


Chapel's Origins

e HPCS: High Productivity Computing Systems HMPES
e Overall goal: Raise high-end user productivity by 10x

Productivity = Performance + Programmability + Portability + Robustness

e Phase ll: Cray, IBM, Sun (July 2003 — June 2006)

e Goal: Propose new productive system architectures

e Each vendor created a new programming language
e Cray: Chapel
* IBM: X10
e Sun: Fortress

e Phase lll: Cray, IBM (July 2006 —)

* Goal: Develop the systems proposed in phase Il

» Each vendor implemented a compiler for their language
e Sun also continued their Fortress effort without HPCS funding
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Chapel's Productivity Goals

e Vastly improve programmability over current languages
e Writing parallel programs
e Reading, modifying, porting, tuning, maintaining them

e Support performance at least as good as MPI
e Competitive with MPI on generic clusters
e Better than MPI on more capable architectures

e Improve portability over current languages
e As ubiquitous as MPI but more abstract
* More portable than OpenMP, UPC, and CAF are thought to be

e Improve robustness via improved semantics
e Eliminate common error cases
* Provide better abstractions to help avoid other errors



Outline

e Chapel’s Motivating Themes
1. General parallel programming
2. Global-view abstractions
3. Multiresolution design

4. Control over locality/affinity
5. Reduce gap between mainstream & HPC languages
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1) General Parallel Programming

With a unified set of concepts...

...express any parallelism desired in a user’s program
o Styles: data-parallel, task-parallel, concurrency, nested, ...
e Levels: model, function, loop, statement, expression

...target all parallelism available in the hardware
e Systems: multicore desktops, clusters, HPC systems, ...
e Levels: machines, nodes, cores, instructions
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2) Global-View Abstractions

In pictures: “Apply a 3-Point Stencil to a vector”
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2) Global-View Abstractions

In pictures: “Apply a 3-Point Stencil to a vector”
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2) Global-View Abstractions

In code: “Apply a 3-Point Stencil to a vector”

' Local-View (SPMD)
Global-View
‘\\\\> . def main() {
def main () { var n = 1000;
var n = 1000;

var p = numProcs(),
me = myProc(),
myN = n/p,
var A, B: [0..myN+1] real;

var A, B: [l..n] real;

forall i in 2..n-1 do
B[i] = (A[i-1] + A[i+1])/2;

l } i if (me < p_l) {
send (me+1, A[myN]);
recv (me+l, A[myN+1]);
}

if (me > 0) {
send (me-1, A[1l]);
recv (me-1, A[0]);

}
forall i in 1..myN do
B[i] = (A[i-1] + A[i+1l])/2;

}

Bug: Refers to uninitialized values at ends of A
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In code: “Apply a 3-Point Stencil to a vector”

Global-View

D

def main() {
var n = 1000;
var A, B: [l..n] real;

forall i in 2..n-1 do
B[1i] = (A[1-1]

Communication becomes
geometrically more complex
for higher-dimensional arrays

+ A[i+1])/2;

Local-View (SPMD)

def main () {
var n = 1000;
var/p = numProcs (),

me = myProc(),

myN = n/p,

iLlo = 1,

iHi = myN;

var A, B: [0..myN+1]

Assumes p divides n

real;

if (me < p-1) ¢{
send (me+1, A[myN]);
recv (me+l, A[myN+1]);
} else

|~ myHi = myN-1;

if (me > 0) {

send (me-1, A[1l]);
recv (me-1, A[0]);
} else
myLo = 2;
forall i in ilo..1Hi do
B[i] = (A[i-1] + A[i+1])/2;




2) rprj3 Stencil from NAS MG
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2) rprj3 Stencil from NAS MG in Fortran + MPI

subroutine rprj3( r,mik,m2k,m3k o /1 endit
double precision rm2, rnmu bufe lon = buff len + 1
implicit none bufETbut len, Buff id ) = u( i1, 2,13) i€( axis .eq. 3 )then
enddo iE(dir -eq. -1 )then
include 'mpinpb.h' ALt nomm2u3 (u,nin2 3, Ennd e,k (k) 0y (kK) 0 (6)) enddo
include 'globals.h' £(me .eq. zoot ) th
wetto (o, 77Kk, t 10, 2, e call mpi send
integer mlk, m2k, m3k, m1j, m23, m33k 7 format (' Level' iz,  in ',a8,': norms =',021.14,021.14) > DREE(L, Sufe_id ), bue_len,dp_type,
double precision’ x(nik,m2k m3k) | s (ni3 m23. =29 endif’ > nbr( axis, dir, k'), msg_type(axis,diz),
integer 33, 32, 31, 43, 42, i1, dl, a2, > mpi_comm_ world, ierr)
zeturn
double precision x1(m), yl(m), x2,y2 ond else if( dir .eq. +1) then ndx + 1
u(nl,12,13) = buff (indx, buff_id )
do 13=2,n3-1 do
£ (mlk.eq.3) the: subroutine comm3(u,nl,n2,n3,kk) do il=1,n1 en
a1 =2 buff jen = buff len + 1 451,01 endif
else implicit none bufEToueE len, Tbuff_id )= u( i1,n2-1,13) indx = indx + 1
al=1 enddo W(1,12,1) = buff (inde, buff_id ) if( axis .eq. 2 )then
endit include 'mpingb.h’ enddo enddo "
include 'globals.h' enddo
£ (n2k .eq.3) then call mpi_send
a2 =2 Cors oy o o) > PR e sa ). bute_ten, o type. endif
else double precision u(ni,n2,n3) > mbraxie, dix, k), neq_type (anis,di), endie
@ e assias < _conm_world, iert)
endit roturn
4£( .not. dead(kk) )then enaie end
1€ (n3k.eq.3) then do axis =1, 3 endif
a3 =2 1£( nproce 1) then
else if(axis eq. 3 )then subroutine comlp( axis, u, nl, n2, n3, kk ) i1, n
a3 =1 call ready( axis, -1, kk ) iE( dir -eq. -1 )then indx = indx + 1
endif call ready( axis, +1, kk ) implicit none W(i1,12,n3) = buff (indx, buff id )
do enddo
33-1 call give3( axis, 41, u, nl, n2, n3, kk ) do id=1m1 include 'mpinpb.h! enddo
54333 call Give3( axis, -1, u, al, n2, 3, kk ) buff fen = buff len + 1 include 'globale.h’ endif
=2 m23-1 bufETouEE_len, Buff_id ) = u( i1,i2,2)
203242 call take3( axis, -1, u, nl, n2, n3 ) enddo integer axis, dir, nl, n2, n3
call take3( axis, +1, u, nl, n2, n3 ) enddo double precision 4( i, n3, n3 )
iy
4e31-a1 else call mpi_send( integer 13, 12, i1, buff_len buff id
X1(1-1) = r(i1-1,42-1,43 ) +r(i1-1,1241,43 ) call commlp( axis, u, nl, n2, n3, kk ) > BUfE(1, buff id ), buff_len,dp integer i, Kk, indx
> +r(i1iz, 431 + £(i1-i,12, 134D endif > abe (axis, diz, k'), ma3 type (Rxis dir),
VLG = 2(1-1,32°1,53°1) + r(1-1,i2°1,33+1) enddo > mps_comm world, ierr) air = -
> + r(1-1/i241083°1) + £(i1-1,1241,1341) alse
enddo call zerod(u,nl,n2,n3) else if( dir .eq. +1) then buff id = 3 + dir
endif bufelen = mm2 indx + 1
do 31=2,m13-1 Zeturn 4(1,42,13) = buf (indx, buff_id )
i17= 2451001 end 1 do 1=1,mm2 nado
¥2 = r(il, i2-1,i3-1) + £, i2-1,i341) utt_len = buts len bufE (i, buff_id) = 0.000
> TIfn BRI BB b..sfm.sf ven, Bt id) = u( i1,12,n3-1) enddo
x2 = r(il, i2-1/i3 ) + r(il, i241i3 ) subroutine ready( axis, dir, k ) endd
> Y1) iz, i3-1) +r@1, i2, i34 enddo 1£( axis .eq. 2 )then
2(31,32,33) implicit none air =41 13=2,n3-1
> 07500 * £(i1,12,13) call mpi_sen
> oz (i iz v r i i2an) 4 include 'mpingb.h' > bugf (1, buk‘f id), buff_len,dp_type, bute 3+ dir
s $oaz0 ¢ (G F Gl v include 'globals.h' s nbr( axis, dir, k'), msg_type (axis,diz), m2
> + 0loezan0 + (yiaih WG > P comn_world, iert)
enddo integer axis, dir, k do i=1,mm2
integer buff id,buet_len,i,ierr endit bufe (i, bufg_id) = 0.000
enddo enaif enddo
enddo buff id = 3 + dir
bufe_len = nm2 return air = 41
end 1i=1,m
3= k1 do i=1,nm2 buff id = 2 + dir indx = indx + 1
2all com3 (s n13,m29,m33,3) buge (1, buee_14) = 0.000 butlen = 0 W(il,12,1) = buff (indx, buef_id )
enddo subroutine take3( axis, dir, u, nl, n2, n3 ) enddo
4E( dobug ves(©) g, 1 )then en
‘S nm(s i) m23,m33,  rpr33t k-1) msg_id(axis,diz,1) = msg_type(axis,dir) +1000%me implicit none endif
call mpd drecv( buge (1 butt L), buet len, include 'mpingb.h' buge_len = buff len + 1 return
4£( debug vec(4) .ge. k )t > dp Eype, nbr(axis,-dir k), meg_t :m(m. aix), include 'globals.h' bu:mu:s len, Buff_id ) = u( mi-1, i2,43) end
e ot (o203 2} mS) 3 mpT Comn world, meq id(axis,diz, 1 on
enaif return integer axis, dir, nl, n2, n3 enade”
end double precision u( nl, n2, n3 ) endit subroutine showall(z,nl,n2,n3)
return
end integer buff_id, indx 1€( axis_.eq. 2 )then implicit none
subroutine give3( axis, dir, u, nl, n2, n3, k ) do 352,n3-1
integer status(mpi_status_size), ierr do i1-1,m1 include 'mpingh.h'
subroutine norm2u3(x,nl,n2,n3, ran2, rmy, nx, oy, nz) implicit none buge_ien = bute_len +
integer 13, i2, 1 DaftTourt len, “bafe id )= u( il,n2-1,i3) integer n1,n2,n3,i1,12,13,1 lerr
implicit none include ‘mpingb enddo dounle”precision’s (h1.72,73
inenas Eanmnn AL s ast( mag SA( axia, dix, 1), status, sers) integer m1, m2,
include 'mpingh.h' buge 1d =3 +
integer axis, dir, nl, n2, n3, k, ierr indx= 0 nl = min(nl,18)
integer n1, n2, n3, nx, ny, nz double precision u( ni, nz, n3 ) n2 = min(n2,14)
doucla precision rhn2, oms, ©(nl,n2,n3) if(axis .eq. 1 )then min(n3,18)
o precision s, a integer i3, i2, i1, buff_len,buff_id if( dir .eq. -1 )then
ntegeris; 12041, ert len (o
buge id = 2 + dir do 1322031 mmw:: on; Baft 1a) = u( 11,42,n3-1) do i=0,mprocs-1
double precision dn “len = 0 do 4222 n2-1 en (e -eq. i )then
indx = inde + 1 write(s,%)' id = ', me
dn = 1.040%nxeny*nz if( axis .eq. 1 )then u(nl,i2,i3) = buff (indx, buff_id ) do is=i,m3
A£( air ‘eq. -1 )then en
enddo
o (n3-1 enddo
522 n2-1 else if( air .eq. +1) then buge id = 2 + dix Mrite(*,4)! = = = = - - - o
but fen = buff len + 1 buelen = 0 enddo
bue€Tbus len bGEE id ) = u( 2, 12,13) do i3-2,n3-1 write(s, %)
enddo do 122 n2-1 i6(axis eq. 1 )chen 6 fornat (15£6.3)
enddo indx = indx + 1 i3e2n31 endif’
(1,42,13) = buff (inde, buff_id ) -1 call mpi_barrier (mpi_comm world,ierr)
call mpi_send( enddo butz_ien = buet_len + 1 enddo
> BUE(L, buft id ), buft len dp enddo bufe (buef_len buff id ) = u( 2, 12,43)
> sbr(snte, dTz, k'), ned bt i), enddo return
> mpi_comm_world, ierf) anait enddo’ and
call mpi_ativeduos (zom; oo 1 dp_tipe. endif endif
> ‘comm_world, iers) else if( dir .eq. +1 ) then
if( axis .eq. 2 )then 1£( axis subroutine zero3(z,nl,n2,n3)
a1 mpi alireduce(s, ss, 1, dp_type, do 13=2n3-1 i£(dir leq. -1 )then pt
> mpi_sum,mpi_comn world,iers) a0 ipinad do on1 implicit none
s = es bute_den bufe_ien = buff len +
zan2=sqrt( s / dn ) puee ouee = m: 1) =ag a1, 12,19 on, bute_; i) a1, 249 include 'mpinpb.h'
en 1
zeturn anals 201, 7209 £ Bute (inax, bute_id ) enddo integer n1, n2,
and endd ondif ol preciaton = (n1,n2,03)
call mpi_sen enddo integer i1, i2
> DRSS, butt id ), buft_tendp_t it(axis a3 )then
subroutine rep_nem(u,nl,n2,n3, title, kk) > mor( axis, dlz k) ...g Sype (axis,dir) , else if( dir .eq. +1) then 4o
< mps_comm world, ie g iied,m
implicit none do i3=2,n3-1 puee iy bure len ¢ 1
enaie do ii=1,nm1 bug€Tbues_len, Buff id ) = u( 11,12,2)
include 'mpinpb.h' endif’ e +1 enddo
include 'globals.h' W(il,1,13) = buff (indx, buff_id ) enddo.
i£( axis .eq. 2 )then enddo. enaie
integer n1, n2, n3, kk if( dir .eq. -1 )then enddo
double precision u(nl,n2,n3) do i=1,mm2
character+s title do 13=2,n3-1 enaif bufE(3,4) = buff(i,3)
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2) rprj3 Stencil from NAS MG in Chapel

def rprj3(S: [?SD], R:
-1 1]/

[ 7
const Stencil = [-1..1, -1..1, ..
W: [0..3] real = (0.5, 0.25, 0.125, 0.0625), _

W3D = [(i,j,k) in Stencil] W[ (i!=0) + (j!=0) + (k!:O)];.

forall ijk in SD do

S[ijk] = + reduce [offset in Stencil]
(W3D[offset] * R[iJk + RD.stride*offset]);

Our previous work in ZPL demonstrated that such compact
codes can result in better performance than Fortran + MPI
while also supporting more flexibility at runtime*.

*e.g., the Fortran + MPI rprj3 code shown previously not only assumes p divides n,
it also assumes that p and n are specified at compile-time and powers of two.
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2) Classifying Current Programming Models e

Data Model Control Model

- MPI/MPI-2 Local-View Local-View
Communication A
Libraries ’ 0 Vi
GASNet Local-View SPMD
S|/~ OpenMP, Pthreads Global-View (trivially) Global-View (trivially)
Co-Array Fortran Local-View SPMD
PGAS :
UPC Global-View SPMD
Languages
Titanium Local-View SPMD

Sco ticciies Global Arrays Global-View SPMD

Chapel: Background
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2) Classifying Current Programming Models ————

Data Model Control Model

- MPI/MPI-2 Local-View Local-View
Communication A
Libraries ’ ’ Vi
GASNet Local-View SPMD
- . .- OpenMP Pthreads Global-View (trivially) Global-View (trivially)
Co-Array Fortran Local-View SPMD
PGAS :
UPC Global-View SPMD
Languages
Titanium Local-View SPMD
Sco ticciies Global Arrays Global-View SPMD
Chapel Global-View Global-View
i X10 (IBM) Global-View Global-View
Languages
Fortress (Sun) Global-View Global-View

AN - 4 Ls
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2) Global-View Programming: A Final Note

e A language may support both global- and local-view
programming — in particular, Chapel does

def main () {
coforall loc in Locales do
on loc do
MySPMDProgram(loc.id, Locales.numElements) ;

def MySPMDProgram (me, p) {
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3) Multiresolution Language Design: Motivation

mI\ High-Level
I/ Abstractions

Implementation OpenMP
Concepts

Target Machine

“‘Why is everything so difficult?”
“‘Why don’t my programs port trivially?”

Low-Level

Target Machine

“Why don’t | have more control?”
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3) Multiresolution Language Design

Multiresolution Design: Support multiple tiers of features
higher levels for programmability, productivity
lower levels for performance, control
build the higher-level concepts in terms of the lower-

Chapel language concepts

( Domain Maps )
Data Parallelism

Base Language

Locality Control
Target Machine

separate concerns appropriately for clean design
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4) Control over Locality/Affinity

Consider:

* Scalable systems tend to store memory with processors
* Remote accesses take longer than local accesses

Therefore:
* Placement of data relative to computation affects scalability
* Programmers need control over data and task placement

Note:

e As core counts grow, locality will matter more on desktops
* GPUs and accelerators already expose node-level locality



THE SUPERCOMPU

5) Reduce Gap Between HPC & Mainstream Languages

Consider:

e Students graduate with training in Java, Matlab, Perl, Python
* Yet HPC programming is dominated by Fortran, C/C++, MPI

We'd like to narrow this gulf with Chapel:

* to leverage advances in modern language design

e to better utilize the skills of the entry-level workforce...

e ...while not ostracizing the traditional HPC programmer

* e.g., support object-oriented programming, but make it optional

Other examples:

* function overloading, name-based argument passing

» scripting-like features: type inference, generic functions

» rich data structures with iterators (e.g., associative arrays)



Questions?

e Chapel’s Context

e Chapel’s Motivating Themes
1. General parallel programming
2. Global-view abstractions
3. Multiresolution design

4. Control over locality/affinity
5. Reduce gap between mainstream & HPC languages

Chapel: Background



