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Back to the problems

o
1. All MPI libraries provide the necessary interfaces © © ©,

but without re-numbering in nearly all MPI-libraries ® ® @

* You may substitute MPI_Cart_create()
by the software solution of Bill Gropp (see Bill Gropp, EuroMP1 2018)

2. The existing MPI-3.1 interfaces are not optimal

— for cluster of ccNUMA node hardware,

« We substitute MPI_Dims_create() + MPI_Cart_create()
by MPIX_Cart_weighted create(... MPIX_WEIGHTS_EQUAL ...)

— nor for application specific grid sizes
or direction-dependent bandwidth
* by MPIX_Cart_weighted_create( ... weights ....)

3. Caution: The application must be prepared for rank re-numbering

« All communication through the newly created
Cartesian communicator with re-numbered ranks!

* One must not load data based on MPI_COMM_WOLRD ranks!
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The new interfaces
0

Substitute for / enhancement to existing MPI-1
« MPI_Dims_create (size_of comm_old, ndims, dims[ndims] );
« MPI_Cart_create (comm_old, ndims, dims[ndims], periods, reorder, *comm_cart);

New:

« MPIX_Cart_weighted create (

[*IN*/ MPI_Comm comm_old,

[¥IN*/ int ndims,

[*IN*/ double dim_weights[ndims], /*or MPIX_WEIGHTS_EQUAL*/
[*IN*/ int periods[ndims],

[¥IN*/ MPI_Info info, /* for future use, currently MPI_INFO_NULL */
FINOUT?*/ int dims[ndims],

*OUT*  MPI_Comm *comm_cart);
— Arguments have same meaning as in MPI_Dims_create & MPI_Cart_create

— See next slide for meaning of dim_weights[ndims]
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The weights w;
0

hq

. h
-1+ Given: 1=
- d-dimensional Cartesian grid with a
total grid size of 6 = [[%4 g; elements o5 o
— The communication cost in each "2 7 \‘%
. . . . . . 0
dlrect_lon i =0, gl-l Is multiplied (o ho./ ™ @
 with a halo width h;, per grid point % le—>] i e
. . L— g1 0
« and a communication cost factor c;, 2 = left + right n
e > total communication costis 2g;g,hocy + 2g09-,h1¢c1 + 29991 hyC5
« The weight w; is defined as total cost for the communication in one direction:
B 2 h c,—.common factors, like 2G or absolute values of c;, are not relevant 4]—
. l
1+ With a domaln decomposition (i.e., factorization) to N = Hd n; nodes,
the total communication costs per node is — —
o 555 555 Primarily for the node decomposition
[ 2222 co + 22 2h1 o +22 1h202] = ld olﬁWL and secondarily on core level

nin,; ) NoNq
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old, ndims, dims );
reorder, *comm_cart );

-~ of _ comm__
( comm_old, ndims, dims, periods,

(size

MPI|_Cart_create

Substitute for / enhancement to existing MPI-1

MPI Dims create

e

A

T MPIX_Cart_ml_create_from_types(MPI_Comm comm_old,

L /*OUT* int dims[ndims], ‘MPI_Comm *comm_cart )~Same as above ﬁSame as above |
1

|

@.g., {

e.g., with MPI_COMM_TYPE_SHARED,
n : 25*25%24 = 15000 processes OM?_COMM_TYPEFNU';?A
i ithin OpenMPI, or for other
Further Interfaces on 625 ccNUMA nodes with wi enMPl,
2 CPUs/node and 12 cores/CPU MPIs splitting into half nodes:
MPIX_COMM_TYPE_HALFNODE

int ntype_levels, ,-int type_levels[ntype levels], e.0. 3 dimensions with a data_)

int ndims, / double dim_weights[ndims];~ grid with 1000 x 1100 x 950
int perlods[nduﬁs] MPI_Info info, elements = dim_weights[] =
FOUT*  int dims[ndims], MPI_Comm *comm_cart ); {1.0/1000, 1.0/1100, 1.0/950} )

Rank mapping is based on: [The Cartesian communicator reflects this result: 30 x 25 x 20 ]
- Node level:(625)% 5x 25 x 5

- CPUlevel:| 2= 2x 1 x 1 NG S

« Corelevel: | 121= 3x 1 x 4 MPI_Comm_rank (comm_cart, &my_rank );_

Result (product): I 30 x 25 x 20 \\ MPI_Cart_coords (comm_cart, my_rank, ndims, coords)

e.g., level_comms[0] is comm_old, level comms[1
MPIX_Cart_ml_create from _commes(int nlevels] and 2] are the result recursively called MPI_

MPI_Comm level _comms|nlevels], Comm_split_type with the type_levels from above.
int ndims, double dim_weights[ndims], int periods[ndims], MPI_Info info,

MPIX_Dims_weighted_créate ( int nnodes, int ndims, double dim_weights[ndims],
*ouT*  int dims[ndims] );!

MPIX_Dims_ml_create (ili]'[ nnodes, int ndims, double dim_weights[ndims], (uiiievel
int nlevels, int sizes[nlevels], /*OUT* int dims_ml[ndims][nlevels]

Topology aware MPI process grid mapping
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Further Interfaces

From previous slide]

);

Té?g = ™ MPIX_Dims_ml_create (int size_of comm_old, int ndims, double dim_weights[ndims],
6% ; int nlevels, int sizes[nlevels], /~OUT* int dims_ml[ndims][nlevels] );
T 4da
a €45 . . .
= c £ 24 MPIX_Cart_ml_create (MPI_Comm comm_old,” int ndims, int *periods,
£ gl gg int nlevels, int dims_ml[ndims][nlevels], MPI_Info info,
x £ S *OUT* int *dims, MPl_Comm *comm_cart );
g 8lg This interface requires that comm_old is ranked sequentially in the hardware
£ B| £ —
SN & /We proposed the algorithm in \
= 5C » Christoph Niethammer and Rolf Rabenseifner. 2018. Topology aware Cartesian grid
& T 2 mapping with MPI. EuroMPI 2018. https://eurompi2018.bsc.es/ )
5 gl S - Program - Poster Session - Abstract+Poster Here, yoq ge.t the
2 g - https://fs.hirs.de/projects/par/mpi/EuroMP12018-Cartesian/ new optimized
£ 0,0, > Allinfo + slides [[}]+ software | interface +
@ _I_
3SS «  http://www.hlrs.de/training/par-prog-ws/ implementation +
- Practical > MPIl.tar.gz > MPI/course/C/eurompil8/ documentation y

MPIX_Dims_weighted_create() is based on the ideas in:

« Jesper Larsson Tréaff and Felix Donatus Lubbe. 2015. Specification Guideline Violations
by MPI Dims Create. In Proceedings of the 22nd European MPI Users’ Group Meeting/

(EuroMPI ’15). ACM, New York, NY, USA, Article 19, 2 pages.
Topology aware MPI process grid mapping H l_ R S
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Remarks
(o
« The portable MPIX routines internally use

MPI_Comm_split_type(..., MPI_COMM_TYPE_SHARED, ...)
to split comm_old into ccNUMA nodes,
» plus (may be) additional splitting into NUMA domains.
» With using hyperthreads, it may be helpful
to apply sequential ranking to the hyperthreads,
— l.e., in MPI_COMM_WORLD, ranks 0+1 should be
» the first two hyperthreads
 of the first core
« of the first CPU
« of the first ccNUMA node

« Especially with weights w; based on 3 it is important

— that the data of the grid points is not read in based on (old) ranks in
MPI_COMM_WORLD,

— because the domain decomposition must be done based on
comm_cart and its dimensions and (new) ranks

% Topology aware MPI process grid mapping
s}
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Internal implementation plan

? « MPIX_Cart_weighted create(...)
— chooses available and useful types for splitting, e.g., {MPI_COMM_TYPE_SHARED,
OMPI_COMM_TYPE_NUMA or MPIX_COMM_TYPE_HALFNODE}
2 MPIX_Cart_ml_create_from_types(...) =,
« MPIX_Cart_ml_create from_types(...) <« =~ -
— loop over MPIX_Comm_split_type
- MPIX_Cart_ml_create from_comms(...) = N
« MPIX_Cart_ml_create_from_comms(...) « = — -
— must calculate level_sizes[nlevels] and wether they are equally sized within the same level
— if (equally-sized) then
- MPIX_Dims_ml_create(...) ~
« Appropriate renumbering bas&d on dims_ml and the level comms
* Calculation of dims[] & creation,of comm_cart > MPI_Cart_create(...) without reorder
— else, e.g., algorithm of Thorsten Hoefler
« MPIX_Cart_ml_create(...) = Usable only jor sequentially ranked comm_old
« Appropriate renumbering bitsed on dims_ml and the sequential comm_old
« Calculation of dims[] & creation of comm_cart > MPI_Cart_create(...) without reorder
« MPIX_Dims_ml_create(...) 4~ -
5 - MPIX_Dims_weighted_create(...) ~ on each level

/

-

MPIX_Dims_weighted_create(...) « =
— This is the important new base routine with a new fast brute force algorithm

\



Benchmark:
5 halo _irecv_send toggle 3dim_grid_solution.c

* Input per measurement, e.g.on 8 nodes x 2 CPUs x 12 cores: Example
— cart_method: 2
* 0O=end, 1=Dims_create+Cart_create,

« 2=Cart_weighted_create(MPIX_WEIGHTS_ EQUAL),
« 3=dito(weights), 4=dito manually, 5=Cart_ml_create(dims_ml)

— start grid sizes integer start values 0 0 = contiguous 1 2 4
— Using MPI_Type_vector, for each dimension a pair of blocklength&stride 00 00 00

— weights (double values) (only with cart_method==4) 1.00 0.50 0.25

— number of hardware levels (only with cart_method==5) - 3
dims_ml: for each of the 3 Cartesian dimensions a list of 3 dimensions from
outer to inner hardware level, e.g., 8 nodes x 2 CPUs x 12 cores are split into
1x2x4 nodes x 2x1x1 CPUs x 2x3x2 cores

« dims_ml[d=0] = 1 2 2
« dims_ml[d=1] = 2 1 3
« dims_ml[d=2] = 4 1 2

* Input can be concatenated to one line per experiment: Start a 16-node batch-job )
= 1 124 000000 =4 124000000 4.2.1. with your own input file:
= 2 124 000000 = 5124000000 3122 213 412| Reportyour acceleration
= 3 124000000 = 32222561024 43200 factors to the course

Topology aware MPI process grid mapping® 0 group /
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Additional Remarks

o)
« Caution with stdout and stdin when switching 1/0O from process
world _rank==0 to cart_rank==0:
— Before establishing the new comm_ cart,
all I/0 on stdout/stdin is done by world_rank==0 (in MPI_COMM_WORLD)
— After establishing the new comm_ cart,
all 1/0 on stdout/stdin is done by cart_rank==0 (in comm__cart)
— In between, we recommended (although it is not guaranteed that
an output on comm_cart may overtake an output on MPI_COMM_WORLD):
«  MPI_Barrier(MPI_COMM_WORLD);
» sleep(1); // costs nearly nothing, e.g., 30 Mio € TCOlyear / (365 days/year * 24 hours/day * 3600 sec/hour) * 1 sec = 1€
+ MPI_Barrier(comm_cart);
» The following slide shows the win through the re-ranking by the new
routines:
— Less % is better — the communication time reduction factors are:
- 1112 SHE
. 175 E@&’g
. 275 i’gg&i
+ 4550 i@’? —
> Topol MPI id i
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Halosize/process

ol o0\Y/ I=8, Depend on
chosen dims

MPI_Dims_create +
MPI1_Cart_create

MPIX_ Cart_weighted _
create(MPIX_WEIGHTS_EQUAL)

MPIX_ Cart_weighted _
create(...weights...)

Base | Nodes x Communicat. | dims_mi[d=0]  Communication | dims_ml[d=0] Communicat. | dims_mli[d=0]
grid CPUs x time [ms] dims_mi[d=1] time [ms] | dims_mi[d=1] time [ms] | dims_mi[d=1]
sizes cores dims_ml[d=2] dims_ml[d=2] dims_ml[d=2]
2 () ®eaz| 8a5es [33:x] [ 52606 02X
sz = baseline_J4=1x1x4 =62% 4=2x1x2 A=2x1x2
[Used rocess dm Internally
16=16 x 1 x 1| applied 16=4x2x2 16=4x2x2
Base 64x2x12 194.856 o, i1y 3| dmen |79:790 15 ,i1x3 12=4x1x 3
factors, = baseline 8= 1x2x4 sionhs on |[=38% g=4x1x2 8=4x1x2
not eac
absolute | 512x2x12 |  247.631 32752%7 X7 hardware |85 530 527 6 X 2XZ g raxe
= baseline 16= 1x2x8 T =35% 16=8x1x2 16=8x1x2
s 8x2x12| 172850 (ZDX0X2 63.796 2= 0X %3 6ox1x3
X : = = =
x 4 = baseline 4=1x1x4 =37% 4=2x1x 8=4x1x2
By default, 16=16x1x1 16=4x2x2 8=2x2x2
communica- 64x2x12 /360364 12= 4x1x3 91.524 12=4x1x3 12=4x1x3
tion time = baseline 8= 1x2x4 =25% g8=4x1x2 16=8x 1 x 2
strongly
32=32x1x1 32=8x2x2 16= 4x2x2
d d
cuboids 457.858 S ixls 125468 2 o i3 24= 8x1x3
\ direction = baseline 16= 1x2x8 =27% 16=8x1x2 i@k 32=16x1x2
4 8=8x1x1 8=2x2x2 d 16=4x2x2
% 2 Bx2x12 A 40'?_50 6=1x2X3 5’24‘;20/1 6= 2 x 1 x 3( Optimized 3?'770? 6=2x1x3
x 1 =\Yaseline 4=1x1x4 = 0 4=2x1Xx2| communi- —%%2:1xlx2
S\ cation
On 64x2x12 78.503 16=16x1x1 100.203 16=4x2x2| WA |69 go2 32=8x2x2
Cray XC40 _ - 12= 4x1x3 iy o L2=4x1x3 D%arly i o,  12=4x1x3
Hazel hen = baseline 8= 1x2x4 =128% g=4x1x2 'C;‘er?tp;”' = =2x1x2
at HLRS 32=32x1x1 32=8 x 2 x 2| cubid’s 64=16Xx2 Xx 2
Stutigart, |2 L2X2x12 103.002 5078 15 93.189 S ¢ X1 x 3\ form 85.044 e X3
(Jan 2019 ) = baseline 16= 1x2x8 =90% 16=8x1x2 |  =83%a.8= 4x1x2




As Exercise: To do (1)
0

« cp ~/MPIl/course/C/Ch9/MPIX_*/* .

— You get the benchmark skeleton halo _irecv_send_toggle 3dim_grid_skel.c

— And all MPIX_*.c files and the header MPIX_interface_proposal.h
« mpicc —o halo_skel.exe halo_irecv_send toggle 3dim _grid _skel.c MPIX *.c
» First test with non-optimized cart_method==1, i.e.,, MPI_Dims_create + MPICart_create

— Choose your batch job: halo_skel [LRZ|VSC|HLRS].sh which contains
« Number of nodes and cores/node

 and, e.qg.,
mpirun —np 192 ./halo_skel.exe < input-skel.txt

1 222 000000
] 1 124 000000
— Start your batchjob 0
— Try to understand the output:
* It contains two experiments: a grid with cubic @ and one with|non-cubic & ratio

* The number of MPI processes, e.g. 192, is factorized
- domain decompaosition into, e.g., 8 x 6 X 4 processes '<L

« The measurements are done for 10 global gridsizes

« The domain decomposition implies the local gridsizes

+ The local gridsizes imply the size of the halos in each direction
+ > the sum of the time for the communication into the 3 dimensigns x 2 directions (left+right)

See
next slide

-

> Topology aware MPI process grid mapping
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192 processes:

~
Input for
MPI Dims_create ()

Exercise: To do (2)

o

cart method =1
start grid sizes integer start values £

22 2
the 3 dimensions =1 0

dimensions

blocklength & sgtride pairs for each

Creating the Cartesian communicat and further input ar

These base values (per process) are

nultiplied with 3/#processes and then

Witle

1248, ...512

e.g., 2-3Y192-512 = 5912
(rounded to a multiple the dimension)

cart method == 1:|MPI Dims create|+ MPI_Cart create enfm -
[MPI Barrier,and itg g to QEQEQE_yLa—sthGt—%Hfguq
ndims=3 dims 8 6 4 -—-
message size transfertime duplex bandwidth per rdég;;_;:;-zzaﬁhbor (grid&halo in #floats)
gridsizes total= ) ’ier processg (halosizes= h
128 bytes 34.537 usec 3.706 MB/ 16 12 12 2 2 3 le= 6 + 6 + 4
432 bytes 39.840 usec 10.843 MB/ 24 24 24 3 4 6 54= 24 + 18 + 12
1728 bytes 41.122 usec 42.021 MB/ 48 48 48 6 8 12 216= 96 + 72+ 48
6688 bytes 23.961 us 3 96 96 92 12 16 23 836= 368 + 276 + 192
25576 bytes 93.703 us First value for 184 186 184 23 31 46 3197= 1426 + 1058 + 713
104408 bytes 271.721 usqOUr table 376 372 372 47 62 93 13051= 5766 + 4371 + 2914
411192 bytes 1033.001 use 056 MB/ 744 738 740 93 123 185 51399= 22755+17205 + 11439
1636392 bytes 4398.680 us 72.019 MB/ 1480 1476 1476 185 246 369 204549= 90774+68265 + 45510
6561336 bytes _18173.518 c 361.038 MB/ 2960 2958 2956 370 493 739 820167=364327+273430+182410
26194104 bytes |76132.216fusec 344.061 MB/ 5910 5908 || 739 985 1477||3274263=1454845+1091503+727915
‘V\-.._ - J \. \ U J
cart method = 1 {* 2 directions*4byte }-mmmcemm=====-~- -
start grid sizes integer start values for 3 dimensions|= 1 2 4 multiply for 2-d halo array size]
blocklength & sgtride pairs for each of the 3 dimensions = O O 00 00

cart method

== 1.

ndims=3 dim

8 6 4

message si

160 byty

34936960

Same values, because

MPI_Dims_create() factorizes
the #processes independent

from the user’s gridsizes.

Transfertime
14.720 usec

AS

156869.278] usec 2

MPI Dims_create + MPI_Cart_create

duplex bandwidth per process _and neighbor

10.870 MB/s 8 12 24

(gridshalo in #floats)
20= 12 + 6 +

2

Second value for
our table




Exercise: To do (3) |

Nodes
CPUs

o Given from
 Fill in the table [MPI_Dims_Create&J

cores

J
d=0: 8=8x1x1 )
Defined in Execution time of d=1l: 6=1x2x3

Total 192 =8 x 2 x12
knowledge ) \ measurements ~

\ Given by batchjob

Please, calculated by hand:
Fill in maximal factors.
Factorize first the cores

and start with d=2.

MPI_COMM_WORLD)

Then the CPUs & then the nodes.

batch job largest grid and d=2: 4=1x1x4 _ )
+ hardware | | halo size of both (All based on sequential ranking of

~

)

MPIX_ Cart_weighted _

create(...weights...)

dims_ml[d--0] Communication | dims_ml[d=0] Communicat. | dims_ml[d=0]
dims_ml[ci=1] time [ms] dims_ml[d=1] time [ms] dims_ml[d=1]

Halosi\e/process MPI_Dims_create 4 \/li and hardware _
MPI_Cart_creafle  create(MPIX_WEIGHTS_EQUAL)
dims_mlld=2] dims_ml[d=2]
2 X_ X S _X_X_
- T ‘ - = _X_X_
x)2(2 =\baseline | ="x"x_
];( 2 Same as : Same as
X 4 above = baseline above

Topology aware MPI process grid mapping
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Exercise: To do (4)

 cp halo_irecv_send _toggle 3dim _grid _skel.c halo_optim.c
« Edit halo_optim.c
— On lines 160, 165, 171, and 184, substitute the /* TODO: ... */ by correct code

153 if (cart_method == 1) {

154  if (my_world_rank==0) printf("cart_method == 1: MPI_Dims_create + MPI_Cart_create\n");

155 MPI_Dims_create(size, ndims, dims);

156  MPI_Cart_create(MPI_COMM_WORLD, ndims, dims, periods, 0, &comm_cart);

157 } elseif (cart_method == 2) {

158 if (my_world_rank==0) printf("cart_method == 2: MPIX_Cart_weighted_create( MPIX_WEIGHTS_ EQUAL )\n");

160 /* TODO: Appropriate call to MPIX_Cart_weighted_create(...) with MPIX_WEIGHTS_EQUAL
161 instead of calling MPI_Dims_create() and MPI_Cart_create() as in method 1 */

163 } else if (cart_method == 3) {

165 /*TODO: Appropriate calculation of weights[ ] based on gridsize_avg_per_proc_startval[ ] */

167  if (my_world_rank==0) { printf("cart_method == 3. MPIX_Cart_weighted_create( weights := TODO N\n");
168 printf("weights="); for (d=0; d<ndims; d++) printf(" %lIf",weights[d]); printf("\n™);

169 }

171  /* TODO: Appropriate call to MPIX_Cart_weighted_create(...) with weights

172 instead of MPIX_WEIGHTS_EQUAL as in method 2 */

174 } else if (cart_method == 4) {

175  for (d=0; d<ndims; d++) weights[d] = 4.0 / gridsize_avg_per_proc_startval[d];

176  if (my_world_rank==0) { printf("cart_method == 4. MPIX_Cart_weighted_create( manual weights )\n");
177 printf("weights (double values) for %d dimensions (e.g., ", ndims);

178 for (d=0; d<ndims; d++) printf(" %lf",weights[d]); printf(") ?\n");

179 for (d=0; d<ndims; d++) scanf("%lf",&weights[d]);

180 printf("weights="); for (d=0; d<ndims; d++) printf(" %lIf",weights[d]); printf("\n");

181 }

182  MPI_Bcast(weights, ndims, MPI_DOUBLE, 0, MPI_COMM_WORLD);

184  /* TODO: Appropriate call to MPIX_Cart_weighted_create(...)
185 same as in method 3, but without the calculation of the weights */

187 }else{...




Exercise: To do (5) |

o

* mpicc —o halo_optim.exe halo_optim.c MPIX *.c
» Check: diff halo_optim.c halo_irecv_send_toggle 3dim_grid_solution.c | Block |ength+J

* Now, use all three cart_method==1, 2, 3

/Note, that the opti-
mization changes
the dims-array >
modified halo sizes!

Although halos may
be larger, the
optimized

communication time

stride for each
|Base gridsizc/ei] dimension

Qhould be shorter!/

— Choose your batch job: |Cart_method .<T 222 000000
 halo_optim_[LRZ|VSC|HLRS].sh which contains: 2 222 000000
: : : _ 1 124 000000
* mpirun =np 192 ./halo_optim.exe < input-optim.txt 2 124 000000
— Start your batchjob - output file output_optim.txt 34%;2—40']00 0000
™~ i 2 I IR 0=10=en
—Fill in the table 2 W
/7 7
7 s 1 1 v\
s 1o V
/’ / 1 1 v
/ '1/ ! ! \\ \\
cart_method==1 i cart_method==2| \ cart_method==
Pl D eate = e|gntec = 0 eightea

» a a a a a a
P QUA o, el0

O A 0
“Reported by
MPI1_Cart_weighted
L = v % ) // Qreate()

X =4 X_X_ = _X_X_ v -
— _—.,_,f_x_x_ _—OL"_:_x_x_ PN ~~_ Same as with
= baseline —7'="x"x_ = Y0, | _="x_x_[,'|\ MPIX WEIGHTS_EQUAL
)7 of baseling; \_ Ja | So
~
4 " = x_x_) “ = X _X_
— —_ Same as — | = X_X_ — | = x_Xx_
= baseline above = % | ="x_x_ = % | ="x"x_
of baseline \_ J of baseline




Exercise: Results — HLRS, Stuttgart, hazelhen
MPIX_ Cart_weighted _

Halosize/process MPI_Dims_create + MPIX_ Cart_weighted _

~=26 MB MPI_Cart_create create(MPIX_WEIGHTS_EQUAL) create(...weights...)
Base | Nodes x Communicat. | dims_ml[d=0]  Communication | dims_ml[d=0] Communicat. | dims_mi[d=0]
gnd CPUs x time [mS] d?ms_ml[dzl] time [ms] dims_ml[d:l] time [ms] dims_ml[d:l]
sizes cores dims_ml[d=2] dims_ml[d=2] dims_ml[d=2]
2 2x 12 8=8x1x1 8=2x2x2 _
> 8 X 2 X ) 78.748 ST 53 e 5_0.9701 6=2x1x3 Same as with
X 2 = baseline 4=1x1x4 = 65_A) 4=2X1x2 MPIX_WEIGHTS_EQUAL
of baseline
1 2% 12 8=2x2x2 4=1x2x%x2
X 2 8 X 2X 168.8.91 Same as 64.691 FON bt 38.406 s
X 4 = baseline above =38% 4=2x1x 23% 8=4x1x2
of baseline of baseline

Exercise: Results — LRZ, Garching, ivyMUC

Halosize/process

~=26 MB MPI_Cart_create create(MPIX_WEIGHTS_EQUAL) create(...weights...)
Base | Nodes X Communicat. | dims_mi[d=0]  Communication | dims_ml[d=0] Communicat. | dims_mli[d=0]
grid CPUs x time [ms] dims_mi[d=1] time [ms] | dims_mi[d=1] time [ms] | dims_mi[d=1]
sizes cores dims_ml[d=2] dims_ml[d=2] dims_ml[d=2]
2 12 x 2 8=6x13x1 6=3x1x2 _
» X2x8 34.814 C- 0 1Eyod 26.675 o0 o5 Same as with
X 2 = baseline 4=1x1 x4 i@k =77% 4=2x1x2 MPIX_WEIGHTS_EQUAL
of baseline - -
1 12x2x8 6=3x1x2 4=1x2x2
X 2 XeX 54'344 Same as 55.665 8=2x2x2 ZZUEE 6=3x1x2
X 4 = baseline above =66% 4=2x1x2 =42% g8=4x1x2
of baseline of baseline

MPI_Dims_create +

MPIX_ Cart_weighted _

MPIX_ Cart_weighted _



Exercise: Results —VSC, Vienna, __ (notyetdone)

MPIX_ Cart_weighted _
Create(Mplx_WElc-;HTs_EQUAL)

Halosize/process
~= 26 MB

| Nodes x

MPI_Dims_create +
MPI_Cart_create

MPIX_ Cart_weighted _
create(...weights...)

Ba_lse Communicat. | dims_mi[d=0] Communication | dims_ml[d=0] Communicat. | dims_ml[d=0]
gnd CPUs x time [mS] d?ms_ml[dzl] time [ms] dims_ml[d:l] time [ms] dims_ml[d:l]
sizes cores dims_ml[d=2] dims_ml[d=2] dims_ml[d=2]
2 2 12x2x8 g=613xi.gx% — Tk Same as with
S — =1x15x —— = X_X_
X X 2 = baseline 4=1x1x4 - — I'% = X_X_ MPIX_WEIGHTS_ EQUAL
OT paseline
1 12x2x8 S T _X_X_ = X_X_
—_— —— = X_X_ —— = X_X_
X)2(4 = baseline above = % =" x_x_ = % = x_x_
of baseline of baseline

Exercise: Your result:

Halosize/process MPI_Dims_create + MPIX_Cart_weighted_  MPIX_Cart_weighted __

~=26 MB MPI_Cart_create create(MPIX_WEIGHTS_EQUAL) create(...weights...)
Base | Nodes X Communicat. | dims_mi[d=0]  Communication | dims_ml[d=0] Communicat. | dims_mli[d=0]
grid CPUs x time [ms] dims_mi[d=1] time [ms] | dims_mi[d=1] time [ms] | dims_mi[d=1]
sizes cores dims_ml[d=2] dims_ml[d=2] dims_ml[d=2]
2 X X = X _X_ = X_X_ )
X 2 - TN = X_X_ T o, — T oX_Xx_ Same as with
X 2 = baseline —="x"x_ = %N = x_x_ MPIX_WEIGHTS_EQUAL
of baseline
1 X X = X_X_ = X _X_
X 2 - —— Sameas —| = — = x_x_
X 4 = baseline above = % — =" x_x_ = % = x_x_
of baseline of baseline




Further references
0

Another approach using the existing MPI_Cart_create() interface:

« W. D. Gropp, Using Node [and Socket] Information to Implement MPI
Cartesian Topologies, Parallel Computing, 2019, and in: Proceedings of the
25th European MPI User' Group Meeting, EuroMPI'18, ACM, New York, NY,

USA, 2018, pp. 18:1-18:9. doi:10.1145/3236367.3236377.
Slides: http://wagropp.cs.illinois.edu/bib/talks/tdata/2018/nodecart-final.pdf

And for unstructured grids:

T. Hoefler and M. Snir. 2011. Generic Topology Mapping Strategies for Large-
scale Parallel Architectures. In Proceedings of the 2011 ACM International
Conference on Supercomputing (ICS’11). ACM, 75-85.

Topology aware MPI process grid mapping
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http://wgropp.cs.illinois.edu/bib/talks/tdata/2018/nodecart-final.pdf

Appendix

o)
 Method used in MPIX_Cart_ml_create(...)
(only for sequentially ranked comm_old)
> Topol MPI id ping
v Sﬁgg ggv SR PR q”Ni(raT']d?gmmer, Rabenseifner H L R S
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Implementation hints (2D & 3D) 2-D example with 12*18 processes
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E . . on following (skipped) slide on hierarchical hardware
| Cartesian Grids — 2dim = with 9 nodes x 4 CPUs x 6 cores
o .
Y Renumbering on a cluster of SMPs (cores / CPUs / nodes)
@ iml=inn *mi * = 3*2*3 = direction 1
o |d er d1*mid d1*outer d1=3*2*3=18 | il , _ _
S 0 I 1 2 ocl = outer coordinate in 0..(outer_d1-1)
= 0 1 l 0 1 l 0 1 mc1= middle coordinate in 0..(mid_d1-1)
o ! 0,1,2,0,1,2,0,1,2,0,1,2,0,1,2,0,1, 2,icl =innercoordinate in0..(inner_d1-1)
o 0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 cl =process coordinate
. 1 12 6 7 8 4 125 126 [30 131 132 M8 | 54 1 | Outer = several ccNUMA nodes
20212212324 251262728129 2102114212513 214]>152>16,217) | . _
4 3 14 |5 9 |10 |11 7 '28 |29 33 |34 |35 | | : : Middle = CPUs of a ccNUMA node
918919 >20|>21,>22,>23>24,>25,>26|>27,>28,>29§>30,231,>32|>33,>34,2>39 |Inner = cores of a CPU
o [12 113 114 [18 119 20 |6 137 138 [42 143 144 fe0 | | 66 |
_936?_32'?_3539_ 2.2 R 22 .2 2 2 2 2 2 A c Le.
o L5 016 17 |1 a2 237 |e a0 a1 as s a7 i P Number of communication links:
254> > > > > oo 2 2 P 2 2 D 2 2 1 Without e e e e
< 72073 74 fr8 7 e 102! ! 120! ! 126 ! !
(274 oo fo . I B IR I R Bl L o e e EEEEE,
o 175 176 177 i i L i L bering: N I ——
— — — — — ————] 150 outer [t
@84' : 90: : 108: : 114: : 132: : 138 1 : z,d LU B B S e e e L L LI
?‘198‘"1‘" pinh it ainiel Gl Tl aiaielk Al el e Il aiel ikl il kil Rty 72 mi S ——
~ s - - - . 1| 180 inner e e
144, 1580 . 168 . X 174 | X 192 | X 198 | X
@© |>144 OId ranks in MPI _COMM WOLRD The ranks must be o R N R I
1471~ sequential in the hardware, i.e., first through the CPUs, then S Withnewl L2 L4 1o~
@ |12/ through the ccNUMA nodes, and then through the cluster L ranks: R N ENEEn s
o f1567 ] |162: : |180: : |186: : |204: : 210 | | I e L e e
i e : — : | L 60 outer p i Fri NI
- '1;5'9*, New ranks in optimized communlcator.\('?""":r";,z-lg- 90 mid FraF et i
128\ > New global communicator with - ZEl IS porn wow wuw Y pa pwn
. . 11 1 1 1 1 1 1 1 1 1 1
minimal node-to-node & 2-D example with L I I P I L
) _ . 12*18 processes on Tafrif-rrq--rfa-rfan
optimal intra-node communication hierarchical hardware p—
Topology aware MPI process grid mapping
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Order of the new ranks: last coordinate is running contiguously
—> Perfect basis for MPI_Cart_create() with reorder==0 / .FALSE
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2-D example with 6*4 processes
on hierarchical hardware

o &, | Small 2-dim example — With 3 nodes x 2 CPUs x 4 cores
T E T o .
Ses Eﬂ Renumbering on a cluster of SMPs (cores / CPUs / nodes) I
5 ©O
§ § § ) |dim1 =inner d1 *mid d1 * outer d1 = 2*1*3 = 6| direction 1
o) E E § I 0 1 2 ocl = outer coordinate in O..(outer_d1-1), i.e., numbering the nodes
3 EE s 0 0 0 mcl = middle coordinate in 0..(mid_d1-1), i.e., numbering the CPUs
é', é'; iy 0+ 1 [ 0O+ 1 1 0 '\ 1 | icl =inner coordinate in 0..(inner_d1-1), i.e., numbering the cores
3 E .3 3 0 1 2 3 4 5 cl = process coordinate
0 1 g i 9 |16 117 :
oo . . . 3 * Six nested loops over
< o--- 9091 9293 9495 2=15 oc0, mc0, ic0, ocl, mcl, icl
0 2 s 10 '117 lis '19 - idim = inner_dO * inner_d1
j{\n o 26,27 28 29| 210 ~>11 51 mdim = mid_dO0*mid_d1
N — - 1 1
! ! ! * old_rank =
! 4 ) 12 13 20 121 o -
2 °Y| 512 >13] 514 15| >16 >17| 87 f%rr:clilrlerrﬁgllzigmco)*i ol g%
| B] - et i-----fF-----r----- _ —
< L6 i 14 115 22 123 + (ocl + outer_d1*ocO)*mdim*idim
B 18 ~>19 9205 ~>21 9225 >23) 123 |. cO=icO+inner_d0*(mc0O+mid_d0*oc0)
o - 4 44 4 5 cl=icl+inner_d1*(mcl+mid_dl*ocl)
5 2=36 40 8 ° o6 new_rank = c1 + dim1*cO
S Old ranl'<sI in I\élPIh_CS)MM_\_NOLfRD. hThe rr?nrl](s EngLth beh -
% sequentla In the hardware, I.e., first t roug the s, then o —
through the ccNUMA nodes, and then trough the cluster gnks(ne\év—ranklzﬂgflg—rank_ ( ks)
re-numbering: __Group_incl(ranks
New ranks in optimized communicator. ] ->MPI_Comm_create()
[Sums of the ranks in each direction « Details in 2D & 3D = next slides

e

Topology aware MPI process grid mapping
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[

Number of communication links with sequential ranks and - new ranks:
14 - 8 outer (btw. nodes), 8 2 6 mid (btw. CPUs), 16 = 24 inner (btw. cores)

]



login_all.ppt#1. Login from PC
login_all.ppt#1. Login from PC

Cartesian Grids — 3dim -
Re-numbering on a cluster of SMPs (cores / CPUs / nodes)

a Product = number of cores/CPU number of CPUs/node number of nodes Useful and correct
* . % . = . : = = . . .

®) inner dl=.; mid dl=.; outer_dil=.; sub-grid in each core is
= inner d2=..; mid d2=.; outer d2=..; . .

| _ . - as cubic as possible
> dimO=inner dO*mid dO*outer dO;
= diml=inner dl*mid dl*outer dl; dimZ2=inner d2*mid d2*outer dZ2;
8 idim=inner dO*inner dl*inner d2;

| mdim=mid dO*mid dl*mid d2; odim=outer dO*outer dl*outer d2;

whole size=dimO*diml*dim2 /* or =idim*mdim*odim */;

ranks= malloc (whole size*sizeof (int));
for (oc0=0; ocO<outer dO0; ocO++) /*any sequence of the nested loops works*/

for (mc0=0; mcO<mid dO; mcO++) : . :
for (ic0=0; icO<inner d0; icO++) All renumbering is implemented with
fgr ‘?leog Ocligutgraﬁl; Ocliii) MPI_Comm_split in the provided software,
or mcl=U, mcC mi H mc .
for (icl=0; icl<inner dl; icl++) see MPI-3.1, Sec. 7.5.8, page 313, Imes_ ?-13.
for (oc2=0; oc2<outer d2; oc2++) In MPIX_Cart_ml_create.c, an additional
for (mc2=0; mc2<mid d2; mc2++) N ] R R
for (ic2=0; ico<inder d2; ic2+4+) test-version uses this algorithm here.
{ old_rank = (ic2 + inner d2*(icl + inner dl*icO0))

+ (mc2 + mid d2* (mcl + mid dl*mc0))*idim
+ (oc2 + outer d2* (ocl + outer dl*ocO))*idim*mdim;

This algorithm requires sequential ranking in MPI

c0 = ic0 + inner dO0*mcO + inner dO0*mid d0*ocO;
cl = icl + inner dl*mcl + inner dl*mid dl*ocl;
c2 = ic2 + inner d2*mc2 + inner d2*mid d2*oc2;
new rank = c2 + dim2*(cl + diml*cO);
| ranfs[new_rank] = old_ rank;
MPI Comm group (MPI COMM WORLD, &world group) ;
MPI_ Group_incl (world group, world size, ranks, &new group); free(ranks);
MPI Comm create (MPI COMM WORLD, new group, &new comm) ; o =
dims[0] = dim0; dimsS[1] = diml; dims([2] = dim2;" /* final output */ |
MPI Cart create(new_comm, 3, dims, periods, 0 /*=false*/, &comm cart); —4
3 Topology aware MPI process grid mapping
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/ [ For an alternative with MPlI_Comm_split, see MPI-3.1, Sec. 7.5.8, page 313, lines 7-13. ]




