SalES PRI

TEINLHSB

Computer Education 15

252 11
2026 4E2 A 10 H

+28m 5 20

FESES: G642

HiE “101 itx)” EEFRENEFETELE— ML

=i

CEFEL B OE EXR, SEH

(1. e FRBKF HFIAFERHRFER, T 100044 ;
2. Ab T 3 A ik SR A A A TR E), BT 100095 )

TEHE: 1672-5913(2026)02-0015-08

# %!

B =

W OE. AT TAEANEAARE Bk R, T, OB, B SFRA, ReHmEad ‘101
HR R ERTFE, QERFEAZRFEMAT RISC-V M6 4 1T EE, LAREE
ATk R AF F AR FPGA TR MRS, el Tl F F A -F & & P i 2454 FPGA TR £ %, FAT
RISC-V M6y RN EBEEKTF ZAAR . T EMARIRIL | UK R EMFerl 226 DR,
VAR # W TR BBk, CPU RIS AL fe et 2 B4, @i 2 “101 3H %7 X &0 B 3 F

BJRILIRAL W BRI RS R

FEEEE 101 3R] ARARAR S, RISC-V; HFEA, I EMERER

DOI:10.16512/j.cnki jsjjy.2026.02.043

U P ST ALRE P 512 45 2 7 v 15 1 3k 2 1
AR
04k

Wi N TR RERI PR & S, RE( . % hE
TR AT A B — 2 R, AR AR AT R bL
LAV HEF R R PO AR AT ., O T Rt
AREHTENHE U, HFHT 2021 FIE)G5h
“101 71817, BOFT AR . AR
PERIPE R IR Y EARBH TN A4
B, MR B MO A EME L, R RS
oAU, KIS . SER R R M
IRl SRR, — 7T, RO i S A
Wt , XFEIME, A E X A FRE s s
B, WA R A AR R BRI, X 2 ] U
& Jy—Jr, X RIRIE B AL A A
BHETS, MIEANZORE, Mg TR, H
XKL, RS0 (M B v T AR

EEXFPI IR, MSCERF- & M B orbT,

PESEIT- 6 1T LR BUSUCE AL AL TR . B Sk
R AR 2 Ak Ry P R A B A T B 2R el . T
B A RE RS XE SR A, 824 A
S SARMGE B T E AT, L2k BE RS B B
WA TIRE . S SR REIAR 2 I AT B, SR
AMMEAREE S SRR, MR B B

MIRFR BT Z W4T, ARk TR il 3
SRR, A S0 5 T I 174 [ R 2
Y RUE 425,

(1) B R: 1T TERREAIX ST, XL K
—ANHIE HE R IR SRR R P SO NG 2
A B2 2] AR A, it L S S0 S TR A
o EAEMELIRR TN, MESE I AIUA R,

(2) \EHE . FHFdE A F E IS LA
WS, T2 T Ak B T o B SE PRI H B
g Pl

(3) REUBL: SERHF LI/ BSIF P S 50
F, B PEL EAL TR R SR SR Y, X

HEETH: bFEKRFARAKFEEMRD (LX20250081, LX20240100 ),
fEERINT: &2, B, MLHARALESE, FRAT AR EREZLEN, ketted2025@bjtu.edu.cn; ZFF#% (@15

H#), 7,

https://www.cnki.net

B HA, ARF QAT HENMBLE 254 H), lizonghui@bjtu.edu.cns,



F ] %1

TENESE

16 Computer Education 2026

INHIB SIS TAE R R, MELLL LA A 2 b -k e
B ARG R BLRIZ R

(4) 5 AW RREUSIETESLR R, 24
FEF SIS B A6 b, Rt e T 55
MELUN TREA R L2 A N TR f o o
245,

it 2L D PN T 2R 24 A O R R, SOk
[6] HHH& H T T ] RS RE S B TR IR R G A
KRR LSRR R, EBE R 552F8 CPU, #
VERGE K G f A T S BRI R s SR [7] R
P T FPGA WIS —F- &, K 5 TTHTE
U O S 2 S SR T A S A, (ASE
it it R 5 PR AR A SOk b i = A0S Sk
[8] Ff 12 3 #4 LA MIPS 20 J&] 4] Ab BR 48 (4 35031 5K
K, JFHEMERENH N6, HH%s
BUTENE, FERASL R & LT,

2 i EEHLRE AR SRR B A

TR HURE PRI A AL 3 0
JiT

(1) BRAREEARIE: Hor AU S IR P AT
B, G LRy Wt e R L 258
BT ARG BT

(2) BEFIG & e R o ie: 7E Rk S
B, WA H RS RIN . e YEF 5 Pr
MR, PREEREIEAREZ IR, HAr A #R A 5
PrepfErpLes P,

(3) TRET M HEE SR AN G ik 1 5

¥y, BoRepA NS TR E I T, HE IR
A B T AR IAEE T A TR I RE T

THAHUAE A SRR 2 v SR R B Ry .
TP 6, AR, B
P FPGA JFEMGE T & Fima B, # T
SLICA AN, AKIHAT RASERSLss ., Ak —F&
BT AR A R, AFE R — SR
4 IR . R — B R G IR 2% 2T B
BRI, LA R AR T S A
RSN 2 P N 1 5 = 0 £ 58 oy D A ]
RISC-V HLJEA CPU 1], e BRI UF T
P IERfME; K =AU IR RS 7E O SE
CPU %:fith I, S K&IF AT IEREN AL ; K
FIRE 25 A SE VIR AR B3 T CPU S — 4> SoC
R5, mARIERERS

30 4 F “1000HR)” WS IBCS TG

ST IR, MEmE 101 37H” fit
FHLRECE Ry — MBS 5, L
BEEgRE N FLR, B AR5 L 4T
PR TR SR e e B, LUA EROTReists
BAERGER CPU g Hbw, Hidr-a it L
BT S B RE

(D) B B3P A" B — s 950 F
f, WL N AL BT R (i
1 FR e

(2) P HLRE PFIRFR SRR IA R B, S8 4
IREFRRE SR A0 5E 2 B0 (INnIEL 2 P ).

1 “BFELE” N—hUBFIRTE

https://www.cnki.net



SalES PRI

236 5 52l .

o
WA szl fij FLRISC-V 32 CPU ¥ s FELT G AXIRZESDMAE R || BRAE R0 5N
T [ mscvirer || estn [ osmimpmm || axmsmmn ||| gt )
[riscvazceutkzgm ||| esmors ||| conemmeoon ||| Eraxiasw ||| 4R dread nano ||
e v | DMAR: 15212 B R
ECPUBATTRIR || riscv 32 crutt e ||| i, (A SR AL
fERG : S U7 | SDDRAAER ||| Etraierr
HE LA AL & {LRISC-V 32 CPU SRR kit 1 A4 AL Cache#iH it ,
LW | [ wmscvinem | || [wxzusrksi | | S Hi || |[oanmu . weommsair | |
5 : — - :
E f@ﬁﬁﬁﬁﬁﬁﬂjg\ sorriggnge | || [ wom. s, pwEk || || Asrsas osm ||| HCPUIK i
= CPUit | LR SR ‘ | RISC-V CPUTAE I F | ‘ RISCV 32 CPUTERENIPF ‘ ‘ RISCV 32 CPUTEfE TP ‘
ﬁ ":ff:ff:ff:ff:ff:ff:ff:fff:f:ff:f:fff:ff:ff:ffffff:ffffff:ff:ff:ff:ff:ff:ff:::ff:ff:ff:ff:ffffff:ff:ff:ff:ff:ff:fff:f
% ﬁ%ﬁf%@?ﬂ § B (P63 Sty ol CPUK i ‘
SR S A S A N i
‘\ WLEH s | Block RAM [ mmEsorw || ([ sowtesti || | [ volrmg it |
Bt | ALUSES F AT’ I T PP s e ||
e Ay
B R IR SystemVerilog A& il e R4 9 iR
SR [ systemvVerilogifiak i ] | || PR 1L [ memmmmmmus | 2R AR
| vivadokFR TR || | [ maammns || RSN Rt b |
B R [Froarrmeiemun || |[mammumavsmr [ owawirgs || | ZAEATH
B2 HEHNEHETRELRELR

4 BUermEsiger-avtil
41 FITEREEEER

A RGEA RO R — 2 e
£ FPGA WML, — RSBl S AT S
R, N T AFEIRSZPR FPGA YT, ZAeif
BA 22 X FPGA S50 AR Y JF A 5/ > AT T
P R 5 S PR B AR 50 A — B
H., I REEXT FPGA AR A fiff 3 i K K5,
FEAL AR L fe P B o JR A B R /b, X REA
RERNR K SUFREE 5 Yy PRS2 6] To4e Ve,

W RS E LTS 4 B, B
PRI RS . BUEE REMF AT RS, 4
FanE 3 fros .

(1) % RS FPGA JT & M =
— BN S A, AT 2 HMA S i
EHRSGE, FLREOFTIAL FPGA 15 8. .

(2) mFEpEhl R4 wREH RSB E P,
S, fENTIE T & 2 FPGA, FPGA $if74%
WAL BRI (S RS L B i, SR i A
PR FPGA JFEMUAA, R4 505

(3) B (5 ARG MEEREHARSES

3

https://www.cnki.net

B3 HFFEETELDEN

FPGA Z A [fa el .

(4) 2 RS UM & RS
i) HDL fCRS 256 D B S SEI R, 2= A fiff
FI EDA T H (Vivado ) fEMBIERSE BETTE , #%
A RS 2 FPGA 1,

4.2 Rt
421 EREERRSE (i)

EARRE R R G B C ) BB ETE FPGA B
BARmBAE RGACRTER a0 0 T IRAFRRE 1995



F ] %1

TENESE

18 Computer Education 2026
il AE]EARAS, ZR G0 8] B ] 5 I 18] & % i 2 iR write 4 T TR I OCHIRE, 545

H% P FPGA Z IR ZES, FFAR g 2ER
FNNAEIER P E M 5 FPGA SEFRdME
Z A RPIRAS — S, DA PRI 0L 1 5 A 35
B A5 RAEERAE RIS T ) — 2 .

AR R GE AT LUR A P R 7 o) st o
Bl DR Sk
422 HIHEGERS

a5 R G AL R ) R gl i B T
Bl H, BT UART PRl T 9 il
FHEAR R B OB, Shscaifasemfs, o Dk
T B B RS R X R RAE, B ARAE AT M
B, RGMKIRAERSIEH TAE,

KT G RRE 225 T R, 4238 144
AT YRR VO 5| JER G WL 3] 4 SHPREA : 64 4
A TIF 5 SW., 8 A~ F 8 JF ¢ KEY . 32 /> LED
YT 8 L BB S SEG (40 N5 ), #kA%TT
KFFEETT X B I (GFRBITFC ) A
B AR, AR RG] P TS . LED
L B A L L B LS FPGA i th 51,
AN RN 4 PR

B4 SMREBRSIE

RGE LT A0l a4« read A2 I
write T4 read iy 4 T 3REU AT AME HPIRES
BLFE B RIIF & . LED A4, 18 549y, il
Uz INE RN

https://www.cnki.net

T, HhEmAcAEAE (08 1), K716k
WD, SZRF 72 A RCBhE (0x01~0x48 ),
Hrp SW1~SW64 Witk 0x01~0x40, KEY1~KEY$8
LB R 0x41~0x48 .

XA 2B 43T . read A 24 82
9 0x80, LT write iy 4 [ AL M RS, P
A AT DU I — R bR PR e . 84
BTN 5 BT o US4 5 1) 4 6 Hh R 2 A
LA, M RGN

E5 HEEFERSFESRTE

423 “HESIRARGE (M )

SRS RGN T S EBIREAG REHTE R
ZH., [AI SCE ARSI RGAE DA
BIERERE T, B2 T FRIREN S 1M
&, an 2t SAMREE R, B4 L Vivado T H
WAL B aniEl 6 s . (HASEREM
S, SRS RGAEYIRE AU E T Ry AR A
SIS FR R 4, BRI AL 6 4 Student top Bz AY X
B, HAWBHT T2 AR H B

Student_top FHEEHE—EREHE O, G
Bl EATFARESME S MG S . PR IMEAE 546
ZorBARE S RGBS S 2 LT, R
JEZEAY, AR K A O AR SRS,
RIw] TEH S

5 BRI

RS A R MR — 2R, 51544
THN, B IR St ) R



236 5 52l 9

B 6 ZFAILWRFRENY

LI URRE , IRt PR R T 75 o BT B A flk &
. R BN S 2D I B T TR
filh b, @ AL R R R, S RISC-V
A CPU J AR GAIE; TR PLIAR R &5 78 )5
A CPU ehifi I+, 5IAHZIF/KM CPU PERENL L
J7iks BEFLR A SEUI R TR 22 5L BT S8 58 T
HIKT RS, AXT BZA DMA 210, Ff i fitar
R ER SN SR C IR FEEHE N, R EsE
%% SoC, Jfi3h RT-Thread ##/E &% .
Harfedb st sgim R (DT fpcgss ) & JF
JERFR T, LA 2025 4 3 S SRR TS AL AL
JRHCAF, 2RSS S 3 A B B —

BB 2 ) B LR SERE KA RISC-V 15445 4
BB S 7 54841 RISC-V CPU;
= BBt PR E RV 24 KA
MiniRV, Jf-i#id Trace Il AL (4555 HEA TRHIE
51 ME—: EMAIRETAEZE

By Bt — 5 B2 A 2 o B {2 o A P S AR AL,
WIS 8648 S 45, 2%~ 6 {F il R 15 55 System
Verilog, #RJ5 24 Z& JF & ¥ 55 Vivado 2023.2 Fll
FPGA HF &M, SCids 45 h e fbor & IREE &
MR, DIROF R GIR . 75 bk ) o
o, SEGAR T AR U T R A IS o G R A
PRI 2E AR )25 2 oL CAnE 7 iR Do

B7 #oLiE5SEE R

https://www.cnki.net



F ] %1

TENESE

20 Computer Education 2026

7 1E R E A CPU B3, 24 A2 38 401 58 1
“RISC-V /L4155 g fe” WSLK:, T ff RISC-V
RV321 R 4548 4 10 S, (8 A 40 58 CHE T
S I SR i A ]

52 BMEZ: #%iF& CPUREIT5WIE

BrBr —EE TR A 7 %0454 RISC-V
FEA4E T4 CPU, BLR2AACRH AR By =X
BHAGH , 2F ARG BSE L TR

(1) BHEMET: NIEABHERI ALU A
T, Y REEFRLAFAM

(2) B ms it SEPUECE I I A 454
B, PRI BRI, A s
TR EIE .

(3) Aty J8 . (R RS
KA RIS

(4) i it e g B i a1
RehnEdl Roc, SCBEE SR S5 EIE S .

(5) 5 CPU Lt : H DL B A
RSEELAEI CPU, IR T 7 AR EL

53 ME=:MnRVIELEIUHARE LR
IEE

BB, fFEAEC S 7 4354 CPU
Bt b, KRS RN 24 4. BT SEHTIE
Firh, 22AECA TR CPU iRTHMIEA S . 7RI
UYLl IS e i S DY A T L N E R ET  a
X, iR R ARSI CPU, 224 5¢E
BCEE HE S R A RS R, B R T 45
LAY 7 4454 CPU WAt b, dfapt—0 .

BSUFFAIS i T Trace X & %5, 2R 40
JRER Ry : i Verilator FFUR T H, FRICEEASJE I
2S00 CPU WG, JF 5 —ANIE#fY CPU
SRR SN L, SEER R A B R E 0L

WG, FAEARYE A E W VO HuhkZs
], LB, HHERT coe SCHFHA LRI
FAEIX I, B ARSI FTE FPGA LIEH
517, Kl 8 JBR TR, ZEMN Trace i
LA, MR fT ], Beraeb &
P 53 FPGA B s ——%F I o

& 8 Trace MliX 5 LHRIEIE

6 BIHrPk
R —. — Rk ELAE 7 i o ) 2 S B0 A

X TE—BHHLE-F 6 L50E 4 TR R
RESZER, I HLSCH0 AR i 1 IR R — 315K U A It

https://www.cnki.net

¥ R, GRIFHE . H LA
RS T A T PR

PO HTRERCESET A BTk
RGN N T LRAIGH T, WAL |,
S DR TEIZE T SE0A, P T4k 2



F ] %1

524

e ASERT

21

B B S5 RAR L E RPN B AR
Sragt| RSl N = N L g3 e S P L G B 7 NG iR
B] . b SR A B R, W A A P U LR T 5K
Wb, EFAEHLEgE, K’ 9 RER TEPEHY
FPGA B 253

9 FPGA ¥=FZ4 5

7 AR

(1) “Bug 227 1 — b B LRV 5,
CHIHZE R LR 3T, I8 ML
AR T HeF RS TAE <101 387 Bk
SN HIH, 55k A m A ESET AL
I, SeMEE 33 RAL B A R A RN SRS 61 JW
hEESHE N S, JEE 2025 iE 2 EKFEE
HE L BB BME R FE RISC-V CPU 3238,
YERTEFEREIT- 6 PSR- B H

(2) B T 2024—2025 4E 1 Ze i 426 90 “ LU
FPGA WEMARMIT AN RS R S I i
P, mdbathps s R R R EE
KREFZ IR EONIHE “Her 22 i —k vk
HEETRT

) RICBF A A IR IA R, &
K2 57T RV T.Z &4 RISC-V AA K 32 brifE
B,

(4) 2025 4, FREERGERIE (70 )5
AN R AR, SCBR 32 i RISC-V
CPU, Xfhr “101 3H51” v ehy g /NG 22 U 3= 2w 9
B P S 5230 ) MIPS CPU 281, %1 @
AN IE BEEA, , IR SR BIE TS (85
U s

£1 SRS

TWAE BonE BiroE EH5y KB
AMEIE T 20 14 18.07 1.29
BRI 20 14 17.77 1.26
APfift A LB 20 14 16.94 1.21
Yt s S 20 14 16.79 1.20
CPU $5 kS50 20 14 16.20 1.16
Bt 100 70 85.77 1.23

8 & ifi RECFSEI 2y, TERME R SR A LRI

WO 2R AT LB S0 5 IR A 2R 5
BT B AR BT AL A B R

https://www.cnki.net

W, BRRIGAR T Bir. HRNZEKITE
BHIE T 3WMHEEF LR, 7 2025 4 FH K¥4
FE R BB B K FE RISC-V FE3EH, T



TENESE

22 Computer Education 2026

AR N TR =, Ber e el T BRIRR, WEOIPRI AR S s, TR SR
M, W RAFAHET O E. ROk, Rl %, B E SRR A

SE Lk

[1] PARAREFRBHF R LA 25 “1014%)7 T/FE#HLE4 FH 1015 %7 RR A4 B A[EB/OL]. (2024-04-19)
[2025-09-05]. http://www.moe.gov.cn/jyb_xwfb/gzdt gzdt/moe 1485/202404/t20240419 1126372 .html.

[2] 3k, Bme s, 35, 5. @ &3t AR Go ik A 38 A 00 4R AE R GeiRAR RS B[], SRR, 2023(8): 36-41.

[3] Kojmane J, Aboutajeddine A. Enjoyeering junior: A hands-on activity to enhance technological learning in an engineering dynamics
course[C]//Proceedings of the 2016 International Conference on Information Technology for Organizations Development (IT40D).
New York: IEEE, 2016: 1-6.

[4] 34 4E, JRBRAE. F 6 Ak B2 A2 P AL A 32 e i AL A RS MR RAUR R [J]. HHAAUE, 2023(3): 145-153.

[5] Matias L R. Tell me and I forget, teach me and I may remember, involve me and I learn: Changing the approach of teaching
computer organization[C]//Proceedings of the IEEE/ACM 1st International Workshop on Software Engineering Curricula for
Millennials (SECM). New York: IEEE, 2017: 68-71.

[6] EAR, AT, 25, & @EH I A G A 32 R 00RA2 LIk 2 M &[], £33 K5 42, 2018, 35(6): 12-16.

[7] &, T3, 48, &, & T VerilogHDL% k3R -+ & 89 S B M RL” RAREX FREX[T]. SREARE Fm,
2021, 38(3): 236-241.

8] AB4%, TEE, Th4, F. 26k F8ipt S E). SR R5 %3, 2020, 37(5): 142-145, 162.

[9] Papazoglou P P. Hardware oriented microprocessor simulator[C]//Proceedings of the 2024 IEEE Global Engineering Education
Conference (EDUCON). New York: IEEE, 2024: 1-5.

[10] %X, 5235 % B FE[EB/OL]. (2025-06-04)[2025-09-05]. https: //jyq2umyqyt. feishu. cn/docx/FeuzdESG1oTfVnxNaADcDk88nNf.

(Zife: & J5)

A unified digital twin platform for the experiment education of "The
101 Plans" hardware courses

Yu Huang', Zonghui Li", Ke Xiong', Wenbo Li*, and Hongwei Mu®

(1. School of Computer Science and Technology, Beijing Jiaotong University, Beijing 100044, China;
2. Beijing Jingyeda Technology Co., Ltd., Beijing 100095, China)

Abstract: This paper presents a digital twin-based teaching platform that supports the main hardware
courses for undergraduate education. It is part of "The 101 Plans" initiative, which aims to unify and improve
computer hardware experimental courses. We develop a digital twin platform and a series of RISC-V-based
courses on computer organization and system architecture. The platform supports hybrid teaching with
physical experiment board and a digital twin client when the physical boards are not in hands. This setup
overcomes equipment constraints, allowing for centralized hardware management and improved maintenance
and efficiency. The platform can support hardware courses from digital circuits to CPU design and CPU
performance optimization and finally covers system-on-chip (SoC) development and operation system booting.
A pilot run of the computer organization course at Beijing Jiaotong University this year received positive
student feedback and demonstrated effective learning outcomes

Key words: The 101 Plans; hardware education; RISC-V; digital twin; computer organization
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