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What's the big deal about julia?
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Figure: benchmark times relative to C (smaller is better, C performance = 1.0).




What's the big deal about julia?
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A simple example

function rrange(A, l::Integer; p::Integer=0, basis=_->qr(_)[1])

end

pz0@ || error()

n = size(A, 2)

0 = randn(n,l+p)
Y = Ax()

Q = basis(Y)

p==0 ? Q : Q[:,1:1]

Algorithm 4.2 computes an orthonormal matrix Q such that

I -QQ) Al <e (42)

holds with probability > (1 — min(m, n)10™")

e=V(eps())

Q=rrange(A,k,€)

E=norm( (I-Q*Q")*A)

println(E, E<e?" = "3"> ", ¢) #(4.2)




What's the big deal aboutjuﬁﬁ?

It bridges the divide between computer science
and computational science




Take home message

Types helps users express scientific computations
and helps the compiler specialize code for performance




OOP with elasses multi-methods
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Multi-methods for linear algebra

What can | _do with/to a thing?

compute "-f'1':"_f’"'r~_il_ll"ff-f.
eigvals sMatrix
eigfact 223
SymTridiagonal
“moute singular values: A
svdvals A
e s | ‘Bidiagonal
svdfact
eneric
g_mction methods objects

Methods can take advantage of special matrix structures




wwnich eigvals(rand(5,3))

eigvals(T/(A: :Unfon(SubArray{T,2,A<:DenseArray(T,N},I<:
(Union(Range{Int64},Int64)...,)},DenseArray{T,2})) at | nalg/ fator sation. 0l 504

awhich eigvals(UpperTriangular(rand(5,5,))
eipvals(A: :Base.LinAlg.AbstractTriangular{T,S<:AbstractArray{T,2}}) at L nalg triangular | L1882

awhich eigvals(SymTridiagonal(rand(5), rand(4)))
efgvals{T}(A::Base.LinAlg.SymTridiagonal{T}) at Linslg/triciog. 7' 106

g3 =igvelal(T<i8lasReal HA:Symimdingoiel 1)) = LAPACK .38ew | ('Y . A.dv, Aev)lll
siavell{THAL: SyeTridiugonal{T}) « (5 « promote tybo(Float3Z, typeci{mmro(T]/mo~s(cne(T))) ). -sigvals|is (= T ! coowsrt(SyaTridiagon

Functioe afupd (| Job cChu | dv-MectonfSalty), wv. Vettoriselgy))
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So how does this help us with linear algebra?

Multi-method dispatch with generic fallbacks

Matrix operations on general rings textbook algorithm
tn 132]: §y = 8 . - N
H = Rational{Bigint}[1//(i+i-1) for i=1:N, J=1:N] =y .

Guri32i: Bx8 Array|RationaliBiglnt},2}:
M/ 1//2 1//3 Lf/4  L//S5 16 AT 1[/B
1//2 1//3 1//a 1//5 1//86 1//7 1//8 1//9
1//3 1//4 14/5  1//6  L4/T Af/8  Lf[9 1//1@
1//4 1//5 1//86 1//7 1//8 1//9 1//718 L//11
i//s 1//e Af/7 1//8 1) /9  Afjfie A//Ly 1//12
1v//6 1/))7 1//8 1}/8 1//1e A//11 t))1z2 1)/13
1//7 1/)8 y//a  if/1e 1//11 LAf/12 1//13 1s/14
1//8 1//9 1//18 11//1) 1//f12 L//13 1//14 1//15

in 13813 Wf = FloatBa|1//(1+)-1) for i=L:N, j=11N|;
in 15812 parm(inv(Hf) - Float64(float(inv(H))))
Ourie8i: 4117.6643671248577

tn 146): sy o inviH)

Qucl48]: dnv(a::Arrey{T,2}) at linalz/doasse 11:394

In 1513 iek Lufact(H)

DutIEIE: Wface{T/(A: :AbstractArray(T,2}! at Linalellu 1li6s -




So how does this help us with linear algebra?

Multi-method dispatch with generic fallbacks

Matrix operations on general rings

In [1]:

In [5]):

Qut[51:

In [6]):

Qutl6]:

using Quaternions

N=5
A=fill(Quaternion([rand(1:10)//rand(1:100) for i=1:4]...), 4, 4)

4x4 Array{Quaternion{Rational{Int64}},2}:

2//33 + 8//29im + 7//80jm + 4//39%m . 2//33 + 8//29%9im + 7//80jm + 4//39%m
2//33 + 8//29im + 7//80jm + 4//39km 2//33 + 8//29im + 7//80jm + 4//39km
2//33 + 8//29im + 7//80jm + 4//39%m 2//33 + 8//29im + 7//80jm + 4//39m
2//33 + 8//29im + 7//80jm + 4//39km 2//33 + 8//29im + 7//80jm + 4//39km
lufact(A)

LU{Quaternion{Rational{Int64}},Array{Quaternion{Rational{Int64}},2}}(4x4 Array{Quate
rnion{Rational{Int64}},2}:

2//33 + 8//29im + 7//80jm + 4//3%m . 2//33 + 8//29im + 7//80jm + 4//39km
1//1 + 0//1im + @//1jm + ©//1Kkm @//1 + ©//1im + @//1jm + @//1lkm
1//1 + 8//1im + ©//1jm + ©//1km ®//1 + ©//1im + 0//1jm + ©//1km
1//1 + 8//1im + @//1jm + ©//1km e//1 + ©//1im + 0//1jm + ©//1km,

[1,2,3,4],2)




Native parallelism constructs

import Base: fetch, length

fetch(t::Vector) = map(fetch, t) #vecrorize Ferch

|

¥Oeafine elementary operatians an remote data
length(rl::RemoteRef)=length(fetch(rl))
*{rlr:RemoteRef,r2::RemoteRef)=uzpawnar r2.where fetch(rl)+fetch(r2)
¢{rl::RenoteRef,r2::RemoteRef)=dspawiat r2.where fetch(rl)-fetch(r2)

function prefixi(y..=)

1=lengthiy)

k=int{ceil({log2(1l}))})

winbounds for 'j.:l:k' ‘i:lnj::aj;-'iﬂtl' zlk] Fridduce”
ylil=y[i-24(j-1)].*y[i]

end

@innounds for j=(k-1):-111, 1=3«24(4-1)12*jmin(l, 2*k) F"broadcasr’
ylil=yl{i-24(j-1) ] =y{1]

end

¥
end

Ourizl: prefix! (generic function with L method)




JuMP: a domain specific language

#Solve 3 simple knapsack problem:

# max sum(p_J x_.J) S.T. sum(w_)] x_J) = ¢
profit = IS5, 3, 2, 7, 41

weight = [2, 8, 4, 2, 5]

capacity = 18

using JuMP

m = Model()

@de fvar(m, x[1:5], Bin)

@serObjective(m, Max, profit x) #Maximize profit
daddCon=traint(m, weight - x < capacity) #Carry all

status = solve(m) #Fuse MIP solver

println("Toral profit 1s: ", getObjectiveValue(m))
println("Salution is:")
for i = 1:5

print("x[§i] = ", getValue(x[i]))

println(", pl$il/w[sil = ", profit[i]/weight[i])
end

Total profit is: 16.0
Solution is:

x[1] = 1.0, p[1]/w[1l] = 2.5
x[2] = 0.0, p[2]/w[2] = 0.375
x[3] = 0.0, p(3]1/w[3] = 0.5
x[4] = 1.0, pl[4]/w[4] = 3.5
x[5] = 1.0, p[5]/w[5] = 0.8

@in Dunning  Miles Lubin

MIT
Cperatuons Researcn



~ JUpyter simeie raraties vemo Ip[y]: IPython

interactive Compating
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Estimating n using Monte Carlo ’ ~
jupyter
A circle of radius 1 and area & can be inscribed in a square with v
sides of length 2. If we pick points at random inside the square, the L)

probability that any given point lies in the circle is

[L2VT=3Tdx g«

2 q
In 3l n = lm
xs= convert(Array, Gpsralliel [1-2rand() for i=1lin])
ys= convert{Array, Gparallel [1-2rand{) fer i=1:n])
incircle = convert(Vector{Bool)}, #parallel [xa[1]22 » ys[i]*2 <« 1 far 1=1l:in])
n = d4sum(incircle)/n
WY 3,168

T using Gadfly
plot(layer(x=xs, y=ys, color=incircle, Geom.point,
Theme (default_point_size =0.4mm, highlight_width=8px)),
layer(x=map{cos, 9:8.1:2n), y-map({sin, 810.1:2n), Geom.line(preserve_order=true)),
Guide.title("n = $n"), Coord.Cartesian(aspect_ratio=l))

Bt idad

n=5148
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The Julia community is doing amazing things.

We want you in on it!

TJ[e] & ©

[Julia Console Google Drive Sync & Share
Create Julia Notebooks Use in-browser terminal Collaborate with others. Setup folders to sync with
and share them. cmulator to fully control Sync notebooks and data remote git repositones.

your Docker instance. via Google Dnive.



In summary.

Types helps users express scientific computations
and helps the compiler specialize code for performance

Other advanced features for performance. code generation,
native parallel computing, ...

try it today! juliabox.org

JuliaCon - June 24-28 at MIT
juliacon.org

MS246: High-level Technical Computing with Julia
4:25 PM - 6:05 PM today in Room 254 B
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