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E data = torch.tensor(...)

weight= torch.tensor(...) i ST J,-?\ -ﬂ-ﬁ‘-{‘l:% é] """"""""" .,
output = torch.matmul(data, weight) | ‘
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func layer1(x):
x = F.conv2d(x, ...)

x = F.relu(x, ...)
x = F.conv2d(x, ...)

x = F.relu(x, ...)
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ruct C18 APT DeviceGuardImplInterface {

DeviceType type() const = 8;
al Device exchangeDevice(Device)
Device getDewvice() const = 6;
virtual vold setDevice(Device) const =
DeviceIndex deviceCount()

virtual Stream getStream{Device) const
Stream getDefaultStream(Device)
31 queryStream{const Stream&

synchronizeStream{const Stream? = = Yook

i record(void** /®event®/, const Stream&

st DeviceIndex

id block(void? t*/, const Stream&

T

0]l queryEvent{void®*

i destroyEvent(void* SV E -

virtual ~DeviceGuardImplInterface() =

& Z5gf et al

st DeviceIndex
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size (D,H,W) 435y
stride (1,D,D x H) K
wrpras ey | OfSEL 0 RO BN RS
2R datatype float G YA
device cpu WAARA
layout "NHWC” R
data_ptr | (cpu, 0x1234, ..) | FREEFEIRES WA LRy HudE
PrBppipe | size DxH=xW AR

datatype float FEDE L SE PR R A
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%-l_ Storage
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Tensorimplzs: sKEMWMKRAILI, B8 THEREE, SKER.,
HIERE, kT, MEFEEIAIKEER
Storagelmplzs: SKERIFMEIL, B8 7 RFEET. 2RSS
HEMIBEIARSKEEE., ARG EAEAllocaton#H 75k E2UE
2ol =1/ payily

TensorBase TensorImpl Storage Storagelmpl
/ / B3
Tensori impl* impl Storage storage St oragelmpl* Allocator

Typ M t dai t typ storage impl AP RERS

s AdStd
ize_and_strides
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at::DataPtr allocate(size t nbytes) const override {
0id* data = nullptr;

data = malloc(nbytes);

return {data, data, &ReportAndDelete, at::Device(at::DeviceType::CPU)};

oid ReporthAndDelete(void* ptr) {
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» SRS BC—REE
NNBAFR, 24
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» BRI AFR
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» Tm: PLORE
FER, B
RFE A
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std: :mutex mutex;
ska: :flat _hash_map<void*, Block*> allocated blocks;

id add allocated blnck Block* block) {
std: : lock guard<std: :mutex> lock({mutex});
allocated blocks|[block->ptr] = block;

Block* get allocated block(wvoid* ptr, bool remove
std: : lock guard<std: :mutex> lock({mutex);
» it = allocated blocks.find{ptr};

Block*® block = it->second;
it ([ remove

allocated blocks.erase(it);

return block;
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» ECPULBIE— T K=E
ﬁ}%ﬁ@ﬂ%ﬁ%@@ﬁoragelmpl%’é% IJETensolmpP|<

nsorbBase empty [pu{ n ayvRef 1ze, ScalarType dtype, pin r-”-:}lt]ﬂ:ZnP'iﬁ:':n(IG moryFormat> me

allocator = Get[PUﬂll&catorﬁaybeplnned pin_memory ) ;
cl16: :DispatchKeySet cpu_ks(cl18: :DispatchKey::CPU);

return empty generic(size, allocator, cpu ks, dtype, memory format opt);

ensorBase empty generic(IntArrayRef size, c1@::Allocator 11 ator, cl18::DispatchKeySet ks, ScalarType
cl8: :optional<cl®: :MemorvFormat>» memory forma pt)

return _empty generic(size, allocator, ks, scalar type, memory format opt});

——

sorBase _empty generic{ArrayRef<T> size, c1@::Allocator* |all ator, cl1@::DispatchKeySet ks, ScalarT
cl@: :optional<cld: :MemoryFormat> | format opt)

=

storage impl|= c1@::make_intrusive<Storagelmpl>(clO::5toragelmpl::use_byte size_t(), size_ bytes,
allocator, f 2

tensor |= detail::make_tensor_base<TensorImpl:(std::move(storage_impl), ks, dtype);

return tensor;

t) {
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» HFREO (Blim) fIEMASIL (Fim) 78

» BFLIRIE
BliRENX . tiRIEERTEESFERS, BaEFHEmA. i
BUARBREOEN, &xEEEuREL (20Python API)
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native function{®z{
» PyTorch BB F BN B IR
» AEAZEIHITE LN, FE2EBNEENH
native_functions.yamILURINEFEEEE

» nativeBREHET, ({izFnative functions.yaml )
» funcFE: EX T8 FAMAB N B HIZS s
» variants=FER . FrREEBAIERNENSIE
» dispatch= g =B FPrsFHY e inS B2 0T N HYSCIN RS
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» BlmSCI TS

-5 PReLU(Module):
__constants = ["num parameters']

num_parameters: int

def init (self, num parameters: int = 1, init: float = @.
'|

factory kwargs = {'device': device, 'dtype': dtype}

self.num_parameters = num_parameters

super(). init ()

25, device=None, dtype=None) -> None:

self.weight = Parameter(torch.empty(num parameters, **factory kwargs).fill (init))

def forward(self, input: Tensor) -»> Tensor:

return F.prelu(input, self.weight)

def extra repr(self) ->

return "num_parameters={}'.format(self.num parameters)

» TEBCE A ,/J\JJEI FLE [N EIE R EAN S O & B R 2AIXT L

- name| prelu_kernel|(Tensor self, Tensor weight) -> Tensor

self, weight: "grad.defined() ? | prelu_kernel backward

std:ituple<Tensor, Tensor>()"

(grad, self, weight) :

result: at:where(self p >= 0, self t, weight p * self t + weight t * self p)
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» FESLH 255 2 [BAIIRSR R AT

_prelu_kemel()%I]_prelu_kemel_backward()
terigt 7Y Z—HITEHR, Hivix 7 aikirSEH5EAinput,
WNEBweight, L/Ufzfilﬁfr S H9tEE grad

JEHst b R 1E’\J§Eﬂl

sor prelu(c

prelu kern#lf onst

ito result —=jns empt; like(sel

o iter = TenqorItePa+0rConf1g" add output(result).add input(self).add input(weight).build();
prplu stub(iter.device type(), iter)

retTurn I’E':LU.'C_

1
I

SOI; _prelu_kernel backward(const Tensc
Tensor grad self = at::empty({0}, self.options());
Tensor grad weight = at::empty({®}, weight.options());
uto iter = TensorIteratorConfig().add output(grad self).add output(grad weight).add input(self).add_input(weight).add_input(grad out).build();
prelu_backward_stub(iter.device type(), iter);
return {grad selt, grad weight;;

1
I
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[GimSEIR
WA= - BREIE M S ERYSEPR TR SEHT

IEszjprelu_kemel() fzaprelu backward kernel()

XN R EESHA B T SIMDIES L mE it
Fgé ELEHRprelu kernelflZ=ESLEHprelu stub=1Ea1
éiBIE':F'EEJZXj}—\_

] prelu kernel(TensorIterator& iter
ﬂaT_L.u:wmLn_r—LUATING_TYPES_ANDz._kBFloatlﬁ kHalf, iter.dtype(), "prelu_cpu”, [&

ing Vec = Vectorized<scalar t>;

cpu_kernel vec(iter,
[1(scalar t input, scalar t weight) {return (input > scalar t(@)) ? input : weight * input;},
[1(Vec input, Vec weight) {return Vec::blendv(weight * input, input, input > Vec(0));1});
)s

¥

oid |prelu backward kernel{TensorIterator& iter) {

JlT_DISP.&TCH_FLOATIHG_T":"PES_ANDz\kBFloa'tlEmJ kHalf, iter.dtype(), "prelu backward cpu”, [&]!

cpu_kernel multiple outputs(iter, [](scalar t input, scalar t weight, scalar t grad) -> std::tuple<scalar t

uto mask = input > scalar t{0};

to grad input = mask ? grad : weight #* grad;

vto grad weight = mask ? scalar_t{8} : input * grad;
return {grad_input, grad weight};

});
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ZMiEin & ZMEN, REARIEE BN mSE
PyTorch{E BB IRHLEISR SRR fGimXd N X2, HDispatcher
BIEDIRE

DIRERNEFRNCRES FRIEMIEIRSCIINI N AR, IR
APyTorchFix15H0E ¥, EMERZFNDIKE (5EintE
KAIFRIRFT)

TORCH_LIBRARY IMPL(aten, CPU, m) add

{ mul

m.impl(“prelu”’, cpu_prelu);

CPU GPU DLP
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Add(const1, Add(x, const2)) Add(x, const1 + const2)
Conv2D(const] * x, const2) Conv2D(x, constl * const2)
Concat([x, constl, const2, y]) Concat([x, concat([const]l, const2]), y])
Matmul(Transpose(x), y) Matmul(x, y, transpose_x = true)
Cast(Cast(x, dtypel), dtype2) Cast(x, dtype?2)
Reshape(Reshape(x, shapel), shape2) Reshape(x, shape2)
AddN(x *a,b *x, ¢c *Xx) X * AddN(a+b +¢)
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