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H cuvaptnon opadomnoinonc MPI_Pack
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Napaywpevol tunol dsdopévwv (MPI Derived
Data Types)



* M€ TIC CUVAPTNOELC TTOU £XOUE HEL WC TWPAQ,
LTTOPOUUE VO OUOLOOTIOL|OOUE O EvVa AVU AL
novo rtoA\amAa dedopeva biou TUTOU, TL.X.
TOAAOUC OLKEPALLOUC OE EvaV TIVAKOL OLKEPOLLWV
TTOU UITOPOUE VOL TOV OTELAOUE OTN CUVEXELA UE
£VOL LOVO MAVUMQ, K.O.K.

* AvtiBeta, 6ev umopoU e vol opadOTOL)COUE KoL
va OTELAOUE HE Eva HOVO VU TTOAAOTTAGL
dedopeva SLadopeTIKWY METAEL TOUC TUTIWV N
dedopeva ta omoia Oev €lval CUVEXOUEVA OTN
MvAUN.
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* Xpnion NoAAarmAwv Mnvupatwyv
* Avtiypadn dedopévwv o Buffer

* Xpnon twv cuvaptnoswv MPI_Pack &
MPI_Unpack



Xpnon MNoAAanAwv Mnvupatwyv
Napadsiypa:
— We have a large matrix stored in a two-dimensional array and
you wish to send a rectangular submatrix to another processor.

— Since arrays are stored with the elements of rows contiguous
in memory, you would send N messages containing the M
elements in a row of the submatrix. If the array is declared to
be X x Y and you are sending the N by M portion whose upper
left corner is at position (k,l), this might look like

for (i=0; i<n; ++i) {
MPI_Send(&a[k+i][l], m, MPI_DOUBLE, dest, tag,
MPI_COMM_WORLD);

}



Xpnon NoAAanAwv Mnvupdtwy

Y=M+l

X=N+k
Submatrix

/ to be sent




Xpnon MNoAAanAwv Mnvupatwyv

* The values of N, M, K, or L can be sent in a separate message.
Advantage:

Simlpicity.
Disadvantage:

Overhead. A fixed overhead is associated with the sending and
receiving of a message, whatever long or short it is. If you
replace one long message with multiple short messages, you
slow down your program by greatly increasing your overhead.

* This technique may be used if you are working in a portion of your
program that will be executed infrequently and the number of

additional messages is small, the total amount of added overhead
may be small enough to ignore.



Avtiypadn dsdbopevwy oe Buffer

* Copy the data into a contiguous buffer. For example,
p = &buffer; 20-array > 1darray
for (i=0; i<n; ++i) {
for(j=0; j<m; ++j) {
*(p++) = alilljl;
}

}
MPI_Send(p, n*m, MPI_DOUBLE, dest, tag, MPI_COMM_WORLD)

» This approach eliminates the excessive messages of the
previous approach, at the cost of extra memory for the buffer
and extra CPU time to perform the copy into the buffer.

» The obvious limitation of this approach is that it still handles
only one type of data at a time.




Xpnon twv cuvaptnoewv MPIl_Pack &

MPI_Unpack

MP]_PACK :

Used to combine heterogeneous or discontiguous data into a
contiguous buffer on a piecemeal basis.

 The MPI_PACK routine allows you to fill a buffer "the right way".
You call MPI_PACK with arguments that describe the buffer you
are filling and with most of the arguments you would have
provided to MPI_SEND in our simplest approach.

 MPI_PACK copies your data into the buffer. After all the data
you want to send have been placed in the buffer by MPI_PACK,
you can send the buffer (giving its type as MPI_PACKED).



H cuvaptnon opadonoinongc MPI Pack

* MoapExel Tn Suvatotnta anoctoAng kot AnYne
SESOUEVWV N CUVEXOHEVWV N SLaPOPETIKWV
TUTWV TOL OTtoi0L OMOLOOTTOLEL KOl TOL TOTTOOETEL O€
ouuntuypéva (packed) unvoparta.

* MEg TOV UNXOVIGHO OUTO MITOPOUME VA OTELAOUE
TOV TUTOo TwV d£dopnEvwy, akoAouBoU eV Ao ta
oLa ta dedopéva.

* O tUmnoc¢ 6sdopEvVwV KaBwWCE Kat To L6Lo To MAVUAL
Bpiokovtal otnv idta evélapeon Hvipn Kata thv
OLTTOGTOAN TOUC Kol aurtoOnkKkevovtat otnv dla

gvOLAEDN VAN HeTA TtTn AnYn Touc.



H cuvaptnon opadomoinonc MPI_Pack

Xpnon tnc MPI_Pack oto nponyouUuevo nopddetypa tou
UTTOTTiVaLKOL

count = 0

for (i=0; i<n; ++1i) {
MPI Pack(&a[k+i][l], m, MPI DOUBLE,
buffer, bufsize, &count, MPI COMM WORLD) ;

}

MPI Send(buffer, count, MPI PACKED, dest,
tag, MPI COMM WORLD) ;

COUNT is initially set to zero to indicate you are starting the
construction of a new message and have an empty buffer.

The successive calls to MPI_PACK update COUNT to reflect
the data that have been added to the buffer. The final value
of COUNT is then used in the call to MPI_SEND as the
amount of data to send.



H cuvaptnon opadonoinong MPI_Pack

int MPI_Pack (void *inbuf, int incount, MPI_Datatype datatype, void

*outbuf, int outsize, int *position, MPI_Comm comm)

inbuf:  EVOLAMEON MVALLN TTOU TTEPLEXEL TO OLPXLKO HAVUOL.
incount: ApLOUOC OTOLXELWV TTOU TTEPLEXOVTOL OTNV EVOLAMESN UVALN
(6nAadn To néEyeBoC Tou apXtkoU pnvUpaToc).

datatype: O tUmo¢ Twv 6£60UEVWV IOV ITEPLEXOVTOL OTNV EVOLAMEDN
HVAHN.

outbuf: Evdidpeon pvApn onov Ba armoOnkevOEel To TEALKO HRVL L.

outsize: Méeyebo¢ tng evéLapneong UVANG TOU TEALKOU punvopotoc.

position: H tpéxovoa B€on otnv evdiapeon pviun, o€ bytes.

comm: O communicator yLot T0 GUUITTUYUEVO VUL



H cuvaptnon opadomoinong MPI Pack

H cuvaptnon cupntUooEL TO MAVUOL TTOU KaBopilletat oo Tig
TIHEG TwV inbuf, incount otnv evélapeon pvipn mov kaBopileton
oo ti¢ outbuf ko outsize. H inbuf pmopei va €xeL omotodénnote
tuno dgdopévwy enttpenel n MPI_Send. H outbuf eivat
EVOLALEDN MVALN TIOU KOTEXEL GUVEXOMEVEC HLEVOUVOELC KOl
EXEL LEyeBoG outsize bytes, apyilovtag ano tn dievbuvon
outbuf.

H position d&ixvel otnv mpwtn O€on tov outbuf ano tnv onoia
Oa apyxioel n anoBnkevon TwWv CUMTTUYUEVWYVY dedopevwy. H
T TNG avéaveL 000 gival To HEYEOOC TOU GUUMTTUYHEVOU
HNVUMOATOG £TOL WOTE, VA MITOPEL va XPNOLUOTIOLNOEL KoL o€
eNMOMEVEC KANoeLc tTng MPI_Pack.

TO CUMTTTUYHEVO HAVUMA HETOOLOETAL LE L ouVNOLoUEVN
ouvaptnon anooctoAnc pnvopatog (r.x. MPI1_Send).



H cuvaptnon amno-opodomnoinong
MPI_Unpack

int MPI_Unpack (void *inbuf, int insize, int *position, void *outbuf,
int outcount, MPI_Datatype datatype, MPI_Comm comm)

* inbuf: H 81evBuvon apxn¢ Tng EVOLANEONC LVANG TTOV
TLEPLEXEL TO CUMTILEOMEVO MAVUMAL.

* insize: To péEyedoc tng evdildpeonc pviung o bytes.

e position: H tpExovoa B£on otnv evéLApeon Hvnpn, o€ bytes.

e outbuf: H evéiapeon pvaun mov Ba anodnkeloel TEAKA TO

OLTTOGUUTILECLEVO ILAVUMLAL.
e outcount: O apPLOUAC TWV CTOLXELWV TTOU OOl ATTOGUUTTILECTOUV.
* datatype: O tumoc 6edopevwy tnc outbuf.
e comm: O communicator yLa To CUMTILEOUEVO VUL



H cuvaptnon amno-opadomnoinong
MPI_Unpack

 H ouvaptnon MPI_Unpack, kavel tnv aviiotpodn
epyaoia ano tnv MPI_Pack. AnAadn, anoocuvuntuooel
£Val LNVU O €TOL WOTE N Olepyaoia-mapaAnmTng va
LLTTOPEL vaL XpnotlpormolnoeL T Sedopeva mou
TEPLEYOVTOL O’ QUTO.

 H ouvaptnon omocUUMTUCOEL TO MAVUA TIOU
Bploketal otnv inbuf, otnv evdlapeon pvnun nou
kaBopiletal amo tic outbuf, outcount ko datatype. H
outbuf pmopel va elvat ommtoloudNMOTE TUTIOU ETILTPETIEL
n MPI_Recv. H inbuf gival pla evélapeon pvnun mou
kKataAapBavel cuvexopevec S1euBUVOELC Kol EXEL
neyeboc insize bytes, apyilovtac amno tn dtevBuvon
inbuf.



Napadewypa (pack.c)

#include <stdio.h>

#include "mpi.h"

main(int argc, char®** argv)

{

int my_rank, p, k, size;

int root, position, namelen;
char buffer[50];

int matrixA[100];

int loc_num, loc_matrix[100];
float b, loc_res[100];

float final_res[100];

char proc_name[MPI_MAX_PROCESSOR_NAME];

MPIL_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &my_rank);
MPI_Comm_size(MPI_COMM_WORLD, &p);
MPI_Get_processor_name(proc_name, &namelen);



if (my_rank == 0)
{
printf("YPOLOGISMOS THS PARASTASHS b * A \n\n");
printf("DOSE THN TIMH TOY B:");
scanf("%f", &b);
printf("DOSE TO MHKOS TOY PINAKA A:");
scanf("%d", &size);
printf("DOSE TA STOIXEIA TOY PINAKA A MHKOYS %d : ", size);
for (k=0; k<size; k++)
scanf("%d", &matrixA[k]));
position = 0;
MPI_Pack (&size, 1, MPI_INT, buffer, 50, &position,
MPI_COMM_WORLD);
MPI_Pack (&b, 1, MPI_FLOAT, buffer, 50, &position,
MPI_COMM_WORLD); }



root = 0;

MPI_Bcast(buffer, 50, MPI_PACKED, root, MPI_COMM_WORLD);

position = 0;

MPI_Unpack(buffer, 50, &position, &size, 1, MPI_INT,
MPI_COMM_WORLD);

MPI_Unpack(buffer, 50, &position, &b, 1, MPI_FLOAT,
MPI_COMM_WORLD);

loc_num = size/p; root = 0;
MPI_Scatter(matrixA, loc_num, MPL_INT, loc_matrix,
loc_num, MPL_INT, root, MPI_COMM_WORLD);

for (k=0; k<loc_num; k++)
loc_res[k] = b*loc_matrix[k];



printf("\n Process %d on %s : local results are : ",
my_rank, proc_name);
for (k=0; k<loc_num; k++)
printf("%f ", loc_res[k]);
printf("\n\n");
root = 0;

MPI_Gather(loc_res, loc_num, MPIL_INT, final_res,
loc_num,

MPI_FLOAT, root, MPI_COMM_WORLD);

if (my_rank == 0)
{
printf("\n TELIKO APOTELESMA %f * A =\n", b);
for (k=0; k<size; k++) printf("%f ", final_res[k]);
printf("\n\n");
}
MPI_Finalize(); }



Datatypes

MPI datatypes have two main purposes:
— Heterogeneity --- parallel programs between different processors

— Noncontiguous data --- structures, vectors with non-unit stride,
etc.

Basic/primitive datatypes, corresponding to the underlying
language, are predefined

The user can construct new datatypes at run time; these are called
derived datatypes

Avoids explicit packing/unpacking of data by user

A derived datatype can be used in any communication operation
instead of primitive datatype

— MPI_Send ( buf, 1, mytype, ..... )
— MPI_Recv ( buf, 1, mytype, ..... )



Derived Data Types

MPI_Type_contiguous (count,oldtype,&newtype)
Produces a new data type by making count copies of an existing data type.

MPI_Type_vector (count,blocklength,stride,oldtype,&newtype)
Similar to contiguous, but allows for regular gaps (stride) in the displacements.

MPI_Type_indexed (count,blocklens[],offsetsp[],oldtype,&newtype)

An array of displacements of the input data type is provided as the map for the new data
type.

MPI_Type_struct (count,blocklens[],offsets[ ],oldtypes[],&newtype)
The new data type is formed according to completely defined map of the component data
types.

MPI_Type_extent (datatype,&extent)
Returns the size in bytes of the specified data type.

MPI_Type_commit (&datatype)
Commits new datatype to the system.

MPI_Type_free (&datatype)
Deallocates the specified datatype object. 20




Defining MPI Derived Types

* Basic Steps
— Create new derived datatypes: define shape, obtain new type handle
— Commit new datatype: pass to system
— Free type: if no longer needed
* Before a derived datatype can be used in a communication, the program must
create it. This is done in two stages.
— Construct the datatype (Step 1).
New datatype definitions are built up from existing datatypes (either derived
or basic) using a call, or a recursive series of calls, to the following routines:

MPI_TYPE_CONTIGUOUS, MPI_TYPE_VECTOR, MPI_TYPE_HVECTOR,
MPI_TYPE_INDEXED MPI_TYPE_HINDEXED, MPI_TYPE_STRUCT.

— Commit the datatype (Step 2).

The new datatype is "committed" with a call to MPI_TYPE_COMMIT. It can
then be used in any number of communications.

* Finally (Step 3), there is a complementary routine to MPI_TYPE_COMMIT, namely
MPI_TYPE_FREE, which marks a datatype for de-allocation.
MPI_TYPE_FREE (datatype)

* Any datatypes derived from datatype are unaffected when it is freed, as are any
communications which are using the datatype at the time of freeing. datatype is
returned as MPI_DATATYPE_NULL.



MPI Subroutines for Derived Datatypes

Return a new datatype that represents the concatenation of count instances of old
datatype

int MPI_ Type contiguous (count,oldtype,newtype) ;

Return a new datatype that represents equally spaced blocks. The spacing between the
start of each block is given in:

— unit of extent from oldtype(count)
int MPI Type vector (count,blocklength,stride,
oldtype, newtype) ;
— bytes
int MPI Type hvector (count,blocklength,
stride,oldtype, newtype) ;
Extension of vector: varying block length and strides. Return a new datatype that
represents count block. Each block is defined by an entry of array of bocklength
and array_of displacement. Displacement between successive blocks are expressed
in:
— unit of oldtype.
intMPI Type indexed(count,array of blocklength,
array of displacement, oldtype,newtype);
— bytes
int MPI Type hindexed(count,array of blocklength,
array of displacement, oldtype,newtype);



Contiguous Derived Data Type

Create a type representing a row of an array. Distribute a different row to each proces

#include "mpi.h”

#include <stdio.h>

#define SIZE 4

main(int argc, char *argv[]) {

int numtasks, rank, source=0, dest, tag=1, i;

float a[SIZE][SIZE] ={ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0,
9.0,10.0,11.0,12.0, 13.0, 14.0, 15.0, 16.0};

float b[SIZE];

MPI_Status stat;

MPI_Datatype rowtype;

MPI_Init(&argc,&argv);

MPI_Comm_rank(MPI_COMM_WORLD, &rank); MPI_Comm_size(MPI_COMM_WORL
&numtasks);

MPI_Type_contiguous(SIZE, MPI_FLOAT, &rowtype);
MPI_Type_commit(&rowtype);



if (numtasks == SIZE) {

if (rank == 0) {

for (i=0; i<numtasks; i++)
MPI_Send(&ali][0], 1, rowtype, i, tag, MPI_COMM_WORLD);
}
MPI_Recv(b, SIZE, MPI_FLOAT, source, tag, MPI_COMM_WORLD,
&stat);
printf("rank= %d b= %3.1f %3.1f %3.1f %3.1f\n",
rank,b[0],b[1],b[2],b[3]);

}
else

printf("Must specify %d processors. Terminating.\n",SIZE);
MPI_Type_free(&rowtype);
MPI Finalize(); }



Sample program output:

ran
ran
ran
ran

k=0
k=1
K= 2

k=3

0=1.0 2.0 3.0 4.0
0=5.0 6.0 7.0 8.0
0=9.0 10.0 11.0 12.0

0=13.0 14.0 15.0 16.0



H cuvaptnon MPI Type vector

int MPI_Type_vector(int count, int blocklength, int stride,
MPI_Datatype oldtype, MPI_Datatype *newtype)

* count number of blocks (nonnegative integer)

* blocklength number of elements in each block (nonnegative
integer)

e stride number of elements between start of each block (integer)
» oldtype old datatype (handle)
* newtype new datatype (handle)



Example: Vector Derived Data Type

Create a type representing a column of an array. Distribute a different
column to each process.

#include "mpi.h”

#include <stdio.h>

#define SIZE 4

main(int argc, char *argv[]) {

int numtasks, rank, source=0, dest, tag=1, i;

float a[SIZE][SIZE] ={ 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0,
9.0,10.0,11.0,12.0, 13.0, 14.0, 15.0, 16.0};

float b[SIZE];

MPI_Status stat;

MPI_Datatype columntype;

MPI_Init(&argc,&argv);

MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &numtasks);

MPI_Type_vector(SIZE, SIZE, SIZE, MPI_FLOAT, &columntype);
MPI_Type_commit(&columntype);
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if (numtasks == SIZE) {
if (rank == 0) {
for (i=0; i<numtasks; i++)

MPI_Send(&a[0][i], 1, columntype, i, tag,
MPI_COMM_WORLD);

}

MPI_Recv(b, SIZE, MPI_FLOAT, source, tag, MPI_COMM_WORLD,
&stat);

printf("rank= %d b= %3.1f %3.1f %3.1f %3.1f\n",
rank,b[0],b[1],b[2],b[3]);
}

else

printf("Must specify %d processors. Terminating.\n",SIZE);
MPI_Type_free(&columntype);
MPI_Finalize(); }



Sample program output:

ran
ran
ran
ran

0=1.0 5.0 9.0 13.0
0=2.0 6.0 10.0 14.0
0=3.0 7.0 11.0 15.0

0=4.0 8.0 12.0 16.0



Structure Derived Data Type

MPI Type struct:

Baolki cuvaptnon énpioupyioc evoc mopoywEVOU TUMTOU yLa o
doun tunovu «struct» tng C. OL MAPAUETPOL TNC CUVAPTNONG TIEPLEXOUV
ToVv aplOpo ko yopaktnelotika (aptOpoc petapfAntwv (block length),
offsets, TUnoL 6£dopEVWV) TwWV UITAOKC dLopopETIKWVY TUNTWV IOV Eivalt
SnNAwWMEVA 0T GUYKEKPLUEVN doun TUToU ‘struct’ .

MPI Type struct(count,blocklens[],offsets[],old types,newtype) ;

with count=2,array_blocklens={1,3},old_types={MPI_INT, h

MPI_INT |:|
wei_oouste [

block O
—r

— S
A

array_location[0]




H cuvaptnon MPI Type struct

int MPI_Type_struct (int count, int blocklens[], MPI_Aint offsets]],
MPI_Datatype old_types[], MPI _Datatype *newtype)

e count: O # twv dtadoyikwv blocks dtapopetikol TUMOU IOV EXEL N
doun.
blocklens: Mivakog count O€oswv — piog O€onc yio KAOE UAoK — o€
KAOe O€on Tou MEPLEXEL TOV # TWV HETABANTWV TOU OVILOTOLYOU UTTAOK.
offsets: Nivakag count OEoewv — piag O€onc yia KAOE UAoK — o€
KOs O£0n TOU MEPLEXEL TRV AMOCTACH TOU UITAOK Olto TV apxi.
old_types: [Mivakag count O¢cswv — piag O€ong yia kKAOe UnAok — o€
KAOg O£on TOU TEPLEXEL TOV TUTIO TWV HETABANTWV TOU UITAOK.
newtype: Moapapetpog €060V — TO AEKTIKO TOU VEOU TUTIOU.



Napadeypa

* 'Eotw n akoAouBn dopn avanopAcToonC EVOC
KIVOULEVOU GNUELOV OTO XWPO :

struct { double x, y, z; float speed; int origin, type; }

Znteital va PTLagouE Evav aVILOTOLYO TOPOYWHEVO
turno (m.x. pointtype) kot otn cuvéExela va
EKTEAECOUUE Mpia EVOEIKTIKNA amootoAn-nopaAafni
EVOC TIivaKa oTto TETOLEG SOUEC (LE XpiON TOU VEOU
turnovu tou MPI ou ptraape) oe OAeC TG HLEPYAOLEC.



#include <stdio.h>
#include "mpi.h"
#define N 20
int main(argc,argv)
int argc;
char *argv[];
{
int numtasks, rank, source=0, dest, tag=1, i;
typedef struct {
double x, vy, z;
float speed;
int origin, type;
} Point;
Point points[N];
MPI_Datatype pointtype, blocktypes[3];
int blockcounts[3];

/* o tomo¢ MPI_Aint xpnowuomnoteitat €5 ya va urtdpxet TARPNE cupfatotnta
ME TN ouvtaén Kat tnv emotpodn napaperpwyv tng MPl_Type extent */
MPI_Aint blockoffsets[3], extent;

MPI_Status stat;
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MPIL_Init(&argc,&argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &numtasks);

/* Layout tou npwtou pnAok, SnAadn twv 3 MPI_DOUBLE — evNUEPWVOULLE TLG
NPWTEG OE0EL TWV TPLWV TILVAKWV */

blockoffsets[0] = 0;

blocktypes[0] = MPI_DOUBLE;

blockcounts[0] = 3;

/* Layout tou Gemepou Aok, dnAadn, tov 1 MPI_FLOAT - lNna va ka@opicoupe
10 offset, ypnowponowjcovpe tnv MPI_Type_extent */

MPI_Type_extent(MPI_DOUBLE, &extent);
blockoffsets[1] = 3 * extent;

blocktypes[1] = MPI_FLOAT;
blockcounts[1] =

/* Layout tou tpitou pmAok */

MPI_Type_extent(MPI_FLOAT, &extent);

blockoffsets[2] = blockoffsets[1] + extent;

blocktypes[2] = MPI_INT;

blockcounts[2] = 2; *



MPI_Type_struct (3, blockcounts, blockoffsets, blocktypes,
&pointtype);

MPI_Type commit (&pointtype);

[* Ztn ouvéxela, yepilovpe pia Soun nivaka artd structs tumnov
Point pe tuyaieg tipeg */

if (rank == 0) {
for (i=0; i<N; i++) {
points[i].x =i * 0.5;

points[i].y =i * -0.5;
points[i].z=i * 1.5;
points[i].speed = 0.5;
points[i].origin =i * 5;

points[i].type =i % 2;
}
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[* amootEAETAL BE Eval HOVO HNVUMA-EVTOAR £vol¢ OAOKANPOC TTLVOLKOLC
artd N SopEc apxkou tumovu Point */

MPI_Bcast(points, N, pointtype, 0, MPI_COMM_WORLD);

if (rank == numtasks-1)

for (i=5; i<10; i++)

printf("rank=%d %f %f %f %f %d %d\n", rank, points[i].x,
points[i].y,points[i].z,points[i].speed,points[i].origin, points[i].type);

MPI_Finalize();
}
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