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[loCTAQHOBKA 3a4aun
Ha MCKYCCTBEHHOM npumepe

JlaHo:

DAU =50 mnH

HoBbix nocTtoB = 10 MIH/QeHb
Embedding dim = 64
AKTYyaNbHbl 06BHEKTDI
CO34aHHbIe3a nocsegHnin roan

Hantu:
Pecypcbi=?

PeweHue:

O6bekToB = 365 gHen * 10 mnH/n0eHb = 3,65 mnpa
[lapameTpoB B mogenu = 3,65 mnpa * 64 = 230 mnpp
3aHumaemas namatb B fp16 = 230 * 2 = 460 rurabant
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CywecTByeT >XXesie3o
cnocobHoe pewnTb 3Ty
3anauy «B n106»



Ho MO>XHO 1M C3AKOHOMUTDb
MU MacwTabupoBaTb
Ha 6o/blLUEee KOANYeCcTBO
napameTpoB?
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RowWise onTumMun3aTtop

CokpalleHue pacxonoB Ha XpaHeHue cTenTa
ONTUMKU3ATOPa BO BpemMs 06yueHus:

460 Ha ambepganHru + 460 Ha cTenT onTuMun3laTopa = 920 Tb
460 ambepanHros + 460/64 ontumun3atop = 467 b

me Sparse Friendly ; Memory Requirement

SGD gt ' N
AdaGrad [31] gt BEEET - Y
Adam [32] Bimi—1+(1—pB1)gt  B2Vie1 + (1 — B2) g2 Y
Y

rAdaGrad gt t_1llgel)3/d*1

https://storage.cs.tsinghua.edu.cn/papers/sc20-kraken.pdf
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# update step
step t += 1

step = step_t.item()

grad = grad if not maximize else -grad
row_wise grad = grad.mean(axis=1).view(-1, 1)
if weight_decay != 0:

grad = grad.add(param, alpha=weight decay)

DmmeOpt‘SpmseOpt row_wise grad = grad.add(param, alpha=weight decay)

SGD
AdaGrad

clr = 1r / (1 + (step - 1) * 1lr_decay)
Adam AdaGrad

Adam
Adam rAdaGrad : state_sum.addcmul_(row_wise_grad, row_wise_grad, value=1)

std = state_sum.sqrt().add_(eps)

param.addcdiv_(row_wise grad, std, value=-clr)

https://github.com/pytorch/torchrec/blob/main/torchrec/optim/rowwise_adagrad.py 13
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Backward-fusion
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Baseline Backward-fusion

https://www.jqgu.net/publications/papers/ML_ICLRW2021_Gu.pdf



Backward-fusion peann3auus

# CnoBapb ONMTUMN3ATOPOB AN BCEX MNapaMeTPOB
optimizer_dict = {p: torch.optim.Adam([p], foreach=False)
for p in model.parameters()}

# Xyk ang BbizoBa ~step()" " u " “zero grad() "
def optimizer_hook(parameter) -> None:
optimizer_dict[parameter].step()

é optimizer_dict[parameter].zero_grad()

# Perucrpuvpyem XxykK Ons BceX NapamMeTpoB
for p in model.parameters():
p.register_post_accumulate_grad _hook(optimizer_hook)

# BbizoB forward n backward
loss = model.forward(image)
loss.sum().backward()

# Ular ontumusartopa
optimizer.step()
optimizer.zero_grad()

# BbizoB forward u backward
loss = model.forward(image)
loss.sum().backward()

https://pytorch.org/tutarials/intermediate/optimizer_step_in_backward_tutaorial.html 16


https://pytorch.org/docs/stable/generated/torch.nn.Module.html#torch.nn.Module.forward
https://pytorch.org/docs/stable/generated/torch.nn.parameter.Parameter.html#torch.nn.parameter.Parameter
https://pytorch.org/docs/stable/generated/torch.optim.Adam.html#torch.optim.Adam
https://pytorch.org/docs/stable/generated/torch.nn.parameter.Parameter.html#torch.nn.parameter.Parameter
https://pytorch.org/docs/stable/generated/torch.nn.parameter.Parameter.html#torch.nn.parameter.Parameter
https://pytorch.org/docs/stable/generated/torch.nn.Module.html#torch.nn.Module.parameters
https://pytorch.org/docs/stable/generated/torch.nn.parameter.Parameter.html#torch.nn.parameter.Parameter
https://pytorch.org/docs/stable/generated/torch.nn.Module.html#torch.nn.Module.parameters
https://pytorch.org/docs/stable/generated/torch.Tensor.register_post_accumulate_grad_hook.html#torch.Tensor.register_post_accumulate_grad_hook
https://pytorch.org/docs/stable/generated/torch.nn.Module.html#torch.nn.Module.forward
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Model parallelism
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class ModelParallel(nn.Module):
def init (self):

super(). init ()

self.seql = nn.Sequential(
self.layerl,
self.layer2

).to('cuda:0")

self.seq2 = nn.Sequential(
self.layer3,
self.layer4,

).to('cuda:1")

self.fc.to('cuda:1")

def forward(self, x):

x = self.seq2(self.seql(x).to('cuda:1"))

return self.fc(x.view(x.size(@), -1))

19
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Data parallelism

GPU1 ~




Parallelism table-wise

Pooled emb Pooled emb

AlltoAll

AlltoAll
Input batch Input batch

(a) Table-wise Parallelism

https://arxiv.org/pdf/2104.05158
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Parallelism row-wise

Pooled emb Pooled emb

ReduceScatter

AlltoAll w/ bucketize

Input batch Input batch

Device 0

(b) Row-wise Parallelism

https://arxiv.org/pdf/2104.05158
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Parallelism column-wise

Pooled emb Pooled emb

AlitoAll

AlltoAll w/ duplication
Input batch Input batch

(c) Column-wise Parallelism

https://arxiv.org/pdf/2104.05158
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Parallelism peanunsauunsg
onsa mynbTu Hog cueHapua NCCL

Broadcast

=in[i]

out[i]

sum(inX[i])

outfi]

sum(inX[i])

outfi]
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https://docs.nvidia.com/deeplearning/nccl/user-guide/docs/overview.html



Parallelism
peannsaumns
07151 MYJ1bTU
HOJLO CLeHapud

https://github.com/pytorch/torchrec/blob/main/torchrec/distributed/sharding/rw_sequence_sharding.py
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Unified Virtual Memory

94 H100

80 A100

48 A40

32 V100

16 T4
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VI C I_I D n b3 D B a H M e __host__ cudaMallocManaged ( void** devPtr , size_t size , unsigned int flags = cudaMemAttachGlobal )

U . f . d V . t I Allocates memory that will be automatically managed by the Unified Memory system.
M e m O ry FBGEMM / fbogemm_gpu / src / memory_utils / memory_utils.cu

Code Blame 453 lines (378 loc) -+ 14.4 KB

86 // Allocate the ATen Tensor with unified managed memory (UVM)
87 Tensor new_managed_tensor_internal(

88 const Tensor& self,

89 const std::vector<std::int64_t>& sizes) {

90 CUDA_DEVICE_GUARD(self);

91

92 auto strides = defaultStrides(sizes);

93 size_t size_bytes =

94 at::detail::computeStorageNbytes(sizes, strides, self.dtype().itemsize());
95 void* ptr;

96 AT_CUDA_CHECK(cudaMallocManaged(&ptr, size_bytes));

https://github.com/pytorch/FBGEMM/blob/main/fbgemm_gpu/src/memaory_utils/memory_utils.cu 30



I/I C ' Dn b3 D B a HU e from torchrec.distributed.planner import EmbeddingShardingPlanner, Topology

from torchrec.distributed.planner.types import ParameterConstraints
L o from torchrec.distributed.embedding_types import EmbeddingComputeKernel
U n Ifl e d VI rtu a I from torchrec.distributed.embeddingbag import EmbeddingBagCollectionSharder

from torchrec.distributed.types import ModuleSharder

topology = Topology(world_size=1, compute_device="cuda")
constraints = {
"large_table": ParameterConstraints(
sharding_types=["table_wise"],
compute_kernels=[EmbeddingComputeKernel.BATCHED_FUSED_UVM.valuel,

}
plan = EmbeddingShardingPlanner(
topology=topology, constraints=constraints
).plan(
ebc, [cast(ModuleSharder[torch.nn.Module], EmbeddingBagCollectionSharder())]
)

uvm_model = torchrec.distributed.DistributedModelParallel(
ebc,
device=torch.device("cuda"),
plan=plan

https://github.com/pytorch/torchrec/blob/main/examples/sharding/uvm.ipynb 31
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UTO ecnu gaHHbIX pe3ko
CTaHeT 60/ibLue?



UTO genaTthb, ec/qiv AaHHbIX CTaHeT 6onbLue?
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Hashing Trick Product Quantization

Hash(ld, salt1) % num _buckets

Emb32_1_salt1

Object Id
(7,3 mnpn) num_buckets-1

video:1234 | num_buckets

photo:2345
vote:3456

Hash(ld, salt2) % num_buckets

video:1234

Y

Emb32_1_ salt1 Emb32_2_ salt2

J\

Emb32_1_salt?
Emb32_2 salt?2

num_buckets
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Hashing Trick Quotient Remainder

Hash(ld) / num_buckets

Emb64_1

Object Id

(713 M”pﬂ.) Hash(ld) / num_buckets-1 video:1234

videno:1234 ' Hash(ld) / num_buckets

Emb64_1 +, %, . Emb64_2

photo:2345 Hash(ld) % num _buckets

vote:3456
Emb64 _1

Emb64_2

Emb64_num_buckets-1
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Jagaya: paH>XnpoBaHue
NoOONUCHOW NeHTbl couceT!

Tunbl KOHTeHTa (pUa0B) B JIEHTE:

e KoOHTeHT gpy3en (HoBble NMocThbl, POTO,
BMAE0, KOMMEHTapwuu, penocTbl 1 TA)

e KOHTEHT rpynn (NocTbl TEMaTUUYECKUX
rpynn, HOBOCTU, pa3BJieKaTesbHbIN
KOHTEHT, I0KaJ/ibHble HOBOCTU U TA)

e BTopowm kpyr (noctel BUOa “Baw gpyr
CUMTAET KJ1aCCHbIM")

'Tmaoooe

(O KommeHTupoBaTh 4> ¢4 Knacc

Mapk LLiepmaH cYMTaEeT KnaccHbIM

m Aun3zaiiH UHTepbepa
- 22anp

Munas rocTuHas

. 146 knaccos - lNMopenunuce: 1

(O Kommentpoate &> ¢ Knacc
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MHpepeHC mogenu B npoge

Pctr

E——

A
Feature interaction <

CateJorical DELSE
features features
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MHupepeHc mogenun B npoge OK 10K rps

1 ONNX B Java Pctr
I
I
I
I
: A
I
I
S
Feature
;-
|
|
I MLP
' !
: 3 CateJoricaI Dehse
I CoTHu rurabant features features

https://www.youtube.com/watch?v=UHI7JHUHDOs
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odnoklassniki-ml

Pean U3YyeT U Noaanep>xmBderT.

CXeMYy AaHHbIX
paboTy Cc gaTacetam
noOaep>kky BEKTOPOB 1 TEH30POB

nannaanHbl 419 TpaHchpopmMaunm
partacera

CKPUMTOBLIN SA3bIK A9 peanusaumm
KaCTOMHbIX TpaHChopmMauunm

https://github.com/odnoklassniki
https://t.me/mlvok

NBU>XXOK BbINOJIHEHUSA NAannNaanHoB
C N040ep>XKOU aCMHXPOHHbIX 3aNpoCcoB

cepmanm3auuio 1 BbINOJIHEHME
nannnanHoe gns Spark

AeKnapaTMBHOe onucaHus gpuy
M aBTOMaTmueckoe NOCTpoeHue
nanniaamHa ang nx BolunciaeHund



Ona cpaBHeHna ResNet-18 nna 06paboTku nsobpaxkeHusa 224 x 224
notpebyet 233 GFLOPs

Criteo

Baseline

Logloss AUC Params FLOPS Best Setting

PNN

DeepFm
DLRM
xDeepFm
Autolnt+
DCN
DNN

Ours
DCN-V2
DCN-Mix
CrossNet

0.4421 (5.8E-4)
0.4420 (1.4E-4)
0.4427 (3.1E-4)
0.4421 (1.6E-4)
0.4420 (5.7E-5)
0.4420 (1.6E-4)
0.4421 (6.5E-5)

0.8099 (6.1E-4)
0.8099 (1.5E-4)
0.8092 (3.1E-4)
0.8099 (1.8E-4)
0.8101 (2.6E-5) ! 4.2M
0.8099 (1.7E-4) | 2.1M
0.8098 (5.9E-5) | 3.2M

1.4M
I 11m
I 37Mm

0.4406 (6.2E-5)  0.8115 (7.1E-5) | 3.5M

0.4408 (1.0E-4)
0.4413 (2.5E-4)

0.8112 (9.8E-5) ! 2.4M
0.8107 (2.4E-4) | 2.1M

2.8M
2.2M
32M
8.7M
4.2M
6.3M

7.0M
4.8M
4.2M

(3,1024) | OPNN
(2,768) | -
(2,768) | [512,256,64]
(3,1024) | [=2, n=100
(4,1024) | =2, h=2, e=40
(2,1024) | I=4
(3, 1024) |

[
(2,768) | 1=2

(2,512) | I=3, K=4, r=258
— | =4, K=4, r=258

https://arxiv.org/abs/2008.13535



[IpopunmnposaHue Java

23:00:00 ., 00:40:00 __, _02:20:00 4:00:00 _05:40:00 __,  07:20:00 _, _ 09:00:( 10:40:00 _ 12:20:00 _ 14:00:00 15:40:00 . 17:20:00 o 20:40:00 _ _ 22:20:00

e
a

/tmp/onnxruntime-java9963971370045911144/libonnxruntime.so
/tmp/onnxruntime-java9963971370045911144/libonnxrun.. ai.onnxruntin
/tmp/onnxruntime-java9963971370045.. unknown ai.onnxruntin
/tmp/onnxruntime-java996397137004.. ai.onnxruntim..  ai.onnxruntim
/tmp/onnxruntime-java996397137004.. ai.onnxruntim..  ai.onnxruntin
/tmp/onnxruntime-java99639713700.. ai.onnxruntim..  odkl.ml.pipeli
/tmp/onnxruntime-java99639713.. ai.onnxruntim..  odkl.ml.pipeli *
/tmp/onnxrunti.. Java_ai_onnxr.. odkl.ml.pipel.. odkl.ml.data.

ok.feeds.reco.. itable stub odkl.ml.p.. ja.. /t

ok.feeds.reco.. odkl.ml.p.. ja..

odkl.ml.data... odkl.ml.d.. ja.. [tmp/onnxruntime-java9963971370045911144/
odkl.ml.data... odkl.ml.d.. or. libonnxruntime.so
odkl.ml.data... odkl.ml.d.. or. (1,051 samples, bci: 0, m: 833, 0.68%)
odkl.ml.data... odkl.ml.d..

odkl.ml.data... odkl.ml.d..

odkl.ml.data... odkl.ml...

odkl.ml.data... odkl.ml...

odkl.ml.dat.. odkl.ml...

odkl.ml.dat.. odkl.ml...

odkl.ml.dat.. odkl.ml...

odkl.ml.dat.. odkl.ml...

odkl.ml.dat.. odkl.ml...

odkl.ml.dat.. odkl.ml...

odkl.ml.dat.. odkl.ml...

odkl.ml.dat.. odkl.ml...

odkl.ml.dat.. odkl.ml...

odkl.ml.dat.. odnoklas..

odkl.ml.dat.. odnoklas..

odnoklassni.. java.uti..

odnoklassni.. java.uti..

java.util.c.. java.lan..

java.util.c.. odnoklas..

S SCHED_OT..
total: 204 (16%); match: 1 (5%) == Matched: 1.08% X

https://www.youtube.com/watch?v=QiGrTvsCZmA




MeTpukn no Ab

Oeiicteue (RU) 7
[DWH]Ceccus rnaBHom nexTbl
[DWH]MepauaHHas NpoaoKUTENbHOCTb CECCUM FMAaBHOM NEHTbI
[DWH] )XuBble AeHbrM C peknamb! B NeHTe
[DWH]Naik

[DWH] XuBble aeHbru ¢ peknambl B NeHTe

MeTpuka
time
time

counts
counts

money

HoBuaHa

Cpen. addex

Hy)XHO eLlé aHen
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C nomowbHo YNOMAHYTbIX ONTUMM3ALMNA CTAHOBUTCA BO3MO>KHbIM Oﬁyanb
OrpomMHble HEﬁpOCETEBbIe MOOeJin B uendx peKkoMeHOadTeJIbHbIX CNCTEM

mEBC mFused EBC
with UVM

|

with
UVM-caching

|

DLRM EMB DLRM EMB DLRM EMB DLRM EMB full sized
(reduced 128X) (reduced 64X) (reduced 32X) (reduced 2X) DLRM EMB

=
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https://github.com/pytorch/torchrec/tree/main/benchmarks
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Ecnu 3ax0oTuUTe NOBTOPUTL

* YnomgaHyTble ONnTUMKU3aUnKM gns obyuyeHumns
MOOesin, B TOM Uncie C UCNoJib30BaHUeMm
buenuoTtekn TorchRec

* Hashing Trick
e Feature Store

 Hana>xeHHbIn nHdepeHC Ha bekeHae

https://notes.mail.ru/share/fc73f769-ca85-48e2-9f3d-63fc35f34243
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t.me/mlvok



