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Existing Physical Design Tools

Hammer Physical Design Framework

. Python physical design framework ?.,, Hammer IR | | Python Class | | Generated Files design.yml
(RTL -> GDS) vlsi.inputs:
. i~ power_spec:
+ Parameterizable flows via interchangeable | 1echFluain —— N
. = \/\
technology (PDK) and EDA tool plugins. tech.json --1-. S Toors L
T onfig Parser o o
« Supports custom TCL hooks injected at defaults.yml -1 - i | Tool Plugin
any fIOW Step' _init_-py (" =TT ') Tech lerary :" = defaults_yml
* Rapid prototyping through aggressive
code reuse. T Tool Library | «€1-t---P» __init__.py
|
.2
de:.:Z;:Z'?:EOU' - - -1 CLI Driver <action>.tcl
. - A

\\\__,/////’__\\\ init_design
my_hook
i mw P design-vlsi -p design.yml <action>
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HAMMER

® Pessimistic Make Dependencies: Tracks file timestamps instead of content, so minor edits
may trigger redundant reruns of earlier stages.

® Rigid Flow Structure: Difficult to integrate custom physical design stages once the flow is
initialized.

® Strictly Command-Line Interface: No visual flow mapping or real-time progress tracking,
which can create a learning curve for new users.

® Extensive Logging: Critical debugging data and tool errors can end up buried deep inside
massive, unorganized text logs.

® |solated Workspaces: Lacks a shared backend or multi-user infrastructure for real-time
collaboration and artifact reuse.
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® Pessimistic Make Dependencies: Tracks file timestamps instead of content, so minor edits
may trigger redundant reruns of earlier stages.

SledgeHammer aims to tackle many of these
limitations by integrating workflow
orchestration for efficient physical design

® LXtensive Logging: Lritical aepugging aata ana tool errors can ena up buriea aeep Insiae
massive, unorganized text logs.

® |solated Workspaces: Lacks a shared backend or multi-user infrastructure for real-time
collaboration and artifact reuse.



SledgeHammer Architecture

Apache
Airflow
- Backed by Apache Airflow, SledgeHammer . " Tool p N
replaces the Make build system with : [ : OO ;
directed acyclic graphs (DAGs) to : AutoTA > Plugin < P[;Zssilcr?l
orchestrate the physical design flow. ¢ Tech > Flovgv
- PD stages are encapsulated as nodes, - _ .| Plugin L )
while their dependent stages are specified cProfj_ec(:t) ¢
: : onrig(s) | H
by their edges. =
« Adds a GUI to visualize the workflow, - _ ; Hammer
improves dependency management, . | Design 1} .
integrates a database backend for Airflow Config(s) | : i
& SledgeHammer metadata, and many | — ‘
more features that will be discussed Env. D d -
throughout the presentation. . | Config(s)||| («—»{EPENAENCY
 — Manager Postgres

________________



Allows Users to Run Physical Design Flows Directly From GUI

Sledgehammer

E] Stats

X1 Failed Dags > A0) Running Dags > 43 Active Dags >

f? First 10 favorite Dags

No favorites yet. Click the star icon next to a Dag in the list to add it to your favorites.

® Health ® Pool Slots Manage Pools

v MetaDatabase v Scheduler v Triggerer v Dag Processor

M History

£  Last 24 Hours v 2026-06-25 01:29:24 - 2026-06-26 01:29:24
Jdl 7' Dag Runs B0 Asset Events Newest First v

=0 Queued No Asset Events found.

Security
Feedback Form &
My Notification Email

Plugins
e 28.57%

o

X 5 Failed

IDERAR Tarl lnctancnn




Dependency Management

Fine-Grained Dependency Management

Make Build System: Timestamp-based dependency checks.
SledgeHammer: Monitors independent configuration settings, design files, and hook changes.

Fingerprint Sources - per stage

Config Keys RTL Sources & Includes Hook ASTs
master database.json rtl check.py hook check.py

old vs new stage-prefixed + normalizes comments & + AST-hashes user, tech & tool combined
. . SHA-256

settings; whitespace, hooks; N i

SHA-256 fingerprint
new key or changed value — =420 per formatting changes ignored
dirty .V / .sv / .vh file

@ fingerprint match
— skip stage

stored fingerprints fingerprints

master_database.json PAN [ compare ] SN
G fingerprint changed

= rerun + propagate downstream

rerun from earliest affected stage

__________________________
.....

build — [ synthesis — place & route SEN Ivs

design file A ¢ rerun U rerun



Auth service Task dispatcher

Workers
Validates JWT Fans out jobs T

X3 parallel

PostgreSQL

users sessions jobs
credentials, roles tokens, expiry status, results




CONFIG VLSI TOP

SoC config, target module, tech, YAML files

e Generates collateral

Elaborates Chisel—=Verilog + tech mapping

e Generates the DAG

Builds the PD flow graph from the stages

(R HAMMER

(E] DAG Generation

o Takes Hammer configs

Project, environment, tool & technology settings

v

o Builds the flow graph

Each stage becomes a task with the commands its tool needs

Wired by upstream / downstream dependencies

v

o Emits the Airflow DAG

replaces hammer.d

Airflow runs the stages as a DAG




DAG Generation Default PD flow after initialization

Pair With Chipyard Environment to Automatically Generate PD Flows

module_ChipTop

sim_rtl

syn _to_timing syn_to_formal sim_to_power
Ot ) :

timing_syn syn_to_power
vtask tas vtask

{

par_to_formal par_to_timing sim _to_power_ 1
Dtask t t task @task

par_to_power

task

|
sim_to_power 2 power rtl

formal_par power_par timing_par
Dtask @task @task




module_gcd
Task Group

v success

DAG Generation

Real-time visualization of flow progression

[

syn_to_timing
Dtask

Dl skipped

timing_syn
@task

bl skipped

- - - - - -
: DV S 0 D A : 0 J 0
- 28 Tasks
|
syn sim_rtl
Dtask @task
v success Pl skipped
B
[
syn_to_formal syn_to_par syn_to_sim sim_to_power
@task ask Dtask @task
Pl skipped v success Pl skipped Pl skipped
par syn_to_power sim_syn
@task @task Dtask
v success P! skipped Pl skipped
L]
par_to_formal par _to lvs par_to_sim par_to_timing sim_to power 1
@task @task @task @task @task
Dl skipped D! skipped Dl skipped bl skipped Dl skipped
formal_syn sim_par par_to_power power_syn
@task @task @task @task
Pl skipped Pl skipped P skipped Pl skipped
par_to_drc lvs sim_to_power_2 power rtl
@task @task @task @task
Pl skipped Pl skipped Pl skipped Pl skipped
drc formal_par power_par timing_par
@task dtask @task @task
bl skipped DI skipped DI skipped bl skipped




ustomize your edaitor, learn basics, and start coding

Q Learn the Fundamentals

ED Browse & Edit Remote Repositories without Cloning [l

Recent

TERMINAL

(base) [lawrencejrhee@bwrcix-2 ~]$% D

> SSH: bwrcix-2



http://drive.google.com/file/d/1MPpo1vjP1hxEdp4oLRk_LHUOCH8sWHma/view

'SLICEI PD Caching

Hash-Based Caching of PD Stage Outputs

DB WRITE DB READ
+ Fingerprint every stage: SHA-256 <
hash of the build dir as a unigue key btﬁg‘ﬂir \——/4—-[SHA-256 query]
- Cache once, shared across teams: -» Postgres ----»{_Fetch zip
stored in Postgres as hash = zip [SHA-255 hash] ' | Database (DB) 2
* Check local first —reuse the local _ E { hash — 2ip ] [De°°$p’ess]
build dir if it's already there; the DB [C°mp’e:s ip) N~
. I Local
cache is the fallback [Store (hash, zip)]_ K build dir
« Cache hit = skip the stage — fetch,
decompress, continue the PD flow Found

« Cache miss = run, then cache —run Found . *
stages, write result back for next time DB Read :I') Run PD Flow

12

SHA-256 *

Query
DB Write ]

([ Run Dependent |
Not Found Stages




Evaluated Designs

Run Parallel Flows & Store Data Across Users

Scale up designs from individual modules -> SoCs

Modular Hierarchical Large-Scale SoC Design

PL
RocketTile

=

Rocket Kodiak EE290 Tapeout Chip



Future Work
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. Timing Slack Distribution - Post-Route
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Python N" v
Data
Structures
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Cloud Workspace
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. DB WRITE DB READ
il d -
build dir <€—-{ SHA-256 query
>  Postgres ---
rerun from earliest affected stage 1 Database (DB)
Design DAG v 1
Z’;Iilf‘arils : v Local
( - build dir

Meta-DAG Orchestrator - bounded Al trials \
Al Debug Node

sim_rt1l_debug - syn_debug - par_debug
extracts errors from synthesis log
Gemini 3.1 reads errors + design.yml — emits patch

Found

v

« FIND/REPLACE WITH 2FA DB Read Run PD Flow
patcher.py \ 2
writes patched source files Run Dependent
o J "
Not Found [ Stages [ b ]
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'SLICE Summary

« SledgeHammer targets the limitations of Hammer by:
O Reducing redundant PD stage execution to improve overall TAT of RTL -> GDS
O Incorporating a database backend to cache and share physical design data across users

O Visualize the PD lifecycle in real-time, allowing for users to monitor per-stage parseable logs
& view the flows of other users in the shared environment

O Automatically generate flows & flexibly modify PD stages after initialization
 Weintend to continue developing SledgeHammer to provide:

O AutoTA integration into SledgeHammer to aid design space exploration/optimization by
using LLMs to modify design and configuration files based on PD QoR

O Improve security of the webserver and database
O Launch SledgeHammer on cloud for remote flow execution

O SledgeHammer Studio: Collaborative VLSI environment that will allow multiple users to
design in a shared workspace while sharing collateral and artifacts amongst each other to
reduce redundant flow runs and improve visibility across teams to aid the tapeout process



Questions?

Andre Green, 4th-year PhD Candidate
UC Berkeley
andre_green@berkeley.edu

& HAMMER

https://github.com/ucb-bar/hammer




