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m Molecular7L— /A —7(Katoh&T11)
» FHBETETILORIME
s E—RBRTIA UM ENDILR
0 NHEERITARRIL—LT—Y
s 22RJtMaxwell-LamanZ! O 4F T (Schulze10)
o BA#IOL—LT—Y, #ERIL—LT—Y
s 2RFTHlEDMaxwell-Laman® £ fF1F (Malestein&Theran10)
m d-dimensional body-bar frameworks (Borcea, Streinu & T)
m KIS
0 (G,p) MREHE < V(G q),(G,q) ~(G,p) = (G,q) = (G,p)

o (Connelly 04, Jackson & Jordan 04) 2XRJTc— & KEMIEDIE &
HI AT




Molecular Frameworks
» DFBEDETIVE
o HEHFE = EEEHN+TAERN
0 = G*MD3RIcbar-joint framework
a G*=W,E*),E?=Eu{uv|uw,wv € E:w € V}

0 G2 HA3RITHIE © 56 N6 I=EHZEEBARESD

( Theorem (Katoh & T. 11)

o Tay&Whiteley (1984)MDmolecular¥ 18



Panel-hinge Frameworks

R4k (pane) HE> T (hinge) A SN 1B &Y

O m .<\. l
~"

Panel-hinge framework: (G, h)
o G = (V,E):7Z7, h: “hinge-coplanarity’&=i&/=3 VR E
s JBEA © R =RINOIEM

s I o EVY =RIAD(A-2)RITHRT
=9 EHM

\\

B8 4> ZE [ T“hinge-coplanarity”

“hinge-coplanarity” & IR LA FE MK 4. Tay-Whiteley®Dbody-
bar & (318 FH TSR



Molecular fl% % 18

s  Molecularffll% % & [Tay and Whiteley, 1984]

a G = V,E)IZXLUTAREME:
s (i) G NEEFR/NEIE 2 body-hinge framework (G, h)&L TEIF A EE

= (i) (4D -1)6 2 (") BODRLLHAEET
s (iii) G AVEPR/NAIER 7 panel-hinge framework (G, h)&L CSRIR AT BE

o d = 2: Jackson and Jordan (2006)
o —f#&Dd: Katoh&T(2011)



DFEEDETIVIE

rigid body

» 3RTHIAED DiEE!
s Nongeneric (EV VB EMN—RBITELY) !
o “hinge-concurrent”7Zfl{AE> &
o Tay-WhiteleyD EIRZEH T ST EIETERLY,



“Hinge-concurent” vs “Hinge-planar”

s P3DF R EHE
0 Re Em =  body®H IR & panel
0 BiR © Eff = VY o VD
a0 = “hinge-concurrent” GZRIAEL UHEE o RIREVVUEE

s Prop.(Crapo and Whiteley, 82).
a (G, h) NER/NIE o (G, h") HAEERR/INE@IE



MolecularEI# =

0 DTFHRORRFZIER, £EHKEEZLELTRBELTHEONSGT TT7%G
ETB. CDEE,
< L

SFORIME, BEERT TR, eV RIEIERT, rigid cluster® T KA #E
BOEFTZEDFHRN(6,6)-BRIERMARIC T BT ILTIRALIZE>THE
THIZERIZKRESD. (0(n?)kFf)

0 EHEFELILISATRE

o Implemented in ...
m  FIRST, FRODA, KINARI, The Protein Folding Server
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Maxwell/Laman-type Characterizations

I \
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Body-pin 1 |
@ Unsolved : :
CooT11 Tay 89,91 |
I |
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l/ ,  Body-bar-hinge \\ :
I I Jackson & Jordan09 !
-0 |

Bar-joint I | : :
Unsolved , I
I | | |
I | |
I Panel-h I .
anel-hinge 1 . Body-bar 1
| v Body-hinge /
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Body-rod-bar Frameworks

m 3-dimensional body-rod-bar framework: (G, b, )
o G =(BUR,E): graph,
o b: bar-configuration

m e € E o Pliicker coordinate of a bar in R3

o 7:rod-configuration
m v € R » Plilicker coordinate of a rod in R3

m with incidence conditions

0 Ve=uvwithu€eRr, (b,r,)=0

I



Combinatorial Characterization

m Theorem (T11). E is independent set of the generic rigidity
matroid in the body-rod-bar model &

o VFCE,|F| <6|B(F)|+5|R(F)|—6

u v
Uv i (9 -e b, soc () ae —b, i () ee
( J ( J
RS RS

o b, € R®is restricted to
m the Grassmanian Gr(2,R*)
= the hyperplane {x € R®| (x,r,) = 0}ifv € R
= the hyperplane {x € R®|(x,7,) = 0}ifu € R

10



FHA L — LD —2 ORItk 11

n SHBEDE

o BBA: TO,MMEKR(T=Si, Al) ZEARI=—yrL, FOTERN2DDTO,
UEAE R BT D ETHEMINDERT/YE

o BBROBREDHAILZEBHNGETIICEWO R EMROD—%2FT
% (Sartvaeva et al.2006)



BRI 57

s ARITEEITZT6 = (V,E): ZEHAut(G)DIEBDEEEL
T(AERZLTERLTRY, BT/ 77G6/Z28 = (V/Z4,
E/ZOYDNBRET ST
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FE1#A4 57 (Kotani & Sunada01)

s o7 MEZEEELTREES, dARTTEAITZ76 = (V,E)ElE
BEEKETTTC/ICDWBLERIT, TOWBETHBRENZIDED

a0 @G- G/I%: HEER
0 Hy(G/Z9) : 1RITAREDS —8 9
0 pHy(G/Z%) - Z%: @I=FEBEINHEREER

(D

13




FEHRT 27 O — %l 14
m Theorem (Borcea&Streinu2010)

a BT S 76— ERIEIL YA X E/Z| x (d|V/Z2 + d*) DI

TSI DREH TRBTTEND
0 GO —MBISRB/NBIER = |E/2¢| = d|V/Z% + d* — (“]7)
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2RITIL— LT DR
7E 3 (Malestein&Theran2010) GH2RITTHR/N\HIE <

Q

Q

Q

BFHEESNTNDIHEDRFHATITIERoss(2011)

|E/72| = 2|V/7?| + 1
VF CE/Z2,|F| < 2(np — wp + dp) — 1

np: FIZBESNDTERPEL
wp ' FOEREN D
dp: Hy(F) > Hy(G/Z%) - 7¢D%D7> %y

(0,1)

15



ERITIL—LT—H 16
s EI(Borcea&Streinu2011) ¢’ = (V/, EA AR ITIRE/NGIER 2 A ER Y
ZIDEBIT7TTHE &
o |E' = dlV| +(3)
0 G PAEDDRGEEAERT 5.




BRI 17

s T (Borcea, Streinu & T). dXRJjtperiodic body-barE7T/LIZHELNT
G'= WV, ENDB/NYERERRTSTDET ZT7THE <

o |E' = (MHAVI = 1) + d?
0 G HBFEZRAEOLEARE(S) EDLBHEAUTR((1,0)-BRIE T IROE
YEBT.

(0,10

)
100 ( 17 )00 &)

s 7 H(Borcea, Streinu & T) d’Xtperiodic body-bart7J/LIZHENTH
HiT 276 = (V,E)D /NI THS <

o |E/z4 = (TN (1 v/z? - 1) + d?

o VF S E/2%,|F| < d(n—wp) + (Dnr = 2w (5 7) + (5

O




