3123 LOWER-BOUND AMND UPPER-BOUND MARKERS

It is often convenient to define explicitly the lower bound and upper bound of
a lype map, and override the definition given by Equation 5.1 on page 233, This
allows one to define a datatype that has *heles” at its beginning or its end, or
a daratype with entries that extend above the upper bound or below the lower
bound. Examples of such usage are provided in Section 3.12.7, To achieve this,
we add two additional *psendo-datatypes,” MPLLB and MPI_UB, that can be used,
respectively, to mark the lower bound or the upper bound of a datatvpe, These
psendo-datarvpes occupy no space (exfent(MPLLE) = extentiMPILLUE) = 0).
They do not affect the size or count of a datatype, and do not afTect the content
of 4 message creared with this datarype. However, they do affect the definiton
of the extent of a datatype and, therefore, affect the outcome of & replication of
this datmrvpe by a datatvpe constructor.

Example 3.25 Let D = (=3, 0, 6): T = (MPILLE, MPLINT, MPIUB], and B = {1,
1, 1). Then a call to MPI.TYPE_STRUCT(3, B, D, T, type1] creates a new datatype
that has an extent of 9 (from =3 w5, 5 included}, and coantains an integer al
displacement 0, This is the datarype defined by the sequence [{lb, =3, (int, 0),
(ub, )} . If this type is replicated twice by a call 1o MPLTYPE_CONTIGUOQLISZ,
typel, type2) then the newly created tvpe can be described by the sequence



[{lb, =3}, (int, @), {int,9), (ub, 15)} . {Entries of type b or ub can be deleted if
thev are not at the end-points of the datagype.)

In general, if
Typemap = [{tgpea. disfold, .., (rea-y, dispa_1 ).
then the lower bowund of Tybesiaf is delined o be
iy dish; if o entry
i Tyfrenap) = has basic ovpe Ib
minfaisp such that typs = Ib]  otherwize

Similarly, the upper hound of Typemap is defined 1o be

s disty + sizeaf (L) il o eniry
whi Typemap) = has basic type ub
mia | dispy such that fips; = ub]  otherwise
Then

exdent Tipemap) = wb{ Typemap) — (0 Tyferaf) + ¢

Ity Tequires alignment 1o a byte address thae is a multiple of k, then ¢ is
the least nonnegative increment needed w round extend( Tyfemap) 1o the next
miliiple of max; k.

The formal delinitions given for the various datatype constructors apply now.
with the amended definition of extent.

The wao lunctions below can be used for finding the lower bound and the
upper bound of a datatype.

MFPI_TYPE _LB[ datatype, displacemeant)

™ da'llﬂi?pﬂ datarvpe (hanlle)
ouT displacamant displacement of lower bound from origin, in bytes
{imtejrer]

int HPI_Type lb(MFI Datatype datatype, int= HPI kit displacement)

MPI_TYPE LEY{ DATATYFE, DISFLACEMERT, IERROR)
INTEGER DATATYPE, DISPLACEMERT, IERRUR

WP TYPE LB datatype, displacement}

[ datatype datatygse (handle)
OUT digplacement dizplacement ofupper bownd from orgin, in byles
[im{'g:*r:-

int MPI_Type ub{MPI Datatype datatype, int+ MPI Aint displacenent)

MPI_TYPE.UG( DATATYPE, DISPLACEMENT, IERROR)
INTEGER DATATYPFE, DISPLACEMENT, IEREDR



fationale. Note that the rules given in Section 3.12.6 imply that it is er
raoneous o call MPLTYPE_EXTENT, MPITYPE_LE, and MPLTY¥PE_LIE with
a datatype argument that contiing absolute addresses, nnless all these ad-
dresaes are within the same sequential storage. For this reason, the dis-
placerment for the C binding in MPL.TYPE.UB is an int and not of type
HFILAdnt, (End of rabonal.)

2124 COMMIT AMD FREE

A datavpe object bas to be committed before it can be used in a communication,
Mocommiteed datatype can sl be used as 2 argument in datalype constructors,
There 1 no need o commit basic datatypes. They are “pre-commirtted.”

MPLTYPE_COMMIT{datatype)

[HOUT datatype chuiztypee thit is committed (handle)

iot MPI Type coomit(HPL.Datatyps =dacatypel

HPL_TYPE.COMMIT{DATATYFE, IERROR)
INTEGER DRTATYPE, IEREDR

The commit operation commils the datatype, that is, the formal description
of 4 communication bulfer, not the content of that buffer, Thus, after a datatype
has heen committed, it can be repeatedly reused to communicate the changing
content of a buffer o, indeed, the content of different buffers, with different
stavting addresses,

Aduvice fo implementors.  The system may “compile”™ at commit time an
nternal representation for the daagype that facilitaes communication,
e.g.. change from a compacted representaton to a flat representation of
the datatype, and select the most convenient wansfer mechanism, {(Erd af
aduice [0 implementors, )

MPI_TYPE_FREE(datatype)

[MERLTT datatyne dlavatypee that s freed (andle)

int MFI_Type fres{HPI Datatype +datatypo)

HPI_T¥PE_FREE{DATATYPE, IERROR}
INTEGER DATATYPE, IEREOR

Marks the damarvpe object azzooated with datatype for deallocation and seis
datatype to MPLDATATYPE NULL. Any cornmunication that is currently using this
datatype will complete normally. Derived datatypes that were defined from the
freed datatype are not affected.




Example 3.26 The following code fragment gives examples of using MPLTYPE.
COMMIT.

INTEGER typel, typel
CALL MPI_TYPE_CONTIGUOUS(S, MPI_REAL, typel, iorT)

| new Type object SreaTed
CALL MPI_TYPE_COMMIT(typal, ierT)

! oow Typel can be used for communication
type? = typel

! typed can be uaad for communication

| (it is a handle to same object as typell
CALL MPI_TYPE_VECTOR{2, 5, 4, MPI_REAL, typel, iarr)

! peaw unconnitted type sbject created
CALL MPI_TYPE_COHMIT{typel, isrr)

! pow typal can be used anew for conounication

Freeing a daaivpe does nol affect any other datatvpe that was Dol from the
freed damtype. The systemn behaves as if input datatype arguments to derived
datatvpe construciors are passed by value,

Adluice to fmpleraeritors,  The implementation may keep a reference count
of active communications that use the datatype. in order o decide when
o free it Also, one may implement constructors of derived datarypes so
that they keep pointers to their datatype arguments, rather then copying
them, In this case, one needs w keep rack of active dataype delinitgon
references in order to know when a datatype object can be freed. (End of
epeluitioe b drfileanendons, )

3.12.5 USE OF GENERAL DATATYPES IN COMMUNICATION
Handles to derived datarvpes can be passed 1o a communication call wherever a
datatype argument is required. A call of the form MPILSEND(buf, count, datatype
v oo b wWhere count = 1, s interpreted as il the call was passed a new datatvpe
which 15 the concatenation of count copies of datatype. Thus, MPILSEND(buf,
count, datatvpe, dest, tag, comm] is equivalent o,

¥FI_TYPE_CONTIGUOUZ{count, datatype, nevtypel

MPI_TYPE_COMHIT (nawtypea)

MFI_BEND{buf, 1, newtype, dest, Lag, comm).

Similar statements apply o all other communication functions thar have a count
and datatype argument.

Suppose that a send operation MPLSEND(buf, count, datatype, dest, tag,
comm) is executed, where datatype has type map,

[y, dispa), ..., (ppeay, dispa 1)},

and extent exéent. (Empty entries of “pseudo-type” MPLUB and MPLLE are not
listed in the ype map, but they alfect the value of exdeni) The send operation



sends n - count entries, where entry - n+ jis at location addr; = buf + extent -
i + dispy and has type tyhg, for i=0, .. count = Land j=10,....n— L These
entries need not be contiguous, nor dizting their order can be arbitrar.

The variable stored at address addr | in the calling program should be of a
tvpe that matches iy, where tvpe matching is defined as in Section 3.5.1, The
message sent containg # - count entries, where entry £+ n < § has type tye,.

Similarly, suppose that a receive operation MPLRECV{buf, count, datatype,
source, tag, comm, status) is executed, where datatype has type map,

{(typen, dispo). ..., (tpbea—, disp_y)),

with extent exfens. [Apgain, emply entries of “psendo-type”™ MPLUB and MPLLE
are not listed in the tpe map, but they affect the value of extent.) This receive
operation receives x-count entries, where entry i- a4+ jisatlocation buf 4+ extent-
i+ dispy and has type type. If the incoming message consists of & elements, then
we musl have & = o - count; the ¢ - 2+ jth element of the message should have
a type that matches tybs.

Type matching iz delined according 1o the wvpe signature of the correspond-
ing datatypes, that is, the sequence of basic type components. Tvpe matching
does not depend on some aspecis of the datarype definition, such as the dis-
placements (layout in memory) or the intermediate tvpes used.

Example 3.27 This example shows that tvpe matching is defined in terms of the
basic types that a derived type consists of.

CaLL

HPI_TYFE_CONTIGUQUS( 2, MPI_RBAL, typel, ...)
CALL HPI_TYPE_CONTIGUOQUS( 4, MPI_REEAL, typed, ...)
CALL MPI_TYFE_CONTIGUQUS! 2, typel, typeda, ...)
CALL MPI_SENDY a, 4, MPI_REAL, ...}

CALL MPI_SEMD{ a, 2, type2, ...)
CALL NPI_SENDC a, 1, type22, ...)
CALL MPI_SENDY{ a, 1, typed, ...)
CALL MPI_RECVW( a, 4, MFI_REAL, ...}
CALL MPI_RECVE a, 2, typa2, ...)
CALL MPI_RECY( a, 1, typel22, ...
CALL MPI_RECVY a, 1, typad, ...)

Each of the sends matches any of the receives.

A datatype may specify overlapping entries, If such a datanpe is used in a
receive operation, that is, if some part of the receive buffer is written more than
once by the receive operation, then the call is erroneous,

Suppose thar MPI_LRECV(buf, count, datatypa, dest, tag, comm, status) is
executed, where datatype has type map,

{0, dishal. . .. (ipen_y, disfnoi )]
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The received message need not Gl all the receive bufer, noc does it need w [l
a number of locations which is a multiple of . Any number, &, of basic elements
can he receved, where ) = & < count- s, The number of hazic elements received
can be retrieved from status using the query function MPLGET_ELEMENTS.

MPILGET_ELEMEMTSI status, datatype, count)

I slatus return skt of receive operation (Sois)
N datatype clavatype used by receive operaton Chandle)
ouT Carunt nuarnber of received basic elements (intepger)

int MPI_Get_oclements(HPI Status #statues, MPI Datatypa datatyps, int koanant)

MPIGET_ELEMENTS(STATUS, DATATYPE, COUNT, IERROR}
IKTEGER STATUSCHPI_STATUS_SIZE}, DATATYFE, COUNT, IERROR

The previously defined function, MPILGET_COUNT (Section 3.2.5), has a
different hehavior, 1t returns the number of “top-level elemenis” received. In
the previous example, MPLLGET_COUNT may return any integer value &, where
0 = k= count. IEMPILGET _COUNT returns &, then the number of basic elements
received (and the value returned by MPLGET_ELEMENTS) s -k, IF the number
of basic elements received is not a muliple of &, that is, if the receive operation
has not received an integral number of datatype “copies.” then MPLGET_COLUNT
returns the value MPILLUNDEFIMNED.

Example 328 Usage ol MPLGET COUNT and MPILGET_ELEMENT.

CALL MPI_TYPE_CONTIGUOUS(Z, MPI_REAL, Type2, iarr)
CALL MPI_TYFE_COHMIT{Type2, ierr)

CALL MPI_COMM_BAMK(comm, renk, ierr)
IF{rank.EQ.0) THEK
CALL MFI_SEND{a, 2, MFI_REAL, 1, 0, comm, Sare)
CALL MPI_SEKD{a, 3, MPI_REAL, 1, 0, comm, icrr)
ELEE
CALL MPI_RECV{a, 2, Typed, 0, &, comm, stat, ierr)
CALL MPI_GET_COUNT (stat, Type2, i, lerr) | returne i=1
CALL WPI_GET_ELEMENTS({=mtat, Type?, i, dierr) ! returns i=2
CALL MPI_RECW(a, 2, Typel, O, O, comm, stat, ierrd
CALL WPI_GET_COUNT(etat, Type2, i, ierT) | raturns i=HPI_VUKLEFINED
CALL MPI_GET_ELEMEKTS(stat, Typal, 1, derr} ! returnse i=3
END IF

The function MPLGET ELEMENTS can alse e used after a probe w find
the number of elements in the probed message. Note that the owo functions



MPLGET .COUNT and MPILGET_ELEMENTS return the same values when they
are used with basic damaypes,

Rationale.  The extension given to the definition of MPLGET_COUNT
seems natural: one would expect this function 1o retwm the value of the
count argument, when the receve buffer 15 filled. Sometimes datatype
represents a basic unit of data one wants to transler, for example, a record in
an array of records (structures), One should be able to find out how many
components were received withont bothering o divide by the number of
elements in cach component. However, on other occasions, datatype is
used 1o define a complex layout of data in the receiver memory, and does
not represent a basic unit of data for wransfers, In such cases, one needs o
use the function MPILGET_ELEMENTS. (End of rationele.)

Advive to omplementors. The definition implies that a receive cannot change
the value of storage ouside the entries defined to compose the communi-
cation buffer. In particular, the definition implies that padding space in
a structure should not be modified when such a stmcture is copicd from
one pracess o another,. This would prevent the olwious optimization of
copying the strucoure, wogether with the padding, as one contiguous hlock.
The implementation is free to do this optimizaion when itdoes not impact
the cutcome of the compurtation, The user can “force” this optimization
by explicitly including padding as part of the message.  (Fod of adwce fo
imflemention. )

3.12.6 CORRECT USE OF ADDRESSES

sSuccessively declared variables in C or Fortran are not necessarily stored an con-
tpuous locatgons, Thus, care must be exercised that displacements do not cross
trom one variahle o another. Also, in machines with a segmented address space,
addresses are not unigue and address arithmetic has some peculiar properties.
Thus, the use of addresses, that is, displacements relative 1o the siar address
RFILBOTTOM, has to be restricied.

Variables belong 1o the same sequential storage if they belong 1o the same
arcay, o the same COMMON block in Fartran, or o the sune structure in O,
Valid addresses are defined recursively as follows:

I. The function MPILADDRESS returns a valid address, when passed as argu-
ment a variable of the calling program.

2. Thebufargument ola cammunication function evaluates wo avalid address,
when passed as argument a variable of the calling program.

3. Wvisavalid aderess, and iis an integer, then v+1s avalid address, provided
v and v+i are in the same sequential siorage,

4. 1w is a valid address then MPILBOTTOM + v 15 a valid adedress.

A correct program uses anly valid addresses to identify the locations of entries
in communication buffers. Furthermore, ifw and v are two valid addresses, then



the {integer) difference u — v can be computed only if hoth U and v are in the
same sequential storage. No other arithmetic operations can be meaningfully
execuied on addresses,

The rules above impose no constraints on the use of derived datatypes, as
lang as they are used to define a communication buffer that is whally contained
within the same sequential storage, However, the construction of a communica-
tion buffer that contains variables that are notwithin the same sequential storage
must olsey ceriain restrictions, Bagically, a communication buifer with variables
that are not within the same sequential storage can be used only by specilying in
the communication call buf = MPI.BOTTOM, count = 1, and using a datatype
argument where all displacements are valid (absolute) addresses.

Adwice o wsers, It is not expected that MPI implementations will be able
to detect erroneons, “out of bound” displacements—unless those overflow
the user address space—since the MP1call may not know the extent of the
arrays and records in the host program. [End of aduice i wsers.)

Advice to implemerttors, There is no need 1o distinguish {absolute} addresses
and (relative) displacements on 2 machine with contiguous address space;
MPI_BOTTOM is zero, and both addresses and displacements are integers.
O machines where the distinction is required, addresses arc recogniced
as cxpressions that involve MPILBOTTOM. | Fnd af advice lo impilemendors. )

3.12.7 EXAMPLES
The following examples illustrate the use of derived datatypes.

Example 3.29 Send and receive a section of a 30 array.

REAL a(100,100,1000, e{9,9,8)
INTEGER apneglice, tweslica, threseslice, sizecfireal, myrank, Lerr
INTEGER status{MPI_STATUS_SIZE}

c axtract the sectien all:l7:3, Z:11, 2:10)
0 and etore it im adf:,z,:).

CALL HPI_COMM_RANK(MPI_COMM_WIRLD, myrank}
CALL ¥PI_TYPE_EXTENT{ MPI_REAL, sizecfreal, iorr)

N croate datatyps for a 1D sestion
CALL MPI_TYPE_VECTOR( %, 1, 2, MPI_REAL, eneslice, lerr}

c craate datatype for a 20 sestion
CALL HPI_TYFE_HVECTOR(S, 1, 100=zizesfreal, anoslice, tesslige, lerr)

C create datatype for the eotire seciisn



CALL MFI_TYPE_HVECTOR! 9, 1, 100=100¢gizeafresl, twoelice, 1,

threeslice, ierT)

CALL WMPI_TYFE_COHMITY{ threeslica, iccr)
CALL MPI_SENDRECV (a(1,3,2), 1, threeslice, myrank, O, &, Defed,
MPI_REAL, myrack, ¢, HPI_COMM_WORLD, status, derr)

Example 3.30 Copy the (strictly) lower triangular part of a matrix.

REAL aliod, 1000, b{id0, 100}
INTEGER displif0), blocklen(100), ltype, myrank, ierr
INTEGER etatus(MPI_STATUS_SIZE)

i Sapy Lower trianpgular part of array a
[ anto lower triangular part of array b

CALL MPI_COMH_RARX{MPI_COMM_WORLD, nyrank)

M coppute start and size of each colunn
oo i=1, 100
digpf{i) = 200+{i-1) + i
block{i) = 100-i
END LD

C create datatype for lowar triangular part
CALL MPI_TYPE_INDEXED{ 100, blsck, diep, HPI_NEAL, ltype, iezch

CALL MFI_TYPE_COMHIT{1type, ierr)d
CALL MPI_SEKLDRECY( a, 1, ltype, oyrank, 0, b, 1,
1type, nmyrank, O, HPI_CIMM_WORLD, status, iarc)

Example 3.31 Transpose 3 malnx,
REAL aCipn, 1000, bl10d, 1000
IKTEGEE row, mpose, sizeofreal, myrank, ierr
INTEGER statua(HPI_STATUS_SIZE)
¢ transpose Eatrix a onto b
CALL HPI_COMH_RAKA(MFI_COMM_WORLD, myrank}

CARLL MPI_TYPE_EXTENT( HPI_REEL, sizeofreal, ierr)

o crante datatype for one rod
CALL MPI_TYPE_VECTOR( 104, 1, 0, MPI_REAL, row, iarr)




H create datatype for matrixz in row-major ordec
CALL MPI_TYPE_HVECTOR{ 100, 1, simecfreal, row, xpose, ilarrd

CALL MFI_TYPE_COHHIT( xpose, larrl

{H gend matrix in rov-majer order and recaive in solumn major order
CALL MPI_SEKDRECW( a, 1, zpose, oyrank, 0, b, 100=100,
HPI_REAL, myramk, O, MPI_COMM_WORLD, status, derr)

Example 3.32 Another approach o the transpose problem:

REAL 20100, 131, b{l0(d, 1000

INTEGER diep{2), blecklen(2}, typel(2)}, row, rewl, sizesfreal
INTEGER myrank, iaerr

INTEGER status{MPI_STATUS_SIZE)

CALL MFI_COMM_RANE (HFI_COHH_WORLD, myrank)

c Lranepose natrix & onts o

CALL MPI_TYPE_EXTENT( MFI_REAL, sizecireal, isrr)

L]

create datatype for one row
CALL MPI_TYPE_VECTOR( 100, £, 100, HPI_REAL, zow, ierz)

]

creats datatype for one row, with the exteot of one real ounber

digpl{l) = 0
displ{2) = sizcafraoal
typelll = rsw

typei{l) = MPI_UB
blocklan({l) =1
blockloal2) =1
CALL MFI_TYPE_STRUCT( %, blocklen, disp, type, rawl, ierr)

CALL MPFI_TYPE_COMHIT( rowl, isrr)

L

aand 100 rows and receive im column major ordec
CALL ¥PI_SENDRECVC a, 100, rewl, myrank, O, b, L0d=100,
MPI_RELL, myrank, 0, MPI_COMM_WORLD, status, ierrl

Example 3.33 We manipulate an array of structires.

sTruet Parcsatruct
{
int class; ¢ particle class +/
double 4[5]; S+ particle coordinates =/

A
iy e
...E'r
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char ®[7]: /* some additional icformation +f

T
atruct Fartatruct parcisla 100400 ;
int i, deat, rank;
MPI_Ceoam comm;
f* bhoild datatype dnﬁcrlbing structure */

MPI_Datatypa Particletype;
MPI_Datatyss typel[3] = {MFI_INT, MPFI_DOVELE, HPI_CHARY;

int blecklanl3]l = {1, G, 7};
MPI_Ripe diap[3];
int base;

S compute displacensnts of STIUCtUrs CoNponants L

MF1_Addresa( parcicle, dlapl;
MPT_Addressd particle(0].d, disp+i);
MFI_Address( parciclal0]. b, disp+il;
base = displo];

Tgr (L=0; i <3; i++) dizpl[i]l -= basa;

MF1_Type_struct{ 3, blocklan, disp, type, kFarticlatypel;

f= It compiler does padding in pysterlious ways,

the folloving may be safer «f

MPI_Datatype typells] = {(MPI_INT, MPI_DDVELZ, MPI_CHAR, MFI_UB}:
int bleckleni[d] = {1, &, 7, L}
MPI_Aint diepl [4];

S compube dizplacensnle ¢f SLruchurs CoXphsnts L

MPI_Address( particle, displl;:
MPI_Addross( particle(0].d, dispil+i);
NPI_Address( particlel0]. b, displ+3);
MET_Addrassi particle+l, dispi+i);
page = displl0];

far [i=0; i <d; i++) displ[i] -= ba=me;



S+ build datatype describing structare */f

MPI_Type_etructd 4, blocklenl, displ, typel, &Particletypal;

f= 4.1
sopd Ble entira array +F

MPI_Type_comnit{ kParcicletypel;
MFI_%end{ parzicle, 1000, Particletype, dest. tag, cozm}]

L
send only the sptrises of class zero particles,
preceded by the nurber of such entriss =/

HPI_Datatype Zparticles;  /+ datatype describing all particles
with class zece (needa ©o be recomputed
if clagess changal =/

MPI_Datatype Ztype;

MRI_Aint wdisg[1000] ;
int zZblaex(10001, j. k;
int zzblock(2] = {1,1k;
MFI_Aint czdisplal;
YFT_Datasype zztype[2];

/% coppute displacemsents of class zero particles &S
i=Ww
for{i=0; i < 1000:; i++]
i1 {particle[i].class==0)
{
zdisplil = i3
zblack[j] = 1;
fis

}

S create datatype for class zers particles =/
MPT_Type_indexed! §, zblock, mdisp, Particletype, hEparticles);

Fe propend particle count &
HPI_fddreszs{kj, zzdispl;
HPI_Address{particle, zzdizp+l};
wxtype[0] = MPI_INT;



zzkypali] = Zparticles;
HPI_Type_stract(2, z=zbleock, zzdiep, zzlype, &Etype}:

HFI_Type_commit( EZtypel;
HFI_Semd( MFI_BOTTOM, 1, Zcyps, dest, tag, comnm);

f= b probably more efficient way of defining Zparticles =/

/* cansecutive particles with index zers are handled as ane block =/
J=0
for {i=0; i < 1000; i++]
it {particlelil.irdex==0)

{

for Ck=i+l; (& € 1000)E&(particle(k] . index == 03 ; k++l;

zdizp[j] = i;

zhlack[j] = k-i;

jff;
MPI_Type_indexed{ j, zblock, zdiep, Particletype, &iparticlas);
PRS- F
sond the first twe coordinates ¢f all entries =/
MPT_Datatype Allpairs; f= daracype for all pairs of coordinates +f
MPI_kint sizeofentry;

MPI_Type_extent( Particlevype, Esizesfentryl;

e pizesfentry can alss ba computad by subtracting the address
of particle[d] from the address of parciclell] =/

HPI _Type_hwectar( 100G, 2, sizeofentry, HPI_DDUBLE, -!:H.l.l.p@'.l:l.'i:':
HPI_Type_commit( EAllpairsl;
HPI_Zandi particle[0].d, 1, Allpairs, dest, Tag, comml;

J* an altoroative soletisn ta 4.3 &
HPI_Datatype Dmepair;  f* datatype [or one palr of coordinatas, with

the sxtant of one particle eaptcy Wt
MPI_Aint disp2[2];



MPI_Datatyps typez[3] = {MPFI_LE, MPI_DOURLE, HPI_UR};
int blecklen2(3] = {1, 2, 1};

MFI_Eddress{ particle, disp2);
MPT_kddress{ parzicle(0] .d, disp241);
MFI_Address{ particle~l, diapl+i);
base = disp2[0];

Ter (i=0; i<3; i++)} disp2[i]l -= basga;

HEL Type_stract( 3, blockland, disp?, typed, élrepair);
MPI_Type_commit! Elnepair);
HPI_Sendl porticleld].d, 1000, Onepair, dest, tag, como);

Example 3.34 The same manipulations as in the previous example, i use ab-
solute addresses in datatvpes.,

struct Partstrust
i
int &lapgs;
doubhle 48] ;
char B[]
b

struct Parcstruct particle[1004];
J* nuild datatype describing firee array entry *f

HPI_Datatype Particletype;

HPL _Datatyps typa[E] = {MPI_INT, HPI_DOUBLE, MPI_CHARL;
ipt Lleck[3] = {1, &, Ti:

HPI_Aint disp[3];

HPI _#&ddress{ particle, displ;

HPI_fddrese! particle[3].d, disp+1);

HPI _#ddress{ particleld].b, disp<+2);

HPI_Type_struct{ 3, blosk, disp, tvpe, EFarticletypel;

f= Particlecype describes first array enfry -- using absolute

addrasses +/

fx B.1:
zgend The entire array =S

HPI_Typa_coammit( &Partisletypal;



MPI_Send{ MPI_BOTTOM, 1000, Particletype, dest, tag, comod;

fe 5,3
send the entries of ¢lass zera,

precedad by the mumbar of such entries =f
MPI_Datatype Eparticles, Itype;

MFI_Aint =disp[1000]

int =black(i0D3], &, 5, X;:
int zzhlacklZ] = 41,1};
MPI_Datatype zzbypelZ];
MBI _Aint zzdispl2] ;

3=0;
far (i=d: § < 1000: Li++}
if [(particle[i] .index==0)

e

1
for {k=isi; {k < 1000)Ek(particlelk].index = Q1 ; kt++};
zdiaplll = i;
zblock([j] = k=i;
J++
i=k;
¥MPI_Type_indexed{ j, zbleck, zdiep, Farticletype, &iparticlas);
I iparticlas dessribe particles with class zero, usiog
their absolute addreszess/

o prepend particle count +/f

MPI_Addrassik], ==displ;

zzdizp[1] = HPI_BUTIUH:

zztypa (0] = MPI_INT;

zzbypell] = Zparticles;

MPI_Type_struact(2, z=zblock, zzdisp, zztype, &ELypa}i

HPI_Type_commit( EZtymeal;
HEI_Zend( MFI_BOTTOM, 1, Zcype, dest, tag, comm);

Example 3.35 Handling of unions.

unisn f
int ival;
T1aat Twal;
3 ou[icad)



int uLypE;

S+ RLl entries of u bave ldentical type; variaklae

utype keops track of their current type =/

MPT_Datatypa eypa 2] ;

int blocklen[2] = {1,1};
MPT_Aint disp[2];
MFI_Datatype  apl_otypell];
MPI_Ript i.5i

f+ coppute an HPI datatype for each possible umisn type;

assume values are left-aligoed in union storage. g

MPI_Address( v, ki);
WFI_Rddress{ url, &j);
diaspl0] = @; disp[1] = j=i;
typall] = MPI_UE;

typall] = MPI_INT;
MPI_Type_struct(2, blocklen, diep, type, dmpi_utypa[0]);

typal[0] = MPI_FLOAT;
MFI_Type.struct (2, blocklen, disp, type, kopd_utypalill;

for{i=0; i<%; i++} MPI_Type_commit{npi_utypeli]};
S actual communication ®/

MPI_Sendl(u, 1000, mpi_utype[atype], dest, tag, come);

3.13 Pack and Unpack

Some existing communication libraries provide pack /unpack functions for send-
ing noncontiguous data. In these, the user explicitly packs data into a contiguous
buffer hefore sending it, and unpacks it from a contguous buffer after receiving
it. Derived datatypes, which are described in Section 53.1%, allow one, in most
cases, to avoid explicit packing and unpacking. The user specifies the layoul of
the data to be sent or received, and the commumnication library directly accesses
a noncontignous buffer. The pack/unpack routines are provided for compat-
ihility with previcus libraries, Also, they provide some functionality that is not
otherwise available in MPIL. For instance, a message can be received in several
parts, where the receive operation done on a later part may depend on the con-




tent of a former part, Another use i3 thal oulgoing messages may be explicitly
buffered in user supplied space, thus overriding the system buffering policw. Fi-
nally, the availability of pack and unpack operations facilitates the development
of additional communication libraries lavered on top of MPL

MPIPACK inbuf, incount, datatype, outbuf, cutsize, position, comm)

I inbuf input huffer start {choice)

[ inCount number of inpur data iems {integer]

I datatype ity of ginch inpat datie e (hancdle)
ouUT outhuf ourpul bulfer start (choice)

1 outsize outpal bulfer size, in brles {integer)
INOUT position current position in buffer, in byies {integer)
1 COMIm commumnicator for preked messge (handle )

int MPIFagkivelds imbuf, int incount, HPI_Datatype datatype, weid =guthaf,

int outsize, iot *position, MPI_Comn comm)

HPI_PACK{INBUF, INCOUNT, DATATYPE, AUTEUF, QUTSIZE, POSITION, CO0D4, IERROOL)
<typer INBUE(+), OUTBUF{+)
INTEGER INCOUKNT, DATATYFE, OUTSIZE, PODSITION, €00, IERNIR

Packs the message in the send buffer specified by inbuf, incount, datatype
into the buffer space specified by outbuf and outsize. The input bufTer can
be any communication buffer allowed in MPILSEND. The output buffer is a
cONLFuous sSLTapge area conlaining outsize bytes, starting at the address outhuf
(lengrth is counted in bytes, not clements, as if it were a communication buffer
for a message of type MPILPACKED),

The input value of position is the first location in the output buffer o be
used for packing, position is incremented by the size of the packed message, and
the output value of position is the first location in the output buffer following
the locations oceupied by the packed message. The comm argument is the
communicator that will be subsequenty used for sending the packed message,

MPL_LNPACKIInbuf, insize, position, autbuf, cutcount, datatype, comm)

1M inbuf input buffer start {choice)

Iy ingize size of input bulfer, in bytes (integer)
INOLUT p-DEitiﬂl'l current E:-c:-.-:i.li-::-l:l 11 I:r:.t-.'.-: l:i:ltl.l.'?:l::r]

OUT authuf ourpur bulfer start (choice)

M autcaunt nuandaer of tems o be unpacked (ineger)
™ datatype datavpe of cach output daia item (handie)
1M COMmIm commumicator for preked message (handle)

int HFI_UI‘.'IFIB.E-\E[‘-"{IN"‘ inbaf, int insize, int =position, wold =authud,
int outcount, HPI Datatype datatyps, HPI Comm conn)




MPI_UNPACK (IKEUF, IKSIZE, POSITION, QUTBUF, QUTCOUNT, DATATYRE, CLOB,
IERRDR}
<typer INBUF{+), OUTEUF (=)
INTEGER INSIZE, PDSITION, DUTCOUNT, DATATYFE, COMM, IERROR

LUnpacks a message into the receive buffer specified by outbuf, outcount,
datatype from the buffer space specified by inbuf and insize. The output buffer
can be any communication buffer allowed in MPILRECY. The input bulfer is &
contiguous slorage area containing insize hytes, starting at address inbuf. The
input value of position is the first location in the output buffer occupied by the
packed message. position is incremented by the size of the packed message,
so that the output value of position s the first location in the ouiput buffer
afier the locations accupied by the message that was unpacked. comm is the
communicator used oo receve the packed mesage,

Aduvice foawsers, Note the difference berween MPLLRECY and MPI_UUNPACK:
in MPI_RECY, the count argument specifies the maximum number of items
that ean be received, The actual number of items received iz determimed by
the lengeh of the iIncoming message. In MPILUNPACK, the count argument
specifies the aciual number of tems that are unpacked; the “size”™ of the
corresponding message is the increment in position. The reason for this
change iz that the “incoming message size” is not predetermined since the
user decides how much o unpack; nor is it easy 1o determine the “message
size” from the number of items to he unpacked. In fact, in a heterogeneous
system, this number may not be determined o frion. (Frd of eduice (o wses. )

To understand the behavior of pack and unpack, it is convenient to think of
the data part of a message as being the sequence obtained by concatenating the
suceessive vitlues sent in that message. The pack operation stores this sequence in
the bufter space, as if sending the message to that buffer. The unpack operation
retrigves this sequence from buffer space, as if receiving a message from that
buffer. (1tis helpful to think of internal Fortran files or sscanf in C, for a similar
funciion,d

Several messages can be successively packed into one packing unit.  This
is elfected by several successive related calls to MPILPACK, where the first call
provides position = 0, and each successive eall inpuis the value of position that
was output by the previous call, and the same values for outbuf, outcount and
comm, This packing unit new contains the equivalent information that would
have been stored in a message by one send call with a send buffer that is the
“concatenation” of the individual send buiTers.

A packing unit can be sene using type MPLFACKED. Any point-lo-point or
collective communication function can be used o move the sequence of bvtes
that forms the packing unit from one process to another, This packing umnit
can now be received using any receive operation, with any datatvpe: the type
matching rules are relaxed for messages sent with type MPIPACKED.



A message sent with any type {(including MPILPACKED) can be received us-
ing the type MPLPACKED. Such a message can then be unpacked by calls 1o
PAPL LINPACK,

A packing unit (or a message created by a regular, “typed” send) can be
unpacked into several successive messages. This is effected by several successive
related calls to MPILUNPACK, where the first call provides position = 0, and each
successive call inputs the value of position that was output by the previous call,
and the same values for inbuf, insize, and comm,

The concatenation of two packing units is not necessarily a packing unir;
nor i a substring of a packing unit necessarily a packing unit. Thus, one cannot
concatenate woe packing units and then unpack the result as one packing unir;
nor can one unpack a substring of & packing unit as a separate packing unit.
Each packing unit, that was created by a related sequence of pack calls, or by a
regular send, must be unpacked as a unir, by a sequence of related unpack calls.

futiomale. The restriction on “atomic” packing and unpacking of packing
units allows the implementation o add at the head of packing units ad-
ditional information, such as a description of the sender architectiure (1o
be used for vpe conversion, in a heterogeneous environment). {fned of
rretioinle))

The following call allows the user o find out how much space is needed o
pawck a message and. thus, manage space allocatian for buffers,

MPLPACK _SIZElincount, datatype, comm, size)

I incount count argument o packing call {integer]

It dﬂtﬂl'-.-'p& aitlatype gL B |'|:|.{'ki1:|!; call {handle]

I~ cormim communicater argument o packing call
{lanclle)

OUT size wpper bound on sive of packed message, o lyles
Lnbeger)

int HPI Pack sizelint incount, HPI Datazypa datazype, HPI Comm conm,
int =zizal

MPT PACE EIZECIRCDUNT, DATATYPE, €0eM, SIZE, IEREDR}
INTEGER LRQUUNT, DATATYPE, OOMM, SIZE, IERROR

A call o MPI_PACK SIZE{incount, datatype, comm, size) relurns in size
an upper bound on the increment in position that is effected by a call o
MPI_PACK{inDuf, incount, datatype, cutbuf, outcount, pasitian, comm).

Rationale. The call returns an upper hound, rather than an exact bound,
since the exact amount of space needed o pack the message may depend
on the context (e, first message packed in a packing unit may ake more
space]. i of ratisnaie )
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Example 5.36 An example using MPILPACK.

int position, i, j. 2[Z];
char bl [1000] ;

NFI_Comm_vank (MPL_COHH_WIRLD, fyrank);
if i{myrank == 0}
1

S = ZENDER CODE =/

pasition = 0;
MFI_Pack{ki, L, MPI_IKT, bhoff, 1000, Eposition, WPI_COMDI_MORLD);
MPT_Pack{ij, i, MPI_INT, buff, 1000, kpesition, MPI_COMRM_MORLD);
MFI_Semd{ buff, positicn, MPI_PACKED, 1, O, HPI_COHH_WDALD) ;

}

glae f= AECEIVER CODE =/
¥PI_Recy{ a, 2, MFI_INT, O, O, MFI_COMM_WORLDD

Example 3.37 A elaborate example,

int }3{!3111-:}]1. i
float al1000] ;
char boff (10001

HPI _Conn_rank{MPI_Coor_world, ényrank];
if {myrank == 0}

&
LY

/ + ZENDER CODE &/

int lenl2];
WPI_kint displ2];
HPI_Catatype typelZ], newiypa;

J¥ build datatype for i followed by al0l...afi-=1] «/

len[d] = 1;
len[1] = i;
HPI_Addreszs{ ki, displ;
HPI_hddress{ a, digpri);

APPLICATIONS |
i

o . bt



typeld] = WFI_INT;

type[1] = MPI_FLOAT;

HPI_Type_struct( 2, len, diep, type, fnowtype);
HPI_Typo_commitl Enawtyped;

S Pack i fallowed by al0]...ali-1]s/

position = 0;
MFI_Pack{ MPI_BOTTOM, 1, newtyps, buff, 1000, &position, MPI_COMM_WORLD);

f* Sand =/

¥PI_Semd{ butf, position, MPI_PACKED, 1, 0O,
HPI _COMM_WORLL)

Fo mmaw
Ooe con raplace the Lot three lines with
HPI_Send( MPI_BOTTOM, 1, oewtypa, 1, O, HPI_COMM_WORLDD;
=k =
L
elsa f+ oyrank == 1 &/
1
S RECEIVER CODE =f

HPI_Status status;

f* Rocoive =/

MPI_Recw{ buff, 1000, MPI_FACKED, O, 0, Estatus);
v Oppack i =f

pesition = 0;
HFI_UnpaexConff, 1000, Eposivien, &i, 1, MPI_INT, MPI_COMM_WORLD);

f Unpack alfl, .. ali-1] =/
MPI_Unpack(buff, 1000, Epasitiom, a, i, MPI_FLOAT, HPI_OOMM_WORLD) ;
3

Example 3.38 Each process sends a count, followed by count characeers o the
root; the root concatenates all characters into one siring,

int count, gaize, counts[64], cotalecunt, ki, k2, k,
disple[84], position, concat_pos;
char chr[1{(d], =Llbuf, srbul, scbul;

BASIC COMMUNICATION



MPI_Comr_sizelcomm, kpsize);

MPI_Comm_rank(cemm, kmyrank);

/¢ allocate local pack buffer f
Pl _Pack_size(l, MPI_IKT, <omm, &k1);
MPI_Pack_gize(count, HPI_CHAER, Ek3);
k = kl1+k2;
lbuf = (echar *)mallssik);

/% pack gount, followed by count charasters +f
pasition = 0;
NPI_Pack{kcount, 1, MPI_INT, &lbuf, k, kposition, coom);
MPT_Packichr, count, MPI_CHAR, klbof, k, &peeition, cemm);

if i{myrank 1= roob)
F¥ gather at root sizes ¢l all packed nessages .
WPI_Gather( kpoaiticn, 1, WPI_INT, KULL, HULL,
MULL, raoot, commd;

/= gathor at oot packed messages */
MFI_Gatherv({ kbuf, position, HPI_FACKED, HULL,
¥ULL, WULL, MULL, rooft, comm);

alse { J* coot code &/
£* gather sizes of all packed messagas *f
HPI_Gather( &peositvicn, 1, MPI_INT, counte, 1,

MPT_THT, roat, coxm);

F¥ gather all packed peseages =/
disple[d] = 0O;
for (i=1; i € gaiza; i++)
disple[i] = diaplali-1] + counts[i-i];
cotaloount = dipls[gsize=1] + countalgsize-1];
rbuf = (char =)mallaocitetalcount};
cbuf = (char =)mallacitotalaounty;
WFI_Gatherw{ 1lbuf, position, MPI_PACKED, rbuf,
counts, displs, MPI_FACKED, raot, comm);

J* unpack all oeesages and concataenate strioge +/f
copeat_pas = O]
for (i=0; i < guize; i+t] {
peeicion = O
HPI _Unpack( cbuf+dizplalil, totalcount-displel[i],



Epositicn, &eount, 1, MPI_INT, comn);
HPI_Unpack( rbof+displslil, cetaleoumnt-dis=plalil,
kposivien, cbufteoncat_pas, count, HPI_CHAR, ceam);
soncat_pos += count;
¥
chuf [cancat_pos] = fy0F;
1



