This is a | anguage-i ndependent specification of a meta-APlI for data
reorgani zation. This version of the specification is based on the concensus
of the Data Reorgani zation Forumfollow ng its June 1999 neeti ng.

Unanswer ed questi ons:

Overlap in the blockcyclic case was not clearly defined at the neeting
(e.g., does it nean adjacent bl ocks or adjacent el enents?)

"Do’ is ordered sequentially. The acquire/insert extract/release calls are
less well defined. |Is the user allowed to acquire nore than one buffer
froma transfer object? If so, what if he inserts themin the wong order?
Same questions with extract and rel ease.

Can we allow two different transfer objects on the same processor to share
buffers with each other, without requiring the bufiter/buffer object
hi erarchy and nmonolithic conmit of MPI/RT?

/*****************************************************************************

* d obal Data hject

****************************************************************************/

/******************** dl’l gdo Create ********************/

dri _gdo_create - Create a gl obal data object

SYNCPSI S
dri _gdo_create(ndins, dinsizes[ndins], dataspec, gdo)

PARAMETERS

IN. ndins (integer) - nunber of dinmensions in the global data

IN:  dinsizes (integer array) - size of each dinmension of the global data
IN:. dataspec (DRI _dataspec) - data type of each elenent of the global data
QUT: gdo (DRI _gdo) - object that describes the gl obal data

DESCRI PTI ON

Creates a global data object to describe application data. The size
information supplied by the user refers to the size of the application data
_without_ considering how the data will eventually be partitioned across

a group of processes in the parallel environment

COVMUNI CATI ON BEHAVI OR
Local. Al processes that will participate in a future data reorgani zation
involving this data nmust create this object independently.

RESTRI CTI ONS / PQOLI CY

Al processes that will participate in a data reorgani zation on the

descri bed data nmust call this function with identical ndinms, dinsizes, and
dat aspec paraneters. Inplenentations may place an upper lint on the ndins
paranmeter. However, all inplenmentations nust mninmally support

1 <= ndins <= 3

/******************** dl’l gdo get ndln’B ********************/

dri _gdo_get_ndinms - Query a gl obal data object to get the nunber of dinensions

SYNOPSI S



dri _gdo_get _ndi ns (gdo, ndins)

PARAMVETERS
IN. gdo (DRI _gdo) - gl obal data object
QUT: ndinms (integer) - nunber of dinmensions of the gl obal data object

DESCRI PTI ON
A gdo query function that returns the nunber of dinensions in the gl oba
application data associated with the gdo

COVMMUNI CATI ON BEHAVI OR
Local

RESTRI CTIONS / PCLI CY

/******************** dl’l gdo get dl I'TBI ze ********************/

dri _gdo_get _dinsize - Cet size of a specified dinmension of a global data object

SYNCPSI S
dri _gdo_get _dinsi ze(gdo, dim dinsize)

PARAMETERS
IN. gdo (DRI _gdo) - gl obal data object
IN. dim(integer) - dinmension for which the size is requested
QUT: dinsize (integer) - size of the requested di mension

DESCRI PTI ON
A gdo query function that allows the user to determ ne the size of any
di mensi on of the gl obal application data associated with the gdo

COVMMUNI CATI ON BEHAVI OR
Local

RESTRI CTIONS / PCLI CY

/******************** dl’l gdo get dl I'TBI zes ********************/

dri _gdo_get _dinsizes - Get dinmension sizes of a global data object

SYNCPSI S
dri _gdo_get dinsi zes(gdo, dinsizes[])

PARAVETERS
IN. gdo (DRI _gdo) - gl obal data object
QUT: dinsizes (array of integers) - array containing sizes of each di nension

DESCRI PTI ON
Returns the size of global application data associated with the gdo

COVMMUNI CATI ON BEHAVI OR
Local

RESTRI CTIONS / PCQLI CY

/******************** dl’l gdo get dataspec ********************/

dri _gdo_get dataspec - Get datatype of a gl obal data object

SYNOPSI S



dri _gdo_get dat aspec(gdo, dataspec)

PARAMVETERS
IN. gdo (DRI _gdo) - gl obal data object
QUT: dat aspec (DRI _dataspec) - data type

DESCRI PTI ON
Returns the datatype of the global data associated with the gdo

COVMMUNI CATI ON BEHAVI OR
Local

RESTRI CTIONS / PCLI CY

/******************** dl’l gdo destroy ********************/

dri_gdo_destroy - destroy a gl obal data object

SYNCPSI S
dri _gdo_destroy(gdo)

PARAMVETERS
IN. gdo (DRI _gdo) - gl obal data object

DESCRI PTI ON

Destroys the gl obal data object gdo. Frees any nmenory used internally by the
gdo. This function does not destroy application data buffers

associ ated with the gdo

COVMMUNI CATI ON BEHAVI OR
Local

RESTRI CTIONS / PCLI CY

/*****************************************************************************

* Process Group (bject

****************************************************************************/

/******************** dl’l group Cl'eate ********************/

dri_group_create - Create an object to represent a group of processes

SYNCPSI S
dri _group_create(nprocs, procs[nprocs], group)

PARAVETERS

IN. nprocs (integer) - total nunber of processes in the group

IN. procs (array of integers) - array of unique process identifiers
QUT: group (DRI _group) - process group object

DESCRI PTI ON

Creates an object to represent a group of unique processes in the parallel
processing environment. The group is a one-di nensional ordering of processes.
The procs array nmust consist of a list of unique identifiers for each process
in the group to be formed by this call. Because this is a neta-API, the
intent of the group object is to be the same object used by the underlying
(or co-) layer, such as MPIl or MPI/RT. Al so, an inplication is that the
procs array may need to be specified differently depending on the m ddl eware
that is used to inplenent the data reorgani zation interface. For exanple, in



a general - purpose workstation MPl environnment, it rmay be sufficient for the
user to specify alist of MPl ranks in the procs array. In sone enbedded
environnments (or others) that involve nultiple prograns in the run-tine
environment, nore precise information (e.g., systemassigned process id) may
be required in the procs array.

COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTIONS / PCLI CY

A process gets its group rank (logical id within the group) based on where it
is referenced in the procs array. The first process listed in procs will be
assigned rank 0, for exanple. Ranks are therefore assigned values in the
range 0..(nprocs-1). |In order for all processes that call this function to
have a consistent understandi ng of process ranks, the procs array nust be
specified identically by all callers.

/******************** dl’l group I'Tyl’ank ********************/

dri _group_nyrank - Return the rank of the calling process in specified group

SYNOPSI S
dri _group_myrank(group, nyrank)

PARAVETERS
IN.  group (DRI _group) - group object
QUT: rank (integer) - rank of the calling process in the group

DESCRI PTI ON
Returns the rank (logical process id) in the given group to the caller

COVMMUNI CATI ON BEHAVI OR
Local

RESTRI CTI ONS / POLI CY
Only menbers of the specified group may call this function successfully

/******************** dl’l _gl’OUp_SI ze ********************/

dri _group_size - Return the total nunber of processors in the specified group

SYNCOPSI S
dri _group_size(group, size)

PARAVETERS
IN.  group (DRI _group) - group object
QUT: size (integer) - nunber of processes in the specified group

DESCRI PTI ON
Returns the total nunmber of processors in the specified group

COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTIONS / PCQLI CY

/******************** dl’l group destroy ********************/

dri_group_destroy - Destroy a group object



SYNCPSI S
dri _group_destroy(gdo)

PARAMVETERS
IN.  gdo (DRI _group) - group object

DESCRI PTI ON
Destroys the gdo group object. Frees nenory used internally by the gdo.

COVMMUNI CATI ON BEHAVI OR
Local

RESTRI CTIONS / PCLI CY

/*****************************************************************************

* High-level Data Partitioning Specification Object

****************************************************************************/

/******************** dl’l dl Stspec Create ********************/

dri_distspec_create - Create a high-level data distribution specification

SYNOPSI S
dri _di stspec_create(dist_type, nprocs, mnsz, nod, lov, rov, blksz, distspec)

PARAMVETERS
IN.  dist_type (DRI _dist_type) - distribution policy being specified
can be one of:
DRI _DI ST_I NDI VI SI BLE
DRI _DI ST_BLOCK
DRI _DI ST_BLOCKCYCLI C

IN:  nprocs (integer) - nunber of processors dividing the data
(if 0, allows inplenentation to decide)
(ignored for dist_type==DRI_DI ST_I| NDI VI SI BLE)

IN. minsz (integer) - mnimmnunber of |ocal elenments required
(user specifies 0 to indicate no preference)
(ignored when dist_type != DRI _D ST_BLOCK)

IN. nod (integer) - nodul o request
(user specifies 1 to indicate no preference)
(ignored when dist_type != DRI _D ST_BLOCK)

IN. lov (DRI _overlap) - left overlap (DRI _NO OVERLAP specifies no overl ap)
IN. rov (DRI _overlap) - right overlap (DRI _NO OVERLAP specifies no overl ap)

IN:  blksz (integer) - block-cyclic partitioning block size
(user specifies 1 for pure cyclic partition)

QUT: distspec (DRI _distspec) - high-level data distribution object

DESCRI PTI ON

This function describes, at a high-level, the type of data distribution policy
that will be applied to a single dinmension of a global data object. Users

W || associate a separate DRI _dataspec object with each di mension of their

gl obal data that is being partitioned (in a subsequent call to the



dri _dist_create function). This is only a high-level specification object
that is being created. It will NOT tell the user exactly which piece of
gl obal data it will receive in the actual data partitioning. The exact
data partitioning information is stored in the DRI _part object that can
be queried only after performing the dri_dist_create operation

Paranmet er dist_type characterizes the type of partitioning requested. The
DRI _dist_type datatype is generally inplenented as an enuneration type, so
no separate _create function is necessary for construction of this argumnent.

Paranmeter nprocs is used to specify how many processors will divide the data.
If it is O, thenit allows the inplenentation to ultimately decide the | ogica
process topology that will divide the data. In the event that nprocs is
specified as 0, the user can find out exactly what the inplenmentation
ultimately decided by getting a DRI _part object after the conpletion of the
dri_dist_create function.

Paraneter nod is used only for block partitioning requests. This paraneter
specifies that the nunmber of |ocal elenents ultimtely assigned to the calling
process nmust be a nultiple of nod.

Paraneters |l ov and rov specify overlaps (left and right, respectively).
Overlap specifications allow the calling process to indicate the nunber of
adj acent, but non-local data positions (elenents) to be stored locally as
copies. Cenerally, a left overlap refers to overlap in the direction of
_lower_ global indices. A right overlap refers to overlap in the direction
of _higher_ global indices. Consult the section on the DRI _overlap object
for additional details about the overlap specification

Paraneter blksz is used in block-cyclic partitionings to define the size
(in nunber of elenents) of the blocks that get assigned to processors.

COVMMUNI CATI ON BEHAVI OR
Local

RESTRI CTI ONS / PCLI CY
Thi s object may NOT be queried until the conpletion of a subsequent
dri_dist_create call.

bj ect-oriented | anguage bi ndi ngs should be allowed to use techni ques such
as overl oaded constructors to distinguish between the different distribution
types (I NDI VISIBLE, BLOCK, BLOCKCYCLIC) and to sinplify the calling

syntax for users.

In the same spirit, procedural |anguage bindings can define higher-1leve
hel per functions that elimnate some argunents (by providing reasonable
def aul t s)

/*****************************************************************************

* Qverlap specification object

****************************************************************************/

/******************** dl’l Overlap Cl'eate ********************/

dri _overlap_create - Create an overlap data partitioning object

SYNOPSI S
dri _overlap_create(ovr_type, numpos, overl aph)



PARAMVETERS
IN.  ovr_type (DRI _overlap_type) - overlap policy to inplenent at the edges
of a global data object. Can be one of:
DRI _OVERLAP_TRUNCATE
DRI _OVERLAP_TORO DAL
DRI _OVERLAP_PAD ZERCS
DRI _OVERLAP_PAD REPLI CATED

IN: numpos (integer) - nunmber of positions to overlap
QUT: overl aph (DRI _overlap) - overlap object

DESCRI PTI ON

Creates the overlap attribute used in the data distribution high-1leve
specification. The resulting DRI _overlap object is to be passed into the
dri _distspec_create function as a left or right overlap argunent.

NOTE: Just like the DRI _distspec object, the user is expected to create

a DRI _overlap object specification for each dinension of global data (where
a nonzero overlap is desired). |In the event that no overlap is requested
by the user, DRI _NO OVERLAP can be passed as the left and right overlap
argunents to the dri _distspec_create function

In general, overlap is the storage of extra data in a processor’s |oca
data buffer to hold data that is adjacent in the global data context, and
that is assigned to another processor, based on the data partitioning.
Overlap therefore refers to data that is stored on processor boundaries in
the partitioning of the global data.

There are different overlap policies supported:

1) ovr_type == DRI _OVERLAP_TRUNCATE

The | ocal buffer should contain enough space to store copies of num pos
adj acent, non-local elements. At the ends of the global data object,
extra storage is not required in the |ocal data buffer, and is truncated
accordingly.

2) ovr_type == DRl _OVERLAP_TCORO DAL

The | ocal buffer should contain enough space to store copies of num pos

adj acent, non-local elements. At the ends of the gl obal data object,

extra storage is required in the local data buffer, and will be filled with
data fromthe numpos elenents that start at the opposite end of the gl oba
dat a di nensi on.

3) ovr_type == DRl _OVERLAP_PAD ZERCS

The | ocal buffer should contain enough space to store copies of num pos
adj acent, non-local elements. At the ends of the gl obal data object,
extra storage is required in the |local data buffer, and will be filled
with zeros.

4) ovr_type == DRI _OVERLAP_PAD REPLI| CATED

The | ocal buffer should contain enough space to store copies of num pos
adj acent, non-local elements. At the ends of the global data object,
extra storage is required in the |local data buffer, and will be filled
with a copy of the last numpos _locally_ held el ements.



COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTI ONS / PCLI CY

/*****************************************************************************

* Menmory Layout Object

****************************************************************************/

/******************** dl’l Iayout Create ********************/

dri_layout_create - Create a |ocal nenory |ayout object

SYNOPSI S
dri _layout _create(ndins, dins_order, begin_align, repeat_align, |ayouth)

PARAMETERS
IN. ndins (integer) - nunmber of dinensions in the |oca
data buffer described by this |ayout

IN  dinms_order (array of integer) - permutation array of dinensions of the
| ocal data buffer.

IN:  begin_align (integer) - alignnment of the beginning of the |oca
data buffer described by this layout. Alignnment value is given in bytes

IN. repeat_align (integer) - alignnent of the data buffer at the
start point of _every_ position in the first dinmension (the
| east - conti guous di nension - see discussion below). Alignnment value is
given in bytes

QUT: layouth - menory | ayout object

DESCRI PTI ON

Each position of the dins_order array references a dinmension nunber in the
range 0..(ndinms-1). The contents of the array specify the ordering of the

di mensions as they are laid out in linear nmenory space. The |east-contiguous
dinensions are listed first, with the nost-contiguous dinmension listed in

the |l ast position of the array.

The begin_align paranmeter specifies that the |ocal data buffer is aligned
so that the first menory position of the buffer starts at a multible of
begi n_al i gn nunber of bytes.

The repeat _align paraneter specifies that the start position of each
el ement in the | east-contiguous dinension (specified in dins_order[0]) is
aligned so that it starts at a multiple of repeat_align nunber of bytes.

COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTIONS / PCQLI CY

/*****************************************************************************

* Data Distribution Object
* - AND -
* Low |l evel Partitioning oject

****************************************************************************/



/******************** dl’l dl St Create ********************/

dri_dist_create - Create a distribution object for a specific global data
obj ect over a specific process group

SYNCPSI S
dri_dist_create(gdo, group, distspecs, |layout, disth)

PARAVETERS

IN. gdo (DRI _gdo) - gl obal data object

IN.  group (DRI _group) - process group

IN:  distspecs (array of DRI_distspec) - high-level data distribution specs
(one array entry per gdo di nension)

IN. layout (DRI_layout) - nmenory |layout of |ocal data buffers
QUT: disth (DRI _dist) - data distribution object

DESCRI PTI ON
This function aggregates all of the input objects into a single container
a DRI _dist object. It also calculates the specific data bl ock(s) fromthe

gl obal data object that will be assigned to the calling process based on
the high-level data partitioning object. The user will be able to
query this lowlevel information follow ng the execution of this call

COVMUNI CATI ON BEHAVI OR
At the inplenmentation’s discretion, this can be perforned either as a
col l ective operation, or as a conpletely |ocal operation

RESTRI CTI ONS / PQLI CY

The user _nmust_ be able to query the lowlevel partitioning details

that result fromthis call imediately follow ng conpletion of this call.
This is true even if the inplementation does _not_ perform any comruni cation
bet ween processes in the specified group during the execution of this
function.

/******************** dl’l dl St get nypart ********************/

dri_dist_get_nypart - Get |lowlevel partitioning information froma DRI _di st
object for the calling process

SYNCPSI S
dri_dist_get _nypart(disth, parth)

PARAMVETERS
IN  disth (DRI _dist) - distribution object created by dri _dist_create
QUT: parth (DRI _part) - specific lowlevel partitioning information
i ndi cating which part(s) of the global data are assigned to the
calling process

DESCRI PTI ON

Following a dri_dist_create operation, the calling process can now find out
exactly which piece(s) of the global data object have been assigned to it.
During the dri _dist_create execution, a DRI _part object was created and
stored internally to the DRI _dist object. This function allows the user

to retrieve this lowlevel partitioning information as a standal one object.
The DRI _part object can, in turn, be queried for this | owlevel information

COVMUNI CATI ON BEHAVI OR



Local .

RESTRI CTI ONS / PCLI CY
The user nust be able to call this function inmediately following a call to
the dri _dist_create function

/******************** dl’l dl St get part ********************/

dri_dist_get _part - Get another lowlevel partitioning information for any
process associated with a DRI _dist object

SYNOPSI S

dri _dist_get_part(disth, rank, parth)

PARAMETERS

IN. disth (DRI _dist) - data distribution object

IN. rank (integer) - integer rank of process for which the caller wants

| owl evel partitioning information
QUT: parth (DRI _part) - lowlevel partitioning information object

DESCRI PTI ON

For the specified data distribution (which includes a specific global data
obj ect and process group over which the data gets distributed) and specific
process rank, return that process’'s lowlevel partitioning information

COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTI ONS / PQOLI CY
This function nmust be callable following the dri_dist_create call.

/******************** drl part bl OCk get nybounds ********************/
dri _part_bl ock_get _nybounds - Query |lowlevel partitioning object for
speci fic bounds assigned to the calling process
(supports only block partitions)

SYNOPSI S

dri_part_bl ock_get _nybounds(parth, ndins, bounds[ndins])
PARAMVETERS

IN: parth (DRI _part) - lowlevel partitioning object

QUT: ndinms (integer) - nunmber of dinensions in local data buffer
(shoul d equal nunber of dinmensions in associated gdo)

QUT: bounds (array of ndinms bounds_t structures)

DESCRI PTI ON
This function provides the caller with explicit informati on about which bl ock
of data was assigned to it in a previous call to the dri_dist_create function

This call returns information that applies only to cases where the high-1eve
partitioning specification (DRI _distspec) contained only DRI _DI ST_BLOCK or
DRI _DIST_INDIVISIBLE. In other words, this is a "helper"” function that

all ows the user to avoid dealing with the "nunber of blocks" abstraction that
is associated with nore arbitrary bl ock-cyclic partitionings.



The nunber of dinensions of the |ocal data buffer are returned in paraneter
ndins. This should equal the nunmber of dinensions in the associated gl oba
data obj ect.

The exact bounds (in terns of global data indices) is returned in the bounds
argunent. This is an array of bounds_t structure el enents, one per dinension
of the following form

{

left_ov (integer) - specifies the nunber of "left" overlap positions

left_ix (integer) - specifies the first global index that is owned by
the calling process

right_ix (integer) - specifies the last global index that is owned by
the calling process

right_ov (integer) - specifies the nunber of "right" overlap positions

}

COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTI ONS / PQOLI CY
This function nmust be callable following the dri_dist_create call.

/******************** drl part get nybounds ********************/
dri_part_get _mybounds - Query lowlevel partitioning object for
speci fic bounds assigned to the calling process
(universal support for both arbitrary/block-cyclic
and bl ock-only high-1evel partitionings)

SYNCOPSI S
dri_part_get _nybounds(parth, ndinms, nlocal bl ocks[ndinms], bounds_Ilists[ndins])

PARAMVETERS

IN. parth (DRI _part) - lowlevel partitioning object

QUT: ndinms (integer) - # dinmensions in the locally stored data bl ock(s)

QUT: nl ocal _blocks (array of integer) - For each di nension, specifies the
nunber of blocks stored locally to the process associated with parth

QUT: bounds_lists (array of array of bounds_t) - array of "bounds" in each
di mensi on of the dataset

DESCRI PTI ON

This function gives the |l ow | evel "bounds" partitioning information for
a process associated with the parth | owlevel partitioning descriptor

For each di mension of the dataset, an array of bounds_t structures is
returned (one bounds_t elenment per block that is stored locally). For

bl ock-only data distributions, the nlocal _blocks array will contain the
value 1 in each position. For arbitrary/block-cyclic data partitionings,
it is possible (and likely) for the values in the nlocal _blocks array to
differ. The values in the nlocal _blocks array correspond directly to the
nunmber of bounds_t elenments that are stored in the bounds_lists output
par anet er .

The foll owi ng pseudo-code denonstrates a possible use of the output parameters
ndi ns, nlocal _bl ocks, and bounds_|ists:

dri_part_get _nybounds(nypart, ndim blists, nloc_blks)



for dimct = 0..(ndim1)
for blk_ct = 0..(nloc_blks[dimct])

do sonmething with information in blists[dimct][blk_ct]

end // for blk_ct
end // for dimct

COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTIONS / PCLI CY

/******************** dl’l part CaIC IOCaI Sl ze ********************/

dri_part_calc_l ocal _size - Calcul ate size of |ocal buffers associated with one
side of a data reorganization

SYNCPSI S

dri_part_cal c_l ocal _size(parth, |ocal _size)
PARAMETERS

IN. parth (DRI _part) - lowlevel partitioning object

QUT: local _size (integer) - nunber of bytes specifying the size of data
buffers that will be used in future data reorgani zations

DESCRI PTI ON

This function tells the caller what size (in bytes) is required of application
data buffers that participate in data transfers associated with the
partitioning object parth. The returned |ocal_size paranmeter is cal cul ated
based on the high-level partitioning paraneters that were passed to the
dri_dist_create call (e.g., distspec with overlap and | ayout specifications).

COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTIONS / PCLI CY

/******************** dl’l part |SI OC&| ********************/

dri_part_islocal - Determine if a data point specified in ternms of gl oba
indices is assigned to the calling process

SYNCPSI S
dri_part_islocal (parth, global _index, flag)

PARAMVETERS

IN. parth (DRI _part) - lowlevel partitioning object

IN.  global _index (array of integer) - gl obal coordinates of data point in
qguestion (one index per dinension of the global data object)

QUT: flag (Bool ean) - indicates whether specified data point is local to the
calling process

DESCRI PTI ON
For a given partitioning description and global data point, determ ne whether
the data point in question is assigned to (stored locally to) the calling



process.

COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTI ONS / PCLI CY

The nunmber of entries in the global _index array should mnimally

equal the nunber of dinensions in the global data object (DRI _gdo) that
is associated with the parth partitioning descriptor

/******************** dl’l part get gl Oba||ndeX ********************/

dri _part_get_gl obalindex - Get global data index froma specified |ocal index

SYNOPSI S

dri_part_get_gl obalindex (parth, |ocal _block, |ocal_index, global_index)
PARAMETERS

IN. parth (DRI _part) - lowlevel partitioning object

IN:  local_block (integer) - local block index

IN:  local _index (array of integer) - |ocal data coordinates

QUT: gl obal _index (array of integer)- correspondi ng gl obal data coordinates

DESCRI PTI ON

This function translates a locally owned data point into its correspondi ng
coordinate position in the gl obal data object (DRI _gdo) associated with
the parth object.

COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTI ONS / PCLI CY

The | ocal _i ndex and gl obal _i ndex array | engths are assuned to be equal to the
nunmber of dinmensions in the gl obal data object (DRI _gdo) associated with the
parth object.

/******************** dl’l part get |OC&||ndeX ********************/

dri_part_get_l ocalindex - Get |local data index froma specified global index

SYNCPSI S

dri_part_get | ocalindex (parth, global _index, |ocal_block, |ocal_index)
PARAVETERS

IN. parth (DRI _part) - lowlevel partitioning object

IN:  global_index (array of integer) - global data coordinates

QUT: local _block (integer) - local block index

QUT: local _index (array of integer) - corresponding |ocal data coordinates
DESCRI PTI ON

This function translates a gl obal data point into the corresponding |ocally
owned data point.

COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTI ONS / PQOLI CY
The | ocal _i ndex and gl obal _index array lengths are inplicitly equal to the



nunmber of dinmensions in the gl obal data object (DRI _gdo) associated with the
parth object. An error status is returned when the gl obal _i ndex paraneter
does not correspond to any locally owned data.

/******************** dl’l dl St get gdo ********************/

dri _dist_get_gdo - Get gl obal data object associated with a DRI _di st object

SYNCPSI S
dri _get _gdo(di sth, gdoh)

PARAMVETERS
IN. disth (DRI _dist) - data distribution object
QUT: gdoh (DRI _gdo) - gl obal data object

DESCRI PTI ON
Returns a gl obal data object associated with this data distribution object.

COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTI ONS / PCLI CY

/******************** dl’l dl St get group ********************/

dri_dist_get_group - Get the process group associated with a DRl _di st object

SYNCPSI S
dri _di st_get_group(di sth, grouph)

PARAVETERS
IN. disth (DRI _dist) - data distribution object
QUT: grouph (DRI _group) - process group object

DESCRI PTI ON
Returns the process group object that is associated with the disth object

COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTI ONS / PCLI CY

/******************** dl’l dl St destroy ********************/

dri _dist_destroy - Destroy a data distribution object

SYNOPSI S

dri _di st_destroy(disth)

PARAMETERS

IN. disth (DRI _dist) - data distribution object

DESCRI PTI ON

Destroys the disth object. Includes the freeing of any nenory used internally

by the disth object, including the DRI _part object that is nornally produced
internally by the dri_dist_create function. Users should expect that
references to DRI _part information will be invalid following a call to

dri _dist_destroy on an associ ated distribution object.



COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTIONS / PCLI CY

/*****************************************************************************/

/* Transfer object */

/*****************************************************************************/

/******************** dl’l transfer Create ********************/

SYNCPSI S
There are three fornms of this call:
dri _transfer_create_send(nane, srcDist, nSrcBufs, srcBufs[], transfer);
dri _transfer_create_recv(name, destDist, nDestBufs, destBufs[], transfer);
dri _transfer_create_sendrecv(name, srcDist, nSrcBufs, srcBufs[], destD st,
nDest Buf s, destBufs[], transfer);

name: (string/integer?) ldentifier for the transfer

srcDist: (DRI _dist) distribution object on the send side

destDist: (DRI_dist) distribution object on the receive side

nSrcBufs: (integer) nunmber of buffers associated with the transfer

on the send side

I N nDestBufs: (integer) nunber of buffers associated with the transfer
on the receive side

IN srcBufs: (array of pointers) send side data buffers

I N destBufs: (array of pointers) receive side data buffers

QUT transfer: (DRI _transfer) Transfer object created

DESCRI PTI ON

The send transfer object allows the given node to participate in a

transfer as a send. The receive transfer object has a simlar (obvious)
function. The sendrecv transfer object allows a node to participate both as
a sender and as a receiver

COVMUNI CATI ON BEHAVI OR
Local . Processes create transfer objects independently and in any order.

RESTRI CTI ONS / PCLI CY
Buf fers are assunmed to be big enough to contain all the data transferred.
To find the size of the buffer, use the function dri_part_cal c_| ocal _si ze.

Currently, we assunme that transfers are either bi-partite or clique-based.
Internediate cases, that is, partially overlapping process groups, are
disallowed. |If any process is both a sender and a receiver, all processes
must be both senders and receivers, or an error will result at connect
tine.

/******************** dl’l transfer accessors ********************/

SYNOPSI S

dri _transfer_get_name(transfer, nane);

dri _transfer_get_srcDist(transfer, srcDist);
dri _transfer_get_nSrcBufs(transfer, nSrcBufs);
dri_transfer_get_srcBufs(transfer, srcBufs[]);

dri_transfer_get _destDi st(transfer, destDist);



dri _transfer_get_nDestBufs(transfer, nDestBufs);
dri _transfer_get_destBufs(transfer, destBufs[]);

DESCRI PTI ON
These functions return the paraneters passed in at the dri_transfer _create
call. See that call for a description of each paraneter

COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTI ONS / POLI CY

Al'l transfer query functions may be called on any type of Transfer object
(send, recv, or sendrecv). The 'nane’ query function will return valid
data for any type of transfer object. Both the source and destination
query functions return valid information when used on a sendrecv Transfer
object. Only the source set (respectively, destination set) returns valid
data when used on a send (recv) Transfer object. NULL is returned when
usi ng the destination set (source set) of query functions on send (recv)
Transfer objects.

/******************** dl’l transfer ConneCt ********************/

SYNCPSI S
dri _transfer_connect (transfer);

PARAMETERS
INQUT transfer: (Transfer) transfer object to be connected

DESCRI PTI ON
Enabl es a given transfer for use: cal cul ates which processors are sendi ng
to and receiving fromwhich other processors

COVMUNI CATI ON BEHAVI OR

The connect call is a synchronization point between all processors in the
send and receive sides of the given transfer: it is collective and

bl ocki ng.

RESTRI CTI ONS / PCLI CY
Transfer objects nust be connected in the correct order by the invol ved
parties or deadl ock may (wll probably) result.

If any process involved in the transfer is both a sender and a receiver,
all processes nust be both senders and receivers, or an error will result
here.

/******************** dI‘I transfer ISCOFIneCted ********************/
SYNOPSI S
dri_transfer_isconnected(transfer, flag);

PARAMETERS
INtransfer: (Transfer) transfer object
QUT flag: (bool ean) connection indicator

DESCRI PTI ON
The flag returned is true if transfer object has been passed to the connect
operation and has been successfully connected, fal se otherw se.



COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTI ONS / PCLI CY

/******************** dl’l transfer do ********************/

SYNCPSI S
dri _transfer_do(transfer);

PARAMVETERS
IN transfer: (Transfer) transfer object

DESCRI PTI ON

This is a blocking call that transfers data fromsender to receiver. The
appropriate buffers are used in a round-robin fashion on each side of the
transfer.

COVMUNI CATI ON BEHAVI OR

The call is blocking, that is, it returns when the |ocal processor has
fini shed sending or receiving data, or both, as appropriate. A ’'send
buffer can be re-used after this call conpletes, and a "recv’ buffer wll
contain all received data after this call conpletes

RESTRI CTIONS / PCQLI CY

/******************** dI‘I transfer buffer avallable ********************/
SYNCPSI S
dri _transfer_buffer_avail able(transfer, flag);

PARAMETERS
IN transfer: (Transfer) transfer object
QUT flag: (Boolean) availability indicator

DESCRI PTI ON
Flag is true if there is a buffer available to be acquired fromthe given
send or sendrecv transfer object, fal se otherw se.

COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTI ONS / PCLI CY
Can only be called on send and sendrecv transfer objects. Returns an error
when called on a recv transfer object.

/******************** dI‘I transfer vaL“re buffer ********************/
SYNCPSI S
dri _transfer_acquire_buffer(transfer, buffer);

PARAVETERS
INtransfer: (Transfer) transfer object
QUT buffer: (pointer) Pointer to a buffer

DESCRI PTI ON
This call returns the user an enpty buffer for use. Presumably, the user
will fill the buffer with data and insert it.

COVMUNI CATI ON BEHAVI OR



Local , bl ocking. To prevent blocking, test first with the buffer_available
nmet hod, above.

RESTRI CTI ONS / PCLI CY
Can only be called on send or sendrecv transfer objects. Returns an error
when called on a recv transfer object.

/******************** dl’l transfer Insert ********************/

SYNCPSI S
dri _transfer_insert(transfer, buffer);

PARAMETERS
IN transfer: (Transfer) transfer object
IN buffer: (pointer) Pointer to the buffer used in the transfer

DESCRI PTI ON
This call requests that the data in the given buffer be transferred.

COVMUNI CATI ON BEHAVI OR
This is a non-blocking call: if possible, it will return before the
requested transfer is conplete.

RESTRI CTI ONS / PCLI CY

The user nust not try to access the nmenory in the buffer after insertion
Doi ng so may corrupt the transfer. The user should not alter the buffer
until it is re-acquired using the "acquire’ call above.

Can only be called on send or sendrecv transfer objects. Returns an error
when called on a recv transfer object.

/******************** dI‘I transfer data avallable ********************/
SYNOPSI S
dri _transfer_data_avail abl e(transfer, flag);

PARAMETERS
INtransfer: (Transfer) transfer object
QUT flag: (Boolean) availability indicator

DESCRI PTI ON
Flag is true if there is data available to be extracted fromthe given
transfer object, false otherw se.

COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTI ONS / PCLI CY
Can only be called on recv or sendrecv transfer objects. Returns an error
when called on a send transfer object.

/******************** dl’l transfer extract ********************/

SYNOPSI S
dri_transfer_extract(transfer, buffer);

PARAMVETERS
INtransfer: (Transfer) transfer object
QUT buffer: (pointer) Pointer to the buffer used in the transfer



DESCRI PTI ON
This nmethod returns the user a buffer filled with data received fromthe
gi ven transfer.

COVMUNI CATI ON BEHAVI OR
This is a blocking call: to prevent blocking, test first with the
dat a_avai | abl e nmet hod, above.

RESTRI CTI ONS / PQOLI CY

The buffer will not be re-used by the inplenmentation until the user calls
dri _transfer_rel ease_buffer. If buffers are not released in a tinely
fashion, the inplenmentation may run out of buffers.

Can only be called on recv or sendrecv transfer objects. Returns an error
when called on a send transfer object.

/******************** drl transfer rel ease buffer ********************/
SYNCPSI S
dri_transfer_release_buffer(transfer, buffer);

PARAMETERS
INtransfer: (Transfer) transfer object
IN buffer: (pointer) Pointer to the buffer to be rel eased

DESCRI PTI ON
This is a signal to the transfer object that the buffer is released to
system control

COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTI ONS / PCLI CY

The buffer is assumed to be available to the inplementation for future
transfer operations. The user nust not try to access the nenory in the
buffer after release, until the buffer is actually returned by an ’extract’
operation. Doing so may corrupt the transfer

Can only be called on recv or sendrecv transfer objects. Returns an error
when called on a send transfer object.

/******************** dl’l transfer destroy ********************/

SYNCPSI S
dri_transfer_destroy(transfer);

PARAMETERS
IN transfer: (Transfer) transfer object

DESCRI PTI ON
Destroys the given transfer object.

COVMUNI CATI ON BEHAVI OR
Local .

RESTRI CTI ONS / PQOLI CY

It is an error to destroy a transfer object on a subset of the processes
involved in the original connect call and then try to use any of the
transfer operations (do, extract, insert, acquire, release...) on other



processes.



