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// memory-mapped 1/0 addresses
#define GPIO_SWs 0x80001400 BV = i 24 25 A BT A LED o
#define GPI0O_LEDs 0x80001404 DAE&EEH_‘PF#EJE%E@{E%A
#define GPIO_INOUT 0x80001408

#define READ_GP10(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(GPI0O_LEDs, switches value); // display switch value on LEDs

}

return(0);

+
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#1T defined(D _NEXYS_ A7)
#include <bsp printf_h> o B N1 EEElplatform.inifs :

#include <bsp _mem map.h> . _
#include <bsp_version.h> monitor_speed = 115200

#else

#enZIﬁ_COMPILED_MSG("no platform was defined") ° $§ﬁﬁﬁff!ﬁ$ﬂ??f’§ , @ﬁ%ﬁf—F
#include <psp_api.h> @%E%ﬁﬁ@LﬂxTﬁfffﬁﬁﬁEﬁ
#define DELAY 10000000 PlatformIO%% i -

int main(void) {
int 1, jJ = 0;

// Initialize UART

uartinit(Q);

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

}

}
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327k
divs9,t5,t6  JESES
andt0,t1,t2 Efdusiw 0D

or t0, t1, t5 F#iLTCOR
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{1 TCAND ( TZENED)
1% 17COR (ITENED)
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sO=s1+s2
sO=sl1-s2
t3=t1-10

t0=t2 *t3
t9=t5/16

s4 =s1%s2
t0=t1&t2

t0=t1 | t5
s3=s47s5

tl =12 & OxFFFFFFFB
t0=t1 | Ox2C

s3 =s4 " OxFFFFFABC
t0=t1<<t2
t0=t1>>t5

s3 =54 >>>5s5
t1=1t2<<30
t0=t1>>5
s3=s54>>>31

RVfpga v2.0 © 2021 <46>
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"%’ Hﬁ HYRISC- V%EA%““TEA/E%TEA (&)

RISC-V4H &5 3F e

lw s7, 0x2C(t1) ( s7 = memory[t1+0x2C]

# A s5 = SignExt(memory[s3+0x5A];.,)
Ib s1, -3(t4) # A4 s1 = SignExt(memory([t4-3],,)
sw t2, 0x7C(t1) (Eraaat memory[t1+0x7C] = t2

sht3,22(s3)  [EEreses memory[s3+22],5, = t315

m_ EEERTTA memory[s4+5],,, = t4,,,

JIEE AP if (s1==52), PC= L1
RN EE AP if (s1!=s2), PC = Loop

A NARISSE if (t4 < t5), PC= 13

ISR (AT if (s8>=59), PC = Done

ENVAIL s1 = OxABCDEF12

last, A ~ E39Nis s1 = (EF ARSI A A H

nop @ EEE S e

25 s3 =57

nott1, 2~~~ ENETd tl = ~t2

negsl,s3 P s1=-s3

B PC = fE4%

Sl b e PC=L7; ra=PC+4

jrst.  Pleetipeas PC=5s1

P RIS C ° R o Toiogiee, Q3 imagination




RVfpgaE k&3 : RISC-VEI 733

32{E32fiL T s

28 | WS

x0 HEUEO

x1 XA HE

X2 HEBTEIE

X3 e

x4 A T4ETEIE

x5-7 EENESTY g
s0/fp B& fEE T R A e
sl X9 FEEEE

x10-11 PR S |88/ [O]{E
VAN x12-17 PR S (3
YEE x18-27 (FAER

x28-31 RS

P RIS C ° R o Tocmiogies. Q3 imagination
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// memory-mapped 1/0 addresses

# GPIO_SWs = 0x80001400
# GPIO_LEDS = 0x80001404 - \
# GPIO_INOUT = 0x80001408 SINE R R BEHY{E %S ALED o

-globl main

main:
main:
I1 t0, Ox80001400 # base address of GPIO memory-mapped registers
I1 tl, OxXFFFF # set direction of GPIOs
# upper half = switches (inputs) (=0)
# lower half = outputs (LEDs) (1)
sw tl, 8(t0) # GPI10_INOUT = OxFFFF
repeat:
ilw €1, 0Ct0) # read switches: tl1 = GPIO_SWs
sriit t1, t1, 16 # shift val to the right by 16 bits
sw tl, 4(t0) # write value to LEDs: GPIO LEDs = tl1
J repeat # repeat loop

P RIS C ° R o Tomlogiee Q3 imagination
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RVfpga B 554 © PREIFOL

U 55 5 PRI Y CRE R
R AR B B

{55 FH CRR B
RISC-V (i£f7) BREOUEH]
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BA e EHIE R E

// memory-mapped 1/0 addresses

#define GPIO_SWs
#define GPI10O_LEDs

0x80001400
0x80001404

#define GPIO_INOUT 0x80001408
#define READ_GP10(dir) (*(volatile unsigned *)dir)
#define WRITE GPIO(dir, value) { (*(volatile unsigned *)dir) = (value); }

void 10setup(Q);

unsigned iInt getSwitchval();

void writeValtoLEDs(unsigned int val);

int main ( void ) {
unsigned Int switches val;

10setup();
while (1) {

switches val = getSwitchval();
writeValtoLEDs(switches val);

}

return(0);

P RIS C ®
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void 10setup(Q)

{
int En_Value=0xFFFF;
WRITE_GPIO(GPIO_INOUT, En_Value);
by
unsigned Int getSwitchval()
{
unsigned iInt val;
val = READ GPIO(GPIO_SWs); // read value on switches
val = val >> 16; // shift into lower 16 bits
return val;
by
void writeValtoLEDs(unsigned int val)
{
WRITE_GPIO(GPIO_LEDs, val); // display val on LEDs
+

P RIS C ° R o Toomlogios. Q3 imagination
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EII%U?
B L
75 1 P (RS AR
CrrBEREp -

math.h (EE2pREE ) - a%n%ézusqrt (SRR Filcos (4% ZEpEL -
stdio.h (FEAEI/OpEE ) - BEFHEHEYIEIEER= (printf) ~ {¢{EHEE
HUE (scanf) ZFpHEY -

stdlib.n (B ) - BRI EERERE (rand) HYRKEL -

HAitr... (google CrigieE )

P RIS C ° R o Toomiogios Q3 imagination
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(£

CRA R HYRE ZUEEB]

#include <stdlib.h>

int main(void) {

unsigned int val;

A ZURF0%165535  [H]HY FEts R
27 ALED -

volatile unsigned Int 1;

10setup();
while (1) {

val = rand() % 65536;
writeValtoLEDs(val);

for (i = 0; 1 < DELAY; i1++)

+
return(0);

}

P RIS C

® RVfpga v2.0 © 2021 <55> qj
Imagination Technologies |mCIgIn0|'IOI'I



RVfpgaE B4 : RISC-VIEEILIEH]

IF-IL BRIEY

jal function_ label
(ERNER (B
Jr ra

5|8
Eﬁ’\%ﬁﬁ%ﬁw a7

UIE

Eﬁ’\%ﬁﬁ%ﬁw i
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CrEz\H% RISC-VEH&EES

int mainQ) { # y iIs In sO
main:

int = + funcl(l, 2, 3 Tt i _
y = ( ) addr a0, zero, 1 # put values iIn argument registers

y++; -
addr al, zero, 2
) o addi a2, zero, 3
jal funcl # call function funcl
add sO, sO, a0 # vy =y + return value
addr sO, sO, 1 #y = y++
# sum 1s 1In sO
- - - - funcl:
|n?nzugﬁ;glnt a, Int b, int ¢ { add sO, a0, al # sum = a + b
sum = a + b + c- add sO, sO, a2 # sum =a + b + c
return sum: ’ addr a0, sO, O # return value = sum
} jr ra # return

P RIS C ° R o Tomlogies, Q3 imagination
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SR R P S 2
HEABFEHE (Sp) AT BETF LR TED R

SUIEAG TR E BT MM o I o ARSEAEHEE LR A
(16firycH ) 2= - FEE DA T2 S -

addr sp, sp, -16

MR ez -
REEEES | WO T R BN (H - ORI 4 S RS
e
JEOREAES | EBOTI AR RE LR (B - ST A (S (5 S A
IR

e Fes (s0-s11) - Elfﬁiiaﬁfﬁﬂ (ra) FHAISHE (sp) 9B REHs -
AT H M 728ty R B B 28

P RIS C ° R o Toomlogios. Q3 imagination
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[FEPRE T fFes

e i CReH
zero R HHEO :
x1 i B dik =
so pe b R
CTE %3 e et :
x4 TR :
02 poRy B =
sO/fp X8 (s oyRaayy: sy i g
s1 R i 2
ELS I x10-11 ST |y EEE Zi
EZEAN x12-17 SRS [ &
2N x18-27 bR £
CEECI x28-31 . =
R I S C ® RVfpga v2.0 © 2021 <59> qj
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CIE=\15

int main() {

l

R - IRV SRR S

f

RISC-V4HEEES

#y 1s in sO

\A—.

—_—)
531\1 my

S main: ...
inty =y + funcl(l, 2, 3) addr a0, zero, 1 # put values iIn argument registers
y++; addr al, zero, 2
addr a2, zero, 3
} jal funcl # call function funcl
add s0, sO, a0 # vy =y + return value
addr s0O, s0O, 1 #Yy = yt++t
# sum 1s 1In sO
int funcl(int a, int b, int c) { funcl:addi sp, sp, -4 # make room on stack
int sum; sw sO, 0O(sp) # save sO on stack
add sO, a0, al # sum =a + b
sum = a + b + c; add s0O, sO, a2 # sum =a + b + c
return sum; addr a0, sO, O # return value = sum
} Ilw sO, O(sp) # restore sO from stack
addi sp, sp, 4 # restore stack pointer
Jjr ra # return
® RVfpga v2.0 © 2021 <60>
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MHEEES

RVfpgaE S5 | &S HCGES

gl ¢ R R
A FCHES RS - LA & E = R

T
(g
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HEGRFEF /=TS BT - R=41f - G =4k > B =B
A DUAAASEER ~ GHIBEARE LD
ik ] S A Ry BALTT K PE ] ( ) FHEGR R EAET T A

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

RGBHE EE e f51024 (306 + 601 + 117 = 1024 ) » Nt ZEX[E8AITT

fu[E (0-255) - &GERMERRLI1024 (HIER10Mr ¢ >> 10)
HEEBVARERIER > F2E

https://www.mathworks.com/help/matlab/ref/rgbh2gray.html
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¢HERE = B

.globl ColourToGrey Pixel

-text

ColourToGrey Pixel:

11 x28, 306
mul a0, ao,
11 x28, 601
mul al, al,
11 x28, 117
mul a2, a2,
add a0, a0,
add a0, aO,
srl a0, a0,
ret
.end

X28

X28

X28
al
az
10

P RIS C

H

a0 = R

al = G

a2 = B

grey =

grey =

return
®

«——— _globl{fCoulourToGrey Pixel {EHEHEZEFH

FrATEZE A R,
* 306
* 601
* 117
a0 + al + a2

grey / 1024

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

RVfpga v2.0 © 2021 <65>
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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 ColourlImage[N][M]; // 2D array of RGB struct (colour image)
unsigned char Greylmage[N][M]; // 2D array of greyscale 1mage

// VanGogh 128.c

unsigned char VanGogh 128x128[] = { 157, // R (pixel [O][O0])
182, // G (pixel [O][O0D)
161, // B (pixel [O][O0D)
171, // R (pixel [O]J[1D)
195, // G (pixel [O][1D
173, // B (pixel [O][1D)
173, // R (pixel [0O][2])

..}
P RIS C ° R o Toomiogioe. Q3 imagination
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int main(void) {
// Create an N X M matrix using the 1nput Image
inittColourImage(Colourlmage);

// Transform Colour Image to Grey Image
ColourToGrey(Colourlmage,Greylmage);

\ -

void ColourToGrey(RGB Colour[N][M], unsigned char Grey[N][M]) {
int 1,j;

for (1=0; I<N; 1++)
for (J=0; jJ<M; j++)
Grey[i1][J] = ColourToGrey Pixel(Colour[i1]][}J]-R, Colour[i][}]]-G,
Colour[i1][}]1-B);
+
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s A (/O) Z8t - WAl R 2
i#FAI/0 (GPIO)
GPIOfZEH 25
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i

CPU

Memory

< FAST INTERCONNECT (AXI) >

Bridge

< SLOW INTERCONNECT (Wishbone)

Device
—>

Controller
(includes a
series of
registers)

P RIS C ®
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wglloﬂl‘]ﬁ? 2%

l

Boot-ROM

Sys-Con

«—-| SPI1-Flash

L S

SPI2-Accel

Timer

(@ —

GPIO1-LEDsSw

Joxa|diynA T-L

CJ—

UART

R

P RIS C ®

| Address

Decoder

A

Address[15:6]

Address[5:2]

WB-AXxi

Bridge

SweRV
EH1

RVfpga v2.0 © 2021
Imagination Technologies

<71>

SweRVoIfX BBl
BEHEROM
AR s
SPI1IEJECIERS
UART
GPIO LEDHIEHRE
SRR T
SPI2n#ET

Tz asy (L& es
A © Sys-Con)
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RVfpgaZE &6 - i HH1/0 (GPIO)

HAHIO :
PR ERE A 5 A GEE R AR (5140 > BEREFILED ) #Y5 [HAl
FHES (Rl rTiC B Bl A Sl (R =58)

= (EEC RN T TS
FEEE RS - (CETRIEERIE
BEAEGR | 5 ASTINE GPIO
BAEGF: L=t 0= A

Read Register

| /

Bus (Axi4, Wishbone...) ﬁ
CPU Write Register j: >
— Enable Register
A A} e:}-L
e e
R ® RVfpga v2.0 © 2021 <72> qj
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RVfpga E Ez6

50 TR A

Sk

Fas

W Fas

A BT (F e
YN EeE
B F s

7C15:OfC B Al » bit 31 16FCE AW A -

1B GPIOHY

5L 15 A L LAk

0x80001400
0x80001404
0x80001408

I1 tO, 0x80001400 # tO = 0x80001400
11 tl, OxFFFF
sw tl, 8(t0)

SEERVI/O -

Iw €2, 0(t0)

= AIO :

sw t3, 4(t0)

P RIS C ®

# 1

# [15:0] = outputs,

= output, O = Input

# t2 = value of GPIO pins

# GPIO pins = t3

RVfpgav2.0 © 2021 <73>
Imagination Technologies
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OpenCoresHYGPIOREZH

https://opencores.org/projects/gpio

%5 ST 32{EGPIOS [
P RS AT BLBCE Bk A (AP = 0) sbitt) (R = 1)
B el 4H A AT T L

) —

e PR A i it

sE I F s 0x80001400
H AT Fas 0x80001404
Bt P {755 0x80001408

P RIS C ° R o Tocmiogien Q3 imagination
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LEDs

Switches

BREstE F 2JE : https:/ireference.digilentinc.com/

P RISC-\/°

ARG

i L EDAIBH BB ZIGPIOS [ -

LED : $tfAl[15:0] ( BRI 2SAYHH )

GrRE © SHAN[31:16] (FEHlEsHHA)
BCEGPIO :

BUHE 728 = Ox0000FFFF (1 =t > 0 =#7 A )
1i t0, 0x80001400
1i tl, OxFFFF

sw tl, 8(t0) # Enable Register

21 ALED :

FF15:0]F HY(E %S Afir1:0x80001404

sw t3, 4(t0) # LEDs = [t3];5.¢

OXFFFF

¢ fizE0x80001400:5 Hifi7 ot [31:16]+ HYFHREE
ERL6AITT » KRR EE N RL6f T
Iw  t5, O(t0) # [t5]s;.¢ =

= switch values
srli t5, t5, 16 # [t5]5¢ =

= switch values
RVfpga v2.0 © 2021 <75>
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RVfpgaEEz6 : GPIOKIEEE

F I Ry 3EE o7

RVipgaNexysEiffy - LED/BHEERYYMBER: (A2 EE)

SweRVoIfXF#-&HYGPIOMELE ( Hifase i )
GPIOf1SweRV EH1 ~ fEHy#EE: (FG{HlfzsEE)
v
@4—» Boot-ROM T [?::c:zzsr
Sye-Con \I Address[15:6]
\94-# SPI1-Flash 'lg e
| “ +—{  SPI2-Accel % \g/:;g- Svg:l:V
Timer )

¥ (2] —J erior-LeDssw

g\ UART
® RVfpga v2.0 © 2021 <76> qj
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AN

g2Zrvfpganexys.xdc : B

FFH 284k - LEDRYZE 7

set property -
set property -
set property -
set property -
set property -
set property -
set property -
set property -
set property -
set_property -
set property -
set property -
set property -
set property -
set property -
set property -

set property -
set property -
set property -
set property -
set _property -
set property -
set property -
set property -
set property -
set property -
set property -
set _property -
set property -
set property -
set property -
set property -

PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE_PIN
PACKAGE PIN
PACKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACKAGE PIN
PACKAGE_PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN

PACKAGE_PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE_PIN
PACKAGE PIN
PACKAGE_PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACKAGE_PIN
PACKAGE PIN
PACKAGE_PIN

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
TOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
I0STANDARD
IOSTANDARD
I0OSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
TIOSTANDARD
IOSTANDARD
TOSTANDARD
TIOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS18
LVCMOS18
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33

LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33

gt gt g gt g g g b gt gl et ) et gl gt et

e L e e s e e e e A=

[get ports
[get ports
[get ports
[get_ports
[get ports
[get ports
[get _ports
[get ports
[get ports
[get ports
[get_ports
[get ports
[get ports
[get ports
[get ports
[get ports

[get _ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get _ports
[get ports
[get ports
[get ports
[get ports
[get ports

i sw[@]
i sw[1]
i sw[2]
i sw([3]
i sw[4]
i sw[5]
i sw[6]
i sw[7]
i sw[8]
i swl9]
i sw[10]
i sw[11]
i sw[12]
i sw[13]
i sw[14]
i sw[15]

o led[0]
0 led[1]
o led[2]
o led[3]
o led[4]
o led[5]
o led[6]
o led[7]
0 led[8]
o led[9]
o led[10]
0 led[11]
o led[12]
0 led[13]
o led[14]
o led[15]

s
}
}
}
}
s
}
I3
}
}

J
]
J
]
]
]
]
J
]
J
}
}
}
}
r
}
}
}
}
}
}
}
}
}
¥
}

F=i_sw[15:0]Edfr 581 _EFrkERYZRE - Ll o_led[15:0]

RVfpga v2.0 © 2021 <77>
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swervolf_core.V% D ZREGEEAIGPIOBAHEBIME

- gpio® (.oe(en gpio[0]
- gpiol (.oce(en gpio[1]
- gpio2 (.oe(en gpio[2]
- gpio3 (.oe(en _gpio[3]
- gpiod4 (.oe(en_gpio[4]
- gpio5 (.oe(en_gpio[5]
- gplo6 (.oe(en gpio[6]
- gpio7 (.oelen _gpio[7]
- gpio8 (.oe(en gpio[8]
- gpio9 (.oe(en gpio[9]
- gpiole (.oe en_gplo[_
- gpioll (.oe(en gpio[ll
- gpiol2 (.oce(en _gpio[l2
- gpiol3 (.oce(en _gpio[13
- gpiol4 (.oe(en_gpio[l4
© gpiol5 (.oce(en _gpio[15
- gpiol6 (.oce(en gpio[lE
c gpiol7 (.oe(en gpio[17
- gpiol8 (.oe(en gpio[1&
- gpiol9 (.oe en_gpio[-.
- gpio20 (.oe(en gpio[2

- gpio2l (.oe(en_gpio[2

- gpio22 (.oe(en_gpio[2

- gpio23 (.oe(en gpio[2

- gplo24 (.oe(en gpio[24
c gpio25 (.oe en_gplu[

- gpilo26 (.oe(en gpio[2

- gpio27 (.oe(en_gpiol[2

- gpio28 (.oe(en_gpio[2

c gpio29 (.oe(en _gpio[2

~ gpio38 (.oel(en gpio[3

- gpio3l (.ce(en_gpio[31

.bidir
.bidir
.bidir
.bidir
Lbidir
Lbidir
Lbidir
Lbidir
Lbidir
Lbidir
Lbidir
Lbidir
Lbidir
.bidir
.bidir
.bidir

o _gpio )
Jr
Jr
:lr
:lr
:lr
Jr
Jr
:IF
:IF
:IF
:IF
)
]r
]r
]r
}, -bidir
Jr
Jr
:lr
:lr
:lr
:lr
Jr
Jr
:IF
:IF
:IF
:IF
)
]r
]r

o gpio
o gpio
o _gpio
o gpio
0_gpio
0_gpio
0_gpio
0_gpio
o_gpio
0_gpio
o gpio
o gpio
o gpio
o gpio
o gpio
o gpio
o gpio
o gpio
o gpio
o _gpio
o gpio
0_gpio
0_gpio
0_gpio
0_gpio
o_gpio
0_gpio
o gpio
o gpio
o gpio
o gpio

.outp(i gpio[0]
.outp(i gpio[1]
.outp(i gpio[2]
.outp(i gpio[3]

] io data[8]
]

]

]

] .outp(i gpio[4]

]

]

]

]

']

io data[l]
io data[2]
io data[3]
io data[4]
io datal5]
io datal6]
io datal7]
io datalg]
io data[9]
io datalle
io data[ll
io data[l2
io data[13
io data[l4
io data[15
io data[1le
io data[l
io data[18
io_data[_.
io datal?
io datal2
io datalZ
io datal?
io data[ 4
io data[2:
io datal[2
io datalZ
io datalZ
io data[z
io datal:
io data[31

gpio top gpio module(
wb clk 1 (clk),
wb rst i (wb rst),
wb cyc i fwb mzs _gpio cyc),
wh adr i ({2 ,wh m2s gpio adr[s
.wb dat i fwb mEs gplu dat),
wb sel 1 (4°1
.wbh we i (wb _m2s gpln we),
.wb stb i (wb m2s gpio_ 5tb]

)i
)i
)i
)i
)i
.outp(i gpio[5] });
)i
)i
)
)
)
)
});
)i
)i
)i
)); .wb dat o (wb s2m gpio dat),
)i
)i
)i
)i
)i
)i
)i
)i
)
)
)
)
});
)i
)i

.outp(i gpio[6]
.outp(i gpio[7]
.outp(i gpio[8]
.outp(i gpio[9]
.outp(i gpio[1lE
.outp(i gpio[ll
.outp(i gpio[12
.outp(i gpio[13
.outp(i gpio[14
.outp(i gpio[15
.outp(i gpio[1lE€
.outp(i gpio[1

.outp(i gpio[1&
.outp(i gpio[1¢

]

]

]

]

]

]

]

7] .bidir

]

1]
.outp(i gpio[20]

1]

2]

3]

H

5]

5 ]

7]

5]

9]

3]

1]

.bidir
.bidir
.bidir
Lbidir
Lbidir
Lbidir
Lbidir
Lbidir
Lbidir
Lbidir
Lbidir
Lbidir
.bidir
.bidir

.wh ack o (wb s2m gpio ack),
Wb err o (wb s2m gpio err},
.wb inta o (gpio irqg),

.outp(i gpio[2 =
.outp(i gpio[2
.outp(i gpio[2
.outp(i gpio[24
.outp(i gpio[2:
.outp(i gpio[2
.outp(i gpio[2
.outp(i gpio[2
.outp(i gpio[2
.outp(i _gpio[3
.outp(i gpio[31

.ext pad i (i gpio[31
.ext pad o (o gpio[31

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
; .ext_padoe o (en gpio));
)

)

)

)

)

(
(
(
(
(
(
(
(
(
(
(
(
(
(
{
{
(
(
(
(
(
(
(
(
(1
(
(
(
(
(
(
(1

[€
[1
[2
E
[4
[5
[6
[7
[€
[
[1
[11
[12
[13
[14
[15
[1
[17
[18
[18
[2
[21
[22
[23
[24
[25
[2
[27
[28
[2¢
E
[31

] ]
] ]
] ]
] ]
] ]
] ]
] ]
] 7]
] ]
] ]
] ]
1] 1]
2] 2]
) 3]
] ]
5] 5]
0] 0]
7] 7]
8] 3]
9] 9]
] ]
] 1]
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RVfpga B Ef6 : BSweRV EH1/3832

wb_intercon.vig

wh mux
(.num slaves (7],
.MATCH ADDR ({32
.MATCH MASK ({32
wh mux i
[ (wh
(wh
(wb 1
(wh i
(wb 3
(wb 1
(wb 1
(wh i
(wh i
(wb i
(wb 1
(wb 1
(wh i
(wh i
({wb
({wb
({wb
({wb
({wb
({wb
({wb
({wb
({wb
( {wb
({wb
({wb

(O S S R B = = T = =
L S A SO = = T = T =
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RVfpga B B%7 © 7B ~NES

7 B RE s AL
T ES U~ as g

P RIS C ° R o Toomlogioe Q3 imagination



RVfpga E 587 & 7TEGR ~Nas il

) C10 o 7ELEDES : A-G
i o bd whuE FE B AT el e 8L
F :E : B S — 1: BEX%DCEX
S o LJ L L 21 AP~ BE: - DE: « EFYFIGES
L L & &1 Cl 3 AZ% - B} - CF3 - DELTIGES

=l I r*, I
el Ld £

P RIS C ° R o Tociogies Q3 imagination



RVfpga B Ei7 : Nexys A7 FHY7ES T~ ES

8AL7EC e
S0 R ASHEE 7 HY -

Enables Reg : 0x80001038
Digits_Reg : 0x8000103C
B RS B SP A 3)
gl | A EN MR
Enables Reg = OxFC (0b11111100 :
B s =AY AL )
Digits Reg = 0x71
tHesE=+ 1i t0, 0x80001038
I1 tl1, OxFC
I1 t2, 0Ox71
sw tl, 0(t0)
sw t2, 4(t0)

-

Lo24 J
LINK/‘?U EFFERNEL 100/10 :

-l siss LSS Nl =li=l=

FHEEt B F 2K © https://reference.digilentinc.com/

P RIS C ° R o Tomlogies. Q3 imagination



RVfpga B BR7 « 7TECRE eI RS

(2B (F—LFTHLEDI BAL7 B aS

R REAE —7#E ) commen anoce
FtinsHEE 7 = B FERSR (ANO - AN7) ANT ANG ANS ANA  AND ANZ AN M;m/;—“_—_«;} :
B Eh Ry B LARUAIAHIE L (ANO-ANT74K 1—1 o e O e e e i
Stas (CREEN) BB ALED) L. LL LLLI‘. =L IZLIZLIZ)

I E] = E@%{l&i@kgﬁ,ﬁ:_ﬁ CA CB CC CD CE CF CG DP | chcBc cb CE CF cGDP

\ L Eight-digit Seven DP
P Bl Ry (RSP TS 52 Segment Disply - %*
;&Q’ﬁ%ANO - AN 7§ﬂ%ﬁ E[@E%ﬁ,fgﬁﬁ ’ EJ‘J/\/L E—-/ﬁz Individual cathodes

FERME—E
—{IﬁZEI’]ANnﬂle'? (ANO - AN7) »/E£E1-16 ms
Ry EE A BERE ST
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RVfpga B B87 : 7 ~Nes BB EE
F I R 3EE

RvfpgaNexysEiffy 7B resiy s EE (A RIfzsEmIE )
SweRVoIfX &SN 7S da ~naefbal] (HREfass & )
1R R esAISweRYV EH1 [y EE ARz )

r | Address
Boot-ROM Decoder
v 7Y
Sys-Con Address[15:6]
T‘ Address[5:2]
SPI1-Flash =
z .
SPI2-Accel c WB-AXi SweRV
= Bridge EH1
=X
Timer D
X
1o —— rD
ﬁ +— GPIO1-LEDsSw n
UART
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RVfpgaE k7 : I ERERE

EZErvfpganexys.xdc : E&E (AR L7 ~e5FCA-CG (EFSoCHTHE
Digits_Bits[i] ) %DAN[i]E@@%

7 segment display
t _property -dict { PACKAGE PIN T1@ TIOSTANDARD LWCMO!
t property -dict { PACKAGE PIN R1e@ TOSTANDARD LWCMO!
t _property -dict { PACKAGE PIN K16 TIOSTANDARD LWVCMO!
et property -dict { PACKAGE PIN K13 TIOSTANDARD LWVCMO!
et property -dict { PACKAGE PIN P15 TOSTANDARD LWCMO!
et
Jit
et

w :ﬁ_-
w3

t ports { CA #I0 L24N T3 AP0 D16 14 Sch=ca
s { CB #I0 25 14 Sch=cb
e _pur s { CC #I0 25 15 Sch=cc

1
I
1
)
_et_pﬂrtb { D }]; #I0 L17P T2 A26 15 Sch=cd
1 .
r
1
r
L
r

I‘D

_et_ports { CE #I0 L13P T2 MRCC 14 Sch=ce
et ports { CF #I0 L19P T3 Al@ D26 14 Sch=cf
{ ce }1; #I0 L4P TO D04 14 Sch=cg
{ DP }1; #I0 L19N T3 A21 VREF 15 Sch=dp
purtL { AN[G] 1 *In LZ23P Ta FnE B_ 15 Sch=an[0]
t ports { AN[1] }]; #I0 L23N T3 FWE B 15 Sch=an[1]
t ports { AN[2] }]1; #I0 L24P T3 A01 D17 14 Sch=an[2]
s { AN[3] }]; #I0 L19P T3 A22 15 Sch=an[3]
e _pur s { AN[4] }]; #I0 L8N T1 D12 14 Sch=an[4]
H;
H;
H;

W W W W w
W oW W oW W w

_property -dict { PACKAGE PIN T11 TOSTANDARD LVCMO!

_property -dict { PACKAGE PIN L18 TI0OSTANDARD LVCMO:

_property -dict { PACKAGE PIN H15 IOSTANDARD LVCM
't property -dict { PACKAGE PIN J17 TOSTANDARD LVCMO:
't property -dict { PACKAGE PIN J]18 TOSTANDARD LVCMO:
t property -dict { PACKAGE PIN T9 TOSTANDARD LVCMO:
t property -dict { PACKAGE PIN J]14 TOSTANDARD LVCMO:
t
et
et
et

) u"J u"; u"; u"J u"J U"J L.-"J

L

_property -dict { PACKAGE PIN P14  IOSTANDARD LVCMO:
_property -dict { PACKAGE PIN T14  IOSTANDARD LVCMO:
_property -dict { PACKAGE PIN K2 TOSTANDARD LVCMO:
_property -dict { PACKAGE PIN U13  IOSTANDARD LVCMO:

:Et_pﬂrtb { AN[5] }]; #I0 L14P T2 SRCC 14 Sch=an[5]
- “In L23P Ta 35 Sch=an[6]
: “In LZ23N Ta AB2 D18 14 Sch=an[7]

get ports { AN[6]
get ports { AN[7]

5S¢
SE
SE
ce
SE
5S¢
#
5e
5
5e
5
g
SE
SE
i

W W W wwiwww LJJ (¥}

L.-"'J L-"'J L-"'J U"J L.-"J l..-"'J l..."'J l.,.l"j
W oW W W
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RVfpgaE ER7 : SweRVolf X &

swervolf_syscon.vig @ 7ERURasZERlas B HIE - bR T EFARERSE (1_clk) FIEEEzERst (rst)
I o B PR EE A EH 5t (Enables_Reg#IDigits_Reg ) » BIFISCATaliy Ry ER(T
ae LR R Fas - sz I54H Wi (EERSE (ANRIDigits_Bits ) - = W {ERHSTERERBH SN
BRSNS -

9] Enables Reg;

reg [

reg [31:0] Digits Reg;

SevS5egDisplays Controller SegDispl Ctr{
.Clk (1 clk),
.rst n (1 rst),
.Enables Reg (Enables Reg),
.Digits Reg (Digits Reqg),
. AN (AN},
.Digits Bits (Digits Bits)

P RIS C ° R o Toomlogies, Q3 imagination



RVfpgaE ER7 : SweRVolf X &

ZFEZE S E(E 7 SevSegDisplays_Controller » Hf &R

=ger —

FEJT -

Wil Tgs (fH4HSevSegMux ) » FHNZEEEER2 ms{EH A E AN
Digits_ BitsEHsRHY{E °

sT8Es (B4Hcounter) - FHREA2 msfEH) -

s es (1H4HSevenSegDecoder) » FNH T4 E 4L TT T /N EALEAY

FefE -

>

P RIS C ° R o Toomlogios. Q3 imagination
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RVfpga B &8 « ETRizs

DUk I EE
b

A A A
mﬂﬂb
= QL
ot
o4
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RVfpga B 58 : 51t

> s

RS

AR R

P RIS C

Big

R

DL HI PR R IR b B ke T B
I% /._jj %&-TWE%U%%EJSOC |

®
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RVfpga B &8 « ETRizs

l | Address
Boot-ROM Decoder

A

Address[15:6]

Sys-Con

o ,\l Address[5:2]
4—'| SPI1-Flash =
z <
o« SpI2-Accel c WB-AXi SweRV
P . Bridge EH1
| =
Timer M
X
I/_ m
(2] «—{ 6PIO1-LEDSSW -
‘—’ UART a]7£0penCores
N ( https://opencores.org/projects/ptc )
FEE

AU HAYETHG a5l -

P RIS C ° R o Toomlogiar Q3 imagination



RVfpgaE Ez8 -

L

Fas (PTC) 154H

alirestdl (WA RBPTCEEE) FHL

s ES/ETEES © HRIRES (B o —(ERNRAVES - i RS

AR (PWM)
g LS Ry B P HURFEI ] (R Ry LR
R DAL 5 AT R e B B AT (DU {E

PWMEHI : 33% T(EEHER (FRIFAEL/SHVIERIA fysiE
ZEEERR ) B3V *0.33 =

3V Rl

3V

BE (EHaTHY~

Period

oV —

FF) 2

TR

‘g\
1

) AR EE

[
S|
a:‘d:

Il ettt L—— Average=1V

<>

Duty Cycle =

33%

P RIS C
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RVfpga B 58 : 51HFas (PTC) BifFss

0x80001200 1-32  R/W  FPTC:|#5z%
0x80001204 1-32  R/W  PTCE B /fEHET {755
0x80001208 1-32  R/W PTC{E_EEE’\ L7 [HE T {725

Mo {8 0x8000120C 9 R/W  $ZEHEF=s

RPTC_CNTR : §H2 (3HEAI(E)
RPTC_HRC : &8 P2 L - f5mPWMISLE WL s 7 8 P AT (2
RPTC_LRC * {2 % L - HERst WSS A HE S Rt Boepionsny B (i
)+ HERPWMIBLSt e B A AR R (H3i%) -

RPTC_CTRL : {48 fFas
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RVfpga B ExS

= 'I‘E%%% ( PTC) ‘EE?:‘TUEFT?%E

R/W
R/W
R/W
R/W
R/W

R/W
R/W

R/W
R/W

.
e
.
-

P RIS C

=

o O O O O

EN : 3% 5 10% > RPTC_CNTRIENY -

ECLK * ey isaflon - JMafisaE (4E1h<g>ptc_ecgt</g>) (1) Biam&ulsiE (0) -
NEC : FIHVEREIMAIFAR (pte_ecgt) AVRIEG/ DEGIRE N/ S E FEH -

OE : i PWMiltHEES =5 -

SINGLE : 3% 510% » RPTC_CNTR{EXEFIRPTC_LRCE & IS - j55ZHF » RPTC_CNTR
TEZEFIRPTC_LCRET {7 a5 T HIEIR ST RE) -

INTE © 3% 5510% - ERPTC_CNTR{E S /ARPTC_LRCE{RPTC_HRCHY{ENS » PTCE i
B RAR - BPRENGH - TR -

INT : SEHURF > ZAL TR AY T - SOR IR > Fovm —ETErfrrEH -
E%ﬁm:%/\lﬂf TSR KA URRR ©

CNTRRST : 5% Ry 105 > jRFEEEXRPTC_CNTR  JHFENG » 5T EESRILE TIF -

CAPTE : ﬂz%laq » RPTC_CNTRE 4 REEERPTC_LRCERPTC_HRCETFes « JEZEN;
AL TDRE R LB -

® RVfpga v2.0 © 2021 <95> qj
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RVfpgaE RS : i1HF23dpl

H%RPTC L RCEE Ry Za TRy E HHEY
s (RPTC_CTRL) DUECESTRES °

LS EEE AR Tl © RPTC_CTRL = 0xCO (0b011000000) : CNTRRST (bit7) =1:
si=paeos (RPTC_CNTR=0) ; INT (bit6) =1 : SEHErssk -

B S BERNE 4025l © RPTC_CTRL = 0x21 (0b000100001) : EN (bit0) =1 : Erfz &
Z5 > {eMm{ERPTC_CNTRIER ; INTE (bit5) =1 : &#RPTC _CNTR == RPTC_LRCH% » PTC
‘Hﬂ@%ﬁiﬁ%ﬁx&

GBI Fes RV FEr izt (INTZRPTC_CTRLEJbIt6) » HE|H

1l (2 ~RRPTC CNTR == RPTC LRC) -

BEAERTE > HEgEN T (INT > RPTC_CTRLIIbIt 6)
Lﬂiﬁmﬁ% R BTSRRI - P lPYAEtE B B0 o STk o] o il -

P RIS C ° R o Tomlogiar. Q3 imagination



RV

F 2 Ry 2{E

fogaE RS :

s TR ES{EF

SHAE

%)

—
“—
“—

(RSN 2E 32 )

SweRVolfX g &Y sHRras B (Z2AlZR2EIE0)
ATHFasf1SweRV EH1 7 [aifyzEE: CEAZs2EE )

| Address
Boot-ROM \ Decoder
y A
Sys-Con Address[15:6]
|\| Address[5:2]
SPI1-Flash =
Z .
SPI2-Accel c WB-AXxi SweRV
= Bridge EH1
=X
Timer o
X
M
-

i . —{ GPIO1-LEDsSW

UART

P RIS C ®
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RVfpgaE %8 : SweRVolf X &

swervolf core.vfg : PTCHEAHEHNL

i

ptc irq;

tc top timer ptc(
wh clk 1 (clk),
wb rst 1 (wb rst),
.wh cyc i (wb_m2s ptc cyc),
.wbh_ adr i ({2'b0,wb_m2s_ptc_adr[5:2],2'b0}),
.wb dat 1 (wb m2s ptc dat),
.wh sel i (4'b1111),
.wh we i (wb m2s ptc we),
(wb m2s ptc stb),
(wb s2m ptc dat),

Wb 5{b i

.wb dat o

.wbh ack o (wb s2m ptc ack),
0

.wh err (wb_s2m ptc err),
.wb inta o (ptc _irq),

.gate_clk pad_ i (),
capt_pad_i (),
.pwm_pad o (),

o ()

P RIS C ° R o Toomlogier. Q3 imagination



B9 :
HETEEEI/0

L 4
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RVfpgaE g9 : -RETEES)I/O

HESEIN/OEFE HaaT1/0

Rvfpga 475 1Y R B e 25

4115 FWestern Digitalfy i85 th 57 I E R RIBR S < %
£k (PSPHAIBSP) AKHALE i

el

P RIS C ° R o T ogon Q3 imagination



RVfpgaZE Ex9 - HETEESN/OfE 1

R EET /O

e s i —(EE (PG - BEREEATHREML

ERGIAGR > 3% A G EZ Ay E Bg o AT AR -

iz Ae G s - AETFER—EE (TifAsd T s AV TIE) -
HhgTREEDI/O -

S (Bl %‘IHAH%‘E%%AZ) (S asp i 2 il 55 =0 (ISR > i Ry
b)) o BRI RS EA B - ISREaHE o (140 > sEHGHER
NE) > ARRE ?Uﬁ'? RAFEZ

B 2B ey o NG T FIRY (F -

lln

P RIS C ° R o T ogon Q3 imagination



RVfpga B Em9 : pREE T
T B RE T FH RS BBk AS 5 [HEAY

AT - P E R St T T

SweRV EH1#Z 0 i ERISC-VIPLIC (=

FEARE

TETE g )

RS B T o 242 O Ry IR U b ez dles (PIC) -

EHA
255( 1E R
15(E{E 4]

R I SC ® RVfpgav2.0 © 2021 <102>
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RVfpgaE %9 : EgrhFse

LSU Bus Debug Bus
haster Master

SweRV EH1 Core Complex

DCCM

DMA Slave
Pt

GPIO
interrupt

(gpio_irq)

GPIO

P RIS C

®

Timer
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RVfpgaZE kg9 : B
[ B ECEH

[

Interrupt
notification

notification

1§

i
i

MG -

>

PROGRAM

Instruction 1
Instruction 2
Instruction 3
Instruction 4

Instruction 5
Instruction 6

Instruction 7
Instruction 8
Instruction 9

ISR

Determine the source of the interrupt

If GPIO-Interrupt
Instruction 1
Instruction 2

If Timer-Interrupt
Instruction 1

Instruction 2

Return instruction

o

——

%]

Al

=z

S
\

B -

PROGRAM

Instruction 1
Instruction 2
Instruction 3

n

Timer

GPIO-ISR

Instruction 1
Instruction 2
Instruction 3
Instruction 4
Instruction 5

N

y Return instruction

Timer-ISR

Instruction 1
Instruction 2
Instruction 3
Instruction 4
Instruction 5

¥ Return instruction

Int'e.rrupt Instruction4 ¥
otification
Instruction 5
Instruction 6 d
Int.e'rru!at Instruction 7
notification .
Instruction 8
Instruction 9
v
<104>
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RVfpgaE 59 : BRI

{EFHWDHJPSP/BSP :

5 FHWDHRYPSP/BSPHIA L E

#Iaa  L255(E T ET R — B E T o e BEISRAYATHE
et e g 5k FH T Y 7 A e g s st AL o T 5 [ A 22
JCETATA e

JUETY M T
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RVfpga B ER9 -

R

{5 e
R firkk | EE

IR 0x80001400 1-32
0x80001404  1-32
0x80001408  1-32
0x8000140C  1-32

RGPIO_PTRIG

0x80001410 1-32

0x80001414  1-32
0x80001418 2

0x8000141C  1-32
0x80001420  1-32
0x80001424  1-32

AR e RS

Lang.c

SRS AL

graE HUSwitch[O]rY{E - =4 BT E& (OpkZE R>1)

R

R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W

GPIO#s; A &R

GPIO#; (&R
GPIO#g ! BlE S =5 B H
HETEH

s TR BT SRR R

% T B Bl A BAGPIOig
AL

HHETINE

Bl FHgpio_eclk LLFH{FRGPIO_IN
& gpio_eclkiVERUE %

[RVfpgaPath]/RVfpga/Labs/Lab9/LED-Switch_7SegDispl_Interrupts C-

P RISC-\/°
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RVfpga B Eg9 : &=y

A==

A AE

~

NG

1Y GPIOE

E}-’r@%@% :

RGPIO_INTE = 0x10000 ( sEfSwitch[O)FyHET )

RGPIO_PTRIG = 0x10000 ( f£Switch[O]fY_FiE& = Pl )

RGPIO_INTS = 0x0 (JEFRATE &)
RGPIO_CTRL = 0x1 ( o3FGPIOHET)

P RIS C °
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RVfpga B %9 « HhEEaf

GPIO ISR
void GPIO _ISR(void) {
unsigned Int 1;

/* Invert LED value */

1 = M PSP _READ REGISTER _32(GPIO_LEDs); /* RGPIO _OUT */

1 = 11 /* Invert the LEDs */

1 = 1 & Ox1; /* Only Kkeep right-most LED */
M_PSP_WRITE_REGISTER_32(GPIO_LEDs, 1) /* RGPI0O_OUT */

/* Clear GPIO interrupt */
M_PSP_WRITE REGISTER 32(RGPIO_INTS, Ox0); /* RGPIO_INTS */

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

}
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RVfpga B Eg9 : &=y

wFET4 (IRQ4) B REHY FR BT - A R TR S & =B Ry
GPIO ISR

S BE I 752080001018 = Ox1 : S5 GPIOHETELIRQAFE
B 2l

(Jeenly

P RIS C ° R o T ogon Q3 imagination
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RVfpgaZE Ex10 -

51 P R E— 2R i —
R HEHI—ZAR L A AL T

F

HEEZ 1 > AT

PR

R 51 PR

UART (A ZF0 5= )

Ty EER AR E )

12C (FERSERSHE N IE )

AT T B ERRE -

P RIS C

Ik
\ITT

= SP

®
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RVfpgaE E&10 -

ey R HE

SPI Controller SPI Peripheral
SDO > SDI
SDI SDO
SCK p-=------- » SCK
S
(LY S — » CS

?”“%Ua‘% {SARHFAI > A AIREE Y

oS

nﬂﬁfé

SDO :
SDI
SCK :

et ¢+ AR > SR

P8Ikt

- FRAIE R A

SPIEg 5%

CSbar : KB ARG, 1EE

R I SC ® RVfpgav2.0 © 2021 <112>
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RVfpgaE k%10 : BHIPEMHE

SPI Controller SPI Peripheral
SDO > SDI
SDI SDO
SCK p-=------- » SCK
S
(LY S — » CS

SCKHE

IR L SCK AR - e SRR R RO - e TR g
(f%) - 7 EFHBEREE (HE R ARE)

SCK

SDI/SDO Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | BitO

: 4 R I SC ® RVfpga v2.0 © 2021  <113> qj Imaglna hon
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RVfpgaE %10 : RVfpga R 4tHYSPIREAH

RVfpga 2454 SPIiH4E 2k 5 OpenCores
https://opencores.org/projects/simple spi

ATH H 5E B a1

SPIEEW?“E' :

ST 0x80001100 R/W #ﬂ%ﬂ@?rﬁa

PSS 0x80001108 8 R/W TREEET 728
PG 0x80001110 8 R/W ok lipa
PIT 0x80001118 8 R/W e
0x80001120 8 R/W CSHT {725

P RIS C ° e o Toemiogies Q3 imagination



RVfpgaE E510 : ADXL362Jj[13EE

2 A
=it

Nexys A7EHzEN B —{EZH LA HADXL362) 28

Fit o AREREER

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

sheets/ADXL362.pdf
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Artix-7 FPGA ADXL 362
F14 > SDI
E15 [« SDO
F15 F--------» SCK
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®
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F B Re3{EE 7
RVfpgaNexysEify FhNERE Y NERERE (AEflfa @)
SweRVoIfXthE2 Sy SPIfELE ( REfEZ &)
IZEETFISweRV EH1 Y fEjRyEIEE (G HIFeR EiE, )

!

Boot-ROM

Address
Decoder

z

Address[15:6
Sys-Con e
Address[5:2]

SPI1-Flash

WB-AXi SweRV
Bridge EH1

SPI2-Accel

Timer

J1x3|diynN T-£

T (2] «~—| ePIO1-LEDSSW

@ | UART
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Ezxrvipganexys.xdc : EFRSoCHH i K SPIER B FERH S8 LTS [l
L7

##Accelerometer
set property -dict { PACKAGE PIN E15 IOSTANDARD LVCMOS33 } [get ports { i_accel_miso }]; #I0 L11P_T1 SRCC_15 Sch=acl_miso
set property -dict { PACKAGE PIN F14 TOSTANDARD LVCMOS33 } [get ports { o accel mosi }]; #I0 L5N T® AD9N 15 Sch=acl mosi

set property -dict { PACKAGE PIN F15 IOSTANDARD LVCMOS33 } [get ports { accel_sclk }]1; #I0 L14P_T2 SRCC_15 Sch=acl_sclk
set property -dict { PACKAGE PIN D15 IOSTANDARD LVCMOS33 } [get ports { o accel cs n }];
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swervolf_core.vig : =R EENIGPIOEELH E (L

il

(clk),

(wb rst),

(wb m2s spi accel adr
(wb m2s spi accel dat

va 3'd0 : wb_m2s_spi accel adr[5:3]),

[7
(wb _m2s spi accel we),

)

)

01),

(wb m2s spi accel cyc
(wb m2s spi accel stb
(spi2 rdt),

(wb s2m spi accel ack),
(spi2 irq),

.sck o (o _accel sclk),
.55 0 (o accel cs n),
.mosi o (o_accel mosi),
.miso 1 (i accel miso));
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N
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®

B hn1l- 20;{%;%/\@?%&%%%%
leY/naf HELIK
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CAEJTEC
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RVfpgaE 11 : SweRV EH1 Verilogi&EH P&,

memis4H ¥

=3

I

S

=]

IS -

swervigEs] AR EECPU ;

#Un T £ & VerilogtEsHHIIE g -
HEp SweRY EH 1S FE B2 7 B [k 2 iy 48

ETEIE

H R SWeRV EH1a# sriisaH 2

ICCM ~ DCCM

TEHHE -

Isu_dccm_mem

ifu_iccm_mem

ifu_ic_mem

mem

| et | | [isuous er |
‘ ifu_mem_ctl ‘ ‘ dec_gpr_ctl ‘ Isu_bus_intf
‘ dec ib ctl ‘ ‘ exu_alu_ctl ‘ ‘ Isu_lsc_ctl ‘
ifu aln C;| ‘ exu_mul_ctl ‘ ‘ Isu_stbuf ‘
s
\ ifu_bp_ctl \ dec_decode_ctl \ exu_div_ctl \ \ Isu_dccm_ctl \
ifu dec exu Isu
dbg lib pic_ctrl dma_ctrl
swerv

swerv_wrapper_dmi
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RVfpgaE Ef11 : SweRV EH1E 43

IE#D Rprg a/K IH Iﬁﬁg @ Stage
( Getting Started Guide - | E— S ——Saront
GSG) fATit » SweRV
EHlIEBZ’ﬁZj—Ezﬁﬁﬁ mi 2 Fetch 2
QLB T TR EEES - ; o
E =] %E/I\TF@EEDDT/'% ‘% 4 Decode m
E[/j I_JI:< *E/E‘ $ﬁ‘ E %EE 11 20 Load/Store Pipe 10 Pipe 11 Pipe Multiply Pipe Divider
kS EE AT TREH oA - > Rt Adder Adder ML
6 DC2 EX2 EX2 M2 33;1?(;'?
Pipe
7 W EX3 EX3 i

R ® RVfpga v2.0 © 2021 <123> qj
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RVfpgaE B%11 © #HHEY (FCLRIFC2) FI¥PEFEES

SweRV EHYVESRIVAT = (El&Ee © WIEBEIfEE (FCLURIFC2) FlI—{E By 725 ek

FC1 FC2 ALIGN

Memory Controller
(ifu_mem_ctl)

(PC) ifc_fetch_addr_f1 [31:1](= fetch_addr_f1 [31:1] ic_data_f2 =|ifu_fetch_data [127:0]
LOGIC 127:
T qOff qo [ 0]
iccm_rw_addr LOGIC IR
ifu_i0_instr [31:0]
" INSTRUCTION
: i REGISTERS
ICCM quif | 910270 Aligner | oo b o
(ifu_iccm_ || (ifu_aln_ct) |_fui1_instr [31:0] (dec_ib_ctl)
mem) iccm_rd - -
ic rw addr I _data ifulaxi_rdata [63:0]
2 [127:
1$ qorr | 92182701
L] (ifu_ic_me
m) ic_rd_data
Lite DRAM
» Controller

ifu_axi_araddr [31:0]

‘DDR External
Memory
R ® RVfpga v2.0 © 2021 <124> qj
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RVfpga BT E&11 © FEEN (FCLRIFC2) PEE:
HEEWPBES © 5 SR EEIE S
fRprgan ) TE%\; fﬁ%@@ﬁi .

512 KiB ICCM (fETHzxRVipgazBRe = H] )

16 KiB¥54<9Hy
128 MiB DDRYNER 2 A

FC1 : =+EI5Srhk (ifc fetch addr f1)

FC2 : {£1$ - DDRAMEECIEASEICCMEE TS - (ISR A FELE
g7 HEFENAIECIERS © )

m
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S EL S A 1 S B

[ AN

TLR S R AR RIES > 3

it EAMTE E4SweRV EH1Y

W AR = SR B M BR 32 Tote < + BHEHEIHIETE < sCiR A ety 12811

)

Y RHE RS (R (E

RRERGEIS S © TR ER6 i TTIE SRR B 32 TS S -
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RVfpgaE Em11 : fEHS - EX1/2/3 ~ FERXFIWBIEES

N R4S R EMERUR TR R RRNEMSE ¢ BRI R ~ =BT
P B ~ TEAPEEMIE[E] (Writeback » WB) [iEEz -
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DECODE STAGE EX1/DC1/M1 EX2/DC2/M2 EX3/DC3/M3 coMmMmIT wB
STAGE STAGE
i0 i . CONTROL
NSTRUCTION [deed0instr d [31:01]  ~onTROL SIGNALS C.onf'rol ISon}_rol gonf_rol F?on:_rol Ig:_on:_rol
REGISTERS o ) UNIT Pipeline ipeline ipeline ipeline ipeline
- dec_il_instr_d [31:0] ; ) ) . .
(dec_ib_ctl) (dec_decode_ctl) Registers Registers Registers Registers Registers
rdo
MUX \ \
i0_result_e3 10-ALU-E4 =
rd1 él
MUX 3
U
raddrO [4:0]  rdO [31:0]— o - - g
raddrl [4:0]  rd1[31:0]— rd2 MUX MUX VIO =y
result_e3
raddr2 [4:0]  rd2 [31:0]— rdi
rd3 MUX
raddr3 [4:0]  rd3[31:0]— |
Store / /
Buffer for
waddr1 [4:0] rd1 DCCM
: rd3 [ = mux ~ Isu_result_corr_dc4
waddrO [4:0] Lite DRAM
do Controller
r
wd0 [31:0] rd2 MUX DCCM g \ \ _
o]
| WAL [31:0] Lite DRAM é | £
) ) Controller < dc3 3
Register File = o
Q 2
(dec_gpr_ctl) e | B
— 31 mux[—='
rd2 MUX
MUX
rd3 i1_result_e3 11-ALU-E4
MUX / /
: i1_result_wb . .
rdo ™ dgividend
] ividen
rd2 —] VX 34-cycle Out-Of-Pipe
a DIVIDER
r [ divisor (exu_div_ctl)
rd3 —jmux i
—
i0_result_wb
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ARG P et T W {18 =

BHE S AT

e
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RHESHERTT T REHENEE

Raf(ERE =]
qe A EHE

= P2 ET SR (E PER BT T)

‘

L 10A111

s A/EEFEE (LIS)
EAN3AEIR RS
S 25 FR BARHAE AT RERV AR RT T AT 85
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RVfpgaE 11 : $TPEE: - (A EEMN—(ERESS

I0/11 B2 - WI{EEEECE B B A = EPEE: (EX1 ~ EX2RIEX3) o EX1I#{TALUZEHE o
FEAEE | WEEBECES—EFEH =R (ML - I\/IZ%DI\/B) INRYEEGELY sE R
A/ (L/S) B : LISEHEIITI AN TS
BrRiEER - FhAss e —(EIFE 4R34 IR R bR Aes -

£ JI%% TFEEE (EX3/DC3/IM3) 455EHF » (HAHMIE3: 1% ¢8R (FHE&—E ) fEIE
FERYE R (1011 ~ MULERL/S ) thissiBss S fyst i o
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BEACHEEL | MR EHT 7 SRS -
e

olfEEL ¢ R AERSROM LRGSR E N 7B R - IEHlE ST
aape BLEr fE sl n SR ENa. (TRl A ) -

P RIS C ° R o T ogoe Q3 imagination



RVfpga B Ex11 . EHIFER

I x28, Ox1
I1 x29, Ox2
11 x30, Ox4
I1 x31, Ox1

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 # %29
INSERT_NOPS 10
beq zero, zero, REPEAT # Repeat the loop

X229 + 1

P RIS C ° R o T ogos Q3 imagination



RVfpgaE B11 : FC1 ~ FC2FIH 5 P ER1Si 15t

Signals
Time
clk=
ifc fetch addr fl ext[31:0] =
ifu fetch data[127:0] =
ifu i@ instr[31:0] =
ifu i1 instr[31:0] =

Waves
48550 ps

00BOBOFD
ﬁﬁﬁ@ﬁﬁﬁﬁBﬁﬁﬁﬁﬁﬂﬁﬂﬂﬂﬁéﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂ
EA440413

0opoes17

P RIS C ®

mul t3,t4d,t4

add t5,t5,té6

48560 ps 48570 ps

‘poope100

06ABOA130000A01]61FFOF3303DESE33

Bl el lele)

BDDOBO00
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FC1 : zFEmuligSHyfirt
i1fc _fetch addr_ f1l ext = 0x000000FO0
FC2 : {45 sLiBRenY128 ife o W HI R M Rie < (DAALE#R)
1fu_fetch_data = 0x000000130000001301FFOF3303DEBE33
- HH PRTE < 2% ESweRV EHLAYRT (& S -
S0 - 1fu_10 _i1Instr = OXO3DEBE33 (mulfg<
#EEEL - 1fu_ 1l _instr = OX01FFOF33 (addf5< )
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HIWBE B Pk

RN ~ EX1/2/3 ~ $2XX

L]
L]

RVfpgaEE#11

Cime g
QN

Time

dec 18 instr d[31

mul t3 t4,6t4

dec il instr d[31

raddre[4:

raddri[4
raddr2[4
raddr3[4

i@ inst
il inst

rde[31
rd1[31
rd2[31
rd3[31

el[31:
_el[31:

a ell3l

b el1[31:

a ff[31
b ff[31

i@ inst

il inst

i@ inst

il inst

exu mul result
il result

i@ inst

il inst
i@ result
il result

18 1inst

il inst
18 result
il result

ez[31:

e2[31

e3[31:
e3[31:

e3[31

e3[31:
e4[31:

ed[31

ed[31:

ed[31

wh[31:
wh[31:

wh([31
wh([31

waddre[4
waddri[4

wde[31:

wdl[31

clk
8]
q:]
8]
:0]
8]
18]
18]
1]
:8]
8]
8]
8]
]
8]
18]
1:]|
8]
:8]
8]
8]
q:]
8]
8]
18]
8]
:8]
8]
8]
q:]
0]
18]
8]
8]
:8]

add t5,t5,t6

48706 ps
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%ﬁ% M FestE X HEHITE CHVER T - ARTetiiEaRAE EMIL
B o
EX1/213H1#ER - stBEINANITRE -
10 result ed4d=exu mul_result_e3 = 0x6A* Ox6A = Ox2BE4
11l result e4=11 result e3=0x6C + 0x01 = 0x6D
% o] © 4L BT (o] B[ EsfE 22 o
waddrO = 0x1C wdO = 0x2BE4
waddrl = Ox1E wd1l = 0x6D
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RVfpga B B&11 : THAGETHES

WG E T e H AT R S B s T 2 — R e 748 > HIREC
B2 PR RHYFERE ©

Reserved CSR read/write Cycles SB/WB stalled
Cycles clock active CSR write rd== Cycles DMA DCCM transaction stalled
I-Cache hits Ebreak Cycles DMA ICCM transaction stalled
I-Cache misses Ecall Exceptions taken
Instrs commmited Fence Timer interrupts taken
Instrs commited 16-b Fence.i Exteranal interrupts taken
Instrs commited 32-b Mret TLU flushes
Instrs aligned Branches commited Branch error flushes
Instrs decoded Branches mispredicted I-bus transactions — instr
Muls commited Branches taken D-bus transactions — |d/st
Divs commited Unpredictable branches D-bus transactions misaligned
Loads commited Cycles fetch stalled I-bus errors
Stores commited Cycles aligner stalled D-bus errors
Misaligned loads Cycles decode stalled Cycles stalled due to |-bus busy
Misaligned stores Cycles postsync stalled Cycles stalled due to D-bus busy
Alus commited Cycles presync stalled Cycles interrutps disabled
CSR read Cycles frozen Cycles interrupts stalled while disabled

0
1
2
3
4
5
6
7
8
9
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HWestern DigitalfyPSPf§E

P HEET Blas

#iT 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™)
#endi T
#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 VUart */
uartinit();

pspEnableAl IPerformanceMonitor(l);

pspPerformanceCounterSet(D_PSP_COUNTERO, 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_COUNTERO) ;
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_COUNTERO) ;
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_beqg);
printfNexys("'BrCom = %d', BrCom_end-BrCom_beg);
printfNexys("'BrMis = %d', BrMis_end-BrMis_beg);

while(1);

P RIS C
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REEE HTSWeRY EH1E 4R Ry E i A1 EETE <) » EHEE
2 taddis S o

T RSN I
addig < INER T
addf5 S ARG 17
= WA AT AR [EI Y ERBIRE R - 40 N —5R2)E R Fis o
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.globl main

main:
I1 t3, Ox4 # t3 = 4
I1 t4, Ox1 # t4 = 1
REPEAT:
INSERT_NOPS 10
add t3, t3, t4 # €t3 = t3 + t4

INSERT NOPS 10
beq zero, zero, REPEAT # Repeat the loop

.end

P RIS C ° R o T ogoe Q3 imagination



AT - PRk

add t3,t3,t4

RVfpgaEF k12 :

Signals Waves

- | = I.-I.- 5
Time L 15160 p

T
dec i@ pc d ext[31:0
dec i0 instr d[31:0
raddro[4:0 28 |0
- raddrl[4:0 29 |3

]

]

]

] |

a[31:0] 0OOPEOE7 | HOOOREBO

L

]

]

000600108 § 0OOEO110

01DEGE33 " [00000013

b[31:0 0OPOOBA1  HDHOOOED
JEE -‘Etﬁ?hf@ [l 00000000 | 60600067 | 06060600
- b ff[31:0 ©0000000 200EERO1 | AEEOEEEE
a out[31:0] 0000EOO0 BOOOBEBS | ©OOHEEEE
_ _waTJldFEJ[fl_:E}_ |

dout[31:0] A T
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Decode I EX1 n EX2 n EX3 aCommitnWriteback

[add t3,t3,t4 ——  CONTROL

Instruction Register UNIT
(signal (dec_decode_ctl)

dec_10_instr_d)

\
T
28 13) raddrO rdo |2 ! a_ff
29 (4) raddrl 3
out
28 (13) waddr0 >
wen0
1 3 wdo rdl b L b ff
REGISTER ///ZIG//
FILE | (exu_alu_ctl) | J
(dec_gpr_ctl) Pipeline Pipeline
Registers Registers
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HEHAT - AR © Flgtdec_i0O_instr_df &332 iissis<
Ox01DEOE33 - £RISC-Vt » addi5<ifEfiz A : 00 | rs1 | 000
| rd | 0110011

{EiE—PEE » RpE A RS R FastE 3 - LT ERITRHE
EEII0EHE -

R+ 0 EXL : gifTaddig < o B ANGERIE BALURY Y (R
FEout=8) o

FEEAI+S ¢ BE AN G R B R FE FEESfEZE T - wdO = 0x8 -
wenO = 1 HwaddrO = 0x28
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N—EHIE Baddis 4 iEEI0E iE

&
Tl
i
AN
==
mf
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Decode EX1 EX2 EX3 Commit Writeback

- ) Pipeline Pipeline Pipeline Pipeline Pipeline
dec_iO_instr_d [31:0] i0_ap [19:0] Registers Registers Registers Registers Registers
Control Unit [ for for for for for
(dec_decode iOr [14:0] Control Control Control Control Control
- — Si [ Signals Signals Signals Si |
ctl) dd [66:0] 'gna’s d d g 'gna’s
i0ap_el[19:0]
o e3d
g
& ALU =)
— —
dec_i0_rs1_d [4:0] o aff ap 5} <
raddrO [4:0] m aff p= =
dec_i0 rsl en_ d © = < -

: rden0 rd0 [31:0] g o |iOwbre
dec_i0_rs2_d [4:0] | .qdr1 [4:0] > out [31:0] = :v—_) E sultff
dec_i0_rs2_en_d 5 o [i0edres o

Y = d — pust
rdenl bff bff _ % = ultff |— o
wen0 d1 131:0 gpr_i0_rs2_d |05ﬁ|]rcfes o, i0e3res § Si
waddro oL 3LO] i0_result_e1 [31:0] = = L — o o

exu_i0_result_el [31:0] @ 3 b
wd0 O| ™ :I
= — ]
o 3 3
Register File i §' o
(dec_gpr_ctl) o 4 a

a o

_ . i0_result_wb_raw [31:0]
dec_i0_wdata_wb[31:0] = i0_result_wb 2.1
MUX|
#—_‘ A3 $5 e )y
adO H<Z }E[ Jﬁ | O H,\JEI‘::\\\EHI%I dec_i0_waddr_wb[4:0] = whd.iord[4:0]

dec_i0_wen_wb
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5B
BB © BB (EEEDCOM (R RIS ) W AT

RIEEREE © M EDCCMAYEET -
B E AFIE ¢ 1F58/5E Nexys A75H28 FAYDDREECIES
& AT -

all::
17
L
Tl
g
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-globl main

.section .midccm
A: _space 8

-text

main:

# Register t3 = x28 (register 28)

la t0, A # t0 = addr(A)
I tl, Ox2 # tl = 2

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

add t1, ti1, 6 # tl = 8

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

INSERT_NOPS_9

REPEAT:
INSERT _NOPS 1
Iw t1, (t0)
INSERT_NOPS 9
INSERT _NOPS 4
Iw t1, 4(t0)
INSERT_NOPS 10
INSERT _NOPS 4
beq zero, zero, REPEAT

-end

# Repeat the loop

®

RVfpgav2.0 © 2021 <149>
Imagination Technologies

Q3 imagination



RVfpgaZ k13

Signals
Time

dec 10 pc d ext[31:0]
- dec_i@ instr d[31:0]

lsu offset d[11 @]

offset dcl[11:0] eee
full addr dcl(31:0]

dcem data lo dc2[31 @]

IBCRMESRRY .. c-..¢ i rivmionol

{EAERERR A — 155E

1w t1,

Waves

clk

BeoRa144 .Fl 0B86014C § O00Oe154

nn4h"H“ 00600013
lsu rsl d[31:0] FOD4BE00  DODHDODE
B4 (3]s 5]
rsl dcl[31:0] FBB40000

Be4
FOO40000 FoR400BY
dccm rden

pooRoee2

waddrﬁ[4.ﬂ]
I _wd_ﬂ[Sl E']
tl

® RVfpga v2.0 © 2021
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Decode DC1 DC2 DC3 || Commit || Writeback
: : UNIT
Instruction Register
(dec_10_i1nstr_d)
I ff ; ‘
su_offset_ offset_dcl DCCM 3
™
O0xF0040004 —
° (O ddro ~ full_addr_dc1 E
I
0xF0040000 <t
rdo | S, 8 8 8 8
6 (t1) o rsl_dcl dcecm_data_lo_dc2 il
waddro0 = ?
8 2 Adder @
wd0 = o
dccm_rden -
REGISTER
EII?E Address Check u
Pipeline (Isu_addrcheck) 1 Pipeline
Registers Registers
®

P RIS C

RVfpga v2.0 © 2021
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RVfpga B B%13 : REEE A - 7747

VR fREE IR BT
t0 = OxF0040000
Offset = 0x004

FEHEAI+1 - DC1 :
stEfrak - full _addr_dcl = 0xF0040004

S FIAECE R, > deem_rden® BHE K

PEHAI+2 ¢ DC2 : :5H{DCCM > dccm_data lo _dc2 = 0x8

AEAI+S 0 BE B EAEN A ERE R SEE
wdO = 0x8
wenO0 =1
waddrO = 0x6

RVfpga v2.0 © 2021 <152>
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RVfpgaBl 13 : S AT

TR _LATE R IWIE B 8O i TR HR R ) E B TR AT
HIE -
EERLLEEMHERR I - B T EavE AR ELSUEE - feftallwig<

FHEEHVEFATEER

EER130Y SRR T
BE) o

@m
1

s B TR EHE RS Be YR AGREA (ELBEA
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dec_lsu_offset}td

Wi I0E

dcecm_rden

addr_external_dcl

bus_read_data_dc3 [31:0]

addr_external_dc3

S

R

— ]

(m

B

A
"\\‘Hﬂ

Decode N DC1 DC2 DC3 Commit
Isu_p[18:0] | Pipeline Pipeline Pipeline Pipeline
— | Registers Registers Registers Registers
for for _ for _ for e e4d.i0secondary
. Control Control 3 Control | 3 Control = cadliOv
- Signals LOG —_ end_addr_dc1 [31:0] = Signals % Signals % _ Signals gl e4d.i0load
IC full_end_addr_dc1 [31:0] S ) 2 =
|| = | = = ®, 3
LOGIC |-Z{offse Adder § dccm_data) § g g 9
E tff ’// DCCM = _hi ff = £ 5 %
offset_dc1[11:0 Q Q © =)
;: _dc[11:0] I lsu_addr_dcl [31:0] = (lSU_ s S | ALIGN, %l g ?‘E’ |31 i0_result_e4_final [31:0]
- - full_addr_dc1 [31:0] | dccm MERGE| =, o 3 MUX
= Ts1 lsadder — dccm_datal And 3 -8I QI _
' o o
—g|— LOGIC ?E(J‘ LOGIC <1 dol [ mem) = lo_ff = ERROR é 2.1 g Isu_resul (=} S
il ﬁl - o, &» | CHECK MUX—1LOGIC = t_corr_dc = /
% ;I & 9 § 4ff %I
ko] [ -
? | g s ~ 3 :
| - o
Address Check § § g
(Isu_addrcheck) e el o
[S] (8] [}
addr_in_dccm_dcl 3 = -



RVfpgaE 13 © {7 — @fIER

-globl main

.section .midccm
A: _space 4000

-text

main:

la tO, A

I1 t1, Ox2

1 t2, 1000
INSERT_NOPS 2

# 10
# tl
# 12

REPEAT:
sw tl1, (t0)
INSERT_NOPS_10
INSERT_NOPS 4
Iw t1, (t0)
INSERT_NOPS_10

addr(A) add tl,tl,tl
2 add t0,t0,0x04
1000 add t2,t2,-1

INSERT_NOPS 10

bne t2, zero, REPEAT
nop

nop

-end

# Repeat the loop

P RIS C
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Signals
Time

dec 10 pc d ext[31:0]

dec 10 instr d[31:0]
- lsu rsl d[31:0]
Lsu offset d[11:0]

__exu_ Lsu rs2 d[31:0]

- offset dcl[11:0]
full addr dcl[31:0]

- dcecm wr addr[15:0]
dccm wr data[38:0]

rsl dcl[31:0]
P RISC-\/°

dccm wren

Waves

179600 ps

£00AA110

000

00000010
FOO40008

000

FO846008

RVfpga v2.0 © 2021
Imagination Technologies

10PPAA118
PO62A023

FOO4000C 100000006

00000013

00000000

FOB4000C

FBO4008C

AR - R 5

100000120

90PPR128
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/4900000010

00000140 ||
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DECODE STAGE DC1
sw tl, (t0) CONTROL dccm_wren
Instruction Register UNIT
(dec_10_i1nstr_d) 1
0 0
offset_dcl
Isu_offset_d
O0xF004000C
> full_addr_dc1 dccm_wr_addr
5 (t0
(t0) raddrO Isu_rs1_d 0xF004000C
rdo rs1_dcl dccm_wr_data
Adder DCCM
exu_lIsu rs2 d 0x00000010
6 (t1 ="
(th raddrl rd1
REGISTER
FILE Pipeline “Pipeline
Registers Registers

P RIS C

®
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VR ¢ RS ¢ RS T
t0 = OxFO04000C

Offset = 0x000
tl1l = 0x10

PEHHEAI+1 : DC1 :
=g nrhk - Ffull_addr_dcl = 0xF004000C

#EHHI+6 : DCCME A -
dccm_wr_addr = 0x000C
dccm_wr _data = 0x10

P RIS C ° R o T ogoe Q3 imagination
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N—rRZE R ERVEER T IwWiE S

Pt as N HENE R F R K E %ﬁﬁnﬂf

Y ElECIE A 2 AXI

DCCMHEVER}

P RIS C

AR EL

ks

NG
EEI’J S
i BT R rsLite DRAMIZE a2 AL

1 4w FEEHY AL -

IMESECIRAGHY & » T E2KE

HE > MRAE ;&{Iﬁﬁ)ﬁéﬂ#%i{m;ﬂ% il E X F|DCIPEEL -
DC3 EeHY 21581 2% F o B AR E
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DC1 STAGE Delay due to DC3 STAGE COMMIT STAGE
accessing External O
Memory Pipeline Pipeline
o Reqist Registers
Pipeline egf|s ers = for
Registers or ®, Control
for C-OntrOI 3 Signals o 4d.i0 d
Conro signals | % A
Signals 8I 3 e4d.i0load
s -
8 7
end_addr_dc1 [31:0] = 5 2
full_end_addr_dc1 [31:0] G- 1 = 2 | O
™ (72] — >
—= = LOGIC & X
External Memory 3 MUX 3 % s o resut oa i 5120
: v | i0_result_e4_final [31:
Isu_addr_dc1 [31:0] = accessed through AXI £ ] E MUX
full_addr_dc1 [31:0] Bus i g
(Isu_bus_intf) 3 suresu| 2 3
%,' t_corr_dc = /
o Isu_result_corr_dc3 [31:0] 4ff S
h|
! :
Lite DRAM Z
Controller 3

addr_external_dc1

:

addr_external_dc3
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-globl main

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

.text
main:

1 t2, 0x020
csrrs tl, Ox7F9, t2

la t4, D

i t5, 12
Ii t6, Ox0
INSERT_NOPS 1

REPEAT:
Iw t3, (t4)
add t5, t5, -1
INSERT_NOPS 10
add t6, t3, t6
add t4, t4, 4
INSERT_NOPS 9
bne t5, zero, REPEAT

INSERT_NOPS_4

-end

# Repeat the loop

P RIS C

® RVfpgav2.0 © 2021 <161>
Imagination Technologies

Q3 imagination



aly

RVfpgaE 5113 : Y EECIBAE — Bt

Signals
Time 17180 ps 17208 ps 17360 ps
dec_10 pc d ext[31:0] 164 |00ABA18C
dec i® instr d[31:0]

lsu rsl d[31:0]

lsu offset d[11:0]

T T T T T sl del3iiel 002200 |00062264 ,

offset dc1[11:0] —— Delay due to accessing External Memory

]

full addr dcl[31:0
~ 7 " lsu axi arvalid
lsu_axi araddr[31:0] 00062260
lsu axi rvalid

lsu_axi_rdata[63:0] CA11AB1EBADCABLE | 8+ || A11ABIEBADCABIE

e e—————

i@ _result e4 final[31:0] | 06 |eee0E000

~ 7 waddre[4:0]
weno

wde[31:0]

P RIS C ° R o T ogos (magination
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RGPS B > s IRy s VU ERT

INZ o ALHEE B AXIE R PR E L

Isu axi_arvalid=1

Isu axi_araddr = 0x00002200

(AR - YMERECTE A

|

7 AXI

LAz
PN ELERE

Isu_axi_rdata = 0x0000000800000006

Isu axi_rvalid=1

etk > GEBAMILTTIH T U 2K 32T

\,/_J/\@ﬁfm SR

P RIS C ®
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RVfpgaEEz14 -

BT

HizlafniwEESE e (CMEA A ERREE-CAREE ) -

SILETZE ¢ {GkmuliES

BTSRRI - AR | I

fmu 52 2 — (B R o BRRGRCARIREE e (fE—(EZEH ) B

U FastE X R ABRHRS
TE2&{E A 2 Frsstd THYIEPH 288k A - SweRV EH1HE A = (§ (WD/PEFXMI) YN

PEMR o [ S A
Ei\ﬁﬁ"?ﬁ@ BN
R divigS

5 b
i

P RIS C

2% 1 = (I S TR BRI EE e K R

(N FEIEERR ) (BHRERI M (FasfE K Be
s B2 Sl (FEERRAIMT &k T AT TET 5
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-.globl Test Assembly

Test _Assembly:

Ii t2, OxFFFF

I1 t3, 0x3

1 t4, Ox2

1 t5, 0x2

I1 t6, Ox2

REPEAT:
beq t2, zero, OUT # Stay i1n the loop?
INSERT_NOPS 9
mul t0, t3, t4 # 10
mul tl1, t5, t6 # tl
INSERT_NOPS 9
add t2, t2, -1
add tO, zero, zero
add tl, zero, zero
J REPEAT

OUT:

-end

P RIS C ° R o T ogon. Q3 imagination
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mul t0,t3,t4 mul tl1,t5,té6

Signals

Time

dec 10 pc d ext[31: bEABO1EC
dec i@ instr d[31: 03FFO333 FFF38393 00000333
dec il instr d[31: B3FFE £0OPAR13 000BO2B3 |FA1FFOGF

a[31: 00POOOO3  HOOOONO2  DHOAOOOO
b[31: e R e i )
out[31: 00000004 0OOOAOO6  OOAOADRS
00000000 00000006

00000060 | 00000004

P RIS C ° R o T ogos. Q3 imagination



RVfpga B EE14 : 2f&EmulisS -

A WEmu g SAER] —

HE(T o

qu_l_l . A

FH—FEmulfE<

T8I ﬁfﬁﬁ%fﬁ TECFET

mﬁ;ﬁl+2 :
f5<
ﬁ;ﬁl+3
A +4 -
FEHAI+6
FHEHI+7 -

FH—FEmulfE<

AR 22 REIE B - 4O E P E RS —Rmu b5 <>

FEGRESIE e (M1) #4fT > s —fFkmul
TR ERIYE ek (M2) $fT > 8 —fFkmul

—PEEr (M1) 3T -

E—Frmulisg <
PP - ﬂ—[—mu | ?

@* O irastE & ERE

U455 - out = OX6 -
SHE4EER @ out = 0x4 -
E—Emulf5SHI4EE (t0=0x6) Fi -

U Fes B EH

P RIS C

S FEmuliE ORGSR (tl=0x4) & -
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. Cyclei | Cyclei+l | Cyclei+2 | Cyclei+3 | Cyclei+4 | Cyclei+5 | Cycle i+6

\ \
mul t0, t3, t4 (03de02b3) ' D WayO M1 M2 M3 C WayO ' WB WayO
mul tl, t5, t6 (03FF0333) Dst Wayl D WayO M1 M2 M3 C WayO | WB WayO
nop (00000013) ' A WayO | D Wayl = EX1 I1 | EX2 I1 | EX3 I1 | C Wayl ' WB Wayl
\ \ \ \ \ \ \
nop (00000013) Ast Wayl A WayO ' D WayO ' EX1 10 ' EX2 10 | EX3 10 | C WayO

P RIS C ° e o Tooiogies. Q3 imagination
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REPEAT: add x12, x12, 1 add x25, x25, 1
Iw x28, (x29) add x13, x13, 1 add x26, x26, 1
add x30, x30, -1 add x14, x14, 1 add x27, x27, 1
add x1, x1, 1 add x15, x15, 1 add x31, x31, 1
add x31, x31, 1 add x16, x16, 1 add x3, x3, 1
add x3, x3, 1 add x17, x17, 1 add x4, x4, 1
add x4, x4, 1 add x18, x18, 1 add x5, x5, 1
add x5, x5, 1 add x19, x19, 1 add x6, x6, 1
add x6, x6, 1 add x20, x20, 1 add x25, x25, 1
add x7, x7, 1 add x21, x21, 1 add x26, x26, 1
add x8, x8, 1 add x22, x22, 1 add x27, x27, 1
add x9, x9, 1 add x23, x23, 1 bne x30, zero, REPEAT
add x10, x10, 1 add x24, x24, 1
add x11, x11, 1

P RIS C ° R o T ooe. Q3 imagination



add %23, %23, 1
x28, (x29) add x24, x24, 1

60200 ps 60300 ps 50400 ps
Time B o

clk=
dec i@ pC d e.‘r;t[31:EJ] =i 66066268 /I}EICIEIEIE?S bBBee27TE |0BDOBB28D BOOODB2EBE |PHBOGZDE |DOBOEZOB |DOBGOZAD | BOBODBZAS |HOEOGZBO |DODBOZEBE |DOBBOZCA | BOGOB2CE JOOGOO2DO |DODEOZDB |POBBEZED BOOOBZES |GBOBOZFO
(SRR A L RL: D I COCEAEDS | (B0108093 (00116193 09128293 00138393 |PO14B493 |PO1S8593 00168693 00176793 |0O18EE93 |00198993 |DOLABA93 | 0O1BEEI3

BO1CECO3 |GA1DBDO3 |AA118193 |PO128293 |POICBCO3 ||

dec il instr d[31: FFFFOF13 /@01FGF93 00120213 |09136313 /66146413 00150513 00160613 00176713 /00186613 06190913 |00LAGAL3 |901B6613 '601C6C13 GE1DED13 |@01FBFI3 |00126213 /96136313 ,601DED13 A

rs1 dc1[31:0] f Independent instructions keep executing.

offset dcl[11:
full addr dcl[31:
lsu axi arvalid=l
lsu axi araddr[31:8] =
Lsu _axi rvalid=
Lsu axi rdata[ﬁ_. IEZI]-I |BBBO0OOB+ |CA11ABIEBADCABLE
dec_nonblock Lload waddr[4:6] =
dec_nonblock load wen=
lsu nonblock load data[31:@]= DoOEEERE
-7 ~waddre[4:8] =
wend =

wdd[31:0] = [N BOGOREEE |PREGRO3F | PEEGGETC BOGEEO3IF
waddri[4:0]= §j o4 i ' (] V1€ Y1F jCT o@ i
wenl=
wdl[31:68] = BEGEFFC2 ||PEEBFFC1 |ARREBATC BROBROIF
waddr2[4:0] = 1ic [

wen2 =
wd2[31:8] = HEBOE |poocoooE

- lsu rsl d[31: BAOGEREE :
Lsu_offset d[11: T Delay due to accessing External Memory.

Figure 6. Verilator simulation for the example from Figure 4
Three simultaneous writes to the

Register File:
1w writes register x28 (0x1C)
add writes register x23 (0x17)
add writes register x24 (0x18)
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HHi-17 ¢ NS S TR BRRERSEY -

Hi-16 © S EARET R R A BB AXIE L B N0 S
load}s 455 24 LT - LUESNED At -
BHAI-5 BRI ad S 2 M AR -
i WIS S RIRI e addis & A B ElES (5 ABfresiy
) o B A =R AR PR T DL -

e

A (B (G
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- Cyclei-17 | Cyclei-16 - Cyclei-15 | Cyclei-14

' Cyclei-1 ' Cyclei

\ \ | | \ \
Iw x28, (x29) (000eae03) ' DECO DC1 | Ext Mem | Ext Mem | Ext Mem | | wB
| | |
\ \ \ \ \ \ \
add x30, x30, -1 (FFFFOFL3) . DECO | EX1 | EX2 | EX3 | |
\ \ \ \ \ \ \
\ \ \ \ \ \ \
add x1, x1, 1 (00108093) , ALGN |, DECO | EX1 | EX2 | | |
\ \ \ \ \ \ \
\ \
add x2, x2, 1 (00110113) | ALGN | DECO EX1 EX2
| 1 | | | | 1
\ \ \ \ \ \ \
\ \ \ \ \ \ \
\ \ \ \ \ \ \
| 1 | | | | 1
add x21,x21,1 (001a8a93) | 1 | | - wB !
\ \ \ \ \ \ \
\ \ \ \ \ \ \
add x22,x22,1 (001b0b13) ! | | | | - ow
\ \ \ \ \ \ \
| |
add x23,x23,1 (001b8b93) ' | comviT | | ws
\ \ \ \ \ \ \
add x24,x24,1 (001cOc13) l 1 | CcoMmIT | | wB
\ \ \ \ \

P RIS C ° e o Tocaiogies. Q3 imagination
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RVfpgaBE %15 © &/
BE15K o i alr#Z R RAWE R B kg -

a2 DL TP UERRAWES B B B4 i M
(A R 55 s ) AR H 1% HIFE B TEI/UT SHIE -

TR LT -
7 FIRRREISES (PR A6 (BT S REPHN ) ARBRRAW RS b
(5 P R EABS AL UTERE S IS B b RAW K 5 i

=n
O
s
4
b

P3|
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WA RIARISIS B R ZEDURERL (ALU ~ JEikss ~ G R DCLH By
HERVIN A= <F ) RUELHTE 2 Edbl - DA 7 asta R Bl Sals b=

BT -

T IRAER BT T RIS EL A - SR R AR o

N (B AATiR 28R R T ([ 7 A 55 S
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DECODE STAGE EX1/DC1/M1

i0_rs1 bypass_data_d

raddr0 [4:0] rd0 [31:0]—

raddrl [4:0]  rd1[31:0]— i0_rs2_bypass_data_d

raddr2 [4:0] rd2 [31:0]—

raddr3 [4:0] rd3 [31:0]— i0_rs1 bypass_data d

i1 rsl_bypass_data_d rd2

Register File

i0_rs2_bypass_data_d
(dec_gpr_ctl)

i1_rs2_bypass_data_d rd3

i0_rs2_bypass_data_d

i0_rs1_bypass_data_d[31:0] |— i1_rs2_bypass_data_d

From i0_rs2_bypass_data_d[31:0] — i0_rs1_bypass_data_d
subsequent i1 rs1_bypass_data d
stages R il rsl _bypass_data_d[31:0] |—

>

il rs2_bypass_data_d[31:0] —
il rsl bypass_data_d

Fo rwar_d Ing il rs2_bypass_data d
Logic
i0_rs1 bypass_data d o — dividend
ividen
i1 rs1_bypass_data_d M2 ﬂ
Divider
rdl
i0_rs2_bypass_data_d T divisor
MUX
i1 rs2_bypass_data_d rd3
[




A

RVfpga B B&15 : E B AR ERE b — &l

-.globl Test Assembly
-text

Test _Assembly:

I1 t3, 0x3
1 t4, 0x2
I1 t5, Ox1
I1 t6, OxXFFFF

REPEAT:
INSERT_NOPS_8
add t4, t5 # t4

t4 + t5 (t4 2 + 1)

add t3, t3
INSERT_NOPS 9
1 t3, Ox3

1 t4, Ox2 1 t5, Ox1 bne t6, zero, REPEAT # Repeat the loop

# 13 =13 + t4 (13 = 3 + 3)

-end

P RIS C ° R o T ooe. Q3 imagination



A

AR E B -

E

| Cyclei-1 | Cyclei | Cyclei+l | Cyclei+3 | Cyclei+4 . Cyclei+5 | Cycle i+6
|
o
| | | | |
add t4,t4,t5 (Olee8eb3) ' DECO EX1 EX2 EX3 | COMMIT WwB
add t6,t6,-1 (FFFF8FI3) | DECO EX1 EX2 EX3 | COMMIT WB
add 13,t3,t4 (01de0e33) ' ALGN DECO EX1 EX2 EX3 | COMMIT WB
| | | |
nop (00000013) |  ALGN DECO EX1 EX2 EX3 | COMMIT WB
| | | | |
nop (00000013) I  FC2 ALGN DECO EX1 EX2 EX3 COMMIT
nop (00000013) | FC2 ALGN DECO EX1 EX2 EX3 | COMMIT
nop (00000013) | FC1 FC2 ALGN DECO EX1 EX2 EX3
| | | | |
nop (00000013) ' FC1 FC2 ALGN DECO EX1 EX2 EX3
| | | | I | |
| | | | | | |
| | | | | | |
® RVfpga v2.0 © 2021 <179>
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DECODE STAGE

EX1 STAGE

v

add t3,t3[t4| (Ox01deOe33)

gpr_i0_rs1_d [31:0]

r0 [31:0]
3

Register File
(dec_gpr_ctl)

rl [31:0]

gpr_i0_rs2_d [31:0]

2

i0_rs2_bypass_data_d[31:0]

Forwarding Logic |__

3-1
MUX
3
3-1
MUX
3

add|t4,t4,t5 (0x01lee8eb3)

N i

b_ff

> out [31:0]

(exu

. —
ALU
_alu_ctl)

i0_result_el [31:0]




RVfpga B E515 © FEHEEAEERE T k- Ei

add t4,t4,t5

add t3,t3,td

Signals Waves
Time 406X
clk=
T 7 Tdec if_ instr d[_31_|3 = ONEEE JEEE,
10 rs2 bypass data d[31:0] =  CGEEEEEE 60000000
- i rs2 d[31:0] =  [EEGEEEE
a[31:0] = [ChlEEEEE 10000RO0O
b[31:0] =  [CEEEEEEE 00PPABOO

— T T T Tib inst el[31:0]=
a ff[31:0]=

b ff[31:0] =

out[31:0] =

10 result el[31:0] =

P RIS C ®

01EEBEB3
00000002
DODOO0O1
00000003
DOOOOo0O3

RVfpga v2.0 © 2021
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f5<add t4,t4,t5 ( OxOlee8eb3)

FEHEA © Thaddig S ENI0E BERVEXLIEES: (10 _1Inst el = 0x01ee8eb3) - BEffALUHETE
PUNImA -
a_ff (2) + b_ff (1) = out (3)
G SR AT ARt P B (B ik B Rk 7 i -
5<add t3,t3,t4 (0x01de0e33)

FEHA  Hraddfs S E N im0 fRIENSEY (dec 10 _instr_d = 0x01de0e33) - AR
EX1PEERAVZESE (10 _result el ) HEGEFMEIEIEE: (10 _rs2 _bypass data d) - ®A{fE3
LG BrRE AR R T > BRS¢

#Era=3 (CREEFHREE

EE b = 3 (ZRHIOEEEXLE ExElﬁALU@am% » B L RER )
FEHAI+1 ¢ Jfraddis <SRN I0%E ERVEXLIPEEY (10 _1Inst el = 0x01de0e33) - BEfFALUFET
EFRERIE ¢

a_ff (3) + b_ff (3) = out (6)

P RIS C ° R o T ogos Q3 imagination



Decode EX1 EX2 EX3 Commit Writeback

i
© .
= i0_ap_el [19:0] =
. 7 o,
gpl’_IO_rsl_d ;l i N a e3d 6‘ E
__J mn aff = = =
rdo [31:0] ° T out [31:0] T 31| 3 iOwbre] i0_result_wb [31:0]
ALU & MUx [ = sultff
o - %)
_f? b # | (Exu_alu 3 31 Q iOedres 4
b ” ) MUX | = ultff — °
gpr_i0_rs2_d L — _ctl) i0e2res %i 0e3res 2 2
rd1 [31:0] i0_result_el [31:0] = ultff = ultff o %
i . %) '6' h—
dec_i0_immed_d[31:0] exu_i0_result_el [31:0] Ql ° i,l
o £, E
2 z
Register File §| ;|
(dec_gpr_ctl) u o
[
(=]

i1_result_wb

i1_result_e4_final — \

10-1 |
MUX

i1_result_e3_final —
i0_rs2_bypass_data_d[31:0] \

i1_result_e2

il _result el —— |

Z.

—

i
==
|

A\




RVfpga B B&15 : BB {EFRA PSR E L E

FZ L (EEIA T e RS ERIVTE< (A ERAERE > fla0lw ~ mul Al
div) EABATIFNEIEE -

{ESWeRV EH1TESIRATHEA e ELEh 87— (BARSMIIALU. (BBBIALU) -
OV » (AL UGS F i 2 iy A BB 0 B i R -

Za

I g

A

HHFMmERBER — (HUE ST TR

SEEZESNALU (585

—{E ) DAR P IER A -

P RIS C ®

RVfpga v2.0 © 2021 <184>
Imagination Technologies

Q3 imagination



RVfpgaBi15 * EREHe R PG B X PR EDE B be - B4R

EX3 Commit Writeback

i0_result_e4_eff [31:0]

LOGIC

Secondary ALU
Secondary ALU Forwarding Logic (exu_alu_ctl)
I i a [ af T
. |
| i0_rs2_e3[31:0] S~ | a
| .
exu_i0_result_e4[31:0
S : > out [31.0] xu_10_result_e4{31:0]
| i1_result_wb_eff [31:0] N\ |
| = 2-1 1 'b=i0_rs2_e3_final i bff
= |MUX
| 80| - — I
I ™ !
‘ 4-1 = | :
\ - <
| i1_result_ea_eff [31:0] | MUX g : i0 It e4 final [31:0 0 It wbI31:0
| _ _e4a_ > : i0_result_e4 [31:0] 31 i0_result_e4 final [31:0] i0_result_wb [31:0]
| )
| g ' i0_result_e3_final MUX
>
[ a [
N | I
: / (5 |
| o | Isu_result_corr_dc4 [31:0]
[ - [
‘ ‘
‘ ‘
| \
‘ ‘
| |
| \
| !
| |
| \
| I

LOGIC

,,,,,,,,,,,,,,,,,,,,,,,,,,,,, I0_result_wb_eff [31:0]

® RVfpga v2.0 © 2021 <185> qj
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A

e

AFERREDL B ba — P

-.globl Test Assembly

.section .midccm
A: _space 4

-text

Test_Assembly:

la tO, A # t0 = addr(A)
i t1, Ox1 #tl =1
sw tl, (t0) # A[O] =1
It t1, OxO 11 t3, Ox1 11 t6, OXFFFF

REPEAT:
beq t6, zero, OUT
INSERT_NOPS_9
Iw (t0)
add t6,6, -1
add t3, t3)
INSERT_NOPS_8
Ii t1, OxO0
1 t3, Ox1
add t4, t4, Ox1
add t5, t5, Ox1
j REPEAT

OUT:

-end

# Stay i1n the loop?

# t3 = t3 + tl

P RIS C ®
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Cyclei

EX3 STAGE

add t3,t3

COMMIT STAGE

aff

ALU (exu_alu_ctl)
\

a
i0_rs2_e3 [31:0] \ 1 _ai
\ > out [31:0]
S MZ[Jlx : b :bi bff
] 1 —
x| T

| =

i0_result_e4 [31:0] | 3-1

i0_result_e3_final [31:0]

Iw(tO)

i0_result_e4_final [31:0]

MUX

Isu_result_corr_dc4 [31:0] /

i0_result_e4_eff [31:0]

1

LOGIC

Cycle i+l
aff
1

out [31:0]
bff
1

ALU

(exu_alu_ctl)

EX4 STAGE

add t3,t3,t1

i0_result_e4_final [31:0]

i0_result_e4 [31:0]

2




Y

RVfpga B B%15 : EB{EFRA PSR E L E e — 155t

1w t1,0(t0) add t3,t3,t1

Signals
Time

clk=
dec 18 pc d ext[31:8]=
dec 18 instr d[31:8]=
dec 11 instr d[31:8] =
i8 inst el[31:8] =
il inst el[31:8] =
i@ inst e2[31:6]=
il inst_e2[31:0] =
i _inst e3[31:8] =
il inst e3[31:8] =
ie inst e4[31:8] =
il inst e4[31:8] =
i0 inst wb[31:8] =
il inst wb[31:8] =
11 result ed eff[31:0] =
i8 result e4 eff[31:0]=
il result wb eff[31:0]=
i@ result wh eff[31:8]=
i0 rs2 bypass data e3[31:0] =
= dec 10 ?52_byp_ass_ en e3=i
i@ rs2 bypass data e3[31:0] =
i8 rs2 e3[31:8] =
16 753 63 Final[31:0] =
- T T T T T Glmel=
b[31:8] =
a_ff[31:0] =
b ff[31:8]=
out[31:8] =
i8 result e4 final[31:8] =
— T T T T vaddre[4:e] =
weng =i
wdB[31:8] =




RVfpga B ER15 : E B FIRR G EHE AR E T E g —

itz
FH - addiFEER EESOMVEXS[EE: (10_inst_e3 = 0x006EOE33) - IwfF<lmitl0E EM e sPEE:
(10_i1nst_e4 = 0x0002A303) -
FHAI+L - addig SR EESONVFEACEE: (10_inst_e4 = Ox006EOE33) -
47 1 2 R B o
A EEEIWIE O HVAE IR ((EIRACPEEL)
10 rs2 bypass data e3 =10 _result _e4 eff =0x00000001
211 2 pEF R
FRA - Y WwAladd 2 fEIRY AR - BEFESEEEE
10 rs2 e3 final =10 _rs2 bypass data_e3 = 0x00000001
R FEERALU
FRAI+1 ¢ (EA IR EE T R addiE R
out=a ffF+b_ FF=0x00000001 + 0x00000001 = 0x00000002
31 1% PR e B

FHI+L - BEFFHEIALUN L (exu_10_result_ed) - (CEA{FAEMRBIMERS - 2510 _result_ed - )

P RIS C ° R o T ogos Q3 imagination
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B ha16/5E R T S pEf s < 5 [Rei Z# B -
BLHESOVEETR T —BRis<Sufral (HNIEBHE 757455 » T —IRieSHIritE
PC+4) -
Feml'E b ol RE
HEEY - BEETEE MRSzt - 5
VM S et E o7 WARTEHIES S R FERL « /3 THEE % » WISREATEHIEE - R ES 0] DUSFRFERITE S -
WSREATEHIAEE] » RIEE I THREEHYFE < -
SweRV EH1 A WW{E vl g8y 7 TEHIZS ( Branch Predictor » BP )
BT RIS ¢ S TEH A A 38453~ « A= » (HI IR
Gsharesr T TEHIES © JAEHLS) TR LB EHY NIV RS A -
RE b # FnaivefiGshare BP4r#frbeqfs<oVE T

P RIS C ° R o T ogoe Q3 imagination
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{THIPCET]

FC1 FC2
exu_flush_final
exu_flush_path_final [31:1] [~
1
\‘ ifc_fetch_addr_f1 [31:1] (PC) .
ifu_mem_ctl
ifc_fetch_addr_f1_raw [31:1] Q
2-1 Mux
+ fetch_addr_next [31:1] Q
%
16 . )
ifu_bp_btb_target_f2 [31:1] £ |faddrfl]
=

—
miss_addr [31:1] 0,
e 2| .._al
exu_flush_path_final [31:1] §
IS
gl
5-1 Mux @

ALN

brimm_ff [12:1]

DECODE EX1
CONTROL i0_ap
UNIT
5=
g L
(o))
& § ap.beq
s
5=
S |
58 raddro rdo o] e At
SN
eq flush_upper
raddrl == LOGIC
REGISTER b ff
FILE rd1 ij b brf | ==
pc [31:1] .
pcff pc_ff [31:1]
flush_path [31:1]

LOGIC

-

ibradder

LOGIC




RVfpgaBE 16 : beqis SETTHIPCETEH — Eapl

Test _Assembly:

1 t2, 0x008 # Disable Branch Predictor

csrrs tl, Ox7F9, t2

I1 t3, OxXFFFF

1 t4, Ox1

I1 t5, OxO0

I1 t6, OxO

LOOP:
add t5, t5, 1
INSERT_NOPS 7
beqg t3, t4, OUT
INSERT_NOPS 7
add t4, ¢4, 1
INSERT_NOPS 7
beq t3, t3, LOOP
INSERT_NOPS 7

OUT:

INSERT_NOPS 8

-end

P RIS C ° R o T ogos Q3 imagination




RVfpga B Eg16 : SE—{kbeqis SHIYBT — B#E

w university g

beq t3,6t4,0U0T

Signals Waves
Time
clk=
_______ exu_flush_final=
exu flush path final ext[31:0] = (EHECENEEEDCERNCEEEDES
ifc fetch addr f1 raw ext[31:0] = EENLIEEEE
ifc fetch addr f1 ext[31:0]= POORO1FO
_____ d l;_i_ﬁ _Fc __d_g(tT3 1:0]= | [000RO1BO |POOAO1BS
dec i@ instr d[31:0] = !
dec 11 instr d[31:0] = |GCEEEEENE

i0 ap[19:0] = |BEENEES

a[31:0] = |CEECEEGR

_________ a_f-fT3 ]__:E] ]_=|- 'E:I PPPPRDD ] _-E’EI SOFFFT DOBOADOA
D ff [ 31:0 ] = W PEEOEEBE

- flash_upperﬂ
pc ff ext[31:0] = /00000148 |PBOEO1BO

brimm ff ext[12:0]=  [EEE 0060 0004
flush path ext[31:0] = (EEEENCERNCEEERTRETEET




RVfpgaBl 16 - 55—FRbeqis CHITT — /31T

B - beqfE CHYMEIGIEEL « (EilEROP ¥i55—fkbeqf5<> (OXO7DEO063) HETTHAEHS o EE TR
gt ~ I F e E R ARF e S EEZEIVEE - sfstatib (ARFIH 7y 5l FOXFFFFAI0XCA )
TEE N IEE AT E ARV LR s A -

HEHAI+1 - beqiF SHIEXIFEES : #ifTbeqfs< - Lhimizlgka_FFflb_FF - [(E# (OxFFFFFI0XC4)
A RNEEA LS - FFARE » GshareTEHIZS#HER » NILFTA 7 LAY TEMIGE Sit5 A 284
(10_ap.predict_nt=1) - [Ht X THAGEETERH S48 5E%F (Flush_upper=0) -

FEHAI+2 - FC1PEEL « e S S E A 384277 7 » RITEH 2IEFHAR « JEEE
exu_Tlush _final =0 1fc_fetch addr Tl ext[31:0] =
ifc fetch addr_ f1 _raw ext[31:0] = 0x000001FO0 - Zfirttfga —1{E s8Ry 128{r Tfs

S5 -

P RIS C ° R o T ogos Q3 imagination



RVfpga B Eg16 : 55 —{kbeqis SHYBT — B#E

e il
beq t3,t3,LOOP w university |

Signals Waves
ns

Time
clk=
_______ exu flush final=l
exu flush path final ext[31:0]= (NS ERICEEEDEEIN
ifc fetch addr fl raw ext[31:0] =  [(LEEEEE ' 0

ifc fetch addr fl ext[31:0]=  [(lEEReE
_____ dec 10 pc d ext[3i:0]= |GTEEE:
dec 10 instr d[31:0] = |(geaEl=RCIllT
- dec i1 instr d[31:0] = |GEEEERNE
i0 ap[19:0] = |G
a[31:0] = |CEEEEEaCEEEEEEE
b[31:0] = |CEECEiAm

1T T T _a?fﬁ3ﬂa]_=|' 06000000 ||0OGEFFFF |30000000
b ff[31:0] =  [EEEEEEE PPOOFFFF | )000O00A
flush upper=i ]
- pc ff ext[31:0] = (EEEENGINEED DN

brimm ff ext[12:0] = [ 1FAB |
flush path ext[31:0] =  (EEESEENCEEICERRE TN



RVfpgaBl 16 - 55 _fFRbeqig CHITT — /21T

FAHA - beqin SHIMEREIGEL - (EIEERO T 55 —kbeqfs< (OXFBCEOOE3) #ETTHENS - EEAEGRIE
HIENSE ~ AR ER LRSI SEHEZEI0EE - slotaflb (AFHY KOXFFFF) fifls T—
PE B Ffr{sE FH R ELE s o A

FEHi+1 - beqig SHYEXLPEEL - $fTbeqis< - thiista_FRNIb_TF o B{EEiHE - N340 -
{EE > AEEBPRATE LM R F %4 (10_ap.predict_nt=1) - [Nt > ZFAGER IS -
WIEEPREEUYTE < (Flush_upper=1) -

WEFi+2 - FCLRER © 452 DVETES Y BBk FRAEHATT - exu_flush_final = 1 and
ifc _fetch addr f1 ext =exu Flush _path final ext =0x00000188 - :ZfrHFEER T

H AL - B R 55 — (R S HYAZEE -

P RIS C ° R o T ogos. Q3 imagination
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ifu_bp_kill_next_f2

From Return
Address Stack

2-1 Mux
offset [11:0]

dout [31:1]

pc [31:1]

ifu_bp_btb_target|f2 [31:1]

FC1
S
GShare BP fghr_ns [4:0] (Global History) Branch History
| Table (BHT)
|
: Hashing I
: modules
| Branch Target
: Buffer (BTB)
|
|
|
|
: — LOGIC
|
|
exu_flush_path_final [31:1] faddri2
! ifc_fetch_addr_f1 [31:1] (PC) i
ifc_fetch_addr_f1_raw [31:1] Q
5-1 Mux
2-1 Mux ifu_mem_ctl
+ fetch_addr_next [31:1]
16
ifu_bp_btb_target_f2 [31:1] faddrfl
fetch_addr_bf [31:1] _ff
miss_addr [31:1] (Next PC)

exu_flush_path_final [31:1]

) (

predtgt_addr

\— LOGIC




RVfpgaE k16

= _fFrbeqisSHYGshare ;7 TH HIZS

Signals
Time

clk
ifc fetch addr f1 ext[31:0]
wayhit f2[7:0]
pc ext[31:0]
offset ext[12:0]
ifu bp btb target f2 ext[31:0]
ifu bp kill next f2
fetch addr bf ext[31:0]
dec 10 pc d ext[31:0]
dec i@ instr d[31:0]
dec il instr d[31:0]
flush upper

P RIS C

Geoen

®

200 ps

1000PB1EE

ZEDGDBlEE

BoaBR1Fe

C _|B6eBR1B4

bm@ﬂﬂlﬁa

00000188

:ﬁamnalac

42600 ps

:IEDEDIFE

|POOEBLBE _ﬁﬂﬁﬁ@lEE

1FAD 1860

8 | 60BO1FE |PBAOGLEE |BAAOO1SE
506190

0BAOELCA POOEELCC |PBAEO1DS

BB1EBES3 06006613
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BAOBOLIRA

/00000 1AE

/BOBBO1AE

poo0B1E4

peoeal1ce

'90PPA1BE |POPAOLCE

/66BBA1BE |BEBBELCE

AoBaBR1cH BEBRALDA

'pOPPA1EE |POEBO190

FECEREE3
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RVfpga B k%16 : 5= _ffrbeqis S HIGshare ;I THHIES

T ¢ 85 R LIS S FA LR IR TE S PR« Tfc_fetch_addr_f1_ext =
OXO00001EOQ ° Z&ifE Haz ik Ly > HiRsg @l (BTB) -
PEHEAI+2 © AEBTBH&4: TanH - wayhit 2 = 0x20 - #5r 7 firhik (pc_ext = 0x000001E8 ) £
BTBiz VR = (offset_ext = Ox1FAO » sz {E /HEI(E) I - BIr[52TEM HARAL AR
(ifu_bp_btb target f2_ext =0x00000188) - #IEBHTTEHEEs4: 5
(ifu_bp kill next f2=1) - ATEAIHEAHHEHE T XFEEEPC (fetch _addr bf ext =
0x00000188) -
SEHAI+3 ¢ SRR By E— IR s R Sy S T B ARkt © i Fc_fetch_addr_fl_ext =
0x00000188 -
PEERI+7 - ARG S TS (dec_il_instr_d = OXFBCEOOE3) -
I8 BT - TEMIERE > RILAEFREPEHIRIE (Flush_upper=0) -
IO : WIETHIERE  KOEMS) 3 B IE ¥ ST -

P RIS C ° R o T g Q3 imagination
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RVfpgaE Eg17 - fiH/)

Western DigitalfySweRV EH1ER 323207 TeA% 0 » B 94k & 45t Fl1 8
PREIRE RAT -

AR P 5 0 S RO R A S R IR AT S S S -
TR RTE VB A B a5 H(E - HimHEes v e A T
AL HVE S » e RTE -

P RIS C ° R o T g Q3 imagination



RVfpga B Em17 : 5/

SweRV EH1 (SR B i 5
SRS AU - STARRHIRRES -
S BB SRR S Y R LT A T B BRI B (A
F B E R SRR AT - ARSI ) -
SHEEE O S BIEE  WRSEEEE « — IR g - — IR AR iR —
[EIEESIRAES -
HAEEIL T SRR R R ST B (IPC) JER B S RS AIR (5 -
R - (ERRSATiE Rt - (R EERE pRPR SE T R R R L SRR R R
1351565 ¢ (HHTHEE — ImRe PR o i 5 S -
AT R  FoPTR S TR (BB 2, e FISweRVY EH1E s S e
He S 4H BRI HT B -

[ AAN

=

P RIS C ° R o T g Q3 imagination
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Hpl - B

-.globl Test Assembly

-text
Test _Assembly:

1 t2, 0x400 # Disable Dual-Issue Execution

csrrs tl, Ox7F9, t2

t0, 0xO0

tl, Ox1

t2, Ox1

t3, 0x3

t4, 0x4

I1 t5, Ox5

I1 t6, Ox6

lur t2, OxF4

add t2, t2, 0x240

REPEAT :

add t0, tO, 1
INSERT_NOPS 10
INSERT _NOPS 4
add t3, t3, tl
sub t4, t4, t1
or 15, t5, tl1
xXor t6, t6, tl
INSERT_NOPS 10
INSERT_NOPS 3
bne t0, t2, REPEAT # Repeat the loop

P RIS C ®
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RVfpga B Eg17 : VURIBILRIA-LIE S - 1R8E - BHI5<

add sub or xor

S u"d.';x
3960 ps 39300 ps

Time 1y 2/ 3 4f 5 6 7T

D d dec i® instr d[31:0] = [EEEIE PBGEBE33 |4BGEBEB3 BO6F6F33 |AOGFCFB3 130000013
ecoqe : —_—-—
A dec 10 decode d=
i@ inst el[31:0] = [EEEERE OOEEOE33 | 406EBEB3 |POGFGF33 |BOGFCFB3 |20000013
a ff[31:0] =  [EEEEGEEE HODOODOF  FFFFFFFS |0OODDOGS | ODODBODE  J00
WAYO EX1 (10 Pipe) b ff[31:0] = [EHEEEE
out[31:0] = CEEEEEEE BERBOE1R |FFFFFFF7 |DBOGOBES |0O0BDBOOET  JO0BOD6O
waddro[4:0] = [B 1C /1D J1E 11F e
Writeback ens = | | i i | |
wd0[31:0] = (e 00000010 |FFFFFFF7 D0GGOOES 60000607 || 6006080
dec 11 instr d[31:0] = (EEENERREr s P T s P Tl kR T S oS PR TG
Decode - " e e

dec i1 decode d=
11 inst el[31:0] = [CIGEEE

a ff[31:0] =

WAY1 EX1 (11 Pipe) b ff[31:0]=
out[31:0] =

waddrl[4:0] =

Writeback wenl =i
wdl[31:0] = [EHEENE




RVfpga B E%17 : VURIBILRVA-LIE< — R8¢ - Bi5<

fERERY o RPN RS S - (B{E B0 B s S (EA 2 TPEER - R BB EATIFEE
{=H -
B0 :
FEREMEv&E Bt - sHgtdec_i10_decode_d#a%% Al 5 EgihER - SRR o ATEV O RALIES - EEIT AL -
PSR e S S ERE D105 (10_inst_el[31:0]) -
L
FERMEv&Epf - sHgtdec_i1l_decode_d#a%% 50 ; EgiiER - BRI o ATEVERALIES - E{EIT &0 -
FREEPE RIS A EERE (11 _inst_el[31:0]) F(FITFEEL -

AL > 24EFEAZKREI0E ERALU (2 FmRiEeg - iysRstaff ~ bffflout) > i HiEEHE
FestE RN NEPHEO (2 FWfRErEHryEHstwaddr ~ wenfiwd ) -

P RIS C ° R o T g Q3 imagination
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| | | | |
Cycl | Cyc2 | Cyc3 | Cyc4 | Cyc5 | Cyc6 | Cyc7 | Cyc8 | Cyc9

| | | | | | | |

Decode | add : sub : or : Xor : : : : :
———————— i il i I i it T

| | | | | | | |

EX1 | add : sub : or | oxor | : : :
———————— e T T | T

| | | | | | | |

EX2 | | add | | sub |, [ or || xor |, : :
________ e o — e — — b o — L o e L e e e

| | | | | | | |

EX3 I I I add l sub l or I Xor I I
________ L ___ 1 _ 1 - __

| | | | | | | |

Commit | | | I{add | 1| sub | 1] or | 1] xor | |
| | | | | | | 1 _

""""" A e N Y I N R |

Writeback | | I I || add [ 1] sub | 1] or | 1] xor
| | | | | | | |

P RIS C ° R o T g Q3 imagination




RVfpga B EH17 : TUREITHIA-LIES -

Hpl - 5

-.globl Test Assembly

.text

Test _Assembly:
# 11 t2, 0x400 # Disable Dual-Issue Execution
# csrrs tl, Ox7F9, t2

t0, 0xO0

tl, Ox1

t2, 0Ox1

t3, 0x3

t4, 0x4

I1 t5, Ox5

I1 t6, Ox6

lui t2, OxF4

add t2, t2, 0x240

REPEAT:

add t0, tO, 1
INSERT_NOPS 10
INSERT _NOPS 4
add t3, t3, tl
sub t4, t4, t1
or t5, t5, tl
xXor t6, t6, tl
INSERT_NOPS 10
INSERT_NOPS 3
bne t0, t2, REPEAT # Repeat the loop
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RVfpga B E317 : TUEEITHIA-LIS S — fEift - E8is 2

add or

Signals Waves
Time 443808 F"ﬁ1 2
clk= ' ' - - -
i  ENm Em = . 1 i - :
dEE_iE_il‘li'[r_d[jl;E] =1 BBO06613 BOGEBE3Y BORFEF3I3 H00OOH13
dec 10 decode d=
10 inst el[31:0] = [EEEDE BOGEOE33 |DOGFGF33

ALY AR Ex1 (10 Pipe) a ff[31:0] =
b ff[31:El] ={

out[31:0] = D0E00D00 | ‘ PREEEZA | PREORRES ' 2 }
waddro[4:0] = EE
Writeback e

— wdB[31:8] =i 0OBOOG2A

dec il instr d[31:0] =  [EEEEHE ADGEBEB3 |DOGFCFB3 | D00OODL3
dec il decode d=

il inst el[31:0]= [lEEEHE 40GEBEB3 |DOGFCFRI BAOOGO13
IHHHHII EX1 (11 Pipe) affmhmi' =— e b
b ff[31:0]= [ -
out[31:8] = FFFFFFDD  AREEREET
waddrl[4:0] = [ 1D 1F
Writeback wenl =i

Decode




RVfpga B E317 : TUEREITHIA-LES S — 4347 — BB 2

TEAFE AR %Hﬂﬁ‘a:/v\z_ TR, CRHEEEE—R) - MR bR  E RS T
Kﬁx(ﬂﬂqu HIOEHE - SREEIVEE) -

RO
ARG AIIIEA-LIS S YRIE - $Rgkdec_i0_decode_d#t# il ( SANRIGIE A1
SEFTARAE ) -
RS EYIS & RS0 (10_inst_e1[31:0]) -

AL

B &R B DURA-LIS S VA% - sflaftdec_11_decode_d#a%% Rl (SSYMNIEAEEELOH

HELTRENS ) o

RGP s S S EBRII1EE (11 _inst_el[31:0]) -
Rt - ARG FImIEEE (10F1IL) FHIALU (2 ERiFEEE hisarf - bff
flout) - i H & HW(EE FesfE X A ERHE (2 ERfR AR SR swaddr
wenFiwd ) -

P RIS C ° R o T g Q3 imagination
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RVfpgaEEx17

11

Xor

_ _ _ _ _
~ l l l l l
o _ _ _ _ _
S _ l l l _
o _ _ l l 1 5
_ _ _ _ _
- it i iy [psiilieny elilion
- _ _ _ s (1=
© = l l _ 1l =<|1| @
S _ _ _ _ _
© l _ _ o=
= _ _ _ 1| 1] ©
|||||| I I I L
l l _ Lo
L = | | | ) | 3 |
o _ _ _ _ _
S l l l = !
S l l s |r]= ]
l l l I l
- == r— " TrT-——T7T_-— -~ ~""1—
_ 1 =1 ]| 2]l _
|
< l TESNREERL l
S _ _ _ _ _
© _ o= _
= _ NECRENERL _
e I T I~ N [ PR
A NHET
o x n
o l l l I l
S l [ ]! _ l
S {5131 I _
_ _ l _ _
T T T i— T 1T 71— 71 = -
<~ |sl1]=e]! l _ l
~N <[] =] _ l _
r.,v“, _ _ _ _ _
=] l l _
e |5 S
1] = |1 _ _ _
e —— L —— bk — — b — — - — -
o] _ _ l _
o« 2|2 l _ _ l
9 _ _ l l _
@) S| _ _ _ _
SN _ _ _ _
_ _ _ _ | o
o | l l I 2 9
S ! S g2 E 1 o
S 1 W W E 9
A | _ _ 1 S 1 M
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\ 4

Apkmu L5 S RIM FRA-LIE < — Bl - 155

-.globl Test Assembly
-text
Test _Assembly:

# csrrs tl, Ox7F9, t2

t3, 0x3

t4, 0x4

t5, 0x5

t6, 0x6

I1 t0, OxO

lur tl1, OxF4

add tl1, tl, O0x240

REPEAT:

# 11 t2, 0x400 # Disable Dual-Issue Execution add tO, tO,
INSERT_NOPS 10
INSERT _NOPS 4

mul €3, t3,
add t4, t4,
mul t5, t5,
sub t6, t6,

-.end

1

tl
tl
tl
tl

INSERT_NOPS 10
INSERT_NOPS 3
bne tO, tl, REPEAT # Repeat the loop

P RIS C ®
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RVipgaBIBR17 © EAHACIBAIREENU 1 SRIRIIEA LSS — 15U - S35 %

LJni'f].’l-i.:'-
‘ 49960 ps
Time 08 p
clk=
I _—— — L | — [re— o ==

dec 1@ instr d[31 8]
dec i@ decode d=

10 inst el[31:0]=  [(EEERE 026EGE33 |026FOF33 |00000O13
WAYO0 EX1 (Multiply ° | c131:01= L DPOBOBE3  BOBEDEDS
Pipe) b ff el[31:0]=  [ChEEEEE
out[31:0] =  [EEEGCEENR 30000005 - [oo00000;
waddre[4:0] = S
Writeback weno =
wdﬂ [31 EI] 00060038 06600600 aoa08083 poo0o0ss Jp0o0s0e0
I S S S . . ..
dec_il instr d[31:0] = [EEEDEN |BOGEBER3 |406FBFB3 30060013
Recode dEC_ll_dECDdE_d= ]
11 inst el[31:0] =  [EEEEDE POGEBEB3 |406FBFB3 |DBGR0OL3
WAY1 a_ff[31:0]= |[CSEEEEEE | BBBOBB3E FFFFFFCC 38080606
EX1 (11 Pipe) b ff[31:0]=  [HEEEEEEE N
EUTIEI 0] = [ POPOEO3F |FFFFFFCE 0000000
waddrl[4:0]= (&
Writeback wenl=

ST oeoeoed 00BBBO3F FFFFFFCE | BOOABOEO




RVipgaBBR17 : TR U S S RIRIIEA-LIS S — 5747 - 5%

FRUGHT o Wk B ED S BEUNTE S R E S 2k R TP ER

\ E%O .
SR E R AT o iR PR TE S R EV IR > BHafidec_10_decode_d#a4% 1 (SS9 GRAT HES
1 THEE ) -
SIS R e o AR PR AEE (10_inst_el[31:0]) -

\ E%l .
SR E B ET A TR PO REE S AR - sHafdec_i1_decode_d#a4% sl (S99 NUERITE HRES
1 THEE ) -

FRIEFSELAIES (dec i1 _instr_d[31:0]) €{#HEF11%# (i1 _inst_el[31:0])

AL &g FEAIVEBERESR A THIALU (2 HEgta_FF el - b_ff_elflout >

DU ERsRa.FF ~ b_FFflout) - W H o M (ER fFestE K A BHE (2 W
fEimpE Y gtwaddr ~ wenfiwd ) -

P RIS C ° R o T g Q3 imagination
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A R TR e B e T B SR IR SWeRY EH1 RS » (A

W DL R THAE ¢
A-LIgS | EERISC-VZEFEY

5% -

e Y AT (L TR F A (D) e AR I R g 2

FIFRETE S O ZRFETE < 0~ 2R ~ PR - AMREAESEESET 00

e‘- S
STHEL o

ATYEREASET B ¢ W —(ERTHVRERGE T Bes - FIINET R THYIE S ORE -
ELERE Y KMTRHEEESERESUZ LITAETE - FEEASE - &
WA BETTHERE FTREHEE - a DIEE RS i EIpr A sl &R -

P RIS C ®
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RVfpgaEE®19 : fH/T

ARE BRI 4R T RVIpga et iR IR AS 2247 - Rvipgal LIRS .4t
BHELITITE -

JMEFDDR EECIEAS

e AL (1$)
WEErFaCieRe (W AREMGSCER) - —ERREFER (DCCM)

S—EAREFES (ICCM) - THEZSGTEIEAICCM -
AEEEZ o MEC R (1$) BUERIF - AE it rEI$aicE 520
e AR A e YR EE 72X M7 M 1S A TR -
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ic_rw_addr [31:2] (Fetch Address)

20 bits 6 bits 4 bits 2 bits
TAG SET |OFFSET
‘ WAY 0 WAY 1 WAY 2 WAY 3
adr_ff 20 bits 64 Bytes 20 bits 64 Bytes 20 bits 64 Bytes 20 bits 64 Bytes
(Register) 1 + Parity + Parity 1 + Parity + Parity 1 + Parity + Parity 1 + Parity + Parity
SETO

ic_rw_addr |ff [31:12] * SET 1

ic_tag_valid [3:0]

SET 62

SET 63
TagWayO

1

TagWay?2

TagWay3

DataWayO DatgWayl DataWay?2 |DataWay3

4-1 Multiplexer

A A 4 A 4 A l

| :0] (i 0] + '
ic_rd_hit [3:0] ic_rd_data[135:0] (ic_rd_data_only[127:0] + Parity)




,}
[T
45y
1
=

RVfpga B EE19 © 1SR R

Test_Assembly: REPEAT :
INSERT_NOPS_3 add t6, t6, -1
INSERT_NOPS_8 10, 0. 10

a , t0,
IIEISERT_NOPS_8 I
1 t6, 0x10000 add 12, 2, t2

add t3, t3, t3
add t4, t4, t4

add t5, t5, t5 INSERT _NOPS_8
add t6, t6, t6 INSERT_NOPS_8
add a7, a7, a7 INSERT_NOPS_8

add tO, tO, tO
add t2, t2, t2
add tl1, t1, t1

INSERT_NOPS_8
INSERT_NOPS_8

add t3, t3, t3 INSERT _NOPS 8

add t4, t4, t4 bne t6, zero, REPEAT
add t6, t6, t6

add t5, t5, t5 ret

add a7, a7, a7

P RIS C ° R o T g Q3 imagination
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ifc fetch addr 1 ext[31:8]=
ic act hit f
ic act miss f2
ifu axi arvalid=
ifu axi araddr[3l:8] =

ifc fetch addr f1 ext[31:0]
ic act hit f2

ic act miss f2
ifu_axi_arvalid

ifu axi araddr[31:0]

ifu axi rvalid

ifu axi rdata[63:0]

ic wr en[3:0]

ifu wr _data new([63:8]

ifu byp data first half[63:8]
ifu byp data second half[63:0]
ic premux data[127:8]

ifu fetch data[127:8)
qe[127:0]

q1[127:6)

q2[127:0]

ifu i@ instr[31:0]

ifu_il instr([31:0]

dec i@ instr d[31:0]

dec i1 instr d[31:08]

ifu axi rvalid=
ifu axi rdata[63:8] =
ic wr en[3:8] =
ifu wr data new[63:8] =
ifu byp data first half|
ifu_byp data_second half[6

BE+ | BE00a100

b+ 1BE0001F0 BEGEALCH BEE001CE BE66E100, BEGEE1DE BEEEA1ED

BOBEE 100

(064004 000 | DO+, DB+ DO+ 00+ DG+,000001+,000B001ES

BEGOALER

BODBE1FO

BEEEA1FE

OGS0 1FE
-

CA11ABIERADCABIE BB+
8 n
CA11AB1EBADCABIE
5 001300000013

DE1300000013

CALLAB1EBADCABLE

B

p@+ [CA11AB1EBADCABLE

BB63033300526203

BLs CAI LA

-~
RADCABIE ~ “w [p1+|(A11ABIEBADCABIE
i

INA,

o1+ _c:nlﬂfﬁ,pacmf

Se

]

81+ CAIRAR]FEADCABLE

‘e1cfee3zeer3nze:

GE90D000ABEEAAIBR0REREG
00000+ | FFv 00000S00000AN00CC00000000003200
B0+ 0000001300000013p#00001300060013

B 50130000001 1-I'.PI'.II3I.'|'I I0800BR13

666060136+ |FFERRF93000 10FB700G00E1300068013
00+00000013, BBe BEGEESDE
00+ nnnoogl
o-}auu%;f

’DI’,

|[FF+ DO00ODOD
0@+ FFFFBFI3

FFFFBFa3

CAL1AB]1EBADCARLE BOE3033 308528263
il 1
CALLARIERADCARLE
BEBOGH 130066
BE0006 130005

BREIAI TIN5 AFEY

CALLABIEBADCARLE

B

BLCEBE336+ | BEESGHB06660000HBEBOBORE0GEEED6E
I :GI.EEDE33C-1 BOGS0O00000000000D0D00B0000BD00D
B1CESE33007383830063033306528763

'BO+ BB+ BOBHHDOA
100+ D1+ BOOODOOD
DB+ |BO73B363
b6+ B1CEQE33

CALLABIERADCARLE

BEE303 3300528383

Bl Ba108

B1+/CA11AB1EBADCABLE

L=

n i
81+ CAL1AB1EBADCABLE

h"h
~‘\~
.

Ba0oal1ca

BOGBA1FE

B8+ CAT1ABLERADCAR 1E |81+ CA11AB1ERADCABIE
e 1 e

|pe+ CA11AB1EBADCABLE B1+){CA11AB1EBADCABLE

BI{EBE3INGTIHIEI CALLABIEBADCABLE

1 B

BICEAETINOTIARAY

B1CEREIS0G /3

CALLABLERSDCARLE

B+ [CAL1ABIEBADCABIE

B1+/CAL1IABIFBADCABLE

B1+)[CATLABEBADCA+
n e
b1+ CA11AB1EB+

080528283 /00738383
80636333 01CEBE33




RVfpga B 5519 : ISKWEH - 471

B T 02T 16(Raddfs < HTEITT*EHQT ofE o QIREHEIFSATEISH > RIISHE
ERERRL - WA E S 1EDDRAMNEELIE AR IS -
FhF4929 ns{Eer HIE—XI$ARy (ic_act_miss f2=1) > %

FEERESR (ifu axi_arvalid=1) -

AR BAXIPE R H R Z KSR H R & SR HY ) \{I64ﬁUI:EiE
sfak 1 fu_axi_arval idZBE2 7B AR S B - Zalaf i IEAT B A A YR BT
HEAIFZEREER -

F£i1fu_axi_arvalid = 18YE27{EFEEAN > FHgFiFu_axi_araddriiE B mAXIFE R BERZK
fFeft8{E 64N TEBEAYRIga L - E8(E i M AE DDRECIEREEEHN -

lllnl

SRl S i AXIDE i 5

P RIS C ° R o T g Q3 imagination
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- ST

HHRE 2 25

g fu_axi_rvalidfHRte ~EE

ey [E R EEr 1 /\1!64@773%#4 775 4

T E R o (R — (S A EHEY = 8
JUEGAR TTERE (AR

AT SR # 0T > /A

4% > Al DIEF] Bt
BUER T » 2%(EHEEAZ -

P RIS C

{E6447 7T

[PRfa S TEISIElas 55 B 2 E

WS

®

M RtE<

g1 fu_axi_rdataaJAXIp

) ¥HH

Npy
2L

lFFFFl

TEAE T AR U RY - SRR

Hegifu_axi_rdataiift

& SR AE B 2 PRAGE RS = g L AT ALS -

S8k 0 DUMETEISR R 7 PR EE T
Ot EZE RIS Ee -
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Time

ifc fetch addr f1 ext
ic rw addr
ic_rw addr ff

[31:0
[
[
TagWay@ [
[
[

115,
1:
2 4
TagWayl
TagWay2
TauWayB[l
ic tag 4a11d[3
ic rd hit[3:@
ic _act_hit f2
ic act miss f2
DataWayB[127:0]
DataWayl[127:0]
DataWay2[127:0]
DataWay3[127:0]
ic_rd data only[127:0]
[
[
[
[

3
3
1
19
19

ic _data f2[127:0]

ifu fetch data[127:0]
00[127:0]

gl[127:8]

g2[127:8]

ifu i@ instr[31:0]
ifu i1 instr[31:0]
dec 10 instr d[31:0]
dec i1 instr d[31:0]

oeeeg1ce

ISe R - 15k

Bo0eo10e

BEEeR1FE

peoERZee

0e000e70

DoooooT4

BBEEBETC

peeERoEe

feooooe

pegoe

pegoe

pegoe

pegoe

1

1

FFFFEF93000000000000000000000000

B1CEDE33607383830063033300528263

0118588301 FFBFB301EFGF3301DESER3

B1CEBE330063033300738368300528263

01188586301EFOF3301FFEBFE301DEBER3

02000000000000000000000000000000

02000000000000000000000000000000

02000000000000000000000000000000

FFFFEF93000000000000000000000000

B1CEDE33607383830063033300528263

0118588301 FFBFB301EFGF3301DESER3

B1CEBE330063033300738368300528263

0118856301EFOF3301FFEBFE301DEBER3

FFFFEF93000000000000000000000000

B1CEDE33607383830063033300528263

0118588301 FFBFB301EFGF3301DESER3

B1CEBE330063033300738368300528263

0118856301EFOF3301FFEBFE301DEBER3

FFFFEF93000000000000000000000000

B1CEDE33607383830063033300528263

0118588301 FFBFB301EFGF3301DESER3

B1CEBE330063033300738368300528263

0118856301EFOF3301FFEBFE301DEBER3

00000013000000130000001300000013

FFFF8F93600000000000000000000600

B1CEBEI3006303330073836300528283

0007C7030005079300005067EEOFIEES

B1CEGE336073838306063633300528283

00000013000000130000001300000013

B118886301FFBFB301EFGF3301DEBEES

fepepe0e

FFFFBF93

DO528283

Be738363

B1DEBEE3

fepepe0e

EEOFSEE3

D0630333

B1CEBE33

B1EFBF33

geevcio3

FFFFBFY3

Be528263

Bev38383

geevcio3

BB630333

B1CERE33




RVfpga B ES19 : IS & - 4387
R - T LLBE RS B deh -

#EHEAI ¢ F5—{faddig< (add t0,t0,t0) fyfirkkrHERFEifc_fetch_addr_f1_extigft o iZ {55 EIE
£$ - [HAF i‘%zﬁéﬁlﬁ{lﬁrﬁﬁx&fﬁm N Rta< DIAEfrTad (32fi7T) 2R - (NIL > ic_rw_addr
= 0x0000070 - A58 feE 5RO EDRL PR A58 FHFE A AT kY T2 -

FERFI+1 - DU(EES (RHEPEUER—(E ) i ElstTagWayO-TagWay 3 - 4= LA sk Rt BHFEEL IR Y TAG
MR AT TELEE » FEARGIF - P A EIGBTAGHIMLHE - (H A —fRiEes (EEg0) A%t (ic_tag_valid
=0001) - NELRHEREpSOFEEHan &S + ic_rd_hit=0001 - VU{E128(7 sri5 < R EHEL ik
DataWayO-DataWay3 : ic_rd _data only = 0x01ce0e33007383b300630333005282b3

PEHEAI+2 ¢ FFEEEPEES o (e EEqQLFREEEE — R AI5E —{kaddf5< : ifu_i10_instr = 0x005282b3 H.
iIfu 11l Instr= 0x00630333

FFAI+3 - AF RS B = (iR sE MU fRaddi5 < - [FEIRFE SR —RATSE —fraddis S T THEHS -

1Tfu 10_i1nstr =0x007383b3 ~ 1fu_11 _instr =0x01ce0e33 ~ dec_10 _i1nstr_d = 0x005282b3 H.
dec_ 11 _1nstr_d = 0x00630333

FHAIA ¢ Befg o B RIS UFRaddis S TR © dec_10_instr_d = 0x007383b3 H.

dec_11 _i1nstr_d = 0x01lce0e33

P RIS C ° R o T g Q3 imagination



RVipgaEER19 © ISR

R EFIH BRIk FHEcr i/ DR (Least Recently Used > LRU) FRZ RN -
PRI > B e AT i/ D5 F RIS Ryt A > DRI — (B AR (EAILRUSERS (i T
RUBLRU) - 3z okl e Plms e BIRFEOK -

SweRV EHL{sE 4 F —#EAr AL RURYREA L ORHE -

B RS > NESSHAH A PREL YRR A N-LE{ T (F/HLRUJRRE ) - f£SweRV EH1HY
1S ARy FHH 3T

EIEESH LRUFARREEE Hr

B AR R B ABIEE
| x00 [N EERO 11

el B -01

g2 B2 1-0

1x1 3 3 0-0

P RIS C ° e o Tootogies Q3 imagination



RVfpgaE Ex19 : ISEHATRES - Eaf]

I T SR A E (B R A T AL A RIS R - 45

SET =8>
ARG T TR (DR 155

Set8 Blockl: J Set8 Block2
INSERT_NOPS 1023
Set8 Block2: J Set8 Block3
INSERT_NOPS 1023
Set8 Block3: J Set8 Block4
INSERT_NOPS 1023
Set8 Block4: J Set8 Block5
INSERT_NOPS 1023
Set8 Block5: J Set8 Blockl

P RIS C ®

BT IE] IS4

HrE%5 )55 H1023{Enop & - JfE<Einop
AL 4 KiBZEfd] > Iflﬁél$tﬂflnu\ ARSI AN o

# This j 1nstruction is at address 0x00000200

# This j 1nstruction is at address 0x00001200

# This j 1nstruction is at address 0x00002200

# This j 1nstruction is at address 0x00003200

# This j 1nstruction is at address 0x00004200

RVfpga v2.0 © 2021 <227>
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L]
°

RVfpgaE E&19

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

Valid Tag Data
1 00000000000000000000

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

1 00000000000000000000

1 00000000000000000001

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

1 00000000000000000000
1 00000000000000000001

1 00000000000000000010

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

1 00000000000000000000
1 00000000000000000001
1 00000000000000000010

1 00000000000000000011

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

1 00000000000000000100
1 00000000000000000001

1 00000000000000000010

1 00000000000000000011

WAY 0
WAY 1
WAY 2
WAY 3

WAY 0
WAY 1
WAY 2
WAY 3

WAY 0
WAY 1
WAY 2
WAY 3

WAY 0
WAY 1
WAY 2
WAY 3

WAY 0
WAY 1
WAY 2
WAY 3

LRU STATE =011

LRU STATE =001

LRU STATE = 100

LRU STATE = 000

LRU STATE = 011



RVfpga B 519 : ISEFHATKREE — S5 170kE

Si gnals
Time
clk
ifu axi arvalid
ifu axi araddr[31:0] POOOO230 |ODOGH200 |DBEEO208 |0OOGE210 |0OBAB21B |0BOG6226 /66006228
way status mb ff[2:0] 911 o8
tagv mb ff[3:0] 1 G
replace way mb any[3:0] 2 it
ic wr en[3:0] ]
ic rw addr q[11:4] 21 20
ic wr datal[31:0] BADCAB1E _
ic wr_data2[31:0]  [SNUTyT N TITTE
ic tag wr data[20:0] 0009600

way status new[2:0] Boe 611

F—RPERIfiriE (0x200 ) HHLE(ISHIAES o sZAHAYRIIEIREE B2 » (RIS PR 5T AHERO -
replace way mb_any =ic _wr_en=0001 - 2H8AFYLRUARFEE ¥4I |  way_ status new =011 -
IS BRIEDDRECIEAG HHEEHL - I LAGAN TTEIRVIEZ = AIS o EEAE kel S AR BT AT R (7
525 ALH8HYIETE

ic_rw_addr_q[11:4] = 00100000 (4H8)

IC_tag wr_data[19:0] =0x0

1IC_wr_datal[31:0] = 0x0000106F (j Set8 Block?2)

IC_wr_data2[31:0] = 0x00000013 (nop)



RVfpga B 5519 : ISEHATKREE — 5270k

Signals
Time
clk=
ifu axi arvalid=
IV SEETEL G EV RIS 00001210 (00001200 |00001268 (90061210 06801218 (96601226  |0GEAL228
way status mb ff[2:0]= [

tagv mb ff[3:8]=
replace way mb any[3:0]= H
ic wr en[3:0]= @
ic rw addr q[ll:4]= - [l

ic wr datal[31:0] = [ENEENE T
ic wr data2[31:0]=  [€NSEIHIS 90000013
ic tag wr data[20:0]=  FUEEEN
way status new[2:0] = [l —

P KBREHIAE (0x1200) FEIREHBLEISHVAES - (La2dit » fEEEE0FHAY ¢ tagv_mb_ff = 0001 -
Rt > VBB R AGEESL : replace_way mb_any = ic_wr_en = 0010 - 4H8HJLRUREEEE
AT - way_status_new =001 -

ISl B DDREC B AG HEEHL - P64 TSRV =B AIS o LIEG4E 1 Re e SR AR ST TR
55 AZH8HYHEE

ic_rw_addr_q[11:4] = 00100000 (4H8)

IC_tag wr_data[19:0] =0x1

1IC_wr_datal[31:0] = 0x0000106F (j Set8 Block3)

IC_wr_data2[31:0] = 0x00000013 (nop)



RVfpga B 5519 : ISEHATKREE — S5520HkE

Signals

Time 36800 ps
clk=
ifu axi arvalid=
ifu axi araddr[31:0] = [EErECERC Pl I P I L R L e L YL

0ee

way status mb ff[2:0]=
tagv mb ff[3:0]

replace way mb any[3:0] =

ic wr en[3:B]=

ic rw addr q[11:4]=

0]

0] =

1=

]

ic wr datal[31:

ic wr_data2[31:
ic tag wr data[20:0
way status new[2:0

ﬁ“)’(?ty‘ﬁﬁlﬁ’]ﬁﬁt (0x4200) [EJf5eElI$HY4H8 - (HE » HHFAAE ) - tagv_mb_FF = 1111 - Kt >
IR IEIEE AZERSL - replace_way mb _any =ic_wr_en =0001 - 2H8FYLRUJRFEEE 40T -
way status_new =011 -

I$E R E DDRECTEAS TEEHL - M PAGANI T ESRAVIZ IS AIS - EEIHLE 1R EBE ARSI AT 5
f5< 5 AZH8HYHEE

ic_rw_addr_q[11:4] = 00100000 (4H8)

ICc_tag wr_data[19:0] =0x4

IC_wr_datal[31:0] = 0x800fc06f (J Set8 Blockl)

IC_wr_data2[31:0] = 0x00008067 (ret)

=l BADCAB1E
CA11ABLE

100004

= [E8



520 :

ICCM ~ DCCM
A ZE A




RVfpgaEE®20 : fH/T

AREERIESIHTSWeRV EHLFEEE SR L ET /750184 (ICCMFI
DCCM) > Zh{4 Bt A4 B A A BRI - LU B BR11-20
R -

Algf— 1 > RVipga &t s (EET 75 IR -

—(EAREFEFER > A EREEM SRR (Data Closely-Coupled Memory >
DCCM )

—fEANEEES > BEIESEEHEEEE (Instruction Closely-Coupled
Memory » ICCM )

P RIS C ° R o T g Q3 imagination



RVfpgaE §#20 : {I5SECIERE — rhkZ=f

0x00000000 ~
1cycle NSLTUCLiOn 1 < 53 cycles DDR External
> Cache >
(onchip) I\/Iemqry
(offchip)
OXO7FFFFFF
OxEEO00000 | stryction
L evele Closely-
y . Coupled
Memory
onchi
OXEEQ7FFFF ( P)

P RIS C ° e o Toemtogies Q3 imagination



RVfpgaE 20 : ERlELiEs — firt

'I'TZEFEﬁ

0x00000000

= 22 cycles

1 cycle

OXO7FFFFFF

0xF0040000

OXFOO4FFFF

DDR External
Memory
(offchip)

Data Closely-
Coupled
Memory
(onchip)

: 4 R I SC ® RVfpga v2.0 © 2021 <235>
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RVfpgaE %20 : DCCMAERERIER(E

From the DC1 stage adders From the Store Buffer
Isu_addr_dc1 [31:0] end_addr_dc1 [31:0] stbuf_addr_any [15:0] { stbuf_ecc_any [6:0] , stbuf_data_any [31:0] }
dccm_rd_addr_lo [15:0] dccm_rd_addr_hi [15:0] dccm_wr_addr [15:0] dccm_wr_data [38:0]
11bits 3 bits 2 bits 11bits 3 bits 2 bits 11bits 3 bits 2 bits 7 bits 32 bits
Addr ’ Bank ’Off‘ ‘ Addr ‘ Bank ’Off‘ ‘ Addr ‘ Bank ’Off‘ Parity ‘ Data ‘
I [ |
dccm_rd_addr_lo [4:2] dccm_rd_addr_hi [4:2] deem_wr_addr [4:2]
A 4 A 4 A 4 l i v
Address Enable Bank for Enable Bank for
computation reading writing
. wren_bank [7:0
rden_bank [7:0] — [7:0] wren_bank[7]
rden_bank[O]l v l v l v l l
; BANK 0 BANK 1 BANK 6 BANK 7 |
| 39 bits 39 bits 39 bits 39 bits }
addr_bank([7:0][10:0] \ - \
- - - R

1 . dccm_wr_data [38:0]
\
‘ . . EEn - . ‘
\ \
\ \
\ \
\ \

- -

l l

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

l l

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



RVfpga =520 : DCCM — Eafyi|

la t4, D

I1 t5, 50

I1 tO, 1000

la t6, D

add t6, t6, tO
I1 t5, 1

REPEAT Access:
Iw 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

P RIS C ° R o T g Q3 imagination



RVfpgaE E®20 : DCCM — P

Signals
Time 439600 ps
clk
dec_i® pc d ext[31:0] 50608220 |pReBe1C4 G (8 eoepe108 |PBOBO1ED DBBBO1ES 0BO1FO eoepe1rs
dec i@ instr d[31:0] FBFEQOEI  |@IEE@E33 | OICEA®23
dec il instr d[31:0] BEOEAEG3  |BICEAB23  DB4EBE93
dcem_rden '

rden bank[7:0]
lsu addr dcl[31:0]
end addr dcl[15:0]
dcem _rd_addr lo[15:0]
dcem rd addr hi[15:0]
dcem rd data 1o[38:0]
dcem rd data hi[38:0]
dccm data lo dc2[31:0]
dcem data hi dc2[31:0]
dcem wren
wren_bank[7:0] Be
dcem wr_addr[15:0] 0064 | /o824
dcem_wr_data[38:0] asoeoeOO2 __________________________________________________ azconeeecA




RVfpga B ES20 : DCCM — 53 #7

WEHA - ATIEES LT IWEE S E/TH#NE © dec_i11_instr_d = 0x000eae03 -
FHAI+1 - FEDCAPREGE A - B RHUHERHE45DCCM :
Isu addr_dcl[31:0] = 0xF0040024 - dccm_rd_addr 1o[15:0] = 0x0024
end _addr_dcl1[15:0] = 0x0027 - dccm_rd_addr_hi[15:0] = 0x0027
TR IR A% - KEUHIDCCMAVEERUESE - decem_rden = 1 o HNFHUE AT » R (EEEHEE
“(EEEEFEE - rden_bank = 0x02 ( —##Ef7{E /£&00000010) -
FHEAI+2 © jeDCCMHEUREHUE R » Wit AR AE4E 00
dccm_rd _data_lo = 0x4400000009 - dccm_data 1o _dc2 = 0x00000009
dccm_rd _data_hi = 0x4400000009 - dccm_data _hi_dc2 = 0x00000009
FEHAI+8 ¢ BEEHME IN1EY455E (000000009 + 1 = 0X0000000A ) %5 ADCCM :
dccm wren=1
wren_bank = 0x02 ( — {7 {H /00000010 ; HIEZE —({EEEFE )
dccm_wr_addr = 0x0024
dccm_wr_data = 0x420000000A

P RIS C ° R o T g Q3 imagination



1]

RVfpga B 5520 : EAEHIE

N E R a5 T ARG, > JER TRl (BUEREE) WHIE R EsREE « BT
(&l zs EBTHHIEIRVRAE » o] e tepr 3 g8 4 TR -
REES | AT WitEE HEYEAE - CoreMarkfIDhrystone - F{f{s2 FChips Alliancefg
LAY EAETECEE (https://github.com/chipsalliance/Cores-SweRV ) ST {F#1T T 1&
oo (FHEEESTE N RVIpga 4 o S E T+ - TMERHE H B a5 R HIsR B E H
FEFAE Ry dE o

IR AL - i ETRES AR = S 2 S50 o bR 7 EBUCEEEDUEE HRISC-
VEEFGE TR YD » Tk 7 — {0 F{DCCM/ICCMA 4R as i (B LHY 3% -

2 PR BT MBS L B A A e M AR s E e i (£ LHF Y CoreMark X Bg

P RIS C ° R o T g ” Q3 imagination



RVfpgaE %20 : f51E

CoreMark#5t&

CoreMarksgh{T4E &Y 26 AT
CoreMarks38r (CM) : FRbsE 52 EAZRE (Bl » BAR&ERD) -
CM/MHz : CMFELLEAT BsMHzyRF R (2 fE Rlterat/Sec/MHz >
RIZEEFYIMHZ ) -

|

P RIS C ®

BH— T

PCR2 -

HYSweRV EH1 AP EE i = a2 o

RVfpga v2.0 © 2021 <241>
Imagination Technologies
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RVfpgaE 20 | S FE{R{F T HYCoreMark

Ginges = BREE  GEeEas=PReE GeeEed = ML

SNEEC TR AS DCCM DCCM
CM/MHz 0.47 1.88 3.47
B XJ50% %7508 30.95
HEEAR %J2005 %7508 28.85
IPC (35S 8L/EH) 0.25 ~1 ~1
ErRERIER 5 %J133,000 0 0

(EEEzIyNE (ESDCCM ) ( EHFADCCM )
SCIERS )
Tﬁéﬁyﬁﬁkﬁg 392 392 392
CEHIRIS) CEHIRIS) CEHIRIS)

P RIS C ° e o Toemaiogies Q3 imagination




