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* Cloud computing is being transformed by new requirements such as

heterogeneity of resources and devices

software-defined data centres

cloud networking, security, and

the rising demands for better quality of user experience.

* Cloud computing research will be oriented towards

new computational and data management models (at both
infrastructure and services levels) that respond to the
advent of faster and more efficient machines,

rising heterogeneity of access modes and devices,

demand for low energy solutions,

widespread use of big data,

federated clouds and

secure multi-actor environments including public administrations.



Traditional High Performance Computing is...

Hard to use without deep IT knowledge

Expensive

Inaccessible to individuals and SMEs

Inflexible

Most HPC workloads are not ready to run on today’s cloud
architectures.



GPU related systems (NTNU)

DFEs (Maxeler)

MICs / Intel Xeon Phi (Intel)

Testbed:
* Numascale Shared Memory Cluster

Each node has 2 AMD Server CPUs + 1
Nvidia GPU

» Heterogeneous 8-node cluster (CPUs +

CO-processors)

Each node has 1 Intel CPU + 1 Nvidia GPU

Numascale cluster system
benchmarked with NPB and OSU
benchmark suites

Bandwidth tests executed to study the
performance of Nvidia GPUs in each
node

Documented impact of when host

process access GPUs located in same

node

Testbed setup:

* MAX3 system with 4 DFEs @ NTNU

+ MAX4 system with 8 DFEs internally
at Maxeler

» DFEs differs from conventional
CPUs which are instruction and
control-flow oriented:

- split program into data-plane and
control-plane

- throughput oriented computing, massive
parallelism in data-plane

* DFE architecture:

- reconfigurable chip (FPGA) with
configurable memories and DSPs

- combine with large DDR memory and
high-speed 10

- create specialised computer
architecture, optimised for application

* Programming:

- Dataflow language based on Java syntax
- inherently parallel

Testbed setup with 6 node
heterogeneous clusters (CPUs +
MICs + GPU):

* 3 Intel Xeon server nodes

2 Intel Xeon + XeonPhi server nodes
1 Intel Xeon + NVIDIA GPU server
node

* Programming models used for Xeon-
Phi documented (Offload, native and
hybrid models)

» Captured the level of parallelism
addressed by Xeon-Phi system
(Instruction, data, thread and node
level parallelism)

» Theoretical maximas and benchmark
results for compute, memory,
communication and power usage are
reported

» Detailed flowchart on when to select
a Xeon-Phi is captured along with
different application domains
supported



The CloudLightning 01 CloudLightning

deployment Complexity uses self-

mechanism simplifies organisation and

. 06

the operational Servi self-management to
ervice 02 R

overhead for non- Deployment manage complexity

technical users effectively.

Heterogeneous
Resources

CloudLightning CloudLightning
uses dynamic 05 03 is specifically
workload and Resource laaS for

resource Utilisation ACCESS heterogeneous
management to hardware
increase the
efficiency of 04
resource utilisation.

Clear service
Energy Efficiency interface through
separation of
concerns between
consumer and
provider.

Achieved through
heterogeneous resources,
reducing overprovisioning,
maximising VM/server density
and turning off idle servers



Multi-Master
Sharing state

Master/Slave

Two.level Master/Slave
Homogeneity Homogeneity Heterogeneity
(Resource (Bare metal) HPC Support
Abstraction) \’ Self Management
kubernetes
Homogeneity

(Docker container)
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Oil and Gas Genomics Ray Tracing

* Improved physics * Improved * Reduced CAPEX and
simulations. performance/cost and IT associated costs.
performance/Watt.

» Energy and cost
efficient scalable
solution for OPM/DUNE
simulations.

» Extra capacity for
overflow (“surge”)
workloads.

» Faster speed of genome
sequence computation.

» Faster workload
processing to meet
project timelines.

* Reduced development
* Reduced risk and costs times.
of dry exploratory wells
* Increased volume and
quality of related

research.



CL examined a range HPC Grade applications covering 6 out of the 13
Berkeley HPC dwarfs (Asanovic et al. 2006)

. Dense Matrix ]

. Sparse Matrix /

. Spectral (FFT) ] /
The 13
Berkeley
Dwarfs
- N-Body (Asanovic et
al. 2006)
. Structured Grid \

. Unstructured Grid

[ 7. MapReduce ]

8. Combinational Logic

9. Graph Traversal

10. Dynamic Programming]

11. Backtrack and
Branch+Bound

12. Construct Graphical
Models

13. Finite State Machine
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The resource fabric is partitioned
into vRacks.

Each vRack is managed by a
vRack Manager.

A vRack Manager can form
Coalitions of its resources to
support services.

vRack Managers self organize to
optimize service delivery

Heterogeneous
Physical Resources
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SOSM Framework
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TOSCA

-

RayTraceingEngine:
type: cloudlightning.nodes.meta.RayTraceingEngine
requirements:
- host:
node: CloudLightningCore-2
capability: tosca.capabilities.Container
relationship: tosca.relationships.HostedOn
capabilities:
cloudlightning:
properties:
num_cpus: 1
is_numascale: false
has_phi: true
has_gpu: false
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