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Outline

Brief Introduction of Deep Learning Accelerator

Nvidia Deep Learning Accelerator Overview and FPGA Implementation

Integrate Tengine with NVDLA
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Deep Learning 
Heterogeneous Computing
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Tradeoff between performance and flexibility
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内容参考自：《智能计算系统》陈云霁
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ALU vs PE Array

Systolic Array

ALU

Architecture DianNao NVDLA TPUv1

Performance 16 64 256

参考链接： https://zhuanlan.zhihu.com/p/267799427
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https://www.bilibili.com/video/BV1ih411o7Yy?p=7
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Nvidia Deep Learning Accelerator >> hardware repo
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Nvidia Deep Learning Accelerator >> spec

7



Nvidia Deep Learning Accelerator >> spec
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Nvidia Deep Learning Accelerator >> generate RTL Code

http://nvdla.org/hw/v2/environment_setup_guide.html
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https://github.com/soDLA-publishment/soDLAPainting

Two chisel Solutions :

https://github.com/ucb-bar/chipyard



RAM 的替换

控制总线协议的封装

4. interface_apb 控制总线（预留4KB寻址）
5. nvdla_core2dbb_ar 外部存储总线

1. core_clk 工作时钟
2. csb_clk 控制总线时钟
3. dla_intr 事件中断

MAC 阵列映射到 DSP

Nvidia Deep Learning Accelerator >> FPGA Optimization

删掉Clock Gating电路
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各模块的资源使用情况

Nvidia Deep Learning Accelerator >> Block Design
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测试与分析|最大工作频率与功耗

建立时间，保证数据可以在给定时钟周期内到达触发器
保持时间，数据在被触发器采样后还能保持的时间

STA 静态时序分析（ https://www.bilibili.com/video/BV1if4y1p7Dq ）

Timing Reports

《VLSI 数字信号处理系统设计与实现》
https://detail.tmall.com/item.htm?id=619518182731
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能在什么样的FPGA上跑 ｜ ZYNQ 7000
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能在什么样的FPGA上跑 ｜ ZYNQ MPSOC
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Nvidia Deep Learning Accelerator >> Sanity Test
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Test Pass !
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Nvidia Deep Learning Accelerator >> Sanity Test
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Four Phases in the compilation process
- Caffe Parser: read caffemodel and build Network IR
- Canonical AST: a compute graph without target device information
- Engine AST:  a compute graph with target device information

(Memory Alloc、Task Division …)
- Code Emit: serialize data to generate Loadable

The heart of NVDLA Compiler

NVDLA INT8 量化笔记：
- https://zhuanlan.zhihu.com/p/37812080
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- 只给出Layer的Input和Output Scale
- 权重数据用 Min Max 量化策略
- Weight -> int8 Bias->INt16

17

https://zhuanlan.zhihu.com/p/378120804


Runtime Environment
Runtime: an operator library (include DLA Operators and CPU 
operators) which hidden register level operations.

Petalinux (Linux Kernel 4.19) Based BOOT、Image.ub generation.
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https://zhuanlan.zhihu.com/p/392974835

Detail�https://zhuanlan.zhihu.com/p/378202360
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Background

ONNC

NVDLA Small 支持算子: Conv、Max/Min/AVG Pooling、ReLU ……

Yolo 需要的另外的算子: Reshape、Transpose、Swish、HardSwish……

ITRI Yolov1-Tiny firesim-nvdla

1. 商业授权 200万一年
2. 支持的算子也很有限
3. NVDLA的Runtime不仅要管

DLA的算子、CPU的算子也
需要在Runtime实现
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https://www.youtube.com/watch?v=sQ9oIjHF5ac

https://github.com/CSL-KU/firesim-nvdla

https://github.com/ONNC/onnc

参考链接: 
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https://onnc.ai/
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Tengine简介
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https://github.com/OAID/Tengine
https://gitee.com/OAL/Tengine


Tengine模型转换
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Tengine模型运行
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切图机制

Tengine切图机制

Support OPs

Blocked

Allowed
Scheduler Model 1Model 2Subgprahs
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$ cd examples
$ ./tm_classification_opendla -m /root/Tengine/models/resnet18-cifar10-nosoftmax-relu_int8.tmfile -i /root/Tengine/images/cat.jpg -g 32,32 -s 1,1,1
Mean value not specified, use default   104.0, 116.7, 122.7
tengine-lite library version: 1.4-dev
NVDLA time: 0.012502 seconds

model file : /root/Tengine/models/resnet18-cifar10-nosoftmax-relu_int8.tmfile
image file : /root/Tengine/images/cat.jpg
img_h, img_w, scale[3], mean[3] : 32 32 , 1.000 1.000 1.000, 104.0 116.7 122.7
Repeat 1 times, thread 1, avg time 12.62 ms, max_time 12.62 ms, min_time 12.62 ms
--------------------------------------
10.087049, 3
3.833079, 2
3.026115, 5
2.420892, 4
-0.403482, 0
--------------------------------------
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$ cd <tengine-lite-root-dir>/build
$ cmake --build . --target tm_classification_opendla tm_yolox_opendla
$ cd examples
$ ./tm_yolox_opendla -m /root/Tengine/models/yolox_nano_relu_int8.tmfile -i /root/Tengine/images/dog.jpg -r 1
tengine-lite library version: 1.4-dev
Repeat 1 times, thread 1, avg time 1138.80 ms, max_time 1138.80 ms, min_time 1138.80 ms
--------------------------------------
detection num: 3
2:  70%, [ 463,   80,  676,  163], car
16:  52%, [ 122,  220,  315,  517], dog
1:  48%, [ 180,  181,  564,  430], bicycle



NVDLA 数据摆放
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> In conclusion, mapping in memory follows pitch linear format. The order is C’ (32byte) -> W -> H -> C (surfaces). Here C’ 
changes fastest and C changes slowest.

For NVDLA small:
Address 0 : Channel 0 pixel 0
Address 1 : Channel 1 pixel 0
Address 2 : Channel 2 pixel 0
……
Address 7 : Channel 7 pixel 0

Address 8 : Channel 0 pixel 1
Address 9 : Channel 1 pixel 1
Address 10 : Channel 2 pixel 1
……
Address 15: Channel 7 pixel 1



NVDLA 数据摆放的代码实现与问题

Ø CPU实现摆放，且多张图的时候浪费太多时间!
Ø 一些厂商会有硬件单元来做

Ø 芯原：tensor process
Ø NVIDIA：nvidia tensor core

Ø NVDLA的RUBIK可能可以完成这部分工作，但
是没有实现上层接口。

���������� �
	���

�����
����� �
	���

27



Tengine NVDLA后端添加思路
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https://www.bilibili.com/video/BV1dM4y1P7oM



Link library

Tengine NVDLA的后端添加

pre_run: subgraph�������
run:�
Tensor�	�
post_run:����
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OP test
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CLion Full Remote Mode:
https://www.jetbrains.com/help/clion/remote-projects-support.html



为什么不是TVM
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