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Wh, W_x, x, prev_h

12h = forch‘mm(w,x, %, t())
(chxlre.s grack

hoh = torch.mm(nLh, prev-h.t())

next_h = i9h + hoh
Next_h = next._h tanh ()

(023 = hext_h.sum ()
[oss . backward ()



12h = fOfch,mm(W,x) 2. t()) M, X, Prev_h

h2h = 'h)fch,mm(w,_h) PYEV,_ht()) eqrires grack
next_h = i2h + hah
- Next_hA = next.htanh()
lo3s =
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gadloss = torchtensor(1, dtype=loss.diype()
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W,h,g (ad += mm_matl_backwarh(g@d _h2h, P@-n.t ), W-h, 1)
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how do we get here? Al g@d vafiables ar 2ew to start:
g(ad _ioh = toreh ooy _like (i2h)
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12h = torch mm (W-%, %.t())

hoh = torch.mm(nLh, prev-h.t0)
next_h = i2h + hoh

Next_h = next_h tanh()

[633 = pext_h.sum ()

loss . backward ()
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How to figure this out?
Build PyTorch with DEBUG=1,

Aﬂa‘tOM% O‘F ah OP@(gtOf CaH set a breakpoint on

at::native::add, and look
at the backtrace!

torch:3dd (#, 3)

THPYarisble_add
? PS.“)OA 3“3\){'\6(7[: FQISMS m-thut\-\r/z‘tage.w-\:hoés.cpp
? var“aueTUPQ VarighleType:iadd
? TQPQ TypeDefovtriada (o5 CPOFlat Type)

\ Naf(ve Looction atinativeradd

BinargOps. opp

\ TH ton etion THTensor..(844)

qeetic/ THTensorMsth.cpp, g



{

static PyObject * THPVariable add(PyObject* self , PyObject* arfs, PyObject* kwargs)

HANDLE _TH_ ERRORS alf]'O -QQ(\ e,(sl}zd .

static PythonArgParser parser({

Just skim

"add(Tensor input, Scalar alpha, Tensor other, *, Tensor out=None) |deprecated",
"add(Tensor input, Tensor other, *, Scalar alpha=1l, Tensor out=None)",
}, /*traceable=*/true);

ParsedArgs<4> parsed args; It——a('SUMEO‘t PafSQf

auto r

parser.parse(args, kwargs, parsed args)

if (r.idx == 0) { (@‘QSSQ ‘the GIL

if (r.isNone(3)) {

return wrap(dispatch add(r.tensor(0), r.scalar(l), f.tensor(2)));
} else {
return wrap(dispatch add(r.tensor(0), r.scalar(l), [.tensor(2), r.tensor(3)));
}
} else if (r. 1dx == AutoNoGIL no gil;
if (r.isNone(3 g” return self.add(other, alpha); E;
return wrap dlspatch a ensor(0), r.fensor(l), r.scalar(2)));
} else {
return p(dispatch add(r.tensor(0), r.tensor(l), r.scalar(2), r.tensor(3)));
}
} t Y
Py RETURN_ NONE; (QW(&P (‘\&0 P(dOb\sQCt b d'
END HANDLE TH ERRORS ] N
} actual binding

on toteh, _C.Variablefunctiong

static PyMethodDef torch functions[] = {

{;éddn’

(PyCFunction)THPVariable add, METH VARARGS | METH KEYWORDS | METH STATIC, N



inline Tensor Tensor::add(const Tensor & other, Scalar alpha) const {
return type().add(*this, other, alpha);

}

CPQF[?;{TSPQ ’\ virdval method

mght be overtiden b3 shelyss  Switch (eq. CUDA) device
{

Tensor TypeDefault::add(const Tensor & self, const Tensor & other,/Scalar alpha) con
const OptionalDeviceGuard device guard(device of(self));
return at::native::add(/* native actuals */ self, other, alpha);

Tensor add(const Tensor& self, const Tensor& other, Scalar alpha) {
Tensor result;

if (other.is sparse()) {
result = at::empty({0}, self.options()); '&\Q kQ(l\Q\
return native::add out(result, self, other, alpha);

} proper

auto iter = TensorIterator::binary op(result, self, other);
add stub(iter->device type(), *iter, alpha);
return iter->output();



][ don't recommend, Spe,c\d'( ng ‘oo
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Anafomg of 8 keme] (+ Infea Wil ihg up'.)

Tensor my op out cpu(Tensor& result, const Tensor& self, const Tensor& other) {

TORCH CHECK(result.is cpu() && self.is cpu() && other.is cpu());
TORCH _CHECK(self.dim() == 1);

TORCH:CHECK(self.sizes() == other.sizes( F<;-EE
rfor checKin

result.resize (self.sizes());

AT_DISPATCH_FORALL TYPES( OU+PUt 9“6(‘-31.(0[\

self.scalar type(), "my op cpu", [&] {
my op cpu kernel<scalar t>(result, self, other);
}
);

} T Diype dispatch

template <typename scalar t> %{a”e‘h&at(ol\

void my op cpu_ kernel(Tensor& result, const Tensor& self, const Tensor& other) {
auto result accessor = result.accessor<scalar t 1>();
auto self accessor = self.accessor<scalar t, (),
auto other accessor = other.accessor<scalar t, 1>();

parallel for(0, self.size(0), 0, [&](int64 t start, int64 t end) {
... self accessor[i]
3

} N_Data access (vectorized?!)



SCB'F'FO\&.V\ﬁ

Every opefater has 3 schema
Ve Sgnature

- func: add(Tensor self, Tensor other, *, Scalar alpha=1l) -> Tensor
variants: function, method ;:\\
dispatch:
CPU: add Cont (ol PgthOI\/Ci‘-F ArL
CUDA: add
SparseCPU: add

SparseCUDA: add dlSPa-{:cL-\

MkldnnCPU: mkldnn_ add

aten/src/ATen/native/native functions.yaml

his Schemy contids oor code opaecation

https://github.com/pytorch/pytorch/blob/master/aten/src/ATen/native/README.md



SCB'F'FO\&/\_?

Also 2 dedvative:

Synatue
/ o

- name: add(Tensor self, Tensor other, *, Scalar alpha)

self: grad
other: maybe multiply(grad, alpha) Eone ‘ad pec _rensof
Ngune«t

NS the t‘j(ao\(ed *Flowlng o add
grad _self = grad_add

tools/autograd/derivatives.yaml



Foror checking

LDN ‘QV@[ Hand -y ke Youl effor MmeSsdge.
#include <cl0/util/Exception.h> V£
TORCH CHECK(self.dim() == 1, "Expected self to be 1-D tensor, but "
;h "was ", self.dim(), "-D tensor")
Condiition RSN coedlon
TIntespecse values drectlyy  Ehey
. ate formatted with operater &
Highet level P

#include <ATen/TensorUtils.h>

TensorArg result arg{result, "result", 0} p) p
self arg{self, "self", 1}, % MQ’t&A}J% ‘OO\I C&dA%SUMa\‘t

other arg{other, "other", 2};
CheckedFrom ¢ = "my op cpu";
checkDim(c, self arg, 1);

. Pre-canned escec MmeshiasR

1
Not comv\@.‘m !



Oufput allocstion

No-op i al(eady the right Sie
L‘;ensor& abs out(Tensor& result, const Tensor& self) { Pfea\\oc_a{ed

result.resize (self.sizes());

// ... the real implementation ... O\H'P‘Xt

}
Tensor abs(const Tensor& self) {
Tensor result = at::empty({0}, self.options()); 96‘\2(8{:6
abs out(result, self); 'Q 'P
return result;
| return rest assume _odt or Me
Tensor& abs (Tensor& self) { Wl“ resize . I
return abs out(self, self); lf\P ac

}

x assomes .oul Kemel Nandles
‘&‘\as'.r\g, n Pu"\'S



Dtype dispatch
Ve not actually all 4upes

AT DISPATCH ALL TYPES(
self.scalar type(), "my op cpu", [&] {
my op cpu kernel<scalar t>(result, self, other);

}
); ‘s' .
specialize 1ambda for each Scalar_type
AT _DISPATCH_ALL _TYPES(TYPE, NAME, ...)
AT_DISPATCH_FLOATING_TYPES(TYPE, NAME, ...)
AT _DISPATCH INTEGRAL_TYPES(TYPE, NAME, ...)
AT _DISPATCH ALL TYPES AND(SCALARTYPE, TYPE, NAME, ...)



DaJta 30cRsSS

auto x accessor = x.accessor<float, 3>();

Po.l{\t BQCQSS float val = x_accessor[0][0][0];

CUDA: packed accessor (gotcha: 32-bit!)

’ #include <ATen/native/TensorIterator.h
E‘Qmen—t\’“l%q’ auto iter = TensorIterator::Builder()
.add output(output)
.add _input(input)
Lbuild();
binary kernel(iter, [](float a, float b) {
return a + b;

1) CUDA: gpu binary kernel

Y #include <ATen/native/cpu/Loops.h>
Ved:(b( (%QA binary_kernel_vec(i‘cer,p P
[=](scalar t a, scalar t b) -> scalar t {
return a + alpha * b; },
[=] (Vec256<scalar t> a, Vec256<scalar t> b) {
return vec256::fmadd(b, alpha vec, a);

});



Pa(a\\e\'\zg{'\o(\ (CPU only)

#pragma omp parallel for private(i) if (input size > grainsize;;>(\
for (1 = 0; i < input size; i++) {

L

J

at::parallel for(0, input size, grain size, [&](int64 t begin, int64 t end) -
for (auto i = start; i1 < end; i++) {
// ...
}
});

critical? implement the locks yourself!



Le%a cy code

“TH, THC, THNN, THcUNN

— C dee THTensor wrap()
—Manoal | efeou h'“f‘g

- Pf eprocesse sh Qf\'ec\'\g'a AS

W('(J(,Q new Con, N Ceey conslde(
‘Do(.{','ttxa cld COAQ when (30\1 C?‘\(.

https://github.com/pytorch/pytorch/wiki/TH-to-ATen-porting-guide



WockFlow efficieac y



—Don't edit hesders
— Doot test Etj CL
= Do setup ccache

= Ge:t P bee'Fg wOCkS'b‘l',\o(\ "\'or \ou'\\&'s



How 4o Q)QJC involved. /
https://github.com/pytorch/pytorch/issues _

mOd\“‘ e SMB‘ ‘

Port some code from TH to ATen!

Help us improve our documentation!

Help minimize reproducers on bugs!

Help answer questions on the forums

Help us discuss design of new features!

Scratch your own itches!



