Vol. 35 No. 5 PRI S & R May 1994
HEMORFANE RCESHEREROERZE

@« K X M & B E T OE H B

SEBETREERT 30 OERIY R F 413, B, 55030 - BHITERLTEYD, chdiBEL,
WEBENPRECET A8 ERNBELROHATONS. Lal, X0THRISEEkom E42ERT 31K,
ERBEOER, BELRMUCIBELTIETIXENLEINS. FCT7o0—F 45— PV RF ABRNO &
DR RICR C O ENMBEL SN B, HEROERY X7 ATOFE TR R+FTH 7. LT
bhbhid, WEHBREZFERNELEUT, REMOBRIER U EXBEEH-> 2 NHOERY X T &
DOGS %M L7z, DOGS TRIFREL» LD, HEHOMBEFREEOMTL ~vOBK RB5TK, £h
SAEBIZULERL ~VOBFRO, SHETHrOWRNRIEREARCLTED, (ENE0ERE kI 257
LIEABCERZFEBLTOS. COBEV A VOBRRERECL - TERINELOTHD, EREOK
ROBRUELERT LB, WAERRMTELEOIERT a2 52 ZELcdDTHS. DOGS T, £
REOERERKMT 20 OMiEE LT, ERINCEROREBIELBELTEY, chicl v RENTE
WIBESEBR SN TS, &7z, DOGS TR, 15Ol EIc Ui, MANIZROIERICHER) &% 2
SNBRPAT v PBIERRAZ AV EREL TV B, KBRXTE, COWMELLTa rZLTFYRFA
DOGS B 3 KB kL £ OBEEIC OV THLU 5.

A Drawing Support System with Geometric
and Conceptual Relations among Objects

Fumikazu KanenArAT, SuiN'icur Saton!t and Takasar Hamapa't

Recently, application softwares to draw figures are used in many fields. These drawing
systems have many functions that enable users to draw figures precisely and easily. How-
ever, it is desirable to provide users’ intentions directly to systems in order to realize
practical drawing systems, especially to realize systems for conceptual figures, e. g., flow
chart figures, system architecture figures and so on. So, due to this viewpoint, we propose
the drawing system DOGS focused on relations among objects in figures. Using DOGS,
users can give graphical indications explicitly as relations among objects to the system.
Thus, users can provide their intentions precisely to the system. Given relations reflecting
users’ intentions are preserved to offer flexible modifications of drawing. DOGS can deal
with two kinds of relations, primitive and macro relations. The primitive relations rep-
resent geometric relations among objects. In our embodiment, seven primitive relations
are implemented in DOGS. The macro relations are obtained as conceptual relations.
They are defined by users as combinations of some geometric relations. The macro rela-
tions express highly structured relations, i. e., relations much closer to users’ concepts, while
the primitive relations provide only primitive geometric relations. DOGS provides bot-
tom-up style of drawing process. First, users give some primitive graphical objects, then
indicate relations between these objects and modify them preserving relations, which repre-
sent users’ intentions. Therefore, DOGS realizes proper drawing process for conceptual
figures.
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Table 1 The tendency of figures drawn.
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BEOCEBRBELA T Y27 PKHULTARIRBC
EEHIMBETHRT 3. FIAE, HIEHOATY =
7 MR LTI, = HHod Interval B{E & Vertical
Align BIRRERLEBALBROTRBICKILT 3 C
&,

RIC, =247 Y =7 FDERIC z, ¥y FADT
DOEHBEEAEES. chicky, BzE, = HA
@ Interval BAERMSIELINE LD BAT V27
FOEMALTD, 2BEAEEL TR yEBEDOE
METHETH 20T, yHAOEMICHT ZERICH
LTS TE R it 3.

F7, —DO0AT Vs P BEROBERICED-T
Wi, 2hoONER, —DOHBEN—EIE
F&N B Circularity fEE Align BEBREEELT
75 . Circularity B3RICDWTIL, B iCiz—EICk
T oY, EEOHA L, HWERCBY 28BL
BT, Circularity BREHATHNE A7 V=27 A
T O ERRRIEARETHE2 LI LTINS,
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Ud LEIREEELZBL 2205 DRAFED BRI
TRIOOT, DOGS i, LEROX i, BERHH
BEDL FEAICHTIZRIBINTIIN S, B
LY R — I LTHRYD. #0700, MBERT RS
BEROANZ, TTHEIRZX Sk Uk, i
U, FBEOL S ROEAKRETFEROHEO S &
TE2ICHIBRLTNA.

4. DOGS 2 & 3 ERH

ABETIREERO DOGS TOERMEET S KT
1, A7V FOWHER, Zhdices oBE
VI7 4 TEBREERTECETR ATy TR
RENIKTHS. UTeRTicashs8BEEFEH
Iz~ oBEROEHERAR L LT [BERE (£7
Sl MG ATV V& )] OERTRT.
(a) Data flow (Dictionary, parsing,

extract, ELLIPSE)

(b) Data flow (input, extract, matching,
select 1, select 2, decide order,
append, decide range, output)

(¢) Equal (index, keyword, feature)

(d) Multi-reference (matching, decide order,
append, decide range, &, ELLIPSE)

(e) Include (index, keyword, feature, ELLIPSE)

(f) Top Align (Dictionary, input)

define (“Data flow”, 2-1, 'data flow’,

“Select Flow Order without &”,

[[y-interval, [ 117,

[v-align, [ 173,

[connect, [1, acyclic],

[0, 1, startend, orthogonal, bottom-top]]1]).
define (“Equal level”, 1-2, ’equal level’,

“No necessary using &”,

[[y-interval, [all]],

[v-align, [all}1]).

define (“Multi-reference”, 9-1,

’multi-reference’, “One Host & Clients”,
[[connect, [1, 2],
[0, 2, both, straight, center-center]1]).

2 ZT ELLIPSE {IA 7Yz 7 b “index”, “key-
word”, “feature” ZFHA TV AEANEDT & TH
5. bEoBEfoth T, (a)~(d)id~= 7 o BE,
(e), ()RFVIF47EBTHS. T, “in-
dex”, “feature”, “keyword” O=2DF TV x 7 b
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F—D20RFBEMKICHD, Z0OHEH ELLIPSE
i3, £LC, oA 7V PECO
ELLIPSE &—D20DRBBERERKATHS.

4, A7V 22 b “Dictionary” ZZEFHIC
BEIE L, BRREOBERLENTOLN
T, B8 IKRENBBEDICILS.

5. FF i

DOGS DFiRT Z#teid, SHRITEM L~
OER MEVAVOBEFROEA, choOBE
ROEENCURIZIER, Z OHERORE,
BLUOTH G OBEEIC L 2ERBEROIZDD
R b LTy FHIRERAR & A VOBRHTH 3.
AETE, THLOFRACDOTOFMETT
9.

IR E, ENRICRBIN T 35
AR A AEEIC 30 HRY LT, DOGS M3k >
BgA R, RRICEETN TV IBERORE
PRTHIEL LS, —DORHI Y T, &
TV =7 M 18.2, MEREEER 16.9, EFIER
4.4, TERRBELR 2.0, AABER 1.7 L0IHKRE
28k, AETIR, COETEINIFLENE
EHWIEBROBAR R LT 5. FIZ
BT, #7Y=2 16, EEBEEG 15 &
FIBafR 4, MREAKRS, SRB/R1THD, ¥
BRSBARICENE WL 5. DB OFMmTE,
EIZ OFHHIBHBEOBARERNR LT 5.

5.1 BERICTSHHM

%9, DOGS oRIEMOERICET %k
OFARICHTIEHEART, 8AFIITHN
TERHMES 2. BfROIETRE X O RERRKIC LD,
DOGS B0 IB4A, RTHOK8 D FHE
BIELBBHBRELRITITA 5. % 7, “input”
5 “output” FTOERMOME LS 7
BAL, 1HOBRETITLS. #HROERY R
FaxAVES, BET L RMNOERE R
BISEOHBAENMKEICIE S, HlAIE Mac
Draw 2B LGS, K715 8 ~DREED
fedicld, il b -y sSigE1HE,
BERAE 1 [, SO RS O BRI 4 [0 3.
8, BREHAE LI EVESR, DOGS T
i, ZOBREEIRT A2EREEINIT L.

i, 2w/ uBEBREHNT, DR ERE
B TOERDHETHS. RTTIR, 48T

NEEORMN S X CHANBERZAVLERIE 905

[Eocs )|

decide range

3

El 1]

! Selectsl & l Move i

[ I Connect § X-int Y-int X-dist Y-dist
Module § Line fRectangle Include | Class ] C-align § H-align § V-align
Text Circle § Ellipse Circular | T-align § B-align § R-align § L-align

Data flow
Select Flaw Order without & Macro I Next i

[ Modute Pastern | [ Brush Pavtern I ‘Cnnnectl’aueml [ Showp | [ showm {

7 DOGS OfeR# (1)
Fig. 7 An example of drawing by DOGS (1).

DOGS ]

1

[ ]

] Selects ' & l Move !

L M comnest | xcim | vt X-dist § Y-dist
[ Moaute | vLine fRectanglef | [“include | Class [ C-align | Hoclien V_alion |
|_Text [ circle { Entipse { | { Circular T-align | B-align § R-align | L-alien

Data flow
Select Flow Order without & Macro i Next i

Module Pauemj] IBmsh Pattern —{ [Cunnect?amm [Lshowp | [ showm |

5 8 DOGS ofeR#l (2)
Fig. 8 An example of drawing by DOGS (2).
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Bfo ki, BFROEREEE, Data low B2
@], Multi reference B{% 1[a], Equal BER1E, 7
Y3574 TEKR2EITH S, HlZ 12 Data flow BIfR
ik “input” 5 “output” I TOEE & EkA
—FELUTHETES. d, HEOERY —rTid
-7 BETH B, chickd, DOGS Dikheds,
FICHARDOERICBNT, ERERER . BE
T, BBV ASVICETUBASTERIR & 4 vt
THLEDbrB.

5.2 (A4 OEER LUMREICDOINT

UL, COXSSBRIICET 2B ER Y

ZFLABEEINTHES. UT, 205 E0OhEET
9.
% 2(2 DOGS &t ER Y 2 7 4 & OBEER ICE
DAHHBETH L. HBOXRE LTI, HEL~L
DdDE LT Key3, WRENTHEHDELT Mac
Draw II 2By kW /z. UTRBPOHEB K Z » THHA
Y

(1) BAfRoIEE: Y T, flik v & DOGS s
ZHRICBEARERZ 5.

(2) BRoiIETAL: BERESE, BEEHEER
THERE, *—-FORRICKT AREMENRS 5. R
FfeRid, 2 —YOBRNARRRIEETE S —F, #
VEDSEERES L SHMICE B, Key3 Tid, k-
BEBRICELTEERREATT O, BEMICHILN
T BER, BR, OREONBICAE LEEbE
AHEBAIERINS. CHICEI P ERER S IND
&, COEIBERBOTTRESKELLEEELD
N3, DOFL, BRICAHTY =27 FRTOTHESH -
T b &V T, e BENICEFIBEREARTO
12, 2—-PIIBELAEL. £/, DOGS Tid, BRED
ANZ, =URTAT V=0 VAEBRT B EICKY
BEICTA, &6, v/ nBffkckh BROERE
TEOBMIAMET L2 EMTRTHS. ZhdDT

x2 L K %

Table 2 The comparison of functions.
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&y, ZHESERERS LTIE, DOGS DBRK
EREHENRBLTVE WL, iz, FHNESEED
BaRTid, erBEo%ERd, MEcRsnne
EZTHE.

(3) BERDIRTE: Key3 & DOGS $ X, BED
BREBELE->TV3. Key3 T3, HE@Z#BINT
B ASBRAERET 25, DOGS T, BHRY
BRINISELOBRERET 2. Chid,
DOGS 78 Key3 X b BERERETEZ L
BE%TZ. LdL, BHEDO DOGS OEEBRETIL
BRBERICA DAL L, BREQCLHBMED SEE
U, T Lba—FRREEREBTLZ LIRS I
V. 72U, BEERBICLZEENTEEOEANT
i3, TS DEMZNRBERENBEEIRE SN
EEZTNS.

(4)(5) HFEOBRLE L UBFROIERIL : Key3
DORFOME BRI HE D /- O ORIEERKAEE L S
BRI 5RRND 20, MENOX I, BSOS
oOBEFRENR LT 3T, REEERCERL
$5x£0%, DOGS 0Xkic, #15DEEGEEBE
1LUT, BENRERATROZS FLEHTHS L%
iohs.

(6) HEAMEE: ERBIEESE, ZALcBLTSK
BRBODDOHELPIY v FEBRESEDORE £ D4 IE
3. DOGS R TOAET, FHERLODDDKREDS
RERLTW3.

(7) T xr—=22R:DOGSTI, IOy —iv
L0 BB FREDIO DRSS ISERPCMBEINEL D
T, 2 EREPLEEEICET A HERENLLD
bEBEEZONS. F12, Prolog TEELTINS
BORATHS. Lh L, FHENSHBEOHAROE
RICBNTIE, BEARLV—Ya v RERBIB VA
7 L DRISHEBICII IR B - 72,

TS ERET L, BMaNOEREZENREL

e84, DOGS o KM@ B HRicHE
T AL, REROERIY — kD b

R’ B DOGS Key3 Mac Draw HRATHZ LWL B.
() MEomE | BN QELER ERees ®ER . 6 om b oo
(2) BfROIETR Ak PI7RIIE TR BE)H BRI TER 2 . .

X T LRVOBEREB LT

(3) WFRORE HRTHRORE BROABEORE ML jim% BffL ) ’Q%*
(4) HEOWR 7L keyfig ZL BELv~voBEGERN, FhaT
(5) ROl ~ 7 BB L 5L y PHISHER S 02 2DA Y £ 57 5
) " © © 1 TIERIZ B & 2 DBREIC D
(7) N7 4 —=V2R A o

© TR~ BELIT o k24 FOMkE
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Ky 2724 DOGS Ti3, BROERNIIIER B
VARNVE T BA-TEREEROER, £LUT, £
NoOBREREECIYD, 2 —FOBRN O FKILIER
&, FhER UEREER L.

BAWRBRICBOTIE, k57 DOGS DrkE
PHRB MR TREATRICT L%, OERY
AFLEDHBETHRETE . ¥/, cokHs “HE
B WHEE LcEisE, CAD ok >REROT 7Y
F-Ya KB Th, BRATHS LEHFINS.

DOGS O4#%DIER Y 25 & & UTOREL, ER
ItAEBIELICBAD, <7+ —=v20HLES, Mbd
D EBEEOM IS ERBBF SN 5.

F 70 BBEROATORHEL UT, RicSANSHE
BEBEHNBRENEIRZCENTELDT, T
NEEREREOAIL ST, RSN 2%
PROBFFARLEOB I KRR ELEANTCE
PEEINE. ChBABOFEETEECATHS.

2 % X B

1) &FMm, ABE— BHE F: ENXB LA
ELUIEE N~y =42 T72—X, B 45
EEHRLBEELELERERIE 2T-6 pp.
205-206 (1992).

2) &JEER, AHRE— BH B KEMOKMN
RUERNBEGRLZ ER U ERXE, F 46 T
MNEFLSLERLWIE, 6K-2, pp. 401-402
(1993).

3) LT, KHE— #HE F: NEHOAM
Ky - BEHEREAOIERTZ YR 74, $4
ESRERBEE Y R Favy B Y v LEBEAY
%, pp. 1-6 (1993).

4) FNshz, BILEE: 159 Y= + CAD
(F), p. 165, H&HEIE (1991).

5) 8 RZEIE : B E CAD &&fmitess, ATH

RBF¥4gE, Vol. 7, No. 2, pp. 219-227 (1992).

G)NAWK,$Mﬁ%:X§¢&§%V—»tL
TO K] =744, HERLEZATRAEE,
HI-18-3, pp. 1-7 (1988).

7) ZERFE, BlUAE: INEBEEXESENEL
TeHOEEEREERICONT, HHRLEESH
X&E, Vol. 32, No. 8, pp. 997-1005 (1991).

8) /NLHERE, FAERA, K& T —FfEY —
WK 2F 4 AOEREFE, 2V Ea—2Y 7
P =T, Vol. 9, No. 5, pp. 38-53 (1992).

9) Maulsby, D. L., Witten, I. H., Kittlitz, K. A.
and Franceschin, V.G.: Inferring Graphical
Procedures : The Complete Metamouse, Human
Computer Interaction, Vol. 7, No. 1, pp. 47-89
(1992).

REHOKMHE X CHINBERE AV ERNXE 907

10 ) %Ei@, /J\[JJ%_—[E /\Iﬁ?zﬁﬁ)ﬁ Yz

PLOTS DB, HRLABEFSMILEHE HI-
42-12, pp. 79-86 (1992).

11) wudgdE, ER AL PR B NEOBRLE
JUEREABERO REREL b DERY -
Key 3, BV HEBEBEFERRIES Vol. J73-D-,
No. 11, pp. 864-872 (1990).

12) Kamada, T. and Kawai, S.: A General
Framework for Visualizing Abstract Object
and Relations, ACM Transaction on Graphics,
Vol. 10, No. 1, pp. 1-39 (1991).

13) JWEHRTES : KJ 2, dhleaiwed (1986).

14) Bl : BETEY —v, BFHEHBEZS
%, Vol. T4, No. 2, pp. 159-165 (1991).
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®F $£f (ExB)

WA 48 4RAE. SERR S AEERUREE
TEHHETTHERFE. FK 5 ER
REBR TERH AR EF LEERE
TERET. BE RAR¥REELE
B, F—2 -2 BT 58
FEICHER.

EHE =E— (F2B8)

Wm0 62 R AT HHETFE
%, VR A FRRKERELERHE
MR 2EREET. 8B 2
it v 4 —BF. FNE - H
BT 2 N — 2 DMEBICEET BHFFE
WCHEE. T+,

HH B (ELA)

HEA0 16 4EA. BN 89 R
TH¥HEQLLFR FEE HEN4E
RRFEBELERAFRBN EFTEER
BHERET. T¥Et. BERER
KA BN FE AR Bh 4. aFn 48
$~w$ﬁ07tww71ﬂﬁ?§5%%§ a6l
FERNER £ v & —H. B 62 EHETRE T Y
HZ (PHD) . EEEER, FEREE, S,
ATV 27 MEHETF - 2 R—REOMEICRE. BE
K22 BEH ], [Road Trafic Control]. EHEZ
2, BT ERBEFLERE.



