Berkeley
Archltecture
S ! Research

https://chialoops.al

CHIA: An open-source framework for principled, agentic

Al-driven hardware/software co-design research

MLArchSys, ISCA 2026

Angela Cui*, Ferran Hermida-Rivera*, Jack Toubes*,
Raghav Gupta, Jim Fang, Chengyi Lux Zhang, Ella Schwarz, Junha Kim,
Yakun Sophia Shao, Borivoje Nikoli¢, Christopher W. Fletcher, Sagar Karandikar

*Equal Contribution



Al-driven design brings huge opportunities
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Challenges

* The whole point of applying Al: We want the computers to be doing the work for us
* High-level uarch sim won’t cut it as the evaluation endpoint

 Many proposed evolutionary flows/algorithms
* Algorithmic differences are interesting
* Butthe flows are static; designed for a specific use-case

* Immense engineering/“good science” challenges for long-running/highly parallel evals
(i.e., all of HW/SW co-design)

* Agentic flows work best with evaluators that are verified



A basic specification -> RTL agentic loop

LLM
—
Maybe a script automates the

Generate steps of this loop...
Prompt
\ Collect Eval. /
—
Results in DB




What if we want to tune the flow?

——
—
|dea/RTL Gen

What the framework needs
> Enables agile experimentation

Collect Eval.
Results in DB

FireSim



Don’t let the agent run wild

LLM
ldea / RTL Gen

What the framework needs
v Enables agile experimentation

> Control flow flexibility +

Collect Eval. expressiveness
Results in DB

—— - —




LLMs can do 10 things at once

x10 x100

LLM fo What the framework needs

Idea/RTL Gen _ . _
v Enables agile experimentation

v Control flow flexibility +
expressiveness

» Parallelization -> Distribution




Failures become a significant concern at scale

x10 x100

D>
|dea/RTL Gen °

Single machine failure could\
bring down whole loop /
poison the rest of the loop

Results in DB

Generate
Prompt //
Collect Eval. fo/

x100

What the framework needs
v Enables agile experimentation

v Control flow flexibility +
expressiveness

V' Parallelization -> Distribution

» Fault tolerance



What the framework needs

v Enables agile experimentation

v Control flow flexibility +

Every run logged + profiled to expressiveness

introspect on loop results
AND loop behavior

Generate
Prompt

V' Parallelization -> Distribution

V' Fault tolerance

> Data collection, profiling,
introspection



Chia Design and Building a Chia Flow
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CHIA Workflow

I”

. Build Bitstream 3. FireSim Sim

5 S50 . > ™ -

: '_O] Vivado=1 = f-ee-- . LY FPGA =1

: J : gl J

| < i | 1. Tests & : A

; 8 i | Ref. Impl. : Y

1. HW Spec 2.LLM API Call Build Chisel 3. Verilator Sim 4. Evaluate Perf.

& Prompt resources: resources: : > resources: & Functionality
claude_creds = 1 firtool = 1 verilator = 1 resources: none

o ’ Logical Workers A

! s k£ Y Y N

LLM Chisel_Builder Bitstream_Builder Firesim_Runner Verilator_Runner
Do image: chia-claude-code:latest image: chia-chisel-build:latest image: chia-vivado:latest image: none image: chia-verilator-run:latest
P 3 resource: claude_creds: 1 resource: chipyard: 1, firtool: 1 resource: Vivado: 1 resource: FPGA: 1 resource: verilator: 1
: g num_workers: 1 num_workers: 1 num_workers: 1 num_workers: 1 num_workers: 3
[

CQ

LLM CPU1 CPU2 CPU3
Provider (CPU node) (CPU node) FPGA1 (CPU node)
Cloud Machines Local Physical Machines

AWS1
(CPU node)

AWS2

(CPU node)

Remote Physical Machines




CHIALoop

2. Chisel Build Bitstream ] 3. FireSim Sim
R * d/Write resources: resources:
= Vivado =1 J ------ - - FPGA =1
: | 1. Tests & : A
: | Ref. Impl. : Y
1. HW Sp e 2.LLM API Call Build Chisel ] 3. Verilator Sim 4. Evaluate Perf.
& Pr ompt resources: resources: resources: & Functionality
claude_creds = 1 firtool = 1 J verilator = 1 resources: none
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CHIA Abstractions: Defining and Running Nodes

3. Verilator Sim
resources:
verilator = 1

The Power of ChiaFunction:

1) Explicit Resource Demands

2) Simple Asynchronous/Parallel Execution
1) On heterogeneous substrate
2) Atscale

3) Built-in Profiling
4) Automatic retry

@ChiaFunction(resources={"verilator": 1.0})
def verilate(sim_binary, test_binaries):
o/

test_results_future =
verilate.chia_remote(sim_bin, test_bins)
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2. Chisel
Read/Write

A

2. LLM API Call

resources:
claude creds =1

You can give the agents exactly as much control of the flow
as you want to give them.

Let them orchestrate everything, or just let them reason, or
anything in between.

@ChiaFunction()
def read_src(filename) -> str: ..

@ChiaFunction()
def write_src(filename, contents): ..

class rw_src_tool(ChiaTool):

def setup():
self.mcp.add_tool(read_src,name="read_src_tool")
self.mcp.add_tool(write_src,name="write_src_tool")
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CHIA Abstractions: Loops

CHIALoop

1. HW Spec

& Prompt

4, Evaluate Perf.
& Functionality

resources: none

. Build Bitstream 3. FireSim Sim
Ri 2 C] h, lsl"ailt e resources: resources:
a Vivado=1 = faem-- . FPGA =1
i | 1. Tests & A
: | Ref. Impl. 2
2.LLM API Call Build Chisel 3. Verilator Sim
resources: resources: E resources:
claude_creds =1 firtool = 1 verilator = 1
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CHIA Abstractions: Clusters

-
_________________________________________________________________________________________________________________________________________________________________________________________________________________________
)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
~

5 \ e _— _— /
yd e < | Z J

e Logical Workers e N
g : S , e

| y o Y Y A

LLM Chisel_Builder Bitstream_Builder Firesim_Runner Verilator Runner

Doa image: chia-claude-code:latest image: chia-chisel-build:latest image: chia-vivado:latest image: none image: chia-verilator-run:latest

P 3 resource: claude_creds: 1 resource: chipyard: 1, firtool: 1 resource: Vivado: 1 resource: FPGA: 1 resource: verilator: 1

E g num_workers: 1 num_workers: 1 num_workers: 1 num_workers: 1 num_workers: 3

' y—

CQ

O

AWS2
(CPU node)

Provider (CPU node) (CPU node)

LIM CPU1 CPU2 CPU3 AWS1
J [ J [ FPGA1 ] [ (CPU node) J [ (CPU node) J

Local Physical Machines Remote Physical Machines

Cloud Machines

The Power of CHIA:
Leverage on-premises and public cloud

compute together in a single cluster.
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CHIA Abstractions: Logical Workers

The Power of CHIA:

Verilator Runner :

: : X Logical Workers:
| image: chia-verilator-run:latest |
resource: verilator: 1

1. Clean SW resource abstraction
2. Abstracts heterogeneous HW resources

num_ workers: 3

\ JE— g
O
# Spec2RIL.yaml Containerization: EEEEE
avallable_node_types: 1. No dependency management helli
Verilator Runner:
docker : 2. lsolates LLMs

image: "chia-verilator-run:latest” .
. ("verilator's 1} 3. Makes Logical Workers (more) portable
num_workers: 3
compatible ips: [CPU3 \

@verilator_aws:0, \

@verilator aws:1]



4 e Logical Workers : T
s £ Y Y A
LLM Chisel_Builder Bitstream_Builder Firesim_Runner Verilator_Runner
image: none image: chia-verilator-run:latest

image: chia-claude-code:latest
resource: claude creds: 1
num_workers: 1

image: chia-vivado:latest
resource: Vivado: 1
num_workers: 1

image: chia-chisel-build:latest
resource: chipyard: 1, firtool: 1
num_workers: 1

resource: FPGA: 1
num_workers: 1

resource: verilator: 1
num_workers: 3

O
.
Y
s
.
0
.
.
.

CHIA Cluster _

LLM
Provider

Cloud Machines

_— |

\
\ -
N rad

< | 4

AWS1
(CPU node)

AWS2
(CPU node)

CPU1 CPU2 CPU3
(CPU node) (CPU node) FPGA1 (CPU node)
Local Physical Machines

Remote Physical Machines
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CHIA Workflow

I”

. Build Bitstream 3. FireSim Sim

5 S50 . > ™ -

: '_O] Vivado=1 = f-ee-- . LY FPGA =1

: J : gl J

| < i | 1. Tests & : A

; 8 i | Ref. Impl. : Y

1. HW Spec 2.LLM API Call Build Chisel 3. Verilator Sim 4. Evaluate Perf.

& Prompt resources: resources: : > resources: & Functionality
claude_creds = 1 firtool = 1 verilator = 1 resources: none

o ’ Logical Workers A

! s k£ Y Y N

LLM Chisel_Builder Bitstream_Builder Firesim_Runner Verilator_Runner
Do image: chia-claude-code:latest image: chia-chisel-build:latest image: chia-vivado:latest image: none image: chia-verilator-run:latest
P 3 resource: claude_creds: 1 resource: chipyard: 1, firtool: 1 resource: Vivado: 1 resource: FPGA: 1 resource: verilator: 1
: g num_workers: 1 num_workers: 1 num_workers: 1 num_workers: 1 num_workers: 3
[

CQ

LLM CPU1 CPU2 CPU3
Provider (CPU node) (CPU node) FPGA1 (CPU node)
Cloud Machines Local Physical Machines

AWS1
(CPU node)

AWS2

(CPU node)

Remote Physical Machines




D® CHIA Library: CHIA works with the tools you already use!

Don’t see your tool here? Consider contributing a node to CHIA!

LICHIP e2cemd ChampSim
OFireSim Y. Q@Hammer

(commercial CAD tools)

~¢~ SkyDiscover Al ph aEvolve OpenEvolve

* Claude Code A Antigravity & Codex



Case Studies
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Case Studies Overview (see paper for details!)

eg2cemb

L RISC

°®

7
Sky
AlphaEvolve

O

®

Agentic generation of a gem5 model from BOOM RTL
Improve gem5 core model’s accuracy from 40% - 97.2% relative to ground-truth
RTL simulation of BOOM over 10.5 days on 36 benchmarks

Agentic RISC-V ISA Extension RTL Implementation
5.6% (Bitmanip) and 3.5% (Zicond) speedup on SPEC06 ref., 25+ T insts.; 10x
speedup on OpenSSL (Crypto); < 5% area impact & no freq. change

Agentic IPC-aware Critical-Path Optimization in RTL
2.03x frequency increase with only 3.28% IPC loss on SPEC06 ref. by rewriting
RTL; net 1.96x Iron Law speedup; negligible area change

Agentic Architecture Discovery in pArch Simulators and RTL
Al agent and evolutionary algorithm-directed exploration and implementation of
novel microarchitectural ideas in ChampSim & BOOM

Maintainer-friendly Agentic Bug-fixing for CIRCT GitHub Issues
Autonomously triaged CIRCT GitHub issues into actionable, high-quality, and now
upstreamed PRs in ~45 minutes



Case Studies Overview (see paper for details!)

Agentic generation of a gem5 model from BOOM RTL Agentic RISC-V ISA Extension RTL Implementation

55 gem5 Improve gem5 core model’s accuracy from 40% = 97.2% relative to ground- 5.6% (Bitmanip) and 3.5% (Zicond) SPGEdEJP on SPECO6 ref., 25+ T insts.; 10x
truth RTL simulation of BOOM over 10.5 days on 36 benchmarks speedup on OpenSSL (Crypto); < 5% area impact & no freq. change
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e Agentic IPC-aware Critical-Path Optimization in RTL 4 Agentic Architecture Discovery in pArch Simulators and RTL
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“""”" Sercheanks [ Triage — Triage ]I —= Generation — Evaluation —— Feedback/Output
Where EachNode [JUMWorker [ Cluster Head D(cuzww Daws PRI e e ”ﬂ
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3
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Flxisne Agent CHIA Github
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Writeup Result Writeup Result
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Application Nodes CHIA Library Nodes Application Nodes

[ uMWorker [ Cluster Head (7] CIRCT Worker
Where Each Node is Scheduled



Case Studies Overview (see paper for details!)

Agentic generation of a gem5 model from BOOM RTL
é g emMm 5 Improve gem5 core model’s accuracy from 40% = 97.2% relative to ground-truth
RTL simulation of BOOM over 10.5 days on 36 benchmarks

MediumBOOM: Convergence — 202 scored entries

Programmatic Orchestration Agentic Orchestration

pomo oo TR ETERTEIETERIT o N kiR 60

' Application Nodes CHIA Library Nodes | - D | ©®  per-entry avg |pct diff]
! = 5 ; \ —>[ Bash MCP: Chipyard ] 1 . b

: [ ooPse tage ]:_—p CHIA Gems Stage |/ | s running best
! arent [ _.[ Bash MCP: Gem5 ] } . best: 2.80%

| Y f !

\» AlignmentAgent | L| cyiaclaudecll || Gems Build Mcp ] >cHia | A

[ Assemble Prompts Library | 40

: \ Tools :

| CHIAGems )" —>[ Align DB Query Mcp] ‘

| { Build, Run ' = }

| 7y !

1 I

|

I

I

Avg |percent diff| cycle count (%)
w
(=]

pass? 20 |
Yesy
=
SO L }--[ CHIA sQLite
Results Verilator; persist 10 -
D LLM Worker D Cluster Head D Gem5 Worker [:] Chipyard Worker 3 4=-55.97%
. T 1 T T 1 T T 1 T
Where Each Node is Scheduled 0 25 50 75 100 155 186 jo5 -

Entry (chronological)
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Case Studies Overview (see paper for details!)

Agentic generation of a gem5 model from BOOM RTL
95 gem5 Improve gem5 core model’s accuracy from 40% = 97.2% relative to ground-truth

RTL simulation of BOOM over 10.5 days on 36 benchmarks

1. Flexiblllty and experimentatlon — MediumBOOM: Convergence — 202 scored entries

©  per-entry avg |pct diff]|

running best

Many loop designs tried in
parallel --> easy to experiment

3. 1hto build!
4. lteration 110:

@ best: 2.80%

N
o
1

Avg |percent diff| cycle count (%)
w
o

—
o
1

The LLM can now test its own o ey
C h a n g e S 0 N ? E7nstry (ch]r(:):ologilisl) . " 20
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Case Studies Overview (see paper for details!)

Agentic RISC-V ISA Extension RTL Implementation
: 4 RISC ®  5.6% (Bitmanip) and 3.5% (Zicond) speedup on SPECO06 ref., 25+ T insts.; 10x
speedup on OpenSSL (Crypto); < 5% area impact & no freq. change

) Splke golden reference

|
|
|
|
implementation I -
|
|
|
|

Y
Riscv-dv generators
Riscv-dv target yaml

Core settings m
Synthesis | !

I Flnal Impl.

" | Finished

Riscv-dv gen. [ Ext. synth ) Base synth

random programs
1

iscv asm - -
tests

| fail

3 IDispatch

Instr. iscv as INew synth
Test fail tests fail |

2. 2.Y 20
Rass! Cosm instr. " & PaSS‘ g,

test

Gonm e

Chia Library Nodes Application Nodes
() Riscv-dv Node (O Chipyard Node () LLM Node ) Persistent Logging Node
(O Verilator Node () VLSI Node (D FireSim Node (C) Head Node



Case Studies Overview (see paper for details!)

Agentic RISC-V ISA Extension RTL Implementation
4 RISC ®  5.6% (Bitmanip) and 3.5% (Zicond) speedup on SPECO06 ref., 25+ T insts.; 10x
speedup on OpenSSL (Crypto); < 5% area impact & no freq. change

—-— == = = = = = — — — = — — — — 5 —_———— = = = = = = = -

o] = 1. CHIA + LLMs for specific tasks

|

|

- '
Instr. : : . _Splke golder_l reference :
Test .7 | implementation |
- l

|

|

] _____

D |
DUT vs Spike

|4 | Riscv-dv generators
Dlspatch extension ,1 | ,/Riscv-dv target yaml

T .pass? -ymhesls ... ’/’ | .7 | Core settings
________ P o e
e . ie |
Stage 2 - Base ISA test I ;’Test Ge"E"ﬁlOﬂ Synthesis
I

| .
| Final Impl.
-
[ iscv asm - -
| tests
|
|

Riscv-dv gen. [ Ext. synth ) [ Base synth ]'

|

||

P
randomlprograms [ " | Finished

| = | L)

> I Results I
i |

| L

| fail

B —_—— - e = === —=——=

Stage 3 - Thorough Verification + Debug |

|

| , ’
I v pass? T
| \ | clean (no divergence) :
I “diverge | I
| o ? i

Debug-LLM 7 T I

1
: ’ N D Dispatch
— . ] Instr. iscv as _ INew synth
I BOOM build ! fail ! fail fail |
| 1 1 I
I ]“ 2. Y55 ) 2.Y sﬁ |
| ||Cosim failed leslll prRass’ l R 4 pass J.
test °
| |
- |
Chia Library Nodes Application Nodes
() Riscv-dv Node (O Chipyard Node () LLM Node ) Persistent Logging Node
(O Verilator Node () VLSI Node (D FireSim Node (C) Head Node
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Case Studies Overview (see paper for details!)

= = = = e = = — — v

Spike golden reference
.| implementation

R —
Riscv-dv generators

.M Core settings

[ o Synthesis
Gieteniiang ISA test

_

|

|

I

|

|

|

I

|

1 . Riscv-dv target yaml
b fail ‘
|

I

|

I

|

|

|

! [
l I |
/' [Riscv-dv gen. || |[ Ext. synth ) [ Base synth]
r | random programs
1

SPEC06
Ref.
1
| !
| Final Impl.
|

" | Finished
I r

ffffffffffffffffffffff

Stage 3 - Thorough Verification + Debug

|
i oy ! s
| fall  _gacelSA A | - _ Results |
Kk? " Test pool ‘ | PPA A db |
i L
|

B —_——_— - = = === ——=

b

pass?

|
|
| | clean (no divergence) :
| |
| |
: D IDispatch
: iscv as INew synth
| tests [
I — I
[ e —— —) pass?> |
: yes I '
- |
Chia Library Nodes Application Nodes
() Riscv-dv Node (O Chipyard Node () LLM Node E Persistent Logging Node
(O Verilator Node (O) VLSI Node (D FireSim Node (0) Head Node

Agentic RISC-V ISA Extension RTL Implementation
5.6% (Bitmanip) and 3.5% (Zicond) speedup on SPECO06 ref., 25+ T insts.; 10x
speedup on OpenSSL (Crypto); < 5% area impact & no freq. change

1. CHIA + LLMs for specific tasks
2. Control where it matters

28



Case Studies Overview (see paper for details!)

Stage 1 - Implement & Fine-grained Verification

Implement-LLM

--------------------- sa e |
Test emitter |~ _ pee
\

’
11,1 Riscv-dv target yaml

’
‘1, | Core settings

Agentic RISC-V ISA Extension RTL Implementation

: 4 RIS C ®  5.6% (Bitmanip) and 3.5% (Zicond) speedup on SPECO06 ref., 25+ T insts.; 10x

speedup on OpenSSL (Crypto); < 5% area impact & no freq. change

User Inputs

r— |

.| Spike golden reference
o implementation

Riscv-dv generators

) "] | |SPECO06
Ref.

Synthesis
Final Impl.

fail

o o |

TR
/ diverge

Stage 3 - Thorough Verification + Debug

[ Ext. synth ] [ Base synth]

Finished
= [
Results
PPAA --- db

L

clean (no divergence)

Debug-LLM [«

1

i

BOOM build |
—

Cosim failed test I ]

|
N
=.

.

fail

]

Dispatch
iscv as New synth
fail tests fail '
!! \ pass?

yes I

Chia Library Nodes

() Riscv-dv Node () Chipyard Node () LLM Node

(O Verilator Node (O) VLSI Node

Application Nodes
= Persistent Logging Node

(D) FireSim Node (7) Head Node

1. CHIA + LLMs for specific tasks
2. Control where it matters
3. Resource management
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Case Studies Overview (see paper for details!)

Stage 1 - Implement & Fine-grained Verification

| fail aII mstr synthesls

’
Dispatch extension ,’

L RISC-V°

User Inputs

.| Spike golden reference
o implementation

,’ D s
Riscv-dv generators
Riscv-dv target yaml
Core settings

Agentic RISC-V ISA Extension RTL Implementation

5.6% (Bitmanip) and 3.5% (Zicond) speedup on SPEC06 ref., 25+ T insts.; 10x

speedup on OpenSSL (Crypto); < 5% area impact & no freq. change

SPEC06
Ref.
1

Final Impl.

tests

L fall base ISA

Test pool

pass / ]

7
; dlverge

pass

Stage 2 - Base ISA test |P258 TestGenera’imn Synthesis
]l ll Riscv-dv gen E Base synth
iscv asl Verilator run M Y ] >
.l
l

Ve D
Results
- db

Stage 3 - Thorough Verification + Debug

clean (no divergence)

Debug-LLM [+

1
2.
sim failed test]|)”” P25%" Cosim instr. “I

test

Instr.
Test fail

——_ﬂ

iscv asi
tests fail

? ?

Chia Library Nodes

() Riscv-dv Node () Chipyard Node () LLM Node

(O Verilator Node (O) VLSI Node

Application Nodes

(D) FireSim Node (7) Head Node

Dispatch
New synth

= Persistent Logging Node

1.

CHIA + LLMs for specific tasks

Control where it matters
Resource management
Licenses stay on-prem
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Case Studies Overview (see paper for details!)

Agentic RISC-V ISA Extension RTL Implementation
: 4 RISC ®  5.6% (Bitmanip) and 3.5% (Zicond) speedup on SPECO06 ref., 25+ T insts.; 10x
speedup on OpenSSL (Crypto); < 5% area impact & no freq. change

1. CHIA + LLMs for specific tasks

.| Spike golden reference
o implementation

. Control where it matters

L

3 |5

SPEC06
Riscv-dv generators Ref

Riscv-dv target yaml

’
Dispatch extension ,1
‘

’
’

fail arl,lai;'lg_sr ﬁy/n_trle_sis ______ Ry Core settings
- Y —— ’ ’/
B 3. Resource management
Stage 2 - Base ISA test (P25  Test Generation i ®
- " ll :f Riscv-dv gen. [ Ext. synth ] [ Base synth] e
scy asm - Vertmorrun )V (ST 200 i
tests } ; e Finished °
.l
e == N = 4. Licenses stay on-prem
ok? ,:', Test pool PPAA db -
iy L
pass t:/,v' \ .
— W ,’I Stage 3 - Thorough Verification + Debug .
Cosim randém tests]’ - ass? 5 D a t a I O I n
A 3 | clean (no divergence) [}
l/ L
/ diverge |
Debug-LLM |+ y
1 1
; LD D Dispatch
—\ . 1 Instr. iscv asi New synth
BOOM build ;o fail ! fail tests fail '
1 1 3

— L !

yes _——ﬂ yes _ﬁﬁ '

? ? \ '
Rass! Cosim instr. |' RasSS "' pass? '

test o
yes

Chia Library Nodes Application Nodes
() Riscv-dv Node (O Chipyard Node () LLM Node £ Persistent Logging Node
(O Verilator Node (O) VLSI Node (D FireSim Node (1) Head Node 3 1



Case Studies Overview (see paper for details!)

IQ{‘ RISC

In less than 5h...

Bitmanip

Agentic RISC-V ISA Extension RTL Implementation
5.6% (Bitmanip) and 3.5% (Zicond) speedup on SPEC06 ref., 25+ T insts.; 10x
speedup on OpenSSL (Crypto); < 5% area impact & no freq. change

Zicond

Crypto

5.6% on SPEC Ref.
Entire 25+ Trillion instr.
2% area increase, sky130

No max freq. regression

3.5% on SPEC Ref.

Entire 25+ Trillion instr.
no area increase, sky130
No max freq. regression

10x OpenSSL Speed Crypto
Entire 200B instructions
5% area increase, sky130
No max freq. regression
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Summary

CHIA Loops

Your Custom
CHIA Loop Here!

[ CHIA Cluster

Hybrid On-Premises + Cloud Deployments

CPU GPU FPGA API Storage

J

Case Studies

e?2cembd

®

Agentic generation of a gem5 model from BOOM RTL
Improve gem5 core model’s accuracy from 40% > 97.2% relative to
ground-truth RTL simulation of BOOM over 10.5 days on 36 benchmarks

Agentic RISC-V ISA Extension RTL Implementation
5.6% (Bitmanip) and 3.5% (Zicond) speedup on SPEC06 ref., 25+ T insts.;
10x speedup on OpenSSL (Crypto); < 5% area impact & no freq. change

Agentic IPC-aware Critical-Path Optimization in RTL
2.03x frequency increase with only 3.28% IPC loss on SPECO6 ref. by
rewriting RTL; net 1.96x Iron Law speedup; negligible area change

Agentic Architecture Discovery in pArch Simulators and RTL
Al agent and evolutionary algorithm-directed exploration and
implementation of novel microarchitectural ideas in ChampSim & BOOM

Maintainer-friendly Agentic Bug-fixing for CIRCT GitHub Issues
Autonomously triaged CIRCT GitHub issues into actionable, high-quality,
and now upstreamed PRs in ~45 minutes

Your Custom CHIA Loop Here!
Build your own custom Al-driven HW/SW co-design loops with CHIA!
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CHIA is hot off the presses, available to use!

s.//chialoops.ai

*
'l.g.CHIA About Pre-print Paper Blog Docs UserForum X SAuto v

An open framework for designing and
deploying custom Al-driven HW/SW co-
design flows fast

CHIA puts Al agents to work across the hardware/software co-design stack, with

use cases ranging from agentic architectural discovery to solving practical chip
engineering problems. The CHIA Loops abstraction makes it easy to compose,
deploy, and share complex, Al-in-the-loop flows with the tools you already use.

CHIA works wi 0-design tools, including RTL s on-chip development tools (e.q
Chipyard), micr s (.., gems, ChampSim), RTL simulators (e.g., Verilator, FireSim)
nd ASIC CAD tools (e.9., via Hammer), and more.
Paper 0 Get started >
Jumpto:  Userexporience  Toolflow compatibiity  Casestudies  Leammore  Latest updates

One command, a full Al-driven co-design loop

Deploy Al agents inside a complete RISC-V SoC framework. A single chia job submit

can drive agentic implementation, debugging, simulation, and PPA analysis end-to-end.

Example CHIA Loop for RISC-V
Extension RTL Implementation

" Claude Code ‘
e
i

(e

msc.v ov
Weriatory

https://docs.chialoops.ai

CHIA Basics

Installation

Quickstart: Say Hello (World) with CHIA

Architecture Overview

ChiaFunction
ChiaTool
Cluster Configuration Reference

Building a CHIA-compatible Docker
image

Caching and Bypass
Profiling

Example: Agentic RoCC Accelerator
(MemCpy)

gemS5 < BOOM Microarchitecture
Alignment

Autonomous CIRCT Issue Solving

BOOM Critical-Path Timing
Optimization

CLI Reference

Base Runtime
Chipyard Nodes
Model Backends

FireSim

# / Welcome to CHIA's documentation! View page source

Welcome to CHIA's documentation!

CHIA is a framework for fast and flexible orchestration of hardware design workflows — where
humans, agents, and existing hardware-design tools all work together.

New to CHIA? Start with the CHIA Basics page, or go straight to Installation to set things up.

The current release of CHIA is considered a beta. Many library nodes have not received thorough
testing. Bugs throughout CHIA are likely.

(Co-designing Hardware and software with Intelligent Agents)
(Constructing Hardware with Intelligent Agents)
(CHipyard's Intelligent Agents)

(CHooslIng an Acronym)

Getting Started

* CHIA Basics

» Installation

o Optional extras
o Core dependencies
o Next steps

» Quickstart: Say Hello (World) with CHIA

o What we will do in this tutorial

o Requirements

o 0. Project Setup

o 1. print() ing Hello from a worker
o 2. Print Hello in Verilator

o 3. Asking an LLM to say Hello

© 4, Editing RTL to say Hello

Concepts

* Architecture Overview

o CHIA flows
CALIA ~loretbare
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CHIA is hot off the presses, available to use!

s.//chialoops.ai

12eCHIA
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ols (e.g., via Hammer), and more.

Get started >

Jumpto:  Userexperience  Toolflow compatibilty  Casestudies  Leammore  Latestupdates

One command, a full Al-driven co-design loop

Deploy Al agents inside a complete RISC-V SoC framework. A single chia job submit

can drive agentic implementation, debugging, simulation, and PPA analysis end-to-end.

Example CHIA Loop for RISC-V
Extension RTL Implementation

" Claude Code ‘
(==

i
(e

msc.v ov
Weriatory

https://docs.chialoops.ai

MICRO 2026 tutorial!

Ttation! View page source

ntation!

of hardware design workflows — where
ork together.

ght to Installation to set things up.

orary nodes have not received thorough

nts)

Building a CHIA-compatible Docker

image « CHIA Basics

Caching and Bypass « Installation

Profiling o Optional extras
Example: Agentic RoCC Accelerator o Core dependencies

(MemCpy)

o Next steps

gemS < BOOM Microarchitecture

Alignment » Quickstart: Say Hello (World) with CHIA
Autonomous CIRCT Issue Solving © What we will do in this tutorial
BOOM Critical-Path Timing o Requirements

Optimization o 0. Project Setup

o 1. print() ing Hello from a worker
o 2. Print Hello in Verilator

o 3. Asking an LLM to say Hello

© 4, Editing RTL to say Hello

CLI Reference

Base Runtime

Concepts
Chipyard Nodes
Model Backends * Architecture Overview
= o CHIA flows

o LA Al rebare
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Come say hi!
(P.S. We have stickers)

https://chialoops.ai
(includes paper link)

\

Angela Cui Ferran Hermida-Rivera Jack Toubes

Berkeley
Architecture
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