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Abstract

UPC is an alternative to MPI and OpenMP parallelisation. It is an extension of C that aims to simulate a shared
memory environment, hiding the details of parallelisation from the user. This document outlines the basicconcepts
of UPC, and exploreswhat functionality is available on HPCx. It then goeson to analyse the performance of UPC
against IBM's MPI and LAPI on HPCx. Both IBM's UPC offering, and an open-source (Berkeley) UPC compiler are
evaluated.

1 Introduction

UPC is an extension of C, designed to use messagepassing techniques to simulate a shared memory multipr ocess
environment. It has numerous featuresdesigned to make parallelisation assimple aspossible, whilst also attempt-
ing to preservethe ef ciency and overall structure of C. It provides a Partitioned Global Addr essSpacefor the
transfer of data between processesas well asnumerous synchronisation and collective functions that enable the
control of program ow between parallel threads.

This rst sections of this document attempt to provide a brief overview of the features UPC provides, and their
application and availability on HPCx. The later sections analyse the relative performance and capabilities of the
Berkeley UPC distribution to the IBM MPI and LAPI libraries on the HPCx platform. To get the clearest pictur e
of network performance, we use reduced 'ping-pong' codes, and run between two nodes of the HPCx Phase3
installation. Collective IO functions are also tested, writing and reading strings from multiple nodesto asingle le.

IBM provides an alpha version of a UPC compiler, XLUPC, which provides the basic functionality of UPC. How-
ever, it was created in 2005,and the UPC speci cation has been extended since that time, adding new collective
routines and suggested|O functions. A collaboration of the Lawr enceBerkeley National Laboratory and the Berke-
ley University of California hasproduced a cross-platform UPC distribution that works on HPCx however, and can
be compiled if one rst adds the GNU compiler, which it requiresasa preprocessor

UPC is designed to make it easyto learn from C, and to make the parallelisation of C programs an easy process.
A large proportion of the UPC functionality actsto duplicate standard C abilities asapplied to the shared memory
context, making their use quite intuitive, although not necessarily asadaptable asthey could be.

1.1 Berkeley UPC

The Berkeley UPC (Uni ed Parallel C) distribution is across-platform implementation of the UPC v1.2speci cation
with additional useful extensions. It usesa source-to-source translator to convert UPC code to C, and a choice of
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compiler to then compile the C code. It can use a number of cross-platform and vendor-supplied networking
protocols with the underlying GASNet library, including MPI, ELAN Quadrics, In niband and LAPI, however,
HPCx only supports the use of LAPI and MPI. For performance reasons,it was electedto usethe LAPI networking
option for thesetests,aswell asusing IBM's xIc in 64-bit re-entrant modes asthe underlying C compiler.

1.2 LAPI

IBM's LAPI (Low-level Application Programming Interface) is the networking library supplied with their cluster
technology for use in high speed messagepassing programming. It has one-sided transfer capabilities in both
normal and RDMA methods, however, its relative complexity and lack of portability limit its use. For thesetests,
LAPI code was compiled using the IBM's mpcc compiler in 64-bit re-entrant mode, which gives best performance
and thread safety, while also ensuring its relevanceto the method used for the UPC code.

1.3 MPI

The open speci cation for MPI (MessagePassingInterface) has both open-source and vendor-supplied implemen-
tations, including IBM's own. It is currently regarded as the basic standard for the majority of network-using

message-passingorograms. There are currently two active speci cations for MPI, MPI-1.2 and MPI-2; MPI-1.2 con-
tains basicpoint-to-point transfers, both synchronous and asynchronous, aswell ascollective data transfer routines
and synchronisation features. MPI-2 extends this by adding one-sided communication, functions for changing the
MPI environment mid-pr ocess,and collective 10 features. The IBM MPI implementation currently implements
MPI-1.2 and a number of featuresof MPI-2, including the one-sided communication and collective 10, but keeps
the static environment of MPI-1.2. For thesetests,MPI code was compiled using the IBM's mpcc compiler in 64-bit
reentrant mode, aswith the LAPI code.

1.4 HPCx

The HPCx platform is describedin greatdetail in other reports, but, in brief, the Phase3 HPCx installation contains
160compute nodes which eachcontain 16 1.5GHz 64-bit Power5 processors,with eachnode being connected via
two twin-linked network adaptersto a High Performance Switch.

2 The Parallel Global Address Space

The Parallel Global Addr essSpace(PGAS) is the simulated shared memory spacethat allows dif ferent threadsto
accesshe samedata. Although accessibleby every thread, every part of the data hasan 'af nity' corresponding to
the thread that actually hasthat data in its memory. For this reason,memory accesstimes to some parts of the data
will be quicker than others, aslocal memory remains much quicker to accessfor the local thread.

PGAS variables are created using the shared type quali er:

shared type variable;

shared [block_sizeopt] type variable  [index];
shared [| type variable [index];

shared [ type variable [index];

Every shared variable and every element of a shared array is said to have af nity to the thread where that element
is stored, and all non-array shared variables have af nity to threadO.



The block-size quali er canbe used to control the distribution of elementsof an array among threads- by default,
elements are serialised and divided such that the i-th element has af nity to thread i%THREADS. If block-size is
speci ed, elementsare serialised and divided such that the i-th element hasaf nity to thread:

(ilblock_size)%(THRE  ADS*bloc k_size )

If the special qualier [ is given, all elements have af nity to thread 0. The special [{] qualier is useful for
multidimensional arrays - if given, the elements of the array are divided suchthat all of arfij  hasafnity toi %
number_of threads  regardlessof other dimensions.

Example:

shared type arrayl [4];
shared [2] type array2 [4];
shared [| type array3 [4];
shared [ type array4 [4];

shared type array5 [4][2];
shared [3] type array6 [4][2];
shared [ type array7 [4][2];

Thread 0 Thread 1 Thread 2 Thread 3
arrayl[ 0] arrayl[ 1] arrayl[ 2] arrayl[ 3]
ar ray?2[ 0] array?2[ 2]
array?2[ 1] array?2[ 3]
array3[0..3]
ar r ay4[ 0] array4[ 1] array4[ 2] array4[ 3]
array5[ 0] [ 0] array5[ 0] [ 1] array5[ 1] [ 0] array5[ 1] [ 1]
array5[ 2] [0] array5[ 2] [1] array5[3][0] array5[ 3] [1]
array6[ 0] [ 0] array6[ 1] [ 1] array6[ 3] [ 0]
array6[ 0] [ 1] array6[ 2] [ 0] array6[ 3] [ 1]
array6[ 1] [ 0] array6[2][1]
array7[0][0] array7[1][ 0] array7[ 2] [ 0] array7[3][0]
array7[0][1] array7[ 1] [1] array7[ 2] [1]

Pointers can also be or point to shared variables, although there is a slight performance cost attached to derefer-
encing a shared variable, in addition to that of actually retrieving the variable's value. Pointers that are setto an
element of an array will also acquire a property called "phase" which tracks at what point the pointed to address
sits in ablock, and allows the pointer to be arithmetically operated on correctly.

Note that pointers do not acquire block size from the addressthey refer to - they may have block size set at dec-
laration, otherwise there is no guarantee that a pointer will traverse array values correctly. Also note that shared
variables cannot be declared within program ow or within structs - local pointers to shared can, however. Note
that shared structs may not interact as expected with external functions - as the pointer to shared construct is
only legitimate within UPC, the struct will only be externally accessibleto non-UPC libraries from the threadit is
associatedwith.

int *ptrl Local to local
shared int *ptr2 Local to shared
int *shared ptr3 Shared to local (unusable)

shared int *shared ptr4  Shared to shared (not available with XLUPC)
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3 PGAS Library Functions

Included in the UPC library functions are analoguesto the normal C string functions that act on strings in the
shared addressspace,aswell assome designed to acton and read the af nities of pointers and variables.

3.1 Strings

The string functions upc_memput, upc_memget and upc_memcpy work asone might expect- upc_memput copiesa string
from a local source to a shared destination, while upc_memget performs the opposite function, and upc_memcpy
copies a string from a shared sourceto a shared destination. There is also a memset equivalent, upc_memset. Note
that the shared destination written to must be entirely contained in a single thread. Thesefunctions are unsurpris-
ingly much faster than an assignmentloop at such operations due to the lack of referencing and messageoverhead.

void upc_memcpy(shared void * restrict dest, shared const void *restrict src, size .t n);
void upc_memput(shared void * restrict dest, const void * restrict src, size .t n);

void upc_memget(void  * restrict dest, shared const void * restrict src, size .t n);

void upc_memset(shared void *dest, int ¢, size_t n)

3.2 Memory

A thread can dynamically allocate shared memory using the upc_alloc  function - however, memory allocated
this way always has af nity to the calling thread. The upc_global_alloc and upc_all_alloc functions allow the
dynamic allocation of shared spaceacrossthreads, with the latter being a collective function that must be called
from all threads,returning the samereferenceto shared to each.

shared void *upc_alloc (size_t  nbytes);
shared void *upc_global_alloc(s ize _t nblocks, size t nbytes);
shared void *upc_all_alloc (size_t  nblocks, size t nbytes);

Shared spaceallocated by upc_global_alloc or upc_all_alloc is distributed aswould an array declared by:
shared [numbytes] char [numblocks * numbytes]
Memory allocated by any of these methods may be freed by use of the upc_freefunction:

void upc_free(shared void  *ptr);



3.3 Strict vs Relaxed

UPC hastwo shared memory accessmodels - strict and relaxed - which may be setby region of code by #pragma
dir ectives, or per variable by use of declaration quali ers. Under relaxed mode, accessesnay be reordered for
speed, so care must be taken to prevent race conditions between threads, or parts of data being overwritten by
simultaneous write accessesConversely, strict mode ensuresthat all accessesre absolutely ordered, and that each
write is nished beforethe next may begin. Although relaxed mode accessesnay bereordered, they may not move
past a strict access. Additionally , the statement upc_fence exists asa null strict access,ensuring all accessesre
complete. It should be noted that relaxed is the default behaviour, and that two header les exist, upc_relaxed.h
and upc_strict.h which merely usethe #pragma statementand then include upc.h .

#pragma upc relaxed
#pragma upc strict

shared strict type variable;
shared relaxed type variable;

4 Parallelisation

4.1 De ned Constructs

Parallelisation in UPC can stem from the use of either the two thread monitoring expressions, MYTHREAD and
THREADS, or the parallel loop statement, upc_forall

THREADS - A macro giving the total number of threads. If the number of threadsto usewas de ned at compilation,
this may be used as an ordinary integer expression. Otherwise, it may only be used as or to multiply an integer
constantalone. MYTHREAD - Integer expression, being the index of the current thread. Rangeis 0.. THREADS-1.

upc_forall - This construct works in an equivalent fashion to anormal for loop, exceptthat it automatically divides
the loops among the threadsaccording to afourth parameter:

upc_forall( initial; test; increment;  affinity )

The af nity parameter can be either a pointer, or an integer expression. If a pointer, loops will execute on which
ever threadis local for the addressor addresseseferenced. If an integer expression,the loop will executeon thread
i%THREADS Becauseof the nature of this construct, modi cation of the variables used within during the loop is not
recommended without careful forethought.

Below are some examplesof code using the upc_forall  function, and the values of variables asaresult of the code
execution.

Example 1:

#include  <upc_relaxed.h>

int  main(int argc, char **argv)
{
int  i,numbers[10];
upc_forall(i=0;i<1 0;i ++, )

{
}

numbersf[iij = MYTHREAD;



Thread 0

Iterations Executed

w0 A~ O

Values of numbers

Thread 1
Iterations Executed

© g

Values of numbers

Thread 2
Iterations Executed

=2
6

Values of numbers

Thread 3
Iterations Executed

i =3
7

Values of numbers

nunber s[ 0] =0 nunber s[ 0] = undefi ned nunber s[0..1] = undefined nunbers[0..2] = undefined
nunbers[1..3] = undefined nunber s[ 1] =1 nunber s[ 2] =2 nunber s[ 3] =3
number s[ 4] =0 nunbers[2..4] = undefined nunber s[ 3..5] = undefined
numbers[5..7] = undefined number s[ 5] =1 number s[ 6] =2
nunber s[ 8] =0 nunbers[6..8] = undefined nunbers[7..9] = undefined
nunber s[ 9] = undefi ned nunber s[ 9] =1
Example 2:
#include  <upc_relaxed.h>
int  main(int argc, char **argv)
int i;
shared int numbers[10];
upc_forall(i=0;i<1 0;i ++ )
numbersfiij = MYTHREAD;
Thread 0 Thread 1 Thread 2 Thread 3
Iterations Executed Iterations Executed Iterations Executed Iterations Executed
i =0 i =1 i =2 i =3
4 5 6 7
8 9
Values of numbers Values of numbers Values of numbers Values of numbers
nunber s[ 0] =0 nunber s[ 5] =1 (none) (none)
nunber s[ 1] =1 nunber s[ 6] =2
number s[ 2] =2 number s[ 7] =3
nunber s[ 3] =3 nunber s[ 8] =0
nunber s[ 4] =0 nunber s[ 9] =1
Example 3:
#include  <upc_relaxed.h>

int  main(int argc, char **argv)
{
int i
shared [5] int numbers[10];
upc_forall(i=0;i<1 0;i ++ )




numbersi]

= MYTHREAD;

Thread 0

Iterations Executed

o O

Values of numbers

Thread 1
Iterations Executed

© Ul

Values of numbers

Thread 2
Iterations Executed

i =2
6

Values of numbers

Thread 3
Iterations Executed

i =3
7

Values of numbers

number s[ 0] =0 nunber s[ 5] =1 (none) (none)
nunber s[ 1] =1 nunber s[ 6] =2
nunber s[ 2] =2 nunber s[ 7] =3
nunber s[ 3] =3 nunber s[ 8] =0
nunber s[ 4] =0 nunber s[ 9] =1
Example 4:
#include  <upc_relaxed.h>
int  main(int argc, char **argv)
int i
shared [5] int numbers[10];
upc_forall(i=0;i<1 0;i ++, &numbers]i])
numbers[if = MYTHREAD;
Thread O Thread 1 Thread 2 Thread 3
Iterations Executed Iterations Executed Iterations Executed Iterations Executed
i =0 i =5
1 6 (none) (none)
2 7
3 8
4 9
Values of numbers Values of numbers Values of numbers Values of numbers
number s[ 0] =0 nunber s[ 5] =1 (none) (none)
nunber s[ 1] =0 nunber s[ 6] =1
nunber s[ 2] =0 nunber s[ 7] =1
nunber s[ 3] =0 nunber s[ 8] =1
nunber s[ 4] =0 nunber s[ 9] =1

5 Thread Synchronisation

There are threedif ferent mechanicsfor synchronisation: barriers, locks, and fences.




5.1 Barriers

UPC has two different barrier methods: ordinary, and 'split-phase’ barriers. The upc_barrier ~ statement merely
pausesexecution until all threadshave reacheda barrier statement, while the upc_notify/upc_wait combination
allows the thread to perform additional operations while waiting. Barriers may have labels to test for the correct
point - if onethreadreachesabarrier while another thread hasreacheda dif ferently labelled barrier, an error occurs
and execution ends.

upc_barrier; Blocks until all threadsreachthis point.
upc_barrier label;

upc_notify; Note that thread hasreachedthis point,
upc_notify label;  continue until await statement

upc_wait; Wait until other threadshave reached
upc_wait label; noti cation point.
5.2 Locks

Locks allow the marking of sectionsof code such that only one thread may executethem at one time. Using alock
requiresthe use of an opaque type, upc_lock_t, and one of severallock functions:

5.2.1 Allocation

upc_lock t  *upc_all_lock_alloc( voi d);
upc_lock t  *upc_global_lock_all oc( voi d);

void upc_lock free(upc_lo ck_t *ptr);

A lock variable hastwo states- locked and unlocked. Newly allocated locks are always unlocked. upc_global_lock_all
allocatesalock and returns a pointer to it. upc_all_lock_alloc is a collective function - it is called by every thread,
and every thread receivesthe pointer to the samelock object. upc_lock_free  deallocatesalock created by either of
thesefunctions, regardless of status.

5.2.2 Use

void upc_lock(upc_lock t *ptr);
int upc_lock attempt(u  pc_loc k t *ptr);
void upc_unlock(upc_lock_ t *ptr);

The upc_lock function hastwo effects - if the lock struct is already locked, execution waits until the lock struct is
unlocked. If the lock struct passedis unlocked, its status is setto locked. upc_lock attempt  doesnot wait, instead
returning O if the lock is already set. Attempting to call either of these functions upon a lock that has already
beensetwithin the samethread hasunde ned results. upc_unlock setsthe state of the struct passedto unlocked,
however, this behaviour is only speci ed for the thread that initiated the lock.

Example:

#include  <stdio.h>
#include  <upc_relaxed.h>

oc



int  main(int argc, char **argv)

{
it i;
for (i=0;i<5000;i++)
printf("%c", '‘a'+MYTHREAD);
return  0;
}

Output: aabbcbbcccdddbbb...

#include  <stdio.h>
#include  <upc_relaxed.h>

int  main(int argc, char **argv)
{
int i
upc_lock t  lock;
upc_lock(lock);
for  (i=0;i<5000;i++)
printf("%c", 'a'+MYTHREAD);

printf("\n");
upc_unlock(lock);

return  0;

}

Output: ccccccc...bbbbbbbb...aaaaaaa

5.3 Fences

Fencessynchronise the shared memory accesse®f a thread. The statementupc_fence is anull strict accessgensur-
ing all accessesre complete oncethe statement has completed.

5.4 Collective Functions

There are threegroups of collective functions de ned within the UPC 1.2speci cation -
memory allocation and locking functions, de ned in upc.h and mentioned above
massmemory functions for gathering and scattering, de ned in upc_collective.h
collective 10 functions, de ned in upc_io.h

The collective 10 functions are currently de ned asan optional extension in implementations. The Berkeley UPC
distribution currently implements all of these groups, while IBM's only implements the allocation and locking
functions.

Collective functions must be called by all threadssimultaneously and, assuch, imply abarrier before and/or after
the call. The names of collective functions in UPC, by convention, begin with upc_all_



6 Implementation Specics

6.1 Compilation

Compilation of UPC code may proceedthrough rst translating and converting to C, then normal C compilation.
The Berkeley UPC distribution has the option of using a remote translator available through either their online
services,or as C++ source. The translator is currently supported on fewer platforms than the runtime/compilation
package- on HPCx it will only compile with GCC.

Currently, the BUPC compiler may use the XLC compiler on HPCx to actually compile the converted C code,
but requiresthe GCC preprocessorfor the translation and conversion process. The compiler used must be spec-
ied at compilation into the upcc converter using the con gur e variables like so: ./configure CC="Xlc_r -q64"
CXX="XIC_r -g64" MPICC="mpcc_r -q64"

Use of the re-entrant versions and the 64-bit switch is recommended for optimal thread-safeprograms. Note that
the IBM UPC compiler compiles as 32-bit by default (-q64 to switch to 64-bit).

The alpha IBM UPC distribution and the GCC UPC compiler also provided by the BUPC team compile UPC code
'dir ectly’, but thereis currently no version of the GCC UPC compiler for powerpc processors.

The number of threadsto use may be setat compile time by options passedto the compiler:

upcc -fthreads 4
xlupc  -qupcthreads=4

Also note that while the Berkeley UPC translator will accepta le with any extension as UPC, the IBM UPC com-
piler demands that UPC programs have the .upc le extension.

The Berkeley UPC compiler acceptsobject les compiled in other languages,aslong asthey provide a C-compatible
interface - for example, Fortran and C++ canboth be used with UPC, aswith anormal C program. If the main func-
tion is not located within UPC code, however, UPC must be bootstrapped and manually exited using BUPC exten-
sion functions bupc_init_reentrant( ), which should bethe rst statementin the main function, and bupc_exit() ,
which should be the last. The extension libraries included with the BUPC distribution also include a number of
functions to make the inclusion of C++ and C source easier, including functions to allocate shared memory from
non-UPC code, which another extension, the bupc_local_to_shared function canthen useto retrieve a pointer to
shared. Object les capableof being used in this way include one peculiar addition, MPI programs compiled with
mpcc. Programs compiled in this way seemto attain threadsthat are both UPC and MPI capable, rather than the
more obvious result of obtaining a number of MPI threadsfor each UPC thread. Passingdata between UPC and
MPI functions in such programs must be done using strict C interfaces - obviously the MPI compiled objectswill
not acceptor dereferenceshared pointers, nor Ivalues for shared variables.

The IBM UPC compiler cansimilarly compile in object les createdby other languages, however, it is unclear what
featuresare available for usein such circumstances.|It seemsthat the main function must bein UPC code, however.

6.2 Networks

The IBM UPC implementation is basedon pthreads- it cannot run acrossa network. Conversely, the Berkeley UPC
library allows for awide choice of underlying network choices- on HPCx, it allows for the use of LAPI or MPI as
the underlying network protocol with the option of also using pthr eadswithin these,or instead of any networking.

With a compatible MPI compiler, the BUPC translator can also be compiled to be capable of compiling mixed
MPI/UPC programs (in the samesource le), evenif MPI is not the underlying network for the UPC transmissions.
Unfortunately , due to the rather unusual natur e of the mpcc compiler, attempting to usethis featureon HPCx proved
more of a challenge than could be overcome.
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6.3 Executing

Executablescreated by the IBM's compiler can be run from the command line, asthey do not use any networking
protocols. Berkeley UPC executablesuse the system's network libraries and thus must be run using poe and net-
work settings appropriate to whichever protocol UPC is using. The number of threadsmay be setin the loadleveller
le by setting the UPC_NTHREAD8nNvir onment variable.

Example UPC loadleveller le:

#@ shell = /bin/ksh

#@ job_name = upc_test
#@ job_type = parallel
#@ tasks_per_node = 65

#@ cpus = 65

#@ node_usage = not_shared

#@ network.LAPI = csss,shared
#@ bulkxfer = yes

#@ wall_clock_limit = 00:15:00
#@ account no = z004-ssp

#

#@ output = $(job_name).$(sched d_host ).$ (jo bid ).0 ut
#@error = $(job_name).$(sched d_host ).$ (jo bid ).e rr
#@ notification = never

#@ queue

UPC_NTHREADS=65
€ChQ  ==ee-eseemeenes
env | grep UPC
echo  --------ommene-

poe ./upc_test

6.4 Debugging

Berkeley UPC programs can, theoretically, be debugged by Etnus' TotalView. Support must be compiled into
the upcc compiler, however, and neither gcc nor xlc would allow the totalview debugging-enabled translator to
con gur e correctly.

Ordinary C debuggers can also be attached to individual threads, and there are a number of options to support
this involving suspend points and barriers requiring external input to release,but this requireslogin accessto the
individual nodes, and is thus not supported on HPCx.

The BUPC translator can be compiled with the -enable-trace tag, which allows UPC programs made with it to
be run with network tracing enabled. Thesetrace les can then be interpr eted by a tool called gasnet_trace,which
allows the viewing of all network activity during the run of the program.

7 Data Transfer

One of the large bene ts of UPC is that the assignment operator can be used to carry out transparent one-sided
put and get operations. However, this is not ef cient over loops, as each operation becomesan atomic set of
dereference,checklocality, and retrieve data operations. Therefore,the UPC libraries provide the memput, memget
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and memcpy functions to copy strings of data from and to shared memory. Though more complex to effect, these
appear to be signi cantly faster than the inline assignment transfers.

Figure 1: FastData Transfer Method Times Figure 2: Slower Data Transfer Method Times

For the slower methods, comparisons were made using mean values from trials of 100iterations of eachtransmis-
sion method, eachiteration consisting of a messagegoing from the master thread to the slave thread on a dif ferent
LPAR, and then being returned. The faster methods were tested using a similar method, but with 10trials of each
setof 100,taking the fastestvalue from a single thread with 15 others performing simultaneous transmissions.

From these gur es, we can seethat the UPC assignment operator, functions as expected for large quantities of
data, and is relatively slow compared to other methods. The memput function is comparable at leastin scale of
speedterms to LAPI and MPI, but seemsto have higher overheads, in both computational and network terms.
The progressionfrom a mean higher speedto a mean slower speedis suspectedto be a function of the underlying

network libraries, and its earlier occurrencein the UPC memput gur eswould seemto indicate that the network
overhead approximately 10times that of the LAPI and MPI methods. The memget function seemsto have a similar
transfer time to memput, but suffers the progressionat a similar point to the faster methods, and to alesserdegree.
This suggeststhat memget has lower overheads, possibly due to the lower addresstransmission requirements
inherent to the pull method in this case.

The MPI2 gur esappear to be quite erratic, and this was borne out by repeatedtests. Further cycles could have
beencalculated to get more gur esfor a mean, but this method was already particularly slow.

8 1/0 Functions

The latest UPC speci cation (1.2) proposesa collective 1/0 library designed in a similar fashion to those of the
MPI libraries. The Berkeley UPC distribution currently contains a referenceimplementation of these extensions
currently, though afully optimised production implementation is planned. This referenceimplementation channels
all the I/0 through one thread, sothesefunctions may not stand up asstably in a high-thr oughput program across
many nodeswith simultaneous high-use data transmission.

Comparisons were made between the basic write and read operations of the UPC and MPI's own I/O functions,
taking the mean time of 100writes and readsof increasing sizeswith 16 threadsworking on the same le simul-
taneously. The comparative data transfer rates show that the UPC I/O functions seemto be much more ef cient,

though still nowhere near asfastasnative POSIXI/O, which gives readand write times in the single microseconds.

In the plotting of write speed,the MPI non-collective and collective operations have not beendif ferentiated between
- this is becausethe dif ferencein performance was negligible on the scaleof the dif ferencebetween them and the
UPC functions' performance.
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Figure 3: Collective I/O Write Speed Figure 4: Collective I/O Read Speed

A preliminary test was also carried out on how the number of nodes operating simultaneously affected perfor-
mance of the UPC library, writing 1, 10,and 100bytes to the same le, and then reading them back.

The results indicate that although
the time taken per byte does in-
creasewith the number of nodes
operating simultaneously, even at
512 nodes, the time is still man-
ageable. For more sporadic data
transmission paradigms, though,
a dedicated or merely specied 10
thread using ordinary C IO func-
tions would probably be more ef -
cient.

9 Conclusions
Figure5: UPC /O Readand Write Scaling

The Berkeley UPC distribution

seemsto provide all the features

neededto compete with standards

designed to full the same pur-

poses- on HPCx, mature libraries
implementing the LAPI, OpenMP and MPI libraries for parallel applications are currently provided by IBM. Pro-
viding easily usable one-sided communication, exceptionally convenient small transfers, and simple syntax that
mirr ors that of C, UPC appears simpler to use than LAPI or MPI, but lacking in some diagnostic and advanced
error checking that may be necessaryin more advanced applications.

Despite the XLUPC distribution's limitations, it is still suitable for small scaleparallelisation, in a situation where
OpenMP might normally be used. A new version is being planned by the IBM developer team to be releasedwith
the next version of XLC, but this will also lack network support. However, this next version may include some of
the more recentfeatures,which should make it stand above OpenMP in terms of features. Thereareno rm plans
for aversion that is LAPI-capable yet, but the development team at IBM has claimed some interestin the idea.

Berkeley UPC methods fall into one of two groups - one group are simple and transparent, but slow, data trans-
mission method; the other group provides faster and slightly more complex that comparesto the other high calibre
examples. Theseused together could be especially useful, asin the instance where a single short messagemust be
used to transmit information used to receivea larger transmission.
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The fact that BUPC's data transmission methods (aswell as parallelisation and work division constructs) are so
similar to their equivalent ordinary C equivalents combined with their reasonable performance would seemto
indicate that it would be exceptionally useful for the task of rapid parallelisation porting - taking a serial source
and quickly converting it to run in a parallel manner. The high performance of its collective 10 would also suggest
its usein programs requiring a high degreeof le interaction over MPI.

Although it has lower high-speed performance than either LAPI or MPI on this system, its performance is good
enough and BUPC's portability high enough that UPC code may also be a good option where the code must be
portably fastto other high-performance platforms.
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