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1 Overview

Before reading this document, readers are strongly encouraged to read the general LAM/MPI System Ser-
vices Interface (SSI) overviewd]). This document uses the terminology and structure defined in that
document.

Thecoll SSI type is used to implement the algorithms in the MPI collective operations in LAM/MPI. Its
primary responsibility is to examine the run-time environment of each communicator (as it is created) and
decide on an optimal set of collective algorithms to use on that communicator.

Thecoll SSl is designed for two primary audiences:

1. Algorithm authors, so that they can implement new MPI collective algorithms without needing to
know much of the internal details and complexity of an MPI implementation.

2. Hardware providers, so that they can exploit hardware support for collective operations.

1.1 General Scheme

Eachcoll module is opened and initialized duridgPI_INIT. Any module that indicates that it does not
want to run will be ignored for the duration of the process. All other modules are eligible for selection on a
per-communicator basis for the rest of the process.

As each new communicator is constructed (includigl_COMM_WORLD andMPI_COMM _SELF),
the availablecoll modules will be queried to see if they want to operate on the new communicator. That
is, each new communicator triggers the selection mechanismofomodules. The selected module will
have its function pointers cached on thi&|_Comnhandle. Whenever a collective function is invoked on
the communicator, LAM will perform error checking on the arguments and then invoke the corresponding
underlyingcoll module API function.

When the communicator is destroyed, ttw#l module’s finalize function is invoked. This will happen,
at the latest, durinylPI_FINALIZE.

1.2 Thread Safety

Note thatcoll modules are able to indicate the range of MPI thread levels that they supportlinghd _-
query API call (Section3.3).

Before deciding which levels to support, note that MPI semantics guarantee that the same communicator
cannot be used for two simultaneous collective operations. Hence, multiple threads will never be executing
in a givencoll module with the same communicator. This means that eabtmodules will likely be able
to supporfMPI_THREAD_SINGLE,MPI_THREAD_THREAD_SERIALIZED] with little or no effort.

Restrictingcoll module persistent mutable state to the cached values on the communicator may be
sufficient to make mostoll modules able to suppdvtPI_THREAD _MULTIPLE with little additional effort.

2 Services Provided by thecoll SSI

Several services are provided by ttal SSI that are available to aibll modules.

2.1 Header Files

The following header files must be included (in order) in all module source files that want to use any of the
commoncoll SSI services described in this document:



#include <lam—ssi.h>
#include <lam—ssi—coll.h>

Both of these files are included in the same locatalrare/ssi/include . If using GNU Automake
and theop _lam _srcdir macro as recommended i#][the following can be added to tAeMCPPFLAGS
macro (remember thatAMBUILDING must be defined to be 1):

AM _CPPFLAGS =\
—I$(top_lam_builddir)/share/include
—I$(top_lam_srcdir)/share/includg
—I$(top_lam_srcdir)/share/ssi/include

All three flags are necessary to obtain the necessary header files (note that the build directory is explicitly
included in order to support VPATH builds properly, even though it will be redundant in non-VPATH builds).

2.2 Module Selection Mechanism

The coll SSI has potentially many different scopes over the life of an MPI process. Each MPI communi-
cator has its owroll scope. Hence, it is possible for a differexil module to be selected for each MPI
communicator. Theoll selection process is divided into multiple parts:

1. The module’s open function (if it exists). This is invoked exactly once when an MPI process is
initialized. If this function exists and returns 0, the module will be ignored for the rest of the process.

2. The module’dsc _thread _query API function (see Sectio3.3). This function is also invoked
exactly once when the application is initialized and is used to query the module to find out what levels
of thread support it provides (this occurs durtd@I_INIT). If this function returns a nonzero value,
the module will be ignored for the rest of the process.

3. The module’dsc _query API function (see SectioB.4). This function is invoked once for every
new scope (i.e., every new MPI communicator, includitigl_ COMM_WORLD andMPI_.COMM _-
SELF). Its return value only determines whether the module will be considered for selection in that
communicator.

2.2.1 Communication

coll modules are initialized near the end of the construction of an MPI communicator. As such, point to point
communication (e.gMPI_SEND andMPI_RECV) on that communicatois possible. All point-to-point
communication conducted on the communicator must be fully completed (e.g., no unmatched non-blocking
communications) when the negotiation is complete.

Limited use of communicator constructors and collectives are permitted during the selection process for
a new communicator. See Secti®il.2for details.

2.3 Types
Some types are used in different API calls and throughoutdHeSSI.

2.4 Global Variables

Several global variables are available tocalll modules. These variables agtern 'ed in thecoll header
file.



2.4.1 int lam _ssi _coll _did

Thisint is set by thecoll SSl initialization function, and will therefore be usable by evawit API function
(includingopen). It is the debug stream ID specific to thell SSI modules (seel] for a description of
LAM/MPI debug streams). I€oll modules do not create their own debug streams, they shouldmuse
ssi _coll _did .

Debug streams should be used in conjunction Wath _ssi _coll _verbose . Note, however, than
debug streams should be used with care (and/or “compiled out” with preprocessor directives when not in
use) because even if their output is not displayed, they still invoke a function call and may generate overhead
at run-time.

2.4.2 int lam _ssi _coll _verbose

Thelam _ssi _coll _verbose variable will be set by theoll SSlinitialization function, and will therefore
be usable by evergoll API function.

lam _ssi _coll _verbose is used to indicate how many “status” messages should be displayed. This
does not pertain to error messages that the module may need to print — only messages that are superfluous
“what'’s going on” kind of messages.

The value of this variable should be interpreted as following:

e Less than zero: do not output any status messages.

e Zero: print minimal amounts of status messages. This typically corresponds tevthdldg on
various LAM commands.

e Greater than zero: print status messages — potentially more than if the value were zero; exact meaning
is left up to the module. A value of 1000 typically corresponds to tltk"“flag on various LAM
commands.

2.4.3 BLK* Constants

LAM’s BLK* constants are used to identify which function is being used. These constants are generally
in the form of ‘BLKMPI<FUNCTION> and are located in the header fdblktype.h>  The constants

can be used as tags for MPI point-to-point functions for layeatimodule implementations, or used to
generate MPI exceptions marked as coming from a specific collective operation.

2.5 Functions

Several common functions are provided toalll SSI modules.

2.5.1 lam _mkcoll()

void lam _mkcol(MPlI _comm comm)

This function is used switch a communicator from point-to-point context to collective context. It should
be invoked at the beginning of all layered collective implementations before any point-to-point communica-
tion is invoked. See Sectidh1.1for more information on layered point-to-point implementations.



2.5.2 lam _mkpt()

void lam _mkpt(MPI _.comm comm)

This function is used switch a communicator from collective context to point-to-point context. It should
be invoked at the end of all layered collective implementations that previously invakednkcoll()
See Sectio.1.1for more information on layered point-to-point implementations.

2.5.3 lam _err _comm()

int lam _err _.comm(MPIl_comm, int errclass, int error, char *errmsg)

This function is used to invoke MPI exceptions on a communicator. The available MPI error classes
are listed inkmpi.h> ; the integer error codes are defined by tol module. errmsg is a string error
message that may be printed if LAM’s default exception handlers are invoked. For example:

int lam_ssi.coll_ MODULE _barrier(MPLComm comm){
I* ... perform the barrier ..x/
if (anerror.occurred)
return lam_err.comm(comm, MPIERR.COMM, MPI_ERR ARG, “Error in comm”);
return MPI_SUCCESS;

}

Always return the value frorfam _err _.comm() . If the MPI exception does not abort, its error code
will be returned through the function’s return value.

2.5.4 Datatype Accessor Functions

Although coll modules generally need not access individual data members in user-provided lmaffiers,
modules may need to allocate temporary buffers and copy user-provided buffers while performing collective
algorithms. LAM provides functions for allocating and copying buffers that are sized and mapped by MPI
datatypes.

Note that reduction operations seem like a notable exception to this policy; a reduction must potentially
combine multiple buffers into a final output buffer, and would therefore seem to require access to the indi-
vidual data members in the buffer. However, a separate function will be utilized for this purpose. Built-in
MPI operations such adP1_SUM have their own function which will iterate over data members to perform
the summation. User-provided operations will have user-specified functions to perform the combination op-
eration. Specifically, the reduction function will be cached on\iird_Op passed to the reduction function.

For example:

int lam_ssi.coll MODULE _reduce(..., MPIOp op, ...{
[x ... setup ..«/
/% Invoke the reduction function, checking to see if the MPI
datatype can be passed directly, or whether we need to pass the
integer handle, as required by Fortrau

if (op—>op_flags & LAM_LANGF77)

(op—>op_func)(inputbuffer, outputbuffer, &count, &datatype >dt f77handle);
else

(op—>op_func)(inputbuffer, outputbuffer, &count, &datatype);




)

/* ... cleanup and final handling x/ ’

As such, even with reductions, thell module itself does not need to access the individual data members
— it only needs to provide the infrastructure to copy and move buffers between processes. The following
functions can be used to

¢ Allocate a buffer large enough to accomodate a specific MPI datatype.

[int lam_dtbuffer(MPLDatatype dtypeint count,char sxbuffer, char *xorigin); j

dtype andcount specify how large to make the buffer. Two pointers are returfedfer is a
pointer to the beginning of the allocated buffer (i.e., it can later be used as an argurfree(}o .
origin  is a pointer that can be passed as the buffer to MPI functions (dRJ_SEND, MPI_-
RECV, etc.).buffer andorigin  may be different values if the lower bound of the MPI datatype
is artificially set lower than its actual value.

e Copy a buffer mapped by two MPI datatypes.

int lam_dtsndrcvyoid ssbuf,int scount, MPIDatatype sdtypeyoid «rbuf, int rcount
MPI_Datatype rdtypeint tag, MPLComm comm);

Typically, this function is used to copy from a user buffer to a temporary buffer allocatéhby
dtbuffer  (or vice versa). Different datatypes may be used, as long as they match. If the datatype
is relatively simple, the copy is performed directly. If the datatype is not sinMpid, SENDRECV

is used.

e Pack a buffer into a contiguous buffer, or unpack a buffer from a contiguous buffer. The functions
MPI_PACK andMPI_UNPACK can be used directly for this purpose.

3 coll SSI Module API

This is version 1.0.0 of theoll SSI module API.

Eachcoll SSI module must exportsruct lam  _ssi _coll _1.0_0 namedam _ssi _coll _<name>_-
module . This type is defined in Figurg Thisstruct contains only a small number of function pointers
used for initialization and querying the module. FiguBeand3 show astruct  that contains function
pointers to the collective API algorithm functions (it is split across two figures because of its length). A
pointer to thisstruct is returned by the module’s query function (in Figuddf the module decides that
it should be used for a given communicator.

The majority of the elements in Figurés2, and and3 are function pointer types; each is discussed in
detail below. When describing the function prototypes, the parameters are marked in one of three ways:

¢ IN: The parameter is read — but not modified — by the function.
e OUT: The parameter, or the element pointed to by the parameter may be modified by the function.

e IN/OUT: The parameter, or the element pointed to by the parameter is read by, and may be modified
by the function.



typedef struct lam_ssicoll 1. 0.0 {
lam_ssi1.0_0_t Isc_.metainfo;

/* Initialization / querying functions/

lam_ssicoll_threadqueryfn_t Isc_threadquery;
lam_ssicoll_queryfn_t Isc_query;

/% Flags*/

int Isc_hascheckpoint;
} lam_ssicoll.1.0.0.t;

Figure 1: Thecoll type for exporting the basic API function pointers and flags.

3.1 API Notes

The following sections provide details and clarifications on specific aspects of implementing the collective
API function calls.

3.1.1 Layered Point-to-Point Implementations

Collective algorithms may be layered on top of the MPI point-to-point functions (81B1,SEND and
MPI_RECV). However, collective implementations must guarantee not to interfere with any pending point-
to-point communications on the same communicator. LAM allows for this functionality by having a unique
integer context on all communicators. Positive contexts are reserved for point-to-point communications;
negative contexts are reserved for collective communications.

As such, layered collective implementations may either usdatime mkcoll()  andlam _mkpt()
functions to change their communicator’s context to be collective and then back to point-to-point (respec-
tively), or they may use communicator constructors to make a private communicator with which to commu-
nicate. See Sectio®s5.1and2.5.2for information aboutam _mkcoll()  andlam _mkpt() , respectively,
and Sectior8.1.2for information about using sub-communicators.

It is critical that layered collectives guarantee to not leave any unmatched communications when they
complete. Doing so will consume resources and potentially cause deadlock during the communicator de-
structor (which may be duringiPI_FINALIZE).

Finally, layered algorithms should use tR&PI functions when available. This will guarantee to not
create any side-effects from potentially user-intercepd&d functions. However, LAM can be configured
without the MPI profiling layercoll modules must therefore utilize compile-time macros to switch between
MPI andPMPI functions. The following is an example of how this can work:

I+ <lam_config.h> will set LAMWANTPROFILE to 1 or 0, depending on
whether LAM/MPI was built with profiling support or net.

#include <lam config.h>

#if LAM _WANT _PROFILE

#defineLAM _PROFILELIB 1

#endif




| I+ If LAM_PROFILELIB is set to 1<mpi.h> and <mpisys.b- will #define |

| all MPI_Foo functions to be PMPFoo. «/ |
#include <mpi.h>
#include <mpisys.h>

int lam_ssicoll MODULE bcast(...jnt root, MPLComm comm){

I+ Simplistic linear algorithmk/
if (rank == root){

for (i=0;i < size; ++i)

if (i '=root)
MPI1_Send(..., comm);

} else

MPI_Recv(..., comm, MPETATUS.IGNORE);

return MPI_SUCCESS;

}

3.1.2 Hierarchical Implementations (Sub-Communicators)

It is permissible forcoll module to create sub-communicators duringlgiea _init APl function call (see
Section3.6). Sub communicators may be useful to create “multi-module” collectives such that a top-level
coll module is used to partition a communicator into smaller parts, each of which can invoke a dedicated
collective algorithm (potentially in a differeicbll module).

For example, themp coll module will invoke MPI_COMM_SPLIT on the communicator during its
Isca _init function (Sectior8.6) to create a set of sub-communicators. Each sub-communicator will only
contain MPI processes on a single node. In this waysthp coll module runs a top-level algorithm for
each collective, and the sub-communicators perform lower-level algorithms.

However MPI_COMM_SPLIT invokes collectives to create new communications (name, ALLREDUCE
and MPI_ALLGATHER). This creates a paradox: tlell module needs to invokBIPI_COMM_SPLIT
while it is setting up, buMPI_COMM_SPLIT requires a communicator with a fully-functior@dll module
to complete successfully.

In order to enable this kind of behavior, modules can initially supply one set of function pointers for
the MPI collective functions and later provide a second set of function pointers. Specificalnthmsic
coll module is the “basic” implementation of the MPI collective algorithms. It uses standard linear/logarith-
mic algorithms which, although they perform well in many environments, are less than optimal in others.
However, thdam_basic API functions can always be used without any prior setup. As such, isrtie
module example abovemp initially sets up the target communicator with the function pointers fiamn -
basic before invokingMPI_COMM_SPLIT. Later, after all setup has been completsiahp replaces the
lam_basic function pointers with its own.

For example:

1. During the creation of a new communicator, 8mp module (which previously returned valid thread
levels from itslsc _thread _query function) has itdsc _query function invoked.

2. It determines that it is eligible to run, and assigns an appropriate priority.

3. Ittheninvokedam _ssi _coll _lam _basic _query() toreturnastruct of pointers to théam -
basic API functions (inserting its owlsca _init andicsa _finalize functions before returning
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it to the upper level).
4. If the smp module is selected, ifsca _init  function is invoked.

5. Isca _init invokesMPI_COMM_SPLIT to create sub communicator®P|_COMM_SPLIT will
use thelam_basic function pointers that were previously provided by tee _query function to
create the sub communicators.

6. Finally, Isca _init returns a nevstruct that contains pointers to all tremp module functions
(effectively replacing théam_basic function pointers).

Note thatlam _ssi _coll _lam _basic _query() is intended to be used in exactly this fashion (i.e.,
thelam_basic module was specifically designed such that it is not necessary to invdké its function).
Also, in anticipation of variousoll modules needing this function, itis prototypecdam-ssi-coll.h>

Also note that all sub-communicators created to implement this kind of behavior should EéiMhe
HIDDEN flag on thec_flags member on the communicatbr.This will hide the communicator from
parallel debuggers that can view message queues. For example:

int lam_ssi.coll MODULE _init(MPl_Comm commgonstlam ssi coll_actionst xxnew actions){
[* ... setup ..x/
MPI_Commsplit(comm, color, key, &sulzomm);
subh.comm->c_flags|= C_HIDDEN;
/* ... rest of function ..x/

}

3.1.3 Intracommunicators and Intercommunicators

Figures2 and3 show two function pointers for each MPI collective function — one for intracommunicators,
and one for intercommunicators. The function pointer type is the same for both functions (i.e., the function
signature is identical). As such, each function below is only described once; it is implied that there are two
pointers (of different names) intlsruct  — one for intracommunicators, and one for intercommunicators.
LAM’'s MPI layer will automatically invoke the appropriate function depending on the underlying type of
MPI_Comnthat was passed to the top-level MPI function.

It is permissible for a module to providéULL for any of the collective functions. If a program invokes
a collective with aNULL implementation, the MPI exceptidlPI_ ERR_OTHER will be invoked with an
error code oENOT_IMPLEMENTED.

3.1.4 Checkpoint / Restart Functionality

LAM/MPI has the ability to involuntarily checkpoint and restart parallel MPI applications. The signal to
checkpoint an MPI function may arrive asynchronously. Applications are typically unaware that checkpoints
are occurring. LAM/MPI will ensure that either no user threads are in the MPI library, or that they have
been safely interrupted. When an application resumes, the application thread(s) is(are) resumed as if nothing
happened.

coll modules may or may not support checkpoint/restart functionality. If a module supports check-
point/restart, it must set thiec _has _checkpoint flag to 1 in its exported basic struct (see Figdje

1[2] contains details on the members of t@|_Comndata structure.
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and supply corresponding function pointers for all actions related to the checkpoint/restart functionality (de-
scribed below). When an MPI application is initialized, &l framework performs a logical AND on
thelsc _has _checkpoint value from all availableoll modules. Checkpoint/restart support will only be
available if the result of this logical AND is 1.

General scheme. When a checkpoint begins, eacbll module must get itself into a state such that it
can be later restored with no loss of messages or information. For exangu#,naodule may drain the
network such that no messages are “in-flight” on the network when the checkpoint finally occurs. However,
this scheme may vary with eacbll module; draining the network may or may not be necessary.

After a checkpoint, one of two actions are possible: continue and restart. “Continue” occurs if the
checkpoint does not stop the parallel application; processing continues as if nothing had happened. “Restart”
occurs if a previous checkpoint is later resumed. The difference is only a minor optimization: a “continue”
time, the MPI layer may not need to re-build network connections, etc. (i.e., if the network connections were
not shut down during the checkpoint). But at restore time, all network connections and external resources
likely need to be rebuilt / re-claimed.

A coll module can insert arbitrary code at each of these three points (checkpoint, continue, restart);
functions are provided for each step and are described in Se&i@r&9, and3.1Q respectively.

When no special action is needed. Modules that are layered on point-to-point MPI functions probably do
not need to do anything (at least in terms of the communication network) for checkpointing, continuing, and
restarting since the RPI modules will take care of all networking aspects of checkpoint/restart functionality.
Modules that fall into this category should either provide empty functions for this API calls, or use the
built-in basecoll empty functions that are designed for this purpose:

e lam _ssi _coll _base _checkpoint
e lam _ssi _coll _base _continue

e lam _ssi _coll _base _restart

3.1.5 MPI Exceptions and Return Values

If a coll API function that maps directly to an MPI collective function completes successfully, it must return
MPI_SUCCESS. Errors that occur duringoll module API functions should invoke the corresponding MPI
exception handler.

With layeredcoll implementations, this is already mostly handled by the underlying MPI function calls.
The coll module simply needs to check the return value from the underlying MPI function calls to ensure
that they werdVIPI_SUCCESS before continuing. For example:

int lam_ssi.coll MODULE barrier(MPLComm comm){
% ... setup ..x/
if ((err = MPLSend(...)) '= MPISUCCESS)
return err;
/% ... rest of function ..x/
return MPI_SUCCESS;

}

12



Non-layeredcoll implementations will need to generate their own MPI exceptions (ensuring to return
the value of the exception so that handlers suchiB§ ERRORS_RETURN can function properly). See
Section2.5.3for details on théam _err _comm() function.

In the presence of errorspll module authors are strongly encouraged to clean up state and leave the
module in a restart-able state before invoking corresponding MPI exceptions. This will allow exception
handlers such a8IPI_ ERRORS_RETURN to allow MPI programs to continue, even in the presence of
non-fatal errors.

3.2 Data Member:Isc _meta _info

Isc _meta_info is the SSI-mandated element contains meta-information about the module3] $ae [
more information about this element.

3.3 Function Call: Isc _thread _query

e Type:lam _ssi _coll _thread _query _fn _t

[typedef int (xlam_ssicoll_threadqueryfn_t)(int xthreadmin, int xthreadmax); }

e Arguments:

— OUT: thread _min is the minimum MPI thread level that this module supports. Only mean-
ingful if the function returns zero.

— OUT: thread _maxis the maximum MPI thread level that this module supports. Only mean-
ingful if the function returns zero.

e Return value: Zero if the module wants to be considered for negotiation, non-zero otherwise.

e Description: This function is invoked exactly once during the initial module selection process during
MPI initialization. It is invoked before all other module API calls.

If the module wants to be considered for negotiation, it must fithirad _min andthread _max

to be the minimum and maximum MPI thread levels that it suppdtisead _min must be less

than or equal teéhread _max. This functionality is split from the main query API call (Sectigm)
because the thread level of the module is determined only once per process, but the query function
will be invoked multiple times.

If the function returns non-zero, the thread levels will be ignored and the module will be ignored for
the duration of the process.

3.4 Function Call: Isc _query

e Type:lam _ssi _coll _query _fn _t

[typedef constlam_ssicoll_actionst *(xlam_ssi.coll_queryfn_t)(MPI_Comm commint xpriority); j

e Arguments:

— IN: commis the communicator that is being setup.
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— OUT: priority is the output priority that this SSI module thinks that it should be rated. This
value is only meaningful if the function returns a nNiJLL value.

e Return value: EitheNULL or a pointer to thestruct  shown in Figure® and3. The contents of the
struct  will be copied —thestruct itself will not be freed.

e Description: If the module wants to be considered for the negotiation of collectives on this commu-
nicator, it should return a pointer to tiseruct  shown in Figure® and3 and assign an associated
priority to priority . Valid values ofpriority are in the rang@, 100], with 0 being the lowest
priority, and100 being the highest.

If the module does not want to be considered during the negotiation for this communicator, it should
returnNULL, and the value ipriority is ignored.
3.5 Data Member:Isc _has _checkpoint
Isc _has _checkpoint issetto 1 ifthis module supports checkpoint/restart functionality, and 0 otherwise.
Its value is checked duringlPI_INIT.
3.6 Function Call: Isca _init

e Type:lam _ssi _coll _init _fn _t

[typedef int (xlam_ssicoll_init_fn_t)(MPI_Comm commgonstlam_ssicoll_actionst **new,actions)j

e Arguments:

— IN: commis the communicator that this module has been selected for.

— OUT: new_actions is a pointer to a nevstruct  of function pointers for API calls. If
the module wishes to change the values that it returned fsom.query , it may fill new_-
actions  with the pointer to a new/updatestruct  that will be used for all future API calls
on this communicator. If this argument is setNOLL (or not assigned), the originatruct
returned fronsc _query will be used.

e Return value: Zero on success, nonzero otherwise.

e Description: Thelsca _init  function is invoked on the selected module only. Its purpose is to
allow the selected module to set itself up for normal operation on the given communicator. The
intent is to setup as much as possible during this function in order to facilitate the operation of all the
collective calls at run time (i.e., overhead time is better spent during the initialization phase for each
communicator rather than the actual collective call).

Note that this function may make limited use of communicator constructors and collectives. See
Section3.1.2for details.

3.7 Function Call: Isca _finalize

e Type:lam _ssi _coll _finalize  _fn _t

[typedef int (xlam_ssicoll_finalize_ t)(MPI_Comm comm); j
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e Arguments:
— IN: commis the communicator which is being finalized.
e Return value: Zero on success, nonzero otherwise.

e Description: Finalize the use of this module. It is the last function to be called in the scope of
this module’s selection. It should release any resources allocated during the life of this scope. This
function is only invoked on selected modules.

3.8 Function Call: Isca _checkpoint

e Type:lam _ssi _coll _checkpoint _fn _t

[typedef int (xlam_ssicoll_checkpointt)(MPI_Comm comm); }

e Arguments:
— IN: commis the communicator which is being checkpointed.
e Return valueMPI_SUCCESS on success, nonzero otherwise.

e Description: Set this communicator to a state where it can be checkpointed. This typically means
draining the network such that no collective messages are “in flight”, but the exact definition may
vary from module to module.

This function will be invoked once per checkpoint for every communicator that is active in an MPI
application. Hence, it may be invoked multiple times in a module for a single checkpoint, but each
time with a different communicator argument.

coll modules that require no special action at checkpoint time should supply thelaaiussi _-
coll _base _checkpoint

3.9 Function Call: Isca _continue

e Type:lam _ssi _coll _continue _fn _t

[typedef int (xlam_ssicoll_continuet)(MPI_Comm comm); j

e Arguments:
— IN: commis the communicator which is being checkpointed.
e Return valueMPI_SUCCESS on success, nonzero otherwise.

e Description: After the checkpoint has successfully completed, this function will be invoked if the ap-
plication continues without interruption. It may be used to do whatever the module needs to continue
operation after a successful checkpoint.

This function will be invoked once per checkpoint for every communicator that is active in an MPI
application. Hence, it may be invoked multiple times in a module for a single checkpoint, but each
time with a different communicator argument.

coll modules that require no special action at continue time should supply the laatussi _-
coll _base _continue
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3.10 Function Call: Isca _restart

e Type:lam _ssi _coll _restart _fn _t

[typedef int (xlam_ssicoll_restartt)(MPI_Comm comm); }

e Arguments:
— IN: commis the communicator which is being checkpointed.
e Return valueMPI_SUCCESS on success, nonzero otherwise.

e Description: When a parallel application is restored, this function is invoked. It may be used to close
now-invalid communication channels (if they were not closed when the checkpoint occurred) and
re-open them, or whatever else @l module needs to resume operation.

This function will be invoked once per restore for every communicator that was active in an MPI
application. Hence, it may be invoked multiple times in a module for a single restore, but each time
with a different communicator argument.

coll modules that require no special action at continue time should supply the laatussi _-
coll _base _restart

3.11 Function Call: Isca _allgather

e Type:lam _ssi _coll _allgather  _fn _t

typedef int (xlam_ssicoll_allgatherfn_t)(void xsbuf,int scount, MPIDatatype sdtype,
void xrbuf, int rcount, MPLDatatype rdtype, MPComm comm);

e Arguments: Same as f(dPI_ALLGATHER
e Return valueMPI_SUCCESS on success, or an appropriate error code otherwise.

e Description: Implement thMPI_ALLGATHER collective.

3.12 Function Call: Isca _allgatherv

e Type:lam _ssi _coll _allgatherv ~ _fn _t

typedef int (xlam_ssicoll_allgathervfn_t)(void xsbuf,int scount, MPI1Datatype sdtype;oid * rbuf,
int xrcounts,int xdisps, MP1Datatype rdtype, MPComm comm);

e Arguments: Same as fo(iPI_ALLGATHERV
e Return valueMPI_SUCCESS on success, or an appropriate error code otherwise.

e Description: Implement th®IPI_ALLGATHERY collective.
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3.13 Function Call: Isca _allreduce

e Type:lam _ssi _coll _allreduce _fn _t

typedef int (xlam_ssicoll_allreducefn_t)(void xsbuf,void «rbuf, int count, MPLDatatype dtype,
MPI1_Op op, MPLComm comm));

e Arguments: Same as foPI_ALLREDUCE

e Return valueMPI_SUCCESS on success, or an appropriate error code otherwise.

e Description: Implement thB1PI_ALLREDUCE collective.

3.14 Function Call: Isca _alltoall

e Type:lam _ssi _coll _alltoall fn t

typedef int (xlam_ssicoll_alltoall_fn_t)(void xsbuf,int scount, MP1Datatype sdtypeyoids rbuf,
int rcount, MPLDatatype rdtype, MBPComm comm);

e Arguments: Same as foiPI_ALLTOALL
e Return valueMPI_SUCCESS on success, or an appropriate error code otherwise.

e Description: Implement thBIPI_ALLTOALL collective.

3.15 Function Call: Isca _alltoallv

e Type:lam _ssi _coll _alltoallv fn 2t

typedef int (xlam_ssicoll_alltoallv_fn_t)(void xsbuf,int xscountsjnt xsdisps, MPIDatatype sdtype,
void xrbuf, int xrcounts,int xrdisps, MPLDatatype rdtype, MPComm comm);

e Arguments: Same as foiPI_ALLTOALLV
e Return valueMPI_SUCCESS on success, or an appropriate error code otherwise.

e Description: Implement th®PI_ALLTOALLYV collective.

3.16 Function Call: Isca _alltoallw

e Type:lam _ssi _coll _alltoallw  _fn _t

typedef int (xlam_ssicoll_alltoallw_fn_t)(void xsbuf,int xscountsjnt xsdisps,

MPI_Datatypexsdtypesyoid «rbuf, int xrcounts,int xrdisps, MP1Datatypexrdtypes,
MPI_Comm comm);

e Arguments: Same as foiPI_ALLTOALLW
e Return valueMPI_SUCCESS on success, or an appropriate error code otherwise.

e Description: Implement thBIPI_ALLTOALLW collective.
LAM does not currently implement this function; this pointer is here for forward compatibility.
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3.17 Function Call: Isca _barrier

e Type:lam _ssi _coll _barrier _fn _t

[typedef int (xlam_ssicoll_barrierfn_t)(MPI_Comm comm); }

e Arguments: Same as foiPI_ BARRIER
e Return valueMPI_SUCCESS on success, or an appropriate error code otherwise.

e Description: Implement th®MPI_BARRIER collective.
LAM’s MPI_BARRIER will return MPI_SUCCESS immediately (and not call this API function) if

there is only one member process in the communicator.
3.18 Data Member:int Isca _bcast _optimization

This flag should be 1 iIMPI_BCASTIs allowed to returrMPI_SUCCESS immediately without invoking
the underlying module broadcast function when there are zero data bytes to broadcast. A value of 0 means

that the underlying module broadcast function will be invoked regardless of how many data bytes there are
to broadcast.

3.19 Function Call: Isca _bcast

e Type:lam _ssi _coll _bcast _fn _t

typedef int (xlam_ssicoll_bcastfn_t)(void xbuff, int count, MPLDatatype datatypent root,
MPI_Comm comm);

e Arguments: Same as f(PI_BCAST
e Return valueMPI_SUCCESS on success, or an appropriate error code otherwise.

e Description: Implement thB1PI_BCAST collective.

LAM’s MPI_BCAST will return MPI_SUCCESS immediately (and not call this API function) if
there is only one member process in the communicator, or if there are zero bytes to broadcast.

3.20 Function Call: Isca _exscan

e Type:lam _ssi _coll _exscan _fn _t

typedef int (xlam_ssicoll_exscanfn_t)(void xsbuf,void xrbuf, int count, MPLDatatype dtype,
MPI_Op op, MPLComm comm);

e Arguments: Same as f(MPI_EXSCAN
e Return valueMPI_SUCCESS on success, or an appropriate error code otherwise.

e Description: Implement thBIPI_EXSCAN collective.

LAM does not currently implement this function; this pointer is here for forward compatibility.
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3.21 Function Call: Isca _gather

e Type:lam _ssi _coll _gather _fn _t

typedef int (xlam_ssicoll_gatherfn_t)(void *xsbuf,int scount, MPIDatatype sdtypeyoid *rbuf,
int rcount, MPLDatatype rdtypeint root, MPLComm comm);

e Arguments: Same as foiPI_GATHER
e Return valueMPI_SUCCESS on success, or an appropriate error code otherwise.

e Description: Implement th®IPI_GATHER collective.

3.22 Function Call: Isca _gatherv

e Type:lam _ssi _coll _gatherv _fn _t

typedef int (xlam_ssicoll_gathervfn_t)(void xsbuf,int scount, MPIDatatype sdtypeyoid *rbuf,
int xrcounts,nt xdisps, MPLDatatype rdtypeint root, MPLComm comm);

e Arguments: Same as f(dPI_GATHERV
e Return valueMPI_SUCCESS on success, or an appropriate error code otherwise.

e Description: Implement th®1PI_GATHERYV collective.

3.23 Data Member:int Isca _reduce _optimization

This flag should be 1 iMPI_REDUCE is allowed to returitMPI_SUCCESS immediately without invoking
the underlying module reduce function when there are zero data bytes to reduce. A value of 0 means that the
underlying module reduce function will be invoked regardless of how many data bytes there are to reduce.

3.24 Function Call: Isca _reduce

e Type:lam _ssi _coll _reduce _fn _t

typedef int (xlam_ssicoll_reducefn_t)(void xsbuf,void* rbuf, int count, MPLDatatype dtype,
MPI_Op op,int root, MPLComm comm);

e Arguments: Same as f(iPI_REDUCE
e Return valueMPI_SUCCESS on success, or an appropriate error code otherwise.

e Description: Implement thB1PI_REDUCE collective.

LAM’s MPI_REDUCE will return MPI_SUCCESS immediately (and not call this API function) if
there are zero elements to reduce o _reduce _optimization is setto 1.
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3.25 Function Call: Isca _reduce _scatter

e Type:lam _ssi _coll _reduce _scatter _fn _t

typedef int (xlam_ssicoll_reducescatterfn_t)(void xsbuf,void «rbuf, int xrcounts,
MPI_Datatype dtype, MPDp op, MPLComm comm);

e Arguments: Same as f(iPI_REDUCE_SCATTER
e Return valueMPI_SUCCESS on success, or an appropriate error code otherwise.

e Description: Implement th®1IPI_ REDUCE_SCATTER collective.

3.26 Function Call: Isca _scan

e Type:lam _ssi _coll _can _fn _t

typedef int (xlam_ssicoll_scanfn_t)(void xsbuf,void «rbuf, int count, MPLDatatype dtype,
MPI1_Op op, MPLComm comm));

e Arguments: Same as foPI_SCAN
e Return valueMPI_SUCCESS on success, or an appropriate error code otherwise.

e Description: Implement thBIPI_SCAN collective.

3.27 Function Call: Isca _scatter

e Type:lam _ssi _coll _scatter _fn _t

typedef int (xlam_ssicoll_scatterfn_t)(void xsbuf,int scount, MP1Datatype sdtypejoid *rbuf,
int rcount, MPLDatatype rdtypeint root, MPLComm comm);

e Arguments: Same as f(MPI_SCATTER
e Return valueMPI_SUCCESS on success, or an appropriate error code otherwise.

e Description: Implement th®IPI_SCATTER collective.

3.28 Function Call: Isca _scatterv

e Type:lam _ssi _coll _scatterv _fn _t

typedef int (xlam_ssicoll_scattervfn_t)(void xsbuf,int xscountsjnt xdisps, MP1Datatype sdtype,

voidsx rbuf, int rcount, MPLDatatype rdtypeint root, MPLComm comm);

e Arguments: Same as fodPI_SCATTERV
e Return valueMPI_SUCCESS on success, or an appropriate error code otherwise.

e Description: Implement thMIPI_SCATTERYV collective.
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4 To Be Determined
Things that still need to be addressed:

e DuringMPLINIT, LAM should coordinate whickoll modules are available (to include version num-
bers) between all MPI processes (will definitely be required when dynamic modules are real). During
each communicator constructor, only modules that exist with the same version on all nodes in the
communicator should be checked for availability (i.e., check for module heterogeneity).

This also needs to occur duridP1_COMM_SPAWN*, MPI_ACCEPT, MPI_CONNECT, andMPI _-
JOIN.

e The current method of usinBMPI functions is clunky and inelegant. It will improved in future
versions of thesoll API.

e Itis likely that in future versions of theoll API, NULL values can be passed in for the checkpoint/-
continue/restart functions instead of no-op functions. The only reason that this is not true now is
becausénas _checkpoint  was added late in the release cycle for 7.0. Its presence obviates the
need for “must have noRULL function pointers” for sentinel values indicating checkpoint/restart
functionality.

e Itis possible that in future versions of tkell SSI, it will be easier to have a module that implements
less-than-all of the collectives — have a more straightforward approach to @lbwodules to use
functions from other modules.
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typedef struct lam_ssicoll_actions1 0.0 {
[+ Per—communicator initialization and finalization functiors

lam_ssicoll_init_fn_t Isca.init;
lam_ssicoll_finalize fn_t Iscafinalize;

/x Checkpoint / restart functiond
lam_ssi.coll_checkpointfn_t Iscacheckpoint;
lam_ssicoll_continuefn_t Isca.continue;
lam_ssicoll_restartfn_t Iscarestart;

I+ Collective function pointers/

lam_ssicoll_allgatherfn_t Iscaallgatherintra;
lam_ssicoll_allgatherfn_t Iscaallgatherinter;

lam_ssicoll_allgathervfn_t Iscaallgathervintra;
lam_ssi coll_allgathervfn_t Iscaallgathervinter;

lam_ssicoll_allreducefn_t Iscaallreduceintra;
lam_ssicoll_allreducefn_t Iscaallreduceinter;

lam_ssicoll_alltoall_fn_t Iscaalltoallintra;
lam_ssicoll_alltoall_fn_t Iscaalltoall_inter;

lam_ssicoll_alltoallv_fn_t Iscaalltoallv_intra;
lam_ssicoll_alltoallv_fn_t Iscaalltoallv_inter;

lam_ssicoll_alltoallw_fn_t Isca.alltoallw_intra;
lam_ssicoll_alltoallw_fn_t Iscaalltoallw_inter;

/* ...continued in next figure/

Figure 2: Thecoll type for exporting the majority of the collective API function pointers (part 1 of 2).
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/* ...continued from previous figure

lam_ssicoll_barrierfn_t Iscabarrierintra;
lam_ssicoll_barrierfn_t Iscabarriecinter;

int Iscabcastoptimization;
lam_ssicoll_bcastfn_t Iscabcastintra;
lam_ssicoll_bcastfn_t Iscabcastinter;

lam_ssicoll_exscanfn_t Iscaexscanintra;
lam_ssicoll_exscanfn_t Iscaexscaninter;

lam_ssicoll_gatherfn_t Iscagatherintra;
lam_ssicoll_gatherfn_t Iscagatherinter;

lam_ssicoll_gathervfn_t Iscagathervintra,;
lam_ssicoll_gathervfn_t Iscagathervinter;

int Iscareduceoptimization;
lam_ssicoll_reducefn_t Iscareduceintra;
lam_ssicoll_reducefn_t Iscareduceinter;

lam_ssicoll_reducescatterfn_t Iscareducescatterintra;
lam_ssicoll_reducescatterfn_t Iscareducescatterinter;

lam_ssicoll_scanfn_t Iscascanintra;
lam_ssicoll_scanfn_t Iscascaninter;

lam_ssicoll_scatterfn_t Iscascatterintra;
lam_ssicoll_scatterfn_t Iscascatterinter;

lam_ssicoll_scattervfn_t Iscascattervintra;
lam_ssicoll_scattervfn_t Iscascattervinter;
} lam.ssicoll_actions1.0.0_t;

Figure 3: Thecoll type for exporting the majority of the collective API function pointers (part 2 of 2).
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