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Science: Two, three or four legs?
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Science Has Only Two Legs

Science Has Four Legs
CACM, Dec. 2010
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PITAC report: “Computational Science:
Ensuring America’s Competitiveness”

1. Canh bao vi tri d&n dau va nhan dinh
sitc canh tranh clia My sé phu thudc
vao sy phat trién khoa hoc tinh toan.

2. Cau tric cua nghién ctu va giao duc
cho thé ky 21

3. L6 trinh nhiéu thap ky cta khoa hoc
tinh toan.

4. Ha tang cd sé bén vitng cho sang tao PITAC: President’s Information
va canh tranh. Technology Advisory Committee.

. , > ‘A . 5 . (24 leaders in industry and
5. Thach thic chia nghién clru va phat academia in the 6 of them in

tl‘iél’]. Computational Science
. - R ) 3 Subcommittee.)
6. MGt s6 linh vue ctia khoa hoc tinh toan




Data-intensive science: a shift in science

Khoa hoc véi dir Data-driven approach to science
“?u I‘("jn dung tlép” Carefully designed

can “data driven”, ﬁ e

nhém tim théng Analyze and test |

tin va tri thire tir "g;c::,:;::g;"g

d CI’ I|éu - \ Generation of

hypotheses
Ti€p can truyén
th6ng “knowledge Knowledge-driven approach to science

d riven”, n hém ﬂ Some knowledge
. 2 ax . of the domain
kiém nghiém cac \

gia thuyét khoa synihests ?!E‘;‘?:;::

hoc hinh thanh to N aoermen

tri thl.,f C observations

Book: The Fourth Paradigm, 2009 & Newman et al., CACM 2003 5

Content

o Khoa hoc tinh toan & Khoa hoc véi di liéu I6n
= M5 hinh va mo6 phéng
= GPGPU va siéu may tinh
= DU liéu I6n, may hoc va khai pha di liéu

= Ngbn ngt, tai chinh va sinh hoc tinh toan

o Nghién ctu trong biophysics va biomedicine

= CAu truc va déng hoc cua phan t&r nudce trong cac hé
sinh hoc

= Khai pha di¥ liéu y-sinh trong nghién ctru bénh viém gan

Computer science and computational science

= Information Technology: = Computational science:
Cung nghia véi Tin hoc Khoa hoc vé xay dung va
(informatics) va Khoa hoc thurc hién cac mo hinh
may tinh (Computer tinh toan d€ giai bai toan

Science): khoa hoc va céng trong cac khoa hoc khac.

nghé vé xr Iy twddng thong - 1+ 4 4o PITAG report
tin trén may tinh. Soci'al sciences

Physical sciences

National security

Geosciences
Engineering/Manufacturing
Biological sciences and Medicine

= XU ly thong tin 1a qua trinh
bién doi di? liéu tr dang nay
sang dang khac dé thu duoc
théng tin va tri thirc mdéi.

0 0o o o d

Difference between Science, Technology, and Engineering? 7

Computational Science

“La mét [inh vire lién nganh, nhdm dung cac kha nang tinh

toan tién tién dé hiéu va gidi quyét cac bai toan phrc tap”.

Khoa hoc tinh toan hoa trén 3 thanh phan:

= Céc thuat toan va phan mém vé mo hinh hoa va
md phdng dé gidi cac bai toan vé khoa hoc, ki
nghé va xa hoi.

= Khoa hoc may tinh va théng tin nham phat trién
va t6i uu cac hé théng tién ti€n vé phan clng,
phan mém, mang may tinh va quan tri dit liéu
d& giai cac van dé can dén tinh toan.

= Ha tang cd sd tinh toan can cho viéc giai cac bai
toan khoa hoc va ky thuat cling nhu d€ phat trién
khoa hoc may tinh va théng tin.

PITAC’s report, 2005




Model and Modeling

= Model: M6 ta khai quat ctia mot thuc thé
(Simplified description or abstraction of a reality).

» Modeling: Qua trinh tao ra mét mé hinh.

> Mb hinh giao thong tai Ha Noi?
2 M0 hinh thi trudng va gia ca?
> Mb hinh dién bién mét dich bénh?

> Mb hinh mét x4 hoi dién tr?

= M0 hinh tac chién hop dong binh

DNA model figured out in s R RS
chung trong mét chién dich?

1953 by Watson and Crick

Grande challenges in modeling?

Simulation

= M6 phong: La viéc tao ra nhu that trén may tinh cac thuc
thé sao cho co thé thay chuing xay ra thé nao.

..\..\downloadpapers\dnvu\STAR-siggraph_droplet 0386.mov
..\..\downloadpapers\dnvu\STAR-FluidParticleRendeing.mp4

= Internet Simulator StarBed: H& mé phdéng c6 simulator I6n
nhat thé gidi, cd thé mé hong8,000 nodes

Modeling (—:5 Simulation
N

-/

Data Analysis

StarBed: Network simulation, a JAIST project 10

Competition on high performance computing

= Japanese project
on the Fifth
Generation of
Computer Systems
(1982-1992)

{
]

ready for latest demo

= Quantum
computers

L 4 4

= PC clusters

= GPGPU

= Supercomputers

Our GPGPU computer

L .. ]
D-Wave's quantum computer

11

GPGPU: General purpose GPU

m GPU dugc phat trién thanh nhitng bd xr ly
hét strc linh hoat va manh vé kha nang lap
trinh, d6 chinh xac, hiéu qua. GPGPU = mé&
rong GPU cho cac nhiém vu tinh toan khac.

® Khé khan cua lap trinh GPGPU dwoc khac
phuc béi ‘C for CUDA’ (Compute Unified
Device Architecture, ‘koo-duh’) cda NVIDIA unmading e
(available: Python, Fortran, Java, MATLAB). on CUDA

..\..\downloadpapers\VideoClips\GPU PhysX vs CPU PhysX.mp4

® Gia ratré (> 100M CUDA-enabled GPUs sold)

& -

Tesla S20
Tesla C20, 520 ~ 630 GFLOPS 2.1~2.5TFLOPS

2,495 USD 12,995 USD
http://www.nvidia.com/content/global/global.php 12

Cray XT-3, 2.2 TFLOPS




Next generation supercomputer projects

Japan national key project (2007-2012)

Peak performance Next-Generation Supercomputer Target)
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Tianhe-1A: 7,168 NVIDIA® Tesla™ M2050 GPUs and 14,336 CPUs (2.507 Peta flops)

Next generation supercomputer projects

= Japan’s “K computer” (K is 106
and large gateway), 800
computer racks with Fujitsu
ultrafast CPUs, targeting by
2012 to 10 petaflop,

(RIKEN’s Advanced Institute for
Computational Science)

= |IBM’s computers BlueGene and
BlueWaters, targeting to 20
petaflop by 2012
(Lawrence Livermore National
Laboratory).

IBM BlueGene

http://www.fujitsu.com/global/news/pr/archives/month/2010/20100928-01.html (28.9.2010)
http://www.hightechnewstoday.com/nov-2010-high-tech-news/38-nov-23-2010-high-tech-news.shtml
(23 Nov. 2010)
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Next generation supercomputer projects

Area
‘Do chua phat trién duoc cac ting
dung, siéu may tinh sé khéng tao
dugc nhiéu tac dong vao nén kinh
t€ va cudc séng thudng nhat cta
chang t6i. Tham chi néu phat trién
duoc cac ting dung & Trung Quéc,
chiing t6i van di sau My 5 nam vi
khong biét cach st dung nhitng
*‘ng dung dé.”

= 21 application prd CNN, Nie Hua, Dawning Info.
candidates to be § Industry
estimation by the af3 (about Tianhe-1A, Nebulae)

e e | et e
Q.mo Science /‘[i—fe Science!
S (6) (6)

Cosmic simulation

Multi-scale Multi-physic simulation
Kennichi Miura, DEISA Symposium, 5.2007

How much data is there?

The LIBRARY of CONGRESS

Printed materials in the Library of
Congress = 10 TeraBytes

AN
Human Genomics
= 7000 PetaBytes
1GB / person 200 of 44
London’s &

Large Hadron
Collider,
(PetaBytes/day)

Traffic
i Cams
brain at the . 3
micron level Kilo 10 (8TB/day)
= 1 PetaByte Mega 106
1 book = 1 Giga | 109
MegaByte Al
Tera 102 worldwide
information
Peta | 1015 in one year
=2
g Family photo = Exa 1018 ExaBytes
# 586 KiloBytes

Adapted from Berman, Director of SDSC (San Diego Supercomputer Center)
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Science paradigms

= Hang nghin nam trwéc:
khoa hoc la thwee nghiém
M6 ta cac hién twong thién nhién

= Vai tram nam vira qua:
thém nhanh ly thuyét [ R

Dung cac mé hinh, cac khai quat héa

= Vai thap ky vira qua:
thém nhanh tinh toan
M©6 phdéng céac hién twong phirc tap

= Ngay nay: Khai thac div liéu (eScience)
Hop nhét ly thuyét, thue nghiém va mé phdng
o D@ liéu tir do dac bang may hodc mé phéng
o BPuwoc x ly bdi cac phadn mém
o Théng tin va tri thirc dwgc chivra trong may tinh
o Nha khoa hoc phan tich co sé&/tép di lieu voi
cong cu quan tri di liéu va théng ké.

The Four Paradigm: Data-Intensive Scientific Discovery, 2009

All Scientific Data Online (Jim Gray)

= Nha khoa hoc dugc dung di¥ liéu tir
nhiéu linh vuc lién quan

Literature

= Internet Ia méi trudng cho phép hop nhat
moi ngudn tai liéu va di¥ liéu khoa hoc

= Nha khoa hoc sé di ti tai liéu dén dir
liéu va tinh toan roi tré vé vdi tai liéu

= Théng tin khoa hoc ctia mdi ngudi
s& dén dudc bt ky ai khac, bat ky
noi nao khac

= TOc do cua thong tin khoa hoc tang 1én rat nhiéu
do vay nang xuét khoa hoc tang 1én bdi phan

“You may say | am a dreamer but | am not the only one”

Machine learning and data mining

® Machine learning " Data mining’

To build computer To find new and useful
systems that learn as knowledge from large
well as human does. datasets.
® |CML since 1982 (23th = ACM SIGKDD since 1995,
ICML in 2006), ECML PKDD and PAKDD since
since 1989. 1997 IEEE ICDM and
= ECML/PKDD since 2001. SIAM DM since 2000,

= ACML starts Nov. 2009. i

My group on Machine Learning & Data Mining: 7 PhD students, 5 master students
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Some emerging trends in computing

B Services computing: Nham mé
hinh, sang tao, tac nghiép, va
quan ly cac dich vu kinh doanh.

® Cloud computing: Lién quan .:"'_j
nhl]’ng U’ng dl_Jng Contribution to Japan GDP in 2007 of "knowledge industry” is 69.5%
nhu’ diCh Vl:j trén Agriculture and Forestry Fishers indusiry e e !;:g? |z
NhU CAC PhAM CU s sy e 208
| Construction Business 31848 6.0
G CAC trung tAm (  cecienc rower cas weier servee sy 22
Commerce 1.9
cho cac dich vu | s e % 6
Traffic/ informaton, Communication 33624 llg 69.5%
B FOSS: Free and|[ hscsosmea s Lo
Software T —— e —ox
The best way to predict the future is to invent it (Alan Kay) 20




Computational finance Computational biology

'~ DB‘GE:T.Dalahnu Links
EMEL Database Growth 5 s f 1B

. n . R A, il i o) () | B TSSO |
Linh vuc lién nganh cda tri tué tinh = S | o (B | g
tola'n, tai chinh toa’[\ hQC, phU’O’ng phép Ofnhe of very :.evl\;.cases 10,267,507,28 =t S =
sb va md phong dé tao cac quyét dinh othuman activities .- 2 pases in ==

) ) N - ; growing faster than . 9,092,760
th.u:(yng mai (trad‘lngx), phopg ngwra that Moore's law. —records. e | N
thiét (hedging) va dau tw (investment), :__'___'__;_______T:.’._I!M e
cling nhw lam dé dang quan ly rui ro ' '
cla cac quyét dinh trén.
3000

Metabolomics T

John von Neumann Institute of Black-Scholes European Call Option Pricing Surface

VNU-HCM Proteomics

From Genes to Proteins

2 Biology in the 21st Century 29

Computational k0101050610 ==y What is the structure of water?

. . . T T 1
I I n I I SP6.1 SP6.2 SP63
Corporafor ~ ®  Corporafor #  Corpora for
speech recognition  speech synthesis specific words

sP3
Az English-Vietnamese

lietnamese speech ™ Y — 1 ranslation system H H 1

Voice search = I el | One of the 100 outstanding unsolved problems in science

. :

Speecnsr:czognmon <Ly P o | 31 | iResr: mart use

|arsg§?or¥;‘1r|‘ary N ’I Vietnamese word HwelnamesePOS'ﬂQgerIf t—>p | supportsystem [iqf
[} [}

| | systems based on [{<—

v

SP8.4 IRip ;
:I Vietnamese chunker H VB TGS 3
I it VLSP national
N SP5 . %
Vietnamese spelling project
checker

in liquids

Google Translation

more tightly
packed. Where and
why does liquid end
and glass begin?

Google transiate on

From ganesn +| (@] To Vitmamse 7/ | fumsie Ingarass o Vtnarmess mamnision

D hoc 1 i mdh ot et i hoc €20 s,
rtvht Brh i dn mitlour d keh ol mrong, v
Purtreg i clia ehng s b el vl eho Nanc Vil by
v o B Ehdeg b Hghi xeem oo cing 58 1 i bour
At din 0 ke ci phing bas ong Inatmg e cikc
phing thi nghebem Ci rhdn 0 O O 4 Cho Mt our
B i 1l e 0 i g 5 00 Chusn hoa e e
i ik e b e VA iy, o 0 5 e g 91
5t M, Gut hé Cng ching (koutoulliarst i ), ban

to explain how.

www.sciencemag.org SCIENCE VOL309 1 JULY 2005
Published by AAAS

€10 bt chm o ban 1 e 5 in e . K24 lm
rtur by, 5 i g g B Ch s g Sau By

http://visp.vietlp.org:8080/demo/?page=about 24




Water in biological systems

Water and Proteins

Hydration Water

Hydration water molecules
are trapped at the surface
Proteins function  of protein in picosecond time

Protein folding

Milli

1038
Micro | 10-6
Nano | 10-°
Pico 10-12
Femto | 10-15
Atto 10-18
25

Views on bulk water a

The common used definition

The 13t hydration
water layer (0~2.75A)

The 2" hydration water
layer (2.75~4.5A))

Strongly depend on water relative
motions and their relative distance to
the protein surface, with fixed
hydration shell.

Chen et al., Physical Chemistry B, 112, 2008.

nd hydration water

Our view by dynamic behaviors

(0~4.5A) not all of water
molecules in this region are
hydration water

Not all of water
molecules in this region
are bulk water

Grouping water molecules into two
classes using their dynamical
behaviors.
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New direction: Simulation-based data mining

SIMULATION

n~2x10°
N~3x104 & % % %

M. Better et al., IBM (2007): market research application
M.K. Painter et al., (2006): aircraft engine fleet management

KNOWLEDGE

Dam Hieu Chi, Ho Tu Bao et al. (2010): Toward a simulation-based approach to data

mining in scientific domains.
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Discovery of water structure and dynamics

Moving behavior

Unbound - Bounded
Behavior

E ﬁ % s |

Bounded > Unbound
->Bounded Behavior

4\ et PN a Rl
,%: ilftﬁl‘g' ARt
o :

Bounded Behavior

Unbound Behavior

Representation space

Represent the moving behavior of water
molecule during a fixed time

/Minzofs
ﬁ:(‘_('),f;, * ﬁzso‘)
é=(‘~org1s ) gzs‘)

Dynamics discovery

Indexes

characterizing
water behavior in
time interval found?

ns

Time

intervals &
to find

1
—©— Traveing

510°




Fibrosis and HCC in HCV

SHIFTIN
MEDICINE
RESEARCH

>
) (F4)
& " Cirrhosis
O Infectl,on
O
m b
& (F1)
w
-é’ (FO) Chronic
(Acute Hepatitis) Hepatitis
Time ) .‘ 3 |
Molecular biology knowledge and om1cs data are playing
Percentage: rate of HCC occurring from FO, F1, F2, ... staging of fibrosis. 29 essential role in medical research (b]omed]c]ne)_
Limitations in computational biomedicine HCV NS5A and IFN/RBV therapy
= Use small data sets taken at a hospital. Some with high- = NSS5A inhibitor is a hot topic in study of R o
throughput profiling data but no link to hospital data. virus C genome and their drug
resistance mechanisms.
= Use basic statistics but not = Problem: Molecular mechanisms of
advanced machine learning NS5A resistance to IFN/RBV therapy? 7 o
and data mining. PR LI = NS5A inhibits IFNo. activity via its . I.
= Only 50% HCV are cleaned by =S R interaction with IFNa ceI.IuIar.antlwraI _ ; Fid
o , pathways and the mutations in NS5A | AT
IFN/RBV. » pathogenesis : b wWE|
hepamlsQ & therapy? resist IFNa therapy. ncker |
= Aim to provide that basis that oy = Some recent questions roverashe e
multiple therapeutic strategy NSEA \&/_ﬁ o o What is the enigmatic role of the domains |I - .
: 1973 ... 2419 i Interplay 9 Ui Dol Jonsel
can increase the success rate M. I L and Il (Lemon, 2010)? = BoE p’
of hepatitis treatment. .« o o V3 is a more accurate biomarker than ISDR 3 I ;
p Research objective and approaches region (AlHefnawi, 2010)? N'iﬂl' Gl LEII Debltt:H
W 0w 5 1

31

Gao, Nature 465, 2010

32




Epigenetics and hepatitis therapy

= Heritable changes not only in
primary nucleotide sequence
- Epigenetics

= Two major epigenetic
mechanisms:
o DNA methylation (addition of a
methyl group to 2 bases of DNA)
o histone modification (mono-, di-, or
tri-modifications of protein after
translation).

= Problem: Molecular mechanisms
of epigenetic modifications and
their crosstalk and their relations
to the development of the
diseases, esp. liver cancer.

Luger et al. Nature, (1997)

RNA interference (RNAI) and hepatitis

Dicer

,_-/_-_-e-_;x;/_:/, siRMA

campdnants

- =) RISC
—_—

RISC

Association with

target mRNA
—_— —
—t— . Al

5 s Target mRNA
= —— cleavage

——— Sense = Target mRNA

—_—— Artisense

el dsRNA

RISC protain

SiRNA unwinding

D ) asrems

= RNAI is post-transcriptional gene
silencing (PTGS) mechanism.

= RNAi (siRNA and miRNA) target
to HBV and HCV genes to inhibit
their replication or host genes
required for their replication.

= Chemically synthesized siRNAs
can mimic the native siRNAs
produced by RNAi but having
different ability.

» Problem: Selection of potent
siRNAs for silencing hepatitis
viruses?

33 Fire, A., Mello, C., Nature 391, 1998 (Nobel Prize 2006) 34

Table 5. The Il.‘JSAdis’cr.:mm:ml patierns found in .
L‘srl:f( region (the last is 0.88 discriminant pat- Some resu |tS on NS5A Concl usion

Type Tac [fac | fac | Ib [ 1B 1]

R [NR| UL | R |NR | UL

i:\: lia 1: 1:;‘ :;1 -:J? Il:" Table 6. Thc 0.95-discriminant patterns found in ,

o lilalalals o the domainl o = Du xem la co ba hay bon chan hay khong, khoa hoc cua
S 61 | 653 3 Type flac |fac | fac [ B[ 1 T X > ~ , . N ’ ’ \

s ol o Tofo o ol R pe | o el o thé ky 21 sé phat trién nho khoa hoc tinh toan va khoa

A 2 RS 0 '-'.I:q = 'S‘ o 'll . ~ o n Ve

. B F .5 . B ) hoc vé&i div liéu lon.

S H F -8 H E , " ,

‘r;“;"g ol ¢ lojolo L ) = Biet nhirng xu thé va tién bé cia CNTT, biét linh hoat

o e N A R 4R 3 A . > B

3l H K i onal Conferene o it va thay doi dé tim thay dwong cda minh.
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