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Abstract—With the rapid development of the Internet of Things and artificial intelligence technology, processor cores
based on specific application scenarios have been widely studied, and the chip industry urgently needs talents with
relevant knowledge. RISC-V is an emerging open-source instruction set architecture that is concise and easy to use, with
broad market potential, and is an ideal teaching and research object. This paper completes the design of a 4-stage pipeline
processor based on the agile design language Chisel. The designed processor core uses AXI interface, and support IM
instruction set as well as interrupt functionality. This paper also uses Verilator open-source simulation software to
establish a simulation framework based on the DiffTest principle for testing, and builds SoC based on the designed
processor core on FPGA, runs operating system to verify the core design. The verification results show the designed
processor core can run the RT-Thread Nano system on the Nexys 4 board, with a frequency of 50MHz. The IPC of the
processor core is estimated to be approximately 0.5 based on the simulated waveform of the testing program. The
research of this paper can provide some references for the teaching of embedded system design and computer

architecture related experiments.
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PERD AR

class Decode extends Module{
val io =10(new Bundle{

RISC-V

val normal_rd = Flipped(new Normal_Read_l0O)

e AR

class Commit extends Module{

val io =10(new Bundle{
val normal_rd =new Normal_Read_|lO
val normal_wb = Flipped(new Normal_Wb_lO)
val csr_rd =new Csr_Read_|O
val csr_wb = Flipped(new CSR_Wb_10)

)
}

P EE

val esr_rd =Flipped(new Csr_Read_l0)
val op_datas = Decoupled(new Op_Datas_lO)
val flush = Input(Bool())
N
}
-
ToJZ= A b

val decode =Module(new Decode)
val commit = Module(new Commit)

decode.io.flush

= execute.io.flush
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(object ISA{ )
def AND = BitPat("b0000000_?????_?????_111 ?????_0110011")
val table = Array(
//val opType :: exuType :instType ::dest_is_reg:rsl_is_reg:rs2_is_reg
AND -> List(Op_type.op_alu, ALUType.alu_and, Inst_type.Type_R,Y,Y)Y),
)
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ListLookup {R4ins HEET} [‘AND"ftZEand2emE S 18t
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class Decode extends Module{
val opType :: exuType :instType ::dest_is_reg::rsl_is_reg:rs2_is_reg :: Nil =
ListLookup(inst,decodefault,ISA.table)
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3. 1 {HEEZE

Signals
Time
clock=!
io valid=!
io op datal[63:0] =t
io op data2[63:0] =t

io normal wb valid=!

io normal wb dest addr[4:0] =t
io normal wb dest data[63:0] =t
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RISC-V 7
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T AL 458 . Verilator B 4% RTL fRRLAS# Ky
CHIRLIRE 1, RERMS DU AN RTL ARFSHEATIRAE™ .
REFRBRART Y Verilator #EATH#AL, RIS A2
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B ST KA KRR 7 0 N ASE 0L 248 A0 A 3 28 568 B )
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Vo
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io_exuType 12 SIRH 0x3, 0x22 4> B3 add F/EM
sub #AE, S A A7 45 45 B ] A AL B8 AT IE A o

hRsEMIR

2325-0208 /© 2024 ISEP



8 Journal of Computer Technology and Education

Bl 12 d R T B (S S S @ eSS, 1T
DUE HE S E RS, 84 WLIER A, Eh
LRI T RISC-V AEFRASPE RENIRAR I meyele %

Signals

Waves
Time .

clock=:

io cpu_addr wvalid=:
io_cpu_addr_bits addr[63:0] =t
io_cpu_data_valid=I
io_cpu_data_ bits pc[63:8] =t
io_cpu_data_bits data[63:0] =t

io_commit =€

io_normal_wb_ valid=t

io _normal_wb dest addr[4:0] =t
io_normal_wb dest data[63:8] =t

reg mcycle[63:0] =t

reg minstret[63:0

723 minstret {7 8%. A ffas meycle fRRHMATH
JAYHEL minstret ARRPATIIFESE, w5 H AR
P10 IPC M 0. 5,
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AL SoC Nl 13 Frzx, %A SoC HARPEERZ
plic. DDR. Flash. UartLite. GPIO ¥Jpf. I %
& plic Ml Flash BHERATE 4L, HAeHIRH Xilinx
) TP #%, R R+ 43 5 (8 . AMERISE & 72 AR 1 FR s
KATHIMBFWF S plic, FH plic ARG IS
. UartLite 1 GPIO KA M 25 0L 32 ALl
AXI-Lite #11, ANfEH AXI BIEMI%E. AXI-Lite A3
FREL A, Bb last A len (55 . AT AXT to
AXT-Lite FH5E BAH N FEHe, Si@IE M) awlen {55l
wlast 1552 H B 20, SHBIEN rlast 55Kk
# rvalid (55 RIS P2 A, 525 B0 AR 4 b A7 304 T
sk 2R AXT 1 64 A 8dE S 2k E AR AXT-
Lite [ 32 fr#dEask L. Flash B 5H T
Nexys 4 JF &M T FE 4L FPGA 27 flash i A, il
AT AT DOl IS N a2k ek B flash H1. DDR %
HIRE MIG FIZH B R 172 FPGA [ RGRE0 A
100MHz, MIG fR%r I 8 ui clk iz AXT 820152
HIh g 50MHz . I8 ui clk B2 o kb3 28 4% 0
f AR NI B, AT B 1 5% B I B sk v 1 1 5

reset
m_external i

RISC-V Core

system cloc
(ref_clk)

AXI Connect

ol B

AXI to AXI-Lite AXI to AXI-Lite

Uartlite Flash GPIO DDR

Flash Controller

Plic

13 SoC HEZE

AXT Connect FEHRA7 TTKE AL EEZRAZ 1) S 2615 B 57
REAFEINAE, R A28 8% Kk F R bk BA5F
ErAME RIS RIS, X RSN A e 5 AL PR S R gt
TR H . SR MHLIE U X R WK 3 Fizn, clint 7
TP N EEAL IS AXT B ZRHE4T V5 ), DDR Mk
KTZET 0x8000 0000 KI5 AN AE, plic.UartLite.
Flash. GPTO fHshit/NTF 0x8000 0000 %%l 4>y MMIO
WA Viln] MMIO 54 3R AN 29 Cache B 47, HAH
AT TR 2 AN 2 EAE N PAT o

R 3 BERMULARGI X R

&S Motk K
plic 0xc00_0000~0xcff Ffff 16M
clint 0x200_0000~0x200 ffff 64K
UartLite 0x1000_0000~0x1000 Offf 4K
Flash 0x3000_000070x3000 ffff 64K
GP1O 0x4000_000070x4000 ffff 64K
DDR 0x8000 0000~0x87ff ffff  128M
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Chisel
4. 2 RS

RT-Thread Nano [ J& 823 & 2| 2 AN M S |
(18], REWE 7 I FESIAZIZAT I 2 FPE 5. I
AP RT-Thread Nano & eA7Fi T flash 1, 2R 518
AR FIE BIN A, HRAIENAF LigiT. Hi
MARRE P AR SEAF T flash, {HIZ{THS BRI AR
RIETNAT . INEFET 75 200w WAL P75 flash Al
WAF TR AL B A BESEBLIE A EE . MRFR P AL B
REEaEn e, W 14 Pros. SEEA e
55 xing data_start. text start ZEid 35 AL
JPAE flash 1 DDR bdhdik, JEzhAAHRS 2 5] HEEHE
ARIXLERF S, HEAF T a5 AP LB s a8y
i

Startup.S AT
..... | .a a0, _text_start Ilugz*gg
laal, xing_d - Flash
3 g_data_stary = —1 .
la a2, xing_data_end LI LE( ;ﬂu&tfig
bgeual, a2, 2f
""" W fUIBER
\\~__,///”_—\\\ P .
Mayfly.ldS
xing_data_start=; iﬁ$£
text :
{
_text_start=;
)>‘r‘;.r.ﬂ AT>flash

B 14 $HETE

«¥5. COM5 (USB-SERIAL CH340 (CC

N/

- RT - Thread Operating System
/N build Oct 17 2023

2006 right by rt-thread team
malloc ,400

malloc 8000c5c0,1000

finsh thread,21

main 1

msh >help

RT-Thread shell commands:

show RT-Thread version information
- list thread
- list semaphore in system
1ist_mailbox - list maill box in system
list_tumer - list tumer 1in system
help - RT-Thread shell help.
ps - List threads in the system.
free - Show the memory usage in the system.

msh >fi

version
list_thread
list_sem

15 RT-Thread Nano Z{T{E&
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