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1. INTRODUCTION

- 3. OPTIMIZATION FORMULATIONS OF TRUSS TOPOLOGY DESIG- 4. APPROACH 1 (PENALIZATIO-

truss - a mechanical construction made of elastic # nodes (grid size) r X c The problem of minimizing compliance subject to | = Instead of solving problem (3) one may penalize the
bars linked to each other at nodes (these are # free nodes m S w; = 1 can be equivalently written as function Wit]q y ;
fixed or free) , # fixed nodes rc—m max{d'v : |bjv| <1,i=1,...,n}, (2) fila) = §HBQ —dl[3, v>0

load - external forces acting at the free nodes, caus- : v .
ing deformation of the truss i pote.ntlal bars n the dual of which is equivalent to and instead SOIV@{ )

compliance - potential energy stored in the truss l;ar We1gh.ts — - ;U ERI%” min{||q||1 : Bq = d}, where B = (by,...,b,). (3) mqm{\ ally + £5(a)} (6)
after deformation orces acting at the free nodes SV 2 q UCDC runs with f = L and U, = 1. 1.

displacement associated with bar ¢ | b; € R*™ Problem (2) c.arf{ be re‘i(%HTUIaZGTd 45 0 n =y i =1

Goal of T'TD: Given a grid structure of nodes and minimax |0; v| : v=lyg.

forces acting on them, construct a truss of a given . L. .. . ’ Z

total weight of minimum compliance. Linearization of the physics involved gives the follow- After elimination of one variable from d? v = 1 we get 5. APPROACH 2 (SMOOTHING) -

ing formula: an unconstrained problem of the form:

.. . . . n - The objective of (5) can be approximated to any
: - T ~
ﬁ;)srzllcatlons of TTD: Railroad bridges, electric Compl,(w) = 2d%v, where Zwibib'fv —d. (1) m@m{mgx b U — ¢} (D) accuracy by the smooth convex function (see [3.4]
> i=1 (see |1, 4] for more details). for details)
12(0) = Elog 1 - (6(5?@—0@)/5 4 6—(5%—%)/5)
2. THE ALGORITHM - 8. NUMERICAL EXAMPLES _ ‘ 2n 4=
COI}Sidef the following opt(ilr?ization PfOble]Eﬂ) Grid size: 25x25; B e R1-220X119.016 Gyiq size: 25x25; Be R1*“™X119916 Gyig size: 25x25; Be R!+°*119.016 Moreover, )
xHElIlRI}LF(CU)Ef(x)‘qul(x )+ -+ U, ('), (P) ° ' ' ' ' ° ' ' ' ' ° ' ' ' ' 0 <max|b; 0 — ¢;| — f2(0) < Elog2n, Vo

with f convex and Vx, 7 and ¢ satisfying

|sz(x) — sz(x + 7'62')| < LZ‘T‘
(gradient of f is coordinate-wise Lipschitz) and W,
convex, nonsmooth and simple.

Algorithm 1: UCDC

1 choose initial point xg € R"
for k=1,2,... do
2 choose i € {1,2,...,n} with prob. %

UCDC runs with f = fg and V; =0

Potential numerical problems with small & can be
avoided by minimizing e~ M/ f:(7), where M =

max |bj U9 — ¢;| and vg is our initial point.
1

6. COMPARISON OF APPROACH-

. 7* = arg min Vif(a:k)7+%72+\lfi(azg)+7) Approach 1 | Approach 2
= f 15 f
4 _ij_|_1 =X + T € \I/Z() “ 0
Theorem (R-T [5]): Choose initial point o and L Vi b %HB’LHC%O
target confidence p. If target accuracy satisfies work /iteration O(4) O(2n/m)
0 < e< F(xg) — F* then after computing L; O(4) O(2n/m)
k> 2nC (1 + log l) 19 2nC __ (B; is i-th row of B)

. . ’ P F@o)—F Each iteration is extremely cheap!
1terations we get

Prob|F(xi) — F(x™) <€ > 1 — p,
where C' = max{R% (xq), F(zq) — F*},
R (xg) = max,{||x — z*||1 : F(x) < F(z9)},

7. DATA STRUCTURE -

While the size of B grows fast with the grid size,

_ n (())2) 3 X . : . :
|zllL = (327, Li(z)?)> and z* solves (P). Bridge trusses: there is a downward external force acting on every node covered by the green line. each column has at most 4 nonzeros!
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