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GENERAL PURPOSE
OPTIMIZATION MIETHOD

o | arge scale optimization
(> 1000 design variahles)

 |ncreased precision and reliability.

e Second-order method




NONLINEAR PROGRAMMING

Minimize f(g()
subject to
g|x) <0 - gi(x)+sz=0
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e Variables/ functions =» real and continuous

e Symbolic manipulation of generalized polynomials
= O ()5) = 59x2X,° — 31X, + 2.7%; "X, xZ — 18

o Straightforward derivation and evaluation




o Stationary point of the Lagrangian:

system of nonlinear equations
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- Lagrange-Newton method:  H(X*") A X%+ V(X" =0
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HESSIAN MATRIX SPARSI TY PATTERN

e Gaussian elimination

e Conj. grad. method:

H'H.AX+H"VL=0




Gaussian eimination

o faster

e morereliable

* small pivots avoided

* RAM reguirements increase considerably
with the number of variables

Conjugate gradient method

 huge number of iterations
e too slow in large problems
e small RAM requirements




scaling of al the variables (X = 4 X)
| normalization efi the constraints
o Automatic g _
sulastitution of elementary eg. constraints

simplification of the nonlinear program

 Solution of the original NL P can be recovered

e |_Ine search




NEWTOP COMPUTER PROGRAWM

- Input example:

### Main title of the nonlinear program

Symmetric truss with two load cases (kN,cm)

+565.685*t572 + 100*t872; # truss volume (cm3)
s.t.1i.c.

Min.area 4: -t4"2 + 0.15 < 0;
s.t.e.c.

Equil.16: +141.421*t5"°2*displ6 - 100 = 0;
END OF FILE
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Equivalent residual
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Line search parameter {alpha)

6.0740213138e+00

Current value

3.2724548626e-09 < TOL.

Current value

1.0000000000

Current value
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Current values of the scaled wariables




SITRUCTURAL OPTIMIZATION

* |ntegrated formulation

* |nlarge scale problems the following transformation

IS advantageous:




o [ruUSS Sizing examples:

— gtress, displacement and side constraints
— oneload case

o [Deskiop workstation:

e Computation time:

— small problems ( 100 bars) — afew seconds
— medium problems (1000 bars) — afew hours
— largeproblems (4000 bars) — afew days




LARGE SCALE OPTIMIZATIONEXAMPLE

o Number of bars = 4 096

* Number of degrees of freedom = 3 135

* Number of decision variables= 7 231
* Number of inequality constraints =19 038
* No variable linking; no active set strategy




Undefor med mesh
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BUILDING ROOE - OPTIMAL SOLUTION
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NEWTTOP AL GORI'THM

 PRECISION

o \VERSATILITY

*RELIABILITY

c CAPACITY




OP ALGORI

EFFICIENCY ?

INTEGRATED FORMULATION

Too demanding when then. design variablesis small

and the n. load cases x n. degrees of freedom is high




