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Issues with scientific computing

A Data analysis in lowelevel language

A Highlevel dynamic programming

A Compromised speed; code optimization

A Enhance speed viaw-levellanguage

A Need to deal with > 1 computing languages




Why Julia

Mathe-
Fortran |/ Julia Pyvthon R Matlab | Octave ] JavaScript Go
matica
gee 4.8.1 0.2 2.7.3 3.0.2 F2o012a 2.6.4 3.0 V8 3.7.12.22 go1
£ib 0.28 0.91 30.37 411.36 1992.00 3211.81 £4.48 2.18 1.03
parse_int 5.03 1.80 13.395 59.40 1463.16 7109.85 29.54 2.43 4.73
quickaort 1.11 1.14 31.92 524.29 101.84 1132.04 35.74 3.51 1.2
mandel 0.26 0.85 14.19 106.97 £4.52 316.95 €.07 3.43 2.38
pi_sum 0.20 1.00 15.33 15.42 1.23 237.41 1.32 0.84 1.41
rand mat_stat 0.64 1.66 13.52 10.84 £.81 14.92 4.52 3.28 g.12
rand mat mul 0.94 1.01 J.41 3.98 1.10 J.41 1.14a 4,80 .51
Figure: benchmark times relative to C (smaller is better, C performance = 1.0).
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benchmark
@ rand_mat_mul
@ rand_mat_stat
® pi_sum
@ printfd
mandel
® quicksort
e fib
® parse_int



What Is Julia

Afree,

A opensource,

A library-friendly,

A multi-OSsupported,

A high-level

A high-performance

A dynamicprogramming language
A for technical computing




Download

julic

julia | source | downloads | docs | blog | community | teaching | publications | rss

Download and install Julia on various Operating Systems

Current version: v0.2-red

v0.2-rcd
Windows Self-Extracting Archive {.exe) 22-bit fig-bit
Mac OS X Package {(.dmg) 10,6 A4-bit 10.7+ fi4-bit
Ubuntu packages 22/ 64-bit
Source

GitHub




Extract / Install

[ 40% Extracting =B )
Elapzed time: 00.00:32 Total size: JEE MEB
R emaining time: 00:00:07 Speed: 9391 KB/
Files: ] Frocessed: 294 B
Compression ratio: Comprezsed size:

-

B ackground FPauze Cancel




Open Julia

F J .' J .'

bin et Git include libexec

|| ™ ™ ‘ ™
share echo.bat julia.bat LICEMEE.m prepare-juli

d a-erw.bat
Type: Windows Batch File
$ Size: 311 beytes
B+ Date rrodified: 11,/1152013 5:19 PRA
test-julia.ba

t



First Look at Julia

BN ChWindowshsstem32homd, exe

A fresh approach to technical computing
Documentation: http://docs.julialang.oryg
Type “"help<>" to list help topics

Uersion B.2 . 8-rcd (2013-11-11 18:47 UTGC>
Official http: -/ /julialang.org release
xB6_64—wbd—minguw32

0

o




Simple Arithmetic

C:\Windows\system32\cmd.exe

A fresh approach to technical computing
Documentation: http://docs. julialang.org
Type “help()” to list help topics

Uersion 0.2.0-rc2
VA W N D Commit (no branch)/b372a68 2013-10-26 02:06:56 UTC
I__/ x86_BY4-wBY-mingw32

julia> 1+1
2

julia> 10-3
T

julia> 10/3
3.3333333333333335

julia> 7 = 21
147

julia>




Assignment and Updating

C:\Windows\system32\cmd.exe
100




Comparisons

C:\Windows\system32\cmd.exe
julia> 188 >= 7

true

100

NaN

NaN == NaN

NaN > NaN

NaN < NaN

NaN *= Nai

isinf(NaN)




Typeles®r not

B CAWindowsysystem32homd.exe =nE= @

Julia> = = .G
B.5

Julialr 18x™3 + S5x™2 — _.3x +7

julia> Inf — 1886088
Inf

Julia> MaM + “Ehzan"'

julia» y = prandC5>

—element Arrayi{Float64.,.1%:
@._8505791

8439162

B.796221

8.69193138

B_4923163

Jjuldiac




Functions

BN ChWindowshsstem32homd, exe =nae @

julia>» x = .5

juliar 18x"3 + Gx™2 — _3x +7
7 .35

julia» function fFox>
18x"3 + 5x*2 — 3x + 7
end
f C(generic function with 1 method>

julia> FC.G2
7.35

Juliar F{x> ={y = 18x"3F + Sx"2 — .3 + 7; sqgrtiyd’
f Cgeneric function with 1 method>

julia> FC.250
2.677452147098858

julia> function fFix:-:-IntG4d>
18x"3 + 5x*2 — _3x + 7
end
f C(generic function with 2 methods)

Julia> = = FC_252
2. 677452147898858




Control Flow

BN Cohwindowshsystem3Ziomd. exe

julia» while i <= 18
printlndi>
i+=1
end

for i = 5:18
printlndi>

end

for i in [5.7.%21
printlndi>
end




Try Catch

B ChWindowshsstem32homd, exe === @

complexSgrtix) = try
sqrtix)

catch
sgqrticomplextx, B3>
end

complexSgrt Cgenerdic function with 1 method>

julia> complexSgqrt<?>

Julia? complexSgrt{—9>
B.8 + 3.8im

Julia» _




Multi-dimensional Arrays

BN Chvindows\system32iemd.exe o |=E

julia> const a = rand{lb)
16—element Array{Float64,1%:

B.558726

A.878534

A.388722

B.449838

B.589385%

B.9281167

A.275957

B.244173

A.9898273

A.568A031

B.855171

B.151738

A.874259

A.598113

A.8382319

A.245818

julia> const b = rand{lib)
16—element Array{Floatb4,1}:

A_725863

A_384934

A.745746

A.4300888

A.846716

a.g29179

A_353151

A_7?53284

A_551473

A.8438789

A.B695384

B.69321

A.75%36088

Aa_31829

A_61891

A.992535

julia> ¢ = rveshapefa,. 4.4>

4x4 Array{Floatb4,2>:

A.558726 B.589305 O0.988273 8.874257
A_87A534 M@A_981167 A.568031 A.598113
A_388722 @_275957 @.855191 A_@382319
A.449838 B.244173 0.151938 B8.2458138

julia> d = reshapelh, 4.4>

4x4 Array{Floatb4,2>:
A_725863 A_846916 A_551473 A_953608
A.304934 0.829179 ©B.8438709 0.31829
@.945946 ©.353151 ©.8695384 B.61891
A.430088 0.753204 B.69321 B.992535

gulia> dnufc’clr=(c’yd
4x4 Array{Floatb4,2}:

2_88796 A_882257 1.54984 3.84838
-1_.77836 -1.82843 -B.99M162 -3.67263
-B.233776 B.54227 A.48255 A.363

B.142819 B.620027 -B.585457 A.133433

gulia> _




L earn Julia in a few minutes

" i Learn julia in ¥ Minutes %

« C' [ learnxinyminutes.com/docs/julia/

Learn X in Y minutes

Where X=julia
Get the code learnjulia jl

Julia is a new homoiconic functional language focused on technical computing. While
having the full power of homoiconic macros, first-class functions, and low-level control,
Julia is as easy to learn and use as Python.

This is based on the current development version of Julia, as of October 18th, 2013.

# Single line comments start with a hash.

#t 1. Primitive Datatypes and Operators

# Everything in Julia is a expression.

# There are several basic types of numbers.
3 #=> 3 (Int64)

3.2 #=> 3.2 (Float64)

2 + 1im #== 2 + 1im (Complex{Int64})

2//3 #=> 2//3 (Rational{Int64})

# A1l of the normal infix operators are available.

1+18H8=>2
8 -1H#=>7
10 * 2 #=> 20

35 /5 #=> 7.0



Documentation

julia

Other formats : H
Julia Documentation
as PDF
as ePub © The Julia Manual
as zipped HTML o The Julia Standard Library
Translatlons o Available PE[C.kElgEE
HiE s

Portugués brasileiro

Espafol latino

Quick search



Julia Studio

Get the IDE

Julia Studio is available free for Mac, Windows, and Linux. To get started, just select the appropriate package
for your machine and follow the on-screen prompts.

Windows Mac Linux

For 32bit Win7+ For CSX 10.6 For Ubuntu 12.04+
For 64bit Win7+ For OSX 10.7+ Wersion 0.4.2

Yersion 042 Version 042




Julia Studio Install




Julia Studio Instal

-5. Setup EI@
Installing & bl

Please wait while Setup installs JuliaStudio on wour computer,
Installing

Unpacking C:\Program [ .. Jdio-0.4. 2\ julia-studiol juliahGit binygpgy . exe

BitRock Installer

+ Back Mexk =



First Look at Julia Studio

o Julia Studio = ER(S

File Edit Tools “Window Help

Documents
5. -
J &dd-in Express
J Any Video Converter
. Camtasia Studio
| Cyberlink
J Drop_box 18 Dec
. gegl-0.0
) GitHub
. hidownload

m

. Magic Briefcase
J My Digital Editions
My IML Studio Files

J My 585 Files
Mew folder Console
. Mokia Suite i
R Initializing package repo for the first time, hold on.
| Snagit
PSSIne INFO: Cloning METADATA from git://github.com/Julialang/METADATA.J1
;S t
man = julia>
| Rhistary

=) z0080cthitrm

ApproxFun -
Arduing |
ArgParse

ASCIPIots

DS

Benchrnark

BinDeps

BioSeq

Blocks

BloornFilters

Biplines

o M




Julia Studio Tutorials

S Juliz Studio - Tutorials *

- C | [ forio.com/juliaftutorials-list

2, Julia Studio ., Forio

Tutorials

Tutorials

Beginner

Intermediate

Advanced
These tutorials will help you to familiarize yourself with the Julia
Studio environment and the basics of the language.

Tutorial 1

Hello, World!
[ Difficulty: Rogiseacae

This tutori al will wialk you through creating a project in Julia Studio and have your write your first
prograr.

Start Tutorial

Tutorial 2




tistics Packages

DataArrays.jl Juia #2 3

Data structures that allow missing values

Julia Statistics DataFrames.l in d72 o
JuliaStats library for working with tabular data in Julia
julia-sta ooglegroups.com

Joined on Nov 09, 2012 TimeSeries.iI Juia s 3

Time series toolkit for Julia

DiStI’ibutiOf‘lS.j| Julia W2 g
A Julia package for probability distributions and associated functions

TimeModels.jl s 2 P2
Maodeling time series in Julia

MCMC.“ Juia W7 P
MCMC algarithms in Julia

GLM.j| Juia #r3z Ps

Generalized linear models in Julia

Stats.jl Julia #E D7

Basic statistics for Julia

LMLjl Juia #z Do

Linear models in Julia



Adding Packages

*. packages.jl - Julia Studio
File Edit Tools Window Help

datasets.jl
distributions.jl
hl gasoline.csv
hello.jl
packages.]l
plot2d.jl
regression.jl

Packages -
ApproxFun
Arduino
ArgParse
ASCIIPlots
AWS
Benchmark
BinDeps
BioSeq
Blocks
BloomFilters
BSplines

Update B+

Console

Pkg

Pkg.
Pkg.
Pkg.
Pkg.
Pkg.
Pkg.
Pkg.
Pkg.
Pkg.
Pkg.
Pkg.
Pkg.
Pkg.
Pkg.

Julia> packages

Cloning cache of Blocks from git://github.com/tanmaykm/Blocks.jl.git
Cloning cache of DataFrames from git://github.com/JuliaStats/DataFrz
Cloning cache of GZip from git://github.com/kmsquire/GZip.jl.git
Cloning cache of SortingRlgorithms from git://github.com/Julialang/s
Cloning cache of Stats from git://github.com/JuliaStats/Stats.jl.git

=10] x|

packages.j

.add ("DataFrames") =
add("Distributions™)
add ("TimeSeries™)
add ("TimeModels™)
add ("GLM")

add ("MixedModels")
add ("LM")
add("Stats")

add ("RobustsStats"™)
add ("MCMC")

add ("optim™)

add ("WHST")

add ("Cclustering™)
add ("REDatasets")
add ("Rif")

INFO:

INFO:

INFO:

INFO:

INFO:

INFO: Installing Blocks v0.0.0

INFCO: Installing DataFrames v0.3.16

INFO: Installing GZip v0.2.5

INFO: Installing SortingAlgorithms v0.0.1
IINE‘O: Installing Stats v0.2.8

O




Data Manipulation

%, dataEdit.jl - Julia Studio =10 x|
Fie Edit Tools Window Help

File System . S dataEdit.jl

codes

[

using DataFrames =

code.jl
dataEdit.jl
datasets.jl
distributions.jl
bl gasoline.csv
hello.jl

data = {"Numbers" => [1, 2, 3, 4, 5, 6, 71,
"LetterS" :} ["A"! "B"! "C"! "D"! "E"! " E‘"! "G'I] }

df = DataFrame (data)
println (df)

H packages.jl

« packages.jl.cr1968
. packages.jl.if1968
plot2d.jl
regression.jl

L Ve ' TC B S Y S 6

=

Console

-Tupae o | G e
ApproxFun ! g >
Arduino e ww
ArgParse ] C 3
ASCTIPIots .1 "D" 4
AWS g 5
it_an;r;mark ngn 6
In m n n
BioSeq G g
Blocks
BloomFitters b

BSplines juli v
m - Fiter




Data Manipulation

*, dataEdit.jl - Jukia Studio =10f x|
Fie Edit Tools Window Help

File System I e B X € dataEdit.jl

:

using DataFrames =

code.jl

dataEditjl
datasets.jl
distributions.jl

2h! gasoline.csv
hello.jl
packages.jl

= packages.jl.cr1968
o packages.jlif1968
plot2d.jl
regression.jl

data = {"Numbers" => [1, 2, 3, 4, 5, 6, 71,
"Letters" :} ["A", 'IB", "C", "D", "E", n E"I, "G"] }

df = DataFrame (data)
println (df)

[ Ve ' TS R R Y VR T N

=

Console vs 4 9 Reset

Packages ~ Update B+ X julia>(df["Numbers"]

ApproxFun -
Arduino

ArgParse

ASCIPlots

AWS

Benchmark

BinDeps

BioSeq

Blocks

BloomFifters —
BSplines v || julia> -

ED- Fitter 10| Search Results fPAlesl N ENE |

=l o o R




Data Manipulation

*, dataEdit.jl - Julia Studio
File Edit Tools Window Help

code.jl
datakdit.jl
datasets.jl
distributions.jl
ihl gasoline.csv

= hello.jl
packages.jl
. packages.jl.cr1968
« packages.jlif1968
plot2d.jl
=) regression.jl

Packages * Update H+ X
Arduino

ArgParse

ASCIIPlots

AWS

Benchmark

BinDeps

BioSeq

Blocks

BloomFilters

BSplines v

=10] x]
+ dataEdit. jl
1 using DataFrames =
2
3 data = {"Numbers" => [1, 2, 3, 4, 5, 6, 71,
4 "Lettersﬂ =>_ ["A"! "B"! "C"! "D"! "E"' n E‘"! "G"] }
5
] df = DataFrame (data)
i println (df)
a8
9
10

Console

vs 4 % Reset

ApproxFun -

df["Letters"

Nt Datahrrap/ASCIIString,1}:

julia> |

ﬂ P- Fiter

10| Search Results

2| Console| = |



Data Manipulation

~, dataEdit.jl - Julia Studio
Fle Edit Tools Window Help

File System

[# code.jl

= dataEdit.jl

| datasets.jl
distributions.jl

+hl gasoline.csv

7 hello.jl
packages.jl

« packages.jl.cr1968
o packages.jl.if1968
plot2d.jl
regression.jl

B+ X
ApproxFun -
Arduino

ArgParse

ASCIPlots

AWS

Benchmark

BinDeps

BioSeq

Blocks

BloomFitters

BSplines -

~ | Update

=10] %]
+ dataEdit. jl
1 using DataFrames =
2
3  data = {"Numbers" => [1, 2, 3, 4, 5, 6, 71,
4 "Lettersﬂ :} ["A"! "B"! "C"! "D"! "E"! n E‘", "G"] }
5
] df = DataFrame (data)
7 println (df)
a8
9
10

Console

df[1, "Numbers"] = 0

julia> df
T7x2 DataFrame:
Letters Numbers

[1,1 "R 0
[2!] IIB" 2
[3,1] ne 3
[4!] I'IDI'I 4
[5,1 "E" 5
[e,1] "E" 6
[7,1 "G" 7
julia> |

-

0 B

58l Search Results fFafel] =] SIMES |




Random Num

-, distributions.jl - Julia Studio

File Edit Tools Window Help
File System
codes

code.jl
dataEdit.jl

H datasets.jl
distributions.jl
“n gasoline.csv
helo.jl

plot2d.jl
regression.jl

Packages B
ApproxFun
Arduino
ArgParse
ASCIPlots
AWS
Benchmark
BinDeps
BioSeq
Blocks
BloomFitters
BSplines

Update

B+

X

ber G

_ o] x|
* 9 distributions.jl* :
1 using Distributions =
2
3 rand (Normal (1.0, 3.0), 10)
4 rand (Gecmetric(.4), 10)| —
5 rand (Bernoulli(.3), 10)
6 rand (Binomial (5, .3), 10) v

vs 4 % Reset

Console

julia> using Distributions

and (Normal (1.0, 3.0),
Array{Floaté64d,1}:

10)
10-eleme
1.85541
4.54052
4.09525
7.75645
.B857388
.417537
2.02528
1.78509
2.02163
2

ﬂ £~ Fiter

eneration



% Julia Studio
File Edit Tools

Describing Datestats

Window  Help

codejl

crossval jl
dataEdit,l
datasetsj|

distributions.jl
gasoline.csv

glerjl
hellojl
ackknife,jl
kfald,jl
knnjl
Irnedjl
optimize jl
packages.,jl
plot2djl
regression,|
tests,jl

Slicesampler
SMTPClient
Sodium

SortingAlgorithms
Soundex

S0Lite

Stats

StrPack

Sundials

0.216086
0.309075
0.402646
0.509711
0.615796
0.710816
0.815408
0.90367

a|]juliax
Summary Stats:
Mean:

Minimum:

1=t Quartile:
Median:

3rd Quartile:
Maximum:

juliax |

000000

juliayfdescribe (x)

510838

.002380

268980

-509711

m

T64815

-959945%

|| i
emEmeEms ]




DescribingOata

Stats

4 Julia Studio

File Edit Toaols

Window  Help
@ X €

(=[O s

bootjl
code,jl
crossval jl
dataEdit,jl
datasets,l
distributions,jl
gasoline.csv
f| glrnjl
hello,jl
Jjackknife jl
kfaldjl
knnjl
Irned,jl
optimize,jl
packages.jl
plot2d,jl
regression,jl

testsjl

SliceSampler
SMTPClient
Sodiurm
SortingAlgorithms
Soundex
S0Lite

Stats
StrPack
Sundials
WA

SyrmPy

julia
-0.00441.3 g 5535
juliz @

0.36639 5

“!!!!!!!!!I’

0.50092 5,

no
1000-eleme
0.483262
0.916914
0.776387
0.547473
0.369366
4]
4]
4]

av{Float64,1}:

-495421
126346
.322048

v |4

E P~ Filter

m

EmmmeEm.




% Julia Studio
File Edit Tools

DescribindOata:Stats

Window  Help

codes

bootjl
codejl
crossval jl
dataEdit,l
datasets,j|

& distributionsjl
gasoline.cswv
glrr,jl
hello,jl
Jjackknife.jl
kfald,jl
khnjl
Irmedjl

optimize jl
packages,jl
plot2djl
regression,j|

tests,jl

Slicesampler
SMTPClient
Sodiurn

SortingAlgorithms
Soundesx

SOLite

Stats

StrPack

Sundials

0.0545924
-0671415

1]

0.078969
0.0811056
0.109108
0.120507

0.90367

0.914022
0.923746
0.938271
0.94823

0.955348
0.965904
0.974782
0.984172
0.954034

0.0023902
0.26898
0.509711
0.764815
0

-99945%

0.T64815

m




Package Documentation

GitHub, Inc. [LS] | https://github.com/JuliaStats/Stats |l

GitHub This repository ~ @ Explore Features Enterprise Blog
JuliaStats / Stats.jl

Basic statistics for Julia

66 commits 1 branch 4 releases 11 contributors

E5 README.md

Stats. |l

Basic statistics functions for Julia

List of Functions

¢ acf(a, 1) : Compute the autocarrelation of an array & atlag(s) 1 .

e ccf(A, B, 1) @ Compute the crosscorrelation of array &4 and B atlag(s) 1 .

&  rrAe ocRazeman v wh o Carmmnte Snearman's ranls arder carralatinn hetvean - and

B run_tests|l Add intstats a maonth ago
_ ] ]



Plotting: ASCIIPlots

ASCIIPlots.jl

Generate basic plots in Julia as ASCIl art in the Julia REPL. This is based on code by Billou Bielour.

Mow we'llmake a lineplot anda scatterplot :

* pi * rand(3@)

y = sin(x) + 8.1 *# randn(38)

lineplotix, v)

julia> scatterplot(x, y, sym = '*')




Plotting: Winston



