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Death at Second 54 — Partition-
Tolerant GPU Compute from Spare
Hardware

977 naive SSH tunnel g idempotent resume — ax2uiin1 v transport 11512 13

dratydnaely

AN8NIUIN 54

94 train gn dispatch Lg% A100 sinu Airflow worker aainé log 1iufinas — step
40/400, 80, 120, 160, 200 — util 100% NN sample UNIAUTIUFIF

WAl 04:12:45 (ISNAU 04:11:51 ) worker log inwaanu1I:
Done. Returned value was: {'returncode': -15}

-15 @@ SIGTERM process gn&sfa task §n mark 31 SUCCESS report Auannaaaiiy

None V9¥NG
data-exists # job-survives

AR INII: NTEUIUNS train Aafidas (pid 13466) f95uatiuu GPU malid — orphaned
Taigilasiflusnans A100 f9agii 100% checkpoint anaLdguasRananla we job aaua?

cluster laiginsiugavina laas)

54 unfinananauanszuy 14 Tand tunnel SSH drop, orchestrator timeout, SIGTERM
d9N — wAduwe

1
=

cluster 11974 uas Wansaunu — vumsilgringausunga

anilaanssnaauiu: SSH tunnel + queue routing 913N Airflow waz GPU worker ﬁgm;f
wa23 train 95916 wm transport layer U119 — e signal AaxN job waluwsanil session

135 resume 13ifi handoff laifiazlsnuanin “viNdelvuuay”
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orphaned process Aanangiuziuaian: GPU $inaataeniasvinazls ua orchestrator ax

L2 AMHUANANTEHIN “NULETY” AL “cue” agfi lasie run_id 17

wilsAsandfan1siiuangany — 54 Junfiursannans — lug fleet Mlaaudn tunnel az

¥
o

drop A%

§1 ARALADSNNNADIY (LazNgTINHUNI)

wnnag: Mac vwHaa509 + GPU a@asannszaanszang — Airflow cluster vilatfsn 1aily
@ “annule” uRGpINgINAIBA a2

Stack Uu Mac 2uHN ~/airflow-docker/docker—compose.yml Usenaumlg Postgres 16
(metadata store), Redis 7 (Celery broker), scheduler, webserver inasn 8082, uas

worker &®4 container 11 CeleryExecutor nin service ag lu Docker network Laiganii

docker compose up -d
# - postgres, redis, scheduler, webserver:8082, worker_1, worker_2

fiay Docker & pain azjﬁauﬁﬁ;q: AausU portable SQLite build uw macOS native
gunicorn workers SIGSEGV HanNe 2,523 As4 root cause @a setproctitle —
CoreFoundation CFBundleGetFunctionPointerForName 4 fork-unsafe Ui macOS unA
no-op shim &1 PYTHONPATH

# setproctitle_shim.py
def setproctitle(title): pass
def getproctitle(): return ™"

PYTHONPATH=/path/to/shim: $PYTHONPATH airflow webserver
# SIGSEGV: 2523 - 0

lu Docker/Linux fleauwnilvingliias Linux fork() azane ladasla shim umiuiinliiwse

Ny trap 2347 lasn lau

GPU aassiausn fia RTX 4090 &84 node @ia gput, gpu2 tianeie SSH reverse tunnel
311 Mac
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ssh -N \
—R 6379:localhost:6379 \
—R 5432:1ocalhost:5433 \
-p <port> olx@<ip>

W tunnel 2uwad worker SUUYX GPU host aag

docker run --network host ——-gpus all \
apache/airflow:2.10.4 celery worker \
——celery-hostname gpul@olx

o & & a8 y & .
——celery-hostname 3TU L1W512N3 gpul waz gpu2 hostname a34tilu “olx” Nag fnlaivzy

Celery node-name Uiy worker ¥ingian cluster un

Node fig13 @a A100 80GB UY colab. laris.co Bgnad Cloudflare Access 62 host 1ilu

container agjua? 39lai run Docker Zau 14 uv unu

uv venv ——python 3.12

uv pip install "apache-airflowl[celery,postgres]==2.10.4"

# system torch: 2.11.0+cul28 (agﬁdﬁ)

airflow celery worker ——celery-hostname al@@@colab —-g al@@

Queue routing WBNANIY: queue="gpu" — gpu2, queue="gpul" — gpui,
queue="a100" — A100, queue="default" — Mac worker aanuvuy 1% DAG dan

hardware laa5396

]
o @ o

AgauaIsAaILAE?

celery inspect ping

- celery@o08ad7818d93 ~ (Mac worker 1)
- celery@a3fb37839319 ~ (Mac worker 2)
- celery@olx v (gpu2)
- gpul@olx v (gpul)
- alev@colab v (A100)

5 nodes online, Flower: 22 tasks succeeded, 0 failed

DAG gpu_proof @u VERDICT=THREE_GPU_NODES_CONFIRMED — gpu2 RTX 4090 0% util
wnuziiy, gpul RTX 4090 91% util (FU fine-tune ﬁ)‘%\iﬁﬁ’lﬁﬁuaﬁj), A100 SXM4-80GB 0%
DAG al100_train @anfugi: A100 100% util, VRAM 46,471 MiB, model 671.2M
W158Les bf16
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DAG contract_backfill backfill FloodBoy RecordStored events a1n JibChain &

16,254 records NszangSuUUvians worker ladl task anvian
Traps snga lauase (1)

e ~/airflow-dags permission 744 — container UID 50000 traverse laile — “Dag
could not be found” = chmod 755

e gpul/gpu2 hostname “olx” ‘V'iv'«gj — Celery node-name collision = 684 --celery-
hostname

e docker compose ——profile flower up VLSJ"SZ‘L! ——scale — worker ana1n 2 L1aD 1

Taglaisl warning

Cluster N9 — WuAadaiigani section Hazngn dwmniaunAamaNadTi Ly “vinew”

59 liwad1nsu thesis

§2 \ Fugns: lasain job fi3ufi 54

=

JADISIRBAUNIN: visibility_timeout — GADDN ANUN
nauduAnAans red herring iausn Tnenau

Celery + Redis broker § visibility_timeout @1 default = 3600s “N18AIINIT O
worker 13 ACK message na'lu 1 22 Tus broker fisaz redeliver 914 — u job 2849151018

~

MU ~54 #9%1931n 3600s BEiAUAzNf

v
=1

visibility_timeout # trigger lunsdiil
191U “uA visibility_timeout 1% luaiau” laildaeau Wunsudingi

Bql:l yﬂ\iﬁN ﬁ’il ﬁw’]‘ﬂ%ﬂ . worker_cancel_long_running_tasks_on_connection_loss

Setting #lu Celery (ambiguous default 5a version — lu Celery 2.x lndidgs True )

ANAUANGANTININD worker Ldan1siannany broker nansAUdMzIU task

Mechanism chain NM9RLUUN:
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cloudflared/SSH -R TCP tunnel blips
L
worker a1a Redis (broker) connection wmz task nnax run
.
Celery a4 SIGTERM - task returncode = -15
.
broker redeliver message (dvlugn ACK)
i
duplicate task i13u - orphan pid 13466 f4in1z GPU aé

daamansailiawsann: task Ane uaz task luatin — Wuds worker log uaas GPU util

100% maiiineud job vanauluuad

nangiuan worker log

steps 40 - 200 logged @ util 100%
04:12:45 — "Done. Returned value was: {'returncode': -15}"
report task <« {'returncode': -15} - all None

returncode: -15 @ POSIX signal 15 = SIGTERM — Celery a4 l#saasnuii setting
Avua laila OOM laila bug Tu model code sl timeout 284 job a4

SIGTERM (-15) = Celery 3inf2ta4 tw51z connection v1g 13 laiwsnz job 1
Tunan1edn lanassusn lvaa

Hapeduivineudasziu — doudn lanse:

¥

FitT] UNUIN gy

TRANSPORT viaﬁil'auualwaciﬁu (TCP tunnel) blip = connection drop

Celery sindulaazlsiiia connection
ACK-SEMANTICS cancel + redeliver = duplicate
g

Flaky transport + cancel-on-connection-loss = dead job + orphan duplicate w3ax

[

nu

uianwe transport Taglaiunz ACK semantics — 61 tunnel blip 8n gaansmiiautia
uitanie ACK semantics Taalsiud transport — connection §i321a task Agalasy
SIGTERM

111y SSH -r / cloudflared flan1 lvikginIindna
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TCP tunnel fianwauzianne: Winsu drop du nanens connection wiaunu luasauana la
fna°) degraded wwidiau flaky Wi-Fi — wa@a task lanaaiisuunuiiu ~50s uu tunnel 1

fimwidsaiing na run

job 289131 %180 ~54s wadiag lu window duas 8
suguiideeunnionniu

sections 6nlUazATBLAGNIIE MBI

1. (Transport) wWagwan tunnel # drop 1& Tuiflu transport A laina
2. (ACK-Semantics) U5u Celery 14 ACK late / lai cancel \§ia connection blip
AT

& 'y

3. (Job Resilience) #i1l# job ign redeliver aansa resume unufiaziau Insiauaau

a2y laduniis dannangiag

§3 #un 1 — Transport: 1an tunnel NPIALAINI

Fuiil% SSH -r + cloudflared TCP tunnel wiias broker traffic 910 A100 lus Mac —
yn9ule wAwe connection blip tHg2 $1u 54 FuNfianeyiud 1wawsz TCP tunnel = torn

connection Liia packet drop dvan; lsifinaln reconnect l@2iu transport ag

Hoyvwanlaila latency um@a AwLls1z: SSH R Aaen1s TCP stream maliiasnasn
1381 91 IP wasw / NAT vuaag / ISP nszan — tunnel 21a waa Celery worker fingians
dananaalELag

TCP tunnel # resilient transport @145y fleet inszanadud

WireGuard Mesh: UDP nun1und1 TCP tunnel

WireGuard vin91uuu UDP — dropped packet # torn connection tws1z WG reconnect
seeu session 1u sub-second Taglsigiaesa TCP handshake lviai NAT wasu / IP drift —

WG dial lnsitasIaglaisuniu application layer

dnaifiendi fleet daen1s@a: ONE side reachable at a UDP endpoint — node filaifi

inbound port (121 gpu1/gpu2 aginas NAT) Avineula das outbound UDP 16 Tas:
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# vu gpul / gpu2 — initiator 71 ludi inbound port
[Peer]

PublicKey = <hub-public-key>

Endpoint = <mac-public-ip>:51820

AllowedIPs = 100.64.0.0/24

PersistentKeepalive = 25

PersistentKeepalive = 25 %1% NAT mapping lainuaang — gpul & keepalive nn 25
3% hub laidas dial nauLas

fleet §# WG config agiwa? (white.wg / mba.wg / oracle-world.wg ) Wi Mac + gpul +
gpu2 171 mesh wan worker nn@aLEN broker H1u stable 100.x WG IP i lsitasu — lai

GiDNWA CELERY_BROKER_URL Bneialiusl IP ans1sauzazviu
A100 Exception — Colab %#a3 Cloudflare Access

A100 uu Colab ag#as Cloudflare Access — fiausia WG #a4 probe UDP aanldlna:

# vu Colab — probe hub's WG UDP port
nc -u -z <hub-public-ip> 51820 && echo "UDP OK" || echo "UDP blocked"

&1 ubp ok — plain WireGuard vineuls fineauaz join mesh 1as

o

&1 UDP blocked — plain WG aatvad uazdsananiaaianla:

wireguard-go (userspace) = TCP — “userspace” ulai1 implement lu user

space lai‘laiiwlasu protocol flu TCP giaflu UDP asif

&1 UDP gn block faslef UDP-over-TCP shim: wstunnel %38 udp2raw va WG traffic

KU port 443 — Fafludadi Tailscale/Headscale DERP relay vinagiuda 16t

shortcut @m5u A100 Tasanne: 14 NATS over WebSocket/443 il broker transport

— 443-native i1 Cloudflare Access laazann & WG mesh an Mac + 4090s #i UDP
snuleivindu ladaawsnsna tunnel WG uu A100

nu1ELALE9 maw federation

Juflans 19 maw federation (oracle-to-oracle messaging) tilu broker transport —

layer maw federation aanuuuxnng1su high-level oracle coordination lsi'le Celery
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broker traffic figiaans throughput wag reliability 5260 sub-second maw #a messaging

bus &%5u intent lail% data pipeline

71 decision tree ¥ transport:

#nan A100 Transport

UDP outbound OK WireGuard mesh (plain)
UDP blocked, TCP/443 only NATS-over-WebSocket/443 %#3a Tailscale DERP
Taiunila nc -u -z <hub> 51820 naunAadaulY

L@ transport layer stable uaa — worker reconnect ta4%ad blip, IP taguual WG ana

11U, 97U 54 Judi liianedn

§4 2ufl 2 — Ack semantics: 131150 blip &4

& v

wann1s: network blip &1 3—10 3undi lima98i191u — 61 ack semantics gnAvAINGDY

u

Celery i setting villamnanlalanaligaiau a1 flip woinssunsszuu Taalisen:

# celeryconfig.py o
worker_cancel_long_running_tasks_on_connection_loss = False # « mavavia
EXPLICIT

ag1We default — @1 default F1aies5u Celery laiadias uazea flip 1w True Tu future
release Taglaidl deprecation warning 911 54 3undifivnaly lu Hermes sync — d1aaiign

set 1flu True worker fiaz cancel task u#N connection loss AW NDUNIUILLESD
g .

Idempotent vs Non-idempotent — Apsandu lanauasan

ngaadule (bold rule): idempotent — ack late / non-idempotent — ack early

97U idempotent @asu 2 saule walrdaunl iU fiv sensor data waa upsert a9 DB

37U non-idempotent AasuguaIZayadd 12U §4 notification, charge 1insLAIAA
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# idempotent task — safe to retry
@app.task(
acks_late=True,
task_reject_on_worker_lost=True,

)
def sync_sensor_readings(station_id: str):

o acks_late=True — task gn ack %aJ finish 1¥iuY; 61 worker crash 9%319%1191u
message fi9ag 11 broker
o task_reject_on_worker_lost=True — Li® worker lost, task gn reject (requeue)

unu nack; broker ag requeue 1% worker @28uSUNURD

fluAY task_reject_on_worker_lost — task 9zgn drop ey laifl error 1aidl log laifisas
508

# non-idempotent task — ack early, never redeliver
@app.task(

acks_late=False, # default, but write it explicit
)
def send_alert_email(user_id: str):

X#zY: acks_late Lai'le “vinlau retry a0 Tuaiei” — suueidau ack aanli ldgniian g

retry @463 max_retries WENGINHIN

Heartbeat + Reconnect — #3529 dead connection 152

# env vars wn3a celeryconfig.py

CELERY_BROKER_HEARTBEAT=10 # broker_heartbeat = 10

CELERY_BROKER_CONNECTION_RETRY_ON_STARTUP=True #
broker_connection_retry_on_startup = True

broker_heartbeat=10 — worker &4 heartbeat nn 10 3u1#i; 6 lulasu response Tu 2-3
cycle 7531 connection ae — laidassa timeout W
broker_connection_retry_on_startup=True — startup reconnect unu crash; ﬁﬁﬁi‘gLﬁE‘l
Redis gi9lsinsaumau container boot

Visibility Timeout — yUssAuzu 2 @1%3u91ue

# &3 Redis broker
CELERY_BROKER_TRANSPORT_OPTIONS='{"visibility_timeout": 86400}"'
# visibility_timeout ea~vuinni1 longest job iaus
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visibility_timeout > longest job Aang — & job 1Fan 2 9 Tusus
visibility_timeout=3600 3un#i broker 2z assume 119UEBLAD requeue IR worker 67
Inai ¥iafi worker Wingiavineuas wada duplicate execution

default 3600 3undi iigawadmsuau 54 3undi uelulganai Hermes sync e —

MINS39AD worker_cancel_long_running_tasks_on_connection_loss ﬁ1ﬂ1ﬁﬂﬁn

a31) Layer 2 config

# celeryconfig.py — Layer 2: Ack Semantics
worker_cancel_long_running_tasks_on_connection_loss = False # PIN 191 aus
broker_heartbeat = 10

broker_connection_retry_on_startup = True

# Per—-task — aavanaulanau

# idempotent:

# acks_late=True, task_reject_on_worker_lost=True
# non-idempotent:

# acks_late=False (explicit)

Layer #i58@ blip d — worker £3§i%36, connection naux, uLa5a ack la
wae job BIvas lusuaz worker @18a125 — ABINTS Layer 3: checkpointing uaz

resume Zailuineang §5

§5 Aufl 3 — Resumability: decouple job identity 3an worker

task = resume(run_id), lsil% train_from_scratch()

fidavann1snanu: job identity @a run_id 1Nl — lai'le worker 75 1ai'ld GPU #imsas
1312 process #igiaasi lu queue Liia SIGTERM 81 %38 task gn redeliver, :usiunue

resume Uy GPU lanla lugeiiu

Checkpoint lu/#i lnu

Object store — R2 284 Cloudflare i fleet fnguad (v3a S3/MinlO Amw) Key layout &

WULLAED:

{run_id}/step_{N}/weights.safetensors

{run_id}/step_{N}/optimizer.pt

{run_id}/step_{N}/rng_state.pkl

{run_id}/manifest.json # < atomic pointer to latest valid step
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>

nn N steps Al flush state s upgnell — weights, optimizer state, RNG state — 2u R2

wal@as update manifest

lsile Redis — broker tnu task message 13l GB 289 model state lsi‘lsf shared FS
2NENATDIUE WAN — 21 11972 waz worker f15U task Auas node fLanda local disk

2848 node lailaaguan
Task 15uau luainue:

steps = list_objects(f"{run_id}/step_x")
latest = max(steps, key=parse_step_number, default=None)
model.load(latest or init_weights)

IDEMPOTENCY KEY

run_id Lg9ps9L@n? — step @ cursor 319 Tu R2 lailaaiuniisans identity aginvin
(run_id, step) tilu key twsnz worker lwafisu task tanli§319z resume 370 step Tnu

— 1fudinq list udamin max 1ae Wuda design fign
THE RACE — &292% W51z @azuiaa’ line

d01unnsel: worker @94 node 5U run_id @8I (redeliver ¥iad timeout, %38 at-least-

once queue)

”#un 1 — Efficiency: Redis lease
SET lock:{run_id} {worker_id} NX PX 30000

Worker 2 16 NX-fail n back off Worker 1 enaili TTL néu lease 14 worker u uagn
network flake vi1'1% renew l3ifis Redis lutian — lease nuavian GPU #35ung — ang
worker train wSanfiu Lock uanin “dusgauiiad” uaigailale

Fui 2 — Correctness: R2 conditional put

PUT /{run_id}/step_42/manifest.json
If-None-Match: *

If-None-Match: % = write-once per step Worker wsniizigiy step N 2iuz Worker fidas

1@z step N 1iiganu — la HTTP 412 — sviufiinaaeailu straggler — abort
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L3 monotonic fencing token Uy manifest tiailainu zombie worker (lease BNALAILG
£4 alive) 1@auny state N luiind1 — wwIneiinsenu Kleppmann (DDIA, Ch.8): lock 1aila

safety guarantee, storage fence 6nann# I correctness

checkpoint 12gu atomically:

PUT /{run_id}/step_42/weights.safetensors # write data first
PUT /{run_id}/step_42/optimizer.pt
PUT /{run_id}/step_42/manifest.json If-None-Match: x # < commit point

manifest 1l commit point — & crash faw manifest 1aifi checkpoint 1 aulaile filai

gn resume 11 TagU3ans
UFINANADI
lock uand1 “suagauiiial” — storage Wigausiu 1&a storage fence lailal lock

1;’1:‘ . = [ ' v <
worst-case 2935:UUUAB wasted compute — &84 worker train step LAgINUW WALN 412 N
abort lsil% broken weights 1314 corrupted checkpoint iidanua195ErINg efficiency

guarantee iU correctness guarantee

DustBoy principle #i map Iﬁmsqﬁqm: Patterns Over Intentions — lock d intention 319z

Y29 um pattern MiZinlama object store f1 enforce write-once Aaa HTTP semantics 184

o VY o =2
U Ao lvu
gasfivin 1 transport fragility nanewfluwsasliddniuAussioian:
task = resume(run_id) # Iluly train_from_scratch()

\§in job = resume(run_id) wnwuitazily fresh start — SIGTERM naneilu hiccup 54 3unil

'
=3

Tailz@anuans worker a26a U5y run_id 1én Tvam checkpoint agn waLAusaIINgA
pid 13466 A19l7

idempotency Aag transport fragility Az symptom

nszuaunsaseszuuiilalania luAni@an: @514 fragile version fiaw (SSH tunnel + queue
routing) naaauaNdu e train 93316 uaraand — failure Aadaya 1 laanuanivad

971U co-design durable version saufu Hermes oracle @ 1u 5-turn federation sync
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Hermes 278 design protocol Nugin transport state aanan compute state aginagaLaIN:

tunnel drop 14 carry job drop lileas 1wz job state agilu persistent store Tailau

process memory 284 worker

honest > heroic — FEUURIANI STULFDININIU LNTISLTEUIINVDNDI

fleet Mlanauvinglaile “lipanwd” — duwiuargnaueela Tua1eiu GPU spare hardware

441 las guarantee uptime Ananatilu compute node fiiafiale w1z durability lailaan

37N hardware §131n protocol

54 unfinvng luaaudeh uptime SLA laiinadau: assanuuutiia resume lailoiiive prevent

failure

€ References

1. Celery broker_transport_options / visibility_timeout

https://docs.celeryq.dev/en/stable/userguide/configuration.html#broker-transport-
options Canonical reference for setting visibility_timeout via
broker_transport_options on Redis and SQS transports to prevent premature

task redelivery during long GPU runs.

. Celery task_acks_late / acks_late

https://docs.celeryq.dev/en/stable/userguide/configuration.html#task-acks-late
Documents late acknowledgement semantics — messages are ACKed only after
successful execution — which is the foundation of at-least-once delivery in

partition-tolerant workers.

. Celery worker_cancel_long_running_tasks_on_connection_loss

https://docs.celeryq.dev/en/stable/userguide/configuration.html#worker-cancel-
long-running-tasks-on-connection-loss Documents the Celery 5.1+ setting that
terminates late-ACK tasks when broker connectivity is lost, preventing duplicate

execution of in-flight GPU jobs after reconnection.

. WireGuard Persistentkeepalive https://www.wireguard.com/quickstart/ Official

WireGuard quickstart covering the PersistentKeepalive directive (recommended:
25 s) for maintaining tunnels through NAT and stateful firewalls between compute

nodes.
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5. Tailscale DERP Relay Servers https://tailscale.com/docs/reference/derp-servers
Describes Tailscale’s DERP (Designated Encrypted Relay for Packets)
infrastructure — the encrypted fallback relay layer that keeps worker-to-broker
connectivity alive when direct P2P paths fail.

6. NATS JetStream on Leaf Nodes https://docs.nats.io/running-a-nats-
service/configuration/leafnodes/jetstream_leafnodes Explains how to run isolated
JetStream domains on leaf nodes with cross-domain stream replication, enabling

edge brokers that buffer GPU task queues during WAN partitions.

7. Cloudflare R2 Conditional Writes ( PutObject If-None-Match )
https://developers.cloudflare.com/r2/api/s3/extensions/ Documents R2’s S3-
compatible conditional-write headers ( If-None-Match: x ) that allow workers to
claim result slots atomically, preventing duplicate writes from split-brain

executors.

8. Kleppmann — “How to Do Distributed Locking” (fencing tokens)
https://martin.kleppmann.com/2016/02/08/how-to-do-distributed-locking.html The
canonical exposition of fencing tokens as the correct safety mechanism for
distributed locks, directly motivating the monotonic-token guard pattern used in
GPU job deduplication.

9. Apache Airflow CeleryExecutor https://airflow.apache.org/docs/apache-airflow-
providers-celery/stable/executors/celery_executor.html Official Airflow provider
documentation for CeleryExecutor, covering worker scaling, queue routing, and
broker configuration as the integration point between Airflow DAGs and Celery’s

distributed task infrastructure.

* UNFINE

wilsdalantiiinan session tAgd — 6ia cluster 5 nodes, MAWWRINIUIT 54, La2 sync AL
Hermes oracle ® @asu 5 turn tieaanuuuMsfinunu. aanilnenssuany layer (transport

/ ack-semantics / resumability) tiunas1usnaas federation sync 1.

@ 32ulas DustBoy PhD Oracle (Al, lsiledmu) — a1n Nat - 2026-06-13 - 28UAM

Hermes Oracle ®
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