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Abstract
The current work of library circulation service desk is being transferred from traditional
pure manual operations to human–machine collaboration and artificial intelligence. It is
urgent to study a set of general and reliable service desk distribution models to better
optimize staffing and improve service efficiency and quality. Based on the theory
of queuing, the model for the optimization of distribution desks is explored, and the
overall design of the plan is completed (sample data collection and mining, parameter
estimation, operation index calculation, results analysis, and evaluation, etc.). In this
case, the parameters were selected from Nanyuan library circulation service desk
in Shanghai University of Medicine & Health Sciences. Based on actual statistical
sampling, this article has estimated the feasibility, reliability, and effectiveness by
a reasonable parameter-range verification scheme, provided a strong reference for
the decision-making of library circulation departments, and effectively improved the
efficiency of circulation services.
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1. Introduction

With the rise of artificial intelligence and the change of human resources in university
libraries, the traditional circulation service has changed dramatically in recent years[1-
4], traditional paper books and periodic loan repayments show a trend of decreasing,
the content of the service is more diversified and intelligent, and the queuing is more
humanization. These new requirements for circulation services are also a new topic
for librarians. The research on circulation queuing at home and abroad has consid-
erable depth, mainly focusing on business, logistics, transportation, society, medical
treatment[5-9]. Queuing theory is also widely studied in the field of library, such as
the best copy quantity, technology investigation, personnel scheduling and so on [10].
Current research on distribution services has also made positive progress[11-13], such
as basically agree with the system of multi-circulation service desk in library should
be the M/M/C model of queuing theory, determine the arrival rate of key parameters
λ, service rate μ corresponding to the number of readers arriving at the service desk
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per unit of time and the number of service units per service station per unit time and
a series of operating index parameters[14-15]. However, the actual estimation of the
parameter arrival rate λ and service rate μ still lacks effective solutions.

This paper proposes research objectives and specific solutions for the above issues.
Research objectives: Determine the number of best service desks that readers do not
backlog in queue during peak hours, or the queuing probability is in an acceptable
range; Determine the number of best service desks that employees are not free during
normal hours, or the probability of idleness is controlled within a certain range. The
solution is as follows.

1. Determine the applicable queuing model based on the actual number of service
desks and personnel arrival characteristics;

2. Using data mining [16, 17], sampling [18] and other technologies to process the
flow data, giving the estimation process and recommended values of the main
parameters λ, μ;

3. Calculate the parameters of major operational indicators, analyze and determine
the best number of service desk, and analyze the actual application value of the
scheme through the comparison between theory and practice;

4. To sum up, further suggestions on high operability, high applicability and some
issues that need attention have been put forward.

2. Program flow

In the case of the multi-service desk queuing model (i.e., M/M/C), the specific calcu-
lation steps are shown in Figure 1 below.

2.1. Data mining

The estimated values of the main parameters λ, μ can be randomly sampled from
the existing library access control system and OPAC query system. The data exported
from the background is cluttered, repetitive, or incomplete because of card delay, self-
sensitivity of the access control, and card reader settings, therefore, data mining and
collation must be performed on the sample data before random sampling to improve
the quality of the collected data and estimation reliability.

We imported the data of the internal access flow data (excel sheet) from the initial
period (240 days record) into the SPSS Model for data modeling. The ascending or
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Figure 1: Flow chart.

Figure 2: Data Mining.

descending order of the sample data can be achieved by setting the time parameter
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in the Sort node in Record Ops. The sample selection is implemented through the Select
node in Record Ops. The actual extracted data in this scheme contains more redundant
data andmust be checked for repeatability, this can be achieved through the parameter
setting of the Distinct node in Record Ops. After obtaining the circulation sample for
the period according to the above data mining, a certain percentage of samples are
sampled according to the random principle by the Sample node in Record Ops. We
select 75% (i.e. 180 days) as a random sample overall size N. The specific process is
shown in Figure 2.

2.2. Parameter estimation

2.2.1. Stratified random sampling

Through long-term observation, the library readers’ arrival rules are not completely
random, but are greatly affected by the course arrangement. Therefore, it is necessary
to stratify several representative levels at the open daily time.

Here is a simple explanation of the related properties theorem of stratified sampling.
In order to facilitate discussion, the relevant symbols of stratified sampling need to be
defined. The estimates of all population parameters aremarkedwith the “st” subscript.
st is the shorthand of “stratified”, meaning stratification. See table 1 for details.

T˔˕˟˘ 1: Related Symbol Description.
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Stratified sampling first calculates an appropriate estimate of the average value of
each layer according to the sample of each layer. Then by the layer estimate , the
weighted average of the overall layer weight is estimated by, i.e.,

𝑠𝑡 =
𝐿

∑
ℎ=1

𝑊ℎ =
1
𝑁

𝐿

∑
ℎ=1

𝑁ℎ (1)

For stratified random sampling, the samples in each layer are independently per-
formed according to simple random sampling, is taken as the sample mean of the
h-layer, and the simple estimate of is recorded as∑.

𝑌 𝑠𝑡 =
𝐿

∑
ℎ=1
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𝐿

∑
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𝑁ℎ (2)

For stratified random sampling,∑ is an unbiased estimate of . For stratified random

sampling, the unbiased estimate of variance 𝑣(𝑦𝑠𝑡) for∑ is,
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In the formula, s2ℎ = 1
𝑛ℎ−1

𝑛ℎ
∑
𝑖=1
(𝑦ℎ𝑖 − 𝑦) is the sample variance of the h-th layer sample.

For stratified random sampling, the simple estimate of total population 𝑌 is ̂𝑌𝑠𝑡 = N ̄𝑦𝑠𝑡,
which has the following properties:

𝐸( ̂𝑌𝑠𝑡) = 𝑌 (3)

𝑉( ̂𝑌𝑠𝑡) =
𝐿

∑
ℎ=1

𝑁ℎ() (4)

̂𝑣( ̂𝑌𝑠𝑡) =
𝐿

∑
ℎ=1

𝑁ℎ() (5)

That is, ̂𝑣( ̂𝑌𝑠𝑡) is an unbiased estimate of V( ̂𝑌𝑠𝑡).

2.2.2. λ parameter estimation

The total sample data (180 days) obtained from data mining is divided into five levels
by period, each level is sampled independently, and each level is a simple random
sampling, the number of people arriving within 15 days is counted. Specifically shown
in the table 2 below. According to the sampling formulas and the sampling data in table
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T˔˕˟˘ 2: Random sampling of arrivals.

T˔˕˟˘ 3: The describes statistics of arrivalS.

2, combinedwith statistical analysis of SPSS software, statistical statistics are obtained,
as shown in Table 3.

is the estimate of the population mean in 180 days, can be obtained by formula
1, 𝑌 𝑠𝑡 = ∑5

ℎ=1𝑁ℎ = 87445.8.λ needs further solution, here we calculate per capita
statistics for per day (8.5 hours), 𝜆1 87445.8180×8.5 ≈.
In order to further improve the reliability of estimation, it is necessary to estimate

the 95% confidence interval range of λ, where 𝑧0.025 = 1 is given by formula 6.

̂𝑣() =
5

∑
ℎ=1

𝑁ℎ() ≈ 29864623.1 (6)

5464.85 (7)

The 95% confidence interval for is,

76734.68 (8)

𝑌 𝑠𝑡 − 𝑧0.025√ ̂𝑣(𝑌𝑠𝑡)98156.912 (9)

Range of is 50∼64.
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According to the number of statistics in table 3, there is a large amount of data in the
peak period of university library, which needs to be extracted separately for reference,
this example is clearly concentrated in the third and fourth layers (11:30-14:30).

= 4818.5 (10)

The 95% confidence interval for is,

𝑌𝑠𝑡 − 𝑧0.025√ ̂𝑣(𝑌𝑠𝑡) = 46872 (11)

𝑌𝑠𝑡 − 𝑧0.025 (12)

Range of is 87∼122.

2.2.3. μ parameter estimation

According to the main types of daily service of circulation tables, they are divided into
3 layers. The sampling units are sampled according to a certain weighted proportion.
Each layer is sampled by simple random sampling for 10 days. SPSS software is used
to derive the relevant statistics, and 95% of μ is estimated.

T˔˕˟˘ 4: Service time random sampling.

T˔˕˟˘ 5: Service time statistics.

According to the definition of μ, we need to calculate the number of people served
in unit time, here we take the unit time as hours. In one hour, μ≈150.
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̂𝑣(𝑌𝑠𝑡) =
3

∑
ℎ=1

𝑁ℎ(𝑁ℎ − 𝑛) (13)

√ ̂𝑣(𝑌 ) = 898.26 (14)

The 95% confidence interval for is,

𝑌𝑠𝑡 − 𝑧0.025√ ̂𝑣(𝑌𝑠𝑡) = 7849.41 (15)

𝑌𝑠𝑡 − 𝑧0.025√ ̂𝑣(𝑌𝑠𝑡) = 11370.5896 (16)

Average service time range is 19.6 ∼ 28, 𝜇 ≈ 184 127.

2.3. Validation feedback

Based on the results and ranges of λ and μ obtained from stratified sampling, let c be
the number of service desks, the corresponding service strength , idle probability P0
and queuing probability P are calculated by the formula of queuing theory [19-20]. The
specific formula is as follows.

(𝜌 < 1, the 𝑠) (17)

𝑃0 = [] (18)

= (19)

(> 𝑐) = 1 −
𝑐

∑
ℎ=0

𝑃𝑛 (20)

Because the probability of service is relatively stable, μ is appropriate to take the
median amount of 150. Table 6 shows the influence of the number of different service
desks c and the number of arrivals λ on the idle probability and queuing probability
under this parameter.

From the above table, it can be seen that the choice of the number of service desks
generally depends on two types of factors: 1. The probability of idleness is controlled
within a reasonable range; 2. The queues or the probability is not as low as possible
during the peak period. If the idle probability is in the range of 30%∼70%, the queuing
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T˔˕˟˘ 6: System Operation Reference Table.

probability is in the range of 0∼10% as the reference standard. When c=1, the queuing
system is prone to instability during the peak period, resulting in a decline in the
satisfaction of the circulation service and inconsistent with the purpose of “service
and education”. When c=2, 3, and 4, the indicators are more consistent. Longitudinal
comparisons found that when c=2, the queuing probabilities at the peak time exceeded
the set criteria, and when c=4, the queuing probabilities were small and there was
no obvious difference, which was easy to waste resources. Therefore, the number of
service desks c=3 is more appropriate.

Through the above-mentioned series of operation practices, the number of the best
service desks in this paper is obtained, and the feasibility of the scheme is verified. The
trial run after a certain period also basically complies with the probabilistic statistical
results obtained, indicating that the scheme is reliable.

3. Conclusion and Evaluation

Although the above case is a case, but in view of various university libraries can
be basically consistent operating rules. This case starts with the original access data
and unceasingly excavates the related parameter estimation samples, according to
sampling statistics and general formula, the actual parameters are obtained, calculates
the number of service stations that meet the requirements, provides sufficient basis
for library circulation management decision and personnel allocation.

The focus of this paper is how to obtain valuable key parameters through the mining
of existing data, makes a solid foundation for the study of library circulation queuing
models, provides a series of practical and practical methods and steps, makes the
source of main parameters more scientific and reasonable. Due to the differences
between the opening hours and the actual circulation, this model is only for reference,
the peak judgment and the collection of service time need to be further improved.
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