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PART ONE
TVM @ AliOS Overview
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MS Overview

e AliOS (www.alios.cn) is a newly designed to drive everything toward intelligence.
The AliOS is running in vehicles, Phone, Pad and loT terminals. Provide cloud and

devices co-related solutions for different terminals.

* To help traditional car firms

embrace new ‘connected’ era AliOS & H?é M EEL

HEUEERENEKSE KERRKRIDITES

by acting as the IT ‘chassis’ of

auto industry @ramnze | D0

B xR
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TVM Timeline @ AliOS

O 2018.4 O 2018.12 O 2019.6 O 2019.10

AliOS TVM Team Set up TFLite Quantized Support 1.61X MobilenetV1 TFLite EVM Hexagon DSP
. : 1.27X MobilenetV1 upport
1.12X Mobilenet V1 TFLite QNNPACK

2X MobilenetV2 TFLite

1.34X MobilenetV2
QNNPACK

Yungi Conf. AR-Nav Product
Show

Lanenet Model 1.6X Intel

OpenVINO @ Intel GPU AliOS AR-Nav Product @ SUV
(Apollo Lake Gold) Ready

2018.10 o 2019.4

AliOS @ Roewe RX5 MAX
Release and adopt TVM
accelerated NLU model

2019.8
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AliOS TVM Arch

Model Face landmark Voice-GUI

Pedestrian & Vehicle Detection Gesture

<

AliOS TVM Compiler

=

CPU
(ARM. Intel)
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Lanenet

NLU

GPU Kernel

GPU
(Mali. Intel, nvidia)

DMS FacelD

Multimodal Interection

AliOS TVM runtime
( Al inference API)

1

Accelerated Op Library / Others
Inference Engine

DSP
(QualComm)




PART TWO
AliOS TVM @ ARM CPU
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AliOS TVM@ARM CPU

« Support TFLite ( Open Source and Upstream Master )

« Optimize on INT8 & FP32
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AliOS TVM @ ARM CPU INTS

Convolution
« NHWC layout
« im2col + pack

« Tensorize GEMM

NIiOS 1 IREh T3 4 &E
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AliOS TVM @ ARM CPU INTS

TVM / QNNPACK Speed Up @ Mobilenet V2 @ rasp 3b+ AARCH64
2.50 238

2.00

1.67 1.66 1.67

1.60 155 1.57 1.57

145 147 1.47 1461
150 136 f 139 4 2 138 135 pad0f 13 142 L4

131 104 | 129 1.28
1.23 g 1.24
1.14

1.00
0.50
0.00

Convolution Workload Performance
NIi0S | IREh F ¥ &




AliOS TVM @ ARM CPU INTS

Depthwise Convolution

« NHWC layout

« Using TVM schedule primitive completely, no tensorize
« Some Experience:

1. Avoid DataPack

2. Generate SMLAL instruction if your ARM does not have dot
3. compute_at is very important
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AliOS TVM @ ARM CPU INTS
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1.60

1.40

1.20

1.00

0.8

o

0.60

0.40

0.2

o

0.00

TVM / QNNPACK Speed Up @ Mobilenet V2 @ rasp 3b+ AARCH64

198 130 135 1.33

1.30
1.15 1.15 1.16 1.14
76 0.77 0.77
| | 0.71 | | 0.70 0|6 | | | | |

Depthwise Convolution Workload Performance




AliOS TVM @ ARM CPU INT8

Performance Comparison @ rasp 3b+ AARCH64

10.00

8.87
9.00
8.00
7.00
6.00
5.00
3.83
4.00
3.00

2.08
)00 1.61 137160146

1.001.,00 1.111-291.23 1.00 1.00 1.00 1.00
il =sxElB 1
. |

MobileNetV1 MobileNetV2 LaneNet

B TFLite 1 core mTFLite4 core mQNNPACK 1core m QNNPACK4core mTVM1lcore mTVMA4core
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AliOS TVM @ ARM CPU FP32

« NHWC layout
« For pointwise convolution, we implement im2col schedule

« No tensorize, but in schedule to cooperate with LLVM to simulate GEMM microkernel
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AliOS TVM @ ARM CPU FP32

Performance Comparison AARCH64

1.2

1.15

1.17
1.13
11
1.07
l o

0.95
Mobilenet V1 Mobilenet V2

=

mTVM/MNN @ A53 mTVM/MNN @ A72
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PART THREE
AliOS TVM @ Hexagon DSP
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AliOS TVM @ Hexagon DSP

Tensorflow TFLite

NNVM / Relay

Graph Optimization

1 Compile

deploy.so / deploy.json / deploy.bin libtvm_hexagon_runtime.so
|
v

1 1 1

—
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AliOS TVM @ Hexagon DSP

« Compute Kernel Offload to DSP , loop nests marked as pipeline

« Implement complete Hexagon runtime based on community PR.

ADSPRP
Driver

ADSPRPC

Client Stub Framework Object

Applications Processor J l DSP Processor J
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AliOS TVM @ Hexagon DSP

« Add Hexagon Code Generator inherits LLVM and could generate HVX instruction
« Add one Hexagon runtimes named as libtvm_hexagon_runtime.so to support parallel.

« Could run end-to-end TFLite Mobilenet V2 quantized model on Simulator / Device.
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AliOS TVM @ Hexagon DSP

« Performance is our focus next. We
k) . t (j k S P\ vec_a = tvm.call_pure_intrin('uint8x128', 'reinterpret', vec_ai32)
egln O dO S0me WOrk now. suc vec_b ins[1].vload([@0, @], "uint8x128")
as writing Tensorize to generate vec_c = tvm.const(@, 'int32x32')

vrmpy instruction when we meet vdot = tvm.call llvm_intrin('int32x32",

GEMM "1lvm. hexagon.V6.vrmpyubv.128B",
tvm.const(0Q, 'int32'),
vec_a, vec_b)
if index ==
ib.emit(outs[@].vstore(@, vdot))
else:
ib.emit@outs[@].vstore(@, vdot + outs[@].vload([@], 'int32x32'))
return ib.get()
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AliOS TVM @ Hexagon DSP

For 128 x 32 x 4 GEMM:;

Before:

v9.w = vmpyio(v5.w,v@0.h) }
v10.w = vmpyio(v7.w,v1.h)
v8.w = vasl(vl4.w,rl) }
v6.w += vmpyie(v1l2.w,v3.uh)
nop } :endloop®

v8.w += vmpyie(v4.w,v2.uh)
v3.w = vasl(vlQ.w,rl) }
v3.w += vmpyie(v7.w,v1.uh)
v30.w = vasl(v9.w,rl)

vd.w = vadd(v8.w,v6.w) }
v30.w += vmpyie(v5.w,v0.uh)
v3l.w = vadd(v3.w,v4.w) }
vl.w = vadd(v30.w,v31l.w)
vmem(ro++#1) = v0.new }

ro = #0; jumpr r31 }

| BN RE

v3.uw = vrmpy(v2.ub,v@.ub)
vl = vsplat(r2)

v2 = vl

vmem(ro++#1) = v3.new }

nop

r2 = memw(rl++#4) } :endloop®
v2.uw = vrmpy(v2.ub,v0.ub)

v30 = vsplat(r2)

vmem( ro++#1) v2.new }
vli.uw = vrmpy(v1l.ub,v@.ub)
vmem( ro++#1) vl.new }
v31l.uw = vrmpy(v30.ub,v0.ub)
vmem( ro++#1) v3l.new }

ro = #0; jumpr r31 }




PART FOUR
AliOS TVM @ Intel GPU
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AliOS TVM @ Intel GPU

. Implement the schedule from scratch Subgroups

» Leverage Intel Subgroup Extension NDRange
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AliOS TVM @ Intel GPU
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PART Five
Misc
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Misc

« Integrate other inference engine (like TRT)
« Online Service

« C++ RPC (Merged into Master)
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