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Executive Summary  
This document reports the activities done by Textarossa partner CINI (UNIPISA), with reference to 

preliminary HDL design, verification and synthesis of accelerator IPs in WP2 for IP with data 

compression.  

The IP with  data compression has been implemented in FPGA technology and can be integrated with 

RISC-V cores like Ariane RISC-V 64 bits. 

The IP with data compression is designed according to the specifications defined in D2.1 [1]. 
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1. Introduction 
This document D2.6 reports the activities done by Textarossa partner CINI (UNIPISA) in WP2.  

D2.6 deals with the preliminary HDL design, using SystemVerilog, verification and synthesis of an IP 

for data compression. 

The main innovation is in the hardware support of a new arithmetic format called Posit that particularly 

for ML and DNN applications has been proved to have a high compression effect: 4x compression for 

the same quality.  

The IP with data compression in  Section 2 has been implemented in FPGA technology and it has been 

designed according to the specifications defined in D2.1. 

Furthermore, it has been verified that the data compression IP can be integrated with RISC-V cores like 

Ariane RISC-V 64 bits. 

Conclusions are drawn in Section 3. 
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2. IP with data compression 
 

The goal of this work the design of an IP core for lightweight PPU (Posit Processing Unit) to be 

connected to a 64b RISC-V processor in the form of a co-processor with an extension of the Instruction 

Set Architecture. 

Please note that the theory of Posit arithmetic, the structure of Posit numbers and their compression 

data benefit vs. classic integer and floating-point formats, particularly for DNN computation,  have been 

already discussed by us in published works such as [2-4]. Therefore, the goal of this deliverable is on 

the design and verification of digital IPs supporting data compression for DNN thanks to the light 

support of Posits. 

We focus on the compression abilities of posits by providing a co-processor with only conversions in 

mind, called light PPU, (as in Figure 2.1 below). 

The difference between D2.6 and D2.2 is that D2.2. presents an AI accelerator IP giving full hardware 

support to posits number and hence using the IP in D2.2 the FPU of a RISC-V processor can be 

eliminated, while in D2.2 the idea is minimizing the circuit complexity overhead and hence the 

proposed IP supports only the data compression using Posits with Float to/from Posit translation but 

operations have to be done still in the FPU.  

We can convert binary32 floating point numbers to posit numbers with 16 and 8 total bits (and a 

changing number for the exponent since Posit 16,0 and Posit16,1 are considered). 
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Figure 2.1: light PPU architecture 

 

This co-processor, as shown in Figure 2.2, can be paired with a RISC-V core that already has a floating-

point unit (e.g., the Ariane 64b RISC-V) without interrupting the existing pipeline.  

On the other hand, we can use this unit to enable ALU computation of posit numbers with the posit-to-

fixed conversion modules on a RISC-V core that does not support floating-point.  

We investigated the first use-case by outfitting a CVA6 core with our PPU co-processor and 

synthesizing it for a Xilinx Genesys 2 FPGA, resulting in a working RISC-V core capable of running a 

general-purpose Linux distribution.  
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 Figure 2.2: PPU possible integration modes within the RISC-V instruction set (with/without the FPU) 

 

 

We chose the Xilinx Genesys 2 board for the hardware implementation (equipped with a Kintex 7 

XC7K325T-2FFG900C FPGA component). We chose this board to reduce the work required to 

construct our PPU inside a RISC-V core. We did, in fact, use the ARIANE RISC-V core that was 

originally built for this board.  

The resulting design was then implemented on the same board.  

For the PPU component, we performed power, circuit complexity, and propagation delay (worst case 

combinatorial propagation delay of the PPU) reports: 

1. Look-up table (LUT) utilization:  747/203800 (0.36%) LUTs used. 

2. Component latency: 6.332ns (worst propagation delay). 

 

Finally, the new instruction set architecture was merged into the Ariane RISC-V core and synthesized 

for the Xilinx Genesys 2.  

The following quality parameters were obtained: 

1.  Clock frequency: 125MHz 

2. Total power on FPGA component (Kintex 7): 2.056W 

3. Look-up table (LUT) utilization:  63805/203800 (31.54%) LUTs used. 

Figure 2.3: example neural network used for test of the light PPU data compression IP 

 

We used the following neural network (LeNet-5) as benchmark base for weight compression: 
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We also give earlier accuracy results on this neural network in Figure 2.3  utilizing both posit and 

binary32 integers with varying workloads for completeness. This result was reached by using posit 

compression for the weights and computing using binary32 (fp32) format. We measured the relative 

speedup to a software-based posit compression. 

 As a result, we investigated the overall system compression times with the weights of a tiny LeNet-5 

neural network, yielding the result displayed in Table 2.2. 

Table 2.1: Accuracy performance of Posit vs FP32 for different benchmark data sets (MNIST [5] and 

the German Traffic Road Sign Benchmark [6]) 

Table 2.2: Speed up performance of Posit vs FP32 for a DNN  

 

Table 2.3: Compression performance of Posit vs FP32 for a DNN  

 

Integration with RISC-V CPUs 

 

The integration within the RISC-V core (Ariane CVA6 code, [7, 8]) can be done using the possibility 

to customize the instruction set. 

The posit-based compression IP proposed in D2.6 can be integrated in addition to the Ariane integer 

ALU and in addition to the Ariane FPU. 
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3. Conclusions 
In this work we dealt with the preliminary HDL design, using SystemVerilog, verification and synthesis 

of an IP for data compression exploiting posit arithmetic. 

The key novelty is the hardware support for a new arithmetic format called Posit, which has been shown 

to have a strong compression effect, notably for ML and DNN applications: 4x compression for the 

same quality. 

We designed the data compression IP using FPGA technology targeting the Xilinx Genesys 2 FPGA 

platform. Furthermore, we tested the IP design against a golden-model software library for posit 

arithmetic. 

The data compression IP has been implemented in different Xilinx FPGA devices and it has been 

designed according to the specifications defined in D2.1, aiming to demonstrate its platform 

independency. Future activities will expand the implementation to other platforms (e.g. the ALVEO 

U280 platform also selected by other partners of the project). 

Finally, we integrated the data compression IP within the ARIANE 64-bits 6-stage RISC-V core. 
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