1isl IEPEChUIKN HalIEHHBIX
JaHHBIX BO BCE MMOJAYMHEHHBIE MPOIECCH UCIOJIb30BaTh B HUX (DYHKIHUIO
MPI_Get (kak u B 3agaue MPI7Win29). Ha srane HaxoxaeHHs] CTPOKH C
MUHUMaNbHOUM cymmoit pyukuuio MPIL Get crienyet ucnosib30BaTh TOJIBKO
it monmydenus 3HadeHuit S u N. J{ns cuHxpoHu3aim oOMEHOB Ha dTare
HAXOXKIEHUSI CTPOKUM C MUHHMAJIBHOM CYMMOM HCIIOJb30BaTh JBa BBI30BA
napsl pyskruit MPI Win_start 1 MPI_Win_complete B momgunHEHHBIX
mpoleccax M BbI3OBbl 6 yukne AByX nap ¢ynkuuid MPI Win_ post u
MPI_Win_wait B ri1aBHOM Mpoliiecce (Mpy 3TOM Ha KaKJI0W UTepaluy LHK-
J1a He0OXO0IUMO ONPENENATh HOBYIO 2PYNNY NPOYEcco8, UCIOIb3YEMYIO MTPU
BbI30Be PyHkIit MPI Win_post). /{1 cuaxpoHu3anuu neicTBUil Ipu me-
pEeChUIKE HAWJAEHHBIX JAHHBIX B MOJYMHEHHBIE MPOLIECCH MCIOJIb30BATh,
Kak u B 3anaye MPI7Win29, ¢pynkuuto MPI_Barrier B rimaBHOM npouecce u
¢ynkuuu MPI_ Barrier, MPI Win_Lock, MPI Win_unlock B mogunnen-
HBIX IIPOLIECCAX.
[MpumeyaHne. OnucaHHBI BapHaHT pemicHUS (B OTIMYUE OT BapHaHTa,
npuBeaeHHOTo B 3amaue MPI7Win29) mo3BomsieT ucronb30BaTh OJHOCTO-
POHHHE KOMMYHUKAIIMK TOJIBKO Ha CTOPOHE MOJIYMHEHHBIX MPOIIECCOB, OJ1-
HAKO MpU 3TOM Ha MEPBOM 3Tare penieHus: Tpedyercs NPUMEHSITh BApUAHT
CUHXPOHU3ALIMH, OTJIMYHBIN 0T 6;10kHpoBOK lock/unlock.
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17. VIHTepKOMMYHUKATOPbLI U AMHaAMUYeCcKoe co3faHune
npoueccos (MPI-2)

ba3oBbie BO3MOKHOCTH, CBA3aHHBIC C CO3/TAaHNEM MHTEPKOMMYHHUKATOPOB U
UX UCTOJb30BaHUEM Ii OOMEHa COOOIICHUSIMH MEXIY OTIEIbHBIMHU IMPOIIEC-
camu, omnpenaenenbl B crangapre MPI-1. [loatomy 5 3amaHuii JaHHOW TPYHIIBI
MO>XHO BBITIOJIHATH C TpuMmeHeHueM cucteMbl MPICH 1.2.5 (310 3amanus
MPI8Inter1-MPI8Inter4 u MPI8Inter9). [Ipoune 3agaHus MOCBAIICHH HOBBIM
BO3MOXKHOCTSIM  TI0  CO37laHWI0  WHTepKoMMyHuKaropoB  (MPI8Inter5—
MPI8Inter8), cpeacTBaM KOJJICKTUBHOTO OOMEHa JIJIi MHTEPKOMMYHHKATOPOB
(MPI18Inter10-MPI8Interl4) u wHCIOIB30BAHUIO HHTCPKOMMYHHKATOPOB IS
nuHamudeckoro cosganus mnpoiieccoB (MPI8Interl5-MPI8Inter22). Bece atu
BO3MOKHOCTH MOSIBUIUCH B cTannapTe MPI-2, mosToMy 1715t BRIOJTHEHUS 3a]a-
HUN HE0OXO0IMMO MOAKIIYATh K Tporpamme cuctemy MPICH2 1.3,

B kauecTBe KOMMYyHHUKaTOpa-nocpeoruxka (TPEThEro mMapaMmerpa peer
¢bynkuuu MPI Intercomm_create) cinemyer ykassiBaTh Konuio KOMMYHUKATOpa
MPI_ COMM_WORLD, co3nannyto ¢ nomoiibto pyukiuu MPI Comm_ dup.

[Ipy OUHAMUYECKOM CO3JaHUU TMPOIECCOB C TMOMOIIBIO (YHKIUU
MPI_Comm_spawn B 3aganusix MPI8Inter1 5-MPI8Inter22 s xauectse nepBoro
napameTpa command clieyeT yKa3plBaTh UM UCIIONHIEMOro ¢aiiia ptprj.exe, B
Ka4eCTBE BTOPOro IMapameTpa argv JOCTaTOYHO yKaszaTh kKoHcTanTy NULL, B
kKauecTBe yerBeproro mapamerpa info — koncranty MPI NULL INFO, B ka-
yecTBE  MoclieqHero  mapameTrpa  array of errcodes — ~ KOHCTaHTy
MPI_ERRCODES IGNORE. Ecnu B 3alaniy HE yKa3aHO, KAKOW KOMMYHUKa-
TOP IOJKEH MCIOJBb30BaThCSl B KAUE€CTBE UCXOAHOTO TIPH CO3aHUHM HOBBIX MPO-
[IECCOB, TO TPEANojaraercsi, 4YTo OTUM KOMMYHHUKATOPOM  SIBJISIETCS
MPI_COMM_WORLD.

BmecTo cTpoku «ptprj.exe» MOXKHO HCIOIb30BaTh PEATM30BAaHHYIO B 3a-
naynuke ¢pyHkuuio char* GetExename(), koTopas BO3BpallaeT MOJIHOE UMS UC-
nojHsieMoro Qaiina.

17.1. Co30aHue UHMepPKOMMYyHUKamopos

MPI8Interl. KonuaectBo mpoueccoB K — detHoe umncio. B kaxmgom mporecce
nano 1enoe  umcio X, Hemonedys  dynaknuum  MPI Comm group,
MPI_Group range incl u MPI Comm_create, co3nate KOMMYHHKaTOPBI,
NIEPBBIN U3 KOTOPBIX COAEPKUT MPOLECCHl YETHOI'O PAHra B TOM K€ MOPSI-
ke (0, 2, ..., K/I2—2), a BTOpOii — MpoIeCChl HEUYETHOTO PaHIra B TOM K€
nopsake (1, 3, ..., K/2—1). BeiBectu panru mporeccoB R B co3maHHBIX
KOMMYHHUKaTOpax. 3areM OOBbEAUHUTH CO3/IaHHbIE KOMMYHHUKATOPbI B MH-
TEPKOMMYHUKaTOp c nomouipio QyHkinuu MPI Intercomm create. Hc-
nonb3ys Gyakiuu MPI Send u MPI Recv niis co3nanHOro MHTEpKOMMY-
HUKATOPa, MOJYYUTh JUIsl KaXA0T0 Mmpolecca Yucio X U3 Mmpolecca Toro xe
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paHra, BXOJSIIETO B APYIYH TPYIILY 3TOTO XK€ MHTEPKOMMYHMKATOpa, W
BBIBECTH IIOJIyYEHHBIE YUCJIA.

MPI8Inter2. KommuectBo nporeccoB K — detHoe uncio. B kaxoM mporecce
nano tmenoe yucio C u BemectBennoe unciio X. Yucna C papabl 1160 0,
00 1, kKoaudecTBO 3HaUeHUI | paBHO KOJMMYECTBY 3HayeHui 0, mpuyeM B
nporecce panra 0 mano C, paBHoe 0, a B mpomecce panra K — 1 gano C,
paBHoe 1. Wcnonw3ys oaun Bbi3oB (pyHkuuun MPI Comm_split, cozmaTth
KOMMYHHUKATOPBI, TIEPBIN U3 KOTOPBHIX COMEPKHUT MPOIECCHI CO 3HAYCHUS-
mu C = 0 B TOM ke MopsAaKe, a BTOPOH — mporiecchl co 3HadeHusmu C = 1
B oOpaTHOM mopsiake. BeiBecTr paHru mpoieccoB R B CO3JaHHBIX KOMMY-
HUKatopax (mpu 3ToM 3HadeHue R = 0 moxyyaT nepBblil U MOCIEHUN TTPO-
neccel ucxogHoro kommyHukaropa MPI COMM_ WORLD). 3arem o0ne-
JIMHUTBH CO3JIaHHbIE KOMMYHHUKATOPbI B MHTEPKOMMYHHUKATOP C MOMOIIBIO
¢yukuun MPI Intercomm create. Mcnonssys ¢ynakuuun MPI Send wu
MPI Recv mist cO31aHHOTO MHTEPKOMMYHHUKATOPA, MOJYYUTh I KaK10-
ro Mpolecca Yuciao X U3 Mpolecca TOTO e paHTa, BXOMASAIIETO B IPYTYIO
TPYIITY 3TOTO HHTEPKOMMYHHKATOPA, U BEIBECTH TTOJTYICHHBIC YUCITA.

MPI8Inter3. KoauuectBo mporeccoB K kpatHo 3. B mpomeccax panra 3N

(N=0, ..., 3K—3) naHo BelIeCTBCHHOEC YHUCIO X, B TpoIleccax paHra
3N + 1 gans! BemecTBeHHBIC uncia X u Y, B mporeccax panra 3N + 2 maHo
BemecTBeHHoe uyuciao Y. Hcenonedys ¢ynkuuu MPI Comm group,
MPI_Group range incl u MPI Comm_create, co31aTb KOMMYHHKATOPBI,
MEPBBII U3 KOTOPBIX COAEPKUT Ipynmy npoueccoB panra 3N B ToM ke mo-
panke (0, 3, ..., K—3), Bropoit — rpyniy npoiieccoB panra 3N + 1 B 00-
patHoMm mopsinke (K—2, K—=5, ..., 1), a Tpetnii — Tpynmy mOpoIeccoB
panra 3N + 2 B ToM ke nopsiake (2, 5, ..., K—1). BeiBectu panru mpotiec-
coB R B co3maHHBIX KOMMYHHKAaTOpax. 3aTeM, HUCHOJIb3ysl (YHKIIHIO
MPI Intercomm_create, 0ObeIUHUTH CO3/IaHHBIE KOMMYHHUKATOpHI B JIBa
MHTEPKOMMYHHUKATOpA: TEPBBIA JOMKEH COAEPXKAaTh IMEPBYID U BTOPYIO
IPYIIbI TPOILIECCOB, @ BTOPOMl — BTOPYIO U TPETHIO Ipymmbl. Mcrnonb3ys
¢ynkiuu MPI Send u MPI_Recv 151 co3gaHHBIX HHTEPKOMMYHHUKATOPOB,
MOMEHATH yKcyia X AJi MPOLIECCOB OJAMHAKOBOTO PAaHra, BXOJSAIIUX B Mep-
BYIO U BTOPYIO Tpynmy, W yucia Y JUisl MPOLECCOB OJMHAKOBOTO PAaHra,
BXOJASIIMX BO BTOPYIO WM TPEThIO TpyIlny. BhIBECTH B KaXKI0M Ipoliecce
MOJIyYeHHbIE YHCIIA.
YkasaHue. Crnexyer oOpaTHTh BHHMaHHE Ha TO, 4YTO (DYHKIIHS
MPI_Intercomm create qoJKHAa BBI3BIBATHCS OJUH Pa3 Jis MPOLIECCOB,
BXOJASIIMX B MEPBYIO U TPETHIO TPYMIILI, U ABa pasza JJid MPOLECCOB, BXO-
JSTIIX BO BTOPYIO TPYMITY, U TAKOE K€ KOJTUYECTBO BHI30OBOB JIOJIKHO OBITh
g pynkuuit MPIL Send u MPI_Recv.
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MPI8Inter4. KomnuectBo mporeccoB K kpatao 3. B kaxaom mporiecce AaHbl
Tpu 1enbix yucna. [lepoe uncno (o6o3nauaemoe OykBoit C) JIexKUT B 1ua-
nazoHe ot 0 1o 2, mpuuem kaxjoe u3 3HaueHui 0, 1, 2 BcTpeuaercs ongu-
HakoBoe 4ucio pa3 (paBHoe K/3) u mpu 3ToM B mponeccax panra 0, 1, 2
3HaueHust C COBIMAJAIOT C paHTaMU 3TUX IpoiieccoB. Mcronb3yst OUH BbI-
30B pynkiun MPI Comm_ split, co3math KOMMYHHKATOPBI, IEPBBIM U3 KO-
TOPBIX COJIEPKUT Tporecchl co 3HayeHusiMu C = 0 B TOM k€ MOpsAKE, BTO-
poit — mporieccsl co 3HaueHussMuU C = 1 B TOM ke MOpsIKE, a TPETUH —
npoiiecchl co 3HaueHusMu C =2 B TOM ke nopsiake. BeiBecTu panru mpo-
neccoB R B cO31aHHBIX KOMMYHUKaTopax (Ipu 3ToM 3HadeHue R = 0 nmouy-
yaT NIEpBbIE TpH nporecca HCXOJTHOTO KOMMYHHUKaTOpa
MPI_COMM_WORLD). 3areM, ucnoiap3ys HO JABa BbI30Ba (PYHKIIUU
MPI_Intercomm_create B KaxJI0M Tmpouecce, OObEIUHUTH CO3/IaHHbIE
KOMMYHUKATOpPbl B TPU HMHTEPKOMMYHHUKATOpA: MEPBBIA JOJDKEH COJEp-
KaTh TPYMIBI TporieccoB co 3HadeHussMu C, paBHbiMu 0 u 1, BTOpoi —
IPYIIbI CO 3HAYECHUSIMU | U 2, TpeTuid — Tpynmsl co 3HayeHusamu 0 u 2
(TakuM 00pa3oM, CO3JJaHHbIE MHTEPKOMMYHUKATOPHI OyAyT 00pa30BbIBATh
KOJIBLIO, CBSI3bIBAIOIIEE BCE TPU PaHEE CO3JlaHHbIE Tpymibl). CunrTas, 4To B
NEpBOM TPYIIE MPOLECCOB JBa CIEAYIOLUIUX MCXOAHBIX 4Hclia 0003Hayda-
1oTcst OykBamu X u Y, Bo Bropoi rpymre — Y u Z, a B Tpetbeit — Z u X (B
YKa3aHHOM TMOPSAJKE) U HCIOJIb3YsS B KaXKJOM IMpOIECCEe MO JiBa BbI30Ba
dbynkuuiit MPI Send u MPI_Recv 151 co3gaHHBIX HHTEPKOMMYHUKATOPOB,
NOMEHSATH uKciia X JJis MPOLIECCOB OJAMHAKOBOTO PAHra, BXOJSAUIUX B IEp-
BYIO M BTOPYIO IpyIly, yucia Y — [jisi NpOLECCOB OAMHAKOBOI'O pPaHra,
BXOJSIILIUX BO BTOPYIO U TPETHIO TPyIIy, U yucia Z — ISl NpOLEeccoB
OJIMHAKOBOT'O paHra, BXOJSIIMX B MEPBYIO M TPEThbIO rpynmny. BeiBecTu B
KQ)KJIOM MPOLECCEe NOJyYCHHbIE YHCIIA.

MPI8Inter5. KomuuectBo mporieccoB K kpatHo 4. B kaxxaom mporecce TaHO
neinoe  uwmciao X,  Hcnomb3dys — @ynkuum  MPI Comm_group,
MPI_Group_range incl u MPI Comm_create, co3natb KOMMYHHKATOPBI,
NEPBBIM U3 KOTOPBIX COAEPKUT MEPBYIO MOJOBUHY MPOLIECCOB (C paHraMH
0,1, ..., K/2—1 B yka3aHHOM MOPSIKE), @ BTOPOH — BTOPYIO MOJOBUHY (C
panramu K/2, K/2+1, ..., K—1 B yka3aHHOM mopsiike). BeiBecTH paHru
npoueccoB Ry B CO3AaHHBIX KOMMYHUKATOpax. 3aTeM O0bEeIUHUTH CO3AaH-
Hbl€ KOMMYHHUKAaTOpbl B HWHTEPKOMMYHHKATOp C MOMOLIbI0 (DyHKUINU
MPI_Intercomm_create. ITocne 3TOrO, UCIIOJIb3YS byHKIIIO
MPI_Comm_create 11 CO34aHHOIO MHTEPKOMMYHHUKATOPA, MOJIYYUTh HO-
BbIl MHTEPKOMMYHMKATOpP, NEpPBasi IPyIlla KOTOPOro COAECPKUT MPOLIECCHI
U3 TIEPBOM TPYNIBI UCXOJHOTO MHTEPKOMMYHHUKATOPA C YETHBIMU PaHTaMU
(B TOM XK€ MOpSAKE), a BTOpas rpymnna — MpOoIecCchl U3 BTOPOM IPyIIIbI UC-
XOJIHOTO MHTEPKOMMYHHUKATOpa C HEYETHBIMH PaHraMh B OOpAaTHOM IIO-
psanke (TakuM o0pa3oM, B MEPBYIO IPYIIY HOBOIO MHTEPKOMMYHHKATOPA
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Oymyt BXOJIUTH TIPOIIECCHI WCXOJTHOTO KOMMYHHUKATOpa
MPI_COMM_WORLD c panramu 0, 2, ..., K/2—2, a Bo BTOpyto — ¢
panramu K—1, K—3, ..., K/2 + 1). BeiBectu panru mporeccoB R, BXo-

ISIIUX B HOBBIM MHTepKOMMYHUKaTOp. Mcnonb3ys gpynkuuu MPI Send u
MPI_Recv s HOBOrO HMHTEPKOMMYHHUKATOPA, MOJYYUTh I KayKIOIO
mpouecca yuciio X M3 Ipouecca TOr0 K€ paHra, BXOASILErO B IPYIYIO
IPyIIly 3TOI0 HHTEPKOMMYHHUKATOPA, U BEIBECTHU MTOJIyYCHHBIC YUCIIA.

MPI8Inter6. KommuectBo mporeccoB K kpatHo 4. B kaxxmom mporiecce AaHO
BemectBeHHOe umciio X. Hcmomp3ys ¢yskimun  MPI Comm group,
MPI_Group range incl u MPI Comm_create, co3natb KOMMYHHKATOPBI,
NEPBBIA U3 KOTOPBIX COAECPKUT MEPBYIO MOJOBUHY MPOIIECCOB (C paHTaMu
0,1, ..., K/2—1 B yka3aHHOM MOPSIKE), @ BTOPOH — BTOPYIO MOJOBUHY (C
panramu K/2, K/2 +1, ..., K—1 B yka3aHHOM nopske). BeiBectu panru
nporeccoB R; B coO3/TaHHBIX KOMMYHHUKAaTOpax. 3aTeM O0BbEAMHUTH CO3/aH-
HblE KOMMYHHUKATOPbl B HWHTEPKOMMYHHUKATOP C MOMOIIBIO (YHKIIUH
MPI Intercomm_create. Ilocie 3Toro, Mcmnonab3yss OAWMH BBI3OB (DYHKIIUU
MPI_Comm_split qj1s1 cO3MaHHOTO MHTEPKOMMYHHUKATOpPA, MOJYYUTh JBa
HOBBIX MHTEpKOMMYHHUKaTOpa. [lepBrlii 13 HOBBIX MHTEPKOMMYHUKATOPOB
COJICPKUT TMPOIIECCHI UCXOAHOTO MHTEPKOMMYHHUKATOPA C YETHBIMU paHTa-
MH, a BTOPON — C HEUETHBIMHU, MPUYEM IIPOIIECCHI BO BTOPOH I'PYIINE Kaxk-
JIOTO U3 HOBBIX MHTEPKOMMYHHUKATOPOB JOJKHBI pacrioiaraTbCcsi B 00Opat-
HOM TOpsAJIKe (TakKuM 00pa3oM, €CJIM MCIOJIb30BaTh PAHTU MPOLIECCOB IS
ucxognoro kommynukaropa MPI_COMM_WORLD, to mepBbiii uUHTEp-
KOMMYHHUKATOP COJEPKUT rpymibl nporeccoB panra 0, 2, ..., KI2—2 u
K—-2, K—4, ..., K/2, a Bropoii — rpynimsl npoieccoB panra 1, 3, ...,
KI2—1uK-1, K-3, ..., K/I2+ 1). BeiBectu panru mporeccoB R,, Bxo-
JSIMX B HOBBbIE MHTEPKOMMYHUKATOPHI. Vcrionb3ys ¢dyakuuu MPI Send u
MPI Recv misi HOBBIX MHTEPKOMMYHUKATOPOB, IOJIYUYHUTH ISl KaXIOTO
mpoiiecca 4ucio X U3 Mpolecca TOro € paHra, BXOASIIET0 B APYTyIO
TPYIITY 3TOTO UHTEPKOMMYHUKATOPA, U BHIBECTHU MOJYYEHHBIE YUCIIA.

MPI8Inter7. KomuyecTtBo npoieccoB K — yeTHoe uncio. B kaxmom mporecce
naHo nenoe yucio C, paBHoe mmu60o 0, mubo 1, mpuyemM M3BECTHO, YTO B
MIEpPBOI TIOJIOBMHE TPOIIECCOB JaHO €IWHCTBeHHOe 3HaueHne C =1, a BO
BTOPOM MOJIOBUHE KOJIMUeCTBO 3HaueHui C = 1 GoJibllie OJTHOTO M, KpOMe
TOro, umeercss Xora Obl ogHo 3HayeHue C =0. Hcnonw3ys ¢GyHKIMIO
MPI_Comm_split, co3natb KOMMYHHKATOPbI, IEPBBIM U3 KOTOPBIX COJEP-
KHT TIEPBYIO NOJIOBHHY TiporieccoB (¢ panramu 0, 1, ..., K/2 — 1 B yka3an-
HOM TOPSIKE), a BTOPOl — BTOpYIO MOJ0BUHY (¢ panramu K/2, K/2 + 1,
..., K—1 B ykazannom nopsiike). BeiBectu panru npoieccoB R; B co3nan-
HBIX KOMMYHHUKaTOpax. 3aTeM OOBEJUHUThH CO3AaHHbIE KOMMYHUKATOPHI B
WHTEPKOMMYHHUKATOp ¢ momotisio ¢pyakmuun MPI Intercomm create. I1o-
cie atoro, ucnonb3ya ¢yakuuro MPI Comm split ans co3maHHOrO MH-
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TEPKOMMYHHUKATOPA, MOJIYYUTh HOBBIH MHTEPKOMMYHHUKATOp, IPYIIIBI KO-
TOPOIO COAEPKAT MPOLECCHl U3 COOTBETCTBYIOUIUX TI'PYHI UCXOJHOTO WH-
TEPKOMMYHUKaTOpa co 3HaueHussMu C = 1, B3AThie B OOpaTHOM MOPSJIKE
(Takum 00pa3oMm, B MEPBYIO TPYMIy HOBOTO MHTEPKOMMYHHUKaTOpa Oyner
BXOJIUTh €IMHCTBEHHBIA IPOLIECC, & KOJIMYECTBO IPOLIECCOB BO BTOPOM
rpymie OyaeT Jiexarb B auanazone ot 2 1o K/2 — 1). BeiBectu panru npo-
1eccoB Ry, BXOAAIMKX B Ty IPyIIly HOBOTO MHTEPKOMMYHHUKATOpa, KOTOpas
COJEPKUT OoJiee OIHOTO Ipolecca. B eInHCTBEHHOM IHpolecce NepBOM
IpyNIbl HOBOIO MHTEPKOMMYHHUKATOpa BBeCTU MaccuB Y u3 K, nensix yu-
cel, rae K, — KOoJIM4ecTBO MpOLECCOB BO BTOPOM IPyMIe; B KaXKAOM Mpo-
11ecCe BTOPOM I'PYIIIBI 3TOTO K€ MHTEPKOMMYHHUKATOpPa BBECTH 10 OJTHOMY
nenomy umciy X. Mcnons3ys TpeOyemMoe KOJIMYECTBO BBI30BOB (PYHKLIMMI
MPI_Send u MPI_Recv nnst Bcex mporLeccoB HOBOTO HHTEPKOMMYHHUKATO-
pa, MOJIY4YUTh B IIpoLiecce NEPBOM IPyNIbl BCe yncia X U3 MPOLECCOB BTO-
poil Tpynnsl (B NOPAIKE BO3pACTaHUSI PAHIOB 3THX IMPOILIECCOB), a B KaX-
JIOM Tiporiecce BTopoi rpymmsl panra R, (0, 1, ..., K; — 1) momyauts sme-
MEHT C MHJIEKCOM R, M3 maccuBa Y, JaHHOTO B MPOLIECCE MEPBOM TPYIIIIHI.
BrIBECTH ITOTyYEHHBIE YUCIIA.

MpumeyvaHue. B peamuzanuu MPICH 2 Bepcun 1.3, ucnosnbs3zyemon B 3a-
nauynuke, Gpyakuus MPI Comm_ split mpuBoauT K 0MMOOYHOM MTporpamme,
€ClIi OHa MPHUMEHSETCS K MHTEPKOMMYHHUKATOPY M IPU 3TOM KaKHe-JIn0o
u3 3HayeHuit ee napamerpa color pasasl MPI UNDEFINED. Takum o6pa-
30M, JUIsl KOPPEKTHOU paboThI MpOrpaMM HEOOXOAMMO UCIOJIb30BaTh TOJb-
KO HeompuyamenbHvle 3HaueHus color. Kpome Toro, nmporpamma B naib-
HEHIIEM MOXET BECTH CeOsl HEKOPPEKTHO, €CJIM B Pe3yJIbTaTe MPUMEHEHHUS
¢ynkunn MPI Comm_split Kk ”HTEpKOMMYHHUKATOPY CO3AAIOTCSl nycmoble
epynnwl (3TO BO3MOXKHO, €CJIM JJI BCEX MPOLECCOB OAHOM U3 TPy UCXO/I-
HOTO MHTEPKOMMYHHMKATOpPa YKa3bIBaIOTCA OJMHAKOBBIE 3HaueHHs color,
OTJIMYHBIE OT HEKOTOPBIX 3HAYEHUH color 1Jis MPOoLEecCoB IPYroi rpymibl).

MPI8Inter8. B kaxxmom mporiecce mano mnemnoe gucio C, nexaiiee B IUamna3oHe
ot 0 10 2, mprYeM U3BECTHO, YTO U y MPOIECCOB YETHOTO paHTa, U Y Mpo-
[IECCOB HEUETHOTO PaHTa MMEETCS XOTs ObI 0 OJJHOMY M3 3HaueHui 0, 1, 2.
Hcnionb3ys ogud Bb130B dyHkuuu MPI Comm_ split, co3nate koMMyHHKa-
TOPBI, TIEPBBI U3 KOTOPBIX COACPKHUT IMPOIESCCHl C YCTHBIMH paHraMu (B
MOPSAKE BO3PACTAHUS PAHTOB), 2 BTOPOM — MPOIECCHI ¢ HEYSTHBIMU PaH-
raMu (Takke B IOPSIKE BO3pacTaHUs paHTOB). BeIBeCTH paHTH MPOIECCOB
R; B CO3aHHBIX KOMMYHUKATOpax. 3aTeM 00bEeIUHUTH CO3/IaHHBIE KOMMY-
HHUKATOPBI B WHTEPKOMMYHHUKATOP c ITOMOIIIBIO byHKIIH
MPI_Intercomm_create. Ilociie 3Toro, ucnonb3ysi OAUH BHI30B (PYHKIIUU
MPI_Comm_split 1151 CO3TaHHOTO MHTEPKOMMYHHUKATOPa, MOJTYYUTh TPH
HOBBIX MHTEPKOMMYHHUKATOpa, TPYIIBI KOTOPBIX COJEP)KAT IMPOIECCHl U3
COOTBETCTBYIOIIUX TPYII HUCXOJHOTO HWHTEPKOMMYHHKATOpa C OJMHAKO-
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BBIMU 3HaueHUSAMH C, B3SIThIC B TOM K€ MOPSAAKE (TaKuM 00pa3om, B mep-
BYIO TPYIIy MEPBOTO HHTEPKOMMYHHUKATOpA OYIyT BXOJUTH MPOILIECCHI
geTHOro panra co 3HadeHusmu C =0, a, HampuMmep, BO BTOPYIO TPYIITY
TPEThEr0 UHTEPKOMMYHHUKATOPA OyAyT BXOJUTh MPOLECCHl HEUETHOIO paH-
ra co 3HadeHussMu C = 2). BriBecTn panru mporieccoB R, B HOBBIX HHTEP-
KOMMYHHKATOpax. B mporeccax U3 mepBbIX TPYII CO3IAHHBIX UHTEPKOM-
MYHHKATOPOB BBECTH IO OJHOMY IIEJIOMY YHUCIY X, a B MpoIeccax U3 BTO-
PBIX TpyHI — MO OAHOMY IesioMy uucay Y. Mcnonb3yst TpeOyemoe KoJu-
yecTBO BBI30BOB ¢GyHKuuid MPI Send u MPI Recv mist Bcex mporeccoB
HOBBIX MHTEPKOMMYHHKATOPOB, NIEpPECiiaTh BCE YUCIa X KaKIOMY U3 MpO-
[IECCOB BTOPOM IPYIIIbI 3TOTO K€ KOMMYHHKATOpa, a Bce yucia Y — Kax-
JIOMY M3 IPOLIECCOB MEPBOW IPYNIIBI U BBIBECTU MOJIYYECHHBIE YHCIA B I10-
PAIKE BO3pPACTAHUA PAHTOB NEPECIABIINX UX ITPOLECCOB.

MPI8Inter9. KomuyecTtBo mnpoieccoB K — yeTHoe unciio. B kaxaom nporecce
naHo 1ernoe uncio C, nexaree B nuamnasone ot 0 10 2, mpuyeM M3BECTHO,
gyTo B Tmporecce panra 0 mano yuciao C =1, a mepBoe u3 3HaueHUt C = 2
uMmeeTcs y mporiecca panra K/2. Ucnons3ys ¢yakmuio MPI Comm_split,
co37aTh KOMMYHHKATOPBI, TIEPBBIA M3 KOTOPBIX COACPKUT MPOIECCHI CO
sHadeHusIMH C = 1 B TOM ke MOpSAKe, a BTOPOM — MPOIIECCHl CO 3HAUe-
Husmu C =2 B ToM ke mopsake. BeiBectn panru mporeccoB R B co3maH-
HBIX KOMMYHHKATOpax (€CIH MpoIecc He BXOIUT HUA B OJIMH U3 CO3JaHHBIX
KOMMYHHKATOPOB, TO BBIBECTH I HETO 4HCIO —1). 3aTeM O0OBEIUHUTH
CO3JJaHHBIE KOMMYHHUKATOPHI B MHTEPKOMMYHHUKATOP C MOMOIIBIO (DYHKIIHH
MPI Intercomm _create. I1ocne 3Toro BBeCTH B mporeccax nepBor rpyIbl
CO3JIaHHOTO MHTEPKOMMYHHKATOpa (COOTBeTCTBYIOIIEH 3HaueHusM C = 1)
110 OJTHOMY LIETIOMY YHUCIY X, a B IIpoIieccax BTOPOM IPYIIIBI — IO OJTHOMY
nenomy uuciy Y. Mcmons3ys TpeOyeMoe KOJWYeCTBO BBI3OBOB (DYHKITHIN
MPI_Send u MPI_Recv nist Bcex mpoiieccoB co3JaHHOTO MHTEPKOMMYHU-
KaTopa, mepeciaTh Bce unciia X KaxJIoMy U3 MPOIECCOB BTOPOMl TPYyMIIbI
ATOTO KOMMYHHUKATOpa, a Bce unciia Y — KaKJIOMYy U3 MPOIECCOB MEPBOM
TPYIIBI ¥ BBIBECTH TOJYYEHHBIE YHCIIa B TOPSIKE BO3pACTAaHUS PAHTOB
MepecaaBIInX UX MPOIIECCOB.

17.2. KonnekmuesHble orepayuu 051 UHMEPKOMMYHUKamopos

MPI8Interl0. KonuuectBo nporeccoB K — ueTHoe uucio. B kaxoMm mporecce
naHo nenoe gncio C, nexamiee B quarna3ode ot 0 g0 2, mpudeM HU3BECTHO,
gyTo B mporiecce panra 0 mano umcio C =1, a nepBoe u3 3HadyeHuii C = 2
umeetcs y nporecca panra K/2. Ucnons3ys ¢pyakiuio MPI Comm_split,
co37aTh KOMMYHHKATOPBI, TIEPBBIA M3 KOTOPBIX COJSPIKHT IPOIECCHI CO
3HayeHussMu C = 1 B TOM ke MOpsJIKe, a BTOPOM — MPOIIECCHl CO 3HAYe-
HussMmu C =2 B TOM ke mopsiake. BeiBectn panru mporeccoB R B co3maH-
HBIX KOMMYHHKATOpax (€CJIM MPOIIeCcC He BXOIUT HU B OJIMH M3 CO3JIaHHBIX
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KOMMYHHUKATOPOB, TO BBIBECTH [JIsi HEro 4yucio —1). 3aTeM OOBeIUHUTH
CO3/IaHHbIE KOMMYHHUKATOPbl B HHTEPKOMMYHHUKATOP C MTOMOIIBIO (QYHKIIUU
MPI Intercomm create (rpyrmma, cojepskaiiasi IpoLecchl CO 3HAYCHUSIMU
C =1, cumTaerca mepBOil Tpynmoil CO3MaHHOIO WHTEPKOMMYHHUKATopa, a
rpynna nporeccoB co 3HaueHussMu C = 2 — Bropoit). [locie 3Toro BBecTH
B Ipolieccax 00Erx IpyIi CO3JaHHOIO0 MHTEPKOMMYHHKATOPA LEJbIE YU C-
na R; u R,. 3Hauenus uyncen R; Bo Bcex mpoleccax COBNaAaroT U yKa3bIBa-
I0T PaHT BBIJICJICHHOTO MpoIecca MepBOil Ipymibl; 3HaueHus uucen R, BO
BCEX MPOLECCAaX TAKXKE COBNAJAIOT M YKa3bIBAIOT PAHT BBIAEIEHHOTO IPO-
1ecca BTOpOM Ipymibl. B BbIIEIEHHOM MpoLecce MEepBOM IPyNIbl 1aH Ha-
00p U3 Tpex LEJbIX Yynces X, B BbIJICIEHHOM MPOIECCe BTOPOM IPyIIIbl —
HaOop U3 Tpex 1enbix yncen Y. Mcnonb3ys nmo 1Ba BbI30Ba KOJUIEKTUBHOU
¢ynkuun MPI_ Bcast B kaxqom mpoliecce CO31aHHOI0 MHTEPKOMMYHHUKA-
TOpa, mepecyiaTh Habop urces X BO BCE MPOLIECCHl BTOPOM IPYIINbI, a HA0OP
yucen Y BO BCE MPOLECCHl EPBOM IPYIIIbI, MOCIE YErO BBIBECTH MOTYUYEH-
HBIE YHCTIA.

MPI8Interll. KonxuuectBo npoieccoB K — yeTHoe uucio. B kaxmom mporecce
naHo 1enoe unciio C, nexaree B nuama3one ot 0 10 2, mpuyeM M3BECTHO,
yTo B Tiporecce panra 0 mano uwucio C =1, a mepBoe u3 3HaueHWt C = 2
uMeeTcs y npouecca panra K/2. Ucnonsiys dyukiuo MPI Comm_ split,
CO3/1aTh KOMMYHMKATOPBI, TIEPBbI U3 KOTOPBIX COAECPKHUT IMPOIECCHI CO
3HaueHusMH C = 1 B TOM e MOpSAKEe, a BTOPOM — TPOIIECCHI CO 3HAUe-
Husmu C =2 B ToM ke mopsake. BeiBectu panru nporeccoB R B co3naH-
HBIX KOMMYHHKATOpax (€CJIM MpoIecC HE BXOJIUT HU B OJIMH U3 CO3/IaHHBIX
KOMMYHHKATOPOB, TO BBIBECTH i1 Hero 4ucio —1). 3aTeM oOBeITUHUTH
CO37IaHHbIE KOMMYHUKATOPHI B UHTEPKOMMYHHKATOP C MOMOIIbIO (DYHKIIUH
MPI_Intercomm_create (rpymnma, cojepskaiias Mpolecchl CO 3HAYCHUSIMHU
C =1, cunTaercs mepBOM TPYNION CO3JAHHOTO WHTEPKOMMYHHKATOpPa, a
rpymma mnporeccoB co 3HaueHusiMu C = 2 — Bropoii). [Tocie aToro BBecTn
B IIpolieccax 00enx rpyIl CO3JaHHOTO HHTEPKOMMYHHUKATOPA LIEJI0€ YUCIIO
R;, KOTOpoe coBMaaaeT BO BCEX MPOLECCaX U YKa3bIBAE€T PAHT BbIAEICHHO-
ro Mmpouecca MnepBor rpynmnsl. B BBIIEIEHHOM MPOLECCE MEPBOW T'PYIIIbI
naH Habop u3 K, nensix yucen X, rae K, — KOJIMYECTBO MPOLIECCOB BO
BTOpoi rpymnmne. Mcnonb3ys OJWH BBI30B KOJUIEKTUBHOM  (DYyHKIIMH
MPI_Scatter B kaxJIoM MpOLECCE CO3JAaHHOTO MHTEPKOMMYHHUKATOpA, Te-
pecnath 1Mo OJHOMY YMCIy U3 Habopa X BO BCE MPOIIECCHl BTOPOI TPYIIITBI
(B MOpsiIKE BO3pACTaHUSI PAHTOB MPOLIECCOB), MOCJE YEro BHIBECTH MOJY-
YEHHbIE YHUCIIa.

MPI8Interl2. KonuuectBo nporeccoB K — uetHoe uucio. B kaxmaom nporecce
naHo nenoe uncio C, nexarniee B quarna3ode ot 0 10 2, mpudeM H3BECTHO,
yTo B mporecce panra 0 mano umcio C =1, a nepBoe u3 3Hauenuii C = 2
umeetcs y npouecca panra K/2. Ucnons3ys ¢pyaxunuio MPI Comm_split,
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CO3/1aTb KOMMYHMKATOPBI, IEPBBIA M3 KOTOPBIX COAEPKUT IMPOLECCH CO
3HaueHusiMu C = 1 B TOM e MoOpsJKe, a BTOPOH — MPOIECCH CO 3Haye-
Husmu C =2 B ToM ke mopsake. BeiBectu panru mporeccoB R B co3maH-
HBIX KOMMYHHMKATOpax (€CIM MpoLecC HE BXOJUT HU B OUH U3 CO3AAHHBIX
KOMMYHHMKATOPOB, TO BBIBECTH JJIsl HEro 4uciao —1). 3areM 0OBEAMHHUTH
CO37JaHHBIC KOMMYHHKATOPHI B MHTEPKOMMYHHUKATOP C IIOMOIIIBIO (hYHKITHH
MPI_Intercomm_create (rpyrmma, cojaepskalias IpoIlecchl CO 3HaUYCHHUSIMU
C =1, cuuraercs mepBOd TPYIION CO3JaHHOTO MHTEPKOMMYHHKATOpa, a
rpynma npoieccoB co 3HaueHusmMu C = 2 — Bropoil). [locne sToro BBecTn
B IIpolieccax 00eux Ipymil CO3JaHHOTO HHTEPKOMMYHHKATOPA LIETI0€ YHCIIO
R,, KoTOpOoe coBmajaeT BO BCEX MPOLIECCaX U YKa3bIBAET PAHT BBIJIETICHHO-
ro Ipolecca BTOpOH Ipynmbl. B KakaoM Iporecce nepBoi IPyIbl JaHO
o ojJHoMy IeioMmy uyuciay X. Hcmonb3yst OJWH BBI30B KOJUIEKTHBHOM
¢ynxunn MPI_Gather B kaxaoM nponecce co31aHHOTO0 UHTEPKOMMYHUKa-
TOpa, Mepeciarb UCXOHbIe uncia X (B MOPSAIKE BO3PACTAHUS PAHTOB CO-
JEpKaluX UX MPOLECCOB) B BBIIEIEHHBII MPOLIECC BTOPOM IPyIIIbI, OCIE
YEro BBIBECTH B 3TOM ITPOLECCE MTOITYYEHHBIEC YUCTA.

MPI8Inter13. KonuuectBo npoiieccoB K — deTHoe uncio. B kaxom nporecce
naHo 1enoe uncio C, nexaree B nuama3one ot 0 10 2, mpudeM M3BECTHO,
gyTo B Tmporecce panra 0 mano yuciao C =1, a mepBoe u3 3HaueHU C = 2
umMeeTcst y nporuecca panra K/2. Ucnonwszysa ¢yukiuo MPI Comm_ split,
CO37aTh KOMMYHHUKATOPBI, TIEPBBIA M3 KOTOPBIX COAEPKUT MPOLECCHI CO
3HadueHussMu C = 1 B TOM e MOpsiAKe, a BTOPOMl — TPOLIECCHl CO 3HAue-
Husimu C =2 B TOM ke nopsiaike. BeiBectu panru mporeccoB R B co3naH-
HbIX KOMMYHHKATOpax (€cJM MPOIECC HE BXOAUT HU B OAUH U3 CO3/IaHHBIX
KOMMYHHUKAaTOPOB, TO BBIBECTH MJIsi HEro uuciio —1). 3areM OOBEAMHUTH
CO3JJaHHBIE KOMMYHHUKATOPHI B MHTEPKOMMYHHUKATOP C MOMOIIBIO (DYHKIIHH
MPI_Intercomm_create (rpymma, coaep:kamas MpoIecChl CO 3HAUCHUSIMU
C =1, cunTaercs mepBoOil TPyNIONW CO3JAHHOTO WHTEPKOMMYHHKATOpa, a
rpymma nporeccoB co 3HaueHusiMu C = 2 — BTopoit). B kaxxaom mporiecce
MEPBOIl TPYIIBI JaHO MO OJHOMY LENOMYy 4yuciay X, B KaXIOM MHpOLEecce
BTOPOM TPyNIIBI IaHO MO OAHOMY LeroMy yuciy Y. Mcnonab3ys o1uH BI30B
koJuiekTuBHOM (pyHkimu MPI Allreduce B kaxaom mpoliecce Co3JaHHOTO
WHTEPKOMMYHHUKATOPA, MOJYYUTh B KaXXJOM IIPOIIECCE MEPBOM TPYIIIbI
qucio Ypin — MUHUMAIbHOE U3 UCXOAHBIX YUcen Y, a B KaXI0M MpoLecce
BTOPOU IPYMIbI YUCIO Xpax — MAKCUMAJIBHOE M3 UCXOJHBIX uncen X, mo-
CJI€ YEr0 BBIBECTH MOJYYEHHBIE YHCIIA.

MPI8Interl4. KonuuectBo nporeccoB K — uetHoe uucio. B kaxaom mporecce
naHo nenoe gncio C, nexarniee B quarna3ode ot 0 g0 2, mIpudeM HU3BECTHO,
gyTo B mporiecce panra 0 mano umcio C =1, a mepBoe u3 3HaueHuit C = 2
umeertcs y npouecca panra K — 1. Ucnons3ys pynkuuto MPI Comm_split,
co371aTh KOMMYHHUKATOPBI, TIEPBBIA M3 KOTOPBIX COIEPKUT MPOIECCHI CO
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3HaueHusMu C = 1 B TOM e MOpsAKe, a BTOPOM — TPOIIECCHI CO 3HAUe-
Husimu C =2 B obpatHOoM mopsiake. BoiBectu panru mporeccoB R B co3-
JAHHBIX KOMMYHHKATOpax (€CJIM MpoIlecC HEe BXOJIUT HU B OJIUH U3 CO3/IaH-
HBIX KOMMYHHKAaTOPOB, TO BBIBECTH Il HEro yucio —1). 3atem oObemu-
HUTh CO3/IaHHbIE KOMMYHHUKATOPhl B WHTEPKOMMYHHKATOpP C IMOMOIIBIO
dbyakuuun MPI Intercomm create (rpymnma, cojepskamiasi TPOIECCH CO
3HaueHusMH C = 1, curTaeTcs nepBod rpynmnoi co3gaHHOTO UHTEPKOMMY-
HUKATOpa, a Tpymmna mnpoieccoB co 3HaueHussMu C = 2 — BTopoil). B kax-
JIOM TIpoliecce MEepBOMl IPYIbI aH MaccuB Iesbix yucen X pasmepa Ko,
rae K, — KoJIM4ecTBO MPOIECCOB BO BTOPOM TPYMIE, B KAXKIOM IMpOIecce
BTOPOM TPYyMIbI JaH MaccuB 1enbix yucen Y pasmepa Ki, rae K; — konu-
YECTBO MPOLECCOB B MEPBOil rpymiie. Mcnob3yst OIMH BBI30B KOJUIEKTHUB-
Hoit ¢ynkiuu MPI Alltoall B kaxkiaom mporecce CO31aHHOTO MHTEPKOM-
MYyHHKaTOpa, Mmepeciarh B mporecc panra R; mepsoit rpynmst (R; =0, ...,
K; — 1) aneMeHTHI ¢ uHAEKCOM R; M3 Bcex MaccuBoB Y, a B MPOLIECC paHra
R, BTopoit rpynmet (R, =0, ..., K; — 1) aneMeHTsI ¢ mHAEKCOM R, 13 BCcex
MaccuBOB X. BbIBeCTH MOJydeHHBIE YUCIIA B TIOPSAAKE BO3PACTAHUSI PAHTOB
NEPECIIABIINX UX MPOLIECCOB.

17.3. [JuHamuyeckoe co30aHue rnpoueccos

MPI8Interl5. B kaxaoMm mpoiiecce JaHO BellecTBeHHOe uucio. Wcnonb3ys
bynkuuro MPI Comm_spawn ¢ epBbIM mapaMeTpoM «ptprj.exe», Co31aTh
oJMH HOBBIN Tporiecc. C momoibio kosuiekTuBHOU (yHkiuun MPI Reduce
NepeciiaTh B CO3/IaHHBIN POLIECC CYMMY UCXOJHBIX YHUCEN U OTOOPa3UTh €€
B pasjielie OTJIa/KH, UCIIONb3Ys B 3TOM Mpouecce pyHkuuto Show. 3artem ¢
noMoIipl0 KoyuiektuBHOM (¢yHkuuu MPI Bcast mepecnath HalifieHHYIO
CYMMY B UCXOJHBIC MPOIECCHI U BBIBECTH ITY CYMMY B KaXJI0M IpoI1iecce.

MPI8Interl6. B kaxmom mporiecce naH MaccuB U3 K BeleCTBEHHBIX YHUCEII, TIE
K — konmdecTtBo mporeccoB. Mcmonb3ys OAWMH BBI3OB  (PYHKITHH
MPI_Comm_spawn ¢ nepBbIM IMapaMeTpoM «ptprj.exe», co3aarb K HOBBIX
ITPOLIECCOB. C ITOMOUIBIO KOJUJIEKTUBHOM byHKUMAN
MPI_Reduce scatter block mepecnarb B co3maHHbIli Tpoiiecc panra R
(R=0, ..., K= 1) MakcuMaJIbHbIi U3 3JIEMECHTOB HCXOJHBIX MAaCCHBOB C
uHAEKCOM R U 0T0Opa3uTh MoJyuyeHHbIE MAaKCUMAaJIbHBIE JIEMEHTHI B pas-
Jiesie OTIAAKU, UCTIONB3Ys B KaXKJI0M HOBOM mporiecce ¢pyHknuio Show. 3a-
TeMm ¢ nomotpto ¢pyakuiit MPI Send u MPI Recv nepecnatp HaiiieHHbIN
MaKCUMaJIbHBIN 3IeMEHT U3 HOoBOro mporecca panra R (R=0, ..., K—1) B
UCXOJHBIN MPOIIECC TOrO K€ PaHra U BBIBECTH MOJyUYEHHBIE AJIEMEHTHI B
UCXOIHBIX MPOIIeccax.

MPI8Interl7. KomuuecTtBo npormeccoB K — detHoe uucno. B mporeccax panra
0 u 1 maHbl MaccHBBI BEIIECTBEHHBIX yKcen pazmepa K/2. Ucnonb3ys oauH
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Bb130B QyHkimun MPI Comm_spawn ¢ mepBbIM MapameTpoM «ptprj.exen,
co3/laTh JBa HOBBIX mporecca. Mcmonb3ys OIWH BBI3OB (PYHKIHMU
MPI_Comm_split s MHTEPKOMMYHUKATOPa, CBSI3aHHOTO C CO3JIaHHBIMU
MPOLIECCAMH, CO3/1aTh JBa HOBBIX MHTEPKOMMYHHUKATOpA: MEPBBIA COJEP-
KUT TPYIIY UCXOAHBIX MpoleccoB yeTHoro panra (0, ..., K —2), a Takxe,
B Kau€CTBE BTOPOW IPyNIIbI, IEPBbII U3 HOBBIX MpoueccoB (panra 0), BTo-
POl CONEPKUT TPYyNIy HCXOAHBIX MPOLIECCOB HE4yeTHOro panra (1,

K —1), a Takxke, B KauecTBe BTOPOW TPYIIbI, BTOPOH U3 HOBBIX IIPOLIECCOB
(panra 1). HUcnonb3ys ¢ynkuuun MPI Send B umcxoanbIx mpoiieccax H
¢yukuu MPI Recv B HOBBIX mpoleccax, rnepeciiaTh BCe UCXOAHbIE YUCIIa
U3 IMEPBOTO IIpolecca MEepBOM TPyNIbl KaKI0I0 MHTEPKOMMYHHMKATOpPA B
€MHCTBEHHBIN Mpoliecc, BXOAAIUI B €ro BTopyto rpynmy. OtoOpa3uTh
MOJIyYeHHBIE YuCa B pa3jielie OTJIAJKU, WUCIOJIb3ysl B HOBBIX IpPOLIECCAX
dbynkiuo Show. 3aTeM ¢ moMoupl0 KojuieKTuBHOM QyHkuuun MPI Scatter
JUISI ”THTEPKOMMYHHMKATOPOB IepeciaTh N0 OJHOMY YHCIY U3 HOBBIX MPO-
LIECCOB BO BCE IMPOLIECCHI MEPBOM T'PYIIIBI COOTBETCTBYIOIIETO MHTEPKOM-
MyHHUKaTopa (B MOPSAKE BO3PACTaHUS PAHTOB IMPOLIECCOB) M BBIBECTHU I0-
Jy4YEHHBIE YHCIIA.

MPI8Inter18. KonuuectBo npoiieccoB K — deTHoe umncio. B kaxaom mporecce
JlaH MAaCCHB BEIIECTBEHHBIX uucen pasmepa K/2. Mcnonbs3ys OJIMH BBI30B
¢yaxunn MPI_ Comm_spawn ¢ mepBbIM MapaMeTpoM «ptprj.exe», co31aTh
K HoBBIX mporneccoB. Mcnomnb3ys onud Bei30B GyHkimu MPI Comm_ split
JUTSI UTHTEPKOMMYHHUKATOPA, CBS3aHHOTO C CO3JJaHHBIMU IPOIIECCaMU, CO3-
J1aTh JIBa HOBBIX MHTEPKOMMYHHUKATOPA: TIEPBBIM COAECPKUT TPYIITY UCXOI-
HBIX MporieccoB yeTHoro panra (0, .... K—2), a Takxke, B KauecTBe BTOPO
TPYIIbI, CO3/IaHHBIE TTPOIIECCHl YETHOTO PaHra, BTOPOW COACPKUT TPYIITY
UCXOJIHBIX MpoIleccoB HeueTHoro panra (1, .... K— 1), a Takke, B kauecTBe
BTOPOM TPYMIIbI, CO3IaHHBIE MPOIECCHI HEYETHOTO paHra. JJis Kaxaoro us3
CO3/IaHHBIX HMHTEPKOMMYHHUKATOPOB BBITIOJHUTh CIEIYIONINE JCHCTBUSA:
Cpey AJIEMEHTOB MCXOHBIX MaccuBOB ¢ mHAekcoM R (R=0, ..., K/2 - 1),
BXOJIAIINX B TMEPBYIO TPYNIy KaXIOTO WHTEPKOMMYHHUKATOpA, HAUTH MU-
HAMAJBHBIN (11 TIEPBOTO WHTEPKOMMYHHMKATOpPA) WM MaKCHMaJIbHBIN
(11t BTOPOTO) U mepeciaTh 3TOT SKCTPEMaIbHBIN 2JIEMEHT B TOT U3 HOBBIX
IPOLIECCOB, KOTOPBIA UMEET paHr R BO BTOPOIi Ipynie COOTBETCTBYIOIIETO
MHTEPKOMMYHHMKATOpa (HampuMep, MUHUMAJIBHBIA U3 TIEPBBIX AJIEMCHTOB
MacCHUBOB, KOTOPBIC JaHBI B UCXOHBIX MPOIECCaX YETHOTO PaHTa, CICIyeT
MepeciiaTh B MEPBbIN U3 CO3AAHHBIX MPOIECCOB, a MAKCUMAIBHBIA U3 TEp-
BBIX 2JIEMEHTOB MAaCCHUBOB, KOTOPBIE JIaHBI B MCXOJHBIX IMPOIECCaxX HEYET-
HOTO paHra, ClIeqyeT IepeciaaTh BO BTOPOM M3 CO3JIaHHBIX MPOLECCOB, MO-
CKOJIBKY 3TOT Iporecc umeeT padr 0 B COOTBETCTBYIOLIEM UHTEPKOMMYHU-
karope). JIas BBITOJIHEHUS 3TUX ACUCTBUI HCIOJIB30BATh KOJUICKTHBHYIO
¢yukuuo MPI Reduce scatter block. Ilomydyennble akcTpeManbHbIE 31e-
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MEHTBI 0TOOpa3HUTh B pa3/eie OTIAIKH, UCIOJIb3Ys B KaXJIOM HOBOM IIPO-
necce (ynkuuo Show. 3areM C MOMOIIBI0 KOJJIEKTUBHON (PyHKIMU
MPI_Reduce nHaiiTh MUHIMaTBHBINA 3JIEMEHT U3 TE€X MHHAMYMOB, KOTOPBIC
OBLIIM MOJYYEHBI BO BTOPOU IpyIIle NEPBOr0O HHTEPKOMMYHHUKATOPA, TIEpe-
CJIaTh W BBIBECTU €r0 B IEPBOM IPOLIECCE MEPBOM IPYyMIbl 3TOFO WHTEP-
KOMMYHHUKaropa (T. €. B npouecce panra 0 B UCXOJHOM KOMMYHHUKATOpPE
MPI_COMM_WORLD), a Take HalTU MaKCUMaJIbHBIA 3JIEMEHT U3 TEX
MaKCUMYMOB, KOTOpbI€ ObUIM MOJY4YEHbl BO BTOPOW TpymIe BTOPOTO MH-
TEPKOMMYHHUKATOPA, [IEPECTIATh U BBIBECTH €TI0 B IEPBOM IPOLIECCE MEPBOI
IpyNIbl ’TOTO UHTEPKOMMYHHKATOpa (T. €. B IMpoliecce paHra 1 B MCXoj-
HOM KommyHHKarope MPI COMM_WORLD).

MPI8Inter19. B rmaBaom mporecce naH maccuB A u3 2K nensix gucen, rae K
— KOJMYECTBO IpoueccoB. Mcmonb3ys OOUH  BBI30B  (PYHKIIMH
MPI1_Comm_spawn ¢ nepBbIM MapaMmeTpoM «ptprj.exe», co3aaTh K HOBBIX
npoiieccoB. C momolipio KouieKTuBHON PyHkiuu MPI Intercomm_ merge
JUISl MTHTEPKOMMYHHUKATOPA, CBA3AaHHOTO C CO3JaHHBIMH IPOLIECCAMH, CO3-
JlaTh HOBBIA MHTPAKOMMYHUKATOP, COACPKAIINM KaK UCXO/HbIC, TaK U HO-
Bble npouecchl (mapametp high pynkuum MPI Intercomm merge Heo6xo-
JUMO 33J1aTh TaKUM 00pa3oM, 4TOObI B CO3JAHHOM HHTPAKOMMYHHUKATOPE
BHayaJje pacrojarajuch MCXOJHbIE, a 3aTeM Co3AaHHbIE mporecchl). Mc-
MoJb3ys KoJuleKTUBHYI0 (pyHkiuio MPI Scatter ns HOBOro mHTpakoMmy-
HUKATOpa, MepeciaTh 1Mo OAHOMY 3JEMEHTY MaccuBa A M3 IVIABHOTO MpPO-
1ecca BO BCE MPOIIECCHI MPUIIOKEHUS (KaK UCXOJHBIE, TAK U CO3/IaHHBIC) B
MOPSIAKE BO3pAcCTaHUsS MX PAHTOB B HOBOM MHTpPaKOMMYHHKarope. B uc-
XOJIHBIX MPOIECCaX BHIBECTHU MOJTYUYCHHBIE YHCIIA, B HOBBIX MTPOIECCAX OTO-
Opa3uTh MOJy4YEHHBIC YUCIIA B pa3jelie OTIAIKU, UCTIOIB3Ysl B 3TUX IMPO-
neccax ¢ynkuuio Show. 3aTem, HUCMONB3Yysl KOJUIEKTUBHYIO (DYHKIIHIO
MPI_Reduce B TOM e WHTpaKOMMYHHKATOpe, TMepeciaTh B HCXOJHBIN
npoliecc paira 1 cymmy BceX YMCEN U BBIBECTH €€ B 3TOM MPOLECCE.

MPI8Inter20. KonuuecTtBo nporieccoB K He nenutcs Ha 4. B xaxxaom nporiecce
naHo 1enoe  umcno A, HMcemons3yss  OOMH  BBI30B  (DYHKIIUH
MPI Comm_spawn ¢ iepBbIM MapamMeTPOM «ptprj.exe», Co3aTh TaKOe KO-
JIMYECTBO HOBBIX TporieccoB (1, 2 umu 3), 4ToOBI 00IIIEe YHCIIO MPOIECCOB
Ko B IpuiookeHUH CTano KpaTHbIM 4. B Kak0M 13 CO3[IaHHBIX MPOLECCOB
3a/1aTh 3Ha4YeHue uncia A, paBHoe —R — 1, riae R — paHr co3maHHoro mnpo-
necca. Mcnonwsiys ¢pynkuuio MPI Intercomm_merge 1yisi HHTEPKOMMYHU-
KaTropa, CBSI3AHHOTO C CO3JIaHHBIMHU TPOLECCAMHU, CO3JaTh HOBBIM MHTpa-
KOMMYHHUKATOP, COAEPKAIIUI KaK MCXOJHbIE, TaK U HOBBIE MIPOLECCHI (ITa-
pametp high ¢ynkuun MPI Intercomm_merge HeoOXoIuMO 3a1aTh TaKUM
o0pa3oM, 4TOOBI B CO3JaHHOM MHTPAKOMMYHHMKATOpe BHauaje pacroJjara-
JUCh HCXOJHBIE, a 3aTeM HOBbIe mporecchl). Hcmonb3ys (yHKIUIO
MPI_Cart create n1s1 CO31aHHOIO UHTPAKOMMYHHUKATOPA, ONPEAETUTD IS
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BCEX IMPOLIECCOB JIEKAPTOBY TOIOJOTUIO B BUJE JABYMEPHOM PELIETKH pa3-
Mmepa (Ko/4) x 4, sBIisitomeiics NepuoudecKkoil Mo BTOPOMY HU3MEPEHUIO
(TOpsAIOK HyMepaIuu MPOIECCOB OCTaBUTH MpexHUM). Vcmonb3ys QyHK-
nuto MPI_Cart_coords, onpenenuts koopAuHATH X, Y KaXXA0Tr0 mporecca
B JIaHHOM PENIeTKEe; B MCXOJHBIX MPOIleccaX BBHIBECTH 3T KOOPIUHATHI, B
HOBBIX ITpolieccax OTOOpa3uTh KOOPAHWHATHI B pa3fesie OTIAAKH C MOMO-
mipio GyHKIud Show, cHAOAMB MX KOMMEHTaApUAMH «X = » U «Y = ». BoI-
MOJIHUTh IUKIMYECKUN CIBUT 3HAUYCHUU A B KaXXIIOM CTOJIOIE CO3/TaHHOM
pemneTku ¢ marom —1 (T. €. B HanpaBJIeHUU YObIBAaHUSI PAHTOB MPOIIECCOB),
UCIIOIB3YS U1t 3TOTO byHKUIUN MPI_Comm_ shift U
MPI_Sendrecv_replace. B ucxomHbIX mpolieccax BBIBECTH IOIYUYEHHBIC
3HaueHus A, B HOBBIX IPOIIECCaX OTOOPa3UTh UX B pasjielie OTIaIKU C MO-
MoIIbI0 GyHKIIMU Show, CHAOAMB KOMMEHTaApUEM «A = ».

MPI8Inter21l. B kaxaoM Impoiiecce JaHO BEIECTBEHHOE YHCIIO: B TJIaBHOM
Ipouecce 3TO Yuciao o0o3HavyaeTcs OykBoi A, B IOJUMHEHHBIX Ipoleccax
— OykBoii B. Mcnonb3ys aBa BeizoBa pynkuun MPI Comm_spawn ¢ nep-
BBIM TapaMeTpOM «ptprj.exe», co3daTh JBE TPYMIbl HOBBIX IMPOILIECCOB:
nepBas rpynma (rpynmna-cepsep) 10JKHA COAEPkKATh OJIMH MPOLIECC, BTOpast
rpynmna (rpynmna-xiuenm) nomxHa coaepxats K — 1 npouece, rae K — ko-
JUYECTBO MCXOAHBIX IpoleccoB. IlepecnaTe B mpouecc rpymnmbi-cepBepa
yucio A W3 IIaBHOTO MPOIECCa, a B IPOLECCHI TPYIIbI-KJIMEHTa — YHCiia
B u3 mogunHEHHBIX MPOIECCOB (B MOPSAIKE BO3pAcCTaHUs PAHTOB MPOIEC-
COB) M OTOOpPAa3UTh MOJyYEHHBIE YMCIIA B pa3zesie OTJIaJKU, UCIONb3Yys B
KaXJIoM HOBOM mporecce ¢GyHkiuo Show. C momompbro (yHKIUN
MPI1_Open_port, MPI Publish name u MPI Comm accept Ha cTopoHe
cepepa u ¢pynkuuit MPI Lookup name m MPI Comm connect Ha cTo-
pPOHE KJIIMEHTAa YCTAaHOBUTH CBS3b MEXIY JBYMSI HOBBIMU TpyHIaMu Mpo-
IIECCOB, CO3JIaB JUIsl HUX HOBBIA MHTEpKOMMYHHKaATOp. Mcnons3ys dyHk-
uun MPI_Send u MPI_Recv 151 3TOro HHTEpKOMMYHHUKATOpA, OJIYYUTh B
KaXJIOM Ipolecce rpynnbl-KIMeHTa yucio A U3 npouecca rpynmnsi-cepsepa
Y HallTU CyMMY 3TOTO Yucia U yucia B, moiydeHHOro panee U3 UCXOAHBIX
MOAYMHEHHBIX TpolieccoB. OToOpa3uTh HalaeHHy0 cymmy A + B B pasje-
Ji€ OTIAJK{, UCIOJIb3Yysl B Ka)XJOM MPOLECCE TPYHIbI-KIUEHTA (DYHKIIUIO
Show, a Taxke mepeciath 3Ty CYMMY B COOTBETCTBYIOIIUN HCXOIHBIM
NOJIYMHEHHBIN MPOUECC U BBIBECTU MOJIYYEHHYI0 CYMMY B 3TOM Ipoliecce
(cymma, HaiiieHHas B Tpoliecce paHra R rpymnmbl-KIUeHTa, JOJKHA OBITh
nepeciiana B MICXOJHbBIN mporiecc panra R + 1).

[MpumeyaHue. B nporpamMmme HEOOX0IMMO 00ECIICUUTh TaKyIO TOCTIEI0BA-
TEIbHOCTh AeicTBUM, 4yTOObI BbI30B (yHKuMU MPI Lookup name B mpo-
Heccax KJIMEHTa TapaHTUPOBAHHO BBIMOJHSJICS nocie BbI30Ba (DYHKIIMU
MPI Publish name B mporecce cepBepa. MoXHO, Hanmpumep, UCIOJIb30-
Bath QpyHkuuo MPI Barrier 1uist HCXOJIHBIX TIPOLIECCOB U IIpoLiecca cepBe-
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pa, BbI3BaB €€ B IIPOLIECCE CEpBEpa TOJIBKO IOCIE 3aBEpPIICHUs BBI30BA
¢bynkun MPI Publish name, u Bb3Bath ¢ynkiuio MPI Comm_spawn
JUIS  CO3JIaHusl TPYNNBI-KIUEHTa YXKe Tocie BbIXoAa u3 (GYHKIUU
MPI_Barrier B BICXOIHBIX IpoIEccax.

MPI8Inter22. B kaxxaom mporiecce aaHo 1eiaoe ynuciio N, KoTopoe MOXKET MpHu-
HumaTh TpH 3HadeHus: 0, 1 u K (K> 1). M3BecTHO, 94TO MMeEETCs pOBHO
onuH npouecc co 3HaueHneM N =1 u poBHO K mporeccoB co 3HaUEHHUEM
N = K. B tex nponeccax, B KOTOpsIX unciao N He paBHO 0, Takke IaHO Lie-
noe uucio A. Ucnonbdysa ¢pynkiuio MPI Comm_split, pa30uTe ncXoHbIH
kommyHukarop MPI COMM WORLD Ha nBa, B KaXIbplil U3 KOTOPBIX
BXOJISIT TMPOIIECCHl C OAMHAKOBBIM HeHyJNeBbIM 3HaueHueMm N. Wcnomnb3ys
oauH BbI30B ¢yHKiMM MPI Comm spawn st KaKIoro U3 CO3JaHHBIX
KOMMYHHMKAaTOPOB, CO3/1aTh JBa Ha0Opa HOBBIX HPOLECCOB; YHCIO HOBBIX
IIPOLIECCOB JIOJDKHO COBMNANATh C KOJUYECTBOM IIPOLIECCOB B COOTBETCT-
BYIOIIIEM KOMMYHHUKaTope (TakuM o0pa3oMm, B OJIHON HOBOM rpymnne Oyner
conaepkatbes 1 mporuecc, B apyroit — K nporneccoB). [lepecnath B kKax bl
U3 HOBBIX IIPOLIECCOB YKUCIO A M3 TOTO UCXOJHOTO MPOIiecca, paHr KOTOPO-
ro B CO3JaHHOM KOMMYHHUKATOPE COBIAJAET C PAHIOM HOBOTO MpOLECCa.
OTo0Opa3uTh NOJIy4EHHBIEC YHCIIA B pa3eie OTJIAKH, UCIOJIb3Yys B KaXI0M
HOBOM nporecce pyHkuuto Show. Cuntas HOBYIO IpYyIITy, COCTOSIIYIO U3
OJIHOTO TpOolLIecca, 2pynnoti-cepgepom, a HOByIo rpyiy u3 K nporeccoB —
2PYNNOU-KIUEHMOM, YCTAHOBUTh MEX1y HUMHU CBSI3b C IOMOUIBIO (DYHKITUI
MPI_Open_port, MPI Publish name u MPI Comm accept Ha cTOpoHE
cepBepa 1 MPI Lookup name u MPI Comm_connect Ha CTOpOHE KJIIHUEH-
ta. Ucnonb3ys komnektuBHyo ¢yHkuuio MPI Gather mist uaTepKOMMY-
HUKATOpa, CBA3BIBAIOIIETO TPYNIY-KIMEHT W TPYINIYy-CEPBEP, MEpecaaTh
BCE yucia A U3 MpoLeccoB IpyNIbl-KIUEHTa B MPOLIECC TPYIIIbI-CEPBEPA U
0TOOpa3UTh MOJYYECHHbIE YHCIIA B pa3jielie OTIaKH, UCTIOIb3ys HECKOJIbKO
BBI30BOB (pyHKIIMM Show B mpoiiecce rpymnmsi-cepBepa. Kpome toro, nepe-
ciarb 3TH yuciaa ¢ nomoulsto ¢pynkuuii MPI _Send u MPI_Recv u3 npo-
1ecca rpynibl-cepBepa B TOT UCXOJHBIN MpoLecc, KOTOPbIA co3/1ai Tpy-
y-CEepBEpP, U BHIBECTH MOJYYEHHBIE YK CIIa B 3TOM UCXOAHOM IpOLIECCe.
[MpnmeyaHue. B nporpamMMe HE0OXOAMMO OOECIIEYUTh TAKYIO MOCIIEI0BA-
TENBHOCTh JeHCTBUM, 4T00bI BbI30B (PpyHkunu MPI Lookup name B mpo-
Heccax KIMEHTa TapaHTHUPOBAHHO BBINIOJHSUICS MOCe BBI30BA (PYHKLIHMU
MPI_Publish name B mporiecce cepBepa. MoxxHO, HampuMep, MOCTYUTh
cienyomuM obpaszom. [ mepeceuiku ymcna A B TIpolecC TPYIIIbI-
cepBepa npumeHuTh (yHkuuio MPI Ssend, BbI3BaB mociie Hee (YHKIIMIO
MPI_Barrier nns ucxogHoro kommynukaropa MPI COMM_WORLD wu
OpraHU30BaB MPUEM 3TOT0 YKCJIA B MPOLECCE TPYIIbI-CEPBEPA TOJIBKO IMO-
cie BbinosHeHus ¢yHkuuu MPI Publish name. B ocransHbIX mporeccax
ucxoaHoro kommyHukaropa MPI COMM_WORLD cnenyer BHauasne BbI-
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3Bath QpyHkuuio MPI Barrier, a 3aTeM oprann3oBath nepechbUIKy yucen A B
CO3/IaHHbIC TPOILIECCHl TPYNIbI-KJIMEeHTa. Takum oOpa3zoM, JIro0oi U3 mpo-
[[ECCOB TPYIIIBI-KJIMEHTA TMOJYYUT YUCI0 A TOJIBKO TOTJa, KOTAa MpoIecc
rpynImbI-cepBepa yxKe BHIMOIHUAT BbI30B PyHKIu MPI Publish name.

18. lNapannenbHble MaTpUYHbIE anroOpPUTMbI

Bce uncna B 3a1aHusAX ABIAIOTCA LENbIMA. MaTpHIIbl TOTKHBI BBOJUTHCS U
BBIBOJUTHCS MO CTpoKaM. Dailiibl ¢ 3JIEMEHTAMHU MaTPULL TAKKE COAEPKAT UX MO
CTPOKaM.

KonnuecTBO mpoieccoB B 3a/1aHUSX, CBSI3aHHBIX C JICHTOYHBIMU QJITOPUT-
Mamu (MPI9Matr2-MPI9Matr20), He mpeBOCXOIUT 5, a B 3aIaHUSIX, CBSI3aHHBIX
¢ 6sounbiMu anroput™Mamu (MPI9Matr21-MPI9Matr44), ne npeBocxoaut 16.

Jlns XxpaHeHus: UMeHH (haityia T0CTaTOYHO MCIOJIb30BaTh MaccuB char[12],
a i1 ero MEpPechbUIKM M3 TJIABHOTO TMpoliecca B MOJYMHEHHbIE — (DYHKIUIO
MPI_Bcast ¢ mapamerpom Tuna MPI_ CHAR.

B 3aroToBkax sl KaXKA0TO 33aJlaHUs YK€ COJIEepPKATCS ONMUCAHUS LEI0UYUC-
JICHHBIX TEPEMEHHBIX ISl XPaHEHUSI YUCIOBBIX JAHHBIX, YIOMUHAEMbBIX B 3aj1a-
HUSIX (B YaCTHOCTH, Pa3MEPOB MaTpHIl), yKa3aTeJael Ha MacCUBBI JJIsI XpaHEHUS
caMHX Marpuil, a Takxke nepeMeHHbix tuna MPI Datatype u MPI Comm. Otu
MIEpEMEHHBIE CJIEIYET HCIIOJIb30BaTh BO BCeX (YHKIMSIX, KOTOpbIE TpedyeTcs
peanu3oBaTh MPU BBIOJIHEHUU 33alaHuil. Bce MMeHa nmepeMEeHHBIX COOTBETCT-
BYIOT 00O3Ha4YeHUsIM, NMPUMEHSIEMbIM B (popMylnupoBKax 3amgaHuil. [y maccu-
BOB, CBSI3aHHBIX C MOJOCAMH WM OJIOKAMHU MaTpHI], UCIOJIb3YIOTCS UMEHa a, b,
c, t; JI1 MaCCUBOB, CBSI3AHHBIX C UCXOJHBIMU MaTpuliamu A, B u ux pe3yinbTu-
pytomum npousseaeHueM C, UCNONB3YIOTCS UIMEHA ¢ MOJUYEpKUBAaHUEM: & , D
C

3anaHusi, B KOTOPBIX MCTOJb3yeTcs (aitnoBsiii BBOA-BHIBOJ (MPI9Matr8—
MPI19Matr10, MPI19Matr18—MPI9Matr20, MPI19Matr29-MPI9Matr31,
MPI19Matr42—MPI9Matr44), tpebyroT noaxnrodeHus: 6udiuoreku MPI-2 (cuc-
temMa MPICH2 1.3). /Ins BBINOJHEHUS OCTAJbHBIX 33JaHUl JAHHOW TPYIIIbI
MO>KHO KCIONIb30BaTh Jt00yto Bepcuto MPI (MPICH 1.3.5 niiu MPICH2 1.3).

18.1. HenapannernbHbIU an2opumm yMHOXEHUS Mampuuy

MPI9Matrl. B rnmaBaom mporiecce nanbl uncia M, P, Q u matpunst A u B pas-
Mepa M x P u P X Q coorBercTBeHHO. HaliTh ¥ BBIBECTH B TJIABHOM IIPO-
mecce Matpuity C pazmepa M X Q, SIBISIONTYIOCS TTPOU3BEICHUEM MATPUI]
Amu B.
dopMmyia i1t BBIYUCICHUS 2JIEMEHTOB MaTpulilbl C B MPENON0KEHUH, YTO
CTPOKM ¥ CTOJOIIBI BCEX MaTpull HyMmepyroTcs oT 0, HUMeeT BU:
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C|‘\] = A|‘0‘BO"] + A|’1‘B]_’J + ...+ A|,P_1'BP_1,‘], rae | = 0, ceny M — 1, J= 0, cees
Q-1

s xpanenust matpunl A, B, C ucnonp3oBaTh OJHOMEpPHBIE MAacCHBBI pa3-
mepa M-P, P-Q u M-Q, pa3Menias B HUX 3JIEMEHTHI MaTPHI[ MO CTPOKaM
(Tpu TOM 3JIEMEHT MaTpullsl ¢ uHAekcamu | u J Oyner xpaHuThes B diie-
MEHTE COOTBETCTByOIIEro MaccuBa ¢ wuHAekcom |'N+J, rme N —
KOJIMYECTBO CTOJIOLOB MaTpullbl). [Ipy BBINONHEHWH JAaHHOTO 3a/JaHus
IIOTYMHEHHBIE MPOLECCHI HE UCIIOIb3YIOTCS.

18.2. JleHmoyHkIlU anzopumm 1 (20pu3oHmaribHble roJiochkl)

MPI9Matr2. B rimaBaom mporiecce pansl unciaa M, P, Q u matpunst A u B pas-
Mepa M x P u P x Q cooTBeTCTBEHHO. B TIepBOM BapuaHTe JICHTOYHOTO aJI-
TOpUTMA MTEPEMHOKCHHS MATPHI] KaXKaash MaTpHIla-COMHOKUTEIh pa30nBa-
ercs Ha K ropusoHTanbHbIX Mojoc, rae K — konudecTBO mpoiieccoB (B
JaJbHEUIIIEM MOJIOCHI PACTIPENENAIOTCA MO MPOIecCaM U UCMOJb3YIOTCA
JUTSI BBIYMCIICHUSI B KQXKJIOM IIPOIIECCe YaCTH UTOTOBOTO MATPUYHOTO TPO-
W3BEJICHUA).

[Tonoca ana matpuisl A comepxut Np cTpok, mosoca Jijisi MaTpuiibl B co-
nepxxkut Ng ctpok; umcima Np uw Ng Beuucnstores mo  ¢dopmysiam
Na = ceil(M/K), Ng = ceil(P/K), roe onepanus «/» 03Ha4aeT BEIIECTBCHHOES
nenenue, a GyHKUs ceil BHIMONHIET OKpyTriieHue ¢ 30bITKOM. Ecnu mat-
pHlla COACPKUT HEJOCTATOYHO CTPOK JIJIsl 3alIOJTHEHUS MMOCEAHEH TOJIOCHI,
TO TI0JIOCA JTOTIOJTHSIETCSI HYJIEBBIMU CTPOKAMM.

CoXpaHHUTh UCXOJHBIC MATPHUIII, JOMOTHECHHBIC TTPH HEOOXOAMMOCTH HY-
JIEBBIMU CTPOKAaMH, B OJHOMEPHBIX MAaCCHBAax B TJIABHOM ITIpOIlECcCe, MOCIe
Yero OpraHu30BaTh MEPECHUIKY MOJIOC U3 3TUX MAaCCUBOB BO BCE MPOIIECCHI:
B miporiecc panra R (R=0, 1, ..., K— 1) nepecburaercs mosioca ¢ HHIESKCOM
R, Bce nosocel Ag umeroT pazmep Na x P, Bce mosnocel Bg umeror pasmep
Ng X Q. Kpome Toro, co3narsk B KakaoM mpoiiecce mojocy Cr s xpaHe-
Hus (pparmenta matpuuHoro mnpousBeneHus C = AB, kotopoe OyaeT BbI-
YUCISITHCS B 3TOM Mporiecce; Kaxkas mojoca Cg umeer pasmep Na X Q u
3aIoOJIHSAETCS HYJIEBBIMU dJIEMEHTaAMU.

[Tonockl, Kak ¥ MCXOAHBIC MATPHUIILI, TOJDKHBI XPAHUTHCS MO CTPOKaM B
OJTHOMEPHBIX MacCHBaX COOTBETCTBYIOIIETO pa3mepa. s mepechuiku
pa3MepoB MaTpHIl HCIOJb30BaTh KoOJUIeKTHBHYIO ¢yHKunio MPI_Bcast,
JUTSL IEPECHUTKK ToJIoc MaTpull A u B ucnonb30BaTh KOJUIEKTUBHYIO (QYHK-
uuro MPI_ Scatter.

Odopmuths Bce onucaHHble AeicTBUA B Buae PyHkiuu MatrlScatterData
(6e3 mapaMeTpoB), B pe3ysibTaTe BbI30Ba KOTOPOU KaXKAbIA MPOIECC MOIY-
yaeT 3Ha4ueHus1 Np, P, Ng, Q, a Taxxe oJTHOMEpHBIC MaCCUBBI, 3alI0JITHCHHBIC
cooTBeTcTBYIOmMMUMU nojocamu matpuil A, B, C. [locie Bb3oBa (pyHKIIMU
MatrlScatterData BbIBECTM B Ka)JOM IPOIECCE MOJYYEHHBIE JaHHbIC
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(aucna Np, P, Ng, Q u moocer matpurt A, B, C). BBox uCX0mHBIX TaHHBIX
ocymecTBIATh B Ppynkunn MatrlScatterData, BEIBOA pe3ynbTaTOB BBIMOJ-
HATH BO BHEIIHEH QyHKIMH Solve.

YkasaHue. st ymeHbIeHus dmciia BbI3oBOB (yHKImu MPI Bcast Bce
NEpPEChUIAEMbIE Pa3MEPbI MATPHUILl MOKHO MIOMECTUTH BO BCLIOMOTATEIIbHBIN
MacCHB.

MPI9Matr3. B xaxxnom mporiecce ganbl uncia Na, P, Ng, Q, a Takke omaomep-
HbI€ MACCHUBBI, 3alIOJJHEHHBIE COOTBETCTBYIOIIMMHU TosiocaMu maTpuil A, B,
C (takuM o0Opa3oM, UCXO/IHbIE JIaHHBIE COBMAMIAIOT C pe3yJbTaTaMu, MOJy-
YeHHbIMU B 3ajiannu MPI9Matr2). Peanu3oBarh mepBbIi Iar JIEHTOYHOTO
aNropuT™Ma MepeMHOKEHHUSI MATPUIL], BHIMOIHUB IEPEMHOKEHHUE SJIEMEHTOB,
cozepxkammxcs B nojiocax Ag u Bg Kaxmoro mpoiiecca, mociie 4ero opra-
HU30BaTh LUKIMYECKYIO MEPECHUIKY Kaxaou mojockl Br B mporecc mpe-
IpIAyero panra (u3 npoimecca 1 B mporecc 0, u3 nporecca 2 B Mporece
1, ..., w3 mpouecca 0 B npouecc K — 1, rne K — konnuecTBo nporeccon).
[{ukIu4ecKkyt0 MepechUiKy MoJoc Br BBIMONHATHE ¢ MOMOINIBIO (DYHKIUU
MPI_Sendrecv_replace, ucnonbs3ysi Ajigi ONpeNEIEHUsT PaHroB MpoLEecca-
OTIPABUTEIIS U IIPOLIECCA-TIOTyYaTelsl onepauno % B3sITUS OCTaTKa OT Je-
JICHUSI.

Odopmuts 51H neiictus B Buae ¢pynkuuu MatrlCale (6e3 mapameTpoB).
BriBect HOBOE conepskumoe nosioc Cg u Br B kaxkom mporiecce (BBOI U
BBIBOJI JIAaHHBIX BBITIOJIHATH BO BHEIIHEHW QyHKIMU Solve).

YkasaHue. B pe3ynbrare nmepeMHOKEHHUS 10JI0C AR U Br KaXaplid 3J1IeMEHT
nmosiockl Cg OyAeT comepkaTh uacms ClIaraeMbIX, BXOJMSIIUX B UTOTOBOE
npousBegeHue AB; nmpu 3ToM OyayT UCIOB30BAHBI BCE AJIEMEHTHI MOJIOCHI
Br 1 yacTh snmeMeHTOB 10s1I0CH AR (B YaCTHOCTH, Ha MEPBOM IlIare B Mpo-
necce 0 Oyayt ucnonb3oBanbl Ng EpBBIX CTOJIONOB MOJIOCKH! Ag, a B Mpo-
recce K — 1 — Np nmociiefHuX CTOI0I0B MOJI0CH Ay 1).

MPI9Matr4. B xaxxaom mporiecce manbl unucia Na, P, N, Q, a Takke ogHomep-
HBbI€ MacCCHUBBI, 3aMI0JTHEHHBIE COOTBETCTBYIOIIUMHU IojiocaMu MaTpull A, B,
C (TakuMm oOpa3oM, UCXOIHBIC TaHHBIE COBIAMAIOT C pPe3yJbTaTaMH, TOJY-
yeHHBIMH B 3aganuu  MPI9Matr2). MopudumupoBats GyHKIHIO
MatrlCalc, peanu3oBaHHYI0 B MPEIbIAYIIEM 3aJaHUM, TaKUM 00pa3oM,
9TOOBI OHA OOecreurnBalia BBITIOJIHEHHE JIFOOOTO IIara ajJropuTMa JeHTOY-
HOT'O YMHOKEHHSI.

Jlyist aTOrO T0O6ABUTH K HEWM MapameTp step, ONnpeiessiFoliil HoMep Iara
(m3mensiercst ot 0 go K — 1, rne K— konu4ecTBO mpoieccoB), U UCHOJIb-
30BaTh 3HAYEHUE ATOTO MapaMeTpa B TOM YacCTH aJropuTMa, KOTOpas CBs-
3aHa C MepecueToOM 3JIEMEHTOB ToJIOChl Cg (JIeHCTBUS, CBA3aHHBIC C IIUKIIH-
YECKOM MepechlIKOoN 1mojioc B, OT 3HaueHus mapameTpa step He 3aBUCST).

Hcnons3ys nBa Bei3oBa MoaupuirpoBanHoi pynkuun MatrlCalc ¢ mapa-
metrpamu 0 u 1, BBIMOJHUTD JIBa HAYAJbHBIX IIara JJEHTOYHOTO ajlropuTMa
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¥ BBIBECTH B KaXOM IpoIiecce HoBoe coaepkumoe monoc Cg u B (BBOO 1
BBIBOJI JIAaHHBIX BBITIOTHATH BO BHENTHEH QyHKIMU Solve).

YkasaHue. Homep miara step onpezaenser, Kakasi 9acTh JIEMEHTOB TOJIOCHI
AR OyZeT UCIOJIb30BaHa MPH OYEPETHOM IIepecueTe 3JIeMEHTOB moockl Cgr
(cmemyer oOpaTUTh BHUMAaHHE Ha TO, YTO 3TH YaCTH MEPEeOUPAIOTCS K-
YECKH).

MPI9Matr5. B kaxxaom miporiecce ganbl uncia N, P, Ng, Q, a Takke omHomep-
HbIE€ MACCHBBI, 3aII0JIHEHHBIE COOTBETCTBYIOIIMMU MojocamMu Matpuil A, B,
C (takuMm oOpa3oM, UCXO/HbBIC TAHHBIE COBMAJAIOT C pPe3yJibTaTaMu, MOJIy-
yeHHbIMU B 3ajanun MPI9Matr2). Kpome Toro, B KaXxjoM mpoiiecce JaHo
OJTHO U TO ke umcio L, nexaree B tuanasone ot 3 1o K (K — konudectBo
MIPOIIECCOB) U OIpeAefroliee TpeOyeMoe YUCIIO MIaroB JIGHTOYHOTO ajro-
puTMA.

BeieiBas B 1mmiie mo mapamerpy | (1=0,..., L—1) dyHkuuro
MatrlCalc(l), paspaboTanHyro B peIbIAyIIeM 33 aHUH, BHIIOJIHUTE L Ha-
YaJbHBIX I1aroB JICHTOUYHOTO aJITOPUTMAa U BBIBECTU B KaXkIOM IPOIIECCE
HOBOE cojaepkuMoe mojioc Cr u Bg (BBOJ M BBIBOA JaHHBIX BBITIOJIHATH BO
BHelHeN GyHkuuu Solve).

MpumeyvaHue. Ecmu 3nauenue L paBHo K, To momockl Cr OyayT comep-
’KaTh COOTBETCTBYIOIINE (PparMEHThI UTOTOBOI'O MATPUYHOIO MPOU3BEIE-
Hus AB.

MPI9Matr6. B rimaBHOM mporiecce AaHO 9uciao M — KOIM4ecTBO CTPOK Pe3yib-
TUPYIOIIET0 MaTPUYHOTO Mpou3BeAeHus. Kpome TOro, B Kaxka0M MmpoIecce
nauel uncna Np, Q, a Takke 0JJTHOMEPHBIE MaCCHUBBI, 3aIIOJIHEHHBIE TTOJIOCA-
mu matpuiibl C (pazmepa Np X Q), KoTopbie ObUTH TIOJIYYEHBI B PE3YJIbTATE
BBITIOJIHEHHUST K 1I1aroB JIEHTOYHOTO ajJrOpUTMa IEPEMHOKEHHUS MAaTPHI]
(cm. MPI9Matr5). Ilepecnats Bce monockl Cr B TIIaBHBIN MPOTIECC M BBIBEC-
TH B HeM ToJTy4eHHyr0 Matpuity C (pazmepa M X Q).

s xpaHeHus: pesynbTupytomeii matpuisl C B riaBHOM Tpolecce uc-
MOJIb30BaTh OJHOMEPHBI MAacCHB, TOCTATOYHBIM ISl XPAHCHHS] MATPHIIBI
pasmepa (Na-K) x Q; 11 mepechbUIKH JaHHBIX B 3TOT MACCHB MCIIOJIb30BaTh
kosutekTuBHYI0 Qyukuio MPI Gather.

Odopmuts 3T nevictBus B Bune ¢Gyukuuu MatrlGatherData (6e3 mapa-
MeTpoB). BBOJI TaHHBIX BBIONHIATH BO BHemHEH ¢GyHKIUU Solve, BBIBOA
MOJIYYeHHOU MaTpUIlhl BKIIOYUTH B QyHKmio Matrl GatherData.

MPI9Matr/. B rnmaBaom miporiecce pansl uncia M, P, Q u matpuust A u B pasz-
Mepa M X P u P X Q cooTBeTcTBEeHHO (TakuM 00pa3oM, UCXOJIHBIE JaHHBIC
COBIIAJIAlOT C UCXOJIHBIMU JTaHHBIMU 117151 3afanuss MPI9Matr2).

[TocnenoBaTeabpHO BBI3BIBAs pa3paboTaHHBIC B 3QTAaHUSIX
MPI9Matr2—MPI9Matr6 dbyakuuu MatrlScatterData, Matr1Calc (B mukie)
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n MatrlGatherData, moay4uTs ¥ BBIBECTH B IJIaBHOM IPOLIECCE MATPUILY
C, paBHYIO IPOM3BEACHUIO NCXOIHBIX MaTpull A u B.

[Tocne kaxxmoro Ber3oBa ¢ynkimyu Matrl Calc mOMOJTHUTENTEHO BBIBOJUTH B
KaXXIOM Tpolecce Tekyiiee coaepxumoe noaockl Cgr. [lepen ucnonp3ona-
HUEM B JIaHHOM 3Q/IaHWH CIIEAyeT MOIU(HUIMPOBATH pa3padOTaHHYIO B
MPI9Matr4 ¢yukuuto MatrlCalc takum o6pazom, uToOBI NMPU 3HAYECHUU
napameTpa step, paBHoMm K — 1, He BBINOIHsIIACH MepechliKa nojoc Bg.

MPI9Matr8. B rimaBHOoM mporecce gansl uucia M, P, Q, a Taxke mmMeHa ABYX
¢aitnos, comepxkamux 3meMeHTsl Matpull A u B pasmepa M x P u P x Q
COOTBETCTBEHHO. MoauduipoBarh HayalbHBIA ATall JIGHTOYHOIO ajro-
pUTMa nepeMHokeHus maTpull (cM. MPI9Matr2) takum 06pa3oM, 4TOOBI
KaX/Ibli MPOLIECC CUYUTHIBAJI COOTBETCTBYIOIIME NoJockl MaTpull A u B He-
IOCPEACTBEHHO U3 HUCXOJHBIX (haijoB, HUCIONIB3Ysl KOJUIEKTHUBHBIE (DYHK-
muu MPI File seek u MPI File read all (HoBbIit Buj (haitsloBBIX JTaHHBIX
co3/1aBaTh HE TpeOyeTcs).

Jl7is IepechUIKi pa3MepoB MaTPUIl U UMEH (HailIoB UCTIOIB30BaTh KOJUICK-
TuBHYIO (pyHkiuo MPI Bcast.

Odopmuts Bce nerictBus B Bujae ¢pynkiuu MatrlScatterFile (0e3 mapameT-
POB), B pe3yJbTaTe BbI30Ba KOTOPOM KaXKABIH MPOIIECC MOTyYaeT 3HAUCHUS
Na, P, Ng, Q, a Takke oIHOMEpPHBIC MAaCCHUBBI, 3aIIOJTHEHHBIE COOTBETCT-
Bytomumu  monocamu  matpury A, B, C. Ilocne Bb30Ba QyHKIHH
MatrlScatterFile BeiBecTH B KaXKJI0M IpoIecCe MOIyUEHHbIE JaHHbIE (YUC-
na Np, P, Ng, Q u momocer matpui A, B, C). BBo HCXOIHBIX JTaHHBIX OCY-
mecTBisITh B pynkiuu MatrlScatterFile, BbIBOA pe3ynbTaToOB BBINOTHITH
BO BHEIIHEH GyHKIu Solve.

[MpmeyaHue. Jlns HeKOTOPBIX MOJIOC YaCTh AIIEMEHTOB (TIOCIEIHHUE CTPO-
KH) WIH JaXK€ BCSI TTOJI0CA HE JIOJDKHA CUUTHIBATHCS M3 UCXOAHBIX (DaliIoB 1
Oyznet octaBaThCs HyJeBo. OHAKO 3Ta CUTyalus HE TpeOyeT cCreruanb-
HOIl 00paboTKH, Tak Kak NpU JOCTWKEHHMU KoHIA ¢aina (QyHKIUsS
MPI File read all aBromaTudecku mpekpaimiaer CYMTHIBAHUE JAHHBIX, HE
reHepUpysl HUKAKOro cO00IIeHrs 00 onInoKe.

MPI9Matr9. B kaxmom mporiecce maubl unciaa N, Q, a Takke ogHOMEpHBIS

MaccuBHI, 3anosHeHHbie monocamu Cg (pazmepa Na X Q), moydeHHBIMH B
pe3ynbTaTte BbimogHeHUs K m1aroB JIEHTOYHOTO aJrOPUTMa MEPEMHOKCHHS
matpul (cMm. MPI9Matr5). Kpome Toro, B riaBHOM Ipolecce JaHO YHCIIO
M — KOJM4YECTBO CTPOK PE3YJIbTHUPYIOIIETO MATPUUYHOTO MPOU3BEICHUS U
uMs (paityia Juist XpaHEHUs! TOTO MPOU3BEICHMUS.
[lepecnaTh yncio M u ums ¢aiina Bo Bce mporecchl (MCHOIb3Ys QYHKIUIO
MPI Bcast) u 3amucath Bce (parMeHThl MATPUYHOTO TPOU3BEACHUS, CO-
nepsxamuecs B monocax Cg, B pe3ylbTUpyIONUi (haiiyi, KOTOPBIA B UTOTE
Oynet conmepxkarh Mmarpuily C pazmepa M x Q.
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Jna 3amucu monoc B (aidl MCHONB30BaTh KOJIJICKTUBHBIC (YHKIUH
MPI File seek u MPI File write all.

OdopMuTh cunThHIBaHUE UMEHH (haiiia, MepechUIKy 3HaueHus M u nMeHu
daitna, a Takke Bce NEHCTBUS MO 3alKCH MoJIoc B ¢aitn B BUIe QYHKIUU
MatrlGatherFile (cunTbiBaHME BCEX MCXOIHBIX [AaHHBIX, KpOME HMEHH
¢aitna, JOIKHO OCYIIECTBIATHCS BO BHELTHEH PpyHkuuu Solve).
Yka3aHue. llpu 3anucu JaHHBIX B pe3yJIbTHPYIOUMH (aitn HeoOX0IuMo
YUUTBIBaTh, YTO HEKOTOpPbIE MOJIOCHI Cr MOTYT COZEP)KaTh 3aBEPILIAIOLIIE
HYJIEBbIE CTPOKH, HE CBSA3aHHBIC C IOJYYEHHBIM MPOU3BEACHUEM (MMEHHO
JUISL TIPOBEPKH 3TOM CHUTyalluu TpeOyeTcsi MepechbulaTh BO BCE MPOLECCHI
3HaueHue M).

MPI9Matrl0. B rimaBaom mpornecce nansl uncia M, P, Q, a Takke UMeHa Tpex
(aiisioB: BHaYayie JAIOTCS UMEHA JIBYX CYIIECTBYHOUIUX (aidioB, coaepKa-
mmx 3neMeHTsl Matpull A u B pasmepa M x P u P X Q cooTBeTcTBeHHO, a
3aTeM ums paiiia s XpaHEeHUs Pe3yIbTUPYIOLIEr0 MaTPUUHOIO TTPOU3Be-
nenus C = AB.

[TocnenoBaTenbHO BBI3bIBas pa3paboTaHHbie B 3amanusix MPI9Matrs,
MPI9Matr5 u MPI9Matr9 ¢pynxuuu MatrlScatterFile, MatrlCalc (B 1uk-
ne) u MatrlGatherFile, nomyuuts B pe3yibTupytonieM ¢aiisie mpou3Bee-
HUE UCXOJHBIX MaTpull A u B, HaiiieHHOe C MOMOIIBIO TIEPBOTO BapuaHTa
JIEHTOYHOT'O alrOpUTMa.

[Tocne kaxaoro BeizoBa QpyHkiuu MatrlCalc 1onogHUTENHHO BEIBOAUTH B
KaXJIOM TMpoliecce TEKyIlee 3HAaYCHHE AJIEMEHTa c[step], rae ¢ — oaHo-
MEpHBI MaccuB, conaepxammii nmojgocy Cg, a step — HOMep Iiara anro-
putma (0, 1, ..., K—1); Takum oOpa3oM, Ha TIEpBOM IIare aaropuTMa clie-
JyeT BBIBECTH 3jieMeHT c[0], Ha BTOpOM 11are — 3JIeMeHT c[1], u T. 1.

18.3. JleHmMOoYHbIU anzopumm 2 (20puU3oHmaribHble
U eepmukalsibHble roJsiochl)

MPI9Matrll. B kaxmaom mporiecce gansl yuciaa P u Q; kpome TOro, B ri1aBHOM

nporecce nana marpuiia B pasmepa P x Q. 3BecTHO, uTO uriciio Q kpaTHO
konuuectBy mpoueccoB K. Ilpodects B rimaBHOM mpouecce maTtpuily B B
OMHOMEpHBII MaccuB pasmepa P-Q wu omnpenenuTs HOBBIM THI
MPI_BAND_B, coxepxaiuii BepTUKaIbHYIO MOJIOCY MaTpullel B mmpu-
Hoit Ng = Q/K cTonbmuos.
[Ipu onpenenenun tuma MPI BAND_B wucnomnp3oBate  QyHKIIMH
MPI Type vector u MPI Type commit, opopMuB 3T0 ornpeaeacHue B BU-
ne ynkiun Matr2CreateTypeBand(p, n, g, t), rae nemouncieHHbie mapa-
METPBI P, N, q ABJISIIOTCA BXOAHBIMHU, a mapameTp t Turia MPI Datatype sB-
JISI€TCSl BBIXOJHBIM; MPU 3TOM MapaMeTphl p U N ONPEAENSIoT pa3Mep Bep-
TUKAJIBLHOMN MOJIOCKHI (YMCJIO €€ CTPOK U CTOJIOLIOB), a MapaMeTp  — YHUCIIO
CTOJIOIIOB MaTpHIIbl, U3 KOTOPOH M3BJIEKAETCS 3T MOJI0CA.
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Ucnons3ys Tun MPI_ BAND_B, nepecnate B kaxnaplii mpouecc (BKIO4ast
IJIaBHBIA) COOTBETCTBYIONIYIO MOJOCY MaTpuipl B, mepedupas monocel B
MOPSIIKE BO3PACTAHMS PAHIOB IpoLEcCOB-Morydareneid. Ilepecbuiky BbI-
nonHATh ¢ nomotnsio ¢pynkiuit MPI Send u MPI_Recv; monocer xpaHutsb
B OJJHOMEPHBIX MaccuBax pazMepa P-Ng. BriBeCTH B KaKJ10M ITpolLiecce Mmo-
JYYEHHYIO I0JIOCY.

[MpumeyaHune. B peammzarmun MPICH2 Bepcuu 1.3 ¢ momonisio GyHKITHH
MPI_Send Henb3st BBINOIHUTH MEPECHUIKY AAHHBIX B TOT K€ IMPOLIECC, U3
KOTOPOTO JJaHHBIE MTOCBUIAOTCS (MPOUCXOIUT 3aBUCAHUE IporpamMmel). s
MEPECHUIKH TOJIOCH! B TJABHBIM MPOIIECC MOXKHO HCMHOIB30BaTh (HYHKIIUIO
MPI_Sendrecv; MOXXHO Tak)e 3alOJIHUTH COOTBETCTBYIOIIYIO TOJIOCY B
[JIAaBHOM TIpoIiecce, He mpuoeras k cpeactsam ouodnunoreku MPI.

MPI9Matrl2. B rmaBuoM mporecce aanbl unuciaa M, P, Q u matpuisl A u B
pasmepa M x P u P x Q cootrBeTcTBeHHO. BO BTOpOM BapmaHTe JIEHTOYHO-
ro ajaropuTMa MepeMHOXEHUs MaTpull nepsass marpuua (A) pasouBaeTcs
Ha K ropu3oHTaIbHBIX T0JI0C, a BTopas (B) — Ha K BepTHKaIBHBIX IOJIOC,
rae K — koam4ecTBo mpoiieccoB (B JadbHEUIIEM MOJIOCH! pacIpeaeIIsIOTCS
0 TPOIIECCaM M MCTIONB3YIOTCS JIJIsl BEIUMCICHHS B KaXKIOM Ipoliecce Jac-
TH UTOTOBOTO MaTPUYHOTO MTPOU3BEIICHNSA).

[Tonoca ans matputel A copeput Na cTpok, mosioca Jijist MmaTpuiibl B co-
nepxxkut Ng cronbioB; uucina Na u Ng Bbuucisiorcs no dopmysinam
Na = ceil(M/K), Ng = ceil(Q/K), rae omneparus «/» 03HauaeT BEIIECTBCHHOES
nenenue, a GyHKIUA ceil BRIMONHAET OKpyIJieHHe ¢ n30bITkOM. Ecnu mat-
pHIa COACPKUT HEOCTATOYHO CTPOK (MJIM CTOJIOIIOB) JIJIsl 3aTIOJTHEHUS T10-
CJIEIHEH TOJIOCHI, TO MOJI0CA JOTMOJHSIETCS HYJIEBBIMH CTPOKaMH (CTOJIOIA-
MH).

CoXpaHHUTh MCXOJIHBIC MATPHIIBI, JOTIOJHEHHBIC MPU HEOOXOIUMOCTH HY-
JIEBBIMH CTPOKAMHU WJIM CTOJOIIAMH, B OJTHOMEPHBIX MAaCCHBaX B TJIaBHOM
Mpolecce, MOCle Yero OPraHu30BaTh MEPECHUIKY MOJO0C U3 ITHUX MACCUBOB
BO Bce mporiecchl: B mporiecc panra R (R=0, 1, ..., K— 1) mepecburaercs
nosioca ¢ uHAekcoM R, Bce nonocel Ag umeroT pazmep Np X P, Bce mosockl
Bg umetot pasmep P % Ng. Kpome Toro, co3naThk B Kaxa0M Mpoiiecce moJio-
cy Cr ms xpanenusi pparmenta MmarpudyHoro npoussegeHusi C = AB, ko-
TOPBIN OYyJET BBIUMCIATHCA B 9TOM Tpoliecce; Kaxnas monoca Cr mmeer
pasmep (Na-K) X Np u 3amosiHseTcst HyJIeBbIMH dJIEMEHTAMHU.

[Tomockl, Kak ¥ MCXOAHBIC MATPHUIIBI, TOJDKHBI XPAHUTHCS O CTPOKaM B
OJTHOMEPHBIX MacCCHBaxX COOTBETCTBYIOIIETO pa3mepa. st mepechuiku
pa3MepoB MaTpHIl HCIOJIb30BaTh KOJUIEKTHUBHYIO (yHKuui0o MPI Bcast,
JUTS TIEPECHIIKK TOJIOC MATPHUIBl A HCIIONIB30BaTh KOJUIEKTHBHYIO (PYHK-
muto MPI_Scatter, s nepechuiku nojioc MaTpuiibl B ncnonab3oBath PyHK-
mii  MPI Send u  MPI Recv, a Takxke BcrmoMoraTeiabHbIA THII
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MPI_BAND_B, co3nmannsii ¢ nomorpio Gyakmun Matr2CreateTypeBand
(cMm. mpeapIaylIee 3aJJaHie U MPUMEYaHUE K HEMY ).

OdopmuTs Bce omucaHHble AeicTBUs B Buae ¢yHkimu Matr2ScatterData
(6e3 mapaMeTpoB), B pe3yibTaTe BHI30BA KOTOPOUW KaKIbIH MPOIECC TOITy-
yaeT 3HaueHusi Np, P, Ng, a Takke OJJHOMEpHbIE MAaCCHUBBI, 3alIOJITHCHHBIC
cooTBeTCcTBYIomMMU moniocamu mMatpull A, B, C. Tlocne Bri3oBa pyHKINN
Matr2ScatterData BbIBECTH B KaXXJOM IMPOIIECCE IOJIYUYCHHBIE IaHHBIC
(uncia Np, P, Ng 1 monocel Marpunr A, B, C). BBog MCXOIHBIX JaHHBIX
ocyuiecTBIATh B pyHKimn Matr2ScatterData, BbIBOJ pe3ysnbTaToB BBINOJI-
HSTh BO BHelHeH pyHkumu Solve.

YkasaHus. (1) [Ipu cuntbiBaHMKM MaTpUIlsl B B ri1aBHOM mporiecce clieayeT
YUYUTBIBATh, YTO MPEIHA3HAYCHHBIA ISl €€ XPAaHEHUSI MAaCCUB MOXET CO-
JepKaTh SJIEMEHTBI, COOTBETCTBYIOIIUE JOMOJHUTEIbHBIM HYJIEBBIM
CTOJIOIaM.

(2) Hnsa ymensiienus: uyncna Bei30BoB (yHkuuu MPI Bcast Bce mepechl-
JaeMbl€ pa3Mepbl MaTpPUIl MOXHO MOMECTUTH BO BCIIOMOTaTENIbHbIA Mac-
CUB.

MPI9Matrl3. B xaxnom mporecce gansl uuciaa N, P, Ng, a Takke ogHomep-
HBIE MACCHBBI, 3aII0JTHEHHbIE COOTBETCTBYIOIIUMH TojocaMu Matpuil A, B,
C (takuMm oOpa3oM, UCXO/HbBIC TAHHBIE COBMANAIOT C Pe3yJibTaTaMu, TOJIy-
yeHHbIMU B 3agaHu MPI9Matr12). Peanu3oBaTh nepBbiii mar JEHTOYHOTO
IrOpUTMa MEPEMHOKEHHST MATPHII, BHITOJHUB TIEPEMHOKEHUE AIIEMEHTOB,
coaepkammxcs B nosnocax Ag u Br kaxmoro mporecca, mocie 4ero opra-
HU30BaTh HUKJIMYECKYIO MEPEChUIKY KaKIOW MOoJIoChl Ag B MPOIECC Mpe-
neiIymiero panra (u3 mporecca 1 B mporecc 0, U3 mpoiiecca 2 B Mporiecc
1, ..., w3 mpouecca 0 B npouecc K — 1, rne K — konuuecTBo nmporeccos).
[{uKJIMYEeCKyI0 MEepechbUIKy MOoJoCc Ag BBINOJHATH C MOMOIIBIO (DYHKIIUU
MPI_Sendrecv_replace, ucnons3ysi ajis ONpeleseHUs: paHroB MpoLEecca-
OTIPABUTENS U TpoLecca-Toydaresis onepauuto % B34ATHs OCTaTKa OT je-
JICHUSL.

Odopmuts 3TH neiictBusd B Buae ¢pyHkuuu Matr2Calc (6e3 mapameTpoB).
BriBecTn HOBOE conepxkumoe mooc Cg 1 Ag B KaXKJI0M TIpoliecce (BBOA H
BBIBOJI JIaHHBIX BBITIOJHATH BO BHENTHEH QyHKIMU Solve).

YkasaHue. [TockonbKy B JaHHOM BapHaHTE JICHTOYHOTO aJIrOPUTMa IT0JIO-
chl Ag coliepkaT MOJHBIE CTPOKU MaTpuilpl A, a mojgocsl Bgr — mosHbIe
CTOJIOIBI MAaTPUIILI B, B pe3yibpTaTe MX MEpEeMHOKEHHUS y)Ke Ha ITIEPBOM IIla-
re aqiroputMma mnosioca Cg OyAeT cojepKaTh 4acTh DJEMEHTOB HUTOTOBOIO
MaTPUYHOTO TIPOU3BENEHUS (IIPOUYME IIEMEHTHI MOJIOCH OCTaHYTCS HyJIe-
BbIMH). Pacrnosio’keHune HalJeHHBIX AJIeMEHTOB B mosioce Cg 3aBUCUT OT
panra mpoiiecca (B 4aCTHOCTH, Ha TepBOM Iiare B mporecce 0 OyayT 3a-
nosiHeHbl N mepBbIX cTpok noJiockl Cy, a B mpouecce K — 1 — Nj mocnen-
HHUX CTPOK 1mostochl Cy 7).
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MPI9Matrl4. B xaxmom mporecce manbl gucia Na, P, Ng, a Takke ogHOMEp-
HBIE MaCCHBBI, 3aII0JITHCHHBIE COOTBETCTBYIOIIUMU Mojocamu MaTpuil A, B,
C (TakuMm o0Opa3oM, UCXO/IHBIC TAHHBIE COBIAIAIOT C pe3yJbTaTaMH, TOJY-
yeHHBIMU B 3aganud  MPI9Matrl2). MoaudunupoBats GyHKIUIO
Matr2Calc, peanu3oBaHHYI0 B MpEIbIAYIIEM 3aJaHUM, TaKUM 0O0pa3oM,
yTOOBI OHa OOecreurBalia BBHIIOJIHEHHE JIFOOOTo IIara ajJroputMa JeHTOY-
HOTO YMHOXEHHUSI.

Jlsist aTOro 1006aBUTH K HEHM mapameTp step, ONnpeAessitonIii HoMep Iara
(m3mensiercs ot 0 1o K — 1, rae K — koJimuecTBO MPOIIECCOB) U UCIIOJB30-
BaTh 3HAYEHUE ITOTO MapamMeTpa B TOH YacCTH aITropuTMa, KOTopas CBs3aHa
C mepecyeToM 3JeMeHTOB moJjiockl Cg (IEHCTBHSI, CBSI3aHHBIE C IUKJIAYC-
CKOM TIepeChIIKOM ToJI0C AR, OT 3HAYCHHUS ITapaMeTpa step He 3aBUCST).
Hcnons3ys nBa BeI3oBa MoaupuurpoBanHoil pynkuun Matr2Calc ¢ mapa-
Metpamu O 1 1, BEITIOJIHUTH J1Ba HAYAJIBHBIX IIara JICHTOYHOTO ajJropuTMa
Y BBIBECTH B KaXKJIOM TpoIiecce HOBOe cojepkumoe mojoc Cr u A (BBOI 1
BBIBOJI JIAaHHBIX BBITIOJIHATH BO BHEIIHEHW QyHKIUU Solve).

Yka3aHue. Homep miara step ompemensier, Kakue HaOOPBI CTPOK TOJIOCHI
Cr OyIyT BBIYMCIICHBI Ha JAHHOM JTale ajaroputMma (cieayeT oOpaTHUTh
BHUMAaHHE HA TO, YTO 3TU HAOOPHI CTPOK MEPEOUPAIOTCS ITUKITUIECKH ).

MPI9Matrl5. B kaxmom mporecce mannl unciia Np, P, Ng, a Takke omHoMep-
HbIE€ MACCHUBBI, 3alIOJJHEHHBIE COOTBETCTBYIOIIMMU MojocamMu Matpuil A, B,
C (takuM o0Opa3oM, UCXO/HbBIE JIaHHBIE COBIAMIAIOT C pe3yJbTaTaMu, MOJy-
4yeHHbIMU B 3aiann MPI9Matr12). Kpome Toro, B KaJ10M MpOIECcce TaHO
OJIHO M TO k€ umciio L, exariee B quana3one ot 3 10 K (K — konnyecTtBo
MIPOILIECCOB) U OMpeestoniee TpeOyeMoe YUCIo MIaroB JEHTOYHOTO ajro-
puTMAa.

BeieiBas B 1miiie mo mapamerpy | (1=0,..., L—1) dynkuuro
Matr2Calc(l), pazpaboTanHyro B IpeabIAyIIeM 3aaHNH, BBIMOJIHUTE L Ha-
YaJIbHBIX I1ar0B JIGHTOYHOTO aJITOPUTMa M BHIBECTH B KaXKJOM IpoOIlecce
HOBOE cojepxkumoe 1monoc Cr 1 Ag (BBO U BBIBOJ JaHHBIX BBIMOJIHSATH BO
BHemHeH ¢pyHkuu Solve).

[MpumeyaHune. Eciu 3nauenue L paBHo K, To mosiocel Cr OymyT conep-
’aTh COOTBETCTBYIOIINE (DPAarMEHTHI UTOTOBOTO MAaTPUYHOTO TPOU3BEIC-
Hus AB.

MPI9Matrl6. B rmaBaoMm nporecce manbl uncia M u Q — KoJIM4ecTBO CTPOK U
CTOJIOIIOB PEe3YIbTUPYIOIIET0 MAaTPUIHOTO Tpom3BeaeHus. Kpome Toro, B
Kaxaom nporiecce nanbl unciia Na, N, a Takoke oTHOMEPHBIC MACCHBBI, 3a-
nojHeHHBIe TojocaMu MaTpuilel C (pazmepa (Na-K) x Ng), koTopbie ObLTH
MIOJIYYCHBI B pe3yJIbTaTe BBIMOMHEHHS K I1aroB JIGHTOYHOTO ajropuTMa
nepemHoxxkeHus matpuil (cM. MPI9Matrl5). Ilepecnats Bce nonockl Cr B
TJIABHBIN TPOIECC U BBIBECTH B HEeM MosyueHHyro Mmatpuily C (pasmepa

M x Q).
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Jlnsa xpaHeHus: pesynbTupyromeii marpuiisl C B riaBHOM mpolecce uc-
MOJIb30BaTh OJHOMEPHBIA MAacCHUB, JOCTATOYHBIN ISl XpaHEHUS MaTpPHUIIBI
pasmepa (Na-K) % (Ng-K). i nepecbuiku mosoc Cr MCIONB30BaTh (QyHK-
mun  MPI Send u MPI Recv, a Taxke BCIOMOTaTeNbHBIN THII
MPI_BAND_C, co3nmannsii ¢ nomoripio Gyaknuu Matr2CreateTypeBand
(cm. 3amanne MPI9Matrl 1 u npumeuanue K HEMY).

Odopmuts 3T nevictBus B Buje pynkuuu Matr2GatherData (6e3 mapa-
MeTpoB). BBOJI TaHHBIX BBINONHATH BO BHeWIHEN ¢GyHKUIUU Solve, BBIBOA
MOJIyYeHHOU MaTpUIlbl BKIIOYUTH B pyHkimio Matr2GatherData.
YkasaHue. [Ipu BeiBoge MaTpuilbl C B rIIaBHOM MpoIiecce ClIeIyeT YIUThI-
BaTh, YTO MpPETHA3HAYCHHBIN JJI €€ XpaHEHHUS MAacCHUB MOXET COIEPKaTb
AJIEMEHTBI, COOTBETCTBYIOIINE JOTIOJHUTEIBHBIM HYJIEBBIM CTOJIOLIAM.

MPI9Matrl7. B rnaBHoM mporecce aanbl unucia M, P, Q u matpuist A u B
pasmepa M x P u P X Q cooTBeTCTBEHHO (TakuM 00Opa3oM, UCXOIHBIE JTaH-
HBIE COBMHAJAIOT C HCXOIHBIMH JaHHBIMM 11 3ajanus MPI9Matrl2).
[TocnenoBaTenbHO BBI3BIBAs pa3paboTaHHbIE B 3aIaHUAX
MPI9Matr12—MPI9Matrl6 ¢ynkuun Matr2ScatterData, Matr2Calc (B
uukie) u Matr2GatherData, nmoayuuTh U BBIBECTH B TJIABHOM IMPOIECCE
matpuily C, paBHYIO POU3BEICHUIO UCXOAHBIX MaTpuIl A u B.

[Tocne kaxaoro BeizoBa QpyHkiuu Matr2Calc 10nmOTHUTENHHO BHIBOAUTH B
KaXJIOM MPOIEcce TEKYIIee coaepkuMoe mosiockl Cg.

[lepen ucrnosb30BaHMEM B JIaHHOM 3aJaHUM CJEIYET MOAUQPHUIIUPOBATH
pazpaborannyto B MPI9Matrl4 ¢yukmuio Matr2Calc takum o0pazom,
4yTOOBI TP 3HAYEHUU MapameTpa step, paBHOM K — 1, He BBINOIHSIACH T1€-
pechbuIKa 1mojoc Ag.

MPI9Matrl8. B rmaBHOM mporiecce gansl uuciaa M, P, Q, a Takke uMeHa JIByX
daiinoB, comepxamnux 37eMeHTbl Matpuil A u B pazmepa M x P u P x Q
COOTBETCTBEHHO. M3BecTHO, uTO uncio Q KpaTHO KOJIMYECTBY MPOIIECCOB
K. MoauduuupoBath HadaJbHBIMA 3Tall JICHTOYHOI'O AJITOPUTMA NEPEMHO-
xeaust matpul] (cm. MPI9Matrl2) takum oOpazom, 4TOOBI KaKIbld MPO-
1[ECC CYMTHIBAJ COOTBETCTBYIONIME MOJOCK MaTpull A u B HemocpencTBen-
HO U3 UCXOJHBIX (paityios.

JI71s mepechlUIKK pa3MepoB MaTpUIl U UMEH (DailyioB UCIIOJIB30BaTh KOJIJIEK-
TuBHYIO0 (yHkuno MPI Bcast. [{ns cuuThiBaHUS TOPU3OHTAIBHBIX MOJIOC
MaTpuibl A ucnonb3oBaTh koJuiekTuBHble (GyHkuuu MPI File seek u
MPI File read all; nyis cunTeiBaHMsI BEpTUKAJIBHBIX 1OJIOC MaTpulibl B 3a-
JaTh ~ COOTBETCTBYIOLIMM  BUJA  JAHHBIX,  HCHOJNB3YAd  (DYHKLHUIO
MPI File set view u HoBbIi QaitnoBsiii Tunm MPI BAND_B, onpenenen-
HBIH ¢ oMornisio Gynakiuuu Matr2CreateTypeBand (cm. MPI9Matrl1), mo-
clie 4ero Takke ucnoib3zoBath ¢pynkiuio MPI File read all.

OdopmuTs Bee aeiictBus B Buae Gpynkimu Matr2ScatterFile (6e3 mapamert-
POB), B pe3yJibTaTe BbI30BAa KOTOPOU KaXAbI MPOLECC MOTYyYaeT 3HAUCHUS
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Na, P, Ng, a Takke OoqHOMEpPHBIE MACCUBBI, 3alIOJIHEHHBIE COOTBETCTBYIO-
mumu  monocamu  matpur;, A, B, C. TIlocme BwBoBa (yHKIIUN
Matr2ScatterFile BriBecTH B Ka)KI0M MpoIiecce MOMyuYeHHbIEC TaHHBIE (YuC-
na Np, P, Ng u monocer marpuit A, B, C). BBog nCX0IHBIX TaHHBIX OCYIIIE-
cTBiATh B (yHKuuu Matr2ScatterFile, BoIBoA pe3ynbTaToB BBIMIOIHATH BO
BHelIHel Qynkuuu Solve.

[MpumevaHue. JlomoiHUTETbHOE YCIOBUE O KPaTHOCTH 3HaUeHus1 Q guciy
K mo3BojisieT opraHu3oBaTh CUMTHIBaHUE MOJOC Br C ucnonb3zoBaHueM
OJIMHAKOBOTO (halJIOBOTO THIIA BO BCEX MPOIECCaX.

[Ipu oTcyTCTBHM 3TOTO yCIOBHUS MOTPEOOBAIOCH ObI MIPUMEHATH CIICLIUATb-
HBIE€ TUIIbI, 00ECTIEUNBAIOIINE KOPPEKTHOE CUMThIBAaHUE U3 (paiiyia U 3amuch
B MAacCHB «YKOPOYEHHBIX» IOJIOC MaTpuilel B B mociemHux mpoieccax
(Kkpome TOro, B 3TOM Cilyyae moTpeOoBaoch OBl MepeciaTh KaKI0MYy Mpo-
neccy 3Hadenne Q, He0OXonMMOe IS TPABHIBHOTO OMPEICICHUs THIIOB
JUTSL «YKOPOYEHHBIX» MOJIOC).

MPI9Matrl9. B kaxmom mporecce manbl uncia Na, N, a Takke omHOMEpHBIC
MaccuBbl, 3anojHeHHbIe mosiocamu Cr (pa3smepa (Na'K) x Ng), momyden-
HBIMHU B pe3yJibTaTe BBHITOTHEHUS K I1aroB JIGHTOYHOTO aJITOPUTMA TIepe-
MHOKeHus1 Matpull (cM. MPI9Matrl5). Kpome Toro, B riiaBHOM mpoiecce
JaHO YUCIO0 M — KOJIMYECTBO CTPOK PE3YIbTUPYIOIIETO MAaTPUYHOTO TPO-
U3BEJCHUS W UM Qailna Iyl XpaHEHUs: 3TOro npousBeneHus. JlomomHu-
TEJIHHO M3BECTHO, YTO KOJUYECTBO CTOJOIOB Q pE3ylbTUPYIOUIETO Mat-
PUYHOTO TIPOM3BEACHHS KPATHO YHCITY IIPOIIECCOB (U, CIEAOBATENIbHO, PaB-
HO NBK)

[Tepecnats unciio M u ums daiina Bo Bce mporecchl (MCroib3yst (YHKIIHIO
MPI_Bcast) u 3anucatb Bce (pparMeHThl MATPUYHOTO MPOU3BEACHUS, CO-
nepxaruecs B nojocax Cr, B pe3ylnbTUPYIOMNNA (aiisl, KOTOPBHIA B UTOTE
oynet comepkarh Marpuity C pazmepa M x Q.

Jlns 3anucu moJioc B (hailyl 3aaTh COOTBETCTBYIOIIUM BUJI JTaHHBIX, HC-
none3ys Gyukuuro MPI File set view u  HOBBIM  (ailiioBelii  THUN
MPI_BAND C, ONIPENECTICHHBIN C ITOMOIIILIO dbyHKIIUU
Matr2CreateTypeBand (cm. MPI9Matrl1), mocie 4ero ucrnosib30BaTh KOJI-
nextuBHy0 ¢pyHkiuto MPI File write all.

Odopmuth cunThiBaHUE WUMEHHU (aiiia, mepecbulKy 3HaueHus M u umeHu
daiina, a Takke BCe ACHCTBUSA IO 3alKUCH MOJO0C B ¢aitn B Buae GyHKIUU
Matr2GatherFile (cuuThiBaHuME BCEX HMCXOMHBIX JTAHHBIX, KpOME HMEHHU
daiina, TOJDKHO OCYIIECTBIIATHCS BO BHEITHEHN GyHKIIMU Solve).
YkasaHue. Ilpu 3anucu JaHHBIX B Pe3yIbTHPYIOMHHA (aiia HeoOX0IuMo
YYUTBIBATh, 4TO TOJIOCKI Cr MOTYT cojaepaTh 3aBepIIaloNnIie HYJICBBIC
CTPOKH, HE CBSI3aHHBIC C MOJYyYEHHBIM NPOU3BEACHUEM (MMEHHO JUIS TIPO-
BEPKH OTOH CUTyallMH TpeOyeTcs MepechllaTh BO BCE MPOIECCHI 3HAUCHUEC
M).



162

MPI9Matr20. B rnmaBHOoM mporiecce nanbl uuciaa M, P, Q, a Taxke nuMeHa Tpex
¢aiinoB: BHAYANIe JAIOTCS MMEHA JBYX CYIIECTBYIOMUX (ailioB, comepxa-
mmx 3neMeHTsl Matpull A u B pasmepa M x P u P X Q cooTBeTcTBeHHO, a
3aTeM uMs ¢aiia Il XpaHeHHUs Pe3yIbTUPYIONIEr0o MaTPUYHOTO TIPOU3Be-
nenust C = AB. JIonmoJHUTENIBHO U3BECTHO, YTO YKMCIO Q KpaTHO KOJIUYECT-
By miporieccoB K.

[TocnenoBaTenbHO BBI3bIBas paspaboTaHHble B 3amaHusx MPI9Matrls,
MPI9Matrl5 u MPI9Matrl9 ¢yuxuuu Matr2ScatterFile, Matr2Calc (B
nukiie) u Matr2GatherFile, mony4uuTs B pe3ysibTupytoiieM ¢aiiie mpousBe-
JIeHUE UCXOMHBIX MaTpuIl A u B, HaliflecHHOE C MTOMOIIIBIO BTOPOTO BapHaH-
Ta JIEHTOYHOT'O aJIrOpUTMa.

[Tocne xaxaoro BbizoBa PpyHkuun Matr2Calc 7OTIOTHUTENBHO BHIBOIUTH B
KaKJIOM Tpoliecce TEKylllee 3HAUYCHHUE JIEMEHTa c[step], rae ¢ — ojHo-
MEpHBIA MaccHB, comepkammii mojocy Cg, a step — HOMep Imara ajiro-
putma (0, 1, ..., K—1); Takum oOpa3om, Ha TIEPBOM IIIare ajJropurMa clie-
JTyeT BBIBECTH 2JIeMEHT ¢[0], Ha BTOpOM Im1are — 3JieMeHT ¢[1], u T. 1.

18.4. bnoyHkit anzopumm KaHHOHa

MPI9Matr21. B kaxaom mpoiiecce nanbl yucia M u P; kpome TOro, B TJIaBHOM
npouecce AaHa Marpuna A pasmepa M x P. M3BecTHO, 4TO KOJIMYECTBO
nporeccoB K spisiercss monubiM kBagpaTtom: K =Kgy-Kg, a uncna M u P
KpatHbl yuciy Ko. [Ipodects B riiaBHOM mpouecce MaTpuily A B OJHOMEp-
HbI MaccuB pazmepa M-P u onpenenuts HoBbIM THT MPI BLOCK A, co-
neprkarmii 010k MaTpuibl A pasmepa Mg x Po, Tie Mg = M/Kg, Po = P/KG.
IIpu onpenenennn Ttuna MPI BLOCK A wucnons3oBath  (PyHKIIUU
MPI_Type vector u MPI Type commit, ohopMHUB 3TO ompe/ieiieHUE B BU-
ne ¢ynkiuun Matr3CreateTypeBlock(mO, p0, p, t), rae menoduciieHHbIe
napamerpel m0, p0, p SBIAIOTCA BXOJHBIMHU, a TMapaMeTrp t Tuma
MPI_Datatype siBisieTcsi BBIXOJIHBIM; TIpu 3TOM napaMetpbl m0 u p0 ompe-
JEJSIIOT pa3Mepbl 0JI0Ka, a mapaMmeTp p — YHUCIO CTOJOIOB MAaTPHIIBI, U3
KOTOPOM M3BJIEKAETCA ATOT OJIOK.

Hcnons3ys Tun MPI_ BLOCK A, nepecnaTh B KaX1blii IpoLiecc (BKIr0Yast
TJIaBHBIA) COOTBETCTBYIOIIMI OJIOK MaTpuilbl A, mepedupas OJIOKH IO
CTpPOKaM M Iepechliiasg UX B MPOLIECCH B MOPAJIKE BO3PACTAHMS X PAHTOB
(mepBbIii 010K mepecbUIaeTcss B nporecc 0, cneyromuii 3a HUM OJIOK B
ATOM K€ CTpOKE mepecbuiaercst B mpoiecc 1, u T. 1.). Ilepecbuiky BbIIOII-
HATh ¢ momoiblo pyHkuit MPI _Send u MPI_Recv; 610ku XpaHuTh B 0]1-
HOMEPHBIX MaccuBax pazmepa My-Py. BriBecT B Kak0M mpoiiecce mnoiy-
YEHHBIN OJIOK.

[MpumevaHue. B peamuzaruu MPICH2 Bepcun 1.3 ¢ momombeio GyHKITUN
MPI_Send Henb3st BBINOJIHUTH MEPECHUIKY JaHHBIX B TOT K€ MPOLECC, U3
KOTOPOTO JJAHHBIE MOCHUTAOTCS (IPOUCXOIUT 3aBUCAHUE MporpamMmsl). [lis
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MEPEChUIKN OJIOKa B TJIABHBIM IMPOILIECC MOXHO HCIOIB30BaTh (HYHKIUIO
MPI_Sendrecv; MOXXHO TakKe 3alOJHUTH COOTBETCTBYIOIIMH OJOK B IiaB-
HOM TIporiecce, He mpuberas k cpeactBam oubmuorexu MPI.

MPI9Matr22. B kaxmaom mporniecce aansl uncia Mg u Py, a Takxke matpuma A
pazmepa My x Py. U3BecTHO, 4TO KOJIMUECTBO TporeccoB K siBisieTcst mos-
HbIM KBajapatoMm: K = Kg-Kg. IIpouects B kaxaoM mponecce MaTpuiy A B
OJIHOMEpHBIA MaccuB pazmepa My Py 1 onpeaenutb Ha MHOKECTBE UCXO/I-
HbIX npoueccoB kKommyHukatop MPI COMM _GRID, 3anaromuii nekapTo-
BY TOIIOJIOTHIO JBYMEPHOM KBaJIpaTHOM LHUKIMYECKONW PEIIETKH IOPSIAKa
Ko (MCXOIHBIN MOPSAI0K HyMEpalluy MPOILIECCOB COXPAHIETCS).

IIpu ompenenenun kommynukaropa MPI COMM_ GRID wucnonb3oBath
¢yukuo MPI Cart create, opopMuB 310 omnpeseneHrue B Bujae GyHKIUU
Matr3CreateCommGrid(comm) ¢ BBIXOAHBIM IMAPaMETPOM COmMM THUIIA
MPI_Comm. BeiBectu B kaxaom rmpoiecce koopauHatsl (lg, Jo) 3TOTO
mpouecca B CO3JaHHOM  TOMOJOTMM, — MCHONb3YysS  (YHKIUIO
MPI1_Cart_coords.

JUtst ka0l CTpOKH |g MOJTyYEeHHON PEIIeTKH OCYIIECTBUTh LIMKINYECKUI
casur matpull A Ha |y mo3uiuii BjaeBo (T. €. B HallpaBJIeHUU yObIBaHUS paH-
rOB IIPOLIECCOB), WCIIOJIB3YS byHKIMH MPI_Cart_shift 51
MPI Sendrecv_replace. BriBecTu B Ka)K10M mpoliecce MaTpuily, MojaydeH-
HYIO B PE3YJIbTATE C/IBUIA.

MPI9Matr23. B rnmaBaoM mporecce aanbl unuciaa M, P, Q u matpuist A u B
pasmepa M x P u P x Q coorBeTcTBeHHO. MI3BECTHO, UTO KOJUYECTBO TPO-
ueccoB K sBisercss nosnnbiM kBaapaTtom: K = Kg-Ko. B 0504HbIX anroput-
Max MEepPeMHOXKEHHSI MaTPHI] UCXOTHBIE MaTpHIIbI pa3ouBatorcs Ha K Oio-
KOB, 00pa3ys KBaJipaTHbIe OJI0UHBIE MaTpuIlbl nopsiaka Ky (B magpHeem
OJIOKM pacrpenesssioTCs Mo MPoIeccaM M MCTOIB3YIOTCS NIl BHIYMCIICHUS
B KQXKJIOM MPOIECCe YaCTH UTOTOBOTO MATPUYHOTO MPOU3BEICHHUS ).
brok ms maTpuiel A umeet pazmep Mg x Py, 610k s Mmatpunibl B nmeet
pasmep Py x Qg umcma My, Po, Qo BbmcastoTcs 1o dopMmyiam
Mo = ceil(M/Ky), Po = ceil(P/Ky), Qo = ceil(Q/Ky), rae omeparnus «/» 03Ha-
YaeT BEUIECTBEHHOE JejieHue, a (yHKUUs ceil BBINOJIHSAET OKPYIJIEHHUE C
n30bITKOM. Ecim MaTpuiia coiepKUT HEAOCTATOYHO CTPOK (MJIM CTOJIOLOB)
JUTS 3alOJIHEHUsI TIOCTICAHUX OJIOKOB, TO OJIOKU OTIOJTHSIOTCS HYJIEBBIMH
CTpOKaMH (CTOJOIIaMU).

CoxpaHuTth ucxoaHble MaTpullsl A 1 B, nononHeHHbIe TP HEOOXOIMMOCTH
HYJICBBIMU CTpokamu u ctojouamu o pasmepoB (Mo-Kg) x (Po-Ko) u
(Po-Kop) x (QoKg), B 0THOMEpHBIX MacCHBaX B IJIaBHOM IIpOIECCE, MOCIIE
4Yero OpraHu30BaTh MEPECHUIKY OJIOKOB M3 3TUX MAacCHUBOB BO BCe MpOIEC-
ChI, IepeOupasi OJIOKH MO CTPOKAM U MEPEChlIas UX B MPOIIECCH B TIOPSIKE
BO3pacTaHusi MX paHroB (mporecc panra R momyunt Onokm Ag u Bg,
R=0,..., K=1). Kpome toro, co3gats B Kaxxaom mporecce 0mok Cg mis
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XpaHeHusi ¢parmMenTta matpuyHoro npousseaenus C = AB, koTopoe Oynet
BBIUUCIISTHCS B 3TOM Iporiecce; Kax bl 0710k Cr umeet pasmep Mg x Qp u
3aMOJHAETCS HYJIEBBIMU 3JIEMEHTAMMU.

biioku, Kak ¥ UCXOJIHbIE MATPHUIIBI, JOJLKHBI XPAHUTHCA 1O CTPOKaM B OJI-
HOMEPHBIX MAacCHUBaX COOTBETCTBYIOLIEro pa3zMepa. g mepecbulku pas-
MEpOB MAaTpPHI] MCIOJb30BaTh KOJUICKTHBHYIO (yHkimio MPI Bcast, ms
nepecbliku 6;10koB Matpuil A u B ucnons3oBats ¢pynkuuu MPI Send u
MPI Recv, a Ttakke BcrnoMorarenbHble Tunsl MPI BLOCK A wu
MPI BLOCK B, CO3/1aHHbIE c IIOMOILBIO byHKIUN
Matr3CreateTypeBlock (cm. 3aganue MPI9Matr21 u npumeyanue K Hemy).
Odopmuth Bce onucaHHble AeicTBUsa B Buae QyHkiuu Matr3ScatterData
(Oe3 mapaMeTpoB), B pe3ysibTaTe BbI30Ba KOTOPOM KaKIbIH MPOIECC MOJy-
gaet 3HaueHuss My, Py, Qp, a Takke ogHOMEpHBIE MACCHBBI, 3aII0OJTHCHHBIC
cooTBeTcTBYtomuME Oiokamu Mmatpui] A, B, C. Ilocrme Bb30Ba (hyHKIHH
Matr3ScatterData BbIBECTM B KaXXJIOM IIPOLIECCE IOJYYECHHBIE TaHHbBIC
(uncnma Mg, Py, Qo m Omoku matpun A, B, C). BBox HCXOMHBIX TaHHBIX
ocyiecTBisITh B pyHkiun Matr3ScatterData, BbIBOJ pe3yabTaToOB BBIOJI-
HATH BO BHEIIHEH GyHKIMH SOlve,

YkasaHus. (1) Ilpu cunteiBanuu MaTpull A 1 B B Ti1aBHOM mporiecce clie-
JIyET YUYUTHIBATh, UYTO MPEAHA3ZHAUYCHHBIC ISl €€ XPAHEHUS MAaCCUBBI MOTYT
COZIEpKaTh BJEMEHTHI, COOTBETCTBYIOIIUE JOMOJIHUTEIbHBIM HYJIEBBIM
CTOJIOLIAM.

(2) Hns ymensiienus: uncna Bei3oBoB ¢yHkumu MPI Bcast Bce mepechl-
JaeMble pa3Mepbl MaTpUll MOKHO MOMECTHUTh BO BCIIOMOTaTENIbHBIA Mac-
CHB.

MPI9Matr24. B kaxmom mporiecce aanbl uncia Mg, Py, Qg, a Takke ogHOMED-
HbIE MACCHUBBI, 3alI0JIHEHHBIE COOTBETCTBYIOIMMU Ojokamu Mmatpuil A, B,
C (takuMm oOpa3oM, HCXOHBIC TAHHBIC COBMAMAIOT C PE3yJIbTaTaMH, TOJTY-
yeHHbIMU B 3a7aHuu MPI9Matr23). Peanu3oBath HavuasibHOE Tepepacmpe-
neneHrue OJIOKOB, HCMoJib3yemoe B anroputme KanHoHa OouHOro mepe-
MHOYEHUSI MaTPHII.

Jns 3TOrO 3a/1aTh HA MHOKECTBE MCXOJHBIX MPOILIECCOB JIE€KAPTOBY TOIMO-
JIOTHIO JIBYMEPHOM KBaJpaTHOW IUKIWYECKOW pemieTku nopsaka Ko (rae
KoKy paBHO KOJIMUECTBY MPOLECCOB), COXPAHUB MCXOIHBIN MOPSAIOK HY-
MepalHui TPOILIECCOB, U BBIMNOJHUTH ISl KaXIOW CTPOKHU lg MOTydYeHHOM
pemetku (lg =0, ..., Ko — 1) nmuknnueckuii caur 6;10koB Ag Ha |y mo3ummii
BJIEBO (T. €. B HANPABICHUN YOBIBAHUS PAHTOB MPOIIECCOB), a I KaXKIOTO
crosidna Jo pemetku (Jg =0, ..., Ky — 1) nukiamdecknii casur 610k0B B Ha
Jo mo3unmii BBepxX (T. €. TaK’Ke B HANPaBJICHUHM YOBIBAaHUS PAHTOB MPOILEC-
COB).

[ns onpenenennst kommyHukatopa MPI COMM_GRID, cs3zanHOro c
JIeKapTOBOM TOIOJIOTHEH, UCIIO0JIb30BaTh byHKIIIO
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Matr3CreateCommGrid, peanuzoBanHyto B 3amanuu MPI9Matr22. ITlpu
BBITIOTHEHUH  IMMKIMYECKOrO  CIABWTa  HWCHOJB30BaTh  (pyHKUIUU
MPI_Cart coords, MPI Cart shift, MPI Sendrecv replace (cp. ¢
MPI19Matr22).

Odopmuts omucanneie aedcTBUS B Buae Ppynkuuu Matr3Init (6e3 mapa-
MeTpoB). BeiBecTn B kakzoMm mporiecce 610k Ag 1 Bg, morydeHHbIC B pe-
3yJbTaTe CABUTA (BBOJ M BHIBOJI JAHHBIX BHITIONHATH BO BHEUTHEH PyHKIIMH
Solve).

MPI9Matr25. B xaxxaom miporiecce mansl uucia My, Py, Qo, a Takke omHomep-
HbIE MAaCCHUBBI, 3aII0JITHCHHBIE COOTBETCTBYIOIMMU Oj10KaMu Matpull A, B u
C, npuueM u3BecTHO, uTO 0J10kM Cg ABISAIOTCS HYJICBBIMH, a JJIs1 OJIOKOB Ag
U BR y’e BBIIIOJHEHO WX HaYaJIbHOE IepepacipeicicHue B COOTBETCTBUU C
anroput™MoM KsHHOHa (cM. mpenpiayiee 3aaanue). Peann3zoBars oJiuH miar
anroput™Ma KoHHOHA TEPEMHOKEHHUS MaTPHIl, BBIIIOJIHUB MEPEMHOKEHUE
AJIEMEHTOB, cojepikamuxcs B 0yokax Ag u Br Kaxxmoro mporiecca, mocine
9Yero OpraHWU30BaTh VIS KKIOW CTPOKM JEKAPTOBOW PEIICTKH ITUKIIHYE-
ckuil caBur 0J0koB Ar Ha 1 MO3UIMIO BIEBO (T. €. B HANpaBJIECHUU yObIBa-
HUS PAaHTOB IPOIIECCOB), a JUIA KaXJIOTO CTOJOIA PEIICTKH ITUKIMISCKHUM
caBur 0;10koB Bg Ha 1 mo3unuio BBepX (T. €. TaKKe B HAIIPABJICHUH YObIBa-
HUS PAHTOB MPOIIECCOB).

JUIsl  TIUKITUYECKON TEPEeChUTIKM JTaHHBIX HCIOJIb30BaTh KOMMYHHUKATOP
MPI_COMM_GRID, CO3/1aB ero c IIOMOILBIO byHKIMH
Matr3CreateCommGrid (cm. 3amanue MPI9Matr22), u  yHrumum
MPI Cart_shift u MPI_Sendrecv_replace (cp. c MPI9Matr22).

Odopmuts 51H nevictBus B Buae ¢yHkuuu Matr3Calc (6e3 mapameTpoB).
BriBect HOBOe copaepxkumoe OokoB Cg, Agr m Br B KaxaoM mporiecce
(BBOJI ¥ BBIBO/T JJAaHHBIX BBITIOJHATH BO BHEIIHEH GyHKIHH Solve).
[MpumeyaHne. OcoOeHHOCTBIO anropuTMa KiHHOHA SBISETCS TO, YTO
JIEHCTBUS Ha KaKJIOM €TO IIIare He 3aBUCAT OT HOMepa Iara.

MPI9Matr26. B kaxmom mnporiecce ganbl uncia Mg, Py, Qg, a Takke ogHOMED-

HbI€ MaCCHUBBI, 3aII0OJIHCHHBIE COOTBETCTBYIOIIMMU Ojiokamu Matpuil A, B u
C, mpudem u3BeCTHO, uTO 0J10kH Cg SIBISIIOTCS HYJIEBBIMH, a JIJIs OJIOKOB AR
1 B y’Ke BBINOJIHEHO UX HAaYallbHOE MepepacipeiesieHne B COOTBETCTBUHM C
anroputMoM KsnHoHa (cM. 3ananue MPI9Matr24). Kpome Toro, B Kaxaom
mporiecce JaHO OJHO M TO ke uucio L, mexamniee B quamazone ot 2 a0 Ky
(rme Ky-Ko paBHO KOJIMYECTBY MPOIECCOB) M OMpeesoiiee Tpedyemoe
YHUCJI0 MmaroB ajaropurMa KsHHOHA.
BoeibiBas B mukie ¢pynkuuio Matr3Calc, paspaboTanHyro B MpeabIayIieM
3a/IaHUH, BBIITOJHUTH L HavalbHBIX MIaroB aaroputMa KoHHOHA U BBIBECTH
B Ka)XJIOM IIpoliecce HOBoe cojiepkumoe 010koB Cgr, Ag 1 B (BBOI U BHI-
BOJI JIaHHBIX BBITIOHATH BO BHEITHEW QyHKIUU Solve).
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[MpymeyaHve. Eciu 3nauenue L paBHO Ko, To Gi1oku Cr OymyT comepikaTh
COOTBETCTBYIOIIUE (PparMeHTHl UTOTOBOTO MATPUIHOTO mpon3BeneHus AB.

MPI9Matr27. B rmaBHoM mporecce gaHbl uncia M u Q — 4uciIo CTpoK U
CTOJIOLIOB pPEe3yNbTUPYIOIIETO0 MaTPUYHOTO Mpou3BenaeHus. Kpome Toro, B
KaXXI0M Tporiecce nanbl yucia My, Qp, a Takke OJHOMEpPHbIE MACCHUBHI,
3arosiHeHHbIe Onokamu matpuiel C (pasmepa My X Qp), KoTOpBIe ObLIH
IOJIy4YEHbl B pE3yJbTaTe BBINOJHEHUS Ky maroB OJ0YHOro ajropurma
Kannona nepemuoxenus matpuil (cM. MPI9Matr26). Ilepecnats Bce GJ10-
k1 Cr B IVIaBHBIM IPOLECC U BBIBECTH B HEM MOJy4YeHHYI0 Mmatpuiy C
(pasmepa M x Q).

Jlia xpaHeHus pe3ynbTupyromei marpuisl C B riaBHOM Iponecce uc-
[0JIb30BaTh OJHOMEPHBI MAacCHUB, JOCTAaTOYHBIN ISl XpaHEHUS MaTpHUIIbI
pasmepa (Mg Ko) % (Qo-Kp). st mepecbuiku 070koB Cr HCHOIB30BATh
¢ynkunn MPI Send u MPI Recv, a Ttakxke BCHOMOraTelbHBIA THII
MPI BLOCK C, CO3/TaHHBIN c IIOMOILBIO GyHKIMH
Matr3CreateTypeBlock (cm. 3ananne MPI9Matr21 u npuMeudanue K HeMy).
Odopmuts 3T nevictBus B Buje pynkuuu Matr3GatherData (6e3 napa-
MeTpoB). BBOJI JaHHBIX BBINONHATH BO BHEIIHEH (yHKUMU Solve, BBIBOA
MOJIy4YeHHOW MaTpulbl BKIOYUTH B phyHkumio Matr3GatherData.
YkasaHue. [Ipu BeiBosie MaTpuilsl C B TTIaBHOM IpoIiecce CeAyeT YIUThI-
BaTh, YTO NpPEJHA3HAYCHHBIN JJI1 €€ XpPaHEHUS MAacCHUB MOYKET COJIEPKaThb
3JIEMEHTBI, COOTBETCTBYIOIINE JOMOJIHUTEIbHBIM HYJIEBBIM CTOJIOAM.

MPI9Matr28. B rimaBHoM mporiecce aansl ynucia M, P, Q u matpunst A u B

pasmepa M x P u P x Q cOOTBETCTBEHHO (TakKuM 00pa3oM, HCXOAHbBIC TaH-
HbIE COBIAJIAIOT C MCXOIHBIMU JJAHHBIMHU 7151 3a1aHuss MPI9Matr23).
[TocnenoBaTensHO BBI3bIBAs pa3paboTaHHbIE B 3aIaHUAX
MPI9Matr23—MPI9Matr27  ¢ynkuun  Matr3ScatterData,  Matr3Init,
Matr3Calc (B nukie) u Matr3GatherData, moJiyduTh ¥ BHIBECTH B IJIaBHOM
nporecce Matpuily C, paBHyI0 MpOU3BEACHUIO HCXOIHBIX MaTpull A u B.
[Tocne xaxaoro BbizoBa PpyHkuuu Matr3Calc 7OTIOTHUTENHEHO BHIBOIUTH B
Ka)KIOM TIpoIiecce TeKyIiee coaepxkumoe 6moka Cg.
st toro yto0b1 koMMmyHukatop MPI COMM_GRID, ucnonb3yemsiii B
dbynkmusax Matr3Init 1 Matr3Calc, He co3maBaics HECKOJIBKO pa3, MOJIH-
¢bunmpoBats pynkiuio Matr3CreateCommGrid Takum 006pa3zom, YTOOBI
IpU €€ BBI30BE ISl YK€ OMNPENICICHHOT0 KOMMYHHMKAropa (HE paBHOIO
MPI_COMM_NULL) oHa He BBINOJHSUIA HUKAKUX JIEUCTBUM.
[lepen umcnonb30BaHMEM B JaHHOM 3aJaHUM CIEIYyeT MOAUQPHUITUPOBATH
paszpaborannyio B MPI9Matr25 ¢yukmuio Matr3Calc, no6aBuB B Hee ma-
pameTp step, paBHbIM HoMmepy mmiara (step =0, ..., Ko— 1), u usmeHuB ee
TakuM 00pa3oMm, 4TOOBI MPU 3HAUYCHHUM MapameTpa step, paBHOoM Ky — 1, He
BBITIOJTHSIACH TTepechuIKa 0J10K0B Ag U Bg.
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MPI9Matr29. B rimasaom mporiecce nansl uncia M, P, Q, a Takkxe nMeHa AByX
¢aitnos, comepxkamux 3meMeHTsl MaTpull A u B pasmepa M x P u P x Q
COOTBETCTBEHHO. MoauduIMpoBaTh Tamn NoaydeHus: 0J0KOB AJisi OJI0YHO-
ro anropurma KoHHOHa nepemHoxeHuss mMaTpull (cM. MPI9Matr23) takum
o0pa3oM, 4TOOBI Ka)JIbld IMPOILIECC CUMUTHIBAJ COOTBETCTBYIOIIHME OJIOKH
matpull A u B HenmocpeacTBeHHO U3 UCXOAHBIX (paityioB. B nanHoM ciydae
BCEM ITporieccaM TpeOyeTcs mepeciaTh He TOJIbKO pa3Mephl 0710k0B Mg, Py,
Qo, HO U pa3Mepbl ucxoaubix Matpull M, P, Q, koTopsie TpeOyroTcs s
PaBUJIBLHOTO OIPEACNICHUS MO3UIIMKI OJJOKOB B UCXOJHBIX (haiax.

J7ig epechUIKi pa3MepoB MAaTpHIl U UMEH (hailjIoB UCTIOIb30BaTh KOJUICK-
tuBHyt0 ¢yHkiuio MPI Bcast. [Ins cunTbiBaHus OJIOKOB HCIIONB30BATh
nokanbHbele ¢pyHkuuu MPI File read at, BbI3bIBas OTHENBbHYIO (DYHKIIHIO
JUTSI CYUTHIBAHUS KKIOW CTPOKW OJIoKa (HOBBIA BHJ (halJIOBBIX JAHHBIX
co37aBaTh HE TpeOyeTcs).

Odopmuts Bce nerictBus B Bujae ¢pynkiuu Matr3ScatterFile (0e3 mapameT-
POB), B pe3yJIbTaTe BhI30Ba KOTOPOU Ka)IbI MPOIECC MOTyYaeT 3HAUCHUS
M, P, Q, My, P, Qo, a Takke oqHOMEPHBIE MAaCCHBBI, 3aII0OJITHCHHBIC COOT-
BercTBytomuMu Onokamu Matpuiy A, B, C. Tlocne BbiBoBa (yHKIHNH
Matr3ScatterFile BeiBecTH B KaXKJI0M IpoIiecce MOJyYeHHbIE TaHHbIE (YuC-
na M, P, Q, My, Py, Qo u 6;10k1 maTpuir A, B, C). BBoa ucxoIHBIX JaHHBIX
ocymiecTBIATh B GyHkuuu MatrlScatterFile, BbIBoJ pe3ynbTaToB BBHITOJ-
HSTh BO BHelIHeH ¢yHKuuu Solve.

YkasaHue. Ilpu ureHun ¢GainoBbIX JaHHBIX CJICIYET YUYUTHIBATh, YTO JJIS
HEKOTOPBIX OJIOKOB YacTh JEMEHTOB (IIOCIEIHUE CTPOKH W/WUIIU CTONOLIbI)
HE JIOJDKHA CYUTBHIBATHCS M3 UCXOJHBIX (halijIoB M OyJIeT OCTaBaThCs HYyJIe-
Boi. Jlns ompeneneHusi (akTUYECKOrO pa3Mepa CUYUTHIBAEMOTro OiokKa
(ducna CTpOK M Yucia CTOJIOIOB) MOTPeOyeTCsl UCIOIb30BaTh pa3Mephl UC-
XOJIHBIX MaTpuil U koopauHatel Oyoka (lo, Jo) B KBagpaTHOW NekapTOBOM
pemeTke nopsiaka Ky, KOTOpbIe JIETKO ONMPEJSIUTh N0 paHry mporecca R:
|0 = R/Ko, JQ = R%KO

[MpumeyaHue. B To Bpems kak 3HaueHus P 1 Q HeoOXoauMbl 11 odecrie-
YeHUs! PaBUIILHOTO CUUTHIBaHUS (PailioBbIX OJIOKOB, 3HaueHue M MOKHO
HE HCIOJIb30BaTh, TIOCKOJIbKY TTOTBITKA YTCHHSI TAHHBIX 3a KOHIIOM (Qaiiia
MIPOCTO MTHOPHPYETCS, HE MpUBOAS K omuoOke. OmxHako 3HaueHue M mo-
TpeOyeTcsl Ha 3aBepIIAIOIIEM dTare aJropuT™a (CM. ClIeIyIollee 3aJaHue),
MO03TOMY €ro TOXK€ HE0OXO0AMMO IepeciaaTh BCEM MPOLIECCaM.

MPI9Matr30. B kaxaom npornecce nansl uucia M, Q, Mg, Qq, a Takxke oaHoO-
MEpHBIC MacCHBBI, 3amoyiHeHHble Ojokamu Cr (pasmepa My X Qp), moiry-
YEeHHBIMH B pe3yJbTaTe BhIMOIHEHUsS Ko mmaros 6mounoro anroputma Kon-
HOHa nepeMHokeHust matpull (cM. MPI9Matr25). Kpome Toro, B rimaBHOM
mpoiiecce JaHo umsi (paitna st XpaHeHUs pe3yIbTUPYIOMIETO MATPUYHOTO
MIPOU3BEICHUS.
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[lepecnate wumsa (¢aiima BO Bce mporecchl (KUCMONb3ysd (YHKIUIO
MPI_Bcast) u 3anucath Bce (p)parMeHThl MAaTPUYHOIO NPOU3BEAECHUS, CO-
nepxamumecs B 6mokax Cg, B pe3ynbTupyOmuil ¢aiin, KOTOpbId B UTOTE
Oyzaer conepxkatb Matpuily C pazmepa M x Q.

Jlng 3amucu  AaHHBIX B (Qaill  UCHOJB30BaTh JIOKANbHbIE (DYHKIHUU
MPI _File write at, BbI3bIBasi OTAETbHYIO (YHKIUIO ISl 3alUCH KaXKIOU
CTPOKH OJi0Ka (HOBBIM BU/I (hailJIOBBIX TAHHBIX CO3/1aBaTh HE TPEOyeTCs).
OdopMuTh cuuThIBaHHUE UMEHHU (haiiya, ero NepechbUIKy, a TakkKe Bce Aei-
CTBUS IO 3alIUCH JIaHHBIX B (paitn B Buge ¢pynkuuu Matr3GatherFile (cuu-
ThIBaHHE BCEX MCXOHBIX JIAHHBIX, KPOME UMEHU (haiisa, TOJKHO OCYIIECT-
BJISIThCA BO BHelIHEH ¢yHKnU Solve).

YkasaHue. [lpu 3anucu (aiyioBbIX JaHHBIX CIEAYET YUUTHIBATH, YTO IS
HEKOTOPBIX 0510KOB Cr 4acTh 37IEMEHTOB (TIOCIETHUE CTPOKU W/ MU CTOJO-
1161, 3aTIOJTHEHHBIC HYJISIMH) HE JOJDKHA 3alUCHIBATHCS B PE3YNbTUPYIOIMINN
¢aiin. CM. Takxke yKazaHHe U IPUMEYaHue K IpeablAyleMy 3aJaHuIO.

MPI9Matr31. B rmaBHOM mporiecce manbl yuciaa M, P, Q, a Taxke nMeHa Tpex
(aiiyoB: BHAYaJle JAIOTCS MMEHA JIBYX CYIIECTBYIOIIUX (pailioB, coaepxka-
mmx 3neMeHTsl Matpull A u B pasmepa M x P u P X Q cooTBeTcTBeHHO, a
3aTeM ums paiiia s XpaHEeHUs pe3yIbTUPYIOLIEr0o MaTPUYHOIO TTPOU3BeE-
nenus C = AB.

[TocnenoBarenbHO BbI3BIBasg pa3paboTaHHbie B 3amaHusix MPI9Matr29,
MPI9Matr24, MPI9Matr25 u MPI9Matr30 dbyuaxkuuu Matr3ScatterFile,
Matr3Init, Matr3Calc (B uukie) u Matr3GatherFile, momyunuts B pe3ynbTu-
pytomieM aiine mpousBeeHne UCXonHbix matpuil A u B, HalimenHoe c
MOMOIIIbI0 O6J104HOTO anroputma KoHHoHa.

[Tocne xaxaoro BbizoBa GpyHkuuu Matr3Calc JOTOJHUTENBHO BHIBOJIUTH B
KKJOM TIpoliecce TeKyllee 3HA4eHHE 3JIEMEHTa c[step], rae ¢ — OAHO-
MEpPHBIN MaccuB, cogepxamuid 6ok Cg, a step — HOMep Iara ajiroputmMa
O, 1, ..., Ky—1); Takum oOpa3oM, Ha MMEPBOM IIare ajiroputMa CleayeT
BBIBECTH 3JIeMEHT ¢[0], Ha BTOpoM 11are — 3JieMeHT ¢[1], u T. 1.

18.5. bnoyHkIl anzopumm Pokca

MPI9Matr32. B kaxaom mporiecce nanbl yucia M u P; kpome TOro, B TJIaBHOM
npoiecce aaHa marpuna A pasmepa M x P. M3BecTHO, 4TO KOJMYECTBO
nporeccoB K sBisiercss mojHbpIM KBagpaTtoM: K = KgKg, a uncna M u P
KkpatHbl yucity K. [IpodecTs B riaBHOM mporiecce MaTpuily A B oJHOMEp-
HbI MaccuB pasmepa M-P u onpenenuts HoBbIM THT MPI BLOCK A, co-
Jeprkaruii 010k MaTpuibl A pasmepa My x Py, tie Mg = M/Kg, Po = P/KG.
[Ipu omnpegenennn Ttuna MPI BLOCK A wucnons3oBaTh (QyHKIUH
MPI_Type vector u MPI Type commit, ohpopMuB 3T0 onpeieieHUue B BU-
ne ¢yukiuun Matr4Create TypeBlock(mO, p0O, p, t), Te 1en04rCICHHbIC
napamerpel m0, p0, p SBIAIOTCA BXOJHBIMHU, a TMapaMeTrp t Tuma
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MPI_Datatype sBnsieTcss BBIXOIHBIM; IIpH 3TOoM napamerpsl m0 u p0O onpe-
JENAI0T pa3Mepbl 0JI0OKa, a mapaMeTp p — YHKCIO CTOJOILOB MAaTPHIIBI, U3
KOTOPOM U3BJIEKAETCS 3TOT OJIOK.

Ucnons3ys Tun MPI BLOCK A, nepecnaTe B KaX/Ibli ITpoliecc (BKI0Yas
[JIaBHBIN) COOTBETCTBYIOIIMI OJIOK MaTpuibl A, mepedupas OJOKH 1O
CTpOKaM U Tepechliasi UX B MPOLECCHl B MOPSAIKE BO3PACTAHUS UX PAHTOB
(nepBbiii 00K TepechlIaeTcss B mporecc 0, cleayromuil 3a HUM OJIOK B
ATOM K€ CTpOKE mepecbuiaeTcst B mporiecc 1, u T. 1.). Ilepecbuiky BbIOJI-
HATH C TTIOMOIIBIO KOJUIeKTUBHOM (yHkiun MPI_Alltoallw; 610ku XxpaHUTh
B OJIHOMEpHBIX MaccuBax paszmepa My-Py. BriBecTn B kaxkaom mporecce
MOJIyYeHHBIN OJIOK.

Ykasanus. (1) Ilpu BeIMOTHEHWH 3a/JaHUs ¢ MPUMEHEHHEM OMOIMOTEKH
MPI-1 Bmecto @ynkiuu MPI Alltoallw cnenyer ucnonb3oBaTh (pyHKIIMN
MPI_Send u MPI Recv.

(2) ®ynxuusa MPI_Alltoallw, BBegennas B MPI-2, siBnsieTcss € ITMHCTBEHHON
KOJUIEKTUBHOM (DYHKITMEH, KOTOpasi MO3BOJSET YKAa3bIBaTh CMEIICHUS IS
NepechlIaeMbIX JJAHHBIX B Oatimax, a He B dJeMEHTaX. JTO JIaeT BO3MOXK-
HOCTh HCIIOJIb30BaTh €€ COBMECTHO CO CJIOKHBIMH THUIIAMU JaHHBIX IS
peanu3anuuy J0bIX BAPUAHTOB KOJUIEKTUBHBIX OOMEHOB (B TaHHOM CITy4ae
TpeOyeTcsl peasin30BaTh BapuaHT Buaa Scatter).

Crnenyer y4uThIBaTh, YTO MPHU MOJAOOHOM BapHaHTE PACCHUIKK BCE Mapa-
meTrpbl-MaccuBbl QyHkiuu MPI Alltoallw, cBsizaHHBIE C TOCHIIIAEMBIMU
JTAHHBIMH, HEOOXOIUMO TI0-PAa3HOMY OTPEEIATh B TIIABHOM M TOYHUHEH-
HBIX TIporieccax. B wacTHOCTH, MaccuB scounts (OTpeeNIrOmui KOJTHIecT-
BO TMOCHUIAEMBIX JaHHBIX) JOJDKEH coAepkaTh 3HaueHUs 0 BO BCeX MOIUH-
HEHHBIX Tpolieccax U 3HaueHusi | B IIaBHOM mpoiiecce (MochlIaeMble de-
MeHThl umetoT Tunn MPI BLOCK A).

B To xe BpeMs, MacCHBBI, CBSI3aHHBIC C MPUHUMACMBIMHA JaHHBIMH, OyIyT
OTIPENENAThCS OJMHAKOBBIM 00pa3oM BO BCEX IMpOIleccax; B YaCTHOCTH, B
MaccuBe rcounts (OMpEAeNSIONeM KOJUYECTBO MPUHUMAEMBIX JTaHHBIX)
aneMeHT ¢ uHaekcom 0 momkeH ObITh paBeH Mg Py, a Bce ocranbHbIe di1e-
MEHTHI JOJDKHBI ObITh paBHbI O (MpUHUMAaeMble SJIEMEHTHI UMEIOT THII
MPI_INT).

Heo6xonumo o0patuth 0co00¢ BHUMAHHWE Ha IPABUIIBLHOE OINpEICIICHHUE
a7eMeHTOB B MaccuBe sdispls cMmermeHuil IId IMOChUIAEMBIX JaHHBIX B
TJIaBHOM TIpoliecce (B MOAYMHEHHBIX MpOIeccax dTOT MACCHUB JAOCTATOYHO
OOHYJIHTB).

MPI9Matr33. B kaxxmom mporniecce ganbl uncia Mg u Py, a Takxke matpuma A
pazmepa My x Py. 3BecTHO, 4TO KOJIMUecTBO TporieccoB K siBisieTcst moJ-
HeIM KBazpaToMm: K = Kg'Ko. TIpodecTs B kaxknoMm mporiecce matpuily A B
OJIHOMEpHBIN MaccuB pazmepa My Py 1 onpeaenutb Ha MHOXKECTBE UCXO/I-
HbIX npoueccoB kommyHukarop MPI COMM _GRID, 3anaronmii nekapro-
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BY TOIIOJIOTHIO JBYMEPHOM KBaJIpaTHOM LUKIMYECKOM PELIETKU IMOPSAKa
Ko (MCXOIHBIN NOPSAI0K HyMEPALIMH MPOLIECCOB COXPAHSIETCS).

IIpu omnpenenennn kommynukatopa MPI COMM_GRID wucnosab3oBaTh
dbynaknuro MPI_ Cart create, ohpopmuB 310 onpezeneane B Buae QyHKIHH
Matr4CreateCommGrid(comm) ¢ BBIXOAHBIM ITapaMeTPOM COMM THIIA
MPI_Comm. BeiBectn B kaxaom mpouecce koopauHatsl (lo, Jo) 3Toro
mpouecca B CO3JAaHHOW  TONOJIOTMH,  MCHOJB3ys  (YHKIUIO
MPI_Cart_coords.

Ha ocnoBe kommynukatopa MPI COMM_ GRID co3nate Habop KOMMY-
HukatopoB MPI COMM ROW, cBs3aHHBIX CO CTPOKAMHU HMCXOAHOU ABY-

MEpPHOH PCIIIETKH. Hiis OTIpeIeTICHHUSI KOMMYHHKATOPOB
MPI_ COMM_ROW wucnons3zoBars ¢ynkiuo MPI Cart sub, odopmus
3TO OTpe/ieTICHHE B BUJIC BCIIOMOTATEIILHOM byHKIIAN

Matr4CreateCommRow(grid, row) ¢ BxoaHbIM mapamerpoM grid (KoMMmy-
HUKATOPOM, CBSI3aHHBIM C UCXOAHOW JBYMEPHOW PEIIETKOI) U BBIXOJHBIM
napameTpoM row (o6a mapamerpa tuna MPI Comm). BeiBectu B Kaxxa1om
nporecce ero panr Ry mius kommyHukatopa MPI COMM ROW (atot
paHT TOJDKCH COBITAJATh CO 3HAYCHHUEM Jy).

Kpome Toro, mms kKaxaoil CTpOKH lg MOTYyYEHHON PEHIEeTKH OCYIIECTBUTh
nepecbulky MaTpuibl A u3 ctonbdua lp BO Bce MpoLecchl 3TOM K€ CTPOKH,
UCIIONIb3Yysl KOJUIeKTUBHYIO0 (GyHkuuio MPI Bceast ans kommyHuKaropa
MPI_ COMM_ROW wu coxpaHuB pe3ysibTaT BO BCIIOMOTaTENbHON MaTpuULIE
T Toro >xe pasmepa, yto U mMatpuia A (Tiepel NMepechUIKON HE0O0X0IUMO
CKOMMPOBATh B MATpUIly | PacChUIAIOIIETO MPOIecca AJIEMEHThI Iepechl-

nJaemoit maTpuilbl A). BeiBecTr B KaKI0M IMPOIIeCcCe MOTYyUYCHHYIO MaTPUILY
T.

MPI9Matr34. B kaxaom mporiecce nanbl unciia Py u Qq, a Takke matpuia B
pasmepa Py X Qp. M3BecTHO, 4TO KOMMYECTBO MpolieccoB K sBisieTcs moJ-
HbIM kBasipaToM: K = Ky-Kq. [IpodecTs B KaxkaoM nporecce maTpuily B B
OJTHOMEpHBI MaccuB pazmepa Py-Qp 1 ompenenuts Ha MHOXKECTBE UCXOJ-
HbIX npoueccoB kommyHukatop MPI COMM_GRID, 3aparommii nexapro-
BY TOITOJIOTHMIO JABYMEPHOM KBaIpaTHOM LMKIMYECKOW PEIIETKH IMOPSIAKA
Ko.

[ns onpenenenns kommynukaropa MPI COMM GRID wucnonb3oBath
¢bynkuuro Matr4CreateCommGrid (cMm. 3aganue MPI9Matr33). BriBecTu B
KaxoM mpoiiecce ero koopauHatsl (lg, Jo) B co3maHHON TOMOJIOrUU, HC-
none3ys ¢pynkuio MPI Cart coords.

Ha ocnoBe xommynukaropa MPI COMM GRID co3nate Habop KOMMY-
HukatopoB MPI COMM _COL, cBs3aHHBIX CO CTOJIOIIAMH UCXOJHOW ABY-
MEpHOU PELIETKMU. s OIIpEelIECIICHUS KOMMYHUKAaTOPOB
MPI_COMM_COL ucnons3oBats ¢pyakiuo MPI Cart sub, opopmus 3to
onpenenenre B Buae ¢ynkuuu Matr4CreateCommCol(grid, col) ¢ Bxoa-



171

HBIM MapameTpoM grid (KOMMYHHUKATOpPOM, CBSI3aHHBIM C HMCXOJHOU IBY-
MEpHOHM pEIIeTKOW) M BBIXOJHBIM HapaMeTpoM col (ob6a mapamerpa THma
MPI_Comm). BeiBecTu B Kax0M mpoliecce ero paur Ry ajist komMyHuKa-
topa MPI_ COMM _COL (3TOT paHT JOJDKSH COBIIAAATh cO 3HAYCHHEM lg).
Kpome toro, st kaxxaoro ctoadua Jo MoJryd4eHHOM peIeTKH OCYIIECTBUTh
HUKIUYECKU cABUT MaTpull B Ha 1 mo3uruio BBepx (T. €. B HaNpaBICHUH
yObIBaHUS paHroB MPOLIECCOB), UCIIOJIB3YSI byHKIMH
MPI_Sendrecv_replace mns kommynukatropa MPI COMM_COL (nipu om-
pEICICHUH PAHTOB IMpollecca-OTIPaBUTENS U MpOoIecca-Toydaresns HcC-
M0JIb30BaTh OMepalunio % B3SITHS OCTaTKa OT JeJieHus ). BrIBeCTH B KaK0M
poliecce MaTpuIly, MOJTYYEHHYIO B pe3yJIbTaTe CIBUTA.

MPI9Matr35. B rmaBHoM mporiecce aansl uyncia M, P, Q u matpunsr A u B
pasmepa M x P u P x Q coorBeTcTBeHHO. MI3BECTHO, UTO KOJIUYECTBO MPO-
nieccoB K sBisieTcst mosHbIM KBajgpaTtoMm: K = Kg-Ky. B 6504HbIX anroput-
Max MEePEMHOXKEHUSI MaTPUI] UCXOJHbIE MaTPUIIbl pazouBaroTcs Ha K 6io-
KOB, 00pa3ysl KBaJipaTHbIe 0JI0UHbIE MaTpHILbl opsaka Ky (B nampHenem
OJIOKM pacIpenenstoTCesl o MPoLeccaM M MCTIONB3YIOTCS ISl BBIYUCIICHUS
B K)KJIOM IIPOIIECCE YaCTH UTOTOBOTO MATPUIHOTO TIPOU3BEICHHS ).
biok nis matpuiel A umeet pazmep Mg x Py, 610k aiis Matpunibl B numeet
pasmep Pox Qq; uwmcma My, Py, Qo BblumcHAOTCS 1m0 Qopmynam
Mo = ceill(M/Ky), Po = ceil(P/Kyp), Qo = ceil(Q/Ky), rme omeparus «/» o3Ha-
YaeT BEUIECTBEHHOE JejieHue, a (yHKUHUs ceil BBINOJIHSAET OKPYIJIEHHUE C
n30bITKOM. Eciim MaTpuiia coepKUT HEAOCTATOUYHO CTPOK (MUTH CTOJIOIIOB)
JUTSL 3aTIOJIHEHUS TTOCJIETHUX OJIOKOB, TO OJIOKU JOTIOJTHSIOTCS HYJIEBBIMU
CTpOKamH (CToI0LaMu).

CoxpaHuTh UCXOAHBIE MATPUIlLl A 1 B, nomosHeHHbIe TPH HEOOXOIMMOCTH
HYJICBBIMH CTpoKamMu u ctojouamu 10 pasmepoB (Mo-Kg) x (Po'Ko) u
(Po-Ko) % (QoKp), B 0THOMEPHBIX MacCHBax B TJIABHOM TpOIlecCe, MOCIe
4ero OpraHu30BaTh MEPECHUTKY OJOKOB M3 ATUX MacCHBOB BO BCE MpoIlec-
ChI, IepeOupas OJIOKH IO CTPOKAM U TEePEChlIas UX B MPOIIECCH B TIOPSIKE
BO3pacTaHusi UX paHroB (mpouecc panra R momyuut Onmoku Ag u Bg,
R=0, ..., K—=1). Kpome Toro, co3mars B KaKI0M Ipoiiecce aBa 0JI0Ka, 3a-
MTOJTHCHHBIX HYJIEBBIMU 3JIeMeHTamu: 0ok Cg pasmepa Mg x Qo s xpa-
HeHus1 pparMeHnTa maTpuyHoro npoussenenust C = AB, koTopoe OyneT BbI-
YHCIIATHCS B 3TOM MPOIECCE, M BCIIOMOTaTeIbHBINA 070K Tg TOTO XKe pa3me-
pa Mg X Pg, uTo 1 610K ARg.

broku, kak ¥ MCXOTHBIE MATPUIIBI, TOJDKHBI XPAHUTHCS MO CTPOKAM B OJI-
HOMEPHBIX MAaCCHBaX COOTBETCTBYIOIIETO paszMepa. Jljis mepechuiku pas-
MEpOB MAaTpHI] HCMOJIb30BaTh KOJJIEKTUBHYIO ¢yHkiuio MPI Bcast, ans
nepechuTky 0J10K0B MaTpull A u B ucons30BaTh KOJMIEKTUBHYIO (DYHKITHIO
MPI_Alltoallw, a Taxxke BcnomorarenbHble Turnsl MPI BLOCK A wu
MPI BLOCK B, CO3/1aHHbIE Cc IIOMOIBIO byHKIMH
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Matrd4CreateTypeBlock (cMm. 3amanme MPI9Matr32, a Takxke ykazaHus K
HEMY).

OdopmuTs Bce omucaHHble AeicTBus B BUAe ¢yHkimn MatrdScatterData
(6e3 mapaMeTpoB), B pe3yibTaTe BHI30BA KOTOPOUW KaKIbIH MPOIECC TOITy-
yaeT 3HadeHus Mg, Py, Qp, a Takke OJHOMEpPHBIE MAaCCHUBBI, COACpPKAITUE
anemeHThl OnokoB Ag, Bgr, Cgr m Tgr. ITlocme BbI30Ba (yHKITUHU
Matr4ScatterData BbIBECTH B KaXXJOM IMPOIIECCE IOIYUYCHHBIE IaHHBIC
(uncia My, Pg, Qo 1 6110ku Ag, Bgr, Cgr, Tr). BBOJ UCXOHBIX TaHHBIX OCY-
IICCTBJIATH B (pyHKuHI/I Matr4ScatterData, BeIBOJ JaHHBIX BBIIOJHATH BO
BHelHen pyHkuuu Solve.

YkasaHu4. (1) IIpu cuuteiBanuu matpuil A u B B rmaBHOM mporiecce clie-
JyeT yYUTHIBATh, YTO MPEAHA3HAYCHHBIC I €€ XPAHCHUS MACCHBBI MOTYT
collepKaTh JJIEMEHTBI, COOTBETCTBYIOIINE JOMOJHUTEIHLHBIM HYJICBBIM
CTOJIOIIAM.

(2) Hnsa ymensiienus: uyncna Bei30BoB (yHkuuu MPI Bcast Bce mepechl-
JaeMble pa3Mepbl MaTPHUIl MOXKHO TOMECTUTh BO BCIIOMOTaTEJIbHBIA Mac-
CHUB.

MPI9Matr36. B xaxxaom mporiecce mansl uucia My, Py, Qo, a Takxke ogHomep-
HBIC MACCHBBI, COJICPIKAIIUE AIEMEHTHI 0JIOKOB Ag, B, Cg 1 Tg (Takum 00-
pa3oM, UCXOJHBIE JAHHBIE COBIIAIAIOT C PE3yJbTaTaMH, MOJYYEHHBIMU B
3amanun MPI9Matr35). Kaxneiii mar 6mounoro anroputma dokca mnepe-
MHOYKEHHUSI MAaTPUL COCTOUT U3 JBYX 3TAIOB.

Ha mepBom sTame mepBoro mara juisi Kaxmaon ctpoku ly kBagpaTHOW pe-
metku mporeccos mopsiaka Ky (Ip =0, ..., Ky — 1, roe Ky'Kg paBHO Kommue-
CTBY IIPOLIECCOB) BBIMOJHSETCS Mepechblika 0jgoka Ag U3 mpoliecca, pacmo-
JIO’KEHHOTO B cTpoke |y u cronbue ¢ Tem xe HomepoM |lp, BO Bce mpoiecchl
ATOM K€ CTPOKH (C COXpAHEHHEM IEPECIAHHOrO OJIoKa B OJI0ke Tg), mocie
YEro MOJyYEHHbIN B PE3ysbTaTe 3TOM MEpechUTKH OJIOK Tr YMHOXAETCs Ha
610k Bg 13 3TOTO TIpOIIecca, U pe3ynbTat q00aBmsieTcs K 010Ky Cr.
PeannszoBate mepBeiii 3Tan nepeoro mara anropurma ®okca. g nepe-
ChUIKH 0JI0KOB Ag rcniosib3oBaTh (pyHkimo MPI Bcast a1 koMMyHUKaTo-
pa MPI_ COMM_ROW, co31aB 3TOT KOMMYHHUKATOP C TOMOIIBIO (PYHKITUN
Matr4CreateCommRow (cMm. 3aganne MPI9Matr33, B koTopom OmuchIBa-
€TCSl aHAJIOTUYHAS TIEPEChUIKA JAHHBIX ).

Odopmuts Bce ommcaHHble AeicTBUA B Bujae pynkiuu MatrdCalcl (6e3
napameTpoB). BeiBecTn HOBoe copepkumoe 070koB Tgr 1 Cr B KakIoMm
mpoiiecce (BBOJ M BBIBOJ JAHHBIX BBITIOJNHATH BO BHEMIHEW (DYyHKIHH
Solve).

MPI9Matr37. B kaxxmaom mporiecce aaubl uncia Mg, Py, Qg, a Takke omgHOMED-
HBIE MAaCCHUBEBI, COJIepKaIlie dJeMeHTHI 0JI0KOB Ag, Br, Cr 1 T (Takum 00-
pa3oM, UCXOJHBIC JTaHHBIE COBMAJAIOT C PE3yJbTaTaMH, MOTYYECHHBIMH B
3amanuu MPI9Matr35).
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Peasmm3oBats BTOpOM 3Tam nepsoro mara anropurma Pokca, KOTOpPbIN CO-
CTOWT B IUKIMYECKOM CABHUTE OJOKOB Bg 171 KaKI0r0o CTONOMA JIeKapTO-
BOM pemieTky Ha | mo3uiuio BBepx (T. €. B HAIPaBJICHUU YOBIBAHHS PAHTOB
MIPOIIECCOB).

Jng 1MKIMYecKod Tmepechulkd 050koB Bg umcmomp3oBaTh  (PyHKIIHIO
MPI_Sendrecv_replace nns xommynukatopa MPI COMM_COL, co3nas
ATOT KOMMYHHKaTOp ¢ nomouisio pyHkiun Matr4CreateCommCol (cMm. 3a-
nanne MPI9Matr34, B KOTOpOM OMNMCHIBACTCS AHAJIOTUYHAS MEPEChUIKA
JTAHHBIX ).

Odopmuts 311 AeiictBus B Buae Qpynkiuu MatrdCalc2 (6e3 mapameTpos).
BriBectr HOBOE conepxumoe 0soka Bg B kaxa0M npoiiecce (BBOJ U BBIBOJ]
JTAHHBIX BBITIOJIHATH BO BHENIHEH QyHKIMH Solve).

MPI9Matr38. B kaxmom mporiecce gansl uncia Mg, Py, Qg, a Takke ogHOMED-
HbIE MAaCCHUBBI, COZIepKaIlIie dJIeMeHTHI 0J10KOB Ag, B, Cgr u Tg (Takum 00-
pa3oM, UCXOJHBIC JIaHHBIE COBMAJAIOT C PE3yJIbTaTaMH, MOJTYYEHHBIMH B
3aganun MPI9Matr35).

MopudunupoBats ¢ynkiuo Matrd4Calcl, peanuzoBaHHYIO B 3aJaHUU
MPI9Matr36, takum oOpa3om, 4TOOBI OHa OOECIeYMBaJia BBIMOJHEHUE
MepBOro srama Ha Jo0oM mmare anropurma dokca. g 3Toro 100aBUTh K
Hel mapameTp step, ompenenstommi HoMep mara (u3mensiercss ot 0 1o
Ko— 1, rne Ky— mopsgok ekapTOBOM pEHIETKH MPOIECCOB), U yUeCTh
3HAYCHHE TOTO IIara Mpu pacchiike OJOKOB Ag: Ha mare step Il KakI0i
CTpokH |y 1eKapTOBOM peIeTKH T0KHA BRIMIOTHATHCSA pacchulka 0oka Ag
U3 MPOIIECCa, PACIIOIOKEHHOTO B cToOIe ¢ HomepoM (lg + step)%K, (meit-
CTBHSI, CBs3aHHBIE ¢ TiepecyeToM 0J10koB Cr, OT HOMepa I1ara He 3aBUCHT).
BoimonauTh 1Ba HavanbHbBIX Iara anaroputma Pokca, MOCIeIOBATEIHHO
BbI3BaB (pynkiuu Matr4Calc1(0), Matr4Calc2() (oOecrieunBaroliyto BTO-
poit stan mara anroput™Ma — cM. MPI9Matr37) u Matr4Calcl(1), u BbI-
BECTH B KaXJIOM IPOIIECCE HOBOE coiepkumoe 010koB Tg, B 1 Cr (BBOI 1
BBIBOJI JIAaHHBIX BBITTOJTHITH BO BHEITHEH QyHKIMHU Solve).

MPI9Matr39. B kaxmom mnporiecce aanbl uncia Mg, Py, Qp, a Takke ogHOMED-

HBIE MAaCCHBBI, COCPIKAIITUE FJIEMEHTBI 0JIOKOB AR, Bgr, Cgr 1 Tg (Takum 00-
pa3oM, UCXOJHBIC JaHHBIE COBMAJAIOT C PE3yJIbTaTaMHM, MOJTYYECHHBIMH B
3aganuu MPI9Matr35). Kpome Toro, B KaxkJoM Mpoliecce JaHo OJIHO U TO
xe gucio L, nexaniee B quanazone ot 3 g0 Ky u onpenenstomiee Tpedye-
MO€ YHCJI0 marop ajropurma doxca.
Beimonante L HavanpHBIX ImaroB anroputma Pokca, BbI3BaB (PYHKITUH,
paspaborannbie B 3amanusx MPI9Matr38 u MPI9Matr37, B cienyroieit
nocinenoBarenbHocTr:  Matr4Calcl1(0), Matrd4Calc2(), Matrd4Calcl(1),
Matr4Calc2(), ..., Matr4Calc1(L — 1). BoiBecTH B Kak10M MPOIIECCE HOBOE
cojaepxkumoe 00koB Tgr, Br m Cr (BBOJ M BBIBOJ JIAHHBIX BBIMOJHATH BO
BHemHen QyHkiuu Solve).
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MpumeyvaHue. Eciu 3Hauenue L paBHo Ko, To 010ku Cr OyayT comepkaTh
COOTBETCTBYIOIIME (parMeHThl MaTpuyHoOro npousBeaeHus AB. OOpature
BHMMaHUE Ha TO, YTO BTOPOM 3Tam (CBA3aHHBIA C BBI3OBOM (PYHKIIHU
Matr4Calc2) Ha nmociegHeM 1are ajaropuTMa BhIIOIHITh HE TPeOyeTcs.

MPI9Matr40. B rmaBHoM mpouecce nanbl yncia M u Q — uncino cTpok u
CTOJIOLIOB PEe3yNbTUPYIOIIETO0 MaTPUYHOTO Mpou3BenaeHus. Kpome Toro, B
KaXJ0M mpornecce Aanbl yuciaa My, Qp, a Takke OJHOMEPHBIE MACCHUBBHI,
3anoyiHeHHbIe Ojjokamu maTpuilel C (pazmepa Mg X Qp), KOTOpbIe ObLIH
MOJIy4eHbl B pe3yJbTaTe BBIMOJIHEHUS Ky MaroB OJOYHOrO ajaropurma
doxca nepemHoxxeHus matpuil (cM. MPI9Matr39).

[lepecnars Bce 010ku Cr B rJIaBHBIN MPOIECC U BHIBECTH B HEM IMOIYYECH-
Hyto matpuily C (pasmepa M x Q). [Ins XxpaHeHus pe3yibTHPYIOIIEH Mat-
putsl C B ITaBHOM MIPOIECCE MCIIOIB30BATh OJTHOMEPHBIN MacCUB, JOCTa-
TOYHBIA JJIs1 XpaHeHuss Marpuibl pasmepa (Mo Kg) x (Qq-Ko). st mepe-
ceuTKH 0710K0B CR MCITONTB30BaTh KOJUIEKTUBHYIO (pyHKITMI0 MPI Alltoallw,
a taxxke BcrioMorarensHbid THm MPI BLOCK C, co3mansblii ¢ TOMOIIBIO
¢ynkunn Matr4CreateTypeBlock (cm. 3ananue MPI9Matr32, a takxke yka-
3aHUS K HEMY).

Odopmuts 3T nevictBus B Buje Gynkuuu Matr4GatherData (6e3 napa-
MeTpoB). BBOJI 1aHHBIX BBINOJIHATH BO BHEHIHEW (yHKuuU Solve, BbIBOX
MOJIYYeHHOU MaTpUIlbl BKIIOYUTH B hyHkimio MatrdGatherData.
YkasaHue. [Ipu BeiBosie MaTpuilsl C B TTIaBHOM IpoIiecce CleAyeT YIUThI-
BaTh, YTO NPEIHA3HAYCHHBIN JJI1 €€ XpaHEHHUS MAacCCHUB MOXET COAEPKaTh
AJIEMEHTHI, COOTBETCTBYIOIINE JOTIOJTHUTEIHHBIM HYJIEBBIM CTOJIOIAM.

MPI9Matr41l. B rnaBHoM mporecce aanbl ynucia M, P, Q u matpunet A u B
pasmepa M x P u P x Q cOOTBETCTBEHHO (TaKKM 00pa3oM, HCXOIHBIC JTaH-
HBIE COBMAJAIOT C NCXOIHBIMM JaHHBIMHM 11 3aganus MPI9Matr35).
[TocnenoBaTensHO BBI3BIBAs pa3paboTaHHbIE B 3aIaHUAX
MPI9Matr35—MPI9Matr40 ¢yuknuu Matrd4ScatterData, Matr4Calcl,
Matr4Calc2 u Matr4GatherData, nony4uTh 1 BBIBECTH B TJIABHOM MPOLIEC-
ce matpuity C, paBHYIO MPOU3BEACHUIO UCXOMHBIX MaTpull A u B. OyHK-
i Matr4Calcl u Matr4Calc2 nomxHBI BRI3BIBATHCS B ITUKIIE, TIPUYEM KO-
an4ecTBO BbI30BOB QyHKImu Matrd4Calc2 nomkHO ObITh Ha 1 MeHbIIE KO-
nu4ecTBa BbI30BOB QyHKIMK Matr4Calcl.

[Tocne xaxmoro Bei3oBa Gyukmuu Matr4Calcl HOMONHUTENTHEHO BBHIBOAUTH
B KaXXJIOM TIpoliecce TeKyiee coqepxxumoe 0oka Cg.

Jl51s Toro uto6b!I BeromorarenbHble kommyHuKaTopsl MPI COMM_GRID,
MPI COMM_ROW u MPI COMM COL, ucnonb3yembie B (PYHKIHIX
Matr4Calcl u Matr4Calc2, He co3gaBauch HECKOJIBKO pa3, MOJIUPUIIAPO-
Batb  (pyHkiuum  MatrdCreateCommGrid, = Matr4CreateCommRow,
Matr4CreateCommCol (cm. MPI9Matr33 u MPI9Matr34) takum oOpazom,
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9TOOBI MPU WX BBI30BE MJISI YK€ OMPEIEICHHOTO KOMMYHHKATOpa (HE paB-
Horo MPI COMM _NULL) oHM HE BBITIOJIHSUIN HUKAKUX JEHCTBUIA.

MPI9Matr42. B rnmaBHOM mnporiecce Aansl yuciaa M, P, Q, a Takxke uMeHa IByx
¢aitnos, comepxkamux 3meMeHTsl MaTpull A u B pazmepa M x P u P x Q
COOTBETCTBEHHO. JIOTIOTHUTEBHO U3BECTHO, UTO uncia M, P u Q kpaTHbI
nopsinky Ko KBaapaTHON PEmIeTKH MpOIECCOB.

MonudunupoBarts 3Tan GopMUpoBaHUs OJIOKOB AJisi OJIOYHOTO aNTOPUTMA
®doxkca nepemHoxkenus: matpull (cM. MPI9Matr35) takum oOpazom, 4ToObI
KaXJIBIM TIPOIIECC CUMTHIBAJ COOTBETCTBYIOIMME OJI0KM Matpuil A u B He-
MOCPEJICTBEHHO U3 UCXOJIHBIX (PailyioB.

J1Jist IepechUTKH pa3MepoB MaTpull U UMEH (DailjloB UCTIOIB30BATh KOJUICK-
tuBHYIO0 QyHkiuio MPI Bcast. [{ns cuntbiBanusi 6JI0KOB 3a/1aTh COOTBET-
CTBYIOIIUHN BUJ JaHHBIX, Ucnioyib3ys ¢pyHkuuio MPI File set view u Tumsl
MPI BLOCK A u MPI BLOCK B, onpeneneHHble ¢ TOMOIIBI0 (yHK-
muu Matrd4CreateTypeBlock (cm. MPI9Matr32) nocie 4ero ucnoiib30BaTh
koJuiekTuBHYI0 (pyHkiuio MPI File read all.

Odopmuts Bce nerictBus B Bujae pynkiuu MatrdScatterFile (0e3 mapameT-
POB), B pe3yJIbTaTe BBI30BA KOTOPOU KaXIBIH MPOIECC MOTyYaeT 3HAUCHHS
Mo, Po, Qo, 0OZTHOMEpHBIE MACCHBBI, COACPIKAIITIE DIEMEHTHI 0J10KOB Ag, Bg,
Cr 1 Tg (670ku Cr m Tr AOMKHBI OBITH HyJIEBBIMH). [lociie BhI30Ba (PyHK-
uun Matr4ScatterFile BbIBeCTH B Ka)KJI0M MpOLIECCE MOJTYUYEHHBIE JTaHHbIC
(aucnma Mg, Pg, Qo u Omoxu Ag, Bg, Cgr, Tr). BBoI HCXOMHBIX JaHHBIX OCY-
mecTBisITh B pynkiuu Matr4ScatterFile, BbIBOA pe3ynbTaToB BBITIOJIHSTH
BO BHEIIHEH GyHKIu Solve.

[MpumeyaHune. JlonmoJHUTEIBLHOES YCIIOBHE O KpaTtHOocTH yucen M, P, Q
yucny Ky o3HadaeT, yTo OJI0KU, TTOTydyeHHbIe U3 Matpull A u B, He TpeOy-
€TCsl JIOTIOJIHATHh HYJICBBIMH CTPOKAMH W/HJIA CTOJIOIIAMH, W TIOITOMY JIJISt
yTeHus U3 (aiioB 610K0B MaTpull A u B B 1100bIe mporecchl MOKHO UC-
MoJIb30BaTh  oAuHakoBblie  (aitmoBeie  Tunel  MPI BLOCK A wu
MPI1_BLOCK_B.

[Ipu OTCYTCTBHM 3TOTO YCIOBHUS MOTPEOOBATIOCH ObI IPUMEHSITH CIIEIIAATb-
HBIE THUIIBI, 00ECTICUNBAIONIE KOPPEKTHOE CUUTHIBAHKUE U3 (pailia 1 3a1mmuch
B MacCHUB «YKOPOUEHHBIX» 0110k0B MaTpuil A u B (kpome Toro, B 3Tom ciy-
gae moTpeboBasioch ObI mMepeciaTh KaxaoMmy mpoiieccy 3HadeHus P u Q,
HEO0OXOAMMBIC JIJIsl MPABWIILHOTO OMPEAEIICHUS THIIOB IS KYKOPOUEHHBIX)
OJIOKOB).

MPI9Matr43. B kaxxaom mpoiiecce aaHbl uncia My, Qq, a Takke oJJHOMEpPHbIC
MaccuBbl, 3anoiaHeHHbie Ookamu Cg (pasmepa Mg x Qq), MOTyYEeHHBIMH B
pesynbTate BbimodHeHus Ko maroB OmouHoro amroputma dokca mepe-
MHOeHus1 Matpull (cM. MPI9Matr39). Kpome Toro, B riiaBHOM Mpouecce
naHo uMsl ¢aina I XpaHeHUs pe3yIbTUPYIONMIEr0 MaTPUIHOTO MTPOU3BE-
neHus. J[onoJIHUTEeNhbHO U3BECTHO, YTO YKCIO CTpoK M u umcio cTonbios
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Q MaTpuYHOTO MPOW3BEICHUS KPATHBI MOPSIKY Ko KBaIpaTHOW PEIICTKH
nporieccoB (TakuM odpazom, M = My-Ky, Q = Qg Ko).

[lepecnate wums ¢aiima BO Bce mporecchl (UCMONB3ysd  (YHKIUIO
MPI_Bcast) u 3anucate Bce (pparMeHThl MaTPUYHOTO MPOU3BEACHUS, CO-
nepxamumecs B 6mokax Cg, B pe3ynbTuUpyOmUi ¢aiil, KOTOpPBIA B UTOTE
Oyzaer conepxkatb MaTpuily C pazmepa M x Q.

st 3amucu OJIOKOB 3a7aTh COOTBETCTBYIOIIMM BUJ JAHHBIX, HUCIONb3YS
¢bynkuuo MPI File set view u daitnossiii Tunm MPI BLOCK C, onpene-
JeHHbI ¢ momomnibio pynkuun Matr4CreateTypeBlock (cm. MPI9Matr32),
MIOCJIE Yero UCI0Ib30BaTh KOUIEKTUBHYIO (pyHKInio MPI File write all.
OdopMuTh CUMTHIBAHHE UMEHH (paiiia, ero MepechbuIKy, a TaKXkKe Bce JeH-
CTBUS IO 3alUCH JlaHHbIX B (paitn B Bune ¢dynkuuu MatrdGatherFile (cuu-
THIBAaHHE BCEX MCXOJHBIX TAHHBIX, KPOME UMEHHM (aiiia, TOHDKHO OCYIIECT-
BIIATHCSl BO BHEIIHEHW QyHKIIMHN Solve).

[MpumeyaHue. [JononHUTETHLHOE YCIOBHE O KpaTHOCTH uncen M u Q uwmc-
ay Ko o3nagaet, yto 6sioku Cr HE COAEpKaT «JIMIIHUX» HYJIEBBIX CTPOK
W/WU CTOJIOIIOB, ¥ TIOATOMY JUISl UX 3alucy B (aiii u3 JII0ObIX MPOIIECCOB
MOXHO MCIIOJI30BaTh 0JinHaKoBbIe (aitoBbie Tuiibl MPI BLOCK C.

MPI9Matr44. B rnaBHOM mporiecce nanbl yuciaa M, P, Q, a Taxke nMeHa Tpex
¢daiinoB: BHaYalle JAIOTCS UMEHA JIBYX CYIIECTBYIOIIUX (ailioB, couepxa-
X sneMeHTsl Matpuil A u B pazmepa M x P u P x Q cooTBeTCTBEHHO, a
3aTeM UM ¢aiia 1ig XpaHeHus pe3yIbTUPYIOIIEr0 MaTPUYHOTO TIPOU3BE-
nenust C = AB. JlomomHuTenbHO M3BeCTHO, uTo yuciaa M, P u Q kpaTHs
nopsiniky Ko KBaJpaTHOM pemieTKy MpoIecCoB.

[TocnenoBarenbHO BBI3BIBasS pa3paboTaHHbie B 3amaHusix MPI9Matrd?2,
MPI9Matr38, MPI9Matr37 u MPI9Matr43 ¢yuxuun Matr4ScatterFile,
Matr4Calcl, Matr4Calc2 u Matrd4GatherFile, monyuuTs B pe3yJbTUPYIO-
nieM (paitie npousBeaeHne UCXOIHbIX MaTpull A u B, HalifenHoe ¢ momo-
uipto 0sioyHoro anroputma dokca. dyuknuu MatrdCalcl u Matrd4Calc2
JIOJDKHBI BBI3BIBATHCS B IIMKJIC, MPUYEM KOJIMYECTBO BBI30BOB (PYHKIIUU
Matr4Calc2 nomxHO ObITh Ha 1 MEHbIIE KOJUYECTBA BHIZ0BOB (DYHKIIMH
Matr4Calcl.

[Tocne xaxmoro Bei3oBa GyHkuu Matr4Calcl HOMONMHUTENTHEHO BBHIBOAUTH
B KaXJIOM IpoIlecCe TEKyIllee 3HaUYCHHUE dJIEMEHTa c[step], rae ¢ — oaHo-
MEpHBI MaccuB, conepxkamuii 6510k Cg, a step — HOMep I1ara aaroputMa
0, 1, ..., Ko—1); Takum 00Opa3om, Ha MEPBOM IlIare ajiropuT™Ma CIeAyeT
BbIBeCTH sieMeHT c[0], Ha BTopoM 1miare — aiemeHt c¢[ 1], u 1. 1.
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