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PART 1

Ceph 101 &  
our small reality
What Ceph is — and why “small” matters later.



Ceph 101 — one cluster, all storage
Open-source distributed storage (Red Hat). Many access methods — one self-healing object store.

RGW 
object · S3 / Swift

RBD 
block · virtual disk

CephFS 
file · POSIX (via MDS)

LIBRADOS   —   native object API  (C/C++ · Python · Java · Go)

RADOS   —   reliable, self-healing, self-managing object store

MON MGR OSD OSD OSD MDS RGW

Data path: Object → PG → OSD   ·   CRUSH spreads data   ·   3× replicated   ·   no single point of failure



Rook — Ceph, made Kubernetes-native
Rook is the operator that runs & manages Ceph as Kubernetes pods. Developers just use StorageClass + PVC.

App Pod PVC StorageClass CSI driver RBD / CephFS volume

↑ this StorageClass choice becomes our first suspect.

Kubernetes cluster — Rook-managed Ceph daemons, each running as a pod

MON 
pod

MON 
pod

MGR 
pod

OSD 
pod

OSD 
pod

OSD 
pod

MDS 
pod

RGW 
pod



Ceph is usually... huge

Most Ceph you read about is hyperscale. For example, the LINE / Yahoo group runs it like this:

30 
Ceph clusters

2,500+ 
nodes

70,000+ 
disks

700 PB 
capacity

Source: LY Corporation Engineering Blog — “Hyperscale Ceph project”



Our reality — a small “research” cluster

Key for the whole talk:  an internal AI research cluster — not a production fleet. Small, shared, busy.

2 
Ceph clusters

~15 
nodes

~20 
NVMe OSDs

60 TB 
capacity

70,000+ disks   vs   ~20 OSDs   —   hold the gap. “small” is the plot twist.



So... why Ceph, at this scale?
Fair question — isn't Ceph overkill for ~20 disks? Three reasons it earns its place:

1 One cluster, every storage type 
Block, file, and object (RBD · CephFS · RGW) for K8s — instead of running a separate NFS, MinIO, and SAN.

2 Survives node failures 
3× replication across nodes: lose a node, lose nothing. Disaster recovery becomes simple.

3 Self-service for researchers 
Rook + CSI: a PVC is all they need. Volumes in seconds — no storage tickets, no waiting.

Small cluster, but not simple needs — one Ceph beats three ad-hoc storage systems.



PART 2

The suspect hunt

Top-down hypothesis testing: clear one layer at a time.



One ordinary day — the footsteps

“Infra team — Valkey is super slow.”

“apt install just hangs inside my pod...”

“pods keep restarting, I can't develop.”

Two problems at once 
Disk I/O in pods painfully slow;  
Valkey WAL writes so slow that pods 
crash-loop.

Restart pods to stop the bleeding → then hunt the real cause. Principle: Top-Down.



Suspect #1 — is CephFS slow by design?

Every pod used CephFS. In CephFS, every I/O 
goes through the metadata server (MDS) —  
an anti-pattern for a DB. RBD skips it. 

Tested step by step: 
1. CephFS PVC mounts & works — OK 
2. Move Valkey PVC: CephFS → RBD 
3. RBD PVC mounts & works — OK

CephFS path

Pod MDS OSD

RBD path

Pod OSD

Result: latency unchanged → not the 
StorageClass. Alibi.



Suspect #2 — is it the network?

App is cleared, OS not yet — so maybe the network 
between services? 

We run Calico (CNI) + Istio (service mesh), 
so metrics are easy to read. 

I opened Grafana for the whole cluster  →

service-mesh · p99 latency 
(illustrative)

● healthy

p99 1.2 ms   ·   err 0.00%   ·   no spikes

No spikes. Flat. → Suspect #2 alibi. Only storage + OS / hardware remain.



PART 3

The truth room

How one dying disk froze an entire cluster.



Truth room — opening up Ceph itself

$ ceph osd perf 
osd  commit_latency  apply_latency 
  0        1              1 
  5        2              2 
  2      118            121 
  8      104            109 
  3        1              2 
  1      133            140 
  7        2              2

* recreated for clarity (values representative)

The clue 
A few OSDs on ONE node show 100ms+ 
latency. 

For NVMe SSD, that is absurd. 
The villain lives on that node.



worker-dev-3 — culprit ① : the OS disk

tune2fs -l /dev/sda2  (real capture)

sda2 — the node's OS disk 
(ext4) 

“clean with errors”, 79,716 errors, 
EFSBADCRC. 

Important: sda is NOT a Ceph OSD 
— but the kernel keeps trying to 
recover it. (Key for the next slide.)



worker-dev-3 — culprit ② : the data NVMe
journalctl -k — nvme0n1 reset loop (~1/hour) iostat — nvme0n1 gone

nvme0n1 = 1 of 5 NVMe OSDs on this node — physically dying. Cause = aging hardware, not Ceph. 

But only ~2 disks were dying — so why did the healthy NVMe OSDs slow down too, and freeze the whole cluster?



Deep dive 1 (kernel) — the kernel ate the CPU

top — worker-dev-3 (real)

1. Kernel clings to dying disks 
ext4 errors + hourly nvme resets → block-I/O errors run in softirq. 

2. softirq storm → ksoftirqd 
Per-CPU helper floods the cores. load average = 35.57. 

3. ceph-osd starves 
Real work gets no CPU. OSD can't process I/O → the 100ms+ we saw.

Honest: softirq starvation + disk corruption are measured; D-state/iowait are 
inference.



Deep dive 2 (distributed) — slowest copy wins

Client write Primary OSD

Replica 1  ✓

Replica 2 — slow

All 3 must commit before the 
client gets an ack.

Tail latency 
One slow copy stalls the 2 healthy 
ones. Slowest sets the speed.

Gray failure 
Not dead, just late — Ceph waits 
for timeouts; PGs pile up slow 
ops.

So Valkey died 
Its WAL mapped to a PG with that 
slow OSD → ack late → crash 
loop.



Deep dive 3 (scale) — why “small” made it deadly

Only 1 OSD physically died — but CPU starvation made all 5 OSDs on the node slow.  
Blast unit = one node = 5 OSDs.

Hyperscale (LINE) 
5 slow OSDs / ~70,000 OSDs 

≈ 0.01% 
a local, almost invisible event

Our research cluster 
5 slow OSDs / ~20 OSDs 

≈ 25% 
≈ a quarter of everything

Smaller cluster = bigger blast radius. One node's health decides the cluster's SLA. (simplified model)



The fix — and why Ceph saved us

$ ceph osd down osd.2 
$ ceph osd out  osd.2 
marked out osd.2 
# Ceph auto-rebalances to 
#   healthy disks ...

* commands recreated (no capture)

latency  130 ms → 2 ms

Mark bad OSD down → out. Ceph rebalances; latency 
back to normal immediately. 

Shared pool → reschedule pods to a healthy node. No 
data loss, instant recovery.

Small scale made it hurt — but Ceph is also what saved us.



PART 4

From user to contributor

The incident ended. But I took one more step.



From user to contributor

Remember this screen?

$ ceph osd perf 
osd  commit_latency ... 
  0        1 
  5        2 
  2      118 
  8      104 
  3        1 
  ^ IDs unsorted!

during the outage, scanning these shuffled IDs drove me crazy

To operate a tool deeply, go from user to 
contributor. 

The first contribution doesn't need to be big — 
start from the smallest thing that annoyed you. 

That shuffled OSD-ID list became my first 
upstream PR.



So I fixed it — PR #67915 (Merged)

ceph/ceph  ·  Pull Request #67915 ✓ Merged

mon/PGMap: sort 'osd df' and 'osd perf' outputs by OSD ID
falconlee236 merged into ceph:main  ·  commit 93d40c1  ·  13 checks passed ✓

// monitor printed OSDs straight 
// from a hash map → no order 
- unordered_map<int,..> m; 
+ vector<int> ids(m...); 
+ std::sort(ids.begin(),ids.end());

osd perf & osd df (plain) now sorted by OSD ID

contributor — review  “not sure osd df should sort by ID”

Member — approved ✓  “good to go — validate via teuthology (CI)”

RADOS team — Approved ✓  merged into ceph:main



Not an ending — a beginning

PR #67915 
my fix · MERGED ✓

PR #68492 
per-OSD latency KPIs · OPEN

My merged patch became someone else's starting point. Open source keeps rolling. 
A small annoyance one bad night → code the whole world now runs.



Wrap-up — three things to take home

1 Go top-down  —  clear each layer — app → network → storage → kernel → hardware.

2 Small scale = big blast radius  —  one node can be a quarter of the whole cluster.

3 User → contributor  —  your smallest annoyance can be your first upstream PR.

What bugs you most in the tool you use every day? Maybe that's your first PR.



Thank you!
The next chapter — your first PR — is yours.

Sangyun Lee 
AI Platform Engineer · CJ OliveNetworks 
GitHub @falconlee236  ·  Ceph PR #67915 (merged)
Come find me after the talk! Connect on LinkedIn


