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ÕRISC-V : https://riscv.org/
ü ISA : Instruction Set Architecture
ü HPC ISA
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RISC-V NEDO
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ÕRISC-V
ü RISC-V

HW/SW

ü C2RTL : C++

ü RISC-V IDE : RISC-V SoC HW/SW VS code

ü IoT/ /AI/

ÕC2RTL
ü C++ SoC HW

Ą SoC C++

ü C++ Ą

ü HW SW ĄHW



C/C++ SoC

RISC-V

SW
SoC

SW
SoC

HW-IP

NEDO

Õ SW
SW/HW

Õ SW HW-IP
ESL

Õ SW
SW HW

Õ :
SW C/C++
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RISC-V
HW/SW
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RISC-V (C++)
RV32/RV64 IMAFD

SoC (C++)
AXI4

RISC-V HW

RISC-V (C++)
HW

DMAC

RTL

RISC-V (IDE)
Å RISC-V
Å SW/HW

SW

RISC-V SW

Middleware
OS (Linux, RTOS)

Hypervisor HW

RISC-V

SW

Cache/AXI4/ MMU

/AI

C2RTLLLVM

IoT
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LLVM-C2RTL

RISC-V

clang
LLVM
opt

LLVM
code-gen

LLVM-IR

C

C++

objC

x86

ARM

MIPS

LLVM-IR

LLVM-IRĄC2RTL-IR

LLVM-IR

LLVM-C2RTL

RTL-C

RTL(verilog)

Testbench
(verilog)

LLVM-IR (*.bc)
LLVM-IR SW

(java, python, )

GPU eng.

RTL

C/C++

DSP eng.
HW Acc.

bussystem
mem. cntl.
cache mem

RTL GUI

NSVT /OTSL

NSV
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C++ RISC-V
ÅMMU = TLB + page-walk logic (VIPT)
Å I-Cache/I-TLB ĄAXI-Master port
Å D-Cache/D-TLB/IO Ą AXI-Master port
Å ISA : RV32/64-IMAFD (M/F/D : optional)
Å Priviledgemodes : U/M/HS/VU/VS

VIPT : Virtually-indexed physically tagged
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5-stage (Linux-OS enabled, MMU + Caches): 740MHz @ 28nm

3-stage cache-less : 650MHz @ 28nm (est.)

Å For embedded apps: no cache, no MMU
Å ISA : RV32-IMAFD (M/F/D : optional)
Å Priviledgemodes : U/M
Å Higher IPC : no branch stalls

C2RTL : C++ RISC-V RTL
Ą



RISC-V

RISC-V SoC SW/HW

Å RISC-VSoC
Õ C2RTL: C++ ĄHW RTL

Õ SoC IP 2
Õ

Å RISC-V SoC
Õ C2RTL :RTL C

Õ VisualStudioCodes SW : 
RISC-V SoC Ą

HW/SW
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RISC-V AI

Õ YOLOv8: enhancedbackbonenetwork and features
ü : detection, segmentation, pose estimation, tracking, classification 

Õ YOLOv8 RISC-V 
ü HW SW 96.5%

ü SW 3.5% : Non-maximum suppression, anchor box
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RISC-V YOLOv8 [3][4]

Weight 
Cache

DTLB
Dcache

Line Buffer
Shift Register

Units x 8

Max-pool unit+

FeatureMap
Cache

AXI-master FSM (64-bit data bus)

MAC unit
(1152MACs)

72
8

1152

Activation unit
(SiLU/ Softmax

/Sigmoid)

ü MAC Array : 1152 MACs Ą 1.37 TOPs (peak) @ 595MHz
ü Activation unit (SiLU, softmax, sigmoid) Ą hardwired piecewise 

linear approximation
ü Core Layout @ 28nm Ą 202.5mW (6.76 TOPs/W peak), 7.9mm2

ü AXI-BUS : 64-bit data width
ü External memory bandwidth : 4.76 GB/s (dedicated DMAC)
ü On-chip memory bandwidth : 733 GB/s

Application Ave. MAC util. TOPs TOPs/W
YOLOv8s 42.3% 0.58 2.85
YOLOv8s-seg 51.8% 0.71 3.50
YOLOv8s-pose 43.0% 0.59 2.90

vs. GTX1080Ti Throughput Energy consumption
YOLOv8s 0.133 1/166
YOLOv8s-seg 0.132 1/165
YOLOv8s-pose 0.136 1/170

[3] H. Wang, D. Li, T. IsshikiΣ ά! ǇƻǿŜǊ-efficient end-to-end implementation of YOLOv8 based on RISC-±έΣ /!L¢ нлно
[4] H. Wang, D. Li, T. IsshikiΣ ά9ƴŜǊƎȅ-Efficient Implementation of YOLOv8, Instance Segmentation, and Pose Detection on RISC-± {ƻ/έΣ L999 !ŎŎŜǎǎ όнлнпύ 

Chip layout



C2RTL

C
RTL
(Verilog)

C2RTL

C

RTL (C )

C/C++ RTL FSM
Õ C/C++ Ą 1
Õ C/C++ Ą C/C++
Õ HW pragma/GCC-attribute
Õ System-level integration Ą HW-IP C/C++

Õ RTL C Ą C/C++ RTL
Õ RTLVerilog

RISC-V 11



C/C++

Å : Deep Learning
Õ Ą TeraOPS

Õ Ą C/C++

Õ Ą

Å : 
Õ

Õ C++ data forwarding

Õ C/C++

sensor A B C Y LCDXD E

Line buffers

ISP (Image Signal Processing) System

RISC-V

Å FSM : 1
Õ 1

Õ 1 1 Ą SW RTL 1 1
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HLS C2RTL

Å High-Level Synthesis : SW RTL
Õ SW CDFG ĄScheduling ĄResource Binding Ą Datapath+FSM

Õ /

Õ HLS

Õ RTL HLS

Õ System level integration : HLS RTL RTL Ą RTL

Å C2RTL : RTL C/C++ (WYSWYG)
Õ SW 1 Ą RTL

Õ SW clang Ąllvm-ir Ą C2RTL-IR ĄRTL

Õ RTL MUX

Õ ₩ Deep Learning

Õ FSM C++

Õ System level integration : C++ Ą C++

RISC-V

What You See Is
What You Get
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RISC-V

RISC-V SoC C++ ĄRTL

SoC
Õ IP- : RTL
Õ SoC : IP

IP
Õ RISC-V(RV32/64) : /MMU AXI-

Master Port x2
Õ AXI-Slave devices
Õ UART
Õ GPIO
Õ MEMCTRL
Õ SHA256 HW
Õ ENC_WRAPPER/ENC_DUMMYĄ

Õ AXI-BUS/CTRL : 2-Master, 5-Slave
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CTRL
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slave slave
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RISC-V

RV-SoC C++ 
_C2R_MODULE_
int RVProcAXI(IO_PINS* io_pins, AXI4L::BUS< 2, 5 >* axi_bus) {
axi_uart.step(&axi_bus->s_ch[AXI4L::DI_UART], &io_pins->uart);
axi_memctl.step(&axi_bus->s_ch[AXI4L::DI_EXT_MEM], &io_pins->mpin);
axi_gpio.step(&axi_bus->s_ch[AXI4L::DI_GPIO], &io_pins->gpio);
axi_sha256.step (&axi_bus->s_ch[AXI4L::DI_SHA256]);
axi_enc_wrapper.step(&axi_bus->s_ch[AXI4L::DI_ENC], &io_pins->enc_if);
enc_dummy.step(&io_pins->enc_if);
int val = cpu1.step (&axi_bus->m_ch[0], &axi_bus->m_ch[1], axi_bus->s_ch[AXI4L::DI_UART].intr );
axi_bus_ctrl.connectChannel(axi_bus);
io_pins->uart.rx = uart_ext (io_pins->uart.tx);
return val;

};
struct IO_PINS {
UARTPin uart;
MEMCTLPinmpin;
GPIOPin gpio;
ENC_IF           enc_if;

} io_pins;
AXI4L::BUS< 2, 5 > axi_bus;
int main (int argc, char * argv[]) {

/// initialization codes here...

while ( !RVProcAXI(&io_pins, &axi_bus)) {

gpio_update(&io_pins.gpio) ;
mem_ext.update(&io_pins.mpin) ;

}
}

SW 

SoC IO AXI

(Built-in )

#define _C2R_MODULE  __attribute__((C2R_module))

SoC : IP Ą IP

RV-SoC
RV-SoC

SoC
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