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Scientific computing

e CPU/GPU bound

DS/ML - mHOro matpuy

Kpuntorpadgpus - wndposka 1 gewundpoBka
UncneHHble meToabl - ewe donbLie maTpul

O
O
O
o C)kaTue n pacrakoBka



[Mapannenunsm

import multiprocessing

def main():
numbers = [1, 2, 3, 4, 5]

process = multiprocessing.Process(

target=square_numbers, args=(numbers,)

)

process.start()

process.join()

e B DS He 3acyHelb
e T[sxenbin Koa
e Python megneHHbIV






Kak eLle MOXHO YCKOPUTb

e KynuTb eLle DorbLue XenessaK

o—Homonrutbesatauao Yckoputbe CPython

e llcnonb3oBatb PyPy, Cython unu gpyrme
e llcnonb3oBaTb NMbbl Ha C/C++/Rust



Chris Lattner %




Chris Lattner




Chris Lattner




Chris Lattner
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Modular

Tyca ¢ W/ nnatgopmon
MakcumanbHbin performance
[ormKkHO ObITb “XopoLuo”
He xBatuno C/C++/Rust
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Mojo

Python 310.9
PYPY
Scalar C++

Mojo &

1027s

461s

0.20s

0.03s

X
22x

5,000x

68,000x
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MLIR

e Multi Level Intermediate Representation

e PpenMBOpPK ANd co3gaHUs oNTUMU3ALMOHHbIX
KOMMNUIATOPOB

e MoXHO KOMNMNMPoOBAaTL KOA rnofd nboe Xxerneso
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MLIR

Your code

|

MLIR

Tuning

GPU

CPU

TPU




Mojo




Mojo




Mojo

He coBceM superset
Boo0Ouie gpyron A3bIK
Komnununpyembin A3bIK
CTtaTnyeckasa Tunmaauus
[Toka He coBceM opensource
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Mojo: Tunbl AaHHbIX

[TpocTbie TunbI
Int8..64

Uint8..64
Float16..64
String

Boolean

SIMD

CnoXXHble TUnbl
List
Dict
Set

Optional
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Mojo: [lepeMeHHble

var number = 42

var string: String = "Mojo"

number = "some-string"
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Mojo: [lepemeHHble

number 472

string "Mojo"

number "some-string"
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Mojo: PyHKUMK

def greet(name):

greeting = "Hello,
return greeting

+ name +

|||||
&
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Mojo: OyHKUnn

fn greet(name: String) -> String:
"+ name +

greeting = "Hello,
return greeting

IIIII
&
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Mojo: CTpyKTypbl

struct MyPatir:
var first: Int

var second: Int

fn __intt__(inout self, first: Int, second: Int):
self.first = first
self.second second




Mojo: Ownobku

fn raise an error() raises:
raise Error("I'm an error!")

I EI B E
try:
raise_an _error():
except e:
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Mojo: ncnonbsosaHue Python

o
from python import Python

fn use_array() ratises:
var np = Python.import_module("numpy")

var array = np.array([1,
print(array)
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Mojo




Mojo: beHun

e Mac M1 k
e numpy.dot Cij = Z Ain * By
n=1

e Mojo



Mojo: beHun

struct Matrix[rows: Int, cols: Int]:

fn matmul_natve(C: Matrix, A: Matrix, B: Matrix):
for m in range(C.rows):
for k in range(A.cols):
for n in range(C.cols):
C[m, n] += A[m, k] * B[k, n]
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Mojo: beHun

struct Matrix[rows: Int, cols: Int]:

fn matmul_native(C: Matrix, A: Matrix, B: Matrix):

for m in range(C.rows):
for k in range(A.cols):
for n in range(C.cols):
C[m, n] += A[m, k] * B[k, n]

Gy Mojo B 50 pa3 meaneHHee NumPy
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Mojo: beHun

from algorithm import vectorize

fn matmul_vectorized 1(C: Matrix, A: Matrix, B: Matrix):
for m in range(C.rows):
for k in range(A.cols):

@parameter
fn dot[nelts: Int](n: Int):
C.store(
m, n,
C.load[nelts](m, n) + A[m, k] * B.load[nelts](k, n)
)

vectorize[dot, nelts, size = C.cols]()
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Mojo: beHun

from algorithm import vectorize

fn matmul_vectorized 1(C: Matrix, A: Matrix, B: Matrix):
for m in range(C.rows):
for k in range(A.cols):

@parameter
fn dot[nelts: Int](n: Int):
C.store(
m, n,
C.load[nelts](m, n) + A[m, k] * B.load[nelts](k, n)
)

vectorize[dot, nelts, size = C.cols]()

Gy Mojo B 10 pa3 meaneHHee NumPy

33



Mojo: beHun

from algorithm import parallelize

fn matmul_parallelized(C: Matrix, A: Matrix, B: Matrix):
@parameter
fn calc_row(m: Int):
for k in range(A.cols):
@parameter
fn dot[nelts : Int](n : Int):
C.store[nelts](
m, n,
C.load[nelts](m,n) + A[m,k] * B.load[nelts](k,n)
)
vectorize[dot, nelts, size = C.cols]()
parallelize[calc_row](C.rows, C.rows)
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Mojo: beHun

from algorithm import parallelize

fn matmul_parallelized(C: Matrix, A: Matrix, B: Matrix):
@parameter
fn calc_row(m: Int):
for k in range(A.cols):
@parameter
fn dot[nelts : Int](n : Int):
C.store[nelts](
m, n,
C.load[nelts](m,n) + A[m,k] * B.load[nelts](k,n)
)
vectorize[dot, nelts, size = C.cols]()
parallelize[calc_row](C.rows, C.rows)

Gy Mojo B 2.5 pa3 meaneHHee NumPy




Mojo: beHun

fn matmul_unrolled_parallelized(C: Matrix, A: Matrix, B: Matrix):
@parameter
fn calc_row(m: Int):
@parameter
fn calc_tile[tile_x: Int, tile_y: Int](x: Int, y: Int):
for kK in range(y, y + tile_y):
@parameter
fn dot[nelts: Int](n: Int):
C.store(
m, n + X,
C.load[nelts](m, n + x) + A[m, k] * B.load[nelts](k, n + x)
)

alias unroll factor = tile x // nelts
vectorize[dot, nelts, size=tile_x, unroll_factor=unroll_factor]()

parallelize[calc_row](C.rows, C.rows)
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Mojo: beHun

fn matmul_unrolled_parallelized(C: Matrix, A: Matrix, B: Matrix):
@parameter
fn calc_row(m: Int):
@parameter
fn calc_tile[tile_x: Int, tile_y: Int](x: Int, y: Int):
for kK in range(y, y + tile_y):
@parameter
fn dot[nelts: Int](n: Int):
C.store(
m, n + X,
C.load[nelts](m, n + x) + A[m, k] * B.load[nelts](k, n + x)
)

alias unroll factor = tile x // nelts
vectorize[dot, nelts, size=tile_x, unroll_factor=unroll_factor]()

parallelize[calc_row](C.rows, C.rows)

Gy Mojo B 87 pa3 6bicTpee numpy




Mojo: beHun

fn matmul_unrolled_parallelized(C: Matrix, A: Matrix, B: Matrix):
@parameter
fn calc_row(m: Int):
@parameter
fn calc_tile[tile_x: Int, tile_y: Int](x: Int, y: Int):
for kK in range(y, y + tile_y):
@parameter
fn dot[nelts: Int](n: Int):
C.store(
m, n + X,
C.load[nelts](m, n + x) + A[m, k] * B.load[nelts](k, n + x)
)

alias unroll factor = tile x // nelts
vectorize[dot, nelts, size=tile_x, unroll_factor=unroll_factor]()

parallelize[calc_row](C.rows, C.rows)

y Mojo B 7 pa3 6bicTpee jax + jit
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Mojo: Jko-cuctema

awesome-mojo Public & Watch 28 ~ % Fork 48 Y7 Star 812

¥ main ~ # 1Branch © 0 Tags Q. Go tofile Add file ~ <> Code ~ About

A curated list of awesome Mojo &
@ automata Merge pull request from ChromiteExabyte/ChromiteExabyte-URL-re... &3 2 weeks ag V) 63 Commits frameworks. libraries. software and
r )
resources

[ LICENSE nitial commit ast year
Readme

[ README.md Update README.md 2 weeks ago e A
13 CCO0-1.0 license

[ code-of-conduct.md Add contributing guide Code of conduct
tivity
[ contributing.md Add contributing guide
Custom properties

812 stars

[I0 README & Codeofconduct &8 CCO0-1.0 license : :
28 watching
48 forks

Report repository

Awesome Mojo §

. . . . Releases
A curated list of awesome Mojo & frameworks, libraries, software and resources.

No releases published

If you want to contribute, please read




Mojo: CoobLuecTBo

X @modular_ai
m company/modular_ai




Mojo: YcTaHoBKa

$ curl -ssL https://magic.modular.com/069balaf-3b4f-488b-b881-5566868898ef | bash

$ magic init my-project

$ magic run mojo --version
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Mojo: YcTaHoBKa

curl -ssL https://magic.modular.com/069balaf-3b4f-488b-b881-5566868898ef | bash
magic init my-project

magic run mojo --version

magic add max

43
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MAX

A new framework for Gen Al, and the
best way to deploy PyTorch

SERVING LIBRARY

MODEL PIPELINE

EXTEND EASILY IN

& €

aws
S

INFERENCE RUNTIME

CLI

SCALE IN THE CLOUD

O VAN



The best way to deploy PyTorch

Avg. Latency improvement

_ SOTA performance
() +max 3.4x .. .
In just 3 lines of code
Drop in your PyTorch or ONNX models and get an

instant boost in performance with our next generation
@ +NES 27X inference runtime for CPUs and GPUs

See foryourself >



from max import engine

session = engine.InferenceSession()
model = session.load(model_path)

outputs = model.execute(**inputs)
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Mojo: Max CPU benchmarks

Mac M1
torchscripted BERT
Emotion dataset
Python / Max engine




Mojo: Max CPU benchmarks

B withoutMax  [l] With Max

p99 / sec



MAX on GPU waiting list

Be the first to get lightning fast inference speed on your GPUs. Be
the envy of all your competitors and lower your compute spend.

First name*

First name ...

Last name*

Last name ...

Email*

Enter work email ...

Job title*

Enteryourjob title ...
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Mojo: BbiBoa

e HamHoro nydile, 4Yem paHblLue

e Pa3BuBatloLleecsa coobLlecTBo

e XOTAT BHeApPUTbCA B A4p0 pytorch
e B npopa Obl noka He Tawmn

e MAX BbIrMAQUT OYEHb KPYTO

ofiA0
ok

[=];







Bend

CoBceM Mornoaoun
Massively Parallel

In Rust 4>

Can parallel - will parallel
CPU / GPU




Bend

Interaction Combinators

Yves Lafont*

Institut de Mathématiques de Luminy, UPR 9016 du CNRS,
163 avenue de Luminy, case 930, 13288 Marseille Cedex 9, France
E-mail: lafont@iml.univ-mrs.fr

It is shown that a very simple system of interaction combinators, with
only three symbols and six rules, is a universal model of distributed com-
putation, in a sense that will be made precise. This paper is the continua-
tion of the author’'s work on interaction nets, inspired by Girard’s proof
nets for linear logic, but no preliminary knowledge of these topics is
required for its reading.  © 1997 Academic Press
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420 + bY



nd

bY
==

420
e




Bend







Bend




Bend 5




end

.....\i\j =




Bend X

420 + bY = 488



Bend: HVM

Higher order Virtual Machine

Ha ocHoBe Interaction Combinators
ABnsgeTtca napannenbHbIM paHTauMoMm

[1ns B3anmogencTeus ¢ HUM U caenaH Bend
Mo>xHO obpaLllaTtbes n3 Bend Hanpsamyto
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Bend: HVM

@main = a
& @sum ~ (28 (0 a))

@sum = (?(((a a) @sum__CO) b) b)

@sum__CO = ({c a} ({$([*2] $([+1] d)) $([*2] $([+0] b))} f))
&! @sum ~ (a (b $([+] $(e f))))
&! @sum ~ (c (d e))
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Bend: ®yHKUMK

def distance(ax, ay, bx, by):
dx = bx - ax
dy = by - ay

return (dx * dx + dy * dy) ** 0.5

def main():
return distance(10.0, 10.0, 20.0, 20.0)
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Bend: O0beKkTbl

object Point { x, y }

def distance(a, b):
open Point: a
Point: b
b.x - a.x
b.y - a.y
return (dx * dx + dy * dy) ** 0.5

def main():
return distance(
Point { x: 10.0, y: 10.0 },
Point { x: 20.0, y: 20.0 }
)




Bend: Tunbl

type Shape:
Circle { radius }
Rectangle { width, height }

def area(shape):
match shape:
case Shape/Circle:
return 3.14 * shape.radius ** 2.0
case Shape/Rectangle:
return shape.width * shape.height

def main:

return area(Shape/Circle { radius: 10.0 })
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Bend: HenameHaeMoCTb

def parity(x):
result = "odd"
1f X % 2 == 0:
result = "even"
return result
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Bend: HenameHaeMoCTb

def partity(x):
1f X % 2 == 0:
return "even”
else:
return "odd"
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Bend: HenameHaeMoCTb

def sequential_sum(number):
total = 0

for cur_index in range(number)
total += cur_1index

return total
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Bend: List

type List:

Nil
Cons {head, ~tail}
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Bend: List

def main:
my_ list = List/Cons {
head: 1, tail: List/Cons {
head: 2, tail: List/Cons {

head: 3, tatl: List/Nil

}
}

return my_Llist
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Bend: List

def main:

my list = [1, 2, 3]
return my_Llist
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Bend: Fold

def list_sum(input_Llist):
fold tnput_Lluist:

case List/Cons:

return input_Llist.head + input_list.tatl
case List/Nil:

return 0
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Bend: Fold

1) (1 + tail) tail

head



Bend: Fold

1) (1 + tail) tail

2) (1 + (2 + tail))

head



Bend: Fold

1) (1 + tail) tail

2) (1 + (2 + tail))
3) (1 + (2 + (3 + tail)))

head



Bend: Fold

1) (1 + tail)

2) (1 + (2 + tail))
3) (1 + (2 + (3 + tail))) A
4)(1+(2+ (3 +(4+0)))

head



Bend: Fold



Bend: Tree

type Tree:

Node {~left, ~right}

Leaf {value}

def main:
tree = ![!][!'1,

12

L=

1, !

iy

14]]
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Bend: Fold

def tree sum(tree):
fold tree:

case Tree/Node:

return tree.left + tree.right
case Tree/Leaf:

return tree.value
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Bend: Fold

1) left + right

Left

Tree

Right




Bend: Fold

1) left + right
2)(1+2)+(3+4)

Left

Right




Bend: Fold

1)Ieft+right
(1+2)+(3+4)

AN

Left

Right




Bend: Fold

1) left + right
2)(1+2)+(3+4)

N

' 4
)

e




Bend: YcTtaHoBKa

$ curl --proto '=https' --tlsvl.2 -sSf https://sh.rustup.rs | sh

$ brew install gcc

$ cargo install hvm bend-1lang

87



Bend: 3anyck
@

$ bend run main.bend -s

$ bend run-c main.bend -s

$ bend run-cu main.bend -s
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Bend: beHuu

A3bIK Cbipou

[Togaep>kaHbl TOSNbKO 24-X BUTHbIE Ynucna
bnbnuortek HeT

BeHYNTb MOXXHO TOJTbKO YTO-TO *NPOCTOoE
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Bend: Bitonic sort

[TlapannenbHbIN anropuTm
bbeT MaccunB Ha YacTu
BbinonHAeTca pekypCcuBHO
[NoaxoauTt ansa GPU

Apple M3 / RTX 4090




Bend: beHuu

B Rust-1thread

14

B c-16threads

sec

B RTX 4090 - 16k threads

x13
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Bend: beHuu

B Rust-1thread

14

B c-16threads

sec

B RTX 4090 - 16k threads

x58
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Bend: icnonb3oBaHue Python

[loka 4TO HENbL34
Ho ectb FFI

HecoBepLUEHHbIN KOMMUNATOP
CobpaTb bygeT CnoXHo
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Bend: Oko-cucrtema

Bend / GUIDE.md (L

B8 .github
B docs
BB examples
B src
B tests

| .gitignore

] .rustfmt.toml

Y CHANGELOG.md
[ CONTRIBUTING.md
9 Cargo.lock

] Cargo.toml

Y FAQ.md

Y FEATURES.md

Y GUIDE.md
[ LICENSE-APACHE
| README.md
[9 cspell.json

9 justfile

(") imaqtkatt Update 'run’ cc s in guide 39bbBc6 - 2 weeks ago O History

Preview

Code Blame

Bend in X minutes - the ultimate guide!

Bend is a high-level, massively parallel programming language. That means it feels like Python, but scales like CUDA. It runs on CPUs and
GPUs, and you don't have to do anything to make it parallel: as long as your code isn't "helplessly sequential”, it will use 1000's of threads!

While cool, Bend is far from perfect. In absolute terms it is still not so fast. Compared to SOTA compilers like GCC or GHC, our code gen is
still embarrassingly bad, and there is a lot to improve. And, of course, in this beginning, there will be tons of instability and bugs. That said, it
does what it promises: scaling horizontally with cores. And that's really cool! If you'd like to be an early adopter of this interesting tech, this
guide will teach you how to apply Bend to build parallel programs in a new way!

For a more technical dive, check HYM2's . For an entertaining, intuitive explanation, see HVM1's classic
to dive straight into action - this guide is for you. Let's go!

. But if you just want

Installation

Install dependencies
On Linux

haven't it already.

curl ——proto ‘'=https' —tlsvl.2 -sSf https://sh.rustup.rs sh

# For the C ver

sion of Bend,
sudo apt install gcc

For the CUDA runtime inst S At g version 12.x.



Mojo: CoobLuecTBo

X @HigherOrderComp
m higherorderco



Bend: toru

[loka ncrnornb3oBaTb HENMb3S
O4yeHb MHOroobeulawLle
MoXkeT ynydwmnTb NUTOH
Xo4yeTcs ewe nobeHuYnTb
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Toru

KoHuenuus
OnbIT KOMaHAObI
CKopoCTb
YnobcTBo

CoobLecTBoO

Mojo

- NHNBN



Gy Mojo
Bend







