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Demmel, Dongarra et al. on Polymorphism

The Sca/LAPACK software engineering problem is to express the following metaprogram:

(1) for all linear algebra problems (linear systems, eigenproblems, ...)
(2) for all matrix types (general, symmetric, banded, ...)
(3) for all data types (real, complex, single, double, higher precision)
(4) for all machine architectures
and communication topologies
(5) for all programming interfaces
(6) provide the best algorithm(s) available

best: performance or accuracy

@ Demmel, Dongara et al. Prospectus for the Next LAPACK and ScalLAPACK Libraries
hitp://www.netlib.org/lapack/lawnspdf/lawn181.pdf




Celeste.jl: Julia at Peta-scale

Cori: 650,000 cores. 1.3M threads. 60 TB of data.

Cataloging the Visible Universe through Bayesian Inference at Petascale
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Celeste: Custom sparsity patterns and storage

Storage

Matrix structure



Julia runs on Google TPUs

Performance on par with TensorFlow on TPUs

Scales to pods (512 TPU cores - 4.3 PF. /s on ResNet50)
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Fischer et al. Automatic Full Compilation of Julia
Programs and ML Models to Cloud TPUs
(arXiv:1810.09868)




Zygote.|l: General Purpose Automatic Differentiation

function foo(W, Y, x) function Vfoo(W, Y, x)
Z=W?*Y Z=W?*Y
a=”24Z"X a=2Z"X

b=Y *x b=Y *X
¢ = tanh.(b) % Zyg ote c, #ftanh = Vtanh.(b)

r=a+c a + ¢, function (Ar)
return r
end

(AZ = Aa* X', Ax +=Z'* Aa)
(nothing, AW, AY, Ax)
M. Innes. Don't Unroll Adjoint: end

Differentiating SSA-Form Programs end
(arXiv:1810.07951)




Composability: DifferentialEquations.jl + Measurements. |l

1

9.79 2 # Gravitational constants

g + 0.0
L 1.00 £+ 0.01 # Length of the pendulum

# Initial speed & angle, time span
U = [0 £ 9, TT/60 £ ©0.01]
tspan = (0.0, 6.3)

# Define the problem
function pendulum(du, u, p, t)

0 = u[l]
d® = u[2]
du[1l] = d6

du[2] = -(g/L)*6
end

# Pass to solvers
prop = ODEProblem(pendulum, u., tspan)
sol = solve(prob, Tsit5(), reltol = 1le-6)

# Analytic solution
u = uwf[2] .* cos.(sqgrt(g/L) .* sol.t)
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Rackauckas et al. DifferentialEquations.jl — A Performant and Feature-Rich
Ecosystem for Solving Differential Equations in
Julia. 2017. (Journal of Open Research Software)

EI“ Giordano. Uncertainty propagation with functionally correlated quantities
: (arXiv:1610.08716)




Composability: DifferentialEquations.jl + Flux.jl (Neural ODES)

EE] Rackauckas et al. DiffEqFlux.jl - A Julia Library for Neural Differential Equations
J (arXiv:1902.02376




Other special matrix types

e Diagonal

e UniformScaling

e Symmetric, Hermitian

e LowerTriangular, UpperTriangular

e Bidiagonal, Tridiagonal, SymTridiagonal

e Adjoint, Transpose



Recent work: type system formalization

EI Julia Subtyping: a Rational Reconstruction

F. Zappa Nardelli, J. Belyakova, A. Pelenitsyn, B. Chung, J. Bezanson, J. Vitek

OOPSLA 2018

Paper: https://www.di.ens.fr/~zappa/projects/lambdajulia/



[ TUPLE]

[Top] [REFL] Eta <:a] +E .. E,_1ta, <: a, +E,
consistent( E,)
EFt <: Any F E E+a<:atFE EF Tuple{ay, .., an} <: Tuple{d, ..,d.}  E,

| TUPLE_LIFT UNION|

| TUPLE_UNLIFT UNION]

t" = lift_union(Tuple{ay, ..,an}) t" = unlift_union(Union{ty, .., ty})
Ert <: t+rE Ert <:t' +E
E+ Tuple{ay, ..,an} <: t + E Ert <: Union{ty, ..,th} F E’

|[UNION LEFT]
Er-ty <:t+E .. reset occg(Ep—1)Ft, <: t v E,
EF Union{t, ..,tp} <: t F max_occg,. g, (En)

[APP_INV]

n<m Ey = add(Barrier, E)

VO<i<n Ejjta <:a +E A Eta; <:ateE

E + name{ay, ..,am} <: name{ay, ..,a,} + del(Barrier, E,)

[unION RIGHT]
JoEFt <: t; - E
EFt <: Union{ty, .., 1} FE

|APP_SUPER]|

name{T1, ...Tm, ..} <: t"" € tds
Ert'la/Ti..am/Tm] <: t' H E

E+ name{ay, ...am} <: t' v E’

|R_INTRO|

[L_vTRO] add(RTif,E) Ft <:t' bE
add(LTE, Eyvbt <: t' v E consistent(T, E")

EF twhere t1<:T<:ty <: t' + del(T,E") Ert <: t'where tj<:T<:ty + del(T,E")



|[L_LEFT] |L_RrIGHT]
search(T,E) = LT}" search(T,E) = LT;"'
Eru<:t+E Ert<:Il+E
EFT <:t+E Ert <:TFHE
[R_LEFT]
search(T, E) = RT}“
Erl <: t+E

[R_L]
search(T, E) = RTl?;I search(To, E) = LTZZE
outside(T1,T2,E) = E+ up <: b + E
Eru <: L vE”

EFTy <: Ty F upd(RTIG'nion{Thh},E’)

|IR_RIGHT|
search(T, E) = RT:;‘r
(is_var(t) A search(t, E) = LSE’) = —outside(T, S, E)
ErFt <: ubkrkFE

EFT <: t F updT! E')

| TYPE_LEFT]

—is_var(ap)
E v typeofla;) <: tp + E

Et+ Type{a;} <: thb + E

Ert < TF upd(RTGnion{“},E’)

| TYPE_RIGHT]
is_kind(t;) is_var(ty)
Et+ Type{T} whereT <: Type{ts} + E’
Erty <: Type{th} v E

| TypE_TyPE]

add(Barrier,E) - a; <: a3 FE E +Fay <: ag + E’

EF Type{a;} <:

Type{az} + del(Barrier, E"")



Reproducibility by default: Manifest.toml files

# This ft1ile 1s machline-generated - editing 1t directly 1s not advised

[ [UnicodePlots]]

deps = ["Dates”, "Random", "SparseArrays"”, "StatsBase", "Test"]
git-tree-shal = "b8e58d4390ccebfadf3bf502a45e08066eec3bf9o™

uuid = "b8865327-cd53-5732-bb35-84acbb429228"

version = "1.1.0"

| [OrderedCollections] |

deps = ["Random”, "Serialization"”, "Test"]

git-tree-shal = "85619a3f3el7bb4761felbltd47+0e979+964d5b"
uuid = "bac558el-5e72-5ebc-8fee-abe8a469f55d"

version = "1.0.2"

| [SortingAlgorithms ] ]

deps = ["DataStructures”, "Random"”, "Test"]

git-tree-shal = "03f5898c9959f8115e30bc7226ada7dodf554ddd"
uuid = "a2afl1l166-a08f-5f64-846c-94a0d3cef48c”

version = "0.3.1"



FiX deprecations #1717

* Merged

ararslan merged 2 commits into master from fbot/deps on Sep 25, 2018

(&Y Conversation 4 O-Commits 2 by Checks 1 Files changed 1

%

X

femtocleaner bot commented on Aug 8, 2018 Contributor

i

J,

(.

| fixed a number of deprecations for you

femtocleaner bot commented on Sep 14, 2018 Author  Contributor  + (&)

My code has been updated. | now view the world differently.
Am | still the same bot | was before?
In any case, |'ve updated this PR to reflect my new knowledge. | hope you like it.

4

% femtocleaner bot force-pushed the fbot/deps branch from 879ae84 to 44c9b89 on Sep 14, 2018

Reviewers

ﬁ ararslan

Assignees

No one—assign

Labels

None yet

Projects

None yet



A Growing Community

Julia GitHub Stars
Julia Language Only - Does Not Include Julia Packages 19.472

2012 2013 2014 2015 2016 2017 2018 2019
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Algorithms for
Optimization

Mykel J. Kochenderfer and Tim A. Wheeler




ufficient decrease

If d is a valid descent direction, then there must exist a sufficiently small step
size that satisfies the sufficient decrease condition. We can thus start with a large
step size and decrease it by a constant reduction factor until the sufficient decrease
condition is satisfied. This algorithm is known as backtracking line search® because
of how it backtracks along the descent direction. Backtracking line search is shown
in figure 4.2 and implemented in algorithm 4.2. We walk through the procedure
in example 4.2.

function backtracking line search(f, Vf, x, d, a; p=0.5, B=le-4)
y, g = T(x), Vf(x)
while f(x + a*d) > y + B*a*(g-d)
a “=p
end
a
end

Figure 4.1. The sufficient decrease
condition, the first Wolfe condition,
can always be satisfied by a suffi-
ciently small step size along a de-
scent direction.

" Also known as Armijo line search,
L. Armijo, “Minimization of Func-
tions Having Lipschitz Continu-
ous First Partial Derivatives,”” Pa-
cific Journal of Mathematics, vol. 16,
no. 1, pp- 1-3, 1966.

Algorithm 4.2. The backtracking
line search algorithm, which takes
objective function f, its gradient
Vf, the current design point x, a
descent direction d, and the maxi-
mum step size a. We can optionally
specify the reduction factor p and
the first Wolfe condition parameter

B.



function direct(f, a, b, €, k max)

end

g = reparameterize to unit hypercube(f, a, b)
intervals = Intervals()

n = length(a)

¢c = T1ll(0.5, n)

interval = Interval(c, g(c), f1LL(O, n))

add interval! (intervals, interval)

c best, y best = copy(interval.c), interval.y

for k 1n 1 : k max
S = get opt intervals(intervals, €, y best)
to add = Intervall]
for interval in S
append!(to add, divide(g, interval))
dequeue! (intervals[min depth(interval)])
end
for interval in to add
add interval! (intervals, interval)
1f interval.y < y best
c best, y best = copy(interval.c), interval.y
end
end
end

return rev unit hypercube parameterization(c best, a, b)

Algorithm 7.8. DIRECT, which
takes the multidimensional objec-
tive function f, vector of lower
bounds a, vector of upper bounds
b, tolerance parameter €, and num-
ber of iterations k max. It returns
the best coordinate.
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Figure 7.20. The DIRECT method
after 16 iterations on the Branin
function, appendix B.3. Each cell is
bordered by white lines. The cells
are much denser around the min-
ima of the Branin function, as the
DIRECT method procedurally in-
creases its resolution in those re-
gions.



Some of the Universities Teaching Julia
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&6 A main goal in designing a language should be to plan
for growth. The language must start small, and the
language must grow as the set of users grows.

Guy Steele, “Growing a language”, 1998
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