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✴96 racks, 
✴98,304 compute nodes
✴1.6 million cores
✴1.6 PetaBytes of memory

Future systems will exploit many more cores, more threads per core, and farm 

off relevant tasks to accelerator devices.
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In 2012 the ancients also predicted we will be ushering in 
a new epoch...

so, just in case they are correct...
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What information would the High‐Priests of HPC like to 
record for future generations, in case of a catastrophe?

Climate and Weather
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So What Would Life Be Like Without MPI?

Serial C
long fib_serial(long n)
{
    if (n < 2) return n;
    return fib_serial(n-1) + fib_serial(n-2);
}
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So What Would Life Be Like Without MPI?

OpenMP 3.0
long fib_parallel(long n)
{
    long x, y;
    if (n < 2) return n;
    #pragma omp task default(none) shared(x,n)
    {
        x = fib_parallel(n-1);
    }
    y = fib_parallel(n-2);
    #pragma omp taskwait
    return (x+y);
}

Serial C
long fib_serial(long n)
{
    if (n < 2) return n;
    return fib_serial(n-1) + fib_serial(n-2);
}

Chapel
def fib_serial(n): n.type
{
  var x,y: n.type;

  if (n < 2) then return n;
  cobegin {
    x=fib_serial(n-1);
    y=fib_serial(n-2);
  }
  return x+y;
}

Cilk++
long fib_parallel(long n)
{
    long x, y;
    if (n < 2) return n;
    x = cilk_spawn fib_parallel(n-1);
    y = fib_parallel(n-2);
    cilk_sync;
    return (x+y);
}

Fortress
fib_parallel(n: ZZ): ZZ requires { n >= 0 } =
  if n < 2 then n else fib_parallel(n-1) + fib_parallel(n-2) end

X10
public class Fib {
  var n:int;

  public def fib_parallel() {
    
    if (n<2) return;
    val f1 = new Fib(r-1);
    val f2 = new Fib(r-2);
    finish {
      async f1.fib_parallel();
      f2.fib_parallel();
    }
    r = f1.n + f2.n;
  }
...
}

instead of...
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And With MPI...

MPI-2
MPI_Comm_get_parent(&parent);
if (n < 2) {
MPI_Isend (&n, 1, MPI_LONG, 0, 1, parent, &req);
}
else {
MPI_Comm_spawn ("Fibo", argv, 1, local_info, myrank, MPI_COMM_SELF, &children_comm[0],
errcodes);
MPI_Comm_spawn ("Fibo", argv, 1, local_info, myrank, MPI_COMM_SELF, &children_comm[1],
errcodes);
MPI_Recv (&x, 1, MPI_LONG, MPI_ANY_SOURCE, 1, children_comm[0], MPI_STATUS_IGNORE);
MPI_Recv (&y, 1, MPI_LONG, MPI_ANY_SOURCE, 1, children_comm[1], MPI_STATUS_IGNORE);
fibn = x + y;
MPI_Isend (&fibn, 1, MPI_LONG, 0, 1, parent, &req);
}
MPI_Finalize ();
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Data Distribution Can Also Be More Natural

UPC (4 threads)
shared [2] int A[4][THREADS];

Co-Array Fortran (4 images)
REAL :: A(2,2)[*]

Chapel (4 locales)
const Dom: domain(2) distributed Block(rank=2, bbox=[1..4, 1..4]) = [1..4,1..4];
var A: [Dom] int;
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Post‐MPI...Who Are The Main Contenders?

!"##$%

!"##$%

!"##$%

!"##$%

!"#$"%

MPI!

Local-View(data)!

SPMD (control)!

OpenMP!

Global-View (data)!

Global-View (control)!

Co-Array Fortran!

Local-View (data)!

SPMD (control)!

UPC!

Global-View (data)!

SPMD (control)!

Chapel, X10, Fortress!

Global-View (data)!

Global-View (control)!
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The Good, the Bad and the MPI
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Some (Necessary) Attributes of Large‐Scale Parallel Programming Solutions 
 Parallelism and Concurrency

 Allow programmers to expose large amounts of parallelism/concurrency. The language solutions should 
yield this information as naturally and as elegantly as possible 

 Inherently provide adaptive load‐balancing, application‐level fault tolerance and high computation/
communication overlap.

 Reduced Data Movement 

 Moving data is expensive in terms of power. Complete control of data locality is paramount

 Language Support for Parallel I/O (and In‐Situ Visualization etc.).

 Heterogeneity

 It is likely that “nodes” will comprise different computing devices/models. Programming solutions need to 
be able to accommodate these multiple models of execution (whatever they turn out to be). 

 Interoperability

 Solutions should  be reconcilable with older libraries/languages as well as other well‐supported 
competitors. 

 OS Agnostic
 Solutions should be “easily” portable to any future OS that may be required for Exascale computing.

 Be a complete solution
 A solution that requires the admix of two or more  separate programming languages/models should be 

avoided (in my opinion). Solution should also provide robust debugging and profiling support.
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OpenMP
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OpenMP (Open Multi‐Processing) is an application programming interface (API) that supports multi‐platform 
shared memory multiprocessing programming in C, C++ and Fortran on many architectures, including Unix 
and Microsoft Windows platforms. It consists of a set of compiler directives, library routines, and 
environment variables that influence run‐time behavior.
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OpenMP...continued
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Co-Array Fortran (v2.x - Rice University)
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Co‐Array Fortran (CAF) is a SPMD parallel programming model based on a small set of language extensions to 
Fortran 90. CAF supports access to non‐local data using a natural extension to Fortran 90 syntax, lightweight 
and flexible synchronization primitives, pointers and dynamic allocation of shared data, and parallel I/O.
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Co-Array Fortran (v2.x - Rice University)...continued
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UPC
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Unified Parallel C (UPC) is an extension of the C programming language 
designed for high performance computing on large‐scale parallel 
machines.The language provides a uniform programming model for both 
shared and distributed memory hardware. The programmer is presented 
with a single shared, partitioned address space, where variables may be 
directly read and written by any processor, but each variable is physically 
associated with a single processor. UPC uses a Single Program Multiple 
Data (SPMD) model of computation.
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UPC...continued
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Fortress is a new programming 
language designed for high‐
performance computing (HPC) 
with high programmability. 
Fortress features include:

• Implicit parallelism
• Transactions
• Flexible, space‐aware, 

mathematical syntax
• Static type‐checking (but with 

type inference)
• Definition of large parts of the 

language in its own libraries
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Fortress...continued
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X10
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X10 is a type‐safe, modern, parallel, distributed object‐oriented 
languag. A member of the Partitioned Global Address Space 
(PGAS) family of languages, X10 highlights the explicit 
reification of locality in the form of places; lightweight activities 
embodied in async, future, foreach, and ateach constructs; 
constructs for termination detection ( finish) and phased 
computation ( clocks); the use of lock‐free synchronization 
( atomic blocks); and the manipulation of global arrays and data 
structures. 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X10...continued

!"#"$%&'"()#*$

+&,&-$&.$"$!"#$%&#&$/01'2)30$(&'"()#*$0454$
678$-&/04$

'()*+&9)-/0:;$/&<")-1$"20$20=2010-#0/$"1$,%-)(*.4$
/).+,)01+%2&,%-)(*.&'"-$30$>10/$#&$/0'("20$

/)1#2)3>#0/$"22"*14$

?:#0-1)&-$&.$#.3*$&#&$1>==&2#$'20",&-$&.$"',@),01$
&-$20<&#0$=("'014$#+%#$4&>10/$#&$0:0'>#0$

)#02",&-1$&.$"$/)1#2)3>,&-$&-$/)A020-#$=("'014$

%&&B)-5$)-#&$="2"((0($CDE$()32"2)01$3>#$
-&#F)-5$/0G-)#0$*0#$

!"#"$%&"'"(#)*
+,--%$#**

./0*-123"4*-$%5(6"*2*'2#,$21*72)*%8*
"9-%4('&*233"1"$2#%$4*#%*#:"*-$%&$2;;"$*
"<&<*!"#$%&'$%(%)*+'$,"#-$*.-/+'$%-$

-+0%1%/+$02%)+-$

./0*%-3&)$3%'4#$,3#*32'*="*,4"6*#%*
12,'3:*3%6"*%'*2*,"#$02%)+$%$*2*!"#$

02%)+$

%-3&)$32'*4-27'*#:$"264*7(#:('*#:"*>?@*
A-"$8%$;"6*('*$"&,12$*824:(%'*="8%$"*;2('*
B"$'"1*3%6"*"9"3,#"4C<*!2.)4-$32'*="*,4"6*#%*

"9-$"44*3%'3,$$"'3)*-2D"$'4<**

5%627).03/.$2'6*5%627).0381.9$('#"$823"4*
#%*;%5"*62#2*="#7""'*E?@*2'6*>?@*

,4('&*FGH*

!"#$%&'$%()*+*#,-

."-!/0-'+(1&%234-567-3*#3-&"-#&'-!"#$!%%!&#
'()*#+,&-%.4-#8$-9&%$-&:-;8*98-*3-#8$-3(2$-:&%-

!/0<3-=>?-("@-?AB-*2'+$2$"#(C&"3-

0&%$-;&%D-%$EF*%$@-#&-3$$-8&;-#8$-'&#$"C(+-&:-
*"#$%&'$%(C&"-)$#;$$"-567-("@-=>?G?AB-9("-)$-

%$(+*3$@-

!"#$%&'()*+*',#

-./#0%12*+3&#4353&('36#7(*&+,#2%&'()+3#!""#
$%&'8##

97#2+(:%&1#6;22%&'6#35%;4<#%7#()*$""#(5=#
)(6*0#+%,)-#>$96?#'<3&3#6<%;+=5@'#)3#

6*45*A0(5'#3B%&'8#



Wednesday, March 10th 2010 SOS 14, Savannah, Georgia

Chapel !"#$%&'()("

*$'+,$-."

/(0"

#$+&'1-2"31)4"567"8$+'9"
3(:;(-"0$%("#4:&('"<(:)+=(0"

>!"#"$%&'&$%()'*(+,-./?""

@$":8,A("3$=;"$-"1-)(=B:81-2"
#4:&('"31)4"567"

CD&'$=:)$=E"0):2(0"$B"0*&1234$
:-9"435$0+&&$=)F"6=1%1,A("

9(G+221-2"31)4"#%+$),66.*'!%F"

!"#"$$%$&'()"*+)
,-*./##%*.0)

12-$%3"##"0)-4%#"5-*'6)!"#$%%&$--4'6)
'"!"#$%%&$--4'6)#%./#'&7%)"*+)*-*3

#%./#'&7%)8"'9)4"#"$$%$&'():&82)()*+,&
"*+)'"()*+,&

;-(%)&+%"')<-#)<"/$838-$%#"*.%=)
!/#'/&*>)#%'%"#.2).-$$"?-#"5-*')

@"'9&*>)&*8%#<".%)%A4%.8%+)8-)("4)
8-)B#+)4"#80)8"'9&*>)$&?#"#&%')8-)

("*">%)$-"+3?"$"*.&*>=)1-#9&*>)
:&82)C"*-')/'%#3$%7%$)8"'9&*>)8%"()

"8)D;,EF!,)-*)8"'9)82#-G$&*>)

Chapel is a new parallel programming 
language that supports a multithreaded 
execution model via high‐level abstractions 
for data parallelism, task parallelism, 
concurrency, and nested parallelism. 
Chapel's locale type enables users to specify 
and reason about the placement of data and 
tasks on a target architecture in order to 
tune for locality. Chapel supports global‐view 
data aggregates with user‐defined 
implementations, permitting operations on 
distributed data structures to be expressed 
in a natural manner. Chapel is designed 
around a multiresolution philosophy, 
permitting users to initially write very 
abstract code and then incrementally add 
more detail until they are as close to the 
machine as their needs require. 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Chapel...continued
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Conclusion

• These are just as exciting times in large‐scale parallel programming language 
design, as for large‐scale hardware design.

• New parallel programming languages exhibiting attributes of modern 
programme language design are more likely to attract new talent into the HPC 
gene pool 

• Parallel programming languages providing elegant and clean mechanisms for 
task and data parallelism should simplify the burden of educating and training 
the next generation of HPC users


