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B
Objective

To determine the long term behavior of
any four bug configuration
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Background

- Pursuit and Evasion

- Three Bug Problem
- Equilateral Triangles

- N-Bug Problem
- Stable configurations
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Derivation
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Fixed Points

Theorem 1.1: The only fixed configurations
for any four bug configuration are the self-
intersecting line and square configuration



Shape Evolution

. Convex
«Convex
*Self-intersecting

. Non-convex
-Self-intersecting

I1l. Self-Intersecting
*Self-intersecting



Evolution of a Square

Initial configuration




Time = 33.333




Evolution of a Parallelogram

Initial configuration




Evolution of a Convex Configuration

Initial configuration Time = 3.3
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Evolution of a Non-convex Configuration

Initial configuration




Evolution of Self-Intersecting Configuration
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S
Fixed Point Analysis

|. Linearization

Let 2;(t) € C, such that ¢ > 0 and
21 (t) = 0+ 01



Fixed Point Analysis
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B
Fixed Point Analysis

|. Equations of Motion

at+d) =m0 +dip 8 & Etgl
o+ ) =20 + A=
2s(t +dt) = (7%3f )dt) b fzg)l = . 0 = g ; Zg
2a(t +dt) = — (?Ef )dt) HPNT +z jlit))| z:(i; (i) alt) 2 g j: Zg




B
Fixed Point Analysis

|l. Calculate Time Derivatives

. . Zi (T + dt) — 24 t)

lll. Compute Jacobian
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Local Analysis: Square

|. Eigenvalues
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Local Analysis: Line

|. Eigenvalues

Mo=-2, Ag=—-1—4, M=—1+i

ll. Eigenvectors

1 0 0 0
V1 = 0 y, V2 = 0 s, V3 = ! y V4 = ’
0 1 0 0
0 0 1 1



Local Analysis: Parallelogram

|. Eigenvalues
. . -1 VT -1 /T
A1=—‘l, A2=‘l, Aa:T_T’ A4= 9 + 9
ll. Eigenvectors
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B
Stability Analysis: Parallelogram

|. Change of Variables

0y — 4
z =cos(ey) and s= —> 12

b1+ 4o -
Il. System of ODEs o
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d_T_—481-—82 and 5—2(:1:—3)
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Theorem 1.2: All configurations in the plane

Stability Analysis: Parallelogram
of parallelograms converge to a square




Proof:

|. Partition Plane of Parallelogram

(. >8>0

I[la. s>0,s> |z

IIb. s>0,|z| >s,2<0
III. z<s<0

IVa. s<0,|z| <|s|
IVb. s<0,[s| <z




Proof:

ll. Bound our ODESs

fn(z,s) 1 — 2
oz —s) such that fn (T, 5) 81—32

Frn(x,s) = {

[ll. Compute Jacobian and
Eigenvalues



Normal Forms



Future Work: 5 Bugs
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Experimentation




Experimentation

Initial configuration Time = 3300000000000000427819008

02 04 06 08

Time = 6600000000000000855638016 Time = 9900000000000000746586112
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