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Constrained Optimization Using Multi-Sigma®

1. Constrained Optimization Using Multi-Sigma®

;[explanatory variables x1, X5, X3, ] [ target variables y4, y,, y3, *** J

In Multi-Sigma®, multiple constraints
can be applied to linear combinations
of explanatory variables during

i Linear Combination

optimization. Adding such constraints a;x; + azx, + azx; - =10 V1: Maximize

enables optimization under various bix; + bzxz + byx;- =5 Va2: Minimize

operational requirements. :

2. Constraints on Total-Sums Bt AR R R A R R A R AR R R NA R R AR AR R AR EERE R R ;

The most common linear-sum constraint in optimization is a total S Pipal
constraint. For a mixture of substances A, B, and C, the proportions must 3% U
sum to 100%. In such cases, imposing the constraint, x; + x, + x3 = 100 ii 359 246 10.5 32.1
allows optimization to be performed while satisfying the total-sum 1121 30.9
requirement. :
Similarly, constraints such as requiring the total of substances A and B to
be at least 45%, or the total of substances A and C to be at most 30%,
can be applied in the same manner. In addition, if optimization is to be
performed while maintaining the perimeter of a rectangular design (i.e., 2 X [width + height]) at no less than
50 mm, imposing 2x; + 2x, > 50 allows optimization while respecting this geometric constraint.

3. Constraints on Counts
Another practical use is setting count limits when the explanatory

variables are categories. Imagine each item must be assigned to One  caseiCase2 Cased Case1 Case2 Case3 Case1 Case2 Case3 Casel
of three categories (Casel, Case2, Case3). If you want exactly four Case1 Case1 Case2 Case2 Case3 Case3 Case1 Case1 Cased Cased
items in Casel, three in Case2, and three in Case3, you can instruct ~ Case3Casel Case2 Case2 Case3 Casel Case2 Casel Case3 Casel
Multi-Sigma® to keep those totals while searching for the best solution. oot s s e
In practice, define a single category field with three options (Casel, Case2, Case3). Each item selects
exactly one option; one item, one case. Then you specify the desired totals, for example, Casel = 4, Case2 =
3, Case3 = 3. Multi-Sigma® will run the optimization while respecting the counts.

Variable transformation via one-hot encoding Linear-sum constraint 1 (for each i ) to satisfy the condition
Xi=»<Xi caser 0 or 1 Xi case1 T Xi casez t Xi cases =
xi'msez w0or 1 Linear-sum constraint 2 to satisfy the condition
Xi_case3 -0 or 1 2iXicase1 =% XiXicasez = 3,2 Xi cases = 3

4. Constraints on Products

Another application is to constrain the product of explanatory variables. Use
this with care: if the variables that make up the product already have other 2 [mm] }x 2 o]
constraints, this method may not apply. For example, suppose the width and { X1 [mm] i
height of a rectangular design can vary, but the area must stay at or above a :
set value. By applying a logarithmic (log) transform, you can enforce the
area requirement during optimization. In Multi-Sigma®, define variables such as log(x;) (and similarly for
others).

i Define a constraint on the product of Apply log transformation to both Convert to a linear-sum constraint
explanatory variables sides of the constraint
: Xy * X, = 30 10g(x1 * xz) = log 30 log(x;,) +log(x;) =log 30

AIZOTH inc. provides a range of Al services, including Multi-Sigma®, Al consulting, experimental
condition optimization support, and contract research and development.

Multi-Sigma® is a cloud-based Al software designed for research and development, significantly
reducing experimental workload and enabling researchers to discover innovative solutions to real- https://aizoth.com/en/service/multi-sigma/
world challenges with minimal experimental datasets. info@aizoth.com
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