
RVfpga v2.0 © 2021     <1>
Imagination Technologies 

RVfpga



RVfpga v2.0 © 2021     <2>
Imagination Technologies 

Sarah Harris
Daniel Chaver
Zubair Kakakhel
M. Hamza Liaqat

David Patterson

Robert Owen
Olof Kindgren
Luis Piñuel
Ivan Kravets
Valerii Koval
Ted Marena
Roy Kravitz

José Ignacio Gómez
Christian Tenllado
Daniel León
Katzalin Olcoz
Alberto del Barrio
Fernando Castro
Manuel Prieto

Francisco Tirado
Román Hermida
Ataur Patwary
Cathal McCabe
Dan Hugo
Braden Harwood
David Burnett

Gage Elerding
Brian Cruickshank
Deepen Parmar
Thong Doan
Oliver Rew
Niko Nikolay
Guanyang He



RVfpga v2.0 © 2021     <3>
Imagination Technologies 

• RISC-V FPGA RVfpga

– RISC-V SoC FPGA
– RISC-V SoC
– RISC-V SoC
– RISC-V

• Imagination Technologies

• RVfpga Chips Alliance SweRVolf SoC Western 
Digital RISC-V SweRV EH1



RVfpga v2.0 © 2021     <4>
Imagination Technologies 

RVfpga

• RVfpga
– RISC-V
– RISC-V RISC-V
– FPGA RISC-V

• RVfpga RISC-V
SoC



RVfpga v2.0 © 2021     <5>
Imagination Technologies 

RVfpga-SoC

• RVfpga-SoC
– RISC-V SoC Zephyr RTOS

Tensorflow
– 5

• RVfpga RVfpga-SoC

https://university.imgtec.com/rvfpga/
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RVfpga
• Imagination

IUP
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–
–
– PowerVR RVfpga AI IUP

/
•

– IUP Robert Owen @UniPgm
– Imagination Technologies @ImaginationTech
– ImaginationTech

IUP

Imagination
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•
– Ubuntu 18.04
– Windows 10
– macOS
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RVfpga
• Xilinx Vivado IDE

– RVfpga Verilog/SystemVerilog
– Nexys A7 RVfpga bit FPGA

• PlatformIO – Visual Studio Code VSCode
– RVfpga Nexys A7
– RVfpga C

• Verilator – HDL
– HDL RVfpga
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Nexys A7-100T FPGA

https://reference.digilentinc.com/

• Artix-7
FPGA

• LED
7

• digilentinc.com
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SweRV EH1
Core

SweRV EH1
Core Complex

ICCM, DCCM, I$, PIC, Bus Interface, 
Debug Unit

Boot ROM, UART, System Controller, Interconnect, 
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+
GPIO, PTC, additional SPI and 7-Segment Displays

SweRVolfX SoC

RVfpgaNexys
DDR2, CDC, BSCAN, Clock Generator

Target: Nexys A7 Board
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SweRV EH1 Western Digital RISC-V https://github.com/chipsalliance/Cores-SweRV

SweRV EH1 ICCM DCCM Programmable Interrupt 
Controller PIC SweRV EH1 https://github.com/chipsalliance/Cores-
SweRV

SweRVolfX
SweRVolf

RVfpga SweRVolf
SweRVolf https://github.com/chipsalliance/Cores-SweRVolf SweRV EH1

SoC ROM UART AXI Wishbone AXI
Wishbone SPI
SweRVolfX SweRVolf 4 GPIO PTC SPI 8 7

RVfpgaNexys Nexys A7 SweRVolfX SoC DDR2 CDC
BSCAN JTAG
RVfpgaNexys SweRVolf Nexys https://github.com/chipsalliance/Cores-SweRVolf

SweRVolf

RVfpgaSim SweRVolfX SoC AXI
RVfpgaSim SweRVolf Sim https://github.com/chipsalliance/Cores-SweRVolf

SweRVolf
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SweRV EH1 SweRV EH1

https://github.com/chipsalliance/Cores-
SweRV/blob/master/docs/RISC-V_SweRV_EH1_PRM.pdf

• Western Digital
• 32 RV32ICM

9
• ICCM

DCCM
• 4 ECC

•
• RISC-V
• AXI4 AHB-Lite 
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SweRVolfX SoC
• Chips Alliance SoC
• SweRVolf SweRV EH1

SweRVolf ROM UART
SPI SPI1

• SweRVolfX SPI
SPI2 GPIO /

8 7 PTC
SweRVolf

• SweRV EH1 AXI
Wishbone SoC

AXI Wishbone

ROM 0x80000000 - 0x80000FFF
0x80001000 - 0x8000103F

SPI1 0x80001040 - 0x8000107F
SPI2 0x80001100 - 0x8000113F

0x80001200 - 0x8000123F
GPIO 0x80001400 - 0x8000143F
UART 0x80002000 - 0x80002FFF

SweRVolfX
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RVfpgaNexys
• RVfpgaNexys Nexys A7 

FPGA SweRVolfX 
SoC
–

• SweRVolfX SoC
• Lite DRAM
• JTAG

BSCAN
– Nexys A7 FPGA

• DDR2
• USB UART
• SPI
• 16 LED 16
• SPI
• 8 7
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RVfpgaSim

- SweRVolfX SoC Verilog

- RVfpgaSim HDL SweRVolfX SoC
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• Rvfpga 6-10
– GPIO Nexys A7
– 7
– LED
–



RVfpga v2.0 © 2021     <23>
Imagination Technologies 

RVfpga



RVfpga v2.0 © 2021     <24>
Imagination Technologies 

RVfpga

1 1-10
• Vivado
• I/O

2 11-20
• RISC-V
• RISC-V
• RISC-V

RVfpga
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1 Vivado
2 C
3 RISC-V
4
5
6 I/O
7 7
8
9 I/O

10

11 SweRV EH1
12 / add
13 lw sw
14
15
16
17
18
19
20 ICCM DCCM
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RVfpga 1-10
RVfpga Verilog/SV

FPGA 1 C 2-5
RVfpga 6-10

• 0 RVfpga
• 1 Vivado
• 2 C
• 3 RISC-V
• 4
• 5 C

• 6 I/O
• 7 7
• 8
• 9 I/O
• 10

I/O
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RVfpga 1-5 Vivado

• 1 Vivado Vivado RVfpgaNexys FPGA
Verilator RVfpgaSim

• 2 C PlatformIO C
RVfpgaNexys/RVfpgaSim/Whisper / Western Digital

BSP PSP
• 3 RISC-V PlatformIO RISC-V

RVfpgaNexys/RVfpgaSim/Whisper /
• 4 C RISC-V
• 5 C C
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RVfpga 6-10 I/O
• 6 I/O I/O RVfpga GPIO
• 7 7 7 RVfpga
• 8
• 9 I/O RVfpga I/O
• 10 SPI I2C UART

SPI
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RVfpga 11-20 RISC-V
• 11 SweRV EH1
• 12 13 16 /

• 14-16
• 16
• 17
• 18
• 19 I$
• 20 ICCM DCCM
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•
–
– RISC-V

• Imagination IUP MIPSfpga

– 2015 4
– 800
– 2015 Elektra
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PlatformIO VSCode

• VSCode
– https://code.visualstudio.com/Download
– Ubuntu macOS Python Windows

• VSCode PlatformIO
• Nexys A7 RVfpga



RVfpga v2.0 © 2021     <34>
Imagination Technologies 

RVfpgaNexys

• PlatformIO
– LED

[RVfpgaPath]\RVfpga\examples\LedsSwitches_C-Lang
– PlatformIO platformio.ini RVfpgaNexys bit

– platformio.ini board_build.bitstream_file = 
[RVfpgaPath]/RVfpga/src/rvfpga.bit

– RVfpgaNexys Nexys A7 “Project Tasks  
env:swervolf_nexys  Platform  Upload Bitstream  
env:swervolf_nexys   

– “Run/Debug / RVfpgaNexys

[RVfpgaPath] RVfpga Imagination RVfpga
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RVfpga 1 RVfpga Vivado
• Vivado Xilinx RVfpga Verilog

• RVfpga
[RVfpgaPath]/RVfpga/src

• RVfpga Vivado Nexys A7
RVfpgaNexys FPGA RVfpgaNexys

bit
• Verilator HDL RVfpga

Verilator RVfpga
• RVfpga 6-10 Vivado Verilator RVfpga
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RVfpga 2 C

• PlatformIO
• C
• RVfpgaNexys Nexys A7
• C RVfpgaNexys /
•
• Verilator RVfpgaSim Whisper
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// memory-mapped I/O addresses
#define GPIO_SWs    0x80001400
#define GPIO_LEDs   0x80001404
#define GPIO_INOUT  0x80001408

#define READ_GPIO(dir) (*(volatile unsigned *)dir)
#define WRITE_GPIO(dir, value) { (*(volatile unsigned *)dir) = (value); }

int main ( void )
{
int En_Value=0xFFFF, switches_value;

WRITE_GPIO(GPIO_INOUT, En_Value);

while (1) { 
switches_value = READ_GPIO(GPIO_SWs);   // read value on switches
switches_value = switches_value >> 16;  // shift into lower 16 bits
WRITE_GPIO(GPIO_LEDs, switches_value);  // display switch value on LEDs

}

return(0);
}

LED
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RVfpga 2 I/O

I/O
Nexys A7 16 0x80001400 16

LED Nexys A7 16 0x80001404 16
GPIO / 1 = 0 = 0x80001408
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RVfpga 2 Western Digital BSP PSP

• Western Digital
– PSP
– BSP

• SweRV EH1
Nexys A7 FPGA

– printfNexys C printf
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RVfpga 2 UART
#if defined(D_NEXYS_A7)

#include <bsp_printf.h>
#include <bsp_mem_map.h>
#include <bsp_version.h>

#else
PRE_COMPILED_MSG("no platform was defined")

#endif
#include <psp_api.h>
#define DELAY 10000000

int main(void) {  
int i, j = 0;

// Initialize UART
uartInit();
while (1) {
printfNexys("Hello RVfpga users! Iteration: %d\n", j);
for (i=0; i < DELAY; i++) ;  // delay between printf's
j++;

}
}

• platform.ini

monitor_speed = 115200

•

PlatformIO
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• RISC-V
• PlatformIO
• RISC-V
• RVfpgaNexys Nexys A7
• RISC-V RVfpga /
•
• Verilator RVfpgaSim Whisper
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RISC-V /

RISC-V
add s0, s1, s2 s0 = s1 + s2
sub s0, s1, s2 s0 = s1 - s2
addi t3, t1, -10 t3 = t1 – 10
mul t0, t2, t3 32 t0 = t2 * t3
div s9, t5, t6 t9 = t5 / t6
rem s4, s1, s2 s4 = s1 % s2
and t0, t1, t2 t0 = t1 & t2
or t0, t1, t5 t0 = t1 | t5
xor s3, s4, s5 s3 = s4 ^ s5
andi t1, t2, 0xFFB t1 = t2 & 0xFFFFFFFB
ori t0, t1, 0x2C t0 = t1 | 0x2C
xori s3, s4, 0xABC s3 = s4 ^ 0xFFFFFABC
sll t0, t1, t2 t0 = t1 << t2
srl t0, t1, t5 t0 = t1 >> t5
sra s3, s4, s5 s3 = s4 >>> s5
slli t1, t2, 30 t1 = t2 << 30
srli t0, t1, 5 t0 = t1 >> 5
srai s3, s4, 31 s3 = s4 >>> 31
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RVfpga 3 RISC-V
RISC-V /

RISC-V
lw s7, 0x2C(t1) s7 = memory[t1+0x2C]
lh s5, 0x5A(s3) s5 = SignExt(memory[s3+0x5A]15:0)
lb s1, -3(t4) s1 = SignExt(memory[t4-3]7:0)
sw t2, 0x7C(t1) memory[t1+0x7C] = t2
sh t3, 22(s3) memory[s3+22]15:0 = t315:0
sb t4, 5(s4) memory[s4+5]7:0 = t47:0

beq s1, s2, L1 if (s1==s2), PC = L1
bne t3, t4, Loop if (s1!=s2), PC = Loop
blt t4, t5, L3 if (t4 < t5), PC = L3
bge s8, s9, Done if (s8>=s9), PC = Done
li s1, 0xABCDEF12 s1 = 0xABCDEF12
la s1, A s1 = A
nop
mv s3, s7 s3 = s7
not t1, t2 t1 = ~t2
neg s1, s3 s1 = -s3
j Label PC = 
jal L7 PC = L7 ra = PC + 4
jr s1 PC = s1
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32 32

zero x0 0
ra x1
sp x2
gp x3
tp x4
t0-2 x5-7
s0/fp x8 /
s1 x9
a0-1 x10-11 /
a2-7 x12-17
s2-11 x18-27
t3-6 x28-31
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RVfpga 3 RISC-V
• // memory-mapped I/O addresses
• # GPIO_SWs   = 0x80001400
• # GPIO_LEDs  = 0x80001404
• # GPIO_INOUT = 0x80001408
•
• .globl main
• main:
•
• main:
• li t0, 0x80001400   # base address of GPIO memory-mapped registers
• li t1, 0xFFFF       # set direction of GPIOs
• # upper half = switches (inputs)  (=0)
• # lower half = outputs (LEDs)     (=1)
• sw t1, 8(t0)        # GPIO_INOUT = 0xFFFF
•
• repeat:
• lw   t1, 0(t0)      # read switches: t1 = GPIO_SWs
• srli t1, t1, 16     # shift val to the right by 16 bits
• sw   t1, 4(t0)      # write value to LEDs: GPIO_LEDs = t1
• j    repeat         # repeat loop

LED
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RVfpga 4

• C
–

• C
• RISC-V
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// memory-mapped I/O addresses
#define GPIO_SWs    0x80001400
#define GPIO_LEDs   0x80001404
#define GPIO_INOUT  0x80001408
#define READ_GPIO(dir) (*(volatile unsigned *)dir)
#define WRITE_GPIO(dir, value) { (*(volatile unsigned *)dir) = (value); }

void IOsetup();
unsigned int getSwitchVal();
void writeValtoLEDs(unsigned int val);

int main ( void ) {
unsigned int switches_val;

IOsetup();
while (1) { 
switches_val = getSwitchVal();
writeValtoLEDs(switches_val);

}

return(0);
}
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void IOsetup()
{
int En_Value=0xFFFF;
WRITE_GPIO(GPIO_INOUT, En_Value);

}

unsigned int getSwitchVal()
{ 
unsigned int val;

val = READ_GPIO(GPIO_SWs);   // read value on switches        
val = val >> 16;  // shift into lower 16 bits

return val;
}

void writeValtoLEDs(unsigned int val)
{
WRITE_GPIO(GPIO_LEDs, val);  // display val on LEDs

}
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RVfpga 4 C

•
–
–

• C
– math.h sqrt cos
– stdio.h I/O printf

scanf
– stdlib.h rand
– ...  google C
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RVfpga 4 C
#include <stdlib.h>

...

int main(void) {
unsigned int val;
volatile unsigned int i;

IOsetup();
while (1) { 
val = rand() % 65536;
writeValtoLEDs(val);
for (i = 0; i < DELAY; i++)
;

}
return(0);

}

0 65535
LED
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RVfpga 4 RISC-V

•
jal function_label

•
jr ra

•
– a0-a7

•
– a0
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RVfpga 4 RISC-V

C
int main() {

...
int y = y + func1(1, 2, 3)
y++;
...

}

int func1(int a, int b, int c) {
int sum;
sum = a + b + c;
return sum;

}

RISC-V
# y is in s0
main:
...
addi a0, zero, 1  # put values in argument registers
addi a1, zero, 2  
addi a2, zero, 3
jal  func1        # call function func1
add  s0, s0, a0   # y = y + return value
addi s0, s0, 1    # y = y++
...

# sum is in s0
func1:  

add s0, a0, a1  # sum = a + b
add s0, s0, a2  # sum = a + b + c
addi a0, s0, 0  # return value = sum
jr   ra         # return



RVfpga v2.0 © 2021     <58>
Imagination Technologies 

RVfpga 4

•
• sp

• 4 16

addi sp, sp, -16

•
–

–

– s0-s11 ra sp
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RVfpga 4 /

zero x0 0 -
ra x1
sp x2
gp x3 -
tp x4 -
t0-2 x5-7
s0/fp x8 /
s1 x9
a0-1 x10-11 /
a2-7 x12-17
s2-11 x18-27
t3-6 x28-31
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C
int main() {

...
int y = y + func1(1, 2, 3)
y++;
...

}

int func1(int a, int b, int c) {
int sum;

sum = a + b + c;
return sum;

}

RISC-V
# y is in s0
main: ...

addi a0, zero, 1  # put values in argument registers
addi a1, zero, 2  
addi a2, zero, 3
jal  func1        # call function func1
add  s0, s0, a0   # y = y + return value
addi s0, s0, 1    # y = y++
...

# sum is in s0
func1:addi sp, sp, -4 # make room on stack 

sw   s0, 0(sp)  # save s0 on stack
add  s0, a0, a1 # sum = a + b
add  s0, s0, a2 # sum = a + b + c
addi a0, s0, 0  # return value = sum
lw   s0, 0(sp)  # restore s0 from stack
addi sp, sp, 4  # restore stack pointer 
jr   ra         # return
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RVfpga 5 C

•
• C
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RVfpga 5

•
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RVfpga 5

• 8 R = G = B = 
• R G B
• 8 grey

grey = (306*R + 601*G + 117*B) >> 10

• RGB 1024 306 + 601 + 117 = 1024 8
0-255 1024 10 >> 10

•
https://www.mathworks.com/help/matlab/ref/rgb2gray.html
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.globl ColourToGrey_Pixel
.text
ColourToGrey_Pixel:

li x28, 306    # a0 = R * 306
mul a0, a0, x28    
li x28, 601    # a1 = G * 601
mul a1, a1, x28    
li x28, 117    # a2 = B * 117
mul a2, a2, x28    
add a0, a0, a1     # grey = a0 + a1 + a2
add a0, a0, a2    
srl a0, a0, 10  # grey = grey / 1024
ret                # return

.end grey = (306*R + 601*G + 117*B) >> 10

.globl CoulourToGrey_Pixel
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typedef struct {

unsigned char R;
unsigned char G;
unsigned char B;

} RGB;

extern unsigned char VanGogh_128x128[]; // 1D array of individual RGB values
RGB ColourImage[N][M];                  // 2D array of RGB struct (colour image)
unsigned char GreyImage[N][M];          // 2D array of greyscale image

// VanGogh_128.c
unsigned char VanGogh_128x128[] = { 157, // R (pixel [0][0])

182,  // G (pixel [0][0])
161,  // B (pixel [0][0])
171,  // R (pixel [0][1])
195,  // G (pixel [0][1])
173,  // B (pixel [0][1])
173,  // R (pixel [0][2])
...   }
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int main(void) {

// Create an N x M matrix using the input image
initColourImage(ColourImage);

// Transform Colour Image to Grey Image
ColourToGrey(ColourImage,GreyImage);
...

}

void ColourToGrey(RGB Colour[N][M], unsigned char Grey[N][M]) {
int i,j;

for (i=0; i<N; i++)
for (j=0; j<M; j++)

Grey[i][j] =  ColourToGrey_Pixel(Colour[i][j].R, Colour[i][j].G, 
Colour[i][j].B); 

}



RVfpga v2.0 © 2021     <68>
Imagination Technologies 

6
I/O



RVfpga v2.0 © 2021     <69>
Imagination Technologies 

RVfpga 6 I/O

• / I/O -
• I/O GPIO
• GPIO
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RVfpga 6 I/O

• SweRVolfX
– ROM
–
– SPI1
– UART
– GPIO LED
–
– SPI2
– 7

Sys-Con
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RVfpga 6 I/O GPIO

• I/O
– / LED
–

•
–
–
– 1 = 0 = 
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0x80001400
0x80001404
0x80001408

• GPIO bit 15:0 bit 31:16
li t0, 0x80001400  # t0 = 0x80001400

li t1, 0xFFFF      # 1 = output, 0 = input

sw t1, 8(t0)       # [15:0] = outputs, [31:16] = inputs

• I/O
lw t2, 0(t0)       # t2 = value of GPIO pins

• I/O
sw t3, 4(t0)       # GPIO pins = t3
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RVfpga 6 SweRVolfX GPIO

• OpenCores GPIO
https://opencores.org/projects/gpio

• 32 GPIO
– = 0 = 1
–

0x80001400
0x80001404
0x80001408
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RVfpga 6
LED GPIO

– LED [15:0]
– [31:16]
GPIO

– = 0x0000FFFF 1 = 0 = 
li t0, 0x80001400
li t1, 0xFFFF
sw t1, 8(t0) # Enable Register = 0xFFFF

LED
– [15:0] 0x80001404

sw t3, 4(t0) # LEDs = [t3]15:0

– 0x80001400 bit [31:16]
– 16 16

lw   t5, 0(t0)  # [t5]31:16 = switch values
srli t5, t5, 16 # [t5]15:0 = switch values

https://reference.digilentinc.com/
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RVfpga 6 GPIO
• 3

– RVfpgaNexys LED/
– SweRVolfX GPIO
– GPIO SweRV EH1
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RVfpga 6
rvfpganexys.xdc i_sw[15:0] o_led[15:0]

LED
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RVfpga 6 RVfpga
swervolf_core.v GPIO
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RVfpga 6 SweRV EH1
wb_intercon.v 7-1
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7
7
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RVfpga 7 7

• 7
• 7
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RVfpga 7 7

A

B

C

F

E

G

D

• 7 LED A-G
•

– 1 B C
– 2 A B D E G
– 3 A B C D G
–
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RVfpga 7 Nexys A7 7

https://reference.digilentinc.com/

• 8 7
•

– Enables_Reg 0x80001038
– Digits_Reg 0x8000103C

•
• 71

– Enables_Reg = 0xFC 0b11111100

– Digits_Reg = 0x71
– li t0, 0x80001038

li t1, 0xFC
li t2, 0x71
sw t1, 0(t0)
sw t2, 4(t0)
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RVfpga 7 7
8 7• LED

– AN0 - AN7
– AN0-AN7

LED

•
–
– AN0 - AN7

– AN AN0 - AN7
1-16 ms
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RVfpga 7 7
• 3

– RVfpgaNexys 7
– SweRVolfX 7
– 7 SweRV EH1
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RVfpga 7
rvfpganexys.xdc 7 CA-CG SoC

Digits_Bits[i] AN[i]
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RVfpga 7 SweRVolfX
• swervolf_syscon.v 7 i_clk i_rst

Enables_Reg Digits_Reg
AN Digits_Bits 7
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RVfpga 7 SweRVolfX

• SevSegDisplays_Controller

– SevSegMux 2 ms AN
Digits_Bits

– counter 2 ms
– SevenSegDecoder 4
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8
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RVfpga 8

•
•
•
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RVfpga 8

•
• SoC
•
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RVfpga 8

OpenCores
https://opencores.org/projects/ptc
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RVfpga 8 PTC

• PTC
– /

– Pulse-Width Modulation PWM
•
•

• PWM 33% 1/3 3 V
3 V * 0.33 = 1 V

Period

Duty Cycle = 
33%

0 V

3 V

Average = 1 V
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RVfpga 8 PTC

RPTC_CNTR 0x80001200 1-32 R/W PTC
RPTC_HRC 0x80001204 1-32 R/W PTC /
RPTC_LRC 0x80001208 1-32 R/W PTC /

RPTC_CTRL 0x8000120C 9 R/W

• RPTC_CNTR
• RPTC_HRC - PWM
• RPTC_LRC - /

PWM
• RPTC_CTRL
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RVfpga 8 PTC

0 R/W 0 EN 1 RPTC_CNTR
1 R/W 0 ECLK ptc_ecgt 1 0
2 R/W 0 NEC ptc_ecgt / /
3 R/W 0 OE PWM
4 R/W 0 SINGLE 1 RPTC_CNTR RPTC_LRC RPTC_CNTR

RPTC_LCR
5 R/W 0 INTE 1 RPTC_CNTR RPTC_LRC RPTC_HRC PTC

6 R/W 0 INT 1
1

7 R/W 0 CNTRRST 1 RPTC_CNTR
8 R/W 0 CAPTE 1 RPTC_CNTR RPTC_LRC RPTC_HRC
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RVfpga 8

• RPTC_LRC
• RPTC_CTRL

– RPTC_CTRL = 0xC0 0b011000000 CNTRRST bit 7 = 1
RPTC_CNTR = 0 INT bit 6 = 1

– RPTC_CTRL = 0x21 0b000100001 EN bit 0 = 1
RPTC_CNTR INTE bit 5 = 1 RPTC_CNTR == RPTC_LRC

PTC

• INT RPTC_CTRL bit 6
1 RPTC_CNTR == RPTC_LRC

• INT RPTC_CTRL bit 6
9
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RVfpga 8
• 2

–
– SweRVolfX
– SweRV EH1
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RVfpga 8 SweRVolfX
swervolf_core.v PTC
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9
I/O
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RVfpga 9 I/O

• I/O I/O
• Rvfpga
• Western Digital PSP

BSP
•
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RVfpga 9 I/O

• I/O
–
–
–

• I/O
– ISR

ISR

–
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RVfpga 9

•
•
• SweRV EH1 RISC-V PLIC

PIC

– 255
– 15
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RVfpga 9
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RVfpga 9

Instruction 1
Instruction 2
Instruction 3
Instruction 4

Instruction 5
Instruction 6

Instruction 7
Instruction 8
Instruction 9
…

PROGRAM

Interrupt
notification

Determine the source of the interrupt
If GPIO-Interrupt

Instruction 1
Instruction 2
…

If Timer-Interrupt
Instruction 1
Instruction 2
…

Return instruction

ISR

Timer

GPIO

Interrupt
notification

Instruction 1
Instruction 2
Instruction 3
Instruction 4

Instruction 5
Instruction 6

Instruction 7
Instruction 8
Instruction 9
…

PROGRAM
Instruction 1
Instruction 2
Instruction 3
Instruction 4
Instruction 5
…
Return instruction

GPIO-ISR

Instruction 1
Instruction 2
Instruction 3
Instruction 4
Instruction 5
…
Return instruction

Timer-ISR

Interrupt
notification

Timer

GPIO

Interrupt
notification
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RVfpga 9

• WD PSP/BSP
– WD PSP/BSP
– 255 ISR
–
–
–
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RVfpga 9

• Switch[0] - 0 1

RGPIO_IN 0x80001400 1-32 R GPIO
RGPIO_OUT 0x80001404 1-32 R/W GPIO
RGPIO_OE 0x80001408 1-32 R/W GPIO
RGPIO_INTE 0x8000140C 1-32 R/W
RGPIO_PTRIG 0x80001410 1-32 R/W
RGPIO_AUX 0x80001414 1-32 R/W GPIO
RGPIO_CTRL 0x80001418 2 R/W
RGPIO_INTS 0x8000141C 1-32 R/W
RGPIO_ECLK 0x80001420 1-32 R/W gpio_eclk RGPIO_IN
RGPIO_NEC 0x80001424 1-32 R/W gpio_eclk

[RVfpgaPath]/RVfpga/Labs/Lab9/LED-Switch_7SegDispl_Interrupts_C-
Lang.c
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RVfpga 9

• GPIO
– RGPIO_INTE = 0x10000 Switch[0]
– RGPIO_PTRIG = 0x10000 Switch[0]
– RGPIO_INTS = 0x0
– RGPIO_CTRL = 0x1 GPIO
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RVfpga 9

• GPIO ISR
void GPIO_ISR(void) {

unsigned int i;

/* Invert LED value */
i = M_PSP_READ_REGISTER_32(GPIO_LEDs);    /* RGPIO_OUT */
i = !i;                                   /* Invert the LEDs */
i = i & 0x1;                              /* Only keep right-most LED */
M_PSP_WRITE_REGISTER_32(GPIO_LEDs, i)     /* RGPIO_OUT */

/* Clear GPIO interrupt */
M_PSP_WRITE_REGISTER_32(RGPIO_INTS, 0x0); /* RGPIO_INTS */

/* Stop the generation of this interrupt (IRQ4) */
bspClearExtInterrupt(4);

}
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RVfpga 9

• 4 IRQ4
GPIO_ISR

• 0x80001018 = 0x1 GPIO IRQ4
•
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10
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RVfpga 10

•
–

•
– UART
– SPI
– I2C

• SPI
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RVfpga 10

•
•
•

– SDO
– SDI
– SCK SPI
– CSbar

SDO

SDI

SDI

SDO

SPI Controller SPI Peripheral

SCK SCK

CS CS
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RVfpga 10

SDO

SDI

SDI

SDO

SPI Controller SPI Peripheral

SCK SCK

CS CS

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Bit 7SDI/SDO

SCK

• SCK
• SCK
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RVfpga 10 RVfpga SPI

• RVfpga SPI OpenCores 
https://opencores.org/projects/simple_spi

• 4
• SPI

SPCR 0x80001100 8 R/W
SPSR 0x80001108 8 R/W
SPDR 0x80001110 8 R/W
SPER 0x80001118 8 R/W
SPCS 0x80001120 8 R/W CS
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RVfpga 10 ADXL362

• Nexys A7 ADXL362

https://www.analog.com/media/en/technical-documentation/data-
sheets/ADXL362.pdf

F14

E15

SDI

SDO

Artix-7 FPGA ADXL 362

F15 SCK

D15 CS
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RVfpga 10

• 3
– RVfpgaNexys
– SweRVolfX SPI
– SweRV EH1
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RVfpga 10

rvfpganexys.xdc SoC SPI
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RVfpga 10 SweRVolfX

swervolf_core.v GPIO
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RVfpga 11-20

• 11-20 SweRV EH1
/

•
–
– Verilator



RVfpga v2.0 © 2021     <121>
Imagination Technologies 

11
SweRV EH1
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RVfpga 11 SweRV EH1 Verilog

lsu_dccm_mem

ifu_ic_mem

ifu_iccm_mem

ifu_ifc_ctl

swerv_wrapper_dmi

mem

ifu

ifu_mem_ctl

ifu_bp_ctl

ifu_aln_ctl
ifu_compress_ctl

swerv

dec_gpr_ctl

dec_ib_ctl

dec_decode_ctl
dec_dec_ctl

dec

exu_alu_ctl

exu_mul_ctl

exu
exu_div_ctl

lsu_lsc_ctl

lsu

lsu_stbuf

lsu_dccm_ctl

lsu_bus_intf
lsu_bus_buffer

dbg lib pic_ctrl dma_ctrl

• Verilog
• mem SweRV EH1 ICCM

DCCM I$
• swerv CPU SweRV EH1
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RVfpga 11 SweRV EH1
• RVfpga

Getting Started Guide
GSG SweRV 
EH1 32 2 9

•
11-20
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RVfpga 11 FC1 FC2
• SweRV EH1 FC1 FC2
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•
• RVfpga

– 512 KiB ICCM RVfpga
– 16 KiB
– 128 MiB DDR

• FC1 ifc_fetch_addr_f1

• FC2 I$ DDR ICCM I$

RVfpga 11 FC1 FC2
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•

– 32 128
SweRV EH1

– 16 32

RVfpga 11
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RVfpga 11 EX1/2/3 WB

•
Writeback WB
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RVfpga 11
•

–
–

•
– I0 I1
–
– / L/S

• 34
•
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RVfpga 11 – 3
• I0/I1 EX1 EX2 EX3 EX1 ALU
• M1 M2 M3 3
• / L/S L/S
• 34

EX3/DC3/M3 3:1
I0/I1 MUL L/S
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RVfpga 11

•

• 0 1
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li x28, 0x1

li x29, 0x2

li x30, 0x4

li x31, 0x1

REPEAT:

mul x28, x29, x29    # x28 = 2*2 = 4 (later iterations: 3*3=9, ...)
add x30, x30, x31    # x30 = 4+1 = 5 (later iterations: 5+1=6, ...)
INSERT_NOPS_10

add x29, x29, 1      # x29 = x29 + 1

INSERT_NOPS_10

beq  zero, zero, REPEAT # Repeat the loop
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RVfpga 11 FC1 FC2
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RVfpga 11

• FC1 mul
– ifc_fetch_addr_f1_ext = 0x000000F0 

• FC2 128
– ifu_fetch_data = 0x000000130000001301FF0F3303DE8E33

• SweRV EH1
– 0 ifu_i0_instr = 0x03DE8E33 mul

– 1 ifu_i1_instr = 0x01FF0F33 add
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RV
fp

ga
11

EX
1/

2/
3

W
B
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RVfpga 11

• I1

• EX1/2/3
– i0_result_e4 = exu_mul_result_e3 = 0x6A * 0x6A = 0x2BE4
– i1_result_e4 = i1_result_e3 = 0x6C + 0x01 = 0x6D

•
– waddr0 = 0x1C wd0 = 0x2BE4
– waddr1 = 0x1E wd1 = 0x6D
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•
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RVfpga 11 Western Digital PSP
#if defined(D_NEXYS_A7)

#include <bsp_printf.h>

#include <bsp_mem_map.h>

#include <bsp_version.h>

#else

PRE_COMPILED_MSG("no platform was defined")

#endif

#include <psp_api.h>

extern void Test_Assembly(void);

int main(void)

{

int cyc_beg, cyc_end;

int instr_beg, instr_end;

int BrCom_beg, BrCom_end;

int BrMis_beg, BrMis_end;

/* Initialize Uart */

uartInit();

pspEnableAllPerformanceMonitor(1);

pspPerformanceCounterSet(D_PSP_COUNTER0, E_CYCLES_CLOCKS_ACTIVE);
pspPerformanceCounterSet(D_PSP_COUNTER1, E_INSTR_COMMITTED_ALL);
pspPerformanceCounterSet(D_PSP_COUNTER2, E_BRANCHES_COMMITTED);
pspPerformanceCounterSet(D_PSP_COUNTER3, E_BRANCHES_MISPREDICTED);

cyc_beg   = pspPerformanceCounterGet(D_PSP_COUNTER0);
instr_beg = pspPerformanceCounterGet(D_PSP_COUNTER1);
BrCom_beg = pspPerformanceCounterGet(D_PSP_COUNTER2);
BrMis_beg = pspPerformanceCounterGet(D_PSP_COUNTER3);

Test_Assembly();

cyc_end   = pspPerformanceCounterGet(D_PSP_COUNTER0);
instr_end = pspPerformanceCounterGet(D_PSP_COUNTER1);
BrCom_end = pspPerformanceCounterGet(D_PSP_COUNTER2);
BrMis_end = pspPerformanceCounterGet(D_PSP_COUNTER3);

printfNexys("Cycles = %d", cyc_end-cyc_beg);

printfNexys("Instructions = %d", instr_end-instr_beg);

printfNexys("BrCom = %d", BrCom_end-BrCom_beg);

printfNexys("BrMis = %d", BrMis_end-BrMis_beg);

while(1);

}



RVfpga v2.0 © 2021     <139>
Imagination Technologies 

12
/
add



RVfpga v2.0 © 2021     <140>
Imagination Technologies 

RVfpga 12

• SweRV EH1
add

•
– add
– add

•



RVfpga v2.0 © 2021     <141>
Imagination Technologies 

RVfpga 12
.globl main

main:

li t3, 0x4                 # t3 = 4

li t4, 0x1                 # t4 = 1

REPEAT:

INSERT_NOPS_10

add t3, t3, t4          # t3 = t3 + t4
INSERT_NOPS_10

beq  zero, zero, REPEAT # Repeat the loop

.end
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RVfpga 12 – SweRV EH1
Decode

add t3, t3, t4
Instruction Register

(signal 
dec_i0_instr_d)

raddr0

raddr1

CONTROL
UNIT 

(dec_decode_ctl)

Pipeline
Registers

a

b

ALU 
(exu_alu_ctl)

a_ff

b_ff

out

EX1 EX2 EX3 Commit Writeback

waddr0

wd0

28 (t3)

29 (t4)
7

1

8

8

+

REGISTER
FILE 

(dec_gpr_ctl)

rd0

rd1

Pipeline
Registers

28 (t3)

1 wen0
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• i dec_i0_instr_d 32
0x01DE0E33 RISC-V add 00 | rs1 | 
000 | rd | 0110011

I0

• i+1 EX1 add ALU
out = 8

• i+5 wd0 = 0x8
wen0 = 1 waddr0 = 0x28

RVfpga 12 -
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• add I0

RVfpga 12
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dec_i0_instr_d [31:0]

Decode

Control Unit
(dec_decode_

ctl)

i0_ap [19:0]

i0r [14:0]

dd [66:0]

raddr0 [4:0]

rden0

dec_i0_rs1_d [4:0]

dec_i0_rs1_en_d

raddr1 [4:0]
rden1

dec_i0_rs2_d [4:0]

dec_i0_rs2_en_d

EX1

rd0 [31:0]

rd1 [31:0]

Pipeline
Registers

for
Control
Signals

out [31:0]

aff

bff

ALU 
(exu_alu_ctl)gpr_i0_rs1_d

gpr_i0_rs2_d

a 
= 

i0
_r

s1
_f

in
al

_d
b 

= 
i0

_r
s2

_d

aff

bff

i0_ap_e1 [19:0]

i0_result_e1 [31:0] = 
exu_i0_result_e1 [31:0]

i0e2res
ultff

i0
_r

es
ul

t_
e2

 [3
1:

0]

i0e3res
ultff

EX2

i0
_r

es
ul

t_
e3

 [3
1:

0]

i0e4res
ultff

EX3

i0
_r

es
ul

t_
e3

_f
in

al
 [3

1:
0]

3-1 
MUX

i0
_r

es
ul

t_
e4

 [3
1:

0]

i0wbre
sultff

Commit

i0
_r

es
ul

t_
e4

_f
in

al
 [3

1:
0]

i0_result_wb_raw [31:0]
dec_i0_wdata_wb[31:0] = i0_result_wb

dec_i0_waddr_wb[4:0] = wbd.i0rd[4:0]

dec_i0_wen_wb

waddr0
wen0

wd0

Register File
(dec_gpr_ctl)

Writeback

Pipeline
Registers

for
Control
Signals

Pipeline
Registers

for
Control
Signals

Pipeline
Registers

for
Control
Signals

Pipeline
Registers

for
Control
Signals

3-1 
MUX

3-1 
MUX

3-1 
MUX

2-1 
MUX

e3d

ap

add I0
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• 13
•

– DCCM /

– DCCM
– / Nexys A7 DDR
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.globl main

.section .midccm
A: .space 8

.text

main:

# Register t3 = x28 (register 28)

la  t0, A # t0 = addr(A)

li  t1, 0x2 # t1 = 2

sw  t1, (t0) # A[0] = 2

add t1, t1, 6 # t1 = 8

sw  t1, 4(t0) # A[1] = 8

INSERT_NOPS_9

REPEAT:

INSERT_NOPS_1

lw t1, (t0)
INSERT_NOPS_9

INSERT_NOPS_4

lw t1, 4(t0)
INSERT_NOPS_10

INSERT_NOPS_4

beq  zero, zero, REPEAT # Repeat the loop

.end

RVfpga 13 –
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RVfpga 13 – SweRV EH1
Decode

lw t1, 4(t0)
Instruction Register
(dec_i0_instr_d)

raddr0

CONTROL
UNIT

Pipeline
Registers

Adder

offset_dc1

rs1_dc1

full_addr_dc1

DC1 DC2 DC3 Commit Writeback

waddr0

wd0

5 (t0)

4

0xF0040000

6 (t1)

8

REGISTER
FILE

rd0

Pipeline
Registers

0xF0040004

dccm_data_lo_dc2

DCCM

8 8 8 8

lsu_offset_d
4

dccm_rden

ls
u_

rs
1_

d

Address Check
(lsu_addrcheck)

i0
_r

es
ul

t_
e4

_f
in

al
 [3

1:
0]

1
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• i
– t0 = 0xF0040000
– Offset = 0x004

• i+1 DC1
– full_addr_dc1 = 0xF0040004
– dccm_rden

• i+2 DC2 DCCM dccm_data_lo_dc2 = 0x8

• i+5
– wd0 = 0x8
– wen0 = 1
– waddr0 = 0x6

RVfpga 13 –
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• lw I0

• 11 LSU lw

• 13 lw

RVfpga 13
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Decode

lsu_p [18:0]

DC1

Pipeline
Registers

for
Control
Signals

rs1
ff

lsadder 

offset_dc1[11:0]

rs1_dc1

lsu_addr_dc1 [31:0] =
full_addr_dc1 [31:0]

dccm_data
_lo_ff

DC2 DC3

Pipeline
Registers

for
Control
Signals

Pipeline
Registers

for
Control
Signals

ls
u_

of
fs

et
_d DCCM

(lsu_
dccm_
mem)

addr_in_dccm_dc1 dc
cm

_d
at

a_
lo

_d
c2

 [3
1:

0]

dc
cm

_d
at

a_
lo

_d
c3

 [3
1:

0]

dccm_data
_hi_ff

dc
cm

_d
at

a_
hi

_d
c2

 [3
1:

0]

dc
cm

_d
at

a_
hi

_d
c3

 [3
1:

0]

ALIGN,
MERGE

And
ERROR 
CHECK

Pipeline
Registers

for
Control
Signals

addr_external_dc3

LOGIC

addr_external_dc1

Address Check
(lsu_addrcheck)

dccm_rden

...

LOGIC

ex
u_

ls
u_

rs
1_

d

ls
u_

rs
1_

d

LOGIC

end_addr_dc1 [31:0] =
full_end_addr_dc1 [31:0]

offse
tff

ls
u_

ld
_d

at
a_

co
rr

_d
c3

 [3
1:

0]

bus_read_data_dc3 [31:0]

ls
u_

re
su

lt_
co

rr_
dc

3 
[3

1:
0]

lsu_resul
t_corr_dc

4ff

3-1
MUX

i0_result_e4_final [31:0]

ls
u_

re
su

lt_
co

rr
_d

c4
 [3

1:
0]

Commit

2-1
MUX

AdderLOGIC

de
c_

ls
u_

of
fs

et
_d

LOGIC

LOG
IC

ex
u_

i0
_r

es
ul

t_
e4

 [3
1:

0]

i0
_r

es
ul

t_
e4

 [3
1:

0]

e4d.i0secondary
e4d.i0v
e4d.i0load

lw I0
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.globl main

.section .midccm
A: .space 4000

.text

main:

la t0, A                    # t0 = addr(A)

li t1, 0x2                  # t1 = 2

li t2, 1000                 # t2 = 1000

INSERT_NOPS_2

REPEAT:

sw t1, (t0)
INSERT_NOPS_10

INSERT_NOPS_4

lw t1, (t0)

INSERT_NOPS_10

add t1,t1,t1

add t0,t0,0x04

add t2,t2,-1

INSERT_NOPS_10

bne  t2, zero, REPEAT   # Repeat the loop

nop

nop

.end

RVfpga 13 –
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RVfpga 13 – SweRV EH1
DECODE STAGE

sw t1, (t0)

Instruction Register
(dec_i0_instr_d)

raddr0

CONTROL
UNIT

Pipeline
Registers

Adder

offset_dc1

rs1_dc1

full_addr_dc1

DC1

5 (t0)

0

0xF004000C

REGISTER
FILE

rd0

0xF004000C

DCCM

dccm_wr_addr

rd1
raddr1

Pipeline
Registers

exu_lsu_rs2_d6 (t1) 0x00000010

...

dccm_wr_data

dccm_wren

lsu_rs1_d

lsu_offset_d

0

1
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• i
– t0 = 0xF004000C
– Offset = 0x000
– t1 = 0x10

• i+1 DC1
– full_addr_dc1 = 0xF004000C

• i+6 DCCM
– dccm_wr_addr = 0x000C
– dccm_wr_data = 0x10

RVfpga 13 -
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• lw

•
• AXI Lite DRAM

DC3
• DC3 2 1

DCCM

RVfpga 13
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.globl main

.data
D: .word 3,5,6,8,7,10,12,2,1,4,11,9

.text

main:

li t2, 0x020
csrrs t1, 0x7F9, t2

la t4, D

li t5, 12

li t6, 0x0

INSERT_NOPS_1

REPEAT:

lw t3, (t4)
add t5, t5, -1

INSERT_NOPS_10

add t6, t3, t6

add t4, t4, 4

INSERT_NOPS_9

bne  t5, zero, REPEAT    # Repeat the loop

INSERT_NOPS_4

.end

RVfpga 13 –
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• 0x00002204
• AXI

– lsu_axi_arvalid = 1 
– lsu_axi_araddr = 0x00002200

• AXI 64
– lsu_axi_rdata = 0x0000000800000006 
– lsu_axi_rvalid = 1

• 64 32

RVfpga 13 –
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14
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RVfpga 14
• 14 -

– mul
mul

–
SweRV EH1

– div
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RVfpga 14 2 mul -
.globl Test_Assembly

Test_Assembly:

li t2, 0xFFFF

li t3, 0x3

li t4, 0x2

li t5, 0x2

li t6, 0x2

REPEAT:

beq t2, zero, OUT     # Stay in the loop?

INSERT_NOPS_9

mul t0, t3, t4 # t0 = t3 * t4

mul t1, t5, t6 # t1 = t5 * t6

INSERT_NOPS_9

add t2, t2, -1

add t0, zero, zero

add t1, zero, zero

j REPEAT

OUT:

.end
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• i mul mul

• i+1 mul M1 mul

• i+2 mul M2 mul
M1

• i+3 mul out = 0x6
• i+4 mul out = 0x4
• i+6 mul t0 = 0x6
• i+7 mul t1 = 0x4

RVfpga 14 2 mul -
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RVfpga 14 2 mul -

Cycle i Cycle i+1

mul t0, t3, t4 (03de02b3)

mul t1, t5, t6 (03ff0333)

nop (00000013)

nop (00000013)

D Way0

Dst Way1

A Way0

Ast Way1

Cycle i+2 Cycle i+3

M1

D Way0

D Way1

A Way0

M2

M1

EX1 I1

D Way0

M3

M2

EX2 I1

EX1 I0

Cycle i+4 Cycle i+5 Cycle i+6

C Way0

M3

EX3 I1

EX2 I0

WB Way0

C Way0

C Way1

EX3 I0

WB Way0

WB Way1

C Way0
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REPEAT:

lw x28, (x29)
add x30, x30, -1

add x1, x1, 1

add x31, x31, 1

add x3, x3, 1

add x4, x4, 1

add x5, x5, 1

add x6, x6, 1

add x7, x7, 1

add x8, x8, 1

add x9, x9, 1

add x10, x10, 1

add x11, x11, 1

RVfpga 14 3 –
add x12, x12, 1

add x13, x13, 1

add x14, x14, 1

add x15, x15, 1

add x16, x16, 1

add x17, x17, 1

add x18, x18, 1

add x19, x19, 1

add x20, x20, 1

add x21, x21, 1

add x22, x22, 1

add x23, x23, 1
add x24, x24, 1

add x25, x25, 1

add x26, x26, 1

add x27, x27, 1

add x31, x31, 1

add x3, x3, 1

add x4, x4, 1

add x5, x5, 1

add x6, x6, 1

add x25, x25, 1

add x26, x26, 1

add x27, x27, 1

bne x30, zero, REPEAT
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• i-17 lw

• i-16 AXI
load

• i-5 add

• i lw add

RVfpga 14 3 –
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RVfpga 14 3 –
Cycle i-17 Cycle i-16

lw x28, (x29) (000eae03)

add x30, x30, -1 (ffff0f13)

add x1, x1, 1 (00108093)

add x2, x2, 1 (00110113)

add x21,x21,1 (001a8a93)

add x22,x22,1 (001b0b13)

add x23,x23,1 (001b8b93)

add x24,x24,1 (001c0c13)

DECO

DECO

ALGN

ALGN

Cycle i-15 Cycle i-14 Cycle i-1 Cycle i

DC1

EX1

DECO

DECO

Ext Mem

EX2

EX1

EX1

Ext Mem

EX3

EX2

EX2

Ext Mem

WB

WB

COMMIT

COMMIT

WB

WB

WB
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15
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RVfpga 15
• 15 RAW

• RAW

•
– RAW
– ALU RAW
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RVfpga 15

• ALU DC1

•
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raddr0 [4:0]

raddr1 [4:0]

rd0 [31:0]

rd1 [31:0]

Register File
(dec_gpr_ctl)

MUX

b = mul_rs2_d

I0 Pipe

L/S Pipe

Mult Pipe

a = mul_rs1_d

MUX

rd0

rd1

MUX

b = i0_rs2_d

a = i0_rs1_final_d

MUX

rd0

rd1

MUX
exu_lsu_rs1_d

rd0

exu_lsu_rs2_d
MUX

rd1

raddr2 [4:0]

raddr3 [4:0]

rd2 [31:0]

rd3 [31:0]

rd2

rd3

rd3

rd2

I1 Pipe
MUX

MUX

rd2

rd3

MUX

MUX

rd0

rd1

rd2

rd3

dividend

divisor
Divider

Forwarding 
Logic

i0_rs1_bypass_data_d[31:0]

i0_rs2_bypass_data_d[31:0]

i1_rs1_bypass_data_d[31:0]

i1_rs2_bypass_data_d[31:0]

From 
subsequent 

stages

DECODE STAGE EX1/DC1/M1

b = i1_rs2_d

a = i1_rs1_d

i0_rs1_bypass_data_d

i0_rs2_bypass_data_d

i1_rs1_bypass_data_d

i1_rs2_bypass_data_d

i0_rs1_bypass_data_d

i1_rs1_bypass_data_d

i0_rs2_bypass_data_d

i1_rs2_bypass_data_d

i0_rs2_bypass_data_d

i1_rs2_bypass_data_d

i0_rs1_bypass_data_d

i1_rs1_bypass_data_d

i0_rs1_bypass_data_d

i1_rs1_bypass_data_d

i0_rs2_bypass_data_d

i1_rs2_bypass_data_d
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.globl Test_Assembly 

.text

Test_Assembly:

li t3, 0x3 

li t4, 0x2

li t5, 0x1 

li t6, 0xFFFF 

REPEAT:

INSERT_NOPS_8

add t4, t4, t5        # t4 = t4 + t5 (t4 = 2 + 1)
add t6, t6, -1

add t3, t3, t4        # t3 = t3 + t4 (t3 = 3 + 3)
INSERT_NOPS_9

li t3, 0x3

li t4, 0x2    li t5, 0x1    bne t6, zero, REPEAT    # Repeat the loop

.end

RVfpga 15 –
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RVfpga 15 –
Cycle i-1 Cycle i

...

add t4,t4,t5 (01ee8eb3)

add t6,t6,-1 (ffff8f93)

add t3,t3,t4 (01de0e33)

nop (00000013)

nop (00000013)

nop (00000013)

nop (00000013)

nop (00000013)

...

DECO

DECO

ALGN

ALGN

FC2

FC2

FC1

FC1

Cycle i+1 Cycle i+3

EX1

EX1

DECO

DECO

ALGN

ALGN

FC2

FC2

EX2

EX2

EX1

EX1

DECO

DECO

ALGN

ALGN

EX3

EX3

EX2

EX2

EX1

EX1

DECO

DECO

Cycle i+4 Cycle i+5 Cycle i+6

COMMIT

COMMIT

EX3

EX3

EX2

EX2

EX1

EX1

WB

WB

COMMIT

COMMIT

EX3

EX3

EX2

EX2

WB

WB

COMMIT

COMMIT

EX3

EX3
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RVfpga 15 –
DECODE STAGE EX1 STAGE

r0 [31:0]

r1 [31:0]

out [31:0]

aff

bff

ALU 
(exu_alu_ctl)

gpr_i0_rs1_d [31:0]

gpr_i0_rs2_d [31:0]

a

b

a_ff

b_ff

i0_result_e1 [31:0]

Register File
(dec_gpr_ctl)

3-1 
MUX

3-1 
MUX

add t3,t3,t4   (0x01de0e33) add t4,t4,t5 (0x01ee8eb3)

3
2

1

3
3

3

3

Forwarding Logic

i0_rs2_bypass_data_d[31:0]

2
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• add t4,t4,t5 0x01ee8eb3
– i add I0 EX1 i0_inst_e1 = 0x01ee8eb3 ALU

• a_ff (2) + b_ff (1) = out (3)

–
• add t3,t3,t4 0x01de0e33

– i add 0 dec_i0_instr_d = 0x01de0e33
EX1 i0_result_e1 i0_rs2_bypass_data_d 3 1

• a = 3
• b = 3 I0 EX1 ALU

– i+1 add I0 EX1 i0_inst_e1 = 0x01de0e33 ALU

• a_ff (3) + b_ff (3) = out (6)

RVfpga 15 –
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Decode EX1

rd0 [31:0]

rd1 [31:0]

out [31:0]
aff

bff

ALU 
(exu_alu

_ctl)

gpr_i0_rs1_d

gpr_i0_rs2_d

a 
= 

i0
_r

s1
_f

in
al

_d
b 

= 
i0

_r
s2

_d

a_ff

b_ff

i0_ap_e1 [19:0]

i0_result_e1 [31:0] = 
exu_i0_result_e1 [31:0]

i0e2res
ultff

i0
_r

es
ul

t_
e2

 [3
1:

0]

i0e3res
ultff

EX2

i0
_r

es
ul

t_
e3

 [3
1:

0]

i0e4res
ultff

EX3

i0
_r

es
ul

t_
e3

_f
in

al
 [3

1:
0]

3-1 
MUX

i0
_r

es
ul

t_
e4

 [3
1:

0]

i0wbre
sultff

Commit

i0
_r

es
ul

t_
e4

_f
in

al
 [3

1:
0]

Register File
(dec_gpr_ctl)

Writeback

3-1 
MUX

3-1 
MUX

3-1 
MUX

e3d

10-1 
MUX

i0_rs2_bypass_data_d[31:0]

i0_result_wb [31:0]

i1_result_wb

i1_result_e4_final

i1_result_e3_final

i1_result_e2

i1_result_e1

dec_i0_immed_d[31:0]
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RVfpga 15

• lw mul
div

• SweRV EH1 ALU ALU
ALU

• – ALU
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out [31:0]

Secondary ALU 
(exu_alu_ctl)

a aff

bff

EX3

i0_result_e3_final

i0_result_e4 [31:0]

Commit

i0_result_e4_final [31:0] i0_result_wb [31:0]

Writeback

3-1 
MUX

4-1 
MUX

aff

bff
2-1 

MUX

LOGIC
LOGIC

i0_result_e4_eff [31:0]

i0_result_wb_eff [31:0]

i0_rs2_e3 [31:0]

i0
_r

s2
_b

yp
as

s_
da

ta
_e

3 
[3

1:
0]

i1_result_e4_eff [31:0]

i1_result_wb_eff [31:0]
b = i0_rs2_e3_final

exu_i0_result_e4[31:0]

lsu_result_corr_dc4 [31:0]

Secondary ALU Forwarding Logic
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RVfpga 15 –
.globl Test_Assembly

.section .midccm

A: .space 4

.text

Test_Assembly:

la t0, A # t0 = addr(A) 

li t1, 0x1 # t1 = 1 

sw t1, (t0) # A[0] = 1 

li t1, 0x0 li t3, 0x1 li t6, 0xFFFF 

REPEAT:    

beq t6, zero, OUT     # Stay in the loop?    

INSERT_NOPS_9    

lw t1, (t0)    
add t6, t6, -1    

add t3, t3, t1          # t3 = t3 + t1    
INSERT_NOPS_8    

li t1, 0x0    

li t3, 0x1    

add t4, t4, 0x1

add t5, t5, 0x1

j REPEAT 

OUT: 

.end
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out [31:0]

ALU (exu_alu_ctl)

a

b

aff

bff

EX3 STAGE

i0_result_e3_final [31:0]

i0_result_e4 [31:0]

COMMIT STAGE

i0_result_e4_final [31:0]3-1 
MUX

4-1 
MUX

aff

bff
2-1 

MUX

LOGIC
i0_result_e4_eff [31:0]

i0_rs2_e3 [31:0]

add t3,t3,t1 lw t1,(t0)

1

1

1
1

1

Cycle i

lsu_result_corr_dc4 [31:0]

1

out [31:0]

ALU 
(exu_alu_ctl)

aff

bff

i0_result_e4 [31:0]

EX4 STAGE

i0_result_e4_final [31:0]
3-1 

MUX

aff

bff

add t3,t3,t1

1

1

2

2

Cycle i+1
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•
– i add 0 EX3 i0_inst_e3 = 0x006E0E33 lw I0

i0_inst_e4 = 0x0002A303
– i+1 add 0 i0_inst_e4 = 0x006E0E33

• 4 1
– i lw

i0_rs2_bypass_data_e3 = i0_result_e4_eff = 0x00000001

• 2 1
– i lw add

i0_rs2_e3_final = i0_rs2_bypass_data_e3 = 0x00000001

• ALU
– i+1 add

out = a_ff + b_ff = 0x00000001 + 0x00000001 = 0x00000002

• 3 1
– i+1 ALU exu_i0_result_e4 i0_result_e4

RVfpga 15 –
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16
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RVfpga 16
• 16
• /

PC + 4
•

–
–

• SweRV EH1 Branch Predictor BP
–
– Gshare

• naïve Gshare BP beq
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RVfpga 16 beq PC

==

DECODE

In
st

ru
ct

io
n 

R
eg

is
te

r
(d
e
c
_i
0
_
i
n
st
r
_
d

)

raddr0

raddr1

CONTROL
UNIT

a

b

eq

EX1

REGISTER
FILE

rd0

rd1

ap.beq

flush_upper

FC1

ifu_mem_ctl

pc_ff [31:1]

brimm_ff [12:1]

LOGIC

flush_path [31:1]

exu_flush_path_final [31:1]

ibradder

+

FC2 ALN

ifc_fetch_addr_f1 [31:1] (PC)
1

0
ifc_fetch_addr_f1_raw [31:1]

LOGIC

LOGIC

+
16

fe
tc

h_
ad

dr
_b

f [
31

:1
] (

N
ex

t P
C

)

5-1 Mux

exu_flush_final

2-1 Mux aff a_ff

bff b_ff

pcff
pc [31:1]

MUX

MUX

fetch_addr_next [31:1]

ifu_bp_btb_target_f2 [31:1]

miss_addr [31:1]

exu_flush_path_final [31:1]

faddrf1
_ff

i0_ap
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Test_Assembly: 

li t2, 0x008                  # Disable Branch Predictor
csrrs t1, 0x7F9, t2
li t3, 0xFFFF

li t4, 0x1

li t5, 0x0

li t6, 0x0

LOOP:

add t5, t5, 1

INSERT_NOPS_7

beq t3, t4, OUT
INSERT_NOPS_7

add t4, t4, 1

INSERT_NOPS_7

beq t3, t3, LOOP
INSERT_NOPS_7

OUT:

INSERT_NOPS_8

.end

RVfpga 16 beq PC –
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• i - beq 0 beq 0x07DE0063
I0 a b 0xFFFF 0xC4

• i+1 - beq EX1 beq a_ff b_ff 0xFFFF 0xC4
Gshare

i0_ap.predict_nt = 1 flush_upper = 0

• i+2 - FC1
exu_flush_final = 0 ifc_fetch_addr_f1_ext[31:0] = 
ifc_fetch_addr_f1_raw_ext[31:0] = 0x000001F0 128

RVfpga 16 beq –
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• i - beq 0 beq 0xFBCE00E3
I0 a b 0xFFFF

• i+1 - beq EX1 beq a_ff b_ff
BP i0_ap.predict_nt = 1

flush_upper = 1

• i+2 - FC1 exu_flush_final = 1 and 
ifc_fetch_addr_f1_ext = exu_flush_path_final_ext = 0x00000188.

RVfpga 16 beq –
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RVfpga 16 Gshare
FC1

ifu_mem_ctl

exu_flush_path_final [31:1]

FC2

ifc_fetch_addr_f1 [31:1] (PC)1

0
ifc_fetch_addr_f1_raw [31:1]

+
16

fetch_addr_bf [31:1] 
(Next PC)

5-1 Mux2-1 Mux

fetch_addr_next [31:1]

ifu_bp_btb_target_f2 [31:1]

miss_addr [31:1]

exu_flush_path_final [31:1]

faddrf1
_ff

ifu_bp_btb_target_f2 [31:1]

fghr_ns [4:0] (Global History)

LOGIC

ifu_bp_kill_next_f2Branch History 
Table (BHT)

Branch Target 
Buffer (BTB)

+

Hashing 
modules

faddrf2
_ff

LOGIC

2-1 Mux

From Return 
Address Stack

offset [11:0]

pc [31:1]

predtgt_addr

dout [31:1]
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• i ifc_fetch_addr_f1_ext = 
0x000001E0 BTB

• i+2 BTB wayhit_f2 = 0x20 pc_ext = 0x000001E8
BTB offset_ext = 0x1FA0
ifu_bp_btb_target_f2_ext = 0x00000188 BHT
ifu_bp_kill_next_f2 = 1 PC
fetch_addr_bf_ext = 0x00000188

• i+3 ifc_fetch_addr_f1_ext = 
0x00000188

• i+7 1 dec_i1_instr_d = 0xFBCE00E3
• i+8 flush_upper = 0
• i+9

RVfpga 16 beq Gshare
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17
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RVfpga 17
• Western Digital SweRV EH1 32 9

•
•
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RVfpga 17
• SweRV EH1

–
–

15
– -

• IPC

1.3 1.5
• SweRV EH1
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RVfpga 17 A-L – –
.globl Test_Assembly

.text

Test_Assembly:

li t2, 0x400         # Disable Dual-Issue Execution
csrrs t1, 0x7F9, t2

li t0, 0x0

li t1, 0x1

li t2, 0x1

li t3, 0x3                

li t4, 0x4                

li t5, 0x5                

li t6, 0x6                

lui t2, 0xF4

add t2, t2, 0x240

REPEAT:

add t0, t0, 1

INSERT_NOPS_10

INSERT_NOPS_4

add t3, t3, t1        
sub t4, t4, t1
or  t5, t5, t1        
xor t6, t6, t1
INSERT_NOPS_10

INSERT_NOPS_3

bne t0, t2, REPEAT # Repeat the loop
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• 0 1

– 0
• dec_i0_decode_d 1 AL 1
• I0 i0_inst_e1[31:0]

– 1
• dec_i1_decode_d 0 AL 0
• i1_inst_e1[31:0]

• I0 ALU aff bff out
0 waddr wen wd

RVfpga 17 A-L – –
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RVfpga 17 A-L – –
Cyc 1

EX1

EX2

EX3

Decode add

Commit

Writeback

Cyc 2

sub

add

Cyc 3 Cyc 4

xor

or

sub

add

or

sub

add

Cyc 5

xor

or

sub

add

Cyc 6

xor

or

sub

add

Cyc 7

xor

or

sub

Cyc 8

xor

or

Cyc 9

xor
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RVfpga 17 A-L – –
.globl Test_Assembly

.text

Test_Assembly:

# li t2, 0x400         # Disable Dual-Issue Execution
# csrrs t1, 0x7F9, t2

li t0, 0x0

li t1, 0x1

li t2, 0x1

li t3, 0x3                

li t4, 0x4                

li t5, 0x5                

li t6, 0x6                

lui t2, 0xF4

add t2, t2, 0x240

REPEAT:

add t0, t0, 1

INSERT_NOPS_10

INSERT_NOPS_4

add t3, t3, t1        

sub t4, t4, t1

or  t5, t5, t1        

xor t6, t6, t1

INSERT_NOPS_10

INSERT_NOPS_3

bne t0, t2, REPEAT # Repeat the loop
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•
I0 I1

– 0
• A-L dec_i0_decode_d 1 1

• I0 i0_inst_e1[31:0]

– 1
• A-L dec_i1_decode_d 1 0

• I1 i1_inst_e1[31:0]

• I0 I1 ALU aff bff
out waddr

wen wd

RVfpga 17 A-L – –
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RVfpga 17 A-L – –
Cyc 1

EX1

EX2

EX3

Decode add

Commit

Writeback

sub

I0             I1 I0             I1 I0             I1 I0             I1 I0             I1 I0             I1 I0             I1

Cyc 2

or xor

add sub

Cyc 3 Cyc 4

or xor

add sub or xor

add sub

Cyc 5

or xor

add sub

Cyc 6

or xor

add sub

Cyc 7

or xor



RVfpga v2.0 © 2021     <212>
Imagination Technologies 

RVfpga 17 mul A-L – –

.globl Test_Assembly

.text

Test_Assembly:

# li t2, 0x400      # Disable Dual-Issue Execution 
# csrrs t1, 0x7F9, t2 

li t3, 0x3                

li t4, 0x4                

li t5, 0x5                

li t6, 0x6                

li t0, 0x0 

lui t1, 0xF4 

add t1, t1, 0x240

REPEAT:

add t0, t0, 1

INSERT_NOPS_10

INSERT_NOPS_4

mul t3, t3, t1        
add t4, t4, t1
mul t5, t5, t1        
sub t6, t6, t1
INSERT_NOPS_10

INSERT_NOPS_3

bne t0, t1, REPEAT # Repeat the loop

.end



RVfpga v2.0 © 2021     <213>
Imagination Technologies 

RVfpga 17 mul A-L – –



RVfpga v2.0 © 2021     <214>
Imagination Technologies 

•
– 0

• dec_i0_decode_d 1
1

• i0_inst_e1[31:0]

– 1
• dec_i1_decode_d 1

1
• dec_i1_instr_d[31:0] I1 i1_inst_e1[31:0]

• I1 ALU a_ff_e1 b_ff_e1 out
a_ff b_ff out
waddr wen wd

RVfpga 17 mul A-L – –
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RVfpga 18
• SweRV EH1

– A-L RISC-V
–

– I

•
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RVfpga 19
• RVfpga Rvfpga

– DDR
– I$
– DCCM

ICCM ICCM
• I$ I$

I$
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TAG SET OFFSET

20 bits 6 bits 4 bits

20 bits 
+ Parity

64 Bytes 
+ Parity

20 bits 
+ Parity

20 bits 
+ Parity

20 bits 
+ Parity

WAY 0 WAY 1 WAY 2 WAY 3

SET 0
SET 1

SET 62
SET 63

= = = =

ic_rd_hit [3:0]

ic_rw_addr [31:2] (Fetch Address)

4-1 Multiplexer

1 1 1 1

ic_rd_data[135:0] (ic_rd_data_only[127:0] + Parity)

64 Bytes 
+ Parity

64 Bytes 
+ Parity

64 Bytes 
+ Parity

2 bits

TagWay0
TagWay1

TagWay2
TagWay3

ic_tag_valid [3:0]

DataWay0 DataWay1 DataWay2 DataWay3

adr_ff 
(Register)

ic_rw_addr_ff [31:12]

3 bits
LRU0
LRU1

LRU62
LRU63

RVfpga 19 I$
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Test_Assembly:

INSERT_NOPS_3

INSERT_NOPS_8

INSERT_NOPS_8

li t6, 0x10000

REPEAT:

add t6, t6, -1

add t0, t0, t0
add t1, t1, t1
add t2, t2, t2
add t3, t3, t3
add t4, t4, t4
add t5, t5, t5
add t6, t6, t6
add a7, a7, a7
add t0, t0, t0
add t2, t2, t2
add t1, t1, t1
add t3, t3, t3
add t4, t4, t4
add t6, t6, t6
add t5, t5, t5
add a7, a7, a7

INSERT_NOPS_8

INSERT_NOPS_8

INSERT_NOPS_8

INSERT_NOPS_8

INSERT_NOPS_8

INSERT_NOPS_8

bne t6, zero, REPEAT    

ret

RVfpga 19 I$ -
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• 16 add I$ I$
DDR I$

– 29 ns I$ ic_act_miss_f2 = 1 AXI
ifu_axi_arvalid = 1

– AXI 64
• ifu_axi_arvalid 27

• ifu_axi_arvalid = 1 27 ifu_axi_araddr AXI
8 64 8 DDR

RVfpga 19 I$ -
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– 64 ifu_axi_rdata AXI

• ifu_axi_rvalid 7

• 64 ifu_axi_rdata

– 64 I$
– I$ I$

RVfpga 19 I$ -
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• I$
– i add add t0,t0,t0 ifc_fetch_addr_f1_ext

I$ 4 32 ic_rw_addr = 
0x0000070

– i+1 TagWay0-TagWay3
TAG TAG 0
ic_tag_valid = 0001 0 ic_rd_hit = 0001 128

DataWay0-DataWay3 ic_rd_data_only = 0x01ce0e33007383b300630333005282b3
– i+2 q1 add ifu_i0_instr = 0x005282b3

ifu_i1_instr = 0x00630333
– i+3 add add

ifu_i0_instr = 0x007383b3 ifu_i1_instr = 0x01ce0e33 dec_i0_instr_d = 0x005282b3
dec_i1_instr_d = 0x00630333

– i+4 add dec_i0_instr_d = 0x007383b3
dec_i1_instr_d = 0x01ce0e33

RVfpga 19 I$ -
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RVfpga 19 I$
• Least Recently Used LRU

LRU
LRU

• SweRV EH1 LRU
– N N-1 LRU SweRV EH1

I$ 3

LRU
LRU

x00 0
x10 1
0x1 2
1x1 3

LRU
0 -11
1 -01
2 1-0
3 0-0



RVfpga v2.0 © 2021     <227>
Imagination Technologies 

Set8_Block1:   j Set8_Block2        # This j instruction is at address 0x00000200
INSERT_NOPS_1023

Set8_Block2:   j Set8_Block3        # This j instruction is at address 0x00001200
INSERT_NOPS_1023

Set8_Block3:   j Set8_Block4        # This j instruction is at address 0x00002200
INSERT_NOPS_1023

Set8_Block4:   j Set8_Block5        # This j instruction is at address 0x00003200
INSERT_NOPS_1023

Set8_Block5:   j Set8_Block1        # This j instruction is at address 0x00004200

RVfpga 19 I$ -
• I$ I$

SET = 8
• j j 1023 nop j nop

4 KiB I$
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00000000000000000000 j Set8_Block2  |  nop  |  ...  |  nop WAY 01

SET 8 after execution of the first j instruction at 0x200

0

0

0

00000000000000000001 j Set8_Block3  |  nop  |  ...  |  nop1

WAY 1
WAY 2
WAY 3

LRU STATE = 011

00000000000000000010 j Set8_Block4  |  nop  |  ...  |  nop1

00000000000000000011 j Set8_Block5  |  nop  |  ...  |  nop1

00000000000000000000 j Set8_Block2  |  nop  |  ...  |  nop WAY 01

SET 8 after execution of the second j instruction at 0x1200

0

0

WAY 1
WAY 2
WAY 3

LRU STATE = 001

00000000000000000001 j Set8_Block3  |  nop  |  ...  |  nop1

00000000000000000000 j Set8_Block2  |  nop  |  ...  |  nop WAY 01

SET 8 after execution of the third j instruction at 0x2200

0

WAY 1
WAY 2
WAY 3

LRU STATE = 100

00000000000000000010 j Set8_Block4  |  nop  |  ...  |  nop1

00000000000000000001 j Set8_Block3  |  nop  |  ...  |  nop1

00000000000000000000 j Set8_Block2  |  nop  |  ...  |  nop WAY 01

SET 8 after execution of the fourth j instruction at 0x3200

WAY 1
WAY 2
WAY 3

LRU STATE = 000

00000000000000000011 j Set8_Block5  |  nop  |  ...  |  nop1

00000000000000000010 j Set8_Block4  |  nop  |  ...  |  nop1

00000000000000000001 j Set8_Block3  |  nop  |  ...  |  nop1

00000000000000000100 j Set8_Block1  |  nop  |  ...  |  nop WAY 01

SET 8 after execution of the fifth j instruction at 0x4200

WAY 1
WAY 2
WAY 3

LRU STATE = 011

Valid            Tag                                                Data

RV
fp

ga
19

I$
–

I$
8
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RVfpga 19 I$ – 1

• 0x200 I$ 8 0
replace_way_mb_any = ic_wr_en = 0001 8 LRU way_status_new = 
011

• I$ DDR 64 I$
8

– ic_rw_addr_q[11:4] = 00100000 8
– ic_tag_wr_data[19:0] = 0x0
– ic_wr_data1[31:0] = 0x0000106F (j Set8_Block2)
– ic_wr_data2[31:0] = 0x00000013 (nop)
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RVfpga 19 I$ – 2

• 0x1200 I$ 8 0 tagv_mb_ff = 0001
1 replace_way_mb_any = ic_wr_en = 0010. 8 LRU

way_status_new = 001
• I$ DDR 64 I$

8
– ic_rw_addr_q[11:4] = 00100000 8
– ic_tag_wr_data[19:0] = 0x1
– ic_wr_data1[31:0] = 0x0000106F (j Set8_Block3)
– ic_wr_data2[31:0] = 0x00000013 (nop)
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RVfpga 19 I$ – 5

• 0x4200 I$ 8 tagv_mb_ff = 1111
1 replace_way_mb_any = ic_wr_en = 0001 8 LRU

way_status_new = 011
• I$ DDR 64 I$

8
– ic_rw_addr_q[11:4] = 00100000 8
– ic_tag_wr_data[19:0] = 0x4
– ic_wr_data1[31:0] = 0x800fc06f (j Set8_Block1)
– ic_wr_data2[31:0] = 0x00008067 (ret)
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ICCM DCCM
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RVfpga 20
• SweRV EH1 ICCM

DCCM 11-20

• RVfpga
– Data Closely-Coupled Memory

DCCM
– Instruction Closely-Coupled 

Memory ICCM
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RVfpga 20 –

DDR External 
Memory
(offchip)

0x00000000

0x07FFFFFF
SweRV EH1

1 cycle

Instruction 
Closely-
Coupled 
Memory
(onchip)

0xEE000000

0xEE07FFFF

1 cycle

Instruction 
Cache

(onchip)

 22 cycles



RVfpga v2.0 © 2021     <235>
Imagination Technologies 

RVfpga 20 –

DDR External 
Memory
(offchip)

0x00000000

0x07FFFFFF
SweRV EH1

 22 cycles

Data Closely-
Coupled 
Memory
(onchip)

0xF0040000

0xF004FFFF

1 cycle
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RVfpga 20 DCCM

Off

dccm_rd_addr_lo [15:0] dccm_rd_addr_hi [15:0]

Data

From the Store BufferFrom the DC1 stage adders

2 bits
Bank
3 bits

Addr
11 bits

Off
2 bits

Bank
3 bits

Addr
11 bits

Off
2 bits

Bank
3 bits

Addr
11 bits

Parity
7 bits 32 bits

39 bits
0
1

2046
2047

BANK 0
39 bits

BANK 1
39 bits

BANK 6
39 bits

BANK 7

Enable Bank for 
reading

Enable Bank for 
writing

rden_bank [7:0]

rden_bank[0]

wren_bank[7]
wren_bank [7:0]

dccm_rd_data_lo [38:0] dccm_rd_data_hi [38:0]

dccm_wr_data [38:0]

dccm_wr_addr [4:2]dccm_rd_addr_hi [4:2]dccm_rd_addr_lo [4:2]

dccm_data_lo_dc2 [31:0] dccm_data_hi_dc2 [31:0]

lsu_addr_dc1 [31:0] end_addr_dc1 [31:0]

Address 
computation

addr_bank[7:0][10:0]

dccm_wr_addr [15:0] dccm_wr_data [38:0]

stbuf_addr_any [15:0] { stbuf_ecc_any [6:0] , stbuf_data_any [31:0] }
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la t4, D

li t5, 50

li t0, 1000

la t6, D

add t6, t6, t0

li t5, 1

REPEAT_Access:

lw t3, (t4)
add t3, t3, t5

sw t3, (t4)
add t4, t4, 4

INSERT_NOPS_10

INSERT_NOPS_10

bne  t4, t6, REPEAT_Access    # Repeat the loop

RVfpga 20 DCCM –
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• i 1 lw dec_i1_instr_d = 0x000eae03
• i+1 DC1 DCCM

– lsu_addr_dc1[31:0] = 0xF0040024  dccm_rd_addr_lo[15:0] = 0x0024
– end_addr_dc1[15:0] = 0x0027          dccm_rd_addr_hi[15:0] = 0x0027

DCCM dccm_rden = 1
rden_bank = 0x02 00000010

• i+2 DCCM
– dccm_rd_data_lo = 0x4400000009 dccm_data_lo_dc2 = 0x00000009
– dccm_rd_data_hi = 0x4400000009 dccm_data_hi_dc2 = 0x00000009

• i+8 1 0x00000009 + 1 = 0x0000000A DCCM
– dccm_wren = 1
– wren_bank = 0x02 00000010
– dccm_wr_addr = 0x0024
– dccm_wr_data = 0x420000000A

RVfpga 20 DCCM –
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•

• CoreMark Dhrystone Chips Alliance
https://github.com/chipsalliance/Cores-SweRV
RVfpga 5

• RISC-V
DCCM/ICCM

• CoreMark

RVfpga 20
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• CoreMark
– CoreMark
– CoreMark CM /
– CM/MHz CM MHz Iterat/Sec/MHz

/ /MHz
• SweRV EH1

IPC 2

RVfpga 20
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= = 
DCCM

= 
DCCM

CM/MHz 0.47 1.88 3.47
50 50 30.9
200 50 28.8

IPC / 0.25 1 1
133,000 0 

DCCM
0

DCCM

392 
I$

392 
I$

392
I$

RVfpga 20 CoreMark


