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The Art of Computational Science

How to build a computational lab

2003-2009 Piet Hut and Jun Makino

EI 2[§§§ Deutsch Espa [l Erancais [talianc Mederlands T
What's New? o 2008, July 13: Grav—=Sim, a C++ port of an extended subset of ACS, by Mark Ridler. Questions?

Below vou can read our various hook volumes directly on the weh. If vou prefer to download a copy, vou can choose one of our ACS release versions, which also include the computer programs discussed in the
text. e are making all our ACS (Art of Computational Science) material available under the conditions of our ACS open source license. See the Wihat is MNew? page for a description of new developments, and
the FAQ page for answers to frequently asked guestions.

ACS: Intreduction

An ACSE Project: Mava, an Open Lab for Dense Stellar Svstems
The ACS Toolbox

The first ACS manuscript:  Moving Stars Around

Links to Literature and Related Projects

L

ACS: Introduction

Having access to the source code is one thing. Having access to the tacit knowledge that went into the process of writing the source code is quite something else. In
onr Manfesto halow we describe the nhilosonhy hehind the ACS initiative Briafls we want to oo hevond the notion of eren souree 1o tha much wider notion of onen
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Example: 2{KDATL—3>

for(i=0;i<n;i++){
for(j=i+1;j<n;j++){
x = alil;
y =aljl;

-
} O

alias analysis
loop normalization

doalli=0, n @
doall j=0, n-i-1

x = a(i); a.combination(2) do |x, y|
y = a(i+j+1); .
.. end

end

dependency analysis

pattern matching
2012/3/5 HERTA BB RET—HavT

end
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* High Performance Fortran
* Unified Parallel C

* Xcalable MP

* Fortress

* CUDA

* OpenCL

* etc.
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 GHC CUDA backend
* Haskell/repa

 Data Parallel Haskell

* Sca

* Cloj
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a (parallel object)
ure (software transactional memory)
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Java

CH++

PHP
Javascript
Python

c#

Perl

sqL

Ruby

Shell
Visual Basic
Assembly
Actionscript
Objective C
- Lisp
Delphi
Pasca
Scheme
Haskell
Tcl
Fortran
Ada

1]||||
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Lua
ColdFusion
Cobol
Erlang

D

Scala
Smalltalk
OCaml
Forth
Rexx

0.20 0.40 0.60 0.80 1.00
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« {£3REEE: Perl, Ruby, Python, PHP, ...
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Universal optimizing compiler does not exist

for Turing-complete language.
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Mops/sec

ENLBULEWLD ?

NAS Parallel Benchmarks [E%i#82011], SPEC CPU¢& D B LMABRE[;82011]
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ENLBULEWLD ?

NAS Parallel Benchmarks [E%i#82011], SPEC CPU¢& D B LMABRE[;82011]
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« BIORATL

— Soft Typing [R. Cartwright 91, M. Fagan 92]
— Type Annotation R.A. MacLachlan 92]
— Run-time Guardffff  [L.P. Deutsch 84, C. Chambers 89, 90]

« RITH&EL
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— T a1l [T. Lindholm 99, M. Paleczny 01]
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while ...
s = readline
eval(s)

end
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static VALUE
fix_plus(x, y)

VALUE x, vy;
{

if (FIXNUM_P(y)) {
long a, b, c;
VALUE r;

FIX2LONG(x) ;
FIX2LONG(y);
a+ b;

LONG2NUM(¢) ;

return r;

}
if (TYPE(y) == T_FLOAT) {

return rb_float_new((double)FIX2LONG(x) + RFLOAT(y)->value);
}

return rb_num_coerce_bin(x, y);
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static VALUE
ae_fix_bin(VALUE x, VALUE y)

{
VALUE r;

y = to_lat(y);
r = lat_new(LAT_SET);
if (lat_include(rb_cFixnum, y) || lat_include(rb_cBignum, y)) {
lat_set_add(r, rb_cFixnum);
lat_set_add(r, rb_cBignum);
}
if (lat_include(rb_cFloat, y))
lat_set_add(r, rb_cFloat);
if (lat_le(y, lat_set_new3(rb_cFixnum, rb_cBignum, rb_cFloat)))
return r;
NOT_IMPLEMENTED();
}
static VALUE
ae_fix_plus(VALUE x, VALUE y)

{

if (FIXNUM_P(x) && (FIXNUM_P(y) || TYPE(y) == T_FLOAT)) {

return fix_plus(x, y);

}

return ae_fix_bin(x, y);
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« XML
* YAML
* JSON

- 1
YAML.load(STDIN.read)
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module Readable
def self.included(klass)

def klass.read(1o0)
obj = 1o.read.deserialize
1f obj.class != self

raise "#{obj.class.to_s} is not what was expected: #{self.to_s}"

end
obj

end

ena-
end
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prog’ < empty list

sel f < initial self object

V'« initial variable table

while prog is not empty do
e <= prog. first
prog <= append(P(self.V.,e), prog.next)
Voia <= clone(V)

I'(self,V,e) OB KD A2 TOT S LR
| R BRI L HERNT

if ¢ was indeterminable then
prog’ < append(prog’.” guard(e)”)

Vo= Vo BRAT TR BEST A~ DR AL

else

prog’ < append(prog’, annotate(e))
end if
prog <= prog.next

end while
2012/3/5 IR R A EKERET—o a3y
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(programs) p
(variables) T

- W !l’ ?1

I
w

(expressions) r,e = ¢

€1.5 = €9

r.s(er, -+ . en)

r.s(e1, - ,e,) b . S e s A gy
Ayt—TN\w Y

€1; €9

if €1 then e9 else eg

while e1 do e9
create_object(e)
create_class()
define_function(e, s, b)
eval(e)
(blocks) bu= {lzg,- x| e}
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(values)

(functions)

(variable tables)
(function tables)
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fixed length integers

multi-precision integers

floating point numbers

strings

Cls;{F}

Obji{v,V'}
prim
b
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RIS RIEE

dynamic

e \

{Fiznum, Bignum} {F{ 0y, C{z : t}}

NN V4 ~. >

{(Fiznum}  {Bignum} {Array{Fiznum, Float}}  {C{0}} { C’{ x:th}

—\ % FUZCRY ([
unknown ;& 1|E gl'c,-: FEﬁ ;E %}E P
= &R 5 5 2 AT &I
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1% AR

I'.,V,e) =
I'_v,=)
I'(_V.$x) V[$z]
I'(self,V,z =€) let v=1I'(e) in V|z] «v; v
I'(self,V, e.s) = case ['(e) of
{Clsiy {My}, -} = My[s] v -
|otherwise = give up analysis
I'(self.V.e1.8 = ea) = case ['(e;) of
{CTsiy {M1}, -}
= Mj[s] < v;--- ;v
|otherwise = give up analysis
I'(self,V,r.s(eq,--- .en)) = case I'(r) of
le =
let v; = I'(eq) in

Via]

let v, = I'(en) in

call(e, V, lookup(c, 8),vy,--- ,vp)
|{f1 tt :f"l"."t} =

let v1 = I'(e1) in

let v, = I'(e,) in
let t = v call(ti, Vi,
lookup(t;, ). vy, -+ .1,) in
VeViv.. vVt
|otherwise = give up analysis
(Viis a clone of V')
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I'(self,V,if e; then ey else e5) = I'(eq);
let ¢t = I'(self,Vi,e2) v I'(self, Va, eq)
inV « Vp vVt
(Viis a clone of V')

I'(self. V., while ¢; do eg) = nil Vv (I'(eq); I"(ea) v I'(while €1 do e3))
I'(self.V, create_object(e)) = i(I'(e))

I'(self.V, create_class()) = Cls;{0}

I'(self,V,define_function(e, s,b)) = give up analysis

(if it is not placed in top-level scope)
I'(self.V, define_function(e, s, b)) = case I'(e) of

|Cls;{F} = F[s] + b;nil

|otherwise = give up analysis

I'(self,V, eval(e)) — pgive up analysis
Lookup(e, s) = let Cls;{F} =i(e) in F|[s]
Lookup(Cls;{F}, s) — F[s]

lookup(dynamie, _) = pgive up analysis
call(self, V. prim, vi,--- ,vn) = prim'(self,vi,--- ,vn)

call(self, V. b, v1,--- ,tp) = I'(self,VUzi:vyU---Up: tUn,€)
(b={lz1,--- ,znle})
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P(self,V.z = e) = 7x = P(e)”
P(self.V, e.s) = 7" P(e).s”
P(self,V,e1.s = eg) — 7e1.8s = P(eg)”  (I'(eq) is a constant)
P(self,V,e1.s = e9) — "P(ey).s =e9” (I'(e1) is non constant)
P(self,V r.s(e1, -+ ,en)) = expand(P(r), F[s],e1,-- ,en)

(f {CTs{ F, 4} = ()
P(self,V,if e; then eg else e3) = 7eries”  (if I'(eq) = true)
P(self,V,if e; then eg else e3) = 7eq;es”  (if I'(ey) = false)
P(self,V, while e; do e9) = 7 P(eq1);eg;while ¢ do e3”

(if I'(e1) = true)
P(self,V,while e1 do e9) = "nil” (if I'(e1) = false)
P(self.V, eval(e)) = ¢ (if e =I'(e) is a constant string)
expand(sel f, prim,e1, - ,en) = Tprim(self,er, -+, en)”
expand(self,b,eq, -+, ep) = Typ=e1; 0 s Yn = e efry = y)”

(b={|x1, -, xnle})
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Ruby Program ke =|_' 5T‘|

Analysis of Types and Bindings

¥

i Annotated AST i
: | |
| Method-Lookup Ellmination |
| — ' — Primitive Operation Inlining i
E Control-Flow Anal*_f,-sm Unboxing of Floating Point Numbers ||
: Dataflow Analysis Object Recycling :
'| Integer Interval Analysis Object Flattening !
i | - Loop Parallelization |
T T T enerate CommssTTIII T N; gemerate
Driver Ruby Program
L
GCC ..-:i-E:..d____---"--.- )

"« executs

Dynamic-link Library

Ruby 1.8 Interpreter
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% rubyc foo.rb [OPTION]

% lIs
Makefile extconf.rb foo.rb foo opt.c foo_opt.rb

foo_opt.so
% ruby foo_opt.rb
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 Method Lookup Elimination
* |Interval Analysis
* Primitive Operation Inlining

* Unboxing of Floating Point Numbers
* Object Recycling

* Object Flattening
e Auto Parallelization of Iteration
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Object Flattening

o RAMLIE=BENDIRITEEA
ETROIA) TV REEFE

J if aliasing test(body) then
d’ 6 b d 6 b body' + flatten(body)
computation using body’
- recover(body, body')

else
000 000

original version of computation
end if
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def internal_epot(bodies)
bodies.map{|b| b.external_epot(bodies)}.inject(&:+)/2.0

BRAER TEtER

end

#pragma omp parallel for reduction(+:t)
for(i=0;i<n;i++)
t =t + external_epot(b, bodies]i])
}
return t/2.0
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800
=¢-Rubyl.8
=f—Ruby1.9
700 r =y
== HPC Ruby -0O1
=>¢&=HPC Ruby -02
600
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' =@®-GCC-02
et GCC -03

Object FlatteningZiL

execution time (sec)
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Execution time (sec)
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* Object Flatteningz A9 5= IZLY
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