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GENI is an laaS

« Each slice is infrastructure purpose-built to serve an application
 May require
— Specific topology (e.g. “l need a mesh with specific average node degree”)
— Specific connectivity (e.g. “l need to connect resources A, B and C”)
A number of heterogeneous resources need to be co-scheduled

* Principal focus on
— Repeatability of experiments
— Measurements (performance, packet capture, physical layer)

» Also well-suited to science applications (computation- and data- intensive)

— Performance guarantees

— Simpler deployment of heterogeneous pieces
Batch scheduling
Map-reduce
Highly-parallel
Specialized (GPGPUSs)

— Native resource interfaces
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ORCA: Open Resource Control
Architecture
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« ORCA s a “wrapper” for off-the-shelf cloud and circuit
networks etc., enabling federated orchestration:

+ Resource brokering

+ VM image distribution FEUCALYPTUS
+ Topology embedding

+ Stitching

+ Authorization
« GENI, DOE, NSF SDCI+TC openstack
« http://networkedclouds.org XQ é
« http://geni-orca.renci.org ;
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3.

User facing
ORCA Agents

Provision a dynamic slice of
networked virtual
infrastructure from multiple
providers, built to order for a
guest application.

Stitch slice into an end-to-end
execution environment.
Deploy Workflow into the slice.

N
encCl

Topology requests
specified in NDL

DELEGATE ———p




AN
renCI Actor (server) roles in Open Resource Control Architecture



User/application access
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Orca Web Portal 2.0 (Clearinghouse)
Y — - — -
|‘\f):>- /C' Y ( X ) /ﬁ\ ( http://geni-test.renci.org:8080/orca/secure/broker/holdings-view.vm WY )l -'" Google Q) @ v

Most Visited ~ Getting Started Latest Headlines

[ | 6. Built-in Types — Python v2.6... € 1 [ ] api example code: date_index_f... € H Orca Web Portal 2.0 (Clearingh... € ” [~ matplotlib: python plotting — ... @ I+ l -

Orca Admin Logout

home user broker site admin About Contact Us

Cu\rrenrt ielections Inventory
» S one
Inventory . —
e Select: All None Action: | Select an action % |
» View Inventory Slices No Slice Type Units [R] Units [A] Start End Broker Site State
, leéa‘eF:nve"tOfV Slice () 1 broker  DUKE NET VLAN 4 4 03/15/2010 16:15 04/01/2010 16:55 duke-net-site duke-net-site Ticketed manage
CIC it (] 2 broker  BEN VLAN 100 100 03/15/2010 16:15 04/01/2010 16:55 ben-site ben-site Ticketed manage

{/ ?:;Scnems () 3 broker  NLRVLAN 100 100 03/15/2010 16:15 04/01/2010 16:55 nlir-site nlr-site Ticketed  manage
» Register Client [ 4 broker Starlight VLAN 10 10 03/15/2010 16:15 04/01/2010 16:55 starlight-site starlight-site Ticketed manage
Ticketed Slices (J 5 broker Eucalyptus Virtual Machine (DUKE) 10 10 03/15/2010 16:14 04/01/2010 16:54 duke-vm-site duke-vm-site Ticketed manage
» View Slices (J 6 broker VIiSE Testbed 1 1 03/14/2010 14:56 03/31/2010 15:36 vise-site vise-site Ticketed manage
» Create Slice (O 7 broker Eucalyptus Virtual Machine (RENCI) 10 10 03/15/2010 16:22 04/01/2010 17:02 renci-vm-site renci-vm-site Ticketed manage
» View Reservations () 8 broker  RENCINET VLAN 10 10 03/15/2010 16:22 04/01/2010 17:02 renci-net-site renci-net-site Ticketed manage
Brokers
» Current Broker Select: All None Action: | Select an action & |

—_—

» View Brokers

Operator portal interface to RENCI Clearinghouse (CH), listing AMs with substrate
registered for brokering.



Solar fuels workflow
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Solar Fuels: Creation of storable fuels
using solar energy and catalysis

The Science

Research in Solar Fuels and
Photovoltaics will integrate
light absorption and electron
transfer driven catalysis

Molecular assemblies to create
efficient devices for solar
energy conversion through
artificial photosynthesis

— T Meyer, J Papanikolas, C
Heyer, Catalysis Letters
141 (2011) 1-7.
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A Theoretical Framework

Co-design strategy for creation
of new scalable codes

Incorporation of workflow
technologies to coordinate,
launch, and enhance resilience
of the design pipeline

Apply the developed codes to
solve complex problems in
electronic structure, kinetics,
and synthesis

Collaborations - Working directly

with
Experimentalists (UNC-CH)

Model and methods
developers (Duke, UNC-CH)
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A multistep process for sustainable fuel
creation

Dye Sensitized Photoelectrosynthesis Cell (DSPEC)
» Solar -> Catalysts + abundant materials -> Liquid Fuel
« Each step a significant research project

— Focus on Oxidation catalyst
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Model Catalyst: Single site system based
on Ru

Catalytic oxidation of water
* Multistep cyclic process

aamonre  Several steps difficult to
| .. .analyze experimentally
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rel l( I J J Concepcion, J W Jurss, J L Templeton, T J Meyer, Journal of the American Chemical Society 130 (2008) 16462-63.
J J Concepcion, ] W Jurss, M R Norris, Z Chen, J L Templeton, T J Meyer, Inorganic Chemistry 49 (2010) 1277-79.



Solar Fuels Workflow
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Workflow
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Workflow: Ensemble




Inter-cloud slice

« ORCA negotiates a slice among a multitude of
heterogeneous resource providers

» Multiple independent cloud providers
— RENCI, UNC, Duke

* Multiple network providers
— ESNet, NLR, BEN
* Inter-provider VLAN stitching
— VLAN label agreement
» Multi-layered connections in BEN

— Fiber, DWDM, VLAN/Ethernet layers provisioned in
concert with each other
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Graph Layout Help
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| View Raw Response | | Delete slice |
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BEN Slice Detail
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Resource/substrate providers

ORCA does VLAN translation from
ESnet/ANI to NLR FrameNet

foEn \\\

7o \ StarLight

ORCA establishes a VLAN circuit | ( INLR ‘ ORCA establishes a VLAN circuit
via OSCARS ’ 65xx Ix via Sherpa

EUC?LYPTUS

OSCARS L2 circuit terminates on
Data-Transfer node accessible from
Hopper

NERSC

NLR FrameNet +
Sherpa \

ESnet
OSCARS

Dynamic VLAN

ORCA-controlled
substrate

BEN@RENCI

EUCALYPTUS
EUCALYPTUS ORCA Insgmftiates cloud resources

at Duk¥ (and perhaps RENCI)
ORCA esfablishes BEN connections




Challenges

* Temporary

* Diverse requirements
Isolation/Security

» Authentication
Dynamic Applications
Data Access
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Presentation title goes here
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Questions?

rel ICI Presentation title goes here



