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Project-HAMi: BETFk8sHEHEATE

ZWEHEMDEE (Heterogeneous Al Computing Virtualization Middleware, f@#RHAMI, X ZBEHR),2—
ETFmEFENFE—LXBRAAESBWEHERIN8Eak8sH a4

A node with 4 X V100

(32G)

i % Withou « KIFEBIZEEERF—Lembedding
HAMi Occupy 4 GPUs,

User A User B utilization 50% ﬁ%—val | d atl n ngJ zﬁ.slé HI‘JIJ\*E@ ’ %—p\zﬁ.\g

:g) BB, NSERRANEERE

GPUD GPU1 GPUZ GPU3 - BEEHUEARR MBI AR S H

N v E—HGPU, MIMRFATCO fibr
Requests 2 Requests 2 |
GPUs with 10G GPUs with 20G Occupy 2 GPUs,
device Memory device Memory utilization 100%
With HAMi | ‘
GPUO GPU1 GPU2 GPU3 % E /%ﬁ ZE

=8 5%
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Device plugin _\ @ Eaml;rir:mn W HYHGPI}L] \\!P’ Real-time
¢ [ 5%

£ A
nviDlIA. © & % o e \m Usage )
\ GPU MLU GPU DCU NPU /
Container N N N N
runtime \ O\ = — = =
A\

HAMi CORE smlu- libvgpu- vdtk Ascend %j E %ﬁ éE_',
containerd control.so runtime
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CUDA Driver
(libcuda.so)

NVIDIA GPU Driver

NVIDIA GPU

y ,[ l \, 1’
HAMi Scheduler | HAMi vGPU Device Plugin l
: 1k
] I 1
| i 1
: 1k
I v 1n .
* - : P— a0 HAMi-Core
Default . | ount Nvidia 1| | .
: nContainer R r ntrol
K8s cluster Sharable Device API ! Device Ak Container Resource Contro
1 | (]
l 1
| i I
A 4 : h 4 : t
Chner Nvidia GPU ' Mount HAMi-Core - |
devices ; X

CUDA Application

CUDA Library

Static link
CUDA Runtime
Dynamic link

HAMiI-Core
libvgpu.so

HAMi-Core uses symbolic hijacking to
operate inside containers

Prerequisites:

* Nvidia driver version >= 440
» CUDA version >=10.2
Features:

« Device Memory isolation

* Core utilization limitation

« Fault isolation

Transparent to GPU tasks

=
=t o



s ERRG— A e |
L I GPU032Gidle | |

| |

' GPU Node |

24 : GPU132Gidle | |
| |

o nvidia.com/gpu: 5E A 4%+ Al UL GPU 4. r—— [ ————————— !
e nvidia.com/gpumem: $5E & GPUR A7 R Rt —— 1|
| GPU 0 |

« nvidia.com/gpucores: 5 & &:1~GPU{H ] #4558 17 Ee 3l : 22G idle :
' GPU Node |

| GPU 1 |

$ cat <<EOF | kubectl apply -f - : 22G idle :

apiVersion: v1

k| n d . POd root@Egpu-demo-6b6bBBb75b=x9t jb:~# nvidia-smi
[HAMI-core Msg(35:140111864956736: 1ibvgpu.c:836)]: Initializing
metadata: u Apr 18 @6:22:54 2024
name: gpu-p0d12 | NVIDIA-SMI 535.104,12 Driver Version: 535.1084.12 CUDA Version: 12.2
————————————————————————————————————————— D i O I L S L
Spec: | GPU Name Persistence-M | Bus-Id Disp.A | Volatile Uncorr. ECC |
. Pwr:Usage/Cap | Memory-Usage | GPU-Util Compute M. |
Co nta I n e rS : I _____::::::::::l::::::l::: ______ I
- . - i | @ NVIDIA ABBO BOGB PCIe On | G0O0E0R0:13:00.0 Off | 0|
.name' Ubuntu container | NJA 36C PO B1W / 308w | BMiB / 10248MiB | Default |
image: ubuntu:18.04 | R O prasned |
Al "o non " 1 NVIDIA ABB® BAGB PCI 0 A0ARARAR:1C:08.8 Off ]
command: [ bash , =C, Sleep 86400 ] C PO - BW / 35);'.': I oMiB / 18248MiB I ; Default :
resources. Disabled |
limits:
. e . P H
nvidia.com/gpu: 2 # requesting 1 vGPUs e
e 1D
nvidia.com/gpumem: 10240
nvidia.com/gpucores: 30 [HAMI-core multiprocess_memor

root@gpu-demo-6b6bBBb75b—x9t ] bz~
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cambricon.com/vmlu: Specifies the number of visible MLUs in the container. :
| CHMON v5.168.29 Driver v5.168.29 |

e i e drm +

cambricon.com/miu.smlu.vmemory: Specifies the memory size to use for each NN vubd L WS UHL o EccError |
g 0 an em = Usages EmMory-usage 2 Ute- 2
MLU. If not set, the default is to use all available MLU memory. F Lop y-Usag omp

+ -+ |
61 000 B4:00.0 | 8% NAA |
L 8 MiB/S 23388 MiB | FULL Default |

i
| @ £ MLUETa-X4 wl.1.
| &% 35C 28 W/ 158

nvidia.com/gpucores: Specify the percentage used for each MLU.

root@binpack-1-5bff578c96-bbnwk:/# cnmon
Fri Apr 19 10:20:44 2024

'CNMON v5.10.29 Driver v5.10.29
$ cat <<EOF | kubectl apply -f - ': i : sl N :
| Card VF Name Firmware | Bus-Id | Util Ecc—Error |
|Fan Temp  Pwr:Usage/Cap | Memory-Usage | Mode  Compute-Made |
1 L ——— — 3 B |
Spec: [0 / MLU370-X4 vi16]  0000:B5:00.0 | N/A N/A |
containers - | 0% 34C 27 W/ 150 W | N/A | sMLU Default |
resources: y +
.. | sMLU Info: |
limits: I: | : | | -
. . Card Profile Instance BDF | Usage
cambricon.com/vmlu: 1 # requesting 1 vGPUs | D 1D | Memory—Usage | MLU |
cambricon.com/mlu.smlu.vmemory: 20 # request [0 0o 1 |  0000:85:000| 0% | )

. 0 MiB/ 4660 MiB
20% device memory | ' Sl |

cambricon.com/mlu.smlu.vcore: 10 # request 10%
of compute cores

| Processes: |
| Card Ml PID Command Line MLU Memory Usage |
1

I
| No running processes found |

/N Jd /J 7
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iluvatar.ai/gpu: Specifies the number of visible iluvatar GPUs in the container. A iicar Varsons #.6.8 Dk Vaeaain: AR

| T e m e ———— e e —————

3 3 c T : : | GPU Mame | Bus-Id I Clock-5M Clock-Mem
|Iuvatar.al/vcuda—mem_ory. Specifies the memory size to use for each iluvatar GPU Temp Perf Pwr:Usage/Capl Memory-Usage | GPU-Util Compute M.
If not set, the default is to use all available device memory. | e —————————— e ———————— e —————

| @ Iluvatar MR-V18& | SOa0aad:40:84.8 | 1588MHz  168@MHz
. . . | 8% 44C P8 418 /7 1588 | 114MiB / 3Z276EMLB Defoult
iluvatar.ai/vcuda-core: Specify the percentage used for each lluvatar GPU. itk e s o e e e i e m et et o et e s 5

[root@poddemo corex—3.2.0]# ixsmi

$ cat <<EOF | e apply f- Timestamp Tue Feb 20 10:38:32 2024

| IX-ML: 3.2.0.2  Driver Version: 3.2.0 CUDA Version: 10.2 |
[ :

SPeC: | GPU Name | Bus-Id | Clock-SM Clock-Mem |

containers : | Fan Temp Perf Pwr:Usage/Capl Memory-Usage | GPU-Util Compute M. |
: | bt SR e ~
- |0 lluvatar MR-V100 | 00000000:40:00.0 | 1500MHz 1600MHz |
resources : |0% 43C PO 40W /150W | OMIB / 16384MiB | 0% Default |
limits : ' '

iluvatar.ai/gpu: 1

iluvatar . ai/vcuda—core: 50

iluvatar . ai/vcuda—memory: 64 #each unit
represents 256M device memory

| Processes: GPU Memory |

| GPU PID Process name Usage(MiB) |
|

|

No running processes found |

SN
=8 5%
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e huawei.com/ascend910: Specifies the number of visible Ascend 910s in the

. I npu-smi 24.1.rcl Yersion: 24.1.rcl
container. i e b s e s R R i
| Health Temp{C) Hugepages-Usage(page) |
. . . | Bus-Id | AICore(%) Memory-Usage(MB) HBM-Usacge(MB) |
e huawei.com/ascend910-memory: Specifies the MeEmMOry Size 10 USE fOr CaCh [
. . ) 1 OK | 95.9 9 ] F 8 |
Ascend 910s. If not set, the default is to use all available device memory. | 8000:C1:00.0 | @ 24082/ 65536 .

$ cat <<EOF | kubectl apply -f -

| npu-smi 24.1.rc1 Version: 24.1.rc1 |
spec : ’ . ’ *
containers : | NPU Name | Health | Power(W) Temp(C) Hugepages-Usage(page)|
- ... | Chip | Bus-Id | AIiCore(%) Memory-Usage(MB) HBM-Usage(MB) |
resources: ——— ==+
limits : [1  910B3vir05_1c_16g | OK | 89.9 25 0 /0 |
o |0 | 0000:C2:00.4 |0 0 /0 1235 / 16384 |
huawei .com/Ascend910: 1 e - i PG _
huawei . com/Ascend910—memory : 16384 = 0 . .
| NPU Chip | Process id | Process name | Process memory(MB) |
T _—==== ___========+ +____ ==
==== ==+
| No running processes found in NPU 1 |
- s ek sk m '--_========+ +---- naedura-
s ==+

o~ Bl /J 1]
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I’roject-HAMi: IERE 1% F P2

HAM:

1 apiVersion: vl

2 kind: Pod

3 metadata:

4 name: gpu-pod2

5 annotations:

6 nvidia.com/nouse-gputype: "Al100"
7 spec:

8 containers:

9 — name: ubuntu-container
10 image: ubuntu:18.04
11 command: ["bash", "-c", "sleep 86400"]
12 resources:
13 Llimits:
14 nvidia.com/gpu: 2

nodel

[

V100 V100

apiVersion: vl

kind:

Pad

metadata:
name: gpu-pod
annotations:
nvidia.com/use-gputype: "Al@@"

spec:

containers:
— name: ubuntu—container
image: ubuntu:18.04
command: ["bash", "-c", "sleep 86400"]
resources:
limits:

node?

Al

0

nvidia.com/gpu: 2
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I’roject-HAMi BEhiBE

HAM:

apiVersion: vl
kind: Pod
metadata:
name: gpu-pod
spec:
containers:
— name: ubuntu-container
image: ubuntu:18.04
command: ["bash", "-c", "sleep 86400"]
env:
# vgpu task priority @ for high and 1 for low
— name: CUDA_TASK_PRIORITY'
value: '@’
resources:
limits:
nvidia.com/gpu: 1
nvidia.com/gpumem: 3000
nvidia.com/gpucores: 3@

High priority pod

i

Ieid-r 19b 2cefdff

ctrname” container- 1%, "deviceund™ [

(L

175

PU-26a583dd- 54 2e-09hh-F

S BMaL
=t o
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Project-HAMi B1FHBE

| WYTIDTA-SMI -
AR Sy o e g
Mame R ! gulutllu l, ; .
ﬁiﬁi@ﬂﬁ ’deviceMemoryScaIing>1’ El]ﬁf{/%‘uﬁﬁwiﬁ ey Berk B = -P ' ge i HaRi=ltls Lampute. b,

Bl anAERE iHE & deviceMemoryScaling=3 " st & {43 5k MIG M.

R AT RN R E 3%

23G Device Memory Can host 1 13B inference

GPU : FID  Type  Frocess name GPU
Usc

Can host 3 13B inferences

23G Device Memory | 46G virtual Device memory (in memory) |

Jnnpre

/nnpre
Jnnpre
Ln/nnpre
Jnnpre

=
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3
6l

A PAIE 3 48 s nvidia.com/gpucores sk ik F| 84 I B ik R

kind: Pod
images/sec: v .8 (Jitter = 8.8) r.
. images/sec: 5 4 (jitter = 8.3) B.
spec;[ . _ images./sec: 2 A (jitter = 2.3) r
containers. Lmages/Sec: 7 .3 (Jitter 2.1} F
- 1mages,/sec: ; 3 [jitter = 1.8) 7.
resources: images,sec: B 2 {jJitter = 1.8} i
limits: images/sec: : 2 (jitter = 1.7) 7.
nvidia.com/gpu: 1 # requesting 1 vGPUs images/sec: 318.5 +/- 8.3 (Jitter = 1.7) 7
o o 1 v Fope e 11 ri
nvidia.com/gpucores: 100 # request 100% compute by s it J 4 (Jitter = 1.4) £
images/Sec: 1.6) B.
cores : el
kind: Pod 1moges,/sec: 9 +/- 1.6 (J1tter = b.B) 7.737
' images., Sec: B +/- 1.6 (Jitter = 6.6) 7.6l
) 1mMogess/ sec: 8 +/- 1.6 (Jitter = b.86) 7.708
e images/sec: 188.9 +/- 1.6 (jitter = 6.6) 7.384
containers: 1mogess/ sec: g 4= 1.6 (Jitter = 6.6) 7.762
= ooc 1moges,/sec: 8 +/- 1.6 (Jitter = b6.86) 7.B34
resources: images, sec: 9 +/- 1.6 {(Jitter = 6.6) 7.574
limits: 1mages. Sec: B +/- 1.6 {(Jitter = 6.6) 7672
- A . i g . f E (1 . B 7 &
nvidia.com/gpu: 1 # requesting 1 vGPUs lmngesysee: 1899 4/- 1.6 L)1toer =-4.5) AR B # 4
.. imoges,/sec: 8 +- 1.6 (J1tter = b.86) 7.721 =
nvidia.com/gpucores: 60 # request 60% compute ; . bt L it

cores ' e . ,$—=r'f ﬁ'J E ¢%
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HAM:

HIE

images/second

80

60

s
o

o
o

0

training part performance comparison

79.84

45.14

32.67
14.87
8 62 B 62

4.15 4.09

Resnet-v2-50 (size=346"346) Renet-v2-152(size=256"256) VGG- 16(s1ze—224*224) DeeplLab(size=384*384)

M nvidia-device-plugin
B vGPU-device-plugin(virtual device memory)

7.69

M vGPU-device-plugin

466 3.96 .

LSTM(snze—1 034*300)

Images/second

300

225

150

inference part performance comparison

207.9 211.3

179.77
135.86 1412 137.9 1342
- . -
Resnet-v2-50(size=346*346) Resnet-v2-152(size=256*256)  VGG16(size=224"224) Deeplab(size=512*512)
M nvidia-device-plugin M vGPU-deivce-plugin

B vGPU-device-plugin(virtual device memory)

22.78 22.32 23.02

LSTM(size=1024*300)

Test Environment . Test Instance:

* GPU Type: Tesla V100

. GPU Num: 1 * vGPU—device—plugin:

. Kubernetes Version: v1.12.9
. Docker Version: v18.09.1

I .
4Paradigm  copyrigh@2021r 4Ratadigm FjhRightsvReserved.

* vGPU—device—plugin(virtual device memory):

* nvidia—device—plugin: FEFNvidiajRE4E device pluginfE 13RGPU_HIEFT1/MES/ BRE
ETEHEMSERVGPU device pluginfE 1 ERVGPU_LIE1T1/MES/ BRSS

ETEHEMSERVGPU device pluginfE2ERVGPU_L 1B 172MESS/ BRSS

= 8l 5



~~,Projec:’[—HAMi LEE AL

A Not Secure | 172.26.1.29:31993/metrics

# HELP GPUDeviceCoreAllocated Device core allocated for a certain GPU GPU
# TYPE GPUDeviceCoreAllocated gauge V
GPUDeviceCoreAllocated{deviceidx="0", deviceuui

DCU-0",nodeid="nodel" ,zone="vGPU"} 0

GPUDeviceCoreAllocated{deviceidx="0",deviceuuid="GPU-00552014-5c87-89ac-bla6-7b53aa24blec" ,nodeid="node67-4v100", zone="vGPU"} 0 rr]()r]it()rir]g;
GPUDeviceCoreAllocated{deviceidx: MLU-45013011-2257-0000-0000-000000000000" ,nodeid="node67-4v100",zone="vGPU"} 0
GPUDeviceCoreAllocated{deviceidx="1",deviceuuid="DCU-1", nodeid="nodel" ,zone="vGPU"} 0

GPU-0fc3eda5-e98b-a25b-5b0d-c£5¢855d1448" , nodeid="node67-4v100", zone="vGPU"} 0 System

GPUDeviceCoreAllocated{deviceidx= ' i i MLU-54043011-2257-0000-0000-000000000000" ,nodeid="node67-4v100", zone="vGPU"} 0O
i i DCU-2", nodei nodel" ,zone="vGPU"} 0
MLU-07053011-2257-0000-0000-000000000000" ,nodeid="node67-4v100",zone="vGPU"} 0O
DCU-3", nodeid="nodel" ,zone="vGPU"} 0
MLU-71053011-2257-0000-0000-000000000000" ,nodeid="node67-4v100", zone="vGPU"} 0O
DCU-4",nodeid="nodel" ,zone="vGPU"} 0

i vGPU"} 0
VGPU"} 0
VGPU"} 60

DCU-7", nodei
# HELP GPUDeviceCoreLimit Device memory core limit for a certain GPU

# TYPE GPUDeviceCoreLimit gauge

GPUDeviceCoreLimit{deviceidx="0",devlceuuld—"DCU 0" ,nodeid="nodel",zone="vGPU"} 100
GPU-00552014-5c87~-89ac-bla6-7b53aa24blec",nodeid="node67-4v100" , zon
MLU=-45013011-2257-0000~0000~000000000000",nodeid="node67-4v100", zone=
DCU-1",node i nodel", zon VGPU"} 100
GPU-0fc3eda5-e98b-a25b-5b0d-c£5c855d1448",nodeid="node67-4v100",zone="vGPU"} 100
MLU-54043011-2257-0000-0000-000000000000",nodeid="node67-4v100",zone="vGPU"} 0
DCU-2",nodeid="nodel", zone="vGPU"} 100
"MLU-07053011-2257-0000-0000-000000000000",nodeid="node67-4v100",zone="vGPU"} 0
DCU-3",nodeid="nodel", zone="vGPU"} 100
MLU-71053011-2257-0000-0000-000000000000", nodei.
DCU-4" ,node i nodel",zone="vGPU"} 100
DCU-5",node i nodel"”, zone="vGPU"} 100
DCU-6",node i nodel", zon VvGPU"} 100
GPUDeviceCoreLimit{deviceidx="7",deviceuuid="DCU-7",nodeid="nodel" ,zone="vGPU"} 100

# HELP GPUDeviceMemoryAllocated Device memory allocated for a certain GPU

# TYPE GPUDeviceMemoryAllocated gauge

GPUDeviceMemoryAllocated{devicecores:

vGPU"} 100
VGPU"} 0

Grafana

="node67-4v100",zone="vGPU"} 0

"DCU-0",nodeid="nodel", zone="vGPU"} 0
="GPU-00552014-5c87-89ac-bla6-7b53aa24blec" ,nodeid=
"MLU-45013011-2257-0000~0000-000000000000" ,nodeid:
"DCU-1",nodeid="nodel", zone="vGPU"} 0
"GPU-0fc3eda5-e98b-a25b-5b0d-cf5c855d1448" ,nodeid:
"MLU=54043011=2257=0000-0000-000000000000" ,nodeid:
"DCU-2",nodeid="nodel", zone="vGPU"} 0
"MLU-07053011-2257-0000~-0000-000000000000" ,nodeid="node67-4v100",zone="vGPU"} 0
"DCU-3",nodeid="nodel", zone="vGPU"} 0

"MLU-71053011-2257-0000-0000-000000000000" ,nodeid="node67-4v100",zone="vGPU"} 2.09
="DCU-4" ,nodeid="nodel", zone="vGPU"} 0

"DCU-5", nodeid: odel", zone="vGPU"} 0
"6",deviceuuid="DCU~6",nodeid="nodel", zone="vGPU"} 0

GPUDevLceMemox:yAllocated{devlcecoresA"60" deviceidx="7",deviceuuid="DCU-7", nodeid="nodel" , zone="vGPU"} 2.097152e+09

# HELP GPUDeviceMemoryLimit Device memory limit for a certain GPU

# TYPE GPUDeviceMemoryLimit gauge

GPUDeviceMemoryLimit{deviceidx="0", devlce\zu).dA"DCU-D",nodeld—"nodel",zone—"vGPU") 3.4342961152e+10
i i i i PU-00552014-5c87-89ac-bla6-7b53aa24blec", nodeid="node67-4v100" 3.4359738368e+10

"MLU-45013011-2257-0000-0000-000000000000", nodeid="node67-4v100",zone="vGPU"} 2.4440209408e+10

"DCU-1",nodeid="nodel",zone="vGPU"} 3.4342961152e+10

"GPU-0fc3eda5-e98b-a25b-5b0d-c£5c855d1448" , nodeid="node67-4v100",zone="vGPU"} 3.4359738368e+10

"1l",deviceuuid="MLU-54043011-2257-0000-0000-000000000000", nodeid="node67-4v100",zone="vGPU"} 2.4440209408e+10

"2",deviceuuid="DCU-2",nodeid="nodel", zone="vGPU"} 3.4342961152e+10

"2",deviceuuid="MLU-07053011-2257-0000-0000-000000000000", nodeid="node67-4v100",zone="vGPU"} 2.4440209408e+10 D _\_ﬁ Qa

node67-4v100",zone="vGPU"} 3.43
"node67-4v100",zone="vGPU"} 0

GPUDeviceMemoryAllocated{devicecores:
GPUDeviceMemoryAllocated{devicecores:
GPUDeviceMemoryAllocated{devicecores:
GPUDeviceMemoryAllocated{devicecores:
GPUDeviceMemoryAllocated{devicecores:
GPUDeviceMemoryAllocated{devicecores:
GPUDeviceMemoryAllocated{devicecores=

node67-4v100",zone="vGPU"} 3.43
node67-4v100",zone="vGPU"} 0

"1",deviceuuid:
"1",deviceuuid:

"3",deviceuuid="DCU-3",nodeid="nodel",zone="vGPU"} 3.4342961152e+10
"3",deviceuuid="MLU-71053011-2257-0000-0000-000000000000", nodeid="node67-4v100",zone="vGPU"} 2.4440209408e+10

"4" ,deviceuuid: "VGPU"} 3.4342961152e+10

nodel", zon

1 "5",deviceuuid="DCU-5",nodeid="nodel",zone="vGPU"} 3.4342961152e+10 $$
4.paraLGPUDeviceMemox:yLimit{deviceid "6",deviceuuid="DCU-6",nodeid="nodel", zone="vGPU"} 3.4342961152e+10 E |
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ﬂiRoadmap

Support Flexible scheduling policies

* binpack
* spread
* numa affinity/antiaffinity _ Support intel/AMD GPU device
* integrated gpu-operator
Support NPU : EIER gb:(:)r::tbility support
u
2024. 5 2024.6 20251 2025.06
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HAMi Community

e 2022.04 Open Source
e 2024.04 CNCF Landscape project

e Fast growing community
o 10K+ Downloads

o 40+ Adopters
o Aleady Support Nvidia,Cambricon,Hygon,Huawei ASCEND

Star History

I ® Project—HAMi/HAM: ]

300

GitHub Stars
(]
o
o

100

2022 2023 2024
Date 2} star—history.com
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Al for everyone.
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