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Teaching Computer Architecture and Al
Accelerator Design through the RISC-V Ecosystem

Speaker: Siting Liu
School of Information Science and Technology (SIST)

ShanghaiTech University
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I Outline

* Introduction
 Background & challenges

* Motivation
« Why RISC-V for teaching?

« Course material & the use of RISC-V
« Computer architecture
* Al accelerator design

« Takeaways



I Background

« Overview: |C education at ShanghaiTech

Devices

Circuits
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Systems

Physics of Semiconductor;
Intro. to Nanoelectronics;
Optoelectronic Devices;

Micro/Nano Processing
Technology;

Microelectronic Devices: etc.

Digital/Analog/RF
Integrated Circuits;

Digital VLSI Design Flow;
Optoelectronic Devices;

Micro/Nano Processing
Technology; etc.

VLSI Design Automation;

FPGA-based Hardware System
Design;

Chip Testing: Fundamentals and
Applications;

Computer Aided Verification;
Computer Architecture;
Al Computing Systems;




Challenges
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« Traditional courses rely on proprietary ISAs (e.g., x86/ARM), which fundamentally
restricts architectural exploration and hands-on design experiences.

It limits the chance that students learn from practice.

« RISC-V is open, simple yet elegant.
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I Teaching Process & Course Content

 Knowledge transfer (lecture) — Learning from practise (labs & projects)
« Computer architecture | and its project
 Basic understanding of how a computer works;
* Memory hierarchy & memory management;
* Optimizations through parallelism;
* Al accelerator design with RISC-V extension (backward design)
* ISA extension and hardware implementation;
 Advanced hardware/software technologies for optimization;
* Memory hierarchy considerations;
* Basic understanding on domain specific architecture (DSA);
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Basic Course Info.

« Computer architecture | and its project
* One of the most important required course of an undergraduate SISTors;
 Consists of the theoretical part (4 credits) and the hands-on part (2 credits);
* Involves 200~ students each year;
 Developed based on UC Berkeley's CS61¢c;

Al computing systems
* Optional specialized course for both graduate and undergraduate SISTors;
 Consists of theoretical part (3 credits) and hands-on part (1 credit);
* Involves 40~ students each year.
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« Computer architecture | and its project

) designers
Transistors (EE /C E)
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Course Materials

« Computer architecture | and its project

 Basic understanding of how a computer works;

I High Level Language Program (e.g., C) I

‘

Compiler
‘ Assembly Language Program
(e.g., RISC-V)
Assembler
‘ Machine Language Program ‘
(RISC-V)
ISA

Machine Interpretation

Hardware Architecture Description
(e.g., block diagrams)

Architecture Implementation

Logic Circuit Description
(Circuit Schematic Diagrams)
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Project 1.1 Design an assembler;
Project 1.2 Write assembly manually;
Project 4 Write assembly code for embedded system

Project 2.1 Design a single-cycle RISC-V CPU;
Project 2.2 Pipelined 5-stage RISC-V CPU



I Project 1.1 A RISC-V Assembler
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* Fortify the understanding of RV32l assembly and its encoding;
 Help students understand what an assembler does;

 Hands-on experience on building an assembler.

Pass 1 Pass 2

Symble table Resolve the references in
« Labels & addresses the symble table

Intermediate representation block
« Expanded pseudo-instructions;
« Regular instructions;

Translate the instructions in
the block into machine code
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I Project 1.2 RISC-V Assembly Practise

 Use real applications to familiarize the students with
 RISC-V assembly
« Calling conventions

100101001000111001001001
000100100100100100100100
100010101010101001000100 #MOD# fid23ddz3

010111100111011010010100

1
s oo
? 8

Distributor

File transmitted to user Hash Value transmitted to user

T R

File received correctly

| «
Hash values match Indz3ddgg” Hashing

________ 1 L &1 Vvale
' Gasiootoniooiootoonoaioo | , Catouated)
| 100010101010101001000100 | #MOD# hdZSddz3| Hashing
| 010111100111011010010100 - Value

Hashing

Algarithm
| 100101001000111001001001 Calculated|

00010010010010000100100 | f
I 100010101010101001000100 || #MOD# |—3= Sata164hr Hashing

| ©10111100111011010010100 Value
________ I - = Received

File received with ERROR 108230023 Hashing

Hash Valge mis-match L — 1 vale
re-transmit data

2D convolution

- MD3S algorithm
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Project 4 RISC-V Programming on Real Hardware

* A low-cost Longan Nano development board with customized base board;
Equipped with GigaDevice GD32VF103CBT6 MCU supporting RV32IMAC instructions;

 Carrier board designed by the teaching assistants

o
Learn more at:
! I rower
htips.//longan.sipeed,com m PINOUT -3':

TContral
M Ehysical Pin
LONGAN i
SP1 P
| 12C Pin
Sarial Ain
S5 T T ETY (ESENNY ss.2 JTN (PATS) R £F [Fa 24/ TER] I Analag Pin
S0 TINI_CH [TRSENER SC T P 1 ll L £ P TS [ Dbug Fin
Themer Pin
ESBFS]VELS, T CHE Th | A40 | ETY 2 B (B2, Ao | TIMCY CH [ USBRSTIET _;:‘f; E’:"'f
1 l l l I CAN Pin
BN ik Pin
v Reman A
[ oscazouT | PCis EB— u ﬂlﬂy&t W Fots
Camc: mml o st o
3 SOLO)|CART KX
TR CHIE T R ETE (TS B3t = | T CH| ]
TG TN CA TS e T ——@ [FEE | SELH TR [CANL_TX ]
[ TN CHE TN CHE TN e A @ (&——{ PG OS2 SMGA (IESESEY (THE TR\ Mosi (CANT_RA
(T CHE TN CHE| X1 DS A3 I ——@) [C— 1y e (T T MIS00)
—— P AT TIMG ETY ) TRRSBES O (AR T
@ ——£F P21 CTS0) TG T | SEFS N (AN R
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[T CHI_ oW (T CHE ] - @—E‘WM Wﬂm (W50
[T CHE DN ST .-ﬂ—@ pe PRI KD (CT.2) TING CHE O SN (AN TX) (S0 &)
T CHE E (8 —— (PRI WSS TN B SIS | CANI R SWEAT | T3 TF

Twitter, Github SiFEED
hitps://sipeed.com

@kprasadvns
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I Project 4 RISC-V Programming on Real Hardware

 Reference design provided by the teaching assistant
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I Project 4 RISC-V Programming on Real Hardware

« Students’ work: shooting game

[Marbons Project]
(EI Eaany
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Project 2 Simple RISC-V CPU Design

« Employ the open source software Logisim to implement a CPU design;

* Pipeline the CPU to understand various hazards and how to solve them.
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3 FJ rd (4 e e el et
: . |
A register file implementation from the students’ submissions Part of the pipelined CPU implementation with pipieline registers and
(project 2.1) forwarding mechanism from the students’ submissions (project 2.2)
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I Al Computing Systems

Software Hardware

Special circuitry for neural network:
* Systolic array;
« Special function unit;

[ Neural network (NN) models ]

Hardware-aware NN compression
Quantization and pruning

Computer architecture review &
parallelism in NN accelerators

[ Machine learning compiler ] [ Memory hierarchy considerations ]

[ Sparsity ]

[ Advanced technologies ]

* Neuromorphic computing;
 _Computing-in-memory; etc.
15




Lab Course Materials

Lab 1 Quantize a neural network Lab 2 Hardware acceleration
400 4 Xin // | // |
3001 Win . Wout qu%‘ _9*___; | - _*
- v > Xoz | // I X1z ] // I
00 4 9<5_ A %j
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16



EBENEATF

ShanghaiTech University

I Lab 3: Vector Extension

 Toy RISC-V processor with multi-issue, vector extension or custom multiply-accumulate
(MAC) instruction;

 Learn the concept of vector processor through the implementation of vector extension;

— S ALU Example:
Sealar VECTOR-REGFILE VADDVY

Register Vi vl V3l
vl [ J2-bas

lllll W=l 3. bilx v | =l T )

1 y + | resub<o-
Wi vl=<l vil=l L= ]
— — / s RESULT /Kj b

Scalar Write - - E— y-opl=l
¥

Scalar Instruction Scalar Execute Scalar Memory

Decode Access Back — :T 3
ey

Instruction
Fetch Vector Instruction | . Vector Execute i3] =]
Decode o (ALLU)

vil=il

Vector Write
— Back V-0PI l l V-OP2

Vector Instruction | Vector Execute Vector Memory ¥ -:|1
s B E———

Decode " (Load/Store) Access =i el vpll=
1 ( : Vector ALL : ;h,;,,_ »_T_\_,'H_,,,h. 1=
= ';-rﬂ 3 W él}- I /g\—/ ] )

\—_.. Vector |, = | vy voopl3l

Register

Detailed datapath consisting of the vector register file and ALU

Interface With Memory
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Custom Instructions for Neural Networks
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* Project: design a neural network accelerator

 Customize RISC-V instructions for neural network computations;

 Improve and evaluate the performance of a neural network accelerator.

Inst Format Implementation
mac mac rd, rsl, rsZ2 |x[rd] += x[rsl] * x[rs2]
for i != VILMAX -1:
. , x[rd][1i] = x[rsl][i+1]
shift | shift rd, rsl, rs2 ot e
x[rd] [1i] = x[rs2][0]
if x[rsl][i]>x[rs2][1]:
max max rd, rsl, rs2 Ll SR B RN B
else:
x[rd][1i] = x[rs2][1i]
Rshift|lRshift rd, rsl, rs2|x[rd] =
torch.round(x[rs2])

Some of the custom instructions from the students’ project reports

18

Simulation results show that the neural network model is
computed in 528,048 cycles, 541x faster than the baseline
scalar implementation (285,585,074 cycles)
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I Takeaways

« RISC-V is simple, open and modular

* It enables better engagement of the students in the courses that have been
impossible for years;

« The students gain not only insterest but also hands-on experience on building
computer hardware and lower-level software;



I Empowering the next generation of computer architects (o) B R BKRS
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Thanks for your attention
Q&A
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