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ABSTRACT  
 

An overall system reliability prediction can be made by looking at the reliabilities of the 

components that make up the whole system or product.  The reliability-wise configuration of 

the components or subsystems and the system must be determined. The method used for 

computing the reliability of a system will also depend on the reliability-wise configuration of 

the components/subsystems. Reliability analysis of the k-out-of-n system has seen a 

tremendous growth in the last few decades. This paper presents a Reliability Analysis of (k-

out-of-n) non-identical and independent components configuration of Gas Compressors.  

The paper presents a methodology using the event space method in the reliability analysis of 

non-identical and independent components of k-out-of-n configuration. The approach was 

based on ensuring all possible operational combinations are considered in order to obtain the 

subsystem's reliability. This approach has been reported with an actual case from Oredo Flow 

Station Gas Compressors to illustrate the use of the proposed event space method. 

The analysis shows that the reliability 1-out-of-2 configuration of Gas Compressor K- 4000 

and Gas Compressor K- 3600 is 0.5784 which is below 0.8, and it is considered insufficient 
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1.0 Introduction 

Reliability analysis of the k-out-of-n system has seen a tremendous growth in the last few 

decades. Ragi (2020) believed that in the Oil & Gas industry, there is a great attention on the 

concepts of reliability, maintainability and safety, and many analyses are used to analyze the 

reliability of a critical equipment in order to improve on its reliability, availability and 

maintainability policies and reduce the amount and frequency of maintenance costs and 

equipment down time. He described the k-out-of-n system structure as a very popular type of 

redundancy in fault tolerant systems with wide applications in the oil and gas industry. 

Eduardo (2016) proposed that the oil and gas equipment have various components whose 

reliability models must be specified in order to predict the reliability of the system in which the 

component is located. He stated that most of these components are either repairable, 

maintainable or replaceable in case of their failure and no one disputes the need for engineered 

products to be reliable to avoid high cost of maintenance practice. Organizations are therefore 

aware of the high costs of unreliability.  Lev and Edward (2018) believed that reliability is a 

performance index concerned with failures in the time domain which organizations use to avert 

failure and its associated cost. Whether failures occur or not, and their times to occur, can 

seldom be forecast accurately. Whether an item will work for a particular period is a question 

which can be answered as a probability. The problem is to predict when or if failure will occur 

when an equipment is used. This information can then be used to determine inspection and 

maintenance policies as well as warranties. It can also be used to predict costs due to 

maintenance and eventual failure if failure occurs while the equipment is in operation. 

However, when time to failure field data are analyzed empirically (non-parametric analysis) or 

using parametric analysis based on methodology that applies to non-censored data, the analysis 

would provide in-depth information about the equipment and system reliability and their 

performance behavior over time. It is therefore necessary to carry out a reliability analysis of 

these equipment and systems to compute the functions of interest.  

The reliability analysis issues were discussed almost half a century back by many researchers 

like; Morse (1958), Barlow and Hunter (1960), Sandler (1963). Such analyses are considered 

as a useful tool in the field of risk analysis, availability and maintainability studies, design of 

systems, maintenance planning etc. Various methods exist in literature for reliability and 

availability analysis of systems, like Reliability Block Diagrams (RBD), Monte Carlo 

Simulation, Markov Modeling, Failure Mode and Effect Analysis (FMEA)), Fault Tree 

Analysis (FTA) and Petri Nets (PN) proposed by Singer (1990), Bradley and Dawson (1998), 

Modarres and Kaminsky (1999), Bing et al. (2000), Cochran (2000), Gandhi et al. (2003), 

Parveen et al. (2003), Adamyan and David (2004), Arthur (2004), Barbady et al. (2006), Panja 

and Ray (2007), Bhamare et al. (2008) Sachdeva et al. (2008) 

Blischke (2003), Yadav et al. (2003) and Dai et al. (2003) studied the reliability and availability 

analysis for some complex systems. Ocon et al. (2004) and Murthy et al. (2004) proposed 

reliability modeling and analysis using different modeling methods. Barabady (2005) studied 

the reliability and maintainability analysis of crushing plants. Liang (2006) studied the 

reliability analysis based on probability and statistical theory in open mill rollers. Braglia et al. 

(2007) studied the availability, reliability and downtime of systems with repairable 
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components. Barabady et al. (2008) proposed availability and reliability analysis of the 

crushing system in a mine.  

Kim et al. (1972) proposed a technique for computing the reliability of complex systems and 

suggested a three-phase approach. In the first phase, all series parallel subsystems were reduced 

to non-series parallel subsystems. In the second stage, all the possible paths were traced from 

source to sink and in the third phase, system reliability is calculated based on these paths. 

Eduardo (2016) believed that reliability engineering should be applied systematically in the oil 

and gas industry to support the assets to achieve and maintain high performance. To meet this 

goal, he suggested it is necessary to establish the reliability management program, which must 

start at the very beginning of the asset life cycle phase and must be part of daily operations. 

The reliability management program includes the application of different qualitative and 

quantitative methods throughout the asset life cycle he discussed all of the techniques. 

To interpret the results of reliability studies we need to consider how reliable we can reasonably 

expect examination results to be. Baird et al. (2011) comment that: Few guidelines are available 

for interpreting the value of reliability evidence. The obvious reason for this is that the 

reliability indices will largely depend on the population for which the test is used, and the 

conditions for the administration. He went on to suggest that: Although it is not currently 

possible to specify acceptable values for reliability for assessments regulated by the office of 

qualification and evaluations regulation (Ofqual), it would be possible with more information. 

Standards for reliability of particular qualifications should be empirically grounded in data on 

reliability for assessments of different formats. 

The Dutch Association of Psychologists (Evers et al., 2009) gave some general rules. For 

reliability of high stakes tests they suggest that a reliability index above 0.9 is good, between 

0.8 and 0.9 is sufficient, and below 0.8 the reliability is considered insufficient. For a sub-test 

(e.g., a single component or unit) these figures can be 0.1 lower than for the total test.  

Ascher and Feingold (2016) gave a very rigorous discussion of many of the misconceptions 

associated with treating repairable system reliability data as if they came from a non-repairable 

system. Once a system experiences a failure, different repair strategies have different 

influences on the system reliability, usually defined as the probability of no failures in time 

intervals. The traditional reliability analysis of repairable systems depends basically on two 

assumptions: Binary State Assumption and Probability Assumption. But in various engineering 

problems, this binary state assumption is not extensively acceptable. 

Wang and Majid, (2000) described reliability data analysis and modeling of offshore oil 

platform plants.  He developed a modeling technique called the delay time which was then used 

to determine the optimal periodic inspection intervals. The analysis showed that preventive 

maintenance is generally effective, but a slight decrease of the periodic inspection intervals is 

favorable. 

El-Damcese and  Shama (2013) investigated reliability and availability of a repairable system 

with degradation facility. Failure times and repair times of failed units are assumed to be 

exponentially distributed. There are two types of repairs. The first is due to a failed state, the 

second is due to a degraded state. The expressions of availability and reliability characteristics 

https://www.emeraldinsight.com/author/Wang%2C+W
https://www.emeraldinsight.com/author/Wang%2C+W
https://www.emeraldinsight.com/author/Wang%2C+W
https://www.emeraldinsight.com/author/Majid%2C+HBA
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such as the system reliability and the mean time to failure were derived. They used several 

cases to analyze graphically the effect of various system parameters on the availability system, 

reliability system and mean time to failure. They also investigated the sensitivity analysis for 

the system reliability with changes in a specific value of the system parameters. 

Olanrewaju et al. (2019) investigated the application of reliability engineering to oil and gas 

pipeline systems with the aim of identifying means through which reliability engineering can 

be used to improve pipeline integrity, specifically with regard to man-made incident (such as 

material/weld, equipment failure, corrosion, incorrect operation and excavation damages). 

Marco et.al. (2016) described the reliability analysis of offshore structures, as conceived by 

current design practice, is typically carried out at the component level with an implicit 

assumption that the structural system will be safe as long as all its members are safe according 

to the corresponding limit state equations. 

 In k-out-of-n systems, system consists of n components, in which k of the n components must 

be good for the system to operate (k<n) 

Hoang (2003) described a system of n components that works (or is “good”) if and only if at 

least k of the “n” components works (or are “good”) is called a k-out-of-n: G system. The 

analysis of reliability models has been a subject of interest for the last few decades. Rau (1970) 

in his book, made a fine analysis on the basics of reliability. He derived the reliability of many 

systems and gave the results for reliability of standby systems, (m, n) systems with repair, 

systems with spares, reliability allocation, repair as renewal process, Markov techniques etc. 

For a repairable k-out-of-n system, it fails only if the total number of failed components at any 

instant of time reaches n-k+1. Assume that all of the system’s components are working at time 

zero. Thus, the system is in the up state at time zero. As components fail, repair work is 

performed on the failed components. If the number of failed components in the failed state 

reaches the state n-k+1, the system makes a transition from the up state to the down state. When 

the system is down, repair work continues on the failed components and the system will return 

to the up state as soon as the number of failed components becomes lower than n-k+1. It is 

obvious that the behavior of the system constitutes a delayed alternating renewal process. 

Ramakumar (1993) in his book, gave the basics of reliability and basic properties used in the 

analysis of reliability. Lam (1975) calculated the rate of occurrence of failures for continuous-

time Markov chains with application to a two-component parallel system. She and Pecht (1992) 

studied the reliability of a k-out-of-n: warm standby system. Joseph and Manoharan (1998) 

gave an explicit solution of a Markovian k-out-of-n system. He described how transient 

probabilities and steady state probabilities are obtained using Markov model formulation and 

Matrix method. Huang et al (2002) proposed a definition of the generalized multi-state k-out-

of-n:G system and developed reliability evaluation algorithms for the following multi-state k-

out-of-n:G system model. Huamin Liu (1998) had given his discoveries on the reliability of a 

load sharing k-out-of-n: G system: non-identical and independent components with arbitrary 

distributions. Kuo and Zuo (2003, 1990)   presented a comprehensive review of research work 

on repairable k-out-of-n system models with independent and identical components. 

Significant failures have occurred in service, perhaps involving safety or financial loss. To 

provide timely delivery of quality products, the managers and engineers have been forced to 

optimize the performance of all systems/subsystems involved in their flow station. The 
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deterioration and failure of these systems/subsystems might incur high costs due to production 

losses and delays, unplanned intervention on the system and safety hazards. In order to avoid 

such situations, an appropriate maintenance policy strategy is necessary in order to repair/ 

replace the deteriorated system before failure Sachdeva Anish et al, (2009).  

Havard (2009) described a flow station as a gathering center where primary 

separation/processing of the reservoir fluid takes place, these fluids are later transported to 

terminals for export or to the refinery, while the other products are either treated, flared or 

disposed. Operators of flow stations want to gain as much as possible profit with ensured safety 

and minimum environmental impact, also placing increased emphasis on the reliability of the 

flow station. Availability of flow station critical equipment such as Gas Compressors, is the 

core term for maintenance activities in the flow station. Compressors are mechanical devices 

that are used to increase the pressure of compressible fluid such as gas or vapor and as well 

reduce the volume of the gas as it passes through the compressors. 

Gas compressors of all types are used in every phase of the petrochemical industry, production, 

transportation and Oil & Gas industry. In recent years, many flow stations utilize advanced 

methods to enhance their knowledge and understanding about the Gas compressors 

performance and its impact on process behavior to provide a practical and structured approach 

for a satisfactory maintenance strategy. 

In order to deal with problems encountered in Oredo flow station critical equipment such as 

incurred high costs due to production losses and delays, unplanned intervention on the system 

and safety hazards, hence this paper is presented to analyze the reliability of the k-out-of-n 

configuration of the Gas Compressors in the flow station.  

 

2.0 Methodology 

The major equipment failure in Oredo Flow Station Ologbo, Nigeria are related to Gas 

compressors which are configured in an k-out-of-n system. The purpose of this study is to use 

the event space method in the reliability analysis of k-out-of-n non-identical and independent 

component configuration of the Gas Compressors. In order to achieve the objective, we used 

Lognormal linear regression on the time to failure data obtained from the maintenance 

department of Oredo Flow Station.  

The data used in the study for Gas Compressor K-4000 ran on a 24/7 basis, it started by1200hrs 

on 19th Feb 2018 and stopped by 1300hrs on the 18th July 2020 while data used for Gas 

Compressor K-3600 ran on a 24/7 basis. The data used started by 1200hrs on 9th March 2018 

and recording stopped by 1300hrs on the 18th July 2020  

 

2.1 Reliability of Non-identical k-out-of-n Independent Components 

In the case where the k-out-of-n components are not identical, the reliability must be calculated 

in a different way. In this case, the reliability of the system with such a configuration can be 

evaluated using event space method by considering all possible mutually exclusive and 

exhaustive cases for each possible value of k using equation 1  

𝑛𝐶𝑘
=

𝑛!

𝑘!(𝑛−𝑘)!
           (1) 
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𝑛𝐶𝑘
 is all the possible operational combinations that are considered in order to obtain the 

system's reliability. 

Where: n = number of non-identical component in the system. 

 k = minimum number of components required for success of the system. 

Gas Compressor K-4000 and Gas Compressor K-3600 have Lognormal distribution, hence the 

reliability was evaluated using equation 2 

𝑅(𝑡′) =  [1 − (𝛷(𝑡′ − 𝜇′/𝜎′))]         (2) 

𝑅(𝑡′) is the reliability of each component in the system. 

where: 𝜇′is the mean, which is the scale parameter for the lognormal distribution.  

𝜎′ is the standard deviation, which is the shape parameter for the lognormal distribution.  

where: (t) is the time-to-failure of the component in the system. 

𝑡′ = ln (𝑡)           (3) 

�̅�(𝑡′) = 𝐹(𝑡′) =  [(𝛷(𝑡′ − 𝜇′/𝜎′))]         (4) 

�̅�(𝑡′)   is the unreliability which is the Cumulative Distribution Function (CDF) and is given 

by F(𝑡′), of the component in the system    

Φ−1[𝐹(𝑡′)] = −
𝜇′

𝜎′ +
1

𝜎′ 𝑡′           (5) 

𝑦 =  Φ−1[𝐹(𝑡′)]           (6) 

We obtained the values of 𝑦  from the standardized normal distribution's area tables by entering 

for 𝐹(𝑧) and getting the corresponding value (𝑧) 

Using equation 1,  

Where: n = 2 and k = 1 

the number of mutually exclusive case = the number of ways exactly 1 success out of 2 

When; 𝑘 = 1, 2𝐶1
=

2!

1!(2−1)!
=

2∗1

1∗(1∗1)
 = 2 ways 

𝑛𝐶𝑘
 = , 2𝐶1

= 𝑅𝐺𝐶 𝐾−4000𝑅𝐺𝐶 𝐾−3600
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  𝑎𝑛𝑑 𝑅𝐺𝐶 𝐾−4000

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ 𝑅𝐺𝐶 𝐾−3600     (7) 

When; 𝑘 = 2, 2𝐶2
=

2!

1!(2−1)!
=

2∗1

1∗(0)
 = 1 way 

𝑛𝐶𝑘
 = , 2𝐶2

= 𝑅𝐺𝐶 𝐾−4000𝑅𝐺𝐶 𝐾−3600         (8) 

Where: 𝑅𝐺𝐶 𝐾−4000 and 𝑅𝐺𝐶 𝐾−3600 are the reliability of the Gas Compressor k-4000 and Gas 

Compressor k 3600 respectively. 

Where: 𝑅𝐺𝐶 𝐾−4000
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  and 𝑅𝐺𝐶 𝐾−3600

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  are the unreliability of the Gas Compressor k-4000 and 

Gas Compressor k 3600 respectively. 

Let 𝑅𝑎 denote the reliability when k = 2  

𝑅𝑏 denotes the reliability when k = 1 

Therefore, the reliability of Gas Compressor k-4000 and Gas Compressor k 3600 (𝑅𝐺𝐶) will 

be:  
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(𝑅𝐺𝐶) = (𝑅𝑎 + 𝑅𝑏)          (9) 

 

3.0 Results and Discussion  

Event space methodology was presented here with a case analysis of a Gas Compressors in 

Oredo flow station Ologbo Benin, Edo State Nigeria. There are many critical equipment in 

Oredo flow station such as the Export Pumps, Booster Pumps, Gas Compressors, 

Instrumentation Air Compressors and power source (Gas Generator).  The current analysis was 

based on the reliability analysis of Gas Compressors, which is one of the main and most 

important functional units of the Oredo flow station. In this research we studied the gas 

compressor K-4000 and K-3600 which were both connected in k-out-of-n configuration. 

Literature shows that though a considerable amount of work has been carried out by previous 

researchers on reliability and risk analysis of oil and gas facilities, it seems to be lacking, for 

Oredo flow station Ologbo Nigeria.  

3.1 Results 

Evaluating the reliability configuration using event space method by considering all possible 

mutually exclusive and exhaustive cases for each possible value of k,  equation 1 to equation 6 

were used to evaluate the reliability of the subsystem and equation 7 to equation 9 were used 

to evaluate the reliability of system for six months as shown in Figure 1. While the results from 

the analysis is as show in Table 1. 

Table 1 Reliability of the Gas Compressors 

Component/System Reliability R(t) R(t) ≥ 0.8 then is 

Sufficient 

Remark 

GCK-4000 0.3707 R(t) < 0.8 Insufficient 

GCK-3600 0.3300 R(t) < 0.8 Insufficient 

RGC 0.5784 R(t) < 0.8 Insufficient 

 

 While figure 1 show the reliability block diagram of the flow station critical equipment such 

as the Export Pumps, Booster Pumps, Gas Compressors, Instrumentation Air Compressors and 

power source (Gas Generator).   

  

 

 

 

 

 

 

 

 

Figure. 1: Reliability Block Diagram of the Flow Station Critical Equipment 
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Reliability of the subsystem was for 6 months (𝑡 = 4368ℎ𝑟𝑠) 

The critical equipment in figure 1 above are: 

RGG  is the reliability of Gas Generator 

RIACA   is the reliability of Instrumentation Air Compressor (A) 

RIACB  is the reliability of Instrumentation Air Compressor (B) 

RCC-K4000 is the reliability of Gas Compressor k-4000 

RGC-K3600 is the reliability of Gas Compressor k-3600 

RBPA is the reliability of Booster Pump (A) 

REPA is the reliability of Export Pump (A) 

REPB is the reliability of Export Pump (B) 

For Gas Compressor K-4000 which has Lognormal distribution the reliability was evaluated 

using equation 2 and equation 3 

from equation 2, the parameter 𝜎’ = 2.790022283, µ’ = 7.455947732  

𝑡 = 4368ℎ𝑟𝑠  

using parameters obtained from equation 3, 𝑙𝑛 (𝑡)  = 8.38206517   

 𝑅𝐺𝐶−𝑘4000(𝑡) =  [1 − (𝛷 (8.38206517 −
7.455947732

2.790022283
))]              (10a) 

 𝑅𝐺𝐶−𝑘4000(𝑡) =  [1 − (𝛷(0.3319374152))]                (10b) 

from the standardized normal distribution's area tables: (𝛷(0.3319374152) = 0.6293 

𝑅𝐺𝐶−𝑘4000(𝑡) = (1 − 0.6293) = 0.3707 = 37.07%  

For Gas Compressor K-3600 which has Lognormal distribution the reliability was evaluated 

using equation 2 and equation 3 

from equation 2, the parameter 𝜎’ = 2.72410608, µ’ = 7.191498061  

𝑡 = 4368ℎ𝑟𝑠  

using parameters obtained from equation 3, 𝑙𝑛 (𝑡)  = 8.38206517   

 𝑅𝐺𝐶−𝑘3600(𝑡) =  [1 − (𝛷 (8.38206517 −
7.191498061

2.72410608
))]              (11a) 

 𝑅𝐺𝐶−𝑘3600(𝑡) = [1 − (𝛷(0.4370470242))]                (11b) 

from the standardized normal distribution's area tables: (𝛷(0.4370470242) = 0.6700  

𝑅𝐺𝐶−𝑘3600(𝑡) = (1 − 0.6700) = 0.3300 = 33%  

The Gas Compressors (K-4000 & K-3600) is a special case of parallel redundancy in k-out-of- 

n configuration as show in figure 2 below. 
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Figure. 2: Reliability Block Diagram of Gas Compressors (K-4000 & K-3600) 

 

This type of configuration requires that at least 1 Gas Compressor succeed out of the 2 

parallel Gas Compressor for the system to succeed.  

Equation 7, equation 8 and equation 9 were used in the Reliability analysis of non-identical 1-

out-of-2 Independent Gas Compressors (K-4000 & K-3600) 

GC K-4000 and GC K-3600 has 1 out – of - 2 configuration then; 

the number of mutually exclusive case = the number of ways exactly 1 success out of 2 

𝑛 = 2, 𝑘 = 1  

let Ra and Rb denote the reliability for the case where k = 1 and k = 2 respectively.  

From our previous analysis: 

𝑅𝐺𝐶 𝐾−4000 = 0.3707  

𝑅𝐺𝐶 𝐾−4000
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ = (1 − 0.3707) = 0.6293  

𝑅𝐺𝐶 𝐾−3600 = 0.3300,    

𝑅𝐺𝐶 𝐾−3600
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ = (1 − 0.3300) = 0.6700  

To evaluate all possible operational combinations of Gas Compressors (K-4000 & K-3600) in 

order to obtain the system reliability we used equation 9  

𝑅𝑎 = 𝑅𝐺𝐶 𝐾−4000𝑅𝐺𝐶 𝐾−3600
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  𝑎𝑛𝑑 𝑅𝐺𝐶 𝐾−4000

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ 𝑅𝐺𝐶 𝐾−3600                                      

𝑅𝑎 = (0.3707) ∗ (1 − 0.3300) + (1 − 0.3707) ∗ (0.3300)  

𝑅𝑎 = (0.3707) ∗ (0.6700) + (0.6293) ∗ (0.3300) = (0.248369 + 0.207669) = 0.456038  

𝑅𝑏 = 𝑅𝐺𝐶 𝐾−4000 ∗ 𝑅𝐺𝐶 𝐾−3600  = (0.3707 ∗ 0.3300) = 0.122331  

𝑅𝐺𝐶 = 𝑅𝑎 + 𝑅𝑏 = (0.456038 + 0.122331) = 0.5784.  

3.2 Discussion 

It has been observed that previous researchers considered the reliability of a k-out-of-n:G 

system with independently and identically distributed components in other words, all the 

components have the same reliability function  and whenever a failure occurs, the remaining 

components are not affected and the reliability of the system with such a configuration was 

evaluated using the binomial distribution. This paper presented the reliability analysis of non-

identical and independent Components (k-out-of-n Configuration). In other words, all the 

 

 

 

GC K-4000 

GC K-3600 
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components have different reliability functions and whenever a failure occurs, the remaining 

components are not affected, hence the use of Event Space Method.  

Our analysis as show in table 1 above, indicate that the reliability of Gas Compressor K-4000, 

Gas Compressor K-3600 and the 1-out-of-2 configuration of Gas Compressor K-4000 and Gas 

Compressor K-3600 were below 0.8, hence the reliability is considered insufficient as stated in 

our literature indicating the consistent unavailability of the gas compressors as show in the field 

data obtained from Oredo flow station failure log record.  

 

4.0 CONCLUSION 

The paper presented a method in the reliability analysis of k-out-of-n configuration, the event 

space methodology for the evaluation of reliability to deal with problems encountered in Oredo 

flow station critical equipment such as incurred high costs due to production losses and delays, 

unplanned intervention on the system and safety hazards. This will enable managers to come 

up with an appropriate maintenance policy strategy.  

The analysis provided valuable insight into the reliability of the 1-out-of-2 configuration of 

Gas Compressor K- 4000 and Gas Compressor K- 3600, Which was considered insufficient. 

However, to reduce the consistent unavailability and increase its reliability, the causes of 

failures should be mitigated by planning and implementing a maintenance strategy that will 

minimize their occurrence and its severity. In other words, maintenance managers should verify 

the quality of repairs on these components, they should also send the maintenance personnel 

on periodic training. Furthermore, to minimize operational downtime and optimize logistics 

and inventory of the components spares, the maintenance managers should automate its 

logistics and inventory procedures. 
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