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Abstract In recent years, the research of artificial neural network has made great achievements in
image recognition, natural language processing and other fields. At the same time, it has produced
many commercial applications, which is convenient for our life, such as voice assistant, assisted
driving and so on. Because the neural network algorithm belongs to the computing intensive and
memory intensive application., the traditional CPU processor is not suitable for large-scale commercial
applications, so the academia and industry try to seek a breakthrough in GPU, FPGA and ASIC.
Neural network accelerator is a kind of ASIC. It provides high-performance, low-power hardware
solutions, which has many related research. As a kind of coprocessor, neural network accelerator
needs to copy data between the host memory and device memory before and after its calculation.
Especially for the neural network inference task with high throughput requirements, constant data such
as network model parameters, hardware instructions and variable data such as input and output are
copied into device memory from host memory. If constant data is copied once before each input data
calculation, there is a problem of repeated copying of constant data, which wastes time and storage
resources. There are a series of problems worth studying. How to copy multiple variable data but only
one constant data in the neural network development tool software? How to ensure that the
instructions address constants and variables correctly in each calculation? How to simplify user
programming and provide user-friendly interface? In this paper. we propose neural network
development tool based on asynchronous copy of constant and variable and its programming model
QinglLong to solve the above problems. Qingl.ong programming model consists of three stages:
network definition, compilation and computation. In network definition stage, users can bind constant
data for data nodes of neural network. In network compilation stage, constant data is packaged into
data package by REOFF method. In network computation stage, users can copy input data and
calculate output results many times after one data package is copied. The programming model has the
advantages of compiling and computing separation, asynchronous copy of constant and variable,
calculation and data copy can be cut into three stage pipelines. The experiments show that Qingl.ong
has an average performance improvement of 17. 48x over DLPIlib when calculating 100 input samples

continuously. And the more input samples, the greater the performance improvement.

Keywords neural network; programming model; constant and variable; asynchronous copy;
software development kit
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// inputData & EHLNFFFREE . A7 T REA G A K
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Background

Neural network accelerator has become a research
hotspot in recent years because of its high performance and
low power in artificial intelligence applications. The role of its
coprocessor determines that it needs to move data between
host memory and device memory before and after computing.
In the high throughput flow-based neural network inference
service, this data movement will extend the total processing

time and affect the user experience. In these data, constant
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data such as network model parameters and hardware
instructions are the same in each inference calculation, and
they are copied repeatedly in each inference calculation, which
wastes bandwidth resources and processing time. Therefore,
we can realize the function of copying constant data once and
copying input and output variables multiple times in the
development tool software of neural network accelerator. This

research of constant variable asynchronous copy is relatively
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scarce. This paper presents a neural network development tool
software based on asynchronous copy of constant and variable
and its programming model Qingl.ong to solve the problem of
repeated copy of constant data. Qingl.ong programming model
integrates the function of asynchronous copy of constant and
variable into three stages: defining network, compiling
network and computing network. It provides simple
programming interface for users and shields internal implemen-
tation details. Experiments show that Qinglong has an
average performance improvement of 17.48x over DLPlib
when calculating 100 input samples continuously, and the
more input samples, the greater the performance improve-
ment. The main research direction of our group is the
programming library of the neural network accelerator. The
related work has been published in journals, such as Chinese
Journal of Computers and High Technology Letters.
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