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The Development of an Automatic Tool for Formal Concept Analysis
and its Applications on Medical Domain

\an

Hong-Gee Kim' - Yu-Kyung Kang™ - Suk-Hyung Hwang™" - Dong-Soon Kim

ABSTRACT

For extracting and processing information explicitly from given data, Formal Concept Analysis(FCA) is provided a method which is
widely used for data analysis and clustering. The data can be structured into concepts, which are formal abstractions human thought
allowing meaningful comprehensible interpretation. However, most FCA tools mainly focus on analyzing one-valued contexts that represent
objects, attributes and binary relations between them. There are few FCA tools available that provide scaling and analyzing many-valued
contexts representing objects, attributes and relations with attributes’ values. In this paper, we propose not only a scaling algorithm for
interpreting and simplifying the multivalued input data, but also an algorithm to generate concepts and build concept hierarchy from given
raw data as well. Based on these algorithms, we develop an automatic tool, FCA Wizard, for concept analysis and concept hierarchy. We
also present FCA Wizard based applications in medical domain.

Key Words : Formal Concept Analysis, Concept Hierarchy, Scaling, Clinical Data
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Toscana], etc)e] 7L ATHIS-22]. 284, ojH3 A¥=
TEL One-valued context?t & 7F538be, Toscanal}
Galicia®™ Many-valued context A2]& 2 93}A % Toscana)
o)X= Context 33 Y3 o] E7}53t, Galicaw ZF £49
EAo 2 444 HE2 AAYY & F gle d¥E HAn
et metd B =EeMde dFY AdAd 22EE 7]
oz de] Zs] A2 FAMNGREATIYEE LoH8
438t By} £gsta £ojsk
HAd F2E TFI7] A8 FAMIENZIEY 7]
Aol Hojgd HeE EUE Many-valued context9} &

8S | ste FCA Wizardg Aot &3 FCA
Wizard®] 84& AF3s7] 9stdd, A2 00U gta dej
98 EAE FoA BAFC dig FYrtada), 228y
AAL, duksietg Al Aol FCA Wizard® A48 A3
AN 1 ARE B48) Hyth

2 =82 ddd Ze] 748 2% FAdE
A71ge 4fet AFsld AEH AdFRy +5 417
3% ~A9Y gadFed dal A¥sta, 3% Many-
valued context$t 2AYHAES A7l HaA & AFAA
e FCA Wizarddl tidiA &gt} 2l3 480X
B odpdA gd FCA Wizarde #8848 7AFs7 ¢
sto] A g RofollA 9 AHEAHSG AH 2 éf—’. £
A AHEE R gl FCA Wizard 7|98 QoAb AA A A
2" (Clinical Decision Support System) 7ig /\}Eﬂa: 27
a3, 5FAE A8 FF AT A daiA Adggch

2. FAHEMIIE

FANEGEA Y AGAATSE 588 Zdg sk
Z 3 dolHEAVEY o2, FAH dolH
A7 knowledge processing &0k A|WHEA S g &

o Ayg Azsa o

[ 1] (Formal contextl[2])

Formal context K=(G, M, D= ZAAEY 1 G} A4 E9
A% M, 28 G MAel9) o] gaA IeGXME T4
o & G M9 94282 742 3|9 Formal context®] 73
Aed Z+ AAEol 7HE 5 e FHES YERT ®3,
oA AF g7t £4 mE 7HA ,

m €12 Uehin, g me z2tedsE AL 9ot

Ir

Formal context™ &A/NdEA7| e 72| 5 F22
Al, cross table @Hj2 JEd 5 9o dd 59 g4 &
o] S =22e zt7 Formal context® TA%He AA ST &
ez FAE T3, tabled] 24 Aol tisiM =, slE A
aag ARG LA o|gBA [2 BEF Aod= XE’\]
3, ol9fe] el Wl FFLE FAEH <E D>
HES Ay G2 SNOMED(Systematized Nomenclature of
Medicine)[23] &ol& &4 Mo 3o, AW3 SNOMED
2015 79 #AIE Jebd Formal context?] o o] tH9],

o]9} 722 Formal context2%E NIELE 28 5+ 3
o7zt AEEL (0, A)st 2 Fee] Bpane HeofH
o, Hop FPA Hoe oS 2o

[A¢2] (Formal concept[2])

dele] Formal context K=(G, M, Dol th3dtd, OcG, Ac
MY 9, intent(O)=A A extent(A)=0Z TZsd+= (O, A)
= 70 (formal concept) o) gt ¥tk & intent(O):={acM]
Yo€0:o, a)El}, exteni(A):={o€GIVacA:(o, a)€1}. I

dole] OcGell thsled, intent(O)oll g3l 09 ZE AAE
o] FFHOR ZE £4EY JYE 7E + Yk dg =
W, 9o <F 1>9 contextol] 21eiA, O={acute gastric ulcer,
chronic callous gastric ulcer}oll thate, intent(O)= {stomach,
ulcertoltt. 3HA, 9lojo] AcMol| thated, extent(A)d] 3
Aol £4E& zte AAEY JAde 78 + Utk 98 57,
A={stomach, chronic}ell W3}, extent(A)={chronic callous
gastric ulcer, chronic gastritis}o]t}.
2 24 AEES (0, A% 28 Feg painoE A9
58], AARFOE £A4FFAY extento]™, FAld,
FFAE AAZF0 intent7} 57‘4 o]} 22 whyo
2 formal context K=(G, M, D2%H F&3 TE 7HL§—-S‘
9 J1¥E BKE vehiY thd3 Zo] Zoditt B(K) :
{0, Aex2M | intent(O)=A A extent(A)=0}. Zw 7}
SNOMED £-ofo] th& formal context(¥ 1)ZH-E F&3
BE MEE BK= <& 2>9% 2

29t o] FolA formal contextZHE F&H 7
extent ¥ intent® EUE A9 -sAd#A(LE
AMBAAE AT + Utk

P
o?L Hog

N :x-_‘
ﬁlh

[A ]3] (Superconcept-Subconcept relation[2])
F0] A formal context®] 929l 7d d9 Ad (O, Ay,

(E 1) B SNOMED 20{0f CHSF Formal context

stomach ulcer inflammation acute chronic callosity
ulcer of esophagus X
acute gastric ulcer X X X
chronic callous gastric ulcer X X X X
acute gastritis X X X
chronic gastritis X X X




HaMde 20 tEe =2 M AZ 00N ZEAE 999

(E 2> E19| context2RE &5 HHEE

Concept Extensions Intensions
Ci %] {stomach, ulcer, inflammation, acute, chronic, callosity}
Cs {acute gasritis) {inflammation, acute, stomach}
Cs {chronic gastritis} {inflammation, chronic, stomach}

Cy {acute gastric ulcer}

{acute, ulcer, stomach}

Cs {chronic callous gastric ulcer}

{callosity, chronic, stomach, ulcer}

Cs {acute gastritis, chronic gastritis}

{inflammation, stomach}

Cy {acute gastritis, acute gastric ulcer}

{acute, stomach)}

Cs {chronic gastritis, chronic callous gastric ulcer)

{chronic, stomach}

Co {acute gastric ulcer, chronic callous gastric ulcer}

{stomach, ulcer}

ulcer of esophagus}

{acute gastritis, chronic gastritis, acute gastric ulcer,
Co | chronic callous gastric ulcer} {stomach)
Cu {acute gastric ulcer, chronic callous gastric ulcer, {ulcer)

chronic callous gastric ulcer, ulcer of esophagus}

Cu {acute gastritis, chronic gastritis, acute gastric ulcer, z

0y, AJEBEXI tfate, “4-stAMd"#A (O, A<
0y A 49%9 ¥ A @A (partial order relation)Z A
g3 ol gt

(01, AD=<(02, A2) & 01cO2(& A12A2) R

formal context K=(G, M, D2 E 5ol 2E HEE
2ol A-sAEdBA<E 4959w B A (partial
order relation)oll #FdHH, HIEH] 2E Aloly 49l-3}
ANEdRAN & wEAR AEH g F3(Concept
hierarchy)Z 713 2 2HConcept Lattice =+ Galois Lattice)
Fn 523 L=(BK), Eo)al Zo] ZHFT )9 2L
JAAE Hasse Diagrame AHE3t) /M8 = itk
V£

FAMIE7IH A ES EdE Fo{d formal
context2HH NEES F=sn HY-siAdEAE o
ofste] JPFAATZE BAIY] AT dnyEe v
Zo] M3t

Algorithm 1 GenerateConcepts and BuildConceptLattice

// INPUT : a formal context K = (G, M, I)
// OUTPUT : Concept Lattice L := (B(K), E<)
for all g&G do
B(K) < B(K) U (extent(intent(g)), intent(g));
end for
for all c€B(K) do
for all g=(G-extent(c)) do
X < extent(c) U {g}h
if (extent(intent(X)), intent(X)) & B(K) then
B(K) < B(K) U (extent(intent(X)), intent(X));
end if
end for
end for
for all c;€B(K) do
for all ¢z€BK)-{c;} do
if (7 < A (B € BEK) ey, clllcr < ez <
c)]) then
Es <« Eg U {(Cl, 52)};
end if
end for
end for

5

]

Lacute gastritis H chionic gastmii” acute gastric ulcet 1

1
fch«onic callous gastric ulcer l
G

(38 1) <E 1Y contextol| thet i E2AX}

7

=

3322 Yeld Hasse DiagramoldE, &4 7HdEd
15 Abole] AstgAlrt F=o 93] ZAHA, 53, 7
dE 7He g3 s wEoiA e AR s Aelde
2RH FAMILE S48 d&HY, IgHMNELRRE
FAMNdez s HAEo] AL & B0, WA
23 9} A % (chronic callous gastric ulcer)e THEA o2 W
Acallosity) &z flen, AAMEEREE 7 ulcer),
H(stomach), T4 (chronic)¥ Z& $4& F&der) 39
#(stomach)& £A4o2 Ze AYZME IFAHI(acute
gastritis), "HAd Y Y(chronic gastritis), 4% (acute
gastric ulcer), WASYHAYel & ¢

2o HHE AMEFgoRN, FoAxl FAAG] AAEF o]
So| e £AE5L contextFHE motald s

[*]

30
o,
®

3. FCA Wizard2| &t

% Aol A AAES olgdel FAAIRAL 453
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37 93 =T 2N ConExp, Galicia, Toscana][15-22}% 0]
Aggeolgorr R 278 £4S XD
One~valued context® #] 7bssich &, ohkdt &4 #hs
E¥3% Many-valued context® HEdt= 7|52 2433
2 gth wEkr, 2 "o M e Many-valued context P ©
of gt 2ALYE &A3T, ojet 2L JEE AU
FCA Wizardel] tjsjA A% grt.

2 ¥o

4

i

[of

4

3.1 Many-valued contextgf'* Aoz

FAMIEAIIH L o2 /A ved g e
3 AAE, lﬂJ- Ao} &4 Afoje] TFHAE e
glolelol = Hed 4 gtk dE Eol, “color’e
“red”, “green” =¥ “white” 53 #2 iy gEL v
F At} o]y 3 £4E 2 many-valued attributeszh FE
i many-valued  attributes® — £33  contextF
many-valued contextztzdts Ao thg3 2

° i
Moox £ Jf’)‘
e ox

o e

(39 4] (Many-valued context{2])

Many-valued context K=(G, M, W, D= ZAxE9 A G
¢ £ E(Many-valued Attributes)®] &g M, £449 gt
W, 28|z Got M3} WAte]o] B [EGXMXWE 744
=3 |

Z G& Mo 9482 47 Y contexty AAET 2
AL M £ Ae &A4E, 2 I SA49 #ES
Yehdth =8, ofd AA g7t £4 mE& AT Y 2

A9 o] wel A% (g m w) €1 B mg=wz Y
g, AA g w & 7HE £4 mE ZedeE AE
ofH g},

Many-valued context® One-valued context®} Zo] ©]9]
E2 vehd ¢ 21031 glolEe] 7 Ade “X"EA Al
g AAIE zte $459 e FAVHE D> F=F).

o9} #& ]\/Iany valued contextZ2HE /NEE& F%8
1 AEARE TSI EAS el ma
Many-valued contextZ One-valued context® H3E FQ

contextg}3l B En o]#3F #HIAAL AAdelolga T
o 2A99S F387 HslM, Many-valued context®]
4 £485e cale context® EWE aj4 5 o] One-valued
contextZ ¥

[ 9} 5] (Scale context{2])

Many-valued context®] 44 me] ©& (conceptual)
scale context® Sp=(Gm, Mm, IE A€t & m(G)c
G scale contextd] AAEL =AY F(scale values), &4
E& 2AY £A(scale attributes)ojgta FEti M

F0JZ Many-valued context® z} £49 EAo 24
2 E scale context°ﬂ 2}8] one-valued contextZ 33l
7] §1g ¢SS e o] At

Algorithm 2 Scaling

// INPUT : a many-valued context K = (G, M, W, D),
/ scale contexts S; :=(Gi, Mj, I})

// OUTPUT : Derived one-valued context D = (Gp, N, J)
Gp = G, N=94, J=2;

fori =1 - M|

for all g€G do
if AweW, meM, meMl(g, m, w) € I A (w, m) €
1] then
IT=TU {(g m))
end if
end for
Mi = (M
N=NU M;
end for

2AYHE £ A, 2AdYstuz = $49 5
Aol wWe} scale context® FAQste o] §ATh E Eol
<E 3>3 & Many-valued context? EHAHE FoA
pCO2¢t p02 &4 Zrzte] Wisle <FE 4>9 scale context
(SpCO2%t SpO2)& A &3, &4 HE glo] <& 5>¢
Z& One-valued context® W& & £ glon olF Ef]
£ FCA Wizarde] 98 (2§ 2)9t 22 NdAZT2E 7

%% 4+ Uk

7} 9tk ol¢} zo] W#HE one-valued context® derived (E 5y (E DO i3 AHYe N2 HY
pCo2 pO2
(E 3) HTIAZAL0 TSt Many-valued Context AL | N | AH ) AL | N | AH
= y 20041210(01:54) X X
Date est 1items pH DCOZ pO2 HCO3 |O2SAT 20041210(0403) X X
4 20041210(16:52) X X
20041210(01:54) 7383 | 377 | 4204 | 222 | 93 20041211 X X
20041210(04:03) 7.358 4.7 190.2 249 99.0 20041212 X X
20041210(1652) | 7346 | 482 | 1481 | 258 | 980 20041213 X X
20041214 X X
20041211 742% | 371 1.1 240 | 970 v
20041212 7411 27 746 26 9.5 (H 4) pCO22t p022 Scale Context
20041213 7423 1 369 813 231 96.5 SpCoO2 AL| N | AH Sp02 AL | N|AH
20041214 7437 | 390 | 1032 | 257 | 980 <350 X <830 X
(pH normal range: 7.35077.450, pCO2 normal range: 3507480, 35.03;)64? 2=480 X %'OSD%ZSIO&O X -
pO2 normal range 83071080, HCO3 normal range:21.07280, >480 X >1080 X

O2SAT normal range:95.0793.0)

(AL=Abnormal Low, N=Normal, AH=Abnormal High)



pCO2_N pOZ_AH

pO2_AL pO2_N pCO2_AH

20041211
20041212

20041213

20041214 20041210(01:54) | | 20041210(16:52)

20041210(04:03)

(38 2) <E 5o cyeh WG AR}

32 FCA Wizarde| +5%

FAMEEA S AY3e =T2HA = ConExp, Galicia,
Toscana][15-22]5-¢] 7H&E .28 many-valued context
e} b5 =F2E Galicial211%F Toscana][2217F 2ot

Z3u, Toscana]E AH&3dte] many-valued context® A
2371 M Toscana]olX A4E + v 53 3Y
W E)(Access, Excel, JDBC, etc)® many-valued contextZ
TEojol o AAUYY AA Fol= derived contextE A
FotA Y= @Hol Jrh EE, Galiciat many-valued
context® FFYPE T Fr AAT, Agyol BRED
context HAE 3 FHF scale contextZ2 AA LY sfok
ok 3 Ao vk F, 4 £49 B4 2A scale
context® Aejdle] &4 7 2AdY & & e dHS
7FA L 3ldh. ¥, ConExpll5]E many-valued context®
Agsrl A Ve AFEA FxAvt A 723
one-valued context B 7% 2 g4 ALAA A s
Neg AFse AHgwo] ddn QEAAT AIFEHT
gt wibd, B dAFdME ConExpd 7|92 Toscanal
9} Galica®l ©3& ¥ 93te] Many-valued Context %3}
2AYH, a8 AdAR 7XE 5& AYIE FCA
Wizardg /434l

FCA Wizarde (2L 3)¥ Zo|, one-valued context ¥
A%, MEBEA 7N g 7158 olYel, many-valued
context U753 hdd 2ALH 715 52 AT
Z, FCA Wizarde many-valued context A% ¢J&o] 7%
3}"’ 0¥ 2AdYE Tty AT 55F] 2Ad o
S ATTFoEAN 7t £A49 EA LA &4 EE scale
destd 2AdY & ¢ ok B2d, 2AdY T AF
2% derived one-valued context® AJASIE  derived
one-valued context2%E NEEL F=3o NEAAE

f"lo r

FCA Wizard
T
[ [ ] |
{ One-valuil Concept ‘l Many-valued Scales ] Making
context Editor Lattice context Editor Scale Context

I

lnterordinaln Biordinal

[ | ovarr | p—

(32 3) FCA Wizarde!l 7|15 TME

2ME 28 s

TTY HE T YZ 00 HMgARRI 1001

T3t FhAgE &

33 71Z YaNEEA
EREIELRY

E72e| 7[5 Hlm
A58 E=FEE  Mail-Sleuth, Docco,
Conlmp, Lattice Drawing Software, Formal Concept
Calculator, Galicia, Toscana][16-22] o] e ol 2
< 71EY FAMIEA TFEY EFE FAHse B dF
oA g FCA Wizard9) 7]” 2 JaAS vZde ot
=% 2ol AYRAH<E 6> FR).

£3), & =% 49 E1]°1E1°ﬂ iate], <& 6> ¢
FAMNGEN =TE[16-22]0) H&auz Fou Fu
[16-22]9] =FE°)AE Many-valued Context 98 2
ALY 715& ATHA L&A, 4R AFHo =z AT}
3ogdvh meEkd, B dFdA swsd FCA Wizarde
Many-valued Context®] 9§83 #Y715S AT B of
el ogd 2493 715E S8 ATTo2A oud
o] diojele] tiEiNE ALY F Y FHE RN
ATk wEbA, 71EY FANEEY 7S vse @A
AR B B g 442 AFEa g

L=}
T’___

\> ek

3o o
£ g

4, FCA Wizarde HE Al
E A7 sigg FCA Wizarde] #8848 AFe7)
kel AR o B Fokd Ao ALAE g} 538 A
#} wHs Hopo| A A-EHz ¥ FCA Wizard 7|4+ &
Ao A 28 A AHE 2P

41 Yardole 24 A

FCA Wizard& ©]&3te] QOUgH YA HAZ ALEH
I UE Y8 FAE FAA 9= FEF 3 St sl
2004 1249 10958 149 Alolo] Al HYrtagat
(ABGA:Arterial Blood Gas Analysis)?} 2004 12¥ 9¢ %
g 239 Alolo] A& DxFEAAHAHCBC:Complete Blood
Count) &3 20044 12€ 9YHH 27U Apolo] Al o
B35 AL Electrolyte) 235 A2 #A/EdE47)d
£ H43% A¥E +dsg .

QA QA ALEE L Qe gArtagA ARX(aY
HE FAN2AAE AT Il dAL gEE agn 4
2o giat AA AR =22 Yee 72 e A4 W
4 (Reference Ranges)ell ™3t JEE A5 3}

(298 5+ FCA Wizardsl M Many-valued Context 3 &)
2 HAztxgAr AoE dYste oA, AHEL

P2 S AWE AT SHES YA LA B

. BE 2 d7< pH, pCO2, p02, HCO3, O2SATe|t). (19

Hde AUEEFL= Qe AXfAR F GFETE
el glck ghek oj@e HolEE Aot & - AA
Hole g d#ax ¢3n CSV(Comma Separated Values)
b} fﬁEﬂi AAste] FCA WizarddlA 44 Z=ste A
g & 4 g
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Outlook XPel plug-inso] AAE £F ¥92 ENH emaild FAMGEA7Y
2 gsto] MEAAR TFA S, gl =

Mail-Sleuth . 7HL§7-=12}54 Z.oorning Ve A o FEaTE O]
[16] * nested line diagram A&
» Context B3 715
+ Many-valued context & 7% 2 ALY 75 93
o J19E HZA A QEAE 24 dd AN AnE AEFAR A
Doccol17] + Context B3 E7l%5 * open source
» Many-valued context 32| 715 9 AU 7|5 $&
+ one-valued context 2 three-valued context B3 7|5 A%
+ Implication 7|5 A&
Conlmp[18] e Dosf T2 * freeware

AdAR AN 75 A
Many-valued context Mg 715 2 ~A9d 715 8&

Lattice Drawing
Software[19}

one-valued context #Y 7% AT
MEARE vhokst e 7t g 85
Contextg& AAH EFF e o %l
Many-valued context X8 7|5

7% A
Ayated Qestot Aelrks

Aoz
ALY 7% 8

3T

OH

)i'E j;

4, OQL rlr

* open source

Formal Concept

-

AN F2t

one-valued context B3 7% AT

* freeware

Calculator[20} o MNdAA AXNE A5 AT
o Many-valued context 32 7|15 ¥ 2AY" 7% AL
» one-valued context 2 many-valued context BY 71% A&
o 2AYY 1% AFHEez AF(Nominal Scale, Dichotomic Scale, Specify a
Scale Relation)
GaLicial21] * derived one-valued context A3 + open source

Relation Concept Analysis 7]% A%
7H ZAA 7kA 3 2 Zooming 715 1%’
A9 EAo] wA 2AYY & & e
7—} Z£Alo] i3 derived one-valued context®] MEZAA AFaA 22

Toscana][22]

.

one-valued context 2 many-valued context 3 715 A&

2AYY 715 APz AF(Nominal Scale, Ordinal Scale, Interordinal Scale,
Grid Scale)

2t 4o B @A ~AYH e

NEAR 7kA 8 7%

nested line diagram A

many-valued context A4 948 £715(Embedded DBMS, JDBC, ODBC Source,

Access File, Excel File®} 7o) &4 39 g2 many-valued context® &
oFt A7)

derived one-valued context #1334 &&

MIZA2 H3l E7P5(BlbadA $% s oksh

¢ open source

FCA Wizard

one~valued context @ many-valued context B3 7)% AF

ookst 274U 71% A)F-(Nominal Scale, Ordinal Scale, Interordinal Scale, Biordinal
Scale, Dichotomic Scale, Manual Scale)

Scale context BY 715 AF

derived one-valued context A% % FEA7% AF

el dol8E excellCSV)HU R importste 2] 7h%

NEAA 748 L Zooming 715 AF
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