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Abstract

For a long time, our local industry didn't make continuous effort
on GPU or GPGPU development and they typically out-source the
GPU IP from well-known providers. However, GPU processor IP
is a critical fundamental industrial technology which needs long-

term effort to develop.

The aim of our work is to design and implement a GPGPU
which conforms with the APIs of both OpenCL and TensorFlow

framework for edge Al computing.

The CASLab GPU IP is developed in ESL (electronic system level)
design methodology. GPU software and hardware design can be
verified in the early development stage. To enable TensorFlow
APl in the CASLab GPU, establishing a complete software stack
is necessary. Fig. 2 is the software stack of the CASLab GPU.
It includes the TensorFlow enabling technology, TensorFlow
runtime, OpenCL runtime, LLVM OpenCL compiler, and HSA

runtime.

The CASLab GPU uses HSAIL-lite ISA and has its own LLVM
OpenCL compiler which is currently implemented in 15,000
lines of C code in the LLVM infrastructure. The original CASLab
GPU compiler is AMD CLOC with a finalizer. However, it is
not specifically designed for our hardware, which leads to a
performance bottleneck. The LLVM OpenCL compiler we build
along with the CASLab GPU hardware has effectively increased
the obtained performance of the CASLab GPU when compared
with state-of-the-art commercial machine of the similar

specification.

Fig. 3 illustrates the GPU programming paradigm between the
CASLab GPU and Nvidia GPU. The top layer is the input format of
data. The second layer is different compiler in each system and

the third layer is the ISA that three systems use, respectively.

Our work, CASLab GPU, is now an FPGA functionally verified
design for OpenCL data-parallelism applications e.g. Polybench,
Search algorithms etc. as well as TensorFlow CNN applications. In
the future, we will make continuous effort on optimizing hardware
architecture, perfecting OpenCL API, supporting RNN and more

Al models.

Fig. 2 Software stack

Fig. 3 GPU programming comparison diagram




