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Introduction:- Present report aims to
solve Mixed-Discrete optimization problem
with the solution code™® originally pro-
posed for all discrete variable problem
with some modifications., Detail of the
solution code can be available elsewhere
only the modifications are added. Fina-
11y, effectiveness of the solution code
is presents with example problems.
MIXED DISCRETE PROGRAMMING PROBLEM

For Mixed-Discrete programming problem
the optimization problem is defined as:

min @ F(X) -----~=-~--«« -« - ~- )
subject to g.(X) z 0.0 ig M ---- (2)
X = X1y X34 senee 4 By = (thci] I &)

B¢ = feasible subset of discrete variables
xC¢ R® = feasible subset of continuous variables
ieM = the set of ocomnstraint indices.

One of the sets RS and RY may be void. If
RC is void the problem is a complete dis-
crete variable problem; if RY is void, it
is a complete all continuous variable
problem. The problem is solved by conver-
ting Eq. 1 to 3 into a sequence of uncon-
strained problem by use of interior pena-
1ty function.

PROPOSED METHOD Present method is based
on the idea to treat a continuous vari-
able in the discrete sense with enough
small values of resolutions. The small
perturbations are taken in such a way
that it mostly resembles the usual incre-
ments of the continuous variables. This
idea in the analysis, therefore, resumes
the properties of continuocus variables
and at the same time can be handled in
the sense of discrete variables. The
modifications performed in the respective
part of the algorithm are as follows.

a) The IGD vector, GM(X), at a base
point is developed as usual except the
modification in the gradient approxima-
tion at X.
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c) Modified Rosenbrocks Orthogonalization
Procedure, MROP, is further modified to
suit to Mixed-Discrete optimization. The
only modifjcation is the addition of Ax

X(k)i

term to the eguation to find a new point

along a direction of the orthogonal set.
T T (3)
(XT)” = (X) +)\'Axsi cmee oo (6)
Ay = (Axd Axc)
EXAMPLE PROBLEMS Two problems, i) A Hatch
cover problem previously discussed else-
where; and ii) a Mill building structure
problem are considered for this purpose.
i) Hatch cover problem:-It is a two-vari-
able problem as shown in Fig. 2. A hatch
opening of le= 600.0 ¢m, is to be covered
by 60.0 cm wide box
of beam, of alumin- @) e
um with cross sect-
ion as shown in the
figure, Free vari-
ables of the prob-
lem are, Xy = te =
flange thickness;
and X, = h =the

gQyx)| = ) beam height. The

G(X) & (Bxg)s (4) objective function

_fx + (Axc)j} - £(x) and constraints for
9| = Bxg)y this problem are Fig,7 Hatch cover

given below.
where Ax., and Axc are resolutions for F(X) = F(x/%)) =% + 120%, (7
discrete and continuous variables, res- subject to o,

g (¥)=1.0 -—— 200 (8)

pectively. AxC=O.lec, some other appro-
priate values may also be used. TTEX
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gp(X) = 1.0 - =— 2 0:0 (9)
§
g3(X) = 1.0 - T z 0.0 (10)
Js 0.0
g4(X) =1.0 - 6“:— z (11)
E = 700000 kg/cm?; Op 12, =700 kg/cm?
0p= 4500 kg/cm?; 0= E t2/1000 kg/cm?
Thax~ 450 kg/cm?; T= 1800/%4 kg/cm2
2
Spax= 1.5 cm; O= 56.2 10%(8 x; %, kg/cm?

h(cm)

£=101.32

‘h=26am

t£=0.62767
cm

¥ 5 g 8 &

te(om)

0.0 0.2 0.4 06 O8 1.0
Fig.3 Constraints & Obj. func.

Results—- Graphical solution for this
problem is as of Fig., 3. In this rese-
arch, variable x, is taken as discrete
variable with the discretization pattern;
X1=1.O,2JL"1. Variable x., is taken as
continuous variable with the resolution
(Ax),=0.01xx,. The optimum weight obtai-
ned is F(X) =101.843 with xi = 27 c¢m and
X, = 0.6237 cm. Profiles of PF(X,r) and
F(X) function are shown in Fig. 4., From
this results, it can claim that optimum
result obtained is almost a global op-—
timum; and the values taken by X, prove
that handling a continuous variable in
the discrete sense works well,

ii) Mill building structure problem:-

The mill building structure as shown in
Fig. 5 with the dimension and loading
condition is taken into account. The
total weight of the structure is the ob-

distributed loads includes
to both Irg(, o 5 I &IT

w5 &y

Q- L
1
L1 :
I 1
25

- L 4 4

189" 22-¢’ 18-9*

Fig.& Main structure for Mill
building (End elevation)
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jective to be minimized. The problem is
designed under stress and displacement
constraints.
Member 1 to 11 are
restricted to take r——ji——j
only discrete sec-—
tions and 12 to 15 T tf
are assumed to be
made of cross sec- h
tion of Fig 6, The
problem is a sym-
metrical one, with
member 1&11 form
group 1, (G-1); Fig.6 Cross section
similarly, G-2, G-3
s, G-4, G-5 and G-6 are consists of mem-
bers 2, 6&9; 5&8; 3,5,7&10; 12&15; and
13814, respectively. The modulus of elas-
ticity, E; the specific weight, p and the
yield point of stress, F_ are 3x10% ksi,
0.2836 lb/in3, and 26 ksi, respectively.
Constraint equations are formulated acco-
rding to the AISC specifications

TABLE 1. Results for Example problem 2

tw

T w

ITEMS AD-sol. | MD-sol, AC-sol.,
PF(X,r)* lbg 10853.9 [10827.3 10650.1
F(X)* lbs. | 108495 [10826.3 10649.7
Iteration 7 10 11
Fune. 705 2163 4603
evaluation
CPU time 11.55 35.44 | 77.09
in seg¢.

Results:— Profiles of values of PF(X,r)
and F(X) function for mixed discrete way
of solution is given in Fig. 7. For com-
parison purpose, optimum results are
given in Table 1. It is found that deal-
ing a continuous variable in the discrete
sense, works robustly. Proposed algorithm
can conveniently be applied to All-dis-
crete, All-continuous and Mixed-Discrete
variable problems.
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Fig.J Profiles of PF(X,r) &
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