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A New Golden Era

- The 1980s was a Processor Design golden era
« Xx86, ARM, PPC, MIPS, HPPA, VAX, Alphaq, startups, and many more

By the 1990s the cost of software support ended this golden era
-  Mainstream processing consolidated around x86 and ARM closed architectures

- Customizing processors not feasible for most universities and companies due to lack
of access to Processor Intellectual Property (IP)

- In 2022, we are at the start of a new golden era for Processor
Engineeringe
RISCV's open Instruction Set Architecture (ISA) enables access to all, small and large
universities, companies, and start-ups

- Customization through adding resources, and not taking resources away, enables
customized processor to access open source software
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Why a University Program?

« Spurinnovation to solve tomorrow's computational problems through promoting
research

. Intelligent
Real-Time Memories
Processor Embedded Artificial
Security Functional Safety Systems

Intelligence

Artificiol
Intelligence

« Spur the next generation of Processor Engineers through augmenting curriculum
« Undergraduate students developing a 5-stage RISCV32i processor
« Graduate students modifying and integrating RISCV cores into System-on-Chips
« Spur the open exchange of knowledge and mutual support to create an environment
that will encourage interest in Processor Engineering and accelerate new solutions
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Conventional research barrier

« Conventional
research has been
limited to software
algorithms and
external hardware
resources due to fixed
processor
architectures

* An important
component of the
equation, the
processor has been
left out

Optimizing Software
Algorithms

Optimizing Hardware
Resources

Processor Optimization
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Tightly coupling application enhancements and
acceleration into fomorrow’s processors example: Adding Hamming

encoding for two-bit error
detection and single-bit error
correction to all accesses to
the CPU’s register file or
adding a new instruction for
application acceleration.

 RISCV open ISA

« Toolchain that
enable resource
Processor
integration and the
realization of these
new resources such
as c-compiler
generation

Optimizing Software
Algorithms

Optimizing Hardware
Resources

Processor Optimization
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Codasip Solutions

e

.

codasip
RISC-V PROCESSORS

Selection of processors for many
applications

sLow power & high performance
embedded

*Application processors

* RISC-V-compliant

» Configurable

Modify Codasip RISC-V Processors

using Codasip Studio

Add custom instructions to
accelerate your algorithms
Use existing design as a base of

yOour processor

codasip
STUDIO

Create processors using a high-level

description

Fine-tune the design for
performance, area and power
Automatically generate software

and hardware development kits

N
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Codasip integrated toolchain

Programming tools (generate

e Assembler
e Disassember
e C-compiler

o C-libraries

Development tools;

 Profiler
e Simulator
« Debugger

Hardware development tools:

* Processor Modeling
* RTL generation
e |UVM Verification suoport

(@) (@) (@) (@ (@ (@ (@ @ @ @ @ @ @ @ @ @ @ @ @ @ @ (@

vTé curriculum_riscv32i
(®) Model Compilation (iz)

| Azzembler (1a)

| Dhsassembler (12)

| Profiler (12)

| Profiler (ca)

| Simulator (ia)

| Simulator (ca)

| Debugger (iz)

| Debugger (ca)

| Linker (12)

| C/C++ Compiler (ia)

| SDE Libraries (1a)

) SDK (ia)

) SDK (ca)

| C/C++ Co-simulator (i12)

I 1SA Visualization (1a)
| Documentation (1a)

) RIL (ca)
I UVM Verification (User) (ca)

Al

| Medel Compilation (ca

| C/C++ Co-simulator (ca)

| Random assembler (1a)

12
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Research Support

Research faculty and their research assistants will have access 1o the following benefits:

« Cloud-based Codasip Studio Integrated Development System (IDE)

 When required and appropriate, local Codasip Studio licenses

« Codasip’s High-Level Synthesis Language, CodAL, and Codasip Studio technical
support through Codasip Labs

« Access to Codasip technologies including processor security, functional safety,
embedded systems, artificial infelligence, and domain specific applications

 Where appropriate, RISCV IP cores for research development

Shared beneéefits:

 Enhancing research outcomes through partnerships
« Joint paper publications
« Shared IP-development
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Curriculum RISCV core and curriculum roadmap

5-stage Embedded Core

£t¢
o~ —}-o
o— =
- I
13X
SoC (add processing resources, RTL
generation, synthesis to FPGA)

Graduate

Computer Organization (data path,
instruction decode, data hazards, data
forwarding, pipeline control, caches)

Fall 2022

Undergraduate
O—
O
O=—

Out-of-Order Execution CPU Multi-core

Advanced Computer Architecture Advanced Computer Architecture

(develop an Out of Order CPU) (develop multi-core solution)
Processor Security? Functional Safety?
(Working with partners to define) (Multi-core voting? Feedback?)
f%¢
of—}-o
o— =
0{=—}-0

Microcontroller architecture course

combining high level synthesis and
verilog FPGA design

Fall 2023 Fall 2024

Courses are BOLD and Underlined
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Curriculum support

All teaching faculty, teaching assistants, and students will have access to a cloud-
based Codasip Studio which provide the following benefits:

« Minimal student tool installation/start-up time
« Consistent platform (version level) to scale curriculum material
« Single platform enables issues addressed by one individual to benefit all

Assignments to enhance current courses through project based learning

« Assignment learning outcomes

« Slides to integrate into course lectures in support of assignments

« Detailed assignments with embedded notes on theory

« Grading rubric

« Videos that the student can access to support assignment implementation
* Videos to support the student’s debug or work through assignment issues
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Undergraduate program - Computer Organization

Value Proposition: Student deeper learning through AND BESICN

p), RISC-V EDITION

Implementing the theory taught in lecture

Target Availability: Fall 2022 semester

Course content:

« 15-week semester long project to implement a 5-stage cycle accurate
RISCV processor

« Assembly code (value of abstraction over machine code), Instruction
Decoding, Data Path, Data Hazards, Data Forwarding

« A Highly Abstracted Language (CodAL) for processor development
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Graduate Program - System on Chip (SoC) course

Value Proposition: Prepare graduate students for research positions in the
fields of Computer Security, Artificial Intelligence, Functional Safety, and
Domain Specific applications

Target Availability: Fall 2022 semester

Course content:

« RISCV32I 5-stage cycle accurate core ready for FPGA integration
« Assignment to familiarize students with Codasip Studio, profiling, RTL

generation, and validation
« Assignment to add an additional processor resource (or instfruction) o

accelerate an application
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Graduate Program - Future Course Development

COMPUTER

Value Proposition: Deeper learning of advanced computer
architecture topics through implementation

Target Availability: Fall 2023 semester

Course content:

« 15-week semester set of assignments
« Familiarization with a Highly Abstracted Language (CodAL) o describe

Processor resources
« Implement advanced computer architecture concepts such as Out of

Order execution, Tomasulo algorithm, Speculation, and Branch
Prediction
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University Program Mission Statement

The University Program augment university undergraduate and graduate computer
engineering curriculums by providing assignments, materials, and tools to prepare
the next generation of processor engineers. Through the development of research
partnerships and support of researchers, the program will advance solutions in
computer security, functional safety, artificial intelligence, advanced system
memories, and domain specific applications. The support of both the students and
researchers will be through its High-Level Synthesis Language, CodAL, and
Codasip Labs’ technologies. Through support of students and researchers, the
University Program aims to prepare the people and advance technology to solve
tomorrow’s technological challenges.
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University Program Three Pillars

 Research Support
* Enhancing research through flexible design environment and access
to Codasip Labs’ technologies
e Curriculum Support
« Enhance learning through project based learning
« Graduate SoC and Computer Architecture course materials
« Undergraduate Computer Architecture and Microcontroller Design
assignments and projects
« Ecosystem (Development planned for late 2022)
« Accelerate innovation and product development

28
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Contact information

« Codasip’s University Program web page:
« https://codasip.com/university-program/
« University Blog Postings:
« How Today’s Engineering Students Will Become the Processor Engineers of
Tomorrow
« https://codasip.com/2022/03/16/how-todays-engineering-students-will-

become-tomorrows-processor-engineers/

* Follow Codasip on LinkedIn at:

o hitps://www.linkedin.com/company/codasip/mycompany/
« Keith Graham'’s LinkedIn page:

o hitps://www.linkedin.com/in/keithgraham3/
« Keith Graham’s email address:

« keith.graham@codasip.com

30
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