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The RVfpga System

RVfpgaNexys

DDR2, CDC, BSCAN, Clock Generator
Target: Nexys A7 Board

VeeRwolfX SoC

VeeR EH1
Core Complex

VeeR EH1
Core

ICCM, DCCM, IS, PIC, Bus Interface,
Debug Unit

Boot ROM, UART, System Controller, Interconnect,

SPI Controller

+
GPIO, PTC, additional SPI and 7-Segment Displays

RVfpgaSim

DDR2, CDC, BSCAN, Clock Generator
Target: Simulation

VeeR EH1 Core / Core
Complex
BWFE N fEfites A gmfe A T i 25 .
MR, HRE TG
VeeRwolfX SoC

VeeRwolffJ§ &, 30 1 #rshix
AT A4 5] $ROM. UART. RG] 2L,
AXI/Wishbone 2 2. SPI#% %] 4%

RVfpga System

RVfpgaNexys: LANexys A7 L& Sz H AR
%N B r\ISweRVolfX SoC, 1T
DDR2. mf#iigk[]2l . BSCANSE

RVfpgaSim: H T-1i . #)SweRVolfX SoC
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MG ELE N =M8AIEI®: R=46, G=4tf, B=H%E
] DL T %R GHIBIE kAT A it
PR EG N8 IR ( ) B ENHAT U AR

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

RGBI E N#AE 3R 1024 (306 + 601 + 117 =1024) , Kb E IR 18470
F (0-255) , R MNERLI1024 (BIAF1047: >> 10)

ARFIENEZHAEE, HVi:
https.//www.mathworks.com/help/matlab/ref/rgb2gray.html
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+«—— .globlffiCoulourToGrey Pixel FRHXIH H

.globl ColourToGrey Pixel

.text

ColourToGrey Pixel:

11 x28,
mul a0,
11 x28,
mul al,
11 x28,
mul az,
add ao0,
add a0,
srl a0,
ret
.end

306
al,
601
al,
117
az,
al,
al,
a0,

x28

x28

xX28
al
az
10

a0 =

al =

az =

grey

grey
retu

lEEpEi g
R ™ 306 vold ColourToGrey (RGB Colour[N] [M],
unsigned char Grey[N] [M]) {
G * 601 int i,7;
for (1=0; 1i<N; 1i++)
B * 117 for (3=0; J<M; J++)

= a0 + al + a2

= grey / 1024
rn

Grey[i][J] =
ColourToGrey Pixel (Colour[i][j].R,
Colour[1][]J].G,Colour[i][]].B);

}

(306*R + 601*G +

117*B) >> 10
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typedef struct {
unsigned char R;
unsigned char G;
unsigned char B;
} RGB;

extern unsigned char VanGogh 128x128[]; // 1D array of individual RGB values
RGB ColourImage [N] [M]; // 2D array of RGB struct (colour image)
unsigned char GreyImage[N] [M]; // 2D array of greyscale image

// VanGogh 128.c

unsigned char VanGogh 128x128[] = ({ 157, // R (pixel [0][0])
182, // G (pixel [0][0])
161, // B (pixel [0][01)
171, // R (pixel [0][11)
195, // G (pixel [0][1])
173, // B (pixel [0][11)
173, // R (pixel [0][2])

}
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int main (void) {

// Create an N x M matrix using the input image

initColourImage (ColourImage) ;

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

// Initialize Uart
vartInit () ;

// Print message on the serial output
printfNexys ("Created Grey Image");

o J&LLNMTE N2 platform.ini S A

i
monitor_speed = 115200

Pt IRIa T)E, @diE e H
}E‘Etﬂ?lﬁl’]u?i‘ﬁ%ﬂﬂf S mpP ﬂ
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S‘Q%l : %%E‘l‘?ﬁ"’f’t

5 A IF AT 2R K B

iR #Hl & (debug console) $HATLL A4
cd AdditionalFiles

dump value Greylmage.dat Greylmage

B dat >3 FE e N ppm A

fELinux & ./dump2ppm Greylmage.dat Greylmage.ppm 128 128 1
fEwindows ¥ A L 1H AH [F] 1 Z 20347 dump2ppm.exe

{5 FH GIMPHT Hppm 344

https://www.gimp.org/downloads/
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SEU02: VeeR EH1REER

TR H T FE VeriloghtE i) 22

mem/EH T H4 i VeeR EH1 AL BE 2R 7 fiti a2 L I 45 kAT 5245146 : ICCM. DCCM
S

swerviEH NCPUSE|, M &1FU. DEC. EXU. LSUJ K#EHFdbg. pic. dma
LRI

‘ sssssss _buffer
‘ dec_gpr_cﬂ ‘ Isu_bus_intf
‘ dec ib ctl ‘ ‘ exu_alu_ctl ‘ ‘ Isu_lsc_ctl ‘
Isu deccm mem ‘ exu_mul_ctl ‘ ‘ Isu_stbuf ‘
e
dec_decode_ctl ‘ exu_div_ctl ‘ ‘ Isu_dcem_ctl ‘
fu_iccm_mem dec exu Isu
ifu_ic_mem dbg lib pic_ctrl dma_ctrl
mem swerv
swerv_wrapper_dmi




SI2. VeeR EH1R /KR

Stage

VeeR EH1 %324ﬁ2ﬁ% 1 Fetch 1 m
MR 9% K 2 T 2
SOBER

IL ign Stall Poin
SEI611-20R % 34T i - e
ii QEH éj\ *ﬁ‘ 4 Decode Stall Point

Load/Store Pipe 10 Pipe 11 Pipe Multiply Pipe Divider

5 EX1 EX1
34-cycle
6 DC2 E EX2 M2 Out-of-
Pipe
EX3

X2
2 DC3 EX3 M3

Load Result Mult. Result

i EX4 EX4 Stall Point
8 KeGInlnli Adder |

9 Witeback



SEIG2: EUFERINT SR B

VeeR EH1I /KL BRI =N B : AR B (FC1AIFC2) Fl— N4 55 Bk

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 I q0 [127:0]
qOff
iccm_rw_addr LOGIC e
ifu_i0_instr [31:0]
| INSTRUCTION
ICCM qiif |91 1127:0] Aligner | l(adic(;:lsigEgI?
(ifu_icem_ || (fu_aln_ctl) ifu_i1_instr [31:0] tb_
mem) iccm_rd
. _data ifu|axi_rdata [63:0]
ic_rw_addr ||
I$ q2ff g2 [127:0]
(ifu_ic_me
m) ic_rd_data
Lite DRAM
» Controller
ifu_axi_araddr [31:0]

I DDR External
Memory




5262,

EXFERT
fERVfpgat, 154 1Ffitastl4h:

BFe (FCLFIFC2) MrE:

e IR B R 4

512 KiB ICCM (#£ERIARVfpgalic & 25 11)
16 KiBf& 4 =i 22 /7
128 MiB DDR#} B 17 78

1: IFEfRRSHAE (ifc fetch_addr_fl)

FCZ MIS . DDR%*IW?ﬁ%‘ s o ICCMBLHLHE 4

Hhkye

5

SRNEAE P

(191X 22473

e
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F502: XF5F (ALIGN) iR

X FFPT BARAT A £ A5

A ) R B B LB 25320098 4. B AT S AE it s SR it 112841
FEAHTRI AR 4 IFK 14 VeeR EHTHRIAEASE R (SEPI/NE
B

RIEFES: ST B 1607 Fe AR5 3246 Fa 4.
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" DECODE STAGE " EX1/DC1/M1 EX2/DC2/M2 EX3/DC3/M3 " Cgm'é'g " S;’XZE
0 i CONTROL
d 0_instr_d [31:0 Control
INSTRUCTION [98¢-H0-nstr d 31:01]  CONTROL | siGNALS Control Control Sontrol ool Pineline
REGISTERS | 4oc i1_instr_d [31:0] UNIT [ peline ;lp.eline R o :ne Registers Registers
: _11_ _ : i egisters egisters
(dec_ib_ctl) (dec_decode_ctl) Registers g g
rd0
MUX
i0_result_e3 \ 10-ALU-E4 \ -
rd1 él
MUX gl
5
raddrO [4:0] rd0 [31:0]1— rdo N?JX 34 @I
raddr1 [4:0]  rd1[31:0]— rd2 MUX esult 63 MUX| o
raddr2 [4:0]  rd2 [31:0]— rd1
rd3 MUX
raddr3 [4:0] rd3 [31:0]— |
Store / /
Buffer for
ddr1 [4:0] rd1 DCCM
waddr1 [4:
) rd3 MUX Lite DRAM Isu_result_corr_dc4
waddro [4:0] Controller
rd0
DCCM
wd0 [31:0] rd2 MUX & \ \ \ -
[v4 — c
——{ wd1[31:0] Lite DRAM s <
- - Controller o3 dc3 EI
Register File z =
(dec_gpr_ctl) \ § | 8
= 3-1 Mux[ =
MUX
rd2
MUX
rd3 1_result_e3 11-ALU-E4
MUX / /
- i1_result_wb ) )
rd0 —
] dividend
rd2_—imux 34-cycle Out-Of-Pipe
T DIVIDER
Al ——  divisor (exu_div_ctl)
rd3 —Jmux
.
i0_result_wb




L42: A (DEC) BB

SR B AT P AT 55
X8 BEAT BRAS FFAE BERIE 5

i0[31:0] = i0_dp =i0_dp_raw ;
HL _ _ap_ i0_ap (alu_pkt_t)
dec_i0_instr_d[31:0] et i0 dec (dec_pkt_t)
Ins Y out .
(dec_dec_ctl) i1_ap (alu_pkt_t)
decode
i1[31:0] = il dp=il dp raw (dec_decode_ctl) Isu_p (Isu_pkt_t)
dec_il_instr_d[31:0] i1 dec (dec_pkt_t) - -
inst — ou mul_p (mul_pkt_t)
(dec_dec_ctl)

Kig S FEEH S RBIESJREIE:
PN TERE I : 10011 Z BT Rk B REBRIESCR H -
ey B4
M EEE (LS AR
34 JH HHRR L 25 AT A
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2. AT (EX/DC/M) BBk

10/ME3E: WA EBEEEEE =D E (EX1. EX2MIEX3) . EX1HUTALUIZH. .
FEEE: FEEEEE M= B (M1, M2AIM3) 138 IR K ek 45 .
WA (LIS) Bl USEBHITESNEMETES .

BRIESS: FRvES e — MR /K 348 BB Frikas

¥

Control Signal

FEE = HATH Ex (EX3/DC3/IM3)
ZERET, M3 2 G

(F—1) MIEfaRIEE 10/, i0_result_e3 25—
EY; e B Pl A A oL
WULLS) i Sl R, [,

Isu_result_dc3 2oy /
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SEL2: #®AZ (Commit) AEE (WB) FrEt

FRAZH-

: MEFEE 0] S By A7 48 S I 4

Control Signal

exu_i0_result_e4 %\L
32

i0_result_e4 32, —=5“ i0_result_e4_final

)\<&\

Isu_result_corr_dc4 32,

\

e fta A et iRFF N REE 5 (FEREMEE B RO -

| 5 RTE: S 5 O R 45 RS N A A28 30F o 12K 2k ar 77 4%
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11
11
11

x28, 0x1
x29, 0x2
x30, 0x4
x31, Ox1

REPEAT:

mul x28, x29, x29 # x28 = 2*2
add x30, x30, x31 # x30 = 4+1
INSERT NOPS 10

add x29, x29, 1 # x29 = x29 + 1
INSERT NOPS 10

beq zero, zero, REPEAT # Repeat the loop

4 (later iterations:

5 (later iterations:

3*3=9,
5+1=6,

39



SEI2: {FEHT

mul t3,t4,t4

add t5,t5,t6

Signals
Time
clk=
ifc fetch addr f1 ext[31:0]= [EEEEEEE |peeee1e8 BEBA116
ifu fetch data[127:0] =  [CEEEEEEEE PBHAHBR13HOABADL R CIE]
ifu ie instr[31:0]= XN 0 B3DEBE33
ifu il instr[31:0]= (Rt B1FFOF33

FC1: i+Hmulis S HIHAE:
ifc fetch addr fl ext =0x000000FO
FC2: NI ifti#s128hrf8 S W PRI 25T8 S (LA ER) -
ifu fetch data =0x000000130000001301FFOF3303DESE33
X575 FEEUH TR S I 4 K 3VeeR EHA i 7 .
T %0 ifu i0 instr = 0x03DESE33 (mulfE2)
BM1: ifu i1 instr = 0x01FFOF33 (addf§4)
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Signals Waves
Time 48700 ps
clk
dec i@ instr d[31:0] |63DEBE33
dec il instr d[31:0] |01FFBF33

VRGN AFAERE SO I 4 1 el
AR, ORI Rl TV T A 1 ocive [

N raddr3[4:0]
B IHE . rdo[31:0] |
rd1[31:0] BOBEOBEA |
N \ \ . o
EX1/2/3F13RAT: i HE kAR, el
i@ inst el[31:0] 80812423 | |93DEBE33

1O_result_e4 - i1 inst el[31:0]

exu mul result e3=0x6A* 2 ella1el
N e - _el[31:0
Ox6A = Ox2BE4 a ff[31:0]
. , b ff[31:0] boesoee  |jgesoesel @
11 result e4=11 result e3 10 inst e2(31:0] [ E

33
33

= 0x6C + 0x01 = 0x6D gy 0
FIE: 4 RESBFERCAE . oot ome

il result e3[31:0]

waddr0 = 0x1C wd0 = Ox2BE4 i0_inst e4[31:0] —7 o3EBEZZ o

il inst e4[31:0] B1FFBF33 D
waddrl - 0X1 E Wdl - 0X6D i0 result e4[31:0] 0 506 E4
il result e4[31:0] Ll 6D

i@ inst wb([31:0] AROE 06812423
il inst wb([31:0]
i@ result wb[31:0]
il result wb[31:0]
waddre[4:0]
waddrl[4:0]
wde[31:0]
wd1l[31:0]




LK2: addifXHE—H T

.globl main

main:

11 t3, 0x4 # t3 = 4
1i t4, 0Oxl1 # td = 1

REPEAT:
INSERT NOPS 10
add t3, t3, t4 # t3
INSERT NOPS 10
beq =zero, zero, REPEAT # Repeat the loop

t3 + t4

.end
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SEid2. addikK 2k

[add t3,t3, t4|—

Instruction Register

(signal

dec_iO instr d)

Decode EX1 EX2 EX3 Commitfj Writeback
CONTROL
UNIT
(dec_decode_ctl)
+
\
I
28 () |\ 2ddro rdol- 2 W T g g
29 (t4) raddr1 8
out
28 (83)] \addro -
wen0
1 3 wdo rd1 b 1 b_ff
REGISTER {LU
FILE I (exu_alu_ctl) |
(dec_gpr_ctl) Pipeline Pipeline
Registers Registers
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Ji 3

00

JE BHi+1

f:ﬁ?dec 10 1nstr d

0110011, X— Bﬁﬁxhéa)izﬁﬂ%ﬂ{* 5 I
A Taddfe 4 BInEp s RIE NALUR B E (B 5out =8) &
JEBHi+5: BEhnykgs B BE 257 o8

rsil

Signals
Time

dec 10 pc d ext[31:0]
dec 10 instr d[31:0]
raddro[4:0]

- raddrl[4:0]
al[31:0]

b[31:0]

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

waddro[4:0]

B

wde[31:0]

dout[31 0]

IOOOIrdI

qqqqqqqq
PRLRREOL

32@1%

15160 ps

qqqqqqqqqqqqqqq
peeeEeEE 00RO

OXO1 DEOE33. addic

SHITFBON:
&W%‘ﬁ%ﬁiﬁ%

VA wdo =8, wen0 =1Hwaddr0 =28
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Decode EX1 EX2 EX3 Commit Writeback

o ] Pipeline Pipeline Pipeline Pipeline Pipeline
dec_i0_instr_d [31:0] i0_ap [19:0] Registers Registers Registers Registers Registers
Control Unit [ for for for for for
(dec_decode iOr [14:0] Control Control Control Control Control
_ctl) - dd [66:0] Signals Signals Signals Signals Signals
- i0ap_e1 [19:0]
° e3d
[
=) ALU =)
gpr i0_rs1_d EI —_| (exu_alu_ctl) .
dec_i0_rs1_d [4:0] o aff ap 5) T
raddr0 [4:0] J ; aff 5 =
dec_i0_rs1_en_d =
=" " Irden0 rd0 [31:0] ° E 3 [fowbre
dec_i0_rs2_d [4:0] | 24dr1 [4:0] > out[31:0] _ = = | sultff
dec_i0_rs2_en_d rden1 bff S 3, [i0edres @
bff _ % = ultff — o
wen0 411310 gpr_i0_rs2_d |03I2t;?s ©__ [i0e3res 8 2
rd1[31:0] i0_result_e1 [31:0] = = | it o ©,
waddr0 > 7 = =4 <
exu_i0_result_e1 [31:0] o) e o)
wd0 ! o =
= = >
) : N P 3
Register File D - =
(dec_gpr_ctl) o 2 -
2 ol
i0_result_wb_raw [31:0]
dec_i0_wdata_wb[31:0] = i0_result_wb

(21 |
En

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

dec_i0_wen_wb



SEI2. 27

1. % PL N 23R 4E 2 AT S ARSI S BB 7 Hr 2R 70 Afr: and or A

XOr .

AT

Nmr B Nmy O Nmy N
A A .
I i

Fsltui.,
5. FIRTm/KEr

NIRRT LRI SR, K EH

. Tt Verilator{j B 11 UL & H #27E Verilogf L g d1 23 HrRV321 3 A B 5 fig 4
HIRAL I A R 1R S srl. sraflisll,
’EVerilator{j B & DL M B 2 7E VerilogfUiY B /3 #r RV 321 A 3 55 15 4
HIR N T EALTR S sItAsltu.
. 1EVerilator{ii 2 DL &k B 7E Verilog/UhL - 0 BT RV 3213 AR #5454
DR LR SR #4E 4 addi. andi. ori.

xori~ srli. srai. slli. slti

it ZEMIR LR AT R IE B OR SE

Fr X FFIZ 4R 42 Lladdifs & MBI T 2 BT
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workshop



H 3%

193 |/Oﬁ5:j{|\'—3':

AlrIXzN1/0
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SEES3: 1/05H

iﬁ‘ﬁ)\/iﬁﬁ L |/O> /?ﬁ\ éﬁ CPU Memory

HRRN S
ié@. 11/0 (GPIO)
Jnn Briiige

GPIO# il |
'::' L*ﬁ}f?ﬁa‘[ < SLOW INTERCONNECT (Wishbone)

< FAST INTERCONNECT (AXI) >

Device
—>

Controller
(includes a
series of
registers)
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SEI03 . HAI/ORIALEE AR

VeeRwolf5h
l Address '—E;I T"EEROM
Boot-ROM | | Decoder KRR A
Sys-Con | Address[15:6] SP|1 I‘/\ilﬁ
08 |\| Address[5:2] UART
| SPIL-Flash | P T LR 4
: § - RVf a“: ) D N ‘ .
* | SPI2-Actel e S J_ WB-Axi VeeR P9 1! s i
S = Bridge EH1 GPIO LEDAIH2&
Timer |— rxT € B 7%
P— (D NITSUN
i (2] < GPIOI-LEDSSW [t SPI2J; E@fr
- TELE B (fE R AT 28
_J—{  uaRT | . Sys-Con)
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263 . iEAHI/0 (GPIO)

HHAO:

A5 IS AT AL E AR S 1 (R =4
=R R R 1748
2. M R 4

SRR A 7
EPN- P
i HE 55 77 7

i
i

EPNGIY L)

1=%iH, 0=%IA

CPU

Bus (Axi4, Wishbone...)

FUVFAL AR BRI/ 5 NS R S (Bildn, JFRHLED) #I5]

GPIO

Read Register

Write Register j:
Enable Register
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L3 . B A BT A Ak

B 7 A A7 A% U ik

CLHEF A7 28 0x80001400
SN Tt 0x80001404
Y RE BT 728 0x80001408

K-GPIOKbit 15:0HC B %, bit 31: 16 B NFIA -

11 t0, 0x80001400 # t0 = 0x80001400

1i tl, OxXFFFF # 1 = output, 0 = input

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

1w t2, 0(t0) # t2 = value of GPIO pins
BEAIO:

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



SCI63 . RVfpga GPIOERLHR
OpenCores]GPIORHR

https://opencores.org/projects/gpio

=2 A YE32ANGPIOE| il
A B B AT 2 N (RS =
AT T T L

LEDFIH <& 2|GPIO 5| Bl

LED: 5|[15:0] (AbFEESHI%H)
Fox: 51H[31:16] (AbFEEZSHIHIA)

0) Bt (fif

NS
He =

1)
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https://opencores.org/projects/gpio

263 . B ALEDSEE %

LEDs

Switches

.\
L
USA_LALL
" .
-
+ y
! .
1 d
St
Bao Lhis
; o
) 303
'{-—b
'M
Jo

[
£
GND

» £EEELE

i E GPIO:
fER T2 = 0X0000FFFF (1 =4, 0=4A\)
11 t0, 0x80001400
1i tl1, OxFFFF
sw tl, 8(t0) # Enable Register = OxFFFF

S5 ALED:
¥ [15:0]+ ) 1E 5 A3 h:0x80001404
2 R oo = sw t3, 4(t0) # LEDs = [t3],..,
e T B T M3 1108000140015 B bit [31:16]H (11 FF 18
HR160L, R REE TR16AH
1w t5, 0(t0) # [tD5]l;,.,, = switch wvalues
srli t5, t5, 16 # [t5],5., = switch values

cmex

(> o=
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SCI63 ¢ GPIOSEH)

FES AN

RVfpga 5k ELED/FHF R i 48R A 52 X 380
RVfpgaH £ AT GPIOR B (H ] A2 X 1)
GPIO#FIVeeR EH1 2 [a]fr)i&EH: (4 BH 52 X 480

Address
&4—» Boot-ROM )—l\_ Decoder
: EY b it
e Address[15:6]
Sys-Con o 5| SROM 0x80000000 - 0x80000FFF
s Address[5:2] o 3
) SPIL-Flash |_ — Rtz 0x80001000 - 0x8000103F
7 2 SPI1 0x80001040 - 0x8000107F
* —] SPI2Accel f—— = WB-Axi | | VeeR SPI2 0x80001100 - 0x8000113F
B 5 ridge tHl ER 8 0x80001200 - 0x8000123F
Timer | ® GPIO 0x80001400 - 0x8000143F
i H_:IQ/ UART 0x80002000 - 0x80002FFF

UART




K93 . JMEERS TR ER

Arvfpga.xde: € Xi sw[15:01 58k L i&ER LA o led[15:0]1 54k L LED
japLEZ
Y Afrvfpga.sv: & Xi_swHlo_led & 15 Sio_data[31:0]5swervolf_corei sz

set property
set property
set property
set property
set property
set property
set property
set property
set property
set_property
set property
set property
set property
set property
set property
set property

set property
set property
set property
set property
set _property
set property
set property
set property
set property
set property
set property
set _property
set property
set property
set property
set property

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

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

IOSTANDARD
IOSTANDARD
IOSTANDARD
I0OSTANDARD
I0STANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
I0OSTANDARD
IOSTANDARD

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
I0OSTANDARD
IOSTANDARD
I0OSTANDARD
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

}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}

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

[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports

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

et e e e e e e e e e
e et et et e et e et e

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

! eyl eyt gt g g gl el gl gl gl g Mg M g et

e e ek adon s ol
e et e ot e e

.1 ram init error (litedram init error),
.10 data ({1 swl[15:8],gpio out[15

clk core)

0 1edi;: 3] gpio out[15
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S 3

I{tlﬁswervolf core.v:

c gpio@
c gpiol
ec gpio2
c gpio3
- gplod
ec gpiod
- gpio6
- gpio7
ec gpio8
- gpio9d
- gpiol®@
ec gpioll
~ gpiol2
~ gpiol3
ec gpiol4
~ gpiols
- gpiolé
ec gpiol?
ec gpiols
ec gpiol9
C gpio2e@
c gpio2l
c gpio22
c gpio23
c gpio24
c gpio25
c gpio26
c gpio2?
c gpio28
- gpio29
- gpio30
- gpio3l

oe(en_gpio[@]
oe(en gpio[1]
oe(en gpio[2]
oe(en_gpio[3]
cel(en_gpio[4]
cef{en_gpio[5]
ce(en_gpio[6]
ce(en_gpio[7]
ce(en_gpio[8]
ce(en_gpio[9]
ce(en gpio[1l
ce(en gpio[1l
oe(en gpio[12
oe(en gpio[13
oe(en gpio[14
oe(en gpio[15
oe(en_gpio[1€
oel(en_gpio[17
oe(en_gpio[18
oe(en_gpio[1c
ce(en_gpio[2
ce(en_gpio[2
oe(en gpio[2
oe(en gpio[2
oe(en gpio[24
oe(en gpio[2:
oe{en gpio[2
ce(en_gpio[2
ce(en_gpio[2
ce(en_gpio[2
ce(en_gpio[Z
ce(en_gpio[31

RVfpgafE i),

]
]
]
]
]
]
]
]
]
]
]
1]
2]
2]
]
5]
0]
7]
8]
7]
]
]

(
_|mfo _gpio
inp(o_gpio
inp{o_gpio
inp{o_gpio
inp({o_gpio
inp({o_gpio
inp({o_gpio
inp(o_gpio
inp(o_gpio
inp(o gpio
inp(o gpio
inp(o gpio
inp(o gpio
inp(o gpio
inp(o gpio
np(o_gpio
inp(o_gpio
inp(o_gpio
inp(o_gpio
inp(o_gpio
inp(o_gpio
inp(o_gpio
inp(o_gpio
inp(o_gpio
inp(o_gpio
inp{o_gpio
inp{o_gpio
inp({o_gpio
inp({o_gpio
inp({o_gpio
{

:Il
:Il
:Il
:Il
:Il
)
:Ir
:Ir
:Ir
:Ir
:Ir
:Ir
]r
]r
]r
:Ir
b, .i
:Ir
:Ir
:Ir
:Ir
:Ir
:Il
:Il
:Il
:Il
:Il
:Il
)
:Ir
:Ir
), .inp(o_gpio

inp(o_gpio

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

]
]
]
]
]
]
]
]
]
]

ENNZALE

.outp(i gpio[®]
.outp(i gpio[1l]
.outp(i gpio[2]
.outp(i gpio[3]
.outp(i gpio[4]
.outp(i gpio[5]
.outp(i gpio[6]
.outp(i _gpio[7]
.outp(i gpio[8]
.outp(i gpio[9]
.outp(i gpio[1

.outp(i gpio[1ll
.outp(i gpio[12
.outp(i gpio[13
.outp(i gpio[14
.outp(i gpio[15
.outp(i gpio[1lE6
.outp(i gpio[l7
.outp(i gpio[l&
.outp(i gpio[l

.outp(i gpio[2

.outp(i gpio[21
.outp(i gpio[22
.outp(i gpio[2z
.outp(i gpio[24
.outp(i gpio[25
.outp(i gpio[26
.outp(i gpio[27
.outp(i gpio[2&
.outp(i gpio[2¢
.outp(i _gpio[3

.outp(i gpio[31

dir{io data[@]

dir{io data[1]

dir{io data[2]

dir{io data[3]

dir(io data[4]

dir{io data[5]

dir{io data[6]

dir(io data[7]
dir{io data[®
dir{io datalc

dir{io data[l

dir{ic data[1l1
dir{io data[12
dir{io data[13

dir{io data[14
bid "Elo_data[_.

bidir{io data[1l¢

ir(

(

(

{

{

{

{

(1

{

{

{

{

{

{

(i

]
]

dir{io data[l7
dir{io data[le
dir{io data[1l¢
dir{io data[2
dir{io data[2
dir{io data[2
dir{io data[2
dir(io data[24
dir(io data[2s
dir{io data[2
dir(io datal[27
dir(io data[2
dir(io data[2
dir(io data[:3
dir(io data[31

]
]
]
]
]
]
]
]
]
]
]
1]
2]
3]
]
5]
0]
]
8]
9]
]
1]

2 FIGPIOE He 51243

});

});

});

) _

)i gpio ‘:Ii'-'ll'.'.'
Hr wb clk i
”: wh rst 1
}): WD /C 1
; ; ’ WD r i
”: .wh dat 1
)); wb sel i
H’ WD wWe 1
”: .wh stb 1
}); Wb dat o
H- .wh ack o
) : WD err o
}); Wb 1nta o
}};

});

});

});

});

});

});

i

i

i

V)i

.ext pad 1
.ext pad o
.ext padoe o

gpio module(

(clk),
(wb rst),

(wb_m2s gpio cyc),
,wb m2s gpio adr[5
(wb m2s gpio dat),

({2
(4

(wb m2s gpio we),
(wb_m2s gpio stb),
(wb s2m gpio dat),
(wb s2m gpio ack),
(wb_s2m gpio err),
(gpio irqg),

(i gpio[31
(o gpio[31
(en _gpio));




SEEG3 . 5VeeR EH1HERE

/4 wb_intercon.v: 7-1 Z o< L

wh mux
(.num slaves (7},
.MATCH ADDR ({32
MATCH MASK ({32
wh mux i

(wh

(wh

(wb 3
(wb i
(wh i
(wh i
(wb 3
(wb i
(wh i
(wb i
(wh i
(wb i
(wh i
(wh i
({wb
({wb
({wh
({wb
({wb
({wb
({wh
({wb
({wb
({wb
({wb
({wb

A S = = T = =
L = B S T B = =




SEIR3 . FITIRFNI/0

RIEIO:

FRE B w— ME (B , HIPEZREFEME NI,

2GR, 1%V SR BT SEES A A R B R

ZOTiES G HAEEZS, AW —ME GmASE e HAT HAthA ) TR

FWrIXEI/O:

HAE (i, 5IHENERD EaraspiE 2T RSEF (ISR, R N
WrAb¥EFE 7)) , XL TARAERI KRB . ISROEFAFW (Flan, SeETFR
PIMED , A5 IR B3 H R T .

KA AT, ACFESS AT DLk SR ATa A B TAE.

\ I
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SEIS3 . P lrAbEE

K ] e A2 FH AR BRI
FEARSEIG v, FRATTEE S ey S i T
VeeR EH1 A FBRISC-VIHPLIC CGF& % M| 2e) #i

WAL H W, ZNZE T — A s P sl g (PIC) &
B HEA:
2554 1 iy

15 ML 2k
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L3 . PICEETILEE

AR PICH

e TOVE/AE 11 A5 H

REE: T LU PICHEE Mo B R R RRE C H P O T 20D
BRI AW/ AP AR ) HOSMERERI . PICIE o YPIISRA LA

AN [E] PR A7 % i

ik

IEHESE R BC: PICTT N R BCAL e . = FAe Fpis iy,

PICiZE# LR ¥FF

LS Py Bk A T

WA PICHEHE T IR IS, e S P A LT 7
I LGP A0 T s o R 25 O L

. WERITVF
BT Al 55 H4) A I8

AR, UTT LA L T AR e o
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SEIR3 . PR SS

VeeR EH1 Core Complex

VeeR EH1 Core — RV32IMC

DCCM
ICCM

Debug

Master Master

Debug Bus
Master

DMA Slave
Port

JTAG ‘

GPIO
interrupt

(gpio_irq)

GPIO

Timer

Timer
interrupt

(ptc_irq)
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i FHWDHIPSP/BSP:
& FHWD [{]PSP/BSP#]t& 4k H i
HIUEAL255/ R BT A 1 — A B2 SRR EISR
Vg N i & A W B A BEAE S 5 A R 5 | A 2
FRYFFTA B
TOVFAIE R B




{52 F o Wrise B Switch[01HUMH - (AE LA (OB 9>1)
YIGAL T T R 5t

BIAMIInte (FEE =R Pl ZIRQE 745 TFERIMNEEH B
WEREMN P BIE

HIUE AL A T 26 B IRQ4

IR AN

TOVF4 Ja




SEES3 - GRS ER H T 22 BR IRQA

Aic B IRQ4 H 2 A,
W EIRQ4A A2

- GPIOF

EPICH SLVFIRQ4*

\ 7

4IRQ4 5 GPIO~

- T Hi 55

i PRI AL AL BE A It

u| [;_kﬁ

¥ (GPIO_ISR) JRA &R

T 2 I T %

0x80001018 .

Bit 31 Bit2 Bitl Bit 0
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SEX63 . RVfpgaH Wi 45 Fi %

A A ER o R
A LUK R TE R 2R ira_gpio_enable

{E}Eﬁ EI(J 9I\T—‘)qz|3 E‘j H‘ﬁ‘]ﬁ ’ o GPIO1- gpio_irg
H AT A 125556 LEDsSw " | R4
BT Eg P 2%, H 0

22 (E U WD HY

SweRV
EH1

A LU A B 2 2

IRQ4, 5GPIOf#F :
MR, R e i e
e T AT Timer 1
%@%ﬁ%y\jﬁfﬂﬂ’ /fﬂ irg_ptc_enable
XA VE AL £ e T

UL & B T HBSP.




SLI03 . GPIOH W IRESEF

GPIO ISR:

volid GPIO ISR (void) {
unsigned int 1i;

/* Invert LED value */

i = M PSP READ REGISTER 32 (GPIO LEDs);
i = 1i;

1 =1 & 0Ox1;

M PSP _WRITE REGISTER 32 (GPIO LEDs, i)

/* Clear GPIO interrupt */

M PSP _WRITE REGISTER 32 (RGPIO INTS, 0x0);

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

/*
/*
/*
/*

/*

RGPIO OUT */

Invert the LEDs */

Only keep right-most LED */
RGPIO OUT */

RGPIO INTS */

(IRQ4) */
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SEIO3 . HIARAL MR

BT R GPIO % 77 45
RGPIO_INTE = 0x10000 (ft#FSwitch[O]f = I#7)
RGPIO_PTRIG = 0x10000 (7ESwitch[0]H - Ftfid & R 187
RGPIO_INTS = 0x0 &R FrE F ik
RGPIO_CTRL = 0x1 (R 4GPIOT )

LR 0x80001400  1-32 R GPIOHI N\

0x80001404  1-32 R/W GPIO% ! $ s

0x80001408  1-32 R/W GPIO% H IR 28 fdi e
0x8000140C  1-32 R/W o W FoVF

RGPIO_PTRIG 0x80001410 1-32 R/W i & P T ) SR R
0x80001414  1-32 R/W Y447 Byt N 5 GPIO% H &2
RGPIO_CTRL 0x80001418 2 R/W kil Y

0x8000141C  1-32 R/W g BPIRZS

0x80001420  1-32 R/W fii fEgpio_eclk LABIAFRGPIO_IN

RGPIO NEC 0x80001424 1-32 R/W i Fgpio_eclk A RILHS



SIN3 . 5>

{5 T v W s H  Switch[0] 1B

16 A > DAL 35 7 IS 2% A W
1% B 70x80001018/171 (irg ptc_enable) W] UL & i 25 H i 2 2 IRQ3
B — AW AL PTCH W 1Y pR 4
f)#Z#PTC ISR, HIRQ3iHH
A s i B R BUE S EPATI BE L e, SCIAETER
STAN T e e el M O ) i e
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184 VeeR EH1E{

-
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SEI0A. A

SR A3 T Ui R RAWEHE B K

RAW(Read After Write) %4z E % -

BxfE S iEREFFRN TS j2hl, BEaSYMiH e £
gL el E A asx, 8215 5 AT FasxiT, HE**RAWTQ/RO




S2IGA. TR

PR RAWELE B [ -

&

R (EFRNEED >

N

= b PR AR

PRI DL AT
LB R B PG B (LB 2 BT MR FRRAWALIE B 1

i

TN BN ALUL

& H A P BT HI$E 2 HIE

R AS I B A R RAW L B e




SEI04: HIE R RRETE E M

Rk BEAS R B R EAE DI RE Aot (ALU. SRiEEs . THEDCH A 2
HER A RS S BTSN 2 B80T 5<, DL B A7 48 SO 8l m 22 Boik B8
TR

N aR2JT A BRI TSR BU R KA . R N R I
IR R BB IR — A RES B (RIFE RO




DECODE STAGE EX1/DC1/M1

i0_rs1_bypass_data_d

raddrO [4:0]  rdO [31:0]—

raddr1 [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 R i1_rs1_bypass_data_d[31:0] —

>

i1_rs2_bypass_data_d[31:0] —
i1_rs1_bypass_data_d

Forwar_dmg i1_rs2_bypass_data_d
Logic
i0_rs1_bypass_data_d LU dividend
ividen
MUX
i1_rs1_bypass_data_d 'd2 ]
Divider
rd1
i0_rs2_bypass_data_d T divisor
MUX
i1_rs2_bypass_data_d rd3
|




SLIN4: B KRB B R - 2B

.globl Test Assembly [RVEpgaPath] /RVfpga/Labs/Lab4/DataHazards AL-
.text AL/ .pio/build/swervolf nexys/firmware.dis
Test Assembly: 00000180 <REPEAT>:
180: 60008013 nop
184: 00000013 nop
1i t3, 0x3 188: 00000013 nop
. 18c: ggeaesl3 nop
Ll Lty O 199:  0B0EED13 nop
1i t5, 0Ox1 194: 00000013 nop
1i t6, OXFFFF 198: 00000013 nop
19c: ggeaesl3 nop
1a@: Bleedeb3 add td,td, th
REPEAT : lad:  ffff8f93 addi  t6,t6,-1
1a8:  ©1deBe33 add t3,t3,t4
INSERT NOPS 8 lac: 00000013 nop
add t5 #t4 =t4 + t5 (t4 =2 + 1) 106: 00900013 nop
1b4: 00000013 nop
add te, -1 1b8: 00008013 nop
— — 1bc: geegeeels nop
add t3, t3, # t3 = t3 + t4 (t3 = 3 + 3) 10, 02000013 nop
INSERT_NOPS_9 1cé: ae000013 nop
11 t3, 0x3 1c8: gegeeels nop
lecc: ggeaesl3 nop
1i t4, 0x2 1d@:  80380e13 1i t3,3
1i t5, Ox1 1d4: 90280293 1i t4,2
1d8: 0010013 1i t5,1

bne t6, zero, REPEAT # Repeat the loop 1dc:  faBf92e3 bnez 16,188 <REPEAT>



e — B

=]

)
»

Cyclei+l | Cyclei+3

Cyclei+4 | Cyclei+5 | Cyclei+6
WB
WB
COMMIT

Cyclei

Cyclei-1

nop (00000013)
nop (00000013)
nop (00000013)
nop (00000013)
nop (00000013)

add t4,t4,t5 (0lee8eb3)
add t6,t6,-1 (f£f££8£93)

add t3,t3,t4 (01deOe33)



KH4: B RKERED

DECODE STAGE

5B K — oK

EX1 STAGE

v

add t3,t3[t4| (Ox01deOe33)

gpr_i0_rs1_d [31:0]

r0 [31:0]
3

Register File
(dec_gpr_ctl)

r1 [31:0]

gpr_i0_rs2_d [31:0]

2

i0_rs2_bypass_data_d[31:0]

Forwarding Logic | __

3-1
MUX
3
3-1
MUX
3

28

(

add|t4,t4,t5 (0x01lee8eb3)

N i

b_ff

> out [31:0]

(exu

. —
ALU
_alu_ctl)

i0_result_e1 [31:0]




LiN4: BEERBERBREER - 1 E

add t4,t4,t5

add t3,t3,td

Signals Waves
Time 4616
clk=

dec 10 instr d[31:0] =

10 rs2 bypass data d[31:0] =

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

01DEGE33
00060003
0000003
00060003

0000003
01EEBEB3
00000002
00000001
00000003
00000003

/2000013
/00600000
BBEOBEOD
/00600000
BBEOBEOD
|©1DEGE33
EE
/60000003

900000 06

/6000P006



SEIN4: EEE KRBT E R - T

845 add t4,t4,t5 (0x01ee8eb3) :
AR Haddfg S FI0EEMEXI B (10 inst el =0x01ee8eb3) . BEfEALUHHH L
T
a_ff (2) + b_ff (1) = out (3)
I (0 425 SR 7E VR B R Aty N L 5 R 1 4 I g e300

Signals Waves
Time
clk=

- _dec__ ie__in_str_d[_ﬂ:_@ ]_=| 01DEGE33 /poEEER13
i@ rs2 bypass data d[31:0] =  CEEEEEEE /00000000
- i0 rs2 d[31:0] = (CEEEEE |/peeeoEe0
a[31:0] =  [LEEEEEE 160000000
b[31:0] =  [EEEEE DBBEOBRGD
_____ i@ ins tje 1(31:0] = [OEIEE |/1DEGE33
a ff[31:0]=  [CEEEEEM /peeecee3
- b ff[31:0] =  [CEEEEEEN 160000003
out[31:0] = [lEEEEEE | D0OEOOBE

i@ result el[31:0] =  [LEEEEEE 160000006




SEIN4: EEE KRBT E R - T

f64add t3,t3,td (0x01de0e33) :
JARHi: Haddff S aTIEMBORFIPRILM B (dec 10 instr d=0x01de0e33) . ¥ KB
EXIHr B4R (10 result el) FRFBIPEMETE (10 rs2 bypass data d) . P3:1
2 BT R R, BRI R

Bffda = 3 CGRH A2 sad a,e4,e5
FERD = 3 CREIOEHMEXT M BLIIALUSI T, £5id 53248 add £3,53, ¢4
Signals Waves
Time
N _dec__ i@__in_str_d[_ﬂ:_ = B1DEGE33 /poEEER13
10 rs2 bypass data d[31: 00000003 160000000
- i@ rs2 d[31: 00000003 |/peeeoEe0
a[31: 00000003 160000000
b[31: 0eEAAAO3 DBBEOBRGD
_____ iE]__in_stTelTMT = OEEEE |/1DEGE33
a ff[31: 0000BO02 /peeecee3

b ff[31: 00000001 160PEEAA3
out[31: 00000003 | D0OEOOBE
i@ result el[31: 00000003 160000006




SEIN4: EEE KRBT E R - T

84 add t3,t3,t4 (0x01de0e33) :

JARRi+1: Haddfg A TIOEEREXIBTE (10 inst el =0x01de0e33) . EfEALUH
IERA I

a_ff (3) + b_ff (3) = out (6) N R
et ol T
Signals Waves
Time 4616
T _dec__ iEJ__in_st?_d[_Blz_ = B1DEGE33 /peeeee13
10 rs2 bypass data d[31: 00000003 0000OOOD
- i@ rs2 d[31: 00000063 //peEREERE
a[31: 00000003 //poe0eE00
b[31: 00000003 /eeeoeepe
_____ i@__in_stje1T3lT = OEEEE /1DEE33
a ff[31: 00000062 /eeeeeen3
b ff[31: 00000001 /90000003

out[31: 00000003 PEARABDE
i® result el[31: 00000063 DOOBOOOE




Decode EX1 EX2 EX3 Commit Writeback

UI
T .
£ i0_ap_e1[19:0] <)
! =
o ™
gpr_i0_rs1_d 2 _ o,
9| | a_ff e3d S g
I aff 5 £
rd0 [31:0] J ° T out [31:0] T 34 | 3 iOwbre] i0_result_wb [31:0]
= MUX| = sultff
i ALU 5 —
bif|_ b ff | (exu_alu 5 I e o A 5
i = u o
gpr_i0_rs2_d B —ctl) Dezres| @ i0e3res g 2 -
rd1 [31:0] — i0_result_e1[31:0] = ultff [ ultff o =
H . »n — ~
dec_i0_immed_d[31:0] exu_i0_result_e1 [31:0] o ‘<._3. o
1V ! OI ™, =
B 3 Z
Register File §| o
(dec_gpr_ctl) " 8
9I
S —
| i1_result_wb |
\ \
‘ i1_result_e4_final — \
‘ 10-1 |
i1_result_e3 final — Mux
\ i0_rs2_bypass_data_d[31:0] |
‘ i1_result_e2 |
\ \
‘ i1_result el —— |
\ |
\ \
\ \
|
‘ T
‘ |
\ \
[ . . S

i

i RIZETE

Y
O
—
g
R




L4 BIETERIH B R REE B K

T2 2 A BE RS A5 R Te S (B Z BIHEAE, Hldilw,. mul
div) %&*E&k?ﬂ%ﬁgﬁﬁﬁﬁo

{HVeeR EH1/EREE HIFEACH BUARA I — I EUSNIALU. CREBIALUD
WER, BEALUM S A A E R T H R AR I

R, AEREAEE R — B4R 25000 T EANFINIALU (5
BE—AN) DL R3S 5 B i




SEIS 4. BT

i0_rs2 _e3[31:0]

EX3

Secondary ALU Forwarding Logic

i1_result_wb_eff [31:0] \

4-1
i1 _result_e4 eff [31:0] MUX

i0 rs2 b

ypass_data|e3 [31:0]

21

MUX

Commit
Secondary ALU
(exu_alu_ctl)
aff \
a 1 aff
> out [31:0] exu_i0_result_e4[31:0]
b =i0_rs2_e3 final oot bff \
i0_result_e4 [31:0] 3-1

R B R SRR EE B I - Tk 2k

Writeback

i0_result_e4 final [31:0] i0_result_wb [31:0]

i0_result_e3 final

Isu_result_corr_dc4 [31:0]

MUX

i0_result_e4 eff [31:0]

LOGIC

LOGIC

|

i0_result_wb_eff [31:0]




= = o) D ) h—
) | LY
S‘Qé’@m ijiE%E;‘Elgjl = %Ziﬁg%ﬁﬁ% gﬁﬁ' — 7~
.globl Test Assembly
.section .midccm REPEAT:
A: .space 4 beq t6, zero, OUT # Stay in the loop?
INSERT NOPS 9
.text 1w
add t6, N6, -1
Test Assembly: add t3, t3, # £t3 = t3 + tl
INSERT NOPS 8
la t0, A # t0 = addr (A7) 1i t1, 0xO0
11 t1, 0Ox1 # tl =1 11 t3, 0Ox1
sw tl, (tO0) # A[0] = 1 add t4, t4, 0xl1
1i t1, 0x0 1i t3, 0Ox1 1i t6, OxFFFF add t5, t5, 0x1
j REPEAT
OUuT:
.end




SEI0A.

Cyclei

EX3 STAGE

add t3,t3

i

RAZ T B e R AR RR 3

COMMIT STAGE

Iw(tO)

ALU (exu_alu_ctl)
aff

a_|aff
i0_rs2_e3[31:0] \ 1 )
\ > out [31:0]
— 2-1 b [ .| bff
MUX bff
i — I
— 1
4-1 —
MUX
i0_result_e4 [31:0] | 3-1 |i0_result_e4 final [31:0]
MUX

| =

i0_result_e3 final [31:0]

Isu_result_corr_dc4 [31:0]

1

i0_result_e4_eff [31:0]

LOGIC

— o o mm mm mm mm mm omm om= == JHA]

= e — Tk LR

Cycle i+l
aff
1

out [31:0]
bff
1

ALU

(exu_alu_ctl)

EX4 STAGE

add t3,t3,t1

i0_result_e4_final [31:0]

i0_result_e4 [31:0]

2




\k7,

d4

EEFERI M B KRR B

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

Signals
Time
clk=
dec 18 pc d ext[31:8] =
dec 18 instr d[31:8]=
dec il instr d[31:8] =
i6 inst el[31:8] =
il inst el[31:8] =
i8 inst e2[31:68]=
il inst_e2[31:0] =
ie _inst e3[31:8] =
il inst e3[31:8]=
ie inst e4[31:08] =
il inst e4[31:8] =
i8 inst wb[31:8] =
il inst wb[31:8] =
11 result ed eff[31:0] =

i@ result e4 eff[31:0]=
il result wb eff[31:08]=
i@ result wh eff[31:8]=
i0_rs2 bypass data e3[31:0] =

dec 10 rs2 t bypass en e3=i

16 rs2 bypass data e3[31:0] =
i0 rs2 e3[31:8] =

10_rs2 e3 final[31:6] =
-=== a[31:e] =
b[31:8]=
a_ff[3l1:8]=
b ffl31:8]=
out[31:8] =
i® result e4 final[31:8] =
T T T T T waddre[3:e] =
wend =1

wde[31:8] =




L,

Lin4: BUERXBEERERIEER - i K

BREMES
JilHHi: add¥g AL TEEFOMEX3MrEX (10 inst e3 = 0x006EOQE33) , 1wis &AL TI0EE TR THIEL
(10 inst e = 0x0002A303) .

JEIEAi+1: addig &/ TEEKONIFEAZMI Bt (10 _inst e4 = OX006EOE33) .
4:1Z IR
F BRI EFEIwIR AL R (FEIRMBD -
i0 rs2 bypass data e3 =10 result e4 eff =0x00000001
2:1% BIFR
Ja¥Hi: T Lwiladd 2 [BIAH DS, 0455 B5 1A :

i0 rs2 e3 final =10 rs2 bypass data e3 =0x00000001
#RAHrBALU
JESRi+1 A IR M E R T adais .
out =a ff+Db ff =0x00000001 + 0x00000001 = 0x00000002
CHESSIFS
JilHAi+1: EFEHEIALURIHTH (exu 10 result ed) . (HALFIEMERVER, EHFi0 result ed. )




SEI8A: 253 - A~

23] 1. WNTEFEN CBEERBREEER) TFEF, &0 PSR AH B F8 2 1% b 2 18] 25 25 AN [
P L PAT 5 B8 AR R 1 43 M. AT DA I 56 24 R 25 AH J<ad dF8 2 18] i nop £ s R 458 | BE 5
AN, TRANEESE — M A\ B B o e 2 1 HAh =
i A] LA N Skaddfe 218 I T1E & PUAT I HAR R, (HFEHAAT A,
B Ja, FiAHRaddfE 4 (add t3, t3, t4) ¥y HAE EPAT R HANA TS 2 IF i B R #lan, mf
DAL AR R 22— R 2 —2kaddfa %

- 1w 3, (t4) ComfilEzEE >R HDCCM)

- mul t3, t3, t4

- div t3, t3, t4

25 2. AHCKTHEN EEEHE “MEN CEBSERZIBEXBREREER M7 ELRE. rTUEHLL
ML ERAE. tel ST

[RVfpgaPath] /Rvfpga/Labs/Lab4/Solutions/Datalazards Close-LW-AL/scriptLoad. tcl.

22> 3. M lwiR e R S R A B E A R Imu L R IX A L. £E 55 MBI T, A F R Radd

F5 2 & o oNmulfg 2.



Z8% 15:30-15:50



H 3%

¥

165 BFITEER S5

R

91



SEIR5: SCIOMER

it EHT AL EE g h it e 22 vy (ICCMAIDCCM)

for IO F T Beas Ml AL G S50, A AL B AR VR RE

FIFHH#EN X, CoreMark £ Dhrystone | & &b 3 25 4 fit




KI5 RS

RVfpga % 4t 055 MRS A7 i e
—PHT B, FOEIEEENE
i 9% (Data Closely-Coupled Memory,
DCCM)

—MHETHE#TESY, HMATESEEMNE
14 8% (Instruction Closely-Coupled
Memory, ICCM)

‘ Clock _\'_

100 MHz
I

Generator .‘
"1 50 MHz

Extended
VeeRwolf SoC

" bscan TAP }o-%b

1—> CRC J

e

| Boot-ROM ” System-

!

Lite DRAM —




LS. TRFFEAT — Hunk=t[A]

0xooooogne’
Instruction
1 cycle =~ 22 cycles
y ] Cache ycles | DDR External
(onchip) mfefr::ig
0x07FFFFFF_
OXEE000000 Instruction
Closely-
1 cycle : Clowaly.
Memory
O0XEEO7FFFF (onchip)




SEI05: 2

\ b

B AT — k2 A

0x00000000

= 22 cycles

1 cycle

v

0x07FFFFFF

0xF0040000

0xFO04FFFF

DDR External
Memory
(offchip)

Data Closely-
Coupled
Memory
(onchip)




SI65: DCCMIAD B AERAE

RVfpga & 4: [t)DCCMAICCMA] {5 F S 44
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/SweRVEh1CoreComplex/inclu

de/common_defines.vhH & X H— RIS HHAT Z M ECE

TRE45 T RVipga# 4t H HIICCMATDCCMEL &

DCCM
fEREAL 1
HuhE 2 8] 0xF0040000 — OxFOO4FFFF
KN 84 KiB
FEXEE 8
A& X K/ 2048x390 (AT 7 4L R ¥ {12
A
ICCM
fEREAL 0




S2EG5: DCCMAER#TTH

From the DC1 stage adders From the Store Buffer
Isu_addr_dc1 [31:0] end_addrl_dc1 [31:0] stbuf_addr_any [15:0] { stbuf_ecc_any [6:0] , stbuf_data_any [31:0] }
I I I I
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 11bits 3 bits 2 bits 7 bits 32 bits
Addr | Bank | off| I Addr I Bank IOffI | Adar | Bank | off| Parity | Data |
I [ |
dccm_rd_addr_lo [4:2] dccm_rd_addr_hi [4:2] dcem_wr_addr [4:2]
A4 A 4 A 4 l i v
Address Enable Bank for Enable Bank for
computation reading writing
. wren_bank [7:0
rden_bank [7:0] _ [7:0] wren_ bank(7]
rden_bank[0]] | vl vl v l
I BANK 0 BANK 1 BANK 6 BANK 7 |
| 39 bits 39 bits 39 bits 39 bits ;
addr_bank([7:0][10:0] I - I
- - - R

I . deem_wr_data [38:0]
|
I . . E RN - . I
I |
| |
| |
I I

- -

I I

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

dccm_data_lé_ch [31:0] dccm_daté_hi_dcz [31:0]




SEIS5: DCCM — 2~

la
1i
1i
la

t4, D
t5, 50
t0, 1000
t6, D

add to, to, tO

11

e, 1

REPEAT_AcceSS:

bne

1w t3, (t4)
add t3, t3, tb5
sw t3, (t4)
add t4, t4, 4
INSERT NOPS 10
INSERT NOPS 10

t4, to, REPEAT Access

# Repeat the loop



S£I65: DCCM - (i E S5

Signals
Time 43900 ps 44 ns
clk
dec_10 pc_d ext[31:0] BBE6H220 |BoEDa1CS 16epeE1Cs OEe01De |poeBe1D8 |600DE1ED BODOO1ES PEEOO1FE |poE0O1FE
dec i@ instr d[31:0] FBFEOEI  |BIEE@E33 | G1CEA@23  |(360EE613
dec il instr d[31:0] BOBEAEG3  |B1CEAG23  TBB4EBES3  (0606E613
dccm_rden |
rden bank[7:0] 00 le2 e
lsu addr dc1[31:0] Fooaoo2e  ||Foeseeza
end addr dcl[15:0]
dccm rd_addr lo[15:0]
dcem rd addr hi[15:0]
dccm rd data 1o[38:0]
dcem rd data hi[38:0]
dccm data lo dc2[31:0]
dcecm data hi dc2[31:0] BOEOBEES
dcem wren
wren_bank[7:0] i3] -
dcem wr_addr[15:0] 8064 . |peza
dccm wr_data[38:0] -ZFEEW‘WJE@—..QEQE:@E@E@A

Jil i R X 1wis 21 TS : dec i1 instr d=0x000eae03.
JARi+1: EDCIM B E S, AR5 KR 445 DCCM:
lsu addr dcl[31:0] =0xF0040024 - dccm rd addr 1o[15:0] = 0x0024
end addr dcl[15:0] =0x0027 = dccm rd addr hi[15:0] =0x0027
RIS E S, B EREDCCMAEEERIE: deem rden = 1. T Viml 20550, B2
B ANEMEX: rden_bank = 0x02 ( —Hil{E ~00000010)



S£I65: DCCM - (i E S5

Signals
Time 43968 ps
clk
dec_10 pc_d ext[31:0] £E008228 |BoEDa1CS G 8 DOBOD1DE |poeBe1D8 |600DE1ED BODOO1ES BOBODLFE |poeBE1FS
dec i@ instr d[31:0] FBFE9GE3  |PIEEGE33  [BICEAB23 |
dec il instr d[31:0] BOBEAED3 | |DICEAD23
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] 8o 18027
dccm rd data 1o[38:0] A9
dcem rd data hi[38:0]
dccm data lo dc2[31:0]
dccm data hi dc2[31:0]

dcecm wren
wren_bank[7:0]
dcem wr_addr([15:0] BB54 . o824
dcem wr data[38:0] 45000002 2 00 (370000000A

Ji#i+2: M\DCCMaRECEHME, HfsHdefia Wix:
dccm rd data lo =0x4400000009 2 dccm data lo dc2
dccm rd data hi = 0x4400000009 = dccm data hi dc2

0x00000009
0x00000009



S£I65: DCCM - (i E S5

Signals
Time
clk
dec_10 pc_d ext[31:0] BEEED228 |BoEDa1CS 16epeE1Cs DEBEH1DE |poeBe1D8 |600DE1ED BODOO1ES
dec i@ instr d[31:0] B i 3 _ 23 et
dec il instr d[31:0] BOEAED3 O1CEAQ2 OB4EBE93 (9660613
dccm_rden |

rden bank[7:0]

lsu addr dcl[31:0

end addr dcl[15:
dcem_rd_addr_lo[15:
dcem rd addr hi[15:
dccm rd data lo[38:
dccm rd data hi[38:0
dccm data lo dc2[31:
dccm data hi dc2[31:
dcem wre
wren_bank[7:0

dccm wr_addr[15:0
dcem wr data[38:0

JEHAI+8: e EUE 145 R (0x00000009 + 1 = 0x0000000A) 5 ADCCM:

dccm wren =1

wren bank = 0x02 (Z#fl{E500000010; BPEE =/ NMFEAEIXD
dccm wr addr = 0x0024

dccm wr data = 0x420000000A

@

@ o @

@ @

064 . o824

]
]
]
]
]
]
]
]
n
]
]
]

4560600002 ;4208000004

BOBODLFE

|poeBE1FS




EYG5: FEAENIR

FLHEI A
BATREY (BRIP4 e b AR At
LA [F b R 88 1

SR HEIA

CoreMark
Dhrystone

$ % RVfpga &Hc
PR eSS i b 3 B8 R A
155 FH DCCM/ICCMAI g 13 2840 AL 11 57 45




SEI05: AR EAS
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i FH PSP (Platform Support Package)
#include <psp_api.h>
i ge Tt £ as
pspEnableAllPerformanceMonitor(1);
L 4
pspPerformanceCounterSet(D_PSP_COUNTERO, E. CYCLES CLOCKS_ ACTIVE);
pspPerformanceCounterSet(D_PSP_COUNTER1, E_INSTR_COMMITTED ALL);
BLHTH AR
cyc_end = pspPerformanceCounterGet(D_PSP_COUNTERO);
instr_end = pspPerformanceCounterGet(D_PSP_COUNTER1);
i S 28T
printfNexys("Cycles = %d", cyc_end - cyc_beg);
printfNexys("Instructions = %d", instr_end - instr_beg);
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pspPerformanceCounterSet(D_PSP_COUNTERO, E_ CYCLES CLOCKS_ACTIVE);

(
pspPerformanceCounterSet(D_PSP_COUNTER1, E INSTR_COMMITTED_ALL);
pspPerformanceCounterSet(D_PSP_COUNTER1, E_ D BUD TRANSACTIONS LD ST);
(

pspPerformanceCounterSet(D_PSP_COUNTER1, E_ D BUS_TRANSACTIONS INSTR);
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CoreMark = iz 1T a3 1Y 22 ISR
CoreMark43%r (CM) : &SFMBh5E sRTIEAR RS (BRI, SEAREUFD)
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SEIN5: HPk4E T CoreMark

GiEas = R
AN
CM/MHz 0.47 1.88 3.47
B4 2150 1 2150 1 30.953
JE A% #1200 H #1501 28.877
IPC (845D 0.25 1M1 1M1
BIELRES #3133,000 0 0
(EEREER 4 (DCCMD (DCCMD
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» TFERILI
* Cycles = 529930
* |nstructions = 496678
* [nst Miss = 49
* |nst Bus Transactions = 392

- O2fiLtk
* Cycles = 288340
* Instructions = 309637
* [nst Miss = 62
* |nst Bus Transactions = 504

* O3 FmiFsaflil
* Cycles = 268869
* |nstructions = 292421
* [nst Miss = 219
* |nst Bus Transactions = 1760
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PAARVipga 2 4t FIDCCME A & W% 1) 25 R R A G, Rl 75 4 H A5 128 KiB DCCM 1) Rvfpga
%4t (RealBenchmarks/Bitstreams/rvfpganexys DCCM-128.bit)

#:.>] 3) 13 HICCM#STCoreMarkZE MR, H 51 m4E B0t t
A platformio.ini W, 1 R A8 BEICCMIP Rz 45 I A
(RealBenchmarks/CoreMark_HwCounters/ld/link_ DCCM-ICCM.Id )

ZRIARVIpga RS ANFEICCM , £ platformio.ini &, 1§ A{# EICCMEIRVfpga & 4:
(RealBenchmarks/Bitstreams/rvfoganexys DCCM-ICCM.bit)
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