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Abstract

Menu planning for every individual is essential to obtain a balanced and healthy food intake for growth and development.
Children with Autism Spectrum Disorders (ASD) face more feeding difficulties than their peers due to neurodevelopmental
disorders such as social skills problems and repetitive behaviors. They also tended to refuse or be selective for certain food
intakes. Proper menu planning for children with ASD is important to maintain their overall well-being and mitigate autism-
related dietary issues. The manual menu planning for children with ASD does not consider proper nutritional intake, food
variation, or total cost minimization. Currently, the application of mathematical modelling for menu planning in children with
ASD is limited. Thus, this study aims to explore the extent to which the optimization approach can solve the menu planning
problem with more than one objective. Finally, this research constructed daily menu planning for children with ASD, which
indicates the feasibility of utilizing the Improved GP (IGP) model compared to the Goal Programming model (GP) in terms of
the value for the deviational variables for the unachieved goals. The unachieved deviational variables by IGP model for Day-
2 had decreased by 17.69% and by 34.43 % on Day-3. The total cost of the IGP model is also less than RM 0.50 of the GP

model.
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1. Introduction

The issue of menu planning has been one of the great
interests in the health area due to the importance of
proper nutrition for the body. Proper menu planning is
very essential to prevent malnutrition or inadequate
nutrient intake which also to prevent the body from
being infected with unwanted diseases [1]. The
individual’s health condition contributes to the planning
process of the proper menu planning [2]. Previously,
George J. Stigler in 1945, is the pioneer of the menu
planning problem and known as the Father of Diet
Problem with trial-and-error technique [3]. The
optimization of menu planning has been classified as
NP-hard problem because it deals with thousands of
variables, and it may involve hundreds of constraints in
the optimization methods [4]. The selection of food

generally ranges by their cost, the nutrient content,
flavour, demographics, culture, religion, health, social
or influenced by the media and environmental concerns

[5].

Children with Autism Spectrum Disorders (ASD) who
had impairment in social skills and repetitive behaviors
usually having significantly more meal intake
difficulties than their peers [6]. In addition, the presence
of the core symptoms such as repetitive behavior, motor
abnormalities, intellectual disability, sleep disorders
and gastrointestinal (GI) may affect the proper nutrient
intake during the mealtime [7]. Proper menu planning
for ASD children is important to maintain their overall
wellbeing to mitigate the autism symptoms as well as to
avoid the gut issues [8]. The cost of the food, nutrient
intake fulfilment and menu verification are some of the
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goals that should be achieved to acquire the optimal or
the best combination of menu by minimizing or
maximizing the objective function [9]. The application
of mathematical techniques to design the menu
planning is not new to the scientific literature since the
groundwork of menu planning by Stigler [10] . Besides,
menu planning which is a specific planning type is
considered as a complex task that some researchers
have attempted to model and computerize since the
early 1960s [11].

The menu planning for any institution may encounter
difficulties in making the right decisions to meet the
nutrient requirement within the allocated budget.
Mathematical techniques such as Linear Programming
have been widely used for menu planning optimizations
which considers menu planning with several type of
constraints and objective functions [12]. There are also
different techniques used in the operational research
area to solve various diet problems with usually
involves more than one objective [13]. The menu
planning for the ASD children may involve more than
one objective to be solved simultaneously such as to
achieve the level of nutrient intake, minimize the cost,
to maximize the food selection and to avoid the
repetition of meals [14]. Thus, this paper intended to
explore the application of optimization approach to
solve menu planning problem for the ASD children that
also considers type of menus suggested by the ASD
centre which will not trigger the ASD symptoms among
the children [15]. This also will help smooth activities
of any activity sessions at the centre as well as to
promote better overall well-being for the children.

The creation of menu planning is complicated to be
solved by manual process as many factors involved in
the decision-making process. Initially, Trial-and-error
optimization methods have been used to solve the menu
planning problem [13]. However, this method cannot
solve complex menu planning problems since the
process are typically created manually [16]. The
evolution of the mathematical model and computer
technology into this area is widely enhanced further
since the study by Balintfy in 1964 [17]. One of the
approaches that lies under the Operational Research
(OR) area is the optimization approaches with three

main techniques which are linear programming (LP),
integer programming (IP) and mix integer
programming (MIP) [18]. The optimization model will
find the optimal solutions for the decision variables
under certain constraints which are either maximizing
or minimizing the objective functions [19]. Thus, the
menu planning through optimization method is to fulfil
the nutrient intake, daily food group requirement as well
as achieving the cost minimization for the menu in a
defined geographic area and for certain group
population [20].

Based on the literature search, the basic approach for
diet optimization approach is LP with three main
elements which are objective function, constraints and
the decision variables [21]. This technique will seek the
optimal solution which is either to maximize or
minimize the objective function for limited set of
constraints to evaluate the quantitative decisions [22].
LP is a influential technique for solving management
problems that has been extensively applied in financial
planning, banking, transportation, engineering strategy,
scheduling, and many other applications [23]. Integer
programming (IP) on the other hand, acts equally as the
LP model but the decision variables are restricted for
integer value [24]. Mixed-integer-linear programming
(MILP) offers problems of greater complexity and
provides more choices for the selection of food groups
in terms of constraints [25]. The real-life situation will
be easier, more comfortable, and more economic with
the aid of LP techniques as the problems will get
optimum achievement from the restricted resources
[26].The real-life problems, at first should be modeled
into linear programming models that consist of linear
equations or inequalities from a certain number of
resources [27]. The decision variables in the LP model
are the important factors that can be determined by the
decision makers to obtain the optimal solutions under
the defined objectives [26]. The constraints such as the
nutrient needs, cost of the menu and the food group
requirement in the LP model should be respected to
attain the defined optimal solution [28]. Table 1 shows
the summary of a previous study that applied
optimization techniques in menu planning.

Table 1. The Previous Study on Menu Planning by Optimization Techniques

Reference Objective Decision Variable(s)  Constraints Focus Optimization
Functions Technique
[29] Minimize cost Food items Nutrients and food group Menu planning for stroke LPand IP
patients
[24] Maximize The concentration of ~ Food group Optimizing vitamin D intake MILP
vitamin D Vitamin D, Food from multiple food groups
intake items
[30] Minimize cost Portions of Nutrients, food group and Optimize a weekly meal plan LP
carbohydrate, calory intake for college students
protein, fruits and
vegetables
[31] Minimize cost Food items Nutrients Develop a model for campus LP
restaurant’s menu
[32] Minimize cost Food items Nutrients, food expenditure  Develop a minimum cost MILP
and food group healthy meal plan for adult
[16] Minimize cost Food items Nutrients and food group Menu planning for sinusitis LPand IP

patient
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The optimization problems with multiple objectives
that are conflict with each other will be solved using
multi-objectives optimization method such as goal
programming (GP), weighted sum approach and the
epsilon constraint (e-constraint) methods [33]. GP is the
multi-objective optimization tool that is the extension
of LP to solve multiple and conflicting goals problems
[34]. It is also used to minimize deviations between the
goals and the achievement for a complex menu planning
problem [35]. Additionally, GP also has been widely
used in many other applications that involved multiple
goals such as in the study of library acquisition
allocation [36], production planning [37], supplier
selection [34] ,financial management [39], feeding
blend for livestock [40] and many others. There are also
the studies on the menu planning optimization by the
application of GP as in [41] — [43]. The menu planning
for the ASD children may involve more than one
objective such as to achieve the level of nutrient intake,
minimize the cost, to maximize the food selection and
to avoid the repetition of meals [6].

By GP model, there are often multiple goals that are
conflicting and will be achieved only at the expense of
other goals. However, according to [44], the summation
and subtraction of deviations of multi-dimensional
values may be biased on the goal/s with higher values
of coefficients. Thus, this study will utilize the
Improved Goal Programming Model (IGP) for the
optimization of menu planning which involves multiple
objectives.

2. Methods

This paper will highlight the application of GP and IGP
model as an optimization tool for the ASD children’s
menu planning and the development of the model is
shown Figure 1.

The methodology starts with identifying the decision
variables, the constraints, and the objectives functions.
Then, the steps continue with developing the GP and
IGP model and executing the model by LINGO
Software. The construction of the menu for the next day
is obtained by deleting the menu that has been selected
in the previous day except for plain water, plain rice,
and fresh milk. The data collections were from both
primary and secondary sources where the primary data
has been obtained from the dietician, parents and the
ASD center. The secondary data on the other hand has
been obtained from Reference Nutrient Intake (RNI
2017) [45] for the limits of nutrients for Malaysian
children ages from 7-9 years old while the nutrient
content of each menu was gained from Malaysia Food
Composition website (MYFCD). The cost of each menu
and the budget allocation is wide-ranging across the
states due to cost of living. Hence, this study aims to
minimize the allocated budget while at the same time
fulfil the daily requirements of nutrients and food
groups for the children. The decision variables involved
in this study are various Malaysian food that consider
the food which is suitable for the ASD children. Then,

the combinations of menu will be displayed in the menu
list according to six categories of food group. The
parameters are the nutritional content that are essential
for the ASD children such as Energy, Fat, Calories, and
essential vitamins together with the price for the
standard size of menu.

Identify the decision variables

|

Identify the constraints

|

Identify the objective functions

'

Develop the GP and IGP model

|

Execute the model by LINGO software

|

Construct the Day-1 until Day-3 menu

|

Comparison of the result from GP and
IGP model

Figure 1. The Model Development by GP and IGP Model for the
Menu Planning Optimization

The lower and upper limit for every nutrient is shown
on Table 2. The assumption to be clarified in this study
includes standardized portions of the menu intake while
the nutrients contained in each menu are assumed to be
consumed as a whole unit.

Table 2. The Recommended Nutrient Intake and Boundaries for
Children Aged 7-9 years Old (RNI12017)

Nutrients Lower bound (L) Upper bound (V)
Energy (kcal) 1410 1970

Protein (g) 23 -

Fats (g) 45 68

Carbohydrate (g) 193.88 344.75

Calcium (mg) 1000 -

Iron (mg) 6 9

Niacin B3 (mg) 12 -
Vitamin A (ug) 500 -
Vitamin B1 (mg) 0.9 -
Vitamin B2 (mg) 0.9 -
Vitamin C(mg) 35 -

There are 90 menu selections that incorporate the
aspects of nutrition and sensory attributes of the food in
terms of the domain taste of the food which are sweet,
sour, salty and umami under seven types of food groups
as shown in Table 3. The food groups include cereal
meal based, cereal flour based, meat, sea food, fruit,
vegetables, beverages and miscellaneous with a total of
16 daily menus.
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The information on the current daily budget, the daily
menu and cost per serving for each meal had been
collected from the ASD center and a dietitian through
interview sessions where the center has set the budget
of RM25 per day. Table 4 shows the type of daily meals
which are breakfast, morning tea, lunch, and dinner
with the number of menus that should be served during
that mealtime.

Table 3. Type of Food Group and the Daily Requirements

Food Groups
Beverages

Number of Requirements per Day

5 *including 3 plain water and 1 fresh

milk

Cereal Meal Based 3 *including 2 plain rice

Cereal-Flour Based 1

Meat/Seafood 2

Fruit 2

Vegetables 2
1
1

Miscellaneous
Total

=]

Table 4. Type of Menus for Each Mealtime

Cereal Meal Cereal Flour Meat/Seafood Fruit  Vegetables  Miscellaneous Beverages
Based Based
Breakfast 1 1(Fresh Milk)
Morning Tea 1 1(Plain Water)
Lunch 1(Plain Rice) 1 1 1(Plain Water)
Evening Tea 1 1 1
Dinner 1(Plain Rice) 1 1 1 1(Plain Water)

2.1 The General Equation for ASD Children Menu
Planning by GP Model

The GP model is expected to minimize the sum of the
deviations of the recommended daily nutrients needed
by the ASD children as well as the total cost of the
menus. The GP model also had assumed equal weights
to different deviations from the nutrient requirements
and the cost of the daily menus as well. The negative
and positive deviational variables representing
deviations from the it" goals are denoted by DN (i) and
DP (i) where the lower limit of the nutrient’s constraints
should obtain DP = 0 while for the upper limit of the
nutrient’s constraints should obtain DN = 0. Thus, the
GP model formulation as in [39] is as shown in
Equations 1-3.
Minimize
Z =YY" DN()+DP(i) (D)
Subject to:
Hard constraint
Yo aX;(S,=,2)b; O]
Soft constraint

?:1 a;iX; + DN(i) — DP(i) =¢; ?3)

In this equation, X; is the decision variable for jth food
items, where X; = 1 if the item is selected and X; = 0
otherwise. The term a; represents the input parameter
of cost and nutrients of each food item. The positive
deviational variable, DP(i) is the amount of the by
which ith goals are overachieved and the negative
deviational variables DN (i) is the amount of by which
ith goals are underachieved. The parameter c; is the
target or aspiration level of the nutrient nutrients
associated with ith constraint while b; is the right-hand
side of the hard constraints such as the total daily
number of each food group. The index i ranges from 1
to m, representing the number of deviational variables,

while j ranges from 1 to n, representing the number of
food items.

The general equations of the soft constraints are as
shown in Equation 4.

Li < 2?21 ajxj < Ui (4)

L; is the lower bound for nutrient i while U; is the upper
bound for nutrient i. Then, the deviation variables will
be included the constraints for both upper and lower
equations as shown in Equationa 5 and 6.

?:01 a]'x]' + DN(l) - DP(l) = Ui (6)
X1+ Xy + X3 + X4 + X5+... +X99 + DN(i) — DP(i) = U;

Thus, DN (i)from Equation 5 and DP (i) from Equation
6 will be minimized in the objective function. The cost
and the macronutrients, which are energy,
carbohydrates, protein, and fats are formulated as hard
constraints while the micronutrients which are calcium,
Iron, Vitamin A, Vitamin C, Vitamin B1, Vitamin B2
and Vitamin B3 are formulated as soft constraints.

2.2 Goals

The set of soft constraints are then constructed in the
model formulation as the goals.

The first goal is to maximize the daily value of Calcium
to be greater than 1000 mg. The goal constraint and the
deviational variable to be minimized are as shown in
Equation 7.

Y2, a;x; + DN1 — DP1 = 1000 @)
DNL1 is minimized.

The second goal is to maximize the daily value of
Vitamin C to be greater than 35 mg. The goal constraint
and the deviational variable to be minimized are as
shown in Equation 8.
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o a;jxj + DN2 — DP2 = 35 (8)
DN?2 is minimized.

The third goal is to achieve the daily lower limit of Iron
to be greater than 6 mg. The goal constraint and the
deviational variable to be minimized are as shown in
Equation 9.

DP3 is minimized.

The fourth goal is to achieve the daily upper limit of
Iron to be less than 9 mg. The goal constraint and
deviational variable to be minimized are as shown in
Equation 10.

2, ax; + DN4—DP4 =9 (10)

DP4 is minimized.

The fifth goal is to achieve the value of Vitamin B1 to
be more than 0.9 mg. The goal constraint and the
deviational variable to be minimized are as shown in
Equation 11.

DNS5 is minimized.

The sixth goal is to achieve the daily value of Vitamin
B2 to be more than 0.9 mg. The goal constraint and the
deviational variable to be minimized are as shown in
Equation 12.

Y2, ajx; + DN6 — DP6 = 0.9 (12)

DN6 is minimized.

The seventh goal is achieving the value of daily value
of Vitamin B3 to achieve more than 12 mg. The goal
constraint and the deviational variable to be minimized
are as shown in Equation 13.

2,a;xj + DN7 — DP7 = 12 (13)
DN7 is minimized.

The eighth goal is to achieve the daily value of Vitamin
A to be more than 500 pg. The goal constraint and the
deviational variable to be minimized are as shown in
Equation 14.

2, a;x; + DN8 — DP8 = 500 (14)
DNS8 is minimized.

The GP model has been improved in [44] by scalarizing
the objective function. Thus, the deviations in IGP
model are free of dimensions as shown in Equation 15.

Z =YL (DN (D) + DP()/c; (15)

Then, the other constraints are referred to Equations 2
and 3.

3. Results and Discussions

LINGO software has been used to execute the model.
The optimized menu ensures that the nutritional needs
are effectively met, which also considers the cost,
nutrient requirements, and food varieties. The menu
involves seven food groups for five times serving which
are breakfast, morning tea, lunch evening tea and
dinner. The GP model is aimed to minimize the total
deviations of goals from the specified target. In Table 5,
the values of the objective function or the total value of
the deviational variables for the goals are zero for both
GP and IGP models for Day-1 which indicate that all
the goal has been fully achieved by both models.

Table 5. The Deviational Variables Values for Day-1 by GP and
Improved GP Model

GP Model IGP
Model
Nutrients Boundaries The Deviational
Variables
Calcium (Goal 1) >=1000 DN1=0.00 DN1=0.00
Ascorbic Vitamin >=35 DN2=0.00 DN2=0.00
C (Goal 2)
Iron Lower bound  DN3=0.00 DN3=0.00
(Goal 3) >=6
Iron Upper bound  DN4=0.00 DN4=0.00
(Goal 4) <=9
Vitamin B1 >=0.9 DN5=0.00 DN5=0.00
(Goal 5):
Vitamin >=0.9 DN6=0.00 DN6=0.00
B2
(Goal 6):
Vitamin B3 >=12 DN7=0.00 DN7=0.00
(Goal 7):
Vitamin A (Goal 8) >=500 DN8=0.00 DN8=0.00
Total Value of 0 0
Deviational
Variables

Table 6 and Figure 2 show the total values for the
deviational variables where the value for GP model is
3.9 and a reduced value for IGP model which is 3.21 for
Day-2. Goal 4 from GP model shows the value for DP4
is of 3.9 indicating that the upper limit of lron has
exceeded about 3.9 mg from 9 mg. Then, Goal 4 under
IGP model indicates that Iron has exceeded about 3.1
mg from 9 mg while Vitamin B under Goal 5 has
exceeded 0.11 mg from 0.9 mg.

5

39
4

00 00 00 @11 o0 00 00
DN1 DN2 DN3 DP4 DN5 DN6 DN7  DN8
HGP HIGP

Figure 2. The Deviational Variable Value for GP and IGP Model for
Day-2
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Table 6. The Deviational Variables Values for Day-2 by GP and
Improved GP Model

GP Model IGP
Model
Nutrients Boundaries The Deviational
Variables
Calcium (Goal 1) >=1000 DN1=0.00 DN1=0.00
Ascorbic VitaminC  >=35 DN2=0.00 DN2=0.00
(Goal 2)
Iron (Goal 3) Lower bound DN3=0.00 DN3=0.00
>=06
Iron (Goal 4) Upper bound DP4=3.9 DP4=3.1
<=9
Thiamine (Vitamin >=0.9 DN5=0.00 DN5=0.11
B1) (Goal 5):
Riboflavin >=0.9 DN6=0.00 DN6=0.00
(Vitamin B2) (Goal
6):
Niacin  (Vitamin >=12 DN7=0.00 DN7=0.00
B3) (Goal 7):
Vitamin A (Goal 8)  >=500 DN8=0.00 DN8=0.00
Total Value of 3.9 3.21
Deviational
Variables

IGP performed better in Day-3 because of the major
impact of the value of the unachieved deviational
variables of Calcium which showed DN1=125 by GP
model and DN1=75 by IGP model. DN1=125.00 from
GP model indicates that the value of Calcium is less
125.00 mg from 1000 mg while DP4=10.30 indicates
that the value of Iron is more than 10.30 mg from 9 mg.
DN5=0.13 indicates that the value Vitamin B1 is less
than 0.13 mg from 0.9 mg and DN7=1.10 indicates that
the value of Vitamin B3 is less than 1.0 from 12 mg.

Then, by IGP model, DN1=75 indicates that the value
of Calcium is less 75 mg from 1000 mg, DP4=10.80
indicates that the value of Iron is more than 10.80 mg
from 9 mg, DN5=0.11 indicates that the value Vitamin
B1 is less than 0.11 mg from 0.9 mg and DN7=1.10
indicates that the value of Vitamin B3 is less than 1.1mg
from 12mg.

Table 8. The Menu and the Total Cost for 3 Days by GP Model

Table 7 and Figure 3 show the values of the deviational
variables where the total value is 136.53 for GP model
and a reduced value for IGP model which is 88.71 for

Day-3.

Table 7. The Deviational Variables Values for Day -3 by GP and
Improved GP Model

Meals DAY 1 DAY 2 DAY 3
Breakfast Fresh cow Fresh cow Fresh cow
milk milk milk
Chicken rice Rice coconut Noodle (soup)
milk
Morning Plain water Plain water Plain water
Tea Alphabet Peanut White bread
shaped coconut
biscuit biscuit
Lunch Plain water Plain water Plain water
Plain rice Plain rice Plain rice
Shaped and Fried chicken  Chicken curry
fried chicken  (various
meat portions)
Cucumber Carrot French bean
Evening Milo Milk powder,  Soybean milk,
Tea skim unsweetened
Golden Pear (yellow)  Orange
banana
Pizza with Fish crackers Banana, fried
pepperoni, (fried)
beef
Dinner Plain water Plain water Plain water
Plain rice Plain rice Plain rice
Hen egg Chicken Chicken fried
frankfurter
Chestnut Mango Green pear
banana
Bean-string Spinach Red spinach
Total 16 16 16
Number of
Meal
Total Cost RM 24.80 RM24.30 RM24.90

Total Cost = RM 74

GP Model IGP
Model
Nutrients Boundaries The Deviational
Variables
Calcium (Goal 1) >=1000 DN1=125 DN1=75
Ascorbic VitaminC  >=35 DN2=0.00 DN2=0.00
(Goal 2)
Iron (Goal 3) Lower bound DN3=0.00 DN3=0.00
>=6
Iron (Goal 4) Upper bound DP=10.3 DP=10.8
<=9
Thiamine (Vitamin >=0.9 DN5=0.13 DN5=0.11
B1) (Goal 5):
Riboflavin >=0.9 DN6=0.00 DN6=0.00
(Vitamin B2) (Goal
6):
Niacin  (Vitamin >=12 DN7=1.1 DN7=2.8
B3) (Goal 7):
Vitamin A (Goal 8) >=500 DN8=0.00 DN8=0.00
Total Value of 135.3 88.71
Deviational
Variables
140 125
120
100
50 75
60
40
10.8

20 10.3 0.11

00 00 m 0.13 oo 128 o

0
DN1 DN2 DN3 DP4 DN5S DN6 DN7 DN8

EGP mIGP

Figure 3. The Deviational Variable Value for GP and IGP Model for
Day-3

Then, Table 8 and Table 9 show the menus and total
cost for 3 days by both GP and IGP model. The total
cost for the 3 days is RM 74 by GP model and a reduced
value for IGP model which is RM 73.50. This shows
that IGP model has given better results in terms of
obtaining less total value for the deviational variables
and the total cost of the menu planning for the ASD
children. The menus will then be rotated for every 3
days due to the availability of menus variables.
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Table 9. The Menu and the Total Cost for 3 Days by IGP Model

Criteria Decision Method (MCDM) is also applicable to
solve this kind of problem with more complicated
constraints which also involve more data.
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