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WDL
DeepFM DIN
LR FM GBDT+LR DCN{(v2) DIEN DLRM SIM
PyTorch/
TorchRec HugeCTR
TensorFlow/ PaddlePaddle/ DeepRec
TERA PaddleBox
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2022 DeepRec FHiR
- HTRAREER, S8EHE,
=Y, EDHHE, VIVOE
| |
2018 PAI-TF 2023 DeepRec gt
- 2B ERFR —IIREF S| ZRIESS LF Al & Data Foundation

- EFTensorFlow, e, IhEEIER

Github  https://github.com,/DeepRec—Al/DeepRec,/

Docs https : //deeprec . readthedocs . io/en/ latest/
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DeepRec If&E HELS

Embedding & Optimizer

BA

Training

Embedding Variable
Feature Eviction and Filter
Dynamic dimension EV
Adaptive Embedding Variable
Multi-Hash Embedding
AdamAsync Optimizer

AdagraDecay Optimizer
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Async/Sync Distributed Training
Distributed Training based on GBA
Graph Aware Memory Allocator
Automatic Pipeline
Graph Template Engine
Critical-path based Executor

GPU Multi-Stream Engine

Multi-tier Embedding

@_I DeepRec GOTC

Serving & Deployment

Share-nothing SessionGroup
Multi-tier Embedding
GPU Multi-stream In SessionGroup
Dynamic Shape Compiler (BladeDISC)
CUDA Graph Execution Engine
Delta checkpoint
Online Deep Learning

Model Quantization
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Embedding Variable Th#&g

feature conflict static shape
/ \ //-f" Slot & \alue Wersion
— B e erpéedding 2% 4 S \ = é _—" Slot = Value Version
F2 ~">ff" ~ / 4 F2
sl Envedding 1/ 9 /)15 Tensor Fa =  Slot = Value | Version
F4 | % Save/Restore
e -7, L / shape=[N,8] Fe T
s \ / F15 =  Siot = Value Version
F15 | ) a1 _\
_____ . s’
= ™ Em\?idd'”j/m e —\\_"’ Slot =  Value Version
. . \’ Slot & alue \ersion
memory waste inefficient 10
Feature Filter Feature Eviction:
1. Based on Counter 1. Based on Global Step

éi*ﬁ;ﬁ;i*l"%% 2. Based on Bloom Filter 2. Based on |2weights
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Multi-Tired Embedding Variable

Qlpeeprec GOTEC

r ________________________ 1 r ________________________ -
! ' ) !
i ' ! !
| 1
: CPU Cache | : GPU HBM |
I ————————————— 1 I I ————————————— 1 I
| 1
: DRAM | : DRAM |
| ———— e — = - I | s = i I
| PMEM : | PMEM :
TR 0 I A 00 |
| |
| SSD I SSD
| |
| |

— Support Model with 10TB+ (Training and Inference)

— Less Memory or GPU Memory Usage

— Hot/Cold Features for Embedding (Pareto Principle, hot features 20%)
— Compare with Distributed Serving, (latency TP99 80ms—>25ms)
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Share-nothing SessionGroup

Qloeeprec GOTEC

MBITlOI'Y resources MBI"I'lOI"V resources MGITIOFY resources MBITIOI'Y resources
Inputs & Activtions Inputs & Activtions Inputs & Activtions Inputs & Activtions
r— - - - - - 7 = r— - - - — =
Model weights shared— Model weights | e Model weights -{shared—— Model weights | e
re == === R
Embedding Table -tshared— Embedding Table | Embedding Table {shared— Embedding Table :
Compute resources Compute resources Compute resources Compute resources
Inter/Intra CUStream Inter/Intra | CUStream Inter/Intra CUStream Inter/Intra CUStream
ThreadPool : ThreadPool ThreadPool ThreadPool
CUContext CUContext CUContext CUContext
CPU Device CPU Device CPU Device CPU Device CPU Device CPU Device CPU Device CPU Device
CPU cores GPU CPU cores i_ GPU [ CPU cores GPU CPU cores r GPU |
(numa-aware) (1,2) (numa-aware) || (1,2) (numa-aware) (3) (numa-aware) || (3)
" i
Leader Session Follower Session Leader Session Follower Session
Model-0 Model-1
Serving Entry

Model Selector

RPC
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Share-nothing SessionGroup

Throughput (QPS)
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Latency |

M DeepRec

- 8 CUDA stream and share-nothing architecture could brings 6X QPS than TensorFlow
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GAMMA - Graph Aware Allocator

GraphAllocator1

N steps graph run

|
Alloc/Free

Collector »

Planner

CUDA Malloc/Free

Remaining graph run

|
Alloc/Free
 J

OnlineAllocator

o <=32 KB >32 KB
init
Small Large Mem
Men) pool

‘Q‘..--

GraphAllocator N 5(:)6

N steps graph run

|
Alloc/Free
Y

Qloeeprec GOTEC

Remaining graph run

I
Alloc/Free

OnlineAllocator

Collector *

Planner

init <=32 KB >32 KB

ini

4 Small Large Mem
M_gm pool Q?ol

BestFitAllocator

— — — — — — —

global shared mem pool
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GAMMA - Graph Aware Allocator

Normalized Latency Normalized GPU Memory
1.4 1.2
1.2 1
1 0.8
0.8
0.6
0.6
- 0.4
0.2 0.2
0 0
DeepFM DLRM DeepFM DLRM
B BFC M cudaMallocAsync B GAMMA B BFC B cudaMallocAsync @ GAMMA

- GAMMA save 12%-43% GPU memory compare to BFC
- GAMMA improve performance at most 2%-24% compare to cudaMallocAsync
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Sample-awared Graph Compression

Lserl, [tem]
Userl, ltemZ
Userl, ltem3
Userl, ltemd
Userl, ltemb
Userl, [tem]
ltem2
ltem3
Itemd
Items
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UserMetl

[temiet]

LserMet?

4

UserMetl

[temMet]

-

ItemMetl

UserNet2

|

[temMet]
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Sample-awared Graph Compression

Sample—awared Graph Compression RT (ms)
user sample ratio = 256:1

~
o O

Average P99

M baseline M optimize

- Average RT drops 49%, P99 RT drops 47%
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Embedding Ih&EE =
- Group Embedding
- Embedding £/

TTEMRK
- Triton
- OpenXLA

IR
- CUDA Graph
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