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- Use case for customization: NES - Finding places that deserved

, , optimizations
Nintendo Entertainment System

« 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*

 Introduced in 1983 in Japan,
later in other regions

« 8-bit video game console

. Built around the Ricoh 2A03/7 CPU, « Three functions take most of the execution time per frame:
a variant of the MIOS Technologg 6502 - InfoNES _LoadFrame takes 2/7% of the execution time
- InfoNES_DrawLine takes about 7%

- K6502_Step takes 52% of the execution time and is the best
candidate for optimization!

MOS Technology 6502
« 3-bit microprocessor with 16-bit
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- NES emulator: InfoNES*
« Emulates MOS Technology 6502, PPU, APU, etc.
e Written in C++ *https://github.com/NovaSquirrel/NovaTheSquirreltools
« Bare metal application: no operating system is needed
. Portable to many platforms including x86 and Arm - Example of added instruction
« We ported it to RISC-V
*https://github.com/jay-kumogata/InfToNES NES emulator CodAL instruction
module m 6502 t {
case Ox20: // JSR Abs // resources of M6502
M M // read immediate from memory register uintlé pc;
% COdaSIP StUdlo wA® = (K6502 Read(PC++) | register uint8 sp;
. o . . (WORD)K6502 Read(PC) << 8); register uint32 cli; .
Codasip Studio is a unique collection of tools for fast and // store PC to stack register_file uint§ stack { size = 256
. . .. . . K6502 Write(BASE STACK + SP--, PC >> 8) dataport w0, wl { flag = W; } .. };
easy designing or modification of processors. The design (6267 Write(BASE STACK + <P PC & OxF) -

R . - - ? // Instructions CBI_ODR_1SR
|aﬂguage |S Used 'tO deSCrlbe bO'th the ISA aﬂd -the ;(/: iumiefo the new address export always static void
microarchitecture. Key capabilities include: // progress internal time o oo er{uins2 opt, uineaz o0 |

. . . . g_wPassedClocks += 6; case $$(GET_CBI_ENCODING[“jsr”]):
o | I | ur X I | I | break; stack.w@[sp] = pc[15..8];
Rapid architecture exploration and prototypin
stack.wl[sp - 1] = pc[7..0];
® u I i U i I sp -= 2;
Automated generation of a custom compiler that

pc = opl;

understands your custom hardware clk += 6;

// module that implements M6502
$$(user_cbi_modules += [[0, “m6502”, “SINGLE”, [“jsr”]])

) Au-toma-ted generatlon O-I: pOWer and area_optimized // instruction mnemonic and encoding
SgntheSizable, human—readable RTL $$(user _cbi_encodings += [[“Jsr”, “CBI_ODR_1SR”]])

break;

e L Verification of the custom instruction
Verification framework

: - Results
- Codasip L1110 processor
Pipeline In-Order, 3-stage, single-issue pipeline(*) e Performance gain per frame is 28%
Memory Harvard Architecture — 2 Separate AHB « Most of the area increase is in the reqgister files used for Stack
interface Interfaces (Data and Instruction) and Zero Page data Storage
Memory . . .
Protection | ySical Memory Attributes . No impact on the frequencu, L110 and 110X runs on 50MHz
Mugi%iiziastgzz Individually Supported The energy consumption per frame dropped by 15% even
though the design is 18% bigger. Why? Less cycles needed to do
Multiplication Parallel and Sequential Mode the computation and clock gating that Codasip Studio inserts.
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