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Gemini GPU Partitioning

H1Z : #£KubernetesIRiz MEMGPU D El#k4lT - f#Rutilization, fragmentation2
interferencedY RS 38
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container M container

A J

Gemini Scheduler
& fragmentationEi
interference

Gemini-DevMgr
EBITBREEVGPU/
SharePod

vGPU Device Library
=HIGPU Usage, fmEF
Elasitic GPU Partitioning
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Kubernetes Device Plugin Framework

Sz #Ecustom computing resource, FIE1GPU, FPGA

Submit
pod1

kube-apiserver
node:

gpu: 4
pod1:

gpu request: 2
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Kubernetes Device Plugin Framework

Sz #Ecustom computing resource, FIE1GPU, FPGA

Submit
pod1

pod1: Schedule pod
gpu request: 2 according to cluster state

kube-apiserver
node:
gpu: 4 J kube-scheduler
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Kubernetes Device Plugin Framework

7 $Zcustom computing resource, FlIE1GPU, FPGA

/kube-apiserver \
node:
o o gpu: 4
~ pod1:

gpu request: 2
\ nodeName: node1 /

Submit
pod1

Update schedule
decision to cluster state

pod1: Schedule pod
gpu request: 2 according to cluster state

kube-apiserver
node:
gpu: 4 J kube-scheduler
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Kubernetes Device Plugin Framework

7 $Zcustom computing resource, FlIE1GPU, FPGA

/kube-apiserver \ © c? pzd
node: 8 D. =. 3
e gpu: 4 . § O 8 ©
~ pod1: Create E o IO
gpu request: 2 containe '8 < S g
Submit \ nodeName: node1 / r c =)
pod1

Update schedule
decision to cluster state

pod1: Schedule pod
gpu request: 2 according to cluster state

kube-apiserver
node:
gpu: 4 J kube-scheduler Nvidia Container Runtime

GPUA || GPUB || GPUC || GPUD
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Kubernetes Device Plugin Framework

7 $Zcustom computing resource, FlIE1GPU, FPGA

/kube-apiserver \ % A Allocate Request: A, B c? pd
node: o . = g_
o o gpu: 4 . 3 O 8 )
~— p0d1: Create E m E G)
gpu request: 2 containe | O G 2
nodeName: node1 r o 5 ©
Submit \_ J c
pod1

Update schedule
decision to cluster state

pod1: Schedule pod
gpu request: 2 according to cluster state

kube-apiserver
node:
gpu: 4 J kube-scheduler Nvidia Container Runtime

GPUA || GPUB || GPUC || GPUD
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Kubernetes Device Plugin Framework

7 $Zcustom computing resource, FlIE1GPU, FPGA

/ ; \ @ O
kube-apiserver i I Allocate Request: A, B ® 2
node: 8 . <. g_
o o gpu: 4 N g (-).~ 8 o
= pod1: Create - m 9o
gpu request: 2 containe 8 <- AII_ocate Respo-nse: cg mv)
nodeName: node1 r (o) Environment Variable= =. C
Submit k / c “NVIDIA_VISIBLE_DEVICE=A, >
pod1 B
Update schedule
decision to cluster state

pod1: Schedule pod
gpu request: 2 according to cluster state

kube-apiserver

node:

gpu: 4 kube-scheduler Nvidia Container Runtime
J GPUA || GPUB || GPUC || GPUD
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Kubernetes Device Plugin Framework

7 $Zcustom computing resource, FlIE1GPU, FPGA

/ l \ ‘5 D
kube-apiserver T 0O Allocate Request: A, B ® =Z
node: o . <. g_
. (@)
o o gpu: 4 N g (-).~ O o
~ pod1: Create E m T o
gpu request: 2 containe o <- AII_ocate Respo.nse: cg mv)
nodeName: node1 r (o) Environment Variable= —. C
Submit \ ’ / c “NVIDIA_VISIBLE_DEVIC=AB" >
pod1

Update schedule
decision to cluster state

gpu request: 2 according to cluster state

kube-apiserver

node:

gpu: 4 kube-scheduler Nvidia Container Runtime
J GPUC || GPUD

pod1: Schedule pod




vGPU Creation

kube-apiserver
node1:

gpu: 2
node2:

gpu: 2

Request GPU
by K8S natvie
pod as vGPU
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pod vgpu1:
Gpu request: 1
Nodename: node1
Pod vgpu2:
Gpu request: 1

Nodename: node2

- J

Gemini-DevMgr
vGPU: UUID=GPUID

Node1 kubelet

Node2 kubelet

Nvidia Container Runtime

Nvidia Container Runtime

GPU-A || GPU-B

GPU-C || GPU-D
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vGPU Creation

Pods with GPU request
created by going through
device plugin framework

kube-apiserver

O Node1 kubelet Node2 kubelet
gpu: 2 Request GPU

node2: by K8S natvie | Gemini-DevMgr
gpu: 2 podas vGPU | yGPU: UUID=GPUID

pod vgpu1:
Gpu request: 1

Nodename: node1
Pod vgpu2: Nvidia Container Runtime Nvidia Container Runtime

Gpu request: 1 - - —

Nodename: node2 GPU-A

" %




vGPU Creation

kube-apiserver
node1:

gpu: 2
node2:

gpu: 2

Request GPU
by K8S natvie
pod as vGPU

pod vgpu1:
Gpu request: 1
Nodename: node1
Pod vgpu2:
Gpu request: 1

Nodename: node2

- J

Gemini-DevMgr
vGPU: UUID=GPUID

vgpul1: GPU-B=
vgpu2: GPU-C=
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Pods with GPU request
created by going through
device plugin framework

Node1 kubelet Node2 kubelet

Retrieve GPU N\ (
UUIDs from pods Pod Pod

vgpu1 vgpu2
U\

Nvidia Container Runtime Nvidia Container Runtime

GPU-A || GPU-B || GPU-C || GPU-D




vGPU Creation

kube-apiserver
node1:

gpu: 2
node2:

gpu: 2

Request GPU
by K8S natvie
pod as vGPU

pod vgpu1:
Gpu request: 1
Nodename: node1
Pod vgpu2:
Gpu request: 1

Nodename: node2

- J

Gemini-DevMgr
vGPU: UUID=GPUID

vgpul1: GPU-B=xyz
vgpu2: GPU-C=abc
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Pods with GPU request
created by going through
device plugin framework

Node1 kubelet Node2 kubelet

Retrieve GPU Y4
UUIDs from pods Pod Pod

Assign unique GPUID
for every vGPUs

vgpu1 vgpu2
U\

Nvidia Container Runtime Nvidia Container Runtime

GPU-A || GPU-B || GPU-C || GPU-D




SharePod Creation

e SharePod A {MEITEFZAICRD
(Custom Resource Definition)
e —{EShardPodBl&—1@E%&attach
vGPU#Jpod
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kind: SharePod
metadata:
name: sharepod1
annotations:
"gemini/gpu_request": "0.5"
spec:
containers:
- name: cuda
image: nvidia/cuda:9.0-base
command: ["nvidia-smi", "-L"]
resources:
limits:
cpu: "1"
memory: "500Mi"
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SharePod Creation

/Sharepod1 : \

Gpu_req: 0.4

Node: node1 Node1 kubelet Node2 kubelet

Node: node1
Gpuid: xyz
N J

Submit

Gpuid: xyz

Sharepod2:
sharepod
Nvidia Container Runtime Nvidia Container Runtime

with GPUID

uxyzu

GPU-D

Gpu_req: 0.6

GPU-A

Gemini-DevMgr
vGPU: UUID=GPUID

vgpul1: GPU-B=xyz
vgpu2: GPU-C=abc




SharePod Creation

/Sharepod1: \

Gpu_req: 0.4
Node: node1
Gpuid: xyz
Sharepod2:
Gpu_req: 0.6
Node: node1

Gpuid: xyz
N >

Submit
sharepod
with GPUID
liXyle

e Gpuid: xyz

Gemini-DevMgr
vGPU: UUID=GPUID

vgpul1: GPU-B=xyz
vgpu2: GPU-C=abc

ﬁodt

Gpu_req: 0.4

Gpu-request

Node: node1

Gpuid: xyz

Env:

NVIDIA_VISIABLE_DEVICES=GPU-B

pod2:

Gpu_req: 0.6

Gpu request

Node: node1

~
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Node1 kubelet

Node2 kubelet

Nvidia Container Runtime

Nvidia Container Runtime

Env:

k NVIDIA_VISIABLE_DEVICES=GPU-BJ

Create pod with env var
“NVIDIA_VISIBLE_DEVICE
” to restrict GPU visibility in
container

GPU-A

GPU-D




SharePod Creation

/Sharepod1: \

Gpu_req: 0.4
Node: node1
Gpuid: xyz
Sharepod2:
Gpu_req: 0.6
Node: node1

Gpuid: xyz
N >

Submit
sharepod
with GPUID
liXyle

e

Gemini-DevMgr
vGPU: UUID=GPUID

vgpul1: GPU-B=xyz
vgpu2: GPU-C=abc

6od1:

Gpu_req: 0.4
Gpu-reguest
Node: node1
Gpuid: xyz
Env:
NVIDIA_VISIABLE_DEVICES=GPU-B
pod2:
Gpu_req: 0.6
Gpu request
Node: node1
Gpuid: xyz

~
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Node1 kubelet

Node2 kubelet

Run

containers in
| - -

Nvidia Container Runtime

Nvidia Container Runtime

Env:
k NVIDIA_VISIABLE_DEVICES=GPU-BJ

Create pod with env var
“NVIDIA_VISIBLE_DEVICE
” to restrict GPU visibility in
container

GPU-A

GPU-D
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SharePod Creation

e Gemini GPU Partitioningr[ &
FXNVIDIA GPU device plugin. Node1 kubelet Node2 kubelet

Nvidia Container Runtime Nvidia Container Runtime
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Gemini GPU Partitioning

vGPU Device Library : Resource Control and Isolation

container M container

Gemini Scheduler Gemini-DevMgr vGPU Device Library
A& fragmentation8i BUEEEVGPU/ PEEIGPU Usage, #o25
interference SharePod Elasitic GPU Partitioning
| vGPU1 | [ vGPU2 | GPU

| vGPU3 | | vGPU4 | \/
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Resource Sharing Model

e Compute Resource : Time Sharing

o Usage = (accumulated execution time in a sliding window) / (length of the sliding window)

sliding window 10ms

GPU compute request
SharePod A: 0.7 A B A B A
SharePod B: 0.3 < B .

7ms 3ms 7ms 3ms 7ms
time >

" IV EINSE

"V'J P AWM M W T WMWY WA IU

o Usage = total allocated memory size on GPU device memory

GPU memory space

SharePod A SharePod B
2048MiB 4096MiB
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Resource Control Mechanism

e Method : intercept CUDA library y/ Pod Pod @ " N
_ - \ ode
Ca”S USIﬂg LD_PRELOAD Process A Process B
o Apod can only launch GPU Kernels L0, PRELOAD=GPUL LD_PRELOAD=VGPUL
when it receives a token from i P Ll Token-based
scheduler P‘: Eian s 1 Scheduler
o Apod can only.allocate GPU CUDA Library CUDA LibrL iy dispatch token
memory when it doesn’t exceed — E based on usage
size limit allocations
GPU Driver
| Vv
\ Physical GPU /
47
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Elasitc GPU Partitioning

e More flexible resource allocation specifications for GPU time
o Request : the minimum resource usage

o Limit : the maximum resource usage
|ldle compute capacity can be shared without violating user requirements

o Achieve higher gpu utilization

name gpu_request gpu_limit limitA: 0.7

Job A 04 0.7
i request A: 0.4

utilization (%)

Job B 0.6 0.8

time
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Gemini GPU Partitioning

Gemini Scheduler : Resource Requirement & Scheduling

( N\
/-\ container M container
g J

Gemini Scheduler Gemini-DevMgr vGPU Device Library
B fragmentationgs BUEEEVGPU/ #4GPU Usage, 2
interference SharePod Elasitic GPU Partitioning

\/ | vGPU1 | [ vGPU2 | GPU

| vGPU3 | | vGPU4 |
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Resource Requirement Specification

e Gemini Scheduler schedules SharedPods by deciding their GPUID &
nodeName
e Rich and Easy-to-use user specifications on GPU: usage, locality & identity

[ vGPU Pool State

: .. GPUID ]
: Gemini Scheduler
Affinity Label : nodeName ]

I
1
!
: [ Anti-Affinity Label
(
:[

@
%
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=
o
3
s)
<
&
3
o
-]
a

Exclusion Label |

GPUID
SharePodSpec |
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Scheduling Locality : Affinity

e Affinity forces container with the same label scheduled on the same GPU
e Reduce communication or data transfer overhead

new request

SharePod5:
affinity:
green
short distance for short distance for
commumication commumication
[ R T ¥ .
/ \
SharePodl: SharePod2: : SharePod5: | SharePod3: SharePod4:
affinity: affinity: | affinity: : affinity: affinity:
red green | green I range range
\ ___________ l
| VGPU1 ] | VGPU2 |
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Scheduling Locality : Anti-Affinity

e Anti-Affinity forces containers with the same label scheduled on different
GPUs
e Mitigate performance interference on shared GPU

new request

SharePod5:
anti-affi:

high performance
interference

——————————

high performance /
SharePodl: SharePod2: interference : SharePod5:
anti-affi: anti-affi: [®=--==-=-cccccccccccaq " anti-affi:
red green { green

) S o —

| VGPU1 ] | VGPU2

SharePod3: SharePod4:
anti-affi: anti-affi:
ange red

 ppp———
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Scheduling Locality : Exclusion

e Exclusion avoids GPU sharing among containers with different labels
e Dedicate GPU for specific users/applications

new request

SharePod5:
exclusion:

green
reserved for user green / reserved for user red
____________ l’
I ( \ |
SharePodl: SharePod2: : SharePod5: R SharePod3: SharePod4:
exclusion: exclusion: I exclusion: :: E exclusion: exclusion:
green green { green | red red
J

N o ——————
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