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e SPIM used to be a reference as a multi-platform

educational (MIPS32) simulator

o Featured in Hennessy and Patterson’s seminal
textbook.

e However, MIPS32 is no longer relevant, and RISC-V

has become its de facto replacement.

e Need for RISC-V simulator with the same features as

SPIM!

o CLI client for headless environments (e.g.,

autograder) or power-users

GUI client for regular users

Multi-platform

Integrated debugger

Optional system-level programming

Optional I/O devices
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® BRISC-V (https://ascslab.org/research/briscv/simulator/simulator.html)
o Online simulator in Javascript

o No CLI client (i.e., no headless autograder)

o No system-level programming or I/O devices

® RARS (https:/github.com/TheThirdOne/rars)

o Cross-platform simulator in Java

o Does meet all the requirements, but limited
evolution to offer an web client

$ ./vxiv T to c.s

L oaded: <built-in system file>
loaded: T to c.s

100

Temperature in Fahrenheit 1

S: 100
Temperature i1n Celsius 1s: 37.77777863

VRYV: A Versatile RISC-V Simulator for Education

Noah Krim, Joél Porquet-Lupine &, (with help from Gabbriel Bui)
SIGCSE 2025, Feb 26 - March 1, 2025, Pittsburgh, PA, USA

e Command line interface (vrv) and graphical user interface (qvrv)

e Multi-platform
o Linux and Windows/WSL via Applmage applications
o Mac OS via homebrew or universal package

e Implements RV32IMF_Zicsr instruction set
o 32-bit base integer instructions (RV32I)
o Integer multiplication and division support (M-extension)
o Single-precision floating-point support (F-extension)
o Control and status registers support (Zicsr-extension)

e Supports Machine and User modes
o User-level programs
o System-level code (e.g., exception/interrupt handlers)

e |ncludes a simple, optional memory-mapped TTY device
o Based on LuplO-TTY (hitps://gitlab.com/luplab/lupio/lupio-specs)

® |ntegrated assembler
o Resolves symbol references
o Expands pseudo-instructions

e |ntegrated debugger

o Breakpoints, watchpoints, memory/register display

File Execution Settings View Help
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GPRs FPRs CSRs Text Data
GPRs o @ Text
No. Name Value User text segment [00010000]..[00020000]

[00010000] 00c0@Ref jal x1, 12 [main(= 0x0001000c) - pcl, 145: jal main

X0 zexro 00000000 :
[00010004] 01400893 addi x17, x0, 20 = 148 13 a7, EXIT

x1 ra 00010004

[00010008] 00000073 ecall ; 149: ecall
x2 |sp | 7fffd8c8 [0001000c] 00a00893 addi x17, x0, 10 - 25: 1i x17, READ DEC
X3 gp 10000800 [00010010] 00000073 ecall : 26: ecall
x4 tp 00000000 [(00010014] 00050293 addi x5, x10, © s 27: mv x5, x10 # use x5 for

the Fahrenheit temperature

[00010018] Offf1517 auipc x10, 0x0000fffl [%pcrel_hi(fahrenheit(=
0x10001002))], 30: la x10, fahrenheit

[0001001c] fea50513 addi x10. x10., -22 [%pcrel lo(fahrenheit(=

x5 t0 00000154
x6 t1 10001048
x7 t2 00000000
X8 s@ 00000000
x9 sl 00000000 Log messages Console

x10 a® 00000000 --- 100
x11 al 7fffd8cc Memory and registers cleared --- Temperature in Fahrenheit is: 100
x12 a2 7fffdgd4 Loaded: <built-in system file> Temperature in Celsius 1is: 37.77777863

x13 a3 00000000 Loaded: f_to_c.s
x14 a4 00000000
x15 a5 00000000

e |Lower-division computer organization class (ECS 50)
during Fall 2023 term

e Basic user programs
o Coin change calculation, temperature conversion
o Sorting + binary search using functions

e Advanced system code
o Trap handler emulating misaligned memory

accesses
® \ery positive students’ feedback
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Ease of use

Effectiveness

0% 25% 50% 75%

e Website: hitps://qitlab.com/luplab/vrv/vrv
e Open-source available under the
GNU Affero GPL v3.0

e Email: [porquet@ucdavis.edu
e |Lab: https://luplab.cs.ucdavis.edu/
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