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Who am I?

• Brandon Kang (姜相鎭)
• Akamai Technologies, APJ CTG
• Principal Technical Solutions Architect



Back to Basics – Why Kubernetes?

• Scalability & Portability
• Self-Healing & Extensibility
• Resource Optimization
• Automated Rollouts and Rollbacks
• Service Discovery and Load Balancing
• Etc.



Why Deploy AI on Kubernetes?

• Dynamic Resource Scaling
• Burst Workloads
• Resource Isolation
• Shared Infrastructure
• GPU/TPU Management
• Efficient Utilization
• Consistency
• Observability



Why Deploy AI on Kubernetes?

• Resource Management
Kubernetes can schedule and allocate resources 
efficiently, ensuring that AI workloads make optimal 
use of available hardware, such as GPUs and TPUs, 
which are often essential for AI tasks

• Cost Management
Efficient resource management helps in controlling 
costs, especially in cloud environments where 
resource usage directly impacts expenses.



Why Deploy AI on Kubernetes?

• Custom Resource Definitions (CRDs)
Kubernetes allows for the creation of custom 
resources to support specialized AI workloads and 
requirements

• Integration with AI Tools
Kubernetes integrates well with various AI 
frameworks and tools, such as TensorFlow, PyTorch, 
and Nvidia's NeMo, facilitating seamless deployment 
and operation of AI models



Why Deploy AI on Kubernetes?

Why organizations deploy workloads on containers (Source: Red Hat)

https://www.redhat.com/en/resources/state-workloads-containers-kubernetes-analyst-paper


Why Deploy AI on Kubernetes?

Major types of workloads and systems containerized with Kubernetes (Source: Red Hat)

https://www.redhat.com/en/resources/state-workloads-containers-kubernetes-analyst-paper


Using GPUs for AI Workloads

<GPU vs CPU processing. Source: towardsdatascience.com>



Using GPUs on Kubernetes Nodes

• Dynamic Resource Allocation
Kubernetes can dynamically allocate GPU resources based on 
workload requirements, ensuring optimal utilization and 
minimizing idle resources

• Cost Efficiency
By efficiently managing GPU resources, organizations can 
control costs, especially in cloud environments where GPU 
usage can be expensive

• Multi-cloud Strategy
Organizations can leverage GPUs across multiple cloud 
providers without being locked into a single vendor, enhancing 
flexibility and reducing dependency risks



Using GPUs on Kubernetes Nodes

• Device Plugins
Kubernetes supports GPU device plugins that can 
manage the lifecycle of GPU resources, ensuring 
efficient usage and management

• GPU Vendor Integration
Kubernetes has strong integration with the GPU 
technologies like NVIDIA Kubernetes device plugin 
and CUDA, making it easier to leverage GPUs



GPU Device Plugin

• Automatic GPU Discovery
The plugin automatically discovers GPUs on the 
Kubernetes nodes and makes them available to be 
scheduled by Kubernetes

• Resource Allocation
It allows users to request specific GPU resources in 
their pod specifications, enabling efficient utilization 
of GPU resources

• Health Checks
The plugin includes mechanisms to monitor the 
health of the GPUs and ensure that only healthy GPUs 
are allocated to workloads



When Kubernetes is Not Ideal for AI

• Small-Scale Projects or Limited Resources
• High Initial Setup and Learning Curve
• Real-Time or Low-Latency Applications
• Specialized Hardware Requirements
• Development and Experimentation Phase
• Security and Compliance
• Cost Considerations



GPU Allocation is Important

Inference endpoints - Text Generation Models (Source: huggingface)

https://ui.endpoints.huggingface.co/catalog


GPU Allocation Scenario

• AI Training
This process is typically more resource-intensive and 
can take advantage of more powerful or multiple GPUs
e.g.) FP64, FP32, FP16 supported,
NVIDIA A100, NVIDIA V100, NVIDIA H100

• AI Inference
This process is usually less resource-intensive compared to 
AI training and may only require a single GPU or a fraction of it
e.g.) FP16, INT8 supported,
NVIDIA T4, NVIDIA A10, NVIDIA Xavier



GPU Allocation Scenario

The CIFAR-10 dataset
• Labeled subsets of the 80 million tiny images dataset
• Consists of 60,000 32x32 colour images in 10 classes
• 60,000 = 6,000 images per class (x10)
• 50,000 training images and 10,000 test images

Training

vs.
Inference



GPU Allocation Scenario



GPU Allocation Scenario

• GPU Operator
NVIDIA GPU Operator in Kubernetes to manage GPU resources 
effectively. This can help in dynamic allocation and better 
resource utilization

• Automated Node Labeling 
Automatically label nodes with GPU availability, allowing your 
scheduler to allocate training or inference workloads to the 
appropriate nodes



GPU Allocation Scenario

• Mixed Workloads on Same GPU
For NVIDIA A100 GPUs, you can use MIG (Multi-Instance GPU) to 
partition a single GPU into multiple instances. This allows you to 
run training and inference workloads simultaneously on 
different GPU instances

• Dynamic Allocation Based on Load
Implement a system that dynamically allocates GPUs based on 
the current load. For instance, during peak training periods, 
more GPUs can be allocated for training, while during high 
training or inference demand, GPUs can be reallocated 
accordingly



Example) GPU Allocation

Llama-3-8B-Instruct Optimization for NVIDIA GPUs with LoRA Support Option

Llama-3-70B-Instruct Optimization for NVIDIA GPUs with LoRA Support Option

* Sourced from NVIDIA NIM page

https://on24static.akamaized.net/event/46/26/12/5/rt/1/documents/resourceList1721038668746/nvidianim11721038668746.pdf


VRAM(Video RAM)

<A GPU die surrounded by VRAM chips, from Wikipedia>

• Type of memory used specifically by the GPU
• Acts as the dedicated memory for the GPU
• Optimized for high bandwidth
• Allowing it to quickly supply the GPU with the data it needs

• GDDR (Graphics Double Data Rate)
• HBM (High Bandwidth Memory)

• Large Datasets / Complex Data Augmentation
• Real-time Inference / Multiple Models
• Parallel Processing / GPU Partitioning
• Fragmentation

Example)

https://en.wikipedia.org/wiki/Video_random-access_memory


Schedule Resources with GPU

• A container using the 
NVIDIA CUDA sample image

• Requests 2 GPUs for its container
• tolerations for nodes with GPUs



Schedule Resources with GPU



Schedule Resources with GPU

• You can specify GPU limits without 
specifying requests, because Kubernetes 
will use the limit as the request value by 
default

• You can specify GPU in both limits and 
requests, but these two values must be 
equal

• You cannot specify GPU requests without 
specifying limits



Various types of GPUs

“If each node in your cluster have different types 
of GPUs, then you can use Node Labels and Node 
Selectors to schedule pods to appropriate nodes.”



Automated Node Labeling

• Automatic discover and label GPU enabled nodes 
• Deploying Kubernetes Node Feature Discovery (NFD)
• NFD detects the hardware features on each node
• NFD is configured to advertise those features as node labels
• NFD can add extended resources, annotations, and taints
• NFD creates the feature labels for the detected features
• Administrators can leverage NFD to also taint nodes



Automated Node Labeling

• Pre-defined NFD
• nodeSelector



Automated Node Labeling

• Pre-defined NFD
• NodeAffinity to schedule 

this Pod onto a node



Industry Use Cases

Inference Microservices for GenAI



Industry Use Cases

Model Training



Industry Use Cases

Model Training



Industry Use Cases

Model Serving



Deploying AI/ML on Kubernetes

Application 
Code

Build and Push
Images

Container 
Images

Deploy

Access
Firewall LoadBalancer Kubernetes

Clusters



Deploying AI/ML on Kubernetes



Deploying AI/ML on Kubernetes



Deploying AI/ML on Kubernetes



Deploying AI/ML on Kubernetes

e.g.) requirements.txt

torch==2.0.0
torchvision==0.15.0
numpy==1.24.0
pandas==2.0.3
matplotlib==3.7.1
scikit-learn==1.2.2



Deploying AI/ML on Kubernetes

• Sets up a Docker container
• The latest PyTorch image
• Copies the necessary files into the container
• Finally runs the Python script



Demand for Distributed Cloud

I’m HereHosted LLM
Microservices Location



Demand for Distributed Cloud

Tom Leighton 
CEO of Akamai Technologies



Distributed Cloud for AI on K8s

Core Computing Regions Distributed Regions / Edge Computing Sites / CDN PoPs



Source Codes & Scripts in the slide

• NFD(Node Feature Discovery) Script
https://github.com/BrandonKang/k8s-Node-Feature-Discovery

• AI Training vs. AI Inference
https://github.com/BrandonKang/ai_training_vs_inference

• Minikube & PyTorch ML case 
https://github.com/BrandonKang/Pytorch-on-Minikube

https://github.com/BrandonKang/k8s-Node-Feature-Discovery/
https://github.com/BrandonKang/ai_training_vs_inference
https://github.com/BrandonKang/Pytorch-on-Minikube


Thank You!
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