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CPU

TD4, RISC-V, Turing Complete

MinCaml AArch64, RISC-V

minrubyc

https://blog.agile.esm.co.jp/entry/minruby-compiler

RISC-V

https://blog.agile.esm.co.jp/entry/2022/06/10/115327
3

https://blog.agile.esm.co.jp/entry/minruby-compiler
https://blog.agile.esm.co.jp/entry/2022/06/10/115327


 

CPU

4



 

5



CPU

CPU

CPU

6



 CPU

FPGA Verilog CPU

MinCaml CPU

FPU

FPU

7



 CPU

  CPU

  MinCaml

  RISC-V

FPU

  FPU

  

8



 

 FPGA

 CPU

 MinCaml

 

 

9



 FPGA

10



 FPGA

Radiona ULX3S 85F

FPGA  Lattice ECP5

LUT  85K LUT

SDRAM  32MB

RAM  486KB

2021 : 1 8000

2025 : 3 8000  
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 ULX3S FPGA

LUT : 12K

SDRAM 1MB + 4MB 5MB

RAM: 250KB

 Tang Nano 9K

 Tang Primer 20K 
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CPU
32 RISC-V RV32IF

 + 

PicoRV32 Native Memory Interface

ROM RAM 256KB

RAM SDRAM 32MB

IO

UART

LED 8
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HDL

System Verilog

yosys + nextpnr

macOS

OSS CAD Suite 

https://github.com/YosysHQ/oss-cad-suite-build

Gowin  FPGA 
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https://github.com/YosysHQ/oss-cad-suite-build
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CPU

RISC-V

RISC-V

RISC-V

System Verilog 

FPGA Prototyping by
SystemVerilog Examples
https://www.wiley.com/en-
us/FPGA+Prototyping+by+Syste
mVerilog+Examples%3A+Xilinx+
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https://www.wiley.com/en-us/FPGA+Prototyping+by+SystemVerilog+Examples%3A+Xilinx+MicroBlaze+MCS+SoC+Edition-p-9781119282709
https://www.wiley.com/en-us/FPGA+Prototyping+by+SystemVerilog+Examples%3A+Xilinx+MicroBlaze+MCS+SoC+Edition-p-9781119282709
https://www.wiley.com/en-us/FPGA+Prototyping+by+SystemVerilog+Examples%3A+Xilinx+MicroBlaze+MCS+SoC+Edition-p-9781119282709


 CPU

RV32I

lw, sw, add, addi, sub, and, or, xor, slt, sltu, beq, bne, ble, bne, blt,
bgt, bge, jal, jalr, lui, auipc, ori, srl, sra, sll

RV32F

flw, fsw, fadd_s, fsub_s, fmul_s, fdiv_s, fcvt_s_w, fcvt_w_s, fsgnj_s,
fsgnjn_s, feq_s, flt_s, fle_s, fmv_x_w, fmv_w_x
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 MinCaml
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 MinCaml

https://github.com/esumii/min-caml

OCaml

MinCaml OCaml
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https://github.com/esumii/min-caml


 MinCaml

CPU MinCaml

MinCaml CPU CPU

MinCaml

 min-caml/

 min-rt/

 min-rt.ml 
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 MinCaml

MinCaml CPU

UltraSPARC

PowerPC

32  x86
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 min-caml/

 SPARC/

 x86/

 PowerPC/

 emit.ml 

 libmincaml.S 

 asm.ml

 ...
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 PowerPC/

 RV32/  PowerPC

 asm.ml  

 emit.ml  RISC-V
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 MinCaml

OCaml

MinCaml OCaml

RISC-V GNU

C

Spike
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 OCaml

MinCaml

OCaml  

/
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 Rust MinCaml

mincaml-rs

https://github.com/utokyo-compiler/mincaml-rs

CPU
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https://github.com/utokyo-compiler/mincaml-rs
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print_int, read_int, print_byte, read_byte, read_float

sin, cos, atan

sqrt

floor, abs_float, float_of_int, int_of_float
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Babylonian method

https://cpplover.blogspot.com/2010/11/blog-post_20.html

 def sqrt(s)
   x = s / 2.0
   last_x = 0.0

   while x != last_x
     last_x = x
     x = (x + s / x) / 2.0
   end
   x
 end
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https://cpplover.blogspot.com/2010/11/blog-post_20.html
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 sin 

def sin(x)
  x2 = x * x
  x3 = x2 * x
  x5 = x3 * x2
  x7 = x5 * x2
  x9 = x7 * x2
  x - x3 / 6 + x5 / 120 - x7 / 5040 + x9 / 362880
end
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x 0

32



 

sin cos x -3.14 3.14
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 atan

1.0 ...

let rec atan x = 1.0 in
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CPU

https://nekketsuuu.github.io/entries/2015/12/11/cpu-
experiment-floats.html
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https://nekketsuuu.github.io/entries/2015/12/11/cpu-experiment-floats.html
https://nekketsuuu.github.io/entries/2015/12/11/cpu-experiment-floats.html
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 # ṖḎḲṖḟᴨḺ
 #  usage: ruby script/server.rb > contest.ppm

 require 'rubyserial'

 begin
   serialport = Serial.new '/dev/cu.usbserial-D00084', 115200

   # ౪෥ᷡḱᴨḩḉ୅ᷝ᷶ޞ
   while serialport.getbyte
     # ϣ᷎᷹ᷡᶻ
   end

Э݁ḉ̵෸࢘CPUᷢঝ܂ݻ #   
   serialport.write " "

   # UART୅᷶᷶ڴ
   while true
     puts serialport.gets
     $stderr.puts "receiving..."
   end
 rescue Interrupt
   serialport.close
 end 38



 ugoita !!
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macOS
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  RAM

5MB RAM 1MB 4MB

RAM  

SDRAM

SDRAM

2 3

Xilinx MIG ULX3S

SDRAM   SDRAM

https://github.com/machdyne/zucker
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https://github.com/machdyne/zucker
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AXI Wishbone ...

PicoRV32

Interface 2024 12

VALID READY IDA
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 macOS

 Altera  Xilinx 

Altera  Xilinx  macOS 

...

ULX3S Lattice ECP5

yosys + nextpnr  macOS 
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