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Abstract  Goal optimization is an optimization technique which considers more than one objective and each of the 

objective functions is given a goal or target to be achieved. In goal optimization, the given objective functions are not 

maximized or minimized directly; rather, the unwanted deviations between the set goals and the actual values obtained are 

minimized. The aim of this study is to develop a goal programming model that could be used to optimize the daily production 

of Pastry Company. The three goals considered here are: maximizing the daily sales’ profits, minimizing the cost of 

production and maximizing the utilization of machines used in producing the company’s products. Data were collected on 

pastry products such as bread, cake, chinchin, meat pie and fish pie from the day to day production and sales records of the 

company. The two methods of solution for goal programming models, namely, the weights and preemptive methods were 

applied. Tora software was used for the analyses and based on results of the analyses, it was concluded that neither of the 

two methods of solution is superior to the other and that each technique is designed to satisfy certain decision maker’s 

preferences. 
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1. Introduction 

Often times, individuals, companies, organizations and 

even institutions seek to find the best way to go about their 

businesses or jobs in order to maximize profit and also 

satisfy some other necessary objectives that may be of 

importance to them. Multiple objectives arise in production 

companies as a result of the existence of several departments 

where each department has peculiar objective(s) to achieve. 

This calls for decision making in which the decision maker 

accepts a particular solution based on some laid down 

criteria. Optimal production planning and care are therefore 

required since the decision makers in such companies might 

not be willing to allow any arm of the business (es) to suffer 

as much as it is in their power to make all things well: See [6], 

[9], [12] and [14]. Production planning in this regard has to 

do with putting in place various activities and measures in 

order to ensure optimal production that satisfies customers’ 

demands, considering the fact that the real world resources 

such as budgets, labour and time are limited: See [6],     

[12] and [14]. In any production planning, profit making   

is always of uppermost importance, followed by cost 

minimization and then the effective use of the available 

machines:  See [5] and [11]. The  design of  an efficient  
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production planning system can only be possible when there 

is a strong grasp of the production environment in terms of 

customers, products and production processes: See [7] and 

[11]. Such scenarios as described above are better handled  

by mathematical programming models of which Linear 

Programming (LP) model is the basic from which every 

other programming model originates.  

According to [1], [5] and [14], Goal Programming (GP) is 

an extension of Linear Programming, which is commonly 

used to deal with multi-objective problems by minimizing 

deviations of goals defined by decision maker(s), with 

efforts aimed at achieving objectives that match the existing 

limited resources. [2] as well as [3] added that the basic idea 

of goal programming is to assign a specific numeric goal   

to each of the objectives and then seek a solution that 

minimizes the deviations of these objectives from their 

respective goals. [2], [4] and [6] noted that in order to 

minimize the deviation in a particular goal, a variable called 

a "deviation variable (di = di
- or di

+)” is assigned to each goal. 

It was stated that such variable represents the amount by 

which the goal is not achieved. It was further explained that 

if the concerned deviation variable is minimized to zero, it 

implies the exact attainment of the corresponding goal. It 

was also emphasized that if complete attainment of any goal 

is not possible, goal programming provides the decision 

maker with the information on the amount by which the goal 

is not achieved.  

According to [3] and [4], the two algorithms for solving 

goal programming problems are: the weights method and the 

preemptive method. There, it was declared that both methods 

convert the multiple objectives into a single objective 
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function called the achievement function. It was also noted 

there that in the weights method, the objective function also 

known as the achievement function comprises the weighted 

sum of the deviations of the goals from their aspiration levels 

and these weights being subjective are assigned by the 

decision maker according to the relative importance of each 

goal while the preemptive method on the other hand starts by 

prioritizing the goals in their order of importance such that 

higher goals are achieved before the lower ones: See [4]. 

Also, it was asserted that the two methods do not generally 

produce the same solution and that neither of the methods  

is superior to the other as each technique is designed to 

satisfy certain decision maker’s preferences. [5] applied  

the weighted goal programming mathematical model to a 

building construction project in order to estimate the 

categories and the number of residential apartments. [4]  

used a preemptive goal programming model for production 

planning where three objectives were optimized 

hierarchically. [7] used the three different optimization 

techniques, namely: Linear Programming (LP), Priority 

Weighted Goal Programming (PWGP) and Chebyshev Goal 

Programming (CGP) (which is a special form of weighted 

goal programming) to optimize goal constraints of a small 

scale enterprise and discovered that the Priority Weighted 

Goal Programming model performed better than LP and 

CGP models. [10] discovered that most methodologies used 

in linear programming problems like simplex method, 

duality and sensitivity analysis could equivalently apply to 

goal programming problems.  

The objective of this study is to develop a goal 

programming model for a real life production situation in a 

pastry company producing pastry products such as bread, 

cake, chinchin, meat pie and fish pie where the interest    

is to minimize underachievement of the profit target     

(d1
-), overachievement of cost of production (d2

+) and 

underutilization of the machine capacity (d3
-). 

In every optimization problem, due to the limited nature of 

resources, it is always of interest not only to obtain an 

optimal solution of the problem but also to find how stable 

that optimal solution would be, assuming there changes 

either the objective function’s cost coefficient or the right 

hand side resource constraint: See [8]. In view of this,     

in this our work, we carried out sensitivity analysis so     

as to determine the quantities of the cost coefficients and 

resources that would give the optimal solution, their 

minimum and maximum limits within which the optimal 

solution could not deteriorate and the degree of attainment of 

the set goals. Also, the results of the sensitivity analysis 

showed the shadow prices, also known as the dual prices, 

which are the prices for acquiring additional units of 

resources in case the company runs short of resources for 

production. 

2. Material and Methodology 

2.1. Material 

The data used in this study presented in Tables 1, 2, and 3 

were collected from Chy Best Pastry Company’s day to day 

production record on each of the products (bread, cake, 

chinchin, meat pie and fish pie). The company has 11 

workers who are working in different sections, namely; 

milling, mixing and baking sections. The company’s 

optimization goals are to maximize the daily profit, 

minimize the cost of production and maximize the utilization 

of machines used in the production of the products. The 

company’s set profit target is ₦350,000 daily to be achieved 

at the minimum cost of ₦250,000, within 10 hours of 

machine usage. 

The various data were categorized into  

1)  The raw materials available. 

2)  The available machines for the production. 

3)  Time taken to produce each product. 

4)  The average cost of producing and selling price of 

each product. 

Table 1.  Quantity of raw materials available and the amount needed to produce each product (in kg) 

Raw Material Quantity available per day Bread Cake Chinchin Meat pie Fish pie 

Flour 200 90 30 10 20 20 

Margarine 70 9 7 3 6 6 

Sugar 35 10 10 6 3 3 

Egg 40 5 10 4.5 4 4 

Topping 5 0 0.5 0 0 0 

Filling 15 0 0 0 6.5 6.5 

Milk Flavour 10 0.5 0.8 0.5 0.7 0.7 

Yeast 50 3.2 0 0 0 0 

G/Oil 50 5 5 7 5 5 

Salt 25 3 3 3.5 4 4 

Water 500 100 100 70 80 80 

Baking powder 5 0 2 3 0 0 
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Table 2.  Machine time taken to produce each product (in hours) 

Machine Bread Cake Chinchin Meat pie Fish pie 

Basin 0.5 0.5 0.5 0.5 0.5 

Roller 1.0 1.0 0.8 1.0 1.0 

Table 1.0 1.5 1.2 1.0 1.0 

Pan 3.0 3.0 2.5 0.5 0.5 

Oven .5 1.0 0.6 0.5 0.5 

Total 6 7 5.6 3.5 3.5 

Table 3.  Products and their profit contributions in naira 

Product/ 

Profit 

Average cost 

price 

Average selling 

price 
Profit 

Bread 58,452.66 140,345.79 81893.13 

Cup Cake 64,759.98 121,358.44 56598.46 

Chinchin 50,234.65 99,382.35 49147.70 

Meat pie 48,445.43 106,358.33 57912.90 

Fish pie 46,155.32 95,768.16 49612.84 

Total 268,048.04 563213.07 295,165.03 

2.2. Methodology 

In this work, both weights method and preemptive method 

were used and the results were compared. 

2.2.1. Goal Programming Model (for Weights Method) 

The general form of a GP problem using weights method 

is expressed as: 

Minimize Z =  (𝑤𝑖𝑑
−
𝑖

𝑛
𝑖=1  +𝑤𝑖  𝑑

+
𝑖  )     (1) 

where, i represents the number of goals. 

subject to  

goal constraints:  𝑎𝑛
𝑗=1 ijxj – di

+ +di
- = bj    (2) 

where, j is the number of goal constraints which also 

depends on the number of goals 

and 

system constraints:  𝑎𝑚
𝑗=𝑛+1 ijxj ≤ bj       (3) 

 di
+, di

-, xj ≥ 0             (4) 

for i = 1,2,…,n and j = 1,2,…, m 

where, wi is the weight for each deviation variable; di
+ is the 

amount by which goal i is overachieved; di
- is the amount by 

which goal i is underachieved; aij is the amount of the ith 

resource needed by the jth activity; bj’s are the targets or goals 

associated with the constraints;  

Xj; j = 1, 2, 3, 4, and 5, is the number of the bread, cake, 

chinchin, meat pie and fish pie produced per day. 

Both overachievement and underachievement of a goal 

cannot occur simultaneously. Hence, either one or both of 

these variables must have a zero value such that di+di
- = 0.  

2.2.2. Goal Programming Model (for Preemptive Method) 

Minimize Gi = Pidi; i =1, 2 and 3      (5) 

Subject to 

Goal constraints:  𝑎𝑛
𝑗=1 ijxj – di

+ +di
- =bj   (6) 

j = i, the number of goal constraints  

and 

System constraints:  

  𝑎𝑚
𝑗=𝑛+1 ijxj ≤ bj             (7) 

di
+, di

-, xj ≥ 0; i = 1, 2,…,n and j = 1, 2,…,m  (8) 

where Pi’s are the different priority levels of the goals from 

the highest to the lowest. In this work, the first priority goal 

is to minimize the under achievement of the profit target; 

the second priority is to minimize the over achievement of 

the cost of production while the third priority is to minimize 

the under achievement of machine capacity utilization. 

3. Data Analysis  

In order to achieve the purpose of this study, simplex 

method procedures outlined in Section 2 were applied to the 

data presented in Tables 1, 2, and 3. The analyses were done 

using Tora Software. The models consist of the objective 

functions which comprise the concerned deviation variables 

to be minimized as shown in (1) and (5); and the constraints 

which comprise the goal constraints and the system 

constraints as shown by (2) and (3) or (6) and (7); where each 

model is formulated using the decision and deviational 

variables. Concerning this study, the required models for 

different weights assignment are formulated as follows:  

Minimize Z = d1
- + d2

+ + d3
-; d1

- + 2d2
+ +3d3

-; 2d1
- + d2

+ + 

3d3
-; 3d1

- + 2d2
+ + d3

-; d1
- + 3d2

+ + 2d3
-, each  

Subject to 

Goal constraints 

81893.13x1+56598.46x2+49147.70x3+57912.90x4 

+49612.84x5 – d1
++ d1

- = 350000 

58452.66x1+64759.98 

x2+50234.65x3+48445.43x4+46155.32x5–d2
++d2

- = 250000 

6x1 + 7x2 + 5.6x3 + 3.5x4 + 3.5x5 – d3
++ d3

- = 10 

System constraints 

90x1 +30x2 +10x3 +20x4 +20x5 ≤ 200 

9x1 +7x2 +3x3 +6x4 +6x5 ≤70 

10x1 +10x2 +6x3 +3x4 +3x5 ≤35 

5x1 +10x2 +4.5x3 +4x4 +4x5 ≤40 

0.5x2 ≤ 5 

6.5x4 +6.5x5 ≤15 

0.5x1 +0.8x2 +0.5x3 +0.7x4 +0.7x5 ≤10 

3.2x1 ≤50  

5x1 +5x2 +7x3 +5x4 +5x5 ≤50 

3x1 +3x2 +3.5x3 +4x4 +4x5 ≤25 

100x1 +100x2 +70x3 +80x4 +80x5 ≤500  

2x2 +3x3 ≤5 

x1, x2, x3, x4, x5, d1
+, d1

-, d2
+, d2

-, d3
+, d3

- ≥0;  

The required models for the preemptive method 

considering the different goal priorities are formulated as 

follows:  

Min G1 = d1
- 

Min G2 = d2
+ 

Min G3 = d3
-, each  

Subject to 
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Table 4.  Results of the Analyses for the different assigned weights 

Variable 
Min Z =  

W1 

Min Z = 

W2 

Min Z = 

W3 

Dual/Shadow 

price 

X1 1.61 1.50 1.50 0.00 

X2 0.00 0.00 0.00 0.00 

X3 0.88 1.91 1.91 0.00 

X4 2.31 2.31 2.31 0.00 

X5 0.00 0.00 0.00 0.00 

d1
+ 0.00 0.00 0.00 0.00 

d1
- 41313.79 0.00 0.00 0.00 

d2
+ 0.00 45121.86 45121.86 0.00 

d2
- 0.00 0.00 0.00 0.00 

d3
+ 12.65 17.74 17.74 0.00 

d3
- 0.00 0.00 0.00 0.00 

where W1=(d1
-
 + d2

+
 + d3

-
) = ( d1

-
 + 2d2

+
 + 3d3

-
) = ( d1

-
 + 3d2

+
 +2d3

-
) 

=41313.79; W2=(3d1
+
 + 2d2

+
 + d3

-
) =90243.73 and W3=(2d1

-
 + d2

+
 + 3d3

-
 )   

= (3d1
-
 + d2

+
 + 2d3) =45121.86 

Goal constraints 

81893.13x1+56598.46x2+49147.70x3+57912.90x4 

+49612.84x5 – d1
++ d1

- = 350000 

58452.66x1+64759.98x2+50234.65x3+48445.43x4+4615

5.32x5– d2
++ d2

- =250000 

6x1 + 7x2 + 5.6x3 + 3.5x4 + 3.5x5 – d3
++ d3

- = 10 

System constraints 

90x1 +30x2 +10x3 +20x4 +20x5 ≤ 200 

9x1 +7x2 +3x3 +6x4 +6x5 ≤70 

10x1 +10x2 +6x3 +3x4 +3x5 ≤35 

5x1 +10x2 +4.5x3 +4x4 +4x5 ≤40 

0.5x2 ≤5 

6.5x4 +6.5x5 ≤15 

0.5x1 +0.8x2 +0.5x3 +0.7x4 +0.7x5 ≤10 

3.2x1 ≤50  

5x1 +5x2 +7x3 +5x4 +5x5 ≤50 

3x1 +3x2 +3.5x3 +4x4 +4x5 ≤25 

100x1 +100x2 +70x3 +80x4 +80x5 ≤500  

2x2 +3x3 ≤5 

x1, x2, x3, x4, x5, d1
+, d1

-, d2
+, d2

-, d3
+, d3

- ≥0;  

Table 5.  Results of the analysis for pre-emptive method 

Variable 
Min G1= 

d1
- =0.00 

Min G2= 

d2
+ =0.00 

Min G3 = 

d3
- =0.00 

Dual/Shadow 

price 

X1 1.5 1.45 1.45 0.00 

X2 0.00 0.7 0.7 0.00 

X3 1.91 0.27 0.27 0.00 

X4 2.31 0.00 0.00 0.00 

X5 0.00 2.31 2.31 0.00 

d1
+ 0.00 0.00 0.00 0.00 

d1
- 0.00 64175.55 64175.55 0.00 

d2
+ 45121.86 0.00 0.00 0.00 

d2
- 0.00 0.00 0.00 0.00 

d3
+ 17.74 37.45 37.45 0.00 

d3
- 0.00 0.00 0.00 0.00 

4. Sensitivity Analysis 

In this section, the sensitivity analysis was carried out on 

the constants of the right hand sides (RSH) of the goal 

constraint and system constraint equations, and the cost 

coefficients so as to determine their maximum and minimum 

limits for optimality. The results are presented in Table 6. 

 

Table 6.  Result of Sensitivity Analysis for RHS and variable / cost coefficients 

Constraint 
Current 

RHS 

Min. RHS 

limit 

Max. RSH 

limit 

Dual 

Price 
Variables 

Current 

coefficient 

Minimum 

coefficient 

Maximum 

coefficient 

Goal 1 350,000 344390.78 350636.45 0 X1 0 0 0 

Goal 2 250,000 234434.39 253574.52 0 X2 0 0 Infinity 

Goal 3 10 -Infinity 30.31 0 X3 0 0 0 

Flour 200 185.34 Infinity 0 X4 0 0 0 

Margarine 70 33.54 Infinity 0 X5 0 -Infinity 0 

Sugar 35 24.04 35.68 0 d1+
 0 0 Infinity 

egg 40 27.52 Infinity 0 d1- 1 0 Infinity 

Topping 5 0 Infinity 0 d2+ 1 0 Infinity 

Filling 15 0 15.48 0 d2- 0 0 Infinity 

Milk Flavour 10 3.62 Infinity 0 d3+ 0 0 0 

Yeast 50 3.92 Infinity 0 d3- 1 0 infinity 

G/ oil 50 36.37 Infinity 0 - - - - 

Salt 25 22.51 Infinity 0 - - - - 

Water 500 499.4 Infinity 0 - - - - 

Baking Powder 5 0 Infinity 0 - - - - 
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5. Discussion and Conclusions 

In this research, the major aims were to minimize      

the underachievement of the profit goal (d1
-), the 

overachievement of the production cost goal (d2
+), and the 

underachievement of machine utilization goal (d3
-). From the 

results of the analysis of the weights method shown in Table 

4, it was discovered that d1
- = 41313.79; d1

+ = 45121.86 and 

d3
- = 0; meaning that the profit goal was underachieved by 

₦41,313.79; the production cost goal was overachieved by 

₦45,121.86 and the machine utilization goal was exactly 

achieved. Also the results in Table 5 showed that d1
- = d2

+ = 

d3
- = 0, meaning that all the goals were exactly achieved 

using the pre-emptive method. 

The sensitivity analysis presented in Table 6, showed   

the various minimum and maximum limits of the RHS 

constraints and cost / variable coefficients within which the 

solution remains optimal. Furthermore, the fifth column 

showed that the shadow price (dual prices) for each RHS 

constraint was zero; meaning that using additional units of 

the resources would not alter the optimal solution provided 

the limits were not violated.  

Finally, based on the results of the analysis, we therefore 

concluded that neither of the two methods of solution is 

superior to the other; rather, each technique is actually 

designed to satisfy certain decision maker’s preferences.  
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