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What are ground structures?

Definition

A set of all admissible bars

connecting a set of
admissible joints.
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(Dorn, et al. 1964)
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Examples of ground structures
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12 nodes and 39 bars (Deb et al., 1999)

210 nodes and 21945 (max) bars (kiarbring, 1995)
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Effect of ground structure on results with EC

Ground structures have
2 effects on EC:

1. Results
* Resolution
* Geometry | ! ¢ ! | |
Ground Structure Final Truss (505 kg)
» Topology

2. Computation

e Chromosome
* Population
¢ Analysis : \
y } i }
weight = 322 kg
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Effect of ground structure on results

o

T

20000 b. 20000W. 20000 Ib. 2000010,

200001b. 20000 Ib

With ground structure (505 kg)

Topo ID: 1 Topo ID: 8 Topo ID: 18
jnt8 mbr 13 jnt 10 mbr 17 jnt18 mbr 33
wieght = 337 kg wieght = 281 kg wieght = 237 kg

without ground structure (322 kg)

Other topologies found without using ground structure
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Effect of ground structure on GA computation
GA computation depends on chromosome string length

Size of ground structure

s

20000 b, 20000 M. 20000 b.

Length = 39 (actually used)

Length = 21945 (all possible)
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Y of the incidence matrix

AV F ¥ ©

20000 |b. 2000016, 20000 Ib

Length = n(n-1)/2 = 45

Topo ID: 18
jnt18 mbr 33
Length = 153
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Distinction of geometry and topology

definitions

Three Examples of Geometry:

AN NAVANNGEANN

Topo ID: 1 Topo ID: 1 Topo ID: 1
jnt8 mbr13 jnt8 mbr13 jnt8 mbr 13

Three Examples of Topology:

VAN NIV

Topo ID: 1 Topo ID: 2 Topo ID:3
jnt8 mbr 13 jnt 10 mbr 17 jnt 10 mbr 19
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Encoding Topology without ground structure

‘binary string’ from incidence matrix

o O

O O B

o O —» O
O rr B O O

1 2

O R Kk KL kL

Truss A B

[01 0010101011111
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Breeding Topology

one-point crossover

i

Fithess = 333 Fitness = 361
Joints 6 Members 9 Joints 5 Members 8

10110111111

DN

Fithess =285 Fithess = 285
Joints 6 Members 10 Joints 5 Members 7
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Encoding Geometry without ground structure
Array of real number nodal coordinates
y 0. 0]
360. O.
3 4 90. 90
270. 90.
180. 180.
1 2
Truss A 6 1180. 0.
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Breeding Geometry Half Uniform Crossover breeding

&/@\

e

CHECK SAMEMESS OF PARENTS T
IF SAMENESS < THRESHOLD THEN BREED f )
EVERY NODE HAS A 50/50 CHAMCE TO CROSS
NEW CHILDREN ADDED TO POPULATION d1
PARBNTS AND CHLDREN ALL
COMPETE IN NEW POPULATION

PARENT 1 PARENT 2
SELECT 2 RANDOMPARENTS

SAMENESS = di +d2 +d3 +d4

SELECTIOM OF CHILD
- MNODE FROMA

BREEDING MORMAL DISTRIBUTION
OF RANDOM POINTS
WATHIM AN BLLIPTICAL
RANGE ARCUMD NODES
/ \ OF PARENTS
.\\'\
N
CHILD 1 CHILD 2
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Procedure

M - the master
sends and gathers
all topologies

S - each slave
finds geometry for
each topology
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Geometry Generations Random start with progenitor

OYOLE:

e | CNOA-DIGA SO0 A, (D02 (500, S~ i3
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Geometry Generations Selection from generation 1

CYCLE:

Peter von Buelow University of Michigan 14137




Geometry Generations

Setup parents for generation 2

CVELE:
‘ N/ AN AV
THRESHCLD:
Y )/
!
CYCLE:
EEEEEEE G o e e e |
o | A4 AL AR TR ANAA.-. JAYAVaN A
THRESHCLD:
EOA
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S
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Geometry Generations

CYCLE:
1

GENERATION‘:

THRESHELD:
ann

Peter von Buelow

University of Michigan

-ND, S0 NG5 -5 N5k,

Breed parents to fill generation 2
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Geometry Generations  select best for parents in next generation

CYELE:

wone | SER-DNED, SO0 A, N2 5T, 5~ N 0502

a0n

CVCLE:
1
sssssss o | (67 AN SN LA AN S-S (A7 A,
WREZSE‘DLD
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Geometry Generations Setup parents for next generation

CYCLE:
1

worm | RN, SV AR, SN2 3500 NS00 NS 1550

ann
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Geometry Generations

CYELE:
1

GEMERATICH;

THRESHELD:
a0n

CVCLE:
1

GENERATIDI\%

THRESHCLD:
0568

CVELE:
1

GENERATICN:
3

THRESHELD:
20568

Peter von Buelow

S -ND, S0, NGz

University of Michigan

Breed parents for next generation

-6, Nesp-02m,

Geometry Generations

H
THRESHOLD:
205,68

c*rv:LE1

BENERATION:
5

THRESHOLD:
205,68

oraLE

GENERATION:
[
THRESHOLD:
205,68

Peter von Buelow

Cycle 1 Generations 4-6

N NTA

University of Michigan
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Geometry Generations Cycle 1 Generations 26-28

GWOLE:

conay | SA-LN ST AR~V S0~ SF0 A0 ST
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Geometry GA Best from one cycle

Truss 1D O weight = 6478 Ib [2538 kg]
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Topology Generations Mutate progenitor to start topology cycle

S A N A e A A D D R
it Sl i Tl -t W o -0t o - oy ) - e
wrigri 20 & [110 1] gkt 27 [k [T1I% hy] i = 12 ] e 247 1 [1 ] et 2 e [ ] wiy 209 e (10 ] gt AT [10W ] gt 2 e [ 1M ] “raight: 2w & 119 ] gt 3 e [DT ]

GENERATION:
1

AT A AR AR md. A AN SR Son D

R SEHE. WLEHne EHE. WEHE. WEEE. sEHz. ERre LEERL. EERG
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Topology Generations Select best for next generation

p —
2 A W R Wi e W s i B ka1 T k- R
i 7T 8 D28 ] vkt 2 1 [0 ] ey 362 W e e 30131 [ ] et 27 B D1 ] i 0 107 ] e AT e ] e T T ] s 30 & 8 ] it 41 e (B2 ]

GEMERATIOM:]
1

A s [N A =2 [ N R

JOOC ok = R4 YV 2NN - SVOD 4 RN O L .= SN 0 - TR 4.2 SN WY

Peter von Buelow University of Michigan 24137




Topology Generations  set selection as parents for next generation

A R ) AR EL ol R r e hEak ] LR 43 AT, SR
GEMERATION:|
1 i i r
3 A i b, eJ Y
A [Rd . NA
T o TE = e e T " A

B

MBS R, WEREE, ERL. ERs. WEHL, SEHn, ¥R SEERL SEEs
GEMERATION:
2
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Topology Generations Breed parents to obtain full generation

N . A N A e AR AN B D R
SENIL WaEERL LERL. SEREs 4TEmL 2ENes WRHLL wEREa. eTHa, aTEey
GEMERATION:|

‘m@@\@mmmmm

e R WEHL. EEe EiEa WM. wEEL. ERE. EER. EEE

GEMERATIOM:]
2
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Topology Generations

GEMNERATION:]
1

GEMERATIOM:]
z

7 . AN

LN . AN
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Select best from full generation
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Topology Generations  set selection as parents for next generation

GEMNERATION:]
1

GEMERATIOM:]
3

GEMERATION:]
3
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Topology Generations Breed parents to obtain full generation

S . AN o A s AN AN A I R
Y PR ot SR i o SR - - ORI of. 3 JOOT o - SN 2. I . & RO 1oy, T YRR ' +
GEMERATION:
1 x )
AV AN R & <D
-.:‘l':";'.'.'. w -J'E::‘Ew?-m m’:i‘;:{; w —v{w?:l":llzﬂﬂ -f'z?‘{:: 'l
JATAVav. - 8SAA
T i
GENERATION:
z
GENERATION:
3
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Topology

Best individuals
from cycles 1- 4

All individuals
from cycle 1

Peter von Buelow University of Michigan 30/37




Topology

selection

list of ‘pretty good’
solutions

Topo ID: 1
jnt8 mbr13

weight 2575 Ib [1168 kg]

Topo ID: 4
jnt7 mbr11

waight 3133 Ib [1421]

Topo ID: 2
jnt 10 mbr 17

weight 2219 Ib [1007 kg)

Topo ID: &
jnt& mbr15

weight 2284 Ib [1038 kg]

Topo ID:3
jnt10 mobr19
weight 2190 Ib [993 kg]

Topo ID; &
jnt 11 mbr 19
waeight 2066 Ib [937 Kg]

Topo ID: 7
jnt8 mbr13

weight 2534 Ib 1149 kg)

Topo ID: 8
int10 mbr 17

weight 2107 I [956 kg)

Topo ID: @
jni12 mbr21
weight 1953 Ib (886 kg]

Topo 1D: 10

jnt9 mbr 15
weight 2317 (1051 kg]

Topo ID: 11
jnt 11 mbr 19

weignt 2016 Ib [914 kg]

Topo ID; 12
jnt15 mbr27
weight 1834 Ib (832 kg)

Topo ID: 13
jnt10 mbr 17

weight 2225 (1008 kg]

Topo ID: 14
jnt12 mbr21

weight 1972 Ib (894 kg

Topo ID: 15
jnt 14 mbr 25
weight 1861 Ib (844 kg)

Topo ID: 16
jnt 11 mbr 21

weight 2064 Ib [936 kg]

Topo 10: 17
jnt 16 mbr 31

weight 1929 Ib [875 kg)

Topo ID: 18
jnt18 mbr 33
weight 1804 Ib 818 kg]
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Bridge Design e e i1
jnt18 mbr37 jnt18 mbr 35 jnt18 mbr38
weight 4572 Ib [2074 kg] weight 4494 Ib [2039 kg] weight 4534 Ib [2056 kg]
i i Topo ID: 1565 Topa ID: 634 Tepo ID: 1655
aUtomatIC generatlon jnt18 mbr33 jnt16 mbr29 jnt18 mbr3g
weight 4473 Ib [2028 kg] weight 4881 Ib [2214 kg] weight 4465 Ib [2025 kg)
IISt Of pretty QOOd Topo ID: 776 Topo ID: 2701 Topo ID: 2704
jnt18 mbr33 jnt20 mbr 38 jnt20 mbr37
: weight 4722 Ib [2142 kg] weight 4407 Ib [1999 ka] weight 4453 Ib [2020 kg]
solutions
Topo ID: 1815 Topo ID; 2058 Topo ID: 3120
int18 mbr33 jnt18 mbr 35 jnt20 mbr37
weight 4505 Ib [2084 kg] weight 4589 Ib [2082 kg] weight 4178 Ib [1885 kg]
Topo ID: 1933 Topo ID: 692 Topo ID; 3089
jnt18 mbr33 jnt18 mbr 37 jnt20 mbr39
weight 4885 Ib [2125 kg) weight 4851 Ib [2200 kg] weight 4326 Ib [1962 kg]
Topo ID: 27 Topo ID: 755 Topo |ID: 954
jnt16 mbr33 jnt18 mbr37 jnt18 mbr37
weight 5244 Ib [2378 kg] weight 4674 Ib [2120 kg] weight 4616 Ib [2084 kg]
Topo ID: 1818 Topo ID; 2761 Topo ID: 3169
jnt 16 mbr28 jnt20 mbr 39 jnt20 mbr3s
weight 4662 Ib [2115 kg) weight 4340 Ib 1969 kg] weight 4264 b [1934 kg]
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Interactive Group Design

Idea generator
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User Selections

ADVRKIAN

Topo ID: 0
jnt 18 mbr 35
weight 5394 |b [2447 kq]

NN SXDEAA SAEKDEAN

Topo ID: 162 Topo ID: 179 Topo ID: 190
jnt18 mbr 37 jnt18 mbr 33 jnt18 mbr 35
weight 4823 Ib [2188 Kkg] weight 4802 Ib [2178 kg] weight 4723 Ib [2142 kg]
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Final Bridge Design
)
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3D Trusses
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3D Trusses
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