
Chapel Comes of Age: 
Productive Parallelism at Scale
CUG 2018
Brad Chamberlain, Chapel Team, Cray Inc.

Chapel: Programmability, 
Parallelism, and Performance
PuPPy Scientific Computing SIG
Brad Chamberlain, Chapel Team, Cray Inc.



Cray: The Supercomputer Company

Copyright 2018 Cray Inc.
2

https://www.cray.com https://www.cscs.ch/computers/piz-daint/

https://www.cray.com/
https://www.cscs.ch/computers/piz-daint/


What is Chapel?

Chapel: A productive parallel programming language
● portable & scalable
● open-source & collaborative

Goals:
● Support general parallel programming

● “any parallel algorithm on any parallel hardware”
● Make parallel programming at scale far more productive

Copyright 2018 Cray Inc.
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What does “Productivity” mean to you?

Copyright 2018 Cray Inc.

Recent Graduates:
“something similar to what I used in school: Python, Matlab, Java, …”

Seasoned HPC Programmers:
“that sugary stuff that I don’t need because I was born to suffer”

Computational Scientists:
“something that lets me express my parallel computations without having to wrestle 

with architecture-specific details”

Chapel Team:
“something that lets computational scientists express what they want,   

without taking away the control that HPC programmers want, 

implemented in a language as attractive as recent graduates want.”

want full control to ensure performance”

4



Chapel and Productivity

Copyright 2018 Cray Inc.
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Chapel aims to be as…
…programmable as Python
…fast as Fortran
…scalable as MPI, SHMEM, or UPC
…portable as C
…flexible as C++
…fun as [your favorite programming language]



Computer Language Benchmarks Game (CLBG)
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Website supporting cross-
language comparisons
● 10 toy benchmark programs x

~27 languages x many implementations
● exercise key computational idioms
● specific approach prescribed

6



CLBG: Website
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Can sort results by various metrics: execution time, code size, memory use, CPU use:

gz == code size metric
strip comments and extra 

whitespace, then gzip
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Plotting normalized CLBG code size x speed
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CLBG Cross-Language Summary 
(June 1, 2018 standings)
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CLBG Cross-Language Summary 
(June 1, 2018 standings, zoomed in)
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CLBG Cross-Language Summary 
(June 1, 2018 standings, zoomed in)

Copyright 2018 Cray Inc.
12

Dart

Haskell
OCaml

Pascal

Typescript

C#Swift
Java

Fortran

C++C
Rust

Racket

Scala

fa
st

er

smaller

Compressed Code Size (normalized to smallest entry)

E
xe

cu
ti

o
n

 T
im

e
(n

or
m

al
iz

ed
 to

 fa
st

es
t e

nt
ry

)

F#



CLBG Cross-Language Summary 
(June 1, 2018 standings)
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CLBG: Qualitative Code Comparisons
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Can also browse program source code (but this requires actual thought!):

excerpt from 1210 gz Chapel entry excerpt from 2863 gz C gcc entry
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CLBG: Qualitative Code Comparisons
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Can also browse program source code (but this requires actual thought!):

excerpt from 1210 gz Chapel entry excerpt from 2863 gz C gcc entry
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Copyright 2018 Cray Inc.

Can also browse program source code (but this requires actual thought!):

excerpt from 1210 gz Chapel entry excerpt from 2863 gz C gcc entry

CLBG: Qualitative Code Comparisons
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The Chapel Team at Cray (May 2018)
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13 full-time employees + ~2 summer interns



Chapel Community Partners
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https://chapel-lang.org/collaborations.html
(and several others…)
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Outline
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✓What is Chapel?
ØOverview of Chapel Features
● Chapel Results and Resources
● Wrap-up
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Domain Maps
Data Parallelism
Task Parallelism
Base Language

Target Machine

Locality Control

Chapel language concepts

Copyright 2018 Cray Inc.

Chapel language feature areas

20



Base Language

Copyright 2018 Cray Inc.

Domain Maps
Data Parallelism
Task Parallelism
Base Language

Target Machine

Locality Control

Lower-level Chapel
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Base Language Features, by example
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iter fib(n) {
var current = 0,

next = 1;

for i in 1..n {
yield current;
current += next;
current <=> next;

}
}

config const n = 10;              

for f in fib(n) do
writeln(f);

0
1
1
2
3
5
8
…



Base Language Features, by example
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iter fib(n) {
var current = 0,

next = 1;

for i in 1..n {
yield current;
current += next;
current <=> next;

}
}

config const n = 10;              

for f in fib(n) do
writeln(f);

0
1
1
2
3
5
8
…

Configuration declarations
(support command-line overrides)

./fib –-n=1000000



Base Language Features, by example
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iter fib(n) {
var current = 0,

next = 1;

for i in 1..n {
yield current;
current += next;
current <=> next;

}
}

config const n = 10;              

for f in fib(n) do
writeln(f);

0
1
1
2
3
5
8
…

CLU-style 
iterators
Modern 
iteratorsIterators



Base Language Features, by example
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iter fib(n) {
var current = 0,

next = 1;

for i in 1..n {
yield current;
current += next;
current <=> next;

}
}

config const n = 10;              

for f in fib(n) do
writeln(f);

0
1
1
2
3
5
8
…

Static Type Inference for:
• arguments
• return types
• variables

Static Type Inference for:
• arguments
• return types
• variables

Static Type Inference for:
• arguments
• return types
• variables

Static Type Inference for:
• variables
• arguments
• return types

Static type inference for:
• arguments
• return types
• variables



Base Language Features, by example
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0
1
1
2
3
5
8
…

iter fib(n: int): int {
var current: int = 0,

next: int = 1;

for i in 1..n {
yield current;
current += next;
current <=> next;

}
}

Static Type Inference for:
• arguments
• return types
• variables

Static Type Inference for:
• arguments
• return types
• variables

Static Type Inference for:
• variables
• arguments
• return types

config const n: int = 10;              

for f in fib(n) do
writeln(f);

Explicit types also 
supported



Base Language Features, by example
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iter fib(n) {
var current = 0,

next = 1;

for i in 1..n {
yield current;
current += next;
current <=> next;

}
}

config const n = 10;              

for f in fib(n) do
writeln(f);

0
1
1
2
3
5
8
…



Base Language Features, by example
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iter fib(n) {
var current = 0,

next = 1;

for i in 1..n {
yield current;
current += next;
current <=> next;

}
}

config const n = 10;

for (i,f) in zip(0..#n, fib(n)) do
writeln("fib #", i, " is ", f);

fib #0 is 0
fib #1 is 1
fib #2 is 1
fib #3 is 2
fib #4 is 3
fib #5 is 5
fib #6 is 8
…

Zippered iteration



Base Language Features, by example
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iter fib(n) {
var current = 0,

next = 1;

for i in 1..n {
yield current;
current += next;
current <=> next;

}
}

config const n = 10;

for (i,f) in zip(0..#n, fib(n)) do
writeln("fib #", i, " is ", f);

fib #0 is 0
fib #1 is 1
fib #2 is 1
fib #3 is 2
fib #4 is 3
fib #5 is 5
fib #6 is 8
…

range types and 
operators

Range types and 
operators



Base Language Features, by example
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iter fib(n) {
var current = 0,

next = 1;

for i in 1..n {
yield current;
current += next;
current <=> next;

}
}

config const n = 10;

for (i,f) in zip(0..#n, fib(n)) do
writeln("fib #", i, " is ", f);

fib #0 is 0
fib #1 is 1
fib #2 is 1
fib #3 is 2
fib #4 is 3
fib #5 is 5
fib #6 is 8
…

Tuples



Base Language Features, by example

iter fib(n) {
var current = 0,

next = 1;

for i in 1..n {
yield current;
current += next;
current <=> next;

}
}

Copyright 2018 Cray Inc.

config const n = 10;

for (i,f) in zip(0..#n, fib(n)) do
writeln("fib #", i, " is ", f);

fib #0 is 0
fib #1 is 1
fib #2 is 1
fib #3 is 2
fib #4 is 3
fib #5 is 5
fib #6 is 8
…

31



Other Key Base Language Features
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● Object-oriented features
● Generic programming / polymorphism
● Procedure overloading / filtering
● Default args, arg intents, keyword-based arg passing
● Argument type queries / pattern-matching
● Compile-time meta-programming
● Modules (namespaces)
● Error-handling
● and more…

32



Task Parallelism and Locality Control
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Domain Maps
Data Parallelism
Task Parallelism
Base Language

Target Machine

Locality Control



Locales, briefly

34

● Locales can run tasks and store variables

● Think “compute node”

locale locale locale locale

Locales:

0 1 2 3

User’s main() executes on locale #0

Copyright 2018 Cray Inc.



Task Parallelism and Locality, by example
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taskParallel.chpl

const numTasks = here.numPUs();
coforall tid in 1..numTasks do

writef("Hello from task %n of %n "+
"running on %s\n",
tid, numTasks, here.name);

prompt> chpl taskParallel.chpl
prompt> ./taskParallel
Hello from task 2 of 2 running on n1032
Hello from task 1 of 2 running on n1032

35



Task Parallelism and Locality, by example
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taskParallel.chpl

const numTasks = here.numPUs();
coforall tid in 1..numTasks do

writef("Hello from task %n of %n "+
"running on %s\n",
tid, numTasks, here.name);

Abstraction of
System Resources

36

prompt> chpl taskParallel.chpl
prompt> ./taskParallel
Hello from task 2 of 2 running on n1032
Hello from task 1 of 2 running on n1032



Task Parallelism and Locality, by example
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taskParallel.chpl

const numTasks = here.numPUs();
coforall tid in 1..numTasks do

writef("Hello from task %n of %n "+
"running on %s\n",
tid, numTasks, here.name);

High-Level
Task Parallelism

37

prompt> chpl taskParallel.chpl
prompt> ./taskParallel
Hello from task 2 of 2 running on n1032
Hello from task 1 of 2 running on n1032



Task Parallelism and Locality, by example
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taskParallel.chpl

const numTasks = here.numPUs();
coforall tid in 1..numTasks do

writef("Hello from task %n of %n "+
"running on %s\n",
tid, numTasks, here.name);

38

prompt> chpl taskParallel.chpl
prompt> ./taskParallel
Hello from task 2 of 2 running on n1032
Hello from task 1 of 2 running on n1032

This is a shared memory program
Nothing has referred to remote

locales, explicitly or implicitly



Task Parallelism and Locality, by example
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taskParallel.chpl
coforall loc in Locales do

on loc {
const numTasks = here.numPUs();
coforall tid in 1..numTasks do

writef("Hello from task %n of %n "+
"running on %s\n",
tid, numTasks, here.name);

}

prompt> chpl taskParallel.chpl
prompt> ./taskParallel –-numLocales=2
Hello from task 1 of 2 running on n1033
Hello from task 2 of 2 running on n1032
Hello from task 2 of 2 running on n1033
Hello from task 1 of 2 running on n1032

39



Task Parallelism and Locality, by example
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taskParallel.chpl
coforall loc in Locales do

on loc {
const numTasks = here.numPUs();
coforall tid in 1..numTasks do

writef("Hello from task %n of %n "+
"running on %s\n",
tid, numTasks, here.name);

}

prompt> chpl taskParallel.chpl
prompt> ./taskParallel –-numLocales=2
Hello from task 1 of 2 running on n1033
Hello from task 2 of 2 running on n1032
Hello from task 2 of 2 running on n1033
Hello from task 1 of 2 running on n1032

Abstraction of
System Resources

40



Task Parallelism and Locality, by example
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taskParallel.chpl
coforall loc in Locales do

on loc {
const numTasks = here.numPUs();
coforall tid in 1..numTasks do

writef("Hello from task %n of %n "+
"running on %s\n",
tid, numTasks, here.name);

}
Control of Locality/Affinity

prompt> chpl taskParallel.chpl
prompt> ./taskParallel –-numLocales=2
Hello from task 1 of 2 running on n1033
Hello from task 2 of 2 running on n1032
Hello from task 2 of 2 running on n1033
Hello from task 1 of 2 running on n1032
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Task Parallelism and Locality, by example
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taskParallel.chpl
coforall loc in Locales do

on loc {
const numTasks = here.numPUs();
coforall tid in 1..numTasks do

writef("Hello from task %n of %n "+
"running on %s\n",
tid, numTasks, here.name);

}

prompt> chpl taskParallel.chpl
prompt> ./taskParallel –-numLocales=2
Hello from task 1 of 2 running on n1033
Hello from task 2 of 2 running on n1032
Hello from task 2 of 2 running on n1033
Hello from task 1 of 2 running on n1032
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Other Key Task Parallel Features
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● atomic / sync variables: for sharing data & coordination
● begin / cobegin statements: other ways of creating tasks

43



Task Parallelism
Base Language

Target Machine

Locality Control

Chapel language concepts

Copyright 2018 Cray Inc.

Data Parallelism in Chapel

Higher-level 
Chapel

Domain Maps
Data Parallelism

44



Data Parallelism, by example
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prompt> chpl dataParallel.chpl
prompt> ./dataParallel –-n=5                
1.1 1.3 1.5 1.7 1.9
2.1 2.3 2.5 2.7 2.9
3.1 3.3 3.5 3.7 3.9
4.1 4.3 4.5 4.7 4.9
5.1 5.3 5.5 5.7 5.9

config const n = 1000;
var D = {1..n, 1..n};

var A: [D] real;
forall (i,j) in D do

A[i,j] = i + (j - 0.5)/n;
writeln(A);

dataParallel.chpl

45



Data Parallelism, by example
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prompt> chpl dataParallel.chpl
prompt> ./dataParallel –-n=5                
1.1 1.3 1.5 1.7 1.9
2.1 2.3 2.5 2.7 2.9
3.1 3.3 3.5 3.7 3.9
4.1 4.3 4.5 4.7 4.9
5.1 5.3 5.5 5.7 5.9

config const n = 1000;
var D = {1..n, 1..n};

var A: [D] real;
forall (i,j) in D do

A[i,j] = i + (j - 0.5)/n;
writeln(A);

dataParallel.chplDomains (Index Sets)

46



Data Parallelism, by example
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prompt> chpl dataParallel.chpl
prompt> ./dataParallel –-n=5                
1.1 1.3 1.5 1.7 1.9
2.1 2.3 2.5 2.7 2.9
3.1 3.3 3.5 3.7 3.9
4.1 4.3 4.5 4.7 4.9
5.1 5.3 5.5 5.7 5.9

config const n = 1000;
var D = {1..n, 1..n};

var A: [D] real;
forall (i,j) in D do

A[i,j] = i + (j - 0.5)/n;
writeln(A);

dataParallel.chpl

Arrays

47



Data Parallelism, by example
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prompt> chpl dataParallel.chpl
prompt> ./dataParallel –-n=5                
1.1 1.3 1.5 1.7 1.9
2.1 2.3 2.5 2.7 2.9
3.1 3.3 3.5 3.7 3.9
4.1 4.3 4.5 4.7 4.9
5.1 5.3 5.5 5.7 5.9

config const n = 1000;
var D = {1..n, 1..n};

var A: [D] real;
forall (i,j) in D do

A[i,j] = i + (j - 0.5)/n;
writeln(A);

dataParallel.chpl

Data-Parallel Forall Loops

48



Data Parallelism, by example
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prompt> chpl dataParallel.chpl
prompt> ./dataParallel –-n=5                
1.1 1.3 1.5 1.7 1.9
2.1 2.3 2.5 2.7 2.9
3.1 3.3 3.5 3.7 3.9
4.1 4.3 4.5 4.7 4.9
5.1 5.3 5.5 5.7 5.9

config const n = 1000;
var D = {1..n, 1..n};

var A: [D] real;
forall (i,j) in D do

A[i,j] = i + (j - 0.5)/n;
writeln(A);

dataParallel.chpl

49

This is a shared memory program
Nothing has referred to remote

locales, explicitly or implicitly



Distributed Data Parallelism, by example
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prompt> chpl dataParallel.chpl
prompt> ./dataParallel –-n=5 --numLocales=4 
1.1 1.3 1.5 1.7 1.9
2.1 2.3 2.5 2.7 2.9
3.1 3.3 3.5 3.7 3.9
4.1 4.3 4.5 4.7 4.9
5.1 5.3 5.5 5.7 5.9

use CyclicDist;
config const n = 1000;
var D = {1..n, 1..n}

dmapped Cyclic(startIdx = (1,1));
var A: [D] real;
forall (i,j) in D do

A[i,j] = i + (j - 0.5)/n;
writeln(A);

dataParallel.chpl

Domain Maps 
(Map Data Parallelism to the System)

50



Distributed Data Parallelism, by example
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prompt> chpl dataParallel.chpl
prompt> ./dataParallel –-n=5 --numLocales=4 
1.1 1.3 1.5 1.7 1.9
2.1 2.3 2.5 2.7 2.9
3.1 3.3 3.5 3.7 3.9
4.1 4.3 4.5 4.7 4.9
5.1 5.3 5.5 5.7 5.9

use CyclicDist;
config const n = 1000;
var D = {1..n, 1..n}

dmapped Cyclic(startIdx = (1,1));
var A: [D] real;
forall (i,j) in D do

A[i,j] = i + (j - 0.5)/n;
writeln(A);

dataParallel.chpl

51



Chapel Has Several Domain / Array Types

Copyright 2018 Cray Inc.
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Chapel Has Several Domain / Array Types

Copyright 2018 Cray Inc.
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Chapel Has Several Domain / Array Types

Copyright 2018 Cray Inc.
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Other Key Data Parallel Features
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● Promotion: call scalar arrays with array arguments
var B = sin(A);  // results in parallel evaluation

● Slicing: refer to subarrays using range / domain arguments
…A[lo..hi, ..]…
…OceanTemp[Coastal]…

● Reductions: collapse arrays to scalars or subarrays
const hottest = max reduce OceanTemp;

55



Chapel Results and Resources

56
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LCALS

STREAM
Triad

HPCC RA

PRK
StencilISx

Nightly performance tickers online at: 
https://chapel-lang.org/perf-nightly.html

HPC Patterns: Chapel vs. Reference
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PRK Stencil: Chapel vs. Reference
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LCALS

STREAM
Triad

HPCC RA

PRK
StencilISx

Nightly performance tickers online at: 
https://chapel-lang.org/perf-nightly.html

HPC Patterns: Chapel vs. Reference
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PRK Stencil: Chapel vs. Reference
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HPCC Random Access Kernel: MPI
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/* Perform updates to main table. The scalar equivalent is:
*
* for (i=0; i<NUPDATE; i++) {
* Ran = (Ran << 1) ^ (((s64Int) Ran < 0) ? POLY : 0);
* Table[Ran & (TABSIZE-1)] ^= Ran;
* }
*/

MPI_Irecv(&LocalRecvBuffer, localBufferSize, tparams.dtype64,
MPI_ANY_SOURCE, MPI_ANY_TAG, MPI_COMM_WORLD, &inreq);

while (i < SendCnt) {
/* receive messages */
do {
MPI_Test(&inreq, &have_done, &status);
if (have_done) {
if (status.MPI_TAG == UPDATE_TAG) {
MPI_Get_count(&status, tparams.dtype64, &recvUpdates);
bufferBase = 0;
for (j=0; j < recvUpdates; j ++) {
inmsg = LocalRecvBuffer[bufferBase+j];
LocalOffset = (inmsg & (tparams.TableSize - 1)) –

tparams.GlobalStartMyProc;
HPCC_Table[LocalOffset] ^= inmsg;

}
} else if (status.MPI_TAG == FINISHED_TAG) {
NumberReceiving--;

} else 
MPI_Abort( MPI_COMM_WORLD, -1 );

MPI_Irecv(&LocalRecvBuffer, localBufferSize, tparams.dtype64,
MPI_ANY_SOURCE, MPI_ANY_TAG, MPI_COMM_WORLD, &inreq);

}
} while (have_done && NumberReceiving > 0);
if (pendingUpdates < maxPendingUpdates) {
Ran = (Ran << 1) ^ ((s64Int) Ran < ZERO64B ? POLY : ZERO64B);
GlobalOffset = Ran & (tparams.TableSize-1);
if ( GlobalOffset < tparams.Top)
WhichPe = ( GlobalOffset / (tparams.MinLocalTableSize + 1) );

else
WhichPe = ( (GlobalOffset - tparams.Remainder) / 

tparams.MinLocalTableSize );
if (WhichPe == tparams.MyProc) {
LocalOffset = (Ran & (tparams.TableSize - 1)) –

tparams.GlobalStartMyProc;
HPCC_Table[LocalOffset] ^= Ran;

61

}  else {
HPCC_InsertUpdate(Ran, WhichPe, Buckets);
pendingUpdates++;

}
i++;

}
else {
MPI_Test(&outreq, &have_done, MPI_STATUS_IGNORE);
if (have_done) {
outreq = MPI_REQUEST_NULL;
pe = HPCC_GetUpdates(Buckets, LocalSendBuffer, localBufferSize, 

&peUpdates);
MPI_Isend(&LocalSendBuffer, peUpdates, tparams.dtype64, (int)pe, 

UPDATE_TAG, MPI_COMM_WORLD, &outreq);
pendingUpdates -= peUpdates;

}
}

}
/* send remaining updates in buckets */
while (pendingUpdates > 0) {

/* receive messages */
do {
MPI_Test(&inreq, &have_done, &status);
if (have_done) {
if (status.MPI_TAG == UPDATE_TAG) {
MPI_Get_count(&status, tparams.dtype64, &recvUpdates);
bufferBase = 0;
for (j=0; j < recvUpdates; j ++) {
inmsg = LocalRecvBuffer[bufferBase+j];
LocalOffset = (inmsg & (tparams.TableSize - 1)) –

tparams.GlobalStartMyProc;
HPCC_Table[LocalOffset] ^= inmsg;

}
} else if (status.MPI_TAG == FINISHED_TAG) {

/* we got a done message. Thanks for playing... */
NumberReceiving--;

} else {
MPI_Abort( MPI_COMM_WORLD, -1 );

}
MPI_Irecv(&LocalRecvBuffer, localBufferSize, tparams.dtype64,

MPI_ANY_SOURCE, MPI_ANY_TAG, MPI_COMM_WORLD, &inreq);
}

} while (have_done && NumberReceiving > 0);

MPI_Test(&outreq, &have_done, MPI_STATUS_IGNORE);
if (have_done) {
outreq = MPI_REQUEST_NULL;
pe = HPCC_GetUpdates(Buckets, LocalSendBuffer, localBufferSize, 

&peUpdates);
MPI_Isend(&LocalSendBuffer, peUpdates, tparams.dtype64, (int)pe, 

UPDATE_TAG, MPI_COMM_WORLD, &outreq);
pendingUpdates -= peUpdates;

}
}
/* send our done messages */
for (proc_count = 0 ; proc_count < tparams.NumProcs ; ++proc_count) {
if (proc_count == tparams.MyProc) { tparams.finish_req[tparams.MyProc] = 

MPI_REQUEST_NULL; continue; }
/* send garbage - who cares, no one will look at it */
MPI_Isend(&Ran, 0, tparams.dtype64, proc_count, FINISHED_TAG,

MPI_COMM_WORLD, tparams.finish_req + proc_count);
}
/* Finish everyone else up... */
while (NumberReceiving > 0) {
MPI_Wait(&inreq, &status);
if (status.MPI_TAG == UPDATE_TAG) {
MPI_Get_count(&status, tparams.dtype64, &recvUpdates);
bufferBase = 0;
for (j=0; j < recvUpdates; j ++) {
inmsg = LocalRecvBuffer[bufferBase+j];
LocalOffset = (inmsg & (tparams.TableSize - 1)) –

tparams.GlobalStartMyProc;
HPCC_Table[LocalOffset] ^= inmsg;

}
} else if (status.MPI_TAG == FINISHED_TAG) {

/* we got a done message. Thanks for playing... */
NumberReceiving--;

} else {
MPI_Abort( MPI_COMM_WORLD, -1 );

}
MPI_Irecv(&LocalRecvBuffer, localBufferSize, tparams.dtype64,

MPI_ANY_SOURCE, MPI_ANY_TAG, MPI_COMM_WORLD, &inreq);
}

MPI_Waitall( tparams.NumProcs, tparams.finish_req, tparams.finish_statuses);



HPCC Random Access Kernel: MPI

Copyright 2018 Cray Inc.

/* Perform updates to main table. The scalar equivalent is:
*
* for (i=0; i<NUPDATE; i++) {
* Ran = (Ran << 1) ^ (((s64Int) Ran < 0) ? POLY : 0);
* Table[Ran & (TABSIZE-1)] ^= Ran;
* }
*/

MPI_Irecv(&LocalRecvBuffer, localBufferSize, tparams.dtype64,
MPI_ANY_SOURCE, MPI_ANY_TAG, MPI_COMM_WORLD, &inreq);

while (i < SendCnt) {
/* receive messages */
do {
MPI_Test(&inreq, &have_done, &status);
if (have_done) {
if (status.MPI_TAG == UPDATE_TAG) {
MPI_Get_count(&status, tparams.dtype64, &recvUpdates);
bufferBase = 0;
for (j=0; j < recvUpdates; j ++) {
inmsg = LocalRecvBuffer[bufferBase+j];
LocalOffset = (inmsg & (tparams.TableSize - 1)) –

tparams.GlobalStartMyProc;
HPCC_Table[LocalOffset] ^= inmsg;

}
} else if (status.MPI_TAG == FINISHED_TAG) {
NumberReceiving--;

} else 
MPI_Abort( MPI_COMM_WORLD, -1 );

MPI_Irecv(&LocalRecvBuffer, localBufferSize, tparams.dtype64,
MPI_ANY_SOURCE, MPI_ANY_TAG, MPI_COMM_WORLD, &inreq);

}
} while (have_done && NumberReceiving > 0);
if (pendingUpdates < maxPendingUpdates) {
Ran = (Ran << 1) ^ ((s64Int) Ran < ZERO64B ? POLY : ZERO64B);
GlobalOffset = Ran & (tparams.TableSize-1);
if ( GlobalOffset < tparams.Top)
WhichPe = ( GlobalOffset / (tparams.MinLocalTableSize + 1) );

else
WhichPe = ( (GlobalOffset - tparams.Remainder) / 

tparams.MinLocalTableSize );
if (WhichPe == tparams.MyProc) {
LocalOffset = (Ran & (tparams.TableSize - 1)) –

tparams.GlobalStartMyProc;
HPCC_Table[LocalOffset] ^= Ran;
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}  else {
HPCC_InsertUpdate(Ran, WhichPe, Buckets);
pendingUpdates++;

}
i++;

}
else {
MPI_Test(&outreq, &have_done, MPI_STATUS_IGNORE);
if (have_done) {
outreq = MPI_REQUEST_NULL;
pe = HPCC_GetUpdates(Buckets, LocalSendBuffer, localBufferSize, 

&peUpdates);
MPI_Isend(&LocalSendBuffer, peUpdates, tparams.dtype64, (int)pe, 

UPDATE_TAG, MPI_COMM_WORLD, &outreq);
pendingUpdates -= peUpdates;

}
}

}
/* send remaining updates in buckets */
while (pendingUpdates > 0) {

/* receive messages */
do {
MPI_Test(&inreq, &have_done, &status);
if (have_done) {
if (status.MPI_TAG == UPDATE_TAG) {
MPI_Get_count(&status, tparams.dtype64, &recvUpdates);
bufferBase = 0;
for (j=0; j < recvUpdates; j ++) {
inmsg = LocalRecvBuffer[bufferBase+j];
LocalOffset = (inmsg & (tparams.TableSize - 1)) –

tparams.GlobalStartMyProc;
HPCC_Table[LocalOffset] ^= inmsg;

}
} else if (status.MPI_TAG == FINISHED_TAG) {

/* we got a done message. Thanks for playing... */
NumberReceiving--;

} else {
MPI_Abort( MPI_COMM_WORLD, -1 );

}
MPI_Irecv(&LocalRecvBuffer, localBufferSize, tparams.dtype64,

MPI_ANY_SOURCE, MPI_ANY_TAG, MPI_COMM_WORLD, &inreq);
}

} while (have_done && NumberReceiving > 0);

MPI_Test(&outreq, &have_done, MPI_STATUS_IGNORE);
if (have_done) {
outreq = MPI_REQUEST_NULL;
pe = HPCC_GetUpdates(Buckets, LocalSendBuffer, localBufferSize, 

&peUpdates);
MPI_Isend(&LocalSendBuffer, peUpdates, tparams.dtype64, (int)pe, 

UPDATE_TAG, MPI_COMM_WORLD, &outreq);
pendingUpdates -= peUpdates;

}
}
/* send our done messages */
for (proc_count = 0 ; proc_count < tparams.NumProcs ; ++proc_count) {
if (proc_count == tparams.MyProc) { tparams.finish_req[tparams.MyProc] = 

MPI_REQUEST_NULL; continue; }
/* send garbage - who cares, no one will look at it */
MPI_Isend(&Ran, 0, tparams.dtype64, proc_count, FINISHED_TAG,

MPI_COMM_WORLD, tparams.finish_req + proc_count);
}
/* Finish everyone else up... */
while (NumberReceiving > 0) {
MPI_Wait(&inreq, &status);
if (status.MPI_TAG == UPDATE_TAG) {
MPI_Get_count(&status, tparams.dtype64, &recvUpdates);
bufferBase = 0;
for (j=0; j < recvUpdates; j ++) {
inmsg = LocalRecvBuffer[bufferBase+j];
LocalOffset = (inmsg & (tparams.TableSize - 1)) –

tparams.GlobalStartMyProc;
HPCC_Table[LocalOffset] ^= inmsg;

}
} else if (status.MPI_TAG == FINISHED_TAG) {

/* we got a done message. Thanks for playing... */
NumberReceiving--;

} else {
MPI_Abort( MPI_COMM_WORLD, -1 );

}
MPI_Irecv(&LocalRecvBuffer, localBufferSize, tparams.dtype64,

MPI_ANY_SOURCE, MPI_ANY_TAG, MPI_COMM_WORLD, &inreq);
}

MPI_Waitall( tparams.NumProcs, tparams.finish_req, tparams.finish_statuses);

/* Perform updates to main table. The scalar equivalent is:
*
* for (i=0; i<NUPDATE; i++) {
* Ran = (Ran << 1) ^ (((s64Int) Ran < 0) ? POLY : 0);
* Table[Ran & (TABSIZE-1)] ^= Ran;
* }
*/

MPI Comment

forall (_, r) in zip(Updates, RAStream()) do
T[r & indexMask] ^= r;

Chapel Kernel
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~60 library modules
● web-documented, many user-contributed



Chapel Libraries
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Math: FFTW, BLAS, LAPACK, LinearAlgebra, Math
Inter-Process Communication: MPI, ZMQ (ZeroMQ)
Parallelism: Futures, Barrier, DynamicIters
Distributed Computing: DistributedIters, DistributedBag, 

DistributedDeque, Block, Cyclic, Block-Cyclic, …
File Systems: FileSystem, Path, HDFS
Others: BigInteger, BitOps, Crypto, Curl, DateTime, Random, 

Reflection, Regexp, Search, Sort, Spawn, …
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Chapel Tools
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● highlighting modes for emacs, vim, atom, …
● chpldoc: documentation tool
● mason: package manager 
● c2chapel: interoperability aid
● bash tab completion: command-line help
● chplvis: performance visualizer / debugger



Chapel Central
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https://chapel-lang.org
● downloads
● presentations
● papers 
● resources
● documentation

https://chapel-lang.org/


Chapel Online Documentation
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https://chapel-lang.org/docs: ~200 pages, including primer examples

https://chapel-lang.org/docs


Chapel for Python Programmers
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https://chapel-for-python-programmers.readthedocs.io/

Developed by Simon Lund

https://chapel-for-python-programmers.readthedocs.io/


Chapel Social Media (no account required)
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http://twitter.com/ChapelLanguage

http://facebook.com/ChapelLanguage

https://www.youtube.com/channel/UCHmm27bYjhknK5mU7ZzPGsQ/

http://twitter.com/ChapelLanguage
http://facebook.com/ChapelLanguage
https://www.youtube.com/channel/UCHmm27bYjhknK5mU7ZzPGsQ/


Chapel Community
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read-only mailing list: chapel-announce@lists.sourceforge.net (~15 mails / year)
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https://stackoverflow.com/questions/tagged/chapel

https://github.com/chapel-lang/chapel/issues

https://gitter.im/chapel-lang/chapel

https://stackoverflow.com/questions/tagged/chapel
https://github.com/chapel-lang/chapel/issues
https://gitter.im/chapel-lang/chapel


Suggested Reading (healthy attention spans)

Chapel chapter from Programming Models for Parallel Computing
● a detailed overview of Chapel’s history, motivating themes, features
● published by MIT Press, November 2015
● edited by Pavan Balaji (Argonne)
● chapter is also available online

Other Chapel papers/publications available at https://chapel-lang.org/papers.html
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https://mitpress.mit.edu/books/programming-models-parallel-computing
https://chapel-lang.org/publications/PMfPC-Chapel.pdf
https://chapel-lang.org/papers.html


Wrap-up
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Summary
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The Chapel language offers a unique combination of 
productivity, performance, and parallelism

We’re interested in finding and working with the next 
generation of Chapel users
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CHIUW 2017 Keynote
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Chapel’s Home in the Landscape of                                
New Scientific Computing Languages
(and what it can learn from the neighbours)

Jonathan Dursi, The Hospital for Sick Children, Toronto



Quote from CHIUW 2017 keynote
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“My opinion as an outsider…is that Chapel is important, 
Chapel is mature, and Chapel is just getting started.

“If the scientific community is going to have frameworks…that 
are actually designed for our problems, they’re going to 
come from a project like Chapel.

“And the thing about Chapel is that the set of all things that 
are ‘projects like Chapel’ is ‘Chapel.’”

–Jonathan Dursi
Chapel’s Home in the New Landscape of Scientific Frameworks

(and what it can learn from the neighbours)
CHIUW 2017 keynote

https://ljdursi.github.io/CHIUW2017 / https://www.youtube.com/watch?v=xj0rwdLOR4U

https://ljdursi.github.io/CHIUW2017/
https://www.youtube.com/watch?v=xj0rwdLOR4U
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Information in this document is provided in connection with Cray Inc. products. No license, express or implied, to any intellectual property rights is 
granted by this document. 

Cray Inc. may make changes to specifications and product descriptions at any time, without notice.

All products, dates and figures specified are preliminary based on current expectations, and are subject to change without notice. 

Cray hardware and software products may contain design defects or errors known as errata, which may cause the product to deviate from published 
specifications. Current characterized errata are available on request. 

Cray uses codenames internally to identify products that are in development and not yet publicly announced for release. Customers and other third 
parties are not authorized by Cray Inc. to use codenames in advertising, promotion or marketing and any use of Cray Inc. internal codenames is at 
the sole risk of the user.

Performance tests and ratings are measured using specific systems and/or components and reflect the approximate performance of Cray Inc. 
products as measured by those tests. Any difference in system hardware or software design or configuration may affect actual performance. 

The following are trademarks of Cray Inc. and are registered in the United States and other countries: CRAY and design, SONEXION, URIKA and 
YARCDATA. The following are trademarks of Cray Inc.: CHAPEL, CLUSTER CONNECT, CLUSTERSTOR, CRAYDOC, CRAYPAT, CRAYPORT, 
DATAWARP, ECOPHLEX, LIBSCI, NODEKARE, REVEAL. The following system family marks, and associated model number marks, are 
trademarks of Cray Inc.: CS, CX, XC, XE, XK, XMT and XT. The registered trademark LINUX is used pursuant to a sublicense from LMI, the 
exclusive licensee of Linus Torvalds, owner of the mark on a worldwide basis. Other trademarks used on this website are the property of their 
respective owners.
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