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IMPROVEMENT OF PRODUCTION 

PLANNING PROCESS BY APPLYING THE 

THEORY OF CAUSATION 
 

Abstract: The procedure for production planning process by 

applying the theory of causation is presented. The paper 

investigates the possibility to analyze the dependence of some 

production planning phases and indicates that the procedure 

for decomposing the process into phases and identifying their 

interdependences contributes to better understanding of the 

complexity of decision-making and production planning. In 

case study is shown example of the planning process of 

introduction a new product included the definition of several 

interdependent phases in the planning process. In the 

planning process, probabilities of individual occurrences 

events are included and by employing the Bayes formula 

probability of final event occurrence is calculated. 

Incorporation of impacts of dependent events in the planning 

process contributes to production planning development 

quality.   

Keywords: Production planning,belief networks, industrial 

engineering. 

 

1. INTRODUCTION  
 

Production planning has been the subject 

of research since the 1970s. It is one of the 

most complex processes taking place in every 

manufacturing enterprise. Over time, 

increasingly difficult tasks have been assigned 

for the production process planning, because of 

the expectations to utilize production resources 

to the maximum, to harmonize all technological 

processes, to meet increasingly demanding 

market’s needs, and to keep pace with growing 

competition of countries in the region. Methods 

of operations research enabled harmonization 

of production processes and establishment of 

optimal solution for input qualitative data.  

Growing demands for increased production 

efficiency resulted in the occurrence of 

qualitative analyses and their integration into 

mathematical programming models [1,2,3]. 

Methods of CPM chart [4], Gantt [5], PERT 

and allowed for temporal harmonization of 

different interdependent production processes. 

Integration of vertical and horizontal 

production processes has improved the process 

of production planning as well. So, if each plan 

is considered to have its temporal, spatial and 

content dimensions, that plans are related to 

different organizational levels, that production 

plan contains its component plans, it is then 

possible to view the complexity of the 

production planning process and necessity to 

improve it all the time.  

Production planning process dictates the 

mode of operating business. However, on the 

other side, production plan development must 

view all characteristics of the production 

process in order to find the best way to realize 

production, considering numerous constraints 

contained in a real model.  

Production planning process consists of 

several phases and their number varies 

depending on the type of the plan [6,7,8]. Take, 

for example, the planning process of 

introduction a new product. In a general case, 

this problem requires moving through the 

following phases: strategy design of product 

development, defining a plan for project 

realization and maintenance of control over 

process realization, selecting a team, defining 

tools and techniques (CAD, SPC, FMEA) in all 

stages of product design, parallel work, project 

management plan. 

So, the theoretical example of the planning 

process of introduction a new product included 

the definition of several phases in the planning 

process and it is noticeable that mentioned 

phases are interdependent, i.e., the next phase 



 

440                      M., Misita, D.Lj., Milanović, D.D., Milanović, M. Milanović  

may begin only after the previous phase is 

finished. This fact enables to hypothesize that 

the planning process of introduction a new 

product can be viewed as a series of events 

connected by conditional probabilities 

[9,10,11]. If the planning process includes 

probabilities of individual occurrences, it is 

then possible by employing the Bayes formula 

to calculate the probability of final event 

occurrence, and afterwards to calculate a 

probability  in case the event does not occur 

[12].  Methods previously used in the planning 

process could have taken into account the 

impact of previous event on the next one, but 

not the impact of all previous events on the 

final one. Calculation of probability for final 

event occurrence in production planning 

enables the comparison between different 

production plans and making a choice of the 

production plan that has the lowest risk and the 

most favorable solution for given enterprise. 

 

 

2. THEORETICAL SETUP OF A 

MODEL 
 

Bayes theorem for two conditional events 

A and B reads: 

 P(A│B) = (P(B│A) ∙ P(A))/P(B)  

where: 

P(A) - probability of event A occurrence, 

before event A is considered. Indicates the 

probability of event A occurrence for the case 

there is no previous conditional event.  

P(A|B) - probability of event A occurrence on 

condition that event B has occurred.  

P(B|A) - probability of event B occurrence on 

condition that event A has occurred.  

P(B) - probability of event B occurrence, also 

referred to as marginal probability. This factor 

is identical for all conditional probabilities 

considered afterwards, because it has 

previously occurred. 

P(B|A) is the inverse conditional probability of 

P(A|B). In some cases it is easier to calculate 

the inverse conditional probability P(B|A), and 

then to use it to obtain the value of P(A|B). To 

calculate a single conditional probability and its 

inverse, the Bayes theorem is employed.  

The definition of conditioned probability 

can be obtained from the condition:  

 

P(A|B) =
P(A∩B)

P(B)
 =

P(A∩B)

P(A)
∙P(A)

P(B)
=

P(B|A)∙P(A)

P(B)
 

If conditional probability is written as: 

 

P(A|B) =
P(B|A)∙P(A)

P(B)
=

P(B|A)

P(B)
∙ P(A) 

then the ratio  
P(B|A)

P(B)
 is referred to as impact of 

B on probability A.  

In treating the problem of production 

planning, it is needed to consider the 

probability of the occurrence of several 

previous events that have impact on a single 

next event, so it is convenient to use the Bayes 

theorem for a series of input variables: 

In finitely many disjunctive cases Ai, i = 

1, ..., N, on a single B event, calculation setup 

for conditional probabilities would be like this: 

𝑃(𝐴𝑖|𝐵) =
𝑃(𝐵|𝐴𝑖) ∙ 𝑃(𝐴𝑖)

∑ 𝑃(𝐵|𝐴𝑖) ∙ 𝑃(𝐴𝑖)𝑁
𝑗=1

 

𝑃(𝐴𝑖|𝐵) =
𝑃(𝐵|𝐴𝑖) ∙ 𝑃(𝐴𝑖)

𝑃(𝐵)
 

where the ratio: 

𝑃(𝐵) = ∑ 𝑃(𝐴𝑖 ∩ 𝐵)

𝑁

𝑗=1

= ∑ 𝑃(𝐵|𝐴𝑖) ∙ 𝑃(𝐴𝑖)

𝑁

𝑗=1

 

represents the Law of total probability.  

 Consideration of the problem of 

production planning, apart from the case when 

several events may impact a single next event, 

should be given to the case when several 

previously conditioned events impact several 

next interdependent events, so that above 

mentioned model has to be extended.  

Assume that problem formulation 

identified Еn as an independent and identically 

distributed event with unknown distribution 

function. Each event is preceded by event Мm. 

The model is defined through conditional 

probabilities P(Еn |Мm), where {P(Мm)} is 

initial prior probabilities (whose sum must 

amount 1). 

For a series of independent and identically 

distributed events Е = {е1, е2, … , еn}  it holds: 

P(M|E)=
P(E|M)

∑ P(E|Mm)P(Mm)m

∙P(M) 
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where P(E|M) is the product of individual 

conditional probabilities 

P(E|M)= ∏ 𝑃(𝑒𝑘|M)

𝑘

 

In a developed form:  

P(M|E)=
P(E|M)

∑ P(E|Mm)P(Mm)m

∙P(M) 

P(M|E) =
∏ 𝑃(𝑒𝑘|M)𝑘

∑ ∏ 𝑃(𝑒𝑘|Mm)P(Mm)𝑘𝑚
P(M) 

 

3. CASE STUDY  
 

 The planning process of introduction a 

new product in manufacturing is 

exemplified by methodological steps in a 

product development plan created by the 

UK Department of Trade and Industry, 

table 1.  
 

Table 1. Structured process of planning of 

introduction new product 

No. Level 1 No. Level 2 

R1 

Product 

developm

ent 

strategy 

R11 Business strategy 

R12 Products and markets 

R13 
Technology and 

manufacturing 

R14 Customer focus 

R15 Quality 

R2 

Structured 

product 

developm

ent 

process 

R12 Defined process 

R22 Organization 

R23 
Level of 

implementation 

R24 
Performance 

measurement 

R25 
Initial project 

appraisal 

R3 Teamwork 

R31 Team composition 

R32 
Roles and 

responsibilities 

R33 
Training and 

qualifications 

R34 
Management and 

motivation 

R35 Communication 

R4 
Tools and 

techniques 

R41 Application 

R42 Quality improvement 

tools 

R43 Cost reduction 

R44 
Information 

technology 

R5 
Working 

in parallel 

R51 
Market, product, 

process, materials 

R52 Product costing 

R53 
Accessible 

information 

R6 

Project 

and 

program 

manageme

nt 

R61 
Program 

management 

R62 Planning 

R63 
Monitoring and 

control 

R64 
Resource 

management 

 

Each phase on level 2 is described by 

elements on a level 3, which are key factors for 

assessment probability of occurrence.  Table 2, 

shows key factor on a level 3 in model that 

influencing phase R13- technology and 

manufacturing 

 

Table 2. Key Factors Level 3 
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- How do you use suppliers to improve 

technology? 

- Do customers provide you with 

information on technology? How does raw 

material sourcing affect you? 

- How are trends in technology 

monitored? 

- Do you use patent registration data to 

assess new and/ or competitive 

technologies? 

- Does the company identify the core 

product and process technologies on 

which its current and future development 

depends? 

- What policies are there to ensure access 

to new technologies through, for example, 

licensing or technology transfer? 

- How does the company keep abreast of 

developments and their likely impacts, 

e.g. new materials, new processes? 

- Do you appraise new materials for 

possible applicability to new product 

development? Do you need to consider 

intellectual property issues (patents, 

trademarks, etc.)? 

- How do you deal with industrial design 

(ergonomics, aesthetics)? How do you 

design packaging? Are explicit choices 

made between in-house work and sub-

contract development and manufacture? 

What factors are considered in making 

these choices? 

 Key factors that influencing rest of phases 

represented in table 1, are not shown in further 

text and could by find in product development 

plan created by the UK Department of Trade 

and Industry. Buy we used these key factors for 

asssessment probalility of occurence certain 

state of each phase on level 2.  

 In further text, construction of model for 

planning process is shown. 

Phases, shown in Table 1, are networked 

using Microsoft Bayesian Network Toolkit for 

modeling and interface with Bayesian 

Networks [13]. For generating model in this 

toolkit, it was needed to define: 

 a set of variables, 

 a graphical structure connecting the 

variables, and 

 a set of conditional distributions.  

Phases R1, R2, R3, R4, R5 and R6 are 

represented as level one nodes on graph. Phases 

R11,R12, ...,R64 are presented as level two 

nodes. Arcs on graph represent conditional 

dependencies in the model. The absence of an 

arc between some nodes indicated that these 

two phases are mutually independent. On the 

graph, Figure 1, phases which belong to the one 

phase are colored in same color. 

Each causal influence relationship between 

phases is described by a line (or arc) connecting 

influencing variable to the influenced variable. 

MSNBx support two kinds of probability 

distributions: discrete and causally. Also, 

MSBNx supports three kinds of probability 

assessment: 

 standard assessment - table based method, 

 Causally independent - standard discrete 

assessment. 

 Asymmetric assessment-  tree-based 

method. 

 

 
Figure 1 - Creation of the model 

 

Figure 1 shows creation of the model in the 

MSBNx toolkit. For each node, states should be 

described, and a set of stated represent all 

possible distinct situation for the observed 

variable. 

 Figure 2 represent final construction of the 

model for the planning process of introduction 

of new product in production.  
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Figure 2 - Model of conditional dependent 

phases 

 

After the model has been developed, 

model evaluation can be performed. Inference 

or model evaluation is process of calculation 

probabilities based on relationships in  the 

model. Inference in BN is based on 

mathematical mechanism to update the 

probabilities of all variables that are connected 

to the variable representing new evidence and 

to calculate influence of all states of prior 

variables on probability of occurrence each 

states of variable that representing new 

evidence. Figure 3 shows influence of parent 

nodes on phase R2 named as Strategy. 

 

 

 
Figure 3 - R1 strategy - influence of parent 

nodes 

 

The first row in Figure 2 is the state where 

all parent nodes have the expected best value. 

Each of the remaining rows indicates the 

consequences of having a parent node in a non-

normal state. The same process is performed 

for the rest of phases in the planning process of 

introduction a new product in manufacturing, 

and in Figure 3 only the final result is shown. 

 

 
Figure 4 - Influence of parent nodes on phases 

2 and 3 - Structured Product and Teamwork 
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Figure 5 - Influence of parent nodes on phases 

4 and 6 - Tools Techniques and Project 

Management 

 

 
Figure 6 - Influence of parent nodes on phase 5  

- Parallel Work 

 

 

4. RESULTS ANALYSIS AND 

CONCLUSION 
 

The paper provides an example of the 

planning process analysis for the case when all 

processes taking place during plan realization 

are viewed as dependent events. The observed 

problem is represented in a model form in the 

software package Microsoft Belief Network 

ver.1.4.2. and obtained results are shown in 

Figs 3,4,5 and 6. MSBNx is a software product 

which allows for analyzing the impact of 

previous events on the next one in a model 

generated in the editor. For each event in a 

model (for our case study each point/event 

represents a sub-process within the planning 

process of introduction a new product) the 

probability of state 1 and state 2 occurrence 

may be assigned (in a general case, state 1 is 

the occurrence of some event, whereas state 2 is 

the probability of its non-occurrence. In special 

cases each point may have several states).  For 

our concrete example, state 1 represents the 

probability of the most favorable occurrence of 

the observed event, while state 2 is calculated 

as the difference between unity and state 1 

probability.  This way, by incorporating all 

values for the sub-processes in a model for the 

planning process of introduction a new product 

in manufacturing, we obtain diagrams shown in 

Figs 3,4,5 and 6. The range of values for the 

outcome of the final decision-making point in 

the model is 0.875-0.5, which also represents 

an assessment of this project solution.   

Since the process of introducing a new 

product is a significant strategic step and has 

far-reaching consequences for enterprise 

development, such extensive analysis of the 

project solution can certainly improve the 

quality of the decision-making process. If there 

are several project solutions that have positive 

economic analysis of justified introduction of a 

new product, the choice of the project solution 

can be contributed by the presented analysis of 

the process of introduction a new product, 

because it reduces the risk of undesired events 

occurrence in the procedure of plan 

implementation.  The analysis of dependent 

events, i.e., dependent sub-phases in the 

planning process of introduction conditional 

events provides an insight into quantitative 

effects of previous events on the whole plan 

realization.  
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