UPC: Introduction and

Recent News

Bill Carlson
IDA Center for Coml:)uting Sciences

Kathg VYelick
Cle Berkeleg



Outline

& GIRC Histor9 and Pre~Histor9

o The Programming Model

* Memo(rf Model
* Thread/Control Model
* Parallel Consistencg Model

The Language

S

he Libraries -- lncluding Recent Proposals

Current and Future directions
Kathg Velick -—- UC Berkleg Compiler and

Runtime

MR R BRI



In The Eeginning...

o C -- The one true ligl’wt
» Add Parallelism

v Spli’c~C —- Shared Memory from Distributed
* AC -~ High Peﬁcormance, Clean Sgntax
* PCP -- Rich Parallel Control

* Many Others

o Bake well
SO C



Fing Design Goals

o Close to “C Pnilosopng”

) J Programming IS “Pencormance transparent”
> A NG 1010 many “saretg nets”

& [ast lmplementations

* Node Level - use the best comPilers

* Communication - Great runtimes or better
* Ubiquitous

* Vendors: Cray, ISR
* Open Source: IBM, Linux, SGI, Miranet, Quadrics



L Highlights

* Simple Language Extension

* Several new kegworcls

* Blocking (HPF-lite)

* Clean integration into ANSI/ISO C99
* Simple Programming Model

* Thread Model

* One thread per “Processor”
o Clean sgnchronization Primitives

* Memorg Model - Private and Shared



Thread Model

o THREADS threacls, each iﬂclel:)enclentj
behaves like a C program

* MYTHREAD is each thread’s index
) ] Range SO EHRIESEISE

o Barriers

* upc_nothcg; - Announce completion of work
* uPc_wait; - Wait for others to complete

* Work between uPc_noti{y/ upc_wait has no
guarantees with respect to before/atter barrier



Your First UPC Program

#include <upc.h>
#include <stdlib.h>
main(int argc, char **argv) {
int i, hits=0, trials = 1000000; double pi;
seed48 (MYTHREAD+1) * THREADS);
for (i=0; i<trials; i++) hits += hit();
pi = 4.0*hits/trials;
printf("Thread %d estimates pi = %g”, MYTHREAD, pi);
Y
int hit () {
double x = drand48(), y = drand48();
return ((x*x+y*y)<1.0); }




Memorg Model

Sharécl Space ;
Private | Private | Private Private
Thrdo | Thedt | Thed2 | Thrd
RS

* Shared space accessible bg any thread
+ Private space accessible ]39 MYTHREAD
« Static and &gnamic a”ocation, Pointers

> Aﬁ%nitg



Parallel Consistencg Model

o Defines an access orclering relationship

* APP!ICS Oﬂlg to sharecl ACCESSES

2 Threacl B O]DSCFVCS Tl"l reacl As accesses

o |nthe orderissued it theg are “strict”

* |n any order if theg are “relaxed”

* Ordering applies to accesses, not objects
e )

&k sPeci{g strict vs. relaxed ]39 declarations



Simple Shared Declarations

* A new kegworcl: shared

> /—\rrag Declarations, a single object, shared

* shared double a[THREADS];
* shared struct foo b[10][THREADS];

o Pointers to shared data items

* shared long *Ip;
* Stilla Private variable, but Points to shared

o Scalar Declarations

® shared int x;



Your Second UPC Pgm

main(int argc, char **argv) {
int i, trials = 1000000; double pi;
seed48 (MYTHREAD+1) * THREADS);
for (i=0; i<trials; i++) hits += hit();

pi = 4.0"hits/trials;
printf("Thread %d estimates pi = %g”, MYTHREAD, pi);
Y



Shared Pointer Arithmetic

XS Mainlg imPortant for “af‘ﬁnitg” concePt

* Shared references with amqi'ni’tﬂ to MYTHREAD are localized
* Array element aFﬁnitg is dealt like cards, blocking available

o Shared Pointer e Points to “next thread’

shared int *p, *p1;
p1=p+1;
* PBecomes

p1.thread = (p.thread+i)% THREADS,;
p1.offset = p.offset + ((p.thread+i)/ THREADS) * sizeof (*p);



Your Third UPC Pgm

/* single writer */

main(int argc, char **argv) {
int 1, hits, trials = 1000000; double pi;
seed48 (MYTHREAD+1) * THREADS);
for (i=0; i<trials; i++) hits += hit();

upc_barrier;

pi = 4.07hits/trials;
printf("Thread %d estimates pi = %g”, MYTHREAD, pi);

}



Shared and Blocked Arrags

& New sgntax on sharecl cleclarations

shared [block_size] declarator ;
° E:lement | omc a cleclarator has ancﬁnitg to

thread (i/block size) mod THREADS

shared [3] int x[17];
shared [3] int *shared [5] y[17];
o Block size may be infinite or automatic

shared [] * declarator ;
shared [*] declarator[100] ;



Memorg Semantics Control

o Strict and relaxec aPPlH in declarations

strict shared int foo[17];
relaxed shared int *rp;

° THPC casts can override

((relaxed shared int *) foo)[12] = 3;
* In “Your Second UPC Pgm”

strict int hits;



Complex Declarations

shared int *ps; /* pointer to shared */

int *shared sp; /* shared pointer */

shared int *shared sps; /* shared pointer to shared */
shared in *aps[10];  /* array of 10 pointers to shared */
shared int (*pas)[10]; /* pointer to array of 10 shared */
relaxed shared [12] int *strict shared[17] complex[100];



upc_gora” Construct

o Collective “for” looP, all threads geta Piece

7S A]Cﬁnitg based work distribution

° Sgntax and semantics similar to C-

upc_forall (init; test; loop; affinity)
statement;

° E‘xample:

shared int a[100], b[100], c[100]; int i;
upc_forall (i=0; i<100; i++; &ali])
ali] = b[i] + c[i];



UPC Standard Librarg

XS Memorg Allocation

+ Global shared space
*» ‘| ocal” shared space

* Collective or distinct allocation

o Locks

+ Allocated lock in their own space
upc_lock(); upc_lock_attempt(); upc_free();
+ Bulk copy

upc_memget (void *dst, shared const void *src, size_t n);
upc_memput(); upc_memcpy(); upc_memset();



UPC Collectives Librarg

o Relocalization

* upc_all_broadcast (dst, src, nbytes, sync)
* scatter, gather, exchange, permute
* sync Parameter describes a contract

* ca”c—:r guarantees on entrg

o callee guarantees on exit
XS ComPutational

* upc_all_reduceT (src, op, nelem, bsize, func, sync)
* upc_all_sort (array, esize, nelem, bsize, func, sync)



UPC 1/O Library

» UPC base Provicles threacJ~Para||e| A,

e e Provicles Para”el /O
* |n collaboration with MPI-1O at ANL

« /O with shared or private buffers

& |/O with shared or private file Pointers

o List1/O



Eing Librarg Status

+ Base in all implementations
3

«» Collective Li]:)rarg
> Spec aPl:)rovecl

* Remcerence implementation Aone (ﬁrst cut)

& /B Librarg

o Reference implementation N progress

& Consensus Without unbounded growth



Eing Librarg Future

XS Sgnchronization libray

* Shared workqueues
> Test—-ancl—-set, fetch-and-add
* Critical regions

* SUBSC’E barriers (teams)



Conclusions

¥R G lmplements a shared memory model

& [Easierto program
* Takes a&vantage o1c good networks

+ Runs on all networks
& LIPS becoming available

* lmplementations From Vendors
* Open Source

* More Info:

* 1tto://upc.ﬁwu.eclu (Overall UPC Page)
*1tt;>://uPc. l.gov (Open Source Sgstem)
http:// WWW.CO-array.or (Fortran 90 based)
http:/ /titanium.cs.berke%eg.edu ga\/a based)
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