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Abstract 
 

An optimization of diet preparation of patients’ with stroke was done in the Satya 

Negara Hospital. It concerned to the nutritional needs of calories, proteins, fats, 

and carbohydrates as well as the purchase cost for the hospital management. 

Using the Criss-Cross method, the output of the model was obtained to help 

determine the number of each food to be compiled into an optimal diet for stroke 

patients. 
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Introduction 
 

   Some foodstuffs of hospital patients have the same nutritional content, 

although the nutritional value or percentages varies. Concerning to the nutrients 

that must be covered up, several variations diet can be created using a 

combination of the foodstuffs available. Each food also has a different amount of 

domestic use. In order to optimize the purchase of foodstuffs selected, it is need to 

have a minimum purchase price, so the hospital can make purchases of food and 

setting an optimal diet. Some calculations can be done by first making a 

mathematical model related to the problem. The application developed helps 

assist the hospitals manage meal menus for stroke patient. 

 

This paper describes the application of Criss-Cross method for optimization of the 

amount of each food that can be compiled into an optimal diet in Satya Negara 

Hospital. To assist in the calculation process a program has been developed using 

Microsoft Visual Basic programs [1]. 

 

 

Method 
 

   The development of Criss-Cross method that uses both primal and dual 

criteria in choosing the iteration is better than that uses only one of it combined 

with the use of artificial variables. [2] also included a proof in a separate paper 

entitled “Some Empirical Tests of the Criss-Cross Method”. 

 

Criss-Cross method was originally developed separately for different optimization 

problems [3]. Since then, the method of Criss-cross has turned into a different 

algorithm in the pivot selection rules. Criss-Cross method is a primal-dual 

algorithm to solve linear programming problems. This method does not need to 

use problem replacement to btain the problem solving. If a primal or dual basic 

solution is feasible, the related simplex method will be used. That is, if a primal 

basic solution is feasible, the primal simplex method will be used. Meanwhile, if 

the dual basic solution is feasible, the dual simplex method will be used. 

 

Criss-Cross Method, according to the suitable criteria, will alternately perform 

primal and dual iterations until the primal or dual basic solution that is feasible is 

obtained. Then by using the iteration, a state where the solution is feasible primal 

and feasible dual will be attained. When the solution is obtained, the optimal 

solution will be obtained. 

 

The general form of the primal problem is:  
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The general form of the dual problem associated with the above primal problem is 

[4]. 
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and   yi ≥ 0, for i = 1, 2, ...., m                       (2) 

 
Primal feasible state is attained when the entire right side on the primal problem is 

in positive value. The right side on the primal problem is the coefficient of the 

objective function of the dual problem. Dual feasible state is reached when the 

entire right side on the dual problem is in positive value. Just as the primal, the 

right side on the dual problem is the coefficient of the objective function of the 

primal problem. The Criss-Cross iteration process will determine whether the base 

is in the form of primal feasible, or whether the base is in the form of dual feasible 

as well, whether the base is in the form of primal and dual feasible, and whether 

the base is not in the form of primal and dual feasible. 

 

Here is one example of problems to solve by the Criss-Cross method: 

 

Minimize   - 3 X1 + 4 X2  

Constraint  X1 + 2 X2 ≥ 2  ; 3X1 + X2 ≥ 4 

    X1 - X2 ≤ 1  ; X1 + X2 ≤ 3 
 
Solution.  

On the first and second constraints is found an unfit form, so it will be converted 

into the form: 

- X1 - 2X2 ≤ −2 

   - 3X1 - X2 ≤ −4 

 

Now all obstacles are ready to be included in the base. Inserted into the base are 

all the coefficients of the objective function and constraints given. The first base is 

as follows: 
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 X1 X2  

Z -3 4 0 

X3 -1 -2 -2 

X4 -3 -1 -4 

X5 1 -1 1 

X6 1 1 3 

 

It is noticed from the base above that the problem has not been in the form of 

primal feasible and dual feasible. It can be observed that the coefficients of the 

objective function of the primal problem (the coefficient of Z in the base above) 

has not been entirely positive and the objective function coefficients of the dual 

problem (right side above the base) have not been entirely positive. So for the first 

iteration, it is free to choose whether using the primal or dual iteration. In this 

example, first is used the dual iteration. 

 

The first step to do in the dual iteration is to find the pivot row that is the line that 

has the right side coefficients which has the smallest negative value on the primal 

problem. Thus, the pivot row is X4. After that, look for a pivot column by looking 

for positive elements of the function Z and the smallest quotient with the absolute 

element value on the pivot row. Since X2 is the only one that has a positive value 

on the element function Z, it becomes the pivot column. Obtaining the pivot row 

and pivot column, the pivot element is obtained, too, that is the element where the 

pivot row and pivot column meet. Here will be done is a nearly similar pivot as 

one on the simplex method. What makes the difference is that the pivot element in 

the new basis is valued one divided by the old pivot element. 

So the first iteration begins now. Swap the position of X2 and X4. The new pivot 

element is 1/-1 = -1. Using a dual iteration, all the old pivot row will be multiplied 

by -1 and the old pivot column will be multiplied by 1. Thus it becomes: 

 

 
 X1 X4  

Z  4  

X3  -2  

X2 3 -1 4 

X5  -1  

X6  1  

 

 

For other unfilled elements, we will use a common simplex algorithm as follows: 

 
The new element base = old element base - coefficient of old pivot column x new value 

of pivot row 

 

 

Thus, the base obtained for the first iteration is as follows: 
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 X1 X4  

Z -15 4 -16 

X3 5 -2 6 

X2 3 -1 4 

X5 4 -1 5 

X6 -2 1 -1 

 

The base has not been in a state of primal feasible and dual feasible. 

Therefore, the subsequent iteration will be done which intersperse with the 

previous iteration. Since the first iteration uses dual iteration, the second iteration 

will use a primal iteration. 

 

In the primal iteration, the first step is determining the pivot column by finding 

the smallest negative value element of the objective function. It will obtain value 

-15, so that the X1 will be the pivot column. The pivot row in the primal iteration 

is obtained by finding the minimum value of the quotient between the non 

negative right-side with the absolute value of the existing entries in the pivot 

column. Then, X3 is obtained as the pivot row. Thus, the new pivot element value 

is 1/5 and the new elements of the pivot row and pivot column are as follow: 

 
 X3 X4  

Z 3   

X1 1/5 -2/5 6/5 

X2 -3/5   

X5 -4/5   

X6 2/5   

 

The new pivot row and pivot column are calculated using primal iteration formula, 

whereas the other elements use common simplex algorithm. The final results of 

the second iteration are as follows: 

 
 X3 X4  

Z 3 -2 2 

X1 1/5 -2/5 6/5 

X2 -3/5 1/5 2/5 

X5 -4/5 3/5 1/5 

X6 2/5 1/5 7/5 

 

Apparently after the second iteration is completed, the base is found primal 

feasible. Therefore, the subsequent iterations to be done are primal iterations that 

base is found primal feasible and dual feasible. In the same way, it will be 

obtained X4 as the pivot column and X5 as the pivot row. Thus, the results of the 

third iteration are as follows: 
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 X3 X5  

Z 1/3 10/3 8/3 

X1 -1/3 2/3 4/3 

X2 -1/3 -1/3 1/3 

X4 -4/3 5/3 1/3 

X6 2/3 -1/3 4/3 

 

Completing the third iteration, the base is primal feasible and dual feasible. Then, 

the iterations are completed and the optimal solution is successfully obtained. The 

optimal solution can be noticed from the right-side of the objective function, 

where on the base above the optimal solution values 8/3 [5]. 

 

 

Result 
 

   To solve this optimal problem, Criss-Cross method is used to obtain the 

optimal value to the objective function, where the purpose of this problem is to 

minimize the cost of foodstuffs purchase concerning that the foodstuffs must 

cover the required nutrients. This method will be applied to Satya Negara Hospital 

in Jakarta. The Criss-Cross formulation method to be solved is determining the 

amount of each foodstuff to set up an optimal diet. 

 

The data used in this study include: foodstuff data which consists of the type of 

foodstuff, the name of foodstuff, the content of calories, protein, fat and 

carbohydrates per 100 grams, the amount of domestic use, and the price of 

foodstuff per 100 grams. Additionally, it is also provided the data of patients with 

stroke, which consists of the type of stroke, gender, age, height and weight, 

patient's daily activities, need for calories, protein, fat, and carbohydrates per day. 

 

From the total nutritional needs of patients per day, six menus are prepared based 

on the eating time, namely:  Nutritional needs for breakfast = 20% x total 

nutritional needs; nutritional needs for morning snack = 10% x total nutritional 

needs; nutritional needs for lunch = 25% x total nutritional needs, nutritional 

needs for afternoon snack = 15 % x total nutritional needs, nutritional needs for 

the dinner = 20% x total nutritional needs; nutritional needs for evening snack = 

10% x total nutritional needs. Then from the existing data, the determination of 

the decision variables is carried on by determining the amount of each foodstuff to 

set up an optimal diet. Thus, the decision variable is the amount of each foodstuff 

selected. 

 

Supposed that to optimize the nutritional needs of patients with bleeding strokes 

under specification: male, age 30, height 170 cm, weight 60 kg, with normal 

activity, the nutritional need value is = 2000 cals; protein = 65 grams; fat = 60 

grams; carbohydrate = 300 grams. If we want to prepare lunch for this patient, the  
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nutritional need is 25% of the previous value, so the nutritional values needed is: 

calories = 500 cal; protein = 16.25 grams; fat = 15 grams; carbohydrate = 75 

grams. The foods to combine for the lunch menu are as follows: carbohydrate 

sources: rice and noodle wet; protein sources: sausage and fish; vegetables: green 

beans and carrots, fruits: papaya. From the case above, there are seven foodstuffs 

to combine in a menu. Then the decision variables are as follows: 

 

X1 = grams of rice to be optimized; X2 = gram wet noodle to be optimized; X3 = 

grams of sausage to be optimized; X4 = grams of fish to be optimized; X5 = 

grams of green beans to be optimized; X6 = grams of carrots to be optimized; X7 

= grams of papaya to be optimized 

Since the objective of this case is to minimize the purchasing cost, the objective 

function is: 

 

Min: Z = ∑ ����
�
���  

where: 

J is the sum of all foodstuff  to combine 

j is part of the J; Xj is the raw material of j and Cj is the price of raw material of j. 

The number of j will be varied in each calculation process depending on the 

material selected in the diet. 

 
Table 1. The foodstuff contents and price 

Names of 
foodstuff 

Calories Protein Fat Carbohydrate 

Price 

($) 

Domestic 

Use Amout 

wet noodle 87.5 2 0 20 500 110 

Rice 175 4 0 40 700 100 

papaya 45.5 0 0 11 500 110 

carrots 25 1 0 5 600 100 

bean 25 1 0 5 400 100 

fish 125 17.5 5 0 3000 40 

 
Based on the assumption of foodstuff contents and price on Table 1, then the 

objective function can be formulated as folows: 

 
Min: Z = 700 X1 + 500 X2 + 4000 X3 + 3000 X4 + 400 X5 + 600 X6 + 500 X7 
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In the formulation, the left- side expresses the amount of nutrients per 100 grams 

of food, while the right- side expresses the amount of nutritional needs that must 

be covered. The limitation of mathematical signs in use is a sign of ≥ since the 

amount of each food foodstuff must meet the nutritional needs and sign ≤ since of 

the amount of each food foodstuff should not exceed its domestic use amount. 

Here is the limiting function in accordance with the decision variables: 

 

 
Calories   : 175 X1 + 87.5 X2 + 300 X3 + 125 X4 + 25 X5 + 25 X6 + 45.5 X7 ≥ 500 

Protein   : 4 X1 + 2 X2 + 14 X3 + 17.5 X4 + X5 + X6 ≥ 16.25 

Fat    : 26 X3 + 5 X4 ≥ 15 

Carbohydrate  : 40 X1 + 20 X2 + 5 X5 + 5 X6 + 11 X7 ≥ 75 

Domestic Use Amount : X1 ≤ 1; X2 ≤ 1.1; X3 ≤ 0.5; X4 ≤ 0.4; X5 ≤ 1; X6 ≤ 1; X7 ≤ 1.1 
 

 

By combining the objective function and the limiting function, the mathematical 

model of linear programming that determines the optimized amount of food is: 

 

 
Min: Z = 700 X1 + 500 X2 + 4000 X3 + 3000 X4 + 400 X5 + 600 X6 + 500 X7 

Constraint  175 X1 + 87.5 X2 + 300 X3 + 125 X4 + 25 X5 + 25 X6 + 45.5 X7 ≥ 500 

 4 X1 + 2 X2 + 14 X3 + 17.5 X4 + X5 + X6 ≥ 16.25 

 26 X3 + 5 X4 ≥ 15 

 40 X1 + 20 X2 + 5 X5 + 5 X6 + 11 X7 ≥ 75 

  X1 ≤ 1; X2 ≤ 1.1; X3 ≤ 0.5; X4 ≤ 0.4; X5 ≤ 1; X6 ≤ 1; X7 ≤ 1.1 
 

 

The constraints and objectives formulated in a mathematical model above will be 

solved by the application program created, that is Visual Basic where the solution 

uses Criss-Cross method. The result obtained from program is shown on Figure 1. 

 

 

 

 

 

 

 

 



Optimization of food menus for stroke patients                       2717 
 

 

 

 

Figure 1. Example of solution obtained. 

 

From the mathematical model formulated above, the results obtained are X1 = 1.0; 

X2 = 1.1; X3 = 0.5, X4 = 0.4, X5 = 0:18, X6 = 0, X7 = 1.1, where X1, X2 and X3, X4 , X5, 

X6, and X7 represent rice, wet noodles, sausages, fish, beans, carrots, and papaya. 

Since the value is in units per 100 grams, the amount of each foodstuff is: rice = 

100 grams; noodles wet = 110 grams; sausage = 50 grams; fish = 40 grams; beans 

= 18 grams; papaya = 110 gram. The purchase cost is 4689.00. 

 

 

Conclusion 
 

   Based on the discussion, on mathematical modeling that has been done, the 

limits depend on the amount of food selected. Therefore, if there is only one 

foodstuff available, there will be only one decision variable. If there are two 

foodstuffs, there will be two decision variables, and so on. If so, it will be very 

possible to obtain less accurate calculations if there are only few foodstuffs 

selected on the application program, such as 1 – 2 foodstuff due to insufficient 

nutritional needs that can not produce an optimal menu. The amount and type of 

foodstuff can be selected by the user on the optimization menu. The more 

diversed the coefficients of the limiting decision variables are, the more the 

optimal calculations are obtained. 
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