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ABSTRACT

Optimization models require continuous constraints to converge. However, some real life
problems are better described by models which incorporate discontinuous constraints. A common
type of such discontinuous constraints becomes apparent when regulation-mandated
diversification requirement is implemented in investment portfolio model. Generally stated the
requirement postulates that the aggregate of investments with individual weights exceeding
certain threshold in the portfolio should not exceed some predefined total within the portfolio.
This format of the diversification requirement may be defined by the rules of any specific portfolio
construction methodology and is commonly imposed by the regulators. We discuss the impact of
this type of discontinuous portfolio diversification constraint on the portfolio optimization model
solution process and develop a convergent approach. The latter includes a sequence of definite
series of convergent non-linear optimization problems and is presented in the framework of the
PROC OPTMODEL modeling environment. The approach discussed has been used in constructing
investable equity indexes.

SOLUTION

proc optmodel;

number iw{1..28}; 

read data input into [_n_] iw;

/*model description*/

var x{i in 1..28} >=0.0 <=0.25; 

min z = sum{i in 1..28}((iw[i]-x[i])**2); 

con c1:sum{i in 1..28} (if x[i]>=0.05 then x[i] else 0) <=0.5; 

con c2:sum{i in 1..28} x[i]=1.0; 

solve;

quit;

MODEL
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Solver Log at Exit

SOLUTION: MODEL (1)-(4)

Problem Summary

Solution Summary 
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OBJECTIVE AND INFEASIBILITY: MODEL (1)-(4)
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DISCONTINUOUS CONSTRAINT RE-STATED MODELDISCONTINUOUS CONSTRAINT

Model (1a)-(4a) is reflective of the state when both initial and optimized portfolios are split into “large” and “small“.

Although the maximum number of “large” securities as defined above in the regulation-compliant portfolio is known and
equals nine, the unknown is the actual number of securities that will need to be “large” in the optimized portfolio in order
to achieve the minimum of the objective function. Therefore model (1a)-(4a) is solved for each L.

RE-STATED MODEL

INSIGHT
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SOLUTION: MODEL (1a)-(4a) WHEN L=2

1. Sort original portfolio weights in descending order.

2. Designate “large” and “small” securities  based on L.

3. Define and solve the model using PROC OPTMODEL.    

4. Combine optimized portfolio weights into single dataset. 

/*1.Sort original portfolio weights in descending order*/
proc sort data=d.input; by descending iw; 
run;

/*2. Designate “large” and “small” securities when L=2*/
data d.input_l (keep=idxl iwl) d.input_s (keep=idxs iws);

set d.input;
length idxl iwl idxs iws 8;

if (_N_ <= 2) then do;
idxl  =  idx;
iwl   =  iw;
output d.input_l;

end;
else do;

idxs  =  idx;
iws   =  iw;
output d.input_s;

end;
run;

/*3. Define and solve the model*/
proc optmodel;

ods output ProblemSummary=exps SolutionSummary=exss;

/*define initial values*/
number iws{1..26}; 
number iwl{1..2}; 
read data d.input_s into [_n_] iws;
read data d.input_l into [_n_] iwl;

/*declare variables, objective and constraints and solve*/
var xs{i in 1..26} >=0.0 <=0.05; 
var xl{i in 1..2}  >=0.0 <=0.25; 
min z=sum{i in 1..26}((iws[i]-xs[i])**2)+sum{i in 1..2}((iwl[i]-xl[i])**2);
con c1:sum{i in 1..2}  xl[i] <=0.5; 
con c2:sum{i in 1..26} xs[i] + sum{i in 1..2} xl[i] = 1.0;
solve;

/*4. Combine regulation-compliant portfolio weights into single dataset*/
create data d.output_large from [_n_] iwl xl; 
create data d.output_small from [_n_] iws xs; 
quit;
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SOLUTION: MODEL (1a)-(4a)

Summary of Overall Results
Solution at each L is completed in six or less iterations. All runs
arrived to optimal solution. Best objective value is at L=2.

Solution Summary, L=2.

L Objective Value Iteration Solver Time Solution Status

0 0.2568828 6 0.016 Optimal

1 0.1154255 4 0.000 Optimal

2 0.0571646 6 0.031 Optimal

3 0.0603897 4 0.000 Optimal

4 0.0617770 6 0.000 Optimal

5 0.0630380 5 0.016 Optimal

6 0.0641847 5 0.015 Optimal

7 0.0654369 6 0.016 Optimal

8 0.0664391 6 0.015 Optimal

9 0.0674577 5 0.016 Optimal

Problem Summary, L=2.
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SOLUTION: MODEL (1a)-(4a)
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