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2013: a ManyCore Odyssey




The Future: “megacore” computers?

* Hundreds of thousands, or millions, of (small) cores

-




Laki hermit (phase 1 step 1)

» 700 dual socket Xeon 5560 2,8GHz » 38 racks with 96 nodes each
("Gainestown”) » 96 service nodes and 3552 compute

» 12 GB DDR3 RAM / node nodes

» Infiniband (QDR) » Each compute node will have 2 sockets

» 32 nodes with additional Nvidia Tesla AMD Interlagos @ 2.3GHz 16 Cores
S1070 each leading t6-113.664 core

» Scientific Linux 6.0 » Nodes with 32GB and 64GB memory

reflecting different user needs

» 2.7PB storage capacity @ 150GB/s IO
bandwidth

» External Access Nodes, Pre- &
Postprocessing Nodes, Remote
Visualization Nodes

“



The Manycore Challenge
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“Ultimately, developers should start thinking about tens, hundreds, and
thousands of cores now in their algorithmic development and deployment
pipeline.”

Patrick Leonard, Vice President for Product Development
Rogue Wave Software




Doesn’t that mean millions of threads
on a megacore machine??
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All future programming will be parallel
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= No future system will be single-core

= parallel programming will be essential

" [t’s not just about performance
= jt’s also about energy usage

= |f we don’t solve the multicore challenge, then all other CS
advances won’t matter!
= user interfaces
= cyber-physical systems
= robotics
= games




How to build a wall

u13279276 fotosearch.co

(with apologies to lan Watson, Univ. Manchester)




How to build a wall faster




How NOT to build a wall

Typical CONCURRENCY

Approaches require the
Programmer to solve these

u13279276 fotosearch.co

Task identification is not the only problem...
Must also consider Coordination, communication, placement,
scheduling, ...
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We need structure
We need abstraction

We don’t need another brick in the wall




Thinking Parallel
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Fundamentally, programmers must learn to “think paralle
= this requires new high-level programming constructs
= perhaps dealing with hundreds of millions of threads

You cannot program effectively while worrying about deadlocks etc.
= they must be eliminated from the design!

You cannot program effectively while fiddling with communication etc.
= this needs to be packaged/abstracted!

You cannot program effectively without performance information
= this needs to be included as part of the design!




A Solution?

“The only thing that works for
parallelism is functional
programming”

Bob Harper, Carnegie Mellon University




Parallel Functional Programming
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No explicit ordering of expressions

Purity means no side-effects
= |Impossible for parallel processes to interfere with each other
= Can debug sequentially but run in parallel
= Enormous saving in effort

Programmer concentrate on solving the problem
= Not porting a sequential algorithm into a (ill-defined) parallel domain

No locks, deadlocks or race conditions!!
Huge productivity gains!
Much shorter code
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The ParaPhrase Approach
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= Start bottom-up

= jdentify (strongly hygienic) COMPONENTS both legacy and

new programs

= using semi-automated refactoring

= Think about the PATTERN of parallelism
= e.g. map(reduce), task farm, parallel search, parallel completion, ...

= STRUCTURE the components into a parallel program
= turn the patterns into concrete (skeleton) code
= Take performance, energy etc. into account (multi-objective optimisation)
= also using refactoring

= RESTRUCTURE if necessary! (also using refactoring)
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The ParaPhrase Approach

Erlang C/C++ Haskell .
Pattern l / Costing/Pr
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Library i \ ofiling
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Example: Simple matrix multiplication

= Given two NxN matrices, A and B

(;4..11 Ay - iilm\ (Bll By - Blp\
A .:*1:31 4.;5; ii?m  B- B.:ﬂ ng ‘B.?F
\A:ﬂl A.ﬂg Aa_.;m / \B;nl B;n? B*-:np)
= Their product is
((14_.3}11 (AB)1g --- (AB)lp\
AR — (14-“.5)21 (A:_B):-e (AJ_B)EP
\(4B)n1 (AB)nz --- (AB)yy)

Where (f].B)E'j — Z i;lt'.l.:BF.:j-
=1

PHER



Example: Simple matrix multiplication

= The sequential Erlang algorithm iterates over the rows
= mult (A, B) multiplies the rows of A with the columns of B

mult (Rows, Cols) -> [ multlrow(R,Cols) | | R <- Rows ].

= [multlRow(R,Cols) [| R <- Rows ] does mult1Row(R,Cols) with R
set to each row in turn
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Example: Simple matrix multiplication
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= The sequential Erlang algorithm iterates over the rows
= mult (A, B) multiplies the rows of A with the columns of B
= multlrow (R, B) multiplies one row of A with all the columns of B

mult (Rows, Cols) -> [ multlrow(R,Cols) | | R <- Rows ].

multlrow (R, Cols) ->
lists:map(fun(C) -> ... end, Cols).

" [ists:map maps an in-place function over all the columns

N iR R A P



Example: Simple matrix multiplication
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= The sequential Erlang algorithm iterates over the rows
= mult (A, B) multiplies the rows of A with the columns of B
= multlrow (R, B) multiplies one row of A with all the columns of B
= multlrowlcol (R, C) multiplies one row of A with one column of B

mult (Rows, Cols) -> [ multlrow(R,Cols) | | R <- Rows ].

multlrow (R, Cols) ->
lists:map(fun(C) -> multlrowlcol(R,C) end, Cols).




Example: Simple matrix multiplication

Un.ivc?'rsit'y
0
St Andrews

= The sequential Erlang algorithm iterates over the rows
= mult (A, B) multiplies the rows of A with the columns of B
= multlrow (R, B) multiplies one row of A with all the columns of B
= multlrowlcol (R, C) multiplies one row of A with one column of B

mult (Rows, Cols) -> [ multlrow(R,Cols) | | R <- Rows ].

multlrow (R, Cols) ->
lists:map(fun(C) -> multlrowlcol(R,C) end, Cols).

multilrowlcol(R,C) -> ... multiply one row by one column ...




Example: Simple matrix multiplication

= To parallelise it, we can spawn a process to multiply each row.

mult (Rows, Cols) ->

join(
[ spawn( fun() -> ... multlrow(R,Cols) end ) | | R <- Rows ]

).




Speedup Results

= 24 core machine at Uni. Pisa

= AMD Opteron 6176. 800 Mhz Speedups for Matrix Multiplication
. 32GB RAM 24 —‘-k—‘ Naive Parallel | | | |
22
20
18
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What’s going on?
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= We have too many small processes
= 1,000,000 for our 1000x1000 matrix
= each process carries setup and scheduling overhead

= Erlang does not automatically merge processes!




And how can we solve this?

Introduce a
Task Farm

= A high-level pattern of parallelism

= A farmer hands out tasks to a fixed number of worker processes
= This increases granularity and reduces process creation costs
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Some Common Patterns
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= High-level abstract patterns of common parallel algorithms

Farm Reduce

w : ]

[=] \-‘-\N‘ f

. \-\.‘\" dfﬂ' (=] H f —
Schedule tasks W Gather results N ~7
Pipeline -
__,,..F-V
—>S1[—>s2[> —»sn—> Divide&Conquer
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Refactoring
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= Refactoring changes the e — =T

Refactor » Rename Variable Name CcCwrv
L e * = 3
Inspector » Rename Function Name CcCwrf
—moduls (test) . Undo P Rename Module Name C-cCwrm
s r u C u re o e So u rce co e T (I£/01) : Generalise Function Definition =
—expor . i .
Tt BB PEEE 4 Move Function to Another Module C-cCowm
repeat (M) when N=<0 -> Skeletons > Function Bxtraction C-cC-wnf
ok
. . epeat ) —> e ———— Introduce New Variable C-cC-wnv
® using well-aertinea rules —— cccm:
repeat (H-1) . Wersion Fold Expression Against Function C-c C-wff
0 -> Tuple Function Arguments C-cCwt
repeat (5) - Unfold Function Application C-cCwu
. .
= semi-automatically under
Fold Against Macro Definition C-cC-wfm
Refactorings for QuickCheck v

programmer guidance e '

Partition Exported Functions
gen_fsm State Data to Record
gen_refac Refacs
gen_composite_refac Refacs

My gen_refac Refacs

v vy

My gen_composite_refac Refacs
Apply Adhoc Refactoring
Apply Composite Refactoring

Add To My gen_refac Refacs
——(Unix)-——— test.erl A1l Ls {Erlang EXT)-——-—————-

New parameter name:

Add Te My gen_composite_refac Refacs

Reffactor



Refactoring: Farm Introduction




Demo: Adding a Farm
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O «i main.erl > F
é . . &L ;
UdOB= Ve OW Va7
New Open Recent Save Print Undo Redo Cut > Paste Search Preferences Help L
(] *scratch* | (<] main.erl | & *Wrangler-Erl-Shell* (<] *erl-output® | <] *Backtrace* |
_modu]_e(main) . Debugger entered--Lisp error: (error "Attempt to drag rightmost scrollbar")

3 signal(error ("Attempt to drag rightmost scrollbar"))
-export([main/2]). ad-Orig-error("Attempt to drag rightmost scrollbar")
apply(ad-Orig-error "Attempt to drag rightmost scrollbar")
error("Attempt to drag rightmost scrollbar")

_deflne(INT—MAX ’ 214?483647) % mouse-drag-vertical-line((down-mouse-1 (#<window 7 on *Backtrace*> vertical
-define(RAND_MAX 4 100). call-interactively(mouse-drag-vertical-line nil nil)

-define(LCG_A,1664525).
-define(LCG_C,1013904223).

index([HIT], @) -> H;
index([HIT], N) -> index(T, N-1). &

rows(MatrixB) -> MatrixB .

mult([1,-) -> [1;]
mult (Rows, Cols) -> [ multlrow(R,Cols) |l R <- Rows J].

multlrow(R, Cols) ->
lists:map(fun(C) ->
multlrowlcol(R, C) end, Cols).

multlrowlcol(R, C) -> lists:sum( [ A*B Il {A,B} <- lists:zip(R,0) ] ) .

cols(MatrixB) -> [ [ index(Row, I) || Row <- MatrixB ]
Il T <- lists:seq(@, length(MatrixB)-1) J].

randvet(@, _) -> [];
randvet(Ncols, S) ->
NewS = (?LCG_A * S + ?LCG_C) rem ?INT_MAX,

[NewS rem ?RAND_MAX | randvet(Ncols - 1, NewS)]. :
~:**_ main.erl Top (14,17) [(Erlang EXT)] | -:%*- *Backtrace* All (8,0) [(Debugger Trunc)]




This uses the new Erlang ‘skel’ Library

mult([],_) -> [];
mult(Rows,Cols) ->

skel:run(
[{farm, ...

-3,

Rows).

fun(R) -> lists:map(

fun(C) -> mult_prime(R, C) end,
Cols),

= Available from

https://github.com/ParaPhrase/skel

-
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Speedup Results
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= 24 core machine at Uni. Pisa
= AMD Opteron 6176. 800 Mhz Speedups for Matrix Multiplication
m 3ZGB RAM 1 | | \ \ \ \

24 | | —— Naive Parallel
—o— Farm

This is much better!

No. cores




But | don’t want to give you that...
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= | want to give you more...

= There are ways to improve task size further
= e.g. “chunking” — combine adjacent data items to increase granularity
= a poor man’s mapReduce

= Just change the pattern slightly!




Adding Chunking
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U L:H W B Undo AC AW Rename Module Name ACAWRM
| NEW Ope" Recgm:.a Save Pn"t g -.e R - Generalise Function Definition AC AG B St i
o “EEE . | ey | Similar Code Detection »  Move Function to Another Module ~ AC AWM
—module(maln) . Module S Function Extraction ACAWNF
—export( [main/2]). odule Structurs o Introduce New Variable ACAWNYV
API Migration > Inline Variable AC AW |
) Fold Expression Against Function ACAWFF
-deflne(INT_MAX 3 214?48364?) . Skeletons > Tup|e Function Arguments AMCAMWT
-define(RAND_MAX,100) . Customize Wrangler Unfold Function Application AC AW U
-define(LCG_A,1664525). Version Introduce a Macro ACAWNM
-define(LCG_C,1013904223). | Fold Against Macro Definition ACAWF M
Refactorings for QuickCheck >
!‘ndex( [H I T] ? @) > H; Process Refactorings (Beta) >
index([HIT], N) -> index(T, N-1). Normalise Record Expression
Partition Exported Functions
"ows(Matri XB) _> MatrixB gen_fsm State Data to Record
gen_refac Refacs >
nultC[1,) -> [1: gen_composite_refac Refacs >
- ?
nult(Rows, Cols) -> skel:run([{farm, My gen_refac Refacs & refac_pipe_intro
[{se q fun (R) -> mult My gen_composite_refac Refacs > refac_farm_intro
' . refac_map_intro
24}] , Apply Adhoc R!afa.ctorlng . refac_chunking
Rows) Apply Composite Refactoring i
Add/Remove Menu ltems >

nultlrow(R, Cols) ->
lists:map(fun(C) ->
multlrowlcol(R, C) end, Cols).

€ mult([RIRows], Cols) -> [ lists:map(fun(X) -> mult_prime(R, X) end, Cols) | mult(Rows, Cols)].
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Speedup Results
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= 24 core machine at Uni. Pisa
= AMD Opteron 6176. 800 Mhz Speedups for Matrix Multiplication

u 32GB RAM 94 | | —— Naive Parallel —

29 | | —— Farm —
20| | —=— Farm with Chunk 16 7

Chunking gives
more
improvements!




Conclusions
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= Functional programming makes it easy to introduce parallelism
= No side effects means any computation could be parallel
= millions of ultra-lightweight threads (sub micro-second)
= Matches pattern-based parallelism
" Much detail can be abstracted
= automatic mechanisms for granularity control, synchronisation etc

= Lots of problems can be avoided
= e.g. Freedom from Deadlock
= Parallel programs give the same results as sequential ones!

= But still not completely trivial!!
= Need to choose granularity carefully!
= e.g. thresholding
= May need to understand the execution model
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NO!
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* C++11 has lambda functions
= Java 8 will have lambda (closures)
= Apple uses closures in Grand Central Dispatch




" |ntegrated into Eclipse
= Supports full C++(11) standard
= Uses strongly hygienic components

= functional encapsulation (closures)




Performance of FastFlow C++ Library

= 5.5speedup on 12 cores , o
Speedups for Matrix Multiplication

Compared with 5.1
speedup from a -
hand-optimised :
version

—+— Refactored Version
—o— ff_matmul
L \ \ \ \ \ \

12 4 8 12 16 20 24
No. workers
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“Cost-Directed Refactoring for Parallel Erlang Programs”

Proc. 2013 International Symposium on High-level Parallel Programming and
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Proc. 2012 Trends in Functional Programming (TFP), St Andrews, UK, June 2012
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Industrial Connections

Mellanox Inc. Mellanox

TECHNOLOGIES

Erlang Solutions Ltd
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BAe SyStemS SOLUTIONS

>elex Galileo E’Z‘? s eua il

Biold GmbH, Stuttgart
Philips Healthcare =R

Software Competence Centre, Hagenberg
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THANK YOU !

http://www.paraphrase-ict.eu

http://www.project-advance.eu

@paraphrase_fp7
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