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METHOD AND APPARATUS FOR GRAPHICALLY DISPLAYING HIERARCHICAL STRUCTURE

An apparatus for graphically dxsplaymg :

a hierarchical structure which has a data
structure analysis unit (31) which reads and
analyzes data on the hierarachical structure of a
device or function corresponding to a branch
point, relay point or node, a node arrangement
arithmetic unit (32) which arranges nodes in-a
layer under one node on one ellipse and
arranges nodes in a lower layer on one ellipse
which is larger than the former one and
concentric with the former one in accordance
with the analysis results of the data structure
analysis unit (31), a link wiring arithmetic unit

(33) which calculates a link wiring showing the

connection relations between the nodes in
accordance with the analysis results of the data
structure analysis unit (31) and the node
arrangement positions of the node arrangement
arithmetic unit (32), and a picture generating
unit (34) which generates a pxcture to be
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Datarmins ratios of the sizas of ths
allipsas of tha laysrs.

Determins the mwinor axis/mxjor sxis
ratio of the ellipss.

Datarmine ﬂlg ellipse ntiln.

+ Oenaxsts an mllipse in a £irst layer.

Arranps nodss in ths firat layer.

« GCanareta the locus of the sllipse in &

sscond layer.

eee Datuxminae tha position of tha canter of

ths aliipsa in the second lwysr.
Ganexata allipses of tha wscond layer.

Canaxate ths locus of the ellipza in n
third layer.

Daterning the position of the centar of
tha sllipss in the third layer.

« Canaxata sllipsas of tha third layer.

Arrange nodex in tha third layex.

outputted to a display part by using the calculation results of the node arrangement arithmetic unit (32) and the link wiring arithmetic unit

(33).




| i nk show ng the connection relationshi ps between nodes, and in particul ar,
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are connection rel ationshi ps between nodes on the sane |ayer, as is shown
in Fig. 3VOtBB496des 20 are arranged on the screen usi ng BCTHERHE32® show
the-one | ayer, and by connectdi-ng the nodes with links, the

hi erarchi cal structure is displayed. However, when

di splaying a hierarchical structure on t e di splay screen of a

conputer using, for exanple, this kind of tree display, the problemarises
t hat when the numer ous | owegg | erigodes are arranged on the | ower
part of the screen, the nunber of H%dés t hat can be displayed is
restricted because of the [imtation of the display area. In addition,

the problem arises that when displaying, for exanple, a |arge-scale
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2 havi ng hundreds or thousands of nodes, the | ower nodes of the
sane | aywoesm4peg ticul ar wil | frequently overl ap, poTiIPY7/08520
difficult to distinguish the Iinks connecting the nodes.

Addi tionally, manipulating the nodes and |inks on the screen by direct
command becones difficult. In paﬁticular, in the case of a conpl ex
hi erarchi cal structure haV|ng connecti on rel ati onshi ps between nodes
on the sane |
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conprising a plurality of nodes on the same screen by spatially arranging

t he nodesvobs/14966 same | ayer using a circles gener atre/mpoT/03s2 ng t o
preset rul es. Di scl osure of the
I nvention 15 In a nmethod which graphically di spl ays the

hi erarchi cal structure of nodes according to the connection
rel ati onshi ps between nodes which are apparatuses or functions that
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el lipses on the outside of the upper ellipses, and the vertical

rel ati onstw@9s/ndooe | ar ge scal e hi erarchi cal structur @ceapPidssind a
plurality of nodes can be displayed on the sane screen in a manner
which is easy to view By arranging the nodes of the sane |ayer on an

el i pse, nodes can be spatially aranged within a limted display

area efficiently while maintaining the 25 regularity of the structural
representation. esent invention also may carry out

The _pr
the graphi cBI? & #kay P VeG4 Bfldar W B CHBS T THBBOSE ) — F

Un this mnEdREta R 0B £ O S VAR B A B RUE IR R R A R
EBVWTE., VY7 OMBEREET CRERPTLERT I L e Letl. VY

VEAEELCEBREENELCRAET L BT &,

e e o T Ao WE R

Mlit., 2B FBASNIRBEORRALRT 709 I ETH 3.
M2k, #kOY)—RRKLIMEBEORTRATS 30
. O E3E. RROTV -V RBEALEYY —ERCIIMEREORRAT
%o ' - '
R4k, £fA B3R 107 S RFAESEB T AMEERLE Y
D—F%Y—brO—BTH 3, ' |
M5k, Xl LB IR IlOBEBES— I EMBCRMENAT VS F
— S ORBRED—BEYY —RRTRRALLEEO—MTH 3o
%6k, KA LIEEDIERABRORMILO —FITH 3.
® 7T, EEA LMD IEMBOBALED — P TH B,
K8k, A 1ML B IKEO,) — FEEO—PITH 5.
MO, MM 1RO B2 HBOMEAOFONED —FTH 3.,
W10, XA LlEEDIE2HEORHO—PTH 3.
M1lik, RMEMLcHDIB2HMEBO) — FERO—HTH 3.
M 1l2i. REALCHDEZHIREORPORLNUEO—PITH 3,
M13ik SlALCELIEIRBOBMAOBLO—FITH 5.
14k, ElAlCEOIEIBEOBHO—BTH 3. .
15, BRALCHEDIEIWED) — FEBO—MTH 3,
K16, RAEALEBIIM1I1OBEBEBSES -/ BRABIERBMIATNS
F-YOREREO—BEY ) —RRTEBLEEORO—MTH .
17 Xl 1B 300ACNLEMBORALED—PTH 2

£



circle, the arithmetic processing is sinplified, and even in a Iarge'scale

hi er ar chi WeI9844906ct ur e havi ng from hundreds to about RCR/JRIFA3HG
nodes, the spaces between the nodes and |inks are i ncreased and are
easy .to see, in addition to being able t% use direct commands easily to 5
mani pul ate the nodes and |inks on the screen. : Further, the

present invention calculates the radii of the circles on which the above-
described nodes are arranged based on the nunber of |ower layer nodes. In
t hi s manner, even in |large scale hierarchical structures having

hundreds or tigusands sffmder 3a 3 fr o Fi & BEUs ZUgEeS BhavDONY —ar R iy kcal
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Additionally, ‘the present invention calculates the radii of the circles on
whi ch t he wo 98/1490@bove- descri bed nodes are arranged based opctfipoiussdecr of
| ower | ayers. In this nmanner, even in large scale hierarchica
structures having hundreds or thousands of nodes, or 15 structures having -
an asymmetrical nunber of |ayers or numbef of nodes, along with

I ncreasing the space between nodes and |inks to nake themeasy to view, the
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ellipse arranging the |ower |ayer nodes. In this manner, along with

el i m nat | W@ 98te906appi ng of the link display show ng »dwIrGoss20t i on
rel ati ons between nodes, the rel ationshi ps between 25 the connections of
the | ayers of nodes can be displayed so as to be easily discrimnated.
Furthernore, in the graphical display of 7hi erarchical structures
descri bed- above,
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t he hi ghest independent |ayer of nodes, and arranges the nodes included in
t he hi ghagp okaydk Of each hierarchical structure on tpgypof/sps er ence
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present invention. 25 Fig. 2 is an exanple of a conventjonal display of
a hierarwiogsa4oest ruct ure by tree display. Fig. 3 ispcaymzmesyzbe of a
conventional display of a hierarchical structure show ng trees using

5 pl anes. Fig. 4 is an exanple of a flowhart show ng the
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5 wWith trees stored in the hierarchical structure data storage unit of
Fig. 1 iWQ9a4906 st enbodi ment . Fig. 6 is BETHREMIFE of the
absci ssa-ordinate ratio of the display area in the first enbodi nment.

Fig. 7 is an exanple of the ratios of the ellipses of each layer in the
first enbodi ment. Fig. 8 is an exanple of the node arrangenent of
the first layer in the first enbodi nent. 10 Fig. 9 is an exanple of the
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Fig. 13 is an exanple of the centers of the ellipses of the third layer in
“the first woNsmipeent . Fig. 14 is an exanple of the epPtCT/IRTHOIFW t he
third layer in the first enbodi nent.. Fig 15 is an exanple of the
node arrangenent of the third layer in the first enbodi nent. Fig. 16
I s anot her exarrpl e of a figure showing th¥ data of part of a hierarchical
structure stored in the hierarchical structure data unit of Fig. 1
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Fig. 19 is an exanple of the | ocus for the centers'of the el lipses of the
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6 exanple in the first enbodi nent. Fig. 20 is an exanple of
the ellipses of the second layer in anotgfr exanple in the first

enbodi nment . Fig. 21 is an exanpl & of the node arrangenent of the .

second | ayer in another exanple in the first enbodi nent.
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exanple in the first enbodi nent. Fig. 23 is an exanple of the’
centers owabs49bé i pses of the third layer in another exarrpi,eﬂ,p,ﬁdgﬁm
e third

first enbodi nment. 10 Fig. 24 is an exanple of the ellipses of t

|-ayer in another exanple in the first enbodi nment . Fig. 25
is an exanple of the node arrangenent inlthe third |ayer in another exanple
in the first enbodi nent . Fig. 26 is an exanple of the
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Fig. 29 is an explanatory drawi ng of the arrangenent of nodes in the third

| ayer i nWhes/=i8eond enbodi nent. 20 Fig. 30 is a HCTPewe3sz0anpl e
in the second enbodi nent . Fig. 31 is another display exanple in the
second enbodi nent. Fig. 32 is an annple of a processing flowhart
in the data di splay processing unit of R 1in- the third

enbodi nent . Fig. 33.is an explanatory drawi ng of the displ ay
processin Fig.

34 is a f
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7 Fig. 35 is an explanatory drawing of the determnation the-

central pQigysa4sds t he node arrangenent circle of thﬁggnﬁﬂhﬁﬁgo
processing of the second | ayer nodes i.n the third odi nent

Fig. 36 is an explanatory drawi ng of the display processing of second | ayer
nodes using one 5 central point of tWe node arrangenent circle of Fig.
35. Fig. 37 is a figure showing a continuation of Fig. 36.
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Fig. 39 is a continuation of Fig. 38. 10 Fig. 40 is a continuation of
Fig. 39. WO9814986 g. 41 is an explanatory draw ng of the dareTpePouesssi ng of

the third | ayer nodes in the third enbodi ment . Fig. 42 is a
continuation of Fig. 41. Fig.. 43 is an exanple of a processing
flowchart in the data processing unit ofl'Fig. 1 in the 15 fourth

enbodi nent . Fig. 44 is-a specific exanple showng with a tree
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the fourth enbodi nent. 20 Fig. 46 is a continuation of Fig. 45.

Fig. 47 iwo38neegl anatory draw ng of the display processi nq,(ﬁf.“@ I ayer
nodes in the fourth enbodi nment. Fig. 48 is acontinuation of
Fig. 47. - Fig. 49 is an explanatory drawi ng of a different dlsplay

processing of a second layer node in 25igthe fourth embodi nment.
Fig. 50 is a continuation of Fig. 49.
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8 Fig. 51 is an explanatory drawi ng of data processing of the third
| ayer nowwx9s/maede fourth enbodi nent . Fi g. 52 peTaP¥R3sSidnuati on
of Fig. 51. Fig. 53 is an exanple of a flowhart show ng the
processing in the data processing unit of Fig. 5 1inthe fifth

enbodi nment . Fig. 54 is an exanpl eldf a drawing in which the data of
a hierarchical structure stored in the hi erarchi cal structure data

storage unit is shown with a tree di%pl ay in the fifth enbodinent.
Fig. 55 is dh 2R&BpPdE B Oy SR PE 4 hFgHedtS Lal &t Tnbde ar rEngEVE® #

ellipse indBe il 1 meo PIORL PR smomEEs. SrRorBS2REORA
OHOMB L2 AAL D3R AR B 2HBOBEAORL LT 380 LEN
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10 Fig. 56 is an exanpl e of the node arrangenent of the highest layér in

Fig. 57 is an exanple of a |i jlergmegmbistet i on
of the highest |layer nodes in the fifth ~ enbodi nent . Fig. 58

t he fift hweornsagbggent .

is an exanple of the construction of node arrangenent ellipse of the |ower
| ayer of the m ddl e | ayer in whicleOpart of the nodes do not exi st
the fifth enbodinent. 15 Fig. 59 is an exanple of the | ower |ayer node

arrangenent in the fifth enbodi nen

is an exanpl e of

in
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nodes in the fi

odi ment . _
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Fig. 63 is an exanple of a flowhart showing the processing in the data

di spl ay pwoosaa9e6g ' unit of Fig 1 in the sixth enbodiweniro7/03s20 .
Fig. 64 is an exanple of a drawi ng showi ng the data of a hierarchical
structure stored in the hi erarchi cal structure data storage unit of

Fig. 1 with atree display in the sixth éodiment. 25 Fig. 65 is an
expl anatory drawi ng of the partition of .the display area in the sixth

ggbg(rjirgﬁgte'r%ﬁ bc'Fra‘é:‘:fiegf%‘S’foLé (i\lnl\g%%![_;a%a oagyt_grg\‘/’vi ng of the construction of
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| ayer node in the sixth enbodi nent. Fig. 67 is a drawing to explain
the |ink wonst4geeti on and the arrangement of the highest | 3¥qiype7m3s20 NOdes
in the sixth enbodi nent. Fig. 68 is a drawing to explaln t%e

determ nation of the central point of a second |ayer node 5 arrangenent
circle in the sixth enbodi nment. Figa 69 is an explanatory draw ng of
the construction of |inks and the arrangenent circle for a second

| ayer nodes without |ower layers in the sixth enbodi nent. ' Fig. 70 is
an expl anat®rg sdPavi Rg- ¥hdvé Rglthed tonst it on of bk £n1 ar By e M Ak reize

erbod ment 53¢ BERgL T8 B HEI TR ARG £ OF {he Ronbit foritol B

s S TR O b s & BR R RN HR L da

" p3, - - PiRREBTI. 2B, BLUKRBLETZ ./ —FEDP 108K
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T. aZPLRL L, LEN=L+M (Thbbalter & LEBOELX) OF
WEH (XR59752180). RR. X5 v7S215 0 CRDERe S
2HE/ —FORLABOE1IORLALL, UTF. fF5LAWLEDXRe2 %
ROTHE2OHFLREL. AR LT, BiKed, ---, ej kD3 (X
Fv782190),

R, AdRekEBL, PIRTOSHMEZHKE — kD) —F#EbL. B
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t he sixth enbodi nment . Fig. 72 is an explanatory draw ng of the
const r uctwomes/edeobi nks and t he arrangenent of second POTYIPOTABBUES
havi ng | ower |ayer nodes in the sixth enmbodinent. 15 Fig. 73 is an
expl anatory drawi ng of the determ nation of the center points of the thi

ird

| ayer node arrangenment circle in ghe sixth enbodi nent. Fi-g.

74 is an explanatory draw ng of the construction of links and the
arrangenent of third | ayer nodes in the sixth enbodi ment.
Fig. 75 isidak wxpl anatory drawi ng of the construction of links and the

arrangerent S Tl Py e IRiR farng Fonnesti ong sty guper o
‘drawi ng showgng af §REPRerof 359 3P § ShoRl 2 §oE" SN R Ls 98 PL
FE2TEET2 (X5v7852250),
(B3EE —TREER)
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T2, H29KRT UL, ET. PI1ETOE3IHWE — Fodh L EARE2EE
TE2EHOBRMALLT, e2FRARLLT, ¥ZR (R=P+Q) 0P Z&H#
C(RF97S2260). R, B2WE —FaqlETOBE3IWRE, — ko
MOARELT. FOLAZLoXmEhlEL, BhlzhOLRLLTHEPD
AX12#HL (RAFv782270) . R, /- F#EH»PsHE LAy Ry =
360° /n+1(n:qlBTOEIRBLETSZ ./ —F#. n22+L73)
LLTHEHT 2 (RFv78S2280). 2LT. AX10oMALEKEQLIETO

S3WBCRT B/ —krl. r2, - - -roESHETS (XRFv7S22
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hi erarchi cal structures in the sixth enbodi nent. Fig. 77 is a

drawi ng wataghean exanpl e of gr aphi c di splay correspondi NECF/$p99 8820
hi erarchi cal structure in the sixth enbodinent. 25 Fig. 78 is a draw ng

showi ng an exanpl e of graphic display of the final conposite
hi erarchical structure in the sixth enbogyjnent.
10 Fig. 79 is a flowhart show ng the processi ng sequence of the
data di splay processing unit in t he seventh enbodi nent.
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Fig. 80 is a drawi ng showi ng an exanple of the nulti-layer data stored in

t he nul t Wa98{1d906dat a storage unit by tree display i nPCHIPYI03529

enbodi ment. 5 Fig. 81 is a drawing of the hierarchical structure data of
Fig. 80 with nodes arranged radially on circles. Fig. 82 is a
drawi ng show ng an exanpl e of the Iink,cﬁ%play for the even nunbered nodes
of the second | ayer in the seventh enbodi nent. Fig. 83 is a

the 10 REARALITN B L1, SHARERS (b Fa00S MEEER oTCe

drawi ng sho nouag exapph & /e Proceaskg v esulls fop @ fap /i oy Ak gal

structure data of Fig. 80 in the seventh enbodi nent. '
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Fig. 85 is a drawing showing in detail the structure of the data display

processi nyyouayiaoos0 in - Fig. 1. 15 PCT/JP97/03520
Preferred Enbodi nents Enbodi nents of the present invention
wi || be explained belowin detail with reference to the figures.

Fig. 1 is an exanple of an apparatus appl2§ing the present invention,
conprising the 20 input part 10 which inputs data related to the
hi erarchi cal structures, the hierarchical structure st orag

unit 20 whiRHh 4$toed B Y hput Biter aPLTi-+ 4f BB Aot fire Bidi 2 R ﬁt‘h‘%@g‘f 4=
strociare B TARERE OhCHRIED SIS 82 R AW AR ﬁ%
structure igRoe. » e §ixp @ys 40iWRieh shows the converted
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hi erarchi cal structure imge, and the controller 50 which controls each- of
t hese parwe.9sn1ddwé Furthernore, in the hierarchical struct RCTIRKTA3ZRPor age
unit 20, the data related to the display area of the display 40 is

al so stored, in addition to the hierarchical structure data. The

present invention is characterized by th@7data di splay processing unit 30,
and using the data stored in the nulti-layer data storage unit, the

ereen | ar dots et & Mi1S 207 B2t Fuctur es s carried out in this data

REERECH T2 LABERZVOT, YHBLUBBENATS — FET
RBEEDD, R, BE-KEO/ - FERLBS3230EL.

v, BrEMEO/ —Fnl~n5kcET 2% -WEO/—knll~n5
AEBELT. BLEMEBO —FEEBAOSLAN»S, REGEEDO ./ — FEE
M2k HsBEERLEAENORLETCOEMELBELY A (Zh2E33
E1530TCRT) BERL, MISERTLSKE, REAWE/ - FREAD
B APLBIUBBORE ) — FERKIEROERRIALXETIREE e
1l~eB5rLT. BLUKE/ —FERT3/ —F2EBTI3HORLRLRE
l?a(xiw783231)o | |
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di splay processing unit. 5 Bel ow, the processing sequence in

t he -dat a WodBh#osPr 0Cessing unit 30 according to qqﬁﬁhggﬂﬁﬁdlnents
will be explained in detail using the flowharts and the expl anatory
figures. [ First Enmbodi ment] 10 The first enbodi ment of
.the present invention wll be specificall2g expl ai ned bel ow using the
figures. Using data stored in the hierarchical structure
data storage unit 20, the data display roce55|ng unit 30, which is
tmanli@&LmT%é@%%mh%ﬁﬁ@% b@ﬁmﬁ&tﬁ@dﬁWWﬂ§3
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L+380° OATRALEEBEEARL, TORBONEN2 11 02ERT
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ZM390L>342A2100%/  —FREBAE UTHERTS (X579 75323
7). EASHLEAEAELEN>T, /—FEEM2100%40°, 80
*, 80°, 80°, 80° KA#ML., BERAV-SARLABLOXARL/ —F
n0. n21~n24%2@EERETZ (R¥Fvy7S3238), ThsD/—F
nO. n21~n24»EMTRKT, YV I 2HERTS (X5v7S53239)
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15 repl acing of nodes with, for exanple, circles and triangles, and the
| i nks whi W0 9804906Cct t he " nodes with straight |ines, RIS t he
constructed nulti-layer inage on the display 40 via the controller
50. Fig. 4 is an exanplezgf a flowhart show ng the
processi ng sequence in-the data di“Spl ay processing units. The
processi ng sequence programin Fig. "4 can be preinstalled in 20 the
apparatus oy _r.eco d a,necordi ng nmedi um such as a floppy disk or

CD- ROM and(f‘ﬁ’éri’g'dg 3qpﬁoéaeﬂ fromthe recordi ng nedi um

First, the pgposessi gq stepg £ o 1tihgs B! acEeR Bab eH FISESLIDER FHRE S 3 2
hi erarchi cal structure in the first enbodi ment will be-expl ained.

Nbr eover, the prEaeesshogint .t Heept esdn® biiydhdi.om ¥ n 1 1 O EErP FRIGE
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J—Fknlli@V>selLT. BLEKBOROFLRAPSRKEOROH D
AAOERETECARLEY Y 7L EBLRWERCEAERY, H420&
Sk, BERLE/ —F2EHETHEX (AFYv783240)
J—Kn22~/—FKn24cEBT38=BEO./ —FEHELTs. ARKER
RUES32322RITT2, B, J—F81~n33k-EBT2B=KED
J—FRBLTRRAES 323 0%EFT 3.

czC. A—tEKEEB/ —FrBT 3/ —FORRS3232RBVT, &R

ﬁmdﬁi83233fu‘/—Fﬁﬁﬂ@*@ﬁo&zssz3lfﬁibt
REmLll, LUEE/ -~ FOABAOERRLONEAEFRL. TONE
AREEREBRLLEY, LEKE —FOABACESBRAELTRRAML
LTd i, AMAOEASIS3234Ck, &/ —FORTHBED ) —F
B loTBEASIREF>60LLEN, BEASTOLRKIERTS 3. Tk,
BTHBBEITRRL, THOLTOKBO / — kR CEASTFEF>THX
Vo THRENZVWHAK. FHAREATILOLLEY, SATHERIAT
RBCHEUCEALTS &0, ANAORMS 3235 T, BTHEENAD
BAR. LEME/ —FofKfAa KHLT. AUAORKER (90+a/
2) ° LBBISELEN BETIBANEIERTHS, /- FEEAOER
S3327CTi., /- FEBMAOhLADPSNEALETSEITOBERELEL



25 (1) In the hierarchical structure data storage unit 20, the data of a

threeélaqu)ﬂyﬁ@@gchical structure such as that showsci/pdrioas2e5 is
stored. For ease of understanding, Fig. 5 shows the

12 - hierarchical structure data stored with a tree display in the

hi erarchi cal structure data storage 3wunit 20. Moreover, in addition to
the hierarchical structure data, data related to the display area of
display 40 is also stored in the hierarchical structure data storage It
20. (ﬂ%%&ﬁ@ﬁé@@huﬁﬁnﬁmﬁM%%éﬂ&@%ﬁ%ﬂﬁ%fﬁ%£%Ho

o e BBl AR A 7o a R PR AP Y O i 2
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nunber of nodes which are arranged on the sane ellipse, the ratios of the
si zes of WRSSE#06pses of each layer are deterni ned acTOmTA3200 t he
nmeah val ue of each layer. Here (for exanple, Fig. 5), the nean val ue
of the nunmber of nodes for each layer is set to 4 for the first layer, 8
for the second, and 8 for the third. In e determ nation of the mnor axis
and major axis of 10 each ellipse, the ratios of the m nor and major

axes are alj el denty -1y tjos are set according to the
g EFaTANES (GErE the

ratios of 6%5 0 the ‘ordine “each display area. Here,
ratio LOF & NesR P S I HO20EGE BEKC ISR GE: BGE spi-Ciisp oy ar ea of

2:3; therefore, the ratio of the major axis to the mnor axis is
2:3. In the geber il $EHEidR . Off tvE REE IpRe Zavi-osk (Stap Sl 168)% tdek « # 1
| engt hs of the abscissa and ordinate of the display area are distributed
accor di ng RFieR Faffipd= #3 = I GUAR bR & Yot & 2 HM LoR B/ rhE i 2 1T &
the sizes of '0%e & &' A¥A A ey 2 @V s, cheomoxeso.

—FREE:2” THUMBORMER” 2EZRLIAETIEBHTH 3.
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determ nation of the ratios of the mnor and najor axes of the ellipses

(step S 108114906 (3) In the construction of the first p ﬁ;”,ﬁggmpse
(step S 1104), the first layer ellipse is drawn baseéﬁzn th

previously found ellipse ratio. In the arrangenment of the nodes of the
first layer . (step S 1105), the nodes are positioned on the
circunference of the ellipse evenly spaced 20 dependi ng on the nunber of

nodes in the first layer. (4) In constructing the | ocus for the
centers of fHE %4 pdes FBEFhS Felesh@ $@§r3(bt4eﬁ CRIOBEFA O R Sah 1 4

el 1ipse 15 SONSLLVCISd COBSEI LG4 9 LE of b o WK 1Sl 4055 200 9

m nor axi s

o o SRR S Y Fhmme s~ ronpngx 6B IR R
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REMAKCZDborAKk / —F3EEBT 3. A—HA/—FOV Y 2ERS 31 4
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13 1107), the points at which the extensions of straight |ines
connect i nY¥Q a4t er of the ellipse of the first | apetypswbasive
nodes of the first layer intersect the ellipse which is the previously
found locus for the centers of the ellipses of the second | ayer conprise
the centers for the el lipses of the83second layer. In the arrangenent
of the nodes of the second | ayer (step S 5 1109), starting with the
points where the lines extending fromthe center of the ellipse of th

e
first |ayer Zand?X T &verSihd 8akth no@e’ of Mt Rel 1Y Bsh @ BB Phber sect Tike & /
ellipses of 1he,SpePh'e! Y5, 3, 2, 2rmasy+2 (xFv753132).

D>3BbB/ABICHI LD, BAABAR, 360° x (3,/ (2+3+3+2
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BOERE02ETCOREEROERE 0 I L _EARLTIBAAINAS0"
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L. TOFEBONEMAE LO02FRT2 (R59v7S3134), ERFEADF
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DBEEEOBE®E 03 LEET 3 HR606ETEEELTBM600% ) —F
REMLLTHERTS (X759 7S3135), BEASHLEAGARLEN-
T. M600%60°, 90°, 90°, 60°, 60° kKoHL, EAD_%
ARLABLOXRAL/ —Fnl~nb52BBT3 (RFvy783136)., =
WD/ —FR2ERTRET. B4 60X538V V7% RT3 (RFwv 7831
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the circunferences of the ellipses are partitioned into [the nunber of

nodes of wWdésHBeoNd | ayer subordinated to an upper getiaEs®aszol]
equal parts, and excluding the starting point, the nodes are

arranged on the partition points. 10 (5) In constructing the |ocus for
the centers of the ellipses of the thirdsgkayer (step S 1110), an

ellipse is constructed concentric to the second | ayer ellipse and whose

m nor axi s and nmj or axi s are: m nor axis and nmgjor axis
of second lmyes 4 ivinbird Bk kD and g & /axilsnod B Po-Ifapet 1 ~n 1 5 &REwed

DY 1o const WetL 0D oL a0 41 pae, GOneETL L 6 50 41 {1/ 8Ll pep i s ane
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AodomLheEds (R59v783144). BREO —FERERC THE
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constructed in the previous step, the | engthw se arc whose ends intersect
with the WQ38/2490p pses conprises the locus for the caumPy7/63520t he
ellipses of the third layer. In determning the 20 position of the
centers of the ellipses of the third layer (step S 1111), the locus for the
centers of the ellipses of the thi¥d layer found above is
partitioned into [second | ayer nodes + 1] equal parts, and the

D | boea o W nf Pt By HIR £ 52 q'ag} i ek i iRy
third | ayer,g(%t e&l #111%) 5 2 ik, Lgi p_ggea; #%eﬁ,g-hg_v&—lag% ¥ found points
oun

as the cent | PSes V\/nose S| zZzes are Cret erm nati on
(ﬁeHlmer%%ﬁi%ﬁﬁ%ﬂﬂ%mﬁﬂwmwQ®mmomﬂb@mmmwmwwgmhe

nodes of the third layer (step S 1113), starting with the points
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14 center of the ellipse of the second | ayer and traversing each

node of thgoagGead | ayer intersect the ellipses of tanﬁﬁg%&Ehgyer,”
the circunferences of the ellipses are partitioned into [nunber of

nodes of the third | ayer subordinated to an upper ellipse + 1] equal parts,

and excl uding the - starting point, t3ge nodes are arranged on the
partition points. 5 Figs. 6 through 15 concretely explain the
processi ng of the arrangenent of ellipses of t he hi erarchi cal

structure i i Fho fpreSedtl énd ot e rd. = P GBS i Sl B bet @xBItnbd= BlBdn
hurrer ol s usdd Gon TG P E G Brb ddah Lok H or BB I BB noBoh &Y
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numeral s used in other figures, and while the sane reference nuneral

i ndi cat eswdes/s@ee item 10 in Fig. 5 through Fig. 15, theycﬂr.,?gmgm
related to itenms indicated by the same nunbers in other | gures.

First, in the case of Fig. 5 when the data of the hierarchical structure
I's input and the aver age val ue of 8he nunber of nodes in each | ayer
Is found, the first layer is found to be 4, the second | ayer is 8,

and the third layer is 8. Here, the ratio of the sizes of the ellipses for

15  each |#yef® bshideZelintied v Ba 17 2- X Ps¥ ep /A BE L ThER B SHW T n
Fig. 6, because the .. ordinate to abscissa.fatio of .t ispl a
mmisz&%%§Hn%§&*%é%%§ﬁ§é% %%&%é%?ﬁﬁg%mga%%%
det er m ned he_?: ep S 1102). Next, the lengths of the ordinate and
absci ssa ofkgﬂé’ﬁﬁﬁgfgigérea 400 of Fig. 6 are partitioned so that the

sizes of the ellipses of
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each layer have a ratio of 1:2:2, the ratio is found for the sizes of the

el I'i pses, wayek; hown in 20 Fig. 7, the m nor axes and ' ' of
the-ellipses o §%§ch | ayer are determned to be [err]]l and ﬁEH%H@ﬁRg?af

the first layer, [err]1 and [err]2 for the second |ayer, and yl and y2 for
the third layer (step S 1103). Subsgquently, the ellipses are
simlarly constructed for each layer, and then their nodes are

ar r anged. First, ellipse A of the first layer with the

m nor axi s and, ek 2090 e ath i3 F ans {:6%8]1280 25 = 'aféspﬁtSi $dl & TiFg
drawn (step S 1104). Then, the four nodes , and m of the first
| ayer are arf@#hied a p‘cﬁii’ti&)ﬁsng&pa—faté‘dﬁﬁﬁfaﬂ@fﬁﬁi the Tepr€dhteP ende) of
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15 1105). This is shown in Fig. 8. _ Next, as the

| ocus forwoiesngaet ers of the ellipses for the second | ayer ,PGHiERAMOBSIOFi g.
9, - el lipse b whose mnor axis and major axis are al + [err]1l and a2
+ [err]2, respectively, is constructed on the center of ellipse A of
the first layer (step S 1106). Next, as sB8wn in Fig. 5 10,. the
extension of the straight lines joining the center O of ellipse A and each

of e movee e S S | B L't 4T PR RR R,
(step 5 1207~ aodoh B B B B YO0 %k bt “the second layer |
(step S 1108) w-th = 55z o 1TRNRE BB ANE (8L & vaxes 400 1 @] ré bndbe R R
respectively, 1s constructed. In addition, for the
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10 nodes m| - ml9 of the second | ayer subordinate to node m of the

first | aywo%fﬁt@(;ﬁti ng from the line extendi ng from tgpeys@alosso00 of
ellipse A and traversing node m and intersecting the el lipse B1,

the circunference of ellipse Bl is partitioned into [9 + 1] equal parts,
and on’ el l'ipse Bl, excluding the gparting point, the nodes m| - nl9
are arranged on the partition points (step S 1109). This is shown in
Fig. 11. In Fig. 11, the intersection of the extension 15 of the straight

l'ine joinipgsthe centere @ and gede #ig ang —eld Hpse Bl STt Hex eap et s
t he node m . Hereinbelow, this is the sanme for the arrangenent of
nodes of tHegse@mdll@ayes tn —E M 0 & LiQdesd BX -k Bl Luboe di nad & EorBfes
n2, nB8, and mi. Next, as shown in Fig. 12 ag_ el l izp_s_e‘ (;_
whose mi nork BkBs: gheE Mef or Sk iRELED Perr FP 1 y1b 2, D3 EHE &5 A7)
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respectively, is constructed on the center O of ellipse A Wthin the

ci rcunf erwoeg/ngdose! | i pse cl, the |l engthw se arc whosecEneswss2e t he

i ntersections of ellipse cl and ellipse ¢' (the segnent with the
bold Iine in Fig. 12) is made the locus for the centers of ellipses for the
third | ayer subordinate to nodes n#&l - nl9 included on ellipse Bl
(step S 1110), and as shown in 25 Fig 13, it is partitioned into [9- 1]

equal parts. The partition points j i ncl udi ng _t he t end
points, ar eh@@‘#m’héi&ht@ré?o% &3 ?upb'e'é Bk ohe NHEE ¥ aydi @s@tﬁrégr?étwe7
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nodes mL - nl9 (step 1111). Further, making the partition points jl - j9

the cente shown in Fig. 14, -ellipses Cl1 - Cl19_of 1 ird
| ayer subgé%lna?% to nodes m1l - nml9 and whose ninorrgy?%g@ﬁ%ﬂnajor

axis are yl and y2, respectively, are constructed (step 1112). In

addition; for the nodes mll - nmtl9 of thg third | ayer subordinate to
ellipse Cl1l, starting on 5 the interséttion of the extension of the
straight line connecting the center j1 of ellipse Cl1 and node ml1,
the circunference of ellipse Cl1 is partitioned into [9 + 1] equal parts,
and excluding the starting point, nodes nmill - nill9 are arranged
(step S 1113)%E KM 6 ) s shown in Fig. 15. Below, the arrangenent of
the nodes for ellipses Cl12 - Cl9 is the sane. Subsequent |y,
steps S 1110 %S 1751%3&@({7'“%@@@&b‘dﬁ%f*ﬁgﬁe%ﬁﬂ"é@gemnt of nodes of 10
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| ayer shown in Fig. 5 is stored in the hierarchical structure data storage
20, but twe gzuabugr of | ayers and the hierarchical stpotteysoe
arbitrary. Also, in the flowhart of Fig. 4, in the
determnation of the ratios of the sizes of the 15 ellipses of each

| ayer (step S 1101), the size of the elli4sses for each |ayer were

I denti cal, but the size can be changed as a function of the nunber.
of nodes. Additionally, the ratio of the si zes of the elluﬁges of
each | ayer Eds comt®iiisnedE SsicadBUACE bP 8f T the BvefhBe’ vallu® HF t
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and a function of the ordinate to abscissa ratio of the display screen,

it need Rppogieged in particul ar on the ordi nate topghapbHeso at i
of the display area. Also, a display screen such as that shown in
Fig. 6 was used, but the size of the display screen is arbitrary. In the

25

determ nation of the ellipse ratios44step S 1103), the length of th

ordi nate and absci ssa of the di spl ay area was di vi ded according t

17

the ratio found by determ ni n%athe ratio of the size

@ Fohekit ps@ R B ByD @Wﬂ%mpﬁﬁ#ﬁ%H#@MJmmﬁéﬁéa%

;Qgeg?a?; ?ghéﬁgbfp%%e?%#n\gs§ éfh}tép’fl p§e7§ "0% é]!%%% gyétgsf% °t heI ZI 28? ay

(4) HOWEMELOUV I ER (X 7S5070) Tk, HOWER
BLEROBZ/ -~ FMEERTHEELOLT 3.

M, M63070—Fv—FREfE-THBETN FAEBACHT 3HEMH
ERORKNLEREENE5PLRT 8L RT.

BOK., BESENE2ERTIEDE, N640L>RMEORERES —5

LHEBBERERRTEITAIATVAORTEBLBE T3-S 20aR2T0 (R

Fw 785010, S5020), XK. BARAEERTRAHEEH®E6 50K
EAL AT (RFYy7S5030) .
IRANLEESEBL ThehBEMEL N DS TT, BR A—WE/ —F
PERMEEEFTTS (R59v755040) ., A—KE/ — FORTRABE.
HhoWEBBTCIOWT, B—LUEE / — FERT 3/ —FORRLE (XF Y
7S5042) BEMEE) —FOMEIRIESL (RFv7S5043).
E5ik, ChFTHKEOD 2. —rOMEVRDPEING (XF97S505
0)e COESIRLT., HI2WEBEOETLBEERT TS L, RIZ, hOBE
BELSOWIABROLBEHBRDVESNS (RFv755060) . UFTik. 9
HMUESB 1-H640ENORERBELEH IS TZLLT, TOREREROD
ERBEEBET S, 2P, N6 40ENORBEREOLBLIARTS 3.
£, BEMBBERBELT, /—FREEMOHLAZERRABROPL LRE
T3 (RFv755041), Ric, ¥ETHHE/BELOVWT, BEUBEEO
BREBL LT, SWLERARLILBRETS (XFv7S5421), RE.
&/ —FOBRTHMEO/ —F¥PLE/ —FOABIAL, APITE4. 5. 8
TLEHRDHTE (ARF9vT7S5422). Z05b, BABBTH B 0.
BRABARZE. 360° x (8/ (4+5+8+T7T))=120°EHEIND
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area, this length need not depend on the size of the display area.

In the arwiwepegeed of the nodes of ‘the first layer (step S pédphporsim nodes
are 5 arranged positioned on an equally divided circunference of an

el li pse depending on the nunber of nodes in the first |ayer. The
manner. of the distribution, however, does gt have to - be equal, and
can depend on the structure of the | ower |ayers. I n
constructing the locus for the centers of the ellipses of the second | ayer
(step S ﬁmmwmﬁm%ﬁmﬁmmﬁ%mmmﬁﬁmﬁw@ﬁm&ﬁ?@ﬁﬁmﬁ%e
of the first er had a nminor axis and jor a of : -
m nor axis d’ﬁdﬁ é’a]%oq xS DERMPR UIEJ'EFSZT #i ﬁc')zf”' %i7%s Sa%cf‘ fafor - a® & GR <

e s osFEED L IP RS, 0 £ SRkl cad dag
&H\lloﬁz—bﬁﬁﬂtﬁao

&L\&Ewﬁﬁﬁﬁtﬁﬁbtm%/—F@Lm/—Fth\*%Tﬁn
30— FERAORTEAOPLEREEEML/ ~FEEML108Xbox
REBEL. TOAPLHAOSAREIRIISE, EADSTLESAAL
Lk#H->T, /- FREM110%£60°, 75°, 120°, 105° o#
L. BA0_HARLAABLOXRE/ —F2REBT2 (R7v755427)
s RIE. THhED/ —FR2ERTRY., V>V 2ERTS (XFv 755428
o MEBTRIZETONEBRBEZRLELOT. n1~n4¥EE64LRTHE
LHBEO/  —F. ChoeREERDVYLITH 3.

T BB/ - FRERRAALBERDY (RFvy7S8S5043). RE
B_WEO/ - FOUBLEL,

BLMBE ) —Fnl~n4CRT3B-MEO  —FRBLT, £7. BE
A/ - FREROPALR1I0025, BENEES/ — FEEBAZRDIKF

CRERLEAEMALIOSORLETOEREEZELT2H1 15 2ERL. BE
i@/ — FREFAODPLADPSBLNUBBOE / — F 2R 2EROERRIH
LRXELTIRERXel~e42LT, BB LB/ —FEBT 2/ —F%
RET2H0FLRLBEETE (RFv7S85041). ChERLEOHFESE
8TH 3.

Riz. /—FnlkEBT38_-KED/) —Fnll~nl4icB@LT. £7.
Rele2PhetT3/ —FnlofHACERRLOAENE2ZD/ —FORR
ﬁma?a(X%w735421)o/-Fn11~n14uﬁfmmﬁﬁtm
DT, /—FHACEB / —Frn02NMXA5To8A2ERTE (RFYTS
5422), LE¥>T, EA4MARX3IE60° /(4+1) =72° %3 (R
F9785423), J—Fknll~nl4BBTHEEROT (RFv 7S5
424), 2Fv7S5421CRkDEEREBON2Z2 —FREREARLTS (R
Fv756426), MG680120H%H,) —FREAERLTWE. 2O



on the size of the mnor axis and the major axis of the largest ellipse.. In

t he arr angays9)iso0d the nodes of the second layer (stgprJpdsidise
starting wth the point of intersection between the 15 extension of the

straight [ine connecting the center of the ellipse of the first |ayer and
t he nodes ‘of the first |layer and egch ellipse of the second |ayer,
the circunference of the ellipse is partitioned into [nunber of
nodes of the second | ayer subordinate to the upper ellipse + 1]

equal partsg Taad dxEfat bto&ﬁkm:sﬁa&tﬁﬁ:gﬂpﬁimw pan;1od nw%éaﬁﬁé? pakged »n

t hese partition points. ver, the manper of di str tlon dogjénot

have to be Bdual 4add tan HepEnd ]oﬁ THe 1 2di§§:tﬂ“l§’§ﬁﬁze & _’t I’*b%f T

I conetruel LR AU ) BI85 9 ol WS £ Loges AL e Pl

e”iWGOfF@&%W@Eﬂﬁ@ﬁﬁ@¢M%%@ﬁ%gﬁﬂmmuﬁmﬂf%ﬁkﬁkﬁ
BLEYUVILEELRVWHBRERZ2HY, £ALE/ —FR2ERTEER (X
F97855429),. HE69RIZETONLBBBERLESOT, TCTRK
el EEHRLULEMERLTINWS, o '

J—Kn2kBT 3% _"WEO / —Fn21l~n25kKBLTsd. LB —FK
n1EBI3B_BEO/ —FLAROABYXTDLONZ., TOHREETO0LER
LTHB <. | -

&E\/—FnstET%%:ﬁE@/—FnSi~h34tﬁb1ﬁ\if

i . Me32PNLT3/ —Fn30RNAOERRLOAEMALOSRED ) —

. FORREBET 2 (AFv7855421), KRB/ —Fn0eH—0/—F&
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BEl, 2, 2, 2. 2LEADSPFLTE (RFv7S5422)., BAH2T
BIZd. BAXABAK. 360° x (2/ (1+2+2+2+2))=80"
LEBMENS (RFv7S5423). X/ —kn3l~n3 4EkMmTHKE
TRHRVWOT (RF9Y7S5424), BOohLRe 3rLRRABOBRET
OREBEBOERE2_-SH4BLTZ280° 0ATRASLEEBR2MERL. TOH
BOREAEERT S (RFv7S5425), Redbb. ERLENEMNE
TOEMELBLT3AE/ -~ FRERELTIHRTS (XFy755426)
c MTORCZETOUERBERLEGLOT, 125 FABROAEH, 130
P)—-FERBEMATH 3. - .

Ric, RE/ —Fn 02 tfi/ —FREEMP110CBEONBEREL. 25
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. 80°, BO0° kA4BL., HEAO_SEARLAALOXERIT/ —Fn3l~n
34ERETS (R7v7S5427). K. Chb0) — FEERTRV



m nor axis and mgjor axis of second layer + minor axis and major axis of
third | ay@ioosnddps Next, an ellipse is constructed on the cgpigporhsiohe

ellipse of the first |layer had a mnor axis and maj or axls of:
18 m nor axis and major axis offirst layer + m nor axis and
maj or axis of third | ayer and withip the circunference of the

el lipse concentric to the ellipse of the second | ayer just '
constructed, the |l engthw se arc whose two ends intersect the two ellipses
is made theVlpeuefik¥2% (X5Fv7S5428), abic, /—Fn3toVroilL

<. BIUBEOBOFLAPRREORO L A~OEMETECERL 2
DUy LEBLELEECEAERY, MEAL& — FEERTHE (X7
75S5429). BTI1RICETCONBBEERRLEDDTH 5,

)= Fn4RETAE-_WMEO/—Fn41l~n43KBLTH. LE/—F
n3KBT2B-BEO/ —FLABROMEFTbONS. 2L, J—Fn4l
~n43TH. BEOBERBLERLTVE ) —FREARAVWED, /J—FORE
fBE2ERTIZERRV,. T2 CCETONBREBERERLEIDOTH 3.

R, /—Fn31~n3 4RI 28=RED./ —FEBELT, LUKE
~FREEOHLARe 3PS, LUAMEBO/ — FREMLS30ERDIBEAR
LEABAL250F0ETCOEBELBELT2AEARL. Re 3 b LM
BO&/ — FERIEROERBIALEET 2 28%e31~e34LLT
ELABME —FRET 3/ —F:RETIHNOFLALBRETS (RFy 7
S5041), B7T3RCNERLELOT, 135HhhNe 3P5NEMI
250MMETCOERELELTZ2MATH 5.
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the centers of the ellipses of the third |ayer. However, if the sizes of

the el li pgRpogsefach 5 | ayer are not identical, they Shp&ﬁpﬁfb Hgsed on
the size of the mnor axis and major axis of t he | argest F

| pse.

determ ning the positions for the centers of the ellipses of the third

| ayer (step S 1111), the locus for the ceagers of the ellipses of the thi
| ayer found above are partitioned into [nunber of nodes of the
second |l ayer - 1] equal parts, and the partition points, i ncl udi ng

the two end pointisp ArkinEde % H= ERR Or.5 —oft ILRR Lel & ps#sT of At 63 2hErgd & -

| ayer, but this 10 manner of distrjbution do not ha]ye to Qﬁ ual_,
] ¥ ?Sg ﬁéc

can depend 3mthe KuRibbr B KbBRERM L ®h %?‘é RsTr

Rk

the ellipses of hj r.d, l.ayet. - s L,
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15 the reference nunerals used in Fig. 6 and Figs. 16 to 25 used in the

expl anat i Qro 814b pr esent exanpl e are soneti nes t hepga/iPoBs20

ref erence nunerals used in other figures, but even if the same
reference nuneral indicates the same itemin Fig. 6 and Figs. 16 to 25,

t hey have no relation with the sanagreference nuneral in the other
figures. Moreover, in the processing of the present

exanple, the follow ng.settings are used: 20 (1) I'n the hierarchical
structure dgik s totEaRiec Ehidtic 2O phe tdtla ¥ or ML W erakckidal structure

naving Uhrce Layers Sucl S VIR B8 105 ehUg e 2 d Dol g 1e
det et onoh L be g gt ot de 3257 75 Syt sl ckipre
arranged noges.yahd khedJ ergesio yal yedmne e awrten R L. LUEE, —F O
AHADEERLREMEFRL. TOABERNERRERL LEN, LUKE
J—FOAEHAOEERNELATRRABRLLTO LV, PHAOEADY (X
Fv7S5422) T, &/ — FOBRTHEEEO/ — kMK X>T. BaSY
BE>60LLEN. BASUOLREIERTH S, £, BTHEMERET T

Rzl FRHORTOWAO ./ — FBRTEASHEF>Td &V, THRENR
wBAR. SHALSATILOLLES, EATRELERRABALHLTRS

LTs k. HEEOEE (X5v7S5423) T, BTUREUAOSS

C k. TEBEBE/ —FofsBAa EHLT. SHAORKER (90+a/2)

C LR BESEULEN. BETIBRAMRERTH 2. /— FEEAOHR (X
Fu7S5426) Tl /— FREFORLAPSARACET2ETCOER

BB LT AMEMEBRTAOOLLEN, TNEIDGATVWEEDATS LW,
RTUMETR. RAFBORE (RFv7S55421) TRXHDERRABROM

2/ —FEEMELEN. TALDENEVEEOHTOEV. /—FORE (
AFw7854217) Tk, &/ —FoR#lgo=-SaRr / —FEEBAKCXD

o kAR —FERET260L L. FOMEMBLERLTVE / —FEE

KEZOEM ) — k%, BEORRARCBEC R NBECEET 3608 L

S OREBEPERARIATVWIBAR. RAORENEOEKRRL S

3/ —FENLTREOLEL 23S EEBLTS LW, A—RBA/— KDY

SO (RFv7S5428) T, VY2l —FHEERTHESOLL

£, AMLTHEHETS / —Feoyy s, MUEAWTOLV. LU

BLoVY R (RFYy7S5429) Tk, LEBEOROHALRPLOR
 EEORORLANOEBETHECARLEY VI LRELZVWHBRERER

B, BMEALE/ - FRERTHEOOLLEN, EXE. LEEEOROH L

EDLEBMBOFRORLA~OERETE TS W,

BOMBEELOY Y 7R (X5y7S5070) Tik. NOBBMEL &



25 nodes arranged on each |l ayer of the same el i pse is.chosen as the -

rati o of Jwomsaysg of the layers of the ellipses. Herngijpo7/b3520 case
of Fig. 16), the largest value for the nunber of nodes is 4

19 for the first layer, 8 for .the second, and 10 for the third. In
determning the ratios of the m nd@0 axes to the major axes of the
ellipses (step S 1102), the ratios of the m nor axes and maj or axes
are all the sane, and their ratios depend on the ordinate to abscissa ratio

of the % O & 3p! ay kA&l et & 3ok D & b Libbpl P drea Kudh &% LFPE 5 &he
ratios of the BA% MBdL IV Yer e ru.
Fh, LRLEEHBA 1S5 EBVWT, 220RBHEEFEHRLTVWI LS
2BECR. FRBAC TR T HEBREORNMRTZTE2ER T I L LWV,

MEBBHLEXS K, EBAGERTRBAL LD, BWEABEERNERRT 2
BEL, A-BELET2/ —F2—RoHMcH->THERLEAEAY THH
REEEL, /- FMOSWTHKED) —F23 b AMEABLRLTER
Frorickb, BEEEERLT/ —FPUL I/ ERPFIHERL, AD. 2
PHEERECEREID. —FEBREESC3CLELD, VY I70BRAEAR
| Ao LHTE, J-KRUL/REELCEBRESEELTRET ST LY
- TEBLVSHAED B,

(SHH T )

ARBA LB 27— Y ERRLEH 3 012, HESES— S BMB 2 0 CBM
ENEF—FEAVT. EREO/ - FOREMEEHMU. / — FHEEHT
Z2VV70BRBEFT>T. HERS0EALTFAXT VL 40~AKRT2T 3,

AERBACBII2WEBEORNERRAER. . B PARCERThE/
CFHOMEBBEDOY Y S ERETIBAL. MERNSS *TRNRCER L
E)—FOLTHREERT VLI, LUMBO/ —FPoRLELAXQERS
DYV IRRLER LA WAETAKSETTHREOSE ) — FEERT 3
CYRMT B, -

70k, F—SERABHI 0 BYRARBAOLBEEIED — KMo % %
LEZD—Fv—}Th3. UF. NTIRESE, ARBLISHERED Y
VORTAEO— KN EBRT 5.

2B, FEEOACBWTHTOKLERTZ0—Fry— b B 2B EMOBRBIC
BOTHBOPOMB4RMAT Y, COMBODLME 4 THASNIRS
b, MORECHASNIRSLIALBAEHoTo, H8O0LLNE 40K
BATRA—RBRA—0d02RTd0LL, HORNKBIIA—DORFB LM



5 axes of the ellipses are 2:3. In determning the ratios of the ellipses
(step 110g) ogildéhe! €NAt hs of the ordinates and absci sf@ﬁ:ﬂfm%ﬁﬁ
y the

di splay area are distributed according to the ratios found

determ nation of the ratios of the sizes of the ellipses (step S 1101) and
t he determ nation of the ratios & the m nor axes and nmjor axes of
the ellipses (step S 1102), and the ratios which give the sizes of

the ellipses fromthe nunber of nodes are calculated. 10 (3) In

const ruct #§ Bl A £55&of the first layer (step S 1104), the el lipse of

e U LR B RS LR AR ) P

the ellipse rawn. arrangenent o

tm'mmsﬁ%H@ﬁ%&@@%%Jﬁﬁw%&W@#a@%%@wﬁﬁ@E#%%hQm

el lipse I's partitioned depending on the nunmber of nodes of the
second | ayews subar g #icx & B eadhDfDENE & 2 vV Vot A METE Bt T wyRe, and then
the nodes are arranged. 15 (4) In constructing the |ocus for the
centers of thd =eli s of the second |ayer (step 1106),

FYERMAHIOTR. 7. BEBES— S BMB20»5E8 0 LR
FISLMBREF -5 2BaRA, MBIERT X5k, BREAKED / — K
MEEERRic LT, TAKEO ./ — FRELEREO /) — FFEOMIK R
CEBL. A-BECET2/ —F2EA—ALcBEBT2 (X5v7S6100
)o ZOK., /- FOLTHRR., LEBEO ./ — FOARKA-AALCEE
ENTVR THEEBO/ —FEXT AT, LEBBORA—/—FERT2L5KE7 .
3. IZE,  —FploARNOR-—FAALEBIATWSE ./ —Fal~aq4
K/ —FplEERL., /—FaloffloA—AL-REBEATWE/ —Fr1
~r4lk/—FqlkRT 3,

COXSEMRARDO  —FRECOVWTE, LAOKEH 2 PREM 3T
BALTHZ0T. CCTORBREHT 2, EARBR. REAKBCET 3
J—Fit, ERFBONOREAVIHVWEAOHALE, YHEECET 2/
—FMPLEHEININEAMARAVISHBRERL, B2 HMENTO
—Fi. HRAOANE. ARCRBERETILWS 80 ThH 3. 2B, &K
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(VY 2 ER)
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an ellipse is drawn on the center of the ellipse of the first layer and
whose M n@iy @Xispednd mej or axi s are: M NOg3po%/05526! maj or
axis of first Tayer + mnor axis and major axis of second layer.

determ ning the positions of the centers of the ellipses of the second

| ayer (step S 1107), the 20 intersectig s of the extensions of the
straight lines connecting the center of the ellipse of the first

| ayer and the nodes of the first layer and the ellipse which is the |ocus

for wmemC&ﬁmﬁ2ﬁEumW%w%#“E@ﬁ@EWﬂLﬁﬂhmﬁﬁwiMﬁﬁﬁ
becone the centers of the ellipses of the second | ayer. In

constructing ®ach- &l 4ipseqo? .t kedsecohd|ayer U St 2E R 21DE), SaLit.of/ thé
previously found190|nts is made a center, and ellipses whose sizes

are based off Life o 4tikdE Toll M T idd% ¢ BT 28 B 4 meFdeder r?at i 88 of Ath&P /
ellipse ratiogpfsten,S L193) :ﬂ\ 192955%’1‘4%%%? H]-_Z;t b& aryapgegenty ofy | o

E. /—Faql~aq40/—FgEk@EKRr0T, LUBEO/—KkKp 1 L MB&/
—Fkql, g2, 3. g42&XxV>JiE>onwTtik. B8 2kRT LK. £
. /—Fpldbd/—Fql. a2,.q3, q42BETZ3HDOHLel XTHE
e E (RFw786112), Xk, MelZEARAKE/ —Fal. g2,
a3, a4 LEREVDVTYY I ER/E (RFv7S56113),
Ric, BEUWEDO ) —Fp 2 RTOB 2B ET 3/ —Fsl, s2. s
BEOVWTY VI EBEFTS. /J—Fsl~s3bBRTHEBTERRAVWO T, ¥
% B&/—Fsl. s2, s3I0/ —FHREKLREV Y ITODVWTE., TRTERT
= BE(RFv7S6111), bk, LEKEO/ —Fp 2L %%/ —Fs 1
& .82, S3EMBEULIKOVUTR, J—Fsl~s3D/— FRHNEHRO
| . M83KkRTEISK. LHMWBO/ —Fkp2t/—Ksl, s2. s 3¢
T2 e 22 BB/ EVE (RFyT7S6114), TOERLT/
—Fkp2dPBb./)—Fsl, s2, 5328 TI2ARLETIEITCORISOERD
UBLCR]E2RETS (RFvy78S6115)., #£LT. Lfig@o/ —Fp 2
LA JEEBTRE (RFY 7S 6116). Aibs&/ —Fsl,.s2. s
SEEREVIVWTY V22K RE (A7 rS6117). . .
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EAWBE BT 3/ —Kkrl, r2, r3, r4koVTY LI EBEFS. =
:?{/—Fr;~r4ﬁ§TmﬁEfﬁaof\%y—Fr1\rz\r3\
re0/ —FHEREVYIRTETCHS. LUKEO/ —Fqle s/ —F
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nodes of the second |layer (step S 1109), starting with the intersection of

t he ext engioY3fisg t he
20 stréﬁ%ht lines joining the center of the-ellipsép%ﬁ”¥%?g3 Prst
. layer and each node of the first |ayer and each ellipse of the

second Tayer, the circunference of the elgdsi pse is partitioned into
[ nunber of nodes of the third | ayer suborginate to each node of the second
| ayer under an upper ellipse + 1] equal parts, and except for the

starting node, »qagh EAartid bog @ai ntgns, 5 di stributed according to the
nunber of nodes in the third | ayer subordinate to each node, and
each node istaFraff@fi B0 &/ —FRTOEIWBILRT 3/ —FEH LT, AKECY
| YU R X |
HLQﬂEE&D\ﬂ§Okﬁbtﬁﬁﬁﬁ?fﬁme—ﬁmﬂyaﬁﬁﬁ
M84Dk>rd, |
2B, LROEBAOBRBLE BV TR, WESEF—yBRMNBLE. K800
XS BERBLIETIT - FBMINTVWIBOLLEY, BMEATY S
F-IRBBRERTH S, _ '
£, BESEZEABCBY3AXENAOY Y/ ERLE 07 0—Clt, / —
FERPIBREOROAERET S TABEFToLd. ChRFBBACRET S S
DTRZL,. BUHBORLTLIAROLERT>TH LW,
Eok. THROAEBATRMN B P ok, ALEED/ —FEOY 2L
LETREREO/—FRAOY I, EROBPAKIERELRLETERERRALTY LW,
Fl, ERBRULEREHA ID>PLE6REBVWT. LHEBEBO/ — kD258 LELEXOD
EfE. MOV /KRR LEBRALRZWHEBETABI B TTHEBOSE , — FITE
ET2BACR, ARBACRTIREREORNRREEATI LI W,

MEBBLELIK, KEATERIEHCLhE, BNARCEREAE -
—~FHOMEBEO IV VERETIHBAL. RECHNBXETHEREERL
B/ —FOLTHRERT VLI 2, LUAKBO / — D oRLELADEMRS
MOV I ERLEM LR WEECARSE TTAREOS ) — FEEHRT 3
TrELD, V- FMPHEEP S THRECETIAAABESELB VTS
VUV IOMBRLETCRPTKRR T3 LS cE2 LR, VU2 R2EBRL
TEBCEBEBELCRETIILETEILVWSAADD 3,

(F—F/ RRAEE3 0 ORMEMR) |
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(5) In constructing the locus for the centers of the ellipses of the third

I ayer ( St ost14dbdel0) - an el li pse having a mnor axi SPET%P%ligﬂ axi s
of : m nor axis and nmgjor axis of second |ayer +

m nor axis and mgjor axis of largest ellipse of third |ayer, S

constructed on each ellipse of the secongslayer, an ellipse having a m nor

axi s and maj or axis of: m nor axis and mejor axis of

ellipse of first |layer + m nor axis and nmgj or axis of

| argest el it gse PP £hirzgl,  ayer, 15 is constructed centered on the ellipse
of the first layer, and finally within the circunference of t he

el i pse on tMHe8 dedt br of —tHék & N300 i heFsedoMdE B Priediousyl & &

CMMHEW%QQ%ZE\U/amﬁg$%33tmk¢m$34L&bﬁmé%nTm%

FUT. F— S BERFHES 11k, AN FEASZVRBHACHY T3
B0 LAEOREMECE T2~/ e RERET — Y BMNB2 0 RS BAR
B BFEEFS. J—FEERHS32H. F—IBERFH3 1 OMFRHR X
b, A—/ —FRTOR—MEO./— F:RH—#ALrEEBL. TLOR—KE
 OEME, LERBORPOANCEET 3T/ — FRBUEOBMEF
VL IRRAEEIS K, F— S MERFBI lORFERB LT —FEE
BHBI 20/~ FEEMELD., /-~ FHOBENAEERT YV IRROEH
£S5, 2 LT, EBERE3 4. /— IRERHE3 2BLTY YIRS
g HBIIPLOHMBREMALTTARTIVALONDHDOEHOREOHE
w REFS, 25, DEERSI3 4 CARLEREE, SEHB50EALTF4 X
ZVA40KERFREND, TITRk. RRBELLT. F4X7V A4 0%2AK
LTWaH, ChEREENRNIOTERL., 7TV IEGOHRKRBTH>TH X
. . . .

Xok. J—FEEBBEHEB3I 2. /—F2EEBTIMBEMMT ) — KR
BMBEEEI2ab, /—FERET3MEERET S/ — FUBEHES 2
b, EMEORECEOEMESF S MERECENMS 3 2 c Lk DRARE N
. REMES —YEMB2 0L BME N5 —F . —BCHBEE, AM
—FERoTVBOT, ERLESRTTHE T, ER/ — FEERBEHS 3
2a. /- FEEBHBI2b, KEEELESHBI 2c LD AERFDA
BIrins. cOME, SECHHANERREROBOAITCAHALTY 3

ER. VYIERBMSISR, LEMEO/ - FPORULEEEROY Y
PrEELZVWHERTARS CTTHRBOE ) — FRERT2) ¥ 2 HRAE
HHE 33 asWATY 3, .

Ric LR UEEBAL 56 EMAT ORBTAVWEF—F RRAEHI 008



| engt hwi se arc whose ends are the intersections with the two ellipses
becones t e dspavgs f or the centers of the ellipses of pthardtusszd

| ayer. In determning the positions of the centers of the el lipses
of the third layer (step S 1111), the locus for the centers of the ellipses
of the third 20 | ayer previously foundsss partitioned into [nunber of
nodes of the third |ayer subordinate to _ each node of the second

| ayer under one ellipse - 1], and the partition points, including the
two end poiffitis & dare Wi-str buttetf.all 8r B G ¥oX h Adhifet B3 ﬁb’aé%g%ﬁ $he®

third | ayer subordinate_to ch node,_.an ec C of,. the
el l'i pses ofﬁbhﬁmjrb% 5’3%55}7463 03!@?%*6%6}1%;%%%@%@3&(3& %%?%% aﬁ‘fr?-eB
third [ayer_(s S 2)4 i he ,prayi pRiN ’ de
a center, and él‘elg'l ps%i‘?‘l\/\h sLe‘ sfzeq? Eﬁ%#déﬁg%g‘d gnjﬁ%%%;%lﬁg?%ﬁzgu éﬁ%d
with the gpawgpdetermnation of the ellipse ratios (step S 1103) are

constructed. In the arrangenent of the
MA4KLRTERALEBIZ370-F+—rEBWVWT, EXFv 7 LLEBRL

ORBREUTFOLIERZ. AFYv7S1101~81103RKF—FHERRT
B31LLDFbh, #HOXFy 7R —FRB/EMBI2LLDTFbASZ. 2
B, AFy7S1104, S1107, S1108, S1111, S1112&
J—FEENHEEBI 2alckhiFbh, S1105, S1109, S111
S/ — FUENMHI 2bkhFbh, S1106. S1110KKERE
MEBEHEEBI2cEbTbA S, '

M2 6 RTEBAZEBIZ70—Fr— L EBVTORBRUTOESKE
B, AFwT7/S82110, S2120R(F—IHBERFHE3ILEIDTbh,
fhoMBRE ) -~ FREEEBEI 2L LbEDh3, 2LT. H26kBU3RLE
B — FOREEBEWTH. XFv752130~S216 0%, — FEERE
HUB32akkbFbh. A7y 7521708/ —FEEFHBI2bREX
bl DNB, k. B2HWE/ — FORBRBWTHK. X5 v7S218 05
EREMESHEI2ck XDfTbh, XFv7S52190~52230»)—
FEEBMBEHBS 2at kbbb, XFv7rS224 08— FREHH
32bk&ibfFbhz, £k, LEIWBE/ —FORBLEBVWTE, XFy 7S 2
260 FXMBREBNERMMI 2 ch kbFbh, XFv752270~8522
BON/ — FEEMBAHERI 2ak XbFbh. XFv 7822908/ —F
HMBREME3I2bE LV Fbhs, 5. RHEWKHES2250. S2300K,
V- FREMBREMSEI 22, J—FEEEMEI2b, REREMCERHE3
2ceLhELYI/ —FRERHEI2ELVFbAS,

R32kRIEBASKEBI 270 —Fry—bPEBVWTORBREUATOLI K
BB, AFY7S3210, S3220RF—IMAEBKFHE3LLLbTbAS
e LT, RF9y7S3239~S532400)/RBNHBIZLLIIFTD
N, BOXFYTR/ - FEBREHBI2LLIDFDAB, |



21 nodes of the third layer (step S 1113), starting at the

I nt er sect.wwspfa9dehe ext ensi on of the strai ght |ines cpafseiiossoet he
centers of the ellipses of the second | ayer and each node of the

second | ayer and each ellipse of the third |layer, the circunference of the
ellipses is partitioned into [ nunbege of nodes of third. | ayer under
one el lipse + 1] equal parts, and except for the 5 starti ng points, the

nodes are arranged on the partition points. g 17 to 25
are concr et e ®ApBanat o K Phdi Mg Hob T Me—pF deessitad b ConE Bk Shsed & 3 &

arrangerrentnogo thTr‘\yl ggrchl cal st rgct ur &c;orgig%gﬁﬁgp% Prgiegt %(%ngl e.

Bel ow, 't he
e BELT. AF¥v7S3137, S3148~S3149PVV/7REBEHES

SRXbDFbh, HOXFy T/ — FEBEHEI 2L bFDN D,
M53 K RTRBAECBPYE370—Fr— bEBVTORBRUTOES &
2. AF v 78401 0RRF—/HEBEBRBFHB3ILELDITDbAS., ZELT. A
Fv7S4060KY Y I ERBEBBI3LLbFELN, LOXFY TR/ —F
REALB3 2L bEbN 3.

M6 3R Ry REAELBI 370 —Fr— FEBVTONBRUTOLI K

B3, RF97S5010, S5020RF— I MEMFH3 Lk bFDNS

° %L'C\.ZF‘B7S5428~S5429\ S5070i)“)‘/9ﬁ'.ﬁﬁ;'ﬂ.§53
SEbEbh. OXFY TR/ — FREBHBI 2L LDFDN .

ET R RTREMTEBU B 70 —Fr— RSBV TORBRAFOLS K
BB, AFY7S6100@ ./~ FERRMMI 2R EDFDNZ. TLT.
PRF Y TRV IVERBUBI 3L BI3V LV ABEERHB33ak XD
fibh 3. | -
COF-YERABBI02ECHESBEORNRREERXAVWICLT. B
BNEEMOBK, BEERE0O/ —FL£AMMEREBETES &5 KR 3.

5B, HIEBUBF—FRFAEBI 0L BT 3HEBEORNRT & KA
T3EDO70S0%2CD - ROM@FD\ N—FF4RXR2E€para—%
RARDTREBRKACERELT. CORRRALERINE DY S Ak
VEa— P RMAREY, AT I LR XD MERBEORNRREF>TS &
W, |

HEBMBLLREREORNERARPREEAVS, 520 . BEREOD
HMOER7DV5AeRBLERRKAEI L La— I ERARARD REX
BrrkXb. EHME/ - FENUTFARE —FEALAAOANEER
L A—BEO.) -~ FXA-HAECEET 225> CRET3RD. /— FRO
SVTHBBORRREBEL, /— KRV yORBEMRT 5T LN TES



processing will be explained in reference to the figures.

First, whewodsasdowr gest val ue of the nunber of nodes of eachpdpy@fobse .
found, fromFi g. 10 16, the first layer is found to be 4, the second

| ayer is 8, and the third layer is 10. Here, the rati o of the sizes
of the ellipses of each layer is 2:4:5 (stgp S 1101). Next, in the sane
manner shown in the above-cited Fig. 6, the ordinate to abscissa ratio of .’
the display area is 2:3, and corresponding to this, the ratio of the
m nor axis t,03Maj. o Bl o ot ¥ BIpsk BsX % H 1 T delad (i el H & HSRE B A
(step S 1102). Next, the length of the ordinate and absci ssa of the 15

di spl ay ared” &SHEIBP det B orHiRgGR ol thE 2.4 B ari & bfiCt he si E &EGR % He>

11 pes s L0 BMHEM GRMHCH AR BA & Snakilns PR € BB Fere 430

o an PR AXR B R B HAM R R b e RN £ 95520

and y3 and yigf arvthey thy i 2R ESLWSEEAKLER L. 2y PV -2 0RBEE
BLED, BRAZ7O=7 F2RELIRBEELEELED, ERBORET— 5
 RERRULEDTIRORTHBLUCHAZNSZ., Chit, LANOREERH
L. TOMERREEMTILANELY RF LD, LANEALTRET 2 Y
—CRDBRBURNVEER - WP T2V —EREBYXFAGLBASN S, &
Be AV XY MY —EXT7OAS IS OEBBEERTT 2B AT

TH 3.



1103). Subsequently, the ellipses of each |ayer are constructed, and the
arrangenmegip ggftaepg0  nodes is executed in sequence. pCT/IP97/035281 T St
ellipse D of the first layer with a mnor axis and mgjor axis of a3 and a4
S drawn (step S 1104). In the case of Fig. 16, the nunmber of nodes
of the second .| ayer subordi nate tgsgthe four nodes nl, n2, n3, and n4
of the first layer are 8, 6, 4, and 6, respectively, so the
circunference of ellipse Dis partitioned according to this nunber of 25
nodes, and the four nodes are arrariedN step & 185). This is showmn in Fig.

18. Next, as the locus for the centers of the elllpses of
the second | ayer, as shomn in Fig.
1. ﬁ&ﬁ\*Mﬁi%nﬁﬁﬁkwﬁTﬁﬁﬁnhbﬁ%fﬁ%/—Ft

S FHOBBEEIC LD, HE/ — FHORESEEROCERT 35BS
W, |
A—/—FETORA—KEO /) —F2A—-#HAELCREL,
THOR—-KMEOHA:2, LEBBORAIVAEVWALHEALLERET 3
Ve E O 8 % R . |
2. WMEHENOKRE X,
HRA—-BRALEEEB T2/ — FEREBLTELERS
BROWHES I ARR O ELED MK RTH &
3. FMRMPHOERE - REOKEK,
EREBOMMIEIE BT ETHRE L,
EHEMOEE - REOEX &,
HEA—BHLERET 3/ — FHOLENESRTERBOERE - REOR

TERHEHET S _
EFRoBBHE2ECROEEBEREREONNETR A L.
4.  #HiREA—®#APE~0/—FoOBREIX.

THEEO —FHEBLT. #ELE~D/ —FroRBRZ2ELETED
WRORES 1 EHRROKESEORNER Y %

5. HETUERBO.) — FBRCELEBAL~D/) — FORER.
RA-MRCRET 348 —FETOTHREO ) — FBOLEHBEET

L J—F:REEBTIHEMAOMAESE L,
EAWLEMRNOFAKLE — FEEETS
HERXFyTESCHROBELE 4 ERROKEME D RN BT F &

6. SRA-BECBY 2 HMAORE &,
HER—MBLCEBT 2/ — FEEELT. A-REOHRNOREREMLY
%3 '
WROWHE 1 ERROMERED KN ERF %

* c L M S *



22 19, an ellipse Ewith a size having a minor axis and major axis
of a3 + [wobSismosl a4 + [err] 4, respectively, is con;ﬁw;%sfostep S
1106) on the center of the ellipse D of the first |ayer. ,

shown in Fig. 20, finding the intersections kl, k2, k3, and k4 mhere the

ext ensi on of t he straight I'i nes coshecting the center O of ellipse D
and each node nl, n2, n3, and n4 of the 5 first layer and the ellipse
e, these intersections becone the centers of each of the ellipses of

the second Vayer (HiRF SHHDHE BRiTchchelNisE Ik FE2 FB O &ifd o8F B¢ he
S oonst r et it BBk 8 FaEhRER ERERELY O 1O T hotes nal o018 on
of nodoa of thE £0R e HIET E R 3 BRI HCC Wﬁ“%"*)‘%st?‘a‘%ﬁgiﬂ“ﬁ%,eééwaﬁse |
the: nunber @fiuBOBER 3 2 b BEF & L. S
NEEMAEERET 3 — FROLCHEE € THLMEO B ES S L
ABULEFALOD R EHNORLEBLERET 3
EXFYTEAUBERORES CARROMBRED RN RTH K.
8.  WEB/-FHMOMEMEORNRTX.
J—FHOBERETEZS T, Gﬁsoﬁﬂmk%éom\ﬁﬁoﬁéﬁv
E%@&E&ib\EL%T%%LﬁLT%EE@ﬁH@X%E%&%M
BREECESVCE IBBEORMEEHERL. |
FRALCE 1IBBO&/ —FETO//—FBIEBLT/ —F2BEEL.
RS IEEOHAERLOL., BIRELE 2RBOMASERLRVWEEK
E2BMBORBOR LB EER L.
BE2HEBORAORLHMBERLLLT, B2 RBOESKACREET 3. —
FBREBUEMBRE, BRET3 — FREB U EASS oS 2 MEORMAEER
L. |
BEMALEB2REOR ) —RETO/ — FBKEBLT/ —FE2REL.
BIWELUBLEOVWT, HRBABLAROLAEL®BDET
42717t€tﬁxmﬁ5%lﬁﬁmoﬁgﬁﬁmlW§rﬁﬁo‘
9. MERAR. AT Le8BLT 3
WROERE | ARBOBBEREBEO MO S RS &,
10, BB/ —F*RETIMHOAE X &,
E/ - FRTOTHMED) — r:2EETIADNBALEBZ LS L RET 3
REROBEEITBMOWBRED MG ETH &,
11, HRE/ - FRTOTHREO) — F:REETIAFNBALRZ LS R
R,
/- FEREVIHOMLAEA—HECRET 3 —FRTEH8 L.
TOABBRLETREABL CHRSNIBMAOEBE BV TAREEHERL.
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10 of the third layer subordinate to each node nll - nl1l8 are 4, 6, 4, 3,
6, 4, 7, WabsRasosespectively, starting fromthe int e‘s@gﬁtgr”@ggwm nt
of the extension of the straight |ine connecting the center

ellipse D and the node nl and the ellipse E, the circunference of the
ellipse E is ' partitioned into [4-&)6 +4+3+6+4+7+5+1-=
40] equal parts, and excluding the starting point, the partition
points are distributed according to the nunber of nodes of the third | ayer
15 subor di n& & £L¢& @EEFRNOELE laft Leddh. of ®Metridde s #IA £ T 8 & Tak fyed.

Her ei nbel ow, the

Thi e i shai BT g emE S s EREE L, Rtk R vy @R RBFET
axi s ana ¥ o CoRk R Fh 78T %e“t“e%eﬁ??%@i’? LRELE vely, ot

further, an%h?%v&snéxammmﬁm@%@@ﬁ@ﬁﬁm&%;ﬁﬁwpw[D
having a mnor axis and najor axis of [err]3 + y3 to

12. HEBE/—FR2EETIA~NO/ —FOBREBR,

RETZ2/ — BB ULTCHOFLA2E2ELTRET S
BRoOBBEFIFLCROBERBEODHNRT F &,

13. ﬁﬁﬁﬁ?%/—F&Eﬁbfﬂm*ﬁﬁ%%ﬁﬂbfﬁﬁﬁ\
BLUBBOo./ —FoWwTik, BRET3/—FRTC/—FERBTSHOR

LREESBL, |

N CHE2BEUTO/—kkowTkR. A—ALEBEETI - FRIC1EMEE
& ETCHhLAZESEILT. J—FE2EEBRT S -
@ B AFyTERECHEROoBES 1 2HEEROBEREORNMRRA K.
=g 14, pREA—EBBEOHOREIR.

LtEEOREACHLT. LUBEOMHOXEL. B—HMEOCHAOAERD
FOXELNMIEEIERRZAULOBT 2 XELT3ALE. BA—KEO
RE2FHBTCERT 2 '

BROBEEIFRUBROMEBEBEONMHEXRF &,

15. KA —-BEoHOBREIX.

B2HBLUTO) —Fi>onT, LEKBEOROBRLERLL L.

¥EPLUBBOMROEXEL. LUMBOROEXEEHRIEFRLEANEAOD

EEEMXEETOMAERR L. |

- ' LB OHORLP LM/ —FADERBROERRLER LEALLOXERE

/- FE2REBYSIMHOoRLET S .

5 EXFy TRECHROBES | 4 ERBOMEHE0ENRTE H.

16, MR /—FHOKEREOHNNERIE,
J-FeBRETIAOHRLAR2A—-BLEREETS / —FETELEL.
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20 a4 + y4, respectively, and within the circunference of ellipse fl, the

| engt hwi sewcpgstiabdec! ded i n Fig. 22) having as ends thgcimbeioseet | on
points of ellipse fl and ellipse f' is nmade the | ocus for t he

ellipses of the third |l ayer subordinate to the nodes nll - nl8 |ncluded in
ellipse EIl (step S 1110). Next, thgis locus for the centers is
partitioned into [39 - 1] equal parts, and the partition points,

i ncluding the-two end points, are distributed according to the nunber of
25  nodes P ar ¥tfek Bhitrd T dy-erbﬁjﬁﬁcﬁ'l%aﬂe%tf’ﬁ)ﬁfeach of the nodes nil - nl18,

of ‘the & hi'r d ByE ¢orob By CRPAE ARG - - FEm LY (e ellipses
23 BB OHOXEL AEFEOEEENALEE OREFR L. EHEEOM

DHRLDPE L) — FAOEBROERLOXEA L. B2HEUTO/ —F2RE

FTAMEOHFME L,
RERD/—FE2OWT, HEAB L AROABRERIET

CUEZRF YRS CHROEESIARROREAEONNET .

17. HBR/—FERETIAOLER.
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ﬁmoﬁE%QEEﬂmﬁEmmoﬁW§mﬁﬁa
18, MBTHEEO. — FECESWEEHE,
BTUREL*RCBEOBS., /— *EETI3HOHRLEA—ALCEET

3E/)—FEFTOTHKED/ — FEOLRNBELTABL, TORKSHA

PESMLEREABRTHRRINIBIOAEBEB W IHAEEEERL, MoH

LBLABHETCORSE/ ~FE2EBT3HOLEL L,
BTHEEECHLTRE, LEBBO / - FPREINIBREERLEEDEA

PERMLEREARCHERINIFABEBWTAEAEZERAL. TORERD

LECSELVWESE, V- FE2EETIHNOLELTS
EXFY7ERESLBROKES | TERROMESEORNRRE H.

19. HBRERE0/ —F:A-ARLLREBT2MBR. . )
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WROWES O HBR O REMEOHNER S %,
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i
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the partition points gl - g8 the centers, as shown in Fig. 24, the ellipses
F11 - F18 woes/@oé hird | ayer subordl nate to nodes ”%cruil%s%"' ng a
m nor axis and mgjor axis of y3 and y4 (step S 1112)

constructed. Then, first, for nodes nll1 - nll4 of the third Iayer arranged
on el lipse F11, starti ng at the inté@rsection point -of the extension
of the straight |ine connecting 5 the center gl of eI I I pse F11 and the
node nll and the eI |i pse F11, the circunference of ellip F11 is

partitioned 3 rto [ 45 % BRBEhTR har F& *aHdZéeé(C'ebt’é'%ﬁ Tt’k%@(ﬁ’tuﬁg poi nt ,

th d 111 ;. | t t

1113) . The ar eI /ot B 3T e PR o AY Wl e AL B b ST
th \ Sub tly, -

:‘gr tﬁesgﬁﬁgﬁf%ﬁ%fﬁﬁﬁgﬁ% rLit%hE'eQ’t"h%gH?ayer sﬁ&bo‘rdi nat eut 26Ql{8n y :

el lipses E2 - ¥E4,%iM H.boy /oxi btk iSEoP® @ A& 0@ $ $113 are repeated in the
SaTE TENET R ommS o MR oK RSO @Y ERS K
22. HR/—FEOBEMSEDENERE.
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In the explanation of the second exanpl e of the above-described first”

enbodi menwWo 98Mm4906 the hierarchical structure data storageriypéiossid as
shown in Fig. 16, the data for a hierarchical structure of three
|-ayers is stored, but the nunmber of l|ayers and the structure of the |ayers
is ~arbitrary. 15 Additiogmlly, in the flowhart in Fig. 4
for the data display processing unit 30, in the determ nation of the
ratio of the sizes of the ellipses of each layer (step S 1101), the size of
t he el#&ipsel BSpbifEE B huaiiR H Sfh ol A & B & Bhfiged on it

b h | cul,ati f ' . i ghted d di

the | ayera. 1K FRAIm PR AR B M n S MR A Bene vinor . ais to
e layers. [H% RS . -

oy or axis aefe A RAPS A M RAEHREE L F UL ARALRL ARR LD

to abscissa of the display area, but the rati o need not be dependent
on the ratio of the ordinate to abscissa of the display area. In

BTURBERCBBCNLTR., / —FERETIFNOLELBEMUTIRK
FRLEESBACHLT/ — FEEE L.

BTURBLSLTR, A—HLERBT2/ — FEECBLTSABLT/ —
FERET 3 n |

ERFy 7EECHROBES 25 ERROEBBEOFMNE T A %,
27.. HoWEUTO/ —KREBU3/ —F2REET3MAOAMR. |
LHEEO) - FRRETINOLEERETIRCARLLEAMAOES
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addition, here as well, the ratio of the ordinate to abscissa of the

di splay ar t to 2:3, but the size of the disp
arbitrary.%ﬂ%&?ﬁ%ageternination of the ratios of the elllpse ¥”ﬁ%ﬁg$?step

S-1103), the ratios are distributed by the determ nation of the |ength of
the ordinate and 25 abscissa of the disp]ay area (S 1101) and the
determ nation of the ratio of the mnor axis to maj or axis of the

el lipses (step S 1102), and are cal cul at.ed as ratios which find the size of
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in the display area all at once, it is not necessary to depend on the size
of the diwplsgn4snsea. In the arrangenent of pdwymeoss200f the
first layer (step S 1105), the circunference of the ellipse is
partitioned according to the nunber of nodes of the second | ayer
subordinate to .5 each node of the firest |ayer, but it can al so be based
on all the nodes of the subordinate |ayers. In addition, rather than
partition the length of the ellipses, partitioning can be carried out
accordi ng toFRWEE #Y eREMOMEE R E OB KRdetfr ni ning the position of

the centers of the _ellipses of _th ecaond | gyer (step S 1107), the
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fromthe center of the ellipse of the first |layer can be changed. In

ar r angi ngwores/iageges of the - second | ayer (step S 1109gr/siodiseng from
t he ‘poi nt where the extensions of the straight lines 15 connecting the

center of the ellipse of the first |ayer and each node of the first |ayer

I ntersects each ellipse of the secesmd | ayer, the circunference is
~partitioned into [nunber of nodes of the third |l ayer subordinate to
each node of .the second layer on the ellipse + 1] equal parts, and

excl udi ng t heaii&d ar-ti th ﬁcﬂuﬁtﬁ the JphrFik 2oh H& AL LFendE @ OiBUh edFE T O

according to the nunb nQdes of _the rd |l ayer subordinate to
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el l'i pse having a size whose minor- axis and major axis are: " m nor
axi s and wepes/1@Es s of each ellipse of second |ayer + 25 PCT/IPY7/03520 M NOT
axis and major axis of the largest ellipse of the third | ayer. S
constructed on the center of each ellipse of the second | ayer . Fbmever

W th respect to the
25 "m nor axis and nmmj or axis of the Iargest ellipse of the third
| ayer," this can be based on the m nor axis and najor axis of the

| ar gest el | gpacmaneng ikl Esestat »the third | ayer - subordi nate
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of the third layer. In addition, an ellipse on the center of the ellipse of

the firstwaogssesed a size 5 whose minor axis and nej or payipbe7ipdsdpn nNOr
axis and major axis of the first layer + mnor axis and maj or axis
of the largest ellipse of the third |ayer], was constructed. However,
simlarly Wi th respect to the "nimmr axis and maj or axis of the

| argest ellipse of the third |ayer," using the m nor axis and nmmj or
axis of the largest ellipse anong the ellipses of the third | ayer
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15 centers of the ellipses of the third | ayer. However, it is not
necessar ywoosfisgagle t hem - according to the length of pégypsmasout
rather dividing themby a central angle is satisfactory. In
constructing each ellipse of the third layer (step S 1112), the previously
deci ded points are each made a ceng®er, and the ellipses are
constructed with a size found based on the ratios calculated in the
determ nation of the ellipse ratios (step S 1103). However, dependin
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of the second_| ayer can chanqu In the determ nation of the
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25 | ayer di sposed on the ellipses + 1] equal parts, and the nodes of the
partiti onwiyygakseeexcl udi ng the starting point, are a¢EON3520 '
However, the manner of arrangenent is arbitrary, and can be

26 based on the arrangenent rel ationships with other ellipses. In -
addition, in the case in which tt¥@re are further subordinate

| ayers, it can depend on the structure of the subordinate |ayers.

As expl ai ned above, according to theﬁ;resent i nvention shown in the first
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arranged on the same ellipse, and in order- to enphasi ze understandi ng the
rel ati onsiwe98/14906 bet ween nodes of vertical |ayers for PETUPRIN3S20
nodes, by arranging the lower ellipses on the out si de of the higher
el lipses so that the upper and | ower |ayer ellipses do not overlap, it is
possi bl e to display on one screen in an eddily viewed manner the verti cal
rel ati onships of a 10 Iarge scal e hierarchical structure constructed from

a plurality of nodes, and arran nodes e._sa | aye

el lipticall ﬂt%é&édmt%b‘e i BB M%d HEHP 4 B%éﬂbﬁ Btfg?grgén%em K
nodes wi t hi play area while preserV|ng the regularity of the
r epr esent at %ﬁ%ﬁ%@%d}% structure. In addition, by

changing the 51geeof ! b, il P3ep MOEH Sis8% kel BUMDer of nodes 15
arranged on t Re~“same e |Tipse, it Is possible to make the extent of

over | appi ng ofg ®ld @ESs 09 e R © i & s B @R P emh B Shbrinds & KKy
changi ng the arrangenent of nodes on the ellipses of

L

51. HR/ - FEEZEKEC/ - FTEBOoACMAETIMAR. ALY

k3

EROBBE4IERRBRORBRECDENRR IO/ S LA2RRALEEBREHR
52. BIEE/ — FEESEHBE .

J— 2 RETs5HohLARA—ALERBETS ) —FHTESEL. TO

- AURLEREARLTCERTWIBRIORAACBVWTIAEAEERL, FAOH
LB EABEHECOBERES LLRABMNOXEDPS, /J—FEEETIAOXE
FHEB LT/ —F2REEBET3H2EHEMTICLTC/ —F2RETINHERHT
32— FEENBE HBEEL,

BE - FEENSERBETEHNIA B LERET S /- FREBLTH
LEPEABLT) —F2EBTIME2ANT I ) —FUBRHMEL.

S I1KBBOBACRFENBECE I1KE0/ —F2EBT AP LEED.
EnHE (nix20Lt0%Y) oBARR, AR/ —FTREBENFSHMETANY
ENEE (n—-1) WEOHOLELHEAEFAOXERMALRIOALAE
(R L. B8 (n—1) BEEOAOHL»EE (n—1) BEOE/ —F~ODE
BROEBRLOLHA:E, BB/ — F2RBET28&A0hLL LT, REER
fE2EHTIREEEMNESHMEL

%ﬁitﬁmmﬁE%Sitﬁﬁ@ﬁﬁﬁﬁ@ﬂ%iﬁ?nﬁiA&ﬁﬁbt
& & &

5 3. Hifd/ — FEBEHME I

J—F:2BRETAIHOXEELRTHAREO / — FEREESWTIRETS

HROBEHES4IERROBESEORNNER7 DY/ SAERBBRLERRERK

(A



t he higher | ayers according to the arrangenent of ellipses of the | ower |

| ayers, t%%g&g age is obt ai ned that the positionapct/aperioss2oshi ps
between the ellipses of the |ower |ayers can arrange t he nodes of
the upper layers in a nost appropriate position. 20 [ Second

Enbodi nment | In this enbodygrent, the data display processing
unit 30 uses data stored in the hi erarchi cal structure data storage
unit 20 to calculate for each layer the positions and sizes of t he
circl es upos ahi cfﬁ*t'Be' AON & Bl # feasged, and furt her, using an equally
partitioned angl e, cal cul ates for_each | a t he
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27 lines for the |inks which connect the nodes. In this way, the

gener at edwhyoghiaégehi cal structure figure is displayescraerioas2di spl ay
screen via the controller 50. " This present enbodi nent, as
just described, relates in particular to the graphical di splay of a
multi-layered structure which defines thet®llipses as circles, calcul ates
for each 5 | ayer the position and size of the circles upon which the
nodes wi Il be arranged, and further, using an equally partitioned
angl e, cal cijlfakes R SoEdh W H/AET (g PdsPLEdA Yok aﬁ%éﬁﬁ%ﬁmT5h

are arranged on the circunference o e circle.
ged on the cileul enehss Lk A°
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Fig. 26 is a flowhart show ng an enbodi nent of the processing sequence in
t he dat a wo98/14906di spl ay processing unit 30. Here, based OQCE}JQW{% t he

di splay of a hierarchical structure 10 imge having a hierarchic
structure with three layers will be expl ai ned. Mor eover ,
even when the reference nunerals used in7&igs. 27 to 31 used in

expl ai ni ng the exanple of concrete processing of the present enbodi nent are
the sane as the , reference nunerals used in other figures, they only
express i d#nRie# M Léhik Pl Bhe 4 andie2 @ B9 g, 27 to 31, and have no

rel ationship_to identi re yperals ipn gther_figures. .1

<Pr epr ocessiﬁgj’.z o % ﬁt% %a+ ré%%e”? E%% %d%& &Lﬁ# FTéttF]?{a?éP %ﬂaigllf 75’#’?%& e
i mge, data related to the hierarchical structure and data rel ated
to the display area of the display 40 which displays the hierarchical

structure 5 9. #iBoe—are EHEUL #aeam the hierarchical structure data
storage unit 20 (steps S 2110, S 2120).
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<Arrangi ng nodes of the hi gheét | ayer:> 20 Fig. 27 is an expl anat c')ry"’Qs ofY
drawi ng @fo édraegy ' angenent of nodes in the highest |ayer. »é&xI®97/08520
and-w2 are the edge of the ordinate and absci ssa of the display area, and

here, W < w2. For t he highest layer, first, the equipartition angle
ais calculated as a = 360[err]/i (i = rMdnber of nodes included in "
the highest layer; i [err] 2) (step S 2130). Next, in the manner shown in
Fig. 27, fromthe center point a of the di spI ay area, a

per pendi cutarm;lm DK dr—emolédﬁﬁ ¥sdintersection with edge w2 nade

Caui parti 11 dRSRRdE O ha ke BRI O BH & A ?}‘zsﬁﬁj%‘% 7 e

determining the isosceles
©
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28 triangle A acd (step S 2140). Next, fromc, the bisector f4 of

[err]acd i and its intersection with fl being:
t he centerwﬁsﬁ?ﬁﬂ he circle of radi{® Minscribed in the m’%*&éﬁgl e A

acd is found, and the inscribed cjircle Uis deternined (step S 2150). Next,
as the circle on which the ﬁé@%@% PREHn ghest Iayer are arranged,
wth a as the center point, the circle V of radius 0.5W - 2M

nades pit1 38 81 00 {2 Qﬂurigﬁ %#Wﬂ%ﬁ%@@w&‘l@?%%yer

are arrgmd{&w%k@ﬁﬂlﬂiﬁﬁsﬁph&edmaﬁhé circunference of circle V (step S
2170). In this case, pl is arranged - on the intersection of fl and the
circunference of said circle V, and p2, for exanple, is arr.anged
cl ockwi se1qn t heignger sieflt Aap s tid il fac ¢ ¥ch8 # @nx e LI cab gy +ine f1,
mmmsm?-rﬁmgﬁm%n;o MR/ - FEORBRELRNCRRT 2 5ERD
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10 that from([err], [err]fl . a. [err]5 = a, and in the sanme manner, p3,

..., pi amroegrmoged i n sequence. Mor eover, when th nodes -
of the highest layer is 1, the node caf¥ be arranged at theeréﬂmg;o%ée}&tral

point a of the display area. <Arrangenent of nodes of the second
| ayer: > Fig. 28 is an explanatory di agram of the arrangenent of
nodes in the second layer. In the 15 manner shown in Fig. 28, first, as
a central circle for arrangenent of the group of central poi nts for

the nodes of t g iSEFoM M aVel Boris Jt her BERUBI RAENE R Bsl Mep & Ealte Wwith
radius N = L+ M(that is, the length of a straight |ine connecting

a and e) ilsfrfERink Oskep \HEDEDN 2K L . the point e found in step S
2150 is made the first center point of the %%oup of center points of

t he nodes B £vfE R EQTHR | Eye i FER @ nelf A+ @ By thd TR Es2 B HH Q2 of
15 and el W Lmm & L. |
FREEHEEETZ — F#okicHis e thHOoBMoNWAESEIL.,
AFLAAROTREESHHOD OB ERET 3

Bx7 9 7EACHEROBBREc ERROBEREORNRT A ko

8. MR/ - FEOBEREORMERIE.
J-FHOBBERECESV T, SRBOKMHOAE SOk, HHOEERY
EROREAREL, BERRFHEBCBLCSRBOBHNOKRES 2 REL.
ZREHEHCESWTEIRBOBHAE/ERL.

GENELCE I RBOR, — FEFO/ — FREBLT/ -~ FEEEL.
Sl BEoKMA2hor. BIRBLE 2 HBOMOSES 55 VWERC
Ho2BBOBHON OB EERL . |
GE2BBOMHOBLRBERLE LT, B2 BBORHARERT 5/ —
FERGLAMBr, BEYT 2/ -~ FREBE LA AKSS0B 2 REBOKHOE ER
L.

BHALER 2RBOR/ ~ FETO/ - FREBLT/ - FZEEL.
BIWBLURCOWT, HRAELABOMELED KT

£E27 2 7EGUHROBEE | HEROREREO BN BRS s

9, MEKEAR. ATh3 28T 2
WROBESE | ERBOEBBEOENERS o

10. BE/-F:EBTsMOKSE S, |
E/—FETOTHARED, —F2EBTIHBBRRERZELSILRET S
HROBES I AERORBREORNRRE Ho

11. HERZ/-FETOTHREO/ - FE*EETMASBALRL LR
BRI |

/- FAEBTIH0BLAEA-—FNECEET S, - FRTEAH L,
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20 are made the second central point. In the same manner, center points

e3, ..., wosshseosound (step S 2190). : ﬁg%é%’()q-’;gz%yi ng

atténtion to center point e, fromthe pggunber of nodes of t

| ayer subordinate to pl, the bisecting angle [err] is calculated as [err]
360[err]/m+ 1 (mis the nunber of nodes included in the second

| ayer subordinate to pl; mJ[err] 2) (step S 2200). Next, straight 25
lines f6 and f7 are drawn such that the perpendicular line fMdropped from

o' ooy ST £ 1 CHIOL Yl ;0 gt R e
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the isosceles triangle [err] efg is found (step S 2210). Next, the bisector

f8 of anoWoogmegos efg is drawn fromf, and h bei ng ction
with fM a circle is found V\nthradl%Plnscrlbedln %%"'?%‘ﬁ‘é e [err]
efg, with h is the center point, and the inscribed circle X is found (step
S 2220). Next, as a circle for arranging nodes, a circle Y of radius
Q(Q: M- 2P) with center point e is 5 drawn (step S 22230). And using
the equipartition angle [err], on the circunference of circle Y,

nodes qmmgégmwmma@zm Ao ol nodes) included in the second
| ayer subordinate o pl are arranged equally spaced (step S 2240).

Here, qO EHEthé Vnt-eif%lcﬁb«riféﬂuﬁr’&%ﬁt%'ﬂlu We/ — F %2 @Lconnecting a and e
o gheot %&%P%E%%%%ﬁm%%%”?%ﬁ%%b%&%ﬁié’i@bﬁ%&'ﬁbggk,e?“&&%%” 40 has
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on the intersection with the circunference. In the sane nanner gm

are arr aRgs9s/14906 Mor eover, when there is one node, g@ﬁ gmgng)éhéed
on the above nentioned center point e. or each
center point e2, e3, ..., e of theaﬂodes of the second Iayer t he

oper ati ons fron1steps S 2200 to S 2240 are repeated, and all the nodes
included in the second 15 |layer are arranged (step S 2250).
<Arrangenent of the nodes of the third |ayer:> Fig. 29 is an

expl anat pry flgrzelpggtuw ALT gngengng oL p@ﬁqnétm@mbr@ Jayer. Here,

for the ake of conveni ence, we w | ain the placenent of the

nodes of tjhgy peigE usl /| -ayies BEber Jimal & & % 8 H 4t 6 Bl #fRIbhe BiYWemto fger . As
shown in Fig. 29, first, as a central circle for arranging the 20 group

of centﬁ@ﬁmﬁﬁﬁ’fﬂfﬁﬁﬁd‘déﬁ(ﬁﬁth@mﬁrﬁﬂéyféﬁéubordl nate to pl, e
(sten %“2@%%‘%%@% PP ERES pama gty 8° R(R= PO s dravn
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the nodes of the third | ayer subordinate to node gl of the second |ayer, hl
bei ng t he wo9814906nt er secti on .between f9 and circle Z, a ci pghapdlossmvi ng a
radius P and said hl being the 8tenter point is drawn (step S 2270).
Next, fromthe nunber of nodes, the equipartition angle 25 vy is
calculated as y = 360[err]/n + 1 (n being the nunber of nodes included in

the third | ayer subordinate to ql; n [err] 2) (step S 2280). And the
nodes rl, r2, ..., mincluded in the third ' '
30 & ) ay ey oSH K0RGE aaiidE $o03 Bl a Bafidkids &gfah oA spa@ed on the

circunference of circle X1 (ste
%*oﬁﬁﬁeﬁ%ﬂoggﬁﬁolmirﬁﬁo
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2290) . Here, rl is arranged clockwi se fromhl on the circunference of
circle Xtwoestasshat [err] e h rl =y. In the safRNfyoisso i,
rn are arranged in sequence. Mbreover, when the nunber of nodes is
1, it can be arranged on the above- msqgtloned center point hl. 5

In the same manner, intersection points hl, ..., hmwth circle Zin
relation to g2, .. gmare found, circles X2, ..., Xmare drawn,

t he operations of steps S 2280 and S 2290 are repeat ed, and the

nodes i gOffyEer/0R ¥ 2V EIT RIRGR /SYbp B R A S8 & /& L @ Fhitac & Bep@ed on

t he - circunference of circles X2, ..., Xm(step S 2230).

The f1 owcliak v #il8 FilgE 26 HatEHOdHE. oﬁlt’leﬁ,\ e B vrtniicEBED®Et ure
figure 10 constructed in this nmanner is displayed on the display 40,
based oﬁﬁﬁ@r%ﬁﬁiﬁrﬁpchl cal structure data, nodes can be
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structure. The nunber of nodes of the highest layer is 5, the second |ayer
is 30, aweoe8mg9a6hi r d | ayer is 260, but the space betcwmo7os5es and
links is sufficiently guaranteed. 188 Fig. 31 is an exanple of the
appl i cation of another data display proceSS|ng unit of the pr esent
enbodi nent, and in the three | ayer structure,-the nunber of nodes of the

hi ghest Iayer is 7, the second layer is 49,and the third layer is
490, but the space bet ween nodes and |inks is sufficiently

guarant e R0 @EHEE 3 1 lﬁiaﬁ@EE@bﬁOrEﬂﬁﬁmﬁ&‘accor ding to the invention
of the second enbodi nent, hi erarchi cal structure is

di spl ay8d3 gr apilioal I’y" @&Tﬁg ’ﬁ‘(ﬁé's ”lﬁ(ﬂ #ded in the highest |ayer
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respective layer, the. nodes are arranged equally spaced, and the nodes of
t he secomio b&ri4soé and bel ow are arranged on the cir cpgisFogass2o Of
circles whose size is calculated so that the size as 25 a function of
the | ayers and the nunber will be the®haxi mum covering the entire

peri pher al area of the display area outside the center on which the
hi ghest nodes are arranged. In this

31 way, even in a very large scale hierarchical structure whose
nunber ofgjgades rEREMEFEH & v B H Sundrigds & o Ehofl B @ousahl Tehe space

bet ween the nodes and links is wide and easy to Vview, and t he nodes
and | i nks—ciall Bobdag ¥ y- wehiBpE dtled by 8 BRt Fodmvand on the screen. This
' SRS BEOMHEGLE. $alBEE (n+1) BEOBANES b7
WEBESE (n+1) REOCHEOBORBEART 3 CETREEENEOR
MEFOIREEELERHE &
WA |
HR/ - FEBRBEEEE.
FIRBOBACRFELE CHEOMERETV,
EmEE (mE2BLoBY) ORECBAC . HEREERBMERHET
 HMEhAEnREOKMHORLBBLEO,. BEmEEOSHKAREET S — ¢
BB LA RBRROEREL T, EET3/ — FREBLAKE SOBmRERE -
OEMEEEKST 3 -
LT/ - FERBTARB TS AMAEMERT 3
HROUBHAF IS EHEROBREBEORNRFEE,
37. HIR/- rEREHST/ - FEEOACHNATIHAR. HET 5
BWAROEES S s ERBRORBREONNEREE. -
38. MR/ FEETHBR.
/- FEEETIMNOBLAELA—FLEcEET 2/ - FRTERHL, 20
AR ERBREL CHRENIRIOFME SV THBEMAEARL, MoH
Db OREME COERS L RNEMAOEED S, / — FEEET s HOEE
EEBLT/ -~ FEEBT3MEEBT AT/ - FEEBT 3 B2 EIT
3/ - FEERBEHR L. | |
Mg/ - FEERMEHRRcERI W AN LEEET 3/ — FEIRELTHL
BESATLT/ - FEEETAMEZHMT 2/ — FAUERHE L,
BIREOBACRFENECE 1BED ) — FA2EET2MHOTLEED,
FalE (n 2N EORE) OBARH. R/~ FEERBEBETEE S
hES (n-1) BEOMOXBECHENEAOEELMALE S ORLAESR
BL. %% (n—1) BEOHOFLPSE (n—1) BEOE/ — F~AOHES
CEREORAE. BaBEO /- FEERTFEMOBLELT, BEEEL

HESHARE G195 | A N AR OO



advant ageous. 5 [ The Third Enbodi ment] The data
di splay p™@8¥LAG unit 30 in the present embodi ment uses JdRCHJIPY7@ES20 i N

t he hi erarchi cal structure dataggtorage unit 20 to calculate the
position and size of the circles of each | ayer upon which nodes wl|
be arranged, replaces the nodes with, for exanple, circles or 10.
triangles, links with straight lines, and via controller 50, -displays on

di splay 40 the hi erarchi cal structure inage generated in this

nanner . E’&ﬁﬂjﬂ‘élﬁﬁﬁﬁﬂﬁﬁfﬁ% graphi cal display of the hierarchical

The pr osent BroE e A BR S L mp BRA SRR KRR des of the
highest layer g, — rEEEH®EL.
/- FEEBT2HOXEZTHUREC, — FPREESWTHE T3
HROWHEES 7T AEROBEREORNERER.
40. HWER/-FEBRHBBR.
- F:EEYIHOPLEFA—HECEET 58/ - FETOTHEEO
~FRORERBEEILTAFL. RAANBOERBLRATEARB CHREL S
RN B WTHEAEERL. Hohib sNENETOREE) — F%
EETIHOYBEEEMLT, - FAEETAMEERTACET., / ~ FEE
BT 20 ERNET 5, ~ FERRBEEE LS. | |
R/~ FEERSEHE CER LML B WTABILEBRIBLT, — F
*EBET /- FUBEHBREL.
FIREOBRELIFENEBELRI1EEBO ./ — F2EBTHOPLEED,
BaRE (nR2BE0BR) oBarck. MR/ -~ 'EERBEHETEHS
NEeBE(n-1) BBOHOERZLHENEHOEREMA RS ORLAEZE
BL.ZE (n—1) BEOMOGLMSE (n - 1) BBOR/, — F~OEEZ
PEELOZAE. EnBEO/ — FEEBETs&8MA0hLELT, REEER
BrHHT s RBEEEGENHRL
ERWALBROGEASS T EEROBEBEORNNEREE,
4 1. i/, - FEEEHE .
/= FR2EBTsHOEEETHARBEORBH KESWTHEKBT 3
HROMEE S T ARRORBEHEOENEREE.
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WA
 OWE/ - FEELBFEHRS. S 1REcBS R/ - FEEBT 3M0HLN
% B — Hikmﬁ?aé/—FEF@T&EEGEE&QEkﬁ SeTHEL
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15 and the display processing of the nodes of the lower layers in the same

pr ocessi nwoeosruos e, but in particular, this enbodi ngaf pedlesithat €s
the size of the node arrangenent circles and the arrangenment of the

nodes based on "the nunmber of nodes of 8he | ower |ayers."

Fig. 32 is an exanple of a flowchart expressing the processing sequence of
t he present exanple in the data display processing unit 30 of Fig.
1. The display processing S 20 3230 of the nodes of the same |ayer is

roughly di i Aoss @losk LoROR B RO MOIPIRAVOTS i & \ PRkee] ifhe
center circle of the node arrangenment circle and the display processing S

3232 of L. Mo RAdeFIENE Hded Bk #he -sand @& 9T 3 FHer¥ % the dEsil lay
processing S 3232 repeats onI%_for t he nunber of nodes of the upper

| ayer, aml/furk Bl BEwhé A& lhatFamPEHBoCoski 2¢l & BBH oD B S K13 ¢ g
o P e E O K R TR A e PR i SRR AR § O °
V- FEEBTIRBERBL.

Mg, -~ FUBEHBR. 1 REBEOBACRIIE - FEERBEUR TR
WLAEAEeBWTAHLAAKIE LT/ — FEEBL. Bp%E (pit2llE
DEX) OBAKE, WE/ -~ FEERUMEHB AR LLMOohLEA—HE
CEEBT3&/ - FETOTHERBEORER LIS THEL, 28LE
Bl TtHlEc/ - FZERBEL.

MEREEEENERHNSR. F1 KBRS LRIEMNBELS 1 KB, — F -
AEBTIH0PLEED. EoBE (nik 2D EoBR) oBA . MR
- FEBBMAEHBEAR — FVUEREHBRELXZ3FE (n—-1) BEOZRLSHA
PEEHLERERBTHRS WAFERCBVTHENEERL. SNEMOE
LE/-FE2EET2EACPLET I ETRBEEBNBORMZT

BROGHEEI T HEROBEREORNNRREE,

43. WK/ —-FEBEHEE.

LEREE, - 2ol ETHOBB, — FREEShTVWEBARE.

-/ FETOR—BEBO ./~ FEEA—BHLCERL.

ETREO/, - FPEE L THRBCHI T3/ — FHFELRVWEAFS 3
BiEo s -2, THARE, - FOEEBBAONBERLAKEOLEEET 3

EROMHEHBIIFHSLGL(RAEITH, B39H, B4 1FHoWFhhiiER
OEERECRINRREER.

44, WR/-FEEEHRER.

B—/ - FETOR—-KEO /- F2HRcHAEERL.

— RO/ - FHEFELBZVTHESS 3 2HEL.
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25 nodes included in the sane rel evant upper |ayer repeats only for a
certai n N¥OP814906 nodes of t he | ower | ayers. PCT/JP97/03520

32 I n di splay proces }ﬁg S 3230 of the sane layer, in the
determ nation of the center - pol'nt of the node arrangenent circle S
3231, a circle whose radius is the distance fromthe - center point
of the upper |ayer node arrangenent circle to the center of the inscribed
circle constructed when the upper |ayer node arrangenent circle was

gener at ed, T #nk fEloe /poi nts: BUE L . 5 iT Moy iiec §xeep i IE ¢f Bl st (axght | ine
fromthe center point of the upper |ayer node arranging
PRt HBEo,/ - FE2EET S

MROGHE4IISEERORBELONNEREE,

45. HIEB/-FEBEHIEKR.

BHEOEREBENSEESDTVWAREGIKI.

RELUBEED / — FEBMY LB HUOBEREODH TRARORRAK S
L. | |

EREREORLIEBECE T3/ —FRoW Tk, SXRHEHEOT LI
rEHOMALEEEL. |

THEBO/ - FEowTik, LERBOHH LV AEVEALENLLEE Y
3L5il, BoORBEELESELTWERSD, — FEBERICINEBERE.
- )

EROBHEISHLL(RE37TH,. F39H., £41H, F43FOWT
hhrckEROoOBEEEOHNRREE,
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BAROBEE 45 ERROBEREOENRREE.

47. WRYYI/IEREHII. '

IEBo/ -~ FHoRLEERR2 MO v tEHELBEVWREBE TSR T
THUEEOE/ -~ FRERT IV v /72 RUBEHE:

ﬁitﬁ*@ﬁﬁﬁ3sﬁéb<ﬁ%37ﬁ\%39@~%41E\%43E
EBASHOWTh A REROEBEBEORNETREE,

48. HIRBYVY/AROBEWHBIL.

ZHEDC /- FEEEYIHOPLAE L, ~FEESERLT. LAEE
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BROHHEE4 T EEROEREEEORNEREE.
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circle connecting each node of the upper |ayer intersects the circle is set

as the cwalggfravygi Nt of the circle on which the no@qﬁu&gﬁ&ggpd in
each of the upper layers is set. Howeggr, the center poi nt of the

node arrangenent circle of the highest layer is the center of the display
ar ea. In the display processing S 3232 of the nodes

i ncluded in the sanme upper |ayer, at the 10 determ nation of the display
area S 3233, the point chosen with the determ nation of the center

poi nt ofy §he ngdg fal rARBLTBE VCRIE FeicSE 32312 b Bt W el o By B s it pScri bed
circle in the extended lines of the partition angle of the upper

| ayer nguas i-sygREeFaddd, MBHTRITe) o st H&MdaiEE & . is within this

i nscribed circle. However, the display area of the_highest |ayer is the

entire ﬁﬁ?m%ﬁﬁﬁﬁﬂﬁ%%ﬁn%ﬁﬁm@T%jﬁ%ﬁy@ﬁﬁE%és%ﬂaIn
1ol O et L L SRS T AR RO RS L Rl
Pxoept b mlccewech d el AR e il SRR AT SPACS IR B QRO

RS- s BEARVBEORAERSIUNE/ - FEENHBEO, - FE
BHELD. ME/ - FHOBRMEZET ) Y/ EROREBER > Y v I ER
B, | :

Wi - FEERHRRSLUNEY v/ EREHERE, O BHERERAA
LTl RE~ohNor 0 A OEREF > B ERMES

AV a— S RETIELEILDOBBEHEORNER v S5 4%2B8L:
Ay Ea-sHARD TREEREHK,

50. HWEF—sBERTRER.

WL/ — FEORERECESWT, MR, - FEEEBBRcIVT,
~-FEBOLDAVIERBOKNOKEssok, HHOERRURROLE:
REL. ERRAEBRCGLCERBOBMOA & B REEFT V.

fiR/ - FEBEHRER.

MR- BERTRECLIREMCESVTCEnRE (n 21 D LoBY
) 0/~ FEEETARBTH 3MAEERT 3/ - FEEGHEHBES.

HR/ — FEERBERC L D EH AN ABE LS BEBOE , ~ FETO
/J—FREBLT//-F2EBEBTL2/ - FRIBEHBIEE.

MREnREBoEMAEZILKR. FnlBBEE (n+1) BEOHKAMXERLR
WERCE (n+1) REOKAOSOBBEART 2 CREEELEOR
HEFSRBEBLEEHRE |

Y T |

MR, — FEBRBEBBRE.

BRIBBOBASLRAENECBMHOERET V. :

BmBEE (mE2DE0RN) OREOBA K. HEKEER ENHRME
CHBE M ABnEEORNOLLRELD ., BnRBEOSKACERT 5/ —

NS | | (1]




fictitious node nO is added as the first node. Wen there are no | ower

| ayers, tWO 98a44206ti on angle is equally divided. |In thdeg potgadbt i ON '
of the partition angles, except for tlge | onest - | ayers, the | argest _
value of the partition angle is (90 + a / 2)[err] for the partition angle a
of the 20 nodes of the upper layers. In the construction of the

I nscribed circle S 3236, an inscribed circle was generated for the
area in the display area divided by the largest partition angle

cal cul at B& ixitithé: f4E suthals %ot BfL tthe BE ¥ 5 i0r BRI 2285% HogweRs in
the case of the | owest | ayer, the generation of the inscribed circle

Sh3236dvﬁ@§<ﬁqﬁp5§ﬁz?rﬁt he construction of the ar;angenﬁnt circle of
S 3237, ' [ ] [ 25

(he nodes 5% 8 £ SRS Lo g e fetoree o ne 05

Lhe LIl WRbH ERC SHER o RISIPE VR Al O P PR A0 iR ke

the circl y area

51. Wi/ - FEEFHBET/ - FEEBE0AHATIHMIR. B4
. S o . o

MROBESE 4 0 AEROMBREORNNBER Y0 /5 A EE LA RRKE
52. WE/—FEEEHiHﬁEli~- : :

- FEEBTAMOBLEEA—NECEET 3/ - FRTSHEL. 20
AEBERTERBECEREVIRNOEBC BV THNENEAEKL S Hod
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EHHRLT/ - F:2EBT2H2EHR T3 ET/  ~FA2EBT 2028+
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iR/ - FEERBEHRECHEHS W AN ELcBET 3/ -~ FREGLTH
LEESAFLT/ — FEEETINBEEMT 5/~ FRERH B,

BIREOBACRRENBERE I REO/ — FEEETIHOBLEED,
FolE (n220LoBN) OBALR. WE/ - FEERBEHRETER
SNEE (n-1) BEROHOXBECHENENOXEEMAAE SORALA2
ERL. BE (n—-1) BEOHODHLASHE (n—-1) BEOE /-~ F~ADHE
ROERELDORRZE. BB/ - F2EET28H0ohde LT, BEERE
HEEZEHTIREEENE R AR

ERACHROGERS | CERORERBORNRAR w5 a2RELE
R o
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/—FEEEBTIA0¥RETAREC, — FRRESWIEHNY 3
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33 determ nation of the display area S 3233 is the node arrangenent

circle. |wdés496¢ angenent of nodes S 3238, the nodggydp9y@dsb@nged
on points where the bisector of the partition angle of each node

intersects the node arrangement circle. 9on constructing the links for the
nodes .of . the same circle S 3239, links connecting nodes with
straight lines are constructed. Inthe 5 <creation of the Iinks of the
hi ghest layer S 3240, a base point is provided at a position not

over | appigng | i niygmal r.ep@ggmggggq&ed on the straight line to the center
poi nt of the circle . of the | ayer concerned fromthe center point of
the circl esof 1t R @res M o HEd-he WEBEDPS &/ — FETO THEED /
— FROKEHIGEETARL. RAIFNFORERLERRERARTERENS
BNOER B WTHENE2ERL, Hodld» >NEMNEITOREE ) —F%
EBRETIMA0XERL2EHLT/ -~ F2EBTIHEERTEILET. /7 - FZE
E?Eﬁ%%ﬁ&?é/—FEEﬁmﬁﬁﬁﬁés-

ﬂlj%E/ - bﬁﬁﬁmﬁﬂiﬁﬁﬁfﬁtﬂL#P?_l:h.:bh’cﬁ*ﬂbrﬁkmb'c‘/—
FAEET S - FREEHBES.

EIRBOBEGCRHENEBECE 1IREBC/ — FE2EBTAHOPLEED.
EnREB (nR2ULOEY) o4, B/ - FEELWEHBETCEY
EhiaE (n—-1) BEOMOXRLHRNENO¥EZEMALEREORALAE: -
L. % (n-1) BEOMOHLHSE (n—-1) BEOK, — FAOE
BOBE:ORAE. BoREO, - FEEET 5EM0FLELT. HEEE
BEZ2EHT2REBEEEMNBRHBREL

2FA-HEROGBEAES 1 HEROBEBEEORNRR T/ 5 A2BRLA
Rk,

55. HiR,— FEEEHBER.

/- FEEEBTI2HO¥BREX:TARBORERKESVWTHRET

HROGBESS 1 EEROREREOENRT 7 0/ 5 AL 0R LA RREHE
56. ®HRE/—FEEEHBRER.

/)~ FEEBTARBENNMT IERUBENREE, /- FEERT I ME
CREMTA/ - FREENHBG:. REOEBMEENHT IRBERCESS
BieLEMA.

B, - FEERHREARR. B 1EEORACR,/ ~ FEERY 3O
LEA-HLEET2E/ - FETOTRREORER OIS e To2H
L. BRSHBOERRLRTEAATCER Sh I RNMOFEB B WTREAE
L. Bohin s NEMETORS:/ ~ FAERT3MOXEL LTHN
LT/~ FEEB+3MEAERL. SmME (mi 2l EOEH) OBAKIE.
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and each node are connected with straight |ines. Bel ow, an
exanpl e owao ds#40per ati on of the present enbodiment will be pephenossio 10
In the present enbodi ment as well, the hierarchical structure of the

di spl ay object is the structure 8hown in Fig. 44. Further, nodes on
the sane | ayer included under the sane upper | ayer node all have a
connection relation, except with those of the | owest |ayer. The specific
processing is shown in Figs. 33 to 42. Mor eover, in the

expl anat WP RS KR (e BRI 8 457C PR Ut PTEEGT bt Dol iR el LeTidt Ml 3 45
even if the reference nunerals used in Fig. 44 and Figs. 33 to 42 are the
sane as refter eheeF KB ¢ @885 # Billided in other figures, within the range

Phe same | TdAvamiPAE RS R Btk 301 TR QA F WTE < ot im i Bk T g °%
CTERLAMERSVWTRSILABRIBLT/ - F2EEL. BB (pi32
DEoBE) oBski. WE/ - FERRBEHRECERLEAHOTLER
—HEcEET &/ - FETOTHRBORBROL MBS TAEIL, &
LB L THEE/ - FE2EBL.

FEREEECEEHBER. HIRBOBARURFAENBLS IREO / —

FERBTAHOBLEED ., BnlE (ni 2o oBacd. MR

- FEERHEHRBESI AR ~ FEEEHBREICLZE (n-1) BEOE

AREOEERLERERB TR ANIERC BV THENSARL. BRE.
" Howli/ - FEEBTAZMHOGLET A L CHEREBNBEOBMERS

WROMESS | ARROBERABOENRR 7 v > 4 2BH LARRKHE

57. Wi/ —FEEEBRIER.

LRERB, —FE2oRETHOBE, — FREESIOTWEARS I,
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ETREO/ - PHYERELCERBRENTE / —~ FEBELEVWEAS S5

BEMEO/ - FE, TORE, — FOEEMMAARBCERLABNLCERT

F

HROMAL4IFHSGLLRPES 1 H, FE3H ., BFS5HO VTR

PREREZOCERNERT v/ 5 o2 BEL RSBk,

58. HIE/—-FEEEHBIEIR.

H—/— FETOR—REO/ — FEHR CHMAEAERL.

—Bio /- FEEELBVWHEEXS20HEL.

RO/ — FHEFELRCEMEST D EHESAABAR. MR LAKA

teA—-BEo/ - FE2EBL.
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numeral s in the other figures. First, in order. to make the

hi er ar chiyggbg/ffobg/Ct Ur e i mage, the hierarchical structure dedb@rpodidasze Of @
structure such as that shown in Fig. 44 and the data related to the display

area of the di spl ay which di sﬁ?ays the nulti-layer inage are input
(steps S 3210 and S 3220). - Next, first the display
processing S 3230 of nodes nl - n5 of the hi ghest | ayer is carried

~out. Fig. 33 and Fig. 34 are figures showi ng the processing at this tine.

I'n rel atg @nofgpjrh_q mmdayerhgmgg-%lt er point 1501 of the node
arrangenent circ I's chosen to be the center of the display area

(step S 3%@%@0@@3&@@@#&@%@1@7‘2 75 L EMBRNet-ddB ¥ farri ed
out. The entire area input with the input of the displ ay area data S '

59. Wi/ -FEBRHBER.
BEoBRBREENBERKEhTVWAREARRR. |
BLEEBEBO ., — PRV L BIBORBREEOHTRIRABEBORTHES:

EREBEOBRLUBBIEBTSZ / ~Fo20WTiR, EXRABEoD L/
rEMHOMABELEER&L.

TREBD/ —FroWTR: LUIMBoEBLI O REVWEALEMALCERY
3L L. SOoREEELEHELTVARASO, — FE2REBESEIMBIE
B+ 3

BROWHEE49HS L RHEs 1H, L53H. BS55H, HE5 7THOWT
NP REROBESEORNERRT 075 At EH LARRRE,

60. ME/-FEEEHBER.

EREOWHEEERT 3M. BXUA—MMAL~/ — FEERT 5B, BR
EROAFBICH L TREORBEBARLEL. ToBRCHORERE LERL
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MROBESES o EERORERBROMNNER Y075 A2 EE LA TREH
61. FIEY Y/ EREHBHER.

tUEEO/, — FhoRLEEREBOY v LBELIVWHEBTAKERT
THEREOS, — FrERT 3 ) v 7 SR EE BRE:

BAL-HROMGHESE4 9B LS RES 1 H, 53R, A55H, $65 7H
LB IHOLFAPREROREREORNER v /5 A2 RBLAERR
o
62, HREYv/ARUBRHRER.

BREO/ — FAEBTIMNOROAE L/ — FEESERET, LEKE
D/ — P ORLAEBSTUREORNLET 32 CONBTHRESES
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34 3220 is the display area for the highest |ayer (step S 3233).
From t he woy oot nodes in the | owest | ayer of eachporysen7ossze
partition angle for each node is weighted (step S 3234): in this
example, 5, 8, 9, 4, and 4. Because t/98 | argest anong these is 9, the

| argest partition " angle is calculated to be 360[err] x (9 / (5 + 8 +
9 +4 + 4)) = 108[err] (step S 3235). Because the 5 | ayer concerned here
is not the |owest |ayer, an area (in Fig. 33, the areas surrounded by 1501,
1504, =I5 Qb FE evey 2 at adicd 4t #re5 108[ err] angl e -and whose bisector is the
shortest straight |ine 1503 from the center point 1501 the circle
toumﬁmmﬁﬁﬁsmﬁﬂﬁ@ﬁiﬁﬁ@ﬁ@§@7ﬂff&%ﬁﬁk%? #the

inscribed circle 1510 of this area is constructed (step S 3236). Acircle

o
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1500 whose radius is fromthe center point 1501 of the display area to the
poi nt 150%wceég/mabgech 10 the above constructed inscribed ci é¥d¥9%@£90
intersects the shortest straight Iine 1503 between t'he center point
of the circle and the border of the display area is constructed as the node
arrangenment circle (step S 3237) According to the weighted partition angle,
t he node _ arrangenent circle 1500 is partitioned into 60[err],
96[err], 108[err], ‘48[err], and 48[err], and the nodes nl - n5 are
arranged on the intersections of the {igdetBor of each angle-and the circle
circunference 15 (step S 3238). These nodes nl - n5 are connected with

straight lines, and as shown in Fig. 34, links are constructed (step
S 3239). Because there is no highest layer with respect to
t he Iaye{ﬁ$ qcerned, t he node - display processing with respect to the
rel evant g est layer ends, and next noves to the node . di spl ay

processing S 3230 of the second | ayer.
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20 First, for nodes nll - n54 of the second | ayer under.the nodes
nl - nb5 o@gtggﬁl,gysghe'st | ayer, a circle (shown as 153tcmpobnss2033) 1S
constructed whose radius is the distance fromthe center point of

t he node arrangenent circle of the highest layer to the center of the
inscribed circle constructed when finding the node arrangenent
circle of the highest |ayer, and as shown in Fig. 35, the points
where the extensions of straight lines fromthe center point of the 25

hi ghest | ayer node arrangenent circle connecting each node of the highest

| ayer intersect with the circl @& &l - e5 and the center points
of circles on which nodes are arranged under each :
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35 of the higher |ayer nodes are determ ned (step S 3231).

Next, fingdoshgposnodes nll - nl5 of the second | ayer under ppq#peidsssti spl ay
processi ng S 3232 is carried out. Fig. 36 and Fig. 37 are figures
showi ng the processing at this step. First, the inscribed circle
1800, whose center is el and between the extensions of the partition 5
angl e of node nl, is the display area of the rel evant node (step S 3233).
Because nodes nl | - nl5 have no |ower layers, the fictitious node n0O
is added to the 5 said nodes, and the partition angle is equally
divided into 6 parts (step S3234). Thds/ ®&éch partition angle is

360[err] / (5 + 1) = 60[err] (step S 3235). Because nodes nil -- nl5 are

| owest | ayers, the circle 1800 of the display area found in

det erm ni ng [63 i“ splay area S 3233 is nade the node
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10 arrangenent C|rcle.(step S 3237). Sai d node arrangenment circle 1800 is

equal |y d|V|de 60[err], and as shown in Fig. 36, the nodes nO
and nil ~ Hﬁﬂyarranged on the intersections of e RETPPTREYr and
t he circunference (step S 3238). Because nodes nll - nl5 have no

connection relationship wwth nodes in the sane | ayer at the | owest | ayer,
step S 3239 is omtted, and as ?h |nk mnth the node nl, a base
point (here, el) is provided at a pos i On~ not overlapplng al ready
const ruct L42ks on the straight [ine 1801 fron1the center point of the
circle of the highest |layer to the center point of the circle of the |ayer
concerned, and as shown in Fig. 37, the base point and each node are
connected by straight |lines (step S 3240). Next, the

~ display processing S 3232 for the nodes n2l1 - n24 on the second |ayer
under node n2 is carried out. Figs. 38 to 40 are figures show ng the

| ipgogtzaszinggbgt v\éginstﬁteeg ¢ ﬁ%}% &% '(%S td?ﬁ :%?' hed cijrglie, whose center
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angl e of node n2, the circle shown in Fig. 38 is 'made the display area of
t hi s nodeyd 5d/£4806> 3233). Because for nodes n21 - nzgc(!bﬁ-,m%e | ower
| ayers, the fictitious node nO is added as a first no and from
t he nunber of nodes of the |owest |ayer the partition angle of each node
is weighted as 1, 2, 2, 2, and 2 (step S 3234). Because the largest is 2,
the | argest partltlon 25 angle is cal @ & ed as 360[err] x (2 / (1 + 2 +

2'+ 2 + 2) )=80[err] (step S 3235). Because nodes n2l - n29 are not
the | owest I[q%ef.] an area denarcat ed by the 80[err] angle and whose

bi sector is 36
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the shortest straight line fromthe center point e2 of the circle 2010 to
t he bor dewodss/uns di spl ay area i s constructed, and RCRIRYIH32Pbed
circle 2110 of this area is constructed (step S 3236). A circle
2100 as shown in Fig. 39 whose radius is the distance frompoint e2 to the
construct ed inscribed circle is made the node arrangenent circle
(step 3237). According to the melghteds//s 6 partition angle, the node
arrangenent circle 2100 is partitioned into 40[err], 80[err], 80[err],
80[err], anfiX 6] 80, and the nodes nO and n2l1 n24 are arranged in order
on the intersectlons of the bisector of each angle and the circle
circunference (step S 3238). These nodes nO and n2l1 - n24 are

connected with a stralght—-tre—and—tH-rks—are—construeted-(step S 3239).
Furthernore, as the link with the node n2, a base goint is provided
at a position not pverlapping already 10 constructed lirnks on the '
straight line fronjthe center point of the circle of the Highest |ayer to
the center point of the circle of the |ayer concerned, and as shown in Fig.
40, the base point _ 400
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and each node are connected by straight lines (step S 3240).
The di spiwayegiisogecssi ng S 3232 for nodes n31 - n33 of the spcramd7iosszer under

node n3, nodes n4l - n44 under the second | ayer under node n4, and
nodes n5l - n54 under the 15 second |ayer under node n5, is carried out
in the sane manner. Next, the node display processing S
3230 noves to the third layer. First, the display processing S 3230
is carried out for the nodes of the th;;ﬁ | ayer under nodes n2l1 - n24.

Fi gs. 41 and 42 are figures showd % part of the display processing

at this ste For the nodes of the third | ayer under nodes
n21 - n24( |8at acircle is constructed 20 whose radius is the

di stance fromthe center poi nt e2 of the upper |ayer node arrangenent

circle (2100 is Fig. 39) to the center of the inscribed C|rcle (2110 in
Fig. 39) constructed when
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finding the node arrangenent circle of said upper |ayer, and as shown in
Fig. 41wobgngosnts where the extension of the str MCINRITHIFRG
connecti ng each node of the upper |ayer. from point e2 intersect the
circle are each nade e2l1 - e24, and the center points of the circle on

which 25 the nodes under each upper Iager node are arranged, are

determ ned (step S 3231). ' 8/5 Blext, first, the display
processing_S 323ﬁ for the nodes of the third |l ayer under the

37 Bddd® h21 is carried out. First, the inscribed circle 2300, whose
center is ell and between the extensions of the partition angle of

node n2l1, is nmade the display area of the rel evant node

0:$§F1A£04“D
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(step S 3233). Because there are no |lower layers, a fictitious node nO is
added to 814606 nodes, and the partition angle is poY/oskhy i ded
(step S 3234). Therefore, "each partition 5 angle is 360ierr] [ (2 + 1)
= 120 (step S 3235). Because the | ayer concerned is the | owest |ayer,

the circle 2300 of the display area found in determ ning the display area.

S3233 is made the node arrangerfepf 5cbrecle (step S 3237). The node
arrangenent circle 2300 is equally divided by 120[err], and the
nodes are arranged_on the intersections of the bisector of each angle with
t he EBAdud drence (step S 3238). Because the | ayer concerned is the
| owest | ayer and has no 10 connection relation with the nodes of the sane
| ayer, processing S 3239 is omtted, and as the link with the node

n21, a base point is provided at g0
constructed |inks on the straig
of the highest layer to

er | appi ng al r eady
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the center point of the circle of the | ayer concerned, and as shown in Fig.
42, the b3pE of)Piodé and each node are connected by st pamgEp7/43520ES
(step S 3240). 15 For the nodes of the third | ayer under nodes
n22 - n24 as well, display processing S 3232 is carried out in the
same- way. Furthernore, for the nodes of the third |ayer under nodes
n31 - n33, display processing S 3230 i§%9agqied out . Her e,
in the display S 3232 of nodes under the” sane node of the higher layer, in
deterniningtﬁgg-gjgplay area S 3233, an inscribed circle, whose center was
chosen when etermning the center point for the node arrangenent
circle S 3231 and between the extensi ons of the partition angle of

t he upper |ayer node, is constructed, and ichg interior of this

inscribed circle is made the digplay a+ea, b (nside the extensions-of the
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angl es S 3234, the weighting was done by the nunber of nodes in the | owest
| ayer of“Qﬂgh 90%° node, but the ratio of the weight is asd¥ireanss20Al so,

not only the | owest |ayer, but weighting by the nunber of nodes of
all the |lower |ayers can be done as well. Wen there are no | ower

38 | ayers, the partition angle is divided equally, but besides
equal division, it can be allocated according to the display area.

In the calculation of the partition angle S 3235, except for the
cases of the |owest |ayers, the Iargest e? ge of the partition angle mnth
respect to the partition
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angle a[err] of the upper |ayer node was (90 + a/2)[err], but the setting
of the | Q®8/149%0&| ue is 5 arbitrary. In the constructi 8&TEF¥RENode
arrangenment circle S 3237, a circle whose center is t he di stance
fromthe center point of the node arrangenent circle to the contact with

t he inscribed circle is constructed, but a circle of smaller radius
‘than this is also possible. In the | onest | ayer, the circle of the
di splay area found in determning the display area S 3233 was made
the node arrangement circle, but a clrZVeS® smaller radius than this is
al so possible. In 10 constructing the |link of the nodes on the sane
circle S 3239, the links were straight |ines connecting the nodes,
but the links of the nodes positioned adjacently on the circunference
could al so use arcs. In constructing the |inks between the layers S 3240, a
base point is provi ded at a position not overl apping al ready
constructed links on the straight |ine fromthe center point of the
circle of the upper layer to the center point of the circle of the |ayer
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15 concerned, and the base point and each node is connected by straight

| i nes, buWQ9B4Be poi nt ~ need not be on the strai ghtct/imvensszom t he
center point of the circle of the upper layer to the center point of
the circle of the |layer concerned. Mor eover, in the

expl anation of the above-described enbodi nent, in the hierarchical
structure data of Fig. 1, data of the hileBaf&h6cal structure such as that
in Fig. 44 was stored, 20 but the structure of the data stored is
arbitrary. A 4% 11@r]e need be no connection relation bet ween t he
nodes of the sanme | ayer under the sane upper |ayer node.

As expl ai ned above, according to the invention shown in the third

enbodi nment , when graphically displaying a hierarchical structure,
using a circle constructed according to
nl
D
n4 n2
n3
D:81KEDHS
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25 definite rules, the nodes included on the sane |ayer are radially
arranged, .and further the nodes included in its | owe e

di spl ayed "X?gg(ﬁ‘ég radially on a circle, and by arranging 'i»clrfﬁ‘ﬁf/osgio

39 t he nodes on the sane circunference according to the nunber of
nodes on the | ower |ayer, for t he nodes of large |lower |ayers, the
di splay area of the | ower | ayer nodeza?g?ﬁﬁe br oadened, achi evi ng
t he advantage that even in a |large erarchical structure having
hundreds to about a thousand | ayers of nodes or in structures in

whi ch t hd @u2t@r) of nodes is irregular, the
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5 space between nodes and |inks can be wi dened and di spl ayed in a manner
easily viewed, and t he nodes and |inks can be easily nmnipul ated by
direct coMRMR48P6 t he screen. [ Fourth Enbodi ment] PCTAFI3520

The processing of the data di splay processing unit 30 in the present

enbodi mrent used 10 data stored in the hierarchical structure data storage
unit 20 to calculate the position and gsi 8 of the circle of each

| ayer for arrangi ng nodes, and carries ‘out exchangi ng nodes with, for

exanpl e, f'{gf"]?lsgs] or triangles and replacing |inks that connect nodes with

lines. In manner, the hierarchical structure imge generated is
di spl ayed on display 40 via the controller 50. 15 . Bel ow,

t he graphical display of a hierarchical gi¥ucture of the fourth enbodi nent -
wil | :

4
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be concretely expl ai ned. Mor eover, the present enbodi nment

arranges the nodes included in the highest |ayer - on : -
ci rcunf erWRd8/14%96, cjrcle drawn centered on the center poiﬁ%ggyypﬁgn%isplay
area of the di spl ay, and arranges the nodes of the second |ayer and

bel ow on the circle of the upper layers, 20- but in particular, this
enbodi ment cal cul ates the size of tjhgs€tcbrel es and the positions of the
nodes based on the "nunber of |ower |ayers." Fig. 43 is an
exanpl e oi%@2f4qpchart show ng the processing sequence in the data

di splay p essi'ng unit 30 of Fig. 1 in the present enbodinent. I'n the

di spl ay processing of t he highest |ayer nodes S 3130, in determ ning
the center point of the node arrangepBmd circle 25 S 3131, t.he central

poi nt of the node arrangenent cirg 3¢ highest layer is nmade the
center _ :

[®25)
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of the display area. In the weighting of the partition angles S 3132, the

wei ghting is carried

40 WO 9814896 0r di ng to the number of |ayers under eachPGIHEI4324 he

cal cul ation of the | argest partition angle S 3133, based on the

wei ghting, the largest partition angle anong the partition angl es

of each node is calculated. In cqn§57gp5ing the inscribed circle S 3134, an

. inscribe X2 6% circle is construCted on the shortest distance part from
the centéer porfit of the node 5 rangenent _circle o the border of the

di splay area with r¢speghy t o the ared divided by the | ar gest_

cal cul ated partitio n %ﬁ?féructiwg, Gje s
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circle, that is, the node arrangenent circle, whose radius is the distance
fromthe center paoint of the node arrangenent circl i nt

of cont actWRiBM4 e i nscribed circle, is constructed. R ﬁﬁkgg?gﬁging
the nodes S 3136, the nodes are arranged on the points where the bisector

of the 10 partition angle of each node intersects the node arrangenent
circle. In constructing the links 1 8/ % 6r the nodes on the sane circle S

3137, the links are constructed connecting the nodes with a st rai ght
i ne. The di splay processing of the nodes of the sane | ayer
S 3140 repeats the display ~ processing of the nodes under the sane

hi gher | ayer node S 3141 only by the nunber of upper 15 |ayer nodes, and
further, repeats it_only for a certain nunber of nodes of the |ower |ayers.
In the displ bfj¥l@r@ckssing of the same node of the higher |ayer S 3141, in
determ ni ng the possible area of the display S 3142, the area

encl osed by the extensions of the partition




angl e of the higher |ayer node and the inscribed circle used in _
const r uct pwisled/{¥gog Pper | ayer node arrangenent circl epepied7iossped i s
made the possible area of the display of the relevant 20 node. However,
the possible area of the display of the node arrangenent circle of the
second | ayer is the area enclosed by the extension of the partition
angl e of the highest |ayer node and 9 bhe border of the display area.
In constructing the inscribed circle]S 315%, t he | ar gest i nscri bed
circle with respect to the area chosen in the determ nation of the possible

area of the display S 3142 is constructed. In the determ nation of
the center point of the node 25 arrangenent circle S 3144, the center of
the inscribed circle generated in the construction of the inscribed

circle S 3143 is df the center point of the node arrangenent circle. In
the (X2 .




41 cal cul ation of the radius of the node arrangenent circle S 3145,

when for wbogasswe one node anong the nodes of the | RGER/IRIFPI[20t her e
is a further lower layer, it is set to 1/5 of the above i nscri bed
circle, and when all the nodes of the |ower |ayer are the | owest |ayer, or
when t he. ' | ayer concerned is the |lowest layer, it is set to 1/2 the

radi us of the above inscribed circle 6n 5 § the wei ghting of the
partition angles S 3146, the meightiag Vg carried out by the nunber of
| ower | ayers of each node. At this time, as the link display space fromthe

hi gher | ayer nodes, the fictitious node nO is added as the first
node. Wen thﬁg&zgquno | oner |ayers, the partition angle is equally
divided. Int arrdngenment of the nodes S 3147, the straight line
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connecting the center point of the node arrangenent circle and the center

" poi nt of wdnesaper 10 node arrangenent circle is nade tperbrsmasnr of
the partition angle with respect to the first node (fictitious node
n0) as base line, and the nodes are arranged on the points at which the

bi sector of the partition angle of each node intersects the node
arrangenent circle. In construct,ing %?e | inks for the nodes on the
sanme circle S 3148, links are construet IR h straight lines
connecting the nodes. In constructing the links of the upper |ayer S 3149,
a 15 base point is provided at a position not overlapping already
constructed links on the straight line fromthe center- point of the.
circle of the Q@PSr lyayer to the center point of the circle of the

| ayer concer nekk Hg]base poi nt and each node are connected by straight

l'i nes. Bel ow, an exanpl e of the operation of the present
enbodi nent wi Il be expl ai ned.
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Mor eover, even if the reference nunerals in Fig. 44 to Fig. 52 used in the
expl anat i oWOIB/1496 20 exanpl e of the operation of the preRerPozobE2di nent
and the reference nuneral s used in other figures are the sane; the
sane reference nunerals in the range of Figs. 44 to 52 denote the

same item and have no connection with the sanme reference nunerals of other
figures. - In the exanple of operation bel ow, the

hi erarchi cal structure of the display object is the structure shown
in Fig. 44. Furthernore, except for thesl gt layer, the nodes of the 25
sane | ayer under the sane node of the upper layer all have connection

rel ations. For the hi erarchical structure in Fig. 44, the concrete
processi ng of the present enbodi nent is shown

(M31)




42 in Figs. 45 to 52. First, in order to construct

the hier ¢bi/f@bs Structure i mage, the hierarchical structuperyporniszodata of
a structure such as that in Fig. 44 and the data related to the display

area of the display _ dlsplayigg the hierarchical structure inage are
I nput  ( 3110 and S 3120) ' ! Next, first, the display
pr ocessi g o nodes nl - n5 of the highest |ayer S 3130 is carried

g the processing at this tine.

out. Fig. 45 and Fig. 46 are figureg SITOW
7 E of the node arrangement circle

For the highest |ayer, the center pg

I's chosen to be1s he center of '-‘olsplay area (step S 3131). From
of ehch node i S wel ghted at| 2INBME T SORAGHS §152) Because 0 C
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10 the largest anong these is 3, the largest partition angle is calcul ated
as 360[erWO%R/14MW6/ (2 + 3 + 3 +. 2 + 2)) =90[err] (stepn®aisks). An
area (the area surrounded by 601, 604, and 605 in Fig. 45) is

~constructed demarcated by the 90 angle of the greatest partition angle, and
whose bisector is the straight line 603, which is the shortest

di stance fromthe center point 601 and the border of t he displ ay
area 602, the inscribed circle 610 ofgghjssgea is constructed (step S
3134), and a 15 circle 600 whose radius is fromthe center point 601 of
the di spl appgBed]to the point 606 where the constructed inscribed
circle 610 intersects with the shortest |ine fromthe center point 601

to the border of the display area, is constructed as the node arrangenent
circle (step S 3185)~ ACcording to thewerghted—partit+om angl es,
the circle 600 isfpartitioned at 60, 90[err], 90[err], 60, . " and 60,
and the nodes nl1 1 n5 are arranged on the intersections of the b‘sector of
each angle 20 and the circunference (step S 3136). These nodes are
connected with a straight line, and ,

= S
1504 ' 1502 1505
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| inks as shown in Fig. 46 are constructed (step S 3137). '
Next, as W¥@98148p4 ay processing S 3141 of t-he nodes under tperspiasbsgde of
the upper | ayer, first, for the nodes nll - nl5 of the second | ayer
under the node nl, the display processing is carried out. Fig. 47
and Fig. 48 are figures showing the processing at this step. 25 First,
the area (here, the sane area as the area surrounded by 601, 604, and 605

in Fig. 45) that the extensions 604 and 605 of the partition angle
of node nl of the upper layer fromthéd,/5 8
43
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center point of the node distribution circle of the highest |ayer denarcate
wi t h t he WWOMP844906f - the display area is nade the possdimodesspday
area of the relevant node (step S 3142). The i nscribed circle 810 of
this display area is constructed (step S 3143). The center of this
inscribed circle 810 is determined as the center point of the node
arrangenent circle (step S 5 3144). Because the |ayer concerned is the
| owest | ayer, a node arrangenent ci rél geﬁ 0, with the radi us of the
node arrangenent circle being 1/2 th ngt& of the radius of the inscribed
circle 810 lz'lg é(instruct ed (step S 3145). Because nodes nll - nl5 have no

| ower Iaye‘, fictitious node nO is added to the 5 nodes, and the
partition angle is divided into 6 equal parts (step S 3146). The

| i ne 801 connecti pg—-the—eenter—potht—of—thenode—arrangenent—cixcl e 800 10
and the center pojnt of the upper node arrangenent circle is nmade the base
line, and the basg ‘line is made the bisector of the partiftion angle
with respect to the first node (fictitiays node :

(X37]




n0), which is divided into 360 / (5 + 1) = 60[err]. As shown in Fig. 47,
nodes nllwe ogridseér e arranged i n sequence from node p@TQPONI3S20

i ntersections of the bisector of each angle and the ci rcunf erence
(step S 3147). These nodes nll - nl5 are connected by straight |ines, and
15 |Ilinks constructed (step S 3148). Furthernore, as the link for node nl,
a base point 900 is provi ded on a point not overl apping with already
constructed |inks on the straight Iize7f g the center point of the
circle of the highest layer (600 in ig./ % to the center point of the
circle 80 f present |ayer, and as shown in Fig. 48, the base point
900 and e 31 are joined with straight lines (step S 3149). 20
Next, display processing S 3141 is carried out for nodes n2l1 - n24 of the -

second | aye+—wreer—rotde—2—Frg—49and—Frg—50—=arefrguyes show ng

the processing atjthis step.

[X39]




First, an area which is demarcated by the extension 1002 of the partition
angl e of WHeR14906/ er node n2 fromthe center of the ROTAPWVO3528geNENt
circle of the highest |ayer and the border of the display area is
made t he possible display area for the relevant node (step S 3142). The 25
inscribed circle 1010 of this display area is constructed (step S 3143).
The center of this i nscribed cirgc é?lo is chosen as the center
point of the node arrangenent circle % éﬁ5

i144) Because the nodes of sald | ayer have further | ower
Iayers an Qﬂangenent circle 1000 is constructed whose radius
is 1/5 the radius of the inscribed circle 1010 (step S 3145).-




Adding the fictitious node as the first node, the partition angle of each
node i s waicdsiasheas 1, 2, 2, 2, 2, and 2 fromthe-nul;%,g oo3s28Y Er S
of each node (step S 3146). Making the straight 5 line 1 ‘%?connectlng
the center point of node arrangenent circle 1000 and .the center point of

t he upper node arrangenent circle the base line, this base line is nmade the

bi sector of the partition angle with respect to the first node (the
fictitious node n0), and the node arrgngemgng circle 1000 is divided
into 40[err], 80[err], 80[err], 80[err], and 80[err], and as shown in Fig.
49, the nodqggnfl } - n24 are arranged in sequence fromfictitious

node nO0 on the intersections of the bisector of 10 each angle and the
circunference (step S 3147) These nodes n2l1 - n24 ar e connected W th
strai ght |ines, ang—thetrmks areconstructed—{step—S3t48)—Furthernpre,
as the link for node n2, a base point 1100 is provi ded .on |a point
not overl appi ng w tjh al r eady constructed | i nks on .
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the straight line fromthe center point of the circle of the highest |ayer
to the cepd9gnesnt of the circle of the present |ayer/aramniBsas shown
in Fig. 50, the base point 1100 and each node are 15 joined with straight
lines (step S 3149). For nodes n31 - n33 on the second

| ayer under node n3, nodes n4l - n44 on the second | ayer under node
n4, and nodes n5l - n52 of the ssf@ggétgyer under node n5, the sane

di spl ay E giiiing S 3141 is car : Next, display

pr ocessi Eﬁ for the nodes of the third | ayer under node n2l1 is 20
carried out. Fig. 51 and Fig. 52 are figures showing the processing at this

st ep. First, the area enclosed by the extensions 1202 and
1203 of the partition angle of node n2l1 of the upper |ayer fromthe
center of the node arrangenent circle (1000 in Fig. 49) of the upper
| ayer and the inge+-bed~circle (1010 in Fig. 49) made when constructing the
83110 $3140
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| ayer node arrangenent circle is nade the possible display area (step S
3142). Wees/m®osi bed 25 circle 1210 of this display arercrarem3sio uct ed
(step S 3144). Because the | ayer of present concern is the highest

| ayer, a node arrangenent circle is constructed with a node arrangenent

45 radius 1200 that is 1/2 the radius of the inscribed circle 1210
(step S 3145). Because there are no lower layers, a fictitious node
nO0 is added to the nunber of nodes of the relevant third | ayer nodes
(3 nodes), and the partition angle is 9}§iged into 4 equal parts (step S

- 3166). The 31
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straight line 1201 connecting the center point of the node arrangenent
circle 13009%14%06 he 5 center point of the upper node aPCIIPLTIASS20 Circle
is made the base line, and this base line is made t he bisector of
the partition angle for the first node (fictitious node n0O), and
partitioned into 360[err] / (3 + 1) =.90[err]. As shown in Fig. 51,
the nodes are arranged in sequence @ :% i ntersections of the

bi sector of each angle and the circu rence (step S 3147). These nodes

are connectgrgvg yh straight lines, and |links are constructed (step S 3148).
Furthernore, as “10 the link for node n2l1, a base point 1300 is provided
on a point not overlapping with already constructed |inks on the
straight Iine 12J1 fromthe center point of the circle of the highest

| ayer to the centler point of the circle of the present |ayer, ahd as shown
in Fig. 52, the Rhase poi nt 1300 and each node are joinedjw th
straight lines (gtep S 3149). : For node n22, nod¢ n23, and
nodes n31 - n33 under the third Iayer nodes, the sane
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604 602 605
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15 di splay processing S 3141 is carried out. Here, in the
di spl ay mwoestsoeg S 3130 of the nodes of the highest | ayeperisPoio3so
wei'ghting of the partition angles S 3132, a weighting of, for exanple, 2 or
3, according to the nunber of |ayers under each node was carried
out, but the ratios of the weighting are arbitrary. I n construction
of the node arrangenent circle S 3135, a circle is constructed whose radi us
is 20 the distance fromthe center point of the node arrangenent circle
to contact with the inscribed 38i/886, but acircle of a radius

smal ler than this is also possible. In constructing the |inks of

nodes on {E§4sade circle S 3138, the links are connected with straight

| ines, but the links of nodes positioned adjacently on the
circunference can al so use arcs. Ln_addition, in the

di splay processi hp)g S 3141 of the nodes under the sane node of- gn

[H4 8]
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25 upper layer, in constructing the inscribed circle S 3134, for the area
chosen i r'woOI98/14906 determ nati on of the possible display mrempofoskid2, the
| argest inscribed circle was constructed,

46 but when the possible display area is large, it is possible to
use a circle smaller than the |argest inscribed circle. In the

cal cul ation of the radius of the node arrangenent circle S 3145, when

at least 1 of the nodes of the |ower |ayer has a lower |layer, the radius is
set to 1/5 that of the above-3rdnyi®lBed i nscribed circle, and when
all the nodes of the |lower |ayer are the | owest 5 | ayer, or the |ayer
concerned [Ej#4h@)l owest layer, the radius is set to 1/2 the radius of the
above-

(50)




mentioned inscribed circle, but the partit.ioning of the radius of the node

ar r angensyo 9s714906 €S Wi th respect to the radius of tpheriupswssdecd
circle can be changed. Also, like construction of t he node
arrangenent | ayer of the highest layer, it is possible to construct the
inscribed circle in the largest partition angle, or construct a

circle whose radius is the distance fromcenter 10 poi nt of the node
arrangenent circle to contact with the inscribed circle. In weighting the
partition angles S 3146, the wei ghtihg Mds6carried out according to the
nunber of | ower | ayers of each node, but the ratios of the

wei ghti ngs (igiqqitrary. Al so, when there are no | oner- | ayers, the
partition angle was divided equally, but it is not necessary that they be
~di vided equally. In the construction of the |inks of nodes on the sane
circle S 3148, the+i+naks—4%5 commected the nodes w tirstrai ght |i nes, but
the links of nodgs positioned adjacently on the

(5 2]




circunference can use arcs as well. In the construction of links of the
upper | ayw098/HWBE49, a base point is provided on a [POIVIPITIORS20
overlapping with already constructed |inks on the straight line from
the-center point of the circle of the highest layer to the center point of
t he circle of the present |ayer, and the base point and each node
are joined with straight Iines, but 2Pg /n#g base point need not be on the
straight line fromthe center point of the circle of the upper | ayer
to the center point of the circle of the |ayer concerned.

Moreover, igs 3Jpl anation of the above-described embodi nent, in the

mul ti-Iayer data storage unit 20 of Fig. 1, a hierarchical structure
such as that shown in Fig. 44 is stored, but the structure of the

stored data is ar bitraryg 'ﬂ%g Dwre need not be any connection 25 -

rel ati on between thg HﬂP sane | ayer under the sane node of an
upper |ayer. 4 G
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47 As expl ai ned above, according to the fourth enbodi nent

of the iwoposhiss, when graphically displaying a hi ecavirbiessio
structure, a circle upon which nodes under the sane | ayer are
radially arranged is constructed according to fixed rules, the nodes under
its | ower _ | ayer are arrangedgy gdrg gy on a circle and are displayed,
and by arrangi ng the nodes on the 5 sane circunference according to the
nunber oﬁwgagqg of the Iower layers, for nodes with | ar ge | ower

| ayers, t [ glay area of the nodes of the |ower |ayers can be w dened,
and this has the advantage that even | arge scal e hierarchical
structures having from hundreds to about a thousand nedes, or a

structure whose nunber of l|ayers or nunber of nodes is irregular can

by bg bgbigbyybyy
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be di spl ayed wi deni ng the spaces of nodes and links for easy view ng, and

t he nodesy@boghdopdlks 10 can be mani pul ated easily by direecTapemeszd on t he
screen. [Fifth enmbodi nent] Bel ow, the enbodi nment
of the present invention will be concretely explained using t he
figures. 15 The data display processing unit 30 of the present
enbodi nent cal cul ates the po8i 8i 6% Bnd si ze of an ellipse of each

| ayer where nodes will be positioned fromthe data stored in the
hierarchigﬁggfgqycture data storage unit 20, exchanges the nodes with, for
exanpl e, cles” and triangles, exchanges the |inks connecting the nodes
with straight |ines,

A REERE ) — FEEMEE (1)
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and di spl aywotdsa4gmner at ed hi erarchical structure inmge on theerimpessso 40

via the controller 50. 20 When a hierarchical structure is
graphical ly displayed, the present enbodi nent concerns, in
particular, the graphic display of a hierarchical structure when the nodes
of the upper |ayer are directly%qppngq§ed withits two | ower |ayers.
Fig. 53 is an exanple of a flowhart showi ng the processing sequence in the
dat a (@gg@rag processing unit 30. The program of the processing
sequence of Fig. 53 can be stored 25 in the apparatus in advance, or
stored on a recording device such as a floppy disc or CD ROV and

| oaded fromthis nedi um
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48 Next, based on the flowhart of Fig. 53, an exanpl e of
the oper 3598146t he graphi cal ' di splay of a hierarchipslpodpisgs ure in
t he present i1 nvention will be explained. As data stored in
the hierarchical structure data storage unit 20, a structure such as

that shown in Fig. 54 having a mddle | ayer where part of the nodes do not
exi st may be given. 5 For the sak @f 8o€venience, Fig. 54 shows the
data of the hierarchical structure sto éﬁ in the hi erarchi ca
structure Ea s{orage unit 20 as a tree display. Mor eover ,
in explaiﬁ 3$§% operation of the present invention, even if the reference
nunerals in Figs. 54 to 62 are the sane as the reverence.-nunerals used in
ot her figures, within the range of Figs. 54 to 62, the sane
reference nuneral indicates the sanmeAitem and
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10 has rwoosinsmeeéti on with the sane reference nunmeral of .t RBwyeP9®basze
figures. In Fig. 53, in inputting the data (step S 4010),
data stored in the data storage unit 20 4 és i nput. Here, the .

hi erarchi cal structure data shown in Fig. %4/55 i nput. In maki ng the node
ar r angenent eW@EQ§q_gstep S 4020), anong the input data, using the data of
the sane | ayer under the sane node, the position and size of the
ellipse is calculated, and the ellipse is 15 constructed. Here, for the
sake of convenience, the ratio of the mnor axis to the mgjor axis

is 1:1. As will be described later, the#fighest circle is constructed as
shown in Fig. 55, and the cir “ he |'ayer subordi nate to node a

e {
is constructed as shown in Fig. 58. i ng whet her or not there
is a part of the mddle |ayer witho Qores d(step S 4030), for the data of
the sane layer it is decided V\/netherthere is apart with links to a
e;arrangenent of nodes (step S

L

| oner | ayer, but 20 wi t hout noded
4040), nodes are arranged equal ly

i
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spaced on the ellipse (circle) constructed in step S 4020.

I n the prowesssinageeof the doubl e arrangenment ellipse of the n & &40 S
4050), in deci di ng whet her or not nodes exist on the ?ow@?&?%yer

subordinate to mddle | ayer nodes (ste S 4051), for the nodes
existing on the mddle layer, it is dei%%&p$%ether or not nodes of a 25

| oner | ayer fg@grgﬁpate to each node exist. In adding dunmy nodes to the
| ower | ayers e S 4052), for nodes w thout nodes of |ower |ayers

subordinate to nodes existing on the mddle
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| ayer, one dW@g8/mMake i s added to the lower layer. In arranging_ the | ower
| ayer nodes (step S 4053), the nodes under a part of tﬂaﬂwﬂﬁaﬂaﬂo

| ayer without nodes-are arranged equal ly spaced on the node (circle)
constructed in step S.4020. In arranging the mddle | ayer nodes (step S
4054), in the construction of the eIIip§§3g§q§% S 4541), the size of the
el lipse on which the 5 m ddl e | ayer nodes are arranged is cal cul ated
such that the size is 1/2 of the ellipse (circle) of the |l ower | ayer
nodes arranged in step S 4053, the sane point as the center of the ellipse

(circle) that was %agqfd in the sane step S 4053 is nmade the center, and
the ellipse (circ‘ég I constructed. In arranging the nodes (step S

4542), the nodes are arranged on the points where a straight |ine
connecting the nodes of the |lower |ayer subordinate to the arranged node

10 and the center of the ellipse (circle) intersect with the ellipse
(circle) constructed in step S 4541. \Wen a plurality of subordinate

nodes exist, points are found in equally dividing an
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arc along the ellipse (circle) on which these nodes are arranged, and the

nodes ar gyaogra®aed on : poi nts where a |ine connecti ngcitlyesro3sm nt s
and the center of the ellipse (circle) intersect the ar r angenent
ellipse (circle). 15 ' I n constructing links (step S 4060), the
nodes of the upper |layer and the center of the arrangenent ellipse

(circle) concerned are connected with a straight line, this point is nade
the base point, and each node is cohnkgf &6with the straight |ine. However,
dummy nodes are not connected to the |inks. In

deci di ng whether or not there are other undi splayed nodes (step S 4070), if
there 20£@r5 Pt her. undi spl ayed nodes, step S. 4020 is returned to, and
when there are no undi spl ayed nodes, the processing is term nated.
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Figs. 55 t w®%s/twes concrete explanatory figures of the procepéyipomissiohe

gr aphi c di splay of the hierarchical structure in the present
enbodi ment. Bel ow,- the processing of Fig. 53 will be explained wth
reference thereto. 25 First, hierarchical structure data for a
structure such as that showm - in Fig. 54 is input (step S 4010).
Next, for the highest |ayer, node arrqngqyegtscircle A as shown in Fig. 55
S - 50 .
constructed (step S 4020). As shown in Fig. 54, on the highest |ayer,
because there are no parts having links to the | ower |ayer and- on
whi ch nodes do not exist (step S 4030), the five
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nodes al - a5 are arranged equally spaced as shown in Fig. 56 (step S
4040) . Adwiotasané! v, t hese nodes al - a5 are joi ned pciirkeIsrROown in
the bold line in Fig. 57 (step S 4060). In 5 step S 4070, it is decided
whet her or not there are undisplayed nodes, and step S 4020 is

returned to because there are still undisplayed nodes bel ow

Next, as an arrangenent ellipse of the |ayer subordinate to node al, the
node arrangenent circle C, such4ag £a6 shown in Fig. 58, is
constructed (step S 4020). On the | ayer one bel ow the node al, there
are only the three nodes bl - b3, and fromnode al, 10 because there is a

part conneglt@i t$ nodes c4 and c7 two | ayers down (step S 4030), as shown
bel ow, dou @I i“pse processing of the nodes is carried out (step S 4050).
First, for mddle | ayer nodes bl - it is decided whether there

are nodes on the Iower%ay%%gtjp S 4%@3@& B 7,{/’__:52
(THRIERE , — k&xLl)
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and becauswa 9sa4806ar e no nodes subordinate to node b3, a subsrrispeaiosszdunmy
node i s added (step S 4052). Next, the eight nodes conprising the
nodes cl - c7 .of the |lower layer and the 15 dunmy node are arranged
equal |y separated on the circle C, as shown in Fig. 59 (step S 4053).
Next, the processing of the arrangenent of the m ddle nodes is carried out
(step S 4054). First, as the dof rcle506 which the middle | ayer nodes
bl - b3 are arranged, inside circle C, a circle 1/2 the size thereof
is constructed, as shown in Fig. 60 (step S 4541). Next, on circle

C, point CZJlg;i;cp J s the mdpoint that bisects the arc connecting the
nodes cl and c¢3, and c¢', 20 which is the mdpoint that bisects the arc
connecting nodes c¢5 and c6, are found, and as shown in Fig. 61, on

the intersection of the {8 rafistd Ui ne Rr@yfiftE genjey U §F Akhe double
ircl ti ' d | | jycle B, h
ﬁ‘: I:Igl 2 | ayer ngggngf: Egiﬁ%%és) K ﬁpbgpr@m%é%%ggpégﬁ%@ Dg\néei as gﬁgwn

in Fig. 62, these{nodes ar esggpnect ed by I nks (step 4B 2

032

- 133

(®72]
BoEE/ —FOBRELY Y 7ER
(FRIFEE —kH D)
i1 i 2

s x AN (GRRI26)



4060). 25 Bel ow, steps S 4020 - 4070 are repeated, and the nodes

subor di nawe ss/49eedes a2 - ab al so are arranged in tPeTSRITOISENNES .
51- In the explanation of the enbodi nent above, in
hi erarchi cal structure data storage unit 20, the data for the

hi erarchi cal structure shown in Fig. 54 is stored, but the structure of
the stored data is arbitrary. In addition, there need not be three | ayers.

In the flowhart in Fig. 54, in the4igey15i@g of data (step S 4010), data
stored in the
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5 hi er aiwW@P%84906t r uct ure data stored unit 20 was input, bpcrarb7/e3s20 he

"data can be input at once. In constructing the node arrangenent

el lipses (step S 4020), anong the data input, the ellipse was
constructed whose position and size were based on the data of the sane

| ayer subor di nat e- to the sanme node, but the nethod of cal culating
the position and size of the ellipse gs angojlst ary, and can be

.cal cul ated based on the data structur § nunber of nodes, or the
arrangerreni ian be carried out with predetermned ellipses. Also, in
the case of BFoud & el I i pses by which - m ddl e | ayer ellipses are
arranged on the outside of S _Ii]e@lmﬁfc\_:tt)e\ \yifsghcan be

The ol 1 poe was 11, - butt f@i@%%%&‘ﬁ?%‘%@iﬁetﬁﬁ ipoe ia

abscissa to ordinate of the di%

h
arbitrary and can b¢ determn ording toljthe ratro of the
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15 In the arrangenent of the nodes (step S 4040), the nodes are
arr anged Wwowalihooe separated on the ellipses constructmrr/ire7/0¥520
construction of the node arrangenent ellipse (step S 4020), but as a
met hod of arrangenment of the nodes, they do not have to be equally spaced,
but coul d be arranged based on the data structure of each subordi nate node.
In the processing of the double ellipses for the nodes (step S 4050), for
nodes 20 subordi nate to nodes of td;e/drp;' %dl e layer and have no | ower

| ayer nodes, one dummy node éva added to the lower layer in order to
secure the area in which the mddle | ayer nodes are arranged (step S
4052), but_w thouyt addi ng dummy vari abl es, they can be arranged at an
appropri at[eE'Zbgth on on the mddle |l ayer arrangenent ellipse. In the
arrangenment of the : | ower | ayer nodes (step 4053), nodes under the

Spaced on an' el || pse conSirACEb R HAEGS K FacHi &nlBHKI BB R0de

arrangenent
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el l'i pses (wioeesnaesd020), but the nethod of arrangi ng the nodegct/spoanBs2orary,
and they need not be

52 equal.l y spaced, but the spacing of the nodes for which nodes on
t he upper mddle | ayer exist, 5chy, 5fbr exanpl e, be reduced, or
di stri but HEll P&}d on the nodes of the middle | ayers. In the
arrangenent of the mddle |ayer tep S 4054), in the construction of
the ellipses (step S 45 1) BE¢Air yhe size of the el l'i pse arrangi ng
the m ddl e | ayer nodes, ékgﬁ t=~and t he 5 maj or axis are
cal cul at ed such t hat th -g“ “‘ b—e+pse is 1/2 of the ellipse arranged
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arrangi ng of the middle |layer nodes (step S 4053), but the size of the

el lipse woahledsrary if its size is less than the sPCEIRHIZRE

el lipse of the arranging |ower layer. Also, in the arrangenent of
.the lower |ayer nodes (step S 4053), the point which is the sane as the
center of the arranged el lipses was nmade the center, and the ellipse
constructed, but if arranged withingtpe/5l8 |ower |ayer arrangenent

el lipse, the centers need not be identical. In the arrangenent of the

nodes (step S 4542), the nodes are arranged on the points where a straight
l'ine conn?iag?g?ﬁhe nodes of the |ower |ayer of arranged subordinate
nodes and i pse constructed in the ~construction of the

el lipses (step S 4541), but the nethod of arrangenent is arbitrary, and

t hey can be arranged equally spaced on the ellipse. 15 In
constructing the links (step S 4060), the upper |ayer nodes and the center

of the arrangenment ellipse of the |l ayer concerned are joined by a
straight line, and making this point
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a base poiwooesaasys node i s connected by straight |[ines, but gégiﬂggﬁyk%on of
the base point is - arbitrary, and an upper l-ayer node can al so

made a base point. In addition, in the above-described
first through fourth enbodi ments, when the upper 20 |ayer nodes and its
two | ower |ayer nodes are directly connected, the graphical display of the
hi erarchical structure shown in the priaggx gﬂbodinent can be appli ed.

As expl ai ned above, according to the i $ shown in the fifth

enbodi nment , 8 1) graphi cal l'y di splaying hierarchical structures, by
constructing a second ellipse inside the 25 arrangenent ellipse of the
| oner | ayers and arrangi ng nodes of |ayers which have cases of : “nodes

of the relevant |ayer not existing, so that upper |ayer nodes are directly
connected to the :

QO |
3O
Qo o

o0



53 nodes two | ayers down, on that ellipse, in addition having the
advantage of elimnating the overl apping of link dis Y show
connect i orWPMBAM% s bet ween nodes, the | ayer rel ati ?r@%fgy@ﬁg&]nodes
can be di splayed in a manner easily understood. 5 [ Si xt h Enbodi nment ]
Bel ow, the present enbodinment will be concretely explained using the
figures. The data display processing unit 30 of the present
enbodi nent uses data stored in a 54/56

(K8 2]
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hi erar chi cajyoyshysgstr € data storage unit 20, calcul ates the RRsjdoamasasd
size of a circle for each | ayer on which nodes will be positioned,
repl aces nodes wiith, for exanple, circles or triangles, 10 and the links
connecting nodes with straight lines, and display the hierarchical

structure generated in this ma ggéﬂgfihe di splay 40 via controller
50. In addition, the B?_ nbodi ment, in particular,

relates to g{@g%al di splay of a hi erarchi cal structure for making
it easy to VA a mani pul at e connection rel ati onshi ps when t hese

connection rel ationships, in which two hierarchical structures are
connected, show 15 a conplicated |l arge scale hierarchical structure on
one screen. Fig. 63 is an exanple of a flowhart show ng
t he processing sequence in the data di spl ay processing unit 30 of
Fig. 1. According to Fig. 63, the construction process of the
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graphi cal display of a conposite hierarchical structure related to an

enbodi Mo o140 present invention will be expl ai nedT/yr203520

Moreover, in the present enbodinent, Figs. 64 to 78 will be used in order
. to explain an exanpl e of the opeéast%ugnsgi n the flowhart shown in

Fig. 63, but even if the reference als used in Figs.- 64 to 78

are the sane as the reference figures used in the other figures,

within the raSW@E Figs. 64 to 78, the same reference nunerals denote the
sanme item an have no connection to the sane reference nunerals of
the other figures. 25 The preeessing shown in Fi.g. 63 are carried
out at the follow ng settings: o () In the hierarchical -structure
data storage unit 20, data for a kjefardhifal structure such as
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54 v that shown in Fig. 64 is stored, Furthernore, except for the

| owest | ayer, the nodes of the same ‘| ayer under the same node of an
uppef layer within the sanme hierarchi cal structure all have

- connection relations. Also, in the hierarchical structure storage unit 20,
~in addition to hi erarchical structure data, the data related to the
di splay area of display 40 is al so Speeifidtion 5 Mor eover, for the sake of
conveni ence, Fig. 64 shows the data of the hierarchical structure

stored in the hierarchvEHODANDWEPABAPUS FORDISPDAY 30 as- a tree

di spl ay. - (2) The display area V\/nich S input duri ng the input of the
di splay area data (step S 5@%}@& @PltJR and in the partition
of the di splay area (step S ¥1 |sp ay area i s divided

5 Field of the Invention
The present invention relates to a display method for hierarchical structures which
show the hierarchical structure of a sequence of nodes using a node which shows the
apparatus or function corresponding to a branch point, a junction point, or a nodal point, and a
link showing the connection relationships between nddes, and in particular, relates to a
10  method of display for a hierarchical structure with an improved operability and visual
simplicity when displaying on one surface a large scale. hierarchical structure composed of a

plurality of nodes.

Background.of the Invention
15 Conventionally, as shown in Fig. 2, for this type of disp_lay method, a hierarchical
structure is graphically displayed using what is termed a “tree display”. That is, the higher
layers are arranged on the upper part of the screen, and the lower layers are arranged on the
lower part of the screen. For example, in a communication network, generally, when there
_are connection relationships between nodes on the same layer, as is shown in Fig. 3, the nodes
20  are arranged on the screen using a plane to show the one layer, and by connécting the nodes
with links, the hierarchical structure is displayed.

However, tavhen displaying a hierarchical structure on tlte display screen of a
computer using, for example, thia kind of tree .diSplay, the problem arises that when the
numerous lower layet nodes are arranged on the lower part of the screen, the number of nodes

25  that can be displayed is restricted because of the limitation of the display area. In addition,

the problem arises that when displaying, for example, a large scale hierarchical structure



into equal parts by a straight line parallel to this rectangle. In the
di spl ay of nodes of the 10 sane | ayer (step S 5040), in the

det®rmnation of the center point for the node arrangenent circle
© (step'S 5041), a circle whose radius is the distance fromthe center point
- of the upper | ayer node arrangenent circle to the center of an

i nscri being udesds oo thousamistdf @odesp ere lbwyeniodes of the samédayer inpartioEiai will r cl e
was constructed, and the points at which the extension of a straight

line frivequchiy oesiap; amdit i¥ digficulite digiaghish ﬂ)belﬁnl{%%ﬁnaiih? mgorodes. circle
connecting each node of 15 t he upper layer intersect this circle

det er m AeditibRalieHafipuleing thOhodes ahd fhes Stk Q@re@? ﬁ? ﬁliexeﬁtﬁfnmand becomgsh upper

| ayer are arranged. However, the center point o e arrangement
712 il 1y e SRS ok iR B BRI, o, o
2042)  Jelhublibies petwert SRS P H8k Blert B0 Rl Yo S ol Renig ) L
connection relationship with a plurality of upper layer nodes, the ease of viewing and the
operability are seriously degraded. |
The object of the present invention is to resolve the above-described tree display
problems by presenting a method and appa.ratus for graphic display of multi-layered structures
10  which improves the ease of viewing and operability of large scale hierarchical structures

comprising a plurality of nodes on the same screen by spatially arranging the nodes of the

same layer using a circles generated according to preset rules.

Disclosure of the Invc;ntion

15 In a method which graphically displays the hierarchical étructure of nodes according
to the connection relationships between nodes which are apparatuses or functions that
correspond to a branch point, a junction pint, and a nodal point, the present invention arranges
on one ellipse nodes of the same layer which are subordinate to the same node, and arranges
the centers of subordiﬁate ellipses of the same layer on a concentric ellipse larger then the

20  ellipse of the upper layer. In this manner, the vértical layers of the ellipses place the lower
ellipses on the outside of the upper ellipses, and the vertical relationships of a large scale
hierarchical structure comprising a plurality of nodes can be -displaycd on the same screen in a
manner which is easy to view. By arranging the nodes of the same layer on an ellipse, nodes
can be spatially arraqged within a limited display area efficiently while maintaining the

256  regularity of the structural representation.

The present invention also may carry out the graphical display of the hierarchical



20 t ke center point of the node arrangenent circle (step S 5041) is nade

the center point, and the inscribed circle is constructed within the
extensions of the partition angles of tfie upper node and the
interior of the inscribed circle is made the display area. However, the

di spl ay area of t he highest layer is the display area equally

di vi dedstayctird@sipgrdircles afistedd dffike sbrpldeycribedallipsesp 16 this mannersbB0jing kn -
wei ghting the partition.angle (step S 5422), the weighting is according to

the  25:5c1BUHP 8fithdetitPR8SesSihg i WimpRAES tand 8y&r infadbrgeacile hivdserchiéal stfucarst ep,
ot her than the highest |ayer, as the link display space fromthe

gng her hﬁ)’iﬁé £ fundrddsth bbOtS MGEEna Hodes, e dpabed Bedween the fides and links are
increased and are easy to see, in addition to being able to use direct commands easily to
5 manipulate the nodes and links on the screen.

Further, the present invention calculates the radii of the circles on which the above-
described nodes are arranged based on the number of lower layer nodes. In this manner,
even in large scale hierarchical structures having hundreds or thousands of nodes, or
structures having an asymmetrical number of layers or number of nodes, along with spreading

10  the space between nodes and links to facilitate viewing, the nodes and links on the scree;n are
easily manipulated by direct command.

Additionally, the present invention calculates the radii of the circles on which the
above-described nodes are arranged based on the number of lower layers. In this manner,
even in large scale hierarchical structures having hundreds or thousands of nodes, or

15  structures having an asymmetrical number of layers or number of nodes, along with
increasing the space between nodes and links to make them easy to view, the nodes and links
on the screen are easily manipulated by direct command.

In addition, when a node and its two lower layer nodes are directly connected in the
above-described graphical display of the hier_archica_l structure, the present invention arranges

20 on one ellipse the nodes of the same layer subordin;tc to the same upper node, and arranges
the middle layer nodes having a part in which the upper and lower layer nodes are directly
_ connected but there is no-nodc corresponding to that layer, on an ellipse generated within the
ellipse arranging the lower layer nodes. In this manner, along with eliminating overlapping |
of the link display showing the connection relations between nodes, the relationships between
25  the connections of the layers of nodes can be displayed so as to be easily discriminated.

Furthermore, in the graphical display of hierarchical structures described-above,



node. kn the case that there is no |ower |ayer, the partition angle is
divided equally. In the calculation of the partition angle (step S
5428), other than the |owest |ayer, forgthe partition angle aferr]
of the upper node, the largest value of the partition angle will be (90 + a
[ 2)[err]. In constructing the inscribed angle (step S 5425), the

i nscri baghefs aphirglityOf HEFRRAREI StitictirBeara cofndcted, the presehiintértijonpartitions thé vi ded
by the | argest partition angle calculated in the partition angle partition

(step Sgpdtadared oF thOBRE g%EJéd}gin h§ tROdfnR: bR MSABIALIafdred Sttudhse€ih dnilkbib) . a

: a ! \ : .
circleis constructed whose radius is the distance fromthe center

20, 1 o RNORIET P S arges WISl RV MBI
o | e LA bt ek o R b R,
>4z 7% ’ Eigglar;'%(rjga? aTrh(z p?ésregtn i%sgnt%rr]l arranges the centers of the ellipses on which the layers
subordinated to the same node are arranged on concentric circles which are larger than the
upper layers, and arranges the nodes of the part connected with different hierarchical
structures at adjacent positions. In this manﬁer, by making the nodés of the connected parts
of two hierarchical structures adjacent to each other, the overlap of links can be avoided, and |
10 nodes and links on the screen can be easily manipulated by direct command.
Finally, in the graphic display of the above-described hierarchical structure, the
present invention branches the links showing vertical relationships between nodes at a
position which does not overlap with other links issuing from the highest layer nodes, and
connects them to each node of the lower layer. In this manner, the present invention can
15 branch links showing vertical relationships between nodes arranged radially corresponding
with layers at a position where one line issuing from an upper layer node branches where it
does not overlap with the display of another link, and connects them with each node of the
lower layer. Even in a large scale hierarchical structure having from hundreds to about a

thousand nodes, the space between the links can be spread out and displayed in an easily

20 viewed manner, and the links can be easily manipulated by direct command on the screen.

Brief Description of the Drawings
Fig. 1 is a block diagram showing an example of the construction of the appai'atus used in the
present invention.
25  Fig. 2 is an example of a conventional display of a hierarchical structure by tree display.

* Fig. 3 is an example of a conventional display of a hierarchical structure showing trees using



the poirnts where the bisector of the partition angle of each node
I ntersects the node. arrangenent circle, and the nodes whi ch connect

wi th the other hierarchical structures gnd the upper nodes are
arranged at positions which are the shortest distance to the other display
ar ea. I'n constructing the Iinks of the nodes on the sane circle
(step S@a®8), the |inks connect the 15 nodes with straight lines. In
constructing the links with the upper layers (step S 5429), a base
poi nt i sFigr 4is aieckaaipleoPoAowkit sholvity dielpasibsiflg M the dhéadispl A p88&i¥ing unit
constructed with straight lines fromthe center point of the upper

| ayer tcbftmg, Canhe firf@iYoditherdthe circle of the . Iaygar concer ned, and
t he base point and each node is connected with straight |ines. (4)

1608 1 gl B aSHE A S SRl 0l 7.
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embodiment.
Fig. 6 is an example of the abscissa-ordinate ratio of the display area in the first embodiment.
Fig. 7 is an example of the ratios of the ellipses of each layer in the first embodiment.
Fig. 8 is an example of the node arrangement of the first layer in the first embodiment.
10 Fig.9 is.an example of the locus for the centers of the ellipses for the second layer in the first
embodiment.
| Fig. 10 is an example of ellipses of the second layer in the first embodiment.
Fig. 11 is an example of the node arrangement of the second layer in the first embodiment.
Fig. 12 is an example of the locus for the centers of the ellipses of the third layer in the first
15 embodiment.
Fig. 13 is an example of the centers of the ellipses of the third layer in the first embodiment.
Fig. 14 is an example of the ellipses of the third layer in the first embodiment.
Fig. 15 is an example of the node arrangement of the third layer in the first embodiment._
F1g 16 is another example of a figure showing the data of part of a hierarchical structure
20 stored in the hiérarchical structure data unit of Fig. 1 displayed by trees displayed in the first
. embodiment.
Fig. 17 is an example of the ellipse ratio of each layer in another example in the first
embodiment.
Fig. 18 is an example of the node arrangement of the first layer in another example in the first
25  embodiment.

Fig. 19 is an example of the locus for the centers of the ellipses of the second layer in another



processing of the hierarchical structure image in the present enbodinent is
shown in Figs. 65 to 78. First, in order to-- _
corrstruct the hierarchical structure inmgge, the hierarchical structure 25
data of a structure such as that shown in Fig. 64 and the data related to

the display area of the di spl ay which shows the hierarchical
st r uct urexampiege thesfirshembodigieap S 5010, S 5020). Next,
56 the input display area is partitioned into equal parts as shown

in Fig. Ff A5k aR exaPIBQF the ellipses of the second layer in another example in the first

embodiment.
Fig. 21 is an example of the node arrangement of the second layer in another example in the

5  first embodiment.
Fig. 22 is an example of the locus for the centers of the ellipses of the third layer in another
example in the first embodiment.
Fig. 23 is an example of the centers of the ellipses of the third layer in another example in the
first embodiment.

10  Fig. 24 is an example of the ellipses of the third layer in another example in the first
embodiment. |
Fig. 25 is an example of the node arrangement in the third layer in another example in the first
embodiment.

Fig. 26 is an example of the processing flowchart in the data processing unit in Fig. 1.

15  Fig. 27 is an explanatory drawing of the nodes in the highest layer in the second embodiment.
Fig. 28 is an explanatory drawing of the arrangement of nodes in the second layer in the
second embodiment.

Fig. 29 is an explanatory drawing of the arrangement of nodes in the third layer in the second
embodiment.

20  Fig. 30 is a display example in the second embodiment.

Fig. 31 is another display example in the second embodiment.
Fig. 32 is an example of a procéssing flowchart in the data display processing unit of Fig. 1 in
the third embodiment. |
| Fig. 33 is an explanatory drawing of the display processing for the highest nodes in the third
256  embodiment.

Fig. 34 is a figure showing the continuation of Fig. 33.



A hierarchical structure is allotted respectively to each of the above

di vi ded ar eas, and the display processing of the nodes of the sane
| ayer is carried out sequentially (steg S : 5040). The di spl ay
processi ng of nodes of the sane |layer for any hierarchical structure 5
repeats the display processing (step S 5042) of nodes under the sane node
of the Eigp2$ is amyexplanatory drasting oDtk defeomirtatien therdeatralgjointp p€thelmder nodes
(step S 5043), and further, repeats the sane processing for the

ot her hiredngesRhCeitcle bf e tiwpm;r frééeesin® ob (eGkcondlaydtinddesinnke thitdhe di spl ay
processing of a hierarchical structure is conpleted, and next, the
processifgodithehePreated in the same manner for the other hierarchical
structures (step S 5060). Bel ow, the hierarchical 10 structure on the

left si ?@ 9% m@n%xp?a%ato? atalvﬂﬁé 89%115 ihrey al%ﬁ. %1;111;8? 0 ct & e}noc?ég%sﬁx ‘one

constru ess 0 e I g
expl ai ned the [ocessi .ne hlerarchlcal structure on
The s gwugfﬁ%nﬁvﬁét goagaPingerRal Shictr e

Fig. 37 is a figure showing a continuation of Fig. 36.
Fig. 38 is an explanatory drawing of the display processing of the second layer nodes using
different central point in the node arrangement circle of Fig. 35.
Fig. 39 is a continuation of Fig. 38.
10  Fig. 40 is a continuation of Fig. 39.
Fig. 41 is an explanatory drawing of the data processing of the third layer nodes in the third
embodiment.
Fig. 42 is a continuation of Fig. 41.
Fig. 43 is an example of a proceSsing flowchart in the data processing unit of Fig. 1 in the
15 fourth embodiment.
Fig. 44 is a specific example showing with a tree display the data of a hierarchical structure
stored in the hierarchical structure data storage unit of Fig. 1.
Fig. 45 is an explanatory drawing of the display prot:essing of the highest multi-layer nodes in
the fourth embodiment. |
20  Fig. 46 is a continuation of Fig. 45.
Fig. 47 is an explanatory drawing of the display processing of second layer nodes in the
fourth embodiment.
Fig. 48 is a continuation of Fig. 47.
'Fig. 49 is an explanatory drawing of a different display processing of a second layer node in
256  the fourth embodiment.

Fig. 50 is a continuation of Fig. 49.



First, ~for the highest |ayer, the center of each di splay area is determ ned

to be the center point of the node display circle (step S 5041).
Next, for the hierarchical structure 85 concerned, as the display area
for the highest layers, the partitioned area 1 is determ ned (step S

5421). Next, in the present exanple, the partition angles of each node are
wei ght efig451 iS an@xplanatory drawirepefiditaprooessing®f thenthisd layer nedpsdn gie foneh| owest

| ayer of each node (step S 5422). Anong these, because the | argest

is 8, temgbddanesst partition angle is calculated as 360[err] x (8 / (4

+ 5+ 8+ 7)) = 120[err] (step S 5423). Next, it is decided whether or not

this i sFiéhQ s QRAtinkA0A of K2 51. (step S 5424), and because it is not the
| owest | ayer, an area is constructed divided by the 120[err] whi ch

s the fi SErkah RhmblioraAdh itk shbifhgthe biEeslify indhd ddla picdBtnd brilof

center point _ ~circle tothe border of the display area, nd
the5| nSflrnlthgﬁ 'errncr)lo%irrqéntP his area is constructed (step

Fig. 54 is an example of a drawing in which the data of a hierarchical structure stored in the
hierarchical structure data storage unit is shown with a .tree display in the fifth embodiment.
Fig. 55 is an example of a drawing of a highest layer node arrangement ellipse in the fifth
embodiment. |
10  Fig. 56 is an example of the node arrangement of the highest layer in the fifth cmbbdiment.
Fig. 57 is an example of a link construction of the highgst layer nodes in the fifth
embodiment.
Fig. 58 is an example of the constructioxi of node arrangement ellipse of the lower layer of the
middle layer in which part of the nodes do not exist in the fifth embodiment.
15  Fig. 59 is an example of the lower layer node arrangement in the fifth embodiment.
Fig 60 is an example of the construction of a middle layer node arrangement ellipse in the
fifth embodiment.
Fig. 61 is an example of the middle layer node arrangement in the fifth embodiment.
Fig. 62 is an example of the link construction of between a middle layer node and lower layer
20 nodes in the fifth embodiment.
Fig. 63 is an example of a flowchart showing the processing in the data display processing
unit of Fig 1 in the sixth embodiment.
Fig. 64 is an example of a drawing showing the data of a hierarchical structure stored in the
hierarchical structure data storage unit of Fig. 1 with a tree display in the sixth cmEodiment.
25  Fig. 65 is an explanatory drawing of the partition of the display area in the sixth embodiment.

Fig. 66 is an explanatory drawing of the construction of an arrangement circle for the highest



S 5425): Next, a circle, whose radius is fromthe center point of the

di splay area to the point where the constructed inscribed circle
_intérsects the straight line of the shogtest distance from 25 the center
point of the circle to the border of the display area, is constructed as

- the node arrangenment circle (step S 5426). Fig. 66 shows the
processimjgbrunpdémﬂlhiss;tlpemabdin&ﬂd 100 is
- 57 the center point of the node arrangenent circle, 105 is the

o o o g P et hor s layer
st ruct UTfodes in the sixth embodiment.
Fig. 68 is a drawing to explain the determination of the ccntrai point of a second layer node
5  arrangement circle in the sixth embodiment. |
Fig. 69 is an explanatory drawing of the construction of links and the arrangemeht circle for a
second layer nodes without lower layers in the sixth embodiment.
Fig. 70 is an explanatory drawing showing the construction for an arrangement circle of the
second layer nodes having lower layers in ihe sixth embodiment.

10  Fig. 71 is an explanatory drawing of the construction of links and node arrangements of the
second layer nodes havi;ig lower layers and connections with another hierarchical structuré in
the sixth embodiment.

Fig. 72 is an explanatory drawing of the construction of links and the arrangement of second
layer nodes having lower layer nodes in the sixth embodiment.

15 Fig.73isan explanatory drawing of the determination of the center points of the third layer
node arrangement circle in the sixth embodiment.

Fig. 74 is an explanatory drawiﬁg of the construction of links and the arrangement of third
layer nodes in the sixth embodiment.
Fig. 75 is an explanatory drawing of the construction of links and the arrangement of third

20 layer nodes having connections with other hierarchical structures in the sixth embodiment.
Fig. 76 is a drawing showing an example of a graphic display corresponding to one of the
hierarchical structures in the sixth embodiment.

Fig. 77 is a drawing showing an example of graphic display corresponding to each
hierarchical structure in the sixth embodiment.

25 Fig. 78isa drawiﬁg showing an example of graphic display of the final composite

hierarchical structure in the sixth embodiment.



in this exanple, node n3 is arranged on the point there the straight |ine
connecting the center 5 of both display areas and the node arrangenent

circle 110 intersect, this point bei ngmsuch t hat it is on the line
bi secting the partition angle, and according to the weighted partition
gg?l es_], 1%)£ tile node arrangenent circle 110 is partitioned 60[err],
7olers g & ﬂ?ﬁs file IprodeBEn @GSN R ot thd\@dta display prédessngesit an t he
mterseg i 6nd 21(’)4:l Yhe |hég§l%%rhregfo eac%gg%gl e andﬁtheaclislr)gar?frerenc% (s?gp S
5427 t hese nodes are connected with straight lines, and the

427) . Nexi . ..
i nks aﬁl‘&sﬁm?ﬂé?(gﬂ‘cﬁ tep S 10 5428). Fig. 67 shows the processing up

to this_point, and.nl - n4 are the npdes qf..the ' | r;.Shown
i Fi g, FiEas wrSEriRastonre 8 frrote phoeidusT drie yored i HEERAGID el
Here, the node, displa rocessing of the highest |ayer ends (step S 5043
and nexstorage unit byfeg g thesizth empodieniecond | ayer nodes.( P )

5 Fig. 81 is a drawing of the hierarchical structure data of Fig. 80 with nodes arranged radially
on circles.
Fig. 82 is ‘a drawing showing an example of the link display for the even numbered nodes of
the second layér in the seventh embodiment.
'Fig. 83 is a drawing showing an example the link display for the odd numbered nodes of the
10 second layer in to the seventh embodiment.
Fig. 84 is a drawing showing an exémple of the processing results for the hierarchical
structure data of Fig. 80 in the seventh embodiment.
Fig. 85 is a drawing showing in detz;lil the structure of the data display processing unit' 30in
Fig. 1. |
15
Preferred Embodiments
Embodiments of ihe present invention will be explained below in detail with
reference to the figures.

Fig. 1 is an example of an apparatus applying the present invention, comprising the
| 20 | input part 10 which inputs data related to the hierarchical structures, the hierarchical structuré
data storage unit 20 which stores the input hierarchical structure data, the data display

processing unit 30 which converts the stored hierarchical structure data into the graphic
display of the hierarchical structure image, the dispiay 40 which shows the converted
hierarchical structure image, and the controller 50 which controls each of these parts.

25  Furthermore, in the hierarchical structure data storage unit 20, the data related to the display

area of the display 40 is also stored, in addition to the hierarchical structure data. The



For the nodes of the second | ayer under the nodes nl - n4 of the highest

| ayer, first, a 15 circle 115 is constructed whose radius is the

di stance fromcenter point 100 of the pj ghest | ayer node arrangenent
circle to the center point of the inscribed circle 105 constructed when
finding the node arrangenent circle of the highest |ayers, and fromthe

center {!@éeﬂﬁ idfentibiis characterized)be e daGOdisplay progessiny urit 3G;la@d ubing tikoddid S
where the extensions of the straight |ines connecti ng each node of

the hi oli6=H ih ﬁiéerhuitpfa?éﬁﬁfé stbiae Ghit,the pRcEssARIDr BRPRYRIg in af4asydfddvibhese 20

are determned to be the center points of circles arfangi ng the nodes under

i _ | | _the nodes und
Frg op, tanitr ohle same screcf IS Sl MRS sORRERUNBAR i pid by 1A oy, 1OV 1

under the ,node nl .nfi ri t, the i nscri bed circle whose center is el
and is &‘&%BFPCF% &Xt&nsi ons of the partition angle of node nlis

de the di f t.h d : -
T e o P28 et 3505 SR Rpf st 15D alicing 1

‘several embodiments will be explained in detail using the flowcharts and the explanatory

figures.

[First Embodiment]
10 The first embodiment of the prcsent’invcntion will be specifically explained below
using the figures.

Using data storéd in the hierarchical structure data storage unit 20, the dém display
processing unit 30, which is the principle part of the present invention, calculates the positions
and sizes of the ellipses for each layer on which the nodes will be arranged, carries out the

15 replacing of nodes with, for example, circles and triangles, and the links which connect the
nodes with straight lines, and displays the constructed multi-layer image on the display 40 via
the controller 50. |

| Fig. 4 is an example of a flowchart showing the processing sequence in the data
display processing units. _The processing sequence program in Fig. 4 can be preinstalled in

20  the apparatus or recorded on a recording medium such as a floppy disk or CD-ROM, and then
loaded from the recording medium.

First, the processing steps for the placement of ellipses for the hierarchical structure
in the first embodiment will be explained. Moreover, the processing of the present invention
is carried out maintaining the following settings:

25 (1) In the hierarchical structure data storage unit 20, the data of a threé—layer hierar'chical

structure such as that shown in Fig. 5 is stored. For ease of understanding, Fig. 5 shows the



25 de not have a |ower layer, a fictitious node nO is added to the 4
nodes, and the partition angle Is divided by 5 equal parts.
Ther ef ore, each partition angle becomeg 360[err] / (4 + 1) = 72[err]

58 (step S 5423). Because nodes nll - nl4 are the | owest |ayer
(step S 5424), the circle of the di splay found in .step S 5421 is the
node arHieaghicabbtrsdtieldataséred withi&) disglay imthe Biegarchigal structure dafawtorage s
node arrangenent circle. This circle is equally divided by 72[err], and the
nodes ajmft20. MoredVER ORIt toliRe hidicicdl stroctareafatd, ldatalreaégl tortheodisplay h

angl e and the circunference (step S 5427).
area of display 40 is also stored in the hierarchical structure data storage unit 20.
(2) In the flowchart of Fig. 4, in the determination of the ratio of the sizes of the ellipses for
5 each layer (step S 1101), the sizes of ellipses for each layer are all identical, and for the

number of nodes which are arranged on the same ellipse, the ratios of the sizes of the ellipses
of each layer are determined according to the mean value of each layer. Here (for example,
Fig. 5), the mean value of the number of nodes for each layer is set to 4 for the first layer, 8
for the second, and 8 for the third. :In the determination of the minor axis and major axis of

10  each ellipse, the ratios of the minor and major axes are all made identical, and the ratios are
set according to the ratios of the abscissa to the ordinate of each display area. Hére, the ratio
of the abscissa to ordinate is shown for a display area of 2:3; therefore, the ratio of the major
axis to the mipor- axis is 2:3. In the determination of the ellipse ratios (step S 1103), the
lengths of the abscissa and ordinate of the display area .are distributed according to thé ratios

15 found in the determination of the ratio of the sizes of the ellipses (step S 1101) and the
determination of the ratios of the minor and major axes of the ellipses (step S 1102).
(3) In the construction of the first layer ellipse (step S 1104), the first layer ellipse is drawn
based on the previously found ellipse ratio. In the arrangement of the nodes of the first layer

- (step S 1105), the nodes are positioned on the circumference of the éllipse evenly spaced

20 depending on the number of nodes in the ﬁmt layer.
(4) In constructing the locus for the @ntem of the ellipses for the second layer (step S 1106), - '
an ellipse is constructed concentric to the first layer ellipse and whose minor axis and major
axis are:

ellipse minor axis and 'major axis of first layer +
25 ellipse minor axis aﬁd major axis of second layer.

In determining the position of the centers of the ellipses of the second layer (step S



5 Because nodes nll - nl4 are the |lowest layer, and there is no

connection rel ati onshi p between the nodes on the sane | ayer, step S
5428 is skipped, and as the |links w thygnode nl, a base point is
provi ded at a position not overlapping the already constructed |inks on the
strai ght line fromthe center point of the circle of the highest

| ayer t D107l ahe poinesrat vhict thefextehsions ofciraight lines connedting thayenteradditheellips and
t he base point and each node are connected by straight lines (step S 10

5429) . bf e fief 1@&93&1 tHehoBEHGTnE fifid layPr interbdtt thepallipse, wisioklisthe prevfouskanpl e

I's shown in which el is the base point. For nodes
n2l - nl.%%n&’io&x???] 18 Coflers 3Y fle dl'l'i}%% of hE sEQRE 18er 36m hé theREMERTOH 8 | S
carried out 1 n the sane manner for the nodes of the second | ayer under

o e e 08 SRS ot A D s, 1
| ns C5r | bﬁq)9), starting with the points where the lines extending from the center of the ellipse of the

first layer and traversing each node of the first layer intersect the ellipses of the second layer,

the circumferences of the ellipses are partitioned into [the number of nodes of the second

layer subordinated to an upper ellipse + 1] equal parts, and excluding the starting point, the

nodes are arranged on the partition points.

10 (5) Inconstructing the locus for the centers of the ellipses of the third layer (step S 1110), an
ellipse is constructed concentric to the second layer ellipse and whose minor axis and major
axis are:

minor axis and major axis of second layer + minor axis and major axis of third layer
followed by the construction of an ellipse concentric to the first layer ellipse and whose minor

16  axis and major axis are:

* first layer minor axis and major axzs + third layer minor axis and major axis
and within the circumference of the elliﬁse concentric to the ellipse of the second layer
constructed in the previous step, the lengthwise arc whose ends intersect with the two ellipses
comprises the locus for the centers for the ellipses of the third layer. In determining the

20  position of the centers of the ellipses of the third layer (step S 1111), the locus for the centers
of the ellipses of the third layer found above is partitioned into [second layer nodes + 1] equal
parts, and the partition points, including the two end points, are made the centers of the
ellipses of the third layer. In constructing each of the ellipses of the third layer (step 1112),
using each of the previously found points as the centers, ellipses whose sizes are found by the

25  determination of ellipse ratios (step S 1103) are constructed. In the arrangement of the nodes

of the third layer (step S 1113), starting with the points where the lines extending from the



circle 105 whose center is point e3 and inside the extensions of the
partition angle of node n3 I's made the display area of these nodes
(step S 5421). Fictitious node nO is adged as the first node, and
the partition angles of each node are wei ghted according to the nunber of
nodes of the | owest |ayer of each node n31 - n34 as 1, 2, 2, and 2
(step S &ehid)of thkesl Apseaoftthesdcand) yer andlraviessing eachaotaofjthsiseqaxdtlayedr dmtesag e
is calculated as 360[err] x (2 / (1 +2 +2 + 2 + 2)) = 80[err] (step S

5423) . Nawtllipsesotrse thiftRsed tht circiidferérices 60the lellipstouve Partitivnhed irts (MmSer
5424), an area is constructed divided by the 80[err] angle which is

the bi segtiide9bs theehitd fa3bdibotdified @®Vdnppb @lipse + 1] e piress bndlbRUARAE tfd OM
a? e d d

the center point e3 of fhe circle to thé border of"t i splay area, an

" UM P Bl S SRR, (3157 S D420, e 1ol o
I nsc r5i bed cir Ci*‘l'%s.i 6 th?é’u%t 15% <:(%)t1181g¢13te"f)§ c;qugin Qﬁ)éj f)arocessing of the arrangement of ellipses of
the hierarchical structure in the present embodiment. Processing will be explained below
with reference thereto. Moreover, there are cases where the reference numerals used in Figs.
5 through 15 for concretely explaining the flowchart in Fig. 4 are the same as the reference
numerals used in other figures, and while the same reference numeral indicates the same item
10  in Fig. 5 through Fig. 15, they are not related to items indicated by the same numbers in other
figures.
First, in the case of Fig. 5, when the data of the hierarchical structure is input and the
average value of the number of nodes in each layer is found, the first layer is found to be 4,
the second layer is 8, and the third Iayer is 8. Here, the ratio of the sizes of the ellipses for
16  each layer is determined to be 1:2:2 (step S 1101). Then, as shown in Fig. 6, because the
ordinate to abscissa ratio of the display area 400 is 2:3, the ratios of the minor axes to the
major axes are determined to be 2:3 (step S 1102). Next, the lengths of the ordinate and
abscissa of the display area 400 of Fig. 6 are partitioned so that the sizes of the ellipses of
each layer have a ratio of 1:2:2, the ratio is found for the sizes of the ellipses, and as shown in
20 Fig. 7, the minor axes and major axes of the ellipses of each layer are determined to be a1 and
o2 for the first layer, 1 and B2 for the second layer, and 1 and y2 for the third layer (step S
1103). Subsequently, the ellipses are similarly constructed for each layer, and then their
nodes are afrangcd. |
First, ellipse A of the first layer with the minor axis and majoi' axis being al and o2,
25 respectivcly, is drawn (step S 1104). Then, the four nodes m1, m2, m3, and m4 of the first

layer are arranged at positions separated equally on the circumference of ellipse A (step S



arrangenent circle (step S 5426). Fig. 70 shows the processing up to this
point, and 125 is

59 the inscribed circle of thejgrea, 130 is the node arrangement
circle. Next, the fictitious node nO is arranged at a
position on the upper node arrangement circle 110, and according to

t he wei gms)ngmf“gglﬁ,wﬂnemgr& node arrangenent circle 130, the
circle is partitioned at 40[err], 80[err], 80[err], 80[err], and 80[err] in

such a way th@jext Iﬁ?tﬂe%&fs%ﬁﬁhb%@ﬁte&@f‘fﬁ?é‘lh ses for th@@e&hﬁ?&;lci’ rsh&fvntithl

partition angle of the node n32, as an upper node of the node connec ed
ellipse b whose minor axis and major axis are a1 + 1 and a2 + B2, respectively, is

constructed on the center of ellipse A of the first layer (step S 1106). Next, as shown in Fig.
5 10, the extension of the straight lines joining the center O of ellipse A and each of the nodes
m1l, m2, m3, and m4 of .the first layer intersects with points i1, i2, i3, and i4 on ellipse b, and
the intersection points il, i2, i3, and i4 are made the centers of the ellipses of the second layer
(step S 1107), and each ellipse B1, B2, B3, and B4 of the second layer (step S 1108) with
minor axeé and major axes of $1 and B2, respectively, is constructed. In addition, for the
10 nodes m11 ~ m19 of the second layer subordinate to node m1 of the first layer, starting from
the line extending from the center O of ellipse A and traversing node m1 and intersecting the
ellipSe B1, the circumference of ellipse B1 is partitioned into [9 + 1] equal parts, and on
ellipse B1, excluding the starting point, the nodes m11 ~ m19 are arranged on the partition
points (step S 1109). This is shown_-in Fig. 11. In Fig. 11, the intersection of the extension
15  of the straight line join.ing the center O and node m1 and ellipse B1 is the same point as the
node ml. Hereinbelow, this is the same for the arrangement of nodes of the second layer on
ellipses B2 ~ B4 subordinate to nodes m2, m3, and m4. |
Next, as shown in Fig. 12, an elﬁpse c1 whose miﬁor a:?is and major axis are 1 + y1
and B2 + y2, respectively, concentric to ellipse c1 is constructed on center O of ellipse B1, and
20 subsequently, an ellipse ¢’ whose minor axis and major axis are al + y1 and 02 + ¥2,
respectively, is constructed on the center O of ellipse A. Within the circumference of ellipse
cl, the lengthwise arc whose ends are the intersections of ellipse c1 and ellipse ¢’ (the
segment with the bold line in Fig. 12) is made the locus for the centers of ellipses for the third
layer subordinate to nodes m11 ~ m19 included on ellipse B1 (step S 1110), and as shown in
25  Fig. 13, it is partitioned into [9 - 1] equal parts. The partition points j1 ~ j9, including the

two end points, are made the centers of ellipses of the third layer subordinate respectively to



with the other hierarchical structure and the circunference, are nmade the
shortest distance to the other display area. Then the nodes n2l -
n34 are arranged on the intersections ¢f each bi sector of the angles
and the circunference (step S 5427). Next, these nodes are connected

with straight lines, and the links are constructed (step S 5428). Further,

as a |1 fikdedni 1l Nade (stép 1111)3, Farthasaaking te pastitioropoiaedl atj9 shepeeaters,as not
overl apping the links al ready constructed on the l'ine fromthe

cent er agi“ﬂ{ in%ig! 1€ eftips&d €101 C1b@f MR tayeA¥ifordifate A6 n6&IAT1 P&i1%tanal t he
circle o the l'ayer concerned, and’this base point and each link is

or ocess HgrA s i ha e SHE R s 2, respeltfey preicoflsfceFBRFLARE 1
TS o R T NS S 4P g B GRS Bt b
O € the intersbalion of the extension of the attaight e conneciingad S5HiSk 11 OPfifphe €91 ha ' @
node m1l, the circumference of ellipse C11 is partitioned into {9 + 1] equal parts, énd
excluding the starting point, nodes m111 ~ m119 are arranged (step S 1113). This is shown
in Fig. 15. Below, the arrangement of the nodes for ellipses C12 ~ C19 is the same.
Subsequently, éteps S 1110 ~ S 1113 can be repeated for the arrangement of nodes of
10 the third layer subordinate to ellipses B2 ~ B4, if they exist.

In the above explanation of the first example, the hierarchical structure of the third
layer shown in Fig. 5 is stored in the hierarchical structure data storage 20, but the number of
layers and the hierarchical structure are arbitrary. |

Also, in the flowchart of Fig. 4, in the determination of the ratios of the sizes of the

15  ellipses of each layer (step S 1101), the size of the ellipses for each layer were identical, but
'the size can be changed as a function of the number of nodes. Additionally, the ratio of the
sizes of the ellipses of each layer was determined as a function of the average value of the
number of nodes for each layer, but this can be determined as a function of the largest value
for the number of nodes for each layer, or the calculation of size can be weighted as a function

20 of the layers. Inthe determination of the ratio of the minor axis to the major axis of the
ellipses (step S 1102), the ratio qf the minor axis to the major axis of the ellipses was identical,
and a function of the ordinate io abscissa ratio of the display screen, but it need not depend in
particular on the ordinate to abscissa ratio of the display area. Also, a display screen such as
that shown in Fig. 6 was used, but the size of the display screen is arbitrary. In the

26  determination of the ellipse ratios (step S 1103), the length of the ordinate and abscissa of the

display area was divided according to the ratio found by determining the ratio of the size of



hi erarehi cal structure, it is not necessary to consi der the ar r angenent

position of the nodes. Fig. 72 shows ‘the processing up to this

point . Next, for the nqdes of the third |ayer under the
nodes n31 - n34, acircle is 20 constructed whose radius is the distance
fromthe center point e3 of the upper |ayer node arrangenment circle

to the dendlbpsedbtep Sell0n)yand the datixi ofthe minoraxis anddhie wiaiar axisrafithiellipse (sisge
arrangenent circle 130 of the upper |ayer, and the points where the

ext ensi @NEL0QY, bat ifadl ighbt hécassary to display at@me tinee ¢llipses of 8l tayersemt thagisplayh node
of the upper surface are each made e31 - e34, and the center point

of the- gidaCtiESleApth'Hab& Hotl dePeRPEIEthe LBRARIT tlRpdibplay atdae upper |ayers are
arranged is 25 determ ned (step S 5041). Fig. 73 shows this, and 135 is

e om0 e e S BRNR G HOST SHokoAR < o
5 arranged positioned on an equally divided circumference of an ellipse depending on the
number of nodes in the first layer. The manner of the distribution, however, does not have to
be equal, and can depend on the structure of the lower layers.

In constructing the locus for the centers of the ellipses of the second layer (step S
1106), the size of the ellipse on the center of the ellipse of the first layer had a minor axis and

10  major axis of:: |

minor axis and major axis .of first layer + minor axis and major axis of second layer.

However, when the sizes of the ellipses of each layer are not identical, they should be based
on the size of the minor axis and the major axis of the largest ellipse. In the arrangement of
the nodes of the second layer (step S 1109), starting with the pqint of intersection between the

15 extension of the straight line connecting the center of the ellipse of the first layer and the
nodes of the first layer and each ellipse of the second layc;,r, the circumference of the ellipse is
partitioned into [number of nodes of the second layer subordinate to the upper ellipse + 1]
equal parts, and except for the starting point, the nodes are arranged on these partition points.
However, the manner of distribution does not have to be equal and can depeﬁd on the |

20  structure of the lower layers.

In constructing the locus for the centers of the ellipses of the third layer (step S 1110),
the size of an ellipse on the center of the ellipse of the second layer had a minor axis and
major axis of:

 minor axis and major axis of second layer + minor axis and major axis of third layer.
256  Next, an ellipse is constructed on the center of the ellipse of the first layer had a minor axis

and major axis of:



60 s Next, for the nodes of the third | ayer under the node

n31, first, the inscribed circle whose center is point e 31 and is
between the extensions of the partitiongangle of node 31, is made
the display area (step S 5421). In Fig. 74, this inscribed circle is 140.
Because the nodes of this third | ayer have no | ower |ayer, a

fictiti ousmiedexissnddnlgor ixis of ferslaperdesnaxadistand major axipaf thind layerangl e i s
equal ly divided by 3 (step 5422). Therefore, each partition angle is
360[ er r hnd within the dirduthfekdnce of AR @lipde coatetriStothe Sllipstlofthe sbamdlsyerjuse nodes

of this third layer are the |owest |ayer (step S 5424), the circle
140 of thisrniicaPliRMefttfRisk SFANESse tHE chdRteRidchihe W8 Rlipsks i8!adeth€Ress for
the centers of the ellipses of the third layer. However, if the sizes of the ellipses of each
5 layer are not identical, they should be based on the size of the minor axis and major axis of
the largest ellipse. In determining the positions for the centers of the ellipses of the third
layer (step S 1111), the locus for the centers of the ellipses of the third layer found above are
partitioned into [number of nodes of the second layer - 1] equal parts, and the partition points,
including the two end pqints, are made the centers of the ellipses of the third layer, but this

10  manner of distribution does not have to be equal, and can depend on the number of nodes

which are distributed over each of the ellipses of the third layer.

Next, a second example of the processing of the arrangement ellipses of the
hierarchical structure of the first embodiment will be explained using the figures. Moreover,
16 the reference numerals used in Fig. 6 and Figs. 16 to 25 used in the explanation of the present
example are sometimes the same as reference numerals used in other figures, but even if the
same reference numeral indicates the same item in Fig. 6 and Figs. 16 to 25, they have no
relation with the same reference numeral in the other figures. |
Moreover, in the processing of the present example, the following settings are used:
20 (1) In the hierarchical structure data storage unit 20, the data for the hiemrchi@ structure
having three layers such as is hown in Fig. 16 is stored.
(2) In the flowchart of the data display processing unit 30 shown in Fig. 4, in the
determination of the ratios of the sizes of each layer of the ellipses (step S 1101), the sizes of
the ellipses depend on tﬁe number of arranged nodes, and the largest value for the number of
25  nodes arranged on each layer of the same ellipse is chosen as the ratio of the axes of the layers

of the ellipses. Here (in the case of F1g 16), the largest value for the number of nodes is 4



5426).+This node arrangenent circle is divided equally by 120[err], and
nodes are arranged on the intersection of the bisector of each angle
and the circunference (step S 5427). Bgcause 10 these third | ayer nodes
are the |l owest |ayer, and there are no connection relationships with

ot her nodes of the same |layer, step S 5428 is skipped, and as a link with

node nl, g% f}8S8yer, 8 for th@ﬁcﬁﬁkd,iaﬁd RO e ehiad. AnRREhimAE hetraosstitRppi Ng

with already constructed s on a straight line fromthe center
poi nt of. i e i t ' circle
O o s B8 5 il LB SRl S S 1808 gty okt o,

F?ggggéﬁﬁa}lmﬁ%cggiet %lm %%BI:CIT]{] ?ﬁhéi? %a%i%s %epe]n% on tiég)?al{lﬁg itcg%bgéfsés%l?ﬂpﬁ)g h{khei rd
ayer under 32, fj . ' i b ' A . [
ol nt BPIRHShe enitin R PIERHEN IO 0B GIHEE BUPY PL PSRN B TAle n32

I s nmade '
5  axes of the ellipses are 2:3. In determining the ratios of the ellipses (step 1103), the lengths

of the ordinates and abscissas of the display area are distributed according to the ratios found
by the determination of the ratios of the sizes of the ellipses (step S 1101) and the
determination of the ratios of the minor axes and major axes of the ellipses (step S 1102), and
the ratios which give the sizes of the ellipses from the number of nodes are calculated.

10 (3) Inconstructing the ellipse of the first layer (step S 1104); the ellipse of the first layer,

| whose size is calculated by the determination of the ellipse ratios (step S 1103), is drawn. In
the arrangémcnt of the nodes of the first layer (step S 1105), the circumference of the cilipse
is partitionéd depending on the number of nodes of the second layer subordinate to each node
of the first layer, and then the nodes are arranged.

15 (4) Inconstructing the locué for the centers of the ellipses of the second layer (step 1106),
an ellipse is drawn on the center of the ellipse of the first layer and whose minor axis and
major axis are:

minor axis and major axis of first layer + minor axis and major axis of second layer.
In detemﬁning the positions of the centers of the ellipses of the second layer (step S 1107), the

20 intersections of the extensions of the straight lines connecting the center of the ellipse of the
first layer and the nodes of the first layer and the ellipse which is the locus for centers of the

| previously found ellipses of the second layér become the centers of the ellipses of the second
layer. In constructing each ellipse of the second layer (step S 1108), each of the previously
found points is made a center, and ellipses whose sizes érc based on the ratios calculated from

25  the determination of the ellipse ratios (step S 1103) are constructed. In the arrangement of

nodes of the second layer (step'S 1109), starting with the intersection of the extensions of the



the display area of these nodes (step S 5421). In Fig. 75, this inscribed
circle is denoted by 150. Here as well, because there is not a | ower
| ayer, the fictitious node nO is addedgho the 20 nunber of nodes, 2, and
the partition angle is divided into three equal parts (step S 5422).
Therefore, each partition angle will be 360[err] / (2 + 1) = 120[err] (step

S 5423) strdightighbs foiaihg the center diekeellipsel df thefist layeeaid ¢aahimod¢ of thp fisstddRA) |
this circle 150 of this display area is nmade the node ar r angenent

circle (34 BRhRURKRDE thdrebndRYer, MechoGRIR Blicew s €llipseis ipartitipned ingo di vi ded
by 120[err], and nodes are arranged on the intersections of the

ﬁ nggt ggr?]ur{fe?%%r?%‘ﬁﬂdér&ltﬁe i 15128 subiordinate'th SaH FIdRIEEhd Sbobike fayer Wiy hwat the
g to the other” hierarchical structure are t he
:P g}r)t gs %nggsefllgpns%el- f]oeqhahlepa%ts,haenrd cgﬁicgﬁlfgythggﬁﬁix{gsﬂo%, éacﬁ%@tiorﬁg)%ttié onal 'y,
5  distributed acc_ording to the number of nodes in the third layer subordinate to each node, and

each node is arranged.

(5) In constructing the locus for the-centers of the ellipses of the third layer (step S 1110), an

ellipse having a minor axis and major axis of:

minor axis and major axis of second layer +

10 minor axis and major axis of laréest ellipse of third layer,
is constructed on each ellipse of the second layer, an ellipse ha‘}ing a minor axis and major
axis of:

minor axis and major axis of ellipse of first layer +
minor axis and major axis of largest ellipse of third layer,

156 s constructed centered on the ellipse of the first layer, aﬁd finally within the circumference of
the ellipse on the center of the -ellipse of the second layer previously constructed, the
lengthwise arc whose ends are the intersections with the two ellipses becomes fhe locus for
the centers of the ellipses of the third layer. In determining the positions of the centers of the
ellipses of the third layer (step S 1111), the locus for the centers of the ellipses of the third

20 layer previously found is partitioned into [number of nodes of the third layer subordinate to
each node of the second layer under one ellipse - 1], and the partition points, including the
two end points, are distributed according to the nﬁmber of nodes on the third layer
subordinate to each node, and become the centers of the ellipses of the third layer. In
constructing each ellipse of the third layer (step S 1112), the previously found points are each

25 made a center, and ellipses whose size is found based on the ratios calculated with the’

determination of the ellipse ratios (step S 1103) are constructed. In the arrangement of the



61 «  skipped, and as a link with node n32, a base point is provided
at a position not overlapping the al ready constructed |links on a
line fromthe center point of the circhg of the highest |ayer to t he
center point of the circle of the |ayer concerned, and the base point and
each node are connected with straight lines (step S 5429). Fig. 75

shows t f&deloP BRSthird JayéP (stép $ N1 BB)Sdtafing at the intersection df theextersiod of thehe nodes
of the third layer under the nodes n33 - n34, and nodes n4l - n43,

0" B et d Sk o bt eragisonp i
the mulLiohd Ya&Yer and each eilff)%g 6f AR tHPPIet, thefdifbumfbrehée SRS bliipSdsSE partitioned
into [number of nodes of third laycf uﬁder one ellipse + 1] equal parts, and except for the
5 starting points, the nodes are arranged on thé partition points.

Figs. 17 to 25 are concrete explanatory drawings of the processing of the ellipse
arrangement of the hierarchical structure according to the present example. Below, the
processing will be explained in reference to the figures.

First, when the largest value of the number of nodes of each layer is found, from Fig.

10 16, the first layer is found to be 4, the second layer is 8, and the third layer is 10. Here, the
ratio of the sizes of the ellipses of each layer is 2:4:5 (step S 1101). Next, in the same
manner shown in the above-cited Fig. 6, the ordinate to abscissa ratio of the display area is

'2:3, and oorrespondiné to this, the ratio of the minor axis to major axis of the ellipses is
determined to be 2:3 (step S 1102). Next, the lchgth of the ordinate and abscissa of the
.15  display area is divided according to the 2:4:5 ratio of the sizes of tﬁe ellipses of each layer,
and the ratio found from the sizes of the ellipses is calculated, and the minor axis and majof
axis of the largest ellipse of each layer, as shown in Fig. 17, are determiﬁed to be a3 and 04
for the first layer, §3 and B4 for the second layer, and y3 and y4 for the third layer (step S
1103). Subsequently, the ellipses of each layer are constfucted, and the arrangement of

20 nodes is executed in sequence. |

Fifst, ellipse D of the first layer with a minor axis and major axis of a3 and a4 is
drawn (step S 1104). In the case of Fig. 16, the number of nodes of the second layer
subordinate to the four nodes nl, n2, n3, and n4 of the first layer are 8, 6, 4, and 6,
respectively, so ihc circumference of ellipse D is partitioned according to this number of

25 nodes, and the four nodes are arranged (step S 1105).  This is shown in Fig. 18.

Next, as the locus for the centers of the ellipses of the second layer, as shown in Fig.



Conti nui ng the process, the other hierarchical structures are processed in
the same 10 ~ manner. For the hierarchical structures on the |eft and
right of Fig. 64, the nulti-I|ayer 29 1 mages such as those shown in Fig.
77 are constructed. Finally, the nodes connecting both hi er ar chi cal
structures are connected with straight lines (step S 5070). In this manner,
for the19, an ellipsed@ivithiatstze ia®ingr ainoa bxis tand efajoreaxisefiohs fBaat oo, i n Fi g.
64, the hierarchical structure is conpl eted as shown in Fig. 78. 15

I'n the gxspéaively, Btoastnidil @Rp\F1106Y 64 tRastneioo dierstlipse D of thedirstileyear chi cal
structure data storage unit 20 of Fig. 1, a hierarchical structure

such as NteQEras SRRV in Flg F‘Z(ﬁ ﬁnﬁfh WRS intreécBitins k1, k2, k3 2ind K4 eheré tHeCdxedmRionlort he

data is itrary, h| erar chi cal struct ures need not have the
sane st r
bot ween e iy Lo o%mwﬂfg%€ Rt XS br PRpIY R aRBFhORT B2, ARE B BE e, e

lay e5r " first layer and the ellipse e, these intersections become the centers of each of the ellipses of

the second layer (step S 1107), and each ellipse E1, E2, E3, and E4 of the second layer having
a size depending on the number of arranged nodes is constructed (step S 1108).  Then, first,
the nodes n11 ~ n18 on the second lﬁyer on ellipse E1 are arranged according to the number
of nodes of the third layer (step S 1109). That is, as in Fig. 16, because the number of nodes
10  of the third laycrlsubordinate to each node n11 ~n18 are 4, 6, 4, 3, 6, 4, 7, and 5, respectively,
starting from the intersection point of the éxtension of the straight line connecting the center
of ellipse D and the node n1 and the ellipse E, the circumference of lthe ellipse E1 is
partitioned into [4 + 6 +4 + 3 + 6 + 4 + 7 + 5 + 1 = 40] equal parts, and exéluding the starting
point, the partition points are distributed according to the number of nodes of the third layer
15 subordinate to each node, and each of the nodes n11 ~ n18 are arranged. Hereinbelow, the
node arrangement of ellipses E2 ~ E4 is the same. This is shown in Fig. 21.
Next, as shown in Fig. 22, an ellipse f1 is constructed on the center of ellipse E1
having a minor axis and major axis of §3 + y3 to B4 + y4, respectively, and further, an ellipse
f’ is constructed on the center of ellipse D having a minor axis and major axis of a3 + y3 to
20 a4 +v4, -respcctively, and within the circumference of ellipse f1, the lengthwise arc (bolded in
Fig. 22) having as ends the intersection points of ellipse f1 and ellipse f* is made the locus for
the ellipses of the third layer subordinate to the nodes n1l ~ n18 included in ellipse E1 (step S
1110). Next, this locus for the centers is partitioned intb [39-1] eqﬁal parts, and the
partition points, includihg the two end points, are distributed according to the number of
25  nodes for the third layer subordinate to each of the nodes n11 ~ n18, and like q1 ~ g8 in Fig.

23, they become the centers of the ellipses of the third layer (step S1111). Further, making



20 N Furthernore, the display area was a rectangle, and in the

partition of the display area (step S 5030), the display area was -
equal ly partitioned by a straight linegparallel to this rect angl e,
but the nmethod of partitioning the display area is arbitrary, and can be

di vided at an angl e, and need not be equal.

Furt her therpartitich pdigts il SPdSthe RemeRsss shgwalin Hig: 2dpde<llipsdeF1T AEF18 afftherthilg of
the upper 25 layer (step S 5042), in determning the display area (step S

- 5421),  {fHer ibilinsetehodesad1 LhiB hﬁv1ng a minofl 8418 ahdl ﬂﬁi‘jér@ils(tff v3had 94 ('ské‘ﬁ gpoi nt
- of the ndode arrangenment circle (step S 5041) is nade t
62 1112) are constructed. Then, first, for nodes n111 ~ n114 of the third layer arranged on

ellipse F11, starting at the intersection point of the extension of the straight line connecting

5 the center q1 of ellipse F11 and the node n11 and the ellipse F11, the circumference of ellipse

F11 is partitioned into [4 + 1] equal parts, and except for the starting point, the nodes n111 ~

n114 are arranged on the partition points (step S 1113). The arrarigement of nodes of ellipses

F12 ~ F18 is carried out in the same manner. This is shown in Fig. 25.

Subsequently, for the arrangement of the nodes of the third layer subordinate to

10 ellipses E2 ~ E4, if they exist, steps S 1110 to S 1113 are repeated in the same manner.

In the explanation of the second example of the above-described first embodimeﬁt, in
the hierarchical structure data storage unit 20, as shown in Fig. 16, the data for a hierarchical
structure of three layers is stored, but the n'umber of layers and the structure of the layers is
arbitrary.

15 Additionally, in the flowchart in Fig. 4 for the data display processing unit 30, in the
determination of the ratio of the sizes of the ellipses of each layer (step S 1101), the size of the
ellipses depends on the number of nodes to be arranged on it, but the calculation of the size
can also be weighted depending on the layers. In the determination of the ratios of the minor
axis to major axis of the ellipses (step S 1102), the ratios of the minor axis to major axis were

20  all the same, depending on the ratio of the ordinate to abscissa of the display area, but the
ratio need not be dependent on the ratio of the ordinate to abscissa of the display area. In
addition, here as well, the ratio of the ordinate to abscissa of the display area was set td 2:3,
but the size of the display area is arbitrary. ”In the determination of the ratios of the ellipses
(step S 1103), the ratios are distributed by the determination of the length of tilc ordinate and

25  abscissa of the display area (S 1101) and the determination of the ratio of the minor axis to

major axis of the ellipses (step S 1102), and are calculated as ratios which find the size of the



centertpoint, an inscribed circle is constructed between the extensions of

the partition angle of t he upper | ayer nodes, and this inscribed
circle was made the display area, but i, it also possi bl e that the
area in the extensions of the partition angles of the upper |ayer nodes in
its entirety is made the display area. In the weighting of the
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t he nunber of nodes of the | owest |ayer -of each node,
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In addition, rather than partition the length of the ellipses, partitioning can be carried out
according to central angles.
In determining the position of the centers of the ellipses of the second layer (step S
1107), the intersections where the extensions of the straight lines connecting the center of the
10  ellipse of the first layer aﬂd the node of the first layer crosses the ellipse that is the locus for
the centers of the ellipses of the second layer previously found become the centers of the
ellipses of the second layer. However, depending on the size of the ellipses, the distance
from the center of the ellipse of the first layer can be changed. In arranging the nodes of the
second layer (step S 1109), starting from the point where the extensions of the straight lines
15 connecting the center of the ellipse of the first layer and each node of the first layer intersects
each ellipse of the second layer, the cir(;umfcrence is partitioned into [number of nodes of the
third layer subordinate to each node of the second layer on the ellipse + 1] equal parts, and
excluding the starting point, the partition points are distributed according to the number of
nodes of t'__he third layer subordinate to each node, and each node is arranged. However, the
20  manner of the arrangement of nodes is arbitrary, and the partition be carried out by a central
angle rather then a length of the circumference.
In drawing the locus for the centers of the ellipses of the third layer (step S 1110), an
ellipse having a size whose minor axis and major axis are:
minor axis and major axis of each ellipse of second layer +
25 minor axis and major axis of the largest ellipse of the third layer.

is constructed on the center of each ellipse of the second layer. However, with respect to the



val ue of the partition angle is (90 + a / 2)[err], but the |argest val ue
set is arbitrary. In the construction of the node-arrangenent circle
(step S 5426), a circle is constructedgghose radi us is the distance
fromthe center point of the node arrangenent circle to the contact with
t he inscribed circle, but a circle with a smaller radius is also

possi bl €minon akis@nd avajataxissofahe lakgest ellipse ofahe ik layer) hbisdas bt dysedloaané ound
in the determ nation of the display area (step S 5421) was made t he

node ar maiRRB UndGh4j6} £is Hthe farfdst 6llipse\uhng@thsBRigsed of g tHifd laferd! SO
possible. In the arrangenent of the nodes (step S 5427), the nodes
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and major axis of the largest ellipse of the third layer], was constructed. However, similarly
with respect to the “minor axis and major axis of the largest ellipse of the third layer,” using
the minor axis and major axis of the largest ellipse among the ellipses of the third layer
sﬁbordinatc to the nodes disposed on each ellipse of the second layer is also satisfactory. In

10  deciding the position of the center of the ellipses of the third layer (step S 1111), the locus of
the center of the ellipses of the third layer previously found are partitioned into [number of
nodes of the third layer subordinate to each node of the second layer disposed in the ellipse -
1] equal parts, and the partition points, including the end points, are distributed according to
the number of nodes on the third layer subordinate to each node, and these were made the

156  centers of the ellipses of the third layer. However, it is not necessary to divide them
according to the length of the arc, but rather dividing them by a central angle is satisfactory.
In constructing each ellipse of the third layer (step S 1112), the previously &ecided points are
cach made a center, and the ellipses are constructed with a size found based on the ratios
calculated in the determination of the ellipse ratios (step S 1103). However, depending on

20 the size of the ellipses, the distancc from the center of the ellipses of the second layer can be
changed. Inthe &tcrmination of the arrangement of the nodes of the third layer (step S
1113), starting with the point where the extension of the étraight line connecting the centers of
the ellipses of the second layer and each node of the second layer intersects each ellipse of the
third layer, the circumference of the ellipses are partitioned into [number of nodes of the third

25  layer disposed on the ellipses + 1] equal parts, and the nodes of the partition points excludiﬁg

the starting point, are arranged. However, the manner of arrangement is arbitrary, and can be



structure is already constructed, they can be arranged on the position
which is the shortest di stance fromthe nodes having a connection
relati onship with the other hierarchicag structure. I n constructing
| i nks of the nodes of the same circle (step S 5428), the |inks connect
nodes with a straight line, but the |links between nodes positioned
adj acenbasgd on thdarranigement retationships2with othenekipses. ude additicn, ih thec@BS i whichNg
the links with the upper layers (step S 5429), a base point S

provi dethefgare fgdisdr sabutdin@ie 189628, liediRi degertd SieaRY%HUONRS 6URt Stbordinkee 18-
straight line fromthe
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point of the circle of the layer
embodiment, a hierarchical structure is graphically displayed, and the when showing the

5  vertical layer relationships between particﬁlar nodes, the nodes included in the same layer are
arranged on the same ellipse, and in order to emphasize understanding the relationships
between nodes of vertical layers for particular nodes, by arranging the lower ellipses on the
outside of the higher ellipses so that the upper and lower layer ellipses do not overlap, it is

- possible to display on. one screen in an easily viewed manner the vertical relationships of a
10  large scale hierarchical structure constructed from a plurality of nodes, and by arranging
nodes of the same layer elliptically, the advantage is obtained that it is possible to arrange
nodes within a limited displéy area while p"reservir.lg,_the regularity of the representation of the
structure.

In addition, by changing the size of the ellipses according to the number of nodes

15  arranged on the same ellipse, it is possible to make the extent of overlapping of ellipses of the
same layer uniform. -Furthermore, by changing the arrangement of nodes on the ellipses of
the higher layers according to the arrangement of ellipses of the lower layers, the advantage is
obtained that the positional relationships between the ellipses of the lower layers can arrange
the nodes of the upper layers in a most appropriate position. |

20
[Second Embodiment] _

In this embodiment, tﬁc data display processing unit 30 uses data stored in the
hierarchical structure data storage unit 20 to calculate for each layer the positions and sizes of
the circles upon which the nodes are arranged, and further, using an equally partitioned angle,

256  calculates for each layer the position on which the nodes on the circumference of the circle

are arranged. It interchanges circles and triangles, for example, for the nodes and straight



concer;ned, and this base point and each node are connected wi th straight

| ines, but the base point need not be on a straight [ine fromthe
center point of the circle of the uppep7layer to the center point of
the circle of the |ayer concerned. 5 In constructing the Iinks
bet ween ot her hierarchical structures (step S 5070), nodes . havi ng
connect liggsonthetings whicheronnéxit ¢heamasles.c aln thisrway, teanerateddieramhicalistnictibte a
straight |ine, but curves which mnimze overlap between other nodes
and | i nfigureasdisplaysbah the displuyescteen via the cofi@slier 50. Addi tionally,

in the above-nentioned enbodi ments 1 through 5, when two 10 hierarchical
struct ures arBhis prosedtieptbodimet2atjusialesdliteal &Yat&{ ingﬁﬁicﬁla? Qe Yrstlicatt rUCt Ur €
pt e

indicated in the present enbodi nent can be ado :
display of a multi-layered structure which defines the ellipses as circles, calculates for each
5  layer the position and size of the circles upon which the nodes will be arrénged, and further,
using an equally partitioned angle, calculates for each layer the position on which the nodes
are arranged on the circumference of the circle.
Fig. 26 is a flowchart showing an embodiment of the processiﬁg sequence in the data
display processing unit 30. 'Here, based on Fig. 26, the display ofa hierarchical structure
10  image having a hierarchical structure with three layers will be explained. |
Moreover, even when the reference numerals used in Figs. 27 to 31 used in
explaining the example of concrete processing of the present embodiment are the same as the
reference ﬁumer.als used in other figures, they only express identical items in the range of Figs.
27 to 31, and have no relationship to identical reference numerals in other figures.
15 <Preprocessing:>
In order to construct the hierarchical structure image, data related to the hierarchical structure
and data related to the display area of the display 40 which displays the hierarchical structure
image are input from the hierarchical structure data storage unit 20'(stcps S 2110, S 2120).
<Arranging nodes of the highest layer:>
20  Fig. 27 is an explanatory drawing of the arrangement of nodes in the highest layer. Here, w1
and w2 are the edge of the ordinate and abscissa of the display area, and here, wl <w2. For
the highest layer, first, the equipartition angle a is calculated as o = 360%i (i = number of
nodes included in the highest layer; i = 2) (step S 2130). Next, in the manner shown in Fig.
27, from the center point a of the dispiay area, a Iﬁerpendicular line is dropped, its intersection
25  with edge w2 made pointb. From a, straight lines f2 and £3 are drawn so that f1 bisects the

equipartition angle a, the intersections with w2 are made c and d, determining the isosceles



As exp1ained above, according to the invention shown in enbodi nent 6, when
graphical ly displaying hierarchical structures, the nodes in the sane |ayer
carf be arranged 15 radially using cipgles constructed according to
determined rules, and by displayi ng nodes of | ower | ayers having a
hi gh nunber of nodes distributed on further outside circles, the

advant agianigle bhedistapcS 2140). t Next, foghn dbsbisectaridralatasd is drwn: ard ¥vdes and
-links are displayed in a manner easy to view, and by nmaking the
nodes ofntéMectioarnwidctli bringea with oés theceiiteepaint thecitcle of radius M inseribedoin the ose,

t he advantage is obtained that overlapping |inks can be avoi ded, and the
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circle on which the nodes of the highest layer are arranged, with a as the center point, the
5 circle V of radius L (L = 0.5wl - 2M) is drawn (step S 2160). Using the equipartition angle
o, the nodes p1, p2, ... pi (i is the number of nodes) included in. the first layer are arranged
equally.spaced on the circumference of circle V (step S 2170). In this case, pl is arranged
on the intcrscc;tion of f1 and the circumference of said circle V, and p2, for example, is
| arranged clockwise on the intersection with the circumference of straight line f1, drawn such
10  that from o, Zf1 - a - f5 = o, and in the same manner, p3, ..., pi are arranged in sequence.
Moreover, when the number of-nodes of the highest layer is 1, the node can be arranged at the
central point a of the display area.
<Arrangement of nodes of the second layer: >
Fig. 28 is an explanatory diagram of the arrangement of nodes in the second layer. In the
15  manner shown in Fig. 28, first, as a central circle for arrangement of the group of central
points for the nodes of the second layer, a is the center point, and the circle W with radius N =
L + M (that is, the length of a straight line connecting a and €) is drawn (step S 2180). Next,
the point e found in step S 2150 is made the first center point of the group of center points of
the nodes of the second layer, aﬁd below, finding the intersections 2 of fS and circle W, they
20  are made the second central point. In the same manner, center points €3, ..., €j are found
(step S 2190).

Next, paying attention to center point e, from the number of nodes of the second
layer subordinate to p1, the bisecting angle B is calculated as § = 360°/m +1 (m is the number
of nodes included in the second layer subordinate to p1; m = 2) (step S 2200). Next, straight

925 lines f6 and £7 are drawn such that the perpendicular line fM dropped from e to w2 forms the

bisector of equipartition angle B, and with f and g being their respective intersections with w2,



Usi ng data stored in the hierarchical structure data storage unit 20, the
dat a di spl ay processing unit 30 of the present enbodi nent cal cul ates
t he"arrangenent positions of the 25 @@des for each layer and the
distribution of Iinks connecting nodes’is carried out, and the

di spl ayed on display 40 via the controller 50.
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structures of the present enbodi hen [ates, in particular, to
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triangle A efg, with h is the center point, and the inscribed circle X is found (step S 2220).
Next, as a circle for arranging nodes, a circle Y of radius Q (Q = M - 2P) with center point e is
5 drawn (step S 22230). And using the equipartition angle , on the circumference of circle Y,
nodes ql1, q2, ..., qm (m being the number of nodes) included in the second layer subordinate
to pl are arranged equally spaced (step S 2240). Here, q0 is the intersection of straight line
fE connecting a and e and the circle Y.  This g0 becomes the locus for the link connecting the
highest node p1 and the nodes of the relevant second layer, so this g0 has no nodes arranged
10  on it, and clockwise from e straight line 9 is drawn so that Z fE - e+ f9 = B, and q1 is arranged
on the intersection with the circumference. In the same manner, g2, ..., qm are arranged.-
Moreover, when there is one node, it can be arranged on the above mentioned center point e.
Below, for each center point €2, €3, ..., €j of the nodes of the second layer, the
operatioﬁs from steps S 2200 to S 2240 are repeated, and all the nodes included in the second
15  layer are arranged (step S 2250).
<Arrangement of the nodes of the third layer:>
Fig. 29 is an explanatory figure for the arrangement of nodes on the third layer; Here, for the
sake of convenience, we will explafn the placement of the nodes of the third layer subordinate
to p1 of the highest layer. As shown in Fig. 29, first, as a central circle for arranging the
20  group of center points for the nodes of the third layer subordinate to p1, e being the center
point, circle Z of radius R (R = P + Q) is drawn (step S 2260). Next, aé a cénter point for
the nodes of the third layer subordinate to node q1 of the second layer, h1 being the
intersection between £9 and circle Z, a circle X1 having a mdius P and said h1 being the
center point is drawn (step S 2270). Next, from the number of nodes, the equipartition angle
25  yis calculated as y = 360°/n + 1 (n being the number of nodes included in the third layer

subordinate to q1; n = 2) (step S 2280). And the nodes r1, 12, ..., rn included in the third



showi ng the horizontal relationships of radially arranged nodes
corresponding to the layers at positions not overlapping with other
| ink displays, when displaying of |inkgoof hierarchical 5 structures
bet ween radially arranged nodes. Fig. 79 is a flowhart
showi ng an enbodi nent of the proce55| ng sequence of the pr esent
enbodi niayer subotdimateitor gl ate splangedprqueky spaced onithe GftumBerency, oftickdX b istép 9. 79,
an enbodi ment of the link display processing of the hierarchical

st ruct URZ90)C CHetH, ADistagrahfed clockwise FOSIEANGN {he\@BlimbRence of stRIXEshchihalet ai | .
10 Moreover, in the explanation of the exanple of operation in the

f | owchag t hnBhAWAy.| Nin the same aa?, 127 9., irR afe Wranped R ¥eqBHRd! WﬁﬁéoveF henttile t O
Fig. 84 are used and even if the referencé nuneral s use rom Fig.
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rel gtionship {441 Bfine manner, intersection points hl, ..., hm with circle Z in relation to q2, ...,
gm are fouﬁd, circles X2, ..., Xm are drawn, the operations of steps S 2280 and S 2290 are
repeated, and the nodes included on layer three subordinate to g2, . , qm are arranged on the
circumference of circles X2, ..., Xm (step S 2230).

The flowchart for Fig. 26 hés been omitted, bﬁt when the multi-structure figure |

10  constructed in this manner is displayed on the display 40, based on the input hierarchical
structure data, nodes can be displayed as connected with, for example, straight lines.

Fig. 30 is a display example whén the present embodiment is applied to a three layer
structure. ‘The number of nodes of the highest layer is 5, the second layer is 30, and the third
layer is 260, but the space between nodes and links is sufficiently guaranteed.

15 Fig. 31 is an example of the application of another data display processing ﬁnit of the
present embodiment, and in the three layer structure, the number of nodes of the highest layer
is 7, the second layef is 49,and the third layer is 490, but the space between nodes and links is
sufficiently guaranteed.

As explained above, according to the invention of the second embodiment, when the

20  hierarchical structure is displayed graphically, for the nodes included in the highest layer
using the center point of the display area of the display, on the circumference of a drawn
circle, using a equipartition angle calculated from the number of nodes included in the
respective layer, the nodes are arranged equally spaced, :-«md. the nodes of the second layer and
below are arranged on the circumference of circles whose size is calculated so that theé size as |

25  afunction of the layers and the number will be the maximum covering the entire peripheral

area of the display area outside the center on which the highest nodes are arranged. In this



reference nunerals of the other figures. 15 In the hierarchica
structure data storage unit 20, the data for a hierarchical structure

such as that shown in Fig. 80 is storeff. In Fig. 80, for ease of
under st andi ng, the hierarchical . structure data stored in the

hi erarchi cal structure data storage unit 20 is displayed as a tree.

<Node Avdyaegsinmtvery large scalelHierafvhicdbsteuctiirs Whdye thivhberd¥ nolles rehchek from t he

hi erarchi cal structure data storage unit 20 a 20 hi erarchi cal structure

such asuhBRlds &'abMuat b thonkshd, 8 spacd Butween MBR0ASEs MAQMRs iswide@nd 8dsy toRgew0de
circle of the highest layer is nearly in the center, the node circle of the
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arrang%qvgﬂaéc%s.sarre circle (step S 6100). At this tine, the horizontal

5
[The Third Embodiment]

The data display processing unit 30 in the present embodiment uses data stored in the
hierarchical structure data storage unit 20 to calculate the position and size of the circles of
each layer upon which nodes will be arranged, replaces the nodes with, for example, circles or

10 triangles, links with straight lines, aﬁd via controller 50, displays on display 40 the
hierarchical structure image generated in this manner. |

Below, the graphical display of the hierarchical structure in the third embodiment |
w111 be ooncretely explained. |

The present embodiment repeats the displéy processing of nodes of the highest layer

15 and the display processing of the. nodes of the lower layers in the same processing sequence,
but in particular, this embodiment calculates the siZe of the node arrangement circles and the
arrangement of the nodes based on “the number of _nodes of the lower layers.”

Fig. 32 is an example of a flowchart expressing the processing sequence of the
present example in the data display processing unit 30 of Fig. 1. The display processing S

20 3230 of the nodes of the same layer is roughly divided into the determination processing S
3231 of the center circle of the node arrangement circle and the display processing S 3232 of
thc;, nodes included in the same layef. Here, the display processing S 3232 repeats only for
the number of nodes of the upper layer, and further, the determination processing S 3231 of
the center point of the node arrangement circles and the display processing S 3232 of the

25 nodes included in the same relevant.upper layer repeats only for a certain number of nodes of

the lower layers.



rel at i onshi ps between the nodes are such that the nodes of the |ower layers
arranged on the 25 sane circunference outside the nodes of the highest

| ayer are all under the sane node of tgae hi gher layer. For exanple,
nodes gl - g4 arranged on the sane circunference outside of
65 node pl are under pl, and the nodes rl - r4 are arranged on the

sane ci r cunf én displryguecsssiag S 3230 of thesamedeyey,lin uinidetennidationlof the center
Because this kind of radial node arrangenent has been explained in detail
i Nt he point of the node arrangement circle.S 3231, a circle whose radius is the distance from the
center point of the upper layer node arrangement circle to the center of the inscribed circle
constructed when the upper layer node arrangement circle was generated, and the point at -

5  which the extension of a straight line from the center point of tﬁe upper layer npde arranging
circle connecting each node of the upper layer intersects the circle is set as the center point of
the circle on which the nodes included in each of the upper layers is set. However, the center
point of the node arrangement circle of the highest layer is the center of the display area.-

In the display proeessing S 3232 of the nodes included in the same upper layer, at the
10  determination of the display area S 3233, the point chosen with the determination of the
center point of the node arrangement circle S 3231 being the center, an inscribed circle in the
extended lines of the partition angle of the upper layer nodes is generated, and the display area
is within this inscribed circle. However, the display area of the highest layer is the entire _
area input with the input of the display area data S 3220. In weighting the partition angle S
16 3234, weighting is carried out depending on the number of nodes in the lowest layers. At
this time, except for the highest layer, as a link display space from the highest layer nodes, a
fictitious node n0 is added as the first node. When there are no lower layers, the partition |
angle is equally divided. In the calculation of the partition angles,. except for the lowest
layers, the largest value of the partition angle is (90 +'é / 2)° for the partition angle a ef the
20 nodes of the upper 'layers. In the construction of the inscribed circle S 3236, an inscribed
circle was generated for the area in the display area divided by the largest partition angle
calculated in the calculation of the partition angle S 3235. However, in the case of the
lowest layer, the generation of the inscribed circle S 3236 was skipped. In the construction
of the arrangement circle of the nodes S 3237, a circle whose radius is the distance from the
25  center point of the node arrangement circle to the point of contact with the inscribed circle is

constructed. However, in the lowest layer, the circle of the display area found in the



above-described first enbodi mrent and second enbodi nent, its explanation

wi |

be omtted 5 here. The nodes included in the highest |ayer are

arr'anged, equally spaced using equal |l y33 di vided partition angles
cal culated fromthe nunber of nodes included in the relevant |ayer, on

the circunference of a circle drawn using the center point of the display
area, adetemieatimdefsthoflisplay area § B23%is dmaddearmngementisiclsw I thearraagement n

t he sane manner on a circle outside the above- menti oned circle.
Mor eov eof nddes Sr3288)the abdéshure airanged onrpoits ethetelthe biscator of the pathitioayegleafe
arranged can be cal cul ated based on the nunber of |layers in the |ower

| ayers g4chtnd@e Mtbiseéts BHe node arrangepetRs

ar e arr gagehe Yrcle 32 Binkd EdrABEEH] s A safighelifs B eshstiGbed, t fitthe
partition angl e cal cul ated Tromthe nurber of |ayers or nunber of

nodes Of L& SANE fink&¥Fihe RighE83kyer S 3240, £B8R point is provided at a position not

10

15

20

25

overlapping links already constructed on the straight line to the center point of the circle of
the léyer concerned from the center point of the circle of the upper layer, énd the base point
and each node are connected with straight lines.

Below, an example of the operation of the present embodiment will be explained.

In the present embodiment as well, the hierarchical struéture of the display object is the-
structure shown in Fig. 44. Further, nodes on the same layer included under the same upper
layer node all have a connection relation, except with those of the lowest layer. The specific
processing is shown in Figs. 33 to 42. |

Moreover, in the explanatioﬁ of the example of _operation of the present embodiment,
even if the refcrence numerals used in Fig. 44 and Figs. 33 to 42 are thé same as reference
numerals used in other ﬁgures, witﬁin the range of Fig. 44 and Figs. 33 to 42, the same
reference numerals indicate the same item and have no relation to identical reference
numerals in the other figures.

Firs-t, in order to make the hierarchical structure image, the hierarchical structure data
of a structure such as that shown in Fig. 44 and the data related to the display area of the
display which displays the multi-layer image are input (steps S 3210 and S 3220).

Next, first the display processing S 3230 of nodes n1 ~ n5 of the highest layer is
carried out.  Fig. 33 and Fig. 34 are figures showing the processing at this time.

In relation to the highest layer, the center point 1501 of the node arrangement circle
is chosen to be the center of the display area (step S 3231). Subéequently, the processing S

3232 below is carried out.  The entire area input with the input of the display area data S

_ _ ciréle! i dong@iicting\the linkayfdr ihe udds bf on,
in the sane manner, the positions at which the nodes of each | ayer

10



15 <Llink connection: > Next, in the data display processing unit 30,
the distribution processing for the links between each node is
carried out. Here, as connection relatgpnship within the sane |ayer, the
nodes under the same node of the higher layer all have a connection
rel ationship except the |owest | ayer. 20 -First, the

li nks bsgageeR thodieplaplarealias the highastdayet (stkp 513238} pFromahienuaber oflnodesimnect ed
with straight lines (step S 6110). Next, for the second

layer, fhki6West iaﬁ% r SOERE nbde, tﬁ’@%arﬁﬁon zt'iﬂ'%ie £t e@éh hée i§ %@glﬂed @@rS 3234): in

subordinate to de pl of the highes ayer, link distribution is carried
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angle is calculated to be 360°x (9/(5 +8 + 9 +4 + 4)) = 108° (step S 3235). Because the
5 layer concerned heré is not the lowest layer, an area (in Fig. 33, the areas surrounded by 1501,
1504, 1505) demarcated by the 108° angle and whose bisector is the shortest straight line
1503 from the center point 1501 of the circle to the border of the display area 1502 is
constructed, and the inscribed circle 1510 of this area is constructed (step S 3236). A circle
1500 whose radius is from the center point 1501 of the display area to the point 1506 at which

10 the above constructed inscribed circle 1510 intersects the shortest straight line 1503 between
the center point of the circle and the border of the display area is constructed as the node
arrangement circle (step S 3237) According to the weighted partition angle, the nodé'
arrangement circle 1500 is partitioned into 60°, 96°, 108°, 48°, and 48°, and the nodes nl ~ n5
are arranged on the intersections of the bisector of each angle and the circle circumference

15 (step S 3238). These nodes nl ~ n5 are connected with straight lines, and as shown in Fig.
34, links are constructed (step S 3239).

" Because there is no highest layer with i'espéct to the layer concerned, the node
display processing with respect to the relevant highest layer ends, and next moves to the node
display processing S 3230 of the second la;yer.

20 First, for nodes n11 ~ n54 of the secoﬁd layer under the nodes n1 ~ n5 of the highest
layer, a circle (shown as 1530 in Fig. 33) is constructed whose radius is the distance from the
center point of the node arrangement circle of the highest layer to the center of the inscribed
circle constructed when finding the node arrangement circle of the highest layer, and as
shown in Fig. 35, the points where the extensions of straight lines from the center point of the

25 higheét layer node arrangement circle connecting each node of the highest layer intersect with

the circle are el ~ €5, and the center points of circles on which nodes are arranged under each



25 g4, all are connected with straight lines (step S 6111). Al so, because
nodes gl - g4 are even nunbers, for the links connecting node pl of

t he upper layer to the rel evant node q&s g2, g3,

66 and g4, as shown in Fig. 827 first, a straight line is extended

fromthe node pl to the center el of the circle on which nodes ql

12, 93 RS el RHSRNAR M RhfaTeB Dmipnd next, point el s

made a base polnt; strail l'1Thes e nded to nodes ql, g2, g3 and g4, and
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S 3232 is carried out.  Fig. 36 and Fig. 37 are figures showing the processing at this step.
First, the inscribed circle 1800, whose center is €1 and between the extensions of the partition
5 angle of node nl, is the display area of the relevant node (step S 3233). Because nodes n11 |
~n15 have no lower layers, the fictitious node n0 is added to the 5 said nodes, and the
partition angle is equally divided into 6 parts (step S3234). Thus, each partition angle is
360° /(5 + 1) = 60° (étep S 3235). Because nodes n11 ~ n15 are lowest layers, the circle
1800 of the display area found in determining the display area.S 3233 is made the node
10 arrangement circle (step S 3237). Said node arrangement circle 1800 is equally divided by
60°, and as shown in Fig. 36, the nodes n0 and n11 ~ n15 are arranged on the iﬂtersections of
each bisector and the circumference (step S 3238). Because nodeé nll ~n15 have no
connection relationship with nodes in the same layer at the lowest layer, step S 3239 is
omitted, and as the link with the node n1, a base point (here, el) is provided at a position not
15  overlapping already constructed links on the straight line 1801 from the center point of the
circle of the highest layer to the center point of the circle of the layer concerned, and 4s shown
in Fig. 37, the base point and each node are connected by straight lines (step S 3240).
Next, the display processing S 3232 for the nodes n21 ~ n24 on the second layef
under node n2 is carried out.  Figs. 38 to 40 are figures showing the processing at this step.
20  First, as the inscribed circle, whose center is €2 and between the extensions of the partition
angle of node n2, the circle shown in Fig. 38 is made the display area of this node (step S
3233). Because for nodes n21 ~ n24 there are lower layers, the fictitious node n0 is added as
a first node, and from the number of nodes of the lowest layer the partition angle of each node
is weighted as 1, 2, 2, 2, and 2 (step S 3234). Because the largest is 2, the largest partition
25  angle is calculated as 360° x (2/ (1 + 2 +2+ 2+ 2))=80°(step S 3235). Because nodeé

n21 ~ n29 are not the lowest layer, an area demarcated by the 80° angle and whose bisector is



second | ayer subordinate to node p2 of the highest |ayer. Because nodes sl

- s3 are not the | onest | ayer, each of the relevant nodes sl, s2,
and s3, are all connected with straight.lines (step S 6111).
Furthernore, for the links connecting node p2 of the upper layer with the
rel evant node sl, s2 and s3, because nodes sl - s3 are odd nunbered, as
shown i thefsh@rtes? Siraight 14 fréiH R QARRBINY eb b heCHARERI10NS tIBHRdR of Ae aikigay pper
| ayer to the center e2 of the circle on whi ch the nodes sl1, s2,” and

S3 are geh NEeRLrh&tE En@tl‘@liﬁégribe@%i&%iaﬁ%g bPfhis ﬂ'{éa %oﬂ&%ét&?{sﬁ:pﬁ%%@. A

position on the section fromthe no tot contact wth
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5  partition angle, the node arrangement circle 2100 is partitioned into 40°, 80°, 80°, 80°, and
80°, and the nodes n0 and n21 ~ n24 are arranged in order on the intersections of the bisector
of each angle and the circle circumference (step S 3238). These nodes n0 and n21 ~ n24 are
connected with a straight line, and links are constructed (step S 3239). Furthermore, as the
link with the node n2, a base point is provided at a position not overlapping already
10  constructed links on the straight line from the center point of the circle of the highest layer to
the center point of the circle of the layer concemed, and as shown in Fig. 40, the base point
and each node are connected by straight lines (step S 3240).
The display processing. S 3232 for nodes n31 ~n33 of the second !ayer under node
n3, nodes n41 ~ n44 under the second layer under node n4, and nodes n51 ~ n54 under the
15  second layer under node nS5, is carried out in the same manner.
Next, the node display processing S 3230 moves to the third layer. First, the display |
processing S 3230 is carried out for the nodes of the third layer under nodes n21 ~ n24. Figs.
41 and 42 are figures showing a part of the display pfocessing at this step.
For thg nodes of the third layer under nodes n21 ~ n24, first, a circle is constructed
20  whose radius is the distance from the center point €2 of the upper layer node arrangement
circle (2100 is Fig. 39) to the center of the inscribed circle (2110 in Fig. 39) constructed when
finding the node arrangement circle of said upper layer, and as shown in Fig. 41, the points
where the extension of the straight lines connecting each node of the upper layer from point
e2 intersect the circle are each made €21 ~ €24, and the center points of the circle on which
25  the ﬁodes_ under each upper layer node are arranged, are determined (step S 3231).

Next, first, the display processing S 3232 for the nodes of the third layer under the



Bel ow, "t he nodes on the second | ayer subordinate to nodes p3 and p4 of the

hi ghest | ayer connect links in the sane manner.
Next, for the third | ayer, first, the Igynk distribution is carried out for
t he nodes ri, r2, r3, and r4 on the third | ayer subordinate to node

gl of the second |ayer and having an upper 20 |layer. Here, because nodes
rl - r4naden2his daoveskaut! afizst, tha ihscribed cincle 2800) yvhoae benierde el 1 and Bgtwedn the
and r4 is unnecessary. For the links connecting node gl of the upper |ayer

~and t he exhsionsédf the partition @dgleof nodn2Y, 3s made thé displidred gfhthe rélBeant aodxt ended
fromnode ql to the center of the circle subordinate to the rel evant

node 1l (ste@s 3233). orBe,rodusfe&h@re are folbRer 14 3@% & gictifbusiiode ADSs sddealts theStwande
a base point, a straight line is extended of reach node rl, r2, r3, and r4,

and the)ﬁﬁﬁése a ﬂﬁ%ﬁﬁﬁ)&e%@e is ﬁaﬁl[yac} 139«# gsg‘gaﬁ §82 %136191'ﬂlrefore cach partition

Bel ow, e ho dinate to ea
the 5&c angle is 360° / (2 + 1) = 120° (step S 3235). Because the layer concerned is the lowest layer,

the circle 2300 of the display area found in determining the display area S3233 is made the

| node arrangement circle (step S 3237). The node arrangement circle 2300 is equally divided
by 120°, and the nodes are arranged on the intersections of the bisector of each angle with the
circumference (step S 3238). Because the layer concemned is the lowest layer and has no

10  connection relation with the nodes of the same layer, processing S 3239 is omitted, and

as the link with the node n21, a base point is provided at a position not overlapping already
constructed links on the straight line from the center point of the circle of the highcst layer to
the center point of the circle of the layer concerned, and as shown in Fig. 42, the base point
and each node are connected by straight lines (step S 3240).

16 For the nodes of the third iayer under nodes n22 ~ n24 as well, display processing S
3232 is carried out in the same way. Furthermore, for the nodes of the third layer under
nodes n31 ~ n33, display processing S 3230 is carried out.

Here, in the display S 3232 of nodes under the same node of the higher layer, in
detérmining the display area S 3233, an inscribed circle, whose center was chosen when
20 determining the center point for the node arrangement circle S 3231 and between the
extensions of the partition angle of the upper layer node, is constructed, and the interior of this
inscribed circle is made the display area, but inside the extensions of the partition angle of the
upper layer node can be made the entire display area as well. In weighting the partition
. angles S 3234, the weighting was done by the number of nodes in the lowest layer of each
25 - node, but the ratio of the weight is arbitrary. Also, not only the lowest layer, but weighting

by the number of nodes of all the lower layers can be done as well. 'When there are no lower



67 - | ayer are connected by links in the sanme manner.
By the above processing, the link display of the tree of the hierarchical
structure shown in Fig. 80 takegsthe formshow in Fig. 84.
Moreover, in the explanation of the above-described enbodi nents, in the
hi erarchi cal structure data storage unit, data related to a hierarchical
st r uct ulayess, tie pestitidreanglais divided eduially, 80 besidest eguelidivision, {ticen be ellechtaht a
structure is arbitrary.
according to the display area. - In the calculation of the partition angle S 3235, except for the
cases of the lowest layers, the largest value of the partition angle with respect to the partition
angle a° of the upper layer node was (90 + a'/ 2)°, but the setting of the largest value is
5 arbitrary. In the construction of the node arrangement circle S 3237, a circle whose center is
the distance from the center point of the node arrangement circle to the contact with the
inscribed circle is constructed, but a circle of smaller radius than this is also possible. In the
lowest layer, the circle of the display area found in determining the display area S 3233 was
made the node arrangement circle, but a circle of smaller radius than this is also possible. In
10  constructing the link of the nodes on the same circle S 3239, the links were straight lines
connecting the nodes, but the links of the nodes positioned adjacently on the circumference
could also use arcs. In constructing the links between the layers S 3240, a base point is
provided at a position not overlapping already constructed links on the straight line from the
center point of the circle of the upper layer to the center point of the circle of the layer
15 concerned, and the base point and each node is connected by straight lines, but the base point
need not be on the straight line from the center point of the circle of the upper layer to the
center point of the circle of the layer concerned.
Moreover, in the explanation of the above-described embodiment, in the hierarchical
structure data of Fig. 1, data of the hierarchical structure such as that in Fig. 44 was stored,

20  but the structure of the data stored is arbitrary. Also, there need be no connection relation

between the nodes of the same layer under the same upper layer node.

As explained above, according to the invention shown in the third embodiment,
when graphically displaying a hierarchical structure, using a circle constructed according to
25  definite rules, the nodes included on the same layer are radially arranged, and further the

-nodes included in its lower layer are displayed arranged radially on a circle, and by arranging



In addition, in the flow of link distribution processing of the present
enmbodi ment in the multi-layer transformation unit carries out
shift-processing of the base point onlygwhen the - nunber of nodes is
odd, but this is not limted to an odd nunber, and the processing can be
10 carried out in the same manner when the nunber is even. .

Fur t herthi® hedesvdh the simt cireuthfetsied abdordihg tathe\nantbes of ndalesl of mhxoldwEE Myer, fHe

| i nks between nodes of the sanme |ayer and the |inks of nodes of
upper ahe nbaeyaJr 1arg¥ eveerdayers)@he display afed @hel I8weEla9ér itided e4rebY broadéea, and
t hi cknesses. Additionally, in the first through sixt
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the nodes and links can be easily manipulated by direct command on the screen.

[Fourth Embodiment]
The processing of the data display processing unit 30 in the present embodiment used
10  data stored in the hierarchical structure data storage unit 20 to calculate the position and size
of the circle of each layer for arranging nodes, and carries out exchanging nbdes with, for
example, circles or triangles and replacing links that connect nodes with lines. In this
manner, the hierarchical structure image generated is displayed on display 40 via the
controller 50.
15 Below, the graphical display of a hierarchical structure of the fourth embodiment will
be concretely explained.

Moreover, the present embodiment arranges the nodes included in the highest layer
on the circumference of a circle drawn centered on the center point of the display area of the
display, and arranges the nodes of the second layer and below on the circle of the upper layers,

20  but in particular, this embodiment calculates the size of these circles and the positions of the
nodes based on the “number of lower layers.”

Fig. 43 is an example of a flowchart showing the processing sequence in the data
display processing unit 30 of Fig. 1 in the pfcsent embodiment. In the display processing of
the highest layer nodes S 3130, in determining the center point of the node arrangement circle

25 S 3131, the central point of the node arrangement circle of the highest layer is made the center

of the display area. In the weighting of the partition angles S 3132, the weighting is carried



be applled : As descri bed above, according to the invention
shqwn in the seventh enbodi nent, 20 when the |ink display of a

hi erarchical structure of nodes is arrggged radially, by connecting

the links showi ng the horizontal relationships of nodes radially arranged
corresponding to the | ayer to each node of the |ower |ayer, and

branchi eg acberdingto plessmuinissr f (ayersurlet eqefiinogde. M Inlthe calculatiéit Sfthe ldrpdst
di spl ays, even in a |large scale hierarchical structure having from hundreds

t 0 aboupartition angl@ StF188FRE G@ﬂﬂ&vexgﬁtll{?&lél%eﬁﬁ?sftkﬁ% gld@horig e PRAGRR
bet ween |inks can be w dened and nmade easily vi ewed in addltlon to

the i nif1RedrmdciPasde i¥ cilMakd! a’ix?gorﬁﬂu{:tﬂfg thé ifsEfibed circle S 3134, an inscribed

circle is constructed on the shortest distance-part from the center point of the node
5  arrangement circle to the border of the display area with respect to the area divided by the

largest calculated partition angle. In constructing the node arrangement circle S 3135, a
circle, that is, the node arrangement circle, whose radius is the distance from the center point
of the node arrangement circle to the point of contact with the inscribed circle, is constructed.
In arranging the nodes S 3136, the nodes are arranged on the points where the bisector of the

10  partition angle of each ;10de intersects the node arrangement circle. In constructing the links
for the nodes on the same circle S 3137, the links are constructed connecting the nodes with a
straight line.

The display processing of the nodes of the same layer S 3140 repeats the display
processing of the nodes under the same higher_layer node S 3141 only by the number of upper

15 layer nodes, and further, repeats it only for a certain number of nodes of the lower layers.

In the display processing of the same node of the higher layer S 3141, in detprmining -
the possible area of the display S 3142, the area enclosed by the extensions of the partition -
angle of the higher layer node and the inscribed circle used in constructing the upper layer
node arrangement circle constriicted is made the possible area of the display of the rélevant

20 node. Howevér, the possible area of the display of the node arraﬁgement circle of the second
layer is the area enclosed by the extension of the partition angle of the highest layer node and
the border of the display area. In mnétmaing the inscribed circle S 3143, the largest
inscribed circle with respect to the area chosen in the determination of the possible area of the
display S 3142 is constructed. In the determination of the center point of the node

25  arrangement circle S 3144, the center of the inscribed circle generated in the construction of

the inscribed circle S 3143 is made the center point of the node arrangement circle. In the
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68 <Detail ed structure of the data display processing unit 30:>
Fig. 85 is a nore detailed structural diagramof the data display
processing unit 30 characterizing the present invention in Fig. 1.
Bel ow, using Fig. 85, a nore detailed expl anation of the data

di splay processing unit 30 will be made. Mreover, in Fig. 85 the 5

sane r etsicelation ofueradiué of the hadd@ehrigemehtecifold § 3145)whafonst 184kt bae hbde parts
in Fig. 1. From Fig. 85, the data display processing unit

30 is f gmeRgl tHe e ofifiedowér 18gdridhde is a furthePIdMeY Eyer, ik ket3d 1/FofMNBE Gbove
arrangenment cal culation unit 32, and a link distribution calculation
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layer concerned is the lowest layer, it is set to 1/2 the radius of the above inscribed circle. In
5  the weighting of the partition angles S 3146, the weighting is carried out by the number of
. lower layers of each node. At this time, as the link display space from the higher layer nodes,
the fictitious node n0 is added as the first node. When tﬁere are no lower layers, the partition
angle is equally divided. In the arrangement of the nodes S 3147, the straight line
connecting the center point of the node arrangement circle and the center point of the upper
10  node arrangement circle is made the bisector of the partition angle with respect to thé first
node (fictitious node n0) as base line, and the nodes are arranged on the points at which the
bisector of the partition anglé of each node intersects the node arrangement circle. In
constructing the links for the nodes on the ‘same circle S 3148, links are constructed with
straight lines connecting the nodes. In constructing the links of the uppcf layer S 3149, a
15 base point is provided at a position not overlapping already constructed links on the straight
line from the center point of the circle of the upper layer to the center point of the circle of the
layer concerned, the base point and each node are connected by straight lines.
Below, an example of the operation of the present embodiment will be explained.
Moreover, even if the reference numerals in Fig. 44 to Fig. 52 used in the explanation of the
20  example of the operation of the present embodiment and the reference numerals used in other
figures are the same, the same reference numerals in the range of Figs. 44 to 52 denote the
same item, and have no connection with the samé reference numerals of other figures.
" In the example of operation below, the hierarchical structure of the display object is
the structure shown in Fig. 44. Furthermore,.except for the lowest layer, the nodes of the
25  same layer under the same node df the upper layer all have connection relations. For the

hierarchical structure in Fig. 44, the concrete processing of the present embodiment is shown



10 structure of the apparatus or function corresponding to the branch
point, relay point, or end point, fromthe hierarchical structure
data storage unit 20, and anal yses it. Jdhe node ar r angenent
calculation unit 32 arranges nodes of the same | ayer subordinate to the
samne node on the sane ellipse according to the results of the

anal ysi i Eigs.t45aodat a structure anal ysis unit 31, and cal cul-ates the
node arrangenent position by arranging the ellipses of the sanme 15 | ower

llevel on the piisindstdéms cBhdtiuesthe MierbiRBicaPRRIctIrdMRige, tethiéraithicdl Sthidukdt i on
cal cul ati on ~unit 33 calculates the Iink distribution show ng the

connect 400 of £5Ahdiare sHel eIt fﬂqggﬁéﬂcling%e gti?_lta relatgg ?%gh‘rézf#éga}’eﬁga e ¥ za}pf

t]tle ﬁata structure analysis unit ( e no rar nt pgslt:
const 1 uBop g BERRe kel 8 hae MR eyt e S 3P WA 810 o1 T oce
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carried out. Fig. 45 and Fig. 46 are figures showing the processing at this time.

For the highest layer, the center point 601 of the node arrangement circle is chosen to
be the center of the display area (step S 3131). From the number of layers of each node n1 ~
n5, here, the partition angle of each node is weighted at 2, 3, 3, 2, 2, (step S 3132). Because

10  the largest among these is 3, the largest partition angle is calculated as 360° x (3 / (2.+ 3+3+
2 +2)) =90° (step S 3133). An area (the area surrounded by 601, 604, and 605 in Fig. 45) is
constructed demarcated by the 90° angle of the greatest partition angle, and whose bisector is
the straight line 603, which is the shortest distance from the center point 601 and the border of
the display area 602, the inscribed circle 610 of this area is constructed (step S 3134)’. and a

15  circle 600 whose radius is from the center point 601 of the display area fo the point 606 where
the constructed inscribed circle 610 intersects with the shortest line f;om the center point 601
to the border of the display area, is constructed as the node arrangement circle (step S 3135).
According to the weighted partition angles, the circle 600 is partitioned at 60°, 90°, 90°, 60°,
and 60°, and the nodes nl ~ n$ are arranged on the intersections of the bisector of each angle

20  and the circumference (step S 3136). These nodes are conneétcd with a straight line, and the
links as shown in Fig. 46 are constructed (step S 3137).

Next, as the display processing S 3141 of the nodes under the same node of the upper
layer, first, for the nodes n11 ~ n15 of the second layer under the node nl, the display
processing is carried out.  Fig. 47 anci Fig. 48 are figures showing the processing at this step.

25  First, the area (here, the same area as the area surrounded by 601, 604, and 605 in Fig. 45)

that the extensions 604 and 605 of the partition angle of node n1 of the upper layer from the



20 connection calculation unit 33 to generate the image for output to the
di spl ay 40. Moreover, the i mage generated by the display
construction unit 34 is displayed on digplay 40 via the controller
50. Here, as a display apparatus, display 40 is given as an exanple, but it
I S not limted to this, and a printing apparatus such as a conputer

printer, cdnsr poka P ke node disiribdtivbn diele of the highisst ayer dé@marcate with the border of
Furthernore, the node arrangenent calculation unit 32 is constructed from

t he nodethe display @64 ﬁﬁﬂﬂmﬂé pbRBISdisHlh e diedlof e ﬂéIthnt:ﬁ%ﬁe ($tBeS3d2). PaAget | ON
cal cul ation un|t 32 whi
69 inscribed circle 810 of thlS display area is constructed (step S 3143). The center of this
inscribed circle 810 is determined as the center point of the node arrangement circle (step S
5 3144). Because the layer concerned is the lowest layer, a node arrangement circle 800, with
the radius of the node arrangement circle being 1/2 the length of the radius of the inscribed
circle 810, is constructed (step S 3145). Because nodes n11 ~n15 have no lower layer, a
fictitious node nQ is added to the 5 nodes, and the partition angle is divided into 6 equal parts
(step S 3146). The liﬁe 801 connecting the center point of the node arrangement circle 800
10  and the center point of the upper node arrangement circle is made the base line, and the base
line is made the bisector of the paﬁiﬁon angle with respect to the first npde (fictitious node
n0), which is divided into 360° / (5+1)=60°. Asshown in Fig. 47, nodes n1l ~nl5 are
arranged in sequence from node n0 on the intersections of the bisector of each angle and the
circumference (step S 3147). These nodes n11 ~ nl15 are connected by straight lines, and
15  links constructed (step S 3148). Furthermore, as the link for node n1, a base point 900 is
provided on a point not overlapping with already constructed ﬁnks on the straight line from
the center point of the circle of the highest layer (600 in Fig. 45) to the center point of the
circle 800 of the present layer, and as shown in Fig. 48, the base point 900 and each node are
joined with straight lines (step S 3149).
20 Next, display processing S 3141 is carried out for nodes n21 ~ n24 of the second
layer under node n2. Fig. 49 and Fig. 50 are figures showing the processing at this step.
First, an area which is demarcated by the extension 1002 of the partition angle of upper layer
node n2 from the center of the node arrangement circle of the highest layer and the border of
the display area is made the possible display area for the relevant node (step S 3142). The
26  inscribed circle 1010 of this display area is constructed (step S 3143). The center of this

inscribed circle 1010 is chosen as the center point of the node arrangement circle (step S



- determnes the positions arranging the nodes, and the |ayer arrangement
position cal cul ation unit 32c which carrled out cal cul ation of the
arrangenment positions of each layer. Beggause the data stored in the
hi erarchi cal structure data storage unit 20 generally becones a plurality
of layers and a plurality of nodes, until the display processing ends,
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calculation unit 32a, the node position cal cul ation unit 32b, and
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provide Iine 1001 connecting the center point of node arrangement c1rcle 1000 and the center point of

the upper node arrangement circle the base line, this base line is made the bisector of the
partition angle with respect to the first node (the fictitious node n0), and the node arrangement -
circle 1000 is divided into 40°, 80;’, 80°, 80°, and 80°, and as shown m Fig. 49, the nodes n21
~n24 are arranged in sequence froin fictitious node n0 on the intersections of the bisector of

10  each angle and the circumference (step S 3147). These nodes n21 ~ n24 are connected with
straight lines, and the links are constructed (step S 3148). Furthermore, as the link for node
n2, a base point 1100 is provided on a point not overlapping with alreédy constructed links on
the straight line from the center point of the circle of the highest layer to the center point of
the circle of the present layer, and as shown in Fig. 50, the base point 1100 and each node are

16  joined with straight lines (step S 3149).

For nodes n31 ~ n33 on the second l;yer under node n3, nodes n41 ~ n44 oﬁ the
second layer under node n4, and nodes n51 ~ n52 of the second layer under node nS, the same
display processing S 3141 is carried out.

Next, display pfocessing 141 for the nodes of the third layer under node n21 is

20 carriedout. Fig. 51 and Fig. 52 are figures showing the processing at this step.

First, the area enclosed by thé extensions 1202 and 1203 of the partition angle of
node n21 of the upper layer from the center of the node arrangement circle (1000 in Fig. 49)
of the upper layer and the inscribed circle (1010 in Fig. 49) made when constructing the upper
layer node arrangement circle is made the i)ossiblc display area (step S 3142). The inscribed

25  circle 1210 of this display area is constructed (step S 3144). Because the layer of present

concern is the highest layer, a node arrangement circle is constructed with a node arrangement



Next, fhe flowchart showi ng the operation of the data display processing
unit 30 used in explaining the embodinents 1 through 7 explains the
operation of the parts shown in Fig. 45 85. Moreover, the flowchart

- showi ng the operation of the data display processing unit 30 used in
. the explanation of enbodinents 1 through 7 is nmainly related to the node

- arrangep®iis 1200 thadh 019 t rafius 6T the Bcrited difeR 1210(step 8TBIA5). OrBevabiseithéei ON
- unit 33. In the flowchart in the first enbodi nrent shown in

- Fi 9. 4, ad® E)We'i BRRNE €R68Sus node n0 iL5INE B R bt Sf)n@dég of IR r@fe@&ﬁ%ﬁﬁ&‘g
unit are as follows. Steps S 1101 to S 1103 are carried y th
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made the bisector of the partition angle for the first node (fictitious node nO); and partitioiled
into 360° / (3 + 1) =90°. As shown in Fig. 51, the nodes are arranged in sequence on the
intersections of the bisector of each angle and the circumference (step S 3147). These nodes
~are connected with straight liﬁes, and links are constructed (step S 3148). Furthermore, as
10  the link for node n21, a base point 1300 is providéd on a point not overlapping with already
constructed links on the suaight line 1201 from the center point of the circle of the highest
layer to the center point of the circle of the present layer, and as shown in Fig. 52, the base
point 1300 and each node are joined with straight lines (step S 3149).
For node n22, node n23', and nodes n31 ~ n33 under the third layer nodes, the same
15 display processing S 3141 is carried out.

Here, in the display processing S 3130 of the nodes of the highest layer, in the
weighting of the partition angles S 3132, a weighting of, for example, 2 or 3, according to the
pumber of layers under each node was carried out, but the ratios of the weighting are arbitrary.

In construction of the node arrangement circle S 3135, a circle is constructed whose radius is

20  the distance from the center point of the node arrangement circle to contact with the inscribed
ci;cle, but a circle of a radius smaller than this is also possible. In constructing the links of
nodes on the same circle S 3138, the links are connected with straight lines, but the links of
nodes positioned adjacently on the circumference can also use arcs.

In addition, in the display processing S 3141 of the nodes under the same node of an

25  upper layer, in constructing the inscribed circle S 3134, for the area chosen in the

determination of the possible display area S 3142, the largest inscribed circle was constructed,



1110 are carried out by the |ayer arrangenent position calculation unit

32c. The correspondences in the flowhart in the second
enmbodi ment shown in Fig. 26 is follows. Steps S 2110 and 2120 are
carried out by the data structure analysis unit 31, and 25 the other
processing is carried out by the node arrangement calculation unit 32. In

addi t i Ofbyt when the pﬁsxbﬁﬁxﬁﬁléﬁﬂg@mﬂfgeoﬁ is piRsiBietb @8é a bAYI8 smiallefthan théGargebiePs
S 2130 to S 2160 are carri ed out
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2170 is carrie
at least 1 of the nodes of the lower layer has a lower layer, the radius is set to 1/5 that of the

above-mentioned inscribed circle, and when all the nodes of the fowcr layer are the lowest
5 layer, or the layer concerned is the lowest layer, the radius is set to 1/2 the radius of the above-
mentioned inscribed circle, but the partitioning of the radius of the node arrangement circles
with respect to the radius of the inscribed circle can be changed. Also, like construction of
the node arrangement layer of the highest layer, it is possible to construct the inscribed circle
in the largest partition angle, or construct a circle whose radius is the distance from center
10  point of the node arrangement circle to contact with the inscribed circle. In weighting the
partition angles S 3146, the weighting was carried out according to the number of lower
layers of each node, but the ratios of the weig,htings is arbitrary. Also, when there are no
lower layers, the partition angle was divided equally, but it is not necessary that they be
divided equally. In the construction of the links of nodes on the same circle S 3148, the links
15 . connected the nodes with straight lines, bﬁt the links of nodes positioned adjacently on the
circumference can use arcs as well. In the construction of links of the upper layers S 3149, a
base point is provided on a point not overlapping with already constructed links on the
straight line from the center point of the circle of the highest layer to the center point of the
circle of the present layer, and the base point and each node are joined with straight lines, but
20  the base point need not be on the straight line from the center point of the cirélc of the uppér
layer to the center point of the circle of the layer concerned.
Moreover, in the explanation of the above-described embodiment, in the multi-layer
data storage unit 20 of Fig. 1, a hierarchical structure such as that shown in Fig. 44 is stored,
but the structure of the stored data is arbitrary. Also, there need not be any connection

25  relation between the nodes of the same layer under the same node of an upper layer.



node position calculation unit 32b. In addition, in the arrangenent of the
nodes of the second |l ayer, Step S 2180 is carried out by the node
arrangenment position cal culation unit 4%2c, steps 2190 to 2230 are
carried out by the node arrangenment |ocus calculation unit 32a, and the 5
step S 2240 are carried out by the node position cal culation unit 32b.

Al so, in the As explainegsbangaesprding toithefoygh egbediment of Hieriavensipa,y whest ep S
2260 is carried out in the |ayer arrangenent position cal cul ation
uni t 3Zaphicaliyslisplaydma hisrciedGtructure; acirclsdiponwhieh nodss nodes the samgyenent

| ocus calculation unit 32a, and step S 2290 is carried out in the node
posi t i Qayes atecratially atrangddtis constructed 2bcordingdo fized rtlés thearodes under ds doveérons S
2250 and S 2300 are carried out by the node 10 arrangenent cal cul ation
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POSK I QBmERlrEithfldRE according t4'Me nuid¥er of layers of the lower layers, for nodes with
large lower layers, the display area of the nodes of the lower layers can be widened, and this
has the advantage that even large scale hierarchical structures having from hundreds to about
a thousand nodes, or a structure whose number of layers or number of nodes is irregular can

be displayed widening the spaces of nodes and links for easy viewing, and the nodes and links

10  can be manipulated easily by direct command on the screen.

[Fifth embodiment]
Below, the embodiment of the present invention will be concretely explained using
the figures.

- 15 The data display processing unit 30 of the present embodiment calculates the
position and size of an ellipse of each layer where nodes will be positioned from the data
stored in the hierarchical structure data storage unit 20, exchanges the nodes with, for
example, circles and triangles, exchanges the linké connecting the nodes with straight lines,
and displays the generated hierarchical structure image on the display 40 via the wn&oller 50.

201 When a hierarchical structure is graphically displayed, the présent embodiment
concerns, in particular, the graphic display of a hierarchical structure w-hen thé nodes of the
upper layer are directly connected with its two lower lay;rs.

Fig. 53 is an example of a flowchart showing the processing sequence in the data
display processing unit 30. The program of the processing sequence of Fig. 53 can be stored

25 inthe apparatué in advance, or stored on a recording device such as a floppy disc or CD-ROM,

and loaded from this medium.



The cdrrespondences in the flowhart in the third enbodi nrent shown in Fig.

32 are as follows. Steps S 3210 and S 3220 are carried out by the
data structure analysis unit 31. 15 4gn addition, steps S 3239 to S 3240
are carried out by the link connection calculation unit 33, and the

ot her steps are carried out by the node arrangenent cal culation unit 32.
The cor r esporengcesed on thedldwarart fofi Fig. S8, athexammple ohthe operatioe af theigssphical Fi g.
43 are as follows. Steps S 3110 and S 3120 are carried out by the

dat a Stdi%tﬂ?uéﬁa RisalroticS stioétire3a the present inventietowill bonexpldiepd S 3137, and
steps S 3148 and S 3149 are carried out by the |ink connection 20

cal cul ation us 3at§§toréiﬂﬂ thd BieRkdidal Streftredlata stéape afit 90t a sisucture sichde
arrangenent cal cul ation unit 32. The correspondences

in the {LoweRa"hH Fid shibGvink bl didst Witke 5408 the Roliéstio mot eRisEmay be given.
5  For the sake of convenience, Fig. 54 shows the data of the hierarchical structure stored in the
hierarchical structure data storage unit 20 as a tree display.

Moreover, in explaining the operation of the present invention, even if the reference
numerals in Figs. 54 to 62 are the same as the reverence numerals used in other figures,.
within the range of Figs. 54 to 62, the same reference numeral indicates the same item, and

10  has no connection wifh the same reference numeral of the other figures.

In Fig. 53, in inputting the data (step S 4010), data stored in the data storage unit 20
is input. Here, the hierarchical structure data shqwn in Fig. 54 is input. In making tﬁé node
arrangement ellipse (step S 4020), among the input data, using the data of the same layer
under the same node, the position and size of the ellipse is calculated, and the ellipse is

15 constructed. Here, for the sake of convenience, the ratio of the minor axis to the major axis
is1:1. Aswillbe deécribed later, the highest circle is constructed as shown in Fig. 55, and
the circle of the layer subordinate to node al is constructed as shown in Fig. 58. In deciding
whether or not there is a part of the middle layer without nodes (step S 4030), for the data of
the same layer it is decided whether or not there is a part with links to a lower layer, but

20 without nodes. In the arrangement of nodes (step S 4040), nodes are arranged equally
spaced on the ellipse (circle) constructed in step S 4020.

In the processing of the double arrangement ellipse of the nodes (step S 4050), in
deciding whether or not nodes exist on the lower layer subordinate to middl;a layer nodes (step
S 4051), for the nodes existing on the middlg layer, it is decided whether or not nodes of a

25  lower layer subordinate to each node exist. In adding dummy nodes to the lower layers (step

S 4052), for nodes without nodes of lower layers subordinate to nodes existing on the middle



as follows. Steps S 4010 is carried out by the data structure analysis unit

31.. I'n addition, step S 4060 is carried out by the Iink connection
calculation unit 33, and the other steqs are 25 carried out by the node
arrangement cal cul ation unit 32. The correspondences in the-

flowchart in the sixth enbodi mrent shown in Fig. 63 are
71 layergones| duimmey nade fsaiddedus. thslays 1&e50 1 aragBelovwgr layeanpedesdstept by
the data structure anal ysis unit 31. In addition, steps S 5428 and
5429, £514d053)cthe Sod&nhdar 2 padiof ihedniddle layertwithout mddes are arrangedhe@edly spaced
calculation unit 33, and the other steps are carried out by the node
ar r angegrethé node (circle) constructed in step S 4020. In arranging the middle layer nodes (step S
4054), in the constructi-on of the ellipse (step S 4541), the size of the ellipse on which the
5 middle layer nodes are arranged is calculatéd such that the size is 1/2 of the ellipse (circle) of
the lower layer nodes arranged in step S 4053, the same point as the center of the ellipse
(circle) that was arranged in the same step S 4053 is made the center, and the ellipse (circle) is
constructed. In arranging the nodes (step S 4542), the nodes are arranged on the points |
where a straight line connecting the nodes of the lower layer subordinate to the arranged node
10 and the center of the ellipse (circle) intersect with the ellipse (circle) constructed in step S
4541. When a plurality of subordinate nodes exist, points are found in equally dividing an
arc along the_ ellipse (circle) on which these nodes are arranged, and the nodes are arranged on
points where a line connecting these points and the center of the éllipsc (circle) intersect the
arrangemént ellipse (circle). .
15 In constructing links (step S 4060), the nodes of the uppcr layer and the center of the
arrangement ellipse (circle) concerned are connected with a straight line, this point is made
the base point, and each node is connected with the straight line. However, dummy nodes
are not connected to the links.
In deciding whe&cr or not there are other undisplayed nodes (step S 4070), if there
20  are other undisplayed nodes, step S.4020 is returned to, and when there are no undisplayed
nodes, the processing is terminated. |
Figs. 55 to 62 are concrete explanatory figures of the processing of the graphic |
display of the hierarchical structure in the present embodiment. Below, the processing of Fig.
53 will be explained with reference thereto.

25 First, hierarchical structure data for a structure such as that shown in Fig. 54 is input

(step S 4010). Next, for the highest layer, node arrangement circle A as shown in Fig. 55 is



cal culation unit 32. 5 The correspondences in the flowhart in
the seventh enbodi ment shown in Fig. 79 are as follows. Step S 6100
is carried out by the node arrangementspcal culation unit 32. In

addition, the other steps are carried by the |ink branch position

cal culation unit 33a in the link connection cal culation unit 33.
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5 step S 4070, it is decided whether or not there are pndisplayed nodes, and step S 4020 is
returned to because there are still undisplayed nodes below.

Next, as an anangemcnt ellipse of the layer sﬁbordinate to node al, the node
arrangement circle C, such as that shown in Fig. 58, is constructed (step S 4020). On the
layer one below the node al, there are only the three nodes bl ~ b3, and from node al,

10 beca;use there is a part connected to nodes c4 and c7 two layers down'(stcp S 4030), as shown
below, double ellipse processing of the nodes is carried out (step S 4050).  First, for middle
layer nodes bl ~ b3, it is decided whether there are nodes on thé lower layer (step S 4051),
and because there are no nodes subordinate to node b3, a subordinate dummy node is added
(step S 4052). Next, the eight nodes comprising the nodes c1 ~ c7 of the lower layer and the

15  dummy node are arranged equally separated on the circle C, as shown in Fig. 59 (step S 4053).
Next, the processing of the arrangement of the middle nodes is carried out (step S 4054).
First, as the circle on which the middle layer nodes bl ~ b3 are arranged, inside circle C, a
circle 1/2 the size thereof is constructed, as shown in Fig. 60 (step S 4541). Next, on circle
C, point C2, which is the midpoint that bisects the arc connecting the nodes c1 and c3, and ¢,

20  which is the midpoint that bisects the arc connecting nodes c5 and c6, are found, and as
shown in Fig. 61, on the intersection of the straight line ﬁom the oéﬁtér O of the double circle
connecting 2, ¢’, and d on the circle C with circle B, each middle layer node bl, b2, b3 is
arranged (step S 4542). And as shown in Fig. 62, these nodes are connected by links (step S
4060).

25 Below, steps S 4020 ~ 4070 are repeated, and the nodes subordinate to nodes a2 ~ as

also are arranged in the same manner.



15 on"this recording nediuminput into a conputer, and by bei ng execut ed,

produce a graphi cal di splay of a hierarchical structure.

Usi ng the graphical display nethods ang;apparatuses of a hierarchical
structure descri bed above, or by reading a recording medi umon which
a graphical programfor a hi erarchi cal structure is recorded into a

conmput er, for If (iR expPastidryfthe BAB6dinicAcatovepin HiendrchicaPéiructuro deta sedrege
rarranged on the outside of a concentric ellipse, and in order to arrange
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display area of the lower layers with many nodes i s broadened, and
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5  hierarchical structure data stored unit 20 was input, but all of the data can be input at once.

In constructing the node arrangement ellipses (step S 4020), among the data input, the ellipse
was constructed whose position and size were based on the data of the same layer subordinate
to the same node, but the method of calculating the position and size of the ellipse is arbitrary,
and can be calculated based 6n the _data structure and the number of nodes, or the arrangement

10  can be carried out with predetermined ellipses. Also, in the case of double ellipses by which
middle léyer ellipses are arranged on the outside of an ellipse, the size of the ellipse can be
made largef.. Also, here, the rétio of the minor axis to the major axis of the ellipse was 1:1,
but the shape and size of the ellipse is arbitrary and can be determined according to the ratio
of the abscissa to ordinate of the display area.

15 In the arrangement of the nodes (step S 4040), the nodes are arranged equally
separated on the ellipses constructed in the construction of the node arrangement ellipse (step
S 4020), but as a method of arrangement of the nodes, they do not have to be equally spaced,
but opuld be arranged based on the data structure of each subordinate node.

In the processing of the double ellipses for the nodes (step S 4050), for nodes

20  subordinate to nodes of the middle layer and have no lower layer nodes, one dummy node
was added to the lower layer in order to secure the area in which the middle layer nodes are
arranged (siep S 4052), but without adding dummy variables, they can be arrahged at an
appropriate position on the middle layer arrangement ellipse. In the arrangement of the
lower layer nodes (step 4053), nodes under the middle layer, a part of which has no nodes, are

25  arranged equally spaced on an ellipse constructed in the construction of the node érrangemcnt

ellipses (step S 4020), but the method \of arranging the nodes is arbitrary, and they need not be



25 because the arrangenent of nodes and the distribution of links is

cal cul ated automatically, it can respond instantly to changes in the
structure. 52 72

Mor eover, the graphical display nmethods and apparatuses for the

hi er ar chi cal structure expl ained above display a | arge scal e network
const r uajuiabiy spdtied,buit shesspacieg af tizinodes for whicht nades on ¢heagpper whiddle layer exist, i t ed
screen, and when used as a display technology, nonitors the condi tion
of the @@l fRleckamplRgbdeduedd, prididtribag:dtbasedions (heaipdes afithe ntiddle keyeges Ih ke

structure, and 5 di splays the detailed data for each machine. This can
be appl 4:£fhgBmeANbTRE Riidd1S 17¥SAGIES (step S 4054), in the construction of the ellipses (step S
4541), for the size of the ellipse arranging the middle layer nodes, the minor axis angl the
5  major axis are calculated such that the size of the ellipse is 1/2 of the ellipse arranged in the
arranging of the middle layer nodes (step S 4053), but the size of the ellipse is arbitrary if its
size is less than the size of the ellipse of the arranging lower layer. Also, in the arrangement
of the lower layer nodes (step S 4053), the point which is the same as the center of the
arranged ellipses was made the center, and the ellipse constructed, but if arranged within the
10 lower layer arrangement ellipse, the centers need nbt be identical. In the arrangement of the
nodés (step S 4542), the nodes are arranged on the points where a straight line connecting the
1_10des of the lower layer of arranged subordinate nodes and the ellipse constructed in the
construction of the ellipses (step S .4541),' but the method of anangemcni is arbitrary, and they
can be arranged equally spaced on the ellipse.
15 In constructing the links (step S 4060), the upper layer nodes and the center of the
arrangement ellipse of the layer concerned are joined by a straight line, and making this point
a base point, each node is connected by straight lines, but the position of the base point is
arbitrary, and an upper layer node can also be made a base point.
In addition, in the above-described first through fourth embodiments, when the upper
20 layer nodes and its two lower layer nodes are directly connected, the graphical display of the

hierarchical structure shown in the present embodiment can be applied.

As explained above, according to the invention shown in the fifth embodiment, when
graphically displaying hierarchical structures, by constructing a second ellipse inside the
25  arrangement ellipse of the lower layers and arranging nodes of layers which have cases of

nodes of the relevant layer not existing, so that upper layer nodes are directly connected to the



that detects danage to a LAN and assesses the scale of the damage, a

service control system that nonitors and controls the quality |evel
service provided through a LAN, etc. Alsgso, it can be applied to

di splay the connection relations of, for exanple, internet service

provi ders. 73

VWhat | srodessiwreldyérs down, on that ellipse, in addition having the advantage of eliminating the
overlapping of link displays which show connection relations between nodes, the layer

relations of the nodes can be displayed in a manner easily understood.

5 [Sixth Embodiment]
Below, the present embodiment will be concretely explained using the figures.
The data display proceé‘sing unit 30 of the prescnt' embodiment uses data stored in a
| hierarchical structure data storage unit 20, calculates the position‘ and size of a circle for each
layer on which nodes will be positioned, replaces nodes with, for example, circles or triangles,

10  and the links connecting nodes with straight lines, and display the hierarchicai structure |
generated in this manner on the fiisplay 40 via controller 50.

In addition, the present embodiment, in particular, relates to graphical display of a
hierarchical structurc.for making it easy to view and manipulate connection relationships
when these connection relationships, in which two hierarchical structures are connected, show

15  acomplicated large scale hierarchical structure on one screen.

Fig. 63 is an example of a flowchart showing the processing sequence in the data
display processing unit 30 of Fig. 1. According to Fig. 63, the construction process of the
graphical display of a composite hierarchical structure related to an embodiment of fhe
present invention will be explained.

20 Moreover, in the present embodiment, Figs. 64 to 78 will be used in order to explain
an example (;f the operations in the flowchart s-hown in Fig. 63, but even if the reference
numerals used in Figs. 64 to 78 are the same as the reference figures used in the other figures,
within the range of Figs. 64 to 78, the same reference numerals denote the same item, and
have no connection to the same reference ﬁumcrals of the other figures.

25 The processing shown in Fig. 63 are carried out at the following settings:

(1) In the hierarchical structure data storage unit 20, data for a hierarchical structure such as

of



1. A graphlcal di splay nethod for hierarchical structures, which can

di spl ay graphically 5 hi erarchi cal structures of nodes fromthe nodes
that are branch points, relay poi nts, sqr end poi nts corresponding to
apparatuses or functions and the connection relationshi ps between the
nodes, the nethod conprising the steps of arrangi ng the
nodes qhattshews TEigl 6% &y storedor Burthin@otep exdept foatiee lovest layerf the nodeseof the
ellipse, and 10 arrangi ng the subordinate ellipse of the sane

| ayer isgm@N4yRid8dkr GRS fiddef i u@ﬁerdﬁyer within tielsainedeerhehigel sttucaine ahe
el lipse of t'he upper |ayer. A graphi cal display nethod for

R e s w2 iy

hierarchical structure data, the data related to the display area of display 40 is also stored.

5 Moreover, for the sake of convenience, Fig. 64 shows the data of the hierarchical structure
stored in the hierarchical structure data storage unit 20 as a tree display.
(2) The display area which is input during the input of the display area data (step S 5020) is a
rectangle, and in the partition of the display area (step S 5030), this display area is divided
into equal parts by a straight line parallel to this rectangle. In the display of nodes of the

10 | same layer (step S 5040), in the determination of the center point for the node arrangement
circle (step S 5041), a circle whose radius is the distance from the center point of the upper
layer node arrangement circle to the center of an inscribed circle from when the upper layer
node arrangement circle was constructed, and the points at which the extension of a straight
line from the center point of the upper layer node arrangement circle connecting each node of

15  the upper layer intersect this circle determine the center point of a circle on the nodes under
each upper layer are arranged. However, the center point of the node arréngement circle of
the highest layer is the center of each display area.
(3) In the display of nodes under the same node of the upper layer (step S 5042), in the
determination of the display area (step S 5421), the point determined in the determination of

20 the center point of the node arrangement circle (step S 5041) is m#de the center point, and the
inscribed circle is constructed within the extensions of the partition angles of the upper node
and the interior of the inscribed circle is made the display area. However, the display area of
the highest layer is the display area equally divided by the partition of the display area (step S
5030). In weighting the partition angle (step S 5422), the weighting is according to the

25 number of nodes of the lowest layer for each node. At this step, other than the highest layer,

as the link display space from the higher layer node, fictitious node n0 is added as the first



15 el’l'i pse. 3. A graphi cal display nethod for hierarchical

struyctures according to Caim?2 wherein the ratio of the
mnor axis to the major axis of said eldg pse determ ned corresponding
to the ordinate to abscissa ratio of the display area and 20 t he

|l ength of the mnor axis and major axis of the ellipse cal cul ated

cor r espaiode.nglIn the case that thére is a6 lovep layieh) hapurtidion aigloisditeided equatigd hithsai d
sanme el lipse. 4. A graphical display nethod for hierarchical

st r uct UrcaRuREiSA lofl tHeChartidd Migle (btepB54£33); other than the lowest layet, 6 thE P&mﬂﬁ nt of
nodes on said sane ellipse is changed according to the nunber o
angle a° of the upper node, the largest value of the partition angle will be (30 +a/2)°. In
constructing the inscribed angle (step S 5425), the inscribed circle is composed for the area in
5  the display area divided by the largest partition angle calculated in the partition angle partition
(step S 5423). In constructing the node arrangement circle (step S 5426), a circle is
constructed whose radius is the distance from the center point of the node arrangement up to
. where it meets the inscribed circle. However, in the lowest layer, the circle of the display
area found in the determination of the display area (step S 5421) is made tﬁe node
10  arrangement circle. In the arrangement of the nodes (step S 5427), the nodes are arranged on
the points where the bisector of the partition angle of each node intersects the node
arrangement circle, and the nodes which connect with the other hierarchical structures and the
upper nodes are arranged at positions which are the shortest distance to the other display area.
In constructing the links of the nodes on the same circle (step S 5428), the links connect the
15 nodes with straight lines. In constructing the links with the upper layers (stép S 5429), a
base point is provided at a position not overlapping with links already constructed with
straight lines from the center point of the upper layer to the center point of the circle of the
layer concerned, and the base point and each node is connected with straight lines.
(4) In constructing the links between the other hierarchical structures (step S 5670), nodes
| 20 which are connections with other hierarchical structures are connected with straight lines.
Below, an explanation will be given using the flowchart in Fig. 63, and the specific
processing of the hierarchical structure image in the present embodiment is shown in Figs. 65
to 78. |
First, in order to construct the hierarchical structure image, the hierarchical structure
25  data of a structure such as that shown in Fig. 64 and the data related to the display area of the

display which shows the hierarchical structure image is input (step S 5010, S 5020). Next,



25 nodes on the | ower |ayer.

74 . 5. A graphi cal display nethod for hierarchical structures
according to Gaim4 wherein sajgd arrangenment of nodes on the

el l'ipse according to the nunber of nodes of the |ower |ayer IS
carried out by the steps of: partitioning the circunference

of the tht lrppsdisplay ahaddpartidionsaia® auel gartsas ghavn ibFig. 69(stesP6630)ng t o
according to the ratio of the nunber of nodes of the |ower |ayer
subor di nat e A hierarchiGal@86BtufOH aliatddragRtivély S@eathsdnke sbdve divddedardas,
and the display processing of the nodes of the same layer is carried out sequentially (step S
5040). The display procqssing of nodes of the same layer for any hierarchical structure
5 repeats the display processing (step S 5042) of nodes under the same node of the upper layer
step only for the numbgr of upper layer nodes (step S 5043), and further, repeats the same
processing for the other hierarchical structures (step S 5050). In this manner, the display
processing of a hierarchical structure is completed, and next, the processing is repeated in the
same manner for the other hierarchical structures (step S 5060). Below, the hierarchical
10  structure on the left side of Fig. 64 is allotted in the partitioned area 1, and the construction
process of its hierarchical structure image is explained.. Moreover, the processing of the
hierarchical structure on the right side of Fig. 64 is the same.
First, for the hiéhest layer, the center of each display area is determined to be the
center point of the node display circle (step S 5041). Next, for the hierarchical structure
15  concerned, as the display area for the highest layers, the partitioned area 1 is determined (step
S 5421). Next, in the present example, the partition angles of each node are weighted 4, 5, 8,
8 depending on the number of nodes of the lovs;cst layer of each node (step S 5422).
Among these, because the largest is 8, the largest partition angle is calculated as 360° x (8 /(4
+5+8+7))=120° (step S 5423). Next, it- is dec;,ided whether or not this is the lowest layer
20  (step S 5424), and because it is not the lowest layer, an area is constructed divided by the 120°
which is the biseétor of the straight line of the shortest distance from the center point of the
circle to the border of the display area, and the inscribed circle of this area is constructed (step
S 5425). Next, a circle, whose radius is from the center point of the display area to the point
where the constructed inscribed circle intersects the straight line of the shortest distance from
25 the centér point of the circle to the border of the display area, is constructed as the node

arrangement circle (step S 5426). Fig. 66 shows the processing up to this point, and 100 is



arrangi ng each node on the center poi nt of each partitioned arc.

6. A graphical display nethod for hierarchical structures according to
Claim1l wherein: 10 the arrangenment of the ellipses in said sane
| ayer is changed according to the nunber of nodes arranged in said
sane el lipse. 7. A graphical display nmethod for hierarchica

st ruct tifeceeneet oint ofithetrpdClarangdnen eirdlenl05 is the inscaibed airclanapshiltis die radei pses
of the same | ayer according to the nunber of nodes arranged on 15 sai d
same elahrafgsnentcirecled out by the steps of: constructing a

concentric ellipse larger than the upper |ayer, |
Next, as the upper node of the node connected with the other hierarchical structure,
in this example, node ﬁ3 is arranged on the point there the straight line connecting the center
5 | of both display areas and the node arrangement ciréle 110 intersect, this point being such that
it is on the line bisecting the partition angle, and according to the weighted partition angles,
the node arrangement circle 110 is partitioned 60°, 75°, 120°, and 105°; the nodes are then
arranged on the intersections of the bisector of each angle and the circumference (step S 5427).
Next, these nodes are connected with straight iines, and the links are constructed (step S
10 - 5428). Fig. 67 shows the processing up to this point, and n1 ~ n4 are the nodes of the
- highest layer shown in Fig. 64. The lines that connect these nodes are the links.
Here, the node display processing of the highest layer ends (step S 5043), and next,
processing moves to the second layer nodes. |
For the nodes of the second layer undef the nodes nl1 ~ n4 of the highest layer, first, a
15 circle 115 is constructed whose radius is the distance from center point 100 of the highest
layer node arrangement circle to the center point of the inscribed circle 105 constructed when
finding the hode arrangement circle of the highest layers, and from the center point of the
highest node arrangement circle, the points where the extensions of the straight lines
connecting each node of the highest layer intersect the circle are each made el ~ e4, and these
20  are determined to be the center points of circles arranging the nodes under each node of the
highest layer nodes (step S 5041). This is shown in Fig 68.
Next, for the nodes n11 ~ n14 of the second layer under the node nl, first, the
inscribed circle whose center is el and is between the extensions of the partition angle of node
~ nl is made the display area of these nodes (step S 5421). In nodes n1l ~ n14, because they
25  do not have a lower layer, a fictitious node n0 is added to the 4 nodes, and the partition angle

is divided by 5 equal parts. Therefore, each partition angle becomes 360° / (4 + 1) = 72°



determ ning the circunference of said concentric ellipse or a part of the
circunference as a | ocus of the centers of each ellipse upon which nodes
are of the sane | ayer . arranged, 580 partitioning an arc
of the locus of the centers according to the ratio of the nunber of

nodes arranged of said each ellipse, and determnin the

center [8EPD 5923).hcBeranse nodennll antd are the lawastlaypiosiepiSori2d), thesincle bf thes
8. A graphi cal display nmethod for hierarchical structures accor d| ng t o]
G ai m 1 didpiayefonnd dbstep 85421 gy thp hodearrahigspeaycirde (step $5426r c h2Qof Figt 68ict ur e
of the nodes is carried out by: determning the ratio of
t he si zghés tienedd arpgeméntaaete. | They ciroddlisteffallypdivitiedbyt72e, atidihé nodes are

arranged on the intersections of tﬁc bisector of each angle and the circumference (step S 5427).

5  Because nodes n1l ~ nl14 are the lowest layer, and there is no connection relationship between

the nodes on the same layer, step S 5428 is skipped, and as the links with node n1, a base

point is provided at a position not overlapping the already constructed links on the straight

line from the center point of the circle of the highest layer to the center point of the circle of

the layer concerned, and the base point and each node are connected by straight lines (step S

10 54é9). Fig. 69 shows the processing up to this point, and here an ex_amplc is shown in which
el is the base point.

For nodes n21 ~ n25 of the second layef under the node n2 as well, processing is
carried out in the same manner as for the nodes of the second layer under the above-described
node nl. | Th(_a result is shown in Fig. 70.

15 Next, for the nodes n31 ~ n34 of the second layer under node n3, first, the inscribed
circle 105 whose center is pofnt e3 and inside the extensions of the partition angle of node n3
is made the display area of these nodes (step S 5421). Fictitious node n0 is added as the first
node, and the partition angles of each node are wcighted according to the number of nodes of
the lowest layerlof each node n31 ~n34 as 1, 2, 2, and 2 (step S 5422). Because the largest

20 | is 2, the largest partition angie is calculated as 360°x (2 /(1 +2 +2 + 2 + 2)) = 80° (step S
5423). Next, because nodes n31 ~ n34 are not the lowest nodes (step S 5424), an area is
constructed divided by the 80° angle which is the bisector of the straight line having the
shortest distance from the center point e;3 of the circle to the border of the display area, and
the inscribed circle of this area is constructed (step S 5425).  The circle whose radius is the

256  distance from the point €3 to the constructed inscribed circle is constructed as the node

arrangement circle (step S 5426). Fig. 70 shows the processing up to this point, and 125 is



75 ) axis and major axis of the ellipses based on the hierarchical
strycture of the nodes, and determ ning a size of the ellipses of
each | ayer according to a display areagq constructing ellipse
of the first |layer based on said determ ned val ue,

constructing the locus of the centers of ellipses of the second |ayer

cent er eghedis&ied circle of the areRSEB0GS tHeliddE hfrahgdnidnetircland at a di stance where
the ellipses of the first |ayer and the second | ayer do not overl ap,

g g zts 'é ; gC 'g:c Ng Qledxt RBEBcRHodsHBd8 86 Nirdn@¥@ht £HSYEIESh BB upp& 086 Yiahg¥mdnbe
circle 110, and according to the wéiéhting of the relevant node arrangement circle 130, the
circle is panitior;ed at 40°, 80°, 80°, 80°, and 80° in such a way that the intersections between

5 the bisector of the partition angle of the node n32; as an upper node of the node connected
with the other hierarchical structure and the circumference, are made the shortest distance to
the other display area. Then the nodes n21 ~ n34 are arranged on the intersections of each
bisector of the angles and the circumference (step S 5427). Next, these nodes are con;xected
with straight lines, and the links are constructed (step S 5428). Further, as a link with node

10  n3, a base point is provided at a position not overlapping the links already constructed on the
line from the center point of the circle of the highest layer to the center point of the circle of
the layer cénccmed, and this base point and each link is connected by straight lines (step S
5429). Fig. 71 shows the processing up to this step.
Similarly, for the nodes n41 ~ n43 of the second layer under node n4, the nodes of
15  the second layer under the abm-re-mcntioncd node n3 are processed in the same way.
However, for nodes n41 ~ n43, because there are no nodes connecting to fhe other
hierarchical sfructure, it is not necessary to consider the arrangement position of the nodes.
Fig. 72 shows the processing up to this point.
Next, for the nodes of the third layer under the nodes n31 ~n34, a circle is
20 constructed whose radius is the distance from the center point €3 of the upper layer node
arrangement circle to the center of the inscribed circle constructed when finding the node
arrangement circle 130 of the upper layer, and the points where the extensions of straight lines
from the point €3 connecting each node of the uppcf surface are each made e31 ~ ¢34, and the
center poinf of the circles on which the nodes under each of the upper layers are arranged is
256  determined (step S 5041). Fig. 73 shows this, and 135 is a circle whose radius is the

distance from the center point e3 to the center of the inscribed circle 125.



el lipses of the second | ayer at a position depending on the nunber of nodes
arranged on each ellipse of the second | ayer, and whose size is a
function of the nunber of arranged nodgg 10 arrangi ng nodes on
the ellipses according to the nunber of nodes subordinate to each

node of the second | ayer,  and repeating the processing in

the same mannaVexdsfos thethodeDeths thigl laper under thBinbde n31, first, the iflscribed cifcle
graphi cal display method for hierarchical structures according to Claiml

wher ei N wHRe cemiad # polit e31%nt $s Betweéi£ihe extensions of thé PartitionAngletTno8&51,d5 spl ay
met hod for hierarchical structures according to C aim9 wherein:

the siZengle thbBishlayGhe (4RP' 9MI1EN AT ACHESIRERAGRIIRA4DS HeLAEIIHRC
nodes of this third layer have no lower layer, a fictitious node is added to the 2 nodes, and the
5  partition angle is equally divided by 3 (step 5422). Therefore, each partition angle is 360° /
(2 + 1) = 120° (step S 5423). Next, because the nodes of this third layer are the lowest layer
(step S 5424), the circle 140 of this display area becomes the node arrangement circle (step S
- 5426). This node arrangement circle is divided equally by 120°, and nodes are arranged on
the intersection of the bisector of each angle and the circumference (step S 5‘427). Because
10 tﬁese third layer nodes are the lowest layer, and there are no connection relationships with
other nodes of the same layer, step S 5428 is skipped, and as a link with node n31, a base
point is prdvided at a position not overlappihg with already constructed links on a straight line
from the center point of the circle of the highest layer to the center point of the circle of the
layer concerned, and this base point and each node are-connected with straight liﬁes (step S
15 5429). Fig. 74 shows the processing .up to this point.

For the nodes of the third layer under node n32, first, an 'inscribed circle whose
ceﬁter is -point €32 and is between the extensions of the partition angle of node n32 is made
the display area of these nodes (step S 5421). In Fig. 75, this inscribed circle is denoted by
150. Here as well, because there is not a lower layer, the fictitious node n0 is added to the

20  number of nodes, 2, and the partition angle is divided into three equal parts (step S 5422).
Therefore, each partition angle will be 360° / (2 + 1) = 120° (step S 5423). In addition,
because it is a lowest layer (step S 5424), this circle 150 of this display area is made the node
arrangement circle (step S 5426}. Each node arrangement circle 150 is equally divided by
120°, and nodes are arranged on the intersections of the bisectors of each angle and the

256  circumference in such a way that the nodes connecting to the other hierarchical structure are

the shortest distance to the other display area (step S 5427). Additionally, step S 5428 is



circle upon which the nodes of the lower |ayer subordinate to each node are
arranged is made 20 the |argest. 11. A graphi cal display
met hod for hierarchical structures accgrding to Caim 10 wherein
said determ nation in which the circle on which the nodes of the | ower
| ayer subordinate to each node is nmade the largest is carried out by
t he st eskippekl; and4s a link with node n323ratbase pointig prdvddaieattagpositiog Inet av¥ertappingithel e
on which the nodes are arranged by the . nunber of nodes arranged on
t he sanglready ebsstructed links on a line from the center point of the circle of the highest layer to
the center point of the circle of the layer concerned, and the base point and each node are
connected with straight lines (step S 5429). Fig. 75 shows the processing up to this step.
5 Likewise, for the nodes of the third layer under the nodes n33 ~ n34, and nodes n41
~ n43, the nodes of the third layer under nodes n31 are processed in the same way.
As a result, for the hierarchical structure on the left side of Fig. 64, the multi-layer
image as shown in Fig. 76 is constructed.
Continuing the process, the other hierarchical structures are processed in the same
10 ménner. For the hierarchical structures on the left and right éf Fig. 64, the multi-layer
images such as those shown in Fig. 77 are constructed.  Finally, the nodés connecting both
hierarchical structures are connected with straight lines (step S 5070). In this manner, for the
composite hierarchical structure such as that shown in Fig. 64, the hierarchical structure is
completed as shown in Fig. 78.
15 In the explanation of the above-described embodiment, in the hierarchical structure
data storage unit 20 of Fig. 1, a hierarchical structure such as that shown in Fig. 64 was stored,
but the structure of the data is arbitrary, and the two hierarchical structures need not have the
same structure. Also, there need not be any connection relationships between the nodes of
the same layer under the same node of the upper layer.
20 Furthermore, the display area was a rectangle, and in the partition of the display area
(step S 5030), the display area was equally partitioned by a straight line parallel to this
rectangle, but the method of partitioning the display area is arbitrary, and can be divided at an
angle, and need not be equal.
Furthermore, in the display processing of the nodes under the same node of the upper

25 layer (step S 5042), in determining the display area (step S 5421), the point determined in the

determination of the center point of the node arrangement circle (step S 5041) is made the



-

76 constructing an inscribed circle in the smallest area

formed by this partition |line and . the display border line, and

for the layer excluding the |owest |ayer, making the radius of the circle
upon whi ch the nodes are arranged the length fromthe center of the
circle to the inscribed circle, or less, 5 or for the | owest |ayer,
meki ng ckhver peidi, aa imscribéteciedle il constpated/britebemthe esteasionsoff the gatition aagle 06

the radius of the inscribed circle, or |ess. 12. A graphi cal

di spl ayndigee thybPhodbs SanartBRiiRsthibsd Eiele Was tade d display hrea(huiinit Alsaher ei n:

the arrangement’ of the nodes on the circle is carried out by equally

parti tiQ06ig thflfhe area in the extensions of the partition angles of the upper layer nodes in its
entirety is made the display area. In the weighting of the partition angles (step S_5422),

5  weighting was carried out according to the number of nodes of the lowest layer of each node,
but the proportions of the weightings are arbitrary. Additionally, not only the lowest layer,
but also the weighting, can be carried out by the number of nodes of all tﬁc lower layers. In
the case that there is no lower layer, the partition angles are evenly spaced, but they can also
be arranged according to the display area, and not evenly spaced, In the calculation of the

10  partition angle (step S 5423), for the partition angle a° of the upper layer nodes, the largest
value of the partition angle is (90 + a/ 2)°, but the largest value set is arbitrary. In the
construction of the node arrangement circle (step S 5426), a circle is constructed whose radius-

- is the diéfance from the center pbint of the node arrangement circle to the contact with the
inscribed circle, but a circle \;vith a smaller radius is also possible. In the lowest layer, the

15 circle of the display area found in the determination of _the display area (step S 5421) was
fnade the node arrangement circle, but a circle with a smaller radius is also possible. In the
arrangement of the nodes (step S 5427), the nodes were érranged on points where the bisector
of the partition angle of each node intersects the node arrangement circle, and nodes |
connected with other hierarchical structures or those upper nodes are arranged in positions

20 that are the shortest distance from the other display area, but when the other hierarchical
structure is already constructed, they can be arranged on the position which is the shortest
distance from the nodes having a connection relationship with the other hierarchical structure.
In constructing links of the nodes of the same circle (step S 5428), the links connect nodes
with a straight line, but the links between nodes positioned adjacently on the circumference

25  can also use arcs. In constructing the links with the upper layers (step S 5429), a base point

is provided on a position not overlapping already constructed links on a straight line from the



10 center angle of the circle according to the nunber of arranged nodes.
13. A graphical display nethod for hierarchical structures according to
Claim 12 wherein sai d equal partgstioning of the center angle of the
- circle according to the nunber of arranged nodes is carried out by
the steps of: 15 equal ly partitioning the center angle of the

circle ¢pger pihCdT thOeiRle BF EhealpparAPet tBYhe center poird of therhele dffthélayanged nodes
for the highest .|ayer, and equal ly partitioning the center

angl e by,geetitldUgnPBEN Bile #ofn@ ahd'8adhYiBRE BchfonHEBii&iswnh stra ghtai'h{& NSRhOBaskhe
same circle, ahd arranging the nodes for the nodes of the second |ayer and

less. %glnt need not be on a straight line from the center point of the circle of the upper layer to the
center point of the circle of the layer concerned.

5 . In constructing the links between other hierarchical structures (step S 5070), nodes
having connections with different hierarchical structures are connected with a straight line,
but curves which minimize oveﬂap between other nodes and links can be used to connect
them.

Additionally, in the above-mentioned embodiments 1 through 5, when two
10  hierarchical structures are connected, a graphical display of the hierarchical structure

indicated in the present embodiment can be adopted.

As explained above, according to the inyention shown in embodiment 6, when
graphically displaying hierarchical structures, the nodes in the same layer can be arranged
15  radially using circles constructed according fo determined rules, and by displaying. nodes of
lower layers having a high number of nodes distributed on further outside circles, the
advantage is obtained that the roughness is decreased, and the nodes and links are displayed in
a manner césy to view, and by making the nodes of the connecting parts of two hierarchical
structures close, the advantage is obtained that overlapping links can be avoided, and the

20  nodes and links can be easily manipulated by direct command on the screen.

[Se\.renth Embodiment]
Using data stored in the hierarchical structure data storage unit 20, the data display
processing unit 30 of the present embodiment calculates the arrangement positions of the
25  nodes for each layer and the distribution of links connecting nodes is carried out, and the

displayed on display 40 via the controller 50.



14. “ A graphical display mét hod for hierarchical structures according to

Cajm9 wherein .said arrangenent of circles of the sane |ayer is
per formed by: arrangi nggt he circles of the said sane | ayer
equal |y spaced on a circle whose center is the center of the circle

of the upper layer and whose radius is the |l ength adding the radius of 25
the | argest ciThentetiood éfhyaghicat ldisptiy dfthéerahieal Ajteturésoft the preaetitembotinhdiet
upper |ayer, or nore. _ _ _ _ _

7 relateé,ﬁfépanicmagrtaebmm{ing badhl rRMe BEIHRABwWE LTy és BF dradthing thé linkiCt ur es

according to ai m 14 wherein
showing the horizontal relationships of radially arranged nodes corresponding to the layers at
positions not overlapping with other link displays, when displaying of links of hierarchical
5. structures betwceﬂ radially arranged nodes.

Fig. 79 is a flowchart showing an embodiment of the prdcessing sequence of the
present embodiment in the data display processing uﬁit 30. Below, based on Fig. 79, an
embodiment of the link display processing of the hierarchical structure according to the
present iﬁvcntion is explained in detail.

10 Moreover, in the explanation of the example of operation in the flowchart shown in
Flg 79 in the present embodiment, Fig. 80 to Fig. 84 are used, and even if the reference
numerals used from Fig. 80 to Fig. 84 are the same as those used in other diagrams, within the
range of Fig. 80 to Fig. 84, they denote the same items, and have no relationship to the
reference numerals of the other figures.

15 In the hierarchical structure data storage unit 20, the data for a hierarchical structure
such as that shown in Fig. 80 is stored. In Fig. 80, for ease of understanding, the hierarchical
structure data stored in the hierarchical structure data storage unit 20 is displayed as a tree.
<Node Arrangement:>
In the data display unit 30, first, from the hierarchical structure data storage unit 20 a

20  hierarchical s&uétum such as that shown in Fig. 80 is input, and as shown in Fig. 81, the node
circle of the highest layer is nearly in the center, the node circle of the lower layers are
arranged rédially outside the node circle of the highest node circle, and the nodes included iq
the same layer are arranged on the same circle (step S 6100). At this time, the horizontal
relationships between the nodes are such that the nodes of the lower layers arranged on the

25  same circumference outside the nodes of the highest layer are all under the same node of the

higher layer. For example, nodes q1 ~ g4 arranged on the same circumference outside of



sai d arrangenent of circles of the same layer is carried out by the steps
of : determ ning the center of the circle of the upper |ayer
as the center for nodes of the cond | ayer or |ess, 5
constructing a circle, the length of ose radius is the radlus of the
circle of the upper layer added to the radius of the inscribed .

circle gemspr é&%tuﬁgeﬂ’ﬁle And HeCdldad flngrttﬁ}@ abraflgddon the same EfrcdnMRrehick thﬂcﬁf the
upper |ayer, and determ ning the intersection of the

ext ensi %%o%g?tuﬁaéﬁmdel jjnes fromthe center of the circle of the
upper |ayer t e upper node and the constructed circle as the center of

Brgpﬁ; E:;: ed| S p %%}lgﬁ{ewkﬁgfo tg?a% e?’gg Cﬁﬁrg%eﬁ{en r u%ﬁ’? &8P lgglg% rn%j‘l}%%ﬂ frbth&l aim?9
wherei n above-described first embodiment and second embodiment, its explanation will be omitted
5 here. The nodes included in the highest layer are arranged, equally spaced using equally
divided partition angles calculated from the number of nodes included in the relevant layer, on
the circumfcrcncc of a circle drawn using the center point of the display area, and the nodes of
the second layer and below are arranged in the same manner on a circle outside the above-
mentioned circle. Moreover, the radius of the circle on which the nodes of each layer are
10  arranged can be calculated based on the number of layers in the lower layers or the number of
nodes in the lower layer, and in addition, in the same manner, the positions at which the nodes
of each layer are arranged on the same circumference can be determined using the partition
angle calculated from the number of layers or number of nodcs cf the lower layer of each
node.
15 <Link connection:>
Next, in the data display processing unit 30, the distribution processing for the links between
each node is carried out. Here, as connection relationship within the same layer, the nodes
under the same node of the higher layer all have a connection relationship except the lowest
layer.
20 First, the links between nodes p1, p2, p3, and p4 of the upper layer are all conﬁectcd
with straight lines (step S 6110).

Next, for the second layer, first, for nodes q1, q2, q3, and g4 on the second layer
subordinate to node p1 of the highest leyér, link distribution is carried out. Here, because
nodes q1 ~ g4 are not lowest nodes, for the links connecting the relevant node q1, q2, g3, or

25 g4, all are connected with straight lines (step S 6111). Also, because nodes q1 ~ g4 are even

" numbers, for the links connecting node p1 of the upper layer to the relevant node ql, q2, g3,



sai d draphical display of a hierarchical structure of the nodes is carried
out, by the steps of: equal ly partitioning a center angle of
“the circle upon which nodes are arrangggl by the 15 nunber of nodes
arranged on the same circle, ‘constructing an inscribed
circle in the smallest area formed by this partition Iine and t he

di spl ayarlibq4)as shiawrein Fig. 82, first, a straight lineiséxtemdedrfgom thed maxdegp 1utp obne edmtarie1nodes
are arranged, the radius thereof being determ ned as the di stance

f rom t hef theeirele oafwhibien6des@f18q2, @3} il 4s€ arfafged(stepl $6110), dndeikk, peint 80
radi us of the inscribed circle, arrangi ng nodes by equally

ﬁg(rjteis:[ | Qhad 4 BB pEt, RlraRABlifes2XEAUE ROhddes §1&2) ¢3R4 q8] and the link£' r anged
connected (step S 6113).

5 Next, the link distribution is carried out for nodes s1, s2, and s3, which are on the
second layer subordinate to node p2 of the highest layer. Because nodes s1 ~ s3 are not the
lowest layer, each of the relevant nodes s1, s2, and s3, are all connected with straight lines
(step S 6111). Furthermore, for the links connectiné node p2 of the upper layer with the
relevant node s1, s2 and s3, because nodes s1 ~ s3 are odd numbered, as shown in Fig. 83; a

10 suppiemcntary line connecting node p2 of the upper layer to the center €2 of the circle on
which the nodes s1, s2, and s3 are arranged (step S 6114). On this line, at an arbitrary
position on the section from the node p2 to the contact with the circumference arranging
nodes s1, s2 and s3, point j is set (step S 6115). And a straight line connects node p2 of the
upper layer with point j (step S 6116), and a straight line is extended from point j to each node

16  sl,s2, and §3, and links are connected (step S 6117).

| Below, the nodes on the second layer subordinate to nodes p3 and p4 of the highest
layer connect links in the same manner.

Next, for the third layer, first, the lmk distribution is carried out for the nodes rl, r2,
13, and r4 .on the third layer subordinate to node q1 of the second layer and having an upper

20 layer. Here, because nodes rl ~ r4 are the lowest layer, a link connecting each node rl, 12, 13,
and r4 is unnecessary. For the links connectiﬁg node q1 of the upper layer and the relevant
node rl, 12, 13, or r4, a straight line is extended from node q1 to the center of the circle
subordinate to the relevant node rl, 12, r3, or r4 (step S 6118), the center of this circle is made
a base point, a straight line is extended of reach node rl, r2, r3, and r4, and they are connected

25  with a link (step S 6119).

Below, the nodes included in the third layer subordinate to each node of the second



constructing-a circle whose radius is the radius of the circle of the upper
| ayer added ~to the radius of the inscribed circle, and determ ning
the intersection of the extensions of gne 25 straight lines fromthe
center of the circle of the upper layer to the upper nodes as the center

of a circle on which the nodes of the second | ayer and | ess . are arranged,
and layer are connected by links in the same manner. 78

repeating the processing in the sanme manner. as the above processing for
undi spl ayed By the abd98 Bfocessing, the link display of the tree of the hierarchical structure
shown in Fig. 80 takes the form shown in Fig. 84.
Moreover, in the explanation of the above-described embodiments, in the
5  hierarchical structure data storage unit, data @lated to a hierarchical structure such as that in
Fig. 80 is stored, but the stored data structure is arbitrary.

In addition, in the flow of link distribution processing of the present embodiment in
the multi-layer transformation unit carries out shift-processing of the base point only when the
number of nodés is odd, but this is not limited to an odd number, and the processing can be

10 - carried out in the same mannef when the number is even.

Furthermore, while not mentioned in the above described embodiment, the links
between nodes of the same layer and the links of nodes of upper and lower layers can be
shown to be of different colors and thicknesses.

Additionally, in the first through sixth embodiments described above, when

156  branchinga Straight line issuing from the upper node fo each node of the lower layer at a
position not overlapping with other link displays and connecting it to each node of the lower
layer, the graphical display of the hicrarchical structure shown in the present embodiment can
be applied.

As described above, aocording to the inventioﬁ shown in the seventh embodiment,

20  when the link display of a hierarchical structure of nodes is arranged radially, by connecting
the links showing the horizontal relationships of nodes radially arranged corresponding to the
layer to each node of the lower layer, and branching them at positions not overlapping with
other link displays, even in a large scale hierarchical structure having from hundreds to about
a thousand nodes, it has the advantage that the spaces between links can be widened and made

25  easily viewed, in addition to the links being easily manipulated on the screen.



17. T A graphi cal display nethod for hierarchical structures according to

Claim9 wherein: 5 said radius of a circle upon which said
nodes are arranged is cal cul ated basedggn the nunber of nodes in the
| ower | ayers. 18. A graphi cal display nethod for hierarchical
structures according to Caim17 wherein said cal cul ati on based on

t he nunk®etaledstdetareodf thérdath displayl pryeessing usiaB0i>ed out by the steps of: 10
partitioning the center of a circle on which nodes are arranged accordi ng

to the IF).i83 is a more déthiléd@rutirblediaghmividiRsd4 dispRylppvésssihgugit SOsubor di nat e
to each node arranged on the sane circle, constructing an inscribed

ci rcl e cRarhbrerisinB thesibscat ﬁﬁcﬁﬁﬁd‘ﬁfﬁigﬂ.t Be16W, B PigS85)fa hbR detailed 9T eat est
partition angle and the display border line, making the radius of the

o SR e o o UL R OM SR B S5
5  same reference numeral is attached to the parts corresponding to the parts in Fig. 1.
From Fig. 85, the data display processing unit 30 is formed from a data structure
analysis unit 31, a node arrangement calculation unit 32, and a link distribution calculatiorll
unit 33, and a display construction unit 34.
In addition, the data structure analysis unit 31 inputs data related to the hierarchical

10  structure of the apparatus or function Corresponding to the branch point, relay point, or end
point, from the hierarchical structure data storage unit 20, and analyses it. The node
arrangement calculation unit 32 arranges nodes of the same layer subordihate to the same
node on the same ellipse according to the results of the analysis of the data structure analysis
unit 31, and calculates the node arrangement position by arranging the ellipses of the same

15 lower level on the outside the ellipse of the upper layer. The link distribution calculation
unit 33 calculates the link distribution showing the connection relation between nodes from
the results of analysis of the data structure aﬁalysis unit 31 and the node arrangement position
of the node arrangement calculation unit 32. In addition, the display construction 34 used
the results of the calculation from the node arrangement calculation unit 32 and the link

20  connection calculation unit 33 to generate the image for output to the display 40. Moreover,
the image gcncmted by the display construction unit 34 is displayed on display 40 via the
controller 50. Here, as a display apparatus, display 40 is given as an example, but it is not
limited to this, and a printing apparatus such as a computer printer, for example, could also be
used.

25 Furthermore, the node arrangement calculation unit 32 is constructed from the node

arrangement locus calculation unit 32a, the node position calculation unit 32 which



15 ‘excluding the | owest |ayer, and constructing an

I hgcribed circle in the area fornmed by the extensions of each partition
angl e formed when the nodes of the uppgr |ayer are arranged, and the

di spl ay border line maki ng the radius of the circle upon which nodes
are arranged the equal |ength of the radius of its inscribed circle

- for t hetelepwiifes theptRitions dRtanging the ribdles, and fhegaggrhiraagemer posiyiomealookitionr
hi erarchi cal structures according to C aim9 wherein: sai d

posi ti QRitPcWcHQAfS it ARGMtIAYE thedfirdnBemEm Positiohs Uféhenee UBERubS
arranged : according to the partition angle cal culated fromthe nunber

of nodgg. §lia kfdfed iR\ hikBY&HiSal Yructure data 6@ Be BRE 90 generally becomes a plurality

of layers and a plurality of nodes, until the display processing ends, processing is carried out
5  in sequence by the node arrangement locus calculation unit 32a, the node position calculation
unit 32b, and the layer arrangement position calcuiating unit 32c. At this time, the result
_calculated in each part is used in the processing of the next part.
In addition, the link connection calculation unit 33 causes straight lines issuing from
the nodes of the upper layers to branch at positions not overlapping with other links, and the
10  link branching calculation unit 33a connecting each node of the lower layers is provided.
Next, the flowchart showing the operation of the data display processing unit 30 used
in explainihg the embodiments 1 through 7 explains the operation of the parts shown in Fig.
85. Moreover, the flowchart showing the operation of the data display processing unit 30
used in the explanatic;n of embodiments 1 through 7 is mainly related to the node arrangement
15  calculation unit 32 and the link connection calculation unit 33.
In the flowchart in the first embodiment shown in Fig. 4, the correspondences
between each step and the procgssing unit are as follows. Steps S 1101 to S 1103 are carried
“ out by the data structure analysis unit 31, and the other steps are carried out by the node
arrangement calculation unit 32. Moreover, steps S 1104, S 1107, S 1108, S 1111, and S
20 1112 are carried out by the node arrangement locus calculation unit 32a, S 11.05, S1109, and S
1113 are carried out by the node position calculation unit 32b, and the steps S 1106 and S
1110 are carried out by the layer arrangement position calculation unit 32c.
The correspondences in the flowchart in the second embodiment shown in Fig. 26 is
as follows. Steps S 2110 and 2120 are carried out by the data structure analysis unit 31, and
25  the other processing is carried out by the node arrangement calculation unit 32. In addition,

in the arrangement of the highest layer in Fig. 26, steps S 2130 to S 2160 are carried out by



25 ) 20. A graphical display nethod for hierarchical structures
acgording to Claim19 wherein

79 sai d arrangenent according tm the partition angle calculated from
t he nunber of nodes of the | ower | ayer of each node is carried out by
the steps of: arrangi ng the nodes according to each

parti t tnadegirangemeitloatsedlonlation onit 334,anid ke step S 2170 ds caamedisutdfy thére circl e

upon whi ch nodes are arranged for the |ayers excluding the |owest 5

| ayer, nadélposition calculation unit 32b. In addition, in the arrangement of the nodes of the
second layer, Step S 2180 is carried out by the node arrangement positioh calculation unit 32c,
steps 2190 to 2230 are carried out by the node arrangement locus calculation unit 32a, and the

5  step S 2240 are carried out by the node position calculation unit 32b.  Also, in the
arrangement of the nodes of the third layer, step S 2260 is carried out in the layer arrangement
position calculation unit 32¢, steps S 2270 to S 2280 are carried out in the node arrangement
locus calculation unit 32a, and step S 2290 is carried out in the node position calculation unit
32b. Moreover, the condition decisions S 2250 and S 2300 are carried out by the node
10  arrangement calculation unit 32, which comprises the node arrangement locus calculation unit

32a, the node position calculation unit 32b, and the layer arrangement position calculation _
unit 32c. |

The correspondences in the flowchart in the third embodiment shown in Fig. 32 are
as follows. Stepé S 3210 and S 3220 are carried out by the data structure analysis unit 31.

15 In addition, steps S 3239 fo S 3240 are carried out by the link oopnection calculation unit 33,
and the other steps are carried out by the nbde arrangement calculation unit 32.

The correspondences in the flowchart in tilc fourth emi)odiment shown in Fig. 43 are
as follows. Steps S 3110 and S 3120 arc carried out by the data structure analysis unit 31.

In addition, steps S 3137, and steps S 3148 and S 3149 are carried out by the link connection
20 calculation unit 33, and the other Steps are carried out by the node arrangement calculation
unit 32.

The correspondences in the flowchart in the fifth embodiment shown in Fig. 53 are
as follows. Steps S 4010 is carried out by the data structure analysis unit 31. In addition,
step S 4060 is carried out by the link connection calculation unit 33, and the other steps are

25  carried out by the node arrangement calculation unit 32.

The correspondences in the flowchart in the sixth embodiment shown in Fig. 63 are



arranding t he nodes by partitioning according to the nunber of nodes
arr,anged on the sane circle for the | owest |ayer. 21. A
gr aphi cal display nethod for hi erarchi gal structures according to Caim?9
wherein 10 said center of the circle upon which nodes are arranged anong
t he nodes in the second | ayer or lower is carried out by the steps

of : explained as follow§ONSteps! S1I01Q and SiS020 bidxericd cutlby tharddth etradtae analysRd by
t he extensions of each partition . angl e constructed when cal cul ati ng

the radyyip3pf madﬁidncétepy@gazs\@ﬁ&ngomsteﬁ stsbeo HRRAfried out by th@lgk are
arranged and the di spfay border |ine, and determ ning the

center Qfindéidh dalGfdtidnathicid, 3he aRothdtStdps Qfeeéarx‘?éd SRYY thd hédearkgBm¥fH ch

calculation unit 32.

5 The correspondences in the flowchart in the seventh embodiment shown in Fig, 79
are as follows. Step S 6100 is carried out by the node arrangement calculation unit 32, In
addition, the other steps are carried by the link branch position calculation unit 33a in the link
contiection calculation unit 33.

By using the graphical display apparatus of the hierarchical structure which includes
10 this data display processing unit 30, on a limited area, a multiplicity of nodes can be
automatically arranged without overlap. |
Moreover, the program for realizing the graphical display of the hierarchical
structure in the data display processing unit 30 in Fig. 1 can be recorded on a computer
r;eadable recording medium such as a CD-ROM, FD, or hard disk, and the programs recorded
15  on this recording medium input into a computer, and by being executed, produce a graphical -
display of a hierarchical structure.
Using the graphical di;play methods and apparatuses of a hierarchical structure
described above, or by .reading a recording medium on which a graphical program for a
hierarchical structure is recorded into a computer, for the upper layer nodes the lower layer
20 nodes are arranged on the outside of a concentric ellipse, and in order to arrange the nodes
such that their position is on the same ellipse, the display area of the lower layers with maﬁy
nodes is broadened, and the overlapping of nodes and links will disappear. In addition,
because the calculation of the size of the ellipses are based on the hierarchical structure, in a
limited display area the nodes of all layers can be displayed at one time. Furthermore,
25  because the arrangement of nodes and the distribution of links is calculated automatically, it

can respond instantly to changes in the structure.



nodes are arranged. - = - 22. A graphi cal display nethod for

hi erarchical structures according to Caim9 wherein sai d graphi cal
di splay of the hierarchical structure7of nodes is carried out by the steps
of: 20 partitioning the center of a circle upon which nodes are
arranged according to the rati o of the nunber of nodes on the |ower
| ayer subor dMuaéavet,ahegriphicalidisplay methods amd apparatuses for the hierarchictle,
constructing an inscribed circle in the smallest area fornmed by the

ext ensétﬁi&ur@_fexf)llﬁﬁled above dikplag @ $drgpsvale networioagiseractiondvhible isa Biptazghitair der
| ine, and constructing a circle upon which 25 nodes are arranged

cal cul &H&ﬁ& 84 wxﬁﬁé 5 a Hinited@ciekh, @n viHeAus¥d b £ 4 dRPRY Sechhslogy, mogiests i be
t he | engt From the center of the circle to the inscribed circle,
condition of the network, and by manipulating the displayed object, changes the structure, and
5  displays the detailed data for each machine. This can be applied a LAN motoring system
that detects damage to a LAN and assesses the scale of the damage, a service control system

that monitors and controls the quality level of service provided through a LAN, etc.  Also, it

can be applied to display the connection relations of, for éxample, internet service providers.



80 ‘ arrangi ng the nodes according to the partitioned angle,
copstructing an inscribed circle in the area formed by the extensions of
each partition angl e and the di sPt ay border |ine;—and determ ni ng

the center of each inscribed circle as the center ogh CAEH G REbIfed

upon whi ch nodes of the |ower [ayer are arranged, and
repeating in the same manner said processing for any unle‘lMMluﬂ}HHm
23. - A _graphical display method for hierarchical struct

Claim?9 t 1siclpaimed is:

1. <A graphical display method for hierarchical structures, which can display graphically
5  hierarchical structures of nbdes from the nodes that are branch points, relay points, or end
points corresponding to apparatuses or functions and the connection Irelationships between the
nodes, the method comprising the steps of
arranging the nodes of the same layer subordinate to the same node on the same
ellipse, and
10 arranging the subordinate ellipse of the same layer is arranged concentrically on an

ellipse larger than the ellipse of the upper layer.

2. A graphical display method for hierarchical structures according to Claim 1 wherein
the size of said ellipse changes depending on the number of nodes arranged on said same

15  ellipse.

3. A graphical display method for hierarchical structures according fo Claim 2 wherein
the ratio of the minor axis to the major axis of said ellipse determined corresponding
to the ordinate to abscissa ratio of the display area and
20 the length of the minor axis and major axis of the ellipse calculated corresponding to

the ratio of the number of nodes arranged on said same ellipse.

4, A graphical display method for hierarchical structures according to Claim 1 wherein:
the arrangement of nodes on said same ellipse is changed according to the number of

25  nodes on the lower layer.
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the radius of the circle upon which the nodes are armasgeeldsBedaXe hﬂe@t ed

based on the nunber of layers in the |ower |ay
A graphi cal display nethod for hierarchial struct ureglmmu@mtg l{ d ai m
23 wherein sai d cal cul ati on based on the nunbe t he
lower layers is carrjed out

e siteps .. of : ] . B
partitiom-ng t H&&Eaphical dlaela&n@rhogh far higerchigal siuqtiies Aerpeding f.Claip Angaetein
according to the 15 ratio of the nunber of |ayers on the |ower |ayer
subor di nefeid areangementros gedes omathg sHipsh agageding to the nymber ¢f nodewof the iawerdaxerng
an inscribed.circle in the smallest area fornmed by the extensions of
t he | ar geiscanied bt byothesteps o6 and t he di spl ay border |ine, and detern ning
the length fromthe

partitioning the circumference of the ellipse on which the nodes are arranged
5 corresponding to according to the ratio of the number of nodes of the lower layer subordinate
to each node arranged in said same ellipse, and

arranging each node on the center point of each partitioned arc.

6. | A graphical display method for hierarchical structures according to Claim 1 wherein:
10 the arrangement of the ellipses in said same layer is changed according to the number

of nodes arranged in said same ellipse.

7. A graphical display method for hierarchical structures according to Claim 6 wherein
said arrangement of ellipses of the same layer according to the number of nodes arranged on
15  said same ellipse carried out by the steps of:

constructing a concentric ellipse larger than the upper layer,

determining the circumference of said concentric ellipse or a part of the
circumference as a locus of the centers of each ellipse upon which nodes are of the same layer
arranged,

| 20 partitioning an arc of the locﬁs of the centers according to the ratio of the number of

nodes arranged of said each ellipse, and

determining the center point of the partitioned arc as a center position of each ellipse.

8. A graphical display method for hierarchical structures according to Claim 1 wherein
25  said graphical display of the hierarchical structure of the nodes is carried out by:

determining the ratio of the size of the ellipse of each layer and the ratio of the minor

* c L M H *




center of the circle to the inscribed circle as t hgis'shekk Has Beén Replacedi r ¢l e
upan which circles are arranged, for the Iay;g

i he | owest
| ayers, and 20 constructinddan inscrib i e area
a

formed by the extensions of each partition orne en the
nodes are_disgosed in t er .| ayer and.the display border |ine  and

ot or m nienG R oL e 6t bl on i bergn e GuBes Hf BE a0t B4 05 ¢ e
radi us of_ the cgircle .upon_whj ch nodes_are arranged, for the | owest

| ayer. detggminipga size ofthgcllingetoff cagh Layer3ccaedipg & UBPIAY &%€ar chi cal
structures according to Claim9 wherein said position of the
arrangenment on copgrusting ellipseofithe fiest dayepbased @ saidideteaminedaplve, i s carri ed

constructing the locus of the centers of ellipses of the second layer centered on said
5 ellipse of the first layer, and at a distance where the ellipses of the first layer and the second

layer do not overlap,

constructing ellipses of the second layer centefed on the locus for the centers of
ellipses of the second layer at a position depending on the number of nodes arranged on each
ellipse of the second layer, and whose size is a function of the number of arranged nodes,

10 arranging nodes on the ellipses according to the number of nodes subordinate to each

node of the second layer, and

repeating the processing in the same manner as said processing for the third.

9. A graphical display method for hierarchical structures according to Claim 1 wherein

15 said ellipse is a circle.

10. A graphical display method for hierarchical structures according to Claim 9 wherein:
the size of the circle upon which said nodes are arranged is determined such that the
circle upon which the nodes of the lower layer subordinate to each node are arranged is made

20  the largest.

11. A graphical display method for hierarchical structures according to Claim 10 wherein
said determination in which the circle on which the nodes of the lower layer subordinate to
each node is made the largest is carried out by the steps of:

25 partitioning the center angle of the circle on which the nodes are arranged by the

number of nodes arranged on the same circle,

A



81 out using the partition angle cal cul ated fr oihis BeetiHanBen Refflaced
| ayers of the |ower |ayer of each node. - 24,

di splay nmethod for hierarchical structur® according to

said positioning using the partition angles calculated fromthe nu

| ayers of the |lower . Jayers of each of said nodes jis carried out by
ha st eps of . Somstrucsing anIBRE eRdle o the STaES AbrerIgmmics oiths Touliin i andhng | o
fornmed when cal cul ating the radius of ~the circle upon which nodes are
arranged thedisplay hozdesdidesand udi ng t he | owest |ayer, and

al
in 5
of

for the layer excluding the lowest layer, making the radius of the circle upon which
the nodes are arranged the length from the center of the circle to the inscribed circle, or less,
5 | or for the lowest layer, making the radius of the circle upon which nodes are arranged equal to

the radius of the inscribed circle, or less.

12. A graphical display method for hierarchical structures according to Claim 9 wherein:
the arrangement of the nodes on the circle is carried out by equally partitioning the

10  center angle of the circle according to the number of arranged nodes.

13. A graphical display method for hierarchical structures according to Claim 12 wherein
said equal partitioning of the center angle of the circle according to the number of arranged
nodes is carried out by the steps of: |
15 equally partitioning the center angle of the circle upon which nodes are arranged by
the number of arranged nodes for the highest layer, and
equally partitioning the center angle by a value adding 1 to thc number of nodes
arranged on the same circle, and arranging the nodes for the nodes of the second layer and
less.
20
14, A graphical display method for hierarchical structures according to Claim 9 wherein
said arrangement of circles of the same layer is performed by:
arranging the circles of the said same layer equally spaced on a circle whose center is
the center of the circle of the upper layer and whose radius is the length adding the radius of

25  the largest circle on the circle of the same layer to the radius of the upper layer, or more.

(R



posi t | oni ng the nodes equal |y spaced according to the nunpgrshéafHa®deReplaced
arranged on 10 the sane circle for the | owest |ayers.
graphi cal display nethod for hierarchic@l structures accorh
wherein said center of the circle upon which the no he "second
| ayer and_ bel ow are, arranged is . carried out b he steps of:. 15
const r uckng aﬁgi“ﬂ’i'é‘iail display method fo hicrarghical stroptuzgs aﬁ&ﬁé‘nﬁéﬁ’ Fiﬁmblf Vhigein
ext ensi ons _of each partition angle formed when cal cul ating the
radi us ofaid przangementof gitstes o ithe-samedaygs peearried out by thg stepsfdes are arr anged
and the display border |ine, and determ ning the center of
the inscribed déterniiningshe ¢onterefithercirele afithe upperilayer apthn centexfor nodes of thehe
nodes are arranged.

second layer or less,

5 constructing a circle, the length of whose radius is the radius of the circle of the
upper layer added to the radius of the inscribed circle constructed when calculating the radius
of the circle of the upper layer, and
determining the intersection of the extensions of straight lines from the center of the

circle of the upper layer to the upper node and the constructed circle as the center of the circle

10  on which the nodes are arranged.

16. A graphical display method for hierarchical structures a@rding to Claim 9 wherein
said graphical display'of a hierarchical structure of the nodes is carried out by the steps of:
equally partitioning a center angle of the circle upon which nodes are arranged by the
1'5 number of nodes arranged on the same circle,
constru;:ting an inscribed circle in the smallest area formed by this partition line and
fhe display border line,
constructing a circle upon which nodes are arranged, the radius thereof being
determined as the distance from the center of the circle to the inscribed circle, or from the
20 radius of the inscribed circle,
arranging nodes by equally partitioning the center angle according to the numbér of
arranged nodes,
constructing a circle whose radius is the radius of the circle of the upper layer added
to the radius of the inscribed circle, and determining fhc intersection of the extensions of the
25  straight lines from the center of the circle of the upper layer to the upper nodes as the center

of a circle on which the nodes of the second layer and less are arranged, and
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20 28. A graphi cal display nethod for hi erarchllmaIShatHascBburleﬁl

according to Caim9 wherein sai d graphical display
hi erarchical structures of said nodes isi&arried out by th
partitioning the center of the circle upon which nodes are arrang
according to the rati o, of, the nunber of |ayers of the Iower a3§]ers
subordi nate to @H@Vnﬂé}é"eprﬁﬁ?ﬂngdﬁ&? PReIpAMEL2s °§ % RIpeessigg for undlsp

constructing an inscribed circle in the smallest area forned by the
ext ensi or@eags. t he
82

17. A graphical display method for hierarchical structures according to Claim 9 wherein:
5 said radius of a circle upon which said nodes are arranged is calculated based on the

number of nodes in the lower layers.

18. A graphical display method for hierarchical structures according to Claim 17 wherein
said calculation based on the number of nodes of the lower layer is carried out by the steps of:
10 partitioning the center of a circle on which nodes are arranged according to the ratio
of the number of nodes of the lower layers subordinate to each node arranged on the same
circle, constructing an inscribed circle in the smallest area formed by the extensions of its
greatest partition angle and the display border line, making the radius of the circle upon which
nodes are arranged the length from the center of the circle to the inscribed circle, in the case
15  excluding the lowest layer, and
constructing an inscribed circle in the area formed by the extensions of each partition
angle formed when the nodes of the upper layer are arranged, and the display border line
making the radius of the circle upon which nodes are arranged the equal length of the radius

of its inscribed circle for the lowest layer.

20
19. A graphical display method for hierarchical structures according to Claim 9 wherein:
said position of the nodes of each layer on the same circumference upon is arranged
according to the partition angle calculated from the number of nodes of the lower layers of
each node.
25

20. A graphical display method for hierarchical structures according to Claim 19 wherein
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I argesft partition angles and the display border Iine, cqnissﬁddmasagmae aced| e

upqn whi ch the nodes are arranged by deternining the
center of the circle to the inscribed ci’cle as
circle upon which the nodes are arranged, and arranglng t

to the posutloned an

h
he the oSB0erERERaal AeGrias fo e deaiion melrealdalled fom e pmhetof pides O'We

undi spl ayed nodes raphi cal display method for

hi er ar chiQwe sxqr@é@@nhé@da&mwwguttbatgwppﬁsu 9, 17, and 23 wherein
when nodes of the upper |ayer and nodes two or nore Iayers | ower are 10

di rect |y conneetrenging the nodes according to each partition angle constructed when calculating

the radius of the circle upon which nodes are arranged for the layers excluding the lowest
5 layer, and
arranging the nodes by partitioning according to the number of nodes arranged on the

same circle for the lowest layer.

21. A graphical display method for hierarchical structures according to Claim 9 wherein
10  said center of the circle upon which nodes are arranged among the nodes in the second layer
or lower is carried out by the steps of:
constructing an inscribed circle-in the area formed by the extensions of each partition
angle constructed when calculating the rac‘lius of the circle upon which nodes of the upper
layer are arraﬁged and the display border line, and
15 determining the center of said inscribed circle as the center of each circle upon which

nodes are arranged.

22, A graphical display method for hierarchical structures according to Claim 9 wherein
said graphical display of the hierarchical structure of nodes is carried out by the steps of:

20 partitioning the center of a circle upon which nodes are arranged according to the
ratio of the number of nodes on the lower layer subordinate to each node arranged on the
same circle,

constructing an inscribed circle in the smallest area formed by the extensions of the
largest partition angles and the display Eorder line, and constructing a circle upon which

256  nodes are arranged calculating the radius of the circle upon which nodes are arranged to be

the length from the center of the circle to the inscribed circle,
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the nodes of the sane | ayer subordinate to the sane node are arranged on
Lhe ot el |1 pse, and nodes of the fidgles: ta@HEh Replaced

where there are parts for which corresp8fdi ng nodes do
said | ayers because of direct connection between the upper a{m HHE Hm
are 15 arran | pses copstructed jn tJ1aengilnterior of g

ed an ell

el | i pses of thg“'laﬁﬁﬁg ezﬂfgés according {0 fhg partitione ©30. A gr aphi cal
di splay nethod for hierarchical structures according to C aim?29 wherein
when the nodes cepstructing apinscribadegircleoindhe anga fqrﬁ@drwdg@extmms ofsach pastjtions
| ower are directly 20 connected, the graphical display nmethod is carried
out by t leglstang heodisplay border line, and detexminingrtbe cénter ofieachi inpgsihed fcizcletas¢henodes
of the same | ayer subordinate to the sane node,

center of each circle upon which nodes of the lower layer are arranged, and

5 repeating in the same manner said processing for any undisplayed nodes.

23. A graphical display method for hierarchical structures according to Claim 9 wherein:
the radius of the circle upon which the nodes are arranged is calculated based on the
number of layers in the lower layers.
10
24. A graphical display method for hierarchical structures according to Claim 23 wherein
said calculation based on the number of layers in the lower layers is carried out by the steps
of: |
partitioning thé center of a circle upon which the nodes are arranged according to the
15  ratio of the number of layers on the lower layer subordinate to each node arranged on the
same circle, constructing an inscribed circle in the smallest area formed by the extensions of
the largest partition angles and the display border line, and determining the _length from the
center of the circle to the inscribed circle as the radius of the circle upon which circles are
arranged, for the layers excluding the lowest layers, and
20 constructing an inscribed circle in the area formed by the extensions of each partition
angle formed when the nodes are disposed in the upper layer and the display border line, and
determining the length equal to the radius of this inscribed circle as the radius of the circle

upon which nodes are arranged, for the lowest layer.

25 25. A graphical display method for hierarchical structures according to Claim 9 wherein

said position of the arrangement on the same circumference of nodes of each layer is carried
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deci ded that there are no mddle | ayers where sone

exi st arrangi ng the node¥l of a | ower Iayer
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node.

26. A graphical display method for hierarchical structures according to Claim 25 wherein

said positioning using the partition angles calculated from the number of layers of the lower

layers of each of said nodes is carried out by the steps of:

positioning the nodes according to each partition angle formed when calculating the radius of

the circle upon which nodes are arranged for the layers excluding the lowest layer, and
positioning the nodes equally spaced according to the number of nodes arranged on

the same circle for the lowest layers.

27. A graphical display method for hierarchical structures according to Claim 9 wherein
said center of the circle upon which the nodes of the second layer and below are arranged is
carried out by the stéps of:

constructing an inscribed circle constructed in an area formed by the extensions of
each partition angle formed when calculating the radius of the circle upon which the upper
layer nodes are arranged and the display border line, and

determining the center of the inscribed circle as the center of the circles upon which

the nodes are arranged.

28. A graphical display method for hierarchical structures according to Claim 9 wherein
said graphical display of the hierarchical structures of said nodes is carried out by the steps of:

partitioning the center of the circle upon which nodes are arranged according to the
ratio of the number of layers of the lower layers subordinate to each node positioned on the
same circle,

constructing an inscribed circle in the smallest area formed by the extensions of the

UL




determ ni ng whether or not there are any undi spl ayed nodesSthis/SR§Eads Bagh Repleced
aboye processing if there are undisplayed nodes, and i
processing if there are none. 5 3182 A graphi cal di m&mlmj Ior'
hi erarchi cal structures according to Clainms 9, 17, 23,
wherein en a plurali of. hierarchical structures is, connected he
gr aphi cal aEﬁ°§‘pRa§‘§r‘1°n angiéé aﬂét“i‘ﬁa‘g‘sﬁgy oFAFs ling, S‘ERS“H?‘IE&]%"%%BB%W&C}‘ the hodes
partitioning the display area of the display part by the nunber of unitary
hi er ar chi ¥gjarranged by @smln& the lgpgsh foravthe sepfer ofiibe pirgln éa thejipseaibed pigcle as
I ndependent, 10 arrangi ng nodes included in the sane hi ghest
| ayer of thacadits efithe cindle aporswhichithe podes are arranged, land eiranging thearode acfording
ellipse drawn in the center of each display area for, and
ar r angi notottheposii@rdahglepary | ayers on a concentric ellipse larger than the
el lipse of

5 processing in the same manner as the above processing is repeated in the same

manner for undisplayed nodes.

29. A graphical display method for hierarchical structures according to Claims 1, 9, 17,
and 23 wherein when nodes of the upper layer and nodes two or more layers lower are
10  directly connected:
the nodes of the same layer subordinate to the same node are arranged on the same
ellipse, and
nodes of the middle layers where there are parts for which corresponding nodes do
not exist in said layers because of direct connection between the upper and lower nodes are
156  arranged on ellipses constructed in the interior of node arranging ellipses of the lower layer

nodes.

30. A graphical display method for hierarchical structures according to Claim 29 wherein
when the nodes of the upper layer nodes and the nodes two or more layers lower are directly
20 connected, the graphical display method is carried out by the steps of:
constructing an ellipse for the nodes of the same layer subordinate to the same node,
arranging the nodes of the same layer on the constructed ellipse when it is decided
that there are no middle layers where some nodes do not exist,
arranging the nodes of a lower layer on the constructed ellipse, constructing the
25  second ellipse in the interior of said ellipse, and arranging the nodes of the middle layer on

said second ellipse when it is decided that there are middle layers where nodes do not exist,
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t he uﬁper | ayer nodes, and arrangi ng as near as possi ble-the positions—of
nodes of the part connecting other hierarchical structures. 1

5
32. A graphi cal display nmethod for hB8rarchical strus H dt o
Claim 31 wherein the arranging the ellipses of ea
arrangi ngﬂé’he nodes on the sane ellipse is carried

determn the posi-tion of the shortest distance on the ellipse to the
partition line of t he di SP| ay area as_the base point, and arranging
the nodes whi cHel¢aninéng whyther armet terreare apyundisplayedmores, A¢pegting thedbeve t he

el lipses of this upper |ayer on this base point. 33. A

gr aphi calpratessingif these argcdindisplayed nedeshanskanding the pracessingci€ thes arg nove.Cl ai ns 9,
17, 23,

5 31. A graphical display method for hierarchical structures according to Claims 9, 17, 23,
and 29 wherein when a plurality of hierarchical structures is connected, the graphical display
method is carried out by the steps of:

partitioning the display area of the display part by the number of unitary hierarchical
structures whose nodes of the highest layer are independent,
10 arrangiﬁg nodes included in the same highest layer of each hierarchical structure on
the circumference of the ellipse drawﬁ in the center of each display area for, and
arranging the nodes of lower layers on a concentric ellipse larger than the ellipse of
the upper layer nodes, and arranging as near as possible the positions of nodes of the part
connecting other hierarchical structures.
15 |
32. A graphical display method for hierarchical structures according to Ciaim 31 whereiﬁ
the arranging the ellipses of each layer, and arranging the nodes on the same ellipse is carried
out by determining the position of the shortest distance on the ellipse to the partition line of
the display area as the base point, and arranging the nodes which connect with the other

20 hierarchical structures the ellipses of this upper layer on this base point.

33. A graphical display method for hierarchieal structures according to Claims 9, 17, 23,
29, and 31 wherein said links showing the vertical relationships of the nodes are carried out
by branching at a position where straight lines issuing from the upper layer nodes do not

25  overlap the other links, and connecting them to each node of the lower layer.
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29, aﬁd 31 wherein said Iinks showi ng the vertical rel ati ormhissigst Haf Béei Replaced
nodes are carried out by branching at a p05|t|on wher
| ines issuing fromthe upper |ayer nodeg%*do not over |
Iinks and connectl ng themto each node of the Iower Ia%e I
spl a for hierar |ca stryctures

accor di na4 dkér?ﬁlg%ﬁ?\aﬁgfag irﬂe%ocp%orﬁeﬁ{g lﬁglaﬁ%‘ﬁt I d %&’ erein
connects_each ode of t ower at the point WhICh |s ocate on
strai ght e rPGFﬁt ©h éala SHL%@W? ﬁ%cbeﬂquﬂ the jaweratithe peipwhich s logatgd payer
are connected to the node, and on the straight |ine issuing
f r om t hea piERightdinetfrom therenter QE the elljpse wherecthe npdesi of said layer are connected to the

upper node, and on the straight line issuing from the node of the upper layer up to where it is

5  tangent to the ellipse of the lower layer.

35. A graphical display apparatus for hierarchical structures comprising:

a data structure analysis unit which reads data related to the hierarchical structure of

apparatuses and functions corresponding to branch points, relay points, and end points
10  analyses the input data,

a node arrangement calculation unit which arranges the nodes of the same layer
subordinate to the same node on the same ellipse from the results of analysis of the said data
structure analysis unit, and carries out calculation of the node arrangement positions by
arranging ellipses of the same lower layer on concentric ellipses larger than the ellipse of the

15  upper layer,

a link connection calculation unit which carries out calculation of the link
connections showing the connection relationships between said nodes from the results of the
analysis of said data étructure analysis unit and the node arrangemeht positions of said node
arrangement calculation unit, and

20 an image construction unit which carries out construction of the output image for
output to an apparatus using the calculation results from said node arrangement calculation

unit the said link connection calculation unit.

36. A graphical display apparatus for hierarchical structures according to Claim 35
25  wherein said node arrangement calculation unit is provided with:

a node arrangement locus calculation unit which constructs an ellipse which is the
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5 tafngent to the ellipse of the |ower |ayer. 35h1sSheetH
di spl ay apparatus for hierarchical structures conprising:
data structure analysis unit which read$bdata related to t

structure of appar at uses and functlons correspondl n

poi nts, rel ay, poi nts I.nts anal s the i

D hode arlpogehrmeia ties 6F e 1t @hisan 12Rd ABe toios %&E@aafdﬁﬁwdﬁm
| ayer subordinate tq the sane node on the sane ellipse fromthe

results dhe Hﬁﬂ? fletermiged by, said datg sipyetyre analysis Wity ycture anal ysis unit, and
carries out calculation of the node arrangenent positions by
arrangi ng el | i possleppsitine calgulationurit whicharrangesmodeson an ellipsd ¢qb@é&ed by said
than the ellipse of the 15 upper | ayer,
node arrangement locus calculation according to the number of nodes subordinate to each
5 node of the n" layer, and
a layer arrangement position calculation unit which carries out calculation of the
layer arrangement position by constructing a locus centered on the ellipse of said n® layer for
the centers of ellipses of the (n + 1)™ layer at a distance where ellipses of the n™ layer and the
| (m+ 1) iayer do not overlap, and further
10 said node arrangement locus calculation unit constructs ellipses which are the locus
of the node arrangement by:
constructing an ellipse in a prescribed position in the case of the first layer, and
constructing an ellipse for the m™ layer (m is an integer equal to or greater than 2)
whose size depends on the number of arranged nodes, and sets the center at a position
15  depending on the number of nodes arranged on each ellipse of the m™ layer on the locus for
the center of ellipses of the m™ layer calculated by the said layer arrangement position

calculation unit in the case of layers of the m™ layer (m is an integer equal to or greater than

2).

20 37 A graphical display apparatus for hierarchical structures according to Claim 35
wherein the ellipse used in order to arrange nodes by said node arrangement calculation unit

is a circle.

38. A graphical display apparatus for hierarchical structures according to Claim 37

25  wherein said node arrangement calculation unit is provided with:
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a li nk connection cal culation unit which carries out cal culThis et Hak Beeh&eplaced
i pk connections show ng the connection rel ationship
nodes fromthe results of the an®f ysis of said data
anal ysis unit and the node arrangenent positions of said node
arrangenment cal culation unit, and 0, . . i e_constr.uction
unit which carppede @'Eﬁngﬁ'ﬁﬁ%tthﬂtstqamfa(S‘Pntuﬂg ‘@ﬁ?lbfﬂlcqell%ﬁi;@%? S onl which B‘Effef)ut
to an apparatus using the calculation results from sai d node arrangenent
cal cul at frgrarranged by equally paritioning the eataaneleatiagircledipon PetsToRodsR e
36. A graphical display apparatus for hierarchical structures according
to O ai naSinged by themembsrof sades amadgedon thegane fayes £opsirugting an insexibgdscircle
provi ded with:

in the smallest area formed by this partition line and the display border line, and calculating a

5 circle upon which nodes are arranged By calculating the radius of the circle upon which nodes
are arranged from the distance from the center of the circle to the inscribed circle or the radius
of the inscribed circle,

a node position calculation unit which calculates the positibns on which nodes are
arranged by partitioning the central angle according to the number of nodes arranged on the |
10 circle calculated by said node arrangement locus calculation unit, and
a layer arrangement calculation unit which calculates the layer arrangement positions
by fixing the center of the circle upon which nocies of the first layer are arranged at a
predetermined position in the case of the first layer, and in the cése of the n® layer (n is an
integer equal to or greater than 2), constructing a concentric circle whose radius is the radius
156  of the circle of the (n - 1) layer calculated by said node arrangement locus calculation unit
added fo the radius of said inscribed circle, and determining the intersection of the straight
line from the center of said (n - 1)" layer to each node of the (n - 1)™ layer as the center of

each circle upon which the nodes of the n™ layer are arranged.

20 39. A graphical display apparatus for hierarchical structures according to Claim 37
wherein said node arrangement calculation unit which carries out calculations of the radius of

the circle upon which nodes are arranged based on the number of nodes of the lower layer.

40. A graphical display apparatus for hierarchical structures according to Claim 37
25  wherein said node arrangement calculation unit is furnished with:

a node arrangement locus calculation unit which partitions the center of a circle upon
\

I



a node arrangenment | ocus cal culation unit which constru hegt Hesl Bek: lavdd
Is_the

| ocus for arrangi ng nodes of the nth |a§&r (nis an inte ii
greater than 1) based on the val ue determ ned b sai d ta s r ctur

anal ysis unit X ode .position cal ti ni t which
arr angeswh%%dﬁﬁﬁrﬁﬁnﬂqu&@réﬁﬁgéﬂﬁ%ﬁ Hgﬁ‘gt@é}“ﬁ“b“ o eﬁBﬁﬂ* Q?Wﬁtnl@%% nt
| ocus cal cul ation according to the nunber of nodes subordjinate to each 5
node of sulpgrchpgc tq eachynode amanged on the same circle, consérqc%mmbgqi,gg b} th,gos, tion
cal culation unit which carries out calculation of the

smallest area formed by the extensions of the largest partition angle and the display border

line, and calculates the locus which arranges nodes by constructing a circle upon which nodes
5 are arranged by calculating the radius of the circle upon which nodes are arranged as the
length from the center of the circle to the inscribed circle,
a node position calculation unit upon which arranges the nodes according to the
partitioned angle on the circle calculated by said node arrangement locus calculation unit, and
a layer arrangement position calculation unit which calculates the layer arrangement
10 pdsition by fixing the center of the circle upon which the nodes of the first layer are arranged
on a predetermined position in the case of the first layer, and in the case of the n™ layer(n is an
integer equal to or greater than 2), constructing a concentric circle whose radius is the result
of adding the radius of the circle of the (n - 1)™ layer calculated by said node arrangement
locus calculation unit and the radius of said inscribed circle, and determining the intersection
15  of the extensions from the center of the circle of said (n - 1)™ layer to each node of the of the

(n - 1)" layer as the center of each circle upon which the nodes of the n" layer are arranged.

41. A graphical display apparatus for hierarchical structures according to Claim 37
wherein said node arrangement calculation unit calculates the radius of the circle upon which

20 nodes are arranged based on the number of layers of the lower layer.

42, | A graphical display apparatus for hierarchical structures according to Claim 37

wherein  said node arrangement calculation unit is provided with a arrangement locus

calculation unit which calculates the locus upon which nodes are arranged, a node position
25  calculation unit which calculates the position upon which nodes are arranged, and a layer

arrangement position calculation unit which calculates the arrangement position of the layer,
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us

area formed by the extensions of the largest partition angle and the display border line, and
constructing a circle upon which nodes are arranged by calculating the length from the center
of the circle to the inscribed circle as the radius of a circle upon which nodes are arranged,
and in the case of the m® layer (m is a integer equal to or greater than 2), by constructing a

10  circle by calculating the radius from the constructed inscribed circle by said layer
arrangement positioﬁ calculation unit,

said node position calculation unit which arranges nodes on a circle calculated by

said node arrangement locus calculation according to the partitioned angle in the case of the
first layer, and in the case of the p™ layer (p is an integer equal to or greater than 2) partitions

15  the center of the circle constructed by said node arrangement locus calculation unit according
to the ratio of the number of layers of the lower layers subordinated to each node arranged on
the same circle, and arranges the nodes on the circle according to the partitioned angle, and

said layer arrangement position calculation unit calculates the arrangement position

of the layer by determining the center of a circle upon which the nodes of the first layer are

20  arranged at a predetermined position in the case of the first layer, and in the case of the n™
layer by constructing an inscribed circle in the area fprmed by the display border line and the
extensions of each partition angle of the (n - 1)" layer by said node arrangement locus
calculation unit or node position calculation unit, and by determining the center of each |
inscribed circle as the center of each circle upon which nodes are arranged.

25

43. A graphical display apparatus for hierarchical structures according to Claims 35, 37,
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2). « " 20 37 A graphical display apparatus for hilhi Boen Replaced
sttuctures according to Cl aim 35 wherein the elli : der
to arrange nodes by said node arrangene$® cal cul ation -uni

circle. 38. A graphi cal display apparatus for hierarchical
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node is directly connected to a node two or more layers below:
arranges on the same ellipse nodes of the same layer subordinate to the same node,
and
5 arranges the nodes of the middle layer for which part has no nodes corresponding to
the relevant layer when the nodes of vertical layers are directly connected on an ellipse

constructed in the ellipse upon which nodes of the lower layer are arranged.

44, A graphical display apparatus for hierarchical structures according to Claim 43
10  wherein said node arrangement calculation unit: .
constructs an ellipse Wim its object being the nodes of the same layer subordinate to
the naﬁle node,
determines - whether there is a middle layer whose ﬁodes have no nodes in one part,
arranges nodes of the same layer on the constructed ellipse in the case that it is
15  determined that there are no layers without nodes in one part, and
arranges nodes of the lower layer on the constructed ellipse, constructs a second
ellipse in said ellipse, and arranges the nodes of said middle layer on the sccond ellipse in the

case that it is determined that there are layers without nodes in one part.

20 45. A graphical display apparatus for hierarchical structures according to Claims 35, 37,
39, 41, and 43 wherein said node arrangement calculation unit, in the case of a plurality of
hierarchical structure is (;onnécted:

partitions the display area of .the display part by the number of unitary hierarchical
structures in which the upper layer nodes are independent,

25 arranges on the circumference of an ellipse drawn on the center of each display area

in the case of the nodes included in the highest layer of each hierarchical structure, and

I
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cal cul ates the | ocus on which nodes are arranged
partitioning the center angle of a cir@&e upon which no 'H’U "

arranged by the nunmber of nodes arranged on the sane |la ng an
inscribed circle in the smallest area forned b hi titi.on line
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nodes are arranged by calculating the radius of the circle upon which nodes
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inscribed circle or the radius - of the inscribed circle,
a node pargex tham thellipse of theruppert layoitindhe ¢rse ofithginedes ofdoweslayérans on whi ch -
nodes are arranged by partitioning the central angle according to
t he nunber of nodes arranged on the
5 46. A graphical display apparatus for hierarchical structures according to Claim 45

wherein said node arrangement calculation unit determines the position closest to the partition

lines of the display area as a base point, and arranges on the base point the nodes the other

hierarchical layers or their upper layer ellipses when arranging the ellipses of each layer or

when arranging the nodes on the same ellipse.

10
47. A graphical display apparatus for hierarchical structures according to Claim 35, 37,
39, 41, 43, 45 wherein said link connection calculation unit is provided with:
a link branch position calculation unit which branches straight lines issuing from the

nodes of the upper layer at a position where they do not overlap with other links, and connects

15  each node of the lower layer.

48. A graphical display apparatus for hierarchical stfuctures according to Claim 48
wherein the branch point of said links connects each node of the lower at the point which is
located on a straight line from the center of the ellipse where the nodes of said layer are

20  connected to the upper node, and on the straight line issuing from the node of the upper layer

to where it is tangent to the ellipse of the lower layer.

49, A computer readable recording medium on which is recorded a hierarchical structure
graphical display program for executing on a computer, the program performing the functions
26  comprising:

a data structure analysis function that reads data related to the hierarchical structure
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node of the (n - 1)[err] layer as the center of each circl e upon

whi ch t harangdmentgfositioa frone the]resuitg of analgsinof siidéata struct@@ analdis functibn by
graphi cal display apparatus for hierarchical structures according to Caim
37 5  arranging the nodes of the same layer subordinate to the same node on the same ellipse and

arranging the ellipses of the same lower layer on a concentric circle larger than the ellipse of
the upper layer
a link connection calculation function which carries out calculation of the link
connections showing the connection relationships of said nodes from the results of the
10  analysis of said data sfructure analysis function and the node arrangement position of said
node arrangement calculation function, and
an image generation function which carries out construction of the image for output
to the output apparatus by using the results of calculation from said node arrangement
calculation function and said link connection calculation function.
15 |
50. A computer readable recording medium on which is recorded a hierarchical structure
graphical display program according to Claim 49 which constructs an ellipse which is the
locus upon which nodes are arranged by:
said data structure analysis function determining the ratio of the size of the ellipses of
20  cach layer and the ratio of the minor axis and major axis of the ellipse used for node
arrangement in said node arrangement calculation function based on the hierarchical structure
of the analyzed nodes, and further determining the size of the ellipses of each layer according
tot the display area, and
wherein said node arrangement calculation function is furnished with:
25 a node arrangement locus calculation unit which constructs an ellipse which is the |

locus for arranging nodes of the n™ layer (n is an integer equal to or greater than 1) based on
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V\,herel n sai d node arrangenent calculation unit which carries out

catcul ati ons of the radius of the circle upon \Ahlﬁﬁ},sﬁ&dﬁ&ﬁé&ﬂ{e laced
arranged based on the nunber of nodes o%2the | ower |ayer.
gr aphi cal display apparatus for hierarchical structures a a| m

27no§<53 aﬁhFé(ﬂB'?rﬂgFF?‘%?fg?é odg%a%a%egﬁntﬁﬂﬁal g\ﬁ‘{“gtlogrglnlutolns the center of a

circle upon

calculated by said node arrangement locus calculation according to the number of nodes

subordinate to the same node of the n™ layer, and

anode pos1t10n calculation function which arranges the nodes on an ellipse

5 a layer arrangement position calculation unit which carries out calculation of the

layer arrangement positions by constructing a locus for the center of ellipses of the (n + 1)*

layer at a distance where the n™ layer and the (n + 1)" layer do not overlap on the center of the

ellipse of said n™ layer, and further

said node arrangement locus calculation unit construct ellipses at a predetermined

10  position for the first layer, and

constructing an ellipse for the m™ layer (m is an integer equal to or greater than 2)

whose size depends on the number of arranged nodes, and sets the center at a position

depending on the number of nodes arranged on each ellipse of the m" layer calculated by' said

layer arrangement position calculation unit in the case of layers of the m™ layer (m is an

15  integer equal to or greater than 2).

51. A computer readable recording medium on which is recorded a hierarchical structure

graphical display program according to Claim 49 wherein the ellipse used in order to arrange

nodes by said node arrangement calculation unit is a circle.

20

52. A computer readable recording medium on which is recorded a hierarchical structure

graphical display program according to Claim 51 provided with:

a node arrangement locus calculation function which calculates the locus on which

nodes are arranged by equally partitioning the center angle of a circle upon which nodes are

25  arranged by the number of nodes arranged on the same layer, constructing an inscribed circle

in the smallest area formed by this partition line and the display border line, and calculating a

[
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whi ch nodes are arranged according to the ratio of the nuHi ¢ed
the | ower | ayer subordi nate to each node arranged o |I1 L
circle, constructs an inscribed circle $h the smal |

by the extensions of the |largest partition angle and the display border '
l'ine, and_cal cul ate he | ocus which arranges nodes b onstructing,

circle ufff CRB?Q:WE‘WBJ% nocieg are %rfasgs‘r%ﬁﬂﬁ'ﬂgw;s @ﬁlri‘ﬁ‘llsa%/fl Lﬁ@‘”ﬁ#@ “P%ng"%of t he
circle upon which nodes are arranged as the . length fromthe center
of the cPoYesare yranged framthe distanes fremethe center of the circle to thg insgeibedyeizgle pothe
calculation unit upon which arranges the nodes according to the

partiti oradinsof thecinggribedgirgles cl e cal cul ated by said node arrangenent |ocus
calculation unit, and a |layer arrangenent position

cal cul ati on una hoddpasitionadatoulaive $uridiien whiel caculategthepositiod On whikienddes Breby
fixing the center of the circle upon which the nodes of the first |ayer are

ar r argedarranged by @quallypaefitedmigiihe @entOsiglé Sotording the ntAber 8f nddes afrrgell dhayer .
and in the case of the n[err] layer(n is an
the circle calculated by said node arrangement locus calculation function, and
a layer arrangement calculation unit which calculates the layer arrangement positions
by fixing the center of the circle upon which nodes of the first layer are arranged at a
predetermined position in fhe case of the first layer, and in the case of the n layer (n is an |
10  integer equal to or greater than 2), constructing a concentric circle whose radius is the result
of adding the radius of the circle of the (n - 1)™ layer calculated by said node arrangement
calculation unit and the radius of said inscribed circle, and determining the intersection of the

straight line from the center of said (n - 1)™ layer to each node of the (n - 1) layer as the

center of each circle upon which the nodes of the n" layer are arranged.

15
53.. A computer readable recording ﬁledium on which is recorded a hierarchical structure
graphical display program according to Claim 49 wherein said node arrangement calculation
funétion calculates the radius of the circle upon which nodes are arranged based on the
number of nodes in the lower layers.

20

54. A computer readable recording medium on which is recorded a hierarchical structure
graphical display program according to Claim 51 wherein said node arrangement calculation
function is provided with:
a node arrangement locus calculation function which partitions the center of a circle
256  upon which nodes are arranged according to thé ratio of the number of riodes of the lower

layer subordinate to each node arranged on the same circle, constructs an inscribed circle in

I
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i nteger equal to or greater than 2), constructing a ConCEBSHebtHaSBEs REpIEDSE
radius is the result of adding the radius of the di n -
1)[err] layer calcul ated by said node &4 angenent 1I Hgﬂmgu I|ER i on
unit and the radius of said inscribed circle, and determ
I ntersection 15 of the extensiqgns fr t he center of the citc|e of said
(n - 1) [‘bpsmallesfareadomedy the gatepsionsf the lagarst parttion an and%)hf display bopder a5
the center of each circle upon which the nodes of the n[err] layer are
ar r angedline, and calculatgs the locus witielparranges gedasbycongipieting asirelsruppn stighonndes|
structures according to Cl aim 37 wherei n said node arrangenent
cal cul at arearramged byadataulaingthe radiusad thesciwle wpom whick hedesponandngethas @  nodes
are arranged based on the nunber of |ayers of the |ower |ayer.

length from the center of the circle to the inscribed circle,

5 a node position calculation function which arranges the nodes according the
partitioned angle on the circle calculated by said node arrangement locus calculation unit, and
a layer arrangement position calculation function which calculates the layer
arrangement position by fixing the center of the circle upon which nodes of the first layer are
arranged on a predetermined position in the case of the first layer, and in the case of the n®
10 layer (nis an integer equal to or greater than 2), constfucting a concentric circle whose radius
is the result of adding the radius of the circle of the (n - 1)* layer calculated by said node
arrangement locus calculati(;n unit and the radius of said inscribed circle, and determining the
intersection of the extensions from the center of the circle of said (n - 1)® layer to each node
6f the (n - 1)" layer as the center of each circle upon which the nodes of the n® layer are

15  arranged.

55. A computer readable recording medium on which is recorded a hierarchical structure
graphical display program according to Claim 51 wherein said node arrangement calculation
function calculates the radius of the circle upon which nodes are arranged based on the

20 number of layers of the lower layers.

56. A computer readable recording medium on which is recorded a hierarchical structure
graphical display program according to Claim 51 wherein said node arrangement calculation
function is fumished with:

25 an arrangement locus calculation ﬁnit which calculates the locus upon which nodes

are arranged, a node position calculation unit which calculates the position upon which nodes

* C [ M s *




42.+ % A graphi cal display apparatus for hierarchical strucﬂ‘htsﬁ&etadasmeﬁl
to.d aim 37 wherei n said node arrangenent cal cul ation

provided with a arrangenent | ocus 95 cal cul ation unit Whl w’, ,
the | ocus upon whi ch nodes are arranged, a node p03|t|on

unit which cal cul ates, the position upon I ch nodes  are ra d and a

| ayer  are amapgedaapchaayer JEaneement osftiomcalcnlation At Wiighgalculate S e< t he.
arrangenment position of the |ayer

88 arranggmienipasition of the layer, and whereins aj d node arrangerrent | ocus

cal culation unit which calcul ates the | ocus upon which
said node arrangement locus calculation function which calculates the locus upon

which nodes are arranged, in the case of the first layer by partitioning the center of the circle
5 upon which nodes are arranged in proportion to the number of layers of the lower layer

subordinate to each node positioned on the same circle, constructing an inscribed circle in the
smallest area formed by the extensions of the largest partition angle and the display border
line, and constructing a circle upon which nodes are arranged by calculating the length from
the center of the circle to the inscribed circle as the radius of the circle upon which nodes are

10 al_'ranged, and for the m" layer (m is an integer equal to or greater than 2) by constructing a
circle by calculating the radius from the constructed inscribed circle by said layer
arrangement position calculation function,

said node position calculation unit arranging nodes on the circle calculated by said

node arrangement locus calculation according to the partitioned angle function for the first

15 layer, and for the p™ layer (p is an integer equal to or greater than 2) partitions the center of
the circle constructed by said node arrangement locus calculation function according to the
ratio of the number of layers of the lowers layers subordinate to each node arranged on the
same circle, and arranges nodes on this circle according to the partitioned angles, and

said layer arrangement position calculation function calculates the arrangement

20  position of the layer, by determining the center of a circle upon which nodes of the first layer
are arranged at a predetermined position in the case of the first layer, and in the case of the n®
layer by constructing an inscribed circle in the area formed by the display border line and said
node position calculation unit, and by determining the center of each inscribed circle as the
center of each circle upon which nodes are arranged.

26

57. A computer readable recording medium on which is recorded a hierarchical structure
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nodes are arranged, in the case of the first layer by part {ThE Replaced
cepter of the circle upon whi ch nodes are arranged i
t he nunber of |ayers of the | ower |ayer9subordinate 5 t

pos:fioned on the sanme circle, constructing an inscribed circle in the

smal | est . .area fornmed by the extensians_of |.ar gest, .pactition
angl e anaaplwealdllwwos@nuw%/¢%€° Glaums 29,31, 53(26‘?1&3? Shereiy said BP‘E"CI e upon
whi ch nodes are arranged by calculating the length fromthe center

of the camranigement calaulatipadundsion: circle as the radius of a circle upon which
nodes are arranged, and in the case of the nferr] layer (mis a

i nt eger equal 4reanges nodesiof thetsame 18)er sidyordinatsito thetsamg nede 00 the semellipsey
calculating the radius fromthe constructed inscribed circle by said |ayer
arrangenghén ﬂﬁﬁitpbbﬂﬁyé‘raioﬁbd @b iditBetlynédnnected to the nodes 2 or mewilayenrobidowomidt i on

cal cul ati on un whi ch arranges nodes on a circle cal cul ated by
5 arranges the nodes of the middle layer where upper and lower nodes are directly
connected and there are parts without nodes corresponding to said layer on an ellipse

constructed by the function in the arrangement ellipse of the lower nodes.

58. A computer readable recording medium on which is recorded a hierarchical structure
10  graphical display program according to Claim 57 wherein said node arrangement calculation
function:
constructs an ellipse with its object being the nodes of the same layer subordinate to
the same node,
determines whether there is a middle layer whose nodes do not have nodes in one
15  part,
arranges nodes of the same layer on the constructed ellipse in the case that it is
determined that there are no layers without nodes in one part, and
arranges nodes of the lower layer on the constructed ellipse, constructs a second
ellipse in said ellipse, and arranges the nodes of the middle layer on said second ellipse in the

20 case that it is determined that there are middle layers without nodes in one part.

59. A computer readable recording medium on which is recorded a hierarchical structure

graphical display program according to Claims 49, 51, 53, 55 and 57 wherein, in the case of a

plurality of hierarchical structures are connected, said node arrangement calculation function:
25 paﬁitions the display area of the display function by the number of unitary

hierarchical structures in which the nodes of the highest layers are independent,
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sai d “hode arrangenent |ocus cal cul ation according to theTgeshedt
in the case of the . first layer, and in the case of

(p is an integer equal to or greater tH¥nh 2) partitions ]“m‘“
the circle constructed by said node arrangenent |ocus cal cul'a

accordi ng to the ratio_of the nupgber .of |ayers of the.l

subor di nat ed t#TangehomHeCigumEsTERS ﬁneHR)se At n‘p%FPtF%‘fh ‘ﬁ%{\?ggya%r%%ﬁgs
the nodes on the circle according to the partitioned angle, and
sai d | ayirthacaseofondestingluded indhe Righest laver ofragh ihger@rghlg@hsgpgtgrq, #&d ar r angenment
position of the layer by determining the center of a circle upon

whi ch the nodearrages senchtestspositipe nodesef tixopart comgesinghe athpr bigearehiealned
position in the case of the first layer, and in the case of the n[err]

| ayer bystaRfibs MGuth 8 way thatske adues of thiclowet aytisarasremgtd omedohgentriceeltipsp| ay
border line and the extensi ons of each partition angle of the (n -

) [erg] ia?%é? theMhé llifsd \Gdfe ﬁf);%é%'l'&%frﬁﬂﬂle lc8eWSE nodes of lowat layérat i on unit or

node positTon cal cul ation uni and by determining the center of each

HaoBeeriR: de
IR =
of

it

I on uni

60. A corﬁputer readable recording medium on which is recorded a hierarchical structure
graphical display program according to Claim 59 wherein said node arrangement calculation
function determines the position closest to the partition lines of the display area as a base

10  point, and arranges on the base point the nodes which connect With the other hierarchical
layers or their upper layer ellipses when arranging the ellipses of each layer or when

arranging the nodes on the same ellipse.

61. A computer readable recording medium on which is recorded a hierarchical structure
15  graphical display program according to Claim 49, 51, 53, 55, 57, and 59 wherein said link
connection calculation function is provided with:

a link branch position calculation function which branches straight lines issuing from
nodes of the upper layers at a position where they do not overlap with other links, and
connects each node of the lower layer.

20
62. A computer rea(iable recording medium on which is recorded a hierarchical structure
graphical display program according to Claim 61 wherein said link branch position
calculation function connects each node of the lower layer by branching a straight line at a
position up to where the straight line issuing from the node of the upper layer meets the

25  ellipse of the lower layer on the straight line connecting the center point of the circle upon

which the nodes of the layer are arranged and the upper node, and connecting each node of

e
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|nscr|bed circle as the center of each circle upon which nodes are
arﬁanged 25 43. . A graphical display apparatus for hierarchical

structures according to dains 35 37, 98
89 39, and 41lwherein said node arrangenent cal cul ais@ReetiildsBeen ﬁﬁihgg

case thé\ q r |ayer node is directly connect ed or
p Loy 4," il

nore | ay arranges on the sane eI
the sane | ayer subordinate to the sane node,
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and *:5 ° arranges the nodes of the mddle |ayer for which part

hds no nodes corresponding to the rel evant |ayer when the nodes of
vertical layers are directly connected opgan ellipse ©constructed in
the ellipse upon which nodes of the | ower |ayer are arranged.- 44,

A graphical display apparatus for hierarchical structures according to
Caim43 10 wherei n said node arrangenent cal cul ation unit:
constructs an ellipse with its object being the nodes of the sane |ayer
subor di natwhat & claimed is:t he nanme node, det er m nes whet her
there is a mddle | ayer whose nodes have no nodes in one part,
arranges nodes of the sane | ayer on the constructed ellipse in the case
that it is ' . '
1. A graphical display method for hierarchical structures, which can display graphically
5  hierarchical structures of nodes from the nodes that are branch points, relay points, or end
points corresponding to apparatuses or functions and the connection relationships between the
nodes, the method comprising the steps of
arranging the nodes of the same layer subordinate to the same node on the same
ellipse, and
10 arranging the subordinate ellipse of the same layer is arranged concentrically on an

ellipse larger than the ellipse of the upper layer.

2. A graphical display method for hierarchical structures according to Claim 1 wherein
the size of said ellipse changes depending on the number of nodes arranged on said same

| 15 ellipse.

3. . A graphical display method for hierarchical structures according to Claim 2 wherein
the ratio of the minor axis to the major axis of said ellipse determined corresponding
to the ordinate to abscissa ratio of the display area and
20 the length of the minor axis and major axis of the ellipse calculated corresponding to

the ratio of the number of nodes arranged on said same ellipse.

4, A graphical display method for hierarchical structures according to Claim 1 wherein:
the arrangement of nodes on said same ellipse is changed according to the number of |

25  nodes on the lower layer.
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15 *détermined that there are no layers without nodes in one part, and
arranges nodes of the | ower layer on the constructed ellipse, constructs a

secbnd ellipse in said ellipse, apd arranges the nodes of said
m ddl e | ayer on the second ellipse in the case that it is determ ned
- that there are |ayers w thout nodes in one part. 20 45, A gr aphi cal

di spl ay appar at Agrdphicahilisplay airitioed fos hievarthicastractumsdicenyding tCiCiaims4 $beredy
39, 41, and 43 wherein said node arrangenent calculation unit, in the case

of a pl urglid atanement of nodes e ehechlipselacairding toi the riusnbee ofiredes @f the lower layer
partitions the display area of the display part by the nunber of unitary

hi er ar chi g@hrried out by Se'stspsores i n which the upper |ayer nodes are
i ndependent , '
partitioning the circumference of the ellipse on which the nodes are arranged
5 corresponding to according to the ratio of the number of nodes of the lower layer subordinate

to each node arranged in said same ellipse, and

. arranging each node on the center point of each partitioned arc.

6. A graphical display method for hierarchical structures according to Claim 1 wherein:
10 ~ the arrangement of the ellipses in said same layer is changed according to the number

of nodes arranged in said same ellipse.

7. A graphical display method for hiefarchical structures according to Claim 6 wherein
said arrangement of ellipses of the same layer according to the number of nodes arranged on
15  said same ellipse carﬁed out by the steps of:
constructing a concentric Ellipse larger than the upper layer,
determining the circumference of said concentric ellipse or a part of the
circumference as a lpcus of the centers of each ellipse upon which nodes are of the same layer
arranged,
20 partitioning an arc of the locus of the centers according to the ratio of the number of
nodes arranged of said each .ellipse, and

determining the center point of the partitioned arc as a center position of each ellipse.

8. A graphical display method for hierarchical structures according to Claim 1 wherein
25  said graphical display of the hierarchical structure of the nodes is carried out by:

determining the ratio of the size of the ellipse of each layer and the ratio of the minor
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25 ¢ 7 arranges on the circunference of an ellipse drawn on the

céqter of each display area In the case of the nodes included in the
hi ghest | ayer of each hierarchical structgire, and

90 arranges at nearest positions the nodes of the part
connecting the other hierarchical structures in such a way that

nodes of axiearndomejor hxigef thezllipsas basad eu thenhieraccinicab strudturesf Ithepmasles, and
| arger than the ellipse of the upper layer in the case of the nodes of
| oner | aydstérmining aSsize ofGhe ellipsds of eauvhilagdr adtarging\o agdisplaytasea f or hi er ar chi cal

structures according to Claim45
constructing ellipse of the first layer based on said determined value,
constructing the locus of the centers of ellipses of the second layer centered on said
5 ellipse of the first layer, and at a distance where the ellipses of the first layer and the second l'
layer do not overlap,
constructing ellipses of the second layer centered on the locus for the centers of
ellipses of the second layer at a position depending on the number of nodes arranged on each
ellipse of the second layer, and whose size is a function of the number of 'arranged nodes,
10 arranging nodes on the ellipses according to the number of nodes subordinate to each

node of the second layer, and

~ repeating the processing in the same manner as said processing for the third.

9. A graphical display method for hierarchical structures according to Claim 1 wherein

15  said ellipse is a circle.

10. A graphical display method for hierarchical structures according to Claim 9 wherein:
the size of the circle upon which said nodes are arranged is determined such that the
circle upon which the nodes of the lower layer subordinate to each node are arranged is made

20  the largest.

11. A graphical display method for hierarchical structures according to Claim 10 wherein
said determination in which the circle on which the nodes of the lower layer subordinate t§
each node is made the largest is carried out by the steps of:

25 partitioning the center angle of the circle on which the nodes are arranged by the

number of nodes arranged on the same circle,

* [ L M S *



¥

wher ei'n said node arrangenent cal culation unit determnes the position
cl'osest to the partition lines of the display area as a base point,
and arranges on the base point the nodes7¢ he ot her hi erarchica
~layers or their upper layer ellipses when arranging the ellipses of each

| ayer or when arrangi ng the nodes on the sane ellipse. 10
47, A gr aphi ceristruéting an/insgibed sircle if the smadlestrared foaned by this partitiombiveand ng
to Caim35, 37, 39, 41, 43, 45 wherein said |ink connection
cal cul at i the displdy bordgrline] aietl Wi t h: a link branch position
cal culation unit which branches straight lines issuing fromthe
nodes of the upfgihd Ryéexeludhgthé ld\ﬂ'déﬂla?ﬁl?ﬁﬁkidgﬂhe FhAiv’ QI tiRyéifdie@poM whicRt her

e

| i nks, and connects 15 each node of | ower | ayer.
the nodes are arranged the length from the center of the circle to the inscribed circle, or less,
5  or for the lowest layer, making the radius of the circle upon which nodes are arranged equal to

the radius of the inscribed circle, or less.

12, A graphical display method for hierarchical structures according to Claim 9 wherein:
the arrangement of the nodes on the circle is carried out by equally partitioning the

10  center angle of the circle according to the number of arranged nodes.

13. A graphical display method for hierarchical structures according to Ciaim 12 wherein
said equal partitioning of the center angle of the circle according to the number of arranged
nodes is carried out by the steps of: |
15 equally partitioning the center angle of the circle upon which nodes are arranged by
the number of arranged nodes for the highest layer, and
eqﬁally partitioning the center angle by a value adding 1 to the number of nodes
arranged on the same circle, and arranging the nodes for the nodes of the second layer and .
less.
20
14. A graphical display method for hierarchical structures according to Claim 9 wherein
said arrangement of circles of the same layer is performed by:
arranging the circles of the said same layer equally spaced on a circle whose center is
the center of the circle of the upper layer and whose radius is the length adding the radius of

25  the largest circle on the circle of the same layer to the radius of the upper layer, or .more.
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48. ' “A graphical display apparatus for hierarchical structures according
td daima7 wherein the branch point of said |inks connects each
node of the lower at the point which is 77 | ocated on a straight Iine
fromthe center of the ellipse where the nodes of said |layer are 20
connected to the upper node, and on the straight line issuing fromthe node
of the upp8r | ayegraphical display metbod farthi¢rarchicalsiructures aagerding toffJdainy14 wherein
| ower | ayer. 49. A conput er readabl e recordi ng nedi um on which
i s recor deaidardangemaent bf ciadlessafithe sameslayer is carrigd aphby thie stbips pf:ay pr ogram f or
executing on a conputer, the program perform ng the functions 25

conprising: - determining the certerdsf!the Gitdle!6f the Qippexcdlbyeiias tHeludater ot riodad of hads
data related to the hierarchical structure
second layer or less,
5 constructing a circle, the length of whose radius is the radius of the circle of the

upper layer added to the radius of the inscribed circle constructed when calculating the radius
of the circle of the upper layer, and |

determining the intersection of the extensions of straight lines from the center of the
circle of the upper layer to the upper node and the constructed circle as the center of the circle

10  on which the nodes are arranged.

16. A graphical display method for hierarchical structure,é according to Claim 9 wherein
said graphical display of a hierarchical structure of the nodes is carried out by the steps of:
equally partitioning a center angle of the circle upon which nodes are arranged by the
15 number of nodes arranged on the same circle,
constructing an inscribed circle in the smallest area formed by this partition line and ‘
the display border line;
constructing a circle upon which nodes are arranged, the raciius thereof beiﬁg
determined as the distance from the center of the circle to the inscribed circle, or from the
20  radius of the iﬁscribed circle,
arranging nodes by equally partitioning the center angle according to the number of
arranged nodes,
constructing a circle whose radius is the radius of the circle of the upper layer added
to the radius of the inscribed circle, and determining the intersection of the exténsions of the
25  straight lines from the center of the circle of the upper layer td the upper nodes as the center

of a circle on which the nodes of the second layer and less are aﬁmged, and
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91 % ' of apparatuses and functions corresponding to branch points,

rélay points, and end points, and anal yses the input data,
a node arrangenent cal cul ation function which carries out cal cul ati on of
t he node arrangenment position fromthe results of analysis of said

data structure analysis function by 5 arrang:eng the nodes of the sane

| ayer subor di natepeatingttheprogessingdu sheosamelraanngnas tilabperpragessing for undisplayedi ng
the ellipses of the same | ower |layer on a concentric circle larger than the
el | i pse ofiodes. t he upper | ayer '

17. A graphical display method for hierarchical structures according to Claim 9 wherein:
5 said radius of a circle upon which said nodes are arranged is calculated based on the

number of nodes in the lower layers.

18. A graphical display method for hierarchical structures according to Claim 17 wherein
said calculation based on the number of nodes of the lower layer is carried out by the steps of:
10 partitioning the center of a circle on which nodes are arranged according to the ratio
of the nufnber of nodes of the lower layers subordinate to each node arranged on the same
circle, constructing an inscribed circle in the smallest area formed by the extensions of its
greatest partition angle and the display border line, making the radius of the circle upon which
nodes are arranged the length from the center of the circle to the inscribed circle, in the case
15 excluding the lowest layer, and
constructing an inscribed circle in the area formed by the extensions of each partition
aﬁgle formed when the nodes of the upper layer are arranged, and the display border line
making the radius of the circle upon which nodes are arranged the equal length of the radius

of its inscribed circle for the lowest layer.

20
19. A graphical display method for hierarchical structures according to Claim 9 wherein:
said position of the nodes of each layer on the same circumference upori is arranged
according to the partition angle calculated from the number of nodes of the lower layers of
each node. |
26
20. . A graphical display method for hierarchical structures according to Claim 19 wherein
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a lirnk connection calculation function which carries out calculation of the
4 nk ~connections show ng the connection rel ationships of said nodes
fromthe results of the -10 anal ysis @qb said data structure analysis
function and the node arrangement position of said node arrangement
cal cul ation function, and an i mage generation function

whi ch carsgidegraogémentastordingito theqfartition angieyeldubated ropyuthe number ofingdesef thet put
apparatus by using the results of calculation fromsaid node arrangenent

cal cul at ijg@ef Mpsdfeacpnsiesatatricd okt tyohserps ofh cal cul ation function. 15

50. A computer readabl e recording mediumon which is recorded a

hi erarchi cal st a
49 whi ch const ral'i}‘é giﬂ 6i‘he no dleB g%&\i;\ﬁﬁg h&?dgh%‘aﬁﬁioﬁ)ﬁn@fe%hﬁfﬁo%&ﬁhﬁi dalcullfingl ai m

the radius of the circle upon which nodes are arranged for the layers excluding the lowest

5 layer, and
arranging the nodes by partitioning according to the number of nodes arranged on the

same circle for the lowest layer.

21. A graphiéal display method for hierarchical structures according to Claim 9 wherein
10 said center of the circle upon which nodes are arranged among the nodes in thé second layer
or lower is carried out by the steps'of:
constructing an inscribed circle in ie area formed by the extensions of each partition
angle constructed when calculating the radius of the circle upon which nodes of the upper
layer are arranged and the d1splay border line, and
15 determining the center of said inscribed circle as the center of each circle upon which

nodes are arranged.

22. A graphical display method for hierarchical structures according to Claim 9 wherein
said graphical display of the hierarchical structure of nodes is carried out by the steps of:

20 partitioning the center of a circle upon which nodes are arranged according to the
ratio of the number of nodes on the lower layer subordinate to each node arranged on the
same circle, |

constructing an inscribed circle in the smallest area formed by the extensions of the
largest partition angles aﬁd the display border line, and constructing a circle upon which

25  nodes are arrénged calculating the radius of the circle upon which nodes are arranged to be

the length from the center of the circle to the inscribed circle,

[
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| ocus‘ tpon whi ch nodes are arranged by: said data structure
anal ysis function deternmning the ratio of the size of the ellipses of 20
each layer and the ratio of the mnor axges and nmmj or axis of the ellipse
used for node arrangenent in said node arrangenent cal cul ation
function based on the hierarchical structure of the anal yzed nodes,
and further detarangigthe nbdessicearding to He partitignedsaingle, each | ayer accordi ng
tot the display area, and wherei n sai d node arrangenent

cal cul ati on f unedpstucting anlinstribbeé dirsle ihthe aZéa formed by the@xtepsionsiof ¢l partition
| ocus cal cul ation unit which constructs an ellipse which is the

l'ocus forapld aRohe alspw%r&fr linB CandldRfeihirify Bie defitel 6f GdehiiMicHBEd cifdls'ad theO OF
greater than 1) based
center of each circle upon which nodes of the lower layer are arranged, and

5 repeating in the same manner said processing for any undisplayed nodes.

23. A graphical display method for hierarchical structures according to Claim 9 wherein:
the radius of the circle upon which the nodes are arranged is calculated based on the
number of layers in the lower layers.
10
24, A graphical display method for hierarchical structures according to Claifn 23 wherein
said calculation based on the number of layers in the lower layers is carried out by the steps -
of:
partitioning the center of a circle upon which the nodes are arranged according to the
15  ratio of the number of layers on the lower layer'subordinate to each node arranged on the
same circle, constructing an inscribed circle in the smallest area formed by the extensions of
the largest partition angles and the dispiay border line, and determiﬁing the length from the
center of the circle to the inscribed circle as the radius of the circle upon which circles are
arranged, for the layers excluding the lowest layers, and
| 2'0' constructing an inscribed circlg in the area formed by the extensions of each partition
angle formed when the nodes are disposed in the upper layer and the display border line, and
determining the length equal to the radius .of this inscribed circle as the radius of the circle

upon which nodes are arranged, for the lowest layer.

25  25. A graphical display method for hierarchical structures according to Claim 9 wherein

said position of the arrangement on the same circumference of nodes of each layer is carried
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92 - .~ the value determned by said data structure analysis function,

a node position calculation function which arranges the nodes on an ellipse
cal cul ated by said node arrangenent | ocgs cal cul ati on according to the
nunber of nodes subordinate to the sane node of the n[err] |ayer,
and 5 a layer arrangenent position calculation unit which
carries out using thelpattition anfsletdateulated from|thy sumberrad daysreeof the losver layies obgach
constructing a locus for the center of ellipses of the (n + 1)[err]

| ayer at nadeli stance where the n[err] layer and the (n + 1)[err] layer do

not overlap on the center of the ellipse of said n[err] |ayer, and
further . sai d node arrangenent | ocus cal culation unit
construct ellipses at a predeterm ned

26. A graphical display method for hierarchical structures according to Claim 25 wherein

5  said positioning using the partition angles calculated from the number of layers of the lower
layers of each of said nodes is carried out by the steps of:
positioning the nodes according to each partition angle formed when calculating the radius of
the circle upon which nodes are arranged for the layers excluding the low;:st lﬁyer, and
positioning the nodes equally spaced according to the number of nodes arranged on

10  the same circle for the lowest layers.

27. A graphical display method for hierarchical structures according to Claim 9 wherein
said center of the circle upon which the nodes of the second layer and below are arranged is _
carried out by the steps of:

15 constructing an _inscribt_ad circle constructed in an area formed by the extensions of
each partition angle formed when calculating the radius of the circle upon which the upper
layer nodes are arranged and the display border line, and

determining the center of the inscribed circle as the center of the circles upon which
the nodes are arranged. |

20
28. A graphical display method for hierarchical structures according to Claim 9 wherein
said .graphical display of the hierarchical structures of said nodes is carried out by the steps of:

partitioning the center of the circle upon which nodes are arranged according to the
ratio of the number of layers of the lower layers subordinate to each node positioned on the

25  same circle,

constructing an inscribed circle in the smallest area formed by the extensions of the
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10 *position for the first |ayer, and constructing an
el'lipse for the nferr] layer (mis an integer equal to or greater than 2)
whose size depends on the nunber of arr@gged nodes, and sets the center at

a position dependi ng on the nunber of nodes arranged on each ellipse
of the nferr] layer calculated by said | ayer arrangenent EOSi tion
cal cul at ilangestipattition angles and theafisplayyorderdines crmstr[letmg]a ¢isglenpgmwhich sire naidss
i nteger equal to or greater than 2). : A conput er readable

r ecor di nGrémaginged o deteirminingthe damptid fodmahe cartetrafhhc:anlrcls to the tinsceibed circle as
graphi cal display programaccording to Caim49 wherein the ellipse used in

or der |t O tBé FRARBAL the circle BpSiEFhieY tiAidded D ArRhEE!) AfdRIMngRY the|ndllé Adtordihg | S
acircle,.
to the positioned angle, and
5 - processing in the same manner as the above processing is repeated in the same

manner for undisplayed nodes.

29. A graphical display method for hierarchical structures according to Claims 1, 9, 17,
and 23 wherein when nodes of the upper layer and nodes two or more layers lower are
10  directly connected:
the nodes of the same layer subordinate to the same node are arranged on the same
ellipse, and |
nodes of the middle layers where there are parts for which corresponding nodes do
not exist in said layers because of direct connection between the upper and lower nodes are
15 arranged on ellip;es constructéd in the interior of node arranging ellipses of the lower layer

nodes.

30. A graphical display method for hierarchical structures according to Claim 29 wherein
when the nodes of the upper layer nodes and the nodes two or more layers lower are directly
20  connected, the graphical display method is carried out by the steps of:
| constructing an ellipse for the nodes of the same layer subordinate to the same node,
arranging the nodes of the same layer on the constructed ellipse when it is decided
that there are no middle layers where some nodes do not exist,
arranging the nodés of a lower layer on the constructed ellipse, constructing the
25  second ellipse in the interior of said ellipse, and arranging the nodes of the middle layer on

- said second ellipse when it is decided that there are middle layers where nodes do not exist,
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20 - 52 A conput er readabl e recording nmedi umon which is recorded

ahierarchical structure graphi cal display program according to
C aimb51 provided with: &g hode arrangenent | ocus
cal cul ation function which cal cul ates the | ocus on which nodes are

arranged by equally partitioning the center angle of a circle upon which
nodes ar eand25 arranged by the nunber of nodes arranged on the sane | ayer,
constructing an inscribed circle in the smallest area forned by this
partition |ine ddteniihigg®ikfedyr hotthet atd 416, undisplagad aodes] tepeating the above
93 _

processing if there are undisplayed nodes, and ending the processing if there are none.

5 31 A graphical display method for hierarchical structures according to Claims 9, 17, 23,
and 29 wherein when a plurality of hierarchical structures is bonnected, the graphical display
method is carried out by the steps of:

partitioning the display area of the display part by the number of unitary hierarchical
structures whose nodes of the highest layer are independent,
10 arranging nodes included in the same highest layer of each hierarchical structure on
the circumference of the ellipse drawn in the center of each display area for, and
arranging the nodes of lower layers on a concentric ellipse larger than the ellipsé of
the upper layer nodes, and arranging as near as possible the positions of nodes of the part
connecting other hierarchical structures. |
15
32. | A graphical display method fq; hierarchical structures according to Claim 31 wherein
the arranging the ellipses 6f each layer, and arranging the nodes on the same ellipse is carried
out by determining the position of the shortest distance on the ellipse to the partition line of
the display area as the base point, and arranging the nodes which connect with the other

20  hierarchical structures the ellipses of this upper layer on this base point.

33. A graphical display method for hierarchical structures according to Claims 9, 17, 23,
29, and 31 wherein said links showing the vertical relationships of the nodes are carried out
by branching at a position where straight lines issuing from the upper layer nodes do not

25  overlap the other links, and connecting them to each node of the lower layer.
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circle’upon which the nodes are arranged by cal cul ating the radi us of the

ci‘rcl e .upon whi ch nodes are arranged fromthe distance fromthe
center of the circle to the inscribed ciggle or the radi us of the
i nscribed circle, a node position cal culation function

whi ch cal cul ates the position on which nodes are 5 arranged by equally
partitiomdsg th& geaphicat displgly enetlivsioiod hierpreliieal strotteres atcordisig 4o laimiifestharnin
the circle calculated by said node arrangenent | ocus cal cul ation functi on,

and the branch point 8f sy Hhk$¢onaBES 6&htinoda bE tHedbwerat ke poindwhich Gelocatbdbss
t he | ayer arrangenent positions by fixing the center of the circle

upon whi CQstPﬁ%ﬁQin‘éffrdrﬁ‘ fhefcehiel of MYRNIipRE Whefe'thO A68Ls D said layer are dORREEEHThoed
position in the case of the first layer, and in the casé of the n[err]

| ayer (n \Eﬁaeﬁﬂoc}eé an%i)ﬁ‘ h{%%ﬂg%g Hfl'i‘és is%xﬁréé’ ?rggt @?hﬁ&e bFRB ubper 15 3P 16'GhbRGt R

i
concentric-circ ose radi
5 tangent to the ellipse of the lower layer.

35. A graphical display apparatus for hierarchical structures comprising:
_a data structure analysis unit which reads data related to the hierarchical structure of
apparatuses and functions corresponding to branch points, relay points, and end points
10  analyses the input data,

a node arrangement calculation unit which arranges the nodes of the same layer
subordinate to the same node on the same ellipse from the results of analysis of the said data
structure analysis unit, and carries out calculation of the node arrangement positions by
arranging ellipses of the same lower layer on concentric ellipses larger than the ellipse of the

15  upper layer,

a link connection calculation unit which carries out.calculation of the link
connections showing the connection relationships between said nodes from the results of the
analysis of said data structure analysis unit and the node arrangement positions of said node

. arrangement calculation unit, and
20 " an image construction .unit which carries out construction of the output image for
_ output to an apparatus using the calculation results from said node arrangement calculation

unit the said link connection calculation unit.

36. A graphical display apparatus for hierarchical structures according to Claim 35
25  wherein said node arrangement calculation unit is provided with:

a node arrangement locus calculation unit which constructs an ellipse which is the
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of adding'the radius of the circle of the (n - I)[err] layer calcul ated by
sai d node arrangenent cal culation unit and the radius of said

i nscribed circle, and determ ning the inggrsection of the st rai ght
line fromthe center of said (n - 1)[err] layer to each node of the (n -
1)[err] layer as the center of each circle upon which the nodes of
t he n[ er ripclisfoe arratging hiodes @ the n"layer (n is an integer equAl wosTgEteaer thantiptidsed on
recordi ng medi umon which is recorded a hierarchical structure

gr aphi cal thdivaRle A¢tep it B saracatdtiidnir® asdlpisudif Wherein sai d node _
arrangenment cal cul ation function calculates the radius of the circle

upon whi ch nod e% B@Jeep(ﬂftfoﬁ%fcqlalﬁﬂiﬁgg %iéﬂ"ﬁ-rarngg%%%(}eg SRR lifise eﬁgﬁgtl;eh ytelfa

| ower | ayers. mput er e recordi ng nedi umon

which is ﬁoe(féoarrrdaggcrﬁcrn ilgcru§ rcglull%ﬁbn 2&609&53 {¢°the number of nodes subordinate to each

5  node of the n™ layer, and
a layer arrangement position calculation upit which carries out calculation of the
layer arrangement p‘osifion by constructing a locus centered on the ellipse of said n™ layer for
the centers of ellipses of the (n + 1)" layer at a distance where ellipses of the n" layer and the
" (n + 1)" layer do not overlap, and further
10 said node arrangement locus calculation unit constructs ellipses which are the locus
of the node arrangement by:
constructing an ellipse in a prescribed positioﬁ in the case of the first layer, and
constructing an ellipse for the m" layer (m is an integer equal to or greater than 2)
whose size depends on the number of arranged nodes, and sets the center at a position
15  depending on the number of nodes arranged on each ellipse of the m" layer on the locus for
the center of ellipses of the m™ layer calculated by the said layer arrangement ;')ositioﬁ
calculation unit in the case 6f layers of the m™ layer (m is an integer equal to or greater than

2).

20 37. A graphical display apparatus for hierarchical structures according to Claim 35
wherein the ellipse used in order to arrange nodes by said node arrangement calculation unit

is a circle.

38. A graphical display apparatus for hierarchical structures according to Claim 37

25  wherein said node arrangement calculation unit is provided with:
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graphical ' di spl ay program according to C aimb51 wherein said node
arrangenent cal cul ati on function is provided with: - _ a
node arrangenent | ocus cal cul ati on functggon which partitions the center of
acircle 25 upon whi ch nodes are arranged according to the ratio of the
nunber of nodes of the | ower | ayer subordinate to each node arranged
on the sane ci rchade armngément tecuacalicnlation beitl whichadakeuiates the locus on which nodes
94 - the smal |l est area forned by the extensions of the |argest
partiti orareaghsgedty dqballyiparfitiaying dieckenter angle of a circle upon which nodes are
arranged by the number of nodes arranged on the same layer, constructing an inscribed circle
in the smallest area formed by this partition line and the display border line, and calculating a
5  circle upon which nodes are arranged by calculating the radius of the circle upon which nodes
are arranged from the distance from the center of the circle to the inscribed circle or the radius
of the inscribed circle,
a node position calculation unit which calculates the positions on which nodes are
arranged by partitioning the central angle according to the number of nodes arranged on the
10  circle calculated by said node arrangement locus calculation unit, and
a layer arrangement calculation unit which calculates the layer arrangement positions
by fixing the center of the circle upon which nodes of the first léyer are arranged at a
predetermined position in the case of the first layer, and in the case of the n" layer (n is an
integer equal to or greater than 2), constructing a concentric circle whose radius is the radius
15  of the circle of the (n - 1)™ layer calculated by said node arrangement locus calculation unit
added to the radius of said inscribed circle, and determining the intersection of the straight

line from the center of said (n - 1)™ layer to each node of the (n - 1)" layer as the center of

each circle upon which the nodes of the n" layer are arranged.

20 39. A graphical display apparatus for hierarchical structures according to Claim 37
wherein said node arrangement calculation unit which carries out calculations of the radius of

the circle upon which nodes are arranged based on the number of nodes of the lower layer.

40. A graphical display apparatus for hierarchical structures according to Claim 37
25  wherein said node arrangement calculation unit is furnished with:

a node arrangement locus calculation unit which partitions the center of a circle upon
R,
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| i ne, “and cal cul ates the | ocus which arranges nodes by constructing a

oLrCIg upon whi ch nodes are arranged by cal culating the radius of
the circle upon which nodes are arrangeg7as the |l ength fromthe
center of the circle to the inscribed circle, a node position

cal cul ation function which arranges the nodes accord| the
parti t i owhithawgeeamanahgedacceidingtalthetatioed thsnuselie Oﬁoqgesaf therlgwerlayen ocus
calculation unit, and a |layer arrangenent position

cal cul at klﬂmfdiumttb eachwivide arramgedwinathe sarhédreirdleyoenstructs an inseribed gaokerin theosi t i on
by fixing the center of the circle upon which nodes of the first |ayer are

ar r angedgapliést B8 @6y By 16l e RedidnsOT thellatdest gaatordngldiend the displagberderand i n
the case of the n[err] "10 layer (n is an integer equal to or greater than

2), cons lﬁycahg Relicila ﬁéﬁ ieh %fr%ﬁ%éé’fh?aé‘s Eféﬁddéucu nga cirdlSugdSwhies Hb&esof

adding the ' radius o C|rc err] [ayer cal cul ated by

o esrporst R P CHLE RO g 2o
length from the center of the circle to the inscribed circle,
a node position calculation unit upon which arranges the nodes according to the
partitioned angle on the circle calculated by said node arrangement locus calculation unit, and
a layer arrangement position calculation unit which calculates the layer arrangement
10  position by fixing the center of the circle upon which the nodes of the first layer are érranged
on a predetermined position in the case of the first layer, and in the case of the n" layer(n is an
integer equal to or greater than 2), constructing a concentric circle whose radius is the result
of adding the radius of the circle of the (n - 1)" layer calculated by said nodé arrangement -
locus calculation unit and the radius of said inscribed circle, and determining the intersection

15  of the extensions from the center of the circle of said (n - 1)" layer to each node of the of the

(n - 1)" layer as the center of each circle upon which the nodes of the n™ layer are arranged.

41. A graphical display apparatus for hierarchical structures according to Claim 37
wherein said node arrangement calculation unit calculates the radius of the circle upon which

20 nodes are arranged based on the number of layers of the lower layer.

42, A graphical display apparatus for hierarchical structures according to Claim 37

wherein said node arrangement calculation unit is provided with a arrangement locus

calculation unit which calculates the locus upon which nodes are arranged, a node position
25  calculation unit which calculates the p_ositidn upon which nodes are arranged, and a layer

arrangement position calculation unit which calculates the arrangement position of the layer,
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i nterSection of the extensions fromthe center of the circle of said (n -
I)[err] layer to each node of the (n - 1)[err] layer as the center
of each circle upon which the nodes of g&e n[err] layer are 15 ar r anged.
S5. A conput er readabl e recording nediumon which is recorded a .
hi erarchical structure graphi cal display programaccording to Caim
51 wher eamd whemimode arrangenent cal cul ation function cal cul ates the
radi us of the circle upon which nodes are arranged based on the 20
nunber of | ayessidabdé eardgement loaysratculation unit whiblbcalculatés theripaitsarpon eddetbl e
recordi ng medi um on which is recorded a hierarchical structure
nodes are arranged, in the case of the first layer by partitioning the center of the circle upon
which nodes are arranged in proportion to the number of layers of the lower layer subordinate
5 - to each node positioned on the same circle, constructing an inscribed circle in the smallest
area formed by the extensions of the largest partition angle and the display border line, and
constructing a circle upon which nodes are arranged by calculating the length from the center
of the circle to the inscribed circle as the radius of a circle upon which nodes are arranged,
and in the case of the m™ layer (m is a integer equal to or greater than 2), by constructing a
10 circle by calculating the radius from the constructed inscribed circle by said layer
arrangement position calculation unit,
said node position calculation unit which arranges nodes on a circle calculated by
said node arrangement locus calculation according to the partitioned angle in the case of the
first layer, and in the case of the p" layer (p is an integer equai to or greater than 2) partitions
15  the center of the circle constructed by said node arrangement locus calculation unit according
to the ratio of the number of layers of the lower layers subordinated to each node arranged on
the same circle, and arranges the nodes on the circle according to the partitioned aﬁgle, and
said layer arrangement position calculation unit calculates the arrangement position
of the layer by determining the center of a circle upon which the nodes of the first layer are
20  arranged at a predetermined position in the case of the first layer, and in the case of the n"
layer by constructing an inscribed circle in the area formed by the display border line and the
extensions of each partition angle of the (n - 1)" layer by said node arrangement locus
calculation unit or node position calculation unit, and by determining the center of each
inscribed circle as the center of each circle upon which nodes are arranged.

25

43, A graphical display apparatus for hierarchical structures according to Claims 35, 37,
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graphical display programaccording to Caim51 wherein said node

arrangenent cal cul ation function is furnished wth: 25 an
arrangenent | ocus cal culation unit whiclggcal cul ates the | ocus upon which
nodes are arranged, a node position calculation unit which

cal cul ates the position upon which nodes

95 39aamel 4twlenejadaidarode arrhugesrenticalargiéomevrtit, pnﬂxetoasmhefaﬂmmmt lager uni t
whi ch cal cul ates -t he arrangenent position of the layer, and wherein

3 Slog nNod ot IIBRHT Bbnie2fdlo aabde! tv bomofe lagérs belowhi ch cal cul ates the | ocus
arranges on the same ellipse nodes of the same layer subordinate to the same node,
and
5 arranges the nodes of the middle layer for which part has no nodes corresponding to

' the relevant layer when the nodes of vertical layers are directly connected on an ellipse

constructed in the ellipse upon which nodes of the lower layer are arranged.

44, A graphical display apparatus for hierarchical structures according to Claim 43
10  wherein said node arrangement calculation unit: |
constructs an ellipse with its object being the nodes of the same layer subordinate to
the name node,
determines whether there is a middle layer whose nodes have no nodes in one part,
arranges nodes of the same layer on the constructed ellipse in the case that it is
15  determined that there are no layers without nodes in one part, and
arranges nodes of the lower layer on the constructed ellipse, constructs a second
ellipse in said ellipse, and afranges the nodes of said middle layer on the second ellipse in the

case that it is determined that there are layers without nodes in one part.

20 45. A graphical display apparatus for hierarchical structures according to Claims 35, 37,
39, 41, and 43 wherein said node arrangement calculation unit, in the case of a plurality of
hierarchical structure is connected:

partitions the display area of the display part by the number of unitary hierarchical
structures in which the upper layer nodes are independent,

25 arranges on the circumference of an ellipse drawn on the center of each display area

in the case of the nodes included in the highest layer of each hierarchical structure, and
[ —
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whi th 'nodes are arranged, in the case of the first layer by partitioning
the center of the circle 5 upon whi ch nodes are arranged in proportion
to the number of |ayers of the |ower |aygy subordi nate to each node
positioned on the sane circle, constructing an inscribed circle in the

smal | est area fornmed by the extensions of the |argest partition angle and

t he di spl ay boraeanges at nearebt positions theamdss ofitht pan canmzicting thegtiter hidrarchicalode s
are arranged by calculating the length from the center of the circle

to the i ngaichikéin@uéich Waz$hdt lAedésastithislobfer ldyersiré Siréngef Of aWdhcentmOElEipsear e
10 arranged, and for the nferr] layer (mis an integer equal to or

great er tjaaRr thaniile BPSKIITYRL i’ayer in the c&derdf 'tl?e e 8f fowedldyes. t he radius

fromthe constructed |nscr|be circle by said I|ayer ar r angenent
posi tion cal cul ati on functi on, sai d node position
cal cul ation unit arranging nodes on the circle calculated by said

P 3ﬁ§t i (r);]a o(ra n”;a % g‘tal 1spl%'J af)iﬁa'ra us fr 1 Cl)errgrcﬁgalt s?rut % aac%rldgﬂgotg%ﬂai?rp %
wherein said node arrangement calculation unit determines the position closest to the partition
lines of the display area as a base point, and arranges on the basé point the nodes the other
hierarchical layers or their upper layer ellipses when arra_nging the ellipses of each layer or
whén arranging the nodes on the same ellipse.

10
47. A graphical display apparatus for hierarchical structures according to Claim 35, 37,
39, 41, 43, 45 wherein said link connection calculation unit is provided with:
a link branch position calculation unit which branches straight lines issuing from the |

nodes of the upper layer at a position where they do not overlap with other links, and connects

15  each node of the lower layer.

48. A graphical display apparatus for hierarchical structures according to Claim 47
wherein the branch point of said links connects each node of the lower at the point which is
located on a straight line from the center of the ellipse where the nodes of said layer are

20 connected to the upper node, and on the siraight line issuing from the node of the upper layer

to where it is tangent to the ellipse of the lower layer.

49, A computer readable recording medium on which is recorded a hierarchical structure
graphical display program for execﬁting on a computer, the program performing the functions
25  comprising:

a data structure analysis function that reads data related to the hierarchical structure

R




15 ' I"ayér, and for the p[err] layer (p is an integer equal to or greater
than 2) partitions the center of the circle constructed by said node
arrangenment | ocus cal cul ation function aggcording to the rati o of the
nunber of layers of the |owers | ayers subordinate to each node arranged on
t he sanme circle, and arranges nodes on this circle according to the
partiti onafthppamgtuses amxhfinctions corresponding to brandh peipts; reday poigtspandtendpoints, and

cal cul ation function cal cul ates the arrangenent 20 " position of the

| ayer, byardfses therihpig dafag center of a circle upon which nodes of the first

| ayer are arranged at a predetermned position in the case of the

first layer, angnéde dehi@gémen cafculalién MiRXibh which carriésit@ EalbilaGON6 thy abddg an
inscribed circle in the area formed by the display border line and said

node pos 'dzh-lé | %C@gﬁt?sﬁsﬁ?'g%ﬂf et resuda &f Qﬂalgﬁg 6f J‘Heﬂg ﬁ'ﬁfﬁu&%ﬂv\lﬁl&s ‘flf.\nc’?igﬁ liBy

I nscri be center eac C|rc e upon I ch es’are
arr an%ed. arranging the nodes of the same layer subordinate to the same node on the same ellipse and

arranging the ellipses of the same lower layer on a concentric circle larger than the ellipse of
the upper layer
a link connection calculation function which carries out calculation of the link
connections showing the connéction relationships of said nodes from the results of the
10  analysis of said data structure analysis function and the node arrangement position of said
node arrangement calculation function, and
an image generation function which carries out construction of the image for output
to the output apparatus by using the results of calculation from said node arrangement
calculation function and said link connection calculation function.
15
50. A computer readable recording medium on which is recorded a hierarchical structure
graphicél display program according to Claim 49 which constructs an ellipse which is the
locus upon which nodes are arranged by:
said data structure analysis function determining the ratio of the size of the ellipses of
20  each layer and the ratio of the minor axis and major axis of the ellipse used for node
arrangement in said node arrangement calculation function based on the hierarchical structure
of the analyzed no&es, and further determining the size of the ellipses of each layer according
tot the display area, and
wherein said node arrangement calculation function is furnished with:
25 a node arrangement locus calculation unit which constructs an ellipse which is the

locus for arranging nodes of the n™ layer (n is an integer equal to or gréater than 1) based on
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25 - " ' BT, A conputer readable recording nmediumon which is recorded
a‘hierarchical structure _
96 gr aphi cal display program accoggling to Cains 49, 51, 53, and 55
wherei n sai d node arrangenent cal cul ati on function:
arranges nodes of the sane |ayer subordinate to the sane node on the sane
el | i pse the valuewhtenmirted byspishdatastecture dealysis fundtiomsct | y connected to the
nodes 2 or nore |ayers bel ow, and 5 arranges the nodes of the
m ddl e | ayer whenedeagitionavaitulavion funttids svicleartinges theynodes on an ellipse
calculated by said node arrangement locus calculation according to the number of nodes
subordinate to the same node of the n™ layer, and
5 a layer arrangement position calculation unit which carries out calculation of the
layer arrangement positions by constructing a locus for the center of ellipses of the (n + 1)*
layer at a distance where the n™ layer and the (n + 1)" layer do not overlap on the center of the
ellipse of said n™ layer, and further
said node arrangement locus calculation unit construct ellipses at a predetermined
10  position for the first layer, and
constructing an ellipse for the m™ layer (m is an integer equal to or greater than 2)
whose size depends on the number of arranged nodes, and sets the center at a position
depending on the number of nodes arranged on each ellipse of the m™ layer calculated by said

layer arrangement positiori calculation unit in the case of layers of the m" layer (m is an

15  integer equal to or greater than 2).

51. A computer readable recording medium on which is recorded a hierarchical structure
graphical display program according to Claim 49 wherein the ellipse used in order to arrange
nodes by said node arrangement calculétion unit is a circle.
20
52, A computer readable recording medium on which is recorded a hierarchical structure
graphical display program according to Claim 51 provided with: |
a node arrangement locus calculation function which calculates the locus on which
nodes are arranged by equally partitioning the center angle of a circle upon which nodes are
25 arranged by the number of nodes arranged on the same layer, constructing an inscribed circle

in the smallest area formed by this partition line and the display border line, and calculating a
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" connecdted and there are parts without nodes corresponding to said |ayer on
an e€llipse constructed by the function in the arrangenent ellipse of
t he | ower nodes. 58. A compugger readabl e recordi ng medi um on
which is recorded a hierarchical structure 10 graphical display program
according to Cl aimb57 wherein said node arrangenent cal cul ati on

f unct i on: circle upon which the nodse art artanged byncal¢ulating-theiradiug efshe pirde uporewhight he

nodes of the sane | ayer subordinate to t he sane node,
det er m nesodeb atderranpédfrom the distandel frem thy eentedafthe ciocle o the imsotibéxbeiecleorths i n
one 15 part, arranges nodes of the sane |ayer on the

const r uct gdildfitsiasdribel RRclease that it is
a node position calculation functioh which calculates the position on which nodes are
5  arranged by equally partitioning the center anglé according the number of nodes arranged on
the circle calculated by said node arrangement locus calculation function, and
a layer arrangement calculation unit which calculates the layer arrangement positions
by fixing the center of the circle upon which nodes of the first layer are arranged at a
predetermined position in the case of the first layer, and in the case of the n™ layer (n is an
10  integer equal to or greater than 2), constructing a concentric circle whose radius is the result
of adding the radius of the circle of the (n - 1)" layer calculated by said node arrangement
calculation unit and the radius of said inscribed circle, and determining the intersection of the
straight line from the center of said (n - 1)" layer to each node of the (n - 1)® layer as the

center of each circle upon which the nodes of the n™ layer are arranged.

15
53. A computer readable recording medium on which is recorded a hierarchical structure
graphical display program according to Claim 49 wherein said node arrangement calculation
function calculates the radius of the circle upon which nodes are arranged based on the
number of nodes in the lower layers.

20

54. A domputer readable recording medium on which is recorded a hierarchical structure
graphical display program according toﬂ Claim 51 wherein said node arrangement calculation
function is provided with:
a node arrangement locus calculation function which partitions the center of a circle
25  upon which nodes are arranged according to the ratio of the number of nodes of the lower

layer subordinate to each node arranged on the same circle, constructs an inscribed circle in
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deterifinéd that there are no | ayers without nodes in one part, and
~arrdnges nodes of the lower |ayer on the constructed ellipse, constructs a
second ellipse in said ellipse, aad arranges the nodes of the mddle
| ayer on said second ellipse in the 20 case that it is determ ned that
there are mddle | ayers without nodes in one part. 59.

conput er thesmdalbdstaree farnutidiby the cktemsions offtheclargest pastitionangleard the dlsphlycbarder
structure graphi cal display programaccording to Cains 49, 51, 53,
55 and 57inshasdcabculates the docus s¢hicH areanges nodes ply woadtiucsingé chréle mpor ihichl nodes
structures are connected, said node arrangenent cal culation function: 25

partiti onge hﬂ&%ﬂ%@'oﬁl&uﬁiﬁﬁ 118 rafiidg of thieltirdle dpoRGHHilinddes afcartnpbd is e
unitary i erarchi ca structures in which the nodes of the highest
layers argndih fOREMEBAter of the circle to the inscribed circle,
5 a node position calculation function which arranges the nodes according the
partitioned angle on the circle calculated by said node arrangement locus calculation unit, and
a layer arrangement position calculation function which calculates the layer
arrangement position by fixing the center of the circle upoh which nodes of the first layer are
arranged on a predetermined position in the case of the first layer, and in the case of the n™
10 layer (nis an integer equal to or greater than 2), constructing a concentric circle whose radius
is the result of adding the radjus of the circle of the (n - 1) layer calculated by said node
arrangement locus calculation unit and the radius of said inscribed circle, and determining the
intersection of the extensions from the center of the circle of said (n - 1)" layer to each node

of the (n - 1)™ layer as the center of each circle upon which the nodes of the n™ layer are

15  arranged.

55. A computer readable recording medium on which is recorded a hierarchical structure
graphical display program according to Claim 51 wherein said node arrangement calculation
function calculates the radius of the circle upon which nodes are arranged based on the

20 number of layers of the lower layers.

56. A computer readable ‘recording medium on which is recorded a hierarchical structure
graphical display program according to Claim 51 wherein said node arrangement calculation
function is furnished With:‘

25 | an arrangement locus calculation unit which calculates the locus upon which nodes

are arranged, a node position calculation unit which calculates the position upon which nodes

| 0




97 ‘;.‘ ‘ _ arranges on the circunference of an ellipse drawn at
the ‘center of each display area . in the case of nodes included in the
hi ghest | ayer of each hierarchical strugsure, and arranges
at nearest positions nodes of the part connecting the other hierarchical
structures in such a way that the nodes on the |ower |layers are arranged on
a concentard arrasigedpand a lager arlangeyeent phsition halcelatiompunit whichigalculaesitheé ayer in
t he case of nodes of |ower |ayers. 60. A conput er readabl e
r ecor di ngurangément osition ofithedayes,cantl dwtttrain hi er ar chi cal structure '
said node arrangement locus calcuiation function which calculates the locus upon
which nodes are arranged, in the case of the first layer by partitioning the center of the circle
5  upon which nodes are arranged in proportion to the number of laye.rs of the lower layer
subordinate to each node positioned on the same circle, constructing an inscribed circle in the
smallest area formed by the extensions of the largest partition angle and the display border
line, and constructing a circle upon which nodes are arranged by calculating the length from
the center of the circle to the inscribed circle as the radius of the circle upon which nodes are
10  arranged, and for the m™ layer (m is an integer equal to or greater than 2) by constructing a
circle by calculating the radius from the constructed inscribed circle by said layer
arrangement position calculation function,
said node position calculation unit arranging nodes on the circle calculated by said
node arrangement loc.:us calculation according to the partitioned angle function for the first
15 layer, and for the p" layer (p is an iniegqr equal to or greater than 2) partitions the center of
the circle constructed by said node arrangement locus calculation function according to the
ratio of the number of layers of the lowers layers subordinate to each node arranged on the
same circle, and arranges nodes on this circle according to the partitioned éngles, and
said lziyer arrangement position calculation function calculates the arrangement
20 position of the layer, by determining the center of a circle upon which nodes of the first layer
are arranged at a predetermined position in the case of the first layer, and in the case of the n"
layer by constructing an inscribed circle in the area formed by the display border line and said
node position calculation unit, and by determining the center of each inscribed circle as the

center of each circle upon which nodes are arranged.

2b

57. A computer readable recording medium on which is recorded a hierarchical structure
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graphf’cal display programaccording to C aim59 wherein said node
arrangenent cal cul ation function determ nes the position closest to
the partition lines of the display areaggs a base 10 point, and arranges
on the base point the nodes which connect with the other hierarchical

| ayers or their upper |ayer ellipses when arranging the ellipses of each

| ayer or guipnical display programgicogrdingtor(Caians 49 51 1%3, sndrf5 sthereirssaid node 61.
A conput er readabl e recordi ng nedium on which is recorded a hierarchical

st ruct ur exrrahBemeitapltulation dumpibay program according to daim49, 51, 53, 55,
57, and 59 wherein said link- connection cal culation function is

provi ded W th: arranges nodes of the saifie ldyeKsubopdifidte R ficlshPB noaé 64/ thisami cllipaet i on
whi ch branches straight lines issuing from
when the upper layer nodes are directly connected to the nodes 2 or more layers below, and
5 arranges the nodes of the middle layer where upper and lower nodes are directly

connected and there are parts without nodes corresponding to said layer on an ellipse

constructed by the function in the arrangemeﬁt ellipse of the lower nodes.

58. A computer readable recording medium on which is recorded a hierarchical structure
10  graphical display program according to Claim 57 wherein said node arrangement calculation
function: |
constructs an ellipse with its object being the nodes of the same layer subordinate to
the same node,
determines whether there is a middle layer whose nodes do not have nodes in one
156  part,
arranges nodes of the same layer on the constructed ellipse in the case thét it is
determined that there are no layers without nodes in one part, and
arranges nodeé of the lower layer on the constructed ellipse, constructs a second
ellipse in said ellipse, and arranges the nodes of the middle layer on said second ellipse in the

20 case that it is determined that there are middle layers without nodes in one part.

59. A computer readable recording medium on which is recorded a hierarchical structure

graphical display program according to Claims 49, 51, 53, 55 and 57 wherein, in the case of a

plurality of hierarchical structures are connected, said node arrangement calculation function:
25 partitions the display area of the display function by the number of unitary

hierarchical structures in which the nodes of the highest layers are independent,
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nodes~of "t he upper layers at a position where they do not overlap with
othé&r links, and connects each node of the |lower layer. 20

62. A conput er readabl e recordi ng nedszum on whiech is recorded a

hi erarchi cal structure - graphical display programaccording to Caim
61 wherein said |ink branch position ~cal cul ation function connects
each node of t lagrangesson thegircumbierdnceof i eldipse diawaiay the dentee ofieach display area
position up to where the straight line issuing fromthe node of the upper

| ayer nedhshd dse olfodes éhdludeddn te Hifleest ayer ofl eayle hieparchibe seuctategbnd | i ne

connecting the center point of the circle upon whi ch the nodes of
the layer are aifaap&ed neidstigositioRPRGdes @f the paboRAERIG thd\therliBrafdiel Of
structures in such a way that the nodes on the lower layers are arranged on a concentric ellipse

5 larger then the ellipse of the upper layer in the case of nodes of lower layers.

60. A computer readable recording mediu;n on which is recorded a hierarchical structure
graphical display program according to Claim 59 wherein said node arrangement calculation
function determines the position closest to the partition lines of the display area as a base

10  point, and arranges on the base point the nodes which connect with the other hierarchical

| 'layers or their upper layer eliipscs when arranging the ellipses of each layer or when

arranging the nodes on the same ellipse.

61. A computer readable recording medium on which is recorded a hierarchical structure
15  graphical display program according to Claim 49, 51, 53, 55, 57, and 59 wherein said link
connection calculation function is provided with:

a link branch position calculation function which branches straight lines issuing from
nodes of the upper layers at a position where they do not overlap with other links, and
connects each node of the lower layer.

20
62. A computer readable recording medium on which is recorded a hierarchical structure
graphical display program according to Claim 61 wherein said link branch positibn
calculation functidn connects each node of the lower layer by branching a straight line at a
position up to where the straight line issuing from the node of the upper layer meets the

25 ellipse of the lower layer on the straight line connecting the center point of tﬁc circle upon

which the nodes of the layer are arranged and the upper node, and connecting each node of
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the lowef layer.
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