doysyaop uoypzyDnsiA 2JDISDAI][]

A1071RI10(QRT [RUOILIRN 93Py YR
UOISIAL(] SOIJRWRIRIAl PUB 90UdI0S Jojndwo)
pue
AJISI9ATU) 971e]S RBUI[OIR)) YLION
9ouag Jendwo) jo yusunredaq
eAojewes * eziseN ‘I(q

Q>mﬂ0®a~@.~@hﬁ S JWOISN)) VYV

elR(] [BIISOo[O01Y 9[eIS-93ae] JO
UOIIRZI[BNSIA d[BISRI][[) OJUI JoOo[InQ) uy

g00¢g sunnduwodradng



SuAYYy
N ILIBIA[-BSQJIIY T,

XPUaH
WweljiiMm

SI01NQLIIUO))



ele(] [BJ130[01g JO A()] UONRIdUSL) IXaN I0J s1sand) 9 doJ, —
SAZuUI[[eY) UONBZI[eNSIA d[eISRI][() SUIIN)-SSOI) -
SUWIR[OIJ [EUOLIRALIOJA]
10T A30]01g

QuUIINQO



zzzzz (S98Po :SOWAZUD pUe SOPOU :SI}[O(eIoUL)

e
SN e sAemyied Jo 19s e :(yde1s pajoalip) JIOMIIN
o O—e H D, SUOI}oRBAI JO 90UaNDaS e :Aemiied
o %
B SUOI}0BAI [BITWAD0I( 9ZA IR 1B} SuI2101d :SOMIAZUY
(e- #fm. SUONIUN] ¢ UIS]0IJ
4%\V e SpPIoR OUTWE JO 90UaNbas e :ur310ag
S O e uonenuelsur 109(qO« uondrnsap 399[qO
JUI9]01J & DU
ABojoisAyd » sAemuyied SNi3Loud
uonoun4
® INjoNNS
s}onpoid
SQUA3 JO SISISUOD SUWIOUDL) |usYH
PIOB OUIWR > S9[JeLIBA € :
0 ‘I O VY :suononasuj ﬂfu,,,
suraload pmng 01 MOy U0 3p0d A[qUIdsse :(JAIQY) SUIOUIN) o
SETIIIELS!

QOUISI[[AIUI IULJUL JNQ ISPI[MOWY I YMM 3[doad 104

IANIAASIG SO — [[FYSIMN ® uI A3o[o1g



o
°
4

VL)
oy
sAemyleg d[0qeIdA

ywdwdopAdq SnaQq
SAIpN)S [eUOnIUN

seqejeq

SuPPOA

ASojowo

0

0
4]

HONRZLIIIIRARY )
uonduN, + 3NN

SOIWOUIL) [RINIINIIS oy

uondIIIC
138a% I %

WISIUBSI00.IIA] (/e f
10 119D W/ »K\ E

SpIog MaN
SI3q UMW AJIWEY MIN

EOO

| -]
%%@

AN pue
Aydesgoqiersfi) IH

KR

e yIm

aouanbas Jayjoue 0}

| 3 b
P90 SPIRIDS oTOID fuejiwis eouanbas uo paseq
paubisse uolnjoun4

Hd SsSM 02 TO &I S 393X 9 9

e yiim
aouanbas Jayjoue 0}

Ajuejiwis sousnbas uo paseq

[€QO]3 S903 UONBIIOSSY-A(Q-}[IN5)

paubisse uonoun4

e yim
aouanbas Jayjoue 0)
Aieiwis aouanbas uo paseq
paubisse uoljoun4

AS0[01q SWAISAS Ul dalS [BIINID }JSOW pUeR }SILJ YL,
SUOI}oUN, UI3]0JJ 0} SOUIL) WOI]



JALIIP O] JUBM IM 1By M

pueSri-uRload VN-URI0IJ VNY-UIDI0IJ UIR10IJ-UId]0Id dJInjonas p-€

=y 3

..

e

mccotm.ow,_ UOIINON Rel-x
JAIISQO IM JeyM

==
[ W |
= o W

uibew| SOILLIOUSY)

A[PAIIBIIIUT UOIIUN SUII0IJ



JALIJP O} JUBM IM 1By M

UOIIRIIU] UId0I]d Surreusig A1o1emsay JI[OqeIdIN
peagl ”....: ...l&e!.lr g ,ﬁf..u_.u!mo“ﬂﬁ o \Av
co.am.co:n_mo:n_ nﬂ“d. SISE Lt e e NHVL

. K +U

[

uonejijasy M

iseAaY

,vtﬁ/v v »- (o

7 D9

|
2 g
7

=}
g .- -
=

. 1 op-opu | W dvHa,

:uam__.._.n.u_z /r Vo - *s\
= e 7 . 7

/ -Nﬁﬂ)! . wo? ¥ xem —— 4

21 =

PR = Sughan ma = | =l i
@ RS E e E=1 Cx g —

(i1

PRI GE S |

Solwojoelsiu| solwojoqgels | SOIL0B)0Id SABIUEND)  SOIWOIAHOSUBI|  SOJWOUSL)

IAIISYO IM 1Y\

SHIOMIIN /SAeMied Ul UOIdUN,J SUINOI]



(o) o —

1
=

T
uwy
i~

o
Wy
[} Apsuspu) aayDEy

0001

T
wy
I~

8

s + 1 Taa 12 0 (Pl b 00,3 o {00 Jifea, 6=

FROUIW L |

uonefaoydsoyd

rﬂ@,@\ -~

uone fuygam

B

JOleA|1DE-CD /M

&«

11 ARaY

LArxarduro) ayl nq — 3zIg 9y} 1snfjou S1 1]



"SUI9]SAS [BOI30[01Iq 9S9Y}

JO S[@poW 0911 Ul SAT}IIPAId JONIISUOD
0] ‘SI1ey] ¢, S10P 3aY] }09UU0d,, 01 MOH
RP3WIIEY)D

uoissaldxa ausab
9|bulIs |0JU0D SJUBWA|S Suel) OG

FR3 B3

s ALY W% ow W ol oome

o % 0 0 0| 00 08
‘saljdadoud o1dAjouayd -soUoh w_omz ._ e
g ‘21dAjousb ‘jeanionuis J1ayl Jo R
buijdnod Jesaulj-uou JO 9snedaq \ ~ - — ~
x39|dwod ale swaisAs |edibojolg ouab o|buig uonenbal xa|dwon

'SUOTIOUUODIIIUL WIOIJ SOUWIOD SUIAISAS [BII130]01q JO AJIxa[duo)

Ax3duro)org Jo SI[PpPLI d[suejun 0} MOH
T douwioudyd eameN xo[duwo) saqrIosa(q vieq



JAPH AATunuwuio)) ZIA 9} ue) MOH




IT

BlR(J [BOI30[0I] JO A() UOIIRISUdL) I1XaN I0J sisond) 9 doJ, —
SAZUI[[BY) UOILIBZI[BNSIA I[BISRI)[(] SUINN)-SSOI)) -
SWII[OIJ [BUOIICATIOIA]
10T A30[01g -

ouIpnQ



WIA[(OIJ UOIIRZI[BNSIA d[BIStI )

AJI'T JO 934, 9Y] JO UOIIINIISUOINY




er (o9 B131095) ‘19peyq prae(q

LIGA251G 10

*]SQI91UI JO S910adS a9y}
3urjead A101SI1Y ATRUOIIN[OAD 9} JI0J UOI}eIudsaIdal 931) € ST AuddojAyd v

AUISOIAYJ



1741

Reptiles
and Birds

ferpes sou
e arena

SWISTURSI() UOI[[IJAl OOT-OT J0J JI'T JO IJL], YL,



Gt

dl €~ :Alowd

doijdT 3e yg-T 2ownuny
:owouab a4iud syl uo salnads Q00T
10 sJied QQQT Inoge Jo aouanbas
auab e uo salpads 9.,0T 404

0o20EqOU

sjusawdiinbay

uoiysanb ui sawouab ayj Jo 3zis sI w
sa10ads Alesodwdjuod jo Jdquinu si u

IYM W47 U=n~D)
POOYI[31] WNWIXER

Axajdwo)

sliapnduwoo ajeas-ejad Yjim usAs ajqejoejul urewal [im sa1oads (|
JO awousb aunus ayj uo paseq saJj aljpusbojAyd jewnndo ay) bunndwon

ddud[[ey) I[edsea



Auowrisaedq
SOARYIIA
drAyd
"TINXVH

dNvd
SONISLINJH YoIBIS

9-DL-Y99
I O
OVOLLYVD

SOLIOISIH YO.aIedS JuWUSIY dduanboag

‘awl) [eanoeid ur eoeds sau) pazis-Ajjenuauodxs Jo Uonjoel) [jews e
ajebineu 0] SIIJSLINBY Yo1eas SNOLIBA 10J SBALIp Ajjiqejoejul jeuoneinduwion

Arqeldenuy reuoneinduwo) Yim suifeaq



SOIUASO[AYd JO UOIIONIISUOIAI 9FRINIIR DIOIN
SONSLINAY 191319( JO USIS9(J

1oedug
A J ..A.....,., s, 2%
,,LJ 55 e : 7350011 JO SIIISN]D [EITYDIIRIITY Y} OZI[BNSIA 0] MOE] »
, el =ea’ - vh.r |
Y, ¢s9a1) Auewr/om) uSie A[[ensia 01 MO »

¢ SOTISLINSY JUSISJJIP WO SILIOISTY YoIeas 9y} dredurod A[[ensia 03 MOH e

¢ (So1101S1Y yoaeas) saniewndo [edo] Jo adedspue| 9} 9ZI[ensIA 0]} MOH e

:SuoNSsan() UoLjeZIfensIiA d[edsealN

AJOISIH YoIed§ 9] Jo uoneaofdxy [ensip



WA[(OIJ UONBZI[BNSIA J[BISRII[)

SIOMIIN JO SISA[euy dAnereduo)




RS SL

SOIWOJOBIBIY| umop-|ind S wo___Eo.cmw
eleq indug

*JUIODIRIINU] I[BIS-0UWIOUIS JO IDUIIIJUI J0J SN
[BIURWILIdAXd uUMOp-[nd SIA PUE ‘OIUIOUIS ‘JRINIINI]S PIjeIsIUu]

¢ WOIIEBIINUT I[EIS-WMOUIT) ST 1eYA



01

aINIISU| “ZIA 8eose)|N DVAIoS ‘MaN aysor "IN pue BuenH uelr "1q Agq papiroid uonezijensi

uoljeldossy

o81e-uowruioo, \

[/

£ OUI0]IRIIIU] J[BIS-IWOUIL) JO uonjeaojdxr [ensIip




Ic

ASBYJUAS J LV :93pa[Mmow)] J0LIJ
SJIIOUW YIOMIOU JUBAJ[DI A[[BII30[01( IDA0ISI(J
SWIILIOS[B 9OUSIJUL YIOMIIU I93319( JO USISO(

1oedung

gl

mnm 14

AR

LR

i, ol B
&

I e e

T P e g

¢ 0] Pa1ooUU0d
L ST Jeym pue Juasald (SSBIUAS J IV “S9) 1SOJII]UI JO JIJOUI YIOM]ISU B ST »
¢(sqouy) saalouwreaed JUSISHIP I0J 9SURYD SJIJOUW JIOM]U OP MO e
(JURAJ[II A[BILSO[OI( /IUBILJIUSIS AJ[RILISIIL]S SJI]JOUI JIOMISU 9]} IV o
¢SJIIOU YIOMIIU (SSUIP) PAIOUUO0I ATYSIY 918 JBYM

:SuoNSsan() UoLjeZIfensIiA d[edsealN

SYIOMIIN JO uoneIo[dxy [ensip



oISl “ZIA 8eosen|n OvAIRS ‘MeN 8ysor I pue Bueny uelr 1q Aq papiaoid uonezijensi

JojeApjoe asuodsal
-ssaljs Jolepyy x3|dwod
20107104 aseld)suel)fjpoe
MEZTHINA 3U0}SIY YOVS
M990T1DA d

NN NN L

suiajoid umouxun

L1dS SN0
<vav 8lds

a3 9a3n
(saam) 1NN
$a3aw La3n

103e1P3 Il 1Od 7l|

leuonjduiosuely jo sjuauodwod umouy|

‘suliajoud Jredau

pue asuajap Buipoosud
sauab jo uoljealyoe
Jeuondiiosueu)

9y} sl asuodsal
SSal}s Jo }oadse Aay v

"SSAI]S 0] JUB]SISAI SWISIURSIO 9IINDAI [OUR(}S 0] UOI}RIUIULIS]
Iegns Jo spunodurod JIpIoe pue SSewoIq JO Juau}ear}-atd (BT YOO ULIdY],

. SSIOI]S 0] 0UB]SISAI [BWISITUEBS.I0
JI0J I[qISUOdSal dJe SILIdUIYIRUW Je[N[[3d JeYM




ez ONd 06905/1/soop/aarerrod/sid/Mn-oe eradwrEmmm//:dny

9RISINBISD'S

suebs|a')

FURWUSI[Y JIOMIIN

e|Iydoso.(]

Alo1sIH AJeuoljn|oA] $)I0M]BN UOI1dRIBU| UID}0Id

LPRAIISUO)) A[LIBUOLIN[OAY SJNIOIAl JIOMIIN DIy



ve ) 1.8
. " ey
[ * o & .#

A ,u,.lx.. e _s...L | mrrr—— £
ELDL # | WM oucs  TONOUNY UMOWUN YM sumejoad sjeioutry

mj_______ mu.EcEEm E:u_n:E .”..

pve | ] K SJIIOW YIOM]SU [9AOU ISA0ISI(J

+
seoeds uonewIolul ,,SIWO,, SSOJOY SISAJeuUeR YJI0M]oU 191319 USIsa(
= ,hluluu w Q
ekt 22| o joeauay
Ea e wl-
S i Ul
= -y L = ey, m
| £1018MS0y 3
7 co_ﬁmgﬁc_ m
~ - - u®oid o[}
dljogels

¢S9deds uoneuLIojul
SOIUIO,, PUR SWSTUBS.IO SSOJIIR SYIOM]IU a1edUIO) AJ[ENSIA 0} MOY o
¢JUB]SIP JO 3SO[J AIRUOIIN[OAD SWISTURSIO IS} AIY ¢ SWSIURSIO

JeUM SSOIOY ¢ POAISSUOI ATRUOIIN[OAD }SIJIIIUIL JO JIIOW YIOM]OU B ST o
¢ (SHaompUu

wopueI 0] paIeduIod) JUBRILJIUSIS AJ[RIIISIIL]S UOIIBAIISUOD 9] ST »
¢ PRAIISUOD ATRUOIIN[OAD dJ€ SJIJOUI YIOM]OU JBYA »

:SuoNSsan() UoLjeZIfensIiA d[edsealN

UOIINJOAY SYJIOMIIN JO uonerofdxy fensip



WA[(OIJ UONBZI[BNSIA J[BISRII[)

SUIL) IJI1I3dS-9dAJ0UdYyJ JO UOIBIJNIUIP]




(oY

/V.@ va 904
V' &y L PIPA HIA YSIH »
2 @..%.... NN sIesns o[dI}[NUI JUSULID] e
/mwlo R R ) O’ ,va :ATTATIONPOI 23 WSI[OqRISIN
vg | + | — | 0¢ OI(OIJBUY o
JI(OIDY e
G6 | + + | O€ :TIMOID)

UOI}RIIUDUO0D HIH YSIH e

68 - - Gge fd ySiy/mor »
aanjeradura) MO[/YSIH e

:sqied] oidAjousayd :0] 90UB]ISISoY
:sadAjoudydg

¢dAJouayJ © J10J I[qIsuodsay dIe S9uds) JeyM\



ydeas
anred-nnA

L3 ‘
Salwiouey) |elIqoJdIN 000 T ~

olqolay Jies) oidfouayd

sapou
uorru ¥

1
=
o
o
o
op]
(5]
=)
D
(7]
§=]
]
-
[p]
(5]
=)
o
3
(]

"SWISTUBSIO [BISAIS SSOIOR PAAIISUOD A[LIBUOIIN[OAD
ST 11 ua} ‘yrexy ordAjouayd e 10J 9[qISuUOdsSal ST U3 ®© J]

SQUIL) PIAR[AY-3dAj0udyd JO UOneIJNIUIP]



WIA[(OIJ UOIIRZI[BNSIA d[BIStI )

sdigsuoney adAjouayJ-adLAjouds




6c
0=A°S
S jo 3deds |InN

93] Ul dJe S.J10}IDA
Xn|} 93els Apedls

3
L
0=A-°A :qg =
0="A+"21-%A 9 W
QHM\—|N\— --m o o o op- o o 0 o %
0=A-A—*A :y suornoeal
:soouejeg sse|
/a3e)s Apesd)s !N 10328/ Xnj|4 ‘S ‘xrLpep Anawoiyosioys

=2
[, -
N » - (a~
D] { soa

:MIOMJBN UOI}OBDY

:uonoeal jesiwayn

WISI[OEBIIIA JO SMETT [BINIRURYIB]IAl



o€ ‘JJO JO UO pauJnl uayj aJde yoiym ‘sAemyized swaiixs
9S9Y3] JO uonikuiquiod e si Aqiyxa ued walsAs ayl eyl adAjouayd Alsng

XD eqesy

(A) 10p08A X1y Y

‘'sadAjouayd s1joqelaw djqissod |je sauljap uonenbad 41yl
2dAjoudab dijoqelaw e 10j siseq e dJde sAemyjed swaa3x3
"1X3]1U0D SisAjeue XaAUO0D UIYJIM p3IpN3s 3 p|nod wsijoqeildin

sodA10uay WIISAS JO dedg [eUoISUIWI( YSIH




" cwarqoad st} im djoy uonezijensia ue) —

¢sadAjouayd paArIasqo 9] Uo pase( suonounj
9A109[qo a3 purj 01 MOH — ¢WA[OId SIDAUL 91} DAJOS 0} MOH —

suornounj aAndafqo sdnnu ansind Aew wstuesi) —

:uR[qoId Suruuweasoad Jeaur[-uou
JO JRIUI| ® SI 11 Ud} ‘UMOoy ST Uondunj 3AndIdqo ayl J1

¢100d I0 [OLI ST WISIUBSIO Ue JO [enpualod drjoqelawt S| —
SOWINJOA 9] Juasardal A[[ensia 0} MOYH -

((»w)O) ‘sworqoid
rerjuauodxa ue st sadojA[od-p e 10J uonpeIndwod dSWN[OA —

;wIsIue3aIo 3y} Jo
4 Aroede)d dI[oqe1aw JO INSBIW B ST U0 Y] JO dUWIN[OA YT,

7

¢ (Auewx
[[eriuauodxa Areryuajod) sAemyjed a3 9z1fensia 0} MOH —
:(QUIPUIdIP ALIRIUI] *9°T) U0 IY]} JO SUOISUIWIP
Y] PIIIXI ued sAemyjed awIAIIXI JO JoqUINU YT,

N \ segud[[eYD AN YL



cg

elR(J [BO1S0[01g JO A() UOIIRISUAL) IXaN J0J s3san() 9 doJ, —
SAZuUI[[eY) UONBZI[eNSIA d[eISRI][() SUIIN)-SSOI) -
SWII[(OIJ [BUONICATIOIA
10T ASo[o1g -

QuUIINQO



€€

SOTUIO}dRIU]
danereduwo)

SOTW 03101
saneredwo)

sorwoldrLIdsue.dy,
saneredwo)

danereduro)

owIop[oq

awopnasd

QwIoje[SuRIL],

auI01UN,

owoyrodsuedy,

owoxad(

UIO[[3D

awIoNn3ay

QUWIOALIN

amwouoqry

oWI0]9.1999

UWIOJATH

UIO]ORINU]

owoydioN

awoudy g

9WIO[OqBIDIA

oEo_m\E@

woydrosuely,

QUI09]01 ]

UIOU9N)

(SOTWO-TBNSIA,, d[edSsea)[] 2Aaneaeduo)) 1)




12

S1Ied JO UOIID[[0d V

(SOTUIO-[eNSIA,, I[RISIY[) dAI}RISNU] ()



ge
s(slaysem ¥ sinu)

el sued jo sadA) -
Sped yoIym - sped UOWWOI 8y}
¢PoIEI0| aJe 1Y &(
sued ay) ) sued
ale alayp\ anbiun ‘(Buleaq
: ‘Joysem ‘nu
‘1109) sued paieys
9y] aJe JeypA

QA__mo_cmr_omq

Aayj ale m_nmamcmm_
pue 9|qixal} MOH
'«.\Am_a asay] ueo
so]0J Auew MoH

A[qQUIdSSY Slied 01 Slied WOJ



owIop[oq

awopnasd

QwIoje[SuRIL],

auI01UN,

owoyrodsuedy,

owoxad(

UIO[[3D

awIoNn3ay

QUWIOALIN

amwouoqry

oWI0]9.1999

UWIOJATH

wm_EO_ODmHO_\/_E

L30T IVV11099

“ARV1091vVLl

solwoldiIosuel |

UIO]ORINU]

owoydioN

awoudy g

9WIO[OqBIDIA

oEo_m\E@

woydrosuely,

QUI09]01 ]

UIOU9N)

SOTWO

[ensIA,, dANRISNU] Y3SNOoIy)
SUWIJ]SAS JIWRUADP SPIeMO |




LE

JUBOJIUSIS AJ[RI1ISTIR]S

SULId)} DO/ 0D Aq payoLIuy
SOpOU € 1Se9[ 18 SuIejuo))
anbrpo (1senb) e suiog

SUIeIISuo)) I0

xo[duwoo 9seyjuAs 4LV

FLT

STETTL ST
TeTIpIm 0TI
hcthnist

P

ISPIMOUY-IOLI]

SUIULIed] ALY :A30[eUY
ordurexs Aq A1on() :A3o1eUy
UOLRZI[BNSIA _JAIJOROI],, o

STURWILIIAX9 umop-[nd 29ds SSe\

SIOLIJ 9SPI[MOW) /M uonezifensiA Azznyg,, :&0



soartfoNINg AR N

qdL0S~+01)
cOT-¢cOI

S9JINIINI]S

K029

uoneIwnuy
‘uonyezrundQ ‘yoreas

sonbr1) 1sen()
surputy

uorjerswnuy
uonezind() AS1ouy dLS - d9 € \ ‘woneziundQ ‘goress /) 00T
< Surpoy tror01d S9[qe], AS1ouy SJIOIA UOUWIUIO)) INIINIIS
. . DISB(-ISPI[MO
ofIe) UOIN VILLASOA surpurq

INIINIS P-€ UI]01J JO UOIPIPAIJ O1u] qy d[durexy]

*SONISLINJY YIIBIS JUIIIPJIP YIM wd]qoud
uoyvZuldo DLoIPUIQUUOD PIRY-dN Uk ST d3ls yoeyq

sanrewndQ jJo sadeaspue] fensiA 0



SIOLIAS 01 Yorq deyx ‘9
(P) sowaaixa 9y} 1a3sn[) S
SISA[eue [BqO[S J0J SOUIAIIX IS ‘P

sIdjouweaed [opour 0} lep INpIY ‘¢

ClIall ““[13]] 2“2 %)
SOLI3S 0} S[opouua [ed0] I[duuis 11 T

(SQO 0O0T) SILIIS JUIUWISIS °T

P — r—— —
SR e T — - e ——

"}X33U0D |eqo|b ul SJUSAD DWBIIXD 109}9Pp R eljep adnpad o]

[ensnu) 9yl J9A0ISI(J 0} [ens() 3y} SUIPPOA :SO



(014

ey U U

UuoneZI[ensIA  uoneqaniidd,, :90)



1874

uonezifensiA  uoneqJanimnd,, *
[ensnup) 93y} .I9A09SI(J 0} [ens|) Y} SUI[SPOIA
sanIrewndQ jo sadedsepue] [ensiA °

SIOLIJ I3PIA[MOW YIIM UOL}RZI[BNSIA AZZNJ],, *
(SOTWIO-TBNSIA,, dANJRIZIU] *

- & AT IO

(SOTWIO-TeNSIA,, dAnjeIedwo)

elR( O1g JO A J0J S1son() 9 doJ, — Arewruung



r4 %

d4d 40d -
AISV HOA -
ML ‘Suenyy uenpe .

STUIUWISPIIMOUNIY



	An Outlook into Ultrascale Visualization of Large-Scale Biological Data
	Contributors
	Outline
	Biology in a Nutshell – CS Perspective�For people with little knowledge but infinite intelligence
	From Genes to Protein Functions�The first and most crucial step in systems biology 
	Proteins Function Interactively
	Proteins Function in Pathways/Networks 
	It is not just the Size – but the Complexity
	Data Describes Complex Natural Phenomena �How to untangle riddles of BioComplexity?
	How Can the Viz Community Help?
	Outline
	Reconstruction of the Tree of Life
	Phylogeny
	The Tree of Life for 10-100 Million Organisms
	Ultrascale Challenge
	Dealing with Computational Intractability
	Visual Exploration of the Search History
	Comparative Analysis of Networks
	What is Genome-scale Interactome?
	Visual Exploration of Genome-scale Interactome?
	Visual Exploration of Networks
	What cellular machineries are responsible for organismal resistance to stress?
	Are Network Motifs Evolutionarily Conserved?
	Visual Exploration of Networks Evolution
	Identification of Phenotype-Specific Genes
	What Genes are Responsible for a Phenotype?
	Identification of Phenotype-Related Genes
	Genotype-Phenotype Relationships
	Mathematical Laws of Metabolism
	High Dimensional Space of System Phenotypes 
	The UV Challenges
	Outline
	Q1: Comparative Ultrascale “Visual-omics”
	Q2: Integrative Ultrascale “Visual-omics”
	From Parts to Parts Assembly
	Towards dynamic systems�through Integrative “visual-omics”
	Q3: “Fuzzy” Visualization w/ Knowledge Priors
	Q4: Visual Landscapes of Optimalities
	Q5: Modeling the Usual to Discover the Unusual
	Q6: “Perturbation” Visualization
	Summary – Top 6 Quests for UV of Bio Data
	Acknowledgements


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


