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→ Finding places that deserved  
    optimizations
• We used Codasip Studio to profile the overall performance of 

the NES emulator (InfoNES) and find hot spots
• We measured data for the homegrown game Nova the Squirrel*
• Three functions take most of the execution time per frame: 

- InfoNES_LoadFrame takes 27% of the execution time 
- InfoNES_DrawLine takes about 7% 
- K6502_Step takes 52% of the execution time  and is the best  
  candidate for optimization!

→ Codasip L110 processor

Customized RISC-V in a 
simple game console

→ Bounded Customization

→ Results

• Performance gain per frame is 28%
• Most of the area increase is in the register files used for Stack 

and Zero Page data storage
• No impact on the frequency, L110 and L110X runs on 50MHz
The energy consumption per frame dropped by 13% even   
though the design is 18% bigger. Why? Less cycles needed to do 
the computation and clock gating that Codasip Studio inserts. 

→ Example of added instruction

→ NES emulator: InfoNES*
• Emulates  MOS Technology 6502, PPU, APU, etc.
• Written in C++
• Bare metal application: no operating system is needed
• Portable to many platforms  including x86 and Arm
• We ported it to RISC-V

→ Codasip Studio
Codasip Studio is a unique collection of tools for fast and 
easy designing or modification of processors. The design 
language is used to describe both the ISA and the 
microarchitecture. Key capabilities include:
• Rapid architecture exploration and prototyping
• Automated generation of a custom compiler that 

understands your custom hardware
• Automated generation of power and area-optimized 

synthesizable, human-readable RTL

*Optional/configurable

*https://github.com/NovaSquirrel/NovaTheSquirreltools

*https://github.com/jay-kumogata/InfoNES

→ Use case for customization: NES

Nintendo Entertainment System
• Introduced in 1983 in Japan,  

later in other regions
• 8-bit video game console
• Built around the Ricoh 2A03/7 CPU, 

a variant of the MOS Technology 6502

MOS Technology 6502
• 8-bit microprocessor with 16-bit  

address width
• 6 registers  

(A, X, Y, SP, PC, Flags)
• 56 instructions
• 13 addressing modes


