chanchan@schumann:~% julia

_ _ _{: A fresh approach to technical computing
_)

) _
{_)

|
{(_) | ( | Documentation: http://docs.julialang.org
_— . | Type "help()" te list help topics
0 I 1 I I I A
| 1 11 1 | ] (_l | | Versioenm 8.2.1 (2014-82-11 @6:30 UTC)
S L VR P VR
| __/f | xB6_64-Llinux-gnu

julia= println{“Week 1. Hello Julia‘nA Fast Dynamic Language for Technical Computing®)

Week 1. Hello Julia
A Fast Dynamic Language fTor Technical Computing

julia> Jj

BITEC

BioMedical Informatics Training and Education Center
MECHE RN KUY Rolst DR ERME




Technical computing
From Wikipedia, the free encyclopedia

This article has multiple issues. Flease (hide)
help improve it or discuss these issues on the talk
B page.

O « [his artide does not cite any references or
sources. (Aprf 20710}
« [his artide needs attention from an expert
on the subject. (Aprf 20710)

Technical computing is the application of the mathematical and computational principles
of scientific computing to solve practical problems of industrial interest. The distinction
between technical computing and scientific computing is similar to the distinction between
high-performance computing and high-performance technical computing. Technical
computing may involve the use of large-scale high-performance supercomputers, but in
most cases, the technical problerms may be solvable using modern laptops or small
Servers.

_!I This computing article is a stub. You can help Wikipedia by expanding it.

T

Categories: Supercomputing | Computing stubs

http://en.wikipedia.org/wiki/Technical_computing

Industries & solutions  Services  Products

Support & downloads

IBM Systems > Power Systems » Solutions =

computing solutions

Technical and high performance

Powerful solutions for large data and compute-intensive applications

IBM Power™ Systems high performance computing and technical computing performance
solutions deliver faster time to value with intuitive and powerful solutions for large data and
compute-intensive applications. Configured into highly scalable AIX® and Linux® clusters,
Power Systems offer extreme performance for demanding workloads such as computational
chemistry, petroleum reservoir modeling, weather forecasting, climate modeling, and analytics.

Featured offerings

s Blue Gene Q/ Express
i lf One of the fastest supercomputers in
the world, Blue Gene Q provides
ultrascale performance while delivering
efficiencies in power, cooling and floor-
space consumption. With a half rack
configuration, this leading technology is
an affordable option for users reguiring
big data management yet scalable as
requirements increase. Leam more.

http://www-03.ibm.com/systems/power/solutions/technical-computing/

¥ ...."LA lication Ready solution
I. 'Dn{sﬂu #nvl’!-ulplgsian v

Power scale-out solutions for

_-’ technical computing

IEM Power 730 or PowerLinux 7R2

integrated with IBM Technical
Computing software are tuned for
performance, seamless scalability, and
reliability and is an ideal platform for
processing and analyzing large jobs or
many, smaller jobs that can take
advantage of parallel computing on
clusters, grids or HPC clouds.

{itEeast o PowerlLinux big data analytics

L T T e O e



Why Julia?

Dynamic languages are extremely popular for numerical work:

» Matlab, R, NumPy/SciPy, Mathematica, etc.

» very simple to learn and easy to do research in

However, all have a “split language” approach:

» high-level dynamic language for scripting low-level operations

» C/C++/Fortran for implementing fast low-level operations
Libraries in C — no productivity boost for library writers

Forces vectorization — sometimes a scalar loop is just better

slide from 7? 2012

From http://brenocon.com/julia_intro/julia%20intro%20slides.pdf | Bezanson, Karpinski, Shah, Edelman




“Because We Are Greedy.”

“We want a language that’s open source, with a liberal license.
We want the speed of C
with the dynamism of Ruby.
We want a language that’s homoiconic,
with true macros like Lisp,
but with obvious, familiar mathematical notation like Matlab.
We want something as usable for general programming as Python,
as easy for statistics as R,
as natural for string processing as Perl,
as powerful for linear algebra as Matlab,
as good at gluing programs together as the shell.
Something that is dirt simple to learn,
yet keeps the most serious hackers happy.”

From http://julialang.org/images/nyhackr.pdf




Numeric programming environments

Core properties

Ecosystem

Dynamic

Stat libraries

Engr libraries

and math-y? Fast? PL quality? || Open-source | (viz, regu!fBayes, (opf:i mization,

regression...) signals...)

C/C++/ _ + + + _ _
Fortran/java

Matlab + - - - ~ +
Num/SciPy + - + + ~ ~
R + - — + ++ —

Julia + + ++ + underway underway

v

Matlab-style
syntax, REPL

/

Close to C speeds

\

Optional static types

Multiple dispatch
Lisp-style macros

From http://brenocon.com/julia_intro/julia%20intro%20slides.pdf




Why fast? => Julia's LLVM-based just-in-time(JIT) compiler

Languages that Google
has spent a zillion
dollars to make fast

Big 3 usual numeric languages

/|

/' \

Fortran | Julia | Python R Matlab | Octave Matl.le JavaScript Go
matica

gee 4.8.1 0.2 273 3.0.2 R2012a 3.6.4 8.0 V8 3.7.12.22 go1
fib .26 0.91 30.37 411.36 1992.00 3211.81 64.46 2.18 1.03
parse_int 5.03 1.60 13.95 59.40 1463.16 7109.85 29.54 2.43 4.79
quicksort 1.11 1.14 31.98 524.29 101.84 1132.04 35.74 3.51 1.25
mandel 0.86 0.85 14.19 106.97 64.58 316.95 6.07 3.49 2.36
pi_sum 0.80 1.00 16.33 15.42 1.29 237.41 1.32 0.84 1.41
rand_mat_stat .64 1.66 13.52 10.84 6.61 14.98 4.52 3.28 8.12
rand_mat_mul 0.96 1.01 3.41 3.98 1.10 3.41 1.16 14.60 8.51

Figure: benchmark times relative to C (smaller is better, C performance = 1.0).

H)‘;

10° g L
s 8 benchmark
2 @ rand_mat_mul
10 o . s °® © rand_mat_stat
° . o) pi. sum
m‘ - s 0 : : :::;Tl
e . a = 3 ° @ o : (;lllx)ic'kwn
¢ ® parse_int
1()“—2 . ! — ! .
o From http://brenocon.com/julia_intro/julia%20intro%20slides.pdf
-1
10
Julia Fortran Go  JavaScript Python Mathematica R Matlab  Octave




Highlights from the useR! 2012 conference

Alastair Sanderson

http://files.meetup.com/2906882/user2012_review.pdf

School of Physics & Astronomy, University of Birmingham, UK

2012-07-24

“What other languages should R users know

about?’

A special discussion session & ‘shootout” between 3 languages

. 4 o Dirk Eddelbuettel: C+4+
o Rcpp R package for easy interface to C++

@ Doug Bates: Julia

Research Projects e a very new language, somewhat like R, with some nice
capabilities (e.g. in parallel/distributed computing)

Ime4 - linear, generalized linear and nonlinear mixed models in R.
Matrix - classes and methods for sparse and dense matrices in R.

R - an Open Source implementation of the S language +] Ch rs FOHHGSbeCkZ P}’thDﬂ
Bioconductor - software for bicinformatics

e some very nice features, though limited stats capabilities



julia

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

Google Summer of Code 2014 accepted projects
o Libgit2 support and linear algebra for generie types
o Julia + Light Table
o LJulia Interactive Widgets
o 3D Visualization Package for Julia

Google Summer of Code 2014 application process for students

Julia has been accepted as a Google Summer of Code mentoring organization. The following are ideas for student summer
projects. To add or edit projects, please edit this page here through GitHub by making pull requests. When considering the
following projects, don’t be put off by the knowledge prerequisites — you don’t need to be an expert, and there is some

scope for research and learning within the GSoC period. However, familiarity with and interest in the subject area and

involved technologies will be helpful.

http://julialang.org/gsoc/2014/

1. Theme: Scalability of technical computing for big data applications

HLOo~Nowubhwh

Standardized dataset packaging

Simple persistent distributed storage

Provide access to CUTEst, the standard optimization test suite

PETSc integration for scalable technical computing

Native Julia solvers for ordinary differential equations

Native Julia implementations of iterative solvers for numerical linear algebra
Fixed-size arrays with SIMD support

Matrix functions

Native Julia implementations of massively parallel dense linear algebra routines
Native Julia implementations of massively parallel sparse linear algebra routines
Dynamic distributed execution for data parallel tasks in Julia

Parallel random number generation

Julia wrappers for high performance GPU programming

1.

2.

Improvements to base Julia functionality
LibGit2 support

ARM/Android support

Better error reporting

Documentation system

Autoformat tool

Syntax Checker

Base Julia Restructuring

NouhkwnhHE

Improvements to Julia interactivity and interoperability with
other applications

1. 2D Graphics Improvements

2. 3D Graphics




julia> printin("Hello Julia!")
Hello Julia!

julia> help(printin)

julia> print(1); print(" 2")

1 2

julia> function hello( name )
printin("Hello ", name)
end

hello (generic function with 1 method)

julia> hello("chanchan")
Hello chanchan

julia> quit() # EE= ctrl-D

printin() : 22 2 newline char &
print() : newline char & M&5}X| %3S

Hello Julia!

chanchan@schumann:~/Julia$ julia hello_julia,jl
Hello Julia!

1 2
Hello chanchan

julia> include("hello_julia jI")
Hello Julia

1 2
Hello chanchan

chanchan@schumann:~/Julia$ more args.jl
printin( ARGS[1], " ", ARGS[2] )

chanchan@schumann:~/Julia$ julia args.jl hello chanchan
hello chanchan

julia 2 ®M3 Rcs j| 2

ok

IgAtE e A

ctrl — | (el) : clear screen



H 0|EO0Z S8
1. 43 A HE0)
1. [A-Za-z] 2 A|Z&} EE= underscore £ A&t

2. Unicode Point 7} 00A0 0|z 9| EXI=

A|ZO] ==Xt EE= O|2F0f AR =7t
gr0l5s HrH2Z ME =7t

variables

julia> x = 1, y = -3.0; str_var = "Hello Julia”
"Hello Julia

"julia> 233N 2 = "Hello”
"Hello" Unicode =
K&

julia> StASIN 2
"Hello”

julia> else = 3
ERROR: syntax: unexpected else

Unicode UTF-8
code point character (dec.) name
U+0000 0 {control)
U+0001 1 {control)
U+0002 2 {(control)
I I+-NNN2 el ¢ rantral
U+001D 29 {control)
U+001E 30 {control)
U+001F 31 {control)
U+0020 32 SPACE
N U+0021 I 33 EXCLAMATION MARK
U+0022 " 34 QUOTATION MARK
U+0023 # 35 NUMBER SIGN
U+0024 $ 36 DOLLAR SIGN
U+0025 % 37 PERCENT SIGN
U+0026 & 38 AMPERSAND
U+0027 ! 39 APOSTROPHE
U+0028 ( 40 LEFT PARENTHESIS
U+0029 ) 41 RIGHT PARENTHESIS
U+002A * 42 ASTERISK
U+002B + 43 PLUS SIGN
U+002C 44 COMMA
v U+002D - 45 HYPHEN-MINUS
U+002E . 46 FULL STOP
U+002F / 47 SOLIDUS
U+0030 0 48 DIGIT ZERO
U+0031 1 49 DIGIT ONE
I +NN2> > ) NIGIT TWO




Type
Int8
Uint8
Intle
Uintle
Int32
Uint32
Inte4
Uinte4
Intl28
Uintl28
Bool

Char

Signed?

N/A

N/A

Type
Floatlé
Float32

Float64

8
8
16
16
32
32
64
64
128

128

32

Basic Type

Integer/Floating Number, bool and char

Number of bits

Precision
half
single

double

Smallest value

false (0)

r\ar

Number of bits
16
32

64

Largest value
27"7-1
278-1
2”15-1
2716 -1
2731-1
2732 -1
263 -1
2764 -1
2"127-1
27128 -1
true (1)

"NUffffffff’

julia> a = 33
julia> typeof(a)
Into4

julia> b = 3.0
3.0

julia> typeof(b)
Float64

julia> typeof(true)
Bool

julia> typeof('c’)
Char

julia> typeof("String")
ASCIIString (constructor with 1 method)




Type conversion, promotion

julia> int64(1.3)
1

julia> int64('a")
97

julia> int64(2.07300)
ERROR: InexactError()
in int64 at int,jl:479

julia> float64(1)
1.0

julia> bool(-1)
true

julia> bool(0)
false

julia> char(89.7)
7

julia> string(true)
"true”

julia> convert(Int64, 1.0)
1

julia> promote(true, 'c', 1.0)
(1.0,99.0,1.0)

julia> promote(4, 'a’, 2+3im)
(4 + 0im,97 + 0im,2 + 3im)

julia> isa(1, Float64)
false

julia> isa(1.0, Float64)
true

« General conversion
Convert(Int64, 1.0)
Convert float to integer

« Automatic promotion
Promotion — the values are
converted a “greater” type

BE input value £ 3 & ¢
A= otLte| typeL 2 Het

2+ 3im => B

julia> promote(4, 'a’, 2+3im, "string")
(4,'a',2 + 3im,"string") => string type& promote T|X| %2




julia> 4
4

julia> 4.2
4.2

julia> 2 + 3im<
2 + 3im

Complex type

julia> 4//6
2//3

Rational Number
- to represent
exact ratios of integers

julia> 1 + 1
2

julia> 8 - 1

7

julia> 10 * 2
20

julia> 35 /5

7.0 <
julia> 5/ 2

Int / Int = Float
In Julia

2.5

julia> 4/2
2.0

Operators
% |
julia> 5 W 35 SIS
7.0
julia> 273
8 Not 2**3
julia> 12%10
2
julia> true
true ﬁ Boolean type
julia> false
false

julia> true && false
False

julia> true || false <
True

AND, OR,
NOT

julia> !true || false
false

julia> 1 ==
true

julia> 2 ==
false

julia> 11=1
false

julia> 21=1
true

julia> 1 < 10
true

julia> 1 > 10
false

julia> 2 <=2
true

julia> 2 >= 2
true

true
julia> 2 <3 <1
false

julia> 1<2<3ﬁ

Comparisons can
be chained




Characters and Strings

julia> 'a' julia> a=2; b=3

|a| 3 .

julia> "a" julia> "2 + $b = $(a+b)" String

g "2 +3 =75" Interpolation

o L julia> @printf "%d + %d = %d" a b a+b

julia> "string 24+3=5

"string" .

julia> 'string’ julia> "Hello " * "Julia" ﬁ String

ERROR: syntax: invalid character literal "Hello Julia" concatenation

, — julia> "Hello" ~ 3 |
Character = single quote ' £ E % "HelloHelloHello" cesent Stri
String 2 double quote " £ &3 epeat String
julia> '#'3
juli " Ia" 42875
_J'Lljlllla> Hello Julia [1] julia> "#"/\3j '#'N3 O'"A-I ‘#' = ascil Z)I\-OI_I
- 352 Q14 &

julia> "Hello Julia"[1:2] it

"He’ ) — $ : String interpolation

Julia> "Hello Julia"7zend] Double quote 9Hof Gl 2HZ #142 214 AlZ

String 2 character 2| array @92 7tFst £ 912 @ : macro
Julia = Index 7} 1 BLE{ A|ZH Julia Off LHAE|O] = macro EE= 2|8 BEE/AFEXt

[]1 Q0] end & array Of OFX|9} QIHAZ o|n| Macro= Al34



String functions

( http://julia.readthedocs.org/en/latest/stdlib/base/#strings )

julia> hello_string = "Hello Julia¥n"
"Hello Julia¥¢n"

julia> length(hello_string)
12

julia> search(hello_string, "Julia")
/711

julia> replace(hello_string, "Hello", "Hi")
"Hi Julia¥n"

julia> contains( hello_string, "Hello" )
true

julia> beginswith(hello_string, "Hello")

endswith()

true

julia> uppercase( hello_string )
"HELLO JULIA"

lowercase()

julia> hello_string = strip(hello_string)
"Hello Julia”

rstrip(), Istrip()

julia> split(hello_string, " ")

2-element Array{String,1}:
"Hello"
"Julia"

julia> split_hello = split(hello_string, " ")
2-element Array{String,1}:
"Hello"

"Julia"

julia> split_hello[1]
"Hello"

julia> split_hello[2]
"Julia"



http://julia.readthedocs.org/en/latest/stdlib/base/#strings

Regular expression

r'string” => string = Regex Type O] &
julia> regexp_test = "Hello Python 2013, Hello Julia 2014"

"Hello Python 2013, Hello Julia 2014" Flags

. |2 CHAE2AF 22 SfX| =2
julia> m = match( r"(Wd+)", regexp_test ) | - ignorecase Tf F == SHX| ®
O]

RegexMatch("2013", 1="2013" . N
J ( ) J O§& =l o & ?: m : multilines AEZ2lS ogl oz = EXtdz x2
julia> m.captures captures = & A SLSTF AR ThssHE

1-element Array{Union(Nothing,SubString{UTF8String}),1}:
"2013" s :singleline 2= EXAEZ single line 2 & F &
= ' & Wn At 01ESHA &

julia> m = matchall( r"(Wd+)", regexp_test )

2-element Array{SubString{UTF8String},1}: julia> regexp_test = "Hello Python 2013, Hello Julia 2014WnJulia is fast"
013" "Hello Python 2013, Hello Julia 2014%WnJulia is fast"
"2014" matchall = A&35tH - WA LA

DHXIEI A7} julia> m = match( r"*Julia", regexp_test )
julia> m[1] O|AE SEfZ HiStE . .
013" julia> m = match( r"*Julia"m, regexp_test )

RegexMatch("Julia")

julia> m[2] L e
"014" julia> m = match( r"/julia"mi, regexp_test )

RegexMatch("Julia")

julia> m = match( r"Julia"s, regexp_test )
RegexMatch("Julia")




julia> a = {}
0-element Array{Any,1}

julia> a = Int64]{]
0-element Array{Int64,1}

julia> b = [4, 5, 6]

3-element Array{Int64,1}.

4
5
6

julia> b = Int64[4, 5, 6]

3-element Array{Int64,1}:

4
5
6

julia> matrix = [1 2 3; 4 5 6]
2x3 Array{Inte4,2}, "~

123
4 56

TypeO| ‘Any’ Ol
1-D array

array

0-element
Int64 1-D array

Implicit assertion

< Explicit assertion

2-dim array

Space separated value
; separated row

julia> pushl(a, 1)
julia> pushl(a, 2)
julia> pushl(a, 3)
julia> pushl(a, 4)

4-element Array{Int64,1}:

1
2
3
4

julia> pop!(a)
4
julia> a

3-element Array{Int64,1}:

1
2
3

julia> shift!(a)

1

julia> unshift!(a, 8)

3-element Array{Int64,1}:

8
2
3

<

Input argument 9] 7FO|

3L o+

(O| = Julia 0| A &

™ FHA T E 'Y

= ME Al HEAE )

julia> arr =[5, 4, 6]
3-element Array{Int64,1}.
5
4
6

julia> sort(arr)
julia> sort!(arr)

2t

sort() = arrQ| ¢f= ’SEE" = di=t
W”* arr XAHM| & §2E o=
HFX| =S

sortl() = arre| 7r= HEE= 4o =2




Julia 0= list 2t type O ZX} 51x] &S List, Tuple

CHAl Type O] AnyQ! 1-D Array £ At
A=Any[] E= A = {)

Tuples are immutable!
s e == AKX LE #HE =71

julia> a = Any][]
0-element Array{Any,1}
julia> a = {}
0-element Array{Any,1}
julia> A = [1, "Julia", "Hello"]
3-element Array{Any,1}:

1

"Julia"

"Hello"

3-element Array{ASCIIString,1}:
"Hello"

"Julia"
"2014"

julia> append!( string_list, ["Summer"])

concatenation

julia> join( string_list, "-")
"Hello-Julia-2014"

Check julia> in( "Julia", string_list)
existence true

julia> string_list = [ "Hello", "Julia", "2014" ]

julia> tup = (1, 2, 3)

(1,2,3)

julia> tup[2]

2

julia> tup[3] = 10

ERROR: no method
setindex!((Int64,Int64,Int64),Int64,Int64)

# unpack tuples into variables
julia> a, b, c = (4,5, 6)
(4,5,6)

julia> printin( a, b, ¢)
456

julia> (1,) ==1
False
julia> (1) ==1

True
(1,) 2 tuple O] X| Tt
julia> typeof( (1,)) 12 8+

(Int64,)
julia> typeof( (1) )
Int64




Dictionary

Dictionary Type ( associative collections )
D = [ "keyl” => "valuel”, "key2" => "value2”, .... ]

julia> empty_dict = Dict()
Dict{Any,Any}()

julia> filled_dict = ["one"=> 1, "two"=> 2, "three"=> 3]

["three"=>3,"one"=>1,"two"=>2]
julia> filled_dict["one"]

1

julia> keys(filled_dict)

julia> values(filled_dict)

julia> haskey(filled_dict, "one")
true

julia> filled_dict["four"] = 4
4
julia> filled_dict

julia> help(keys)

julia> haskey(filled_dict, 1)
false

julia> get( filled_dict, "one", 4)
1

julia> get( filled_dict, "four", 4)

4

filled_dict 0ff “one"0|2H= julia> for k in sorted_keys
key 7} 9lom printin(k)
filled_dict["one”] gtS gtk || end
gio H 42 HI3} our
— = = =1
three ATA Y

two

Dictionary Type
=AU ZE HYE X

oo |
L O -

—

["three"=>3,"one"=>1,"four"=>4,"two"=>2]

julia> sorted_keys = sort( keys(filled_dict) )
ERROR: no method sort(Keylterator{Dict{ASCIIString,Int64}},)

julia> sorted_keys = sort( collect( keys( filled_dict) ) )




Conditions, Loops

julia> some_value = 5
julia> if some_value > 10
printin(" greater 10 ")
elseif 6 <= some_value <= 10
printin(" between 6 and 10 ")

else
printin( " less equal 5" )
end
Statements 2 end 2 B4
less equal 5

julia> 1==2 7 "A": "B" | Ternary operator
IIBII

julia> foriin 1:10
print(i, " ")
end
12345678910
julia> for animal in ["dog", "cat", "mouse"]
printin("$animal is a mammal")
end
dog is a mammal
cat is a mammal
mouse is a mammal

julia> animal = [ "dog"=>"mammal
"mouse"=>"mammal" ]

["cat"=>"mammal","mouse"=>"mammal

julia> for a in animal
printin( "$(a[1]) is $(a[2])" )
end
cat is mammal
mouse is mammal
dog is mammal

julia> for (key, value) in animal
printIn("$key is $value")
end
cat is mammal
mouse is mammal
dog is mammal

julia> x = 0

julia> while x < 3

printin(x)
X +=1
end

cat"=>"mammal",

dog"=>"mammal"]




Comprehensions

Syxtax

A = [ F(xy,...) for x=rx, y=ry, ... ]

julia> [xA2 for x in 1:3]
3-element Array{Int64,1}:
1
4
9

julia> [ length(x) for x in ["Dog", "Cat", "horse"] ]
3-element Array{Int64,1}:

3

3

5

Without comprehensions

julia> for x in 2:9

foryin 1:9

@printf "%2d " x*y
end
printin()
end

4 6 8101214 16 18
6 9121518 21 24 27
8 12 16 20 24 28 32 36
0 15 20 25 30 35 40 45
2 18 24 30 36 42 48 54
4 21 28 3542 49 56 63

2
3
4
5
6
7/
816 24 32 40 48 56 64/~
9

1
1
1
1
1

julia> A = [ x*y for x in 2.9, y in 1.9 ]
8x9 Array{Int64,2}:

4 6 8 10 12 14 16 18

6 9 12 15 18 21 24 27
8 12 16 20 24 28 32 36
10 15 20 25 30 35 40 45
12 18 24 30 36 42 48 54
14 21 28 35 42 49 56 63
16 24 32 40 48 56 64 /2
18 27 36 45 54 63 72 81

Ooo~NOoOUuUulT D WwWN

3 27 36 45 54 63 72 With comprehensions

Comprehensions Z1}= Arrayg] !
[}2t Al huge data & comprehension ©
E N5t A2 Fo7t Ha



Functions (1/2)

julia> function f(x, y)

er)m(d+ Y return 20| Q1S Al
- OFK|OF =0l A . 5|
julia> f(2, 3) 7[2|—|H+§01| 1 evaluation &l
5 HAE ol
julia> f(x, y) = x + y| Function assignment form
julia> (2, 3)
5

julia> function g(xy)
return 2x *y

X + y O o ~llC (=)
end return 125 L ST S
ZA| B
julia> g(2, 3)
12
julia> function foo(a, b)
a+b, a*b —
end o] 7He| ¢t2 2|E 5}

julia> foo(2, 3)

(5,6)

julia> a, b = foo(2, 3)

o2l 7ie| ¢t= 40| B[E &=

ofLto| tupleO| HO|l = A Y

2 2RI AR

—

(5,6)

julia> printin("$a $b")
56

julia> bar(a, b, x...) = (a, b, x) <

julia> bar(1, 2)

(1,2,0)

Varargs Functions

Arbitrary number of arguments
x.. (A3 7o 371 = 28
X... = tuple type 22 M E

julia> bar(1, 2, 3)
(1,2,(3))

julia> bar(1, 2, 3, 4)
(1,2,(3,4))

julia> bar(l, 2, 3, 4, "A")
(1,2,(34,"A%)




Operators are functions !

julia> !
I (generic function with 3 methods)

julia> 1+ 2+ 3
6

julia> +(1, 2, 3)
6

julia> h = +
+ (generic function with 92 methods)

julia> h(1, 2, 3)
6

Functions (2/2)

julia> function create_adder(x)
function adder(y)
return x+y
end
return adder
end

julia> a = create_adder(10)
adder (generic function with 1 method)

julia> a(2)
12

Functions in Julia are first-class objects

1. they can be assigned to variables, called using the standard function
call syntax from the variable they have been assigned to.

2. They can be used as arguments, and they can be returned as values.
3. They can also be created anonymously, without being given a name




Optional/Keyword Arguments in Functions

julia> function decorate_name( name, c="#', rep=6)
printin( string(c)*rep )
printin( name )
end
decorate_name (generic function with 3 methods)

Jjulia> decorate_name("chanchan")
HHHHHH

chanchan

julia> decorate_name("chanchan", '-', 12)

Chanchan

julia> decorate_name("chanchan", 8, '*')
888888888888888888888888888888888888888888

chanchan \

Julia> decorate_name("chanchan", rep=8, c="*")
ERROR: function decorate_name does not accept
keyword arguments

1. Default option value £ AtE5t= QXS
2. Optional argument = ZHdoE = A7} 3Rl

N\

= 02| 92

julia> function decorate_name2( name; c="#', rep=6)
printIn( string(c)*rep )
printin( name )
end
decorate_name2 (generic function with 1 method)

julia> decorate_name2("chanchan", rep=8, c="*')

kkhkkkkkk

chanchan

1. Argument 2| 7{j=7} BtOIX|= AL optional argument

Ol M2t 20| JAS ofH =A0 2|EHO0| F| B2
AFESH7| 02 O RS

2. ; 50l keyword argument ( key=value &4l ) o2 M

string('8' )N © 2 X 2| k|1
*" = ascii 0| 42 o|B 2
* X7} 428 ghEE|0] £



Anonymous Functions

Create function anonymously, without
being given a name

Block Syntax for Function Arguments

julia> x -> x"2 + 2x + 1
(anonymous function)

julia> map(x -> x"2 +2x + 1, [1, 2, 3, 4] )
4-element Array{Int64,1}:

4 [1, 2,3, 4] &4 &=
9 Anonymous function
16 o 22t Mg

25

julia> reduce( +, [4, 9, 16, 25] )
54 g N

(1,2 3,41 & &=
+ operator 88 = 2 &

julia> mapreduce(x->x22 +2x +1, +, [1,2,3,4])
54
=>4+ 9+ 16 + 25

julia> map(x->begin

if x < 0 && iseven(x) AZSHY end2 EH

return 0
elseif x ==
return 1
else
return x
end
end,
[11, -12, O, 14])
4-element Array{Int64,1}:
11
0
1
14

Z Block 2 begin 2=

N

Map 1} Reduce &
ot Ho!

do syntax

map( [1, 2, 3, 4] ) do x

julia> map([11, -12, 0, 14]) do x
if x < 0 && iseven(x)
return O
elseif x ==
return 1
else
return x
end
end
4-element Array{Int64,1}.
11
0
1
14




File I/O ( read )

julia> fp = open("test.txt", "r")
IOStream(<file test.txt>)

julia> readall(fp)
"IdIWtIWE3WnId2Wt2. 2\t 5Wnid 3Wt3.2Wt4.4¢%n"

julia> close(fp)

julia> fp = open("test.txt", "r")
IOStream(<file test.txt>)

j3u “e"?gmr:g?&r;f;(f&n 1 pwd() : ®1 X} working directory ==
- ywany, Ly “di " - ' ir B~
WL 3 cd(“directory/”) : working dir 4
"id2WH2. 2WH5Wn"
"id3Wt3.2Wt4.4%n"

chanchan@schumann:~/Julia$ cat test.txt

julia> close(fp) id1 1 3
id2 2.2 5
id3 3.2 4.4

readall(fp) : LY Q| B E L EZ string 22 HZ

readlines(fp) : It O| L2 newline EFR|E 0] array Off X%
readline(fp) : 2 2}Ql CHYE AS

eachline(fp) : IS 22l EHIE 10 iterator & Ht=t

fp = readcsv(“filename”, “r") : csv LY 2 AHF

julia> fp = open("test.txt", "r")
IOStream(<file test.txt>)

julia> readline(fp)
"id1Wt1Wt3Wn"
julia> readline(fp)
"id2Wt2. 2\t 5Wn"
julia> readline(fp)
"id3Wt3.2Wt4.4%n"
julia> readline(fp)

julia> close(fp)

julia> fp = open("test.txt", "r")
IOStream(<file test.txt>)

julia> for line in eachline(fp)
printin( strip(line) )

end
id1l 1 3
id2 2.2 5
id3 3.2 4.4

julia> close(fp)




File I/O ( write )

fout = open("out.txt", "w")

open("test.txt", "r") do f
for line in eachline(f)
line = strip(line)
split_value = split( line, "Wt")
id = split_value[1]

vall = float( split_value[2] )
val2 = float( split_value[3] ) 4
printin(fout, id, "Wt", vall*val2) printin &+2=0| & BiRY QIX}

end 2 file handler X &t

end

close(fout)

write( filename ) : binary QEj= X%
writedIm( filename, array, delim ) : array 4= delim QX0 X|™Hot 12 XIS AFESHY K&

writecsv( filename, array) : array & csv Ot ZE X5



