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Agent Advantage

Non-agentic Agentic
41.7% 67.3%
(VerilogCoder)
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C.-T. Ho et al, VerilogCoder: Autonomous Verilog Coding Agents with Graph-based Planning
and Abstract Syntax Tree (AST)-based Waveform Tracing Tool
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Agentic Concepts

Non-Agentic Agentic

Complex Question

Simple Question

Planning

l
!

Tools

Answer

Answer

Single Agent Multi-Agent
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Planning

* Without feedback
* Chain-of-Thought
* Tree-of-Thought
* With feedback

e ReACT
e Self-Reflection
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Planning — Without Feedback

Chain-of-Thought (CoT): Step-by-step planning with one-shot task decomposition

Explicit Instruction Demonstrative Examples
Design a RISC-V processor core, follow the Implement a SPARC processor core :
following steps: The SPARC processor core is divided into 7 main
1. define the microarchitecture of the processor. blocks: Instruction fetch unit (IFU), Execution unit

(EXU), Load/Store unit (LSU), ...

IFU: The instruction fetch unit (IFU) is responsible
for maintaining the program counters (PC) of

3. Implement each function in RTL different threads and fetching the corresponding
instructions.

2. give the function specification of each
microarchitecture component.

Implicit Instruction RTL code for IFU: ...

Design a RISC-V processor core. Let’s think step by Now design a RISC-V processor core:
step as a design engineer.

J. Wei et al, Chain-of-Thought Prompting Elicits Reasoning in Large Language Models 5 NVIDIA.



Planning — Without Feedback

Tree-of-Thought (ToT): plan one step at a time, choose best from multiple choices

at each step, extend with BFS or DFS, or Graph

use 4 numbers and basic arithmetic

(a) Propose Prompt

Input: 4 910 13
Possible next steps:

(b) Value Prompt

Evaluate if given numbers can

reach 24 (sure/likely/impossible)
1014:70 + 14 = 24, sure

Problem
Propose operations (+-*/) to obtain 24
[ < 11 ] ( ) [ . i 13 ] Input: 4 910 13
tep 1- \ Step 1-2 ) tep 1- - -_71\-——--—‘- - - |
| e T T I

r < EvaI\uate 0as | som
Choose 1-2 - Py

S = g //N

/\Rropose 136 o
[ Step 2-1 ] [ Step 2_2 ] \lefc 7 9] 4
.////I\
< L Evaluate 44610 4624

[ Choose 2-1 ]

S. Yao et al, Tree of Thoughts: Deliberate Problem Solving with Large Language Models

101313
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Planning — With Feedback

Ground planning with environment feedback

ReACT: Thought, Action and Observation - ([ menoe messon + 20w | )
Thought 1: I need to search Apple Remote and find the
program it was originally designed to interact with.

Act 1: Search[Apple Remote]

Obs 1: The Apple Remote is a remote control introduced in

October 2005 by Apple .. originally designed to control the
Front Row media center | program ..
Problem —»I Thoughts
Thought 2: Apple Remote was originally designed to control
; """"""" H the Front Row media center program. I need to search Front
v : : Row next and find what other device can control it.
1 1 Act 2: Search[Front Row]
/\ctic)n -=d Obs 2: Could not find [Front Row]. Similar: ['Front Row
Seat to Earth', 'Front Row Motorsports',' Front Row
(software) ', ..]
$ Thought 3: Front Row is not found. I need to search Front
Row (software)
. Act 3: Search[Front Row (software) ]
Observatlon : H Obs 3: Front Row is a discontinued media center software ..
| |
Thought 4: Front Row (software) is controlled by an Apple

Remote or the keyboard function keys. So the answer is
keyboard function keys.
L\Act 4: Finish[keyboard function keys ] \g”
J

S. Yao et al, ReAct: Synergizing Reasoning and Acting in Language Models 7  <ANVIDIA



Planning — With Feedback

Self-reflection: Plan with feedback from accumulated experience

A

Long term

experience
| Self- I
Reﬂqgﬁon

N. Shinn et al, Reflexion: Language Agents with Verbal Reinforcement Learning

Trajectories

k
Short term |

[ Evaluator ]< -----

(a) Task

|

(b)
Trajectory

(€)
Evaluation
(internal / external

(d)

Reflection

l

(e) Next
Trajectory

F_______[ 1. Decision making 1_______ﬂ

e

You are in the middle of a room
[...] Task: clean some pan and put
it in countertop.

[...]

Action:take panl from stoveburnerl
Obs:Nothing happens. [...]
Action:clean panl with sinkbasinl
Obs:Nothing happens. [...]

3

Rule/IM Heuristic:
Hallucination.

!

[...] tried to pick up the pan in
stoveburner 1 [...] but the pan
was not in stoveburner 1. [...]

[...] Action: take pan 1 from
stoveburner 2

[...] Obs: You put the pan 1 in
countertop 1.
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Memory

* Mechanics
* In context =2 context limit
* External files = archive
* External vector DB 2 RAG
 Structure memory (e.g. Knowledge Graph) = search

* Scope
* Local = for single agent

* Global = for all agents in the system
* Short term/Long term

* Operation
* Read/Write/Reflection

9 NVIDIA



Tools

{API: “Calculator”, Description:

leul * 209 “calculate a math equation”, Input:
Can you calculate 77 * 89: “string”, Output: “string”}

APP LLM

Prompt + Tool Definition >t

Calculator ( “77 * 89" )

Response: Tool Calls

Execute 209
Tools (Elan you”calcllljlate Z7 897 Calculator
(“77*89”), “6853

77*89 = 6853
> Prompt + Tool Results >

Sure, the answer is 6853.

Response
10 <ANVIDIA I




Two Agent Conversation

Connecting Agents to form conversations

Implicit task decomposition by roles

Your name is Joe and you

are a part of a duo of
comedians.

> Cathy, tell me a joke.

Sure, here's one for you:
<—— Why don't scientists trust atoms?
Because they make up everything!

—> Why was the math book sad?
Because it had too many problems!

Good one, Cathy! Here's one for you:

—

—

Your name is Cathy and
you are a part of a duo of

comedians.

11  <ANVIDIA I



Group Chat

Chat manager orchestrates chat

Add 1 to each input number
. Q O
Read the above conversation. My number is 3, | want >
Then select the next role from| to turn it into 8. o
{add, muliplier} to play.
< 4 < Adder Agent

Multiple eSch input number by 2

Chat Manager

Multiplier Agent
12 <ANVIDIA I




Task flow

Sequence of multiple tasks implemented by agent chats

Explicit task decomposition

Phases Design | C» Coding Ly ‘ Testing

— : Code | ™ Cod —

: Reviewer Tester ::

Chat Chain {task} — ¥} — {ideas}— {¥}— {code} — {3} — {code} — {3}— {code} — 3 — {code}

Assistant % %

CTO Programmer Programmer Programmer Programmer

C. Qian et al, ChatDev: Communicative Agents for Software Development
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Timing Report Analysis

Task: Compare timing reports of two runs [datecode] to provide key takeaways and
design QoR summary

Timing reports:

| I | Slack distribution

| Corner datecode |[WNS TNS FEP | O -0.05 -0.015 -0.02 -0.025

|c1 2024Mar13 | -0.46 -8.155 63 | 9 1 4 2 2
|c1 2024Mar21 | -0.432 -7.861 49 | 5 1 3 0 2
|c2 2024Mar13 | -0.28 -1.453 22 | O 3 0 2 0
|c2 2024Mar21 |-0.254 -1.97 22 | 1 0 0 1 0
Analysis:

-The datecode <> generally shows improvement in TNS and FEP in all corners, ...

-However, the WNS degrades in most corners, ...

-The slack distribution shows improvement in all corners, ...

-The corner <> still suffers many timing violations,... 14 NVIDIA



Tools and Prompts

Tools

timing_metric_calculation_tool :
Calculate changes in WNS, TNS, or FEP

slack distribution _calculation tool:
Calculate changes in the slack distribution

Action Observation

Reasoning:
Thoughts

CoT prompting
Let’s think step by step.

Firstly, analyze the change of WNS, and TNS for all designs in all PVT
corners tables of these two "datecode" settings and explain with
numbers using tools.

Secondly, comparing "FEP" of two datecode settings in all PVT
corners tables.

Thirdly, analyze the slack distribution to identify the distribution of
"slack less than 0" paths.

Finally, summarize the analysis in the following aspects:

1. Provide key takeaways, comparison, and suggestions with bullet
points of the two "datecode" settings based on previous steps.

2. Identify the corner which still suffers many timing violations if any.

You need to use the provided tools to analyze the timing metrics!
You are not good at math!

15 NVIDIA



Task: Improve device clustering constraints for cell layout generator

Device Clustering for Standard Cell Layout

-

o

Cluster 1:
XXI_DB_QN/X0/M_IPA
Cluster 2:
XXI_CPB1/X10/M_IPA

~

. 3 b 3 § | 3 = aZ b &
Q vDDJ§ ON BVDD B D5 D084 BVDDETO2 BVDORTO2 03 § 05 03 § D2 VDD RCP2 B D2
¥ 'S BN B B=
g & .
= B =
Q NDJl QN BGNDJ 05 | D3/Q0Rs BONOETONSTO2 80 B D2 B 03 § 05 DRCP2 § D2

[

Cell Spice
Netlist

Original Layout

/ Cluster 1: \

XM_MPO_PFBO

Cluster 2:
XM_MP_SEB

Cluster 3:

\ XXI_DB4_Q/X10/M_IPA /
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Device Clustering Optimization Agent

. Query Layout Design Knowledge Extraction
Domain knowledge + ReACT @ toOptimize Netlist topology
|/ Physical layout
Domain knowledge extraction Designers/Users } Routabllity resuit

r

Query
+

Domain Knowledge Prompt

l

Identify important and problematic nets with
previous layout

TOO I > Layouts ReACT: Reasoning + Acting
Cluster evaluator e Action :
TP TFELEERET T H H N (\ Netlist Tools

. A | |

Get group devices from nets HHH”HH || ﬁasm:ng i i ;::ﬁa?ﬁ:ﬁi:?;m_net
4 ought ) save_potential_cluster
Save CIUSter (Memory) U U get_best_cluster
Get the best clusters (Memory) Observation
|

Achieved 5% area reduction —
Standard Cell Layout Cluster
Automation Framework Constraints

C.-T. Ho et al, Large Language Model (LLM) for Standard Cell Layout Design Optimization 17 <INVIDIA I




Device Clustering Optimization Agent

Domain knowledge:
Important Net: NET0222 (5 source and Thought:

drain terminals, 3 PMOS, 2NMOS) _ By identifying the nets with the most connections
~"“~~-_ and resolving the issues with problematic nets, |
,,' can improve the score.
Action: ’,
get MOSFETs from_net(NET0222) R

# returns XM_MP1_PFB, ... 4 _____ Observation:
cluster_evaluation(XM_MP1_PFB,...) ==3>» The MOSFETs connected to XM_MP1_PFB ...

Cluster score : 0.4875

Thought:
€==—w—_____ Ishould save this potential cluster and continue
searching for more potential clusters.

Action:
save_cluster(XM_MP1_PFB,...)

18
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VerilogCoder Agent

Improve SOTA on VerilogEval(Human) from
60.3% to0 94.2%

Task-Flow Driven Multi-Agents with specialized
tools

Task Planning
Task-Driven Circuit Relation Graph (TCRG)

Code Implementation
AST-guided waveform debugging tool

C.-T. Ho et al, VerilogCoder: Autonomous Verilog Coding Agents with Graph-based
Planning and Abstract Syntax Tree (AST)-based Waveform Tracing Tool

Module in Natural Language %
Problem Description

VerilogCoder 'v

Task Planning: TCRG based Task Planner
High-level Circuit Signal, Transition,

Planne*r Agent Example Extraction Agent

Task and Circuit Relation Graph Construction
v

Task-Driven Circuit Relation Graph Retrieval Agent

Task Plans

Verilog Code Implementation
Task1: Define the module input, and output.
Code Agent

Task2: Implement the next state logic for state SO.
(Code Agent)

Task N: Check and correct the functionality

(DebiAgent)

Verilog Code of Module

19 <ANVIDIA I



Task Planning

Circuit Signal, Transition, High-level Planner Agent Task: Define the Module Interface

Example Extraction Agent o

Y4 PV Plans -, \ 4
Task: Implement the combinational logic for
~
°Z C—— O ? the S_next signal.

Consistent?

Extract circuit signal, signal Iteratively verification until
transitions, and example in the the plan is consistent with
module description the module description

Task-Driven Circuit Relation
Graph Retrieval Agent

$

Task: Implement the combinational logic for

the 51_next.
Retrieve k-hop — 7 details
° of a subtask ~ //
o 0 / >
- —
Retrieved info  TCRG Retrieval ‘
(ReAct) Tool Task: Check and correct the functionality

20 <3 NVIDIA I



Code Implementation

Code Agent: Write partial Verilog code

Writing code for each task —_— — | hecker Tool
- Ap— —
Consistent? Obs. (iverilog)
Syntax Error? (ReAct)

Debug Agent: Check and Correct the functionality

Verilog Verification Tools
_ AST-based Waveform
Debug final code Tracing Tool action 32 [\
1N I_ — ) Reasoning:
— Thought
Obs. \V,
Testbench Simulator Tool (ReAct)

21 NVIDIA



Debug with AST-Guided Waveforms

Use AST to extract relevant signal traces for
debug with ReACT

module TopModue ( ( h

input wire a_in,
input wire b_in,
input wire c_in,
output wire g

*** Simulator Qutput ***

VCD info: dumpfile wave.vcd opened for
output.

Hint: Output ‘q’ has 12 mismatches.
Simulation finished at 4526 ps
Mismatches: 12 in 72 samples

)i
wire and1;
assignand1=a_in| b_in;
assigng=c_in| and1;

endmodule

TopModule

\, J

RVALUE signals of and1 N

RVALUE
signals of q

[a_inl [b_in] [and1] [c_in] @

Extracted RVALUE/LVALUE Tree /J

l\- AST of TopModule

Back trace 1 level up
signal waveforms

q_ref

Back trace signals’ (c_in, and1)
waveform

- !—- Ny
~ - - i
— P and1 - L
- C_In

] Back trace another 1
level up signal waveforms

Back trace another 1 level up
signals’ (a_in, b_in) waveform.

1 1

1 1

& c.in _|

i ;
p 1 |
and1 1 .

a_in

b_in

—
Sy

- T =

-
~ . - ~
+7 lain N

&[ Ahhh! and1=a_in | b_in is wrong!!! Corrected: and1=a_in & b_in ]

22  <NVIDIA I



Closing Thoughts

 What problems can be solved with agent today?
* Design generation, debugging, review/analysis, optimization
e Can be decomposed into tasks with low to medium intellectual effort
* Increase productivity, make designer’s life easier

* Extensive domain capability required to build useful agents for chip design
» Diverse design knowledge: Logic design, physical design, verification, analog design, etc.

 Diverse set of tool commands and file formats: PrimeTime, ICC2, Innovus, reports, LEF/DEF,
etc.

23 NVIDIA
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