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Abstract 

LabChem'S Corp. in Mayagüez, Puerto Rico, is facing challenges with long waiting times and delays in sample 
delivery due to their telephone-based service request management system. To address these issues and improve their 
operational efficiency, the company is exploring using Markov chains to establish order request transition 
probabilities. This methodology has been successfully used in other supply chain projects to minimize costs and 
improve lead times. Then, can LabChem’S Corp. make its process efficient by knowing in advance (the next 2 to 4 
weeks) order request transition probabilities while drivers are already on the route? Our project aims to design and 
implement a streamlined service request management system that will enhance LabChem'S Corp.’s sample collection 
and analysis process. For example, the highest transition probabilities for the fourth week were 0.3874 (April) and 
0.3229 (May) for transitions between states 2-3 and 4-3. These results suggest that efforts should be focused on 
preventing events originating in states 2, 3, and 4. Ultimately, this proposed service request management system could 
serve as a valuable model for other companies seeking to improve their competitiveness in the marketplace. 

Keywords 
Service Orders Request, Markov Chain, Chapman-Kolmogorov Equations, n-step Transition Probabilities, and 
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1. Introduction
This research aims to address the problem of LabChem’S Corp., a company located in Mayagüez, Puerto Rico, which 
currently uses a telephone-based system for requesting sample collection and analysis services. This method results 
in long wait times for customers because there is no set limit for service requests. The problem is compounded by the 
fact that drivers are assigned to customers on a first-come, first-served basis, which disrupts their daily routes and 
delays the samples’ delivery to the laboratory. The motivation for solving this problem is to improve LabChem’S 
Corp.’s service quality and customer satisfaction and to increase the company's competitiveness in the marketplace. 
Markov Chains are proposed to calculate transition probabilities for the current system order request events and reduce 
waiting times in this research. Then, can LabChem’S Corp. make its process efficient by knowing in advance (the 
next 2 to 4 weeks) order request transition probabilities while drivers are already on the route? 

We will describe the current system used by LabChem’S Corp., the limitations and problems associated with it, and 
the potential benefits of the new service request management process design. We will also discuss the importance of 
this study in terms of its potential to serve as a model for other companies facing similar service request management 
challenges. This research aims to design a new company service request management process to reduce waiting times 
and streamline the sample collection and analysis. In addition, by improving LabChem’S Corp.’s efficiency and 
effectiveness, we hope to enhance the company's reputation and customer satisfaction. 
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1.1 Objectives  
• Use Chapman-Kolmogorov equations to calculate n-step transition probabilities for a Markov Chain and use 

this information to make informed decisions and improve process efficiency. 
 

• Design a new service request management process for LabChem’S Corp. to improve efficiency, reduce 
waiting times, and increase customer satisfaction. 

 
• Identify and prioritize critical areas for improvement in the LabChem’S Corp. service request process and 

develop an action plan to address these areas. 
 
2. Literature Review  
Other organizations have followed suit by incorporating Markov Chains into their optimization and problem-solving 
efforts, as have the researchers in this study, who have employed this approach to improve the efficiency of their 
processes. Rahman et al. (2019) used a Markov decision process to optimize emergency department patient flow and 
resource allocation, improving patient satisfaction and reducing wait times. Luo et al. (2020) conducted a 
comprehensive study exploring the application of Markov decision processes in healthcare decision-making, including 
emergency department management, disease management, and drug treatment. The authors conclude that Markov 
decision processes provide valuable information and contribute to improved healthcare decision-making. White and 
Sontag (2015) employ Markov decision processes to minimize costs and improve lead times in supply chain 
operations. Silva et al. (2017) used Markov chains to analyze customer flow and optimize seating arrangements, 
ultimately improving customer satisfaction. Finally, Araya et al. (2016) employ Markov Chain Monte Carlo methods 
for predicting power outages and optimizing maintenance schedules, reducing the frequency and duration of power 
outages. These researches illustrate the versatility and effectiveness of the Markov Chain in addressing operational 
challenges in various industries. 
 
3. Methodology 
In this study, we employed Markov Chain to investigate the operational efficiency of a sampling process in 
LabChem’S Corp. The data was collected through observation and interviews.  
 
3.1 Markov Chains 
According to the Markovian property, the conditional probability of any future event, given any past events and the 
current state Xt = i, depends only on the current state and is independent of the previous events. In Markov Chains, 
conditional probabilities are called n-step transition probabilities. The n-step transition matrix is a practical method of 
displaying all the n-step transition probabilities (Hillier and Lieberman 2021). 
 
3.2 Chapman-Kolmogorov Equations 
The Chapman-Kolmogorov equation describes the connection between the transition probabilities of a Markov chain 
along a series of steps. An approach for calculating the probabilities of n-step transitions is provided by Chapman-
Kolmogorov Equations (Hillier and Lieberman 2021): 
 

Pn = PP(n−1) = P(n−1)P 
= PP(n−1) = P(n−1) P 

= Pn. 
4. Data Analysis 
Transition matrices were performed to determine the n-step transition probabilities of service request events for two 
study months, April and May 2023. 
 
4.1 April 2023 Results 
Table 1 shows service requests collected during the first week of April 2023 categorized by states: 

• State 1-Pending Service Requests: This state means that pending requests were not attended to the previous 
day. That is why they became pending requests the next day since there was insufficient time to attend them. 

• State 2-Pending Service Request Before or at 8:00 a.m.: These requests come in early or at 8:00 a.m. 
Which is the time that the lab manager verifies the requests and creates the routes to assign them to their two 
drivers. 
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• State 3-Pending Service Request Without Driver Having Left Yet: The requests come in after the route 
has already been created. However, the drivers are still in the lab, preparing to start their route for the day. 
Since they are still in the lab, the request that came in during that time is assigned to one of the two drivers. 
 

• State 4-Pending Service Request with Driver Already Assigned: This happens when the requests enter, 
but the route is already started. That is when the drivers have already left the laboratory where it is assigned 
to a driver already in the middle of the day, or if the time is not given, it becomes a pending request the next 
day. 

Table 1. Service Request per Week (April 2023) 
 

States 
Pending 
Service 

Requests 

Pending 
Service 

Request Before 
or at 8:00 a.m. 

Pending Service 
Request Without 

Driver Having 
Left Yet 

Pending Service 
Request with 

Driver Already 
Assigned 

Total 

Pending Service Requests 2 4 3 2 11 

Pending Service Request 
Before or at 8:00 a.m. 

0 
 2 2 1 5 

Pending Service Request 
without Driver Having 
Left Yet 

1 1 2 1 5 

Pending Service Request 
with Driver Already 
Assigned 

0 3 4 3 10 

 
Table 2 displays the state service request events’ conditional probability for the first week of April. Each service 
request is treated as a state in the Markov Chain. 
 

Table 2. Transition Probabilities for each Sequence of Service Request (April 2023) 
 

States 
Pending 
Service 

Requests 

Pending 
Service 

Request Before 
or at 8:00 a.m. 

Pending Service 
Request Without 

Driver Having 
Left Yet 

Pending Service 
Request with 

Driver Already 
Assigned 

Total 

Pending Service Requests 0.18 0.36 0.27 0.18 1.00 

Pending Service Request 
Before or at 8:00 a.m. 0.00 0.40 0.40 0.20 1.00 

Pending Service Request 
without Driver Having 
Left Yet 

0.20 0.20 0.40 0.20 1.00 

Pending Service Request 
with Driver Already 
Assigned 

0.00 0.30 0.40 0.30 1.00 

 
Figure 1 shows a four-state transition matrix. Each column represents the transition probability from the current state 
(row states) to the column states. Higher transition probabilities occur from state 2 to state 3. Since the results do not 
favor the process, there are areas of opportunity to improve its quality, such as avoiding customers making service 
requests when the route is already planned, which is utterly unfavorable to the company. In addition, because there 
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are changes in the route, it adds more time to them, impacting the customers who have already placed their orders in 
advance. They are also changing their delivery times, quality, and process commitment, decreasing customer 
satisfaction and revenue.  

 
 

Figure 1. Transition Matrix 
 

Figure 1 shows the transition probabilities of passing from one state to the other. 
 

 
 

Figure 2. Transition Diagram 
 

The following research questions were answered using an n-step transition matrix: 
 
A. If LabChem’S Corp. starts the day with pending service requests, what are the chances that a pending service 

request will arise during the day and be made before 8:00 a.m. two weeks later? 

 
 

Figure 3. Octave Calculations for 𝑃𝑃(2) 
 
We have a probability of 0.3168 that a service request be made before 8:00 a.m. (See Figure 3). 
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B. If LabChem’S Corp. starts the day with pending service requests, what are the odds during the day that a service 
request enters the system and no driver is assigned? We will have a transition probability of 0.2124 that a service 
request will arise without a driver being assigned (See Figure 3). 
 

C. What is the probability of doing any services in the fourth week? 

 
 

Figure 4. Octave Calculations for 𝑃𝑃(4) 
 

During the fourth week (Figure 4), the highest transition probability (0.3874) occurs going from state 2 to state 3 and 
from state 4 to state 3. Therefore, efforts should be made to mitigate the causes that make these states happen. 
 
4.2 May 2023 Results 
Table 3 shows service requests collected during the second week of May 2023, categorized by state. 
 

Table 3. Service Request per Week (May 2023) 
 

States 
Pending 
Service 

Requests 

Pending 
Service 

Request before 
or at 8:00 a.m. 

Pending Service 
Request without 

Driver having 
left yet 

Pending Service 
Request with 

Driver already 
assigned 

Total 

Pending Service Requests 1 2 1 3 7 

Pending Service Request 
before or at 8:00 a.m. 2 2 1 3 

 8 

Pending Service Request 
without Driver having left 
yet 

0 1 3 1 5 

Pending Service Request 
with Driver already assigned 1 3 3 4 11 

                                             
Table 4 displays the state service request events’ conditional probability for the second week of May 2023. 
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Table 4. Transition Probabilities for each Sequence of Service Request (May 2023) 

 

States 
Pending 
Service 

Requests 

Pending 
Service 

Request before 
or at 8:00 a.m. 

Pending Service 
Request without 

Driver having 
left yet 

Pending Service 
Request with 

Driver already 
assigned 

Total 

Pending Service Requests 0.14 0.29 0.14 0.43 1.00 

Pending Service Request 
before or at 8:00 a.m. 0.25 0.25 0.13 0.37 1.00 

Pending Service Request 
without Driver having left 
yet 

0.0 0.20 0.60 0.20 1.00 

Pending Service Request 
with Driver already assigned 0.09 0.27 0.27 0.36 1.00 

 
The matrix in Figure 7 shows a four-state transition matrix. Higher transition probabilities occur from state 1 to state 
4.  

 
 

Figure 5. Transition Matrix 
 

Figure 5 shows more graphically how these states behave to help visualize them. Again, arrows indicate from which 
state to which state was moved along with the transition probability of that occurrence above the arrow. 

 

 
 

Figure 6. Transition Diagram 
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We answered the research questions with the new data. 

 
A. If LabChem’S Corp. starts the day with pending service requests, what are the chances that a pending service 

request will arise during the day and be made before 8:00 a.m. two weeks later?  
 

 

Figure 7. Octave Calculations for 𝑃𝑃(2) and  𝑃𝑃(4) 
 

We have a probability of 0.2441 that a service request be made before 8:00 a.m. (See Figure 7). 
 

B. If LabChem’S Corp. starts the day with pending service requests, what are the odds during the day that a service 
request enters the system and no driver is assigned? We will have a transition probability of 0.3195 that a service 
request will arise without a driver being assigned (See Figure 7). 

 
C. What is the probability of doing any services in the fourth week? One of the highest transition probabilities 

(0.3229) occurs from state 4 to state 3 (Figure 7).  
 

4.3 Comparative April vs. May 2023 
Comparing the April and May data, we can observe differences in LabChem’S Corp. transition probabilities. For 
example, in the first scenario (April 2023), the probability that a pending service request will be made before 8 a.m. 
two weeks later is 0.3168. Meanwhile, in the second scenario (May 2023), the probability decreases to 0.2441.  
 
For the probability of a service request entering the system without a driver being assigned, the transition probability 
is 0.2124 in the first scenario. Meanwhile, in the second scenario, it increases to 0.3195. The above shows that there 
has been an increase in the transition probability of the service requests made without a driver being assigned from 
April to May.  
 
When considering the probability of performing any of the services in the fourth week, there is a slight variation 
between the two data sets. In the first scenario, the highest transition probability is 0.3874, occurring from state 2 to 
state 3 and from state 4 to state 3. The second scenario’s highest transition probability is 0.3229, from state 4 to state 
3. Therefore, LabChem’S Corp needs to analyze and understand these differences to make informed decisions and 
mitigate potential problems. 
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5. Proposed Improvements  
Based on the analysis, there are chances to improve the process's quality. One approach could be implementing a 
mechanism that validates the route's availability before accepting service requests. This would prevent consumers 
from making service requests while the route is already in motion, which could result in route adjustments and 
lengthier delivery times. Furthermore, this would help to maintain the process's commitment and quality, resulting in 
higher customer satisfaction and increased revenue for the company.  
 
Another option is to strengthen customer contact channels, alerting them of the status of their service requests and 
providing information on any changes in the route. This would aid in managing customer expectations. Given the time 
and budget constraints to improve this process, a service request template was created for customers, which is 
accompanied by specifications that requests must be made at least 8 hours before the desired service time. With these 
specified limits and the template for customers to request their services, the efficiency of the process is improved, as 
well as communication between the company and the customer. In addition, they are eliminating the need for a call 
system to communicate with the company, which can fail if employees are unavailable 24/7. This also helps customers 
avoid the limitations of calling specifically during LabChem’S Corp. service hours and increases reliability with the 
customer.  
 
By submitting their requests in advance, customers ensure that their order will be included in the next trip that the 
drivers make. In addition, this format will be used to stipulate time limits for submitting requests and reduce pending 
requests (Figure 10). Help the laboratory manager who makes and assigns routes to know in advance which customers 
made requests and to determine if he can fulfill that work during the day. Otherwise, he can warn the customer in 
advance that his order will be served the next day since it will be served on a first-come, first-served basis.  
 
Markov Chains and n-step transition probabilities helped to give direction to the problem and show LabChem’S Corp. 
how these events affected the process. By using the transition probabilities, the company was able to anticipate if this 
behavior would continue to happen in the requests and put an end to it. They are improving efficiency in the process 
since it affects the delivery time. This improvement helps to eliminate those waiting times for samples to be analyzed. 
Because in the company’s current process, there are risks associated when the samples spend too much time out of 
the required conditions. This could lead to a loss since when taking orders during the route has already started, it is 
more time for those customers who have already made their orders in advance to wait longer due to poor coordination 
of service requests. Knowing these probabilities in advance confirms to the laboratory that they must solve this 
problem. Since it was probabilistically proven that it would continue to occur and there would be more losses and 
longer waiting times for the customers. 
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Figure 8. Template for Service Request 
6. Future Work  
For future work, it was proposed that the company implement an automated digital system that allows customers to 
place orders and check their status. In addition, it will notify them when their order has been processed, and a driver 
has been assigned to their route. This work is expected to improve the quality of the process and customer reliability. 
This is ultimately the most important thing for the company to attract more customers and, as a result, improve 
revenues throughout this process. 
 
7. Conclusion  
In this research, we propose using Markov Chains to improve the service request process of LabChem'S Corp. and 
reduce their waiting times. By analyzing data and applying n-step transition probabilities and Chapman-Kolmogorov 
Equations from Markov Chains, we set the grounds for the company so they can improve their efficiency. Performing 
this analysis, LabChem'S Corp. could also improve its service request process, reduce waiting times, and increase 
customer satisfaction. Furthermore, the company can use the Chapman-Kolmogorov equations to calculate the n-step 
transition probabilities for a Markov chain and use this information to make informed decisions and improve the 
efficiency of the process.  
 
The design of this new service request management process for LabChem'S Corp. will increase efficiency, reduce 
waiting times, and increase customer satisfaction. It also will facilitate identifying and prioritizing the improvement 
of critical areas inside the company’s service request process and develop an action plan to address these areas of 
concern. By analyzing the transition probabilities associated with different scenarios, we were able to identify areas 
of opportunity and develop strategies that will be useful to improve the quality of the process. These strategies included 
strengthening customer communication channels, implementing a service request template, and establishing clear 
request timelines.  
 
When comparing April and May data, we observed variations in transition probabilities associated with LabChem'S 
Corp. service requests. This data analysis exercise reinforced the importance of proposed improvements, such as 
validating route availability and improving customer communication channels. In addition, the analysis helped 
LabChem'S Corp. understand the impact of these events on the process and enabled it to make informed decisions to 
improve efficiency and turnaround times. Therefore, by applying Markov Chains and analyzing the data, we provided 
LabChem'S Corp. with valuable information and recommendations to improve its service request process. The 
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proposed improvements are intended to increase customer satisfaction, optimize operations, and contribute to the 
overall success of LabChem'S Corp. In general, we can determine that the framework and strategies suggested in this 
research will help the company to meet the proposed objectives. Furthermore, the n-step transition probabilities 
obtained were essential to compare and carry forward to future weeks. Therefore, the company could monitor if they 
went up or down. The purpose is to demonstrate that if these transition probabilities continue to increase shortly, they 
directly affect the customer by increasing the waiting time to attend to their requests and decreasing LabChem'S 
profits. 
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