
Julia language



outline

• Faster 

• Much less code (sometimes) 

• Creativity 

• Generic programming 

• Composable



2 apologies



https://discourse.julialang.org/t/state-of-machine-learning-in-julia/74385/4



Introduction: autodiff, adoption



• 2010: "Matlab has a huge number of libraries for 
numerics/machine learning. Python will never catch up." 
 

• 2020: "Python has a huge number of libraries for 
numerics/machine learning. Julia will never catch up."



hold rebuttals till end?









tensorflow:   tf.reduce_sum(tf.multiply(tf.expand_dims(a,-1), w), axis=0) 







latex/unicode variable names























adoption











































speed



Speed Gotchas

• JIT and "time to first plot" 

• Only functions are compiled  REPL code is NOT 
compiled 

• type stability 

• vs hand-coded fused cuda kernels (pytorch)



TYPE STABILITY

• @code_warntype 

•

function bad(i) 
  i = i + 1 
  i = “bad” 
end 









Including jit time

https://benchmarksgame-team.pages.debian.net/











https://gist.github.com/ChrisRackauckas/cc6ac746e2dfd285c28e0584a2bfd320









< 5000 loc





but be careful of benchmarks!



speed how?  by type annotation?



• mantra: strictly type your types,  
 
loosely type your functions.



speed how?  by type annotation?



speed how?

• compile, on the fly, for every encountered type



q



speed how







less code







metaprogramming 

the only feature a language needs



• “homoiconic”, vs. C++ metaprogramming 

• program is a convenient data structure, available for 
manipulation at compile time



metaprogramming

julia> ex = :(a + b) 
:(a + b) 

julia> typeof(ex) 
Expr 

julia> ex.head 
:call 

julia> ex.args 
3-element Array{Any,1}: 
 :+ 
 :a 
 :b 



metaprogramming

julia> ex = :(a + b) 
:(a + b) 

julia> ex.args[2],ex.args[3] = ex.args[3],ex.args[2] 
(:b,:a) 

julia> ex.args[1] = :* 
:* 

julia> ex 
:(b * a) 



metaprogramming    no more copy/paste/bug
Typical example:  need nearly parallel code for data structure with .X, .Y, .Z fields 
Loop over X,Y,Z fields, generate 3 functions at compile time 
each of which sums or averages one of the coordinates. 

type Point{T <: Number} 
  X::T  
  Y::T 
  Z::T 
end 

Pts = Array{Point{Float32}}(3) 
Pts[1] = Point{Float32}(1,2,3)  # etc 

for (name,field) in ((:sumX, :X), (:sumY, :Y), (:sumZ, :Z)) 
  @eval begin 

    function $name(ptarr)	 	       # note $name 
      thesum = 0 
      for i = 1:length(ptarr) 
        println(ptarr[i].$fieldname) 
	 thesum += ptarr[i].$fieldname	      # note $fieldname 
      end 
      thesum 
    end 

  end 
end



example: metaprogramming vs o-o

• no O-O?  metaprogram it in an afternoon  
(example: Paul Graham book) 

• O-O but no metaprogramming?  oh well



Paul Graham example

• inheritance in 6 lines of code 

• extend to before/after methods, 
method combination,  
appropriate syntax  
… in an afternoon



metaprogramming











domain-specific minicompilers

• Loop unroll 

• memory padding 

• conv kernel edge conditions



LoopVectorization.jl



http://mikeinnes.github.io/2017/08/24/cudanative.html
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deep learning / differentiation for free 



differentiable code for free

• no need to write with special data types or restricted 
operations 





























In TensorFlow Eager, users must manually stage computa- tions, which might require refactoring code (see §4.1). An ideal framework for differentiable programming would auto- matically 
stage computations, without programmer interven- tion. One way to accomplish this is to embed the framework in a compiled procedural language and implement graph ex- traction and 
automatic differentiation as compiler rewrites; this is what, e.g., DLVM, Swift for TensorFlow, and Zygote do (Wei et al., 2017; Lattner & the Swift for TensorFlow Team, 2018; Innes, 
2019). Python’s flexibility makes it diffi- cult for DSLs embedded in it to use such an approach. 



differentiable code for free

• no need to write with special data types (tf.*, torch.*) or 
restricted operations (jax)



composable

https://juliadiff.org





creativity



Paul Graham

Programming languages teach you not to want 
what they don’t provide.



what is art, and why does it exist

















composability, multiple dispatch, other



software engineering is not

• O-O:  state acts like globals to all (inherited) functions of a 
class 

• Violates referential transparency. Hard for humans, 
hard for compilers. 

• Arbitrarily asymmetric: dispatch only on the type of the 
first arg:   a.mul(b) 

• Julia: dispatch on all types, avoid state wherever possible



multiple dispatch

julia> * 
* (generic function with 149 methods) 

julia> function *(a::String, n::Integer) 
         accum = "" 
         for i = 1:n 
           accum = accum + a	 	 # after defining + 
         end 
         return accum 
       end 
* (generic function with 150 methods) 

julia> "abc" * 4 
"abcabcabcabc" 



Type magic compositionality

• symbolic for free  

• cuarray



type magic:  
convert numeric code to symbolic for free











development, teaching, other



• call python  (using PyPlot) 

• call C



https://github.com/Wikunia/Javis.jl



• Jupyter = julia + python + R 

• Pluto 

• live ("reactive") 

• no hidden state. "At any instant, the program state is 
completely described by the code you see." 

• notebooks are julia source (vs ipynb)



https://youtu.be/IAF8DjrQSSk?t=1327



https://computationalthinking.mit.edu/Spring21/newton_method/ 

https://computationalthinking.mit.edu/Spring21/transforming_images/ 

https://computationalthinking.mit.edu/Spring21/2d_advection_diffusion/

https://computationalthinking.mit.edu/Spring21/newton_method/
https://computationalthinking.mit.edu/Spring21/transforming_images/


finally Done


