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Talk: Workflow

= Tntroduction to e-Science & the
Combechem Project

= Pub/ Sub
= Semantics for Smart but not Dark Labs

" Conclusgin
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The CombeChem Project

" Collect datia with regard to how: it could
eventually be used

= Make sure the metadatal isiof highiquality:
= Record properly aii source in Digital Form

= The Chemistry Lab
= People & Machines working fogether

= End to Endilinking of datia and infformation
= Publication@Source

= Buithen:... “Wiio needsiprovenance?”
werBuish, Blair TThe JIG, Misy CIA & Hutton 2004

Adapt SHG lab

= Set out to store the data "ht:\q~=!l'
coming from our non- i\
linear laser experiment

=" Use a database!

/
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Aparatus
ApparatusiD

Operator
Rig Name

OperatorlD Laser Wavelength
g Laser PulseRate Run/Bkg Link
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Sensitivity
PMTVoltage
Incadent Angle

Sumame
ForeName
PasswordHash
Position
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Phone
Email

Organisation
0 isationID

Organisation Name
Address
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ContactPhone

ContactEmail
Website

RunlD

Time

OperatoriD

ApparatusiD

SamplelD

InputPolarisationAngle

QutputPolarisationAngle

Azimuthal Angle

Surface Pressure

SolventVolume MonoChromaltarWavelength

T pH MonolnputSlit
pHControl MonoOutputSlit

Noles

SolventlD
SolutelD
OperatorlD
OrganisationID
Preparation Date

Sample Temperature
A NumberLaserShots
IsBackground
DataBlob

ChemicalD

CasNumber

Notes
CompoundName Sample InputLaserPower
Quantity

Mean
Supplier Sampield StdError
Catalogue Number

Notes
LotNumber 2
PackDate ChemicalD

Pt Dee Soonld. Relational Database

Py Schema for Storing Raw
SHG Data
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Monitor the semi-automated laboratory

Translator

Service

Client
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Use IBM Web Sphere Technology (MQTT)
- an asynchronous grid

Data Source Data Source
-
-
\ A

Transltor | g | Message
SCrViCC cooooc.oo’ Broker

PN

Client Client
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Pub - Sub for a
Smart Lab

' MSr;laltI:absf‘ i \
CRYSTAL ==
GROWlNG

s R

BEM-LIKE cmrsbus -
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Live updates
— (lab environment
End experiment trigger)

-4 Experiment Data
~a-p Control Data —m—lniﬁaw Rserve run Client

Agent Server

v Updates
Iniiate Rserve run, and

and finished notify 4 einne

Rserve Viewer Traffic

\

4
Data Recall =
} Agent to listen for and Update =
Experiment Data end of experiments,

Logging PC and auto trigger analysis

Changes in ; Data Recall
Lab environment - —

and Update
Lab

Environment D Server
Logger

Web Server

- Backup/Recall
e 7 Broker data Periodic Backup!

SRB/ATLAS/Network
Backup server
Broker Backup Agent P
Also does recall function

Broker Mimic Agent Broker Recall Agent

Smart(SHG)Lab Data Flow Processes

A "Smart-Lab" will require many interacting technologies.

Yesterday in the lab

= {SHG Lab Environment recall tool Wed 16 Mar 2005 00:00:18-Thu 17 Mar 2005 00:00:18
Ble Ed- MWew Go Scckmar<s Toos Hep

B ¥ @c0 <
EFretex ~elp % Firetox Suooor BPIUg- N FAQ

SHG Lab environment recall tool

Wed 16 Mar 2005 00:00:18-Thu 17 Mar 2005 00:00:18

Temperature Data

Temperature — room, laser

[0 |

e 224
KEY: Rig Rocm Winng 3ox

Other Sensors

p A Door & interlock

L HH' !H,!Hl|

1 T —— Motion Sensors

1%:21

KEY: PIR 1 PIR2 PIR3 Inzerlock (Kigh — Disabled)
Chanae Graphs TimeScales
Done
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= [ SHG Lob Environment recall tool Morn 24 [an 2005 00:00:00-Sun 00 Feb 200 00:00:00 -
Ele Edt Vew Go Bockmuks ool bep

ol 8 D 9D L nopyssmanish smankbjocdsmatabbaecal |¥] @Ga | L ST d 1- T d ff /
@rirefox relp =rirelox Suppart. BIPLGHN FAD u e n u r. ne O G C
SHG Lab environment recall tool

Mon 24 Jan 2005 00:00:00-Sun 06 Feb 2005 00:00:00

= SHG Lab Environment recall tool Thu 01 jul 2004 00:00:00-Thu gifjul 2004 00:00:00 - Mt

Temperature Data i £0F Mow Go Gockmaks Took Delp

@ - - & O AU rep smanian. smanksb localsmartisbisteecaff [+ @ Go [
@il rip SFretox Support. BRPG FAQ

THJ' 4“!}1 JJ“\H_‘LMJ RH R e SHG Lab environment recall fool .

Thu 01 Jul 2004 00:00:00-Thu 08 Julf2
L I

u 2 32101 @z Ant S 1010 e ryraey Temperature Data
KEY: R.)rx \Arn) Box

Other Sensors

\\n-r; Box

Other Sensors

Interlock (High = DisalXgd)

Air Conditioning failed
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What you have to do to get on to the BBC web site

Pub/Sub for Laboratory data
using a broker and

ultimately delivered over
GPRS
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2 BBC NEWS | Science/Nature | Chemists escape labs viamobiles - Microsoft Internet Explorer

File Edit View Favorites Tools Help
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Uk Chemists escape labs via mobiles

England
Northern Ireland
Scotland

By Jo Twist
BBC News science and technology reporter

Wales

Business

Politics

Health

Education
Scien:eINatureI

Technology

Entertainment

A blend of mobile technology
and award-winning software
is letting scientists finally
escape the lab.

The software, called
"middleware", lets different
computer systems talk to each
other securely and
instantaneously.

Have Your Say
Magazine

In Pictures

Week at a Glance
Country Profiles
In Depth
Programmes

EHEE SPORT
EEM WEATH!

As part of a national e-Science
project in the UK, it is being
used to let Southampton
University chemists monitor
experiment conditions from
mobiles.

Sensors in the lab pick Up any  The system is not smart 2nough to
changes in the environment so actually buy 5 round yet

the system can alert chemists, wherever they are.

EIEIE ON THIS DAY

"It replaces the traditional notebook with some electronic

SEE AL

» Top UK innovation prize for IBM
11 Jun 04 | Technology

» Boom times ahead for
smartphones

27 Aug 04 | Technology

» E-mail provides Arctic lifeline
09 May 04 | Technology

* Heart treatment from a distance
11 Aug 04 | Health

RELATED INTERNET LINKS:

» Dr Frey's group

» University of Southampton

» Combechem (e-Science project)
» IBM Hursely Labs

»EPRSC

The BBC is not responsible for the
content of external internet sites

TOP SCIENCE/NATURE STORIES
NOW

» New Asian quake threat warning

» Lab fireball 'may be black hole'

* Fernale chromosome has X factor
» Atnosphere seen on Saturn moon

@ http:{/news.bbe.co.ukf1/hifhelpf3681938.stm
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2 BBC NEWS | Science/Nature | Chemists escape labs via mobiles - Microsoft Internet Explorer

File Edit View Favorites Tools Help

eBack < 1\) @ @ :(b pSearch *Favorites @ 8' ; ] ~ LJ ﬁ :'5

Address |@ http: ffnews.bbc.co.ukf1/hifsciftech/4233757 .stm

ERPETTIETT 1T MoTe aetdi,

PDAs everywhere

Members of Dr Frey's non-linear laser spectroscopy research
group, working as part of the Combechem project, have been
successfully trying out the system at conferences - and in
the university bar.

The next step is to evolve the system so that at a push of a
button on a mobile, scientists will be able to remotely change
the conditions in the lab, like turning down the temperature.

It could also realise the promise of controlling home
environments from phones easily and seamlessly.

But there are many other
potential applications for the
monitoring jobs done by the
power industries, healthcare
professions and other labs.

IBM won the Royal Academy of 1
Engineering's MacRobert prize

which rewards technological

and engineering innovation for oo enjoy
the program in June last year.

a drink at the bar
while keeping and eve on the lab

Used by top global banks, the WebSphere MQ family is a
decade old.

It has transformed e-commerce because of its ability to allow
data transfers across computer systems and different
platforms without extra coding.

Combechem is a UK e-Science project funded by the
Jeremy Frey
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What are the people up to?

\We can capture the envirenment
UL NEEd torcaplure the Processes

March 2005 € CINF ACS San Diego

We don't
want to
take this
technology
too far.

There are

privacy

ISsues
“When we implant your pacemaker, we can, for
a modest additional fee, also implant your
beeper.” 1




lock to publication@source: if it’s
not digital, it’s difficult to share

“critical data
~ entry -

Like cash machine
electronic notebooks
have taken many
forms - we want one
that adapts to
context, simple to
use in the lab whilst
doing actual bench
chemistry but linked
to more resources at
the desk - the
pervasive lab book
grid
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Smart
Tea -

Keep
the
people
involved!

March 2005

"I just realized, Howard, that everything
in this apartment is more sophisticated

Jeremy Frey

how, but the why

March 2005
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Getting not just the what and

ACS CINF

on. All nghts reserved.

From The New Yorker Beok of Tecknolsgy Cartoons.




COSHH

leverage off things we already have to do

COSHH ASSESSMENT FORM Record No.

SUBSTANCE | PHYSICAL | QUANTITY NATURELE OF
NAME FORM HAZARD

Wb liguid 00 [Nena

D : poANe Coal bos do aps o SO
Coflerne  (S8RUD |2 lyy [ Mol 8 sumbloso, tadoce. \owikiasy,
Malle ‘*%‘“‘j £10wd s Qu&‘\\’c).b\ex hoaecds

NATURE OF PROCESS

\iq/uf& &m&umfgx\csvx st coffove | fellpoed &5 cambivihion wnlln dexbhase

b opoduwe o sweet Seulk

Is there a less hazardous substance? Neo
I so. why not vse it
CONTROL MEASURES REQUIRED {{), 500cifie \widoguse Peqrtes)

{Local exhaust ventilation, personal protection, etc.}

March 2005

Tablet version
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Bench-Station #1

11-Feb-2004 16:05:38

dj djbj3403

Experiment Details

Instructions

Heat at reflux for 1.5 hours

Cool and add Br110CB

Heat at reflux until completion

(&dl(agrq
T\ v

All tasks completed.

March 2005 ACS CINF

Use RDF for
both data
and processes

May be incompatible with exigting XML Gools. Datiabases may
Gake up bo ten times as much memory and 24 hours bo load.
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Ingredient List Dissolve 4- Add K2CO3  Heat at reflux
Fluorinated biphenyl 0.9g flourinated pOWder for 1.5 hours

Br110CB 1599 biphenyl in
Potassium Carbonate 2.07 g butanone
Butanone 40 ml

Reflux

Name Planned Actual
Fluorinated biphenyl 0.90"0 g 0.9031 g
Br110CB 1. P
Potassium Carbonate

09031  grammes

Sample of 4-
flourinated
biphenyl

Enter Del

Started reflux at 13.30. (Had to
change heater stirrer) Only reflux
for 45min, next step 14:15.

March 2005

Ingredient List Dissolve 4- Add K2CO3  Heat at reflux
Fluorinated biphenyl 0.9 ﬂv_aurlnate_d powder for 1.5 hours
Br110CB 1599 biphenyl in

Potassium Carbonate 2.07 g butanone
Butanone 40 ml

@p\-wo-vx ¢ éﬂ{)?“\ VTR Reflux

S.\\A'Co\ t‘ﬂJW\ﬂ\ o X
VPR S SR TP S

3\&)\4

Used lw\ e sluend

s © AN sl emboomes

P —— ” Sample of 4-
utanone dried via silica column ant f
measured into 100mi RB flask. flourinated
Used 1ml extra solvent to wash out biphenyl
container.
Annotate

Started reflux at 13.30. (Had to
change heater stirrer) Only reflux
for 45min, next step 14:15.
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ingrediertiiizt Dissolve 4- Add K2CO3 Heat atreflux Cool and add Heat at Cool and add Extract with Combine organics, Remove
IFiuorinated biphenyl 0 9 flourinated powder for 1.5 hours Br110CB reflux until  water (30ml) DCM dry over MgSO4 & solvent in
[Bri10CB " g biphenyl in completion (3x40ml) filter vacuo
[Potassium Carbonate 2 07 g butanone

Liguid- i Remove
Solvent
by Rotary
Evaporation

s asone?
Tar Actod b
<2

Sample of 4-
s o o
S

(Eul:hn-r)
extractiony pEYete
S vaporation
St et 1230, Had o

changaclr sire) Oy et
o f5mn, et o 1475, Grqlmnumw\w o w.;mm;smmm In\

[Observation Types [Future Questions

eight - grammes hether to have many of or fewer with

- mi, '

fnput [reasure - mi. drops [How to depict destructive processes
fannotate - text

e N IHow to depict taking lots of samples.

emperature - K°C

fobservation hat i the observation/process boundary? e.g. MRI scan

Lessons

= That we need two related ontologies
= Plan — that are going to be done
= Record — what was done

= Not necessarily the same thing

= Steps ane added/repeated during the
experiment

= Different:annotations, required for each

March 2005 Jeremy Frey

Fuse compound to silica &
column in ether/petrol

Chromatography

Ether/
Petrol

Chromatography

[Combechem

0 January 2004
fgvh, hrm, gms.
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Arc h ite Ctu reea Client Libs

suonedddy
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A digital lab book
replacement that chemists
were able to use, and liked.

idozoRO~
PR mmeve

thttp

adatazhtt

ST 2084 | =ht sttea.or
2884 sy (ol E sttea .
2884 ry Lol 7 *tbea.c

ingeredients

ol vt ion zht
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Design discussion

= Handling RDF both ends — tricky

= Structure to data:
= good: clients can add what they want
= Ontelogy: extensions: Uncertainty toimeasurements

= padk clients can add what they want

=[S the structure youre given navigable in the way.
\OU EXPECL?

m [Jse of librarnies; selves this to)seme degree
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Design Discussion

= \We have anontology (shared
understanding)

= But... experiment structure is,a higher-
level entity

= Vust be created and maintained by geod

programming, Aot simply: by adherence to
rules of the ontology
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eBank publication

= Data sets stored for easy access via
Wel

= |letadata for experiment stored as RDE

= Representation of: connections between
datai sets and concepts is RDE

= [Demaln Specific structure

March 2005 €] ACS CINF

SmartLab system

= Data sets stored for easy access via \Web
= |\letadata for experiment stored as RDE

= Representation off connections between
data sets and concepts:is RDF

= Generic structure withi domain-speciiic
additions
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Future...

= Understand the business: process: layer
needed to keep the RDF unaer control
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People

= Chemistry
= Jamie Rebinson, Sam Peppe, Hongchen Fu,
L_efteris: Danos, Kieron Traylor
= Electronics and Computer Science
= Dave De Roure, LLuck Moreau, Huge: Mills,
Graham Smith, Simon; Miles, Gareth Hughes,
monica Schraefel
= BIVIFEUsiey
= Andy Stanierd-Clark; Andrew: Reynolds

= EFRPSKREC fer fiunding
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