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Various AI accelerators have been developed to improve computational efficiency, and the systolic array 

has been widely adopted for its massive parallelism and data reuse. Among the commonly used numerical 

formats, the brain floating point 16-bit (BF16) provides high precision. However, BF16 still suffers from 

hardware complexity and high power consumption, making it less suitable for systolic array operations [1]. 

To overcome these limitations, we propose the block floating point (BFP) converter that maintains the 

accuracy of BF16-based data while improving computational efficiency. The converter determines a shared 

exponent and aligns mantissas to generate BFP data, simplifying operations. It supports various formats by 

configuring widths. In this process, the mantissas are shifted based on the maximum exponent, and rounding 

is performed using the discarded bits. If an overflow occurs after rounding, re-alignment is performed. The 

converted data are then processed by a 4×4 systolic array, which performs only mantissa computations to 

reduce complexity while maintaining accuracy. The overall architecture is illustrated in Fig. 1.  

The proposed architecture was designed in Verilog HDL and implemented on an FPGA using the ZCU104 

development board. We evaluated performance by comparing the accelerator with the conventional 

BF16-based operation. The proposed architecture achieved approximately 2.17× lower resource utilization 

and 2.07× higher computation speed than the BF16-based operation. The comparison results are summarized 

in Table I. These results demonstrate that the conversion architecture overcomes the limitations of the BF16 

format by employing BFP format conversion, thereby optimizing the systolic array computation process. 

 

Fig. 1. The overview of the proposed architecture  

Table I. Resource utilization and computation speed 
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