Jobooooooboooboon

gooo

20110 70 270

001. 000000p:V —-R2000 (G,p)000000000GO (200)0000000
00000,000000000000000 G, 000000 realization_number(n) = min{|E] |
G=(V,E)eG,} 00000000 realization_number(2) = 1, realization_number(3) = 30

ob2 0O0000OO0bOO0obOOoD

Theorem 1 (Tay and Whiteley 1985). 000 G = (V,E) 00000000000 O0OO0OO
00 GO Ko OO 0O-extension 1-extension 00 0 000000000O0ODOODO

00 3. 000 G = (V,E)O bicircular matroid (E, f19) OO0O00O0F C EOOOOOOOO
0000000000000 000000mUoOwWX CF|X|<|V(X)POOoOoooooo
00) 00 bicircular matroid 0000000000

004. 0000000 f:2P s ROOOOOyeRFOODO
SX) =min{y(X\2)+ f(2) | ZC X} (X CE) (1)
O/A00000f@)=00000000000000000
() fFOODO0DODOO
(i) P(fY) ={z e R" |z € P(f),z < y}.

00 5. Vertex splitting 0 300 0000000000000 O0OO0O(OO0Obar-joint framework(G, p)
DDDDDDDDDDDp:V—>R3DDDDDDDDDDDDD)

00 6 (Direction-rigidity). 0000000000000 00O0O0O0O0OO0O0 20000000
oo oo2000ddddddoooooooooo @
000 d-dimensional bar-joint framework (G,p) 000000000 (00)O00 p:V —»R4O

p(u) —p(v) € {(p(u) —p(V))t [t € R} Vuv € E (2)

o0000p0O (K,,p) OODOOOOOOOpOUODOOOOOOOOOOOODODODOOOOOO
(G,p) O direction-rigid 0 0 0O O

(i) d=20000000000000000OO
(ii) d =20 000 generic direction-rigidity 00 D 0000000 (D000 Laman 00 0O)

(iii) d0 00O generic direction-rigidity 0 D 000000000 dO00O00O0O00O00O0O (White-
ley96)0



00 7 (Pinned bar-joint frameworks). OO0 0000000000000 O0O00OOOOODO
gjoooooobobbbbobdooooooooboooobooo

00000000000 000b0O00OMaxwellOOOODODODOOOODODOOOOODODOOOO
goboooooboooo20gooboooobooooooboooooood

dooooooboooooooooooooouoo 200000000 ooooooooon
00000000000 XOOOO OO pinned bar-joint framework 0 300 (G, X,p) 00000

(p(u) —p(v),p(u) —p(v)) =0  VweE (3)
p)=0 WweX (4)

0000p:V—-R20000(00)00000000000000O0O00000O0O(G,X,p)0O
gooooo

(i) 200 pinned bar-joint framework 0 0 00 0000000000000 D00OO

(il) (CO0O0DO0OO0)ODO0OO0D0D (G,p)0000min{|X| | X CV;(G,X,p) is infinitesimally rigid}
0 pinning number 0 00 020 0 pinning number 00 0000000000 OOOOOO
O0000000000000000000 (Lovész1980)0

(0000000000000002000000000000000000000000
00000000O00: 0000000 (B,f)02-0000000 < Ve € B, f(e) <2
FCEODOOOODO & f(F)=f(E).)



References

[1]
2]

[3]

N. M. Amato. The Protein Floding Server. Parasol, Texas A&M University,
http://parasol.tamu.edu/groups/amatogroup/.

L. Asimow and B. Roth. The rigidity of graphs. Transactions of the American Mathematical Society,
245:279-289, 1978.

A. Berg and T. Jordén. Algorithms for graph rigidity and scene analysis. In Proceedings of the 11th
Annual European Symopsium on Algorithms (ESA), volume 2832 of Lecture Notes in Computer
Science, pages 78-89. Springer, 2003.

C. Borcea and I. Streinu. Periodic frameworks and flexibility. Proceedings of the Royal Society A:
Mathematical, Physical and Engineering Science, 466(2121):2633-2649, 2010.

C. Borcea and I. Streinu. Minimally rigid periodic graphs. Belletin LMS, to appear.

M. Chubynsky and M. Thorpe. Algorithms for three-dimensional rigidity analysis and a first-order
percolation transition. Physical Review E, 76(4):41135, 2007.

R. Connelly. Generic global rigidity. Discrete and Computational Geometry, 33(4):549-563, 2005.

H. Crapo. On the generic rigidity of plane frameworks. Technical report, Institut National de
Recherche en Informatique et en Automatique, 1990.

H. Crapo and W. Whiteley. Statics of frameworks and motions of panel structures: a projective
geometric introduction. Structural Topology, 6:43-82, 1982.

E. D. Demaine and J. O'Rourke. 00 0000000O0COO -000000O0DCOOOO.O00OO
oo0,112009. 00O0O0O.

Flexweb Server. http://flexweb.asu.edu.

S. Fujishige. Submodular Functions and Optimization. Annals of Discrete Mathematics. Elsevier,
2nd edition, 2005.

H. Gabow and H. Westermann. Forests, frames, and games: algorithms for matroid sums and
applications. Algorithmica, 7(1):465-497, 1992.

H. Gluck. Almost all simply connected closed surfaces are rigid. In Geometric topology, volume 438
of Lecture Notes in Mathematics, pages 225-240. Springer, 1975.

J. E. Graver, B. Servatius, and H. Servatius. Combinatorial Rigidity. Graduate Studies in Mathe-
matics, Vol 2. American Mathematical Society, 11 1993.

H. Tto, S. Tanigawa, and Y. Yoshida. Constant-time algorithms for sparsity matroids. Technical
report, arXiv:1103.2581, 2011.

B. Jackson and T. Jordan. Connected rigidity matroids and unique realizations of graphs. Journal
of Combinatorial Theory, Series B, 94(1):1-29, 2005.

B. Jackson and T. Jordan. The d-dimensional rigidity matroid of sparse graphs. Journal of Combi-
natorial Theory, Series B, 95(1):118-133, 2005.

B. Jackson and T. Jordan. The Dress conjectures on rank in the 3-dimensional rigidity matroid.
Advances in Applied Mathematics, 35(4):355-367, 2005.

B. Jackson and T. Jordédn. On the rank function of the 3-dimensional rigidity matroid. International
Journal of Computational Geometry and Applications, 16(5-6):415-429, 2006.

B. Jackson and T. Jordan. Pin-collinear body-and-pin frameworks and the molecular conjecture.
Discrete and Computational Geometry, 40(2):258-278, 2008.

B. Jackson and T. Jordan. The generic rank of body—bar-and-hinge frameworks. FEuropean Journal
of Combinatorics, 31(2):574-588, 2009.

D. Jacobs and M. Thorpe. Generic rigidity percolation: the pebble game. Physical review letters,
75(22):4051-4054, 1995.



24]
25]
26]
[27)
28]
[20]
30]
31)
32]

[33]
[34]

[35]

[36]

[46]

[47]

N. Katoh and S. Tanigawa. A proof of the molecular conjecture. Discrete and Computational
Geometry, 45:647-700, 2011.

M. Kotani and T. Sunada. Standard realizations of crystal lattices via harmonic maps. Transactons
of the American Mathematical Society, 353(1):1-20, 2001.

G. Laman. On graphs and rigidity of plane skeletal structures. Journal of Engineering mathematics,
4(4):331-340, 1970.

A. Lee and I. Streinu. Pebble game algorithms and sparse graphs. Discrete Mathematics,
308(8):1425-1437, 2008.

L. Lovasz. Flats in matroids and geometric graphs. In Combinatorial surveys: proceedings of the
Sixth British Combinatorial Conference, pages 45-86. Academic Press, 1977.

L. Lovasz. Matroid matching and some applications. Journal of Combinatorial Theory, Series B,
28:208-236, 1980.

L. Lovédsz and Y. Yemini. On generic rigidity in the plane. SIAM Journal on Algebraic and Discrete
Methods, 3:91-98, 1982.

J. Malestein and L. Theran. Generic combinatorial rigidity of periodic frameworks. Technical report,
arXiv:1008.1837, 2010.

C. Nash-Williams. Decomposition of finite graphs into forests. Journal of the London Mathematical
Society, 1(1):12, 1964.

E. Nevo. On embeddability and stresses of graphs. Combinatorica, 27(4):465-472, 2007.

E. Ross. Geometric and Combinatorial Rigidity of Periodic Frameworks as Graphs on the Torus.
Ph. thesis, York University, 2011.

A. Sartbaeva, S. Wells, M. Treacy, and M. Thorpe. The flexibility window in zeolites. Nature
materials, 5(12):962-965, 2006.

B. Schulze. Combinatorial and geometric rigidity with symmetric constraints. Ph. thesis, York
University, 2009.

K. Sugihara. Detection of structural inconsistency in systems of equations with degrees of freedom
and its applications. Discrete Applied Mathematics, 10(3):297-312, 1985.

S. Tanigawa. Generic rigidity matroids with dilwoth truncations. Technical report, arXiv:1010.5699,
2010, 2010.

T. Tay. Rigidity of multi-graphs. I: Linking rigid bodies in n-space. Journal of Combinatorial Theory.
Series B, 36(1):95-112, 1984.

T. Tay. Linking (n — 2)-dimensional panels in n-space IL:(n — 2, 2)-frameworks and body and hinge
structures. Graphs and Combinatorics, 5(1):245-273, 1989.

T. Tay. Linking (n — 2)-dimensional panels in n-space L:(k — 1, k)-graphs and (k — 1, k)-frames.
Graphs and Combinatorics, 7(3):289-304, 1991.

T. Tay. A new proof of Laman’s theorem. Graphs and Combinatorics, 9(2):365-370, 1993.

T. S. Tay and W. Whiteley. Recent advances in the generic rigidity of structures. Structural Topology,
9:31-38, 1984.

T. S. Tay and W. Whiteley. Generating isostatic graphs. Structural Topology, 11:21-68, 1985.

M. F. Thorpe, M. Chubynsky, B. Hespenheide, S. Menor, D. J. Jacobs, L. A. Kuhn, M. 1. Zavodszky,
M. Lei, A. J. Rader, and W. Whiteley. Flexibility in biomolecules. In Current topics in physics,
chapter 6, pages 97-112. Imperial College Press, 2005.

N. White and W. Whiteley. The algebraic geometry of motions of bar-and-body frameworks. STAM
Journal on Algebraic and Discrete Methods, 8(1):1-32, 1987.

W. Whiteley. Infinitesimal motions of a bipartite framework. Pacific J. Math, 110(1):233-255, 1984.



[48] W. Whiteley. The union of matroids and the rigidity of frameworks. SIAM Journal on Discrete
Mathematics, 1(2):237-255, 1988.

[49] W. Whiteley. A matroid on hypergraphs with applications in scene analysis and geometry. SIAM
Journal on Discrete Mathematics, 4:75-95, 1989.

[50] W. Whiteley. Vertex splitting in isostatic frameworks. Structutal Topology, 1990, nim. 16, 1990.

[61] W. Whiteley. Some matroids from discrete applied geometry. Contemporary Mathematics, 197:171—
312, 1996.

[52] W. Whiteley. Rigidity and scene analysis. In J. E. Goodman and J. O’Rourke, editors, Handbook of
Discrete and Computational Geometry, chapter 60, pages 1327-1354. CRC Press, 2 edition, 2004.



[1-52]



