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Fox's algorithm

Fox's algorithm

A and B are n X n matrices

Compute C = AB in parallel

Let g = \/p be an integer such that it divides n, where p is the
number of processes

Create a Cartesian topology with processes (i,j), i,j=0,...,g—1
Denote m = n/q

Distribute A and B by blocks on p processes such that A;; and Bj;
are m x m blocks stored on process (1, f)
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Fox's algorithm Example Implementation outline

On process (7, /), we want to compute
q—1
Gj= ZAi,kBk,j = AioBoj+ Ai1B1j+ - Aii-1Bi-1
k=0
+ AiiBij+ Aiiv1Biyij + - Aig-1Bg-1
Rewrite this as
stage compute
0 Gj=AiBij
I Gj=0Gj+Aii+1Bit

Cij=Cij+Aig-1Bg1,

C,'J = Ci,j + Ai,OBO,j

Gj=GCij+Ai1By,
g—1 C,'J = CiJ +Aii—1Bi—1
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Fox's algorithm p Implementation outline

Each process computes in stages
stage 0

» process (i,j) has A;j, Bjj but needs A; ;
» process (i, i) broadcasts A; ; across processor row i
» process (i,j) computes C;; = A; ;B ;
stage 1
» process (i,j) has A;j, Bjj, but needs A; i1, Bij1

» shift the jth block column of B by one block up
(block 0 goes to block g — 1)
» process (i,/ + 1) broadcasts A; j+1 across processor row i

» process (i,j) computes C;; = C;j + Aji+1Bit1;

Similarly on next stages
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Fox's algorithm Example

Implementation outline

Algorithm outline

On process (i, J):

Gi=0
fors=0tog—1
k= (i+s) modq
broadcast A; j across process row |
Cij = Gij+ Ai kB,
ifs#qg—1
send By to ((i —1) mod gq,J)
receive By 1 ; from ((/ +1) mod q,j)
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Fox's algorithm Example

Implementation outline

Example

Consider multiplying two 3 x 3 block matrices:

Coo Co1 Co2 Ao Aor Ao2| [Boo
Cio G G| = |Aw A A | B
CGo G Ax A Ax| | Bx

Process (i, /) stores Aj;, Bjj and computes Cj;
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Fox's algorithm

Example

Stage 0

process broadcasts
(i,i mod 3) anng row / Aoo, Boo Aoo, 801 Aoo, Boz

(0,0) Aoo — A11,Bi0 Ai1,Bin Au, Bro
(1,1) A1l A, Byy Az, Bo1 A, Bx»
(2, 2) Ao

Process (i, ) computes

Coo = AgoBoo  Co1 = AooBor  Co2 = AgoBo2
Cio = AuiBio Gi=AuBu Go=AnubBp
Co = AnBoy Coo = AxBy1 Gio = AxBy
Shift-rotate on the columns of B:
Aoo, Bio  Aoo, Bi1 Aoo, Bi2
A11, Boo  A11,Bo1 A11,Bx»
A2, Boo A2, Bor Az, By
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Fox's algorithm Example Implementation outline

Stage 1
process broadcasts
(i,(i—l—l)mod 3) along row | Ao1, Bio Aot, Bi1 Ao, Bio
(0,1) Ao1 — A12,B A12,Bx1 A1, B
(1,2) A2 A20, Boo  A20, Bo1 A0, Boz
(27 0) A20

Process (i, ) computes
Coo+ = Ao1Bio Cor1+ = AiBir  Coo+ = Ap1Bi2
Cio+ = A2Bxy Cii+ = ABy Gt = ApBx»
Coo+ = ApBoo  Co1+ = A20Bo1  Coo+ = A Bp2
Shit-rotate on columns of B:
Aot, Boo  Ao1, Bo1 Aoti, B
A10, Boo Ao, Bo1 A1, B2
Az1, Bio Ao, Bi1 Az, Bio
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Fox's algorithm Example Implementation outline

Stage 2
process broadcasts
(i,(i+2)mod 3) along row i Aoz, Bog Ao, Bo1 Aoz, B
(0,2) Ao2 — A10,Boo A0, Bo1  A1o, Bo2
(1,0) A1o Ao1, Bio  A21,Bi1 Ao, Bro
(2,1) A2l

Process (i, ) computes

C00+ = A02 Bzo C01+ = A02 Bz]_ C02+ — A02 822
C10+ = A].O BOO C11+ = A]_()B()]_ C12+ — AlOBO2
Coo+ = A01Big Coi+ = Ax1B11 Coo+ = A Bro
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Fox's algorithm Example Implementation outline

Implementation

Code adapted from P. Pacheco, Parallel Programming with MPI,
http://www.cs.usfca.edu/~peter/ppmpi/

1 void Setup_grid (GRID_INFO_T* grid)
> |

3 int old_rank;

4 int dimensions [2];

5 int wrap_around [2];

6 int coordinates[2];

7 int free_coords[2];

8

9

/* Set up Global Grid Information x/

10 MPI_Comm_size (MPILCOMMWORLD, &(grid—p));
1 MPI_Comm_rank (MPLCOMMWORLD, &old_rank);
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Fox's algorithm Example Implementation outline

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

/* We assume p is a perfect square x/
grid—>q = (int) sqrt((double) grid—p);
dimensions[0] = dimensions[1l] = grid—q;

/* We want a circular shift in second dimension. x/
/* Don't care about first */
wrap_around [0] = wrap_around [1] = 1;
MPI_Cart_create (MPLCOMMWORLD, 2, dimensions,
wrap_around, 1, &(grid—>comm));

MPI_Comm_rank (grid —>comm, &(grid—>my_rank));
MPI_Cart_coords(grid —>comm, grid—>my_rank, 2,
coordinates);

grid —>my_row = coordinates[0];
grid—>my_col = coordinates[1];
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Example Implementation outline

29
30
31
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39
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41

/* Set up row communicators x/

free_coords [0] = 0;

free_coords[1] = 1;

MPI_Cart_sub(grid —>comm, free_coords,
&(grid —>row_comm));

/* Set up column communicators x/

free_coords [0] = 1;

free_coords [1] = 0;

MPI_Cart_sub(grid —>comm, free_coords ,
&(grid—>col_.comm));
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Fox's algorithm Example Implementation outline

void Fox(int n,GRID_INFO_Tx grid,
LOCAL.MATRIX_Tx local_A ,
LOCAL_.MATRIX_Tx local_B,
LOCAL.MATRIX.Tx local_C)

LOCAL_MATRIX_T* temp_A;

int stage;
int bcast_root;
int n_bar; /% n/sqrt(p) x/
10 int source ;
11 int dest ;
12 MPI|_Status status;
13
14 n_bar = n/grid—q;
15 Set_to_zero(local_C);

Ned Nedialkov, McMaster University, 2012 13/15



Example Implementation outline

17
18
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/% Calculate addresses for circular shift of B x/
source = (grid—my_row + 1) % grid—>q;
dest = (grid—>my_row + grid—>q — 1) % grid—q;

/* Set aside storage for the broadcast block of A x/
temp_A = Local_matrix_allocate(n_bar);
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for

(stage = 0; stage < grid—>q; stage++) {
bcast_root = (grid —>my_row + stage) % grid—q;
if (bcast_root = grid—>my_col) {
MPI_Bcast(local_ A, 1, local_matrix_mpi-t,
bcast_root , grid —>row_comm);
Local_matrix_multiply (local_A, local_B ,local_C);
}
else {
MPI_Bcast (temp_A, 1, local_matrix_mpi-t,
bcast_root , grid —>row_comm);
Local_matrix_multiply (temp_A, local_B ,local_C);
}
MPI_Sendrecv_replace(local_.B, 1, local_matrix_mpi-t,
dest, 0, source, O,
grid —>col_comm , &status);
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