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// memory-mapped 1/0 addresses
#define GPIO_SWs 0x80001400 P L=l e 7 B s S 4 =

- 1 \ S ALED,
#define GPIO_LEDs 0x80001404 A%EE/H} %E/”E l:")\
#define GPIO_INOUT 0x80001408

#define READ _GPIO(dir) (*(volatile unsigned *)dir)
#define WRITE GP10(dir, value) { (*(volatile unsigned *)dir) = (value); }

int main ( void )

{

int En_Value=0xFFFF, switches value;
WRITE_GPIO(GPIO_INOUT, En_Value);

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

}

return(0);
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#if defined(D _NEXYS_A7)

#include <bsp printf._h> N )I_‘ru—?1fj§§ﬁﬂ§Up|atf0rm_ini
#include <bsp_mem_map.h> 3C44:E3°
#include <bsp version.h>
#else monitor_speed =115200
PRE_COMPILED _MSG("'no platform was defined")
#endif . -
#include <psp_api.h> o AR TE, Bl T
#define DELAY 10000000 'I%TD}FE BH/J U\j?f%ﬂ:ﬂ‘gl
int main(void) { PlatformIO 2% ¥ :
int 1, jJ = 0;

// Initialize UART

uartinit();

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

}

+
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iHicfE, A BLEEVerilator (ff HRVfpgaSim) EiWhisper
1 BAZFEF o
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RVfpgasLi3: RISC-VILZRIE4S

A BIRISC-VIL {8 4 /th18 4 .

RISC-VILRIES Ui, B
add s0, s1, s2 JI[IRGS
sub s0, s1, s2 T

addi t3, t1, -10 Jnaz BN

mul t0, t2, t3 321 ey

B35

KA

A

$ie i 5%

$i b SR

b (SLEIHO
VA QVARIE 9
fefir el (GLRIED
B

PR

HAREH

B AR (GLAIED
EHAR QLD
FARER (GLATED

P RIS C ®

sO=s1+5s2
sO=sl1-s2
t3=t1-10

t0=t2 *t3
t9=t5/16
s4=51%s2
0=tl&t2
t0=t1|t5
s3=54"sh

tl = t2 & OXFFFFFFFB
t0=1t1 | Ox2C

s3 = s4 ™ OxFFFFFABC
10=tl<<t2
t0=t1l>>t5

s3 =54 >>>s5
t1=12<<30
t0=t1>>5

s3 =54 >>>31

RVfpgav2.0 © 2021 <46>
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RVfpgast¥r3: RISC-VIC4mts 4

RISC-VILZRIE S
lw s7, 0x2C(t1)
Ih s5, 0X5A(s3)

Ib s1, -3(t4)
sw t2, 0x7C(tl)

P RIS C

.81

Bk

B

3 ]

e T

ped B

A7 7T
AR ) 43 < ks
ANASAH 2 0] 43 S Bt
/N 43 Sk
ANASAH 2 0] 43 S Bt
k= AAIE

JIIE= ;LRI

nop EEE T
%3 s3=s7
nottl, 2~ ENGID tl=~t2
KA s1=-s3
kit PC = b2
b I
Bk 27 17 52 PC=sl

HHPRISC-VILZwig 2118 (42)

® RVfpgav2.0 © 2021 <47>
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PC=L7; ra=PC+4

I
s7 = memory[t1+0x2C]

s5 = SignExt(memory[s3+0x5A];s.o)
s1 = SignExt(memory[t4-3],.,)
memory[t1+0x7C] = t2
memory[s3+22] 5.0 = t345.
memory[s4+5]; = t4,,

if (s1==s2), PC=L1

if (s1!=s2), PC = Loop

if (t4 <t5), PC=L3

if (s8>=59), PC =Done

s1 = OxABCDEF12

s1 = fAAif AR AR A7 a Motk

Q] imagination



RVfpgaSE#3: RISC-VE-FFas

324320 FF fE e
zero B WEUEO
x1 iR [ 3 b
sp X2 HERRTE T
X3 2 Ffaklr
x4 FETREN
I x5-7 I B AR
X8 {RAFAS /i &1
X9 RAEAL =
x10-11 BRI 2 20/ 1R [BME
VAN x12-17 BRE S H
YR x18-27 RIFAL &
I x28-31 [ B AR B
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// memory-mapped 1/0 addresses

# GPIO SWs = 0x80001400
# GPIO_LEDS = 0x80001404 — —
# GP10_INOUT = 0x80001408 IR P H R BB 5 ALED,

-globl main

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

R ® % 20© 2021 <49>
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RVfpgastisd: BREHH

5 B A RBCAHITMICRE Y
R B AR N AR

i FHCRE

RISC-V (#7) AHZIxE
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// memory-mapped 1/0 addresses

#define GPIO_SWs 0x80001400

#define GPI0O_LEDs 0x80001404

#define GPIO_INOUT 0x80001408

#define READ GPI10(dir) (*(volatile unsigned *)dir)

#define WRITE GP10(dir, value) { (*(volatile unsigned *)dir) = (value); }

void 10setup();
unsigned Int getSwitchvVal();
void writeValtoLEDs(unsigned int val);

int main ( void ) {
unsigned Int switches val;

I10setup();

while (1) {
switches val = getSwitchval();
writeValtoLEDs(switches val);

}

return(0);

+
R ® % 20© 2021 <52>
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RVfpgasEied: BEFRBAIRNPIRERF

void 10setup()

{
int En_Value=0xFFFF;
WRITE_GPIO(GPI0O_INOUT, En_Value);
+
unsigned Int getSwitchval()
{
unsigned Int val;
val = READ_GPIO(GPIO_SWs); // read value on switches
val = val >> 16; // shift into lower 16 bits
return val;
+
void writeValtoLEDs(unsigned int val)
{
WRITE_GPIO(GPIO_LEDs, val); // display val on LEDs
+

R I S C ® RVfpgav2.0 © 2021  <53>
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RVfpgasLii4: CHE

77—
LA

wHERES
Eiﬁ@@%%% A G GEE TV =R D)

~BICEE
math.h (2&%@) AFEEwnsgrt CEAMR) flcos (K25%) ZEpREL,
stdio.h (Ar#EIVOE) « BFEH T EEFTENR|F3E (printf) %D}Aﬁﬁ):'b&ﬂl

{6 (scanf) 7N HIKEL,
stdlib.h (hr#EE) - BFEH TAMBEYLIZL (rand) BJEREL

HAih... (google C/%E)
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#include <stdlib_.h>

%P T 14051655352 [H] (1) BE AL AL
int main(void) { 5 NLED.

unsigned iInt val;
volatile unsigned iInt 1;

10setup();
while (1) {
val = rand() % 65536;
writeValtoLEDs(val);
for (i = 0; 1 < DELAY; i++)
¥
return(0);

}

R ® % 2.0© 2021 <55>
: ‘ I S C Imazgi]r?a\’iion Technologies q: Imdglndflon



RVfpgast¥4: RISC-ViFHZ)E
i P R 4

jal function_label
MR HR [

Jr ra
ZH

B TafF#HEa0-a7+H
iR [EE

BT &HFa%a0

R ® % 2.0© 2021 <56>
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RVfpgasLii4: RISC-Vi

A FH £ % 7B

CAAE

int main() {

RISC-V7

T

#y 1s 1In sO

main:
inty =y + funcl(d, 2, 3 -
;++_y Y - ( ) addi a0, zero, 1
’ addi al, zero, 2
} addr a2, zero, 3
jal funcl
add s0, sO, aO
addr sO, s0O, 1
# sum 1s 1In sO
int funcl(int a, int b, int c) { funcl:
int sum; add s0O, a0, al
_ ) add s0, s0, a2
sum = a + b + c; ad 50, S0, a2
return sum, ? 1 a0, sO,
jr ra
+
® RVfpga v2.0 © 2021

P RIS C

Imagination Technologies

il

# put values In argument registers

call function funcl
y =y + return value

y = y++

# sum = + b

# sum = + b +

# return valu = sum
# return

<57>
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RVfpgasSEid. HEk

17
H
17

]

fities P TR S e (B F 2]
AeE (sp) H T ERAFAAR TR hE

fii 75 3Hﬁfﬁﬁatﬁﬁ1<ﬁﬁ% AU, GnREAEMER EEE H4AF (167
) ZEa], AT R LR AR

addir sp, sp, -16

REFFEE:

?%%’rﬁ%%: PR SRR D ORE AN A (R, BR300 A AT G B Ar s B R Fr
AR

45%???%%: R R AR T AR NS (R, RO E A4 ET
TR

A FFS (s0-s11) . E%M%ﬁ%(m)ﬁﬁﬁ%ﬁ(xﬂﬁ%ﬁ%%ﬁ%
B Hofh 25 47 28 2 N AR OR B8 F5 A7 2%
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RVfpgastimsd: fRE/IEREFF8%

£ 7R HERRS
Zero x0 = EEO -
ra x1 3% A Hh bk g
Sp X2 HERRTRET g

X3 2 R FaEr -
tp x4 ZeFEFREN -
t0-2 X5-7 115 I AR & AR
s0/fp X8 PRAFAR & /iR £ =
sl X9 RAFAL = ys
a0-1 x10-11 BRI EL SR [R1E 5
a2-7 x12-17 RS N
s2-11 x18-27 1R AFAS & =&
t3-6 x28-31 1155 I AR & AR
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RVfpgasEina: HERR - 1B

CAAY
int main() {

inty =y + funcl(l, 2, 3)
y++;

int funcl(int a,
Iint sum;

int b, int ¢) {

sum = a + b + c;
return sum;

}

P RIS C ®

funcl:

addi

 HIC gD

RISC-VILRIES

#y 1s 1In sO

a0, zero, 1 # put values iIn argument registers

addir al, zero, 2

addir a2, zero, 3
jal funcl # call function funcl
add sO, sO, a0 # vy =y + return value
addr sO, sO, 1 #y = y++

iIs In sO
addr sp, sp, -4 # make room on stack
sw sO, O(sp) # save sO on stack
add sO, a0, al # sum = a + b
add sO, sO, a2 # sum = a + b + c
addi a0, sO, 0O # return value = sum

Ilw sO, O(sp) # restore sO from stack
addr sp, sp, 4 # restore stack pointer
jr ra # return

RVfpgav2.0 © 2021 <60>
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RVfpgastiu5: &aHCIESMILRIES

Bl EG AN B
ﬁ%@é& ] TI:I IZlé)F?H% ﬁﬂ:lﬁlﬂu ,ﬂ:éﬁllm mé)F?H

A
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Bt B R IR T R
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RVfpgastis: EMGMAERER

BAMEEME N =M Fith: R=4f, G=%4th, B=H
o] LB E MR GHIBAE kAT Ei e
EREG ENSHIKER ( ) B ENHAT AT AR e

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

RGBAYE 2k 41024 (306 + 601 + 117 = 1024) , HIHEEIR[A]817
L (0-255) , ZEHEMNFRPA1024 (RIA#1007: >> 10)

AREEHBEZEMER, EUH:
https://www.mathworks.com/help/matlab/ref/rgb2gray.html
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-.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, a0,
srl a0, aO0,
ret
.end

X28

X28

X28
al
a2
10

P RIS C

H

a0 = R

al = G

a2 = B

grey =

grey =

return
®

«—— _globl{#iCoulourToGrey Pixel sR¥nt i H G

AT,
* 306
* 601
* 117
a0 + al + a2

grey / 1024

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

RVfpgav2.0 © 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 Colourlmage[N][M]; // 2D array of RGB struct (colour image)
unsigned char Greylmage[N][M]; // 2D array of greyscale i1mage

// VanGogh 128.c

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

.-}
R ® RVf 2.00©2021 <66>
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int main(void) {
// Create an N x M matrix using the 1nput image
inittColourlmage(Colourimage);

// Transftorm Colour Image to Grey Image
ColourToGrey(ColourlImage,Greylmage) ;

\ -

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

for (1=0; iI<N; i++)
for (J=0; jJ<M; j++)
Grey[1][J] = ColourToGrey Pixel(Colour[i][}j]-R, Colour[i1][}]]-G,
Colour[i1][}j]1-B);
¥
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RVfpgasti6: 1/Of&j4

N (/0) R4t - WA SA L
HHIIO (GPIO)
GPIOas i 28
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CPU

Memory

< FAST INTERCONNECT (AXI) >

Bridge

< SLOW INTERCONNECT (Wishbone)

)

P RIS C ®

Device
—p

I Controller
(includes a
series of
registers

/o g )
RVfpgav2.0 © 2021 <70>
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RVfpgasLLi6: HAI/ORALHE RS

l Address SweRVoIlfX4hi%:
Boot-ROM | Decoder E",[ —?‘r ROM
S\[S- Con ’ Address[15:6] = é}‘ﬁ %‘E’ ﬁ%lJ %’%
|\| Address[5:2] )
1 SPIl-Flash fee B SPILI s
‘ § WB-AXi SweRV UART
—> I i ! >
- Qi | = Bridge EH1 GPIO LEDAIFFKX
O > u]
Timer |— g FE I
- ® SPI2 i it
ﬁ «—! GPIO1-LEDsSw |_ 7&5%}9—% (E%%?ﬁ%ﬂ%‘%
[}~ uarr ] N: Sys-Con)

2>
: R I S C ® RVfpgav2.0 © 2021 <71> qj
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RVfpgastiu6: #HAHI/0 (GPIO)

EHIO:
VA ER 2R e/ 5 NIERZ RN (BN, FFIAILED) 1 5] j
BN G AT G E o N B E . (EAH =28

=M AR U B 1 4%
EEEF A MG EHE
BA&FFR: SN HIME GPIO
BERRAAEE: 1= 4, 0=fIA ____
CPU e 0, Wihhone- Wirite Register ¢ > ﬁ
N Enable Register ‘
Fhise
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RVfpgaSLii6: A7fiias B & 1745
A 77 4%

BV 0x80001400
SPNC T2 0x80001404
Y RE BT 1728 0x80001408

¥-GPIOHbit 15:0BC B A%, bit 31:16FE B NHIA
I1 tO, O0x80001400 # tO = 0x80001400

I1 tl, OxXFFFF # 1 = output, O = 1nput

sw tl, 8(t0) # [15:0] = outputs, [31:16] = Inputs
BEEXI/O:

Iw t2, 0(tO) # t2 = value of GPIO pins
EAIO:

sw t3, 4(t0) # GPIO pins = t3

P RIS C-\/° e chroionier. Q] imagination



RVfpgaSzii6: SweRVolfX GPIO

OpenCoresJGPIOR B

https://opencores.org/projects/gpio
5 % Y32 GPIOS|

PR SIS a] B B v A (fiERE = 0) slfmii (fifge = 1)
AR RO B AR AT PR B

(BRivEEE 0x80001400
ISP 0x80001404
fFREET A7 2 0x80001408

P RIS C-\/° e chroionien Q] imagination



RVfpgaSLiii6: F71iifi#s BT 1748

LEDs

Switches

TERARE Fr k. https://reference.digilentinc.com/

P RIS C

®

¥ LEDANFF <5 2| GPIO 5| FAll:

LED: 5|[15:0] C(AbFEEEH % HD
FFo%: 5I[31:16] (ALFRZEMIHIN)

it B GPIO:

HEE A = OX0000FFFF (1 =%iH, 0=%#i)
i t0, 0x80001400

Ii tl, OxFFFF
sw tl, 8(t0) # Enable Register = OxFFFF

5 ALED:

B+[15:0]H BI1E 5 A HiHEOx80001404
sw t3, 4(t0) # LEDs = [t3];5.9

BB

M 1E0x800014003:£ Hbit [31:16] [ IR 1H

AR L6AL, I RAE E TR164H
Ilw €5, 0(t0) # [t5];,.16 = switch values
srit t5, t5, 16 # [t5],;., = switch values

RVfpgav2.0 © 2021 <75>
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RVfpgasLi6: GPIOJKZ LI

FE5 AN
RVfpgaNexys 5k FLED/IT B ZER: CA N BH 52 X 380
SweRVoIfX F£2 A I GPIOAE S (Hrja) B 82 X 38)
GPIOMISweRV EH1X [] ] ‘éa%-l‘é CA BH 52 [X 320

Address

Boot-ROM }—l\_ Decoder

Address[15:6]

Address[5:2]

1
WB-Axi . SweRV
y Bridge | | EH1

3

N

3
Jaxa|dnniA T-£

4

ﬁ | GPIO1-LEDsSw
‘—’ UART |
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RVfpgaSEih6: AhEkiEH:

AHrvipganexys.xde: & Xi sw[15:015#k EF

LEDH)1ZE#E

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

I0STANDARD
IOSTANDARD
I0STANDARD
IOSTANDARD
I0STANDARD
IOSTANDARD
IOSTANDARD
I0STANDARD
IOSTANDARD
I0STANDARD
IOSTANDARD
I0STANDARD
I0STANDARD
IOSTANDARD
I0STANDARD
IOSTANDARD

IOSTANDARD
IOSTANDARD
IOSTANDARD
I0STANDARD
TIOSTANDARD
IOSTANDARD
I0STANDARD
IOSTANDARD
IOSTANDARD
I0OSTANDARD
IOSTANDARD
TI0OSTANDARD
I0STANDARD
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

L L = T e S e R

St gt gt gt gt Mgl gt g gt gl gt S gl Sl g Yt

[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

1 sw[0]

i sw[1]
1 sw[2]
i sw[3]
i sw[4]
i sw([5]
i sw[6]
1 sw[7]
i sw([8]
i sw[9]

[ i sw([10]

i sw[11]
i sw([12]
i sw[13]
i sw([14]
i sw[15]

o led[5]
o led[6]
0o led[7]
o led[8]
o led[9]
o led[10]

. 0 led[11]

o led[12]
o led[13]
o led[14]
o led[15]

Mgt gt gl St g S gl Vgl Syl Vg g gt

S O A S T e S P i i g P g

SRRV Ko led[15:0] 5k _F

-
—
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Y fHswervolf_core.v: _,uj}%tlﬂ S AGPIOFHL 5L A7)

direc gpio® .oe(en _gpio[8]
gpiol .oefen_gplo[ ]
; gﬁloz .oe(en gpio[2]
bidirec gpio3 (.oe(en gpio[3]
direc gpiod {(.oe{en gpio[4]
c gpio5 (.oe(en gpio[5]
c gpioé (.oe(en gpio[6]
c gpio? .o0e{en_gpio[7]
gpio8 (.oe(en gpio[&]
gpio9 (.oe(en gpio[9]
gpiol® (.oe(en gpioll
gpioll {.ce(en gpio[ll
gpiolZ (.ce(en gpiol[l
gpiol3 (.oe{en gpio[1:
gpiol4 (.oe{en gpio[14
gpiol5 (.oe(en gpio[1:
gpiolé .oeten“gpio[_.
gpiol? (.ce(en gpio[l
gpiol8 (.oe(en gpioll
gpiol9 (.oe(en gpiol1f
gpio28 (.oe({en gpio[2
gpio2l (.oe(en gpio[2
gpio22 (.oe({en gpio[2
gpio23 (.oce{en gpio[2
gpio24 (.oe(en gpio[2
gpio25 (.oe{en gpio[2:
gpio26 (.oe(en gpio[26
bidirec gpio27 (.oe(en gpio[2

inp(o gpio[@] ; il gplo[ ] .bidir(io data[@]
.t’ﬂfo_gplo[ ] : .bidir(io data[1]
.inp(o gpio[2] ; .bidir{io data[2]
.inp{o gpio[3] / 1 gplo[ ] .bidir{io data[3]
.inp(o gpio[4] ! .bidir(io data[4]
.inp(o _gpio[5] ! .bidir{io_ data[ ]
.inp(o gpio[6] : (i gplo[ 1] .bidir(io data[6]
.inplo gpio[7] i 1 gplo[ ] .bidir{io data[ ]
.inp({o_gpio[&] ; .bidir(io data[8]
.inplo_gpio[9] ‘ .bidir(io data[9]
inp(o _gpio[l idir(io_data[l
.inplo gpio[1ll 1 gpln[ .bidir{io data[ll
inp({o gpiofl 1 gpln[ .bidir{io datall
.inp(o gpio[1: idir{io data[l:
inplo gpio[14 lir(io data[14

gpio module(
¥ clk (clk),

rst (wb_rst),
(wb m2s gpio cyc),
({2'b6,wb m2s gpio adr[5
(wb m2s gpio dat),
(4'D1111
wb we 1 (wb m2s gpio we),

i |
m

3

CYyC
]

T

= s f=da e

0

adr
dat
sel

3]
4

m

m o

it |
m W
e s s

T

1np£0_gpio[_. lir{io data[l&

I B e 1

ir(io data[l
fir(io data[l
.inp{o gpio[1° lir{io data[1l®

sHipin el .wh_ack (wb s2m gpio ack),
.wh err (wb s2m gpio err),

.wh inta (gpio irg),

31
0

inp(o_gpio[l

m

S |
m

dir{io data[2
fir{io data[z
lir(io data[z
ir{io data[2
ir(io data[2:
*““Elo_data[_
1 gplo[ .bidir(io data[2

.inp{o gpio[2
inp{o gpio[2
inp |: U_gpig[
inp{o gpio[2
.inp(o gpio[2:
inp(o gpio[2E
.inp(o gpio[2

o
e s s s]

.ext pad i (i gpio[31
.ext pad (o gpio[31
.ext padoe o (en gpio));

®mmm
™oy 0y

s

oo

direc gpio28

gpio29
gpio3e

.oe{en gpio[2
.oe(en _gpio[2¢
.o0e{en gpio[3

inp(o _gpio[2
.inp(o gpio[2°
inpf{o gpio[3

i gplo[

lir{io_data[2
dir(io _data[2¢
lir(io data[3

) ))
) })
) })
) })
) 1)
) })
) })
) })
) })
) })
) })
) })
) })
) })
bs - }) | .
), .inp(o_gpio[1 i muo[ .bidir(io data[15])); .WD_STD 1 EWE_NZE_gplD_Eth],
) : ' ))
) })
) })
) })
) })
) })
) })
) })
) ))
) })
) })
) })
) })
) })
) })
) })

: .wb dat (wb s2m gpio dat),

3] 3]

1] 1]

2] 2]

3] 3]

1] H]

5] 5]

] ]

7] 7]

8] 8]

9] 9] pi1_ - LC A
3] inp{o _gpio[28] .outp(i gpio[20 .bidir({io data[2i
] ] r - - 5 s
2] 2]

3] 3]

4] 4]

5] 5]

1 ]

7] 7]

8] 8]

9] 9]

0] 0]

1] 1]

1]
1]
2]
3]
]
5]
]
7]
5]
7]
1]
1]
2]
3]
4]
5]
]
7]
5]
1]
1]
1]

oty Y

lﬁnpin_gpio[

d
19+]

gpio3l (.oe(en gpiolZ il gplo[ .bidir(io datalz
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RVfpgast¥6: 5SweRV EH1 ) ZERE

wb intercon.v: 7-1% o SEH

wh_mux
(.num slaves (7},
.MATCH ADDR ({32'hO0Boodgos, 32'h2ooe100 32'hoeoolo40, 32'h00001160, 32'hO00O126E
MATCH MA e e R e e e S R e R R e R
wb mux io
(lLwb clk 1 (wh clk 1),
st 1 (wbh_rst 1),
(wb_io adr i),
i (wb io dat 1},
(wb_io sel i),
(wb_io we i),
(wb_io cyc i),
(wb io stb i),
(wb_io cti i),
(wb_io bte i),
(wb_io dat o),
(wb io ack o),
- o (wb_io err o),
o {wb io rty o},
) ({wb_rom adr o, wb sys adr o, wb spi Tlash adr o, wb sp1 accel adr o, wb ptc_adr o, wb_ i uart adr o
dat o {{wb rom dat o, sys dat o, wb spi flash dat o, wb spi accel dat o, wb ptc dat o, i i “uart dat o
sel ({wb_rom sel o, sys sel o, wb spi flash sel o, wb spi accel sel o, wb ptc sel o, wbh_ ) o uart sel o
({wb_rom we o, Sys we o, _spi_flash we o, wh spi accel we o, _ptc we o, 5 wWe _uart we o . ) )
. cy ((wb_rom cyc o, 'SYS “EYC 0, spi flash cyc o, wb spi accel cyc o, ptc cyc b uart cyc o flfl[fir]r]ﬁi[’a | f;fr][j;ai.
.whs st [{wb_rom stb_ sys stb o, wb spi flash stb o, wb spi accel stb o, wb ptc stb uart sth o =
cti o {{wb rom cti o, wb sys cti o, spi flash cti o, wh spi accel cti o, ptc cti ~uart cti o
wb rom bte sys bte o, wb spi flash bte o, wb spi accel bte o, wb ptc bte _uart_bte o
wb rom dat i, wb sys dat i, wb spi flash dat i, wb spi accel dat i, wb ptc dat uart dat i
wb rom ack i, sys ack 1, wb spi flash ack i, wb spi accel ack i, wb ptc ack ‘uart ack 1
({wb_rom err i, sys err_i, wb spi flash err i, wb spi accel err i, wb ptc err ‘uart err i
({wb_rom rty i, sys rty i, wb spi flash rty i, wb spi accel rty i, wb ptc rty uart rty i

O S T = T = T =

RVfpgav2.0 © 2021 <79> qj
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RVfpgaski7: 7RETSRE

A
R

SISl
Sl <

N
WD NG
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RVfpgasZi7: 7Bt B FiEAR

A ‘ "‘"'" """" T1TLEDE:: A-G
S I 1 S e AH MR AT BT E T
F i - T 1: BELRICE:
- L.J L_ - 2: AB{. BE:. DE!. EBRIGE
E ::C St ’ ::;m’ lm’ 3: A'Eﬁ\ BE&\ ngﬁ\ DE&%HGE&
: oo LIRS

P RIS C-\/° e chroionies Q] imagination




S
>l
3|

RVfpgasZih7: Nexys A7_EHI7ER &

8L 7 B 7 BF

TG ARSI
Enables Reg: 0x80001038
Digits_Reg: 0x8000103C

e SR A R

s AT R R T

Pt - e ; Enables Reg = OxFC (0b11111100: ¥ &g

2 e e LY o AT D

g - o [ | Digits Reg = 0x71

IC4RIES: 11 t0, 0x80001038

I1 tl1, OxFC

S e e I1 t2, Ox71

H _'_._ " sw tl1, 0(t0)

sw t2, 4(t0)

TERAE Fr k6. https://reference.digilentinc.com/

P RIS C-\/° e chroionies. Q] imagination



RVfpgasLie7: 7B Son R

——

AR E SN (B —AI A LED 8PL7 B BE

E/(J BE] *&@Ti %E—‘ibt@ ) Common anode ~ ¥
BH 1;& %%ﬁ%ﬁﬁ%{%% (ANO = AN7) AN7 ANG AN5 AN4 AN3 ANZ AN1 ANO f;’}
BN S S LA AR N A7 CANO-ANT (o ,—, ,—, ,—, ,—, {’"‘}
ZWArgy CRER) HALED) 1y o o ,_’ l_' =

> Ay 7y » CIACB cC C'DC'E ClF CIGDIP ClACBCC CDCE C|F CGDP

}Sﬁﬁ/fl—[‘ Hﬁ%‘/l\&igﬁngt_‘i@ Eight-digit Seven W{! |DF’
A B A I DT 217 St D =1 @
%{%ANO - AN7 %‘%E@Bﬂ‘ﬁﬁﬁﬁ , ﬂ‘uﬁ Individual cathodes

B—f LERE—E
—/MIANTE S (ANO - AN7) i
1-16 msA2 MK HL-F A R

P RIS C-\/° e chroionies Q] imagination



7

RVfpgasLie7: 7B B FRIEESLI
FEE RIS

RVfpgaNexys 5t F 78 Bos BRI &ERE CAEMFH 52 X 380
SweRVoIfX 14 5 i 7 BB s AR He (v a] BH 22 X 350D
7E R FEAISweRY EH1 [A)fi%EH: (A H 52 X 1)

l,

Address

Boot-ROM |_l\— e
4 3
sys-con H Address[15:6]
~J

Address[5:2]

]
SPI1-Flash )— -
<
c WB-AXxi SweRVY
ShiZzAceel I_ = Bridge | | EH1
©
Ti'mer |— Q
o
-

ﬁ’_ | GPIO1-LEDsSw |— '
~—' UART |

R ® % 2.0© 2021 <85>
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RVfpgaSLih7: AMERidEs:

Arvfpganexys.xde: € XA E7ECUE R FFIFCA-CG (FESoCH R A
Digits_Bits[i]> FANI[i]#ZE#:

segment display

prnpwrfy
_property
_property
_property
_property
_property
property

l..'l

[74]

_property
_property
_property
_property

-operty
prnpwrty
_property
_property

e
e
SE
#5€
e
e
se

wmowm l..| [%y]

(73] l'l l'l

-dict
-dict

-dict
-dict
-dict
-dict

-dict

-dict
-dict

-dict
-dict
-dict
-dict

-dict
-dict

ot _property -dict {

[ PACKAGE_
{ PACKAGE
[ PACKAGE
PACKAGE PIN H15
| PACKAGE_

PACKAGE PIN

{
{ PACKAGE PIN
{ PACKAGE
{
{
i
g
1

_PIN
PACKAGE PIN
PIN
_PIN
PIN

PIN

{ PACKAGE PIN
{ PACKAGE PIN
[ PACKAGE PIN
[ PACKAGE PIN
{ PACKAGE PIN
{ PACKAGE PIN
[ PACKAGE PIN

T1le
R1@
K16
K13
P15
T11
L18

J17
Jlis
T9

J14
P14
T14
K2

ul1s3

®

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
TOSTANDARD

TIOSTANDARD LWCM(
}

IOSTANDARD
IOSTANDARD
TOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
TIOSTANDARD
IOSTANDARD

LYCMO!
LW CM(
LW CM(
LUEME
LVCMO:
LV CM(
LVCMO:

s i e 0 o |

=

[
(¥ T l.,.'l [¥3] Lﬂ L,."] %3]

L=

LVCM

L”CMI
LVCMO!
LYCMO!
LVCMO
L”CMI

l.."1 l.,"] I.,"J I"J l.."1 l.,."] wm o

[ ¥¥]

WL W

[ ¥¥]

W W w

Lu L.l_

=]
._)_'

[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:pmrts
[get ports

RVfpgav2.0 © 2021
Imagination Technologies

[ CA }
[ CB }
L EE )
[ CD }
[ CE }

1
1

{
{
1
{
1
1
{

r
1

CF }

o el el b bl bnd b

{ oP
AN[O]
AN[1]

[ AN[2]

AN[3]

[ AN[4]
[ AN[5]

AN[6]
AN[7]

<86>

me mE wa mE ma

#I0
#I10
#I0
#I0
#I0
#10

#10_
; #I0 L19N T3 A21 VREF 15 Sch=dp

r

L24N T3 ABO D16
25 14 Sch=cb
25 15 Sch=cc
Ll?P T2 A26 15 Sch=cd
L13P T’ MRCC 14 Sch=ce

L19P T3 Al@ D26 14 Sch=cf

L4P To D04 14 Sch=cg

14 Sch=ca

#10 L23P T3 FOE B 15 Sch=an[0]
#I0 L23N T3 FWE B 15 Sch=an[1]
#I0 L24P T3 AB1 Dl? 14 Sch=an[2]
#I0 L19P T3 A22 15 Sch=an[3]
#I0 L8N T1 D12 14 Sch=an[4]

#In L14P T2 SRCC 14 Sch=an[5]
wIﬂ L23P TJ 35 Sch= an[6]

#I0 L23N T3 A@2 D18 14 Sch=an[7]

Q] imagination



RVIpgasZ¥i7: SweRVOIfXEE ik

AEswervolf_syscon.v: 7B RS 4R S5H]. bR 7 ES (_clk) MENL{ES (_rst)
Ah, ZRHGA BN NS S (Enables_RegAIDigits_ Reg) , BIEI TR I 51725
e B A . IZE T P NME S (ANFIDIgits Bits) , XMAME SIERIIR F7TERE

NBE o

reg [ 7:0] Enables Reg;
reg [31:0] Digits Reg;

.Clk (1_clk),

.rst n (i rst),

.Enables Reg (Enables Reqg),
(Digits Reg),
(AN),

(Digits Bits)

R ® RVf 2.0© 2021 <87>
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RVIpgasZ¥i7: SweRVOIfXEE ik

Z iR se L T SevSegDisplays Controller, HA A& DIF T
HLJG:
WAL T2 (BESevSegMux) , T ik£A2 mskik FANA
Digits_Bits{5 5 1 1{E
THHEE (Fcounter) , AT 742 ms/E .
i as (#itkSevenSegDecoder) , M T#uH 25 4+ 7Sk diE 1 B AE

R ® % 2.0© 2021 <88>
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RVfpga

AT

Eg R

7E B°]

7E B°]

RN

P RIS C

S2U68: ERT 2

RVfpgav2.0 © 2021 <90>
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RVipgaskii8: EHT 4%

€ B % DL %g 1400 5 33 1 B8 0 1T 2 28
& LT HLASoCH
T4 R B

R ® % 20© 2021 <91>
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RVipgaskii8: EHT 4%

l Address

Boot-ROM | | Decoder
S\IS-COI‘I ’_ Address[15:6]

kf:l l_','l-l:l (] [ | L','J oy o |
i R i Y et I o I i R ot
S
<—'| SPI1-Flash i—

-L

Address[5:2]
Y
: < _
—  SPI2-Accel |_ = WB-Axi SweRV
* = Bridge EH1
©
Timer ' D
. o
7 (2] «—| GPIOI-LEDSSW [ 7
E—j UART | n] \OpenCores
. (https://opencores.org/projects/ptc)
Fhix

ARIUE ) S N BB
® RVfpgav2.0 © 2021 <92> qj
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RVfpgastii8: ERT# (PTC) fHiR

ERfE L (WHCAPTCE ) H T
XTI (B —AME S A, WO E
Bk 5E %] (Pulse-Width Modulation, PWM)

i AR A e T R RR SR (R (RN 5 55 HE)D

F T PA% 75 S el vk AL

S B

PWMpRH]: 33% 5550 (3
ML (E 5 /)

SAEL/3HIE A N N R

AT 5L

) MR EHE A3V,

S HE) A3V *0.33=1V

Period
v
-——r———f——————- - ————- |~—— Averag
oV —
-«
Duty Cycle =
33%
® RVfpgav2.0 © 2021 <93>

P RIS C
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RVfpgastii8: xERT#% (PTC) #HiFa:

0x80001200 1-32  R/W  FEPTCit%i#s

0x80001204 1-32 R/W  PTCHH-FZS %/ 170
0x80001208 1-32  R/W  PTCIKHLFZS%/fiE 5170
0x8000120C 9 RIW  #=iil 51745

RPTC_CNTR: 1t#i#y (& mifE)

RPTC_HRC: =HFZHEHIE - TonPWMAELU R i H N AR A sy B B B A (BALE)
RPTC_LRC: KH-FSHERIE - Fon i B e i 838 M-8 o i B R (B4
JG) 5 FEasPWMAEL LN Hr H B AR AR H T i e A (BALE)

RPTC _CTRL: #2717 88

P RIS C-\/° e chroionies Q] imagination



RVfpgaski8: sERf#s (PTC) M| &1 as

42 5 0 35 B

R/W 0  EN: E1K, RPTC_CNTRi#IY,

R/W 0  ECLK: EEEMES: ShEuter GEidptc ecgt) (1) BRRGHEN (0)

R/W 0  NEC: FHTiE£A R (ptc_ecgt) MR B/ A A B/ B B

R/W 0  OE: fHEEPWMHH IRS)2S .

R/W 0  SINGLE: E1Wf, RPTC_CNTRYEIAZFIRPTC LRCIE G AN ikt . JEZERS, RPTC_CNTR{E
X F|RPTC_LCREF 77 H HIME J5 EH#T A 3

R/W 0  INTE: EH1A}, 4RPTC_CNTR{EZ:T-RPTC_LRCEKRPTC HRCHIMEMT, PTC¥siikrE
NE . E5IEER, Tk

R/W 0  INT: GRHUE, ZARRFRCE R . B1nf, R\ Db, Hizhz
BHNLES, A WIE RO B

R/W 0  CNTRRST: EH1A}, ¥ EAIRPTC_CNTR. J&EZER, THEE8 EH TAE.

R/W 0  CAPTE: E1Kf, RPTC_CNTRH¥#:4fi#£ ZIRPTC_LRCEKRPTC HRCHFfF-asH . 5 EHT,
THE T BEE A BE iz o

0

P RIS C-\/° e chroionies. Q] imagination



RVfpgaSLi8: &R} 254

WRPTC_LRCE NZETHET) & BA%L
WEES (RPTC CTRL) AR E &2,

BB HiER . RPTC_CTRL = 0xCO (0b011000000) : CNTRRST (hit7) =1:
SALHEZ: (RPTC_CNTR =0) ; INT (bit6) =1: JEEEHWHENR.

e E R Hr: RPTC_CTRL = 0x21 (0b000100001) : EN (hit 0) =1: fiifgit
s, MMifFRPTC_CNTR#SS; INTE (bit 5) =1: *4RPTC_CNTR == RPTC_LRCHY,
PTC K b B N E R
P P B s B A7 2e T a2 (INT/Z2RPTC_CTRLIbit 6) , B3| H
N1 (F/RRPTC_CNTR == RPTC_LRC) .

ZEAEAER W, (BB Wz (INT, RPTC_CTRLHbit 6) LA
Fify AR BSF A 3] TE Ay ) B R A . AT T8 78 SE 00 O v g st 4m] 438 R A BT

R ® % 2.0© 2021 <96>
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RVfpgaSEii8: xERf 28/ ZE LI,

FE N2

(A EEERE)

SweRVoIfXH 52 e 1Y i€ I g B CZ2 I B 522 [X 480
R 23 ASweRY EH1Z [A] ) iEs: CAMIBEA 52 X 380

SweRV
EH1

l Address
Boot-ROM |—I\_ Decoder
Sys-Con | ’ Address[15:6]
Tl Address[5:2]
SPI1-Flash fee
i § WB-Axi
‘\4—' SPI2-Accel |— g Bride [
L )
i «—{ GPIO1-LEDSSW [
._. UART |

R I S C ® RVfpgav2.0 © 2021  <97>
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RVfpgasZXi8: SweRVOIfXEE ik

fswervolf core.v: PTCHH LA

Wire ptc irqg;

ptc top timer ptc(
(clk),
(wb rst),
(wb m2s ptc cyc),
({2'bO,wb m2s ptc adr[5:2],2'bO}),
(wb m2s ptc dat),
(4'bl111),
(wb _m2s5 ptc we),
(wb m2s ptc stb),
(wb s2m ptc dat),
(wb s2m ptc ack),
wb err o (wb s2m ptc err),
wb inta o (ptc_1irq),

.gate clk pad i (),
capt pad i (),
pad o (),

o ()

R ® RVf 2.0© 2021 <98>
: ‘ I S C ImaZ?r?a\’:ion Technologies q: Imdglndflon




SEIS 0.
WX Z)1/0

4
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RVfpgasLi9:. HWrIKz)1/0

T IX 5

1105 Zm#E1/O

Rvfpga £ 4t 1 - W42 1) 2%

pOEGIEE

{Western Digital 1] #h 5 37 31

Mc &

R I S C ® RVfpga v2.0 © 2021 <1005
y Imagination Technologies
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RVfpgasL4e9: H Wrikzh1/Ofj

“RFEIO:

FEP S IEGHR—ME (B , HEBBRSATHE VL.
BRI VR AR AT S RO R

e ARSI —ME (AR AR HAT A I TAE)
1 B X 5h1/0:

4 (B, %Iﬂiﬂﬁﬁﬁxﬁw far b P AR B B P I RS AR (ISR, ARy

W L AR/, R R E R EOR A . ISRAEHE AR (Fan, EEEUT <
HED %FL_IEI@J%'%WM%

LI KA AT, AEPRER AT DA S AT A H I TAE.

: 4 R I SC ® RVfpga v2.0 © 2021 <1015
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RVfpgasZito: AbHE o

7 ] e e F AR A B A S 1 R

FEASSEIG o, FRATTER A5 50y i) A2 A AP BBy

SweRV EH1 N #Z#ERISC-VHIPLIC (CF & 2% s H]88)
VAL EE A W o 12 N AZ AR N AT w3 ] g (PIC) o
BEEA:

2554 1 s

15 MLk

R ® RVf 2.0© 2021 <102>
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RVfpgaskih9: Hh WA fF

SweRV EH1 Core Complex

GPIO
interrupt

(gpio_irq)

GPIO

Port

: y R ISC o RVfpgav2.0 © 2021 <103>

Timer
interrupt

(ptc_irg)

Imagination Technologies
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RVfpgasEifo: -

|

£V

5ZF5

———

R\

Eé’-lﬁliﬁﬁﬂ—iﬁjz

PROGRAM

i Instruction 1
i Instruction 2
i Instruction 3
i Instruction4 ¥

ISR

Determine the source of the interrupt

If GPIO-Interrupt
Instruction 1
Instruction 2

If Timer-Interrupt
Instruction 1

Instruction 2

Return instruction

®

RVfpgav2.0 © 2021

% [ BRI R

Timer

Interrupt
notification

PROGRAM

Instruction 1
Instruction 2
Instruction 3
Instruction4 ¥

>

Instruction 5
Instruction6 |

GPIO-ISR

Instruction 1
Instruction 2
Instruction 3
Instruction 4
Instruction 5

¥ Return instruction

Timer-ISR

Interrupt
notification

\

<104>

Imagination Technologies

Instruction 7
Instruction 8
Instruction 9

Instruction 1
Instruction 2
Instruction 3
Instruction 4
Instruction 5

¥ Return instruction



RVfpgasZi 9. AbFH e i

i WD IPSP/BSP:
i FHWDIPSP/BSPA 464k v
HIUE 42554 H W R ) — AN B 2 AN IR BEISR IV 44 Fx
Vg N fi g H T R AN RS 5 S R TS| B IE
FCVFFTA T
TOYFANER R T

R ® RVf 2.0© 2021 <105>
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RVfpgaskin9: H Wil

ﬁ mLﬁiiHmwutch[O]El’ﬂE wib’%/ﬂ (OBt N->1)

0x80001400  1-32 GPIOHm N\ £ 5

0x80001404  1-32 R/W GPIO%a Hi £ 5

0x80001408  1-32 R/W GPIO%a H! 3K 5 4+ i e
0x8000140C  1-32 R/W W fCVF

0x80001410  1-32 R/W fih % F DT PR ZE AR R RY
0x80001414  1-32 RIW 4Bl A\ 5 GPIO i &2
0x80001418 2 RIW k& fe a8

0x8000141C  1-32 R/W IR ZS

0x80001420  1-32 R/W f#i GEgpio_eclk LAGIAFRGPIO_IN
0x80001424  1-32 R/W e Fgpio_eclk i ROL U

AR, %30 [RVipgaPath])/RVipga/Labs/Lab9/LED-Switch_7SegDispl_Interrupts_C-
Lang.c

R ® RVf 2.0© 2021 <106>
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RVfpgastds9: F Wrasp

wWEHTHHGPIOR 174
RGPIO INTE = 0x10000 ( fmstWnch[O]ElﬁtlﬂLﬁ)
RGPIO_PTRIG = 0x10000 C({ESwitch[0]f#) L Tt i A FR )
RGPIO_INTS = 0x0 (&R AT A H i)
RGPIO_CTRL = 0x1 (R V¥FGPIOH )

R ® RVf 2.0© 2021 <107>
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RVfpgasLi69: W
GPIO ISR:

void GPIO _ISR(void) {
unsigned Int 1;

/* Invert LED value */

1 = M PSP_READ REGISTER 32(GPI10_LEDs); /* RGP10_OUT */

1 = 11 /* Invert the LEDs */

1 = 1 & Ox1; /* Only keep right-most LED */
M_ PSP _WRITE _REGISTER_32(GPIO_LEDs, 1) /* RGP10_OUT */

/* Clear GPIO interrupt */
M PSP _WRITE_REGISTER_32(RGPIO_INTS, Ox0); /* RGPIO_INTS */

/* Stop the generation of this interrupt (1IRQ4) */
bspClearExtInterrupt(4);

}

R ® RVf 2.0© 2021 <108>
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RVfpgastds9: F Wrasp

K4 (IRQ4) 5k WimHZE, B WIRSFEF REN
GPIO ISR

TR 2L B 25 17 75 0x80001018 = Ox1: ¥ GPIOH W 5IRQ4HIZE
V4 R KT
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RVfpgaSi10: HHAT 4R

» s S— M2,
ﬁ ~ Eg'f']‘,m\é%

T S L IR — AL
FHELZ T, FHITA

26 N — IR RILZ L

UART GEH SRS

SPI (BTN

1)

12C (£ BCHE B R] 180

FEARSEEG h, FRAl

P RIS C

L H eV A SPI
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SPI Controller SPI Peripheral
SDO > SDI
SDI [« SDO
SCK F-=------- » SCK
I
O R T — > CS

A AL, RIE AR
AhEE: BRI ER, IR R
55

SDO: HFAT8 ¥ H

SDI: AT IR A

SCK: SPIm} 4}

CSbar: {KHFH R IE

R ® RVf 20©2021 <112>
: ‘ I S C ImaZ?r?a\’:ion Technologies q: Imdglndflon



RVfpgasLi#10: H4TE L%

SPI Controller SPI Peripheral
SDO > SDI
SDI [« SDO
SCK F-=------- » SCK
I
O R T — > CS

SCKZH
M A K IESCKIAWRS, $EHas AR REFE R IZEE . FdEE TRE . (&
%), £ LFHEREE (HXETEER)D

SCK

SDI/SDO Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
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RVfpga £ 4t )SPIF >k H OpenCores
https://opencores.org/projects/simple _spi

A

4% HiE 520 X
SPIFf7-#&

SPCR 0x80001100 R/W 25 1| B A7 A%
SR8 0x80001108 8 R/W RS FAa
SEEE 080001110 8 R/W AR T A7 28
S 0x80001118 8 R/W § BT AT A
S0 0x80001120 8 R/W CSE 77
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Nexys A7 &I ELHE — Mg ADXL362 NIk 1. A R 5EH#E

B2, HUiM:

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

sheets/ADXL362.pdf

P RIS C

Artix-7 FPGA ADXL 362
F14 > SDI
E15 SDO
F15 F-=- - =-»/ SCK
DY oY) > CS
®
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RVfpgasZi10: HniE it e = LI
FE R3S

RVfpgaNexys 5tk st ERE CE M BA 2 X 380
SweRVoIfX HEE il 145 SPIAR B (A i) BH 52 X 15
T FISweRY EH1Z (R f)iER: CHIBH 52 X 380

l ] Address
@ «—| Boot-ROM —\ Decoder
y -~
IR svs_con Addre55[15 :G]
pre T‘ Address[5:2]
’ +——{ SPI1-Flash | =
: < .
: ) Bridge EH1

=i
Timer 9
e )
7 (2] — GPIO1-LEDSSW | T
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M Afrvipganexys.xdc: € X SoCH !l SPIE 5 S5 A MAR s i1 5| BATHY &%

##Accelerometer

set property -dict { PACKAGE PIN E15 IOSTANDARD LVCMOS33 } [get ports { i accel miso }]; #I0 L11P T1 SRCC_15 5ch=acl_miso
set property -dict { PACKAGE PIN F14 IOSTANDARD LVCMOS33 } [get ports { o accel mosi }]; #I0 L5N TO AD9N 15 Sch=acl mosi
PIN F15 IOSTANDARD LVCMOS33 } [get ports { accel_sclk }]; #I0 L14P T2 SRCC_15 5Sch=acl_sclk

set:property -dict { PACKAGE
set property -dict { PACKAGE PIN D15 IOSTANDARD LVCMOS33 } [get ports { o accel cs n }];
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X AFswervolf _core.v: =47 M2 FGPIOF R sL 4]

(clk),

(wb rst),

(wb m2s spi accel adr[2] 3'dl : wb m2s spi accel adr[5:3]),
(wb m2s spi accel dat[7:0]),

(wb m2s spi accel we),

(wb m2s spi accel cyc),

(wb m2s spi accel stb},

(spi2 rdt),

(wb s2m spi accel ack),

(spi2 irq),

.5ck 0 (o accel sclk)
.55 0 (o _accel cs n)
.mosi o (o accel mosi)
.miso i (i accel miso)

'

)
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RVfpgasEie 11-208%iR

S 11-200 R N 2B ZR R 22 0] 43 BT SweRV EH1 A HE 2%

AT o5

BN SLEG 43 AP ER 47
N2 R FE 16 U B

L%

BB

d

AU (]

X

JZ 2 TAE 7 7

FoRG)FE e B Verilator {7 B>

UML)

FATTEFRAAR IR =) DAIDAR X Bl i i M2 ) B AR AR B

P RIS C

®
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SweRV EH1FC & .
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FE%H T EEVeriloghEd i 22 .
memPEERNT 1) i SweRV EH1ALBESS it #s /= 2 1) G M AT S04k : ICCM,

DCCMAIS.
swerviEHCHEARCPU; HAT 4 B SweRV EH1ANFE &% A H 3t 47 S 514k
| ifu_ifcctl |
‘ ifu_mem_ctl ‘ ‘ dec_gpr_ctl ‘
[ dec_ib_ctl | exu_alu_ctl | |
Isu_dccm_mem exu_mul_ctl ‘ ‘ [su_stbuf ‘
_
dec_decode_ctl exu_div_ctl ‘ ‘ Isu_dccm_ctl ‘
fu_iccm_mem dec exu Isu
fu_ic_mem dbg lib pic_ctrl dma_ctrl
mem swerv
swerv_wrapper_dmi

P RIS C ®
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RVfpgasLi1l: SweRV EH1¥i Kk
IEMRVipga A\ [ 145

Stage

(Getting Started Guide, 1 Fetch 1 Stal ot
GSG) Hrif, SweRV
EH1/Z 3207 284 B An 9%k i ik
T 7K 26 I e A FH 2% 3 Align Stall Point
A B T AP 175( y | 4 e Stall Pomt
H/J =] QXZ%}L ’ 7&‘1"1_[‘ 11- 20/I—J‘ Load/Store Pipe 10 Pipe I1Pipe Multiply Pipe Divider
X AT FELH - > DCL | | adder Adder | M1
6 DC2 1 M2 Séﬁcffl?
Pipe
7 Lot EX3 EX3 it B

P RIS C ®

8

9

Writeback

RVfpgav2.0 © 2021 <123>
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RVfpgaski1l: EX$8 (FCLRIFC2) FIXtSFRrER

SweRV EH1/KEHI AT =D B : WAYERT L (FCLIRIFC2) F1—ANN 55 Bt

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 0[127:0
T qofF a0 [ ]
iccm_rw_addr LOGIC
ifu_iQ _instr[31:0]
v " INSTRUCTION
ICCM qiee |91 12700 Aligner | Zli?:lsi:Egﬁ
(ifu_icem_ | | (ifu_aln_ctl) ifu_i1_instr [31:0] —1b_|
mem) iccm_rd
_data ; ; )
ic_rw_addr ifu_axi_rdata [63:0]
1$ q2ft g2 [127:0]
L (ifu_lc_me
m) ic_rd_data
Lite DRAM
: : » Controller
ifu_axi_araddr[31:0]

§)DR External
Memory
R ® RVfpgav2.0 © 2021 <124> qj
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Vg =1YTg

A

kv B N B A A o )

zI011. BUdg (FCLAIFC2) FMrE

FRVfpgaH

B IR AR AR IR 2
i, TR AR A

512 KiB ICCM (fEERIARVfpgalic & H125 1)
16 KiBf5 4 =is 2247

128 MiB DDR#M 171 25
FC1: 5 a4t
FC2: MI$. DD

P RIS C

®

bl (ifc fetch addr f1)
RN AT 28 BLICCMELZ LR 2 .
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RVfpgasEiti1l: X55HrER

XFFEPT BIRAT A T A5

5/ S R B

= =)

RE

/

I 25321

VitES: BB Fe S e e 1R L1 12847

e R 6482, B eI l4 SweRY EHL AR/ M E RS (FEPEAS

HES)

fRIEFRS: WM B 160T 18 AR E ~3261 784,

P RIS C

®
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RVfpgaseiill: A%, EX1/2/3. AT MWBH B

F*?&Zﬂ‘ﬂﬁ#ﬁ‘]?E’z%??)ﬁﬁ&ﬁ‘]ﬂ%iﬁf\ﬁ‘ﬁﬁﬁﬁ: PERERT B . =
PATIT B . RSN RIS (Writeback, WB) B Ek.
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DECODE STAGE EX1/DC1/M1 EX2/DC2/M2 EX3/DC3/M3 comMmMIT WB
STAGE STAGE
i0 i : CONTROL
INSTRUCTION | 22e10- s d 3101 | oNTROL SIGNALE Control Control Control Control Control
REGISTERS o ] UNIT Pipeline Pipglir‘le Pipgline Pip_eline Pip_eline
(dec_ib_cti) dec_i1_instr_d [31:0] e dscoti eij Registers Registers Registers Registers Registers
rd0
MUX \ \
i0_result e3 10-ALU-E4 -
rd1 él
MUX %l
: ml =
raddr0 [4:0] rd0 [31:0] a0 i i @
raddr1 [4:0] rd1 [31:.0]— rd2 MUX . MUX MUX| o
result_e
raddr2 [4:0]  rd2 [31:.0]— rd1
rd3 MUX
raddr3 [4.0] rd3 [31:0]— |
Store / /
Buffer for
waddr1 [4:0] r’;’; s DCCH | N
waddr0 [4:0] Ié:,izzi?: su_result_corr_dc
a0 DCCM
wd0 [31 0] rd?2 MUX g \ 3
— 1 wd1 [31:0] i = — g
' Lite DRAM i £,
5 3 Controller o dc3 %
Register File z o
(&)
(dec_gpr_ctl) \ 3 - | 8
¥ MUX] =
rd2 MUX
MUX
rd3 i1_result_e3 1-ALU-E4
MUX / /
) i1_result_wb . 5
rdQ —
— dividend
rd2_Tmux 34-cycle Out-Of-Pipe
41— DIVIDER
r ——  divisor (exu_div_ctl)
rd3 —Mux
I
i0_result_wb




RVfpgaStiill: EASEN B

PEAD T B PAT A T BT 55
Xt 8 AT F A RIESE S (BEH I
KRS MBIER s RBE Y EIE:
EBER
PN RS TE . 104011
Pk EiE
/e EE (LIS)
B AN3ASE BBk TE 2
JUAN 2 B R AE 1] e BV B0 R4 T 1R 45

i

R ® RVf 20© 2021 <129>
: ‘ I S C Ima%?r?a\’:ion Technologies q: Imdglndflon



RVfpgasLEll: $ATHr Bt - INMEEN —NERIESS

I0/I1EE: PN EBEEEES =1 ME (EXL. EX2HMIEX3) . EX1#TALUIBH,
VA EIE: VEEER S —MEA =B (M1, M2AIM3) 1135 BB e 2%
1EAEAE (LIS) Bl LISEEPATINE A8 2.
By Brikds e — MR/ 34 B W B R 48

L 1

= [\
NI

EHE = NHATH B (EX3/DC3/M3) 53R E), M3 12 8o (B —1) MIE
ME1E (10/11. MULBRL/IS) ik F3s g 5,
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AN

| B

o] I 55 A7 A%

HRIprE: A6 5 b HOAN LR £

arfe A A7 AR PR IR

P RIS C

AT A

®

Hp
Helg

PEERINES

HAR B NE AT A . IR A AT

%<ﬁ%@%&é
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11 x28, Ox1
I1 x29, Ox2
11 x30, Ox4
I1 x31, Ox1

REPEAT:
mull x28, x29, x29
add x30, x30, x31
INSERT_NOPS 10
add x29, x29, 1
INSERT_NOPS 10

# x28 = 2*2 = 4 (later i1terations:
# x30 = 4+1 = 5 (later i1terations:

# X29

xX29 + 1

beq zero, zero, REPEAT # Repeat the loop

P RIS C

® RVfpgav2.0 © 2021 <132>
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RVfpgaszi®11: FC1l. FC2RAIXISFM B E

mul t3,t4,t4

add t5,t5,té6

Signals Waves
Time 0 ps B350 ps 48560 ps 48570 ps 48580 ps
clk= |
ifc fetch addr fl ext[31:0] = EEEEEESE '|_3|EIE|ErEIlEiFJ : ] _' i_:u:n:nguzlllﬁl_ :
ifu fetch data[127:0] = 00600000 _/90000130000001  01FFOF3303DEBE33 |
ifu i0 instr[31:0] = CEEDCHE Ll
ifu il instr[31:0]= [HGEEN

00000000 ' “%B1FFAF33

: / R I SC ® RVfpgav2.0 © 2021 <133> q:l Imagina han
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FC1: iF&Emulfs4 k.
1fc _fetch addr_ f1 ext = 0x000000FO0
FC2: MIa&1ifiEas128fi 5 R Ig I 4T84 (LA BER) -
ifu_fetch_data = 0x000000130000001301FFOF3303DESE33
X5 FeHL N 2582 FF 0 K BISweRV EHLH PN IE B
0. ifu_ 10 _instr = 0xO3DESE33 (mul#g4)
%L1 1fu_il_instr = 0x01FFOF33 (addig4)
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PRI . EX1/2/3. A FMWBH BT E

RVfpgastiil

it -
DLW B[R

Time

dec i@

dec il

1@

i1

ia
il
1@
i1

mul t3 t4,6t4

instr d[31
instr d[31
raddra[4
raddri[4
raddr2[4
raddr3[4
rde[31
rd1[31
rd2[31
rd3[3l
inst el[31
inst el[31
a ell3l

b e1[31

a Tf[31

b ff[31

inst e2[31
inst e2[31

inst e3[31

_inst e3[31

exu mul result e3[31
il result e3[31

i

il

inst e4[31

inst e4[31

i@ result ed4[31
il result e4[31

18

i1

inst wh([31
inst whi31

16 result wb[3l
il result wh[31

waddre[4
waddri[4
wde[31
wdl[31

clk
18]
18]
18]
18]
:8]
18]
18]
:8]
18]
18]
:8]
18]
a2
18]
18]
8]
18]
18]
:8]
18]
8]
18]
18]
18]
18]
18]
8]
18]
:0]
:8]
18]
18]
18]
18]

add t5,tsH, té

BIGA31ED
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B A A7 A SO R @ R, R SR than i g TE I

HIH.

EX1/2/3M3RAT: +HE NI,

10 result e4=exu mul _result e3 = 0x6A* 0x6A =0x2BE4

11l result e4=11 result e3=0x6C + 0x01 = 0x6D

HE: MR85 R R A X
waddrO = 0x1C wdO = Ox2BE4
waddrl = Ox1E wdl = 0x6D

: R I S C ® RVfpga v2.0 © 2021 <1365
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TEF T Has 2 H AT K 2 Bk # as
R R T K FE R .

Reserved

RES

CSR read/write

AL AR

55
it
ey
B
ill

.

Cycles SB/WB stalled

Cycles clock active

CSR write rd==0

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

W o~ Wwh=|O

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

RVfpgav2.0 © 2021
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RVfpgasE

s Western Digital f{JPSPA# FH 4 fg 11 $ 2%

#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'™)
#endif
#include <psp_api.h>
extern void Test Assembly(void);

int main(void)

{
int cyc beg, cyc end;
int instr_beg, instr_end;
int BrCom_beg, BrCom_end;
int BrMis _beg, BrMis end;

/* Initialize Uart */
uartinit(Q);

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_COUNTERL1);
BrCom_end = pspPerformanceCounterGet(D_PSP_COUNTER2) ;
BrMis_end = pspPerformanceCounterGet(D_PSP_COUNTER3) ;

printfNexys(*'Cycles = %d', cyc_end-cyc beg);
printfNexys('Instructions = %d", instr_end-instr_beg);
printfNexys('BrCom = %d", BrCom_end-BrCom beqg);
printfNexys("'BrMis = %d", BrMis_end-BrMis_beqg);

while(1);

P RIS C

®
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ASZIG T SweRV EHA /K & H B R FIZ 3545 2t
5 e ooy Fadds 2.
53 N7
add$5 4 HIFE A 53 Mt
addfs 2 K& E DT
X AR AT AR R s AR e, a0 N — 5K Z)0T B P

Ll

N
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-globl main

main:
11 t3, 0x4 # 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
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add t3,t3,t4

Signals
Time
clk

dec i@ pc d ext[31:0]
dec 10 instr d[31:0]
raddro[4:0]
- raddrl[4:0]
al[31:0] 6BBOBOOT
b[31:0] 00000001
T T 3 ffl3l:e] | |ECEEE
- b ff[31:0]  [EEEEEENE

out[31:0] £OHOOOO

waddro[4:0 )
weno
wd0[31:0] DOODOODD

dout(31:0]  [EEREEEN

P RIS C ©

15160 ps

1o00PR110 !PPAAE118 !PPEAA120 'PEEGO128

0eeeeO0E

00000007 | ©OPORORO

/o0POEEE1  BOEEEOOD

0OOOOERE  BAAOOOEE

RVfpgav2.0 © 2021 <142>
Imagination Technologies

00eB0130 'GOOOOOED |



RVfpgastii12: FEA 74 — SweRV EH1I /K £

Decode EX1 1 EX2 4 EX3 pCommitgWriteback
ladd t3,13,t4}——  CONTROL
Instruction Register UNIT
(signal (dec_decode_ctl)
dec 10 _instr_d)
+
\
T
28 (13) raddrO rdo |2 ! a_ff
29 (t4) raddrl g
out
28 (13) waddr0 >
wen0
1 3 wdo rd1l b L b ff
REGISTER %
FILE (exu_alu_ctl)
(dec_gpr_ctl) Pipeline Pipeline
Registers Registers
® RVfpgav2.0 © 2021 <143>
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Hifi: . {55dec_i0_instr_dfl & 32628154

0xX01DEOE33. 7ERISC-VH', addfg 2 K7 E&N: 00 | rsi |

000 | rd | 0110011

R B0/ 1S -

(fE5out=8) .

HiHi+5:. HE. HBINERERE
wenO = 1 HwaddrO = 0x28

Hii+1:  EX1: $STaddFsd . B InEER S AR NALUR

ERX B, R RIERIE S IR EF AR Mo, #BEEC

1. wdO = 0x8.

Pl A7 A A

: I S C 0 RVfpgav2.0 © 2021 <144>
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B vadd i< 10 E TR K.
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Decode EX1 EX2 EX3 Commit Writeback

L ] 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
T P S S | | Sone S S
ignals
ctl) dd [66:0] g
i0ap_el [19:0]
= e3d
[
g
& ALU =]
@ &
gpr_io_rsl_d el \ (eXU_a|U_Ct|) _ o
dec_i0_rs1_d [4:0] = aff ap S <
raddro0 [4:0] 0 aff o =
dec_i0_rs1_en_d © = S
rdenO rd0 [31:0] < o [iOwbre
deC_iO_I’SZ_d [40] raddrl [40] > out [310] = % sultff
: — _ 2
dec_i0_rs2_en_d rdenl bff S; D, [i0edres o
bff £ = | ultff — o
I N
wen0 ) gpr_i0_rs2_d |0eﬁ]r(fes o, i0e3res g S;
rd1 [31:0] i0_result_e1 [31:0] = 2 £ ultf o ©,
waddr0 — > 7 = =) <
exu_i0_result_el [31:0] o k' o
wd0 o &, -
2 Z
. . o P 4
Register File 3 §' o
(dec_gpr_ctl) o 8
1 |
o =)
i0_result_wb_raw [31:0]
dec_i0_wdata_wb[31:0] = i0_result_wb 2.1
MUX
A Vara i ML R
v ' IO' ’ é‘ H{l 'i‘r 23 dec_i0_waddr_wb[4:0] = whd.iOrd[4:0
addig & & HI0E1E B & 0.0 0f40] =)

dec_i0_wen_wb






RVfpgasEi13: fajfr

SEIBHE A TR B35
I3 N =857
(RIERTINER: KB BUERIER DCCM (RE s AT EL) B (R IN#/ 1 fig
B HE
R FfE: FEEDCCMIIAESE

SRR fEi/ B Nexys A7 KK _FIDDR 441 2% i) &
BRI HT
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RVfpgas

ci813. %

- ABITEFF

-globl main

.section
A- _space 8

-text

main:

# Register t3

-midccm

= x28 (register 28)

REPEAT:
INSERT_NOPS_1
Iw t1, (t0)

Imagination Technologies

la t0O, A # t0 = addr(A) INSERT_NOPS_9
Ii tl, Ox2 # tl =2 INSERT_NOPS 4
sw tl1l, (t0) # A[O] = 2 Iw t1, 4(t0)
add tl1, ti1, 6 # tl = 8 INSERT_NOPS 10
sw tl, 4(t0) # A[1] = 8 INSERT_NOPS 4
beq zero, zero, REPEAT # Repeat the loop
INSERT_NOPS_9
.end
® RVfpgav2.0 © 2021 <149>
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lw t1, 4(t0)

Signals
Time
clk
dec 10 pc d ext[31:0] 9EBEO144 [1PEEBR14C
- dec i0 instr d[31:0] ; 3 |/pe42A303
lsu rsl d[31:0] 0 |[Fee40000
I _].ﬂ.l cr_ffEt d[ll Et] | a4 leee

rsl dc1[31 ]

offset dcl[11:0] -.E:::::- — - pB4 T
- full addr dcl[31:0] BB40000 \FBB406004

dcem rden

18708 ps

oapoo1ed

|6686016C |9HDOO174 (BBBBOLTC

_ deem data lo dc2(31:60] & [T R
10_result e4 final[31:0]  EEEEE N T G

waddrﬂ[d.@]

wdB[31:0

__'-"——_—n——]u

tl

R I S C ® RVfpga v2.0 © 2021 <1505
y Imagination Technologies




RVfpgaSt4i13: fIRIERT N#EL — SweRV EH1R K 2%

Decode DC1 DC2 DC3 || Commit || Writeback
: : UNIT
Instruction Register
(dec_10_instr_d)
I ff tcLI1 ‘
Su_ofiset_ offset_dcl (=)
— DCCM g',
OxF0040004 —
(O 4dro ~ full_addr_dc1 T
=
O0xF0040000 <
rd0 | S, 8 8 8 8
- rsl_dcl dccm_data_lo_dc2 o
M) | vaddro 2 g
8 waddr 3| Adder @
wdO = o
dccm_rden -
RE(F;:E;ER Address Check u
Pipeline (Isu_addrcheck) 1 Pipeline
Registers Registers
® RVfpgav2.0 © 2021 <151>
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RVfpgasSCii13: KIERT N — 8T

A i B A AR HNE T I DR E R
t0 = OxFO040000
Offset = 0x004

R #Hi+1: DC1:
&b full_addr_dcl = 0xF0040004
BT I g 2 X > deem _rden& N K

A HHi+2: DC2: i%ltDCCM - dccm _data_lo_dc2 = 0x8

JHi+5:  BE: KM FES RS B 25 A U
wdO = 0x8
wen0 =1
waddrO = 0x6

R I S C ® RVfpga v2.0 © 2021 <1525
y Imagination Technologies
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RVfpgasZi13: EIERT IR o-#T

N5k ZJT A BRI N bwde 2l o 104 18 AT 1A 18] 38 7 1) 2 E 0 &R )
TETE B

SEIG11 LA AR, (B BT R R FELSUE 1E, et 5 lwis
A FHRBITEAE B

SEE L3S S it T B A Bwe g2 AT IR RSB BR TR AN U (A
AEED .
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W{d

dec_lsu_offse

Decode ” DC1 DC2 DC3 Commit
Isu_p[18:0] | Pipeline Pipeline Pipeline Pipeline
— | Registers Registers Registers Registers
for for 1<) for 1<) for = e4d.i0secondar
. Control Control 2 Control | & Control ) cadiov y
" Signals LOG| [——— end_addr_dc1 [31:0] = Signals e Signals | & Signals 3 e4d.ioload
IC full_end_addr_dc1 [31:0] s, s, =) =
~ " 'El .El o, @ N~
LOGIC |3 ]offse Adder % dccm_data % g s} 9| ™
gL ’f/ DCCM —= hi_ff = £ 3 3
= == =
S offset_dc1[11:0 . G G o —_ - )
5 el lsu_addr_dc1 [31:0] = (Isu_ | 8 | ALIGN, %' o ~8 1311 io_result_e4_final [31:0]
- - full_addr_de1[31:0] | Jcem MERGE| = o E MUX
° rsl Isadder - dccm_datal And ) %l gl =
_\a'— LOGIC ?EJ LOGIC rsldel| mem) ) lo_ff =) ERROR 2 2-1 5 Isu_resul e g
i @ } 2] S | CHECK MUX— LOGIC ——=—{t_corr_dc o
2 T N ™ 2 4ff 8
5! 2 s, g 4 ol
é - | Ql 2: L—T al 8|
Address Check § § %
(Isu_addrcheck) e e =
3 3 3
addr_in_dccm_dcl © B
LOGIC deem rden bus_read_data_dc3 [31:0]
addr_external_dcl addr_external_dc3

Lwils 7 I0E BRI 1R &




RVfpgasLii13:

0k — R BIFE P

-globl main

.section _midccm
A- _space 4000

-text

main:

la t0, A

i1 t1, Ox2

1 t2, 1000
INSERT_NOPS_ 2

# t0
# tl
# 12

REPEAT:
sw tl1, (t0)
INSERT_NOPS_10
INSERT_NOPS_4

Ilw t1, (t0)
INSERT_NOPS 10
addr(A) add tl1,tl1,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

® RVfpgav2.0 © 2021 <155>
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Signals Waves
Time 17900 ps
clk
= d_ecjiﬂjpt: d__ext_[3T:EJT Il coc00110 (06000118 00000120 00060128 |060BO130 00006138 |0B000140 |
dec 10 instr d[31:0] M'GUDDDE}P——

- lsu rsl d[31:0] FOB4000C POORORED

Lsu offset d[11:0]

__exu_ lsu rs2 d[31:0] )PEROR1E  HOEEOEOO
rsl dcl[31:0] FOB40008 |[FOB4OOOC

- offset:dcl[ll:e] 660

full addr dc1[31:0] FOO40008 | [FOO4006C

dccm wren | ]
- dccm wr addr[15:0] 6600 _ 1908C . i
dccm wr data[38:0] 6660600600 14900000010 '

R ® RVf 2.0© 2021 <156>
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RVfpgastiu13: fIRIERT 4% — SweRV EH1Hi K £

DECODE STAGE DC1
sw tl, (t0) CONTROL dcem._ wren
Instruction Register UNIT
(dec_10_i1nstr_d) L
0 0
offset_dcl
Isu_offset_d
O0xF004000C
~ full_addr_dc1| — deem wr_addr
5 (t0
9 radaro Isu_rs1_d 0xF004000C
0 rsl_del dccm_wr_data
Adder Ny
6 (t1) 1 exu_lIsu_rs2_d 0x00000010
raddrl
REGISTER
FILE Pipéline 'Pipeline'
Registers Registers

P RIS C

®

RVfpgav2.0 © 2021 <157>
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RVipgasEiul3: FEEA DT - i K

JAI I PERY: AR RERNE S IR IR ER
£0 = 0XF004000C

Offset = 0x000
t1 = 0x10

}%%Hl: DC1:
THEHdE: Full_addr_dcl = 0xF004000C

}%ﬂﬁi+6: DCCME)\:
dccm_wr_addr = 0x000C
dccm_wr_data=0x10

R ® RVf 2.0© 2021 <158>
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RVfpgasLin13: AMERiEfE s nER

N9k ZIT A BB ze BT hwds 4 s B R A A Tk P Y R R AT
AT B8 AU 5 SRR AR R B AN it 2 808

AN AF i e 1B I AX LS 2R U 0], 1% 2k ALite DRAMTE il gs #2 L i ik,
IR G TE T LA B HA J5 10 Sk i 88 X 55 9 & 1€ 2IDC3P B .

DC3F B2k 12 B H T i oKk B AN At as I EE, A 2K
F DCCMIIEE
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DC1 STAGE Delay due to DC3 STAGE COMMIT STAGE
accessing External o
Memory Pipeline I:;g;};gfs
Pipeline Registers 5 for
Registers for o, Control
for Control Q Signals = _
Control Signals 9 5 S oecondary
Signals 8, %I e4d.i0load
end_addr_dc1 [31:0] = e N
full_end_addr_dc1 [31:0] Q fl 2.1 5 2 ™
b 2|\ LOGIC s 2
External Memory 2 MU 2 o i
: % ¥ | i0_result_e4 final [31:0]
su_addr_de [31:0] = accessed through AXI o | E MUX
full_addr_dc1 [31:0] Bus 2 g _
(Isu_bus_intf) g Isu_resul 2 %
g' t_corr_dc = /
o Isu_result_corr_dc3 [31:0] 4ff 2
LI
| ;
:I
Lite DRAM
Controller 3

addr_external_dc1

i addr_external_dc3




RVfpgasEi13: AN fEes — ~BIFE

-globl main

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

.text
main:

i €2, 0x020
csrrs tl, Ox7F9, t2

la t4, D

Ii t5, 12

i 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>
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RVfpgasEi13: ShaBfEffias - i E

Signals
z 7ns 17168 ps 17208 ps 17360 ps
Time p p .

dec 10 pc d ext[31:0]
dec i0 instr d[31:0]
]

]

|PBOBB114 |0BOGO1IC |0BEER124

lsu_rsl d[31:0

lsu_offset_d[11:0
RSN S E N
offset dc1[11:0]

full addr dcl[31:0]
"7 7 " lsu axi arvalid
lsu axi araddr[31:0]
1su axi rvalid

lsu axi rdata[63:0] C CAB IAL1ABIEBADCABIE

waddro[4:0]
wene
wde[31:0]

R ® RVf 2.0© 2021 <162>
: ‘ I S C Ima%?r?a\’iion Technologies q: lmqgantlon




RVfpgasEi13: AMEffEfEas — 44T

RIEACH B HHE 8 0x00002204
SRIG, HEhEE L AXIE 2 k35 B AR A7 A 22

Isu axi
Isu axi

-+

JIAS

=]

TEVERSRY B 2Bl 5

)L

_arvalid=1
_araddr = 0x00002200

e, SMEAF AR iR

Isu axi_rdata = 0x0000000800000006
Isu axi_rvalid=1

)5, Me4ArrEdEA
FE 5 NE A7 XA

P RIS C

®

SR AT SR 320L 80, A F 3

RVfpgav2.0 © 2021 <163>
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0] 6 1 AX UL 2R SR EUR) 6447 FdE

SRS AR
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RVfpgasEi14: faEjfb

SCIS1AK LIRS B B CeN1EA AR R E- AR
BRI, EmuliE 2 7ER— I EARIA FEE M B, RIESS KR, IR
TEMUFE AN IR — AN E HA . BRI RE TR (I — N EERD B
A XS DR =K EF - AMNREE R B, Lz =)L
NEBZ BiHAT R AEFR 2 nE . SweRV EH1E A =4 (MAEHD) Bikd,
AR B (AESEMReH ) , (HE THAMN S o O, HAdf
A
HFE, divis2 el RE RN (RIS P31 718D .
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RVfpgaszi14: 2%mulig4 - ~BIER

-.globl Test Assembly

Test_Assembly:

i t2, OxFFFF

Ii t3, Ox3

1 t4, Ox2

1 t5, Ox2

Ii t6, Ox2

REPEAT :
beq t2, zero, OUT # Stay in the loop?
INSERT _NOPS 9
mul t0, t3, t4 # t0
mul tl, t5, t6 # tl
INSERT _NOPS 9
add t2, t2, -1
add tO, zero, zero
add tl, zero, zero
J REPEAT

OuUT:

-end

R ® RVf 2.0© 2021 <166>
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RVfpgasEi14: 2s%kmul$gs -1 E

mul t0,t3,t4 mul tl1,t5,té6

Signals wav
0

35800 ps

Time
clk= [ [ —

dec 10 pc d ext[31:0] = | TEEES JCEEE NN T A T T i L o L P C R LT P (ol
VB CIS LIS S IR S 03060283 J/03FFE333 eeeeee13 |FFF38393 (00AAA333
dec il instr d[31:0] = |[EEiEEEaErOEI e (- T G

IR 00000003 00000002 000PO000

JEISCIEN ccooco0e2 00000000

out[31:0] =  [LEEEEEE 100000006 00000004 |

t0 =  [ECEEEEES | 00000006 |
19 I 00000000 ' 1100000004

R ® RVf 2.0© 2021 <167>
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RVfpgasEi14: 22%&mulig4 - ¥

FE BRI PIZEmul$E &1L A — B HARIA RSB B . 4544 B o BE AL 28 — Zamul 45 &t
1T

FEHRI+1: 25— 2muliB S IEM /K IRIES IR — I B (ML) #0U4T, 18 —2&kmul
52 1L PRI I BY S

JEHRI+2: ZH—2muliBSTE /K ZIRVESI IS8 I By (M2) #0U4T, 18 —4kmul
TRAEFHE B (M1) #47.

JAHHI+3: BB—2%muliE 23R IEE R : out = 0x6.

JEBRi+4: 25— 2mulfE 23RS B : out = 0x4.

FEBAi+6: FAAe AR —4muliB S HI4E 5 (10 = 0x6) T,

FEHRI+7: SR CHERZE - EZmuliE 245 R (€1 = 0x4) .

R ® RVf 2.0© 2021 <168>
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RVfpgaski14: 2%&mulig4 - E

I
. Cyclei | Cyclei+l | Cyclei+2 | Cyclei+3 | Cyclei+4 | Cyclei+5 | Cycle i+6

L L L L L

|
mul t0, t3, t4 (03de02b3)i D WayO | M1 i M2 i M3 i C WayO iva Wain
mul t1, t5, t6 (03FF0333) iDst Wayli D WayO i M1 i M2 i M3 i C Way0 iva Way0
hop (00000013) | A Way0 | D Wayl | EX1 11 | EX2 11 | EX3 11 | C Wayl | WB Wayl
| I | | I | [
nop (00000013) |ASt Wayl! A WayO | D WayO | EXL 10 | EX2 10 | EX3 10 | C Way0

R ® RVf 2.0© 2021 <169>
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RVfpgast¥ild: 34FEIZ 5H#IE - ~BIREFF

P RIS C

Imagination Technologies

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

® RVfpgav2.0 © 2021 <170>
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add x23, x23, 1
x28, (x29) add x24, x24, 1

BO200 ps AA300 ps [ 56400 ps

T ! T 1T ey | | S
dec 10 pc d ext[31:0] = (RN Errrar e o e I e e e T L e e I P I Tl (P il e e o S I L I e
dec_ i@ instr d[31:0]= |[ELEERGCICEEESCOSCEERNTIR I %J'?_L_;?_Eaﬁ_ 60148493 |p01S8593 06168693 96176793 06188693 06198993 |BOLASAS3 |6G1B8B93 [16O1CBCI3 90108093 (06118193 96128293 |GO1CBCI3 |

dec il instr d[31: FFFFBF13 BB1FBFI3 ._EIEPIZEIEH BB136313 66146413 |BB156513 /BB166613 |BB176713 66186613 (66190913 [BGLAGA13 /BO1BES813 '6E1C6C13 66108013 _.E_IE)IFSF'QE 80126213 88136313 _E)GIDEIDB__

lsu rsl d[31: BOBO2BCA  |HEOOOODG :
Bl Lsu offset d[11: ) f Delay due to accessing External Memory.
rsl dci[31:0] 3602504 1 g Independent instructions keep executing.

offset dcl[11:
full addr dc1[31 BEBDZECY

Tsu d)fl arvallﬂ =

lsu axi araddr[31:0]= [EEEHEN
lsu axi rvalid= '
lsu axi rl:Eata[ﬁ_; GRS /11148 1 EBADCABLE | 00EROOGE+ |CALLABLEBADCABLE

dec nonblock Load waddrH.D] = B

dec_nonblock load wen =l
Lsu_nonblock load data[31:6] = 80606060 |peeeeees |
waddrt‘l[-l u] = 5 : ; y

weno =

wdB[31:0] = [ BOOEODEE |DBEOSO3F | 00Be6E7C BE6EEA3F
waddrl[4:8]= H ] ) 1€ 11F B4 B8
wenl=
- wdl[31:8] = AH06E BOGOFFC2 |BOOFFCL |PBOGOATC BeOBEEIF
waddr2[4:8] = ] 1C '

wenz =
wd2[31:0] = (RIS | _ _ / peoeooeE

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)




RVfpgastiu14: 3NN E#RAE — ot

BRI-17: Bwis 24T PR B

HRi-16: 1 H A A2k @ AXLR 2R 1% B ADE A7 28 o
load$s 25545 J LA A B, DME SN ERA7- Mt 2 TR (L4 .

HRi-5: XM R addig &3 TR

Hi: IWwWiES AP RMaddfs 2 NS R B (5 ANFF4 )
THFAR M EE =A5um M, KA PLsLH.

TF OF

i O
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RVfpgasLi14: 3NFENE#E - B

| Cyclei-17 | Cyclei-16 ! Cyclei-15 ! Cycle i-14 | Cyclei-1 | Cyclei

gipiplpiEpigl

I | I | I | I
Iw x28, (x29) (000eae03) i DECO i DC1 i Ext Mem i Ext Mem i i Ext Mem i WB
I | | | I | I
add x30, x30, -1 (ffffOflS)i DECO i EX1 | EX2 | EX3 | | |
| | | | |
I | | | I | |
add x1, x1, 1 (00108093) ; ALGN | DECO | EX1 | EX2 | | |
I | | | I | I
I | I | I | |
add x2, x2, 1 (00110113) | ALGN | DECO I EX1 | EX2 | | |
| | | : | | |
I | I | I | |
l l [ | [ | [
I | I | I | |
I | | | I | I
: : | | | | |
add x21,x21,1 (001a8a93) | | : : | . wB |
I | | | I | |
I | | | | | I
add x22,x22,1 (001b0b13) | | | | | o wB !
I | I | I | |
I |
add x23,x23,1 (001b8b93) ! ! i i i i COMMIT i WB
I | I | I | I
add x24,x24,1 (001c0c13) | i i | | | CoMMIT | | wB
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RVfpgaSEi615: fajr
SZAG 150 43 A o AT i R RAWELHE B I -

nlaEN DL 7 U R RAWEHE B 6. EEAAFR 28 B FE & (HFR
HNFEE) SR H A HEERPAT TS BIE

PRAFNIE LT -
R B FEIEMNER (RS2 BT REBERAWEHE B [
i FIPRANBIAM AL UTE FEAZ B B AR B RAW EiLdiE B 16
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RVfpgasLi:15:

B B PR Y B T AT
HERIINE s SE) A

FEEAEAL

T~

TP AR B E 2

FRAJAT A B R

P RIS C

2]

%t*AC&ﬁ%

® RVfpgav2.0 © 2021
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EDhREE T (ALU. FRevEgs . TFHEDC1IH HA R
Nz g8 R, PINEAF# G 220 Brik

AH ORI NEE
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DECODE STAGE EX1/DC1/M1

i0_rsl1 bypass_data_d

raddr0 [4:0]  rdO [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 rs1_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 - il rs1l bypass_data_d[31:0] —

L

il rs2_bypass_data_d[31:0] —
il rsl bypass_data_d

Fo rwar_d ing il rs2_bypass_data d
Logic
i0_rsl bypass_data_d o dividend
ividen
MUX
i1 rs1 bypass data d 'd2 | vid
Divider
rdl .
i0_rs2_bypass_data_d T divisor
MUX
i1 rs2_bypass_data_d rd3
[




RVfpgasLHe15: % KA EE B K - 5

-.globl Test Assembly
-text

Test_Assembly:

1 t3, 0Ox3
1 t4, Ox2
1 t5, Ox1
Ii t6, OXFFFF

REPEAT:
INSERT_NOPS_8
add[t4] t4, t5 #t4 =14+ 15 (t4 = 2 + 1)
add t6, %6, -1
add t3, t3yt4 # 13 = t3 + t4 (t3 = 3 + 3)

INSERT _NOPS 9
Ii t3, 0Ox3
1 t4, Ox2 1 t5, Ox1 bne t6, zero, REPEAT # Repeat the loop

.end
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. Cyclei-1 | Cyclei | Cyclei+l | Cyclei+3 | Cyclei+4 | Cyclei+5 | Cyclei+6

| | | | | |
| | | I | |
| | | | | |
| | | | | |
add t4,t4,t5 (Oleeseb3) | DECO | [EXLpyi EX2 1 EX3 | COMMIT \ WB |
| | | | | |
add t6,t6,-1 (fFFf8fo3) 1 DECO i EX1 |I EX2 | EX3 | COMMIT | wB |
| | | | |
| | | | | | |
add t3,t3,t4 (01de0e33) | ALGN | [DECO}¢! EX1 | EX2 | EX3 | COMMIT | WwB
I | I I | I I
I | [ I I I I
nop (00000013) | ALGN | DECO | EX1 | EX2 | EX3 | COMMIT | wB
| | | | | | |
nop (00000013)i FC2 i ALGN i DECO i EX1 | EX2 | EX3 1 cowmIT
| | | | | | |
nop (00000013)i FC2 i ALGN | DECO | EX1 | EX2 | EX3 | COMMIT
| | | | |
| | | | | | |
nop (00000013) | FC1 | FC2 | ALGN | DECO | EX1I | EX2 ! EX3
| | | | | | |
| | | I | |
nop (00000013) FCL | FC2 | ALGN | DECO | EXL | EX2 | EX3
| | | | | |
| | | I | |
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DECODE STAGE EX1 STAGE
v
add t3,t3{t4| (0x01de0e33) add[t4]t4,t5 (0x0lee8eb3)
0 [31:0] gpr_i0_rs1_d[31:0] . o i \\
3 aff—
|31 ;
Register File MUX 3 :
(dec_gpr_ctl) o > out [31:0]
b bff b_ff
r1 [31:0] gpr_io_rs2_d [31:0] 1 / i0_result_el [31:0]
2 31 ALU
| MUX 3 (exu_alu_ctl)
3

i0_rs2_bypass_data_d[31:0]

Forwarding Logic | __




RVfpgasLi:15:

B -

1

——

~

Signals

Time

clk=

dec i0 instr d[31:0] =

10 rs2 d[31:0] =

- 10 rs2 bypass data d[31:0] =

P RIS C

a[31:0] =
b[31:0] =

i@ inst el[31:0]=
a ff[31:0] =

b ff[31:0] =
out[31:0] =

10 result el[31:0] =

add t4, t4,t5

Waves

1DEGE33

F"I 0OBE0O0e3

ﬂLHUD 03
uuBuBuDiu;
00000003 |
e1EE8ER3 !

0OOORE62

PPOBABO1

® RVfpgav2.0 © 2021

Imagination Technologies

add t3,t3,t4

JEEEDE

600PO0OD

160000000
: -E":I;-"I-E-:I C|E:|E:|-E| -[:I

"n1[EDEJJ

. t;,l . -|Er -|Erf;,|3.

/DBOOERO3

| 00POOO6

'pPEEBERO

40101

Q] imagination
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fe4add t4,t4,t5 (0x0lee8ebh3) :
A traddfg 2 FI0EEKEXLIF B (10 _inst_el = 0x0lee8eb3) . BfEALUH{THE LA
Tnik:
a_ff (2) + b_ff (1) = out (3)
ok AT PRSI B IE B KB
§4%add t3,t3,t4 (0x01de0e33) -
JEHAi . thadddg A4k Tl RO RIS B (dec_i0_instr_d = 0x01de0e33) . #KiZHE
EXIFT BRI R (iI0_result_el) ¥k 2|PFEMEHrE (10_rs2_bypass_data_d) . -3kl
Z g B R R ER, BARn R
HiEfa =3 CREZF A4 3
EeEHb = 3 CRAIVEEEXIFERIIALUSH, 2R 4E)
JEHAI+1: thaddig A4 TI0EEREXLIMEE (10 _inst_el = 0x01de0e33) . 'BEfEALUH
1R 32

a_ff (3) + b_ff (3) = out (6)
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Decode EX1 EX2 EX3 Commit Writeback

5
ES .
= i0_ap_el [19:0] =
' o
—
r_io_rsi_d 2 %
gpr_10_rsl_i 9I A e3d =) s
J I aff b =,
rdo [31:0] © T out [31:0] z 31| 3 iOwbre| i0_result_wb [31:0]
> ALU & MUX [ = sultff
<) 7
] b | (exu_alu ja 31| @ [oedres g
ot 1l 2 MUX | £ ultff |— o
gpr_io_rs2_d T —cth) Oe2res] g Geares 2 g
rd1 [31:0] i0_result_e1 [31:0] = ultt | = ultff o =
: . 2 — o
dec_i0_immed_d[31:0] exu_i0_result_el [31:0] el 3 Sl
=} 2, =
D 8
Register File - o
(dec_gpr_ctl) " 4
|
=)

i1_result_wb

i1_result_e4_final —
10-1
MUX

i1_result_e3_final —
i0_rs2_bypass_data_d[31:0]

i1_result_e2

i1_result_el




RVfpgasEii15: @R B KR EEIE B K

FEEZA A e R E L e S (AN B HAEEE, Hlaniw. mul Al
div) TEEKBEBRN B .

{HSweRV EH11EEE I FEAE BT B A A I — N8N ALU. CGRBIALU)D
WERS, BCALUEHGE S A E T EEREZEEE.

N, AeEFEETEREY - BN 2RI 7N SINIALU Ch
B PARAERIME 5 AE R
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\k)

R R AR R B

44

B — TRk 2R

EX3

Secondary ALU Forwarding Logic

i0_rs2_e3 [31:0] \

i1_result_wb_eff [31:0][ N\
21

b =1i0_rs2_e3 final

MUX

4-1
i1_result_e4_eff [31:0]|VUX

ypass_data|e3 [31:0]

|
i0 rs2 b

i0_result_e3_final

i0_result_e4 eff [31:0]

LOGIC

Commit Writeback
Secondary ALU
(exu_alu_ctl)
af |
aff
exu_i0_result_e4[31:0]
> out [31:0]
bff
bff
/ \
i0_result_e4 [31:0] 3.1 i0_result_e4_final [31:0] i0_result_wb [31:0]
MUX
Isu_result_corr_dc4 [31:0] /

_____________________________

RVfpgav2.0 © 2021 <185>
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i0_result_wb_eff [31:0]

LOGIC

Q] imagination
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44

\k)

e R IR B

T 5 [ — A~

-.globl Test Assembly

.section .midccm
A- _space 4

-text

Test_Assembly:

la t0, A # t0 = addr(A)
i t1, Ox1 #tl =1
sw tl, (t0) # A[0] = 1

I1 t1, OxO Ii t3, Ox1 ki1 t6, OXFFFF

REPEAT:
beq t6, zero, OUT
INSERT _NOPS 9
Iw
add t6, , -1
add t3, t3)
INSERT _NOPS 8
Ii t1, OxO0
11 €3, Ox1
add t4, t4, Ox1
add t5, t5, Ox1
Jj REPEAT

OUT:

.end

# Stay i1n the loop?

# €t3 = t3 + tl

P RIS C ®
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Cycle i

EX3 STAGE

add t3,t3

20615

i# i ERATHT

COMMIT STAGE

\k)

ALU (exu_alu_ctl)

o [ ] _aff
10_rs2_e3[31:0] N 1 o

\ > out [31:0]
E— 2-1 b [ .| bif
— 1

4-1

MUX L

| =

i0_result_e4 [31:0]

|wilam

3-1

i0_result_e4 final [31:0]

i0_result_e3_final [31:0]

Isu_result_corr_dc4 [31:0]

MUX

i0_result_e4_eff [31:0]

1

LOGIC

44

PR R SR BR B B B — K £

Cycle i+1

> out [31:0]

ALU
(exu_alu_ctl)

EX4 STAGE

add t3,t3,t1

\L‘ i0_result_e4_final [31:0]

3-1

i0_result_e4 [31:0]




RVfpga

2P

20615

clk=

dec 18 pc d ext[31:8]=
dec 18 instr d[31:8]=
dec il instr d[31:8]=
i@ inst el[31:8]=

il inst el[31:8]=

i inst e2[31:8]=

il inst e2[31:8]=

i inst e3[31:8]=

il inst e3[31:8]=

ie inst e4[31:0]=

il inst e4[31:8]=

i@ inst wb[31:8] =

il inst wb[31:8] =

11 result e4 eff[31:0] =

if result e4 eff[31:8]=
il result wb eff[31:08]=
i@ result wb eff[31:8]=
10_rs2 bypass data e3[31:0] =

dec 10 rs2 t bypass en e3=
i@ rs2 bypass data e3[31 e] =
i@ rs2 e3[31:0] =

i8 rsz e3 f1ﬁ31[31 a]=
e OO B
b[31:8]=

a ffl[3l:a]=
b ff[31:8]=
out[31:8] =
i result e4 final[31:0]=
- T T T T waddre[4:e] =
weng =i

wdB[31:8] =

44

‘ii::ﬁ%zﬁﬁﬁ\

\k)

e R IR B

add t3,t3,tl

FROLE006

F

WA

(L




\k})

BRI E R - iR

RVfpgaszi15: @it 7ER

BEES
JEHAi: addig A4 T IEKROREX3FE (10 _inst_e3 = 0x006EOE33) , Iwfs4 4t T 10518 A I X
(10_inst_e4 = 0x0002A303) .

JEl#Ai+1: addfs &4 FEEOMIIRAZM B (10_inst_e4 = 0x006EOQE33) .
Ai% 1% BRIT R
Jil A EFEIWIE IR (FERACHT BO -
10_rs2 bypass data e3 =10 result _e4 eff =0x00000001
21%1% BEIT R
Ji . T Iwiladd 2 [ A OSE,  1BE55 BR 1 -
10 rs2 e3 fTinal =10 _rs2 bypass_data e3 = 0x00000001

K B ALU
JEBRi+1: A BRI FEE T addizg F
out =a Fff+ b FF =0x00000001 + 0x00000001 = 0x00000002
3k 1% BRI
FEHERI+1: EEEEBALUR I (exu 10 _result ed) . CHRIELEMIEMER, %&Fi10 result e4d. )
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SEIS 16 5 e vE A S Bk AL Fe A 5| #E B B 5%
XIS IR T — B4 HHbE G TAEBkEL 1032464, T —% 455 k2
PC+4) .
stk =1 AN
BHEKL, EIE T RIS I, 5

B B2 kA 0030, TN IR AR H U . 20 SCfE e, R SIRINAN s, ALPEEE ] LS BRI 10952
IR S FRIMAR R, RSP AT R R 2 .

SweRV EH1H M/~ R] Ge ) 43 > Fill#s  (Branch Predictor, BP)
T B ST T 28 : ST NA KA. e ZE, (HIRA A
GshareZr X T #S: ERER R, T ZAL AN IREAE A

S8 F naive fllGshare BP 2 #rbeqds 2 B 4T .

N
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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] ﬂ
2-1 Mux
N fetch_addr_next [31:1] Q
%
16 . Q
ifu_bp_btb_target 2 [31:1] £ [faddrfl
T | _ff

—
miss_addr [31:1] o,
EI
exu_flush_path_final [31:1] 3
IS
%I
5-1 Mux @

ALN

pcff

brimm_ff [12:1]

DECODE EX1
CONTROL i0_ap
UNIT
5=
3
(@]
& g ap.beq
S5
5
S 1
20 ff
gg raddr0 rdo wod—2—| aff 2=
eq flush_upper
raddrl == LOGIC
REGISTER b ff
FILE rd1 w2 bff | =
pc [31:1] pc_ff [31:1]

\‘ flush_path [31:1]

LOGIC

.

ibradder

LOGIC




RVfpgasLi16: beqis @#ATMPCIHH — 7~

Test_Assembly:

I1 t2, 0x008 # Disable Branch Predictor

csrrs tl, Ox7F9, t2

Ii t3, OXFFFF

1 t4, Ox1

1 t5, Ox0

1 t6, OxO0

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

OUT:

INSERT_NOPS_8

-end
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Signals

Time

o

—2kbeqiB L HIPAT — 1

w university g

beq t3,t4,0UT

exu flush final=

exu flush path final ext[31:0]=
ifc fetch addr fl raw ext[31:0]=

ifc fetch addr f1 ext[31:0]=

“dec 10 pc d ext[31:0] =

dec 10 instr d[31:@] =
dec il instr d[31:0]=
10 ap[19:0] =
a[31:0] =

flush upper=

pc ff ext[31:0]=
brimm ff ext[12:0]=
flush path ext[31:0] =

Waves

9 '00RRE1AB P

5 |000O01BO |0OOOO1BS

00000013

81684

80100

BBEBB1AB

0ee4 peEd

/00060180

——

— ~




RVfpgaski16: =5 —2kbeqfg & HIAT — 44T

JEHAI - beqfg S KRB B : EIEKOT NI EE —2%beqfs 4 (0xO7DE0063) HEAT1¥AY. A4 iz Hl{E
5. SRR EFER S IS EEZEIOTIE. (E5aflb (A B NOXFFFFAIOXC4) 4y
BN — B AT fE B LB R AN o

JAHi+1 - beqfE S HIEXIBTEL: $iTbeqis 4. LWEE5a FFflb_FF. W% (OXFFFFAIOXC4)
ANFL, RIS KA 5053 FEARBIF, Gshare Tl #s 4251k, BRI BT 73 SC B 45 R 35 A % 4
(i0_ap.predict nt=1) . K, 2 TRIGS R IER, FKERER (Flush_upper =0) .

JAHi+2 - FC1Pr Bt : R T o SC IR e AN KA, MIEFE IR . NMiFE =
exu_Fflush_final =0, 1fc_fetch addr_f1l ext[31:0] =
ifc fetch _addr f1 raw ext[31:0] = 0x000001F0. iZ#hhlig[H F— &L HI12867 154 T .
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Signals
Time

beq t3,t3,LOOP

clk=
-'égu:?lﬁﬁﬁjffﬁaT;V

exu flush path final ext[31:0] =
ifc fetch addr fl raw ext[31:0]=

ifc fetch addr f1 ext[31:0]=

dec 16 pc d ext[31i:0]="

dec i@ instr d[31:0]=
dec il instr d[31:0]=
i@ ap[19:0] =
a[31:0] =
b[31:0] =

Ta ff[31:0] =

b ff[31:0]=
flush upper =i

pc ff ext[31:0]=
brimm ff ext[12:0]=
flush path ext[31:0] =

—2kbeqiB L HIPAT — 1

w university |

Waves

5&@EDLEE Eﬁﬁﬁﬁfégu ﬁ'"nnﬂ?-

OOOO1ED |DBOAOIES

pOB4 1FAD

0ee EE. 1E4

J00001F0

——

— ~




RVfpgasEi16: 3 —2kbeqis @ HIHAT — 44T

A - beqe S HITRIBH By : 7E @ RO X4 — 2kbeqiE 4 (OXFBCEOOE3) #HTH:ME. A miiiKER
BHIEE. BN ERTHIBS RS EXEZIEE. S9aflb CAFF 4 NOXFFFE) Fa 4T
— R BT A8 FH B EL e 28 B3R N

[ BHi+1 - beqfE S HIEXIHrB: $idTbeqfi 4. LLE G 5a _FFRIb_FF. PSS, BRICRAE S o
HiE, FBBP¥ITE S WM N ALZE (10 _ap.predict nt=1) . K, 23 Himgs Resiz,
WIE IR IFE S (Flush_upper = 1) .

JEHAi+2 - FC1MVER: $84 DAE sy ¢ Hbntthhk b 4k 224047 . exu_Flush_final =1 and
ifc fetch addr f1 ext =exu_flush _path_final ext = 0x00000188.iZ bk % B T 73 57
H ik, BPIEEAREE — %48 2 Bl
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RVfpgasL¥:16: Gshare4y ¢ TR 2%

Gshare BP

fghr_ns [4:0] (Global History)

Branch History
Table (BHT)

ifu_bp_kill_next_f2

Branch Target
Buffer (BTB)

offset [11:0]

pc [31:1]

faddrf2

!
!
I .
! Hashing
: modules
!
|
[
!
!
!
!
1
|
!
!
[

exu_flush_path_final [31:1]

L ifc_fetch_addr_f1 [31:1] (PC)

ifc_fetch_addr_f1_raw [31:1] 0

5-1 Mux
2-1 Mux
+ fetch_addr_next [31:1]
16

ff

ifu_mem_ctl

ifu_bp_btb_target f2 [31:1]

faddrfl

miss_addr [31:1]

exu_flush_path_final [31:1]

fetch_addr_bf [31:1]
(Next PC)

ff

(

From Return
Address Stack

2-1 Mux

dout [31:1]

ifu_bp_btb_target]!

predtgt_addr

W— LOGIC

f2 [31:1]




RVfpgaskzi16: 2 —2kbeqtd 4 HIGsharesy >z Fiill 2%

Signals
Time

clk
ifc fetch addr fl 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

600BO1ED
)

DODER1DE

‘PPOBB1DE

®

=80 ps

.ﬁﬁéﬂﬂl?ﬂ :ﬁﬁgﬂﬁ]ﬁﬁ 0eG00190
. "
,POBBOLEE [ 0OOOG01EE /\NOGOOLFE |0OOOO1BE PEOGO1SE
_ 1960
'/pePEB19E

/PBEBR1EE ' \eBROLFE

JBOLEBED3
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42000 ps

|PEO601A0 |DOOOD1EE | 006001CE

|GOBEO1AE |POBRO1BE |POBAOLCE

/POBBO1AE |BOBRO1BE |BBBOOLCE

[ FBCEGBE3 |0

Q] imagination
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SR RS R TR S IR b R 5 Fe @ =i g2 7. ifc_fetch_addr fl _ext =
0x000001E0. ZHR &M HiZHbhb s Hbrge i X (BTB) -

JEHRi+2. EBTBH KA T arth: wayhit 2 = 0x20. K7 i bk (pc_ext = 0x000001ES8)
5BTBIE L mFs &= (offset_ext = OxX1FAO, ZfE N E) +Ehn, BPAT45 2T H Ax bk
(ifu_bp btb target 2 ext = 0x00000188) . H1SHBHT MK K& A5 3L
Cifu_bp_kill_next_f2=21) , NN HFribbi HE T xXEFEPC

(fetch_addr_bf ext =0x00000188) .

JEAERI+3: B e bk oy b — B SR o SR H Arttedlk: ifc_fetch_addr_f1_ext =
0x00000188.

JEARRI+7: RIS S TS (dec_ il _instr_d = OXFBCEOOE3) .

JAIHI+8: $AT . T IER, KAl AT REME (Flush_upper =0) .

JARHI+9: Gn S HU Ew, CRIEIT 4 s H PRtk I R SR AT 3
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AR EAT
< 4
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Western Digitalf')SweRV EH1A4b ¥ 28 723267 W%, K H 9 it 7K 28 FIXL
BEEEAR R T

AR A A0 S B AR 2 BIA, AT U2 5E L

AT LR TE S HIERT Shr = AL BEESAH [F], (HAFH S —IU\Ttt/I\m‘ﬁHiE}th
%ﬂTE’\Egﬁ’JTa 2, MMmEEHEHTE.
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SweRV EH1/2& — XU BB R E AL FE 2%,

——

A RIS TS, TR AT E

%ﬁ‘ﬁ%gfﬁ%&iﬁ%%iﬂwﬁ\%ﬁﬁéi&, HERANE TS B HAME Cin E—

Nk
FAMEIRE S PATEE: PRSI, — &R, — N -1E g —
MR K 2R vE 2%

AR T, SIS EIFEEATERFE S (IPC) N AR R AL T 28 1 P 42

RIRAT S, BB T, MEAFRALIE 28 T N XS AL PR 2R, TERE SIS

1.3 1.54%; (HININE 218 1 7 B F 5 22 i A4

17

FRHZE N #HIE, nSEE A5 Bz )

NI

1 BATR AT TR BRI ARE R, TR I SweRV EHLE S AR

RS B AT N
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U0 2600 37 FRIA-LIE 4 —

B — HK

-.globl Test Assembly

.text
Test_Assembly:
i t2, 0x400 # Disable Dual-Ilssue Execution
csrrs tl, Ox7F9, t2

t0, 0xO0

tl, Ox1

t2, 0Ox1

t3, 0x3

t4, 0x4

11 t5, Ox5

1 t6, Ox6

lui t2, OxF4

add t2, t2, 0x240

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

P RIS C ®

RVfpgav2.0 © 2021 <204>
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RVfpgasts17: DUsEMILHIA-LIRS - i E - Bk

Signal
Time
clk=
== Lis= | — — (==t —— == = = L] = [t
D d dec i@ instr d[31:0]= [EEEEEE BO6EBE33 |40GEBEB3 |PBGFGF33 [GGGFCFB3 | 30606013
neLene dec 10 decode d=
i@ inst el[31:0] = GOGEOE33 |406EBEB3 |0G6FG6F33 |BBGFCFB3 30066013
a ff[31:0]= [& OF |FFFFFFFS |PODBOBOS |BOBDOORGE |78
WAYO0 EX1 (10 Pipe) b ff[31:0]= [CEEEEEEE 0 1200
out[31:0] =  [EEEEEEE p0OOBEO1D |FFFFFFF7 (06000665 80068607

waddro[4:8] =
Writeback wen@ =i

------------------- wdﬂ[ﬂl:ﬂ] = ABORANGD [ |'ooneee1e |FFFFFFF7  |pOORGRES |poRO0ERT || BRREREO
dec 11 instr d[31:0] = [ 13 |BAGEAEI3 ,406EBEB3 |BOGFEF33 0O
Decode = S G — L
dec il decode d=I

11 inst el[31:0] =

a ff[31:0] =

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

waddrl[4:0] =

Writeback wenl =
wdl[31:0] = [EEEEEE




RVfpgasLi17: PUKBASLHIA-LIBS —FE - Bk

PERYRS, PSIBEGE = RIdE 2, (BEAUBMOS B IE S KIZZPATHI B, BRINE B LI K I1X D) BE
25H .
1HB%O:
RN BIH, {E'5dec_i0_decode difZ i1, EARHUL, XTTHRATATOITRINS&ALIE S, HEH AN,
PRI B8 2245331018 (10 _inst_el[31:0]) -
THEEL:
RN BIH, {E'5dec_il _decode difZN0; EARHUL, ST THATATATHITNSALIE S, HAE A0,
PO B R A AL, (il inst_el[31:0]) FHATH .

Ritt, RGUERRBI0OEERALU (LM &EK T 1E Saff. bfFfflout) , JEHAUERH S
RS0 (S ILHE&ER T HE Swaddr. wenfliwd)
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RVfpgasLii17: DUKMIIHIA-LIES - B - K

Cyc1l : Cyc 2 : Cyc 3 : Cyc 4 : Cyc5
| | |
Decode | add : sub : or | 1| xor :
|
-------- r-—-=-q9=-==-
EX1 Il add [ 1] sub [ 1| or
| | |
—————=-=- r-——-9--—-=-I---
EX2 : : add : sub
-------- r—-—=——a1----i
EX3 : : : add
-------- r=———9-———I"—~—~-Tr---
Commit : : : add
-------- r-—=—-q--—=--|~===-r-—--
Writeback : : : :
®
P RIS C

Cyc6 : Cyc 7

RVfpgav2.0 © 2021 <207>
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RVfpgasLi17:

PU & BSTHIA-LFE 4 -

A~ - UK

-.globl Test Assembly

.text
Test_Assembly:

# b1 t2, 0x400
# csrrs tl, Ox7F9, t2

t0, 0xO0

tl, Ox1

t2, 0Ox1

t3, 0x3

t4, 0x4

11 t5, Ox5

1 t6, Ox6

lui t2, OxF4

add t2, t2, 0x240

# Disable Dual-Issue Execution

REPEAT:
add tO, tO, 1
INSERT_NOPS 10
INSERT _NOPS 4
add t3, t3, tl
sub t4, t4, tl
or t5, t5, tl
xXor t6, t6, tl
INSERT_NOPS 10
INSERT_NOPS_3

bne t0, t2, REPEAT # Repeat the loop

P RIS C

® RVfpgav2.0 © 2021 <208>
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RVfpgasEi17: DU&ISLHIA-LIES - E - WK

add or

Signals
Time
Wp— clkn
dec 1@ ﬁstr_d{ﬂ 3] BEEOBE13 'BOGEOE33 |BOGFEFI3  H0OORAL3
Decode dec i@ decode d=
i® inst el[31:8] =

WAYO0 EX1 (10 Pipe) a ff[31l:8]=
b ff[31:8]=

out[31l:8] =
waddre[4:08] =i
ﬂmﬁﬂ'ﬂﬁﬁ wene =i

R i wde[31:0] =  [EEEEE 3665 0060

dec i1 instr d[31:0]= (OB G e
dec 11 decode d=

Decode
11 inst el[31: @I BE6EBE13 | 406EBER3 |BOGFCFE3 BAOOGOL3 _
WAY1 a ff[31:8 i ) .FFFFFF[IF DEEEBEEG ilelEilile

] =i
b ff[31:8]=
out[31:8] =
waddrl[4:0] = [B | 1D IF
Writeback wen1 = e

wdl I 31 H} =i BEBOREED FFFFFFDD 20000007 00000000

FFFFFFDD




RVfpgasEie17: PU&IMSLHIA-LIES — 44T — WK

ER A, NSRS AT R (BB —25) , TR SR TE 2 A3 HAT
Iy (—ZEdI0EE, H—%EdIIEE) .
##%0:
S o R VU 26 A-LFE S R 45, 155 dec_i0_decode d#iZ& N1 CAANH @B
AT
PRI R B 2267210 1E (10 _inst_el[31:0]) .
y ik g
St FoRBl DI &A-LIE &S IW %%, {55 dec_il_decode_difi% A1 (F4MFTEEEEOH
AT
PRI BRI 2B/ 3I1EE (i1 _inst_el[31:0]) .
A, RGESMEHBEEE (0MIL) FIIALU (S RHELEE T HESaff. bff
Mout) , FHESMEHMA T Aes M Him I (I HaEH A+ F{E Swaddr.
wenflwd) .
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EE
?él
RE

=
RVfpgasSEi17: TUKMALHIA-LIES -
Cyc1 : Cyc 2 : Cyc 3 : Cyc 4 : Cyc 5
10 1 1 10 1 1 10 1 1 10 n 1 10 i
Decode | add || sub : or xor : : :
l | | |
___________ Pe—— | |
EX1 i| add (| sub [i| or xor i |
l | | |
___________ T e —" ]
EX2 l 1| add || sub [if or || xor |1
l | | l
___________ I R P
EX3 I I i| add || sub |1] or || xor
___________ R PN el RS —
l l l l
Commit | | l /| add || sub
l l | |
___________ I T D |
Writeback | l l l
® RVfpgav2.0 © 2021 <211>
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add




RVfpgas

L3517: HAHRZRKIREmu bR AP EA-LIR S — 6] - DUk

-text

i t3,
11 t4,
i t5,
i t6,
i tO,
lul tl1, OxF4

add tl, tl1, 0x240

0x3
0x4
0x5
0Ox6
0x0

-.globl Test Assembly

Test_Assembly:
# 11 t2, 0x400
# csrrs tl, Ox7F9, t2

# Disable Dual-Issue Execution

REPEAT:
add tO, tO,

mul t3, t3,
add t4, t4,
mul t5, t5,
sub t6, t6,
INSERT_NOPS

.end

1

INSERT_NOPS_10
INSERT_NOPS_4

tl
tl
tl
tl
10

INSERT _NOPS 3
bne t0O, tl, REPEAT # Repeat the loop

P RIS C ®
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RVfpgaSLinl7:

Signals
Time

dec 1@ instr d[31 B]-l
dec 10 decode d=
10 inst el[31:0]=

EX1 ( : a ff el[31:0]=

Pipe) b 1 ell31:8]=
out[31:08] =

waddre[4:0] =

Writeback wene =
wdﬂ[31 E]‘I

dec il 1n5tr d[31 B]-I
Decode

dec_lludecodemd=
il inst el[31:0]=

INE a ff[31:0]=
EX1 (M Pipe)

b ff[31:0]=
out[31:0] =
Writeback

waddrl[4:0] =
wenl =
wd1[31:0] =

, [0eeBEROO

00690060

PERRRREDR

DEOEEEEE

BOGESER3

B26EBE33

5OPOBE63

|AB6FBFB3

GOGESEB3
BOOBOO3E
BpOEERRO]

BEBEBA3F

026FOF33 |

406FBFB3

HAAZZ R P kmu 98 AR RA-LIE 2 - T . - WK

49900 ps

pEOEER13

BEROEERS

0BOEERO3

BoeReoes

POBODOD3  |PODOBODS ﬁuﬁuDuDG

IBEBRRO13

ﬁﬁhﬁﬁﬁji"

FFFFFFCC

FFFFFFCB

POOOOO3F | FFFFFFCE | 00G0OBRE




RVfpgasE2i17: HAHAZREIPIZ&mul iR KA-LIES — 4+ - AR

BERDIN, PSR BR AR 2R 2 PR 2 X BT B
EB%0:
ST ol eR BT A U & 48 4 %%, {5 5dec_i0_decode difZ& N1 (5 AN 246 %
19 AT IR
P B TR @2 KiERIFVEEE (10_inst_el[31:0]) -
S
ST o BT BT DD 45 F6 4 R I 2%, {5 5 dec_i1_decode_difi#eNl (F4hH &R RS
1 AT IR
PR BLRI$E 4 (dec_i1_instr_d[31:0]) &&#FNI1EE (il _inst_el[31:0)
A, R HIVEEMIPIESRTRALU (3 0E5a FF el. b fFf elflout,
I AE 5a_FF. b_Ffillout) , JFHaM a7 a8 XX Sim 1 (S 0L 2%
% {5 Swaddr. wenfllwd) .
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4 N
SEI6:18:

A ATBT TR
ORNHEE
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RVfpgaSEi618: fajt

A SIS B ﬁf‘a HU7&%\Ej%%T%'ﬁE‘J%HiR%@E&SWeRV EH1ALFEZE, ]
LN CL N #r D Re
WINA-LIES ﬁLRlSCV Ui R iR R e A B E Y R SRIS INE R 5 S
P:%n/%ﬁ?‘ﬁ/\ W=7 53184 . e, B RJGH X tedg k4T ~/wz
) o
NIRRT B ES : I AN s, TR E AT IR S E
fE—degg >, ATE ‘é%‘é’%ﬂzﬂ&aﬁujﬂ‘? P AE, %E?ﬂﬁéi?ﬂm, &
I Qﬁﬁﬁmﬁﬁﬁﬁﬁﬁi@wﬁ & 0] DUAE SEIG SO P 3 B P A R B

|

\I
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SEI619:
182 HiIEZAT
< 4
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RVfpgasEEi19: faj4t

A SEE R B IR FURVIpga R G-l 48 52 5t . RvipgallJf7fifi 4 R 4t

HAELI MU
HNBDDREALfE 7%

e EH s (%)
M MEZ R F g ey (WS ERESFiEes) » — THTHEWEEdE (DCCM) |,
H— N TR S (ICCM) » BRA RS 225 FICCM.,

ARG T EH a2 mE G (1) HEIE. LIk AISHI B E T

o BRI A AR A TR A AR T 3G, IR AT I R
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RVfpgasZie19: ISEC B sk

ic_rw_addr [31:2] (Fetch Address)

20 bits 6 bits 4 bits 2 bits
TAG SET |oFrser l l l l
' 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] — © SET1

ic_tag_valid [3:0]

TagWayO

SET 62

SET 63 _
TagWay1l

TagWay?2

=

TagWay3

ic_rd_hit [3:0]

DataWayO

Datg

Way1l

DataWay?2

DataWay3

4-1 Multiplexer

|

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

3 bits



RVfpgasLyw19: ISR M arFEH - 7~

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

add t0, t0, t
II}ISERT_NOPS_S ) L <El o
Ii t6, 0x10000 add 2. 12, 12

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
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RVfpgas

ifc fetch addr f1l ext[31:8]=

ic act hit f2
act_miss_

ifu axi arvalid=

ifu axi araddr[31:8]=

Time
clk
ifc fetch addr f1 ext[31:8]
ic act hit T2
ic act miss f2
ifu axi arvalid
ifu axi araddr[31:8]
ifu axi rvalid
ifu axi rdata[63:0]
ic wr en[3:0]
ifu wr data new[63:8]
ifu_byp data first half[63:08]
ifu byp data second half[63:0]
ic premux data[127:0]
ifu_fetch _data[127:0]
qa[127:0]
ql[127:8]
q2[127:8]
ifu i@ instr[31:0]
ifu il instr[31:0]
dec i@ instr d[31:8]
il instr d[31:0]

ifu axi rvalid=
ifu axi rdata[63:8]=
ic wr en[3:8] =
ifu wr data new[63:8] =
ifu byp data first_half[é
ifu byp data s

SEE619:

@8+ Becea1D8

+ BEGRO1FD, BEG001CE BEEGA1CE) BEEE0100, BA0GA1DE BAGGA1ED

B0+ 06+ B8 - (A0+ 00+ DO+ DB+ 0B+ BBOOO]+ BOBEA1ER

BEGGA1ER BO0001F0

Becealce

B0pBo1Fe BEBeG1LIT

CALIABIEBADCABIE [ B

2130006
BE L 30066

CALLABIEBADCABIE

CALLABIEBADCABIE
ITI_ITI_I'_1 ,_’.(:11_1:-5

1
CA11ABIEBADCABIE _ e

'ﬁi: CA11AE1EBADCABIE B1+|CAL1AB1EBADCABLE

M 1 e

pl+ cAlf?Bi:piEEaalz D1+ :CAI1ABIEBADCABIE

81+ [CAT1AB]
1 e
91+ /LAl

BADCABIE "y

ABIEBADCABIE
528283
'p1ckeE3aReT:

L.JQQQE'UEIUBLE'F’J35[‘["3000‘3131’?_E{'UUG
BG0BD+ | FF+ D000GE00000PARCEGR00DID0NBE0A000
09+ DOG6091300000013 "'j’;oo;j:r.-t:c&j‘:-ls
e
TIELTY Fr-.'-i=-;lanuwr-3}
[T Bnecﬁ.}l‘*y’ P+ | BAO0SA00
80+ nacoogls FF+ | DBG00000

000 130006RA13

B+ FFFFBFa3

CA1LAB1ERADCABLE BEI0333I06526283

8 1
CALLABIEBADCABLE
BEGEGE1 I0BE6
BE00001 30600001

CAL1ASYERADCARLE

BOGIAIIIM052E2ES

GLCEREI2G+ DEESEROONGGEGIGE0000RAREEEDE000
BICEDEII6+  BEOODDODNDOOCEAa00D00DABG0aIE0000
BICEDE3300738 383006 3033366528263

@+ D0+ BSOBBEED
00+ D1+ BODODDOD

Boeea1Cs

B8+ [CA11AB1EBADCABLE

o e
JB@+ [CA11AB1EBADCABLE

BICEAE3I08TIEIE3

81+ CA11AB1EBADCAELE

“|B1+|CALLABIEBADCABIE | |B1+)CALLAB1EBADCA+
1 e 1 8 1 8

B1+{CAI1ABIEBADCABLE B1+|CA11ABIEBADCABLE |1+ CAT1ABIER

CALLARIEBADCABLE
7]

CALLABIERADCAR]E

B0528283 DO?‘S‘BJ

B1CEREISRG /3 C_}EB.E?_3.3_3 pl.E EOE}.E_




RVfpgasEi19: ISR EH - 0¥

TR T B IRPITL65%addis 2 I EFE#R1E . R IXEFE S AEISH, NI$H
B R, e 4 MDDRAMARAFfif 25 & I 2N1$
FFEZ129 nsfi< ML —XRIS$AZL (ic_act _miss 2 =1) , ZFEMHm kBT AXLR L KL
ik (ifu_axi_arvalid=1) .
FRGURE 8 IS AX LS 2R AR IRIF KA B H AR )\~ 644673
{55 1fu_axi_arvalidi&z227 ) AR m Y. %45 53R R I8 1E 1IEAE A IE A s bk
AFEHIE B
fEifu_axi_arvalid = 1{iX27 M EMA, 55 1Ffu_axi_araddrkidid AX LS AR IR
864N R W] dG L, X8/ Hiuhik 4 2l N DDRAF-fifs 5 152 HX
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RVfpgaski19: |$5%§‘51%?$£ - T

FlE] B B s 1 AN 640 EiE Bl i (5 5 1 Fu_axi_rdatar FIAXIE ZAKIR

PIIA AP 2%

hﬁlfu_axi_rvalidﬁﬁ?i“é‘%ﬁ‘ IEERIEFT TR s, ZES8Ba7Th

FAIE 2 R R R T

J\A~6447 (/\ﬁ%@/‘\ i“é‘ ) i’] il §%ifu axi_rdataTxEé@Eo

?ﬁﬁ/ﬁ‘ﬂ]aﬂ

B2 TH%@JLLP_TI i“é‘ Ml$hﬁ%ﬂ %E%@mekéf WEEIM%%ZEE’T?%E

LIRS

[TEE

Frashar. JUEBE, TRk 2EFEEET B
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RVfpgas

Time

clk

ifc fetch addr f1 ext[31:@]
ic rw addr[31:2]

ic rw addr ff[31:4]
TagWay@[19:0]

TagWay1[19:8]
]

]

0]

]

TagWay2[19:8
TagWay3[19:0
ic tag valid[3:

ic rd hit[3:@
1c_act_h1t_f2
ic act miss f2
Dataway@[127:0
DataWayl[127:0
DataWay2[127:0
DataWay3[127:@

ic rd data only[127:0
ic data f2[127:8

ifu fetch data[127:0
qe[127:0

ql[127:0

q2[127:0

ifu i@ instr[31:@
ifu il instr[31:@
dec 10 instr d[31:@
dec i1 instr d[31:@

SEE619:

Be6ee1Ce

1S5

34788 ps

B - H

Be6e010e

pEeEE1Fe

BE0E0200

Be080e7e

BaBeoas4

BEBEeETC

peoBREEn

Beooeea

peooe

Beooe

Be666

BB668

1

1

|[FFFFEF9308006006600000060006000808

B1CEBE33067383630063633300528283

6115888361 FFBFB381EFBF3361DEBER3

B1CERE336B6363330673838300528283

B1188868301EFBF3301FFEFE301DEBER3

BoB806EBE0E0EE0E0000B00000000608

B6080600000000000000000080000808

BB680600800000080000000000006808

FFFFBF93600000000000000000000608

B1CEBE33867383630063633360528263

6118888361 FF8FB381EFBF3361DEBER3

B1CEBE336B636333067383B300528283

B118888301EFBF3301FFBFE301DEBER3

FFFFBF93608000000000808000000868

B1CEBE33067383B30663633360528263

6115888361 FF8FB361EFBF3361DEBER3

B1LCEBE3366636333067383R300528283

B1188868301EFBF330]1 FFBFE301DEBER3

FFFFEF93800000000000000000000608

B1CEBE33067383630063633360525283

6118888361 FF8FB361EFGF3381DEBER3

B1CERE33666363330673838300528283

B1188868301EFBF3381FFEFE301DEBER3

Be088813600060130000001300000813

FFFFEF93066066000600666000606060

B1CERE330DR303330073836300528263

BBE7C783808567930000806TEEBFIEES

B61CEBE336673838306630833366528283

BOB80613808000130000801300000813

B118888361FFBFB3B1EFGF3361DESER3

BEEDEEE

FFFFBFI3

66528283

BB738383

B1DEBEB3

BEEE0868

EEBFIEE3

BB636333

B1CEBE33

B1EFBF33

BBETCTE3

FFFFEFO3

BB528283

BE738363

BEBTCTE3

BB638333

B1CEBE33




RVfpgasLi19: I$ar HEH - 4047
(EZ BT, AT LAE NS A

JAHAi: %H—%%kaddfE4 (add t0,t0,t0) HyHilkfdi{5 5 ifc_Ffetch_addr_ fl1_extifit. %fE F¥ 1518
NS, EFELRANRCA WAL, FATELSU4ATFT (3260 BFX5F. Hik, ic_rw_addr=
0x0000070. #ric ZZH AN Kl Ko 20 A8 A B g Mk i) 146 .

FRRi+1: DUMRIE (BN E S FE g —1Y) A T{5 5 TagWayO-TagWay3H . X Ehric f 5 B Fe Huhik (1)
TAGF B AT . fEAGIH, Frabrid ) 5STAGTFEBAHF, HRA—&\kg GAEE0) HRX
(ic_tag_valid=0001) , HbRAEEOF KB aHiHE: ic_rd_hit=0001. VY4128 i54 R I[A
FeAr 115 5 DataWayO-DataWay3+': ic_rd _data only = 0x01ce0e33007383b300630333005282b3
FEHAi+2: EXSF B, MW IX gl B — 45 F%E —2kaddfs4: ifu_i0_instr = 0x005282b3 H.
ifu 1l _instr=0x00630333

JAHI+3: AER P B EUCE =AM EE VY SaddfE 4, RN X258 — 26 A1 20 — Skaddfis 2317 Pk
ifu 10 _instr=0x007383b3. ifu 11l instr=0x01ce0e33. dec_ 10 instr_d=0x005282b3H.
dec_ 11 _i1nstr_d=0x00630333

[ Hi+4: fxfa, X =AM skaddfs 231716 dec_i0_instr_d = 0x007383b3H.

dec_11 _1nstr_d=0x01lce0e33

|
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RVfpgaskis19: 1$3 kg

KEZFHME S RSB HRITH/MMERH (Least Recently Used, LRU) %tk
i SR, BPRERmGT s/ DT H R IE B BN E 2, Rl — A R LRUSE RS (O
WHROANILRUD , %SRS R 055 B S PR R oK .

SweRV EHL1§ H 4 8 @l DA L RU R i A4 SR B

B IIZ RS, NESEMIESEEZ AR HFTEAGN-1ML (FRNLRUIRES) - fESweRV EH1

IS HR T SRy B 2EL 3467
R LRUIRZSFE #r
5 360 1) 38 2% SN

i B0 -11
i 1 -01
i B2 1-0
3 0-0
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RVfpgaSLi19:

IR - 75

N IR BIE — TR PRIEIA A V7 7] FASA R HTI$ER,

SET = 8.

XA BRI B A — IS -

TIRTENE S fisk (BkEe) 84, Hp X ja2H1023 M nops7r . JiE4 S5nop
5 A4 KiBZa], 25T IS+ Rk BB /D .

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

®

# This j iInstruction

# This j iInstruction

# This j iInstruction

# This j iInstruction

# This j iInstruction

1S

1S

IS

IS

IS

RVfpgav2.0 © 2021 <227> qj
Imagination Technologies IITICIgInCﬂIOn

at address 0x00000200

at address 0x00001200

at address 0x00002200

at address 0x00003200

at address 0x00004200



|5 e MK — ISZH 8 AR AL,

RVfpgasLifi19

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

<
=
=

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



RVfpgasLys19: I$E#KuE — 8Lk Bk

Signals
Time

clk
ifu axi arvalid
ifu axi araddr[31:0]
way status mb ff[2:0]
tagv mb ff[3:0]
replace way mb any[3:0]
ic wr en[3:0]
ic rw addr q[11:4]
ic wr datal[31:0]
ic wr _data2[31:0]
ic tag wr data[20:0]
way status new([2:0]

Bk R HHE (0x200) BREFRNSHIHS. ZARIVITIRES NZES, K20k H S B 0.
replace way mb_any =1ic_wr_en=0001. H8HLRURSEHUW F: way status_new =

011,
IS5 MDDRF i #2 H LB, FFAGANIERIIIE AN E AI$.  EEIEoR TR BLARIC AT M 2618 95
N8RS R :

ic_rw_addr_g[11:4] =00100000 (#18)

Ic_tag wr_data[19:0] =0x0

IC_wr_datal[31:0] = 0x0000106F (j Set8 Block2)
Ic_wr_data2[31:0] = 0x00000013 (nop)



Signals Waves
Time
clk=
ifu axi arvalid=
ifu axi araddr[31:0] = [EOPCECEEIEERRCEEIE R P LR PG S Prs
way status mb ff[2:0]= (&S

tagv_mb ff[3:0]= @ 1
replace way mb any[3:0]= }
ic wr en[3:0]= E
ic rw addr q[11:4] = & _

ic wr datal[31:0] = [NEEE

ic wr data2[31:0]= [E3ELNE
ic tag wr data[2e:0] =
way status new[2:0] = [

Bk R HE (0x1200) [RIFEMLS BN$HIZN8. iz, (VB0 E % tagv_mb_FF = 0001.
R, TS NEL: replace_way mb_any = ic_wr_en = 0010. 418 LRUIR A& 5 5
. way_status_new =001,

1S \DDRAF i # I H,  FLA6ANIIRITENE ANI$. EEIRR TR H bR ic eI M & 25 A
HBHIF2:

ic_rw_addr_g[11:4] =00100000 (#18)

Ic_tag wr_data[19:0] =0x1

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

iICc_wr_data2[31:0] = 0x00000013 (nop)




RVfpgasLys19: I$E#KeE — B85k Bk

Signals
Time 36860 ps
clk=
ifu axi arvalid=l
ifu axi araddr[31:0] = [CEEUCIRCEE N e I PR T v 66PO4228

way status mb ff[2:0] =
tagv mb ff[3:0]=
replace way mb any[3:0] =
ic wr en[3:0] =
ic rw addr q[11:4]=  EB 120

I E/DCABIE

]= |[EEIE

]=
1=

100004

ic wr datal[31:0
ic wr data2[31:0
ic tag wr data[20:0
way status new[2:0

BRREREE L (0x4200) [EREMLSTRNI$HI2H8, {HAE, BHTZH . tagv_mb FF = 1111.
i, DWABEERE NiEK1: replace way mb_any = ic_wr_en =0001. ZH8MILRUIRZA 5
~: way status new = 011.

1S \MDDRAF i #s I HL, FLA6ANIIRITTENE ANI$. EEIRR TR bR id eI &TE 25 A
HBHI 2

ic_rw_addr_g[11:4] =00100000 (#i8)

Ic_tag wr_data[19:0] =0x4

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

iICc_wr_data2[31:0] = 0x00008067 (ret)

|
| Bes



SEI620:
ICCM~. DCCMAF

F: R 3,




RVfpgasL420: &4

AESLEB T SweRV EH1AM R g8 h R L 2 X7 G2 (ICCMAN
DCCM) , ARG AL UM R EIAZ: >, PAERSEE11-20H
) — SRS

B —F, RVfpga# gt aldl N 2 sU7 1 a5«

—HTEREIE, RNEIE R EMESFitds (Data Closely-Coupled Memory,
DCCM)

—MHTHEEIESY, MNTELEEMEFMa (Instruction Closely-Coupled
Memory, ICCM)
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RVfpgasLin20: 8 1Ffitiss — Hihk =¥ 18]

P RIS C

0x00000008
1 cycle Instruction = 22 cycles
Cache >
(onchip)
N
N
N
N
N
N
N
N
\\
Ox07FFFFFF _
OxEE000000
1 cycle ‘
OXEEQ7FFFF
® RVfpgav2.0 © 2021 <234>

Imagination Technologies

DDR External
Memory
(offchip)

Instruction
Closely-
Coupled
Memory
(onchip)

Q] imagination



RVfpgaSLLi20: EIEFfitas — Huhik 25 (]

0x00000000

= 22 cycles

0X07FFFFFF

0xF0040000

1 cycle

OXFOO4FFFF

DDR External
Memory
(offchip)

Data Closely-

Coupled
Memory
(onchip)

: / R I S C ® RVfpga v2.0 © 2021 <2355
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RVfpgaSL¥r20: DCCMELD B fl#/E

From the DC1 stage adders From the Store Buffer
Isu_addr_dc1[31:0] end_addr_dcl [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]
11 bits 3 bits 2 bits 11 bits 3 bits 2 bits 11 bits 3 bits 2 bits 7 bits 32 bits
Addr ‘ Bank ‘Off‘ ‘ Addr ‘ Bank ‘Off‘ ‘ Addr ‘ Bank ‘Off‘ Parity ‘ Data ‘
] | |
dccm_rd_addr_lo [4:2] dccm_rd_addr_hi [4:2] deem_wr_addr [4:2]
A4 A4 A\ 4 l £ Y
Address Enable Bank for Enable Bank for
computation reading writing
. wren_bank [7:0
rden_bank [70] - [ ] 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
e | I 1 B
1

dccm_wr_data [38:0]

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]



RVfpgastii20: DCCM — 7~

la t4, D

I1 t5, 50

I1 tO, 1000

la t6, D

add t6, t6, tO
I 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
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RVfpgasci20: DCCM - fi &

Signals
Time
clk
dec_ i@ pc_d ext[31:0] 8 : |BEBBO1C: 10 3 G g 66000108 |peopelEp 0O0001ES

dec i@ instr d[31:0]

dec il instr d[31:0]

dccm_rden

rden bank[7:0]

Llsu addr dcl[31:0]

end addr dcl[15:0]

dccm rd addr lo[15:0]

dcem_rd _addr _hi[15:0]

dccm rd data lo[38:0]

dccm rd data hi[38:0]

dcecm data lo dc2[31:0]

dcem data hi dc2[31:0]

dccm wren

wren bank[7:0] ;

dcem wr_addr[15:0] 6664 | ipe24
dcem wr data[38:0] 4500000002 T B




RVfpgasL#20: DCCM — 43#

JEI BRI R 1P Iwig 231718 : dec_il_instr_d = 0x000eae03.
JA¥Hi+1: fEDC1MyBUAE kbl SR 5 # it $R (it 45 DCCM:
Isu addr _dcl[31:0] = 0xF0040024 - dccm_rd _addr_10o[15:0] = 0x0024
end_addr_dcl[15:0] = 0x0027 - dccm_rd_addr_hi[15:0] = 0x0027
RN A S, K GEDCCMAIEEEAE: deem _rden = 1. BTV &4 5500, KA
9 ANEAEIX . rden_bank = 0x02 (i #i{# v00000010) .
JRAi+2: MDCCMIRHUGEHHE, TR IR A4 N #%:
dccm_rd _data 1o =0x4400000009 - dccm_data 1o _dc2 =0x00000009
dccm_rd _data hi =0x4400000009 - dccm_data hi_dc2 = 0x00000009

FARHI+8: K EUE LA 45 5 (000000009 + 1 = 0x0000000A) 5 ADCCM:
dccm wren=1
wren_bank = 0x02 (i #[{E°500000010; RPZE =/ MFEIX)
dccm_wr_addr = 0x0024
dccm_wr_data = 0x420000000A
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RVfpgasZie20:  F il

NN AN PR g AT ENNR, NIBiTHEF (BFERFE) e estEt. HidAEL
MEFRES AT AR R 2R, R X e AR B 28 AT LR

ARSI H N T PR E IR HE: CoreMark#IDhrystone. F24/11# FH Chips Alliance iz
ﬁtH’J/ﬁﬁﬁ% (https://github.com/chipsalliance/Cores-SweRV) e 134T T8, fF
Heew@ H TRVIpgaR A . L4, FATER6 F S0 i) G AL N H R A E
jjﬁ%/ﬁ

Xf AT R4, AR A2 HOR I B S AP A B 2R AR . BR 1 B HE DU A HRISC-V
PR TR R AL, BRATTEE N 1 — LX) {88 FIDCCM/ICCM AT g B A LA I ST FRF

ROk, BRATEA B O AE 4 2 e B AN 2w 2L Y CoreMark P g

R ® RVf 2.0© 2021 <240>
: ‘ I S C Ima%?r?a\’iion Technologies q: Imdglndflon



RVfpgaski20: Fa45

CoreMark#g#Hr
CoreMarkiz 1T 1 2 kA
CoreMark7r#t (CM) : TFPBHSERIEARIREL (RE, SEREUFD)
CM/MHz: CMF&:LLEAL IMHZ IR a8 (HFR N iterat/Sec/MHz,
HIIEREFPIMHZ)

A i— T, HT-SweRV EHL AU bR SE, Rtk HFAE
PCH2.
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RVfpgasLi620: & sk14 T HICoreMark

U g = T
S BRI 2
CM/MHz 0.47 1.88 3.47
e 44 #1503 215075 30.975
JE A% #120077 #1505 28.8 /7
IPC (F62H/FH) 0.25 Z1°M1 Z1°M1
HIE S LREHS #1133,000 0 0
(G=EpEE 34 (EHTDCCMD (f-FDCCM)
177 )
B EERES 392 392 392
CHTI$) CHTI$) CHTI$)
P RIS C N e chroionien Q] imagination



