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Collaboration models and example results

•  Ins%tutes	
  of	
  exper%se	
  dedicated	
  to	
  Science	
  of	
  X	
  

–  CAMERA	
  
•  Access	
  to	
  HPC	
  systems	
  and	
  performance	
  exper%se	
  

–  HipMer	
  
•  Long-­‐term	
  so=ware	
  and	
  data	
  infrastructure	
  

–  KBase	
  
•  Co-­‐developing	
  instruments	
  and	
  analysis	
  tools	
  

–  Brain	
  and	
  CryoEM	
  
•  Grand	
  challenges	
  (shown	
  throughout)	
  

–  AnCbioCcs	
  	
  
–  Cancer	
  	
  
–  Brain	
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   CompuCng	
  Sciences	
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Tomorrow:	
  	
  
More	
  data	
  faster	
  
More	
  resolu%on	
  	
  

Today:	
  	
  
Data	
  analysis	
  %me-­‐

consuming	
  

Cri%cal	
  need:	
  
algorithms/analysis	
  
for	
  understanding	
  	
  

•  Extract	
  informaCon	
  from	
  murky	
  data	
  
•  Interpret,	
  and	
  opCmize	
  experiments	
  
•  Deliver	
  robust	
  soEware	
  tools	
  
•  Accelerate	
  scienCfic	
  discovery	
  

New	
  math:	
  Transform	
  experimental	
  data	
  into	
  understanding	
  

James	
  Sethian,	
  PI	
  
•  Jointly	
  funded	
  by	
  DOE	
  ASCR	
  (compuCng)	
  and	
  BES	
  (light	
  sources,	
  

materials	
  and	
  much	
  more)	
  aEer	
  substanCal	
  internal	
  funding	
  

Center for Advanced Mathematics "
   for Energy Research Applications (CAMERA) 
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   CAMERA: Mathematics for Experimental Science


GISAXS:	
  X-­‐ray	
  scaXering	
  
data	
  analysis,	
  1000x	
  faster	
  

Image-­‐Based	
  Analysis:	
  
Automated	
  Micro-­‐CT	
  

sample	
  analysis	
  

X-­‐ray	
  Nano-­‐
Crystallography:	
  solve	
  
image	
  indexing	
  problem	
  

Material	
  InformaCcs:	
  
E.g.,	
  Zeo++	
  high	
  

throughput	
  porosity	
  
characterizaCon	
  

Science 
Drivers: BES 

User Facilities 

Initially: ALS, LCLS, APS, 
NSLS, and MF 

 

Foundation: 
state of the art 

mathematics 

Spectral clustering, Maximum likelihood estimation, 
graph theory, machine learning, Mori-Zwanzig theory, 

Bilateral / anisotropic filters, PDE-based image 
segmentation, Computational harmonic analysis, 

Hamilton-Jacobi solvers, Bayesian analysis, Discrete 
Galerkin methods, Optimization methods 

Electronic	
  Structure:	
  
fast	
  eigensolvers	
  for	
  

materials	
  

Ptychography:	
  
solve	
  phase	
  retrieval	
  

problem	
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X-­‐ray	
  scaMering	
  
data	
  analysis	
  

	
  
400-­‐1500x	
  faster	
  
opCmizaCon	
  	
  

	
  
	
  
	
  

Now:	
  Nonlinear	
  
opCmizaCon,	
  
geneCc	
  algorithms,	
  
paXern	
  recogniCon	
  
w/	
  noise	
  

Micro-­‐CT	
  Sample	
  
Analysis	
  

	
  
Automated	
  
quanCtaCve	
  
analysis	
  

	
  
	
  

Now:	
  3D	
  image	
  
segmentaCon;	
  
paXern	
  recogniCon;	
  
classificaCon;	
  PDE-­‐	
  
and	
  graph-­‐based	
  
analysis	
  

X-­‐ray	
  Nano-­‐
Crystallographic	
  
Reconstruc%on	
  

Indexing	
  ambiguity	
  
resolved	
  [PNAS13]	
  

	
  
	
  
Now:	
  Image	
  
orientaCon,	
  find	
  
crystal	
  shape/size;	
  
address	
  orientaCon	
  
ambiguiCes;	
  data	
  
variance	
  reducCon	
  

Ptychography	
  
	
  
	
  

Phase	
  retrieval	
  
	
  

	
  
	
  
Now:	
  Provable	
  
convergence	
  of	
  
algorithm;	
  noisy	
  
data	
  due	
  to	
  setup;	
  
select	
  lens	
  	
  for	
  
specimen	
  

CAMERA leverages state-of-the-art mathematics to 
transform experimental data into understanding


Sherry	
  Li	
   D.	
  Ushizima	
   J.	
  Donatelli	
   S.	
  Marchesini	
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Computing, experiments, networking and expertise 
in a “Superfacility” for Science


-­‐	
  8	
  -­‐	
  

CETull@lbl.gov - 31 Aug 2015 
 

Slot die printer 

CETull@lbl.gov - 31 Aug 2015 
 

HipGISAXS & RMC	
  

GISAXS	
  
	
  
	
  
	
  
	
  
	
  
Slot-­‐die	
  prinCng	
  of	
  	
  
Organic	
  photovoltaics	
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De novo Genome Assembly


reads 

contigs 

k-mers 

1 

2 

Input:	
  Reads	
  that	
  may	
  contain	
  errors	
  

Chop	
  reads	
  into	
  k-­‐mers,	
  process	
  	
  
k-­‐mers	
  to	
  exclude	
  errors	
  	
  

Construct	
  &	
  traverse	
  de	
  Bruijn	
  graph	
  
of	
  k-­‐mers,	
  generate	
  conCgs	
  

3 

scaffolds 

Use	
  read	
  informaCon	
  to	
  link	
  conCgs	
  
and	
  generate	
  scaffolds.	
  

Tuesday,	
  
November	
  
24th,	
  2015	
  

Qualifying	
  Exam	
  

x	
  
x	
  

x	
  

x	
  
x	
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De novo Genome Assembly


-­‐	
  11	
  -­‐	
   CompuCng	
  Sciences	
  Area	
  

The assembly problem 

>>109 sequencing reads 
36 bp - 1 kb 

3 Gb 

x	
  
x	
  

x	
  

x	
  

x	
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High Performance de Novo Genome Assembly


Computer	
  Science	
  HPC	
  Exper%se	
  
•  Remote	
  Atomics	
  
•  Dynamic	
  AggregaCon	
  	
  
•  SoEware	
  Caching	
  	
  (someCmes)	
  
•  Clever	
  algorithms	
  and	
  data	
  structures	
  

(bloom	
  filters,	
  locality-­‐aware	
  hashing)	
  
•  Efficient	
  languages	
  (C	
  vs	
  Perl)	
  
•  Fast	
  I/O	
  

High Performance Meraculous assembler  à HipMer


HPC	
  systems	
  with	
  high	
  speed	
  
interconnect	
  networks	
  

Grad	
  student	
  +	
  so-ware	
  engineers	
  
needed	
  to	
  get	
  to	
  produc3on	
  

 32

 64

 128

 256

 512

 1024

 2048

 4096

 8192

 480  960  1920  3840  7680  15360

Se
co

nd
s

Number of Cores

overall time
kmer analysis

contig generation
scaffolding

ideal overall time
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How Fast Is It?

HipMer	
  =	
  High	
  Performance	
  Meraculous	
  assembler	
  
•  Human	
  genome	
  (3Gbp):	
  

–  SGA	
  assembler:	
  140	
  hours	
  
– Meraculous:	
  48	
  hours	
  
–  HipMer:	
  8	
  minutes	
  (360x	
  speedup)	
  

•  Wheat	
  genome	
  (17	
  Gbp):	
  
– Meraculous	
  (did	
  not	
  run,	
  170	
  hours	
  projected):	
  	
  
–  HipMer:	
  39	
  minutes;	
  15K	
  cores	
  (first	
  all-­‐in-­‐one	
  assembly)	
  

•  Wetland	
  metagenome	
  (1.25	
  Tbp):	
  
– Meraculous	
  (projected):	
  15	
  TB	
  	
  
–  HipMER:	
  11	
  minutes;	
  20K	
  cores	
  (con%g	
  genera%on)	
  

Georganas,	
  Buluc,	
  Chapman,	
  Oliker,	
  Rokhsar,	
  Yelick,	
  [Aluru,Egan,Hofmeyr]	
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Metagenomics data mining efforts at JGI


Assembled	
  
metagenomes	
  

	
  	
  
	
  	
  

	
  	
  

	
  	
  
	
  	
  

	
  	
  

	
  	
  

Recoding	
  
Science,	
  2014	
  

Kryptonia	
  
Nature	
  Com.	
  	
  

2016	
  

Blind	
  Spots	
  
Nature	
  Microbiol	
  

2016	
  

Earth	
  Virome	
  

	
  	
  	
  	
  SubmiJed	
  

Selenocysteine	
  	
  
Recoding	
  

	
  	
  	
  	
  A.	
  Chemie	
  in	
  press	
  

Novel	
  Protein	
  	
  
folds	
  

	
  	
  	
  	
  in	
  prepara3on	
  

Metagenomic	
  	
  
Protein	
  clusters	
  
	
  	
  	
  	
  in	
  progress	
  

Biosynthe%c	
  	
  
clusters	
  

	
  	
  	
  	
  in	
  progress	
  

With	
  	
  
D.	
  Soll	
  

Yale	
  Univ.	
  

With	
  	
  
D.	
  Baker	
  

U.	
  Washington	
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2 

Biofoundry: Rapid Production of Antimicrobials 


Grand Challenge: 
•  Discover new and improved antimicrobials for human, animal, and plant pathogens 
•  Rapidly identify an effective antibiotic and surge its production at distributed sites 

New antibiotic-
resistant 
pathogen 

Screen drug 
variants for 

efficacy 

Stockpiled vials 
of cells to produce 

drug variants 
Distributed 
fermentation drug 
production 
facilities 

Rapid surge 
production of 
effective drug 

variant 

1 2 … N ✔︎ ✘ ✘ 

1 2 … N ✔
︎ 

✘✘
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Collaboration models and example results
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  exper%se	
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  of	
  X	
  

–  CAMERA	
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  systems	
  and	
  performance	
  exper%se	
  

–  HipMer	
  
•  Long-­‐term	
  so=ware	
  and	
  data	
  infrastructure	
  

–  KBase	
  
•  Co-­‐developing	
  instruments	
  and	
  analysis	
  tools	
  

–  Brain	
  and	
  CryoEM	
  
•  Grand	
  challenges	
  (shown	
  throughout)	
  

–  AnCbioCcs	
  	
  
–  Cancer	
  	
  
–  Brain	
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  -­‐	
   CompuCng	
  Sciences	
  Area	
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KBase: DOE Systems Biology Knowledgebase


Unified	
  system	
  that	
  integrates	
  data	
  and	
  analyCcal	
  
tools	
  for	
  comparaCve	
  funcConal	
  genomics	
  of	
  
microbes,	
  plants,	
  and	
  their	
  communi%es	
  

CollaboraCve	
  environment	
  for	
  sharing	
  methods	
  
and	
  results	
  and	
  placing	
  those	
  results	
  in	
  the	
  
context	
  of	
  knowledge	
  in	
  the	
  field	
  

Open	
  soEware	
  and	
  data	
  plaporm	
  for	
  addressing	
  
the	
  grand	
  challenge	
  of	
  systems	
  biology:	
  	
  
Predic%ng	
  and	
  designing	
  biological	
  func%on	
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KBase: DOE Systems Biology Knowledgebase


•  Data:	
  	
  28,300	
  genomes,	
  36,700	
  metabolic	
  models,	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  27,000	
  compounds,	
  	
  33,000	
  Reac%ons,	
  	
  520	
  media	
  types	
  
•  Tools:	
  assembly,	
  annota%on,	
  analysis,	
  comparison	
  to	
  models	
  

Biomolecular	
  
Mechanisms,	
  Models	
  

and	
  Networks	
  

Genomics	
  
and	
  

FuncConal	
  
Genomics	
  

Organismal	
  
Biology,	
  

Dynamics	
  and	
  
InteracCons	
  

Terrestrial	
  
Ecology	
  and	
  
Subsurface	
  

Biogeochemistry	
  

BioGeoMolecular	
  
dynamics,	
  Trait-­‐
based	
  models,	
  	
  
Biogeochemical	
  

Cycling	
  

Watershed	
  
Hydrobio,	
  Dynamic	
  

VegetaCon	
  
observaCon	
  and	
  

models	
  

Land	
  atmosphere,	
  
Earth	
  System	
  

observaCon	
  and	
  
models	
  

Biodesign	
  &	
  
Pore-­‐scale	
  
dynamics	
  
and	
  BioCc-­‐
AbioCc	
  

interacCons	
  

KBase	
  Scope	
  of	
  OperaCons	
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“Narrative interface” for collaborative science

An	
  interac3ve,	
  dynamic,	
  and	
  persistent	
  document	
  created	
  by	
  
users	
  that	
  promotes	
  open,	
  reproducible,	
  and	
  collabora3ve	
  science	
  

Analysis	
  
steps	
  

Data	
  

Version	
  control	
  
and	
  provenance	
  

Commentary	
  

Sharing	
  

Visualiza%ons	
  

Custom	
  scripts	
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Collaboration models and example results

•  Ins%tutes	
  of	
  exper%se	
  dedicated	
  to	
  Science	
  of	
  X	
  

–  CAMERA	
  
•  Access	
  to	
  HPC	
  systems	
  and	
  performance	
  exper%se	
  

–  HipMer	
  
•  Long-­‐term	
  so=ware	
  and	
  data	
  infrastructure	
  

–  KBase	
  
•  Co-­‐developing	
  instruments	
  and	
  analysis	
  tools	
  

–  Brain	
  and	
  CryoEM	
  
•  Grand	
  challenges	
  (shown	
  throughout)	
  

–  AnCbioCcs	
  	
  
–  Cancer	
  	
  
–  Brain	
  

-­‐	
  20	
  -­‐	
   CompuCng	
  Sciences	
  Area	
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Impact of Direct Detectors (DOE developed)

•  DEDs	
  have	
  higher	
  sensi%vity	
  and	
  

resolu%on	
  than	
  film	
  or	
  CCDs	
  
–  New	
  technologies	
  being	
  developed	
  	
  

•  Biggest	
  advance	
  is	
  the	
  rate	
  of	
  data	
  
acquisi%on	
  (movies)	
  

•  The	
  movies	
  can	
  be	
  analyzed	
  to	
  
correct	
  for	
  the	
  par%cle	
  movement	
  
caused	
  by	
  the	
  electron	
  beam	
  

•  Compu%ng:	
  
–  Fast	
  data	
  rate,	
  and	
  large	
  data	
  storage	
  
–  Real	
  Cme	
  compuCng	
  for	
  correcCons	
  
	
  

	
  

21	
  
Paul	
  Adams	
  et	
  al,	
  LBNL	
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Cryo-EM Computational Issues

•  Many	
  2D	
  projec%ons	
  of	
  the	
  3D	
  

object	
  need	
  to	
  be	
  aligned	
  to	
  create	
  a	
  
3D	
  reconstruc%on	
  

•  Many	
  images	
  must	
  be	
  held	
  in	
  
memory	
  (32-­‐64GB	
  per	
  core)	
  

•  Current	
  algorithms	
  do	
  not	
  scale	
  well	
  
•  Current	
  codes	
  do	
  not	
  scale	
  well	
  

	
  

22	
  

Current	
  best	
  prac3ce	
  is	
  the	
  use	
  of	
  Bayesian	
  
methods	
  (RELION)	
  and	
  a	
  single	
  high	
  resolu3on	
  
reconstruc3on	
  will	
  use	
  100-­‐200	
  thousand	
  
par3cles	
  and	
  ~two	
  weeks	
  of	
  200-­‐300	
  cores	
  
running	
  in	
  parallel	
  

Paul	
  Adams	
  et	
  al,	
  LBNL	
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  Technology is getting better; computation getting harder


23	
  
����#+#/�: ����������0��: 	��
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6�������7��#0#!0,.

4D	
  STEM	
  Detector	
  
Peter	
  Denes,	
  LBNL	
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  Superfacility for 100,000 FPS Detector (for BES / DOE)


24	
  

4D	
  STEM	
  Detector	
  
Peter	
  Denes,	
  LBNL	
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Peter	
  Denes	
  et	
  al,	
  LBNL	
  

•  100	
  kFPS	
  à	
  10s	
  of	
  TB	
  /	
  hour	
  
•  Real	
  Cme	
  analysis:	
  
- SparsificaCon	
  
- Clustering	
  
- Dedicated	
  network	
  to	
  NERSC	
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DOE	
  can	
  play	
  a	
  unique	
  role	
  in	
  BRAIN	
  
compuCng	
  through	
  advances	
  in	
  applied	
  
mathemaCcs	
  and	
  computer	
  science	
  together	
  
with	
  HPC	
  faciliCes.	
  

Function Theory & Models Structure
staCc	
  data	
  dynamic	
  data	
   abstracCons	
  

GeneraCon	
  and	
  analysis	
  of	
  raw	
  data	
  
Linking	
  structure	
  to	
  funcCon	
  is	
  a	
  ‘grand	
  challenge’	
  in	
  general	
  biology	
  and	
  materials	
  

Possible DOE computing role in BRAIN



Office of 
Science 

UNIVERSITY OF 
CALIFORNIA 

•  sdf	
  

-­‐	
  26	
  -­‐	
   CompuCng	
  Sciences	
  Area	
  

-­‐o
m
ic
s	
  

St
ru
ct
ur
e	
  

im
ag
in
g	
  
	
  

op
%c
al
	
  p
ro
be

s	
  

el
ec
tr
ic
al
	
  

pr
ob

es
	
  

op
to
ge
ne

%c
s+
	
  

w
ho

le
	
  b
ra
in
	
  

te
ch
no

lo
gi
es
	
  

co
m
pu

%n
g	
  
	
  

1)	
  Discovering	
  diversity:	
  provide	
  access	
  to	
  different	
  
brain	
  cell	
  types	
  to	
  determine	
  roles	
   F	
  

2)	
  Maps	
  at	
  mulCple	
  scales:	
  generate	
  circuit	
  diagrams	
  
that	
  vary	
  in	
  resolu%on	
   TFF	
   ADF	
  

3)	
  Brain	
  in	
  acCon:	
  Produce	
  a	
  dynamic	
  picture	
  of	
  the	
  
funcConing	
  brain	
   TF	
   TF	
   ADF	
  

4)	
  DemonstraCng	
  causality:	
  link	
  brain	
  acCviCes	
  to	
  
interven%on	
  tools	
   TF	
  

5)	
  IdenCfying	
  fundamental	
  principles:	
  develop	
  
theore%cal	
  and	
  data	
  analysis	
  tools	
  

MIA
DF	
  

6)	
  Advancing	
  human	
  neuroscience:	
  develop	
  
technologies	
  to	
  understand	
  human	
  brain	
   T	
   T	
   ADF	
  

From	
  BRAIN	
  iniCaCves	
  to	
  the	
  brain:	
  Integrate	
  
technologies	
  from	
  1-­‐6	
  to	
  understand	
  the	
  brain	
  and	
  
treat	
  disorders	
  

A	
  Analysis	
  
D	
  Data	
   F	
  Facili%es	
  
F	
  Facili%es	
   T	
  Tool	
  development	
  
M	
  Modeling	
   F	
  Facili%es	
  for	
  tool	
  development	
  
I	
  Integra%on	
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The Functional Connectome


Neuron	
  

N
euron	
  

A	
  weighted,	
  direct	
  graph	
  
describing	
  the	
  dynamic,	
  	
  
casual	
  interacCons	
  amongst	
  
neurons	
  in	
  the	
  funcConing	
  brain.	
  

(e.g.)	
  Each	
  edge	
  is	
  estimated	
  from	
  data	
  as	
  parCal	
  correlaCon	
  coefficient	
  using	
  
regression.	
  

Large
Dimension

Source: K. Bouchard, LBNL 
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Multimodal Brain Analysis"
collaboration between UCB, LBNL, UCSF


•  MRI	
  with	
  PET	
  or	
  cytology	
  
•  Op%miza%on	
  to	
  find	
  the	
  
spa%al	
  mapping	
  to	
  align	
  
images	
  

•  Linear	
  algebra	
  (SVD,	
  LLS)	
  

Source:	
  S.	
  Rit	
  “Image	
  registraCon”,	
  CREATIS	
  Lab.	
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Advanced Computing for BRAIN 


29	
  

Deep	
  neural	
  networks	
  for	
  
decoding	
  brain	
  acCvity	
  

Sparse	
  neural	
  acCvity	
  for	
  
human	
  speech	
  producCon	
  

HDF5	
  format	
  and	
  
data	
  model	
  for	
  HPC	
  

Familiar cycle in DOE computing: will require Exascale in 2025

Source: K. Bouchard, LBNL 
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Machine learning for BRAIN are ubiquitous in DoE


Source: Prabhat, NERSC 

X 

*	
  

*	
  

*	
  

*	
  

*:	
  discussed	
  here	
  

DOE	
  domains	
  overlapping	
  	
  
with	
  methods	
  for	
  neuroscience	
  
Methods	
  for	
  neuroscience	
  
overlapping	
  with	
  DOE	
  domains	
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Collaboration models and example results

•  Ins%tutes	
  of	
  exper%se	
  dedicated	
  to	
  Science	
  of	
  X	
  

–  CAMERA	
  
•  Access	
  to	
  HPC	
  systems	
  and	
  performance	
  exper%se	
  

–  HipMer	
  
•  Long-­‐term	
  so=ware	
  and	
  data	
  infrastructure	
  

–  KBase	
  
•  Co-­‐developing	
  instruments	
  and	
  analysis	
  tools	
  

–  Brain	
  and	
  CryoEM	
  
•  Grand	
  challenges	
  (shown	
  throughout)	
  

–  AnCbioCcs	
  	
  
–  Cancer	
  	
  
–  Brain	
  

-­‐	
  31	
  -­‐	
   CompuCng	
  Sciences	
  Area	
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Ph
en

ot
yp
ic
	
  st
ag
es
	
  	
  

M
ol
ec
ul
ar
	
  S
ta
ge
s	
  

Pre-­‐stasis	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Post-­‐stasis	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Immortal	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Malignant	
  

Luminal	
  A/B	
  

HER2+	
  

Basal	
  

Models to enable a detailed dissection of progression


Systems	
  for	
  studying	
  the	
  relaConship	
  between	
  form	
  (Cssue	
  architecture),	
  funcCon,	
  	
  
and	
  geneCc	
  informaCon	
  
	
  

Confounding	
  heterogeneity	
  and	
  passenger	
  errors	
  

Source: Mark LaBarge 
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Cell identification and analysis


-­‐	
  33	
  -­‐	
   D.	
  Ushizima,	
  M.	
  Bissel	
  

Fast	
  method	
  to	
  analyze	
  
cervical	
  cells:	
  segment	
  and	
  
idenCfy	
  subcellular	
  
components	
  in	
  12	
  seconds	
  
	
  IEEE	
  ISBE	
  award	
  

Quan9ta9ve	
  9me-­‐
lapse	
  image	
  analysis:	
  
confocal	
  microscopy	
  
on	
  breast	
  cancer	
  
pathways	
  in	
  HMEC	
  

Mo9on	
  analysis:	
  	
  
AssociaCng	
  moCon	
  as	
  
part	
  of	
  the	
  Cssue	
  
formaCon	
  and	
  final	
  
morphology	
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Combining Genome Analysis at Single Cell Level


-­‐	
  34	
  -­‐	
   CompuCng	
  Sciences	
  Area	
  

The	
  first	
  five	
  years	
  of	
  single-­‐cell	
  cancer	
  genomics	
  and	
  beyond	
  
Nicholas	
  E.	
  Navin,	
  U.	
  Texas	
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Collaboration models and example results

•  Ins%tutes	
  of	
  exper%se	
  dedicated	
  to	
  Science	
  of	
  X	
  

–  CAMERA	
  and	
  Superfacility	
  model	
  
•  Access	
  to	
  HPC	
  systems	
  and	
  performance	
  exper%se	
  

–  HipMer	
  
•  Long-­‐term	
  so=ware	
  and	
  data	
  infrastructure	
  

–  KBase	
  
•  Co-­‐developing	
  instruments	
  and	
  analysis	
  tools	
  

–  Brain	
  and	
  CryoEM	
  
•  Grand	
  challenges	
  	
  

–  AnCbioCcs	
  	
  
–  Cancer	
  	
  
–  Brain	
  

-­‐	
  35	
  -­‐	
   CompuCng	
  Sciences	
  Area	
  


