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What to expect — what not

- - What to Expect vs. What NOT to Expect
e Not my private life |
- “German perspeCt|Ve" ?ealifstic (S)vernight
e Slides are not by GenAl (but many pictures) g o = o

Ay Gradual ANO Obstacles

.|III Progress

e Hot topic, with lots of changes ¢ R

Every Time

& Growth

- Not black and white, but lot of gray
— Not “conflict-free”; not complete
e Not very technical
e Inspiration/ideas/critical thinking
e




Tenured position = no work (any more)

e Research and education

e Give lectures

- Good lectures
e |ots of students
e |ots of exams
e |ots of work

— Thus: bad lectures




Tenured position = no work (any more)

e Do research = =
— Publish papers: lots of work &
e Choose hard problem A (X B =N
e Blame colleagues *«*“

e But: /ow reputation — no glory, no fame
— Possible solution: PhD students
- Requires funding/write proposals: lots of work
- Getting best students: good lectures Z'




AI might be the solution

e Research

— Give/discuss ideas, literature review
e Implementation; carry out experiments; write the paper

— Writing proposals (and reviews)
e Education

— Provide lecture content
e Answer students; review the submissions

— Help the students
e Teaching buddy; interactive learning; provide examples




Aspects

e | egal aspect
— Are we allowed to use them?
- What for?
e Where are they helpful?
- What can they do?
e What is missing?
— What they can’t do (yet)
— Future trends




ARTIFICIAL INTELLIGENCE

Forschung & Lehre

Leg a I AS pect 'Positive rev_iew only': Researchers hide S m u.,_.,.,, .

Al prompts In papers — =

Instructions in preprints from 14 universities highlight controversy on Al in peer review

AL DAl T ST

e Literature review/writing
— Papers/proposals: DFG/NSF in 2023

e Reviewing
- DFG/NSF in 2023 not allowed ChaorTund®s

— March 2026: "The guideline allows the use ok
of Al systems in the review process
exclusively in a supporting role, linking ) .
such use to four central principles:
confidentiality, transparency, quality
assurance and responsibility.”




How It Is used...

Todd Austin @ - 1.
S. Jack Hu Collegiate Professor of CSE at UofM, Computer Engineering Lab (C...

3 Tage « Bearbeitet » ®

| just submitted a research paper and added the Al-use disclaimer below.

I'm integrating more Al into my research workflow, and it's delivering increasing
value. Here's how I'm using it:

+ Code development assistance

+ Hardware design assistance

Test generation (especially negative tests)

Microbenchmark generation

Large-codebase navigation (e.g., "where in LLVM should this change go?")
Cross-LLM fact-checking (draft with Model A, verify with Model B)
Future-work ideation

Related-work exploration

Heavy reframing of paper sections

Paper reading and summarization

Final-pass grammar/style checks

Consistency checks (terminology, figure numbers, citations)

Prose generation from bullet notes (with pre-context of my voice)
Early Al-generated reviews addressed before initial submission

* * ¢+ S+ 2 4 ¢ 4 + + @

How are you using Al in your research?

VII. CONTENT GENERATED BY Al

Copilot, ChatGPT, Gemini, and QuillBot were used in the
preparation of this manuscript for editing, grammar checking,
and knowledge retrieval. No passages were copied without
full author review, and all substantive ideas, analyses, and
conclusions are the product and [responsibility of the authors.
Additionally, the listed Al tools were utilized for code devel-
opment and early paper reviews.




APRIL ISSUE: A GALACTIC MYSTERY. READ NOW!

||
| - An Al-authored paper just passed peer review.
at could

The scientific community isn’t ready

e Can Al-written papers be accepted?

— Passed peer review for workshop at
2025 International Conference on
Learning Representations (ICLR)

e Top-tier venue in the field of ML

e Given a general topic prompt by researchers
— Surveys available literature
- Generates hypotheses, evaluates and refines those ideas
— Modules plan and execute experiments




A (very) short history of Al

Johann Wolfgang Goethe-Universitit

Alan Turing, Intelligent Machinery A

Foundation at Dartmouth College =S i
Golden era of Al, symbolic reasoning rules Neuronle Netzewnd VST
First Al winter: reduced funding and interest in Al research
Revival of Al: expert systems
Second AI winter: reduced progress
Quiet progress (Deep Blue vs. Kasparow (1997))
Deep learning revolution

Generative Al

1940

1980

1990
2000

The world’s most valuable
resource is no longer oil, but data 20 1 O

today

https://www.economist.com/leaders
2017/05/06/the-worlds-most-
valuable-resource-is-no-longer-oil-



https://www.economist.com/leaders/2017/05/06/the-worlds-most-valuable-resource-is-no-longer-oil-but-data
https://www.economist.com/leaders/2017/05/06/the-worlds-most-valuable-resource-is-no-longer-oil-but-data
https://www.economist.com/leaders/2017/05/06/the-worlds-most-valuable-resource-is-no-longer-oil-but-data
https://www.economist.com/leaders/2017/05/06/the-worlds-most-valuable-resource-is-no-longer-oil-but-data

Description languages on various levels

e Abstraction levels in hardware design
— Textual/functional specification
— Algorithmic level
— Behavioral level
— Register-transfer level (RTL)
- Logic/gate level
— Circuit/transistor level
— Layout/physical level




Good at text

e Specification
e Executable spec
- C model
e All kind of programming languages
- SystemC
- Verilog/VHDL
e Verification
— Writing properties
— Testbenches




Writing code

lcomputer Home / Magazines / Computer / 2026.03

b 4 Computer
o die,
H d I h d aﬁj’é' " {ho Is Vibe Coding the Future of Software?
e Hand-written — what we are used to T
piehs 3 DOI Bookmark: 10.1109/MC.2025.3634712
Cyber—Physical,
I : - {;Ztvmirical,andme Authors
- I I I le CO n S u I I I I n g ﬁ SeUtng Lotk Nir Kshetri, University of North Carolina at Greensboro, Greensboro, NC, USA

e S R
- Code genera tion Al Vibe Coding Engineer-Guided Al
Vo A\ N £ SN\

~ SHARE ARTICLE || GENERATE CITATION

e Very quick with GenAl
— Vibe coding




Prompts

architecture rtl of riscv_core is

RISC-V encoding constants (RV32l)

constant OPCODE_LOAD : std_logic_vector(6 downto 0) := "0000011";

e Generate a RISC V core in VHDL
e Generate a VP for this core in C  rmorcooe o h s oge vt doumo, =roioss

constant OPCODE_OP  : std_logic_vector(6 downto 0) := "0110011";
constant OPCODE_LUI  :std_logic_vector(6 downto 0) :="0110111";

o G e n e ra te p ro p e rti e S i n P S L f:.o.nstant OPCODE_AUIPC : std_logic_vector(6 downto 0) := "0010111";

o C 0 r re Ct n e S S / t r u St 10. PC progresses if no control transfer

If we're not taking branch/jump, PC should just go +4.

— W ro n g i n te rp retati O n Assume branch, jal, jalr, take branch :

vhdl Lj_-] Code kopieren

— Hallucinations e b st st st

(branch = '@" and jal = '@' and jalr = '0@") ->

next (pc = std logic vector(unsigned(pc'prev) + 4));




Moore's law

’ N . . i . \. R » 3 » ] 3 1 v T . ] -
Moore’s Law: The number of transistors on microchips doubles every two years [SHaWCRE J O h n H e n n e SS a n d D a V I d
Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years. in Data

This advancement is important for other aspects of technological progress in computing - such as processing speed or the price of computers.

Transistor count
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Complexity of digital circuits

e Complexity of digital circuits is still increasing!
Intel 4004 Intel Core i19-12900K

2,250 transistors ~10 bn transistors
Very low frequency Very high frequency

e Shift towards verification

- See e.qg.: Wilson Research Group & Mentor Graphics,
Functional Verification Study



Ensuring correctness

e Simulation
- Very simple in nature; efficient for single test vectors
— Obtainable coverage is very low

e Emulation
— Quality can be improved by hardware acceleration
— Coverage is still very low for complex designs

e Formal verification
- Powerful technique that allows complete verification
- Very expensive in terms of resources




Ensuring correctness using behavior

e Simulation/Emulation
¢ Formal verification

e Describe the behavior of the
circuit
— Common in model
checking/property checking




Complexity increases

e Use of hierarchy
e Similarities to software development process

e Techniques from software testing
— Mutation testing
- Fuzzing




Test driven development

e Describe tests first

e Code development comes next

e Tests directly applied to newly generated code




0000000
Behavior driven development

e Specify behavior

e Feature: User Login
Scenario: Successful login with valid credentials
Given the user is on the login page
When the user enters valid credentials
Then the user should see the dashboard
e Form: Given-When-Then




BDD for hardware

e Proposed more than 10 years ago
e Scenarios

e But:
— Based on classical Al tools
— Stanford parser
— Princeton WordNet

Behavior Driven Development for
Circuit Design and Verification

Melanie Diepenbeck!

Mathias Soeken':

2

Daniel Grofie! Rolf Drechsler'?

'Institute of Computer Science, University of Bremen, 28359 Bremen, Germany
2Cyber-Physical Systems, DFKI GmbH, 28359 Bremen, Germany
{diepenbeck, msoeken, grosse, drechsle} @informatik.uni-bremen.de

Abstract—The design of hardware systems is a challenging
and erroneous task where about 70% of the effort in designing
these systems is spent on verification. In general, testing and
verification are usually tasks that are being applied as a post-
process to the implementation.

In this paper, we propose a new design flow based on
Behavior Driven Devell nt (BDD), an agile techni for

First, we customize BDD for circuits modeled in a Hard-
ware Description Language (HDL). Therefore, we have to take
the specifics of circuits, in particular timing and testbenches,
into account. As a result, circuit components are iteratively
created and, based on the underlying BDD methodology, the
impl d functionality is tested in a structured way while

the development of software in which acceptance tests written
in natural language play a central role and are the starting
point in the design flow. We advance the flow such that the
specifics that arise when modeling hardware are taken into
account. Furthermore, we present a technique that allows for
the automatic generalization of test cases to properties that
are suitable for formal verification. This allows the designer to
apply formal verification techniques based on test cases without
specifying properties.

‘We implemented our approach and evaluated the flow for an il-
lustrative ple that fully d d
of the proposed flow.

ates the ad

Scenario Qutline:

Examples:

I | b
8
9

the tests are connected to natural language specifications.
Second, given the specific structure of the acceptance tests
we present a technique to automatically generalize these tests.
That is, we are able to generate properties from the written test
code. These properties are formally verified on the iteratively
developed implementation and hence enable to fully exhaust
the potential of the test cases. Both contributions are integrated
into a new flow enabling the following advantages:

« Circuit design starting from a natural language based
specification down to an HDL implementation

Adding two numbers
Given a calculator

When I add the numbers <a> and <b>
Then 1 see the result <c>

C

f— j—

120

I
0
2 |
I



-
BDD for hardware

Given the digit(<a>)is between 0 and 9

When the circuit is res

And I wait 1 cycle

When I type the first digit <a>) vunit typed(digit_reader) {

property type_first_digit = always (

And I wait 1 cycle reset == )
] Y s& [next|(reset —— 0) |
Then the resulting number is <a>) && |next [2]|(reset — prev (reset)) _
(a) Feature file ) fi ?EXt [-2] (in_digit == pren.r(ln_d-lglt] )
\next [2] |ﬂ.r1umber == prev(in_digit))

)i
property env_assume_0 = always (
‘next_a[lﬂ ..2]1(in_digit < 10));

do |

Given /“the dig _;’: I{\_-df (\d+)) is between 0
Sassert ( I‘arg < 10| );

end A

When /“the circuit is reset$S/ do
reset = 1;7
- -

end L

When /1 tvyp
Ireaet =0

assume env_assume_0;
assert type_first_digit;

e the first digit ((\d+)p/ d

(Idigit]) }

Il ﬁl"’"

(c) Resulting property

in dllglt digi%a;:}
end - _ _ _
Then /* Hl - FeSUltir 1g mjﬂ'* er is ((\d+)F/ do ||num]|
Sassert ( (number —— nuf®j; I
end

(b) Step definitions



Use LLMs in hardware design

e LLMs very powerful for text generation
e Various applications in EDA

e Generate scenarios using LLMs

e E.Q.
- Prompt: Create ADD scenario with A = B, 3 examples.



Case study: 16-bit ALU 7 oerstion s

always @(*) begin
// Default values
result = 16'b0;
carry = 1'b0;

o Ve ri Iog overflow = 1'b0;

temp_result = 17'b0;

case (opcode)
4'b00O0OO: begin // ADD

e Operations, like temp_resuit - & + b;

result = temp_result[15:0];

- AD D, S U B, M U LT, s zjg::IZWtimlz;r[‘i:?lilz1;5]) && (result[15] !'= a[15]);

end

default: begin

e Flags, like b

endcase

— Carry, overflow,...

// Flag generation
always @(x) begin
zero = (result == 16'h0);
negative = result[15];
end



Scenario

@arithmetic @addition @A>B @comparison

» Scenario: Addition when A is greater than B
® ADD Given operand A is greater than operand B
When I set opcode to "0O0O" for ADD operation
- A greater B ‘ Then the result should be A + B
Examples:
| A | B | result | zero_flag | overflow | negative_flag | opcode |
() Flags | 31503 | 29321 | 60824 | false | false | true | 0000 |
| 27364 | 4635 | 31999 | false | false | false | 0600 |
— Zero | 59362 | 56688 | 50514 | false | true | true | 0000 |
| 54876 | 39900 | 29240 | false | true | false | 0600 |
_ Over-ﬂOW | 3020 | 572 | 3592 | false | false | false | 0000 |
| 50620 | 49223 | 34307 | false | true | true | 0000 |
. NegatIOn | 46875 | 19364 | 703 | false | true | false | 0000 |
| 49916 | 28936 | 13316 | false | true | false | 0000 |
| 10919 | 5099 | 16018 | false | false | false | 0600 |
| 45900 | 10728 | 56628 | false | false | true | 0006 |




Simulation of examples

B GTKWave - D\DE\HdIFormalVerifier\AluBDDVerilog\src\output\verilog\alu_wave.vcd - X

File Edit Search Time Markers View Help |

N

w DO QAAQ 9 e

e GTKWave simulator —

@ & | From:[10ns To:{30 ns @ Marker: 10001 ps | Cursor: 10 ns |

opcode [
overflow
result[15:0]
]

resulc[16:0

zero

Type |Signals

wire a[15:0]
wire b[15:0]

reg carry

reg  negative

wire opcode[3:0]

reg overflow

req result{15:0]

req temp_result[16:0]

reg zero

Filter:

Append‘ Insertl Replacel Al I+]




-
Simulation of examples

e GTKWave simulator

Signals
Time
af[l5:0]
b[15:0]
carry
negative

opcode [3:0]
overflow
result[15:0]

temp result[le:0]

ZEX0




Application v @ 8

$05.9-5.11=0.79

e LLM for text

Nope. That is not how decimals work.

— Poor results on graphs/netlists 5.1 larger than 5.9, o
e LCM for circuits 59-5M=-02
You were off by a full point.
— Fewer test cases

Od o6 P SE
https://chatgpt.com/share/693b6bf3-6134-8006-8966-

e Originally not meant for

- Optimization: combination with (classical) heuristics

— Correctness: need verification

e In contrast: hallucinations due to
randomness/probabilities



Optimization: results

e Many papers report improvements
— Real breakthroughs?

e Proofs of (long) open problems?

— Discovering faster matrix
multiplication algorithms with
reinforcement learning

Explore content ¥ About the journal ¥ Publish with us ¥

Sign up for alerts L1 RSS feed

nature > aricles » article

Article ' Open access = Published: 05 October 2022
Discovering faster matrix multiplication algorithms
with reinforcement learning

Alhussein Fawzi B3, Matej Balog, Aja Huang, Thomas Hubert, Bernardino Romera-Paredes,
Mohammadamin Barekatain, Alexander Novikov, Francisco J. R, Ruiz, Julian Schrittwieser, Grzegorz

wid Silver, Demis Hassabis & Pushmeet Kohl;

e 610, 47-53 (2022) | Cite this article

682k Accesses | 487 Citations | 3475 Altmetric | Metrics

Abstract

Improving the efficiency of algorithms for fundamental computations can have a widespread

impact, as it can affect the overall speed of a large amount of computations. Matrix

multiplication is one such primitive task, occurring in many systems—from neural networks

to scientific computing routines. The automatic discovery of algorithms using machine

. Quanta Physics  Mothomatics Blology  Computer Sonce  Topics  Archive

Al Reveals New Possibilities in Matrix
Multiplication

Download PDF +

Associated content

Artificial intelligence finds faster
algorithms for multiplying matrices

i

Mature  Research Briefing 05 Oct 2022

Sections Figures References

Abstract

Main

DR for algorithm disc

Algorithm discov




Correctness: automation of verification

e So far, still validation “by hand”
— Classical methods for checking completeness
— Simulation, formal properties,...

e Can we get automated proofs?

— Reasoning (cf. early AI)
e Now with a precise goal

— Explanation




Are LLMs the next level of abstraction?

e Introduce abstraction to simplify well- A
known techniques PR
— Hide boring details to increase |
efficiency

¢ Remember when:

- Assembly was replaced by “automatic
programming”, aka compilers

— Hand-traversed data structures were
replaced by libraries




-
Are LLMs the next level of abstraction?

Higher programming languages Vibe Coding

Compiler code is LLM code is inefficient,
slow and bloated over-engineered or naive
Loss-of-control vs. hand- Loss-of-control vs. hand-
tuned assembly/RTL written, deeply understood
code
Will de-skill or replace . .
programmers Will de-skill or replace
real programmers

of Benchmarks, standards, W Test suites, code review,
debuggers, hybrid workflows - sandboxing, and hybrid
(drop to low level when needed) workflows




0000000
Mathematical proof of correctness

e Provi ng IS own correctness Uber formal unentscheidbare Sitze der Principia,
Mathematica und verwandter Systeme I.

- G(.jdells Second | Von Kurt Godel in Wien.
Incompleteness Theorem .

Die Entwicklung der Mathematik in der Richtung zu griferer
Exaktheit hat bekanntlich dazu gefiihrt, dall weite Gebiete von ihr

(193 1) formalisiert wurden, in der Art, daB das Beweisen nach einigen
wenigen mechanischen Regeln vollzogen werden kann. Die umfas-

sendsten derzeit aufgestellten formalen Systeme sind das System der

o NO SUfflClent'Y powe I‘fU| Principia Mathematica (PM)2) einerseits, das Zermelo-Fraenkel-

sche (von J. v. Nemmann weiter ausgebildete) Axiomensystem der

dain d consi Ste nt fO FMa I Mengenlehres) andererseits. Diese beiden Systeme sind so weit, daf

alle heute in der Mathematik angewendeten Beweismethoden in ihnen

Sy Ste M Can p Frove |ts formalisiert, d. h. auf einige wenige Axiome und Schlufregeln zuriick-

gefithrt sind. Es liegt daher die Vermutung nahe, d%ﬁ diese Axiome

I und Schlufiregeln dazu ansreichen, alle mathematischen Fragen, die

own ConSIStenCy ~sich in den betreffenden Systemen iiberhaupt formal ausdriicken
lassen, auch zu entscheiden. Im folgenden wird gezeigt, daf dies

nicht der Fall ist, sondern daf es in den beiden angefiihrten

Systemen sogar relativ einfache Probleme aus der Theorie der ge-

wohnlichen ganzen Zahlen gibt¢),” die sich aus den Axiomen nicht



Solving hard problems
FE RMAT 'S LAST TH EOREM Fermat's Last Theoren.w - from history to new ma‘thematics

° Fermatls IaSt theorem For all integers x,y,z >0 and n>2:

— More than 100 pages has no solutions.

° Similar to SAT SOIVerS (For n=2, solutions exist, eg. 3*+4’=5")
o S a ti SfYI n g a SS I g n m e nt : trl V i a I 'Proof by intimidation': Al is confidently
_ U nsat: h OW to ve I"i fy 'p 'g’"”hv?'.é""p"mb'hmmB

e Can we always understand the reasoning of AI?
- “Proof by intimidation”
- Reading fatigue




opinion
( ) DOI:10.1145/3748645 Roland Aydin, Christian Cyron, Steve Bachelor, Ashton Anderson, and Robert West

Opinion
From Model Training
to Model Raising

Acall toreform Al model-training paradigms from
post hoe alignment to intrinsic, identity-based development

e Model raising: reform AI model-training
paradigms from post hoc alignment to intrinsic,
identity-based development

— Not fixing inherently unsafe Al with external
safety measure applied as post-processing

A. M. Turing (1950) Computing Machinery and Intelligence. Mind 49: 433-460.

- “Instead of trying to produce a O
programme to simulate the adult

I propose to consider the question, "Can machines think?" This should begin with

-
mind, why not rather try to produce Lpmpe b ot e o, Cr i Bl i bl
, framed so as to reflect so far as possible the normal use of the words, but this attitude is
dangerous, If the meaning of the words "machine" and "think" are to be found by
examining how they are commonly used it is difficult to escape the conclusion that the

L] [ ] [ ] ’ ’ ’
O I l e W I I I ‘ I I S I I I I l I | a te S t I l e ‘ | l I I d S ? meaning and the answer to the question, "Can machines think?" is to be sought in a
" statistical survey such as a Gallup poll. But this is absurd. Instead of attempting such a
o - S definition I shall replace the question by another, which is closely related to it and is
- ~ " .
e World model: learn from realit ay. ¢ '
u y ! 35_ $1.035 6 buld worid modets

expressed in relatively unambiguous words.




Research summary

e Very powerful new tool
e Dependent on abstraction level

e Future work
— Optimization on lower levels
— Verification
— Validation of learning model

Trust,
but \(grify!

f
¥ 5
.
(1999
<




How about education?

e Use of GenAl
— Public talks: 5-10%

— Own working group (AGRA day): around 50%
— Bachelor students: 99%

Budget 2026: Singapore to train

. . . 100,000 workers to apply Al
o | Fainin g on th e J O b e g v o e *"

over the next three years

= WirtschaftsWoche 100 2 x Yeung Zhon Heng

RitMGP IR (beta)
[ MENTALE LEISTUNG

»Rund 60 Prozent der -
Beschaftigten brauchen
neue Fahigkeiten

Mentale Leistungsfahigkeit wird im KI-Zeitalter zu einem
zentralen Wirtschaftsfaktor. Eine Expertin erklirt, wie sich
»Brain Capital“ sichern und fordern ldsst.




Teaching in the AI era

e Students use Al for assignments
— Al explains concepts instantly
— Assessment becomes fragile
e The risk
— Qutsourcing thinking
— Superficial understanding
— Acceleration without depth
— Confidence without comprehension




Examples: potential vs. risk

From RTL to Prompt Coding: Empowering the
Next Generation of Chip Designers through LLMs

atthew Venn' and Norbert Wehn*

Lukas Krupp*
*RPTU University of Kaiserslautern-Landau, Kaiserslautern, Germany

Within a 90-minute session they

Abstract—This paper presents an LLM-based learning plat-  design process time-consuming and error-prone, Furthermore,
form for chip design education, aiming to make chi i the digital design flow, from system-level specification to phys-

\

e RPTU

[18 high-school students] developed eight
functional VGA chip designs in a 130 nm

accessible to beginners without overwhelming them with tech;
complexity. It represents the first educational platform that assists
rners holistically across both frontend and backend design.
he proposed approach integrates an LLM-based chat agent into
a browser-hased workflow built upon the Tiny Tapeout ecosystem.
The workflow guides users from an initial design idea through
RTL code generation to # tapeout-ready chip. To evaluate the
concept, a case study was conducted with 18 high-school students.
Within a 90-minute session they developed eight functional VGA
chip designs in a 130 nm technology. Despite having no prior
experience in chip design, all groups successfully implemented
tapeout-ready projects. The results demonstrate the feasibility
and educational impact of LLM-assisted chip design, highlighting
its potential to attract and inspire early learners and significantly
broaden the target audience for the field.

Index Terms—Chip Design Education, Large Language Models
(LLMs), Agent Systems, RTL Design, Tiny Tapeout

ical layout, requires
expertise in design methodologies, circuits, and technology

Whereas software development provides a “fast path to
success,” attracting leamers with its immediacy, chip design
confronts newcomers with a steep learing curve that can be
discouraging. The design complexity, the need for specialized
infrastructure, and the corresponding “long path to success”
make it challenging to
To increase the number of future chip designers, it is essential
1o spark curiosity as carly as possible, ideally already at the
school level [4]. To address the broad pool of non-experts,
chip design must be both accessible and engaging

The Tiny Tapeout initiative (5] has demonstrated the poten
tial of lowering entry barriers by enabling chip design with

suite of specialized tools as well as deep

attract learners and maintain motivation.

144 1 INTRODUCTION et s s saadod o . . T by i he e
u “ [ ] [ ]
® A n t h ro p I C ( C I a u d e) : O u r fl n d I n g S S u g g e St How AI Impacts Skill Formation

Judy Hanwen Shen* Alex Tamkin'

that Al-enhanced productivity is not a

S h ortcut to com p etence an d Al ass | stance L s i et et
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Examples: potential vs. risk

From RTL to Prompt Coding: Empowering the
Next Generation of Chip Designers through LLMs
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Within a 90-minute session they

Abstract—This paper presents an LLM-based learning plat-  design process time-consuming and error-prone, Furthermore,
form for chip design education, aiming to make chi i the digital design flow, from system-level specification to phys-
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e RPTU

[18 high-school students] developed eight
functional VGA chip designs in a 130 nm

accessible to beginners without overwhelming them with tech;
complexity. It represents the first educational platform that assists
rners holistically across both frontend and backend design.
he proposed approach integrates an LLM-based chat agent into
a browser-hased workflow built upon the Tiny Tapeout ecosystem.
The workflow guides users from an initial design idea through
RTL code generation to # tapeout-ready chip. To evaluate the
concept, a case study was conducted with 18 high-school students.
Within a 90-minute session they developed eight functional VGA
chip designs in a 130 nm technology. Despite having no prior
experience in chip design, all groups successfully implemented
tapeout-ready projects. The results demonstrate the feasibility
and educational impact of LLM-assisted chip design, highlighting
its potential to attract and inspire early learners and significantly
broaden the target audience for the field.

Index Terms—Chip Design Education, Large Language Models
(LLMs), Agent Systems, RTL Design, Tiny Tapeout

ical layout, requires
expertise in design methodologies, circuits, and technology

Whereas software development provides a “fast path to
success,” attracting leamers with its immediacy, chip design
confronts newcomers with a steep learing curve that can be
discouraging. The design complexity, the need for specialized
infrastructure, and the corresponding “long path to success”
make it challenging to
To increase the number of future chip designers, it is essential
1o spark curiosity as carly as possible, ideally already at the
school level [4]. To address the broad pool of non-experts,
chip design must be both accessible and engaging
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Summary teaching

e Lot of potential

e Requires changes in teaching

— Teach abstraction
e Teach decomposition
e Teach validation
e Teach responsibility




¢é

“The best way to predict
the future is to create it.”

— Peter Drucker
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