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Main challenges on FPGA Deployment

˃ What prevents the wide deployment of FPGA on Data centers/clusters
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GPUs in the cloud

˃ Full ecosystem for easy deployment
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CPU – GPU - FPGAs
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CPU GPU FPGA

int threads = 100; 

int id = 100;

#pragma omp parallel 

{ 

threads = omp_get_num_threads() 

id = omp_get_thread_num() 

std::cout << ”hello from”,id ; 

} 

return 0; 

int main(void)

{

int N = 1<<20;

float *x, *y, *d_x, *d_y;

x = (float*)malloc(N*sizeof(float));

y = (float*)malloc(N*sizeof(float));

cudaMalloc(&d_x, N*sizeof(float)); 

cudaMalloc(&d_y, N*sizeof(float));

for (int i = 0; i < N; i++) {

x[i] = 1.0f;

y[i] = 2.0f;

}

cudaMemcpy(… 

cudaMemcpyHostToDevice);

cudaMemcpy(… 

cudaMemcpyHostToDevice);

saxpy<<<(N+255)/256, 256>>>…;

cudaMemcpy(y, d_y, N*sizeof(float), 

cudaMemcpyDeviceToHost);

FPGA device

Bitstreams

Memory Allocation

Transfer
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Challenges on FPGAs – Deployment 

˃How can I deploy my FPGA 

accelerator easy?

˃Without having to specify on host 

code about bitstreams, FPGA 

card, memory management, 

memory transfers
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Challenges on FPGAs – Scaling 

˃How can I instantly scale-out my 

applications to multiple FPGAs?

˃Manually distribution on workload 

on different FPGAs.

Error-prone

Complex

Not scalable
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Challenges on FPGAs – Resource management

˃How can multiple users or 

applications share my FPGA 

cluster?

˃Currently only a single application 

can control the FPGA configuration

˃Hard to share FPGA resource 

among users/threads/processes

7
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Scalable Orchestrator for FPGA clusters

InAccel Coral

Resource Manager

InAccel Runtime

-Resource isolation

Applications

FPGA drivers

Server

FPGA

Kernel

Seamless invoking from C/C++, Python, Java 

and Scala. No need for OpenCL

Automatic configuration and management of 

the FPGA bitstreams and memory

Seamless resource management of the 

FPGA cluster from multiple 

threads/processes/applications/users

Fully scalable: Scale-up (multiple FPGAs per 

node) and Scale-out (multiple FPGA-based 

servers over Spark)

Automated Deployment, Scaling and 

Management of FPGA clusters
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Bitstream repository

˃ FPGA Resource Manager is 

integrated with a bitstream 

repository that is used to 

store FPGA bitstreams
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Application FPGA bitstream

repository

FPGA cluster

https://store.inaccel.com

https://store.inaccel.com/
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Simple deployment – InAccel API
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• Simple programming using InAccel Coral API

• Asynchronous accelerator invocation

• No OpenCL directives

• Unified API in C/C++, Java, Python and Rust

https://github.com/Xilinx/Vitis_Accel_Example

s/blob/master/hello_world/src/host.cpp

Host-side buffers only

Decouple applications from bitstreams

No platform-dependent device configurations

https://setup.inaccel.com/coral-api/#using-the-api

https://github.com/Xilinx/Vitis_Accel_Examples/blob/master/hello_world/src/host.cpp
https://setup.inaccel.com/coral-api/#using-the-api
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C++ invoking

CPU only InAccel
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Instant evaluation of accelerations 

No need for synthesis, P&R

• No need for bitstreams

• No need for OpenCL

• No need for 

configuration/boards

• No need for an account

Ready to use accelerators
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Multi-tenant Vitis deployment

˃ Run Vitis from browser

˃ Fully compatible with any 

Vitis library

˃ Multi-tenant, multiple 

applications

˃ Scalable deployment
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InAccel FPGA Orchestrator

Kubernetes cluster
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From single node to scalable deployment
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App1

Single FPGA

Kubernetes cluster

InAccel FPGA Orchestrator
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Deploy FPGAs on cloud

˃ Several steps

˃ Prior knowledge on FPGAs

Bitstream

Memory management

Communication

Challenges: Bitstream version, Firmware, SDK
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Deployment of FPGA on Kubernetes – before 

1. Install vendor-specific FPGA drivers and deployment shells on every node

2. Deploy the Intel/Xilinx FPGA Device Plugin

3. Develop OpenCL-based applications, that contain platform-dependent code

4. Build "fat" container images which include large bitstream files

5. Run Kubernetes tasks which are hard to maintain/upgrade

6. … and still you need to manually perform workload balancing to distribute acceleration 
tasks along the requested FPGA resources
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Kubernetes deployment - before
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https://developer.xilinx.com/en/articles/using-alveo-in-a-kubernetes-environment.html

https://developer.xilinx.com/en/articles/using-alveo-in-a-kubernetes-environment.html
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Unique InAccel FPGA Operator

The InAccel FPGA operator manages FPGA resources in a Kubernetes cluster and automates tasks 

related to bootstrapping FPGA nodes. 
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https://artifacthub.io/packages/helm/inaccel/fpga-operator

https://artifacthub.io/packages/helm/inaccel/fpga-operator
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Simplifying FPGA deployment in Kubernetes

NVIDIA - Full stack for GPUs
https://developer.nvidia.com/blog/nvidia-gpu-operator-

simplifying-gpu-management-in-kubernetes/

Full stack for FPGAs (vendor 

agnostic)

Christoforos Kachris, InAccel

https://developer.nvidia.com/blog/nvidia-gpu-operator-simplifying-gpu-management-in-kubernetes/
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FPGA deployment is a single step

1. Spawn a K8s cluster

2. Deploy InAccel FPGA operator
1. helm repo add inaccel https://setup.inaccel.com/helm

2. helm install my-fpga-operator inaccel/fpga-operator

FPGA drivers/runtime, InAccel Coral Resource manager + Monitor

3. Run your application targeting FPGA resources

˃ Multiple users

˃ Auto-scaling

˃ Easy resource management

22
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Cloud deployment on Kubernetes

˃ FPGA deployment on EKS cluster using Rancher UI and InAccel FPGA Operator
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https://www.youtube.com/watch?v=lqhIkX7oLBs

https://www.youtube.com/watch?v=lqhIkX7oLBs
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FPGA on Kubernetes using InAccel
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https://www.youtube.com/watch?v=E94YTh4mm1g

https://www.youtube.com/watch?v=E94YTh4mm1g


www.inaccel.com™

PaaS and SaaS for FPGA clusters
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Servers with FPGAs

Virtualization/Sharing

Operating System

Middleware

Runtime

Data

Applications

Infrastructure 
as a Service

Servers with FPGAs

Virtualization/Sharing

Operating System

Middleware

Runtime

Platform
as a Service

Servers with FPGAs

Virtualization/Sharing

Operating System

Middleware

Runtime

Data

Applications

Software
as a Service

FPGA
Orchestrator

FPGA
Repository

with accelerators

Data

Applications

ML engineers

SW developers
SW developers

HW Developers
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H2020: Multi-cloud deployment

Cross-Cloud optimization loop

How hardware 

accelerators can 

be deployed on 

multi-cloud 

environment? 

https://www.morphemic.cloud/

Christoforos Kachris, InAccel

https://www.morphemic.cloud/


www.inaccel.com™

More Challenges

˃ How can scale-out my application on-prem and on cloud?
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Auto-scalable deployment

˃ Starting on prem

˃ Moving to the cloud

Automatically

Instantly
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AWS CloudCorporate 
data center

FPGA-based server F1.4x instances (2 FPGAs per node)

VPN cluster

VPC

FPGA-based server

OpenVPN Access Server

Kubernetes Master

AWS Cluster Autoscaler

CALICO CNI

InAccel FPGA operator

F1.2x (1 FPGA)

F1.4x (2 FPGA)

F1.16x (8 FPGA)

CPU optimized

AWS AutoScaler Group 

Server

InAccel Hybrid Heterogeneous Kubernetes Cluster
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Auto-scalable FPGA deployment 
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https://www.youtube.com/watch?v=CVVyvXY4w5whttps://docs.inaccel.com/labs/auto-scaling-aws/

https://www.youtube.com/watch?v=CVVyvXY4w5w
https://docs.inaccel.com/labs/auto-scaling-aws/
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Serverless deployment

˃ Integrated framework for serverless 

deployment

˃ Compatible with Kubeless, Knative

˃ Users only have to upload the images on 

the S3 bucket and then InAccel’s FPGA 

Manager automatically deploy the cluster 

of FPGAs, process the data and then store 

back the results on the S3 bucket. 

˃ Users do not have to know anything about 

the FPGA execution.
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Amazon S3 Amazon S3

Cluster of Amazon 

EC2  f1 instances

trigger

InAccel FPGA Resource Manager

f1 library of 

accelerated 

functions

Upload files Download files
Accelerated 

function

https://medium.com/@inaccel/fpgas-goes-serverless-on-kubernetes-55c1d39c5e30

https://medium.com/@inaccel/fpgas-goes-serverless-on-kubernetes-55c1d39c5e30
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Insight into the FPGA utilization
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Transfer time from DDR to FPGA

Execution time on FPGA

Transfer time from FPGA to DDR

kernel0

kernel1
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Keras Deployment on Alveo cards

˃ Easy deployment of Keras applications
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https://docs.inaccel.com/project/keras/

2897 fps on U250

https://docs.inaccel.com/project/keras/
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Quantized ResNet50 on multiple Alveo cards

1 Application => 2 Alveo

33https://github.com/Xilinx/ResNet50-PYNQ

2 Applications => 1 Alveo 2 Applications => 2 Alveo

https://github.com/Xilinx/ResNet50-PYNQ
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Successful Use cases, Integrations

34

KUBESPHERE

https://docs.inaccel.com/

https://docs.inaccel.com/
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JupyterHub on FPGAs

˃ Instant acceleration of 

Jupyter Notebooks 

with zero code-

changes

˃ Offload the most 

computational 

intensive tasks on 

FPGA-based servers

35

Authentication

Spawner

Kubernetes cluster
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Applications

https://blogs.intel.com/psg/inaccels-accelerated-ml-
suite-boosts-spark-ml-performance-by-as-much-as-7x-
on-fpga-based-alibaba-cloud-f1-instances/

https://blogs.intel.com/psg/flumaion-
accelerates-quantitative-financial-
calculations/

Machine Learning      Quantitative Finance       Genomics          Deep Learning       Video Analytics

https://inaccel.com/wp-
content/uploads/Inspur-
Solution-Brief-Inference.pdf

https://inaccel.com/wp-
content/uploads/Face-
detection_inaccel.pdf

https://www.intel.com/content/dam
/www/programmable/us/en/pdfs/lit
erature/solution-sheets/sb-
gemomic-analytics-using-intel-
fpga.pdf

https://blogs.intel.com/psg/inaccels-accelerated-ml-suite-boosts-spark-ml-performance-by-as-much-as-7x-on-fpga-based-alibaba-cloud-f1-instances/
https://blogs.intel.com/psg/flumaion-accelerates-quantitative-financial-calculations/
https://inaccel.com/wp-content/uploads/Inspur-Solution-Brief-Inference.pdf
https://inaccel.com/wp-content/uploads/Face-detection_inaccel.pdf
https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/solution-sheets/sb-gemomic-analytics-using-intel-fpga.pdf
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Data Science platforms

37

GPU FPGA
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Universities

˃ How do you allow multiple students to 

share the available FPGAs?

˃ Many universities have limited number of 

FPGA cards that want to share with multiple 

students.

˃ InAccel FPGA orchestrator allows multiple 

students to share one or more FPGAs 

seamlessly.

˃ It allows students to just invoke the function 

that want to accelerate and InAccel FPGA 

manager performs the serialization and the 

scheduling of the functions to the available 

FPGA resources.

38

InAccel FPGA Orchestrator

Lab1 Lab2 Lab3
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Universities

˃ But the researchers want exclusive access

˃ InAccel orchestrator allows to select which 

FPGA cards will be available for multiple 

students and which FPGAs can be allocated 

exclusively to researchers and Ph.D. students 

(so they can get accurate measurements for 

their papers).

˃ The FPGAs that are shared with multiple 

students will perform on a best-effort approach 

(InAccel manager performs the serialization of 

the requested access) while the researchers 

have exclusive access to the FPGAs with zero 

overhead.
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InAccel FPGA Orchestrator

Lab1 Lab2 Researcher

Shared Shared Exclusive access 
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Test it on your prem or on your browser

On-prem

40

Online - Browser

https://docs.inaccel.com/ https://studio.inaccel.com

https://docs.inaccel.com/
https://studio.inaccel.com/
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InAccel solutions
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orchestrator studio

monitor artifactory

https://store.inaccel.com

https://inaccel.com/fpga-manager/ https://studio.inaccel.com

https://store.inaccel.com/
https://inaccel.com/fpga-manager/
https://studio.inaccel.com/
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InAccel, Inc. Corporate overview

˃ Founded in January 2018

˃ Registered in Delaware, USA

˃ Membership:

42



Application Acceleration, seamlessly
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