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Motivation

commercial software availability to the academic community
to broaden the scope of the research to more complex problems
to deeper the analyses by solving instances of problems with
sizes previously beyond computational tractability

for the multiobjective optimization the offer is very limited
(Fourer 2019) among 47 optimization software brands listed,
only 13 support methods to handle multiple objectives

Large-scale real-world problems
Build financial portfolios by balancing risks and rewards
Long-term plans for typical supply chain processes
Hospital resources and capacity management
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Optimization software

commercial
IBM CPLEX Optimizer
Gurobi Optimization Solver

web-based services
NEOS Server
WWW-NIMBUS
ONLINEMOCO

callable libraries (free, open-source)
CBC
GLPK
LP Solve
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Multiobjective optimization problem

Let x denote a solution
X a space of solutions, X ⊆ Rn

X0 a set of feasible solutions, X0 ⊆ X
The general multiobjective optimization problem is defined as:

vmaxf (x)

s.t.
x ∈ X0 ,

(1)

where f : X → Rk , f = (f1, . . . , fk),
fl : X → R, l = 1, . . . , k, k ≥ 2, are objective functions, and vmax
denotes the operator of deriving all Pareto optimal solutions in X0.
Rk is called the objective space.
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Optimal solutions

Pareto optimal
Solution x̄ is Pareto optimal (or: efficient) if
fl (x) ≥ fl (x̄), l = 1, . . . , k, implies f (x) = f (x̄). If
fl (x) ≥ fl (x̄), l = 1, . . . , k, and f (x) 6= f (x̄), then we say that x
dominates x̄ and we write x̄ ≺ x .

We shall denote the set of Pareto optimal solutions to (1) by N
(the efficient set). Set f (N) is called the Pareto front (PF).
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Chebyshev scalarization

Solution x is Pareto optimal if and only if it solves the Chebyshev
weighted optimization problem

min
x∈X0

max
l

[λl (y∗l − fl (x)) + ρek(y∗ − f (x))] , (2)

λl > 0, l = 1, . . . , k, ek = (1, 1, . . . , 1)
y∗l > maxx∈X0 fl (x) if the maximum exists and y∗l ≥ supx∈X0 fl (x)
if the maximum does not exist
ρ is a positive ”sufficiently small” number
An equivalent formulation to (2) is

min
x∈X0

s

s.t.
s ≥ λl (y∗l − fl (x)) + ρek(y∗ − f (x)), l = 1, . . . , k.

(3)
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The workflow

To derive a solution to a multiobjective optimization problem by a
web-based service or a stand-alone application, the following
generic workflow applies:

upload problem data input file,
upload a number of weight sets,
establish y∗,
for each weight set solve either (2) or (3) problem formulation,
download output files.
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General web application architecture

Structural web application components
client side

a user-friendly representation of a web app’s functionality that
a user interacts with
written in HTML, JavaScript and CSS
exists within the user’s web browser and doesn’t need any
specific OS/device-related adjustments

server side
web server with app logic (the main control center)
database (storage of all persistent data)
written in PHP, Java, .NET, Python, Ruby on Rails or Node.js
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Development stack of the prototype

Development stack of the stand-alone Idol version includes:

Python 3.7
Tkinter Package
PyInstaller 3.1
Gurobi 9.0.1 solver
Windows 10
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Idol workflow

First, to solve the problem with Idol, one should construct an .lp
file with the problem in multi-objective format according to Gurobi
specification.

Then the user should follow the steps:

1 Load file.
2 Generate reference point.
3 Load weights.
4 Generate Chebyshev scalarization.
5 Optimize Chebyshev scalarization.
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Idol GUI: start window

Figure: Idol interface upon application start
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The MIP model

The MIP model (LP model, as the special case) consists of three
primary parts:

1 The set of decision variables. Variables can be continuous
and/or integer (in particular, binary).

2 The set of constraints.
3 The objective function (singleobjective case) or the multiple

objective functions (multiobjective case).
According to Gurobi requirements all expressions in multiobjective
case have to be linear.
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Multidimensional knapsack problem

Problem instance from OR-library

n = 100 is the number of variables
k = 3 is the number of criteria (objectives)
m = 10 is the number of constraints

max
n∑

j=1
ck

j xj ,

s.t. n∑
j=1

aijxj ≤ bi , i = 1,m

xj ∈ {0, 1}

Problem parameters aij , bi and ck
j are integers drawn at random

but uniformly from (0, 1000)

http://people.brunel.ac.uk/~mastjjb/jeb/info.html
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Gurobi multiobjective lp format

Figure: Gurobi multiobjective lp format structure
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Idol GUI: load model

Figure: Load File dialog
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Idol GUI: reference point generated

Figure: Idol interface after reference point has been generated
mknapcb 4 1 tricrit LP Gurobi 4.lp.
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Idol GUI: error message

Figure: Idol interface with error message.
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Idol GUI: console

Figure: Idol console window.
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Discussion and Conclusions

Developing problem specific web-based service
Making the service internally available in the Institute, for
testing purposes
Making the optimization paradigm more accessible for the
general audience
Solving large-scale problems under a limited resource budget
using new methodologies
Enhancing web-service with problem generator based on the
known model structure
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