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Abstract. The conventional wisdom that "higher version is better than lower 
version" has been challenged by recent research, which has demonstrated that 
this is merely a superficial assumption.In order to reveal the nature of the impact 
of software on technical implementation, this paper uses the co-word analysis 
method to examine the influence of different versions of Excel on technical im-
plementation, delving into the intricacies of their mechanisms and efficiencies. 
Results: The processing of unidimensional data has been improving with version 
updates, and the processing efficiency has been increasing, but has not produced 
an order of magnitude difference; the processing of linked data is n times more 
efficient in both version 2021 and version 2016 than in version 2010. Conclu-
sion:1st,The advantages of software version upgrades are the material basis for 
the influence they exert;2nd,Versions do not spontaneously influence the reali-
sation of the technology, they can only come from the method of change; 
3rd,Along with changes in methodology, advantages resulting from version up-
grades are passed on to technology; 4th,Version of the relative efficiency ratio 
equation; 5th,Worst time complexity is the most appropriate measure of version 
efficiency; 6th, It can be reasonably deduced that a significant enhancement in 
overall efficiency can only be achieved through the implementation of an 
AI-enabled change in software; 7th,Software efficiency cannot be cumulative 
and depends only on the change in the highest order term of time complexity. 

Keywords: software version; technical implementation; impact; co-word anal-
ysis; excel 

1 Introduction 

Software is the foundation of the new era of information technology, the cornerstone of 
digital economy development, and the crucial support for building a manufacturing 
powerhouse, a network powerhouse, and a digital China. [1] With the proliferation of 
computer applications, there has been a corresponding increase in the volume of 
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software. Simultaneously, as application usage becomes more sophisticated, software 
versions are continuously being updated. [2-3]The higher version software not only 
maintains compatibility with the functions and features of the lower version, but also 
introduces new functionalities, enhances original performance, addresses errors and 
vulnerabilities from previous versions, and optimises software operation. [4]Therefore, 
a qualitative conclusion can be made that the high version is superior to the low version. 
However, this conclusion does not address the impact of the version on technology 
implementation, and lacks relevant data to support it, relying solely on subjective 
intuition. A review of domestic and international databases revealed that existing 
research does not adequately address the aforementioned inquiries. Currently, software 
version research primarily focuses on software defects, maintenance, and related as-
pects, with a noticeable absence of literature pertaining to how software versions im-
pact the realisation of specific technologies. [5-7] 

In order to accurately assess the influence of software version on technology im-
plementation, this study employs co-word analysis to investigate the impact of different 
versions of Excel software on co-word analysis implementation. The research findings 
are anticipated to address the fundamental question of how software versions impact 
technical implementation, and to establish a scientific foundation for future software 
version selection, procurement, design, development, and management. This will 
facilitate the identification of a more suitable version and the formulation of a more 
targeted version upgrade plan. 

2 Excel Co-word Analysis 

Co-word analysis is a prevalent research method in bibliometrics and has been exten-
sively utilized in academic paper research. [8-10]The objective of co-word analysis is to 
provide a comprehensive overview of the knowledge composition and research trends 
within a specific subject area. This is achieved by utilising statistical data on repre-
sentative keywords in individual papers and analysing the topic structure within that 
particular field or discipline. [11] 

The Excel co-word analysis method employs the use of the Excel software tool to 
facilitate the conduct of co-word analysis. 

3 Time Complexity 

The relationship between the time required for execution and the size of the problem is 
referred to as the time complexity. The time spent by the computer during the execution 
of the algorithm is a measure of the algorithm's efficiency. The time spent by an algo-
rithm is proportional to the number of executions of statements within the algorithm. 
Consequently, the algorithm that has undergone a greater number of executions of 
statements will necessarily have spent a longer period of time. [12] Consequently, the 
time complexity of an algorithm is typically quantified in terms of the number of 
fundamental operations incorporated into the algorithm. In a versioning analysis, the 
operational steps required to run the software are equated to the number of times the 



 

 

basic operations in the algorithm are performed. The time complexity is then employed 
to ascertain the efficiency of the disparate versions. 

4 Experimentation 

4.1 Subject of an Experiment 

In recent years, the development of software technology has led to the widespread use 
of bibliometric analysis tool software in co-word analysis. This, on the one hand, 
facilitates the process of literature analysis, but on the other hand, it also reveals nu-
merous issues. 1) Some analysis tool software is insufficiently multifunctional, and in 
practice it is often necessary to install several software packages to meet the demand. 
[13]Concurrently, the analytical tools employed employ disparate methodologies, sup-
port disparate data sources, and utilise disparate data formats. To illustrate, when 
utilising Bibexcel, Citespace and BICOMB analysis tools, solely Web of Science data 
sources are obtained. Consequently, it is either unfeasible or challenging to conduct an 
analysis of Chinese data sources, such as HowNet, Weipu, Wanfang. Consequently, in 
the practical application, it is necessary to undertake a process of iteration. Conse-
quently, in practical applications, it is necessary to utilise different analysis tools, 
switch between different data sources and convert different data formats. This diffi-
culty is particularly apparent when attempting to compare and analyse the differences 
between domestic and foreign research fields. 2) Some of the analysis tool software is 
more complex, and therefore less accessible to the novice user. It requires a significant 
investment of time before one can fully master the functionality of the software. To 
illustrate, consider the use of Visual Basic, Visual C++, and Visual Basic for Applica-
tions (VBA) to develop a program for the analysis of common words. [14] 

In comparison to the aforementioned bibliometric analysis tools, Excel is relatively 
straightforward to operate, does not impose limitations on the data sources that can be 
utilised, and co-word analysis can be completed independently of other software. [15] 

Consequently, in order to ascertain the influence of the Excel co-word analysis method, 
it is sufficient to consider the impact of a single factor change in the version of Excel. 

4.2 Experimental Environment 

Marxists posit that the productive activity of human society progresses in a stepwise 
manner, evolving from a lower to a higher level. Consequently, they argue that people's 
understanding of both the natural world and the social aspects of reality also develops 
in a stepwise manner, progressing from a more superficial to a more profound under-
standing, encompassing a broader range of perspectives. [16-18] 

The comprehension of software market demand is not a static phenomenon; rather, it 
is a dynamic and evolving process. It is essential that a software undergoes a series of 
processes, from awareness to practice, before it can be accepted by the market and 
ultimately mature. In order to guarantee the dependability and longevity of the soft-
ware, subsequent versions of the software are not frequently updated and undergo 
minimal alterations. To illustrate, the most significant distinction between Excel 2019, 



 

 

Excel 2021 and Excel 2016 is the introduction of the icon feature, new functions and 
charts. It is noteworthy that the other features and operations have not undergone 
significant alterations. [19] 

Following the release of Excel 2010, Microsoft has released four subsequent ver-
sions: The following versions of Excel have been released: Excel 2013, Excel 2016, 
Excel 2019, and Excel 2021. [20]Each iteration has seen an increase in features and 
enhancements. In light of the aforementioned considerations, it is more prudent to 
select distinct variants of the same temporal interval for the experiment, thereby en-
hancing the experimental outcome. The experimental environment was configured to 
utilise the Windows 10 operating system, with six versions of Excel 
2000,2003,2007,2010, 2016 and 2021 installed. In addition, the literature on the ap-
plication of AI in medicine (1981–2022) was retrieved from the China Knowledge 
Network and the literature records were exported to Excel as the experimental materi-
als. 

4.3 Experimental Methods 

The processing of data utilising bibliometric analysis tools is categorised into two 
distinct approaches: unidimensional analysis and correlation analysis. [21]The data 
obtained from the co-word analysis is therefore divided into two categories: unidi-
mensional analysis data and correlation analysis data. 

In order to gain a deeper understanding of the impact of different software versions 
on the implementation of the co-word analysis method, a comparison of different 
versions of Excel on the processing of unidimensional analysis data and correlation 
analysis data was carried out. The aim of this comparison was to evaluate the time 
complexity of different versions of processing data. The objective of the study was 
threefold: firstly, to ascertain the impact of the version on efficiency; secondly, to 
compare the methods of different versions of data processing, with the aim of under-
standing the correlation between the version and the processing method; and thirdly, to 
compare the results of different versions of data processing, with the aim of under-
standing the effect of version on processing. The third objective was to compare the 
results of different versions of data processing, in order to understand the impact of 
version on the processing effect. 

4.4 Experimental Procedure 

Unidimensional analysis of data. 
A unidimensional analysis is a method of examining a particular field of research, 

whereby the focus is on the econometric features that are present within that field. This 
approach allows for the identification of the specific dimensions of interest within a 
given collection of literature. [22]Accordingly, the processing step is divided into two 
stages. Initially, statistics are counted according to a specific field. Subsequently, charts 
are produced in accordance with the aforementioned statistics. To illustrate, the im-
plementation of "year distribution" entails the enumeration of papers published in each 
year according to the "year" field. This is followed by the construction of a line graph 



 

 

that depicts the relationship between the year and the number of papers, as reflected by 
the statistical results. 

In order to ascertain the impact of each iteration of Excel on the processing of uni-
dimensional analysis data, the literature records pertaining to the application of AI in 
the medical field were initially processed using different versions of Excel for econ-
ometric analysis, including year distribution and journal distribution, among others. 
Subsequently, a comparative and analytical assessment was conducted to evaluate the 
processing capabilities of each version. 

Correlation Analysis Data.  
The association analysis is based on unidimensional analysis, whereby the co-word 

matrix of the analysed units is calculated. This further suggests the connection between 
the features of the research domain. [22]Thus, the generation of the co-occurrence matrix 
is a requisite step in the process of association analysis and represents the fundamental 
data set upon which this analysis is based. 

The processing of correlation analysis data is divided into two stages: word fre-
quency statistics and the construction of a co-word matrix. In order to ascertain the 
impact of different versions of Excel on the processing of correlation analysis data, we 
employed various versions of Excel to generate covariance matrices for literature 
records on the application of artificial intelligence in the field of medicine and to ana-
lyse the processing of each step in the main links of "word frequency statistics" and 
"constructing covariance matrices". We conducted a detailed analysis of the processing 
of each step in the main link "word frequency statistics" and "constructing co-word 
matrix". 

4.5 Experimental Results 

Processing of Unidimensional Analysis Data. 

Table 1. presents a comparative analysis of distinct approaches to unidimensional data pro-
cessing. 

excel ver-
sion 

manipulate time complexity methodologies results 

2000 
statistical data 
and plot chart 

Best time com-
plexity 𝑂ሺ1ሻ 
Worst time 

complexity 𝑂ሺ𝑛ሻ 
Average time 

complexity 𝑂ሺ𝑛ሻ 

countif function、pivot 
table 

A paucity of 
statistical data; 
Single Chart 

2003 ibid ibid ibid ibid 
2007 ibid ibid ibid ibid 
2010 ibid ibid ibid ibid 

2016 ibid ibid pivot table、left function 
The integrity of 
statistical data; 
Multiple charts 

2021 ibid ibid pivot table, Smart Fill ibid 



 

 

Table I illustrates the various iterations of single-dimensional data processing 
methodologies and the discrepancies in the statistical analysis of missing data. In the 
2010 version (that is, the Excel 2010 version of the abbreviation, as referenced below), 
the application of the countif function or pivot table to all records of statistics will yield 
incomplete statistical results due to the absence of requisite fields. To illustrate, when 
enumerating the number of papers in each year, the "Year " field will be absent, thereby 
preventing the display of the year for all records. Conversely, the "PubTime-Publishing 
Time" field will not be absent and includes the year information. In the 2016 version 
(that is, the Excel 2016 version of the abbreviation, the same below), the "PubTime " 
field can be moved to the left of the four numbers in order to obtain the year data. In the 
2021 version (that is, the Excel 2021 version of the abbreviation, the same below), the 
"smart fill" function can be triggered by pressing the Ctrl + E keys to separate the data 
by year. This is achieved by using the "PubTime " field. 

The optimal approach is to work with a single dimension of data and dedicate time to 
statistical analysis and charting. In version 2010, the initial step is to establish the 
conditions for the first countif function. Subsequently, the function can be replicated in 
other records through the use of relative referencing. The completion of the statistics 
through the countif function requires five steps, while the completion of the same 
through the pivot table necessitates four steps. The charting process, on the other hand, 
requires only three steps. It can thus be concluded that the optimal time complexity for 
the 2010 version is 𝑇ሺ𝑛ሻ ൌ ሺ𝑐𝑜𝑢𝑛𝑡𝑖𝑓 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑜𝑟 𝑝𝑖𝑣𝑜𝑡 𝑡𝑎𝑏𝑙𝑒ሻ ൅ 𝑐ℎ𝑎𝑟𝑡𝑖𝑛𝑔 ൌ
ሺ5 𝑜𝑟 4ሻ ൅ 3 ൌ ሺ8 𝑜𝑟 7ሻ ൌ 𝑂ሺ1ሻ.The optimal time complexity for the 2016 version is 
𝑇ሺ𝑛ሻ ൌ 𝑙𝑒𝑓𝑡 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 ൅ 𝑝𝑖𝑣𝑜𝑡 𝑡𝑎𝑏𝑙𝑒 ൅ 𝑐ℎ𝑎𝑟𝑡𝑖𝑛𝑔, where the left function has the 
same number of steps as the countif function. The resulting complexity is  𝑇ሺ𝑛ሻ ൌ 5 ൅
4 ൅ 3 ൌ 12 ൌ 𝑂ሺ1ሻ. In the 2021 version, the optimal time complexity is 𝑇ሺ𝑛ሻ ൌ
𝑆𝑚𝑎𝑟𝑡 𝐹𝑖𝑙𝑙 ൅ 𝑃𝑖𝑣𝑜𝑡 𝑇𝑎𝑏𝑙𝑒 ൅ 𝐶ℎ𝑎𝑟𝑡𝑖𝑛𝑔. This is because the Smart Fill operation has 
two steps, resulting in 𝑇ሺ𝑛ሻ ൌ 2 ൅ 4 ൅ 3 ൌ 9 ൌ 𝑂ሺ1ሻ. 

The most unfavourable scenario is that of processing n one-dimensional data. In the 
2010 version, the processing of n one-dimensional data items is performed individu-
ally, with the same n one-dimensional data processing operations repeated. This results 
in the worst time complexity of 𝑂ሺ𝑛ሻ .The 2016 version is the first to employ the left 
function to replenish missing data and subsequently utilise pivot tables for the pro-
cessing of one-dimensional data in a sequential manner, thereby generating charts. 
Consequently, the time complexity is represented by 𝑇ሺ𝑛ሻ ൌ 𝑛 ൅ 5, which is equiva-
lent to 𝑂ሺ𝑛ሻ. The 2021 version is the first to employ the "smart fill" technique to 
replenish missing data and subsequently utilise pivot tables for one-dimensional data 
processing, one by one, to generate charts. This results in the worst time complexity, 
𝑇ሺ𝑛ሻ ൌ 𝑛 ൅ 5 ൌ 𝑂ሺ𝑛ሻ. The 2021 version represents the inaugural instance of utilising 
the 'smart fill' separation technique to supplement the missing data, subsequently em-
ploying pivot tables for the one-dimensional data processing, which is conducted one 
by one to generate charts. This results in the worst time complexity of 𝑂ሺ𝑛ሻ ൌ 𝑛 ൅ 2 ൌ
𝑂ሺ𝑛ሻ. 

The average time complexity is identical for all versions and is given by 𝑇ሺ𝑛ሻ ൌ
ሺଵାଶା⋯ା௡ሻ

௡
ൌ

൫௡మା௡൯

ଶ௡
ൌ 𝑂ሺ𝑛ሻ. 



 

 

Data Processing for Correlation Analysis.  

Table 2. A comparative analysis of the statistical processing of word frequency in different 
versions. 

excel 
version 

manipulate methodologies time complexity results 

2000 
Keyword(s) 

parsed 
Separator breakdown 

Best time com-
plexity 𝑂ሺ1ሻ 
Worst time 
complexity 

𝑂ሺ1ሻ 
Average time 
complexity 

𝑂ሺ1ሻ 

In the process of data 
entry, instances have 
been observed where 
the input of invalid 
data has resulted in 

the creation of blank 
columns. 

2003 ibid ibid ibid ibid 
2007 ibid ibid ibid ibid 
2010 ibid ibid ibid ibid 

2016 ibid 
The search and re-

place function; Sepa-
rator breakdown 

ibid 
It is not possible to 

create invalid blanks. 

2021 ibid ibid ibid ibid 

2000 
Keyword statis-

tics 

The initial step is to 
create a multi-column, 

one-by-one copy of 
the first and last 

entries, which should 
be connected to a 

column. Subsequent-
ly, any field values 

that are empty should 
be removed. Finally, a 
pivot table should be 

generated. 

Best time com-
plexity 𝑂ሺ1ሻ 
Worst time 
complexity 

𝑂ሺ𝑛ሻ 
Average time 
complexity 

𝑂ሺ𝑛ሻ 

It is necessary to 
implement a manual 
and somewhat labo-
rious process for the 

removal of empty 
field values. 

2003 ibid ibid ibid ibid 
2007 ibid ibid ibid ibid 
2010 ibid ibid ibid ibid 

2016 ibid 
inverse perspective 
column; pivot table 

Best time com-
plexity 𝑂ሺ1ሻ 
Worst time 
complexity 

𝑂ሺ1ሻ 
Average time 
complexity 

𝑂ሺ1ሻ 

The device is 
straightforward to 
operate and is de-

signed to automati-
cally remove data 
from empty field 

values. 

2021 ibid ibid ibid ibid 

A comparison of the statistical processing of word frequencies of the different ver-
sions yielded the results presented in Table II. Table II demonstrates that utilising the 
Excel 2010 version of keyword statistics will not only become increasingly onerous as 
the number of keyword columns increases, but will also retain a considerable number 
of empty field values. In the optimal scenario, there would be only two columns of 
keywords, requiring only a two-step copy and paste operation. The implementation of a 
"column copy" would entail arranging the two columns of keywords into a single 
column and then locating and deleting the two empty field values from the two-step 
operation. This would result in the best time complexity 𝑇ሺ𝑛ሻ ൌ 𝑐𝑜𝑙𝑢𝑚𝑛 𝑐𝑜𝑝𝑦𝑖𝑛𝑔 ൅



 

 

 𝑙𝑜𝑐𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝑑𝑒𝑙𝑒𝑡𝑖𝑛𝑔 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑚𝑝𝑡𝑦 𝑓𝑖𝑒𝑙𝑑 ൅  𝑝𝑖𝑣𝑜𝑡 𝑡𝑎𝑏𝑙𝑒 ൌ 2 ൅ 2 ൅
4 ൌ 8 ൌ 𝑂ሺ1ሻ. In the worst case, there are n columns of keywords. The first n-1 times, 
"column replication" must be performed in order to arrange all the keywords into a 
column. Then, the empty field values must be located and deleted. Finally, the pivot 
table statistics must be performed. Therefore, the worst time complexity is 𝑂ሺ𝑛ሻ. 
Meanwhile, the average time complexity is calculated as 𝑂ሺ𝑛ሻ. The inverse pivot 
column function in Excel 2016 and 2021 is not affected by the number of keyword 
columns. The number of steps in its operation remains constant. It can be connected to 
a keyword column without empty field values, and thus its time complexity is 𝑂ሺ1ሻ. 

Table 3. presents a comparative analysis of the processing of different versions of constructing 
co-word matrices. 

excel 
version 

manipulate methodologies 
time com-

plexity 
results 

2000 

High-frequency 
words are 

teamed up in 
pairs 

The initial step is to 
categorise the second 

keyword as the primary 
keyword and eliminate 

any empty records within 
the second keyword. 

Subsequently, the key-
word columns of the two 
groups should be merged 
and copied and pasted into 

the first and last two 
columns of keywords. 

Best time 
complexity 

𝑂ሺ1ሻ 
Worst time 
complexity 

𝑂ሺ𝑛ଶሻ 
Average 

time com-
plexity 
𝑂ሺ𝑛ଶሻ 

The operation is un-
wieldy, and with the 

expansion of the number 
of columns of keywords, 

the frequency of the 
initial and concluding 
links between the first 

and last columns of 
keywords has also 

increased. 

2003 ibid ibid ibid ibid 

2007 ibid ibid ibid ibid 

2010 ibid ibid ibid ibid 

2016 ibid 
Unpivot; 

Merge multiple work-
sheets 

Best time 
complexity 

𝑂ሺ1ሻ 
Worst time 
complexity 

𝑂ሺ𝑛ሻ 
Average 

time com-
plexity 
𝑂ሺ𝑛ሻ 

The device is straight-
forward to operate and is 

capable of simultane-
ously deleting both blank 

records and sin-
gle-keyword entries. It 

can also be used to 
arrange the first column 
of keywords and other 
columns of keywords 
into two distinct col-

umns. 

2021 ibid ibid ibid ibid 



 

 

2000 
Eliminate 

low-frequency 
words 

The initial step is to create 
a new, empty column after 

each existing column. 
Subsequently, the 

VLOOKUP function 
should be employed to 

ascertain the 
high-frequency words that 

correspond to the 

Best time 
complexity 

𝑂ሺ1ሻ 
Worst time 
complexity 

𝑂ሺ𝑛ሻ 
Average 

time com-
plexity 
𝑂ሺ𝑛ሻ 

The process is unwieldy, 
and the number of re-

movals rises in propor-
tion to the number of 

keyword columns. 

2003 ibid ibid ibid ibid 

2007 ibid ibid ibid ibid 

2010 ibid ibid ibid ibid 

2016 ibid Advanced filtering 

Best time 
complexity 

𝑂ሺ1ሻ 
Worst time 
complexity 

𝑂ሺ1ሻ 
Average 

time com-
plexity 
𝑂ሺ1ሻ 

Regardless of the num-
ber of keyword columns, 

the actual number of 
keyword columns pro-

cessed in the end is only 
two. 

2021 ibid ibid ibid ibid 

Excel 2010 is employed for the purpose of clearing low-frequency words and 
high-frequency words in two-by-two teams, with the objective of constructing a matrix 
for the creation of a co-word matrix.[23] In the event that Excel 2016 or 2021 is utilised, 
it is necessary to alter the sequence of the aforementioned operations. Specifically, the 
order should be: in turn, high-frequency words two by two teaming, clear 
low-frequency words, build the matrix. 

A comparative analysis of the construction of co-word matrices was conducted to 
obtain Table III. As evidenced in Table III, the utilisation of Excel 2010 for the iden-
tification of high-frequency words in two teams was accomplished through two distinct 
phases. In other words, the initial step involves identifying the second keyword as the 
primary sorting criterion, then deleting the second keyword from the remaining rec-
ords, and finally deleting the remaining single-keyword records. This entire process 
necessitates six distinct steps. The subsequent step entails the repeated use of copy and 
paste operations, whereby the remaining keywords from the two groups are merged and 
appended to the end of the keywords in the two columns. [19] In the optimal scenario, 
only two columns of keywords, A and B, are merged into a single set, AB. This results 
in the best time complexity of 𝑂ሺ1ሻ. In the event that two columns of keywords are 

combined to create a total of 𝐶௡
ଶ ൌ

஺೙
మ

஺మ
మ ൌ

௡!

ଶ!ሺ௡ିଶሻ!
 kinds, this process must be repeated 

𝐶௡
ଶ െ 1 times. The first and last of these columns are then merged to form two new 

columns of keywords. Consequently, the worst-case time complexity of the second step 



 

 

is   𝑇ሺ𝑛ሻ ൌ
௡ൈሺ௡ିଵሻ

ଶ
ൌ 𝑂ሺ𝑛ଶሻ , while the average complexity is 𝑇ሺ𝑛ሻ ൌ

ቀଵାଷା଺ା⋯ା
೙ൈሺ೙షభሻ

మ ቁ

௡ିଵ
ൌ 𝑂ሺ𝑛ଶሻ .The 2010 version of the two-by-two teaming of 

high-frequency words exhibits the worst time complexity 𝑇ሺ𝑛ሻ ൌ
൫௡ൈሺ௡ିଵሻ൯

ଶ
൅ 6 ൌ

𝑂ሺ𝑛ଶሻ. The average time complexity is also 𝑂ሺ𝑛ଶሻ. 
As illustrated in Table III, the Excel 2016 and 2021 high-frequency words 

two-by-two team is divided into two stages to achieve its objective. These stages are 
designated as "reverse pivot columns" and "multiple worksheet merger." In the optimal 
scenario, only two columns of keywords are required, eliminating the need for "reverse 
pivot columns" and "multiple worksheet merger." This direct composition of 
high-frequency words results in the best time complexity of 𝑂ሺ1ሻ. In the worst case, 
where there are n keywords, the first step requires n columns of keywords to undergo 
n-2 times the "reverse perspective columns" operation, in addition to the last two 
columns of keyword matching worksheets. This results in a total of n-1 worksheets, 
with the "reverse perspective columns" not being affected by the number of columns of 
keywords. The number of operation steps is therefore 8. The second step, "multiple 
worksheets merge," entails directly merging n-1 worksheets to form the first and last 
columns of keywords. This operation is not subject to the limitations of the number of 
worksheets and requires 14 steps. Consequently, the worst time complexity (𝑇ሺ𝑛ሻ) is 
given by the following equation: 𝑇ሺ𝑛ሻ ൌ 𝐼𝑛𝑣𝑒𝑟𝑠𝑒 𝑃𝑖𝑣𝑜𝑡 𝐶𝑜𝑙𝑢𝑚𝑛𝑠 ൅  𝑀𝑢𝑙𝑡𝑖 െ
𝑊𝑜𝑟𝑘𝑠ℎ𝑒𝑒𝑡 𝑀𝑒𝑟𝑔𝑒 ൌ ሺ8 ∗ ሺ𝑛 െ 2ሻሻ ൅ 14 ൌ 𝑂ሺ𝑛ሻ, the average time complexity is 
𝑂ሺ𝑛ሻ. 

Clear the worst case of low-frequency keywords is the operation of n keywords. 
excel 2010 processing needs to be first in each keyword column after a new blank 
column (operation n steps to form n blank columns), and then each keyword column 
using the vlookup function to find out with the matching high-frequency words, and 
then sorted and remove the low-frequency words. Each vlookup function requires four 
steps to complete the lookup operation, that is, the sorting needs two steps to complete, 
delete the need for two steps to complete, so its entire removal of low-frequency 
keywords the worst time complexity of 𝑇ሺ𝑛ሻ ൌ 𝑏𝑙𝑎𝑛𝑘 𝑐𝑜𝑙𝑢𝑚𝑛 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 ൅
 𝑣𝑙𝑜𝑜𝑘𝑢𝑝 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 ൅  𝑠𝑜𝑟𝑡𝑖𝑛𝑔 𝑡𝑜 𝑑𝑒𝑙𝑒𝑡𝑒 ൌ  𝑛 ൅  4𝑛 ൅  4𝑛 ൌ  9𝑛 ൌ
 𝑂ሺ𝑛ሻ. And as mentioned earlier excel 2016 version in the construction of the co-word 
matrix operation order compared with excel 2010 has changed, so that at this stage 
(clearing the low-frequency keywords) the actual number of keyword columns pro-
cessed only two columns, and then use the "Advanced Screening" (3 steps to complete) 
can be obtained from the high-frequency word columns. Therefore, its time complexity 
for all types of 𝑇ሺ𝑛ሻ ൌ 3 ൌ 𝑂ሺ1ሻ. 

4.6 Experimental Analysis 

Mechanistic Analysis.  
The advantages resulting from software version upgrades, including the introduction 

of new features, a reduction in the number of bugs and vulnerabilities, more optimised 
results, and the incorporation of more advanced algorithms, provide the material basis 



 

 

for the influence of versions on technical implementation. As an example, the 2016 
version of Excel includes a "Power Query (query enhancement)" plug-in, which is not 
present in the 2010 version. This plug-in enables the more efficient execution of the 
"inverse pivot column" and "multiple worksheets merge" functions. 

Nevertheless, the version does not have an immediate and direct impact on the im-
plementation of the technique. A comparison of Tables II and III reveals that the Excel 
2016 and Excel 2021 versions operate in a similar manner, exhibiting the same time 
complexity and resulting outputs. Therefore, it can be concluded that although the 
version has been upgraded, there has been no alteration in the implementation method 
of the technology, and thus no improvement in efficiency. That is to say, the efficiency 
of Linked Data processing in version 2021 is identical to that of version 2016. A similar 
phenomenon is observed in the processing of unidimensional analysed data across 
different versions, as illustrated in Table I. While newer versions of Excel offer en-
hanced support for multi-threaded computation and the utilisation of multiple processor 
cores, this does not directly translate to improved implementation of the underlying 
technology. [24]Consequently, the optimal computational engine remains unable to 
function effectively. 

However, with the alteration of the technical implementation method, the ad-
vantages yielded by the version upgrade will be conveyed to the technology, thereby 
facilitating an enhancement in technical implementation efficiency. As illustrated in 
Table II, the 2010 version of the 'keyword statistics' necessitates the manual removal of 
the field value, which is represented by empty data. In contrast, the 2016 version of the 
operation steps is more concise, and the removal of the field value is automatically 
completed. The reason for this is that the Excel version from 2010 was upgraded to the 
2016 version of the 'inverse perspective columns' feature, which is also known as 
'keyword statistics'. The implementation of the 'columns to copy' and 'positioning to 
delete empty field values' functions has resulted in a change to the 'reverse perspective 
columns' feature. This alteration to the implementation method optimises the efficacy 
of the novel feature, reducing the time complexity from 𝑂ሺ𝑛ሻ to 𝑂ሺ1ሻ and enhancing 
the efficiency of 'Keyword Statistics'. Further research revealed that the new function 
of the 2016 version is based on more sophisticated algorithms. The 2016 version of 
Excel has integrated neural network algorithms, allowing users to create and train 
neural network models for in-depth analysis of table data.[25] 

It can be seen, therefore, that the purpose of methodological change is the realisation 
of technology. In order for this to occur, methodological change must be based on the 
advantages of versioning. Thus, technology drives the updating of versions, and the 
updating of versions facilitates the change in the method of technological realisation, 
which in turn facilitates technological progress. 

Analysis of Efficiency.  

Discussion of Efficiency Measures.  
As previously stated, time complexity is used to identify different versions of effi-

ciency, with time complexity categorised as best, worst, and average. The optimal time 
complexity represents the most ideal scenario, which is more extreme and has a smaller 



 

 

probability of occurrence. [26]In this instance, the aforementioned versions process the 
least amount of data, thereby rendering any discrepancy in their time complexity in-
consequential. As illustrated in Table I, Table II and Table III, the optimal time com-
plexity of each version is identical, with a value of 𝑂ሺ1ሻ. It is therefore evident that the 
optimal time complexity is not an appropriate basis for comparison of efficiency. 

The average time complexity is defined as a scenario in which all potential execu-
tions are equally probable. [27]The inherent complexity of reality renders the analysis 
and quantification of the average time complexity of software versions a challenging 
endeavour. It can thus be concluded that average time complexity is not an appropriate 
basis for comparison of efficiency. 

The worst-case time complexity represents the least favourable scenario, although it 
is also a more extreme situation. The probability of occurrence is relatively low, but it 
can reflect the maximum influence of the version on the technical implementation. This 
is the most suitable of the three as a measure of the efficiency of the version of the 
standard. The ratio of the worst time complexity of the two versions allows for a clear 
determination of the efficiency improvement ratio of the new version in comparison to 
the old one. This provides a scientific basis for the selection, procurement, design, 
development and management of software versions. 

For example, comparing the worst time complexity of "high-frequency word 
two-by-two teaming" in Table 3, we can see that the 2010 version is 𝑂ሺ𝑛ଶሻ, and the 
2016 version is 𝑂ሺ𝑛ሻ. From "The higher the time complexity order of magnitude the 
lower the efficiency "[28] we know that the 2016 version is more efficient than the 2010 
version and it is n times more efficient than the 2010 version; Comparing the worst time 
complexity of the "keyword statistics" in Table 2, we can see that the 2010 version is 
𝑂ሺ𝑛ሻ and the 2016 version is 𝑂ሺ1ሻ, which means that the processing efficiency of the 
2016 version is n times higher than that of the 2010 version. The preceding analysis 
allows us to derive the following version of the relative efficiency ratio equation: 

 
௣భ

௣మ
ൌ మ்ሺ௡ሻ

భ்ሺ௡ሻ
ൌ 𝑘 (1) 

In this context, 𝑝ଵ represents the efficiency of version 1, 𝑝ଶ denotes the efficiency of 
version 2, 𝑇ଵሺ𝑛ሻ signifies the worst time complexity of version 1, 𝑇ଶሺ𝑛ሻ is the worst 
time complexity of version 2, and n is the size of the problem to be processed. Con-
sequently, the inverse of the ratio of their worst time complexities is equal to the ratio of 
relative efficiencies of the versions. Once the size of the problem to be processed, 
denoted by n, is known, the relative efficiency ratio, k, of the versions is also known 
and non-zero. As the size of the problem to be processed, represented by the variable n, 
increases, so too does the time complexity. Consequently, the efficiency difference 
between the versions in question also increases. 

Discussion of Method Changes.  
From Table I, we can see that the worst time complexity ratio of the 2021, 2016, and 

2010 versions is 𝑂ሺ𝑛ሻ: 𝑂ሺ𝑛ሻ: 𝑂ሺ𝑛ሻ ൌ 1: 1: 1 , i.e., there is no order-of-magnitude 
difference between the three versions in terms of processing efficiency of unidimen-
sional analyzed data. In terms of the overall number of operations, the 2016 version 



 

 

exhibited a greater increase in the number of operating steps and a more extensive left 
function processing than the 2010 version. However, it also demonstrated an enhanced 
integrity of the entire statistical data. The 2021 version ensures the integrity of statis-
tical data on the basis of a simpler operation than that of the 2016 version, which re-
duced the number of operating steps from 12 to 9. In conclusion, the upgrading of the 
version has resulted in an enhanced processing method for single-dimensional data, 
improved data integrity, a reduction in the number of processing steps, and enhanced 
processing efficiency. Nevertheless, this alteration in methodology has not altered the 
manner in which unidimensional data must be processed manually, one by one. Despite 
an alteration in the number of steps in the processing process, once the quantity of data 
to be processed becomes considerable, the impact of this alteration on the overall 
efficiency is minimal and insufficient to produce an order of magnitude difference. 

Table II and Table III illustrate the reduction of steps in the operation of four pro-
cesses:(1) "reverse pivot columns" instead of "column copy", "positioning to delete 
empty field values"; (2) "Inverse Pivot Columns" instead of "delete blank records and a 
single keyword", "two by two"; (3) "multiple worksheets combined "instead of" first 
and last "; (4)" advanced screening "instead of" vlookup function ". Table 2 illustrates 
the repetition of the "keyword statistics" in the "column copy" and "locate and delete 
the empty field value" operations, which are then replaced by the "reverse pivot col-
umns". This automated processing is replaced by the "reverse pivot column" time 
complexity from 𝑂ሺ𝑛ሻ to 𝑂ሺ1ሻ. Table 3 illustrates how the "high-frequency words 
two by two" can be employed to replace the manual operations that are currently per-
formed consecutively. These include "deleting blank records and single keywords", 
"combining two by two", and "first and last together". The "first and last together" 
operation can be replaced by the "reverse pivot columns" and "multiple worksheets 
merge" automated processes, which reduce the time complexity from 𝑂ሺ𝑛ଶሻ to 𝑂ሺ𝑛ሻ. 
It is evident that a series of repetitive manual operations can be transformed into an 
automated process. The sequence of operations and the number of steps involved in the 
automated processing are predetermined. The processing time is independent of the 
problem size, n, and the time complexity undergoes a transition from a high order to a 
low order or even to a constant order. The introduction of artificial intelligence (AI) 
into software represents a significant opportunity for enhancing overall efficiency. By 
automating numerous time-consuming manual processes, AI can potentially increase 
efficiency by an order of magnitude. This is because AI enables the intelligent pro-
cessing of data, which in turn improves overall efficiency. [29]In other words, the inte-
gration of AI into software can lead to a substantial improvement in overall efficiency. 

Discussion of Efficiency Improvement Methods.  
In the majority of cases, optimising time complexity is of greater importance than 

optimising space complexity, given that the time spent running the software cannot be 
recovered, whereas the space can be recovered. It is therefore recommended that efforts 
be directed towards reducing time complexity as a means of enhancing efficiency. 
Table III illustrates that the time complexity of the "Constructing Co-word Matrix" 
operation is 𝑇ሺ𝑛ሻ ൌ 𝑇𝑤𝑜 ℎ𝑖𝑔ℎ െ 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑤𝑜𝑟𝑑𝑠 𝑎𝑟𝑒 𝑔𝑟𝑜𝑢𝑝𝑒𝑑 𝑡𝑜𝑔𝑒𝑡ℎ𝑒𝑟 ൅
 𝐶𝑙𝑒𝑎𝑟𝑖𝑛𝑔 𝑡ℎ𝑒 𝑙𝑜𝑤 െ 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑤𝑜𝑟𝑑𝑠 ൅  𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑛𝑔 𝑡ℎ𝑒 𝑚𝑎𝑡𝑟𝑖𝑥. The various 



 

 

iterations of the "build matrix" operation entail the same nine steps, resulting in a time 
complexity of  𝑇ሺ𝑛ሻ ൌ 𝑇ሺ9ሻ ൌ 𝑂ሺ1ሻ. It can thus be concluded that the worst time 
complexity of the 2010 version of "Constructing the covariance matrix" is 𝑇ሺ𝑛ሻ= 
𝑂ሺ𝑛ଶሻ ൅ 𝑂ሺ𝑛ሻ ൅ 𝑂ሺ1ሻ ൌ  𝑂ሺ𝑛ଶሻ. The most computationally expensive operation in 
the 2016 version is 𝑇ሺ𝑛ሻ=𝑂ሺ𝑛ሻ ൅ 𝑂ሺ1ሻ ൅ 𝑂ሺ1ሻ ൌ  𝑂ሺ𝑛ሻ. The 2021 version exhibits 
the same time complexity as the 2016 version. In other words, the efficiency of "con-
structing the co-occurrence matrix" in each version is contingent upon the alteration of 
the highest-order term in the time complexity. 

Table II illustrates that the time complexity of "word frequency statistics" T(n)= 
keyword parse + keyword statistics. It can be demonstrated that the worst time com-
plexity of the 2010 version of 'word frequency statistics' is 𝑇ሺ𝑛ሻ= 𝑂ሺ1ሻ ൅ 𝑂ሺ𝑛ሻ ൌ
 𝑂ሺ𝑛ሻ, and that the worst time complexity of the 2016 version of 'word frequency 
statistics' is 𝑇ሺ𝑛ሻ=𝑂ሺ1ሻ ൅ 𝑂ሺ1ሻ ൌ  𝑂ሺ1ሻ. The 2021 version exhibits the same time 
complexity as the 2016 version. In other words, the efficiency of the 'word frequency 
statistics' in each version is contingent upon the alteration of the highest-order term in 
the time complexity. 

The time complexity of the 'correlation analysis data' is given by  𝑇ሺ𝑛ሻ ൌ
𝑤𝑜𝑟𝑑 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐𝑠 ൅  𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡 

 𝑐𝑜 െ 𝑤𝑜𝑟𝑑 𝑚𝑎𝑡𝑟𝑖𝑥. The 2010 version of the "correlation analysis data" exhibits the 
worst time complexity, 𝑇ሺ𝑛ሻ= 𝑂ሺ𝑛ሻ ൅ 𝑂ሺ𝑛ଶሻ ൌ  𝑂ሺ𝑛ଶሻ, while the 2016 version dis-
plays the worst time complexity of 𝑇ሺ𝑛ሻ=𝑂ሺ1ሻ ൅ 𝑂ሺ𝑛ሻ ൌ  𝑂ሺ𝑛ሻ. The 2021 version 
exhibits the same time complexity as the 2016 version. In accordance with the formula 

(1), 
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ൌ
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ைሺ௡ሻ
ൌ 𝑛 .Similarly, the ratio of the efficiency of the three 

versions (2021, 2016, and 2010) is n:n:1. That is to say, the efficiency of "correlating 
and analyzing data" in each version depends on the change of the highest order term of 
time complexity. 

In conclusion, the efficiency of software running cannot be cumulative; rather, it is 
contingent upon the change of the highest order term of time complexity. This is due to 
the fact that when the problem size tends to infinity, the asymptotic relationship be-
tween the software running time and the problem size of the highest order term has the 
greatest impact on the time complexity. Consequently, the other can be almost ignored, 
or even ignored entirely with the highest term multiplied by the constant [30]. Conse-
quently, a comprehensive examination of the relative efficiency of the version, with the 
objective of identifying the highest order term of time complexity in the method 
change, enables the discovery of the "bottleneck" and inefficient links in the original 
version. This, in turn, facilitates the implementation of optimization measures per-
taining to automated processing, thereby achieving an efficiency improvement of the 
version by an order of magnitude. 

5 Conclusion 

Software is the fundamental support for scientific and technological innovation. It is 
the primary factor that facilitates the comprehensive integration of informationization 
and industrialization, enabling its implementation in specific industries, specific 



 

 

products, and plays a pivotal role in the development of manufacturing capabilities, 
network capabilities, and the digitalization of China. This paper employs the Excel 
copula analysis method as its experimental object and examines the impact of different 
versions on the technical realization of the copula analysis method. The findings in-
dicate that with the advancement of the version, the processing methodology for sin-
gle-dimensional data has consistently improved, and the processing efficiency of the 
version has also increased. However, there is no discernible difference in the magnitude 
of these improvements. Furthermore, the processing of correlated data in the 2016 
version is more efficient than that in the 2010 version, with the efficiency increasing as 
the size of the problem to be dealt with increases. However, the difference in efficiency 
between the versions becomes larger as the problem size increases. Notably, the effi-
ciency of Linked Data processing in version 2021 is the same as in version 2016. 

In the course of investigating the aforementioned experiments, the central inquiry of 
"how software version affects technology implementation" was scrutinized in terms of 
mechanism and efficiency. The ensuing analysis yielded the following conclusions: 

(1) The advantages that arise from software version upgrades provide the foundation 
for understanding how the version affects the realization of technology. It is not the 
version itself that directly influences the realization of technology; rather, it is the 
change in the realization method of technology that gives rise to the version. As a 
consequence of a change in the method of technology realization, the advantages 
generated by a version upgrade will be transferred to the technology, thereby improving 
the efficiency of technology realization. 

(2) The most appropriate metric for measuring versioning efficiency is the worst 
time complexity. The equation for calculating the relative efficiency ratio of versions 

is: 
௣భ

௣మ
ൌ మ்ሺ௡ሻ

భ்ሺ௡ሻ
ൌ 𝑘  

(Once the value of n has been established, the value of k is also known with certainty 
and is not equal to zero) 

(3) It is only through the implementation of AI-enabled software updates that an 
order of magnitude improvement in overall efficiency can be achieved.  

(4) It is not possible to achieve cumulative operational efficiency in software; rather, 
it is contingent upon the alteration of the highest-order term of time complexity. 

If we conceptualize software operation efficiency as a bucket of water, then each 
update to the software version can be viewed as a means of compensating for the initial 
deficit in efficiency, and each alteration to the technical realization method can be seen 
as a way of strengthening the overall efficiency. It is my hope that readers will be 
inspired by this article to identify a more suitable version and to develop a more tar-
geted version of the upgrade program. 
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