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Ch-Ch-Changes

® OpenMP & MPI are fine for now, but we
need language support for parallelism.

® Corbato’s Law:‘“The number of lines of
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Iwo roads diverged

® C & Fortran were designed decades ago.

- They’re going to have to adapt, or be
replaced by new Ianguages
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- C- blocks
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What are blocks!?

® Developed by Apple as part of Shnow
Leopard.

Called “cl o h |

® : PES

e alled closures In most other languages.
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Similar to function ptr...

// function pointer
int (“fptr)( 1nt 1 );

int J = fptr(3);
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...but defined inline

// function pointer
int (“fptr)( 1nt 1 );
fptr = &function_name;
int J = fptr(3);
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Blocks are functions w/
bound variables

blck = A(int 1) { return 1+2; };
liRitsee=cblclc(B)cu i lasd
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Bound variables are
constant

iR 30)
blck = A(int 1) { return 1+n; };
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Bound variables are
constant (2)

lntena=a30s
blck = A(int 1) {
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What does this have to
do w/ parallelism?

for (1 =0; 1 < N; 1++ ) {




Grand Central

dispatch_apply( N, queue,
A(size_t 1) {
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What is Erlang?

® Erlang is a “new’” computer language
created by Ericsson ~20 yrs ago.

= It’s new in the sense that it hasn’t
- received a lot of attention until recently.
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Who uses it!

® Ericsson, of course, in their telephony
equipment.

- Systems have achieved 99.9999999%
uptime (0.03 sec downtime per year).
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Why use it?

o De5|ned to build masswely concurrent '
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Why I'm interested
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T control software

monmouth excalibur

interface_server

mce_clientl mce_clientl mce_clientl
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- Basic syntax
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Types

® Atoms: purely symbolic, have no value

- examples: true, ok, not_ready
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Collections

® Tuples
- e.g.: {error, badarg}
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Naming conventions

® Variables have to start with an uppercase
letter.

® |f it start ith a | letter it’
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“Functional’

® A “functional” language treats computation
as the evaluation of functions, and doesn’t
have mutable state.

. .
® ther tunctional languages: LIS
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Simple functions

function_name( argl, argl2, .. ) ->
statementl,
statementZ
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Example

area_of_rect( Width, Height ) ->
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Single assignment

[nolta@richelieu pcal$ erl

1> X = 3.
3
2> X = 4.

- *% exception error: no match of
right hand side value 4
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Pattern-matching

® “="in Erlang is not an assighnment
operator, but a pattern matching operator.

1> {X,Y} = {ok,56}.
{ok, 56}

- 2> X.

0]

3> Y.

56
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Pattern-matching

® “="in Erlang is not an assighnment
operator, but a pattern matching operator.

1> [Head|Ta1l] = [1,2,3,4].
[1,2,3,4]

@it aiamnd ) > Head.

1

3> Tail.

[2,3,4]
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Functions, too

fibonacci( 0 ) ->
0;
f1bonacc1( 1-) T ST Ioe

-t' rp\ p \i K o
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Functions, too

fibonacci( 0 ) ->
0;
fibonacc
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Example: summation

sum( List ) -—>
sum( List, 0 ).
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Example: building a list

range( N ) ->
range( N, [] ).

uT Y .'.L*é‘ by '__,_ : "J ) h ; .. '.‘ __ . _'-".‘-»:’-)‘,- NEE (,1. i M
-~ 2 .'--‘1—"—"“-‘.‘.-—--‘N . e ) .

.
e i Lo bl Les

range (

fa' 8
-
-4 e
(== Py =
- - s S Y '

1> range(5).
[1!2!3!4!5]
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Actor model

® Actors can:
- Create new actors,

= send messages to other actors,
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Creating processes

Pid spawn( function ).
Pid spawn( node, function ).

® function runs concurrently in its own
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Sending messages

Pid ! {1ist_sum,[1,4,5]}.

® Sends the message “{1ist_sum,
[1,4,5]}" asynchronously to the process
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Receiving messages

receive
{1ist_sum,List} ->
X = sum(List);
{Tist_mult,List} ->
X = mult(List)
end.
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Example: RPC

Pid ! {rpc,method,Args},
receive
{reply,Pid,Reply} ->
10:format( “~p~n”’, [Reply] )
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Best of both worlds

® Erlang processes are similar to MPI

processes: no shared state, pass messages
back and forth.
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1000’s of processes

® Random blog quote:“The best | got on my
- MacBook Pro after numerous runs was
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“Process oriented’

® |anguages like C++/Python are object-

oriented: state is encapsulated in classes.
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Wikipedia
“hello world”

/7':
"Hello World" Type MPI Test Program
* / if(myid == 0)
#include <mpi.h> {
#include <stdio.h> printf("%d: We have %d processors\n", myid, numprocs);
#include <string.h> for(i=1;i<numprocs;i++)

#define BUFSIZE 128 {
#define TAG 0 sprintf(buff, "Hello %d! ", 1);
MPI_Send(buff, BUFSIZE, MPI_CHAR, i, TAG, MPI_COMM_WORLD);
int main(int argc, char *argv[]) }
{ for(i=1;i<numprocs;i++)
char idstr[32]; !
har buf LBUFSIZE],_ by g b et s b dap it MPI_ Recv(buff BUFSIZE ‘MPI CHAR, 1).TAG MPI CQMM_WORLD &stat) v

’ 2P = Ad N\ by, 2 > ~ 0 . . N 11 -'_'- ;. A oS \ N “'. \Val A"‘ -.;.1 T : «.‘- e s J = -.\
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Output

[nolta@tpb5 pcal$ mpirun C ./a.out

0:
0
0
0
0:
. O
0
0:
I

: Hel

: Hell
: Hel’
: Hel"
nolta@tpb5 pcal$

0)

- Hello
: Hel]
Hel’

0)

1!
2!
3!
4|
5!
6!
7|

Process
Process
Process
Process
Process
Process
Process

: We have 8 processors

reporting
reporting
reporting
reporting
reporting
reporting
reporting

for
for
for
for
for
for
for




Master process

-moduleChello_world).
-compile(export_all).
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Making the slaves

make_slave( N )->
Slave = spawn( fun() -> slave(N) end ),
Slave ! { hi, self(),
1io_lib:format("Hello ~w!",[N]) 1},
~{STave,N}.
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Slave process

slave(I) ->
receive
{hi, From, Message} ->
Response = io_lib:format(
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Collecting the replies

collect_replies( [{P1d,N}|T] ) ->
receive

{ howdy, Pid, Message } ->

1o:format( "0: ~s~n", [Message] ),
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V5.6.2

11
2!
31
41
51
0!
/|

Process
Process
Process
Process
Process
Process
Process

(abort with AG)

_:o_wor1d:ma1n(7).
o)

reporting
reporting
reporting
reporting
reporting
reporting
reporting




What happens if a slave
dies!?

-module(hello_world).
-compile(export_all).

main(N) ->

‘.
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V5.6.2 (abort with AG)
lo_world2:main(7).

lo 1! Process 1 reporting for duty
lo 2! Process 2 reporting for duty

(a)bort (c)ontinue (p)roc info (i)nfo (1)oaded
(v)ersion (k)ill (D)b-tables (d)istribution
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Restarting the slave

collect_replies( [{P1d,N}|T] )
receive
{ howdy, Pi1d, Message } ->
10:format( "0: ~s~n", [Message] ),
collect_replies(T);
after 5000 ->
,1q;fqrmap( restart1ng s1ave~w~n [N] ),k.w
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Eshel’

1> hel’
O: Hel]

O: Hel]l

V5.6.2

(abort with AG)

o_world3:main(7).
1 reporting
reporting

O
O

11
2|

Process
Process

restarting slave3

O: He

O: Hel]
O: Hell
O: Hel]

O: Hel]l

done

0]

31
41
51
6!
/|

Process
Process
Process
Process
Process

2

reporting
reporting
reporting
reporting
reporting




Restarting the slave

collect_replies( [{P1d,N}|T] )
receive
{ howdy, Pi1d, Message } ->
10:format( "0: ~s~n", [Message] ),
collect_replies(T);
{'DOWN',_,process Pid,Reason} ->
,.jp;format( restart1ng s1ave~w because ~w~n ;
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Eshell V5.6.2 (abort with AG)

1> hello_world4:main(7).

O0: Hello 1! Process 1 reporting for
O0: Hello 2! Process 2 reporting for
restarting slave3 because bye_bye
O0: Hello 3! Process 3 reporting for

O: Hello 4! Process 4 reporting for

O: Hello 5! Process 5 reporting for

O0: Hello 6! Process 6 reporting for
~ 0: Hello 7! Process 7 reporting for
& ~ done
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Only scratched the
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Hot code swapping

server( Module ) ->
receive
{ apply, From, Args } ->
From ! Modu1e hand1e( Args )
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“Batteries included”

® Comes with a bunch of useful stuff:

- debuggers, profilers, tracers, coverage,
process monitors, ...
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Erlang is not ready for
numerical work

® Numerical libraries are essentially non-
existent.

® But this will change in the next few years.
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Summary

® Erlang: functional, declarative, concurrent,
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More information

® http://erlang.org/ for the source code.

“Progammlng Erlang book byJoe
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