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1 Intro duction

1. The earliest version of the UPC Collective Speci cations [3] was authored by Elizabeth Wiebel
and David Greerberg and appearedas CCS-TR-02-159in March 2002. UPC collectiveshave been
discussedat workshopsat SC2001,SC2002,SC2003,and at workshopsheld at GeorgeWashington
University in March 2002, May 2003,and Septenber 2005.

2. The current version (V1.0) of the UPC Collective Speci cations [4, 1], published in Decenber 12,
2003,is now part of the UPC Language Speci cations V1.2 [2].

3. The needfor extended collective operations was discussedin the UPC collectivessubgroup and at
SC2004. Further re ning was done at the 2005 UPC workshop at George Washington University
and at SC 2005. This documert is a result of those discussions.

2 Scope

1. This documernt describesUPC functions that supplemen UPC.

2. All UPC language speci cations as per V1.2 [2] are considered part of this speci cation, and
therefore will not be addressedin this documert.

3. Someparts of UPC LanguageSpeci cations V1.2 may be repeatedfor self-cortainment and clarity
of the functions de ned here.

4. This documert extendsthe UPC Collective Operations Speci cation V1.0 [1,[4]. When the exten-
sions are approved, these two documerts will be mergedto form a single documert suitable for
inclusion in the UPC LanguageSpeci cation documert.

3 De nitions

1. Collectiv e:
A requiremert placedon somelanguageoperations which constrainsinvocations of such operations
to be matchedrﬁ acrossall threads. The behavior of collective operations is unde ned unlessall
threads executethe samesequenceof collective operations.

2. Single-v alued :
An operand to a collective operation, which hasthe samevalue on every thread. The behavior of
the operation is otherwise unde ned.

3. In-place :
A hint to a collective operation to perform it in place. This reducesthe amount of duplicate data.

4. Synchronous Collectiv e Call :
Collective calls which block and wait until the corresponding collective operation is completed.

5. Async hronous Collectiv e Call :
Collective calls which start a collective operation and return immediately, and must later be com-
pleted using a synchronization function. Only one outstanding asyndronous operation is allowed
on a UPC collective handle at any given time.

1A collective operation need not provide any actual synchronization between threads, unless otherwise noted. The
collectiv e requirement simply states a relativ e ordering property of calls to collectiv e operations that must be maintained in
the parallel execution trace for all executions of any legal program. Someimplementations may include unspeci ed synchro-
nization between threads within collectiv e operations, but programs must not rely upon such unspeci ed synchronization
for correctness.



4 Common Requiremen ts

The following requiremerts apply to all of the functions de ned in this documert whose namesbegin
with upc _all

1. All but the completion functions in this documert are collective; therefore, must be called by all
threads collectively.

2. Collective functions may not be called betweenupc _notify  and the corresponding upc _wait .

3. The secondto last argumert of ead collective function is the variable mode of type upc flag t.
Valuesof mode are formed by performing a bitwise OR of a constart of the form UPCIN X SYNC
and a constart of the form UPCOUTY SYNGC where X and Y may be NQ MY, or ALL.

Forw ard reference: upc flag t (5.12).

4. If mode hasthe value (UPC_IN X SYNC| UPCOUTY SYNC), then if X is

NO: the collective function may begin to read or write data when the rst thread has entered
the collective function call,

MY: the collective function may beginto read or write only data which hasaznit y to threads that
have entered the collective function call, and

ALL : the collective function may begin to read or write data only after all threads have entered
the collective function call?

andif Y is

NO: the collective function may read or write data until the last thread has returned from the
collective function call,

MY: the collective function may return in athread only after all readsor writes of data with aznit 'y
to the thread are completé®, and

ALL : the collective function call may return only after all readsand writes of data are complete@

UPCIN _XSYNCaloneis equivalent to (UPC_IN XSYNC| UPCOUTALLSYNC)
UPCOUTXSYNCaloneis equivalent to (UPC_IN _ALLSYNC| UPCOUTXSYNC)
and 0 is equivalert to (UPC_IN _ALLSYNC | UPCOUTALLSYNC), where X is NQ MY, or ALL.

5. The UPCPUSHor the UPCPULL °ags may be OR-ed with the mode argumerts to suggestto
the implementation respectively that sourcethread(s) write or destination thread(s) read the data
moved in the relocalization collectives. The implemertation is free to interpret these °ags in any
way it choosesas long asthe speci cation is not violated.

6. The mode °ag allows specifying in place behavior of the collectivesby OR-ing UPCIN _PLACEwith
other de ned bits.

7. The mode °ag alsoallows specifying asyncdronousbehavior of the collectivesby OR-ing UPCASYNC
with other de ned bits. In such a case,the semariics of the synchronization °ags should be in-
terpreted as follows: constraints that referenceentry to a function call correspond to entering
the posting call that initiate the asyndronous collective operation, and constraints that refer-
encereturning from a function call correspond to returning from the upc wait()  or successful

2UPCIN _ALLSYNCrequires the collectiv e function to guarantee that after all threads have entered the collectiv e function
call, all threads will read the same values of the input data.

SUPCOUTMYSYNGequires the collectiv e function to guarantee that after a thread returns from the collectiv e function
call, the thread will not read any earlier values of the output data with atnit y to that thread.

4UPCOUTALLSYNCrequires the collectiv e function to guarantee that after a thread returns from the collectiv e function
call, the thread will not read any earlier values of the output data. UPCOUTALLSYNCis not required to provide an
"implied" barrier. For example, if the entire collectiv e operation has been completed by a certain thread before some other
threads have reached their corresponding function calls, then that thread may exit its call.



upc test()  call that completesthe asyndronous collective operation. Also note that all the
mode °ags that govern an asyndironous collective operation are passedto the library during the
asyndironous posting call.

8. Forthe upc _all _prefix _reduce operation, if UPCEXCLUSIVEPREFIX_REDUCHs OR-ed with
the mode argumerts, then an exclusive pre x reduction is performed.

9. The last argumert of ead function is the variable team of type upc team _t , which allows speci-
fying a collective operation to work on a group of threads.
5 Extended Collectiv es Library
5.1 Standard header

1. The standard headeris
upc _collective.h

2. upc _collective.h de nesupc flag _t which is an integral type to the collective speci cation.
3. upc _collective.h de nes upc _team _t which is an integral type to the collective speci cation.
4. upc _collective.h de nes upc _coll _handle _t which is an integral type to the asyncronous

collective speci cation.

5.2 Prede ned Constants

1. UPCPUSH, UPCPULL:
Or-ed with the mode operandsto supply a hint to the implementation. User can chooseeither a
push or pull implemertation during a call to the function.

2. UPCIN _PLACE
Substituted for the src argumert to denotean in place operatiorﬁ.

3. UPCASYNC
Or-ed with the mode operandsto denote nonblocking collective function, which will have to be
completed by a corresponding completion function.

4, UPCHANDLECOMPLETE
Usedto indicate a completed or invalid handle. A successfulcompletion function would set the
corresponding handle to UPCHANDLECOMPLETE

5. UPCEXCLUSIVEPREFIX_REDUCE
Or-ed with the mode operandsin upc _all _prefix _reduce to perform an exclusive pre x reduc-
tion.
Forw ard Reference: upc _all _prefix _reduce (5.5.1)

6. UPCTEAMALL:
If passedin asargumert to team, all threads participate in the collective operation.

5.3 Extended Relo calization Op erations

Basedon the mode operands,the function returns either a handle (if UPCASYNUs presen) or avoid . If
UPCASYNGs OR-ed with other argumerts in the mode, then the function becomesa posting operation
and returns a upc _coll _handle _t. This handle must then be consumedby a completion function (see
5.4).

5Duplicate copies of data can be easily eliminated for exchange, permute and pre x-reduce. However, for other collectiv es
there is a certain degree of complexity in handling this feature due to how data layouts di®er between src and dst .




5.3.1 The upc_all _broadcast _x function
Synopsis
1. #include  <upc.h>
#include  <upc_collective_ext.h>
void upc_all_broadcast x( shared void =+ shared = dst,
shared const void * src,
size t nbytes,
upc_flag_t mode,
upc_team_t team );
upc_coll_handle_t upc_all_broadcast_x( shared void = shared =* dst,
shared const void * src,
size t nbytes,
upc_flag_t mode,
upc_team_t team );

Description

1. The upc _all _broadcast x function copiesa block of data with axnit y to a single thread to an
arbitrary location on ead destination thread.

2. The number of bytes in ead block is nbytes , which must be strictly greater than 0; otherwise no
copying will take place.

3. The function treats the src pointer asif it pointed to a shared memory areawith type:
shared [] char [nelems]

4. The function treats the dst pointer asif it pointed to a sharedmemory areawith type:
shared [] char * shared [THREADS]

5. The e®ectof the function is equivalernt to copying nbytes elemers of the array pointed to by src
to a sharedarray pointed to by dstftMYTHREAD] . The behavior is unde ned unless

upc _threadof( ~ *dsttMYTHREAD] ) == MYTHREAD
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Figure 1: upc _all _broadcast x




Examples

1. The following exampleof upc _all _broadcast x correspndsto gure [1:
#define BLK 9
#define  NELEMSBLK+* THREADS
shared [BLK] char A[NELEMS];
shared [] char = shared [1] B[THREADS];
shared [BLK] char DI1[NELEMS];
shared [BLK] char D2[NELEMS];
Initialize A ..
ift MYTHREAD== 0 )
{
B[0] = (shared [] char =*)&D1[0]);
B[1] = (shared [] char =*)&(D2[11]);
B[2] = (shared [] char =*)&(D2[23]);
}
upc_all_broadcast_x( B, &A[l], 4=sizeof(char),
UPC_IN_ALLSYNC| UPC_OUT _ALLSYNG UPC_PULL,
UPC_TEAM_ALL);
5.3.2 The upc _all _scatter _x function
Synopsis
1. #include  <upc.h>
#include  <upc_collective_ext.h>
void upc_all_scatter_x( shared void = shared =+ dst,
shared const void =* shared =* src,
shared size_ t * nbytes,
upc_flag_t mode,
upc_team_t team );
upc_coll_handle_t upc_all_scatter x( shared void * shared =* dst,
shared const void =* shared =* src,
shared size_t * nbytes,
upc_flag_t mode,
upc_team_t team );

Description

1. The upc _all _scatter

x function allows varying blocks of data (possibly located in separate

arrays) on the sourcethread to be copiedto (possibly separatearrays on) the destination threads.

2. It allows for explicit addressingof the segmems of the source array(s) on a single thread and
the destination array(s) on all the threads. Both the sourcesegmetts on a single thread and the
destination segmets on eat thread can be in separatearrays.



3. The upc _all _scatter _x function copiesa speci ed block of an area of shared memory with
atnit y to a singlethread to a block of sharedmemory with atnit y to the sameor di®erert thread.
The number of bytes in ead block is nbytes]MYTHREAD] .

4. nbytes is a pointer to an array of THREADSntegers, ead represerting the number of bytes in a
block. Each elemert must be strictly greater than 0, otherwise copying will not take place for the
corresponding thread.

5. The upc _all _scatter _x function treats the src and dst pointers asif they pointed to a shared
memory areawith the type:
shared [] char * shared [THREADS]
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Figure 2: upc _all _scatter X

Examples

1. The following exampleof upc _all _scatter _x correspondsto "gure [2:

#define BLK 9
#define NELEMSBLK* THREADS

shared [] char = shared [1] A[THREADS];
shared [] char = shared [1] B[THREADS];

shared [1] size .t nBytes[THREADS];

shared [BLK] char CI1[NELEMS];
shared [BLK] char C2[NELEMS];

shared [BLK] char DI1[NELEMS];
shared [BLK] char D2[NELEMS];



Initialize C1, C2 ..

ift’  MYTHREAD== 0 )

{
nBytes[0] = 2=*sizeof(char);
nBytes[1] = 3=+ sizeof(char);
nBytes[2] = 1=+sizeof(char);
A[0] = (shared [] char =)&(C1[1]);
A[l] = (shared [] char *)&(C2[3]);
A[2] = (shared [] char =*)&(C2[8]);
B[0] = (shared [ char =*)&(D1[5));
B[l] = (shared [] char =*)&[D2[9]);
B[2] = (shared |[] char =)&[D1[19]);
}
upc_all_scatter_x( B, A, nBytes,

UPC_IN_ALLSYNC| UPC_OUT_ALLSYNG UPC_PULL,
UPC_TEAM_ALL);

5.3.3 The upc _all _gather x function
Synopsis

1. #include  <upc.h>
#include  <upc_collective_ext.h>

void upc_all_gather_x( shared void = shared = dst,
shared const void = shared = src,
shared size_t * nbytes,
upc_flag_t mode,
upc_team_t team );

upc_coll_handle_t upc_all_gather_x( shared void = shared = dst,
shared const void = shared = src,
shared size_t * nbytes,
upc_flag_t mode,
upc_team_ t team );

Description

1. The upc _all _gather _x function allows a varying block of data (located possibly in separate
arrays) to be copied from ead thread to (possibly separatearrays on) a single thread.

2. It allows for explicit addressingof the source array(s) on all the threads and the segmes of
destination array(s) on asinglethread. Both the sourcesegmers on eac thread and the destination
segmeis on a single thread can be in separatearrays.

3. The upc _all _gather _x function copiesa block of shared memory that has atnity to the ith
thread to a speci ed block of a shared memory area that has aznity to a single thread. The
number of bytes in ead block is nbytesi]



4. nbytes is a pointer to an array of THREADSntegers, eat represeting the number of bytes in
a block. Each elemert must be strictly greater than 0, otherwise copying of a block from the
corresponding thread will not take place.

5. The upc _all _gather x function treats the src and dst pointers asif they pointed to a shared
memory areawith the type:
shared [] char * shared [THREADS]

[ [T T T T TTTT I T ITTIITT ] Jer
B E4
N A A I A
ot 3——7//’/ :‘ j -
2 3] 1] 5
I N o o
Lo J J/
I A O O M O -
v y
[ [T T T T TTTT I ITIITITITT][p2
s e s
ffffffffffffffffffffffffffffffffffffffffffffffff B ]
j nElems j nElems j nElems -g
””””””””””””””””””””””””””””””””” i o
A A A
TO T1 T2

Figure 3: upc _all _gather x

Examples

1. The following exampleof upc _all _gather x correspondsto gure [3i:

#define BLK 9
#define NELEMSBLK* THREADS

shared [] char = shared [1] A[THREADS];
shared [] char = shared [1] B[THREADS];

shared [1] size .t nBytes[THREADS];

shared [BLK] char C1[NELEMS];
shared [BLK] char C2[NELEMS];

shared [BLK] char DI1[NELEMS];
shared [BLK] char D2[NELEMS];

Initialize C1, C2 ..

ifCt  MYTHREAD== 0 )



nBytes[0] = 2=+sizeof(char);
nBytes[1] = 3= sizeof(char);
nBytes[2] = 1=*sizeof(char);
A[0] = (shared [] char =*)&(C1[5]);
A[l] = (shared [] char =*)&(C2[9));
A[2] = (shared [] char *)&(C1[19]);
B[0] = (shared [] char =*)&D1[1]);
B[l] = (shared [] char =*)&(D2[3]);
B[2] = (shared [] char =*)&(D2[8]);
}
upc_all_gather_x( B, A, nBytes,

UPC_IN_ALLSYNC| UPC_OUT_ALLSYNG UPC_PUSH,
UPC_TEAM_ALL);

5.3.4 The upc _all _gather _all x function
Synopsis

1. #include  <upc.h>
#include  <upc_collective_ext.h>

void upc_all_gather_all_x( shared void * shared =* dst,
shared const void = shared = src,
shared size t * nbytes,
upc_flag_t mode,
upc_team_t team );

upc_coll_handle_t upc_all_gather_all_x( shared void =* shared = dst,
shared const void = shared = src,
shared size_t * nbytes,
upc_flag_t mode,
upc_team_t team );

Description

1. The upc _all _gather _all _x function allows a varying block of data (located possiblyin separate
arrays) to be copied from ead thread to (possibly separatearrays on) all the threads. It can be
thought of asupc _all _gather _xexceptthat all threads copy the data instead of just one.

2. It allows for explicit addressingof the segmems of the sourcearray(s) and the segmets of the
destination array(s) on all threads. Both the source segmems and the destination segmers on
ead thread can be in separatearrays.

3. The upc _all _gather _all _x function copiesa block of sharedmemory from one shared memory
areawith a+nit y to the ith thread to the ith block of a sharedmemory areaon ead thread. The
number of elemerns in ead block is nbytes]i]

4. nbytes is a pointer to an array of THREADSntegers, ead represerting the number of bytes in a
block. Each array element must be strictly greater than 0, otherwise copying of a block from the



corresponding thread will not take place.

5. The upc _.all _gather _all x function treats the src pointer asif it pointed to a sharedmemory
areawith the type:
shared [] char * shared [THREADS]
and the dst pointer asif it pointed to a sharedmemory area with the type:
shared [] char * shared [THREADS] [THREADS THREADS]
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Figure 4: upc _all _gather _all x

Examples

1. The following exampleof upc _all _gather _all x correspndsto gure 4

#define BLK 9
#define NELEMSBLK* THREADS

shared [] char = shared [1] A[THREADS];
shared [] char * shared [THREADS] B[THREADS THREADS];

shared [1] size .t nBytes[THREADS];

shared [BLK] char C1[NELEMS];
shared [BLK] char C2[NELEMS];

shared [BLK] char DI1[NELEMS];
shared [BLK] char D2[NELEMS];

Initialize C1, C2 ..

ift  MYTHREAD== 0 )
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nBytes[0] = 2=+sizeof(char);
nBytes[1] = 3= sizeof(char);
nBytes[2] = 1=*sizeof(char);
A[0] = (shared [] char =*)&(C1[5]);
A[l] = (shared [] char =*)&(C2[9));
A[2] = (shared [] char *)&(C1[19]);
B[0] = (shared [] char =*)&D1[1]);
B[1] = (shared [] char =*)&(D2[3));
B[2] = (shared [] char =*)&(D2[8]);
B[3] = (shared [] char =)&[D2[10]);
B[4] = (shared [ char =*)&(D1[12)]);
B[5] = (shared [] char =*)&[D1[17]);
B[6] = (shared [] char =)&(D2[18]);
B[7] = (shared [] char =*)&(D2[21]);
B[8] = (shared [] char =)&D2[25]);
}
upc_all_gather_all_x( B, A, nBytes,

UPC_IN_ALLSYNC| UPC_OUT_ALLSYNG UPC_PUSH,'
UPC_TEAM_ALL);

5.3.5 The upc _all _exchange x function
Synopsis

1. #include  <upc.h>
#include  <upc_collective_ext.h>

void upc_all_exchange_ x( shared void * shared = dst,
shared const void = shared = src,
shared size_t * nbytes,
upc_flag_t mode,
upc_team_t team );

upc_coll_handle_t upc_all_exchange_ x( shared void =* shared =* dst,
shared const void = shared = src,
shared size_t * nbytes,
upc_flag_t mode,
upc_team_ t team );

Description

1. The upc _all _exchange x function allows a varying block of data (located possibly in separate
arrays) to be copied from ead thread to (possibly separate arrays on) threads corresponding to
the block number.

2. It allows for explicit addressingof the segmeits of sourcearray(s) and the segmeits of destination
array(s) on all threads. Both the sourcesegmetts and the destination segmers on eat thread can
be in separatearrays.

11



3. nbytes

is a pointer to an array of THREADSntegers, eat represering the number of bytes in
a block. Each array elemen must be strictly greater than 0, otherwise copying of a block in the
corresponding thread will not take place.

. The upc _all _exchange x function treats the src anddst pointers asif they pointed to a shared
memory areawith the type:

shared [] char * shared [THREADS] [THREADS THREADS]

. For ead pair of threads i and j, the e®ectis equivalent to copying the ith block of nbytes]i]
bytes that has aznit y to thread j pointed to by src]i] to the jth block of nbytesi] bytes
that hasaznit y to thread i pointed to by dst[i]

Examples

1. The following example of upc _all _exchange x correspndsto gure 5:
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Figure 5: upc _all _exchange x

#define BLK 9

#define  NELEMSBLKx THREADS

shared [] char * shared [THREADS] A[THREADS THREADS];
shared [] char * shared [THREADS] B[THREADS THREADS];
shared [THREADS] size t nBytes[THREADS * THREADS];
shared [BLK] char C1[NELEMS];

shared [BLK] char C2[NELEMS];

shared [BLK] char DI1[NELEMS];

shared [BLK] char D2[NELEMS];

12



if(
{

}

Initialize

C1, C2 ..

MYTHREAD== 0 )

nBytes[0]
nBytes[1]
nBytes[2]
nBytes[3]
nBytes[4]
nBytes[5]
nBytes[6]
nBytes[7]
nBytes[8]

Al0]
All]
Al2]
Al3]
Al4]
Al5]
Al6]
Al7]
Al8]

B[O]
B[1]
B[2]
B[3]
B[4]
B[S]
B[6]
B[7]
B[8]

(shared
(shared
(shared
(shared
(shared
(shared
(shared
(shared
(shared

(shared
(shared
(shared
(shared
(shared
(shared
(shared
(shared
(shared

upc_all_exchange_x(

I
I
I
I
[
[
I
I
I

[
I
[
I
[
[
[
I
I

char
char
char
char
char
char
char
char
char

char
char
char
char
char
char
char
char
char

B, A

2+ sizeof(char);
3+ sizeof(char);
1+ sizeof(char);
4+ sizeof(char);
2+ sizeof(char);
3+ sizeof(char);
1= sizeof(char);
3+ sizeof(char);
4+ sizeof(char);

*)&(C1[1]);
*)&(C2[3]);
*)&(C1[7]);
*)&(C2[9));
*)&(C1[13]);
*)&(C2[15]);
*)&(C1[18]);
*)&(C1[24]);
*)&(C2[20]);

*)&(D2[0));
*)&(D2[3]);
*)&(D1[6));
*)&(D1[9));
*)&(D2[13]);
*)&(D1[15]);
*)&(D2[19]);
*)&(D2[22]);
*)&(D1[23]);

nBytes,

UPC_IN_ALLSYNC |
UPC_TEAM_ALL);

5.3.6 The upc _all _permute x function

Synopsis

1. #include <

#include

void

upc_all_permute_x(

upc.h>

<upc_collective_ext.h>

shared void
shared const

UPC_OUT ALLSYNG UPC_PULL,

x shared =* dst,
void * shared

shared size t * perm,
shared size_t * nbytes,
upc_flag_t mode,

13

* SIC,



upc_team_t team );

upc_coll_handle_t upc_all_permute_x( shared void =+ shared =* dst,
shared const void =* shared =* src,
shared size t * perm,
shared size t * nbytes,
upc_flag_t mode,
upc_team_t team );

Description

1.

The upc _all _permute x function allows a varying block of data (located possibly in separate
arrays) to be copied from onethread to another (possibly in separatearrays).

. It allows for explicit addressingof the segmeits of sourcearray(s) and the segmets of destination

array(s) on all threads. Both the sourcesegmetts and the destination segmers on ead thread can
be in separatearrays.

. hbytes is a pointer to an array of THREADSntegers, ead represening the number of bytes in

a block. Each array elemert must be strictly greater than 0, otherwise copying of a block in the
corresponding thread will not take place.

. perm is a pointer to an array of THREADSntegers, eat denoting the thread to which the data is

to be copiedto.

. The upc _all _permute _x function treats the src and dst pointers asif they pointed to a shared

memory areawith the type:
shared [] char * shared [THREADS]

6. For eadh thread i, the e®ectis equivalent to copying the block of nbytes]i] bytes pointed to
by src]i] that has a+nity to thread i to a speci ed block of nbytes]i] bytes pointed to by
dst[perm[i]] that hasatnit y to thread perm(i]

Examples
1. The following example of upc _all _permute x correspondsto "gure 6:

#define BLK 9
#define  NELEMSBLK* THREADS

shared [] char * shared [1] A[THREADS];
shared [] char = shared [1] B[THREADS];

shared [1] int P[THREADS];
shared [1] size t nBytes[THREADS];

shared [BLK] char C1[NELEMS];
shared [BLK] char C2[NELEMS];

shared [BLK] char D1[NELEMS];
shared [BLK] char D2[NELEMS];

Initialize C1, C2 ..
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Figure 6: upc _all _permute _x

ift  MYTHREAD== 0 )
{
P[O] = 2
P[1] = O;
P[2] = 1;
nBytes[0] = 3=*sizeof(char);
nBytes[1] = 4=*sizeof(char);
nBytes[2] = 5=xsizeof(char);
A[0] = (shared |[] char =*)&(C1[2]);
A[l] = (shared |[] char =*)&(C2[14]);
A[2] = (shared [] char =*)&(C1[21]);
B[O] = (shared [] char =)&(D2[0]);
B[1l] = (shared [] char =*)&(D1[9));
B[2] = (shared [ char =*)&(D1[19)]);
}
upc_all_permute_x( B, A, P, nBytes,

UPC_IN_ALLSYNC |
UPC_TEAM_ALL);

UPC_OUT_ALLSYNG UPC_PULL,
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5.4 Completion Op erations
5.4.1 The upc _wait function
Synopsis

1. #include  <upc.h>

#include  <upc_collective.h>

void upc_wait( upc_coll_handle_t handle );

Description

1. upc _wait returns whenthe operation identi ed by handle is completed. It then setsthe handle
to UPCHANDLECOMPLETE

2. If UPCHANDLECOMPLETHs passedin asargumert to handle , then the function returns imme-
diately (basically, a no-op).
5.4.2 The upc test function
Synopsis

1. #include  <upc.h>
#include  <upc_collective.h>

int  upc_test( upc_coll_handle_t handle );

Description

1. upc _test returns a positive integer if the operation identied by handle is complete. It then
setsthe handle to UPCHANDLECOMPLETEOtherwise, it returns a negative integer.

2. upc _test returns successfullyexactly in those situations where upc wait returns.

3. The useof upc _test allows scheduling alternativ e activities within a single thread of execution.

5.4.3 The upc _waitany function
Synopsis

1. #include  <upc.h>
#include  <upc_collective.h>

int  upc_waitany/( int count, upc_coll_handle_t * handles );

Description

1. The upc waitany function is usedto complete one out of seweral asyncronous collective opera-
tions.

2. It blocks until one of the operations assaiated with the handleshas completed.

3. The function returns the array index of the completed handle and setsthe appropriate handle from
the array to UPCHANDLECOMPLETE
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4. If more than one operation can be completed, then upc waitany arbitrarily picks one operation
and completesit.

5.4.4 The upc testany function
Synopsis

1. #include  <upc.h>
#include  <upc_collective.h>

int  upc_testany( int count, upc_coll_handle_t * handles );

Description

1. The upc _testany function is usedto test one out of seweral asyndronous collective operations
for completion.

2. It returns immediately whether any of the handleshave completed or not.

3. If one of the handlesis complete, it returns the index of the handle, setsthe handle at that index
to UPCHANDLECOMPLETEOtherwise, a negative number is returned.

4. If more than one operation can be completed, then upc _testany arbitrarily picks one operation
and completesit.

5.4.5 The upc _waitall  function
Synopsis

1. #include  <upc.h>
#include  <upc_collective.h>

void upc_waitall( int count, upc_coll_handle_t * handles );

Description
1. The upc _waitall ~ function is usedto complete all operations in an array.
2. It blocks until all handlesin the array are complete.

3. Onceahandleis completed,the assaiated index in the handles array is setto UPCHANDLECOMPLETE

5.4.6 The upc _testall function
Synopsis

1. #include  <upc.h>
#include  <upc_collective.h>

int  upc_testall( int count, upc_coll_handle_t * handles );
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Description
1. The upc _testall function is usedto test all operations in an array for completion.

2. If all operations have completed, it returns a positive integer, sets the corresponding handles to
UPCHANDLECOMPLETEOtherwise, a negative integer is returned. In this case, no handle is
modi ed.

5.4.7 The upc _waitsome function
Synopsis

1. #include  <upc.h>
#include  <upc_collective.h>

int upc_waitsome( int count, upc_coll_handle_t * handles );

Description
1. The upc _waitsome function is usedto complete all enabledoperations in an array.

2. It waits until at least one of the operations is complete. Once this happensit goeson completing
that operation aswell asall others that are complete. The handlesin the appropriate indexesare
setto UPCHANDLECOMPLETE

3. It returns a count of completed handles.

5.4.8 The upc _testsome function
Synopsis

1. #include  <upc.h>
#include  <upc_collective.h>

int  upc_testsome( int count, upc_coll_handle_t * handles );

Description

1. The upc _testsome function is usedto test for completion of all enabled operations in a list. It
behaveslike upc _waitsome , exceptthat it returns immediately.

2. If someoperations have completedit returns the number. If none hascompletedthen it returns 0.

5.4.9 The upc _get _status function
Synopsis

1. #include  <upc.h>
#include  <upc_collective.h>

int  upc_get status( upc_coll_handle_t handle );
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Description

1. This is useful in caseswhen status information is neededwithout actually completing any of the
asyndronous collective operations.

2. If the operation indicated by the handle is complete, the function returns a positive integer;
otherwise, it simply returns a negative integer.

3. A subsequen call to upc _wait or upc _test is required to complete the operation.

5.5 Extended Computational Op erations

An integral part of the computational collective operations is upc _.op_t . A variable of type upc op_t
can have the following values:

UPCADD Addition.

UPCMULT Multiplication.

UPCAND Bitwise AND for integer and character variables. Results are un-
de ned for °oating point and complextypes.

UPCOR Bitwise OR for integer and character variables. Results are unde-
“ned for °oating point and complextypes.

UPCXOR Bitwise XOR for integer and character variables. Results are un-
de ned for °oating point and complex types.

UPCLOGAND Logical AND for all variable types.

UPCLOGOR Logical OR for all variable types.

UPCMIN For all data types, nd the minimum value.

UPCMAX For all data types, nd the maximum value.

UPCFUNC Use the speci ed commutativ e function func to operate on the

data in the src array at ead step.
UPCNONCOMPNUNC Use the speci ed non-commutativ e function func to operate on
the data in the src array at ead step.

5.5.1 The upc_all _reduce _all function and Exclusiv e Pre x-reduction
Synopsis

1. #include  <upc.h>
#include  <upc_collective.h>

void upc_all_reduce_allT( shared void =+ restrict dst,
shared const void * restrict src,
upc_opt_t  op,
size_t nelems,
size t blk_size,
TYPE(xfunc)( TYPE, TYPE),
upc_flag_t mode );

void upc_all_prefix_reduceT( shared void * restrict dst,
shared const void * restrict src,
upc_opt_t op,
size_t nelems,
size t blk_size,
TYPE(xfunc)( TYPE, TYPE),
upc_flag_t mode );
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Description

1. The function prototype above represerts 17 variants of the upc all _reduce _all T function,
where T and TYPE have the following correspondences?

T TYPE T TYPE

C signed char D double

UC unsigned char LD long double

S signed short LL long long

US unsigned short ULL unsigned long long
I signed int CX  _Complex float

Ul unsigned int DX  _Complex double

L  signed long LDX _Complex long double
UL unsigned long B _Bool

F  float

2. On completion of the upc _all _reduce _all variants, the value of the TYPE shared object
referencedby dst]i] is src[0] ©src[l] ©... ©src[nelems-1] for all i, where0 - i <
THREADSand © is the operator speci ed by the variable op.”

3. On completion of the upc _all _prefix _reduce variants, the value of TYPE sharedobject refer-
encedby dst[i]  dependsonthe value of mode. If the valueof (mode & UPCEXCLUSIVEPREFIX_REDUCE)

is zero, then the valueis src[0] ©src[l] ©... ©src[] for0 - i - nelems-1 , where®© is
the operator speci ed by the variable op. Otherwise, the value referencedby dst[0] is unde ned
and dst[i] forO < i - nelems-1 issrc[0] ©src[l] ©... ©src[i-1]

4. If the value of blk _size passedto thesefunctions is greater than 0O, then they treat src pointer
asif it pointed to a shared memory area of nelems elemers of type TYPE and blocking factor
blk _size , and therefore had type:
share [blk _size] TYPE [nelems]

5. If the valueblk _size passedo thesefunctions is 0, then they treat the src pointer asif it pointed
to a sharedmemory areaof nelems elemerts of the TYPE with aninde nite layout quali er, and
therefore had type®:
share [] TYPE [nelems]

6. The phaseof the src pointer is respected when referencingarray elemeris, as speci ed above.

7. The upc _all _prefix _reduce T treats the dst pointer equivalertly to the src pointer as de-
scribed in the past 3 paragraphs.

8. upc _all _prefix _reduce T requiresthe axnit y and phaseof the src and the dst pointers to
match?®.

9. The upc _all _reduce _all T treats the dst pointer ashaving type:
shared [1] TYPHTHREADS]

10. upc _all _reduce _all T requiresthe dst pointer to have atnit y to thread 0.
11. upc all _reduce _all T treats the dst pointer asif it has phaseO.

12. For type _Bool , the only valid operationsare UPCLOGANDUPCLOGORUPCFUNGC and UPCNONCOMRNUNC

SFor example, if T is C, then TYPE must be signed char .

7All elements dst[0]...dStiTHREADS-1] shall compare equal, even in the presence of °oating point roundo® or
similar sources of lack of asscriativit y of built-in  functions.

8Note that upc _blocksize(src) == 0 if src has this type, so the argument value of O has a natural connection to
the block size of src .

9i.e., upc _threadof(src) == upc _threadof(dst) && upc _phaseof(src) == upc _phaseof(dst).
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