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4. õ�-6õêâ6(MIMD)§�5�¿1?nXÚ!Å+£ë� 2.1!2.3¤
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¿1O��Ä�½Â

âÝµ3¿1�1L§¥§�gÏÕ�mz�?nÅO�ó�þ

�����oÑ£ã"©�oâÝ![âÝ"

E,5µ3Ø�ÄÏÕm��cJe§z�?nÅþ�O�þ�

�ö§=�¿1O�E,5"

¿1Ýµ�{�±¿1�§Ý"

\�'µ

Sp(q) =
Ts

Tp(q)
(2.1)

�Çµ

Ep(q) =
Sp(q)

q
(2.2)
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Amdahl½Æµb�G1O�¤I���mTs = 1§α´�1TO

�¤7I�G1Ü©¤Ó�z©'§Kk

Sp(q) =
1

α + (1− α)/q
(2.3)

lim
q→∞

Sp(q) =
1

α
(2.4)

Gustafson½Æµb�¿1O�¤I���mTp = 1§α´�1T

¿1O�¤I�G1Ü©¤Ó�z©'§Kk

Sp(q) =
α + (1− α)× q

1
(2.5)
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1. l\�'�Ä�½ÂÑu§y²Amdahl½ÆÚGustafson½Æ¶

2. \¤
)�¿1O��Ä��{£3ÆS�L§¥��]�§
)

�
Ä�¿1O��{¤"
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n!Ý
¦¿1O�

3.1!Ý
òð�;�ª

3.2!G1Ý
¦{

3.3!1�©¬�{

3.4!11©¬�{

3.5!�1©¬�{

3.6!��©¬�{

3.7!Cannon�{
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Ý
òð£wrap¤�;�ª



A00 A01 A02 A03 A04 A05 A06 A07

A10 A11 A12 A13 A14 A15 A16 A17

A20 A21 A22 A23 A24 A25 A26 A27

A30 A31 A32 A33 A34 A35 A36 A37

A40 A41 A42 A43 A44 A45 A46 A47

A50 A51 A52 A53 A54 A55 A56 A57

A60 A61 A62 A63 A64 A65 A66 A67

A70 A71 A72 A73 A74 A75 A76 A77


(3.1)
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3��3× 2�?nÅ��þ§8× 8Ý
��;�ªXeµ

A00 A02 A04 A06 A01 A03 A05 A07

A30 A32 A34 A36 A31 A33 A35 A37

A60 A62 A64 A66 A61 A63 A65 A67

A10 A12 A14 A16 A11 A13 A15 A17

A40 A42 A44 A46 A41 A43 A45 A47

A70 A72 A74 A76 A71 A73 A75 A77

A20 A22 A24 A26 A21 A23 A25 A27

A50 A52 A54 A56 A51 A53 A55 A57


(3.2)

éu��m×n©¬Ý
Ú���?nÅ
�p× q§�¬Aij��3?

nÅPkl (k = i mod p§l = j mod q)¥"
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G1Ý
¦{

G1Ý
¦Èf§S(i-j-k/ª)

do i=1, M

do j=1, L

do k=1, N

c(i, j) = c(i, j) + a(i, k) * b(k, j)

enddo

enddo

enddo



46/149

JJ

II

J

I

Back

Close

1�©¬�{

A =
[

AT
0 AT

1 · · · AT
p−1

]T

, B =
[

B0 B1 · · · Bp−1

]
(3.3)

�{ 1 1�©¬�{

mp1 ≡ myid+1 mod p, mm1 ≡ myid−1 mod p

for i = 0 to p− 1 do

l ≡ i+myid mod p

Cl = A×B

if i 6= p− 1, send(B, mm1), recv(B, mp1)

end{for}
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11©¬�{

B =
[

BT
0 BT

1 · · · BT
p−1

]T

, Ai =
[

Ai0 Ai1 . . . Ai,p−1

]
(3.4)

�{ 2 11©¬�{

mp1 ≡ myid+1 mod p, mm1 ≡ myid-1 mod p

for i = 0 to p− 1 do

l ≡ i+myid mod p

C = C + Al ×B

if i 6= p− 1, send(B, mm1), recv(B, mp1)

end{for}
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�1©¬�{
A =

[
A0 A1 · · · Ap−1

]
, Bi =

[
Bi0 Bi1 . . . Bi,p−1

]
(3.5)

�{ 3 �1©¬�{

C = A×Bmyid

for i = 1 to p− 1 do

l ≡ i+myid mod p, k ≡ p− i+myid mod p

T = A×Bl

send(T , l), recv(T , k)

C = C + T

end{for}
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��©¬�{
Bi =

[
BT

i0 BT
i1 . . . BT

i,p−1

]T

�{ 4 ��©¬�{

mp1 ≡ myid+1 mod p, mm1 ≡ myid-1 mod p

for i = 0 to p− 1 do

l ≡ i+myid mod p

C = C + A×Bl

if i 6= p− 1, send(A, mm1), recv(A, mp1)

end{for}
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Cannon�{
A00 A01 A02

A10 A11 A12

A20 A21 A22

B00 B01 B02

B10 B11 B12

B20 B21 B22

A00 A00 A00

A11 A11 A11

A22 A22 A22

B00 B01 B02

B10 B11 B12

B20 B21 B22

A01 A01 A01

A12 A12 A12

A20 A20 A20

B10 B11 B12

B20 B21 B22

B00 B01 B02
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A02 A02 A02

A10 A10 A10

A21 A21 A21

B20 B21 B22

B00 B01 B02

B10 B11 B12

�{ 5 Cannon�{

C = 0

mpc1 ≡ mycol+1 mod m; mmc1 ≡ mycol-1 mod m;

mpr1 ≡ myrow+1 mod m; mmr1 ≡ myrow-1 mod m;

for i = 0 to m− 1 do

k ≡ myrow+i mod m;

r ≡ k − i mod m;

if mycol=k & myrow=r then
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send(A, (myrow, mpc1)); copy(A, tmpA);

else if myrow=r

recv(tmpA, (myrow, mmc1));

if k 6= mpc1, send(tmpA, (myrow, mpc1));

end{if}

C = C+tmpA ×B;

if i 6= m− 1 then

send(B, (mmr1, mycol)); recv(B, (mpr1, mycol));

end{if}

end{for}
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o!�5�ê�§|�¿1¦)

4.1!G1LU©)�{

4.2!©ÙªXÚ�¿1LU©)�{

4.3!n��§|�¿1¦)

4.4!²;S�{-Jacobi

4.5!²;S�{-Gauss-Seidel
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G1LU©)�{

Ax = b (4.1)

PA = LU§Ly = Pb§Ux = y"

�{ 6 Ü©ÀÌ��Guass���{

for j = 0 to n− 2 do

find l: |alj| = max{|aij|, i = j, . . . , n− 1}

if l 6= j, swap Aj and Al

if ajj = 0, A is singular and return

aij = aij/ajj, i = j + 1, . . . , n− 1
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for k = j + 1 to n− 1 do

aik = aik − aij × ajk, i = j + 1, . . . , n− 1

end{for}

end{for}
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©ÙªXÚ�¿1LU©)�{

icol= 0

for j = 0 to n− 2 do

if myid=j mod p then

find l: |al,icol| = max{|ai,icol|, i = j, . . . , n− 1}

if l 6= j, swap aj,icol and al,icol

if aj,icol = 0, A is singular and kill all processes

ai,icol = ai,icol/aj,icol§fi−j−1 = ai,icol§i = j + 1, . . . , n− 1

send(l, myid+1) and send(f , myid+1)§icol+1 → icol

else
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recv(l, myid-1) and recv(f , myid+1)

if myid+1 6= j mod pi then

send(l, myid+1) and send(f , myid+1)

end{if}

end{if}

if l 6= j, swap Aj and Al

for k=icol to m− 1 do

aik = aik − fi × ajk, i = j + 1, . . . , n− 1

end{for}

end{for}
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n��§|�¿1){

k = 0

if myid=0, then

ui = bi, i = 0, . . . , n− 1, vi = 0, i = 0, . . . , p− 2

else

ui = 0, i = 0, . . . , n− 1

for i = myid step p to n− 1 do

if i > 0, recv(v, i− 1 mod p)

xk = (ui + v0)/lik
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vj = vj+1 + ui+1+j − li+1+j,k × xk, j = 0, . . . , p− 3

vp−2 = ui+p−1 − li+p−1,k × xk

send(v, i + 1 mod p)

uj = uj − ljk × xk, j = i + p, . . . , n− 1

k + 1 → k

end{for}
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²;S�{-Jacobi

�Ä¦)�5�ê�§|

Ax = b (4.2)

Ù¥A´m × mÝ
§PD!−L!−U©O´A�é�!î�en�!

î�þn�Ü©�¤�Ý
§=A = D − L− U"ù��§|(4.2)�

±C�

Dx = b + (L + U)x (4.3)

XJ�§|(4.3)m>�x®�§duD´é�Ý
§�±éN´¦��

>�x§ùÒ´JacobiS�{�Ñu:"Ïd§éu�½�Ð�x(0)§Jacobi
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S�{Xeµ

x(k+1) = D−1(L + U)x(k) + D−1b (4.4)

PG = D−1(L + U) = I − D−1A§g = D−1b"KzgS�Ò´�Ý


�þ¦§,�´�þ\"½=µ

x+ = Gx + g (4.5)

'uù�S�{�¿1O�¯K§3SK4.6¥é�«�¹?1�Ä§

Ù§Ý
�;�ªe�¿1�Ó��±�¤§ùpØ2Kã"
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²;S�{-Gauss-Seidel

Gauss-SeidelS�{´Å�©þ?1O���«�{§�Ä�5�

ê�§|(4.2)�©þL«

n∑
j=1

aijxj = bi, i = 1, . . . , n (4.6)

éu�½�Ð�x(0)§Gauss-SeidelS�{Xeµ

�{ 7 Gauss-SeidelS��{

k = 0

x
(k+1)
1 = (b1 −

∑n
j=2 a1jx

(k)
j )/a11

x
(k+1)
2 = (b2 − a21x

(k+1)
1 −

∑n
j=3 a2jx

(k)
j )/a22
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. . .

x
(k+1)
n−1 = (bn−1 −

∑n−2
j=1 an−1,jx

(k+1)
j − an−1,nx

(k)
n )/an−1,n−1

x
(k+1)
n = (bn −

∑n−1
j=1 anjx

(k+1)
j )/ann

‖x(k+1) − x(k)‖2 < ε‖x(k+1) − x(0)‖2ºk = k + 1

²;S�{-Gauss-Seidel�¿1z

Psi =
∑n

j=i+1 aijx
(0)
j §i = 1, . . . , n − 1§sn = 0"¿1O��{

Xeµ

�{ 8 ¿1Gauss-SeidelS��{

k = 0

for i = 1, n do
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x
(k+1)
i = (bi − si)/aii, si = 0

for j = 1, n, j 6= i do

sj = sj + ajix
(k+1)
i

end{for}

end{for}

‖x(k+1) − x(k)‖2 < ε‖x(k+1) − x(0)‖2ºk = k + 1

3�{8¥§zg¿1O�sj§���±¿1O���^�´Ä÷

v"
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1. b�erm×n�Ý
AUìÌ��ª��3p×q�?nÅXÚ¥§

3z�?nÅPklþ¤���Ý
�Ā§�ïáÝ
A�Ý
ĀÚPkl

�'Xª¶

2. b�Ý
AÚ�þb´U1©¬�§��Ñ¿1O�x+ = Ax + b�

�{¶

3. �^gC�n)§én�Ý
�§|�¿1¦)�{?1£ãÚ)

º"
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Ê!MPI¿1§S�O

5.1¿1§Sa.!MPI-SPMD¿1§S(�

5.2MPI¿1�¸+n¼ê

5.3MPIÏ&fö�

5.4:�:Ï&¼ê

5.5g½Âêâa.

5.6MPI�êâ���
�

5.7MPIàÜÏ&

5.8MPI�Û8�ö�

5.9MPI|ö�
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¿1§Sa.!MPI-SPMD¿1§S(�
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MPI¿1§S�Ä�(�

1. ?\MPI�¸"�)ÏÕf(communicator)!?§SÒ!?§ê¶

2. §SÌN"¢yO���ÜSN¶

3. òÑMPI�¸"ØU2¦^MPI�¸

PiamL«?§SÒ§@oXe�ãFORTRAN§Sµ

m = iam + 2

if ( iam .eq. 0 ) then

m = 10

endif

½ö´µ

if ( iam .eq. 0 ) then



69/149

JJ

II

J

I

Back

Close

m = 10

else

m = iam + 2

endif

�)
m��§0?§´10§1?§´3§2?§´4§· · ·"
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MPI¿1�¸+n¼ê
MPI INIT

C int MPI_Init( int *argc, char ***argv )

Fortran MPI_INIT( IERROR )

INTEGER IERROR

MPI FINALIZE
C int MPI_Finalize( void )

Fortran MPI_FINALIZE( IERROR )

INTEGER IERROR

MPI INITIALIZED
C int MPI_Initialized( int flag )

Fortran MPI_INITIALIZED( FLAG, IERROR )

LOGICAL FLAG

INTEGER IERROR
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MPIÏ&fö�
MPI COMM SIZE

C int MPI_Comm_size( MPI_Comm comm, int *size )

Fortran MPI_COMM_SIZE( COMM, SIZE, IERROR )

INTEGER COMM, SIZE, IERROR

MPI COMM RANK
C int MPI_Comm_rank( MPI_Comm comm, int *rank )

Fortran MPI_COMM_RANK( COMM, RANK, IERROR )

INTEGER COMM, RANK, IERROR

MPI COMM DUP
C int MPI_Comm_dup( MPI_Comm comm, MPI_Comm *newcomm )

Fortran MPI_COMM_DUP( COMM, NEWCOMM, IERROR )

INTEGER COMM, NEWCOMM, IERROR
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MPI COMM SPLIT
C int MPI_Comm_split(MPI_Comm comm, int color, int key,

MPI_Comm *newcomm)

Fortran MPI_COMM_SPLIT( COMM, COLOR, KEY, NEWCOMM, IERROR )

INTEGER COMM, COLOR, KEY, NEWCOMM, IERROR

8c·�0��ùA�MPI¼ê´¿1§S¥4Ù­��§k


1 5.2Ú1 5.3 !�¼ê§·�Ò�±?�{ü�¿1§S"
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:�:Ï&¼ê

{lªSENDÚRECV

ù2�¼ê´MPIÏÕ¼ê�Ä:§�´?�¿1O�§S�¢�
5¼ê"�±`§
)
ÏÕ��¦§A�¤k¿1�{�¢yÑ�±
dù2��Ä��ÏÕ¼ê5�¤"

MPI SEND
C int MPI_Send( void* buf, int count, MPI_Datatype datatype,

int dest, int tag, MPI_Comm comm )

Fortran MPI_SEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM, IERROR )

<type> BUF(*)

INTEGER COUNT, DATATYPE, DEST, TAG, COMM, IERROR
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MPI RECV
C int MPI_Recv( void* buf, int count, MPI_Datatype datatype,

int source, int tag, MPI_Comm comm, MPI_Status *status )

Fortran MPI_RECV(BUF, COUNT, DATATYPE, SOURCE, TAG, COMM, STATUS,

IERROR )

<type> BUF(*)

INTEGER COUNT, DATATYPE, SOURCE, TAG,COMM,

STATUS(MPI_STATUS_SIZE), IERROR

MPI STATUS�n�¤
´MPI SOURCE§MPI TAGÚMPI ERROR"

SNEDÚRECV¼ê�Ä�êâa.

Fortran§S�±¦^�êâa.µ

MPI_INTEGER MPI_REAL MPI_DOUBLE_PRECISION

MPI_COMPLEX MPI_LOGICAL MPI_CHARACTER

MPI_PACKED MPI_BYTE
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C§S�±¦^�êâa.µ
MPI_CHAR MPI_SHORT MPI_INT

MPI_LONG MPI_UNSIGNED_CHAR MPI_UNSIGNED_SHORT

MPI_UNSIGNED_INT MPI_UNSIGNED_LONG MPI_FLOAT

MPI_DOUBLE MPI_LONG_DOUBLE MPI_PACKED

MPI_BYTE

3¦^SENDÚRECV¼ê�§I�5¿uxÚ�Â�êâa.�

��5§;�$1�Ø"
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Ü¤¼êSENDRECV

MPI SENDRECV
C int MPI_Sendrecv( void *sendbuf, int sendcount,

MPI_Datatype sendtype, int dest, int sendtag,

void *recvbuf, int recvcount, MPI_Datatype recvtype,

int source,int recvtag,MPI_Comm comm,MPI_Status *status)

Fortran MPI_SENDRECV(SENDBUF, SENDCOUNT, SENDTYPE, DEST, SENDTAG,

RECVBUF, RECVCOUNT, RECVTYPE, SOURCE, RECVTAG, COMM,

STATUS, IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER SENDCOUNT, SENDTYPE, DEST, SENDTAG, RECVCOUNT,

RECVTYPE, SOURCE, RECVTAG, COMM,

STATUS(MPI_STATUS_SIZE), IERROR

��5¿�´§¼êSEND!RECV!SENDRECVp�oN§=SENDux

��E�±^SENDRECV5�Â§
SENDRECVux��E��±^RECV�

Â"
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Ü¤¼êSENDRECV Replace

MPI SENDRECV REPLACE
C int MPI_Sendrecv_replace( void *buf, int count,

MPI_Datatype type, int dest, int sendtag,

int source,int recvtag,MPI_Comm comm,MPI_Status *status)

Fortran MPI_SENDRECV_REPLACE(BUF, COUNT, TYPE, DEST, SENDTAG,

SOURCE, RECVTAG, COMM, STATUS, IERROR )

<type> BUF(*)

INTEGER COUNT, TYPE, DEST, SENDTAG, SOURCE, RECVTAG, COMM,

STATUS(MPI_STATUS_SIZE), IERROR

3MPI�Â�E�§ØI��²�E´l=�?§5�§�±æ^

Ï�Î��ª§=source = MPI ANY SOURCE§tag = MPI ANY TAG"Ó���

B¦^MPI SENDRECV¼ê§MPI�½Â
���?§§̂ MPI PROC NULL5

L«"

�E�Î¼ê
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MPI PROBE
C int MPI_Probe(int source, int tag, MPI_Comm comm,

MPI_Status *status )

Fortran MPI_PROBE( SOURCE, TAG, COMM, STATUS, IERROR )

INTEGER SOURCE, TAG, COMM, STATUS(MPI_STATUS_SIZE),

IERROR

MPI IPROBE
C int MPI_Iprobe(int source, int tag, MPI_Comm comm,

int* flag, MPI_Status *status )

Fortran MPI_IPROBE( SOURCE, TAG, COMM, FLAG, STATUS, IERROR )

LOGICAL FLAG

INTEGER SOURCE, TAG, COMM, STATUS(MPI_STATUS_SIZE),

IERROR

MPI GET COUNT
C int MPI_Get_count( MPI_Status *status, MPI_Datatype type,

int *count )

Fortran MPI_GET_COUNT( STATUS, TYPE, COUNT, IERROR )

INTEGER STATUS(MPI_STATUS_SIZE), TYPE, COUNT, IERROR
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�{lªISENDÚIRECV

MPI ISEND
C int MPI_Isend( void* buf, int count, MPI_Datatype datatype,

int dest, int tag, MPI_Comm comm,

MPI_Request *request )

Fortran MPI_ISEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM, REQUEST,

IERROR )

<type> BUF(*)

INTEGER COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR

MPI IRECV
C int MPI_Irecv( void* buf, int count, MPI_Datatype datatype,

int source, int tag, MPI_Comm comm,

MPI_Request *request )

Fortran MPI_IRECV( BUF, COUNT, DATATYPE, SOURCE, TAG, COMM, REQUEST,

IERROR )

<type> BUF(*)

INTEGER COUNT, DATATYPE, SOURCE, TAG, COMM, REQUEST, IERROR
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�E�¦�¤¼ê

MPI WAIT
C int MPI_Wait( MPI_Request *request, MPI_Status *status )

Fortran MPI_WAIT(REQUEST, STATUS, IERROR )

INTEGER REQUEST, STATUS(*), IERROR

MPI WAITANY
C int MPI_Waitany( int count, MPI_Request *requests,

int *index, MPI_Status *status )

Fortran MPI_WAITANY( COUNT, REQUESTS, INDEX, STATUS, IERROR )

INTEGER COUNT, REQUESTS(*), INDEX, STATUS(*), IERROR

MPI WAITALL
C int MPI_Waitall( int count, MPI_Request *requests,

MPI_Status *statuses )

Fortran MPI_WAITALL( COUNT, REQUESTS, STATUSES, IERROR )

INTEGER COUNT, REQUESTS(*), STATUS(*, *), IERROR
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MPI WAITSOME
C int MPI_Waitsome( int incount, MPI_Request *requests,

int *outcount,int *indices, MPI_Status *statuses )

Fortran MPI_WAITSOME( INCOUNT, REQUESTS, OUTCOUNT, INDICES,

STATUSES, IERROR )

INTEGER INCOUNT, REQUESTS(*), OUTCOUNT, INDICES,

STATUS(MPI_STATUS_SIZE, *), IERROR

�E�¦u�¼ê

MPI TEST
C int MPI_Test( MPI_Request *request, int *flag, MPI_Status *status )

Fortran MPI_TEST(REQUEST, FLAG, STATUS, IERROR )

INTEGER REQUEST, FLAG, STATUS(*), IERROR

MPI TESTANY
C int MPI_Testany( int count, MPI_Request *requests,

int *index, int *flag, MPI_Status *status )

Fortran MPI_TESTANY( COUNT, REQUESTS, INDEX, FLAG, STATUS, IERROR )

INTEGER COUNT, REQUESTS(*), INDEX, FLAG, STATUS(*), IERROR
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MPI TESTALL
C int MPI_Testall( int count, MPI_Request *requests,

int *flag, MPI_Status *statuses )

Fortran MPI_TESTALL( COUNT, REQUESTS, FLAG, STATUSES, IERROR )

INTEGER COUNT, REQUESTS(*), FLAG, STATUS(*, *), IERROR

MPI TESTSOME
C int MPI_Testsome( int incount, MPI_Request *requests,

int *outcount,int *indices, MPI_Status *statuses )

Fortran MPI_TESTSOME( INCOUNT, REQUESTS, OUTCOUNT, INDICES,

STATUSES, IERROR )

INTEGER INCOUNT, REQUESTS(*), OUTCOUNT, INDICES,

STATUS(MPI_STATUS_SIZE, *), IERROR

±ÈÏÕ¼êSEND INITÚRECV INIT
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MPI SEND INIT
C int MPI_Send_INIT( void* buf, int count, MPI_Datatype type,

int dest, int tag, MPI_Comm comm, MPI_Request *request )

Fortran MPI_SEND_INIT(BUF,COUNT,TYPE,DEST,TAG,COMM,REQUEST,IERROR)

<type> BUF(*)

INTEGER COUNT, TYPE, DEST, TAG, COMM, REQUEST, IERROR

MPI RECV INIT
C int MPI_Recv_init( void* buf, int count, MPI_Datatype type,

int src, int tag, MPI_Comm comm, MPI_Request *request )

Fortran MPI_RECV_INIT(BUF,COUNT,TYPE,SRC,TAG,COMM,REQUEST,IERROR)

<type> BUF(*)

INTEGER COUNT, TYPE, SRC, TAG, COMM, REQUEST, IERROR

MPI START
C int MPI_Start( MPI_Request *request )

Fortran MPI_START(REQUEST, IERROR )

INTEGER REQUEST, IERROR
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MPI STARTALL
C int MPI_Startall( int count, MPI_Request *request )

Fortran MPI_STARTALL(COUNT, REQUESTS, IERROR )

INTEGER COUNT, REQUESTS(*), IERROR

�E�¦�º����

�E�¦�¤��§I�ò�¦éYD��MPI REQUEST NULL"

MPI REQUEST FREE
C int MPI_Request_free( MPI_Request *request )

Fortran MPI_REQUEST_FREE(REQUEST, IERROR )

INTEGER REQUEST, IERROR

MPI CANCEL
C int MPI_Cancel( MPI_Request *request )

Fortran MPI_CANCEL(REQUEST, IERROR )

INTEGER REQUEST, IERROR
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MPI TEST CANCELLED
C int MPI_Test_cancelled( MPI_Status *status, int *flag )

Fortran MPI_TEST_CANCELLED(STATUS, FLAG, IERROR )

LOGICAL FLAG

INTEGER STATUS(*), IERROR
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g½Âêâa.

êâa.��¤µ

Typemap = {(type0, disp0), . . . , (typen−1, dispn−1)}

Typemap = {(type0, disp0, len0), . . . , (typen−1, dispn−1, lenn−1)}

CONTIGUOUSêâa.

MPI TYPE CONTIGUOUS
C int MPI_Type_contiguous(int count,MPI_Datatype oldtype,

MPI_Datatype *newtype )

Fortran MPI_TYPE_CONTIGUOUS( COUNT, OLDTYPE, NEWTYPE, IERROR )

INTEGER COUNT, OLDTYPE, NEWTYPE, IERROR
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~f 3 XJ·�½ÂëY�2�¢ê���#�êâa.NEWTYPE§

FORTRAN§SXeµ

call mpi_type_contiguous(2,mpi_real,newtype,ierr)

Ïd§XJ�§S´µ

call mpi_send(a, 10, mpi_real, 1, 99, comm, ierr)

K�±^Xe§SO�µ

call mpi_send( a, 5, newtype, 1, 99, comm, ierr )

�±^ù�¼ê�EV°ÝEê"

êâa.9Ï¼ê

MPI TYPE COMMIT
C int MPI_Type_commit( MPI_Datatype *datatype )

Fortran MPI_TYPE_COMMIT( DATATYPE, IERROR )

INTEGER DATATYPE, IERROR
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MPI TYPE FREE
C int MPI_Type_free( MPI_Datatype *datatype )

Fortran MPI_TYPE_FREE( DATATYPE, IERROR )

INTEGER DATATYPE, IERROR

MPI TYPE EXTENT
C int MPI_Type_extent(MPI_Datatype datatype,MPI_Aint *extent)

Fortran MPI_TYPE_EXTENT( DATATYPE, EXTENT, IERROR )

INTEGER DATATYPE, EXTENT, IERROR

MPI ADDRESS
C int MPI_Address( void* location, MPI_Aint *address )

Fortran MPI_ADDRESS( LOCATION, ADDRESS, IERROR )

<type> LOCATION(*)

INTEGER ADDRESS, IERROR

VECTORêâa.
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MPI TYPE VECTOR
C int MPI_Type_vector( int count, int blocklength,

int stride, MPI_Datatype oldtype,

MPI_Datatype *newtype )

Fortran MPI_TYPE_VECTOR( COUNT, BLOCKLENGTH, STRIDE, OLDTYPE,

NEWTYPE, IERROR )

INTEGER COUNT,BLOCKLENGTH,STRIDE,OLDTYPE,NEWTYPE,IERROR

MPI TYPE HVECTOR
C int MPI_Type_hvector(int count, int blocklength,

int stride, MPI_Datatype oldtype,

MPI_Datatype *newtype )

Fortran MPI_TYPE_HVECTOR( COUNT, BLOCKLENGTH, STRIDE, OLDTYPE,

NEWTYPE, IERROR )

INTEGER COUNT,BLOCKLENGTH,STRIDE,OLDTYPE,NEWTYPE,IERROR

ù2�¼ê�ëê´���§�´3HVECTOR¥�STRIDE´Uìi

!ê�ü "
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INDEXêâa.

MPI TYPE INDEXED
C int MPI_Type_indexed(int count,int *array_of_blocklengths,

int *array_of_displacements,

MPI_Datatype oldtype,

MPI_Datatype *newtype )

Fortran MPI_TYPE_INDEXED( COUNT, ARRAY_OF_BLOCKLENGTHS,

ARRAY_OF_DISPLACEMENTS, OLDTYPE,

NEWTYPE, IERROR )

INTEGER COUNT, ARRAY_OF_BLOCKLENGTHS(*),

ARRAY_OF_DISPLACEMENTS(*),OLDTYPE,NEWTYPE,IERROR
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MPI TYPE HINDEXED
C int MPI_Type_hindexed(int count,int *array_of_blocklengths,

int *array_of_displacements,

MPI_Datatype oldtype,

MPI_Datatype *newtype )

Fortran MPI_TYPE_HINDEXED( COUNT, ARRAY_OF_BLOCKLENGTHS,

ARRAY_OF_DISPLACEMENTS, OLDTYPE,

NEWTYPE, IERROR )

INTEGER COUNT, ARRAY_OF_BLOCKLENGTHS(*),

ARRAY_OF_DISPLACEMENTS(*),OLDTYPE,NEWTYPE,IERROR

ù2�¼ê�ëê´���§�´ARRAY OF DISPLACEMENTS3HINDEX

¥´Uìi!ê�ü �"

STRUCTêâa.
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MPI TYPE STRUCT
C int MPI_Type_struct(int count,int *array_of_blocklengths,

int *array_of_displacements,

MPI_Datatype *array_of_types,

MPI_Datatype *newtype)

Fortran MPI_TYPE_STRUCT( COUNT, ARRAY_OF_BLOCKLENGTHS,

ARRAY_OF_DISPLACEMENTS,

ARRAY_OF_TYPES, NEWTYPE, IERROR )

INTEGER COUNT, ARRAY_OF_BLOCKLENGTHS(*),

ARRAY_OF_DISPLACEMENTS(*),

ARRAY_OF_TYPES(*), NEWTYPE, IERROR

3g½Âêâa.¥§MPI TYPE STRUCT´���U¼ê§Ù

§A�¼êÑ�±ÏLMPI TYPE STRUCT 5�)"'X§
ARRAY OF BLOCKLENGTHS(i) =BLOCKLENGTH

ARRAY OF DISPLACEMENTS(i) =i*STRIDE*SIZEOF(OLDTYPE)

ARRAY OF TYPES(i) =OLDTYPE

KdMPI TYPE STRUCT�E�êâa.�MPI TYPE VECTOR´�Ó�"
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MPI�êâ���
�

MPI PACK
C int MPI_Pack(void* inbuf,int incount,MPI_Datatype datatype,

void* outbuf, int outsize, int *position,

MPI_Comm comm )

Fortran MPI_PACK( INBUF, INCOUNT, DATATYPE, OUTBUF, OUTSIZE,

POSITION, COMM, IERROR )

<type> INBUF(*), OUTBUF(*)

INTEGER INCOUNT, DATATYPE, OUTSIZE, POSITION, COMM, IERROR
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MPI UNPACK
C int MPI_Unpack( void* inbuf, int insize, int *position,

void* outbuf, int outcount,

MPI_Datatype datatype, MPI_Comm comm )

Fortran MPI_UNPACK( INBUF, INSIZE, POSITION, OUTBUF, OUTCOUNT,

DATATYPE, COMM, IERROR )

<type> INBUF(*), OUTBUF(*)

INTEGER INSIZE, POSITION, OUTCOUNT, DATATYPE, COMM, IERROR

MPI PACK SIZE
C int MPI_Pack_size( int incount, MPI_Datatype datatype,

MPI_Comm comm, int *size )

Fortran MPI_PACK_SIZE( INCOUNT, DATATYPE, COMM, SIZE, IERROR )

INTEGER INCOUNT, DATATYPE, COMM, SIZE, IERROR
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MPIàÜÏ&

æNÓÚMPI Barrier

MPI BARRIER
C int MPI_Barrier( MPI_Comm comm )

Fortran MPI_BARRIER( COMM, IERROR )

INTEGER COMM, IERROR
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2ÂMPI Bcast

P0

P0 P1 P2 P3

MPI BCAST
C int MPI_Bcast(void* buffer,int count,MPI_Datatype datatype,

int root, MPI_Comm comm )

Fortran MPI_BCAST( BUFFER, COUNT, DATATYPE, ROOT, COMM, IERROR )

<type> BUFFER(*)

INTEGER COUNT, DATATYPE, ROOT, COMM, IERROR
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Â8MPI Gather

P0 P1 P2 P3

P0

MPI GATHER
C int MPI_Gather( void* sendbuf, int sendcount,

MPI_Datatype sendtype, void* recvbuf, int recvcount,

MPI_Datatype recvtype, int root, MPI_Comm comm )

Fortran MPI_GATHER( SENDBUF, SENDCOUNT, SENDTYPE, RECVBUF,

RECVCOUNT, RECVTYPE, ROOT, COMM, IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER SENDCOUNT, SENDTYPE, RECVCOUNT, RECVTYPE, ROOT,

COMM, IERROR
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MPI ALLGATHER
C int MPI_Allgather( void* sendbuf, int sendcount,

MPI_Datatype sendtype, void* recvbuf, int recvcount,

MPI_Datatype recvtype, MPI_Comm comm )

Fortran MPI_ALLGATHER( SENDBUF, SENDCOUNT, SENDTYPE, RECVBUF,

RECVCOUNT, RECVTYPE, COMM, IERROR)

<type> SENDBUF(*), RECVBUF(*)

INTEGER SENDCOUNT, SENDTYPE, RECVCOUNT, RECVTYPE,

COMM, IERROR
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Â8MPI Gatherv

MPI GATHERV
C int MPI_Gatherv( void* sendbuf, int sendcount,

MPI_Datatype sendtype, void* recvbuf,

int *recvcounts, int *displs,

MPI_Datatype recvtype, int root,

MPI_Comm comm )

Fortran MPI_GATHERV( SENDBUF, SENDCOUNT, SENDTYPE, RECVBUF,

RECVCOUNTS, DISPLS, RECVTYPE, ROOT, COMM,

IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER SENDCOUNT, SENDTYPE, RECVCOUNTS(*), DISPLS(*),

RECVTYPE, ROOT, COMM, IERROR
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MPI ALLGATHERV
C int MPI_Allgatherv( void* sendbuf, int sendcount,

MPI_Datatype sendtype, void* recvbuf,

int *recvcounts, int *displs,

MPI_Datatype recvtype, MPI_Comm comm)

Fortran MPI_ALLGATHERV( SENDBUF, SENDCOUNT, SENDTYPE, RECVBUF,

RECVCOUNTS, DISPLS, RECVTYPE,COMM,IERROR)

<type> SENDBUF(*), RECVBUF(*)

INTEGER SENDCOUNT, SENDTYPE, RECVCOUNTS(*), DISPLS(*),

RECVTYPE, COMM, IERROR

ÑÂMPI Scatter

P0

P0 P1 P2 P3
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MPI SCATTER(V)
C int MPI_Scatter(v)(void* sendbuf, int (*)sendcount(s),

(int *displs,) MPI_Datatype sendtype,

void* recvbuf, int recvcount,

MPI_Datatype recvtype, int root,

MPI_Comm comm )

Fortran MPI_SCATTER(V)(SENDBUF, SENDCOUNTS, (DISPLS,) SENDTYPE,

RECVBUF, RECVCOUNT, RECVTYPE, ROOT,

COMM, IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER SENDCOUNTS(*), (DISPLS(*),) SENDTYPE, RECVCOUNT,

RECVTYPE, ROOT, COMM, IERROR

���MPI Alltoall

P0 P1 P2

0 1 2 0 1 2 0 1 2

P0 P1 P2

0 0 0 1 1 1 2 2 2
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MPI ALLTOALL(V)
C int MPI_Alltoall(v)(void* sendbuf, int (*)sendcount(s),

(int *sdispls,) MPI_Datatype sendtype,

void* recvbuf, int (*)recvcount(s),

(int *rdispls,) MPI_Datatype recvtype,

MPI_Comm comm )

Fortran MPI_ALLTOALL(V)(SENDBUF, SENDCOUNTS, (SDISPLS,) SENDTYPE,

RECVBUF, RECVCOUNTS, (RDISPLS,) RECVTYPE,

COMM, IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER SENDCOUNTS(*),(SDISPLS(*),)SENDTYPE,RECVCOUNTS(*),

(RDISPLS(*),) RECVTYPE, COMM, IERROR
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8�MPI Reduce

P0 P1 P2 P3

P0

= ⊕ ⊕ ⊕
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MPI ALLREDUCE(REDUCE)
C int MPI_Allreduce(Reduce)(void* sendbuf, void* recvbuf,

int count,MPI_Datatype datatype,

MPI_Op op, (int root,)

MPI_Comm comm)

Fortran MPI_ALLREDUCE(REDUCE)( SENDBUF, RECVBUF, COUNT, DATATYPE,

OP, (ROOT,) COMM, IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER COUNT, DATATYPE, OP, (ROOT,) COMM, IERROR
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$�«a��^êâa.

ö�¶ ¿Â ö�¶ ¿Â

MPI_MAX ¦�� MPI_LOR Ü6½

MPI_MIN ¦�� MPI_BOR U ½

MPI_SUM ¦Ú MPI_LXOR Ü6�½

MPI_PROD ¦È MPI_BXOR U �½

MPI_LAND Ü6� MPI_MAXLOC ¦��Ú �

MPI_BAND U � MPI_MINLOC ¦��Ú �
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ö�¶ #N�êâa.

MPI_MAX, MPI_MIN integer, Floating point

MPI_SUM, MPI_PROD integer, Floating point,

Complex

MPI_LAND, MPI_LOR, MPI_LXOR C integer, Logical

MPI_BAND, MPI_BOR, MPI_BXOR integer, Byte

EÜêâa.

éuMPI_MAXLOCÚMPI_MINLOCü«$�§MPIéFortran§S
ÚC§S¦^�EÜêâa.5½Xeµ
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Fortran §S
EÜêâa. a.£ã

MPI_2REAL pair of REALs

MPI_2DOUBLE_PRECISION pair of DOUBLE PRECISIONs

MPI_2INTEGER pair of INTEGERs

C §S
EÜêâa. a.£ã

MPI_FLOAT_INT float and int

MPI_DOUBLE_INT double and int

MPI_LONG_INT long and int

MPI_SHORT_INT short and int

MPI_LONG_DOUBLE_INT long double and int

MPI_2INT pair of ints
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cMMPI Scan

P0 P1 P2 P3

P0 P1 P2 P3

⊕ ⊕ ⊕ ⊕ ⊕ ⊕

MPI SCAN
C int MPI_Scan( void* sendbuf, void* recvbuf, int count,

MPI_Datatype datatype,

MPI_Op op, MPI_Comm comm )

Fortran MPI_SCAN( SENDBUF, RECVBUF, COUNT, DATATYPE, OP, COMM,

IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER COUNT(*), DATATYPE, OP, COMM, IERROR
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8�ÑÂMPI Reduce scatter

P0 P1 P2 P3

P0

= ⊕ ⊕ ⊕
P0 P1 P2 P3

MPI REDUCE SCATTER
C int MPI_Reduce_scatter(void* sendbuf, void* recvbuf,

int *recvcounts,

MPI_Datatype datatype, MPI_Op op,

MPI_Comm comm )

Fortran MPI_REDUCE_SCATTER( SENDBUF, RECVBUF, RECVCOUNTS, DATATYPE,

OP, COMM, IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER RECVCOUNTS(*), DATATYPE, OP, COMM, IERROR
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MPI|ö�

?§|�Mï

MPI COMM GROUP
C int MPI_Comm_group( MPI_Comm comm, MPI_Group *group )

Fortran MPI_COMM_GROUP( COMM, GROUP, IERROR )

INTEGER COMM, GROUP, IERROR

MPI GROUP UNION
C int MPI_Group_union( MPI_Group group1, MPI_Group group2,

MPI_Group *group )

Fortran MPI_GROUP_UNION( GROUP1, GROUP2, GROUP, IERROR )

INTEGER GROUP1, GROUP2, GROUP, IERROR
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MPI GROUP INTERSECTION
C int MPI_Group_intersection( MPI_Group group1,

MPI_Group group2, MPI_Group *group )

Fortran MPI_GROUP_INTERSECTION( GROUP1, GROUP2, GROUP, IERROR )

INTEGER GROUP1, GROUP2, GROUP, IERROR

MPI GROUP DIFFERENCE
C int MPI_Group_difference( MPI_Group group1,

MPI_Group group2, MPI_Group *group )

Fortran MPI_GROUP_DIFFERENCE( GROUP1, GROUP2, GROUP, IERROR )

INTEGER GROUP1, GROUP2, GROUP, IERROR

MPI GROUP INCL
C int MPI_Group_incl( MPI_Group group1, int n, int *ranks,

MPI_Group *group )

Fortran MPI_GROUP_INCL( GROUP1, N, RANKS, GROUP, IERROR )

INTEGER GROUP1, N, RANKS(*), GROUP, IERROR
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MPI GROUP EXCL
C int MPI_Group_excl( MPI_Group group1, int n, int *ranks,

MPI_Group *group )

Fortran MPI_GROUP_EXCL( GROUP1, N, RANKS, GROUP, IERROR )

INTEGER GROUP1, N, RANKS(*), GROUP, IERROR

MPI GROUP RANGE INCL
C int MPI_Group_range_incl( MPI_Group group1, int n,

int ranges[][3], MPI_Group *group )

Fortran MPI_GROUP_RANGE_INCL( GROUP1, N, RANGES, GROUP, IERROR )

INTEGER GROUP1, N, RANGES(3, *), GROUP, IERROR

MPI GROUP RANGE EXCL
C int MPI_Group_range_excl( MPI_Group group1, int n,

int ranges[][3], MPI_Group *group )

Fortran MPI_GROUP_RANGE_EXCL( GROUP1, N, RANGES, GROUP, IERROR )

INTEGER GROUP1, N, RANGES(3, *), GROUP, IERROR



113/149

JJ

II

J

I

Back

Close

?§|+n

MPI GROUP SIZE
C int MPI_Group_size( MPI_Group group, int *size )

Fortran MPI_GROUP_SIZE( GROUP, SIZE, IERROR )

INTEGER GROUP, SIZE, IERROR

MPI GROUP RANK
C int MPI_Group_rank( MPI_Group group, int *rank )

Fortran MPI_GROUP_RANK( GROUP, RANK, IERROR )

INTEGER GROUP, RANK, IERROR

MPI GROUP TRANSLATE RANKS
C int MPI_Group_translate_ranks( MPI_Group group1, int n,

int *ranks1, MPI_Group group2, int *ranks2 )

Fortran MPI_GROUP_TRANSLATE_RANKS( GROUP1, N, RANKS1, GROUP2,

RANKS2, IERROR )

INTEGER GROUP1, N, RANKS1(*), GROUP2, RANKS2(*), IERROR
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MPI COMM CREATE
C int MPI_Comm_create( MPI_Comm comm, MPI_Group group,

MPI_comm *newcomm )

Fortran MPI_COMM_CREATE( COMM, GROUP, NEWCOMM, IERROR )

INTEGER COMM, GROUP, NEWCOMM, IERROR

MPI GROUP FREE
C int MPI_Group_free( MPI_Group group )

Fortran MPI_GROUP_FREE( GROUP, IERROR )

INTEGER GROUP, IERROR

MPI GROUP COMPARE
C int MPI_Group_compare( MPI_Group group1,

MPI_Group group2, int *result )

Fortran MPI_GROUP_COMPARE( GROUP1, GROUP2, RESULT, IERROR )

INTEGER GROUP1, GROUP2, RESULT, IERROR

RESULT���µMPI IDENT§MPI SIMILAR§MPI UNEQUAL"
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1. ^MPI SENDÚMPI RECV¢yMPI ALLTOALL��{�§S¶
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6.1 π�CqO�§S

6.2 êâ2Â¿1§S

6.3 Cannon�{¢y§S
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π�CqO�§S

~f 4 π�CqO�:

dn�¼êÚ½È©úª��µ

π

4
= arctan(1) =

∫ 1

0

1

1 + x2
dx (6.1)

b�ò«m[0, 1]©¤n�°§Ph = 1/n§xi = ih§i = 0, 1, . . . , n§K

æ^F/È©úªO�È©(6.1)Xeµ

∫ 1

0

1

1 + x2
dx =

n−1∑
i=0

[
h

2
(

1

1 + x2
i

+
1

1 + x2
i+1

)− h3

12
(

1

1 + ξ2
i

)′′
]

(6.2)
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éu�½�°Ýε§�±(½��N = d
√

4/3εe§¦��n ≥
N�§kµ

|
∫ 1

0

4

1 + x2
dx−

n−1∑
i=0

[
h

2
(

4

1 + x2
i

+
4

1 + x2
i+1

)

]
| < ε (6.3)

�±ò
n−1∑
i=0

[
h

2
(

4

1 + x2
i

+
4

1 + x2
i+1

)

]
(6.4)

��O�π�Cq�"

program computing_pi

*The header file for using MPI parallel environment,

* which must be included for all mpi programs.

include ’mpif.h’
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*Variables declaration

integer iam, np, comm, ierr

integer n, i, num, is, ie

real*8 pi, h, eps, xi, s

*Enroll in MPI environment and get the MPI parameters

call mpi_init(ierr)

call mpi_comm_dup(mpi_comm_world, comm, ierr)

call mpi_comm_rank(comm, iam, ierr)

call mpi_comm_size(comm, np, ierr)

*Read the number of digits you want for value of Pi.

if(iam .eq. 0) then
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write(*, *) ’Number of digits(1-16)= ’

read(*, *) num

endif

call mpi_bcast(num,1,mpi_integer,0,comm,ierr)

eps = 1

do 10 i=1, num

eps = eps * 0.1

10 continue

n = sqrt(4.0/(3.0*eps))

h = 1.0/n

num = n/np
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if(iam .eq. 0) then

s = 3.0

xi = 0

is = 0

ie = num

elseif(iam .eq. np-1) then

s = 0.0

is = iam*num

ie = n - 1

xi = is * h

else

s = 0.0

is = iam*num
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ie = is + num

xi = is * h

endif

if(np .eq. 1) ie = ie - 1

do 20 i=is+1, ie

xi = xi + h

s = s + 4.0/(1.0+xi*xi)

20 continue

call mpi_reduce(s, pi, 1, mpi_double_precision,

& mpi_sum, 0, comm, ierr)

if(iam .eq. 0) then

pi = h*pi
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write(*, 99) pi

endif

call mpi_finalize(ierr)

99 format(’The pi= ’, f16.13)

end
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program mpibcast

*The header file for using MPI parallel environment,

*which must be included for all mpi programs.

include ’mpif.h’

*Variables declaration

integer iam, np, comm, ierr

real s(10)

*Enroll in MPI environment and get the MPI parameters

call mpi_init(ierr)

call mpi_comm_dup(mpi_comm_world, comm, ierr)
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call mpi_comm_rank(comm, iam, ierr)

call mpi_comm_size(comm, np, ierr)

*Main task begins

s(1) = real(iam)

s(2) = real(iam+1)

call mpibcastr( s, 2, 1, comm, iam, np )

write(*, *) ’Value on ’, iam, ’ is ’, s(1), s(2)

call mpi_finalize( ierr )

end

subroutine mpibcastr( b, n, root, comm, iam, np )

include ’mpif.h’

integer n, root, comm, iam, np

real b(*)



127/149

JJ

II

J

I

Back

Close

integer ierr, newid, i, des, src, left,

& status(mpi_status_size), mlen, iter

newid = mod( np+iam-root, np )

iter = alog(real(np))/alog(2.0)+1.0e-16

mlen = 1

do 20 i=1, iter

des = mod( iam + mlen, np )

src = mod( np + iam - mlen, np )

if( newid .lt. mlen) then

call mpi_send( b, n, mpi_real, des, 1, comm,

& ierr )

elseif( newid .lt. 2*mlen ) then
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call mpi_recv( b, n, mpi_real, src, 1, comm,

& status, ierr )

endif

mlen = 2*mlen

20 continue

left = np - mlen

if ( left .le. 0 ) return

des = mod( iam + mlen, np )

src = mod( np + iam - mlen, np )

if( newid .lt. left) then

call mpi_send( b, n, mpi_real, des, 1, comm,

& ierr )

elseif( newid .ge. mlen .and.
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& newid .lt. mlen+left ) then

call mpi_recv( b, n, mpi_real, src, 1, comm,

& status, ierr )

endif

return

end
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program computing_mat_mult

*The header file for using MPI parallel environment,

*which must be included for all mpi programs.

implicit none

include ’mpif.h’

*Variables declaration

integer iam, np, comm, ierr

integer n,i,j,m,k,npsr,status(mpi_status_size)

integer lda, ldb, ldc, ldt

parameter( lda=50, ldb=lda, ldc=lda, ldt=lda )
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real*8 a(lda, lda), b(ldb, ldb), c(ldc, ldc),

& t(ldt, ldt)

integer myid, mycomm, rowcomm, colcomm, color,

& rcolor, rst, ccolor, key, ma, ka, kb,

& nb, mr, nr, kr, rowid, colid, kt, next,

& front, newtypea, newtypeb, blklen(5),

& displs(5), sizedble, blks

*Enroll in MPI environment and get the MPI parameters

call mpi_init(ierr)

call mpi_comm_dup(mpi_comm_world, comm, ierr)

call mpi_comm_rank(comm, iam, ierr)

call mpi_comm_size(comm, np, ierr)
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*Read the order of matrix

if(iam .eq. 0) then

write(*, *) ’The order of matrix ’

read(*, *) m

endif

call mpi_bcast(m, 1, mpi_integer, 0, comm, ierr)

k = m-1

n = m

npsr = sqrt( real(np) + 0.5 )

*Create the demanding processes

if ( iam .lt. npsr*npsr ) then

color = 0
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else

color = 1

endif

key = iam

call mpi_comm_split( comm, color, key, mycomm,

& ierr )

call mpi_comm_rank( mycomm, myid, ierr )

*The algorithm runs on the effective communicator

if( color .eq. 0 ) then

*Create the row communicator for a sqare process array

key = myid

rcolor = myid / npsr

call mpi_comm_split( mycomm, rcolor, key,
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& rowcomm, ierr )

call mpi_comm_rank( rowcomm, colid, ierr )

*Create the column

ccolor = mod( myid, npsr )

call mpi_comm_split( mycomm, ccolor, key,

& colcomm, ierr )

call mpi_comm_rank( colcomm, rowid, ierr )

*The matrix a is m by k, b is k by n.

*Determine how many rows of matrix A in each process

ma = m / npsr

mr = mod( m, npsr )

if( rowid .lt. mr ) then

ma = ma + 1
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endif

*Determine how many columns of matrix A in each process

ka = k / npsr

kr = mod( k, npsr )

if( colid .lt. kr ) then

ka = ka + 1

endif

*Determine how many rows of matrix B in each process

kb = k / npsr

kr = mod( k, npsr )

if( rowid .lt. kr ) then

kb = kb + 1

endif
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*Determine how many columns of matrix B in each process

nb = n / npsr

nr = mod( n, npsr )

if( colid .lt. nr ) then

nb = nb + 1

endif

*Initialize the matrix A, B, and C

call mat_init_a( npsr, a, lda, m, ma, k, ka,

& rowid, colid )

call mat_init_b( npsr, b, ldb, k, kb, n, nb,

& rowid, colid )

call mat_init_c(c, ldc, ma, nb)

rst = rcolor
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front = mod(rowid-1+npsr, npsr)

next = mod(rowid+1, npsr)

*Begin the main Cannon’s algorithm

do 10 i=1, npsr

*Copy the broadcasting matrix A into a matrix T

if(colid .eq. rst) then

call mat_copy(a, lda, ma, ka, t, ldt)

kt = ka

endif

*Broadcasting the matrix A in each row

call mpi_bcast( kt, 1, mpi_integer, rst,

& rowcomm, ierr)

*Define a new data type for matrix
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call mpi_type_vector( kt, ma, lda,

& mpi_double_precision,

& newtypea, ierr )

call mpi_type_commit( newtypea, ierr )

call mpi_bcast( t,1,newtypea,rst,rowcomm,

& ierr)

call mpi_type_free( newtypea, ierr )

*Do matrix multiplication

call dgemm(t,ldt,b,ldb,c,ldc,ma,kt,nb)

*Move matrix B in each column communicator

if(i .ne. npsr) then

call mat_copy(b, ldb, kt, nb, t, ldt)

call mpi_sendrecv(t, ldt*nb,
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& mpi_double_precision,

& front,1,b,ldb*nb,

& mpi_double_precision,

& next,1,colcomm,status,

& ierr)

rst = mod(rst+1, npsr)

endif

10 continue

print *, ’the end on process ’, iam

write(6, 99) ((c(i, j), i=1, 4), j=1, 4)

call mpi_comm_free( rowcomm, ierr )

call mpi_comm_free( colcomm, ierr )
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else

print *, ’The process ’, iam, ’ is idle!’

endif

99 format(1x, 4f15.9)

call mpi_comm_free( mycomm, ierr )

*leave the MPI environment

call mpi_finalize(ierr)

end

***************************************************

* A(i, j) = i+j
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* B(i, j) = 1.0 -2.0*mod(i+j, 2)

subroutine mat_init_a( npsr, a, lda, m, ma, k,

& ka, rowid, colid )

integer lda, ma, ka, rowid, colid, m, k, npsr

real*8 a(lda, *)

integer i, j, mt, mr, ist, jst, kt, kr, offside

mt = m / npsr

mr = mod(m, npsr)

if(rowid .lt. mr ) then

ist = (mt+1)*rowid

else
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ist = mt*rowid+mr

endif

kt = k / npsr

kr = mod(k, npsr)

if(colid .lt. kr ) then

jst = (kt+1)*colid

else

jst = kt*colid+kr

endif

offside = ist + jst

do 10 j=1, ka

do 10 i=1, ma

a(i, j) = offside + i + j
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10 continue

return

end

subroutine mat_init_b( npsr, b, ldb, k, kb, n,

& nb, rowid, colid )

integer ldb, nb, kb, rowid, colid, n, k, npsr

real*8 b(ldb, *)

integer i, j, kt, kr, nt, nr, ist, jst, offside

kt = k / npsr

kr = mod(k, npsr)

if(rowid .lt. kr ) then
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ist = (kt+1)*rowid

else

ist = kt*rowid+kr

endif

nt = n / npsr

nr = mod(n, npsr)

if(colid .lt. nr ) then

jst = (nt+1)*colid

else

jst = nt*colid+nr

endif

offside = ist + jst

do 10 j=1, nb
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do 10 i=1, kb

b(i, j) = 1.0-2.0*mod(offside + i + j, 2)

10 continue

return

end

subroutine mat_init_c(c, ldc, ma, nb)

integer ldc, ma, nb

real*8 c(ldc, *)

integer i, j

do 10 j=1, nb
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do 10 i=1, ma

c(i, j) = 0.0

10 continue

return

end

subroutine mat_copy(a, lda, ma, ka, t, ldt)

integer lda, ma, ka, ldt

real*8 a(lda, *), t(ldt, *)

integer i, j

do 10 j=1, ka
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do 10 i=1, ma

t(i, j) = a(i, j)

10 continue

return

end

subroutine dgemm( t, ldt, b, ldb, c, ldc, ma,

& kt, nb)

integer ldt, ldb, ldc, ma, kt, nb

real*8 t(ldt, *), b(ldb, *), c(ldc, *)

integer i, j, k



148/149

JJ

II

J

I

Back

Close

do 10 j=1, nb

do 10 k=1, kt

do 10 i=1, ma

c(i, j)=c(i, j)+t(i, k)*b(k, j)

10 continue

return

end
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