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Chapel Hierarchical Locales:
Adaptable Portability for Exascale Node Architectures

S 2,

S

Complicated compute node architectures got you down?

Wishing for a programming model that adapts to new architectures so your applications don't have to?

7

Our Solution: §§

Chapel’s Hierarchical Locale Models

Cha pel in a N utshe" Variables and types for reasoning about system resources:
Locales: the collection of compute nodes on which the program is running

here: the node on which the current task is running

Syntactic constructs for creating task parallelism: taskParallel.chpl

coforall (concurrent forall): creates a task per iteration
“coforall loc in Locales do prompt> chpl taskParallel.chpl -o taskParallel
prompt> ./taskParallel —--numLocales=2

physical abstraction Chapel NUMA locale model class

Al i
L 1y :

class NumaDomain : AbstractLocaleModel {

. on loc {
const sid: chpl sublocID_t; Control over locality/affinity: §< Hello from task 1 o

const numTasks = here.maxTaskPar;

2
=
2
§ on-clauses: data-driven migration of tasks Hello from task 4 o
2 } coforall tid in 1..numTasks do
Q ) ; : : . . Hello from task 2 o
3 . | e Sahetpanreencalopanai. wrltef("Helloo frsm task %n £f %n running", Hello from task 1 o
% 1 € node moae ) Supports programmability with performance S fello from task 3 o
5 class lLocaleModel : AbstractlLocaleModel { tid, numTasks, here.name); Hello from task 3 o
3 const numSublocales: int; } ,
S var childSpace: domain(1); Hello from task 2 o
& var childLocales: [childSpace] NumaDomain; Hello from task 3 o
S dataParallel.chpl
% - 3 : : prompt> chpl dataParallel.chpl -o dataParallel
= NUMA compute node } Configuration variables and constants: use CyclicDist; prompt> ./dataParallel --numLocales=4 —--n=5
% N R U O I L N PR COR IR C i | config const n = 1000; 1.1 1.3 1.5 1.7 1.9
3 D= {l..n, 1..n} 2.1 2.3 2.5 2.7 2.9
5 // support for memory management /;;r ! _ 3 .
g . . proc chpl here alloc(size:int, md:int(l6)) { .. } Domains and Arrays: dmapped Cyeclic(startldx = (1,1)); 3.1.3.3 3.5 3.7 3.9
° ¢ DeSCI'Ibe tal’get arCh|teCture Index sets and arrays that can optionally be distributed var A: [D] real; 4.14.3 4.5 4.7 4.9
& R " _ CPU memor forall (i,j) in D do 5.1 5.3 5.5 5.7 5.9
‘§? © eSources. S’ emories éﬁozuiigiteizzugzg; statements Data parallel forall loops and operations: Ali,3] =1 + (3 - 0.5)/n;
o . . . . _ . q A . itel A :
3 o Hierarchical structure: children, parents Floton il Moot 5 ) v il Use available parallelism for data-driven computations [EMRGERISRNGY ...and much, much more.
® Implement standardized interface fa: dnk, /7 enbedy fune 16
] ] i args: c void ptr, // func args
o Tasking, memory, communication args_size: int(32)  // args size
. ol e b
o Instance of predefined LocaleModel class .
O Implemented In terms Of Other LocaleMOdel // support for tasking stmts: begin, cobegin, coforall
. . . . . cpu
classes or underlying runtime operations proc chpl_taskListAddBegin o cpu
. o (subloc_id: int, // target subloc cpu
o Compiler-generated code calls this interface fn: int, // body func idx g . : :
. . args: c void ptr, // func args . @ E @
® Typically coded by architecture expert ref tlist: task list, // task list : E 3 5
® Reusable' )tiist?node_id: int // task list owner opu cpu é
® Current and planned implementations:
. Gl 033 KNC compute node
numa (needs tuning) flat” compute node (like “flat”)
NUMA + accelerator compute node

flat (done)
Intel Xeon Phi Knights Corner (KNC, from flat; KNL will be more like numa)

numa + accelerator/KNL (to be done)

architecture & resources :
Separation

Chapel’s Domain Maps Of Concerns

* Describe distribution of indices (block, cyclic, etc.) 7/ 2lock domain map Change any of

class Block: BaseDist {

® Tie together locality, parallelism, affinity param rank: int; -
* Interrogate locale model regarding resources type idxType = int; these without

_ _ var boundingBox: domain (rank, i1dxType); n
®* Translate abstract parallelism into actual var targetLocDom: domain (rank); changlng the

() i = B . var targetlLocales: [targetLocDom] locale;
Typlca”y COded by aﬁlnltylloca“ty expert var locDist: [targetLocDom] LocBlock (rank, idxType); others!
® Reusable! var dataParTasksPerlocale: int;
var dataParIgnoreRunningTasks: bool;

var dataParMinGranularity: int;

locality & parallelism

Parallel Implementation
Chapel Appl |Cat|0ns conceptually equivalent Chapel code

. . . . \ : coforall loc in targetLocales do on loc { \
® Specify domain maps in application code // Stream Triad coforall subloc in loc.getChildren() do on subloc {

config const m = 1000, coforall tid in here.numCores {

¢ ExpreSS parallelism abStraCtIy alpha = 3.0; for (a,b,c) in zip(A,B,C) {
o no reference to physical architecture smais Problendpase = (Loom) ahmgend Bloek (. 2= b & alsha ¢ @y
var A, B, C: [ProblemSpace] real; ’

* Specify locale model as part of Chapel 2.0
configuration when compiling application ;3

alpha * C;

(OO T =
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o - e emitted C code with calls to Chapel runtime etc.

void main(.) | \
chpl taskListAddCoStmt (fn for outer coforall stmt);

}

void fn for outer coforall stmt(..) {
chpl executeOn(loc, fn for on stmt);

}

void fn for on stmt (..) {
chpl taskListAddCoStmt (fn for inner coforall stmt);

}

Chapel void fn for inner coforall stmt(..) {
for (..) { al[i] = b[i] + alpha * c[i]; }
compiler
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Next Steps
 Enhance and tune NUMA locale model
* Tune Intel KNC locale model
« Start on Intel KNL and accelerator




