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About speaker

o]t

(github.com/Elegancel ESS)

uriosaAl Software Engineer
- Platform Software Development
- Software Development Kits

- Toolkit (CLI, Integration, Observability, etc.)
- Of2CHR AEE B0 X[BL|C
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1. Motivation

Al/ML Industry2| 2ot ™t A%
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1. Motivation

GPU 12{11 NPU

- (in ML world,) GPU is a general purpose device
- 2425t Softwarell 253 AHEL A
- IR0 M =R 91 ZOF 41517] 05 =

- NPU is a specialized device
- SO YHIIOIE, Bt B8N0 SAY
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1. Motivation

oA s AU

- AFE X} IHRIOAH| 1CHA JHE X5
- NH0f| Ct2 B2 2 5010 AL

- MH= Hypervisor2 A4St AF2 X0 = VM St
- Container 7|Hto| 2t x| 2
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1. Motivation

Containerization A| 1 24slj0f &t A=

- |solation
O{E 2|AAS H2|AH SHHQI 82 THs 2R
- Utilization

HEA 2|AAE BHiSIH 2=XHOZ AR ZQI0f?
- Abstraction
HEHA C|HYES =710 Mot AFEXF g2 Xlsg 22D}
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2.k8s Device Plugin
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2. kK8s-device-plugin

k8s0l|Al Hardware 2}=2| & X|&o12| ffer =41

- NVIDIAO| A XSt

- "Extended Resource" 0[] EHE[UZ

- k8sE Mil2ld, He|do|: S25| 28517 flor AH|

- 0424 Hardware X||=0]| CHSH Z2{1010| H| 2%
- AMD, Intel, NVIDIA GPU

- RDMA
- Xilinx FPGA
- etc.

&
0
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2.1 kubelet & device-plugin

Node

Pod

Volume

Volume for Device

Containerized app

device-plugin pod

Node processes
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// kubelet/pkg/apis/deviceplugin/vlbetal/api.proto
service DevicePlugin {
rpc GetDevicePluginOptions(Empty) returns (DevicePluginOptions) {}
rpc ListAndWatch(Empty) returns (stream ListAndWatchResponse) {}
rpc GetPreferredAllocation(PreferredAllocationRequest) returns (PreferredAllocationResponse) {}

rpc Allocate(AllocateRequest) returns (AllocateResponse) {}

rpc PreStartContainer(PreStartContainerRequest) returns (PreStartContainerResponse) {}
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2.1 kubelet & device-plugin

/ Kubelet | I Device Plugin |

}

Kubelet Registry gRPC server
4 )
Register Endpoint > ListAndWatch
gRPC API
Action

Before Container Creation
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2.2 Registration

L= “furiosa.ai/npu” IL|Ct.

) ™\ _../furiosa-npu.sock S 2 H=FN|L. / ™\

1 Kubelet |

g -G

pluginapi.RegisterRequest {

Kubelet Registry gRPC server Version: pluginapi.Version,
Endpoint: ,
ResourceName:

4 N\
Action

Before Container Creation




2.3 ListAndWatch oEvIEw

| Kubelet .

}

Kubelet Registry gRPC server
4 A
Action

Before Container Creation




gRPC API

Kubelet

Register »

Kubelet Registry gRPC server

var devices []*pluginapi.Device

/] ...

device := &pluginapi.Device {
ID: "DEVICE_ID",
Health: pluginapi.Healthy,

h

devices = append(devices, device)
/] ...

pluginapi.ListAndWatchResponse {

Devices: devices

}
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Device Plugin

ListAndWatch

GetPreferredAllocation

Allocate

PreStartContainer

Device Plugin gRPC server



2.4 Allocation oEview

‘SLS"N ZH[sl F=M|L.

| Kubelet .

}

Kubelet Registry gRPC server
4 A
Action

Before Container Creation
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Device Plugin

Kubelet
Register [ pluginapi.DeviceSpec {
pluginapi.ContainerAllocateResponse { ContainerPath: "/dev/npu@”,
Kubelet Registry gRPC server Envs: map[string]string { HostPath: "/dev/npu@”,
"ENVVAR_KEY": "ENVVAR_VALUE", Permissions: rw',
I h
« Devices: specs,

gRPC API

Mounts: mounts, pluginapi.Mount {
Annotations: map[string]string { ContainerPath: "/sys/class/npu/driver"”,

"furiosa.ai/npu’: "warboy", HostPath: "/sys/class/npu/driver”,
}, ReadOnly: true,

}

Allocate

PreStartContainer

Device Plugin gRPC server



2.5 Optional APIs OEYEW

A, B, C7I A0,

: \ o, OfEH2 27427 / \
Kubelet

} - Register

Kubelet Registry gRPC server

4 )

/\Yetd[o]

Before Container Creation
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| Kubelet .

}

Kubelet Registry gRPC server
4 A
Action

Before Container Creation
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3.k8s Integration
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k8sO0||A GPU/NPUE AL56}7| @3t =H| n}A

- Install Device Driver - Install Device Driver
- Install nvidia-docker

NVIDIA GPU

FuriosaAl NPU



3.1 2% & Ssyiew
k8sO||A] GPU/NPUE AI25}7| Qs =H| 1}

github.com/NVIDIA/k8s-device-plugin

- Create DaemonSet - Create DaemonSet

> nvidia-device-plugin.yml . furiosa.ai/k8s-device-plugin
L= : furiosa.ai/k8s-node-labeller
- helm install

NVIDIA GPU

FuriosaAl NPU
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k8s Cluster
.A O
n
NA.VA
B NVIDIA GPU Device S~~~

B FuriosaAl NPU Device

4
o
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Create DaemonSet

B NVIDIA GPU Device
B FuriosaAl NPU Device
& NVIDIA Device Plugin

@
{
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‘DaemonSet2 ‘HdoHH
S2{AE| L] ZE noded]| :
EDevice Plugin PodO| '
A gE| 0 ZAE LT
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Create DaemonSet with nodeSelector

)

accelerator
. =v100

\ 4
\

B NVIDIA GPU Device
B FuriosaAl NPU Device
& NVIDIA Device Plugin

\ /

4
{

N,
n
~_

)

a* E

accelerator = rode(}” *El'(!)'HE' %B_i HOoOO E,
=v100 ;

K7} U= nodeo| labelE 21 .
‘nodeSelector2 DaemonSetS AX|&
‘nodeE X|ggfL|Ct
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Create DaemonSet with nodeSelector

)
)

&

accelerator
=warboy .

accelerator
=v100

\
\

accelerator
=warboy

~_

a ¥

accelerator
=v100

PN /o\. N
B NVIDIA GPU Device ~_ ~_

B FuriosaAl NPU Device
& NVIDIA Device Plugin
£ FuriosaAl Device Plugin

)

4
{
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Automatic Metadata Labelling

Device ID

#
)

Architecture Name

Family Name R [haiar
Version /\\/ @\\/ /\
S peC o acceleratE‘

B NVIDIA GPU Device ~O L~ =~

B FuriosaAl NPU Device o

& NVIDIA Device Plugin

accelerator
=v100

4

# FuriosaAl Device Plugin ~_ node-abelier s B T
% FuriosaAl Node Labeller K| 9| BIEIH|0|E HEE labelof
IS Fore 5= UFLICE



DEVIEW
2021

$ kubectl describe node gpu-server $ kubectl describe node npu-server

Capacity: Capacity:
Cpu: 40 cou: 128
memorv: 131663968K1 furiosa.ai/npu: 5
nvidia.com/gpu: 4 memory:: 528277624K1
pods: 110 pods: 110
Allocatable: Allocatable:
cpu: 40 CDLUL: 128
memorv: 131561568K1 furiosa.ai/npu: 5
nvidia.com/gpu: 4 memory: 528175224K1
pods: 110 pods: 110

Allocated resources: Allocated resources:
(Total limits may be over 100 percent, 1.e., overcommitted.) (Total limits may be over 100 percent, 1.e., overcommitted.)
Resource Requests Limits Resource Requests Limits

24550m (61%) 16 (40%) 250m (0%) @ (0%)
memoryv 97024M1_(75%) _84G1_(66%) memoryv 0_(0%) Q_(0%)
nvidia.com/gpu 2 2 furiosa.ai/npu 4 4




gpu-pod.yaml

apiVersion: vl
kind: Pod
metadata:
name: gpu-pod
spec:
containers:

- 1mage: ubuntu:focal
name: gpu-pod
resources:

limits:
nvidia.com/gpu: "1"

requests:
nvidia.com/gpu: "1"

npu-pod.yaml

apiVersion: vl
kind: Pod
metadata:

name: npu-pod

spec:

containers:

- 1mage: ubuntu:focal
name: npu-pod
resources:

limits:
furiosa.ai/npu: "1"

requests:
furiosa.ai/npu: "1"

DEVIEW
2021

GPU/NPUZE 2|aAZ XS
Pod= 41/d5H= O X[ L|CF
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$ kubectl apply -f gpu-pod.yaml $ kubectl apply -f npu-pod.yaml
$ kubectl exec -1t gpu-pod -- bash $ kubectl exec -1t npu-pod -- bash

# nvidia-smi # furiosactl list

# /workspace/run_training.py # /workspace/run_inference_batch.py

PodLH0{|A GPU/NPU

2lO|SF A Ol A -
%Il-I_OE T MI:IL‘“: .

[
—>|:
00

Qll-
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gpu-job.yaml npu-job.yaml

apiVersion: vl apiVersion: vl
kind: Job kind: Job
metadata: metadata:

name: gpu-job name: npu-job
spec: spec:

template: template:

spec: spec:
contalners: contalners:

- 1mage: ubuntu:focal - 1mage: ubuntu:focal
name: apu-iob name: npu-iob

resources: resources:
limits: limits:
nvidia.com/gpu: "1" furiosa.ai/npu: "1"
requests: requests:
nvidia.com/gpu: "1" furiosa.ai/npu: "1"
command: | “/workspace/scripts/run_training.sh" ] command: | “/workspace/scripts/run_inference_batch.sh"]

GPU/NPUZE 2|aAZ XS
Job= /5= O| ALY
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gpu-cron-job.yaml npu-cron-job.yaml

apiVersion: vl apiVersion: vl
kind: CronJob kind: CronJob
metadata: metadata:

name: gpu-cron-job name: npu-cron-job

spec: spec:
schedule: "0 0 * x %" schedule: "0 12 * * *"
jobTemplate: jobTemplate:
spec: spec:
template: template:

spec: spec:
contalners: contalners:

- 1mage: ubuntu:focal - 1mage: ubuntu:focal
name: gpu-cron-job name: npu-cron-job
resources: resources:

limits: limits:
nvidia.com/gpu: "1" furiosa.ai/npu: "1"

requests: requests:
nvidia.com/gpu: "1" furiosa.ai/npu: "1"

command: | /workspace/scripts/run_training.sh"] command: | “/workspace/scripts/run_inference_batch.sh"]

GPU/NPUZE 2|2A 2 X[H5H0
CronJobS AASH= o N| I LIEE
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$ kubectl taint nodes apu-server \ $ kubectl taint nodes npu-server \
nvidia.com/gpu=exclusive:NoSchedule furiosa.ai/npu=exclusive:NoSchedule

$ kubectl describe node gpu-server $ kubectl describe node npu-server

Name: gpu-server Name: npu-server

Roles: <none> Roles: <none>

Labels: beta.kubernetes.io/arch=amd64 Labels: beta.kubernetes.io/arch=amd64
beta.kubernetes.io/os=11nux beta.kubernetes.io/os=11nux
kubernetes.1o0/arch=amd64 kubernetes.1o/arch=amd64
kubernetes.1o0/hostname=gpu-server kubernetes.1o0/hostname=npu-server
kubernetes.io/o0s=11nux kubernetes.io/o0s=11nux

CreationTimestamp: Wed. 28 Jul 2021 19:55:36 +A900 CreationTimestamn:  Wed. 28 Tul 2021 _19:55:36 _+7A90N

Taints: nvidia.com/gpu=exclusive:NoSchedule Taints: furiosa.al/npu=exclusive:NoSchedule

GPU/NPUZ} &2F=l noded| 2| =6tHXA| 242 podO|
‘S8kl= A= EX|or?| flof taintE ELICT
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gpu-pod.yaml npu-pod.yaml

apiVersion: vl apiVersion: vl
kind: Pod kind: Pod
metadata: metadata:

name: gpu-pod name: npu-pod

snec: spec:

tolerations: tolerations:

- key: "nvidia.com/gpu” - key: "furiosa.ai/npu’
value: "exclusive" value: "exclusive"
operator: "Equal” operator: "Equal”
effect: "NoSchedule" effect: "NoSchedule"

contalners: contaliners:

- 1mage: ubuntu:focal - 1mage: ubuntu:focal
name: gpu-pod name: npu-pod
resources: resources:

limits: limits:
nvidia.com/gpu: "1" furiosa.ai/npu: "1"

requests: requests:
nvidia.com/gpu: "1" furiosa.ai/npu: "1"

taintE Z0 &= noded|A podS A5t | |dH
toleration N= 20{SL|LCT
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]upyter°yam1 O [ 127.0.0.1:8888/lab/tree/furiosa-sdk/examples/notebooks/SSD_Obje: B By ¥ © L INn @ & B&y

apive rSion - vl : File Edit View Run Kernel Git Tabs Settings Help
kj_nd: POd * C B jovyan@notebook-d¢X = [Al Image_Classification X = [A] MNIST_Example.ipyr X = [® SSD_Object_Detecti X g*
metadata: a B + X O [0 » m C » Code v O git Python 3 (ipykernel) O #&
name: ]upyter—lab ssd_objects = get_output(ssd_detection, outputs, 0.5, (w_scale, h_scale)) 2
B/ - [examples [ notebooks / ssd_labels = load_labels('coco_labels.txt"')

(m)
spec:
containers: ®

draw_objects(ImageDraw.Draw(image), ssd_objects, ssd_labels)

Name - Last Modified : :
show_image(image)
. . B8 helper 2 days ago int_objects(ssd _labels, d_objects)
- image: jupyter/base-notebook:ubuntu-20.04 PTANEODIECES 1550 TaDEms, SO0 ODJEEEs
. t lab . B models 2 days ago person: 98% (box: 1542, 415, 1807, 1143)
name: Jupyter-La ~ o [A| Image_Classification... a minute ago horse: 96% (box: 709, 559, 1479, 1578)
env: _ horse: 94% (box: 1201, 645, 2295, 1578)
) ® [ MNIST_Example.ipynb 2 days ago person: 87% (box: 898, 300, 1203, 1167)
- name: JUPYTER_ENABLE_LAB 3 person: 72% (box: 427, 726, 491, 851)
T " person: 65% (box: 290, 729, 359, 844)
Value‘ YES person: 50% (box: 562, 724, 637, 905)
resources: 0 r/' Y IR AR
limits: 0 NG
cpu: "4" 40 ,]'fwu.;“
memory: "8Gi" B ¥
furiosa.ai/npu: "1" w0 Tes N
1000
requests: oo
Cpu: 4 1400
memory: "8Gl" 1600 k 58

furiosa.ai/npu: "1"

0 500 1000 1500 2000

NPUSILIS &St JupyterLabS A= Of x| LIt
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COde_Serveroyaml C o O [ 127.0.0.1:4001/?folder=/home/coder/gpu-work By <& n @ &

apiVersion: vl EXPLORER -+ @ run_training.py X
kind: Pod v GPU-WORK @ run_training.py
mEtadata: @ run_training.py 1

name: gpu-code-server

spec:

containers:

- 1mage: codercom/code-server
name: gpu-code-server
resources:

limits:
cpu: "4"
memory: "8G1"
nvidia.com/gpu: "1"

requests:
q TRPRI coder@gpu-code-server: $ nvidia-smi
cpu: 4 Thu Sep 30 07:07:09 2021

memory: "8G1"
nvidia.com/gpu: "1"

PROBLEMS  OUTPUT  TERMINAL  DEBUG CONSOLE gbash +~ [[J W ~ X

NVIDIA-SMI 460.80 Driver Version: 460.80 CUDA Version: 11.2

I

| t t t
| GPU Name Persistence-M| Bus-Id Disp.A | Volatile Uncorr. ECC

| Fan Temp Perf Pwr:Usage/Cap]| Memory-Usage | GPU-Util Compute M.
| | | MIG M.
I
I
I
I

- -
© GeForce RTX 208... Off | 00000000:3D:00.0 Off | N/A
31% 23C P8 10w / 250W | 5MiB / 11019MiB | Default
| | N/A

| Processes:

| GPU GI CI PID Type Process name GPU Memory
| ID ID Usage
I

coder@gpu-code-server: $ I
> OUTLINE

X 127.0.0.1:4001 X O0AO0 Ln1, Col1 Spaces:4 UTF-8 LF Python Layout: U.S.




Jenkinsfile

pipeline {
stages {
stage( 'Build Application’) {
agent { kubernetes {
cloud "k8s-cluster”
yaml cpuPod
b}
steps {
container( ' cpu-pod') {
// build application
}
}
}

stage('inference test') {

agent { kubernetes {

cloud "k8s-cluster”

yaml npuPod
b}
steps {

container('npu-pod"') {

// do Something with NPU

GPU/NPU
Jenkins P

Start Build Application

nod= 0| &0t= Task=

ipeline@ 2 AMGH=

Test Inference
Task

Ofl M| & LT

End
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Jenkinsfile

pipeline {
/] ...
stages {
stage('build"') {
parallel {
stage( 'Build Application’) {
/] ...

}

}
stage('test’) {

parallel {
stage('Inference On Warboy') {
/] ...

}
stage( ' Inference On FPGA") {

/] ...

GPU/NPU
Jenkins P

Start build

Build Application

Prepare Model #1

Prepare Model #2

nod= 0| &0t= Task=

test

Inference On
FPGA

Inference On RTX
2060

Inference On RTX
3080

Infere};ce On
Warboy

ipeline@ = FL-d5r= O|[A|RIL|CE.

End
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application.yaml

apiVersion: apps/vl
kind: Deployment
metadata:
name: awesome-application
labels:
app: awesome-application
spec:
template:
spec:

contalners:

- 1mage: some-company/awesome
name: awesome-application
ports:

- contailnerPort: 8080
resources:
limits:
cpu: "4"
memory: "8G1"
furiosa.ai/npu: "1"
requests:
cpu: "4"
memory: "8G1"
furiosa.ai/npu: "1"

DEVIEW
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furiosa-server --model-name mnist --model-path samples/data/MNIST inception v3 quant.tflite --
model-version 1

libnpu.so --- v2.0, built @ 52d60a8

INFO: furiosa.runtime.compiler:Saving the compiler log into /root/.local/state/furiosa/logs/
compile-20211013061141-v@5gac. log

[1/6] ®  Compiling from tflite to dfg
[2/6] ®  Compiling from dfg to ldfg

munnn [1/3] Splitting graph...Done

sumnn [2/3] Lowering...Done

sumnn [3/3] Precalculating operators...Done
[3/6] @ Compiling from ldfg to cdfg
(4/6] @ Compiling from cdfg to gir

5/6] @ Compiling from gir to lir

6/6] @ Compiling from lir to enf

'+ Finished

Oct 13 06:14:46.076 INFO Npu (npu2pe@) 1is being initialized

Oct 13 06:14:46.079 INFO NuxInner create with pes: [PeId(Q) ]

Oct 13 06:14:46.239 INFO [Profiler] Program binary notification has been arrived. Cleanup current
profile queue data

INFO: Started server process [3780]

INFO: Waiting for application startup.

INFO: Application startup complete.

INFO: Uvicorn running on http://0.0.0.0:8080 (Press CTRL+C to quit)

NPUS Ar&0t= Al Applications AH|AZ HEGH= G| K| RIL|Ct.
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POST /v2/models/mnist/versions/1/infer

{
"inputs”: [{
"name": "mnist",
"datatype”: "INT32",
"shape": [1, 1, 28, 28],
"data": [ ...
9,

o
o
o
o
o
o
o
o
o
o
o

o
(o)
N

o

)
)
)
)
)
)
)
)
)
)
)

-
oo
N
-
on
(@)
-
W
O
-
S
-

o
o
o
o
o
o
o
N
o
o
o
o

o
OO OO ©
o AV
S
AV
S
AV
S
AV

o
o
o
o
o
o
o
o
o
o
o
o

A\
[T
S
~

A\

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

o
=
o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

o
o
o
o
o
o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

o
o
o
o
o
o
o
o
o
o
o
o
o
o

.« .
.« .

.« .

.« .

.« .

.« .

.« .

.« .

.« .

.« . -

S OO SO0 S
.« . -

.« .

.« .

.« .

.« .

.« .

.« .

.« .

.« .

A\

OO OSSOSO S
A\

(SR O BN O BN OO RN OO RN O RO B O
A\

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

A\
(S RN O RO RN O RN O R O B G B OO O I O R O B OO RN O I O R O B Q)
A\

o
o
o
o
o
o
o
o
N
o
o
o
o
o
o
o
o
o

A\
N)
w
A\
o
(@)
A\
N
[T
w
A\

-
-

-

- -
P®®®®®®®§®®®®®®®®
®®®®®®®®b®®®®®®®®®
-

-

-

-

-

-

-

-

“
=
0]
“
=
~
=
“
N
=
O
“
N
on
w
“

o
o
o
o
o
o
o
o
o
o
o

AV
Ul
@)
AV
[T
~
N
AV
N)
N
(@)
AV
N
@)
W
AV

o
o
o
o
o
o
o
o
o
o
o

-
®®®®®®®®®®\‘®®®®®®®®®®
®®®®®®®®®®\‘®®®®®®®®®®
®®®®®®®®®®\‘®®®®®®®®®®

)
)

-
®®®®®®®®®®\‘®®®®®®®®®®
®®®®®®®®®®\‘®®®®®®®®®®
®®®®®®®®®®\‘®®®®®®®®®®
®®®®®®®®®®\‘®®®®®®®®®®

0
0
0
0
0
0
0
0
0
0,
0
0
0
0
0
0
0
0
0

o

SO0 OO NIMdPTOOOOOOOOOOOSSO O
o

(S RO RO R O RN O R O B G R OO O R O RO B OO RN O I O R O B Q)
o

(S RO RO R O RN O R O B G RN OO R O R O RO B OO RN O I O R O B Q)
o

RN B OO RN O RN O I O B O B O O R O R O B G B OO RN O I O R O R O
o

° \¥}
o
o
-
W
(@)
o
N
Ul
W
o
o
o
o
o
o
o
o




DEVIEW
2021

"model _name": "mnist",
"model_version": "1",
"id": null,
"parameters”: null,
"outputs': [{

"name": "0",

"shape": [1, 10],

"datatype": "UINT8",

"parameters”: null,

"data": [0, @, O, 2, O, 254, 0, 0, 0, 0]
1]




5.Dogfooding
In FuriosaAl




DEVIEW
2021

e

TI1I011

TEIRTTI R

|

N Fa|AtAl

QD =tz 202109.23. HoHFA

FE|ALAL =29 CHS[oM MAIE 7| 28 UF

QIBX|s(Al) Br=x| AEEY Fe|ALAIZE A HR 22| 2 & '}HoI'2 S =Y Al BH=X| I
X|Or=3 ciE] 'MLPerf' =2 Z0M|M SOt &S BH5HH 7| 3 S YSICt MLP...




DEVIEW
2021

S4Bt SOIZLE K|k AI2HS

- First engineering sample arrival: 7/19
- First End-to-End Test success: 7/23
- Benchmark Submission Due: 8/13
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- k8s2f device plugins,
- Hardware2} Infrastructure &0 A Bi2tE ™ High Level,
- AFEX2F ML ToolQ| Y&0f| Al HI2HE™ Low Level
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Full-stack Product (Hardware to Software)
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6.4 No Fear Kubernetes

Kubernetes, BotX| QiCH=0|?
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