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#1f ABSOLUTE
position = new;
#elif RELATIVE
position += new;
#endif

Why don't we have both?

Applications of variational programming

Eric Walkingshaw
Oregon State University
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Original motivation:
highly configurable software systems

|. configure 2. validate

int buff = 0;

int get() {
return bure:
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|. configure 2. validate 3. deploy

int buff = 0;

int get() {
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highly configurable software systems

|. configure 2. validate

int buff = 0,

int get() {
return bureg:
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Original motivation:
highly configurable software systems

|. configure 2. validate 3. deploy
X o
4
I program

analysis [ J — ’.‘-*

This process finds errors too late!

. but way too many configs to
check them all




Solution: variational analyses

class Buffter |
int bure = 0O;

int get() |
return bure:
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Solution: variational analyses

class Bufter |
int bure = 0;

int get() |
return bure:

buff = x;

void setiint x) | .

program [ X
analysis B
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variational
analysis
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Solution: variational analyses

variational
analysis

Our work:
* languages
* theory
e data structures
® algorithms

to do this correctly
and efficiently



Solution: variational analyses

_— X  Ourwork:
e program [l

B analysis Y

* languages

N

* theory
e data structures
® algorithms

variational to do this correctly
analysis and efficiently

“variational programming”’



Example: variational typing

lambda Hindley-
calculus Milner
ﬁa/q
variational variational variational
lambda —# : =
typing types
calculus

ICFP 2012, TOPLAS 2014



Example: variational typing

lambda Hindley-
calculus Milner
00/
variational variational variational
lambda —» : 2
typing types
calculus

N

variational programming inside!
ICFP 2012, TOPLAS 2014



Variational programming by example



Variational programming by example

A(2,3) + 4



Variational programming by example

A{(2,3) + 4
» A(6,7)



Variational programming by example

A(2,3) + A(10,20)
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A(2,3) + A(10,20)
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Variational programming by example

A(2,3) + B(10,20)



Variational programming by example

A(2,3) + B(10,20)
» A(B(12,22),B(13,23))



Variational programming by example

A(True, 3)



Variational programming by example

A(True, 3)
: A(Bool,Int)



Variational programming by example

A(succ,even)



Variational programming by example

A(succ,even)
: Int -=> A(Int,Bool)



Variational programming by example

A{(succ,even)
: Int -=> A(Int,Bool)
= A(Int -> Int,Int -> Bool)



Variational programming by example

A{not,even) A(True, 3)



Variational programming by example

A{not,even) A(True, 3)
» False



Variational programming by example

A{not,even) A(True, 3)
» False
A(False, False)



Variational programming by example

A{succ,even) B(2,4)



Variational programming by example

A{(succ,even) B(2,4)
» A(B(3,5),True)



Variational programming by example

vsum (A(2,3) + B(10,20))



Variational programming by example

vsum (A(2,3) + B(10,20))
» 70



Variational programming by example

vsum (A(2,3) + B(10,20))
» 70

vmax (A(2,3) + B(10,20))



Variational programming by example

vsum (A(2,3) + B(10,20))
» 70

vmax (A(2,3) + B(10,20))
» 23 @ [A.R,B.R]
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Challenge #1°

exponentlal varlatlon space
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the variation...
it gets...
everywhere
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Variation in structured data
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the variation...
it gets...
everywhere

Variation in structured data

A([1,2,31,11,2,4,51)
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the variation...
it gets...
everywhere

Variation in structured data

A( [11213] l..[11214!5])
2 [1,2,A(3,4) ,A(5,_)] 7



Challenge #2

the variation...
it gets...
everywhere

Variation in structured data

A([11213]l.[1'214_15])
2 [1,2,A(3,4) ,A(5,_)] ?7-

... heed variational data structures



Challenge #2

the variation...
it gets...
everywhere

Variation in structured data

A([1'2'3]l[1'21415])

2 [1,2,A(3,4),A(5, )] 17-

... heed variational data structures

How to handle side effects?



Variational typing

lambda e
variationa
calculus —» :
: typing
+ choices

ICFP 2012, TOPLAS 2014
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Variational typing

lambda P
variationa
calculus —» :
: typing
+ choices

ICFP 2012, TOPLAS 2014
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types
+ choices

Lots of sharing

Scales roughly linearly
w/ size of program
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Variational typing

lambda
calculus —»
+ choices

ICFP 2012, TOPLAS 2014

variational

typing

—P

types
+ choices

Lots of sharing

Scales roughly linearly
w/ size of program

Scales to Linux kernel
(Kastner et al.)

10
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Error location

fold f z [
fold f z (

]
h:t)

flip f xy = f

palindrome xs

y

[z]
fold f (f z h) t

X

reverse = fold (flip (:)) []

reverse Xs == XS

12



Error location

fold f z

[] [z]
fold f z (h:t)

fold f (f z h) t

flip f xy = f y x
reverse = fold (flip (:)) []

palindrome xs = reverse Xs == XS

e Occurs check: cannot construct the infinite type: a ~ [a]
Expected type: [[a]l]
Actual type: [a]

e In the second argument of ‘(==)’, namely ‘xs’
In the expression: reverse Xs == XS

12



Error location

fold f z [] = [2] error is in base case of fold
fold f z (h:t) = fold f (f z h) t| .  butfold type checks!
flip f xy=fy x

reverse = fold (flip (:)) [] use of fold also type checks!
palindrome Xxs = reverse Xs == XS error finally detected

e Occurs check: cannot construct the infinite type: a ~ [a]
Expected type: [[a]l]
Actual type: [a]

e In the second argument of ‘(==)’, namely ‘xs’
In the expression: reverse Xs == XS

12



Counterfactual typing

Problem: locating the cause of a type error is hard
* type inference commits too early
* a successfully inferred type could be wrong!

Chen and Erwig
POPL 2014, JFP 2018
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Error location

fold f z [] = [2] error is in base case of fold
fold f z (h:t) = fold f (f z h) t| . butfold type checks!
flip f x y = f y x

reverse = fold (flip (:)) [] use of fold also type checks!
palindrome xs = reverse Xs == XS error finally detected

e Occurs check: cannot construct the infinite type: a ~ [a]
Expected type: [[a]l
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Counterfactual typing

Problem: locating the cause of a type error is hard
* type inference commits too early
* a successfully inferred type could be wrong!

Solution:

Chen and Erwig
POPL 2014, JFP 2018
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Counterfactual typing

Problem: locating the cause of a type error is hard
* type inference commits too early
* a successfully inferred type could be wrong!

Solution: |. Error-tolerant variational type inference
: where for every subexpression

e : T —» e : d(T,a) d&a are fresh

Chen and Erwig
POPL 2014, JFP 2018
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Counterfactual typing

Problem: locating the cause of a type error is hard

* type inference commits too early

* a successfully inferred type could be wrong!

Solution:

Chen and Erwig
POPL 2014, JFP 2018

|. Error-tolerant variational type inference
where for every subexpression

e : T —» e : d(T,a) d&aarefresh

2. Search output variational type for
® non-error type
e as few right selections as possible

13



Migrating gradual types

def f(mode:bool, Xx):
if mode:
return even(x)
else:
return not(x)

Gradual typing
mix static and dynamic types
in the same program

14



Migrating gradual types

def f(mode:bool, x):| Gradual typing
1f mode: mix static and dynamic types
return even(x) ,
= in the same program

return not(x)

Migration challenges: (adding/removing annotations)

e mutually exclusive annotations

14



Migrating gradual types

def f(mode:bool, x):| Gradual typing
1f mode: mix static and dynamic types
return even(x) ,
s o in the same program

return not(x)

Migration challenges: (adding/removing annotations)
e mutually exclusive annotations
* |ocal type-safety maxima

e potential for extreme performance degradation

14



Migrational typing

Problem: migrating gradual types is perilous
and exploration by trial-and-error is infeasible

Solution: |. Every parameter is initially d{a, ?)
" d &a are fresh 7 is the dynamic type

2. Variational gradual type inference + cost analysis
output = summary of all possible migrations

3. Filter/search variational output
most static = fewest right selections

cheapest = lowest cost
POPL 2018, ICFP 2018 (&
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Variational programming take aways

Key ideas

* make variation explicit in programs and data,
then compute with it!

* share as much as possible between variants

Can efficiently explore lots of hypothetical scenarios

16



Chapel Comes of Age:
Productive Parallelism at Scale

Brad Chamberlain, Chapel Team, Cray Inc.
PNW PLSE Workshop
May 14, 2018
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Chapel:
Niche or Quiche?

Brad Chamberlain, Chapel Team, Cray Inc.

PNW PLSE Workshop
May 14, 2018
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What is Chapel?

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




What is Chapel? cRANY

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

Goals:

e Support general parallel programming
e "any parallel algorithm on any parallel hardware”

e Make parallel programming at scale far more productive




Chapel and Productivity

Chapel aims to be as...
...programmable as Python
...fast as Fortran
...scalable as MPI
...portable as C
...flexible as C++
...fun as [your favorite programming language]
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(Oct 2017 standings)
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CLBG Cross-Language Summary RN

(Oct 2017 standings, zoomed in)
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proc main() {
printColorEquations();

const groupl = [i in l..popSizel] new Chameneos(i, ((i-1)%3):Color);
const group2 = [i in l..popSize2] new Chameneos(i, colorslO(i));

cobegin (
holdMeetings(groupl, n);
holdMeetings(group2, n);

}

print(groupl);
print(group2);

for ¢ in groupl do delete c;
for ¢ in group? do delete c;

'y
// Print the results of getNewColor() for all color pairs.
[/
proc printColorEquaticns() {

for ¢l in Color do

for c2 in Color do
writeln(ecl, " + ", €2, " => ", getNewColor(cl, c2));

writeln();

)

/'r'
// Bold meetings among the population by creating a shared meeting
// place, and then creating per-chameneos tasks to have meetings.
rr
proc holdMeetings(population, numMeetings) (

const place = new MeectingPlace(numMeetings);

coforall ¢ in population do
c.haveMeetings (place, population);

// create a task per chamencos

delete place;

excerpt from 1210 gz Chapel entry

Copyright 20

CLBG: Qualitative Code Comparisons

L

\
@
'I :

@
CRANY

2 ]
® \

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

void get_affinity(int* i{s_smp, cpu set _t* affinityl, cpu_set t* affinity2)

{
cpu_set_t
FILE"
char
char const*
int
int
int
int
int
size_ t
sizo_t

char const*
sizo_t
char const*
size_t
char const*
size_t
char const*
size t

CPU_ZERO(&active_cpus);

active_cpus;
£;

buf [2048);
pos;
cpu_idx;
physical id;
core_id;
cpu_cores;
apic_id;
cpu_count;
i;

processor_str
processor_str_len
physical_id str
physical_id_str_len
core_id_str
core_id_str_len
cpu_cores_str
cpu_cores str len

“processor”;
strlen(processor_str);
“physical id*;
strlen(physical id_str);
“core id";
strlen(core_id_str);
“cpu coren”;
strlen(cpu_cores str);

sched getaffinity(0, siseof({active cpus), &active cpus);

cpu_count = 0;

for (L = 0; 4 != CPU_SETSIZE; i ++ 1)

if (CPU_ISSET(L, sactive_cpus))

{
}

cpu_count += 1;
)
if (cpu_count == 1)
is smp(0)] = 0;

return;

}

is_s=pl0)] = 1;
CPU_ZERO(affinityl);

excerpt from 2863 gz C gcc entry

10 e -
18 Crav Inc.



CLBG: Qualitative Code Comparisons anY:'

e
@

Can also browse program source code (but thls requ:res actual thought!):

proc main() {
printColorEquations();

const groupl = [i in L,.pepSitt)] new Chamencos(i, | : {
const groupde=*11" %% 1..popSize2] new Chameneos(i, CObegln

p, cpu_set_t* affinityl, cpu _set_t* affinity2)

active _cpus;
£;
buf [2048);

cobegia { holdMeetings(groupl, n); oo i
holdMeetings(groupl, n); 2 4 y physical id;
y Feldaecings(oxongd; M) holdMeetings(group2, n); iy
“priftigrounl); ap‘i‘cai,:l: '
:fi"t(GYOUPZ}: .................. } ?; S
;or Sy e Rl || e processor_ sty = “processor”;
or ¢ in group2 do delete c; sizo_t processor_str_len = strlen(processor str);
} char const* physical id str « "physical {d";
size_t physical_id_str_len = strlen(physical_id _str);
char const* core id str = “core id”;
/ Print the results of getNewColor( for all colc -.’,’;.- . . . (Cor?_'_id_ltt):
s mmm..u.m;.;, ( e “"| proc holdMeetings(population, numMeetings) { b (cpu_cores_str);
for cl ia Color do % const place = new MeetingPlace(numMeetings);
for c¢2 in Color do o’
writeln(el, " + *, c2, :,."'. getNewColor(cl,
writeln(); _Le*° ° »
e e coforall ¢ in population do // creat
. il c.haveMeetings (place, population);
// Bald 1& gs among the population by creating a s!
j;."r‘ 1n} '.ho". creating per-chananeds tasks to ha

Wmmmmm T

const place = new MeetingPlace(numMeetings);

delete place;

coforall ¢ in population do // creat
c.haveMeetings(place, population);

delete place;
}

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



CLBG: Qualitative Code Comparisons

CRANY

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

proc main() {

char const*
size_t
char const*
size_t

CPU_ZERO(&active_cpus);

sched getaffinity(0, sizeof(active cpus), &active cpus);

cpu _count = 0;

for (i = 0; i != CPU SETSIZE; i += 1)

{

if (CPU_ISSET(i, &active cpus))

{
}

cpu_count += 1;

}

if (cpu count == 1)
{
is smp[0] = 0;
return;

excerpt from 1210 gz Chapel entry

{
cpu_set_t

core id str "core id" |

core id str len 1 o

cpu_cores str 3 mee
s int

cpu_cores_str len > e
- int

int

size t
sizo_t

char const*
sizo_t
> char const*
* size_ t

void get_affinity(int* i{s_smp, cpu set_t* affinityl, cpu set_t* affinity2)

active cpus;
£;

buf [2048);
pos;
cpu_idx;
physical id;
core_id;
cpu_cores;
apic_id;
cpu_count;
i;

processor_ sty = “processor”;
processor_str_len = strlen(processor_str);
physical id str « "physical id";

physical_id_str len = strlen(physical_id_str);

K

CHAY CONRTY
size_t

char const*
size t

CPU_ZERO(&active_cpus);

cpu_count = 0;

{
cpu_count += 1;
)
)

if (cpu_count == 1)
{
is smp(0) = 0;
return;

}

sched getaffinity(0, siseof({active cpus), &active cpus);
for (L = 0; 4 = CPU_SETSIZE; { ++ 1)

if (CPU_ISSET(L, sactive _cpus))

cpu_cores_str = “cpu cojen”;

TUIT 10 Ber Y :
core_id str_len = gtrlen(qore_id str);
cpu_cores str len = strlen(dpu _coreas str);

is_smpl0)] = 1;
CPU_ZERO(affinityl);

excerpt from 2863 gz C gcc entry
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Excerpt from PNW PLSE Review

“Chapel has been around for quite a while,
and it still seems like a niche language...”



Chapel: “A Niche Language”?

Chapel is arguably niche in that it...
...was originally designed for HPC
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Yet, Chapel’'s chief concerns aren’t HPC-specific:
e performance
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...was originally designed for HPC
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Chapel: “A Niche Language”?

Chapel is arguably niche in that it...
...was originally designed for HPC

Yet, Chapel’'s chief concerns aren’t HPC-specific:
e performance

e programmability (cf. Python)
e parallelism (cf. multicore)




Chapel: “A Niche Language”?

Chapel is arguably niche in that it...
...was originally designed for HPC

Yet, Chapel’'s chief concerns aren’'t HPC-specific:
performance

programmability (cf. Python)
parallelism (cf. multicore)
distributed memory (cf. cloud computing)




Chapel: “A Niche Language”?

Chapel is arguably niche in that it...
...was originally designed for HPC
...has only a modest-sized community (so far)



Chapel: “A Niche Language”? cRas

Chapel is arguably niche in that it...
...was originally designed for HPC
...has only a modest-sized community (so far)

Yet, we've historically discouraged its use in production...



Chapel: A Quiche Language!

The outsider’s impression:

Why aren't more people using
this delectable language?

Image sources: hitps.//www themountainkitchen com, hitps://xked comy/
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The outsider’s impression:
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O Why aren't more people using
this delectable language?

Image sources:
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Chapel: A Quiche Language! —

The outsider’s impression: The reality, for most of Chapel's history:

O Why aren't more people using
this delectable language?

Z) .
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Chapel: A Quiche Language! —— P

The outsider’s impression: Though recently, it's more like:

O Why aren't more people using
this delectable language?

Image sources: hitps://www themountainkitchen com, hitps://xkcd.comy/




Chapel: “Been Around for Quite Awhile”

Chapel’s Infancy: DARPA HPCS (2003-2012)

e Research focus: ~6-7 FTEs

e distinguish locality from parallelism
e seamlessly mix data- and task-parallelism
e support user-defined distributed arrays, parallel iterators



Chapel: “Been Around for Quite Awhile” ANy

Chapel’s Infancy: DARPA HPCS (2003-2012)

e Research focus: ~6-7 FTEs

e distinguish locality from parallelism
e seamlessly mix data- and task-parallelism
e support user-defined distributed arrays, parallel iterators

Chapel’s Adolescence: “the five-year push” (2013—-2018)

e Development focus: ~13-14 FTEs
e performance and scalability
e ecosystem: documentation, libraries, tools, ...
e base language fixes: OOP features, error-handling, strings, ...
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Chapel’s Infancy: DARPA HPCS (2003-2012)

e Research focus: ~6-7 FTEs \
e distinguish locality from parallelism
e seamlessly mix data- and task-parallelism
e support user-defined distributed arrays, parallel iterators

Chapel’s Adolescence: “the five-year push”|(201:
e Development focus: ~13-14 FTES
e performance and scalability

e ecosystem: documentation, libraries, tools, ...
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Documentation: Then

After HPCS:

e a PDF language specification
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Documentation: Then

After HPCS:

e a PDF language specification
e a Quick Reference sheet

e a number of READMES
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Documentation: Then () — Y-

Chapel Language Specification
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Documentation: Now cRas

Now: 200+ modern, hyperlinked, web-based documentation pages

# Chapel Documentation 1.16

Docs » Chapel Documentation View page source

Chapel Documentation

Compiling and Running Chapel

. Q\Jif kstart instructions “Chml Documentation .16

o Using Chapel 0 sebiect] Docs » Using Chaped View page source
Bredicnd chamberiam@Gomell com - Gmed
o Platform-Specific Notes

@ Orapmr Dacwmamatson 1 16

» Yok P aindem View Jage

» Technical Notes
« Tools Using Chapel
Task Parallelism

Wntmg Chapﬁl Progr AT U“"h.pﬂ Contents

vww ety

Chapei Prerequisites o A
o Quick Reference * Chapel Prerequisites

Setting up Your Erwiranment for °

Thay primver iatratm Chape s paraed Linking feativres, namely thae  sogin gt . ol anbeenli

RS T 2 B Y
o MeolloWorld Variants Setting up Your Environment 1g
(,"\."'ﬂ" -
o Primers : o Bulliding Chapel D S——
Buiiding Chapel Compiling Chaoel Pro
. J » NI “hape! Programs
« Language Specification o Com g Chape T

Compiing Chapel Program: o Chapel Man Page Begin Statements
o Built-in Types and Functions cmpeng : ¢ A Chap §
c . ¢ Expcuting Chapel Programs ) - - ’ athn b N .
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Libraries: Then

After HPCS: ~25 library modules

e documented via source comments, If at all:

(& . bradc — ssh bradci@troll cray com — bash | LI - bradc — ssh badc@trolloray com — bash

/ Copyright (¢) 3 4 Inc. (See LICENSE Tile Tor mare deialiy) / Copyright (c) 2004-301), Cray Inc, iSee LICENSE T1ile Tor more ae1ails)

1 satern Yype gin_rogexp %3
// Random Module

/ pxtern rocard glo_regexp optiens t {

{4 This standard ecdule containg & candom sember Qenerator Soted an var yrtés i3

// the ane used In the NPE beschaatrhs, Telloring the NME (casents 19 Yar pasix

/7 LS code, we can say he fellawing: var literals

// Yar npcaptere

' ™is generster returns enifare psevtorandos real valses In the f/ Thase ooy can be st 1mide the regewp

1 range 19, 1) 5y using the Linear congreential generator var lgharecesesbool; /7 (73)

i vor sultilisezBooli /7 (m)

1/ K AK41) = 2 2 b (sa2 Jesdt) var dothlshe /oTs)

I var nangresedy:toall /7 (W)

1/ Whete 0 « 3 A « 2oodl a08 0 « & « Joodd, ThRls stheme generstes }

1/ Jeedd nuaders before repeating. The seed value sust Be an 0d0

1/ G4-bLY integer LIn the range (1, 2°48). The generated walues are eatern proc aie_regexp_nulil)rqio_regexp_t}

f// norsalired to be bDetwees @ and 1, l.e., Jeel-40) = » &, extern proc gie_regexp_init _default_options(re’ gptionsigie_regexp _options_t);
1/ extern proc glo_regexp _creste compilaistristring, strlenzinti®d), rof options:q)
f/ This generstoc should produce the sese resulls on any Canguter lo_regexp optican t, ro! compilediqlo_regexp t);

f/  with st lesst 4R santises Bits for real(64) data, wxtern proc qle_regexp croate compile _flagsistrictring, striea:int{64), flags:s)
f Lring, Tlagsleatint(64), Lsutf8:tool, rel compiled:qlo_repesp t);

// Open Issur exlern proc qle_regexp_creste_complile_flags _20str:c_ptr, striem:int(64), Tlags:)
" cprr, ftlagslem:int(64), 1sUtf8ioool, ret compilediglo_regesp t))

/7 % We would Lixe 10 support general serial and porallel iterators eatern proc qlo_regexp_retoin(ref coaplled: _regexp _t};

// 9o the RangomStreas Clpss, Bet this 1y sot possidle with gor estern proc glo_regexp_relessel(ref compiled:qio_regexp_t);

1/ Carrent peraliiel Lterater framework,

/ Batern proc gio_regexp et _ospticmslre! regespigio_regexp t, rof options: gl _re\
J/ 3. The ransem aysber ganeration functlonsiity in This sadule 1 gexp _options t);

f/ currently restricted te S4-2it roal, 64-3)t inag, and 3128-01t satern proc qie_regexp get patternlrn! regexpiqio_regexp _t, ref pattern: sfrisg\
// complex valees, This should be extended to other primitive types )

// Ter which this would seke sense. Coerciless are insufficient, gxtern proc qlo_regexp_get_ncapturesire! regexpiqio_regexp_t)iint(64);

/ extern proc Qlo_regexp_ok{re! regexprqlo_regexp_t)ibooly

/7 3, Can the sultiplier ‘Arssd’ be moved inta the RandoaStreas class extern proc gio_regexp_errorire! regexpigio_regexd_t)istringt

// %6 that it ©as De changed By & user of This tlass.
1)
/)

eAtarn const QIO _RECEXF _ANCHOR UNANCHORED: c_int:

J/ A, By detaglt, the randonm strean soed 15 iaitislizes Sa0ed a0 the eatarn const QI0_MECEXF _ANCMOR STANTC_Imt:

/] Curfent tise in microseconds, allowing fer sose degres of watarn const QIO _RECEXF ANDMOR R0THIC_INS}

// randoeness The iIntent of the Secolioneratar énuserated type 1s 10

{// provide » aesg of options for inttializing the randos streas seed, Extorn recars qlio_regexp_string plece_t {

f/ B4t only one eption is iagiesented 1o date. var offsetiint(64); // counting from @, ~1 means “MULL*

i var lenzint(64);
1/ Note an Privete }
1/
// Tt In the istent that ance (hapel suppocts the notlon of “private’, wxtern proc gie_regexp string plece_isnulllre! spiqlo_regeap string plece_t):so
/7 everything prefixed with RandoePrivate will De made private 0 ely
- ' suy=l===F1 Segeap.chpl  Top LI  (CHapel/L ABDIEV) remmr
Mark set
I 1 i ’ y 4
!l — ! - [ B . )

Copyright 2018 Cray Inc



ibraries: Now

ow: ~00 library modules
e Wweb-documented, many user-contributed

A Chapel Decumentalion 114

Stanvtas o Machoies

AR
=ysime
e
ot
‘
2
Mt

2

)

Doy » Stancard Moodules

Standard Modules

Standard moduies arv those which describe Seatures that sre conuidened

Sandard Library

All Chape! programs anomatically we the modules

s Assent
o Barvier

o Bamiens

. ll.f_, tege

o INCen

¢ Duffery

¢ CommDiagronticy
¢ DuteTirre

o Dhyramatiiers

o FimSysiaws

o« CMF
o Moy
e 10

o Lst
o Matr

o Mpxmory

- m Yoy

o SpError

o« Tirw

o Tyow

o UtiilepiicacedVa

M Chapel Documentation 118

Maer . 2B, e

Pachage Modules
BLAS
Cidenthw

Crypto

(Henboeetfieg
DietridysmetDieny e
Dot et ey
W

FFTw M1
Future

MO

Docs » Packape Modules View page source

Package Modules

Packape moddes are libraries that currertly live cutside of the Chapel Stardtard Litvary, either
because they are not considered to be fundamental encugh or because they are not yet mature
enough for iInchusion there

* BLAS

o Collection

o DistritvtedBag

o DistritutedDecus
o Distritastoditen
« FTW

o FFTW MY

o Futurm

o HOFS

o HODFSherator

o LAPACK

e LirwmarANgebra

« MM
« Noen
o DwnotOlject

o Rangelherk

o RecorcParrer
o Search

o DuaredOblect
LR - 4]

o VisusDebuoy

« IMQ




Tools: Then

After HPCS:

e highlighting modes for emacs and vim
e chpldoc: documentation tool (rough draft)

Lopvrnant 2018 Crav Inc
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Tools: Now

W

highlighting modes for emacs, vim, atom, ...

chpldoc: documentation too
mason: package manager
c2chapel: interoperability ai

chpltags: helps search Chapel code
bash tab completion: command-line help

chplvis: performance visualizer /

debugger
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o vew Dats  Tage
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e Lacem
L 3
+ s
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Chapel Performance: Then vs. Now



\
Performance Focus Areas during 5-year push ==a~

* \
\

e Cleaner, simpler generated code

e NUMA sensitivity within multi-socket nodes

e Best-use of RDMA and NIC memory registration

e Reduced overheads in tasks, memory, communication
e Bulk transfer optimizations

¢ ...and much more...



STREAM Triad Performance: Chapel Then
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STREAM Triad Performance: Chapel Now vs. ref

STREAM Performance (GB/s)
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PRK Stencil Performance: Chapel Then

PRK Stencil Performance (GFLOPs/s)
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PRK Stencil Performance: Chapel Then vs. Now

PRK Stencil Performance (GFLOPs/s)
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PRK Stencil Performance: Chapel Now vs. ref

PRK Stencil Performance (GFLOPs/s)
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HPC Patterns: Chapel Now vs. reference
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LCALS: Chapel 1.17 vs. reference
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Nightly performance tickers online at:
https://chapel-lang.ora/perf-nightly.html




HPC Patterns: Chapel Now vs. reference =Ras

LCALS HPCC RA

Global Random

Local loop kernels Updates

STREAM PRK
Triad |SX Stenci

Embarrassing/Pleasing Bucket-Exchange Stencil Boundary
Parallelism Pattern Exchanges

=N % . .
/(’\ Nightly performance tickers online at:
K\\E// PN https://chapel-lang.ora/perf-nightly. html




HPCC Random

/* Perform updates to maw table  The scalar equivalent is:

* for (i=0; <NUPDATE; i++) {

- Ran » (Ran << 1) * (((s64inl) Ran < 0) 7 POLY ! 0).

n TatwefRan & (TABSIZE-1)] *= Ran,

N

%

tparams . dtypebd,

MPI Irecv(fliocalRecvBufter, localBufferSire,
finreql:

HFT _ARY SOURCE, MPI_ARY TAG, MFI_COMR WORLD,
while (i < SendCnt) |
” receive messages
do |
WP _Tont (inreq,
itf (have done) |
It (atatun.MPI_TAG == UPDATE_TAG) |
MFI_Get count (Jatatus, tpavams.dtypesd,
bufferBase = U;
for ()=0:; ) < recvUpdates; ) ++) |
inmsg = LocalRecvBuffer|[bufferBase+i);
LocalOffset = (inmag & (tparams.TableSize - 1)) -
tparama.GlobalStartMyProc:
HPCC Table[LocalOffset] “= inmsg:

Ahave done, Astatun};

brecvipdaten):

|
| else Af (status.MP1_TAG == FINISHED _TAG) |
NumberReceiving-=;
| else
NFI_Abort( HPFI_CUHN WORLD, ~1 );
M¥l_IrecvislocaliimcvBuffer, localBufferlize,
MPI ANY SOURCE, MPI ANY TAG, MP1 COMM WORLD, sinreq)y

tparams . dtypoéd,

|
| while (have_done L4 NumberReceiving > 0);

1f (pendingUpdates < maxPendingUpdates) |
Ran = {Ran << 1) * ({=64Int) Ran < ZEROG4AB 7 POLY :

GlobalOffset = Ran 4 (tparams.TableSize-1);

if ( GlobalOffset < tparams.Top)
WhichPe = ( GlobalOffaset / {(tparams.MinLocalTableSize + 1) ):

ZERO&4B) ;

else
WhichPe =« (| (GlobalOffaset - tparams.Remainder)

tparams . MinLocalTableSize ):
if (WhichPe == tparams.MyProc) |
LocalCffser = (Ran & (tparams.TableSize - 1)) -
tparamsa.GlobalStartMy¥Proc;
HPCC Table(LocalOffset| *= Ran;

/

COMPUTE

ccess Kernel:

else |
HPCC _InsertUpdate (Ran, WhichPe, Buckets);

pendingUpdatess++;
)
1+4;
|
else |
WPl _Tost (foutreq, shuve done, MPI_ITATUS IGRORE):
itf (have done) |

outreq = MPI_REQUEST_KRULL:
pe = HPCC Getlpdates (Buckets, LocalSendBuffer, localBufferSixze,

tpeUpdates);
Isend{ilocalZendlufter, pelpdaten,
UPDATE TAG, MPL COMM WORLD, Soutreq):

pendingUpdates -= pelipdates;

tparama.deypesd, (int)pe,

ME1_

|
)
/* send remalning updates in buckots */
while (pendinglpdates > 0)
" receive messages */
do |
WP1_Teost (finregq,
if (have done) |
1f (atatun.MFI_TAG == UPDATE_TAG) |
MFI_Get count (Ratatus, tparams.dtypesd, ALrecvipdatexn):
bufferBase = U;
for (j=0: ) < recvUpdates; ) ++4) |
inmsg = LocaiRecvBuffer(bufferBase+i);
LocalOffset = (inmag & (tparams.TableSize - 1)) -
tparamn.GlobalStartMyProc;
HPCC Table[LocalOffset] “~ inmsg:
|
| else if (status.MP1_TAG == FINISRED _TAG) |
/T we got a done message. Thanks for playing... Y/
NumberRecelving-=;

| else |
MNP Abort ( MPI COMM WORLD, ~1 )3

kthave done, Aatatun};

|
MFl1_TrecviilocalRecvBufter, localfiutferiize; tparama.dtypesd,

MPT_ANY SOURCE, MPI_ANY TAG, MP1_COMM WORLD, iinreq);

)
| while (have done &4 NumberReceiving » U});

| STORE
Copyright 2018 Cray Inc.

MPI Test (Soutreq, Ahave done, MPI1 STATUS IGNORE)
it (have_gone) |
outreq = MPI_REQUEST NULL;
pe = HPCC GetUpdates(Buckets, localSendBuffer, localBufferSize,
t(peUpdates);

I1send (blocalSendBuffer, polpdates, tparama.dtypefd,
UPDATE TAG, MP1 COMM WORLD, foutreq):

pendingUpdaten -= pelUpdates;
|

MFI (int)pe,

/* send our done messages */
for (proc_count = 0 ; proc _count < tparams.NumProcs ; +4prec_count) |

1f (proc_count == tparams.MyProc) | tparams.finish_req|tparams.MyProc| =
MPI_REQUEST _NKULL: continue; |
/* send garbage - who cares, no one will lock at it */
MF1 lasend{iRan, O, tparams. dtypeédd, proc _count, FINISHED TAG,
MPT_CUMM RORLD, tparama,finish req + proc_count):

)
/* Finish averyons else up... */
while {NusberReceiving > 0) |
MPF1l Walt(béinveq, sutatus):
1f (status MPI TAG == UPDATE_TAG) |
MFI_Get count({istatus, Tparams.drypesd,
bufferBase = 0;
for (§=0; 3 < recwUpdates; | ++) |
inmag = LocalRecvhuffer |bufferBase+)|;
localOffget = (inmsg & (tparams.TableSize - 1)) -
tparams.GlobalStartMy?roc;
HPCC_Table{LocalOffser] “= inmag:

|
| else if (status MPI TAG == FINISHED TAG) |

/" we got a done message, Thanks for playing... %/

srncvlpdates);

NumberfReceiving~=;
| elase |
MPI Abort( Ml _CUMM WORLD, =1 );

|
MP1 Irecv{iloralRecvBuffer, localBufferlize, tparams.dtypedd,

MPI_ANY SOURCE, MFI_ANY TAG, MPI_COMM WORLD, &inreq):
)

HFT Waltall( tparama,RumProcs, tparama,finish req, tparams.finish_statunes);

ANALYZE



HPCC Random Access Kernel: MPI

M Perdorm updates to maw table.  The scalar equrvilent is:

for (i=0; <NUPDATE; i++) {
Ran » (Ran << 1) * (((s64inl) Ran < Q) 7 POLY ' O)
TablefRan & (TABSIZE-1)] *+ Ran

}




HPCC Random Access Kernel: MPI cRoas

/* Perform updates to maw table The scalar egurvalent is
* for (i=0; <NUPDATE; i++) {

b Ran » (Ran << 1) " ({((s64inl) Ran < Q) 7 POLY ' )
’ Tatie[Ran & (TABSIZE-1)] *+= Ran

MPI Comment

/* Perform updates to main table. The scalar equivalent is:
*

L for (1=0; i1<NUPDATE; i++) {

% Ran = (Ran << 1) * (((s64Int) Ran < 0) ? POLY : 0);
& Table[Ran & (TABSIZE-1)] ”= Ran;

¥ }

X/

/



HPCC Random Access Kernel: MIPI cRac

/* Perform updates to maw table The scalar egquiviient is C ha pe I Kernel

§E£§ﬁﬁﬁﬁxwwmw forall ( , r) in zip(Updates, RAStream()) do
“ T[r & i1ndexMask] "= r;
/* Perform updates to main table. The scalar equivalent is:
*
N for (1=0; 1<NUPDATE; i++) {
® Ran = (Ran << 1) * (((s64Int) Ran < 0) ? POLY : 0);
* Table[Ran & (TABSIZE-1)] ”“= Ran;
¥ }
xJ

=

y——"



RA Performance: Chapel Now vs. reference

RA Performance (GUPS)
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CHIUW 2018: The 5t annual Chapel Implementers and Users Workshop
e Vancouver BC, Friday May 25th IR
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CHIUW 2018: The 5t annual Chapel Implementers and Users Workshop
e Vancouver BC, Friday May 25th “"‘F\.—-""'m
» Details: https://chapel-lang.org/CHIUW2018.htm| Qe

Chapel’s college years: plans for 2018-2021
e Further Performance and Scalability Improvements
e Libfabric/OF| Support
e GPU Support
e Cloud Support
e Chapel Al
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Chapel Community Partners — Yo
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UNIVERSITY
\ ESTERN

HAVERFORD

COLLEGE AMD ; }‘2“ WASHINGTON, DC WASHINGTON UNIVERSITY
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(;’ %ﬁ,ﬁTﬁ TH@S;Y @RICE UNIVERSITY OF
3 LINIVERST MARYLAND
: m .’h‘ B Lawrence Livermore
National Laboratory
BERKELEY LAB —
Lawrence Berkeley Sandia National Laboratories

National Laboratory

(and several others...)
https://chapel-lang.org/collaborations.html|
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e Chapel’s made huge progress over the past five years
e Ready for use in production®

e Open to collaborations
e Plenty of research questions remain
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Outline

@ A look toward the future
@ Music Tools

@ Equivalences and Ornaments

Sources:

@ https://github.com/halfaya/MusicTools
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Robert Harper

Eventually all the arbitrary programming languages are going to be
just swept away with the oceans, and we will have the permanence
of constructive, intuistionistic type theory as the master theory of
computation—without doubt, in my mind, no question. So, from my
point of view—this is a personal statement—working in anything
else is a waste of time.

CMU Homotopy Type Theory lecture 1, 52:56-53:20.
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What will programming look like in 50 years?

Convergence of math and computer science
Functional Programming, Algebra of Programming

Dependent Types or a successor (Cubical?)

e © o ¢

Who does the programming’
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How do we get there from here?

Add dependent types to an industrial-strength language (Haskell)
Make a dependently typed language (Agda, Idris) practical to use

Learn how to program using dependent types

e © o ¢

Many theoretical and practical advances are still needed
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Euterpea

The Haskell School of Music

From Signals to Symphonies

Paul Hudak

Yale University
Department of Computer Science
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Music Tools

Collection of composable tools for synthesis and analysis of music
Originally written in Haskell

Converted to Agda, using Haskell for MIDI interface

e © o ¢

Explore programming using dependent types in a circumscribed yet rich
domain

@ Use math, including transport of equivalences (from HoI'T) and
Ornaments
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Look vs Time (1997)
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Look vs Time (1997)
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@ Emacs Flle Edit Options Buffers Tools Agda Help (ad % 86% (4> M Mon4&:27PM Johnleo Q @

eve
De@ExEs s0hHR X
14 open import MidiEvent

15 open import Util

16

17 tempo : N

18 tempo = 84

19

20 ———-

21

22 melodyChannel : Channel-1l

23 melodyChannel = # 0

24

25 melodyInstrument : InstrumentNumber-1
26 melodyInstrument = # 8 — celesta
27

28 melodyNotes : List Note
29 melodyNotes =

30 note (8th 3) (c 3) :

31 note (8th 5) (d 3) ::
32 B

33 note (8th 3) (c 3) ::
34 note (8th 5) (d 3) :

35

36 note (8th 1) (g 3) :
37 note (8th 1) (f 3) ::
38 note (8th 1) (e 3) ::
39 note (8th 5) (d 3)
40

41 note (8th 1) (g 3) ::
42 note (8th 1) (f 3) ::
43 note (8th 1) (e 3) :

44 note (8th 5) (d 3) :
45

46 nte (8th 1) (a 3)

n 3
[lU:—— LookVsTime.agda 8% L32 Git:master (Agda:Checked +2)




Music Representation a la Euterpea

data Pitch : Set where
pitch : Z — Pitch

data Duration : Set where
duration : N — Duration

data Note : Set where
note : Duration — Pitch — Note
rest . Duration — Note

data Music : Set where
note : Note — Music
_ii_ + Music —» Music — Music —— sequential
_||_ : Music — Music — Music —— parallel
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Equivalent Representations of Pitch

data Pitch : Set where
pitch : Z — Pitch

chromaticScaleSize : N
chromaticScaleSize = 12

data RelativePitch : Set where
relativePitch : Fin chromaticScaleSize — RelativePitch

data Octave : Set where
octave : Z — Qctave

PitchOctave : Set
PitchOctave = RelativePitch X Octave
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Equivalences

@ Define an equivalence between Pitch and PitchOctave

@ Using Hol'T techniques, automatically lift this equivalence to functions
defined using Pitch

@ See Equivalences for Free! (Tabareau, Tanter, Sozeau)

@ Challenge: Defining base equivalences. Can this be automated?
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Ornaments

data Music a = 2
| Modify Control (Music a)

data Control = .
| Phrase [PhraseAttribute]

data PhraseAttribute =
| Orn Ornament

data Ornament =
Trill | Mordent | InvMordent | DoubleMordent |
Turn | TrilledTurn | ShortTrill
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Ornaments

@ Functions on a base Music structure can be automatically lifted to
operate on Music ornamented with additional information

@ See works on Ornaments by McBride, Dagand and others

@ Challenge: Shallow embedding of ornaments in Agda
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Conclusion

@ Music 1s a good domain in which to explore practical application of
dependent types

@ Using math can be more work at first, but should be a big win in the long
term

@ Figure out how to minimize the work and maximize the reward
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