Journal of the Society of Korea Industrial and Systems Engineering
Vol. 32, No. 2, pp.76 —84, June 2009.

A Research for New Taxonomy of Information Visualization

Jun-Woo Baear

- Suk Won Lee *

In-Soo Kim * Rohae Myung

Department of Industrial System and Information Engineering, Korea University

Since too much information has been generated, it became very difficult to find out valuable and necessary information.

In order to deal with the problem of information overload, the taxonomy for information visualization techniques has been

based upon visualized shapes such as tree map, fisheye view and parallel coordinates, so that it was difficult to choose

the right representation technique by data characteristics. Therefore, this study was designed to introduce a new taxonomy
for the information visualization by data characteristics which defined by space (3D vs. multi-dimensions), time (continuous

vs. discrete), and relations of data (qualitative vs. quantitative). To verify the new taxonomy, forensic data which were

generated to investigate the culprit of network security was used. The result showed that the new taxonomy was found to

be very efficient and effective to choose the right visualized shape for forensic data for network security. In conclusion, the

new taxonomy was proven to be very helpful to choose the right information visualization technique by data characteristics.
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Ed, & AZA(hierarchies)= ARl HAHA T
25 Uehd o) 3] 2ols #olt. ASAE YE
W Alztsl WEe AEA A oA 7 =4
s g43tE FoF T guolth(Chen, 2006). EE T
25 JYehye Al ge 2 Y% Eg(Cone Tree)
o} Ed] W(Tree Map)o| tx Ao}
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£ X3 T shte dEAd wae
Shneiderman, 1991; Shneiderman, 1992).
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=
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ot BEH BAL AAE 74 dolHE i
(node)Z Azt Zt vlrE A2 H(edge)2
EYAE FAskE A4s Wolt of A
A=t oFA FAH UeAE YEEH F
Hole7t ARz Qi ddel FanE Ay
£ B8 dvebdoh. mekA NicheWorkse W E

& (quantitative) & 2 L # 3} Al Ztst W ot}



78 HAZEQ - OJA1Rd -

SemNet(Fairchild et al., 1988)2 33+ A Z3Ee A%
A Won A fFx B3 94 #AE wY
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ol wet ¥ste FA9 94 B9 WEE g

2.4 CPH = Olo|E{(Multivariate Data)2| AlZts}

this dolHe o 79 583 Mg 710 o
olejelt}, TS dlolHE dFH o2 A (mult di-
mensionality)S 7HA7] wjiZo] ol dHole e AlztEe
BEA S Fopo] il = 1A o] th(Spence, 2007).
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ARsth 1AL 2219 dlolEe degder <
3 5dd Alzbst o] glol® thekdt FEE xEe]
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80 HES - OIMN
<E 1> HOoIE 2§ 7IE0 WE 54y
oiolgl 2% | 3 | o {03 o\ " A
NE R A Ly K| Y F

AlZbsier B - I R -~ N -~
334 HEED O O O

EY g O O O
NicheWorks O O O
SemNet O O O
Bead O O O
SAGE O O O
SPIRE O C10
Comtntes o]0 0
Star Plots O

AERE fEHS @) O O
¢4 s2EaY O O O
a8l= O 10 O
Polaris O O 0
Fisheye View O O O
Hyperbolic View O O O
Perspective Wall O O ol

7144 A5 g ghde] BE dlolHst AAAI =

7 UEd § o 3} ki l 137} BE Br

] 1517} HAAAN Ro olEl &

2 gropptol "} Ed "{33 ﬂéi‘fﬁﬂ 1 o @
Z Qs ¢ e BE HolHE UrEMﬂ %“é‘ﬂ

A9 dloley A9 dlolEE Wi X
o whebd 4% EdAH AAAHL Z":
obE & gtk AT Er §e Hol

o 44 gdeo| sbestth kA
AA4 dez veEd de 48 Bt v
ar AFA F2 W9 Zh dlole e MF-ARI

7] A JeERd e Ef mlo] 2] 7(47;3'0],\:},_
Fisheye Viewl} Hyperbolic View: W3t dlo]¥]
N AFH FERG NEYRI F2RE QA vERE
S F 2Ho% st1 gtk o] A QHS—%O] %’}01 s
I 2E& 3t vF 3}0}7@"1 % $e A9
‘“tﬂ Fisheye Views 3pHe] o7 m <
ol os) Melste) Hdistn v
¥ Hyperbolic View= A& A3 —?1

AA 238 FALE A 2AHAN HoAds
71 BEE Hstn %Ur H%Jr*ﬁ ‘”ﬁﬂﬂ A "31

M1
to =0t BN r&m&;&iéﬁﬁmlm

N =

_“1.1
X 1o t‘é’i’ m&\ F\T

Ar

2

2

)4
o{?j:

&S

mim |

g

oi.i?d.*ﬂj

O{N &% iet PO

<=

P

2 Yeha AS wl¥E Hyperbolic View7}
2] 3L Perspective Wall& b4l 7 W
FxU HEYA 29 dolHr} ofY
7Pesith 9Al & e YEhd ¢ fle
el dolHE YehiAt 54 deolHE I, F&
A7 R 29 1 F9E AYE unA FEE
Z2A7)e F9S 91 913 Fisheye Viewl Hyperbolic
Viewxdd 54 dolgE 774 g e 2=
d= A sk arth

324 A BAE 7HA NaEAQ dolHE A%
8lal= W o 2= NicheWorks$} SemNet, ~12] 3 Bead
74 Edolth NicheWorks® WEHZ F28 ﬂéi’k@
ol Feje Yehi Aoz giFe vMIEYA volHE &

o] 2% ved F dve FAS 7}1]L d 1
2L ?fié’dﬂ Zolz F9¢ AZ& v # HA %
Y ¢ A9 shishte] dolHE 4*4]31 e R
AgetA] &rh SemNet GA MEHA F2& 424
Zdole E3 A%E9 gz Yehdlsd Fe Hol
HE 3 o golE 4 =R YAl g1 84 2
Mol 2AZ vlolE & AAFA BHAETH Beade HO]
Blo] FFd dHglel BX}% 2 AAE 2AE FH

2 igate] g o I 2 29 7best A4 el

B2 ¢ gde veid Aol Ads] B 5 A
dele & MEH oL xw 1 AN F Qlh

3Rl EA A%Ae dolHE UEhlEe doEe
SPIRESH SAGEE £ 4 Utk SPIREE dloHY &
2 349 B0 eqdes, g Az 58 w
gt Jebdth SPIREE Hol€Y Fx& #AA me}
ag%ow gdstng AAAH #AES 7HA delEe &
o] Aascy 183 SAGEE dHolHE 44X =

o 2Pz 22 guz vepdoh webA 3744 des
7bA AA doleE ®ddke o A3tk
thatgd ol A HldA&Ael HlolEE %Al vlolH
of wal Wy zheks] vebd & vk 44
+ a8z £3 @A oldA ek
o] Elﬁ/} &g ch’] B¢ 43S
£ 9]

[¢]

é ﬂllﬂl

,t:O il O{N
o,

y,a].
%OE Jepaa Tx1 49 B2 B
sch oW o] W & T W
Parallel Coordinates$} Star Plots©] &
erzj] o] E}. Para lel Coordinatest= THAS dlo]EellA 7]&
o] ¥l #Fdz Add $£3 |se dotE Yo
2 wghe] AwA AFE vebd o F&sid 19
3 Star Plots= 718 WS AdlA £33 WIE dotE

it ol wolHe X ¥ Aol dote W F

2 9
N
e
m«é POy
3
of

r{r

212

[



&3t

thtdolHA dA&AQd dolE s udE Heoly
vl mdol fA ol ¥ =3 &
257 Btk A4 #AE M dolHE
B ETERE Polarls7} @?}O}U} Poarls‘; A 1]

Polaris= A "*7‘4 ol

M, of
b
N
)

J,H

;ol;

i

tr
3,

;
w#lﬁ
g2
gy
o

¢
e
O
1
=
Y
> o
=
o
e Q
(O o o MK H op a8 2

Lehle] wed Eﬂc’l 1%— T ] JJrX—?OW% caks
A9 Apolgh wstFE Yehd o F83)

oA dlolHe &F 7ol "W <F 29 Ze
A2E E7EE s

(B 2> MER BE

515y | HIOIELS] AL
- 14 o1
HH =y E]
Ea u‘ﬂ
BAA Fisheye View SPIRE
_3 Hyperbolic View
A Perspective Wall
4
NicheWorks
A% | SemNet SAGE
Bead
344 el h Polaris
. Parallel APE .
2 arallel- el
B %4 | Coordinates Z}j; o
1LEa-
Star Plots o

4. ERA! CJOJE{ON CHEF A BB MR

Ztsh ERHe R85 E g AA7)
Ak 22 s dojEe] A g A
S F277F f1X gskeh A F AL
il dlolE zhY #AE V|FLE AR
}3 olyE Mz EFHY €T

B =2
=T

5-ﬁ__,

o, F—{O
o F-

A 7y

lo

S
=

O

0=
25y
8%

3}

2 2R agr o 81

o]

T ¥

& TE3d AAH FAE FHEL EHstE AN
: 8 o) gAY F, 2006). = :

s

£ ZAFHY = g3t IOOGBE A3t Y EE
Ao A Azr AT dHoHY wﬂ EB(Exabyte)l
o2 wg ¥#lA dolye Udx dtiys] Wri mef

A Apeld AREe] Wris Fo) XX olelE 7]
249 gez Qo] Ak AL ALY B
o olel HolA Afol] FAlgEe] LMo 2AY

Eg xaa dolHE Urhd ¢ g A

B

A FoaAE FAoltHEA Y, 2006).
T deolHE HAFH d¥d ZE AEo] fiw
ZAME St HolEol7] wEdl FH7F wgEith 1

Z UEYZ dolHE AUl ARgo] s A 1)

EYQaAE ¢ B Aol solvta ok AolA
$ FagAa e FACY 54 AFHAAN oE

AFE HES A HY o7]e] #Eg AR7E A4
Hed o714 A4EE dHelHEE 4R (source) IP
Z 4. TCP WA EE(port), TCP EHA TE, :za}
274 2)(destination) 1PF4 Fol $IvHConti, 2007). ©] %
BE A7 dolga 37 o] dlelHe AHEai YT
5@%’510%*% 0%“* *Liila’*} XEZ B3 UE HFH
B vEYa o
Aol FAH o ‘il%xl ”:é_ T 9e 712 AR
g} w2ty A deolHe HEYA g
g dojelolth o] HA H
£ 7b4 gabg dolEl7F €k <X 3>E "E’Xﬂ 4
Fell A A7 A dlolE e YFolth AT o
ez doHE vehiw ofd dlolErt A A <]
u B el dolelRlA] 3 Fof elsly] FEI ol
dAake dolH 7t Bold4E o AsAA
Azl e A48 HAd dolHE
vhepioF gkt
<% 2>olA AAE AEE
olHA AFA FAE 7k ¥
deolHE %Y F Ue /M A
Coordinatest} Star Plots®}t}, & A7 §]r ] Fof A Pa-
rallel Coordinates S Georgia Institute of Technology
oA 7lEHe Rumintehs El® =TE o] &8 uEh]
Bottkeig 1> oA Parallel CoordinatesE ©]-&3]
A zZkaletA JE w2 WA dolHE 3 stHe] e
K

a3 Al delE e Hejsr vE, F £

lfo

E
_‘1
w o
oﬁ
2
g
P )
o,

| ostd oAy
J = S A
3k W2 Parallel

H =
LN

o &
A

m?L' Y EE
o

—‘-r'



82 HIZEQ - OJA18d - 2213 - B Of

e dojeE & Fol dold & gl7] W] dre 2 px gy A4S F vk <Id™ 2> 1 o
2 Ukl AR g4 §84em EYA HUs 3 g 74A e S Hyperbolic ViewE Ap AAHEE
o}8 4 gleh ol s ekl Aselt), <17 29 AL AFH 7
%o FAd He FE(oot) W7 24Y HE UE
<& 3> Wz HlolE A Aolw &2 A S Ak vidd E4F p7AA
WK P | x| ZE [ EK| EE | SEx P GIERE ARE dhd Aelth o B4 =3 |
1523020 2152 80 e | CJHE el g ARl 9 ek ofd Ho
ﬁizjfm 2148 80 58.227.194.78 2 AFAREANE T wol AAY 5 S At
: A2g EHHE Agste] 24 dojy o) AlZskE
163.152.30.20 2100 R 209.85.175.147 Qas w ast dolele] BAe oga A Et
163.152.30.20 1345 4661 9302213100 |0
163.152.30.20 1291 4500 $9.248.172.90
163.152.30.20 1041 5004 211234240252
163.152.30.20 2119 80 201.115.11222 & 4 HEHI HolH
163.152.30.20 1368 80 121125.77.147 oA mE 9z YEX3
127.0.0.1 1414 1413 127.00.1 4661 193.42.213.100
127.0.01 1406 1407 127.00.1 36818 717236172
23695 70.174.136.148
4500 $9.248.172.90
5004 21123424025
121125.77.147
20111511222
80 209.85.175.147

124.137.96.24
58.227.194.78

<E >oA BEFT g2 dojele EF

Fol mhet oAt

A delHE Age WHe® 2RE F Utk o

v MESNA A4 AeHe +2& vehde dHolHE

A Zbstetanal gty o) HeolHe FE EQa dgA

7 MEHA 4 HEHE G20 uf @ol A& o Bl 2> HE™ =9 Hyperbolic View

Hat Aee 54 Xl e FHIFEIE ofust oE

AFe e d45o A deplle Aol FAVE

o o] g dlojE Alele] A= AAdHoE B £ 31 5 A B

U <H 4T 16315230200 F4E 7R HFH

AA dESYA dojele] Aol oy HAE A F7A] AR A ko A gho] ol Wl R A
dolHz e dEYz AF4e 22 gotay] 35w dolgE ¥k Al 2a doly ke A
T odolErt Be A gYo] HAL Fof sty By w2 slEeR BRI Hokth 9A dEF AAE VI
o] slth weba] § o] YES A FxE seld 4 o AuAZE WREe] THE £ Pl wEh u
ol AlZbaly} "asit) o] AS T dolgelmz 3 Flid ARE BHHS AZstE 4EAF dlolH g
Agola AAA BAE AXH udLA dolgeln  EAd uel ARAZS e BR77F H7] wiEel
Z AR BEHS Hasin 9% s v)Esld of  © el A Hge] shestA Hilth adER



BEAIZIOIO| ML B0 A 217 83

AuAZ%EE Aokl dolHel A AN 54, 5 37
A EHOAD v, TR, A SHRET v, #
&4) 293 #AY BHALH v ARH)o BF

#3}

& Ae BHWel 9 dolHE Azsiatn 4
3 ERHQ Pyle] FHHAT,

(1] A4, $5%, @)% UL 2ANY )& §
3 A, ARIFA, 13(4) 3419, 2006.

(2] 2%, “EAA FAF BAoAMY] a3 HHY §

&2 B@el B A, HAEEE, a2
&3, 2006.

3] #75l; “Fisheye viewZ ©]-83 PDAY wW¥%F dA
lol et Ay Alzhsh ek, AAREHe =, 1y
8k, 2004,

[4] Ahlberg, C., and Shneiderman, B.; “Visual Information
Seeking @ Tight Coupling of Dynamic Query Filters
with Starfield Displays,” ACM, Proceedings CHI 1994
: 313-317, 1994,

[5] Ahlberg, C., Williamson, C., and Shneiderman, B.:
“Dynamic Queries for Information Exploration : An Im-
plementation and evaluation,” ACM, Proceedings CHI
1992 : 619-626, 1992.

[6] Beard, K., Deese, H., and Pettgrew, N. R.; “A Frame-
work for Visualization and Exploration of Events,” In-
formation Visualization, 7 : 133-151, 2008.

[7] Bladh, T., Carr, D. A,, and Scholl, J.; “Extending Tree-
Maps to Three Dimensions @ A Comparative Study,”
APCHI 2004, Proceedings of the 6th Asia-Pacific Con-
ference on Computer-Human Interaction (APCHI 2004),
Rotorua, New Zealand : 50-59, 2004

[8] Chalmers, M.; “Bead : Explorations in Information Vi-
sualisation,” Proceedings of SIGIR 1992, Copenhagen,
Denmark : 330 - 337, 1992.

[9] Chen, C.; “Visualising Semantic Spaces and Author
Co-Citation Networks in Digital Libraries,” Information
Processing and Management, 35(2) . 401-420, 1999.

[10] Chen, C.; Information Visualization : Beyond the Ho-
rizon, 2nd Edition, Springer-Verlag, London : 1-142,
2006.

[11] Chuah, M. C,, Roth, S. F., Kolojejchick, J., Mattis, J.,
and Juarez, 0.; “SageBook : Searching Data-Graphics
by Content,” Proceedings of CHI 1995, Denver, CO.
: 338-345, 1995.

(12} Coekin, J. A.; “A Versatile Presentation of Parameters

i

™

for Rapid Recognition of Total State,” IEE, Proceed-
ings of International Symposium on Man-Machine In-
teraction, Cambridge, England, 1969.

[13] Conti, G.; Security Data Visualization, No Starch Press,
Inc., San Francisco : 1-227, 2007.

[14] Fairchild, K., Poltrock, S., and Furnas, G.; “SemNet:
Three-Dimensional Graphic Representations of Large
Nnowledge Bases,” Cognitive Science and its Applica-
tions for Human-Computer Interaction, Guidon, R. (Ed.),
Lawrence, Erlbaum : 201-233, 1988.

[15] Furnas, G. W.; “A Fisheye Follow-up : Further Reflec-
tion on Focus+Context,” Proceedings of the Computer
Human Interaction, Montreal, Canada : 999-1008, 2006.

[16] Grinstein, G. G. and Ward, M. O.; “Introduction to
Data Visualization,” Information Visualization in Data
Mining and Knowledge Discovery, Fayyad U. M,
Grinstein G. G., and Wierse A, (Ed.), Morgan Kauf-
mann Publisher, San Francisco : 21-45, 2002.

[17} Inselberg, A.; “The Plane with Parallel Coordinates,”
The Visual Computer, 1 : 69-91, 1985,

[18] Inselberg, A.; “Multidimensional Detective,” IEEE, Pro-
ceedings of Information Visualization 1997 : 100-107,
1997.

[19] Johnson, B. and Shneiderman, B.; “Tree-maps : A Space
Filling Approach to the Visualization of Hierarchical
Information Structures,” Proceedings of IEEE Visuali-
zation, 91 : 284-291, 1991.

[20] Keim, D; “Information Visualization and Visual Data
Mining,” [EEE Transactions on Visualization and
Computer Graphics, 8 : 1-8, 2002,

[21] Lamping, I. and Rao, R.; “The Hyperbolic Browser :
A Focus Plus Context Technique for Visualizing Large
Hierarchies,” Journal of Visual languages and Com-
puting, (1) : 33-55, 1996.

[22] Lamping, I, Rao, R, and Pirolli, P.; “A Focus+Con-
text Technique Based on Hyperbolic Geometry for Vi-
sualizing Large Hierarchies,” Proceedings of the ACM
CHI'95 Conference on Humna Factors in Computer
Systems : 401-408, 1995.

[23] Leung, Y. K. and Appetley, M. D.; “A Review and
Taxonomy of Distortion-Oriented Presentation Techni-
ques,” ACM Transactions on Computer-Human Inte-
raction, 1(2) : 126-160, 1994.

[24] Mackinlay, J.; “Automating the Design of Graphical
Presentations of Relational Information,” ACM Tran-



84

(26]

[27]

(28]

(32]

sactions of Graphics, 5(2) : 110-141, 1986.
Mackinlay, J. D., Robertson, G. G., and Card, S. K.;
“The Perspective Wall: Detail and Context Smoothly,
Integrated,” Proceedings of ACM CHI 1991, New Or-
leans, LA, New York, ACM Press : 173-179, 1991.
Melanic, T. and Torsten, M.; “Human Factors in Vi-
sualization Research,” IEEE Transaction on Visualiza-
tion and Computer Graphics, 10(1) : 72-84, 2004.
Robertson, G. G., Mackinlay, J. D., and Card, S. K ;
“Cone trees : Animated 3D Visualizations of Hierar-
chical Information,” Proceedings of CHI 1991, New
Orleans, LA : 189-194, 1991.

Shneiderman, B.; “Tree Visualization with Tree-Maps
- A 2-d Space Filling Approach,” ACM Transactions
on Graphics, 11(1) : 92-99, 1992.

Shneiderman, B.; “The Eyes Have It : A Task by Data
Type Taxonomy of Information Visualization,” Proce-
edings of IEEE Workshop on Visual Language, Boul-
der, CO., : 336-343, 1996.

Siirtola, H.; “The Effect of Data-Relatedness in Inte-
ractive Glyphs,” IEEE, Proceedings IV05 : 869-876,
2005.

Spence, R.; Information Visualization : Design for Inte-
raction, 2nd Edtion, ACM Press, Inc., Harlow : I-
120, 2007.

Spence, R. and Tweedie, L.; “The Attribute Explorer
- Information Synthesis via Exploration,” Interacting

36

—_—

[37]

[38]

with Computers, 11 : 137-146, 1998.
Stolte, C., Tang, D., and Hanrahan, P.; “Polaris : A
System for Query, Analysis and Visualization of Mul-

”»

ti-dimensional Relational Databases,” Transactions on
Visualization and Computer Graphics, 2001.

Tufte, E. R.; The Visual Display of Quantitative Infor-
mation, 2nd Edition, Graphics Press, Cheshire, Conn.,
. 1-190, 2001.

Tweedie, L., Spence, R., Williams, D. M. L., and
Bhogal, R.; “The Attribute Explorer,” ACM, Confe-
rence Companion Proceedings CHI 1994, : 435-436,
1994,

Ware, C.; Information Visualization : Perception for De-
sign, 2nd Edition, Morgan Kaufmann, San Francisco,
: 4-28, 2004,

Wegman, E. J.; “Hyperdimensional Data Analysis Us-
ing Parallel Coordinates,” Journal of the American Sta-
tistical Association, 85(411) : 664-675, 1990.

Wills G. J.; “NicheWorks-Interactive Visualization of
Very Large Graphs,” Journal of Computational and
Graphical Statistics, 8(2) : 190-212, 1999,

Wise, J. A., Thomas, J. J., Pennock, K., Lantrip, D,
Pottier, M., Schur, A., and Crow, V.; “Visualizing the
Nonvisual: Spatial Analysis and Interaction with Infor-
mation from Text Documents,” Proceedings of IEEE
Symposium on Information Visualization, Atlanta, Geor-
gia, USA, : 51-58, 1995,



