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A Geometric Constraint Solving Framework for
Interactive Interfaces

HirosHI HOSOBEf

Constraints have been playing an important role in the user interface field since its infancy.
The primary usage of constraints in this field is to obtain geometric layouts of graphical ob-
jects, which facilitates the construction of user interfaces. However, most researchers and
developers do not incorporate constraint technology into their systems and applications. A
major obstacle is that there are few sufficiently robust and usable constraint solvers capable of
solving simultaneous nonlinear geometric constraints. To tackle this problem, this paper pro-
poses a novel constraint solving framework, which handles expressive geometric constraints,
e.g., for graph layout. It consists of the methods of constraint satisfaction and its implemen-
tation. The constraint satisfaction method is the combination of a numerical optimization
technique with a genetic algorithm. The characteristic of the implementation method is to
realize the module mechanism of resulting constraint solvers by object-oriented programming,
which allows users to introduce new kinds of constraints and also to replace its numerical tech-
nique with another. This framework has been implemented as the Chorus constraint solver.
This paper also provides the results of the experiments on its performance.

June 2001

1. 0oo0ao

00000000000 UI00DDO000noDong
000000000000000000000000
000000000000 000003000000
000000000000 000000000000
0000D0000000000000000000UI
000000000000 0000D00000000
000000000000000000000000
00000000000D0000D000000000

foooooooo
National Institute of Informatics

1424

00000000000 000000D00O0D0O000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000
0000000 Ul0000000oo0oooooog
0000000000000000000000000
000000000000000000000000
0000000000000 000O00000000
00000000000000000000%92932g
000000000000000000000000
000000000000D000000000000



Vol. 42 No. 6

000000000000000000000000
000000000000 000000000000
000000010000000000000000
0000000000 O0O0O0O0Oog®92g
O000000O0000O0000O000® 0O
00000000000000000000000
g3:6:149.23)28).3)ngpgooo0000no0oon
0000000000 00000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000O0000000
Ul0O000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 O00zxy=-0000

gooooooooooooobobobbobobooooo

goboooboooooooooooooooobood
gooobboooooooboooboooogoooao
goooooboooooooooon

ooooooooboOoooooooooo uroo
gooboobootooooboooooboOoooooooo

00000O00O0oooooo'™™2®goooon

000000000000000000000000
000000000000000000000000
000000000000000 EuwdidODOOOO
000000000000000000000000
000000000000000000000000
000000000000000000000000
ooooooo'®292000o0000000000

gooooooooobobo 3oobooboobooboooo

gooooboooooobooobooboooooooboo
00O0000®00000000000000000
ooboooOoooooooooobOoOoboboooono

goo0oooobooooooboooooboobooDo

gooboooboooooooboooooooouIon
gooboooooooobooboboooboooo
oooOo0ooooobobobobooboobooO0dbEucld
gooboobooooooooooooooooooon
gbooobooooooboooobooooooboo
ooo0oooooooovuloboooboooon
ooooboooooooooooooo 2000
gboooooooooobooooooobbooooboo
gbooooooooboobooooooooooboooboo
goooboooooboboooboooooooobo
gboboooooooOobooooooooooooono

gooboobooooobooooooooobobooooo 1425

000000000000000000000000
0000000 ooog

0000000000000 0000000000
000000000000000000000000
0000000000000 00000000000
0000000000000000O0O00ODoOoOn
000000000000 000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 000000000000
000000000000D000000000000
oooo

0J0000o0ooouvlooooooooooon
0000 Chorus"00 00C+4+0 JavaO 2000
0000000000O0Chorus0 00000000
000000000000000000000000
000000000000000000000000
00000000000000000000 Chorus
000000000000000000000 100
0000000000000000000 20000
00000000 0oOo®ooooooo0oon

000000000000000000000UI
000000000000 000D00000000n
0000000000000 00000000000
000000000000000000000000
00000 Chorus 000000000000 DO0OO
00000000000 0000000000000
000000000000000000000000
ooog

2. 00000

Ul0000000000000000000000
000000000000000000000000
000000000000000000000000
000Oooooo9®3000000000000
0000 10000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000

Y Chorus O O “Constraint hierarchy optimization and
resolution system” 000000



1426 goooooooo June 2001

(b) ()

(d) (e)

01 Chorus0000DD0O0OO0OO0ODOD(a) ADDOOOO
000(b) 00000000000 00000000O0OOoD
000 AOBOPUOOUOO0ODOOODOOWmM () 0000
0ooDoo0o0o0oOoooooOood booooooooo
gooooooooooo0oUooooooooooooOom
(e)J0DO00O0D0ODOOOOOO

Fig.1 Applications of the Chorus constraint solver: (a) a

geometric layout of the figure of A; (b) an inter-
active application to teach the relationship between
central and inscribed angles (points A, B, and P are
constrained to be on the circle); (c) another math-
ematical application to tangential lines to a circle;
(d) a simple symmetric graph layout (which the user
can rotate and translate by dragging its node); (e)
a more complex, asymmetric graph layout.

goooooooocoooboboooooooooo
oooo
ooooooobooboooboobooooooooboooo
0000000000000 0000ODeltaStar® 00
goboooooooooooobooobooooooo

hoplet started. [pppiet sortes.

02 Chorus 0000000000 DODOOOOOOO(a)O
0oo0o0()ooooon

Fig.2 Information visualization realized with the Chorus
constraint solver: (a) an organization chart; (b) an
entity-relationship diagram.
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Fig.3 The pseudo program of the genetic algorithm.
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