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Introduction

* Objectives

— Describe a general lifecycle process that can be
followed when conducting GENI experiments

— Provide guidance to experimenters on what tools are
available, how and when they are best used.

— Gather feedback on the experiment workflow and tools
for future improvements

* Please contribute your thoughts and ideas!
— The process | will describe is a strawman
— You are the GENI experimenters and developers
— What is your workflow?
— What can we do to make this workflow easier?

Sponsored by the National Science Foundation October 23, 2012
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Experiment Workflow Process

— Broken down into 6 major steps

— Describe each step

— Discuss available tools

— Discuss artifacts produced and consumed

Upcoming tools

Two GENI experimenters share their experience
— Fraida Fund (Polytechnic Institute of NYU)
— Roberto Francescangeli (Columbia University)

Feedback

— What tools or steps are missing?
— What are the rough spots in the flow?

Sponsored by the National Science Foundation October 23, 2012

Agenda



L)

%4

-

genl Experiment Li

Exploring Networks
of the Future

custom DN
image rspecs ||

N

||

Design
Experiment

Slice
Name

Establish
Management
Environment

Deploy
Experiment

=)
, / manifests
)

SN
k,

Execute
Experiment

Teardown
Experiment

Analyze and meas
Archive '
Experiment
meas.
analysis data
graphs

xte.

insk Sponsored by the National Science Foundation October 23, 2012 4



Establish Management Environment

Exploring Networks
of the Future

* Download and configure GENI credentials

— GENI certificate

« Download from GENI Slice Authority

* Load into browser cache for Flack
— Log in to Slice Authority website

— SSH key pair
« Download from GENI Slice Authority
* Generate from GENI certificate
« Add to ssh-agent
— Archive service account
* iRODS/CNRI-DOR
» Obtain from service provider

Sponsored by the National Science Foundation October 23, 2012



Design Experiment

* A lot of questions to consider
— What is the hypothesis of the experiment?
— What is the experiment plan?
— What resources are needed and available?
— Are required services available? (IRODS, UNIS, etc.)
— What is the required topology?
— What applications are needed?
— How will the experiment be orchestrated?
— What measurements are needed?
— Who needs access to the experiment?
— Who needs access to the results? —

nnnnnnnnnnn
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Design Experiment

Exploring Networks
of the Future

 What images are needed?

— Generic images

» Use install scripts to install and configure additional software
- Easy to get started

— Custom images

» Configure and capture a custom image with necessary
software for the experiment
* ProtoGENI/InstaGENI
— createimage.py
» https://users.emulab.net/trac/protogeni/wiki/lmageHowTo
— Create Image button in Flack |create image [v] Giobal
« EXOGENI process (VMs only):
— https://geni-orca.renci.org/trac/wiki/virtual-machines
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e Tools
— Flack

e Determine what
resources are
available

« Design the topology
— OMNI

 Determine what
resources are
available

Design Experiment

= C' [ protogeni.net/flack
3% BUA Trac % NewEmployees - Bl 2 IDSG i ETR IWEB BB NameFinder

Create : Completed

L | @ | m |5 iohrencECtsTest [vew - |© = O E(
‘ & johren ' = l &) I By | ’
@Slices # New & LAN
[| show l = Al H ukgeni.cm ‘

o) Al |

johrenIRODSDB ‘
[_jomenironsoe |8 o o T soane
johrenGEC15Test [] (s) Exclusive () Shared

@Managers [Wj [ [ detay -]
Show/Hide [ emulab-openvz v |
cPu>=[ 1502 B
@, beelab.cm RAM >=l1537j|
g - |
@ o [ pcs0
@W o2 [ pest
(@][_genicioua.npiavs.sa o [ pes2
= I ©
B oo
@T V |z pc55
71;7 « [ pesé
&I shadowgeni.cm ‘ -

—_————— o7 [F pc57
ukgeni.cm & [ pess

geni@geni-VirtualBox:~$ omni.py -a pg-utah listresources -o

INFO:omni:Loading config file /home/geni/.gcf/omni_config
INFO:omni:Using control framework pg

INFO:omni:Saving output to a file.

Enter PEM pass phrase:

INFO:omni:Substituting AM nickname pg-utah with URL https://

geni/xmlrpc/am/2.0, URN unspecified_AM_URN

Sponsored by the National Science Foundation
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Tools
— OMF/Gush

Orchestration
scripts
— Images

Createimage.py
Flack |Createimage ||v| Global i e

<<first <prev 1 next> last>>

Database Measurements chaos@bbn.com | Account |

gMOC ¢ Details for urn:publicid:IDN+pgeni.gpolab.bbn.com+slice+tuptymon

META“OPERATIONS CENTER

h . Aggregate Siiver URN Expires Status Last Updated
[ fcamgpolabbbncom:3626 um:publicid:IDN+pgeni gpolab,bbn.comesi 9486-4d04-920 [Details] | 2012-10-30 00:00:00 | Up 20121021 20:00:44
T M O n I to rI n Satabase MeasureTens foam.utah.geniracks.net:3626 licid:IDN+pgeni.gpolab.bbn. li 161-49df-a02 [Details] 2012-10-30 02:00:00 Up 2012-10-21 20:00:48
g MO C bbn-hn exogeni.gpolab.bbn.com:3626 icid:IDN+pgeni.gpolab.5bn.comesii 4680-4774-9968 [Details] | 2012-10-2920:00:00 | Up 2012-10-21 20:01:01
ot O META-OPERATIONS ¢ | Tchn.exogeni.net:3626 :publicid:IDN+pgeni.gpolab.bbn. i 7196-4b79-b5: [Details] | 2012-10-2920:00:00 Up 2012-10-21 20:00:59
main foam.net.internet2.edu:3626 licid:IDN+pgeni.gpolab.bbn. li 415f- 4. etails] 2012-10-29 20:00:00 Up 2012-10-21 20:00:27
G M O C il foam nirnet:3626 -publicid:IDN+pgen.gpolab.bbn.comesi 8ft-407-8698 etails] | 20121030 030000 | Up 2012-10-21 20:00:38
Dops

<<first <prev 1 next> last>>

Developed by Global Research NOC Systems Engineering. Copyright 2011, The Trustees of Indiana University

<<first <prev 1 next> last>>

m - Type Operator POP Name Last Updated
i i 1[Details]  vmserver :publicid: DN+gmoc.geni. izati :publicid:|DN+gmoc.geni.net+pop+gp: 2012-10-18 15:05:48
bbn-w2[Details] vmserver um:| publuc-d IDN+gmoc.geni. ne(+mgamzabomExoGENl urn:publicid:IDN+gmoc.geni.net+pop+gpolab ~ 2012-10-18 15:05:48
3[Details] | vmserver id:IDN+gmoc.geni. -publicid:IDN: i.net+pop+gp: 2012-10-18 15:05:48
bbn-wd[Details] ~ vmserver :publicid:IDN+gmoc.geni. lization+ExoGEN: :publicid:IDN i pop+gpolab = 2012-10-18 15:05:47
bbn-wS[Details] ~ vmserver :publicid:IDN+gmoc.geni. ization+ExoGEN publicid:IDN: i.net+pop+gp: 2012-10-18 15:05:47
N i bbn-wé[Details] ~ vmserver id:IDN+gmoc.geni ization+ExoGENI :publicid:IDN i, pop+gp: 2012-10-18 15:05:48
bbn-w7[Details] =~ vmserver :publicid:IDN+gmoc.geni. ization+ExoGEN :publicid:IDN i.net+pop+gpolab = 2012-10-18 15:05:47
N i. bbn-w8[Details] vmserver id:IDN+gmoc.geni. ization+ExoGENI licid:IDN- Ni. pOpP+gp 2012-10-18 15:05:47
urn:publicid:IDN+utah.geniracks.net+node+pct [Details] = vmserver :publicid:IDN+gmoc.geni. izati :publicid:IDN . pop+Utah 2012-10-21 19:45:07
urn:publicid:IDN+utah.geniracks.net+node+pc3 [Details]  vmserver id:IDN+gmoc.geni. izati :publicid:IDN inetrpop+Utah  2012-10-21 19:45:07
urn:publicid:|DN+utah.geniracks.net+node+pc5 [Details] vmserver id:IDN+gmoc.geni. izati urn:publicid:IDN- i pop+Utah 2012-10-21 19:45:07

<<first <prev 1 next> last>>

Developed by Global Research NOC Systems Engineering. Copyright 2011, The Trustees of Indiana University
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Design Experiment

 Artifacts
— Advertisement rspecs (transient)
— Request rspecs
— Software package lists
— Experiment orchestration scripts
— Custom images
— Install scripts

Sponsored by the National Science Foundation October 23, 2012 10



Deploy Experiment

Exploring Networks

Create slice(s)
Create slivers

Install and configure software

— Experiment applications and services
— |Instrumentation and Measurement tools

Verify Deployment
— Node access (can | ping/login to the nodes?)

— Connecitivity (is the network topology set up correctly?)
— Software configuration (are services running?)

Sponsored by the National Science Foundation October 23, 2012 11



Deploy Experiment

Exploring Networks
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* Resource Configuration Tools
— Flack — Omni

{} Flack GENI Client

‘\Aew 4 ‘.:’\x\

u.[:“ import = ‘@l @OutputIGENl... |

@Ma nagers | @ Add

Sponsored by the National Science Foundation

O ® @ geniuser@UserWorkspace: ~

& protogeni.net IR B a o geniuser@UserWorkspace:~$ omni.py -a insta-utah createsliver jo
WiFlack v [WGEMINI v |[@GIMI¥ | [Gintroomni~ [@AdvOomniv [EXOGENI~ hGEC15Test insta.rspec
Instrumentize: Completed vi4.42[55[@) INFO:omni:Loading config file /home/geniuser/.gcf/omni_config

INFO:omni:Using control framework pg

[5] ‘ I = “':' geminilSslice
[ & gemmis \Z[ IS | INFO:omni:Slice urn:publicid:IDN+pgeni.gpolab.bbn.com+slice+joh
(@]stices [ ew | = e e 25 GEC15Test expires on 2012-10-20 19:33:21 UTC
[Ishow INFO:omni:Substituting AM nickname insta-utah with URL https:/
[_geminitssice | boss.utah.geniracks.net/protogeni/xmlrpc/am/2.0, URN unspecifie

d_AM_URN

INFO:omni:Substituting AM nicknar_ne insta-utah with URL https://
u boss.utah.geniracks.net/protogeni/xmlrpc/am/2.0, URN unspecifie
u d_AM_URN

QW INFO:omni:Creating sliver(s) from rspec file insta.rspec for sl
H%‘ ice urn:publicid:IDN+pgeni.gpolab.bbn.com+slice+johGEC15Test
[@][ssnaearmiab | INFO:omni:Got return from CreateSliver for slice johGEC15Test a
Em t https://boss.utah.geniracks.net/protogeni/xmlrpc/am/2.0:

& rvoenicn | INFO:omni:<?xml version="1.0" ?>

é‘%’ INFO:omni: <!-- Reserved resources for:

gj Slice: johGEC15Test

@m at AM:

|

\E“ Il v l # Submit ||§|

October 23, 2012 12



Deploy Experiment

Exploring Networks
of the Future

 |&M Tools
— GEMINI

* Instrumentize.py

geni@geni-VirtualBox: ~

— GIMI
* OMEF scripts

— INSTOOLS

* |nstrumentize button in Flack INSTOOLS APIV [ 2

INSTOOLS v
@ Read Tutorial
Instrumentize

INSTOOLSV [ Stable

(@) Virtual MCs () Raw MCs

il Go to portal

Sponsored by the National Science Foundation October 23, 2012

geni@geni-VirtualBox:~$ instrumentize.py -f ~/ssh/mypgenicert.pem -n myGENIslice|
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* Artifacts

Deploy Experiment

— Slice Name
— Manifest rspec

<?xml version="1.0" ?>
<!-- Reserved resources for:
Slice: geminil7slice
at AM:
URN: unspecified_AM_URN
URL: https://www.uky.emulab.net/protogeni/xmlrpc/am/2.0

<rspec expires="2012-10-24T00:00:00Z" generated="2012-10-10T16:34:53Z" generated_b
y="Flack" type="manifest" xmlns="http://www.geni.net/resources/rspec/3" xmlns:client
="http://www.protogeni.net/resources/rspec/ext/client/1" xmlns:flack="http://www.pro
togeni.net/resources/rspec/ext/flack/1" xmlns:gemini="http://geni.net/resources/rsp¢g
c/ext/gemini/1" xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xsi:schemaloca
tion="http://www.geni.net/resources/rspec/3 http://www.geni.net/resources/rspec/3/ma
nifest.xsd ">

<node client_id="VM-1" component_1id="urn:publicid:IDN+uky.emulab.net+node+pc73"
component_manager_1id="urn:publicid:IDN+uky.emulab.net+authority+cm" exclusive="false

sliver_id="urn:publicid:IDN+uky.emulab.net+sliver+57851" xmlns:flack="http://www.p
rotogeni.net/resources/rspec/ext/flack/1" xmlns:gemini="http://geni.net/resources/r
pec/ext/gemini/1" xmlns:rs="http://www.protogeni.net/resources/rspec/ext/emulab/1">

<rs:vnode name="pcvm73-7"/>
<sliver_type name="emulab-openvz"/>
<interface client_id="VM-1:1f0" component_id="urn:publicid:IDN+uky.emulab.n€
t+interface+pc73:100" mac_address="00000a800202" sliver_id="urn:publicid:IDN+uky.em
lab.net+sliver+57861">
<ip address="10.128.2.2" netmask="" type="ipv4"/>
<flack:interface_info addressUnset="false"/>

Sponsored by the National Science Foundation October 23, 2012
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Execute Experiment

Exploring Networks
of the Future

Configure and enable |&M services
Configure and execute the experiment

Observe real-time experiment measurements and
output

Push results to off-slice storage

Sponsored by the National Science Foundation October 23, 2012
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Portal johGEM 1208221147 "} GEMINI Active Measuremen... % 3
& | & https://pcas.uky.emulab.net/psconfig/admin/enabled_services/ +@| [*8~ Google Q ¢
I OO I S O GENI 9 GENIWiki 4 ProtoGENI-Trac <¥ pgeni.gpolab.bbn.co... [@EX0GENI/GIMI~ [GiInstaGENI/GEMINIv [@iNetKarma v
Enabled Services Configuration Tool
GEM Node: Inra e
I & M t I —— perfSONAR-PS perfAdmin Delay Graph - Mozilla Firefox
OO S {3 | https://pc55.uky.emulab.net/perfAdmin/delayGraph.cgi?url=https://pcc.geminixxslice.pgeni-gpolab-bbn-com.uky.emulab.net:8085/
v
Slice Configuration Source: PCB-lan1 (10.128.2.1) -- Destination: PCC-lan1 (10.128.2.2)
G I M I Conﬁguraticr: SIS Zoom:1' 5\ 1h 1d 5d lm 3m &m ly Max 02:48 July 05, 2012
I Manage Services « [Dstto Src] Delay (MSec)0.01 , o [Src to Dst] Delay (MSec) 0.01
Schedule Tests
( ‘l (‘ o5
EMINI Comer——ACRY| I FWTYTTARI (YT RN VIR \ (SR ¥/
- SV A T AL LU [ "\1' I\ N \) \ o)
Configuration Help & |[] v\ \ | “ \ bl l“ \ ' ‘ q‘ y ’ \/ |
INSTOOLS coners
Questions or
About ()
B Sa 00050
Credits )
A o EXperiment script )
— 0.002
onitoring
Reservation option 00000
G MOC 1pm Thu Jul & Lam 2am
174 : Iperf Transfer : r
|(‘./\M.AWVV\./V\/V\/VWMV_\MVJ\MNW\/W_'\/\ \/\_/—\ AU /\_—/\ /\_/\ —/\,i\j
>

40000C |

B OrCheStration tOOIS 35000(@ —
OMF 30000C

25000C

G u S h 20000C |

15000C |

10000C |

50000C |
0

S 10 15 20 25 30
Display: @ end_interval @ begin_interval & size

e
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Execute Exp

* Artifacts

IP Traffic %
— Measurement data

23:10
B oOutgoing Traffic

23:05

— Measurement graphs
— Log files

E Incoming Traffic

5 =
Interface Traffic g2l —
3
- 2
wn
perFSONAR-PS perfAdmin Delay Graph - Mozilla Firefox 3 =
- > -]
{3 | https://pc55.uky.emulab.net/perfAdmin/delayGraph.cgi?url=https://pcc.geminixxslice.pgeni-gpolab-bbn<com.uky.er | 2 -
PR v B
Source: PCB-lan1 (10.128.2.1) -- Destination: PCC-lan1 (10.128.2.2) - E
il =
e 2
Zoom: 1! 5! 1h 14 5¢ Im 3m Em ly Max o | B i
« *[Dstto Src] Delay (MSec)0.01 . o [Src10Ds]D |-
ited by

B oOutgoing Traffic

e
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174 : Iperf Transfer : Senderl
oto
12) 40000C
— 000350 [RE—
1(2) 35000(
— 00023
il(2) 30000C
. | . . S50 :(2) 25000(
— 1 pm Thu Jul § lam 2am —_—
il(2)
— | o ’\/\,/\/\n/»«/\/\f’\ywvw— AN ‘*\/«/\J\-ﬁmm/\J\AJ\i 20000¢
al(2)
[ o 2] 15000C
I [ o e _al(2)
10000C
10.128.5.0 255.255.255.0 0.0.0.0 direct(3) local(2)
- 50000C
10.128.6.0 255.255.255.0 0.0.0.0 direct(3) local(2)
0
128.163.143.128 255.255.255.128 0.0.0.0 direct(3) local(2) 5 10 15 20 25 30
172.16.0.0 255.240.0.0 0.0.0.0 direct(3) local(2) Display: @ end_interval & begin_interval @ size

October 23, 2012

17



Analyze and Archive Experiment

Exploring Networks
of the Future

* Observe post-experiment measurements
* Observe experiment results

* Analyze results

« Push analysis results to off-slice storage

* Push full experiment and metadata to long-term
archive

Sponsored by the National Science Foundation October 23, 2012 18
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e Tools

— |&M Tools

« GIMI
« GEMINI,
* INSTOOLS

— Analysis Software
 Third-party tools:
— R, gnuplot, etc.
— Archival Services
« iRODS
« CNRI-DOR

*x

it Sponsored by the National Science Foundation

Analyze and Archive Experi

Collections «

(# () instemp -
=& instools
(=3 home
() gemini01
#(Z7) gemini02
() gemini03
() gemini04
@ (_7) gemini0S
@ (_7) gemini0é
@ (_7) gemini07
=3 gemini0d
(=5 gemini08slice
=£307_05_2012_02_02_18
(=3 ukgeni.cm
() graphs |
() manifest
(=3 netflow_rrds
H( 17216704
#©()172.16.70.5
#©()172.16.706 (B
()rrds
=& tables
(# () pcvm70-4.uky.emul
(# () pevm70-5.uky.emul
(# () pevm70-6.uky.emul
(] gemini09
(] gemini10
(] gemini11
(] gemini12

gemini08@irodwes.netlab.uky.edu:1247 | Sign Out

(] gemini13

October 23, 2012
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v Select Al ¥ BrowseUp (@ New~
Name

IEH pcvm70-
4.uky.emulab.net_cpu_utilv2.png

(&) Delete ~

Resource

@ Upload -

.. v | Search By Name...

Date Modified v
July 5, 2012, 3:02 am

demoResc 12.74 KB

poym70-
4.4 pcvm70-4.uky.emulab.net_cpu_utilv2.png G
Py’ [F10pen

CPU Usage(%)
~
o

01:55
@ User CPU Usage

02: 00 L
W System CPU Usage

Force Download

Size: 12.74 KB (13049 Bytes)
RODS URI:
gemini08@irodwes.netlab.uky.edu:1247/instools/home/gemini08/gemini08slice/07_05_:
4.uky.emulab.net_cpu_utilv2.png

Resource: demoResc

Type: generic

ll’\lnln Matifind. Tho Ll N -:n:"-) N2:NDEA CMT NANN I:-\r-b-‘nrn Navliaht TimA) D

r‘ overview “ metadata  Copies  More
July 5, 2012, 3:03 am u

o

“emulab.net_mem_usagev2.png

pcvm70-
5.uky.emulab.net_icmp_trafficv2.png
L

demoResc 8.92KB

19



’ A
\
gy

geni Teardown EXx

Exploring Networks
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 Delete slivers
— Releases resources

e Tools
— Flack
— OMNI

E:\\I:E Sponsored by the National Science Foundation October 23, 2012 20



gent Tool Breakdown

Q= Exploring Networks
of the Future

Tools Notes

Design/Deploy | Flack not supported with ExoGENI
OMNI

Execute/ OMF, Gush

Orchestrate

Monitoring GMOC

I&M GEMINI, INSTOOLS, | Currently ProtoGENI/InstaGENI only
GIMI Currently ExoGENI only

Archival IRODS, CNRI-DOR

Image Createimage.py ProtoGENI/InstaGENI

Creation

Sponsored by the National Science Foundation October 23, 2012 21



Exploring Networks
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Upcoming GENI Tool Tutorials

Tool Session Time
Intro to OMNI Today, 3pm
GEMINI (part 2) Today, 3pm

Advanced OMNI
ExoGENI

GIMI

WiMAX (OMF)

Wednesday, 1pm
Wednesday, 1pm
Thursday, 8:30am
Thursday, 8:30am

Sponsored by the National Science Foundation October 23, 2012
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Exploring Networks
of the Future

« GENI Portal

— An entry to GENI for experimenters
— A user interface to the GENI Clearinghouse services

) v

geni portal

[ BT Projecs | Sices | Profile | Help | Debug |

My Projects
GENI Resources
| Join a Project |
| Ask Someone to Create a Project
No outstanding project join requests. ~
)
Project Name Project Lead Purpose Slice Count Create Slice
Cs101 Marshall Brinn teach CS 1 | Create Slice
My Slices
Slice Slice  Add  Sliver Delete 3
SliceName  Project ¢ iration Owner  Slivers Status Manifest g o Flack

) 2012-06-26  Aaron —— el
TuesdaySession CS10 m - -
I ion €5101 154.57.44 Helsinger w m (Manifest ] | livers Launch

GENI Messages

2012-06-26 13:24:20: Added Aaron Helsinger to project CS101 as Member
2012-06-26 13:22:54: Aaron Helsinger requested to join project CS101
2012-06-26 13:46:40: Deleted resources from slice TuesdaySession
2012-06-26 13:31:37: Added resources to slice TuesdaySession
2012-06-26 13:27:44: Created slice TuesdaySession

| Invite Someone to GENI |

— See GENI Portal and Clearinghouse session at 1pm tomorrow
for more details
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« LabWiki

Work In Progr

— A web-based tool to support the experimenter throughout the entire

investigative lifecycle.
— Designed as a framework with plugins

D Bounds on Wireless Links

1, 14 M stenrial Al Nk,
9

ityr [] exp-2012-00-15T17-33-41

Hypothesis: Wiresless Links are

< Figure: Incoming traffic on recoiver,

Bandwidth Constraint O mode.net.vO.mode = “adhoo” » Experiment Properties
Dode, et VO, Lype = property. wifiType » Logging
Wo want 10 test he Fypothesis that wireless inks are Bode, Dot vO.channel = property.chansel
bandwidth constraints. oG8 L. V0. e88ld ~ property.netid ¥ Graphs
Bode. 00t WO, 1p = "192.168.0,)"
od
First Experiment w
OAEVeNL [ 1ALL UP_AND_INSTALLID) do |event
Tho frs! experinent wo want 10 conduct is sending 8 fwo - .
from one rode 1 anoiher connected by & wireless ink, We SANEODS - SIS nes ane
Wil SUCCOSSively 170830 the Gota rate of e Sow and 18f0 "All my Applicaticos are started mow...* g
compare the cugaing rafic on the sending node with e Bt 2. Deopsriv-hittns yalne §
ncoming trafSc on the receiveing node. ¥ o is & progerty . steps . valoe, Lines do |1
EE 00 B ISk vee # e ::::':‘ Bitrate " )
e ¥,
corresponding imit on the incoming trafsic .
w0 o
Hero are e resulis of one such experiment ALl orpe. Mepspudionniees —
L 1afo “All my Agpllc pped B Foure:Inc it
Exper Lnent , done
™! -~
00K
E o o piy,
g
400
200%
ormat
°
3 F)
e s

— See http://labwiki.mytestbed.net for introductory video
— See GIMI Tutorial at 8:30am Thursday for more details

Sponsored by the National Science Foundation
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Real Experiences of
GENI Experimenters

 Fraida Fund

— Polytechnic Institute of New York University
— GENI WIMAX Project

* Roberto Francescangel
— Columbia University
— NetServ Project

Sponsored by the National Science Foundation October 23, 2012 25



Feedback

Exploring Networks

Does this workflow fit your process or model of
planning and executing experiments?

* What steps or tools are missing?
 What is out of order?

* What are the rough spots in the flow?
— Places where tools can help smooth out the process

Sponsored by the National Science Foundation October 23, 2012 26
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* Experiment Management BoF Dinner
— Wednesday 6pm
— Ninfa's (http://www.ninfas.com)
— RSVP to Sarah Edwards (sedwards@bbn.com)
— Meet at 6pm in lobby of hotel

i:\\l:E Sponsored by the National Science Foundation October 23, 2012 27



