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Visualization Model of Hierarchical Sets Based on
Perception Distance (p-Distance) of Graphical Objects

Eko SAKAI# KAZUNORI YAMAGUCHI! and SATORU KAWAIt

In this paper, we propose a visualization model for hierarchical sets in which an element
may be a hierarchical set consisting of other elements and sets. In the model, a set of abstract
objects is represented with a “group” of graphical objects closely placed in the picture. The
“grouping” is done by the use of as weak constraints as possible, in contrast to in other popular
and conventional methods which tend to use unnecessarily strong constraints such as linear
alignment. The weakness of the constraints enables us to incorporate other constraints more
freely into the visualization scheme, thus yielding more flexible visualization. The proposed
model uses the framework of visualization in which abstract objects and relations among
them are translated into graphical objects and geometrical constraints. A group of graphical
objects is defined, in this model, as an equivalence class of the binary relation that “graphical
objects A and B are closely placed.” The binary relation is defined by perception distance
(p-distance), which is a generalization of Euclidean distance. Graphical groups constitute a
hierarchical set by applying the interpretation recursively with increasing magnitude of p-
distance threshold. We develop a method to solve the constraint system in the model with
a reasonable approximation. Various solutions can quickly be calculated by the use of non-
linear programming. We show the effectiveness of the model with various examples produced
by the prototype system.
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Fig.1 Visualization example: explanatory diagram.
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o WEEISE (CLP(R)™, Prolog %)

KREFFECIX, SQP (Sequencial/Successive Quad-
ratic Programming) & XX 2 IERBETHE RO 7V

A7V 27 ORBEICES (EBEREOTHRILET NV 3461

TYXADEHNS,
4. BT —-20BE—EEESTT N

WHRAEO R L % AHRT— 513, HRA TV =
FoBEEL, MBEAT VL FNOROBROESLT
RN b, AETIR, BRI TV 27 FEOBERO
BHT, MBRFTVz s D [HE5] L LTSRS
I RBRICERL, 20X RBEROTHEILO B
FRETS. M, MRAT VP EREFELT
RSN 2HEE81E, L)BUOEEDOBRERLRY,
SRR L, BBHNZEAHBETEBETS. &2
Tk, COLILELBELTRBEAHEL LU, M
TCTEDEF N2 EHT 5.

11 BEE S

FERgEAIX, £4, £60%EE, .. . POLREEBHIC
BUShIEEGTHL. EALFOEROBDOTEY
BERTHERZ LI o THETEE11 O X 1%k 5.
WRIT7V2 7 OEESE ALTH, ADPLRD X
L THERSNIEELRBESL 8. AZHR
THLER[ALORBES] L LA,

ADHDEEIIEBESTHS. BEBESLEEL
THEALEEERTH S, DLEICE ) BIRMICHER
SNTEAL T2 REES LT 5.

WRBES h OEXR, BEEOEE, ..  2IEIE-
Tl E, BRI 121 20HRT 7V M
2EDEL ZOXHILT, BMBES L PLIE
NELZEDTELIMBA TV 27 b &hOEEE b
D& LT, Base(h) LKT. BEEA b IIxL
T, h ¥ A DBTHEEDEEE Base(h) = h, 21
P osg&ik, Base(h) = J,., Base(z) L% %. A
LORERBES b ICxFL T, Base(h) CATH 5.

4.2 BEEESORS

BERBAEA h DR E Depth(h) #KD & HIZERT 5.
h ' A DEMSFEEDEEIL Depth(h) =1, Fh LSt

RN
-—

Depth(h)=3
é?()

- ~
~ A=Base(h) ‘Member*(P)

Hi11 MRESOHE

Fig.11 Graph representation of a hierarchical set.



3462 1EHALBE

DA, Depth(h) =
e
e Depth(h) = 1 % 5REBHEE h 2 0 EEES
(0-hierarchical-set) & & 5.
e Depth(h) =2 % H5IEBHEE h T HEEEES (1-
hierarchical-set) & X
o Depth(h) > 2 % 5FEBHEE h = ZEBES (n-
hierarchical-set) & X33
REBEADEIOEEIE, 63 HiTRITRELEED
WHRILETVICBWT, BRF-2 e LT51605
RBESL 5.3 HIOHETHERINIRBAT YV =2

D EEREL b ZR&Y.IE&/\J— DAL Hwz
FORMBERIC L ARBEES L ORITI

4.3 EEESOEROBEROHENEAT
WREEE h DER, BEXOER, - 2ITED
L% Member*(h) L §5. Member*(h) %, 0
FEBES h 1L T Member*(h) = h, HUSND
hiZHL T
Member*(h) = hU U Member™* (k)
h'eh

Maz{Depth(s) | s € h} +1

LEHREND.

ZD &) % Member*(h) 1% 6.3 i CRT THLD
EFNVICBITAMRT—F L LTEIONARBES
EREAT Y 2/ MO EN BHBEE L O
FF w5,

4.4 THhUYOLEVEEBES

ALOBERBEASA AICHLT [V Ln
IMEEERTSH. XLYORVEBERLRDYD
HORBEATEAGLEROLEEBRYHETELLN
ORI @12 1SRT. EE, BBHTEV 200K
S1, Sz, S1NS, =0 THHLE, 5§, S22 [%
boiwn] tubha, 22Tk, BEBESLOTX
THERLLRLEEEILHPINEFAROERT [
o] L& [ThEXLYOLVEEESTHS ]
ET5. 72RL, EAL I LOXDLHOFHEIIONT
12, M0 8BRCE2EZOREL D TCRE
235, 2 ziE,

/
() ()

[A] [B] [€] [D] [A
disjoint
K12 ZbHDLRVWEBESLXLYOSHLEBES
Fig.12 A disjoint hierarchical set and a joint hierarchical

set.

LEEE Sep. 1999
a10 = {aoo, @01}, @11 = {aoz,a0s},

a12 = {aos, aos}, a13 = {aos,aos},

az = {a10, 011}, a21 = {a12,a13},

h = {az0,a21}-

DEILEBEES L EZELDE, h DEE ax, an
WDWTIL, az Nagy =0 725%, BEENLZIEHEE
ERBTHE, a, ap1 BF TV b ags BRE
LTwh, ZZCi, TOXHI%RBEES L DIXD
DWO®HLEBEEGLERD. 22T, TbhDhwi
RBEEE, ROLICEHETS.

MEBES R T, h DEBEOHELLEE s, t T
s & Member*(t), t € Member*(s) &% % b DITxt
LT, Base(s)N Base(t) =0 &% 5% h 2XHWUD
BUOEBESL IR, I, OBBES L IEITDLYY
BN,

6.3 HITRITHRILEF LT, WMETF—rLLTH
AONLHBEASE, FEAT7V s ORBESE
AT o 5. 53 EHTRT LI, TORELT
Tl b ORBESIRDYORVHRBEESTHS.
THALBGIE, BT — 7B ABBELS LR
TV OBBERELOBMORREZRLOT,
IbDIFE B IMBF — ¥ EXb Y DRV ERBESE
EXA. B, TETHE, TbhohwEBEAZT
TR, XbYVOBHLBBESICKREFVEERL
Bld & beTRT.

4.5 NI ALEREES

BBEEAN [NFVALTWE | LnIBEEE
BTH. NTUVALIEBERSENT VAL TR
WEREREER 13 IIRT. ZORTIREEHRE
MTRL TV, O BRBES A EINFZLTY
3. TS OBEE, h OEBEOEE s IIHL T,
Depth(h) = Depth(s) +1 D& &, INFL XL TWw
Brwns,

6.3 HICTRTTHILEF NV CIET -2 L LT5 %
LNAEBESLNMHTIONEHELT V22 D

,//Q\\ /
[A] [B] D] [A] [B] D
balanced unbalanced
(and disjoint)
18 NIVALLBBEEL NIV AL TR VWEREHSE

Fig.13 A balanced hierarchical set and an unbalanced
hierarchical set.
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MREBEAIL, 5.3 HTRT LI, NTUALKEE
BTHAH. L oT, THRILONF L & 2HRT —
Fik, NGV ALI-BEBEEL TS, —KKIZ, NT¥
ALTWEREWKBESL, 277 120EErLBR S
NLEAETEEBALT, NV ALLBBEAICT
BIEHFTED.

5. MM EE

HEEASEErFOMRT — ISR &,
FOBEFRT LI LEEERTAILICL-T, H
B7F -y OTUHELET ). DI —EFDFECL>TE
HKEINBHOREED, WMRT — 5 OHELFETH S
o, ZORIC Lo THEREELKIRETH I &N
T&2., T THbILRHOES LB SN
P, EEEIMENLRDIDOE LS,

A CIE, IBAT7 Vs PRI BETY
PERHICERT A I o T TR B BBESHE
(H14) *HOWEL L TEAT S, e 2iE, X4
DESEEPLOEFAT V27 POEBIILIHETY
ERIICHERL CHS5 O LS REESTE S, 20
&SR T — 5 OBBESIEL FETH 5 LS
R4 Lo THHRVIEL {IBESR AL LORME %
%, TR0 BRE T, [HHT — & & FRZ2EEITE
DHEBEIREICRBIE ] LWIRBERLIE
Lo TEERT 5.

51 % B E

MO EE EDLDOERL R A MEL LT, &
BEZEHRTS. Thid, 220-B4F 7V 2210
MOBEHOMEE —RILLZbDTH 5. 200K
ATVt z, y DECEHREINLERE d(=z,y)
BROEMEHLTRELT 5.

o JEEMHE : d(zx,y) >0
o XFF  d(z,y) = d(y,z)

e d(z,z)=0
—RRIC, X MHIN B REIR, AL D&RMFIChIR,

groupof/grgup.\\
[
|
PRUEN e,
/ R AT s
]
RE S AL
/ \
Nz E’ﬂ"f/ 83 \ foup of
\\:’// \g]wEL///,groupo group
//

14 %3 ot
Fig. 14 Groups of graphical objects.

HAT T 7t OEBEIIET (EBESOTHILET NV 3463

o =ALRER ! d(z,y) + d(y,2) > d(z, 2)

ey, KR THV 2EBEICBVWTE, =ZAF
EROKLIILTLOILETIE R, 20720, 2k
ZITBEMICBITS [H£EY ]| 2 ICERELERT
LILLTERTH 5.

UTFTlR, EREAT7 Y27 MZowTEHRINT
WBEBMY a1,a2,...,a4 WKL, 2200REF TV o
7N p, g DEMOEYK

d(PaysPay; - - 1Pa;>9aysdags - - -1 9a;) = 0
TEBEOHUNE WA TOIDOEME).

el X, A7V =2 b OBRO MO BEEE
i3, EBEO—ETHL. IF 7V =7 A, B
MEOREATY =27 b ThrEE, A, BEORE
PEBEIL Acw, Acy, Bew, Boy ZENEN A, B D
LEEEL, A, B, F1FN A, BO¥&ELT
5L,

d(A,B) =

max{ 0,
((Ace — Be)? + (Acy — Bey)?)
~A,— B, }

ELTERIN, ERORELHI T, T4bb, &
fBRED 3 &Mt T.

5.2 EREICED < FERGR

RiZ, BA7Y =7 b EoRBEICHD < Rl
B~ EEDD,

HEHME A EERBE d2DRT AIEENFEIEREG ~
%

dlz,y) <A=z~y
THE LB ~ OWBHHELL T 5.

5.3 BEMHEREE & FERIR

i,§ € Gn IZHL T,

dn(i, ) = Min{dn—1(¢',5") | ¥ € 4,5 € j}
&Y G, OFEBE d, 75 d O BIRMICERTE
B. 7220, dn(3,i) =0 £ T 5. ZOERBELEE
EREL L8 BREERRESEBREOSG® T
LRESIREN 5.

ERW Y- eI

dn(i,j) = Min{d(¥',5') | i’ € Base(i),
j' € Base(j)}

Th5b.

EWRE d & Ay 2O REENFERLR ~ ATRTE S,
G1 =G/~ LORBERBE d B d Dok, 4y
& Ay B OAFERIEMERIR ~o ANRE S, Gy = G1/~2
FORBEBE d 28 d1 ORESL. ZOXHICL
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CTRMERISR ~1,. .., ~n DED DI ENTES. 2O
L X, G,G1,Ga,...Gy EENRFNRZDL Y DRVING
VALIHERBEELRS.

6. BEBESOAIRILET IV

ZITiE, MEF-5ELT,

s MBATI 27 DES A

e AFOBBEL )

o WRAT Y xr MY B FOMOBFRYAC
FEZOLNTWEES, ThETHILETAIETILE
AT

6.1 FAIRILDBRM

WHT — 5 2 R T 2568, ERENLEICL S
T, HRT -5 OHOFERIEETELLEND 5.
Thbb, Brs, H5—F0FEIE->THHE SR
BHEED, MRT — I OWEL FETHLLEND 5.

22T BBESOTHMIIBVWTL, LT
Vs M OERE dPERESN/LE, d LORREE
FBEICEDWT 5.3 HioFETHD LR Ih 58
EEG D, MRA TV MICHETAIRBES h &
FETH2ZEX, ZORICL-T, WBESHLELF
LAEETAIENTELLERD. ZDEE, G,
% h ZBRICARIEL RE L5 REORELT
Jrrb0EAE GEeTAHE, CORMER F T,

f: A(= Base(h)) - G
Thbh, BRI TV P EREAT VS M
HIMHT 2 BB TH 5.

MEAT V27 FOBEENS, HEHEBE 410D
CREEREIC L WBR SN-BBEAL, "bI)HS
%, NIV AL-BBEESTHS. BT, XbHAT
2, NIV AL-ERESEBECTHRT AL
X, EREF—ED G W T TEETH 5o,

6.2 EWATY 7 DOREM

MEAT V2 b Ed L CEF > TV BRI,
ZORFAT Y = 7 P TRTELFICEPRLTW
HIREETHB. LAL, 0k ix ERATV s b
EALDPELRYVE->TRI RSB LW ) MENAEL
B, 2ZC,[£05 ] LWIKHERTHAR, T
BB 2BROBETH 5 EEBA TV = 7 bIS

T F, HF, R OGRS BHG, T4, EER
Rl
YA V2 P OBE G, G KHLT, G FOEED 2, y
DERBE d(z,y) & G POERD o', y OEBE d(=’,y')
EAREICRo2F F di(G, GI) LT [As, Aigq) DiE% 1
DL (BED i L T) EH8BILENTELIL, X
D&M, ABA7 Y27 VEOBEOBEME EBEL L THEX
[FQEST JLIES TAk3 (R

Sep. 1999

[Rx5] TLEBIEFLLTRTILPLEL R
5. 20, @BAT7Y s M LBETFEERLTNS
St

Vi,j € G,d(i,5) > m
ARG L LR, TSGR, THRIEOBEOH)
BEFLLT, 20foklilt L bic52 5.

6.3 BEEESOAIRILET IV

BERESOTHILII KD L ) IED S,

WEATY 7 ML, ehEhn T 2RE4
TV VEEET S IOERE d B LUHREEY
BRT A2EOBME A, DNs,... 2D 5,

[(EATV 27 VOEEE G L, HIRAT TV x
ZFEEEA T 27 b L ORISR

fA-G
95, fi3 ALORRBES AD»L G LORBES
~NOBEBICBRICIEESN S, ThE f &§ b,

ARZHNLESTFICT HEEA TV =7 b OFE
RBEAL, Member*(f(A)) DEE s ThHb. Ih
[%£F->T] BEINL72D0OHM5M% group(s) &
Y. ThiZ s 53 ETERLL ~pepth(s)-1 P
FMEEIC R AL WIEHTH 5.

MRATV 27 b D, BREBEEShOBEIIEINLR
WEFEFLRER AC IZoWTIE, MEAFT VY
M OBEENEFICET 518, HE—FIRE—F0ET]
Eviol:, RIEA7 V=7 MCETAH# GC 0%
By L HAEHRGZTBLbDET 5.

DEZHWTHRT % (A, h, AC) OTHIL%E

e ao € A(= Base(h)) — go(= f(a0))

e as € h — Base(h) — group(f(as))

e ace AC— GC
L) THLERICE o C, B4 7V 27 M BEU,
BEgATY =7 MCET HHCEET 5. Do)
i, 6.2 Hio

o MEAT Y =7 b OWHEMLES
EMAHRERSCLICE o T, BBEASOTHA
TEBT 5.

6.4 JBELEFIADTYELT

FER R D &M group 1, FMERIMRISHERRIER
BILEDVERINTWED, g~ g ITHL,

di(9,9") < Ak, di(g1,9") < Dk, ...
~~~1dk(9n,g/) SAk

52D gl g PHETHIETHE. L7z

WX 5 e A KL, f(o) = f(o). 0 € Member* (h) — A 23}
L, f(o) = {f(o")}o" € o}.
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T, ~pZAARBITNE, SDEI% gu,..., 90 DL

TAPEDPEREL BT NTR S 2WVAS, ThE BT

B HETAHE, g1,...,90 DUEEMICEL THA

BRI L. 22T, IBAT7 V270 [4

¥y | BALTRAREE LT, 2OEFTH/ASVE

LW group(s) bbb, IEA7V 27 bOKEE s

DEMERIAR ~p 12 X B RMERE 2 5 2 LIS BB

s € Member*(f(h)), k = Depth(s), s',s" € s IZ

L, 88" 1k 8 ~p18" THY, s by_ys” T

FRUE RS v,

(A) & ~p1 6" 'L 8" DENFNOEZERD
HRED 2 FAMOF HRZ BRI E L TR/ML
TAHILICLYEPT A,

(B) & opzs” i3, BEBERELEILTEE,

Vi’ € Base(s'), Vi" € Base(s"),
d(il,i“) > Ag_o

EVIEMERBDT, di,i") > Apo 5D

ThezEREEE L TR/MET A2 & THRUT .

WEES h oMHELE, ThonBNEROHO
BELEEE LTHRHIT LicT 5.

7. £ 7 fl

HMEITOZEZFICEOWT, BEESDTHIL
T ATV AT L EFEREL L. EEE UNIX* L
T, WRT — ¥ €%, SHOEER, AL
¥4 & —7 x4 ZiF STk (Scheme Tk)™™ % Fv>T
7000 TR DT TS T ATERL 72,

FMRIBIRD b DE P\, RRT DR T — ¥
DEBELSL h LT 5.

e='wszsi+wh2hi+wvv

We, Wh, Wy (SBYRBETHSL. UTOERI w, =
whp=wy, =1L TIFo7.

s i, A7V =0 F ORLBOSTBOETS
D, 648D (A) THEAT P27 2 TELZY
FLOLIDICEALT.

e X [ X e
o€Member™* (h) s',s' €
Depth(o)=1 f(Base(o))

hi X 6.4 Hio (B) Tili7z, BEERE di,do, ...

* SunOS 4.1.3, 4.1.4-JLE1.1.4, 5.5.1, FreeBSD-2.1.6 Tii
TeRFEAL 72,

KA+ 7 27 b ORERBEICES (HBEAGOTHRILET NV 3465

Skt

B!
BB

SE8gS;
ggnqw

2
e

194,
100,848
129,798

8

output: number of QP probleas solved ngp = 49
separation : 7741, 6814735725 _—
grouping : 5372, 98972831

constraints

®1s FORS ATV RFAICEBET
Fig.15 Prototype system.

FEZ-LECHREBRBA TV 27 b OEEYFIE
BRI BERBES LB A0 LERTE TR
TWwAPDI L, [H£FD | TEEZMNZAHTH 5.

h, = L P(d(o,0") — As—1)
ONiOI

0,0’ € Member* (f(h))

P(z) B&BEPL0T N BENICEMT 20T
HY, 7O ATV AFLTIE P) = ife >
0 then O else 2% 2o T\W 5,

v i 6.2 HiOTEMEME» L OFh 2 M+ 2T
H5b.

- ¥

0,0’€Base(f(h))
FUL AT VAT ATH Q@) =
0 then 0 else 2 2> T\ 5,

FENRNTGA—FICHEE R MEEEBIC LY 5
%7T, SQP (Sequential/Successive Quadratic Pro-
gramming) P2 FEHL T, FEEEOB/MEETo
72. SQP X CEFETHEEKL TRBY, STkA ¥ 47
BT AFIv )7 L THRUHELTWS,

h = {{{a,b,c},{d,e}}, {{f, g}, {h,i,5}}} DU
b2 EATL 72612 R 15 127 F. ZOBE Sund/20 T
EATL, ETRERH 89 (5 b Garbage Collection
BEfH 28 7)) TH 5.

Bl HRERBESLRRTS.

h = {{0,1},{2,3},{4,5},{6,7},{8,9}}
m=30, A1 :50, A2=70

Q(d(O, OI) - m)

ifze >
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&

CONCO

16 HEBHESOIRH

Fig. 16 Example of visualization of 1-hierarchical set

OB
»® B
GOy

17 2 BERBEEDIFRY

Fig. 17 Visualization of 2-hierarchical set structure.

SRS
~®
NO
18 EREOMOERX ATV 227 MCoWTEFICL A
Fig.18 Only s; is calculated in the term of Z 8;.

0&1,2&3,4k5, 67 89D [4H£FY ],
FhENRHHTE 2 (F16).
fl2 ZHRRBELSLRRT 5.

h= {{{01 1, 2}’ {314}}’ {{5>6}’ {7: 8, 9}}}
m =30, Ay =50, Ay =70

0~4D [H£FY [ M5~900 [£Fh | Eo#INT
Rz, EEORBHEBErGRALNSE (H17).
B3 EREOHMOEY s % 51, PFHWEEAT
Vs Y OERBEOMIZFICTEE, HELFLEDL
BV NN, EE, B2 LREICES
{{{0,1,2},{3,4}}, {{5,6},{7,8,9}}}
PR THERI8 DX HIhY, 0~4D [4£F
DIETERY, 3, 4D TE£EN ]I HHELTES
WV, L7eAoT, EREOHNDEDERNFBELI
HEOTNTWBZ LITIIERNED 5.
BN DR
KL CTRET LB ESOTHILOFRIL, FHl
BEOBMLER—-ZIZL TWADT, FHEEHEOKE
XTHFIFNE, oG E ALY S I EDTHET
H5b.

Sep. 1999

LG ]

1 r—r—

AllLD

19 FBA~OHHOH 1
Fig.19 Group bound to a region 1.

Fle LT, @47 s OfEREB~OWESL
ZHELTHERb0ERT. TR WEROEA
OWER%E, FERERBHAEF CHAEDETET L,
RENHAEETOLD, BICHACHZEEI L
b%oTLE). TITR, BERNOWESEN % FFb
B#E L TELT, &F0FHERMIcmZ 52 21k
D, AACHEEL TS,

fla h={{A,B,C},{D,E F}} T, {4,B,C}

%, PERBOEBONHICEL (K19).
HEFAEFE EOEEED (200, 200), AT OMEED (250,
250) DIEF T L 7 L (200, 200), AT (220, 220) ®
EAFIHT, £E (200, 200), AT (250, 250) DA
#, 71 (200, 200), AT (220, 220) DHER % FFATE
Mok d. /£L (200, 200), HTF (250, 250) DHE %L
5, EHfiBE

if (o > 200) and (or < 250)
and (o; > 200)
Z and (0p < 250)
then 0
else max{200 — o;, 200 — o,
or — 250, 05 — 250}

0€G

E¥B. 12720, o o, o, op IZENEN, KBA
TTVx7 b o DELBIUATOMREEE.

HB O LD R 72853 % JE5k L T (200,200),
(230,230) L THLH20 DL B.

fis h= {{A, B,C},{D,E,F}} T, {A,B,C}
b {D,E, F} b+FROAHFICEL (H21). +5
FKOHER L W) &, RO 5 00 4th% F¥ 5FfiR8
Bev5s.

e {A,B,C},{D,E,F} #*
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F1[E]
O]

-
LBI[T

20 FHB~OHEDH 2
Fig.20 Group bound to a region 2.

[(Bircg LF]
[A]

B 21 HB~OHWEOH 3
Fig.21 Group bound to a region 3.

£ (100, 100), (200,200) OWIBIZH 5.

e {A,B,C},{D,E,F} %

EH % (100,100), (130, 130) DHERIZH 5.

e {A,B,C},{D,E,F} ¥

EH¥ (170, 100), (200, 130) OHERIZH 5.

e {A,B,C},{D,E,F} #

EH# (100,170), (130, 200) D4 ERICH 5.

e {A,B,C},{D,E,F} ¥

EH (170,170), (200,200) DAEIDH 5.

il 6 (B4 7Y 7~ OESFI) TRIP® Tibhiz
vertical ? X 9 %55 S MK TEMNICRT L
»C&5%. {A,B,C,D,E,F} % vertical(A, B,C, D,
E,F) 2 &L UTaHLy 5 (H22). vertical id
FMIED z BEOGEREHVTWS, 28, 20
BITIE, PEDOE s, LLT, IFEA7Y =7 PO
BEEHEOMEFEHL Tn5.

Xb0OH3EE

XbYObHBEDOERE, BBEEGHET BEICT
BULT B2 LIE—fRICIETER VS, TEBT &N
T T HNTERBUOETNVEFE I LIXTE S,

Zb ) DHHEEDEE, BEERBENIMEZL 20
T, ROIHILTHBATV =7 NHOEBEDOT
R BEEEDD. MRATIx7 b a, ba#b) <
stL, a € Member*(c), b€ Member*(c) L% % &
I% ¢ T, i = Depth(c) BENE%BDD%E KD,

HEA7 Y 7 b OERBECETKEBESOTHRILET NV 3467

EEEER

22 H# vertical DFEMH
Fig.22 Grouped and vertically aligned.

ol
4
el

23 b H0dHEEOERRE
Fig.23 Visualization of joint sets.

24 Zb2EEGEERIH
Fig.24 Series of joint sets.
B+ 7T =7 f(a), f(b) PEDEBEDTREY
dio1 £F5. 7270, do=m &T 5. bL, TD&
BaiEiT c HEEL 2VE &I, fla), f(b) DM
DEBEDTHRIE di DBERME dmas £ T 5.
Bl REHSERO2ODOEETERRTA.
h = {{a,b,c,d,e},{d,e, f,g9,h}}
{a,b,c,d,e} & {d,e, f,g,h} Db YD d, e Lkt
LIHIEEBESNS (H23).
Bl EWIKDLIEAEIERERSZ LIZLoT,
g OEEEERRT S (H24).

h = {{{0,1},{1,2}, {27 3} {3,4}}a
{{5,6},{6,7},{7,8},{8,9}}}

19 B 6 D vertical, horizontal & %l 8 % HAE
bETRATS (K 25).

h= {{{0’ 1}7 {1’ 2}7 {21 3}7 {37 4}}7
{{5,6},{6,7},{7,8},{8,9}}}
horizontal(0,1,2,3,4)
vertical(5,6,7,8,9)

Bl10 RbhoOi\Ww220EED, WAHIIKDLA
EIDESTMAAZILIZED, FRENOEESDE
FOEZREEMITRET S (K 26).

h={{0,1,2,3,4},{5,6,7,8,9},{2,3,7,8}}
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00000

00000

25 AbLHEAEL vertical, horizontal DHEEDOH
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Fig.26 The third set over two disjoint sets.
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