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Chapter 1

Backg round
/ y

In early 1995, TotalVicws Jim Cownic and Argonno National Laboratory's Bill Gropp and "
Rusty Lusk dccidcd to jDSĝ ggtggaB$>dcvclop (icbugging interfaces for use with MPICH.
one of the first widely available MPI implementations. Two interfaces were developed:
one for process discoven/acquisition and one for message queue extraction. Coined the ''
"MPIR" interfaces [1. 2]. the MPI debugging interfaces eventually became de facto stan-
dards implemented by various MPI providers such Compaq. HP, IBM. Intel, LAM/^MPI.
MPI Software Technologies, Open MPI. Quadrics, SCALL SGI, Sun/Oracle and other im- >
p l e m e n t a t i o n s o f M P I . ^

In 2010. the MPI Forum published document which^^S^fef^the^IPIR ""
Process Acquisition Interface but left out the details about about the interface for message
queue extraction (MQS). This document b\' describing the existing "'
interfaces being used by most MPI dcMggers and MPI implementations today to provide
users with information about the mcsaage passing state of an MPI program.

Rationale. Note that this document does not introduce any improvements to thc^_^^
existing de facto use of the MQS interface. Nor docs it addresses an}̂  shortcon̂ m̂ -̂"
of the existing MQS interface, such as the inability to load different debugger
to support an environment where the debugger has the different from tKe
target. This document is ̂ olely intended to codify the current state d\. the art. {End
of rationale.) /
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The message queue interface
the conceptual message-pas
t o t h e u s e r s . \ V

debuggers, any
c a n u s e t h i s

d o c u m e n t
W i t h i n e a c h

represent the MPI subsystem

Ls used b}' tooWand debuggers to extract information describing
ing state of ij? MPI application so that this can be displayed
inal intent of the interface was to provide the functionality to
> debugger-like capability (e.g., providing symbol name lookup)

>ju2̂ ss tô ^̂  message passing state.
:]jJ/bugĝ )mtcrchangabiy.CTiiimimiggitioB there are three distinct'message queueî which

system. Tliey are:
1. Send Queue: represents all of the outstanding send operations.

2. Receive Queue: represents all of the outstanding receive operations.

3. Unexpected Message Queue^
process, but have not been

a t

e unfinisberf send and
iimnitniratigf. These might

gents all the messages that have cv
yet. cV ^{ie/7

The send and receive queues store information abouy all of
receive operations that the process- hiy^ started witlnn w
result either from bIockinff̂ ĵ {̂ ;̂ ioi>fe such a4]̂ ^̂ SrSe]̂ andĈ 3̂eĉ 'or nonblocking
operations such as MPI_Isend«8'I%Î Irecv. EadTenlr̂ n̂ one of these queues contains the
information that was passecHxTthe function call tb îffiutiatecOthe operation. Nonblocking
operations will remain on these queues until they have'̂ nyjlcted ancljhiwrc, ))tLii'qu4igilg#'
by-ite«aî MPI_Wait, MPI_Test. or one of the rWatCfl multiple completion routines. The
unepxected message queue represents a different class of information, since the elements on
this queue have been created by MPI calls in other processes. Therefore, less information
is avuilable about these elements (e.g.. the datatype that was used by the sender). In all
cases the order of the queues represents the order that tlie MPI subsystem wjii-pcHptci
matching (this is important where many entries could match, for instance wlmrf̂ ild̂ ajm
tag or source is used in a receive operation).

Note that these queues arc conceptual; they are a description of how a user can think
about the progression of messages through an MPI program. The nnmhcr̂ ĵ̂ tû queues
is implementat^^^ejendent. The interface described here \ these
c o n c e i > t u a l q u e u e s s o t h a t t h e y c a n b e p r e s e n t e d t o t h e u s e r i n d e
pendently of the particular MPI implementation. For example, an MPI implementation may
maintain only two queues, tlie Receive Queue and the Unex])ected Message Queue. There
is no explicit queue of send operations: instead all of the information about an incomplete
send operation is maintained in the associated MPI_Request,

C a y j r -
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Chapter 3

D e fi n i t i o n s

/nS&Y m3.1 MPI F̂cess Definition
Ai/TtPIprbĉ ^̂  defined to be a proecKs tlip is pfut of the MPI application as dcscribcfl
in the MPI s tanda rd .

In this docm ĵeTrt;~^he rank of a proc/ss is assumed to be relative to MPLCOMM_-
WORLD(^S(22i^^_tkfe version of the interface docs not support MPI|^ dynamic
processcĵ . For example, the phrase "MPI rank 0 process" denotes the process that is rank0 i n M P I _ C O M M _ W O R L D . ' / / /

'̂ rhoe -̂t -fo lj(̂3.2 "Starter" Process Defirjki6n ̂  oloGSih^
T h e t h a t i s p r i m a r i l y r e s i j o n s i b l e f o r l a u n c h i n g t h e M P I j o b .
The sta^AeiiiipFoeesSniay be a separate process that Is not i:)art of the TvIPI application, or
the M̂  rank j>t̂ roccss may act as a starter proccss. By definition, the starter process
contain5~ftrfi^ons. data structures, and symbol table information for the MPIR Process
Acquisition Interface.

The MPI implementation determines which launch discipline is used, as described in
the following subsections.

The MPI Rank 0 Process as the Starter Process

An MPI implementation might<4^^implement its launching mechanism such that the MPI
rank 0 process launches the remaining MPI processes of the MPI application. In such
implementation, the MPI rank 0 proccss is the starter proccss.

J ̂Separate mpiexec as the Starter Process
^SPfrMPI implementations use a separate mpiexec process that is responsible for launching
tlie MPI processes. In these implementations, the mpiexec proccss is the starter proccss.
Note that the name of the starter process executable varies by implementation: mpiriin is a
name commonly used by several implementations, for example. Other names include (but
are not limited to) srim and prun.

U n o f fi c i a l D r a f t f o r C o m m e x i t O n l y 3



3 . 3 M P I R N o d e D e fi n i t i o n s
\e/Tn

For the purpascs (̂ f this_documcnt. thcOioat nod̂ s defined to be the node running the tool
proccss, and a^r^ct la defined to be a node running the target application processes
the tool is controlling. A target node might, be the host node, that is. the target application
processes might be running on the same n/de rus the tool process.

4
T h e ■ i n t . p r f n r f d p A r r r h p f i i r t f h i f i r i o r i i m e n f i . i n o t i v t r f o f f h p o f f l r . i n i X f P f A n p r i f i r n f i o n



Chapter 4

Debugger/MPI Interaction Model

The debugger will hdve acccas to the mcss<agc queue functionality by loading a shared
library' provided by the MPI implementation. Thiy allows the debugger to be insulated
from the internals of the MPI library so that it can support multiple MPI implementations.
F\iithormore, MPI imjjlementations can provide their users with debugging support without
requiring source access to the debugger. The debugger learns about^tJieJocation of this
shcu'cd hbrary by reading variable MPIR_dll_name from the MPÎ r̂ter Pro£:c«s.

All calls to the debug DLL from the debugger arc made from eut/y points whose names
are known to the debugger. However, all calls back to the debugger f/om the debug DLL are
made through a table of function pointers that is parsed to the inmalization entr̂ oint of
the debug DLL. This procedure ensures tliat the debug DLL is in(fepcndent of tlic specific
d e b u g g e r f r o m w h i c h i t i s b e i n g c a l l e d . / [

0 / ? f e s ^ / ' f -

7 ^
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Chapter 5 /^/^Ta <3^^,

Interface Specifications

Unless otherwise noted, all definitions arc required and shall be provided in the interface
h e a d e r fi l c ^

■I.5 . 1 M P I R _ d l L n a m e ^ O O y ^
G l o b a l v a r i a b l e d e fi n i t i o n : / ) Q o d d i -

-// ' jt?fc h a r * M P I R „ d U ^ j i « i r ^

J c fi n i t i o n i s r e q u i r e d . j ' / X j /
Definition is contained ŵn the arldress space of the starter process/̂Variable is writt̂en̂^̂he starter process, and read by the tool.

MPIR_dlTliidU]e contains the location of debugger DLL provided by the MPI implementation. ^ ^ ^/^nCUr)C^
5 . 2 m q s _ t w o f d _ t ^ o - .
mqs_tword_t is a target independence typedef name that ls the approj^riate tvpe for the
DLL to use on the host to hold a target word (long).

5.3 mqs_taddr_t

mqs_tword_t is a target independence tyĵ edef name that iî  the appropriate type for the
DLL to use on the host to hold a target address (void*)

5.4 mqs_target_type_sizes

Type definition;

t y p e d e f s t r u c t
{

i n t s h o r t . s i z e ;
i n t i n t _ s i z e ;
i n t l o n g _ s i z e ;

Unofficial Draft for Comment Only 6



i n t l o n g _ l o n g _ s i z e ;
i n t p o i n t e r _ s i z e ;

} mqs_target_type_sizes;

mqs_target_type_sizes iy a type definition for a struct that holds the size of common
type^ijuthe target architecture. The debug DLL will use the callback inqs_get_type_-

rovided by the debugger, which takes a variable of type inqs_target_typ^-
ap l̂ populate it with the size information that it has based on the target h(

_size holds the size of the type short in the target architecture.
int_size holds the size of the type int in the target architecture.
long_size holds the size of the type long in the target architecture.
long_long_size holds the size of the type long long in the target architecture,

y pointer.size holds the size of a pointer in the target architecture
5.5 Opaque Types Passed Through the interface

T h e f o l l o w i n g a r e o p a q u e d e f m e d w i t h i n t h e d e b u g g e r a n d a r c
exposed to the debugDLJj as undefmed typedef's. The debug DLL has no need to see the
internal structure of merely uses them as keys to identify objects of interest,
or to be passed back to the debugger through some callback.

1. mqs.image identifies an cxccutable image.

2. mqs.process identifies an MPI process.

3. mqs_type identifies a named target type.

Th^ foUpwing arc opaque types defined within the debugger and arc cast
to types within the debug DLL for the debug DLL s internal processin^^JJicse
types exist so that the debug DLL can associate some information with the debû ô Âed
objects.

1. mqs_image_info is used to associate information pertaining to an object of type
mqs_image.

2. mqs_process_inf o is used to associate information pertaining to an object of type
m q s _ p r o c e s s .

5 . 6 C o n s t a n t s a n d E n u m s

5.6,1 mqs_}ang_code

typedef enum {
m q s _ l a n g _ c =
i i i q s _ l a n g _ c p l i i s = ' C ,
m q s _ l a n g _ f 7 7 = ' f ' ,
m q s _ l a n g _ f 9 0 = ' F '

} mqs_lang_code;

This enum is used by both the debug DLL and the debuger to eieata
language type that the original target code was baaed on.

lU will tftL nUflLLiiigat

7
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5.6.2 mqs_op_class

type<^f enum{ A
mc 3\ .pending_sends,
m c . p e n d i n g _ r e c e i v e s ,
mc s\_unexpected_messages

} mcs^_op_class;

This enum is used by the debugger to indicate queue<<ti» interested

5.6.3 mqs_interface_ versionThis constant defines the version of the interface hĉ̂̂^̂̂
5.6.4 mqs_status

e n u m m q s _ s t a t u s l i n B ^
mqs_st_pendingj/mqs_st.matched ,/mqs_st_complete

>;

This enum Ls used to inrlicate the status of a message in the message queue.

5.6 .5 Other enums

enum {

mqs_ok - 0,
m q s _ n o _ i n f o r m a t i o n ,
m q s _ e n d _ o f _ l i s t ,
mqs_fi rs t_use r_code = 100

> :
te.itAr\ ^

This enum defines the vai'ious uaoit codt̂ r the message queue functionahty
e n u m

M(je\_]^TVALID_PROCESS = -1

This constant provides a value for the debugger to return error indicating an inv-alid
process index.

5.7 Concrete Objects Passed Through the Interface

5.7.1 mqs_communicator

Type definition;

8
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t y p e d e f s t r u c t
{

m q s _ t a d d r _ t u n i q u e _ i d ;
m q s _ t w o r d _ t l o c a l _ r a n k ;
mqs_ two rd_ t s i ze ;
c h a r n a m e [ 6 4 ] ;

} mqs_communicator;

2J> / unique_id uniquely identifies a communicator.
local.rank iclcntificy the rank of the cuir^ MPI proccas.
size holda the size of the communicator̂  J
name contains tlie name of tlie commuimtcCor if it wa« given one.

5.7.2 mqs_pending_operation

Type defmtion:

t y p e d e f s t r u c t
{

i n t s t a t u s ;

m q s _ t w o r d _ t d e s i r e d _ l o c a l _ r a n k ;
m q s _ t w o r d _ t d e s i r e d _ g l o b a l _ r a j i k ;
i n t t a g _ w i l d ;
m q s _ t w o r d _ t d e s i r e d _ t a g ;
m q s _ t w o r d _ t d e s i r e d _ l e n g t h ;
i n t s y s t e m _ b u f f e r ;
m q s _ t a d d r _ t b u f f e r ;

i'< '̂

/ * F i e l d s v a l i d i f s t a t u s > = m a t c h e d o r i t i s a s e n d * /
m q s _ t w o r d _ t a c t u a l _ l o c a l _ r a n k ;
m q s _ t w o r d _ t a c t u a l _ g l o b a l _ r a n k ;
m q s _ t w o r d _ t a c t u a l _ t a g ;
i i i q s _ t w o r d _ t a c t u a l _ l e n g t h ;

c h a r e x t r a _ t e x t [ 5 ] [ 6 4 ] ;
} mqs_pending_operation;

This atructure contains enough information to allow the debugger to provide the user
with details about both of the ai'guments to a receive and of the incoming message that
matched it. All refereces to other processes are available in the mqs_pending_operation
structure both aa indices into the group associated with the communicator and as indices
into MPI_COMM_WORLD. This avoids any need for the debugger to concern itself explicitly
with this mapping

status stores the status of the message. The value of this field should be either
^ mqs_st_pending. mqs_st_matched. or mqs_st_complete as described in the enumeration

m q s _ s t a t u s . ( ,
desired_iocal_rank stores the rank of the target or the source for the communicator

from which this message was initiated.

The ivterfnc.e. tip.<tr.rihe.d in thisi Hnnimevf. 7'.s r>nt mrt. of the offir.inJ KfPJ .'^nerificntiov
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desired_global_rank stores the rank of the target or the source with respect to MP!_-
C O M M _ W O R L D .

tag_wild identifies whether this message is a posted receive with tag being MPI_ANY_-
T A G ^ r f - T

desired.tag holds the tag of the message. Tills field is only meaningful if tag_wild
L s n o t s e t . / V

desired_length holds the length of the message buffer. c s .
system_buff er identifies whether this Ls a user or a system buffer,
buffer holds the address to the beginning of the message data.
The following fields are only meaningful if the message is^ ,̂>i(5nd^or if the status fields

indicates that this message is either matched (mqs_st_niatc completed (mqs_st_-
c o m p l e t e ) . 1 /

actual_local_raiik holds the actual local rank (after tWfncssagc has matched).
actual_global_raiik holds the actual local rank with respect to MPLCOMM_WORLD.
actual_tag holds the actual tag.
actual_length holds the actual length.—
extra_text can be used by the DLL to provide more information to the user. The

debugger does not interpret this field and s<n|a^ display# it to the user.

5.8 Callbacks Provided by the Debugger

The debugger provides several callbacks that will be called by the DLL to extract informa
tion pertaining to the runtime state of the execution. All the callbacks arc grouped into
three different groups baaed on their functionalities: mqs_basic_callbacks. mqs_image_-
callbacks. and niqs_process_callbacks.

5.8.1 mqs_basic_callbacks

Type definition:

t y p e d e f s t r u c t m q s _ b a s i c _ c a l l b a c k s
-C

m q s _ m a l l o c _ f t
m q s _ f r e e _ f t
m q s _ e r r o r s t r i n g _ f t
n iqs_put_ image_inf o_f t
m q s _ g e t _ i m a g e _ i n f o _ f t

mqs_ma l loc_ fp ;
mqs_ f ree_ fp ;
m q s _ e r r o r s t r i n g _ f p ;
m q s _ p u t _ i m c ^ e _ i n f o _ f p ;
mqs_ge t_ image_ in fo_ fp ;

7 . , ' f e
)

m q s _ p u t _ p r o c e s s _ i n f o _ f t m q s _ p u t _ p r o c e s s _ i n f o _ f p ;
m q s _ g e t _ p r o c e s s _ i n f o _ f t m q s _ g e t _ p r o c e s s _ i n f o _ f p ;

} niqs_basic_callbacks;

mqs_malloc_ft

Function type definition:

1 0
T h e i n t p r f a r p d p . < i r . r i h p r l i n f h i A d n n n r i p r t f n o t i m r f n f f . h p o f H r i n l \ f P f u n p r . i fi p n i r n n



typedef void* (*mqs_malloc_ft) (size_t size)
I N s i z e n u n i l " ) o r o f ) " ) } ' t c s t o a l l o c a t e

A l l o c a t e s a b l o c k o f m e m o r y w i t h t h e s p c c i fi o d a i z c . , , J / /

/ 0 ( y / i n ^ fi  - / i ^ c x u oFunction tNpc rlcflnition: (OrOfy CioJI .
typedef void (*mqs_free_ft) (void* buf)

I N O U T b u f b u f f e r t o h o f r e e d

Frees a previously allocated memory.

mqs_errorstring_ft

Function type definition:

typedef char* (*mqs_errorstring_ft) (int errno)
[ M e r r n o t h e e r r o r c o d e t o g e t t h e e r r o r s t r i n g f o r

Converts an error code from the debugger into an error message. The function returns
a null terminated error string that corresponds to the given error code.

mqs_put_image_info_ft

Function type defmition:

typedef void (*mqs_put_image_info_ft) (mqs_image* image, mqs_image_info* imageinfo)
O U T i m a g e t h e i m a g e t o r c c e i v c t h e i m a g e i n f o

IN image in fo the image in fo to aasoc ia te w i th the image

Associates the given image information witĥ the giv̂ image.

mqs_get_image_info_ft
Function type definition;

typedef mqs_image_info* (*mqs_get_im3ge_info_ft) (mqs_image* image)
I N i m a g e t h e i m a g e t o c x t r a c t t h e i m a g e i n f o f r o m

Returns the image information associated with the given image.

1 1
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mqs_put_process_info_ft

Function type definition:

typedef void (*mqs_put_process_info_ft) (mqs_process* process, mqs_process_info process-
info*)

O U T p r o c e s s t h e p r o c e s s t o r c c e i v e t h e p r o c e s s i n f o

I N p r o c e s s i n f o t h e p r o c e s s i n f o t o a s s o c i a t e w i t h t h e i m a g e

Associatca the given procoas information with the given process.

/̂ ' (LClc/e. h?iryr)a^rfo . ..
mqs_get_process_info_ft

Function type definition:

typedef mqs_process_info* (*mqs_get_process_info_ft) (mqs_process* process)
I N p r o c e s s t i i c p r o c e s s t o e x t r a c t t h e p r o c e s s i n f o f r o m

Returns the proccss information a^ssociatod with the given process.

5.8.2 mqs_image_callbacks

Type definition:

t y p e d e f s t r u c t m q s _ i m a g e _ c a l l b a c k s
{

mqs_get_type_si2es_ft mqs_get_type_sizes_fp;
m q s _ fi n d _ f u n c t i o n _ f t m q s _ fi n d _ f u n c t i o n _ f p ;
niqs_f ind_synibol_f t mqs_f ind_symbol„fp;
m q s _ f i n d _ t y p e _ f t m q s _ f i n d _ t y p e _ f p ;
i n q s _ fi e l d _ o f f s e t _ f t m q s _ fi e l d _ o f f s e t _ f p ;
m q s ^ s i z e o f _ f t m q s _ s i z e o f _ f p ;

} mqs_image_callbacks;

mqs_get_type_sizes_ft

Function type definition:

typedef void (*mqs_get_type_sizes_ft) (mqs_process* process, mqs_target_type_5izes* sizes)

I N p r o c e s s t h e p r o c e s s t o g e t t h e s i z e s f r o m
O U T s i z e s t h e p l a c e h o l d e r f o r t h e s i z e s

Retrieves the size information about common datatypes from the running process.

5 ^ f ^ A 7 ^
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mqs_find_function_ft

Function type definition:

typedef int (*mqs_find_function_ft) (mqs.image* image, char* fname, mqs_lang_code lang,
mqs_taddr_t* addr)

I N i m a g e t h e i m a g e t o s e a r c h f o r t h e f u n c t i o n
I N f n a m e t h e n a m e o f t h e f u n c t i o n t o s e a r c h f o r

I N l a n g t h e l a n g u a g e c o d e

O U T a d d r t h e a d d r e s s o f t h e f u n c t i o n

Given an image, returnf:) the address of the specified function. The function returns
msq_ok if successful and mqs_no_inf ormation if the function cannot be found.

mqs_find_symbol_ft

Function type definition;

typedef int (*mqs_find_symboLft) (mqs_image* image, char* sname, mqs_taddr_t* addr)
I N i m a g e t h e i m a g e t o s e a r c i i f o r t h e s } ' m h o l

I N s n a m e t h e n a m e o f t h e s y m b o l t o s e a r c h f o r

O U T a d d r t h e a d d r e s s o f t l i e s y m b o l

Given an image, returns the address of the specified symbol. The function returns
msq_ok if successful and mqs_no_inf ormation if the symbol cannot be found.

mqs_find_type_ft

Function type definition:

typedef mqs_type* (*mqs_find_type_ft) (mqs_tmage* image, char* tname, mqs_lang_code
lang)

I N i m a g e t h e i m a g e t o s e a r c h f o r t h e t y p e

I N t n a m e t h e n a m e o f t h e t y p e t o s e a r c h f o r

I N l a n g t h e l a n g u a g e c o d e

Gi\'cn an image, returns the type associated with the given named type. The function ^
either returns a type handle, or NULL if the type cannot be founrl. ^

Advice to implementors. Since the debugger may load debug information lazily, the '
MPI run time library should ensure ttothe type definitions required occur in a filewhose debug information will alread̂anvp̂een loaded. For instance, by placing themĵ-̂^̂

w ,
in the same file as the startup breakpoint function. {End of advice to implementors.) '
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mqs_field_offeet_ft

Function tjpc definition;

typedef int (*mqs_field_offset_ft) (mqs_type* type, char* fname)
I N t y p e t h e t y p e t h a t c o n t a i n s ; t h e fi e l d

I N f n a m e t h e fi e l d n a m e t o r e t r i e v e t h e o f f s e t

Given the handle for a struct type, returns the byte offset of the named field. If
field cannot be found, the funct ion returns -1.

mqs_sizeof_ft

Function type definition:

typedef int (*mqs_sizeof_ft) (mqs_type* type)
I N t y p e the type to get the size for

Given the handle for a type, returns the size of the type in bytes.

5.8.3 mqs_process_ callbacks

Type definition:

t y p e d e f s t r u c t m q s _ p r o c e s s _ c a l l b a c k s

m q s _ g e t _ g l o b a l _ r a n k _ f t
mqs _get _ image_ f t
m q s _ f e t c h _ d a t a _ f t
m q s _ t a r g e t _ t o _ h o s t _ f t

} mqs_process_callbacks;

mqs_get_global_raiLk_f p;
mqs_get_ image_fp;
mqs _ f et ch_data_ f p;
m q s _ t a r g e t _ t o _ h o s t _ f p ;

mqs_get_global_rank_ft

Function type definition:

typedef int (*mqs_get_globaLrank_ft) (mqs_process* process)
I N p r o c e s s t h e p r o c e s s t o g e t t h e g l o ) - ) a l r a n k f o r

Given a process, returns its rank

m q s _ g e t _ i m a g e _ f t \ J
Rinction type definition:
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typedef mqs_image* (*mqs_get_image_ft) (mqs_process* process)
I N p r o c e s s t h e p r o c e s s t o g e t t h e i m a g e f o r

Given a proccsa, returns tlic image of which it is an instance.

mqs_fetch_data_ft

Function type definition:

typedef int (*mqs_fetch_data_ft) (mqs_process* process, mqs_taddr_t addr, int size, void*
buf)

I N p r o c e s s t h e p r o c e s s t o f e t c h t h e d a t a f r o m
I N a d d r t h e v i r t u a l a d d r e s s h i t h e p r o c e s s ' v i r t u a l a d d r e s s s p a c e

I N s i z e t h e n u m b e r o f b } t e s t o r e a d

O U T b u f t h e b u f f e r t o s t o r e t h e d a t a

Fetclios data from the jjrocess into the specified buffer. Tlie function returns msq_ok if
the data could be fotched successfull}-. Otherwise, it returns mqs_iio_inf ormation,

mqs_t3rget_to_host_ft

Function type definition

typedef void (*mqs_target_to_host_ft) (mqs.process* process, const void* indata, void* out-
data, int size)

I N p r o c e s s t h e p r o c e s s w h e r e t h e o r i g i n a l d a t a i s f r o m
I N i n d a t a t h e d a t a t o c o n v e r t

O U T o u t d a t a t h e b u f f e r t o s t o r e t h e c o n v e r t e d d a t a

I N s i z e t h e n u m b e r o f b j t e s t o c o n v e r t

Converts data from target representation to host representation.

5.9 Callbacks Provided by the DLL

5.9.1 mqs_setup_basic_callbacks

Function type definition:

extern void mqs_setup_basic_callbad!Kf cohct mqs_basic_callbacks*(cD )
I N c b t h e b a s i c c a l l b a c k s t a b l e t o p r o v i d e t o t h e D L L

This function is called by the debugger to the DLL to provide the DLL with the Ixwic
ca l lbacks tab le .
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5.9.2 mqs_version_string

Function type definition:

extern char* mqs_version_string()

R e t u r n y t h e D L L v e r s i o n .

5.9.3 mqs_version_compatibility

FXincticn type definition:

extern int mqs_version_compatibility()

Returns the DLL compatibi l i ty level. /

5.9.4 mqs_dll_taddr_width ^
Function type definition:

extern int mqs_dlLtaddr_width()

Givey the width of an ^iddrcsa pointer which been compiled into the DLL, it is not
the width of a ypecific process, which could be different from this.

5.9.5 mqs_dll_error_string

Function type definition:

"-StrifM interrno)extern char* mqs_dlLerror.
I N e r r n o I t h e e r r o r c o d c t o g e t t h e e r r o r s s t r i n g f o r

/■pPPrpvides a text string for an error value. Note that this function, which provides a
mieâ for the debugger to get the string associated with an error rdjorned from the DLL.Vontplemcnts the function mqs_errorstring. which provides a iit̂ ar̂ ^̂  the DLL to get the
string associated with an error returned from the debugger. ̂ —

5.10 Executable Image Related Functions

5.10.1 mqs_setup_image

Function type definition:
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u s e

extern int mqs_setup_imagQ{jĵ qs_image* image, const mqs_image_callbacks* cb)
I N O U T i m a g e t h e i m a g e t o s e t u p t h e c a l l b a c k s t a b l e

I N c b t h e i m a g o c a l l b a c k s t a b l e

, s debug intormation for a specific imagĉ /his 'must jn̂ W t̂hc (5allbac(ŝ ^
tliose functions for accessing this image. The DLL should use the niqs_put_iSD^e_inf o
and inqs_get_image_inf o functions to associate the information it wants to keep with the
image. The debugger will call mqs_destroy_image_inf o when it no longer wants to keep
information about the given This will be called once for each executable image
in the parallel program.

5.10.2 mqs_image_has_queue

Function type definition:

extern int mqs_image_has_queû( raqs_image* image, char** message)
I N i m a g e t h e i m a g e t o q u e r y m q s f u n c t i o n a l i t y

O U T m e s s a g e b u f f e r t o s t o r e m e s s a g e f r o m t h e D L L

Returns wdiether this image have the necessary symbols to allow acĉ s to the message
queues. This function is called once for each image, and the information cached within the
debugger. The function returns mqs„ok if mqs support can be provided by this image.

5.10.3 mqs_destroy_image_info

Function type dcfmition:

extern int mqs_destroy_image_inf̂  niqs_image_info* imageinfo)
I N i m a g e i n f o t h e i m a g o i n f o t o f r e e

Allows for cleaning up when the image information is no longer needed.

5 . 11 P r o c e s s R e l a t e d F u n c t i o n s

5.11.1 mqs_setup_process

Function type definition:

nextern int mqs_setup_processf mgs_process* process, const mqs_process_callbacks* cb)
I N O U T p r o c e s s t h e p r o c e s s t o s e t u p t h e c a l l b a c k s t a b l e
I N c b t h e p r o c e s s c a l l b a c k s t a b l e

Setups process specific information.
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5.11.2 mqs_process_has_queue

Function type definition;

extern int mqs_process_has_queuCT( rnfls_process* process, char** message)
I N i m a g e t h e p r o c e s s t o q u e r y m q s f u n c t i o n a l i t y
O U T m e s s a g e b u f f e r t o s t o r e m e s s a g e f r o m t h e D L L

Similar to the mqs_process_has_queues function, this allows for querying whether
process ha^i support for message queues. This function should only be called if the image
claims to provide message queues. For example, the image might have enabled message
queues i^ppprt if only certain environment variables are set at launched. This function
checkŝ hetl̂ r at runtim(̂ message queues support is enabled for process.
5 . 1 1 . 3 m q s _ d e s t r o y _ p r o c e s s _ i n f o ^
Function type definition:

extern int mqs_destroy_process_inp( mqs_process_info* processinfo )
I N p r o c e s s i n f o t h e p r o c e s s i n f o t o f r e e

Allows for cleaning up when the process information is no longer needed.

5.12 Query Functions

Those functions provide the mê gge queue query functionality. The model ̂ îs that the
debugger calls down to thcji|pfts»r to initialize an iteration over a specific claas of fchmja;
and then keeps calling tlî J^xt" function until it mqs_f alse. For communicatop^T^
the stepping Ls separaterl tfom extracting informatiafî ĉauso the debugger will need tnê
state of the communicator iterator to qualify the selecft̂ s of the operation iterator. mqs_-
true is returned when the description haa been updated: mqs_f alse means there is no more
information to return, and therefore the descriptioĵ ĉontains no useful information. There
Is only one of each type of iteration running at on/eĵ  the library should save the iteration
s t a t e i n t h e m q s _ p r o c e s s _ i n f o . [ 7

5.12.1 mqs_update_communicator_list

Function type definition;

extern int mqs.update.communicator.lî'̂Ĉ.process* process)
I N p r o c e s s t i i c p r o c e s s t o r e f r e s h t h e l i s t o f a c t i v e c o m m u n i c a t o r s

Given a process, refreshes the list of active communicators. Ideally this list is cached
somewhere within the DLL and the debugger invokes it when necessary. The function
returns msq_ok if the operation succeeds.
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5.12.2 mqs_setup_communicator_iterator

Function type definition:

Aextern int mqs_setup_communicator_iteratp( rros.process* process)
I N p r o c e s s \ t i £ ^ r o c c s s t o p r e p a r e t h e i t e r a t o r

Given a process, prepares the iterator to walk the communicator list. The function
returns msq_ok if the operation succeeds.

5.12.3 mqs_get_communicator

Function type definition:

Aextern int mqs_get_communical|ot̂  iqs_process* process, mqs„communicator* mqs_comm)
I N p r o c e s s t h e p r o c e t s s t o r e t r i c \ ' e t h e c o m m u n i c a t o r

O U T m q s _ c o m m t h e b u f f e r t o r e c e i v e t h e t h e c o m m u n i c a t o r d a t a

Extracts information about the current communicator. The function returns msq_ok
if the operation succeeds. f] ^ ^
5 . 1 2 . 4 m q s _ g e t _ c o m m _ g r o u p .

Function type defmition:

nextern int mqs_get_comm_gr(̂ p(' mfls_process* process, int* ranks)
IN process \ / the process to obtain the group information
O U T r a n k s t h e b u f f e r t o r e c e i v e t h e r a n k m a p p i n g

Extracts the group from the currcî  communicator. The debugger already knows the
size of the communciator, so it nhujiiJi* a suitably sized array for the result. The
result is an array in which the element at index i contains the MPI_COMM_WORLD rank
of rank i-th in tfie current conmiunicator. The function returns msq_ok if the operation
succocds.

5.12.5 mqs_next_communicator

Function type defmition:
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extern int mqs_next_communicat̂ ^ mcs_process* process)
IN process I the proccsy to get the next communicator

Movt^S^ithc internal iterator to the next communicator in this procesy. The function
retur̂  I n)qs_ok— if the operation succeeds.

o
5.12.6 mqs_setup_operation_iterator

Function type definition

extern int mqs_setup_operation_iterat̂  rros.process* process, int opclass)
I N p r o c e s s t h e p r o c e s s t o s e t u p t h e o p e r a t i o n

I N o p c l a s s t h e t j p o o f o p e r a t i o n r e q u e s t e d

Prepares to iterate over the pending operations in the currently active communicator
in this process, op should be one of the operations specified in mqs_op_class. The function
r e t u r n s m s q _ o k i f t h e o p e r a t i o n s u c c e e d s . J

Uy

5.12.7 mqs_next_operation
Function type defmition:

extern int mqs_next_operatfon( mqs.process* process, mqs_pending_operation* op)
I N p r o c e s s t h e p r o c c s s t o f o t c l i t h e o p e r a t i o n

O U T o p t h e b u f f e r t o r c c e i \ ' c t h e o p e r a t i o n d a t a

Fetches information about the next appropriate pending operation in the current com
municator. The function returns mqs_f alse when there is no more operation to iterate.
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