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https://pytorch.org/
https://www.tensorflow.org/mlir
https://fluxml.ai/Zygote.jl/latest/
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(RPN

))PyTorchRiFH73H1
LALeNet-—™ & LR #5757 R E 2% J9 451

def forward(self, x):
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x = F.max_pool2d(F.relu(self.conv1(x)), (2, 2))
x = F.max_pool2d(F.relu(self.conv2(x)), 2)
x = X.view(-1, self.num_flat_features(x))
x = F.relu(self.fc1(x))
x = F.relu(self.fc2(x))
x = self.fc3(x)
return x

output = net(input)

define target

criterion = nn.MSELoss() #pytorchff 3 il — N4 2k sk %k
loss = criterion(output, target)

Mtensor input 2l lossH it H B gid 3¢ Nk

input -> conv2d -> relu -> maxpool2d -> conv2d -> relu ->

maxpool2d -> view -> linear -> relu -> linear -> relu -> linear ->
MSELoss -> loss >
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output = x*sin(a*x+b)HitHE O E K] z=x*y

Y
X 20 ¥
data = torch.tensor(1.0) i data = torch.tensor(2.0)
requires_agrad = True 1 requires_grad = Falze
+ grad =2.0 i grad = None
i grad_fn = None : grad_fn = Mone
+ is_leaf = True ; is_leaf = True 20

[ MUl | | | MuBackward

20 M

grad_tensor

____________________

' data = torch.tensor(2.0)
' requires_grad = True

' grad = None

i grad_fn = MulBackward
 is_leaf = False

z.backward{torch.tensdr{1.0})

— | _of

¥
P
- -

_____________________
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https://github.com/pytorch/pytorch/tree/master/torch/csrc/autograd
https://blog.csdn.net/u011984148/article/details/99670194
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))PyTorch JITHITRIE YRz hArS
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S 3
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hige and T

Python Function O Python# 4t A JIT IR(graph)
O Torch.jit.trace
Xt LA pythonAHE Al4E 58 #i

torch.jit.script _method()

Graph MR NI e ST S A
GraphExecutor.run() ERE, A RRASTH MG
Optgiﬁlfph éﬁl‘:ﬂ: Passes O Torch.jit.script:

iHE LexerfiParseri

.......................... TorchScriptftig=>AST,
| CodeCache i Graph BlI¥ @it frontend H B2 5 A\AST,
Code FXTASTE X i IR

Interpreter.run()



https://github.com/pytorch/pytorch/blob/master/torch/csrc/jit/tracer.h
https://github.com/pytorch/pytorch/blob/v1.3.1/torch/jit/__init__.py#L1079
https://github.com/pytorch/pytorch/blob/master/torch/csrc/jit/script/lexer.h
https://github.com/pytorch/pytorch/blob/master/torch/csrc/jit/script/parser.h
https://github.com/pytorch/pytorch/blob/master/torch/jit/frontend.py
https://github.com/pytorch/pytorch/blob/v1.3.1/torch/jit/__init__.py#L1263
https://github.com/pytorch/pytorch/blob/master/torch/csrc/jit/interpreter.cpp#L764
https://github.com/pytorch/pytorch/blob/master/torch/csrc/jit/graph_executor.cpp#L490
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“ence and T

Python Function O Python# 4t A JIT IR(graph)
O Graph Executor
O . tkhgraph i 4544

torch.jit.script _method()

Graph JIT IR

O 43 DCGHI i 1] ]
GraphExecutor.run() O 7242 250 AR HD, A
e e / ‘ ‘
nCacne. ¢ M Passes PR A AL, Lo
AP
opted Graph jéj; gf;tin
NGRS
 Code Cache |  Graph Bii% C B
.......................... LI LTS JE IS (0454
Code ffiloadlistoreds 4 B K AEAR N
Interpreter.run() LIS )

O ks PaT: T, $UTIR


https://github.com/pytorch/pytorch/blob/v1.3.1/torch/jit/__init__.py#L1263
https://github.com/pytorch/pytorch/blob/master/torch/csrc/jit/interpreter.cpp#L764
https://github.com/pytorch/pytorch/blob/master/torch/csrc/jit/graph_executor.cpp#L490
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P Torch JITIR

ARG
®IMEModule, & #Fparameter, Methodfe-FAEk
Method ¥ # Graph#47Method & zh 8, = HAAL
Node%k TTorchScriptéy—F R 2 k34
HEERA, H/MELA B —/"NodeZ X
Format

graph(%0:T,...... Y1:T;):
%(i+1):T; ;1 = namespace::name(list(Values))

%n:T,, = namespace:.name(list(Values))

%x:T A 3FValue %x &9 K7 7 B

%x:T = namespace::name(input values) —4~Node


https://github.com/pytorch/pytorch/blob/master/torch/csrc/jit/script/module.h
https://github.com/pytorch/pytorch/blob/master/torch/csrc/jit/script/module.h
https://github.com/pytorch/pytorch/blob/master/torch/csrc/jit/script/module.h
https://github.com/pytorch/pytorch/blob/master/torch/csrc/jit/ir.h
https://github.com/pytorch/pytorch/blob/master/torch/csrc/jit/ir.h
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2))PyTorch JIT IR
JIT IRBZER R

INnt64 t

double

Tensor

Graph

std::string
LHRRXBGFE(RTHE)

10
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P Torch JIT IR

IR R E AT HIRAIEHIE A

B Block¥#& —®Nodes, ##]i#&Node% sub-blocks
B GraphAgraph.block()A=# 4R ¥ &

B prim:If A= prim::Loop

44444

prim::If

%y_1, ..., %y_r = prim::If(%condition)
blockO():
%t_1, ..., %t_k = some::node(%a_value_from_outer_block)
-> (%t_1, ..., %t_r)
block1():
%f 1, ..., %f _m

some::node(%a_value_from_outer_block)
-> (%f_1, ..., %f_r)

11


https://github.com/pytorch/pytorch/blob/master/torch/csrc/jit/ir.h
https://github.com/pytorch/pytorch/blob/master/torch/csrc/jit/ir.h
https://github.com/pytorch/pytorch/blob/master/torch/csrc/jit/ir.h

44444

P Torch JITIR ¥R AZLA

IR R E AT HIRAIEHIE A

B Block¥ A —%Nodes, #4li#iNode# sub-blocks
B GraphAgraph.block()A=# 4R ¥ &

B prim:If A prim::Loop

prim::If #D YR I
@pytorch.jit.script graoh(%a:D,%b:D,%c:D)
def f(a,b,c) (%2:D = prim::If(%c)
if C: blockO()
e=a+a { %3:int = prim::Constant[value=1](
else: %4:D = aten::add(%a,%a,%3) - %4
e=b+Db block1():
return %5:int = prim::Constant[value=1]
%6:D = aten::add(%b,%b,%5) -
return(%?2)

3

University of Science and Technology of China
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=))PyTorch JIT IR

IR R E AT HIRAIEHIE A

B Block¥ A —%Nodes, #4li#iNode# sub-blocks
B GraphAgraph.block()A=# 4R ¥ &

B prim::If #= prim::Loop

prim::Loop

%y_1, ..., %y_r|= prim::Loop(%omax_trip_count, %initial_condition,

%x_1, ..., Y%oXx_r)
blockO(%i, %a_1, ..., %a_r):
%b_1, ..., %b_m = some::node(%a_value_from_outer_block, %a_1)
%iter_condition = some::other_node(%a_2) -> (%iter_condition,
%b_1, ..., %b_r)

13
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F sk % (Manual Differentiation)
B9 3% (Numerical Differentiation)

5197 ;% (Symbolic Differentiation)
5 a1 97 7% (Automatic Differentiation)
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reverse mode

f(x1, X2)=In(x1)+ XX, —sin(X;)
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o - :‘:/ Va

B 5] Al

A

Forward Ewvaluation Trace

Reverse Adjoint Trace

V1= I]1 = 2 A X1 — vV_1 = 5.5
v = I=2 = 5 2 — Vo = 1.716
vi =Inwv_1 = In2 v_1=vV_1+ 01 v :1_)_1—|—’51/’U_1: 5.5
U0 :1704—1728 — vo+vV2 Xv—_1= 1.716
v — vUV_1 X’Uo:2><5 _ _ Ouo _
_1:v28v_1 = Y2 X Vg = b
v3 =— sin vg — sin b vo = U3 gzg = Y3 X COS v = —0.284
Doy :64223 — T4 X 1 =1
— __ — OHOwvp _ = . —_
vs = w4 — v = 10.693+0.959 U3 = U5 gug = @ 3 (1) 1
54: :’65824 :1_)5X1 :1
v _ _
Yy = U5 — 11.652 Us =y = 1



https://cloud.tencent.com/developer/article/1101918
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E%'ﬂ]:ul‘l’%@ \ Ej] (ff )

.....................

Hrreverse mode S jﬂ !

data = forch.tensor(1.0) data = forch.tensor(2.0)

4 requires_grad = True requires_grad = False
1E ] PyTOI'ChEI'\:Hﬁ si rgrad=2.0

m ZlforwardFZ&x
B LRIRATHRME, B \' /‘”
3%~ A DCGM G & B | Mlm* | T
e B
5 ik . — grad tenor
4'1—5- 4\5“ ;data=tﬂn:h.;en5ﬂr[2.ﬂ] \

requires grad=True |
NG ' grad = None j
B aC kW ar d ﬁ;ﬁ \ grad_fn = MulBackward

' is_leaf = False

" grad = Nong
i grad_fn = None ! grad_fn=None
' is_leaf = Tiue | is_leaf=True 20

z.backward(tarch.tensdr{1.0l)

.....................
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TensorFlow MLIR




) K
Motlvatlon tRAsLLs

KA LU EMEIT—3K TensorFlowE ?

B #EAXLAS B E T (XLAHLO) , ARG Hitik
M LLVM IRZ#TPU IR

B 510 TensorFlow Lite #& X,

B KRN A TensorRT . nGraph s 5 —#r & S 45 2
FRAF AR 09 I B A X
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https://developer.nvidia.com/tensorrt
http://ngraph.nervanasys.com/index.html/

O wiFERES s

S, &
Chce gnd 16

Grappler

e
s TensorFlow
Graph
q

™

—
/

XLA HLO

Tensor RT |

nGraph
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LLVM IR

TPU IR

]<: GPU
CPU
J\ TPU

Several others

—>>

Core ML

|—>» i0S

—> CPU (also)

‘ ‘ NNAPI }——) Android
\[ TensorFlow Lite

Many others

20
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B A new intermediate representation and compiler
framework, 2019.4.9

21


https://medium.com/tensorflow/mlir-a-new-intermediate-representation-and-compiler-framework-beba999ed18d
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MLIR: Multi-Level Intermediate Representation

B A TARKNLGREFESOREEMEMN

B HIRAEARRADTLOHER, ZLELATHZE T3
iT 4 %

B AHAER—%HFEALFRT. M. BBREEHH
B,

O TensorFlow#{E

#E/ ZE{KPolyhedral {EIF
LLVM3$ES

&l € YRR 3R (AN K 2

O O O
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Op definition

ML
Frameworks

Type definition

E.g.
TensorFlow,
PyTorch etc

Optimization
& Conversion

Rewrite
Generators

Lowering passes

Canonicalization

Legalization

Code
Generation

Target
optimizations

Operator fusion
Runtime

Kernel selection

Instruction
selection

FRBELAL* S

University of Science and Technology of China
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€ 5LLVMEgHRILLS

SSA, typed, three address | Module
Module/Function/Block

Block
Instruction structure Instruction

Round trippable textual fori| | Instruction

Syntactically similar:

Block
func @testFunction(%arg@: i32) Instruction
%x = call @thingToCall(%arg®) : (i32) -> 1i32
br *bb1 Instruction
Abb1:

%y = addi %x, %x : 132
return %y : 132

}

24
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QSLLVMBIARR =R

e

e and 1o

TR BRI 4% 34

func @search_body(%A: memref<?x?xi32>, %S: memref<?xi32>, %key: i32) {
%nj = dim %A, 1 : memref<?x?7xi32>
br ~bb1(0)

~bb1(%j: i32)
%pl = cmpi "1t", %j, %nj : 132
cond_br %pl, “bb2, “bb5

“bb2:
%v = affine.load %A[%i, %j] : memref<?x?xi32>
%p2 = cmpi "eq", %v, %key : 132
cond_br %p2, ~bb3(%j), ~bb4

~bb3(%j: i32)
affine.store %j, %S[%i] : memref<?xi32>
br ~bb5

~bb4:
%jinc = addi %j, 1 : i32
br ~bb1(%jinc)

“bb5:
return 25
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5MLIRES RGBT REHLE
RIFENFERIE (operation) HURBHEFMIH
BN AS8E 1 HE—RRAREE

B F—/NEK. BIF. £AHRF —Adialect@ i &

B E.g. GPU dialect, LLVM dialect, Vector dialect

module attributes {gpu.container_module} {

// This module creates a separate compilation unit for the GPU compiler.
module @kernels attributes {gpu.kernel_module} {
func @kernel_1(%arg0d : 32, %argl : !'llvm<"floatx">)
attributes { nvvm.kernel = true } {

// Operations that produce block/thread IDs and dimensions are injected when
// outlining the “gpu.launch™ body to a function called by “gpu.launch_func’.

%tIdX = "gpu.thread_id" () {dimension = "x"} : () —> (index)
%tIdY = "gpu.thread_id" () {dimension = "y"} : () —> (index)
%tIdZ = "gpu.thread_id" () {dimension = "z"} : () —> (index)


https://github.com/tensorflow/mlir/blob/master/g3doc/Dialects/GPU.md
https://github.com/tensorflow/mlir/blob/master/g3doc/Dialects/LLVM.md
https://github.com/tensorflow/mlir/blob/master/g3doc/Dialects/Vector.md

o) FHAZLE XS
-))Dialects

MLIREIFZ N A S, BIEREMZIMNIEE,
WA AR —MER P HEF,
MLIRIZ & T — P B AFHEZEMLIR(framework) 7£
dialectsH 2z |8] 1z 3L 2

27


https://github.com/tensorflow/mlir/blob/master/g3doc/DialectConversion.md
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Zygote.jl & Julia IR

Julia $gi¥RIE
Julia IR

Zygote.jl 53 #LHl
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&D)JuliafmiFifiiz-oo

FIFRIE

B julia-parser.scm¥§JuliafR L AR AT H 4k 3%

B Zconpiler/typeinfer.jl ¥ 55 20 X & He oy

B codegen.cppi¥Julia ASTEL KA Khub KA

Julia Source

Parse

Julia AST

Lower 1) Specialize
) 2) Infer types
Julia IR O 3) Inline
4) Unbox

Translate

Generate

Executable

oopsla2018 Julia fig.8 29



https://github.com/JuliaLang/julia/blob/master/src/julia-parser.scm
https://github.com/JuliaLang/julia/blob/master/base/compiler/typeinfer.jl
https://github.com/JuliaLang/julia/blob/master/src/codegen.cpp
https://www.researchgate.net/publication/328511298_Julia_dynamism_and_performance_reconciled_by_design
https://www.researchgate.net/publication/328511298_Julia_dynamism_and_performance_reconciled_by_design
https://www.researchgate.net/publication/328511298_Julia_dynamism_and_performance_reconciled_by_design
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LApow ek & 5 651
L IRVS 9. €7 3P
B goto-based#y#=Fl &

§£“’lm

¢ and T

@code lowered pow(2,6)

function pow(x,n) CodelInfo(
L =
while n>0 r=1
n-=1 2 - %3 =n@ 5>0
e L goto #4 if not %3
end 3 == né 5 =n@ 5 -1
return r L r =r * x
end goto #2
return r

-
I
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JuliaBy R 53 #LEl
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https://arxiv.org/abs/1810.07951

. FERMZLEAL K
note.jlii3 4N #l-CoRR201 8” Lh g

JERE S Bk #
B 150 H#J:
O 1+ E R AV EE R H == % [B1F R 2

y7By — j(fa;ElaJ;Qa )

B 2 HiAHKB,
O FUEERBEXTYREE, REEREXIXEIEEE

Ol ol Oy _
9z~ dyor By, (7)

T =
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https://arxiv.org/abs/1810.07951
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RIS

B e fT & AR ?
O ZiHEIMPhiLE SIe KRR IR ABIEHR

B T R R R B 5| FR KD 4E?
O alphaZs s A%
O #ESFAR
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https://arxiv.org/abs/1810.07951

' % >4
fla) = { 0.0l  otherwise
PR

block #1:
goto #3 if not 54
block #2:
- %1 + %3(7)
soto #3
block #3:

%2 — o(#1 — 7,#2 — %l)
return %2

FRBEZLEL %S
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block #1:
L 4= x>0
goto #3 if %1
block #2:
%2 + 0.01x
block #3:
%3 4 (#1 — x, #2 — %2)
return %3
block #1:
%1 x>0
goto #3 if %1
block #2:
%2, %3 < J(x,0.01,2)
block #3:
%4 < O(#1 — false, #2 — true)
%05 < O(#1 — x, #2 — %2)
return %5
34


https://arxiv.org/abs/1810.07951
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RIS S PSS IR 47 7
B AR R SIE LR T A

O Conscell (Zjt2H)
O Box (RJZLE)

B XA KKIELEME LT Ay
O %

O &3k
O ..
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https://arxiv.org/abs/1810.07951

O\uliagmhEs B LRARRLLS
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B Ao AR AJulia IR, T A 34E FlJuliaty
JIT, REBFIFEAHMGIIT

B TR —RILBREAYREFRLT K

B FHBBE, BR. 5. —REBLEHORS

BRa (AFE)

B EABRAESR
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B JuliafE IR A TETIT, ZIrmfriEReIRAE
220 JIT
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