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Where are we in relation to the community ? SUREEOW
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The early adopter

Source: https://airflow.apache.org/blog/airflow-survey-2025/

Presenter: Shubham Raj



Qualcomm | Oryon"CPU

Powering the technologies you use every day
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Airflow Adoption 2025 - present
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Image: Dags growth in last one year
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Total Dag Runs 265K
Total Task Instances 4 .5+ Million




One orchestration engine

Shared Infrastructure for Every phase of CPU design

Physical Design

Performance Flows

Power Analysis

RTL Design

¥

Apache
Airflow

orchestration engine

Post-Silicon Validation

Design Verification

Formal Verification

Emulation
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THE PIVOT

Before silicon, DAGs move data.

® Compute jobs

® RTL + netlists

® Simulation results

® Software-defined resources

I AlRFLOW.
(& sumMmIT

After silicon, DAGs move the physical
world.

® Robotic handlers
® Physical devices
® Thermal + power systems

® Scarce, stateful equipment

[ What changes when an Airflow task has a physical consequence? ]




One Airflow 3 control plane. AlReLow

Workloads everywhere. Distributed execution fabric.

/Airﬂow 3 control plane \ Primary data center | shared compute

<€ S [ Celery broker ] [ Persistent workers ] [ Burst workers ]
API server + Ul
| Task API | Edge API | operations

Scheduler

[ CeleryExecutor ][ EdgeExecutor ]

HTTPS | pull | heartbeat | logs

——>[ DC A | Edge ] [ DC B | Edge ] [ DC C | Edge ]

- >
I
[
|
| .
7 Remote data centers | location-aware queues
|
I—
I
|
I
[
[

DAG processor Metadata DB Hardware-attached Edge workers

\ One deployment | multiple executors / L > [ Emulation systems ] [ Post-silicon labs ]

Route each task by executor + queue
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Post Silicon Validation

From Design intent to Real-World delivery of high-Performance
Silicon

Presenter: Deva Madhavan



Post-silicon validation

Characterizing and Optimizing Silicon for Real-World operation

Performance « Power « Temperature « Stability « Aging

Fabricated
silicon

The design becomes
a physical device

Validation
platform

—

Chip + board +
firmware +
instruments

SN

Real conditions

—>

Workloads, voltage,
temperature,
peripherals

U J

/_‘ﬁ

Measure
behavior

Correctness
performance
power
Temperature
stability

—

U J
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Close the loop

Find issues, refine
tests, guide fixes

[ Pre-silicon: predict with models and

simulation

|

chip

Post-silicon: measure the manufactured ]

The goal: build confidence that the chip behaves correctly in the real world.



POST-SILICON VALIDATION

Characterizing and Optimizing Silicon for Real-World Operation

Performance ¢ Power ¢ Temperature ¢ Reliability ® Longevity SUMM'T
MEASUREMENT & ANALYSIS UNITS

POWER MEASUREMENT FREQUENCY / TIMING TEMPERATURE CONTROL DEBUG & TRACE DATA & ANALYTICS

| = R oy | ’ I I ‘ m—
| e T - s F'
=i L -
Voltage ® Current ® Energy Clock ® Timing ¢ Performance Thermalchamber ¢ Heat JTAG * Logs ° Visibility Capture ® Analysis ¢ Correlation
BINNING / SORTING

, === HIGH-PERFORMANCE

[ Highest stable frequency

=== PERFORMANCE

Balanced performance & power

. ===== MAINSTREAM

Z2= Meets standard product targets

=== LOW-POWER

=====x  Optimized energy efficiency

ﬁ Fatpriatic & Scalabs @ Cosfeibqbind B Figstataibshy m Haph Threustyet m Fiigh Diats Dty I == REJECT/REVIEW

sme== Qutside product limits

AUTOMATED & SCALABLE CONSISTENT & REPEATABLE HIGH THROUGHPUT HIGH-QUALITY CHARACTERIZATION DATA



V/F Curve Defines Silicon Performance per Watt — and the Bin

AlIRFLOW.

Characterize each die by sweeping voltage and frequency, then classify it by the stable operating boundary. SUMMIT

Map the stable operating VF boundary

Frequency
A

Performance

FAIL / unstable

Mainstream

PASS / stable

Low-power

Voltage =

VF curve is the Passing stable region for silicon performance
VF Guard-band moves the VF operating point into the stable region.

Sort silicon by measured
VIF capability '* Jin

Favy

Efficiency bin Mainstream bin Performance bin
Lowest Vmin Nominal V/F Highest Fmax
for target F and margin at allowed V




Silicon Lab operations - Manual

Cloud steps run back to back; every lab step waits on a manual test system intervention

TEST GENERATION + STORAGE ¢ 1 HR * On Prem Cloud

o o o
= | 2| 2

)
COMPILE )

GENERATE )
TESTS BUILD

STORE
TESTS

Artifacts land on

Celery workers HPC workers compile shared storage:
generate test content the build with no wait : 9e;
on HPC. for a handoff. generation stays at 1

hour.

[
>

CLOUD ~+ CONTINUOUS, NO WAIT BETWEEN 1\~ 2 — 3

CLOUD 1 HR » CONTINUOUS
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LAB « MANUAL RIG RESERVATION ¢ TIME LOST

TEST SYSTEM 1

AV13d 440ANVH

TEST SYSTEM 2

DISTRIBUTE
TO
TEST SYSTEMS

Engineer opens the
reservation sheet to
find a free rig, or waits
for one.

o AV130 440aNVH

\
©
Y

H

O

LOAD +
EXECUTE

G Nge® AV13a 440aNV

Silicon is loaded onto
the DUT board by
hand before the run

can start.
\_ /

.
il

COLLECT +
ANALYZE

Results are pulled
manually, then the rig
hunt starts over for the
next part.

+ LOOP: STEP 6 — STEP 4, RESERVE A RIG AGAIN |

1HR

5+ HRS AVERAGE IN THE LAB, MOSTLY WAITING ON MANUAL HANDOFFS




The Problem
e HARDWARE ALLOCATION

@)
@)
@)

e TIME MANAGEMENT

O O O O O

e OBSERVABILITY

O

O O O

Reservations are in spreadsheets, OneNote
"is system 4 free?" pinged on Slack, Teams
Sticky notes read “Used By: Name”

Conflicts - Engineers step on same DUT !
Test runs collide or get overwritten I
Results Lost, Data Loss .
Idle gaps with critical units sit unused
Time and Geo-location differences

What's running, where or for whom

No history and track record of test coverage
Data getting scattered and Lost

Failures go undetected

3
Py




Silicon Lab operations managed by Airflow DAGs ~ AIRFLOW.

SUMMIT

Managed hardware queues and continuous scheduling remove the waits between disconnected stages

TEST GENERATION + STORAGE ¢ 1 HR * On Prem Cloud LAB ¢ AVERAGE EXECUTION TIME « 6 HRS — 2 HR

@ (=) Kl ® @ 6
- || 20| E o || Ll

GENERATE ) COMPILE ) STORE ) DISTRIBUTE )I LOAD + ) COLLECT +
TESTS BUILD TESTS TO HOSTS EXECUTE ANALYZE
Celery workers HPC workers compile Artifacts land on Airflow manages the The robot rotates Resultsrss(\a/:;jir:or e
enerateytest P— the build with no V\‘/)ait shared storage; hardware queue and silicon onto DUT P 9
9 generation stays at 1 dispatches the instant boards as soon as a
on HPC. for a handoff. Next Test flow
hour. a host frees. slot opens.

triggered from queue

o )

AVERAGE 2 HRS PER CHIP, DOWN FROM 6 HRS * 3X VALIDATION THROUGHPUT « 66% TIME REDUCTION « UNIFIED DATA ]

NEXT — ROBOT IN ACTION I




Post-silicon validation Sample DAG Bd AlRFLOW.
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Lab Fleet of Robotic Arm Handlers P SUMMIT
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The Magic

Presenter: Dheeraj
Turaga



Edge Executor controls
Labs around the world.

ﬂimary data center
~ Central Airflow server
Scheduler | API server | metadata

Edge worker dashboard

Live inventory | health | status

o

>
|

HrTes |

k [ One control plane

0

R I
v
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Distributed post-silicon labs

Site A
) Host workstation Edge worker
Americas
Site B
Host workstation Edge worker
Europe

Site C
: - Host workstation Edge worker
Asia-Pacific

[ Host boots -> Edge worker starts -> registers -> reports health ]




One dashboard for lab fleet QY Alretow




Operate Edge Workers from CLI or Dashboard SUpLow

CLI AUTOMATION DASHBOARD OPERATIONS
Point-and-click control for day-to-day

Scriptable operations for local and remote workers - .
administration

OO0 alFited D ==iolp Add queue Route new work to a worker add-worker-queues

airfles sups [=]

Available from the Edge Executor dashboard
1981 aof swtewe Digs Buibei Wirts wly wtwe ghle) CRjelieinlin. Jod tere 150 nime!
et i e s L kg 1 gl sy el

. 3 Remove queue  Stop routing a queue remove-worker-queues
- Akt gy W asgr smvar

r : ey T Ltk gl reghiderd i swhers
R L L R T

T Available from the Edge Executor dashboard
B wein s s drem amisiemas

Pt Temamp kg mSTAr E RSt

COI‘ICUI"I"ency Adjust worker capacity set-worker-concurrency

[T e S p—
- % ) - Available from the Edge Executor dashboard
Mefees grieds iR f e BN
bei it cemattrry e n reeeie mEg s
et gresmis) st o 41 vy —— Maintenance Drain and service safely maintenance
Iillldl I eyl i +F LRGN L]
..-.,.n. 1.'.; Eiriles faesl Bigs I-.n.g: :ri-.. Available from the Edge Executor dashboard

rans Loy, lara’ llru- Ligm wrrien
AL Ty Wer

Shutdown Graceful worker stop shutdown-remote-worker

Available from the Edge Executor dashboard

Lifecycle Fleet Maintenance

worker - status - stop OO ORI T R BT ES Same operational controls automation via CLI + fast intervention via Ul



Task queues had to be provided upfront AIRFLOW.
SUMMIT
The run could choose a machine, but it could not change the task's queue.
4 ) 4 )
1 - DAG DEFINITION 2 - DAG RUN
. . LATER Engineer selects another
Queue is assigned to the task 9 .
) machine
[ @task(queue="1lab-001") target: "lab-rack-042" ]
Before the run starts Could not update task.queue
- J S %
[ To use a different queue, the DAG had to be changed or duplicated. ]

At scale: one queue-specific DAG per machine —



The workaround: one DAG per machine AIRFLOW.

SUMMIT
Same workflow Queue fixed in task definition Specific hardware

validation_dag_001 —)[ queue: lab-001 ] > °J | Hardware 1

) )

N )
validation_dag_002 —)[ queue: lab-002 > ¢ | Hardware 2

g 8 : J

N )
validation_dag_003 —)[ queue: lab-003 > : Hardware 3

{ Hardware identity had leaked into workflow identity. ]




User chooses the Hardware not DAG QL RELOW

Trigger one
DAG

User selects target

DagRun.conf

—

queue_override

Scheduler-side | before the task is queued

—>

/.\

&

Scheduler
policy

mutation hook

>

)

Set Tl.queue Edge worker
—>

for this DAG run beside the hardware

The DAG describes the methodology. The DAG run selects the
machine.



One hook. Run-aware routing and

capacity.
Run-time context

4 N

{
"queue_override": "lab-rack-042",
"pool override": "post silicon_lab"
}
QUEUE POOL
where it runs how many can run

Scheduler-side mutation

AIRFLOW.
SUMMIT

U

):

////;ef task_instance_mutation_hook(

task_instance, dag_run=None

if dag_run is None:
return

conf = dag_run.conf or {}

if queue := conf.get("queue_override"):

task_instance.queue = queue
if pool := conf.get("pool override"):
task_instance.pool = pool

>

[ PR #68198 | Pass DagRun to task_instance_mutation_hook for run-aware task mutation




Lab needs became upstream Airflow AlReLow
capabilities

Where we contributed

GitHub area labels across the scoped 135 PRs
I 3 5 Edge Executor + remote workers 40

merged PRs Ul + operator experience 36

across Qualcomm contributors

API + airflowctl + CLI + Task SDK 32
Production requirements G
- TR Documentation 17
upstream capabilities ——
Other providers + integrations 11
Contributing the features, fixes, and p—g

operational improvements we rely on.

Developer tools + quality 9
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