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Abstract 

With the growing population of digital natives gaining consumption power, retail 

industries are facing evolutionary changes in attracting and maintaining online and offline 

customers. The concepts and implementation of smart malls and retail shops are proposed by 

retailers or solution providers to satisfy new customer demands. The foundations of smart 

retailing includes information integration, customer experience, and e-transactions. The 

research investigates the economic impacts of smart retailing and the growth of related 

intellectual properties (IPs), specifically, the domain related patents. The technological aspect 

of smart retailing are organized by constructing a patent ontology map to define the domain 

boundry. The economic impact of technological transformations are studied by measuring the 

economic growth of the leading regions and countries and the representative patent assignees. 

Consumption preferences and labor structure changes in relation to the retail industry are 

analyzed to verify the econonomic impact of corresponding intellectual properties. The goal 

of the research is to develop regional development strategies for smart retailing, using global 

patent and economic impact analyses. 

Keywords – Smart retailing, e-transaction, e-commerce, m-commerce, customer 

experience, cyber-physical system 

1. Introduction 

The research domain focuses on e-transactions, customer experience and information 

integration, the core of smart retailing. E-transaction is defined as the actions of buying, 

trading or paying electronically with technologies linked to Internet, e.g., e-wallets, mobile 

payment and near field communication (NFC). The customer experience from purchasing 

activities are enhanced by technologies such as image recognition, augmented reality, and 

virtual reality. Retailers must integrate information and communication technologies, e.g., 

IoT devices, databases, and cyber-physical systems (CPS) for practical applications. Based on 

the described research domain, the knowledge ontology for smart retailing is defined as 

shown in Fig. 1. 

The key technologies defining smart retailing are based on related literature [1] [2]. In the 

following sections, global patent analyses, with special case studies of global retailors 

(including leading patent assignees in US and China - Amazon and Alibaba), are used to 

relate the IPs of smart retailing to regions of economic impacts. The patent-economic impact 

analysis provides insight to the revolutionary trends of smart retailing, which are proven to be 

highly correlated to technological and economic growths in US and China.  
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Fig 1. The domain ontology map of technology innovations for smart retailing. 

2. Methodology 

2.1 Patent search and its preliminary results 

The patent search is conducted using Clarivate Analytics, i.e., Thomson Innovation 

integrated patent database and analytic platform. The search strategy is divided into three 

parts. The boolean keywords used to search for related smart retail technologies are collected 

from academic papers, news articles, and company reports. The results of the smart search 

function has been narrowed down to identify related patents in past five years in six targeted 

patent corpuses (US, S. Korea, Japan, European Union, Germany, and China). Table 2 shows 

the search strategies of three core sub-domains derived from the smart retailing ontology and 

Table 3 presents the preliminary search results in three core sub-domains. 

 

Table 1. The keywords for smart boolean search. 

Smart Search 

Topic  

"E COMMERCE” "SMART SHOP" "WISDOM 

RETAIL" "SMART MALL" "WISDOM MARKET" 

"FUTURE MALL" "SMART RETAIL" "WISDOM 

MALL" "WISDOM SHOP" "FUTURE MALL" 

"FUTURE SHOP" "FUTURE RETAIL" "FUTURE 

MARKET" 

Search Time 

Zone 

From 2011 to 2016 

Reign Limit US, KR, JP, EP, GE, CH 

 

Table 2. Boolean search keywords for three core sub-domains. 

Category Title/Abstract/Claims Key words 

E-Transaction 

(THIRD ADJ PARTY ADJ PAY*) or (MOBILE 

ADJ PAY*) or (E adj INVOICE*) or (E ADJ 

PAYMENT*) ADJ (E ADJ WALLET*) or 

(NFC) or (Mobile ADJ Wallet*) 

Customer 

Experience 

INDOOR ADJ POSIT*) or (AUGMENTED ADJ 

REALITY) or (IMAGE ADJ RECOGNI*) or 
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(VIRTUAL ADJ REALITY) or (BLUETOOTH 

near BEACON*) or (barcode near RFID) or 

(Comput* ADj Robot* ADJ VISION*) or (Deep 

ADJ learn*) or (sensor* adj fusion*) or (image 

adj anal*) or (PLACEMENT adj OF adj ITEM*) 

or (ITEM ADJ IDENTIFI*) or 

(AUTOMATICALLY ADJ TRANSIT*) 

Information 

Integration 

(INTERNET adj OF adj THING*) or (EPC*) or 

(SOA*) or (IoT) or (Data ADJ ware*) or (ETL) 

or (M2M) or (Machine adj to adj machine) or 

(Simpl* ADJ object adj Access* adj protoco*) or 

(SERVICE* adj ORIENTED* adj 

ARCHITECTURE*) or (Extract ADJ Transform* 

ADJ Load*) or (Cloud* near system*) or 

(Enterprise* ADJ informat* ADJ integ*) or 

(informat* ADJ integ* ADJ system*) or (DATA 

ADJ integ* ADJ system*) 

 

Table 3. Preliminary patent search results. 

Category Total Patent Count DWPI 

E-Transaction 847 656 

Customer Experience 945 688 

Information 

Integration 
617 438 

 

2.2 Preliminary patent maps 

The research plots the patent application trends for three sub-domains of smart retailing. 

The top assignees’ patent application statistics are analyzed to confirm the growth of  

intellectual properties (IPs) among leading patent owners. The top international patent 

classifications (IPCs) patent counts for top assignees are analyzed to ensure that the patents 

are within the technical categories as defined in the ontology schema shown in Fig. 1. 

3. Patent search results and chronological trends 

The patent statistics are reviewed according to the three technology categories of smart 

retailing. The patent statistics identify the top IPCs, top assignees, and publication trends over 

the last five years. The statistics are a starting point for identifying emerging and global smart 

retail technologies and their commercialization trends. The case analysis of specific assignees 

and the related economic perspectives are analyzed and discussed in the following sections. 

A. Customer experience 

Starting from 2012, the patent publishing of customer experience related technology has 

sky-rocketed. This outcome may be triggered by the growth of VR/AR since 2013 and further 

boosted by the maturity of commerical applications. On the whole, customer experience 

enhancing technology has shown a strong and stable growing pattern, with a nearly 6-times 

growth in five year (2012~2016) as shown in Fig. 2. The leading assignees are liested in Fig. 

3. 
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Fig 2. Publication year trend of customer experience patents 

 

 
Fig. 3. Top assignees of customer experience patents 

The top assignee in this category is EBay. EBay focuses on image recognition and 

customer profile building in the early years to enhace shopping convenience for its customers. 

The indoor positioning for rout guiding and incentive targeting is then introduced around 

2015. Wearable devices and AR technology was later brought in during 2016 for better client 

data collection and product presentation.  

Following EBay, Amazon is the number 2 leading assignee. Amazon has invested in 

optimizing online shopping experience and, lately, enhancing online to offline (o2o) 

shopping experience. Patents applied by Amazon includes customized shopping list 

recommendation, item tracking technology used in Amazon Go, the new concept retail store 

of Amazon. Sharing 2nd place with Amazon is the wholesale giant Walmart, which focuses 

more on enhancing in store shopping experience to compete with online retailers such as 

Amazon. Intelligent shopping cart, with personalized shopping list recommendation, in-shop 

positioning, price estimating and other functions is one of Walmart’s major implementing 

project in recent years. 

As indicated in Table 4, the patents fall mostly into the major category of Computing, 

calculating, counting (G06), data processing system or methods (G06Q), Recognition of data; 

presentation of data; record carriers; handling record carriers (G06K), electric digital data 

processing (G06F), Image data processing or generation (G06T) are 4 main sub-categories 

under G06. Also, wireless communication network (H04W) takes about 3% usage. 

 

Table 4. Top IPC list of of customer experience patents 

 

B. Information integration 

Figure 4 lists the top assignees, who own most smart retailing patents under information 

integration category. The Top 1 assignee IBM committed to developing some technology 

which including computer-executable, modeling, monitoring, and managing dimensions 

method about information or data integration and warehousing. Following IBM is SAP. In 

2015, the company developed a new generation of SAP business software SAP S / 4HANA. 

The program is a native business suite developed by SAP for the SAP HANA Cloud platform. 

It provides customers with cloud-based customizable and hybrid deployment options that 
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provides customer with smaller data footprint, higher throughput, faster analysis, and faster 

data access. And Top 3 assignee is ZENCOLOR the company committed to the developing 

some technology which about normalizing and codifying categorizing divergent color 

systems into a universal color system, involves receiving a data feed including color swatches 

and extracting image data that includes multiple product images. Figure 5 also indicates the 

information integration category has strong growth in patent publication counts in recent 

years. 

 

 
Fig 4. Top assignees of information integration patents 

 

 
Fig 5. Publication year trend of information integration patents 

  

Table 5 outlines the top three patent owners (assignees) of the three core categories 

(i.e., e-transaction, customer experience, and information integration) for smart retailing 

development. The table also depicts these leading companies’ key innovations, which 

attribute toward their global competitiveness in smart retailing implementation. 
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Table 5. Global top assignees in three categories of smart retailing innovations 
 Top assignees Core competiveness Key innovation 

-Transaction 

Fisher Michelle Develops integrated commerce 

platform for mobile device. 

Provide consumer a safe and 

secure environment where they 

can carry out transactions 

trustingly 

Enable mobile device to exchange 

or transmit information with other 

device or point-of-sale (POS) 

terminal, and people can use 

mobile device to conduct payment 

easily and Safely 

Blaze Mobile 

Inc. 

E-Bay 

Known as a famous e-commerce 

company. They provide customer 

to buy or sell product online, and 

customer can pay or receive their 

cash from different ways 

Develop the system product a 

memory for storing account 

information for a user, and method 

to transmit order information to 

third party payment server or 

shipping company. 

Customer 

Experience 

Service 

E-Bay 

The famous e-commerce company 

provide customer to buy or sell 

product online. Launched their 

smart store plan in 2014. 

Introduced image recognition, 

indoor positioning and wearable 

device & AR sequentially since 

2013. 

Amazon  

the largest Internet-based retailer 

in the world by total sales and 

market capitalization., focus on 

the customer experience in 

intelligent technology 

Optimize personalize profile & 

bring online shopping offline 

Walmart 

The world largest multinational 

retail company in terms of 

revenue, which launched their 

first smart retail plan in early 

2008. 

Intelligent shopping cart to assist 

in-door shopping  

Information 

Integration 

IBM 

Integration of network, backup, 

system building, technical support 

and related services  

Collecting data from mobile user 

and normalizing collected topical 

data for recommending service  

SAP 

Developed a new generation of 

business software, to provide 

customers with cloud-based 

customizable and hybrid 

deployment option. 

Identify which of clouds coupled 

to cloud broker and integrate data  

>SOA system 

>EPCIS interface 

Zencolor 

Provides color-based software 

solutions throughout every phase 

of product lifecycle management. 

Normalizing and categorizing 

divergent color data 

>Extracting image data 

>Receiving data feed and analysis 

4. Case study 

Due to e-commerce, retail revolution, data explosion century was coming, it is important 

for companies to integrate the information from support systems. From the patent search 

result, the research find out that Amazon is committed to building a database of integrated 

and processing a large number of data platform system (Fig. 6). And the research will looking 

into some related economic data to verify that Amazon smart retail technology is a key factor 

driving economic growth. In the American, Amazon dominate a large share of e-commerce 

business. This research also selects a case from China, Alibaba, for comparative study. 

Alibaba has the biggest share of e-commerce sales in China. 
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Fig 6. Top assignees’ comparative publication trends (2011~2016) 

4.1. Amazon 

4.1.1.  Patent publication trend and performance of representative countries   

According to the report - Global Powers of Retailing (Deloitte, 2017), among the 250 

world top retailers in terms of sales revenue in 2015, 88 of them headquartered in the US, and 

85 of them in Europe, indicating the importance of both markets. Also, with a remarkable 

12.9% revenue growth and an $11,341 average annual sales revenue, China is clearly on its 

growth to become the most important retail market (Fig. 7). 

 

 
Fig 7. Retail sales revenue trend of six major retail regions (Deloitte, 2017) 

In this section, as shown in Fig. 8, we analyze the patent publications of Amazon in 

three important retail markets, including US, Europe and China, to examine if the trends of 

patent investment strategy that Amazon adapts agree with the retail market trends of the 

leading countries.   

 

Fig 8. Overall publication trend of Amazon 

 

Overall, the patent publication trend of Amazon in the 3 major markets is on the rise. 

The growth is dominated mainly by its patent publications in US, which is also the main 

market of Amazon. Notably in 2016, US has underwent a slight decrease in publication 

number whereas increases are observed in both EU and China (Figures 9~11). In terms of 

revenue growth rates, a similar pattern can also be observed (Table 6). 
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Fig 9. Publication trend of Amazon in US. 

 

 
Fig 10. Publication trend of Amazon in EU. 

 

 
Fig 11. Publication trend of Amazon in CN. 

 

 

Table 6. Amazon’s revenue growths in leading markets and rest of the world. 

 2015 2016 

US 29% 28% 

Europe 3% 14% 

Japan 4% 31% 

Rest of the world 20% 52% 

 

4.1.2. Trends of sales and patent publications  

Table 7. Amazon’s business related data. 

Year stock price 
net income 

(mil) 

net sales 

revenue 

Patent 

publications 
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(billion) 

2011 225.59 631 48.08 35 

2012 254.385 -39 61.09 33 

2013 392.565 274 74.45 32 

2014 382.91 -214 88.99 47 

2015 665.855 596 107.01 54 

2016 810.91 2371 135.99 61 

 

 
Fig 14. Sales and publication trends of Amazon. 

4.1.3.  Technology Function Matrix (TFM) analysis 

By running the TFM program with IPC as technical and pre-defined three sub-domains 

as functions, Table 8 shows the patent distribution in the TFM matrix. Top 1 IPC is 

G06Q003000 which is about payment, e-commerce and purchase and some business activity. 

G06Q003006 is followed as No.2 which is talking about buying, selling or transactions. Last 

one is G06Q003002 which is about marketing, e.g. promotions, buyer profiling, customer 

management. In next chapter will show three representative patent in three domain which are 

distributed into G06Q003000. 

Table 8. TFM result of Amazon  

 

Information 

integration 

Customer 

experience 
E-Transaction 

G06Q003000 12 66 3 

G06Q003006 7 54 1 

G06Q003002 16 41 2 

G06F001730 6 28 1 

G06F001516 0 16 0 

H04W000402 7 10 0 

G06Q001000 0 8 0 

H04M001100 10 1 9 

G06Q002040 7 2 5 

G06Q009900 0 6 0 
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4.2 Alibaba 

4.2.1 Publication growth trend and performance of representative countries 

From 2004, Alibaba started to develop overseas market to expand the market of e-

trade. China suppliers help international enterprises construct their own website and 

independent accounts in order for consumers to access their business information more 

rapidly. This helped enterprises to create more business opportunities and higher profit 

income. Moreover, Alibaba launched Taobao, which now became the largest online shopping 

marketplace, overtaking US eBay (Walraven, 2009). 

Alibaba does not need to manage their own commodity inventory, which means that it 

is easier for them to carry out external expansion for aboard market. Another factor, the 

technology provided by Alibaba has given SMEs in China huge advantages and benefits. 

First of all, China has no geographical constraint that gives China SMEs a huge market of e-

commerce. Next, the well set up e-commerce environment helped the transaction cost to go 

down sharply. On the other hand, the e-commerce business platform is also incorporated into 

the regular business cycle and give suppliers and buyers more accurate and relevant 

information that ever before. In a nutshell, Alibaba’s commerce technology has made it so 

much more convenient to SMEs to conduct their business anywhere in the world efficiently. 

But most import of all, Alibaba’s product still have many fake and infringement cases 

from 2015 to 2016. This is a serious threat to the US and aboard market for its trust. So the 

revenue and sales have the apparent decrease. Fig. 16~19 shows the overall and perspective 

patent publications of Alibaba in three key retail markets (US, Europe and China).  

 

 
Fig 16. Overall publication trend of Alibaba 

 

The patent publication trends of Alibaba in the 3 major markets are all on the rise. 

The growth is most visible in China, which is also the main market of Alibaba. Notably in 

2014, EU has underwent a slight decrease in publication number whereas increases are 

observed in both US and China. In addition, whole of major market is decreasing in 2015. 

The detail factor must be analyzed in following section. 
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Fig 17. Publication trend of Alibaba in US. 

 

 
Fig 18. Publication trend of Alibaba in EU. 

 

 
Fig 19. Publication trend of Alibaba in China. 
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4.2.2 Trends of sales and patent publication 

From the two Figures 21 and 22, Alibaba publication counts and sales trends are 

steady growing both domestically and internationally. But in the notice, the publication 

counts have some declines in 2015 both in China or international patents. Nonetheless, 

Alibaba invests in smart retail patents are still positively correlated with sales trends in the 6 

year period. 

 

 
Fig 21. Patent publication and revenue trends of Alibaba in China 

 
Fig 22. International patent publication and revenue trends of Alibaba. 

 

 

4.2.3   TFM analysis 

From TFM result (Table 10), the more frequency IPCs is G06F001730 which is about 

information retrieval, database structure. And the Top2 IPCs is G06Q003002 which is about 

marketing, e.g. promotions, buyer profiling, customer management or rewards; Price 

estimation or determination. The Top3 IPCs is G06Q003006 is about buying, selling or 

leasing transactions. And we classify three functions related to our research domain.  

Table 10. TFM distribution of Alibaba patents 

 

Information 

integration 

Customer 

experience 
E-Transaction 

G06F001730 8 49 2 

G06Q003002 13 47 3 

G06Q003006 9 36 2 

G06Q003000 10 23 3 
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H04L002908 0 7 0 

G06F001300 1 4 0 

G06Q001000 4 7 1 

G06Q001010 1 5 1 

H04L002906 1 6 2 

H04L001258 0 5 1 

G06F000700 0 3 0 

G06Q002038 2 2 1 

G09F001900 1 1 0 

G06Q002000 3 3 1 

G06F001700 0 0 0 

4.3   Methodologies to verify case of economic impact 

 

4.3.1 Clustering 

 The clustering will use patents that belong to Amazon and Alibaba, because they are 

two representative smart retail firms. By reading the title, abstract and claim of patents, 

picking up 65 patents that have a higher correlation to this research. Using these patents to 

conduct clustering, and Table 11 is the final result of clustering. 

 

Table 11. Clustering result of Amazon and Alibaba patents 
Group 1 2 3 4 5 

Level Advertising and 

promotion 

Data 

transmission 

system level 

IoT and sensor 

device level 

Computation 

system level 

 

Smart transaction 

level 

Patent 

number 

JP05859606B2 

KR2016028454

A 

KR2016013521

A 

CN103218719B 

TWI549080B 

TWI520085B 

CN103164804B 

CN102802055B 

US8140391B2 

JP05721818B2 

TWI529642B 

US9400995B2 

US20160179818

A1 

JP05945369B2 

HK1166412A1 

JP2016192235A 

JP2016201141A 

JP05928920B2 

US9519720B2 

CN103186539B 

TWI539304B 

US20160294931

A1 

US9201953B2 

TWI549004B 

JP04787847B2 

US20140316945

A1 

US8150617B2 

US8849708B2 

US8627379B2 

KR1297063B1 

US20140351077

A1 

CN105359194A 

US20130031225

A1 

CN103858137A 

JP2014529116A 

EP2737446A1 

JP05264511B2 

EP2619718A1 

CN103106585B 

EP2663940A1 

TWI508011B 

US9471440B2 

JP05596152B2 

CN102598042A 

EP2433258A1 

EP3053121A1 

EP3072097A2 

US20150149319

A1 

US8112324B2 

CN106104617A 

US20150095191

A1 

CN105830110A

2 

US20160117334

A1 

JP04792551B2 

US20140337183

A1 

JP2014521156A 

JP05965911B2 

US20120330787

A1 

JP04908231B2 

US9107064B1 

US20110238474

A1 
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JP05778255B2 

JP2013516902A 

EP2494510A1 

US20110106599

A1 

The group 1 patent which is about advertising and recommendation level. The patent 

more focus on collecting user and customer data and analysis that provide some 

customization advertising and recommend services. From the economic report, 35% of 

Amazon revenue is generated by its recommendation engine and customization advertising 

service [38]. The recommendation engine is a smart system that can provide customers with a 

more convenient purchasing process. In business operation, it seems like that Amazon 

recommends a range of products from different categories which customer have been 

browsing, then recommendations aim to up-sell and cross-sell customers by providing 

product suggestions based on the items in their shopping cart or below products they’re 

currently looking at on-site.  

The group 2 related to data transmission system level. The most of group 2 patent is 

related to the system wirelessly transmit the customization information in the cloud and 

provide smart service from digital device. Many technology that related to mobile such as 

iBeacon, Bluetooth and mobile payment and so on. These patents make customer receive or 

send data safer and more convenient. 

The group 3 patent is related to IoT and sensor device level. The patent related to 

provide computer-readable and machine vision system to comprise a set of instructions or 

sensor for obtaining an item based on customer shopping behavior. Apparatus for purchasing 

a commodity from electronic commerce, digital shop such as warehouse, item position, 

indoor position, item classification. For instance, figure 23 has shown the example for item 

position in Amazon go, some infrared, pressure and load sensors on the commodity shelves 

when items have been picked up and whether they are put back. These sensors also feed into 

the store’s sense of where everything, and everyone, in it are at any moment. 

 
Fig 23. Amazon item position sensor example 

  Then the group 4 patent which is about computation system level. The most of group 4 

patent is related to developing the system enables the user to purchase or receive information 

regarding items based on the use of the flow, advertising views from the web and posts on the 

community website. In recent year, Amazon and Alibaba invest a lot of resources into 

artificial intelligence that they will use the technology such as machine learning algorithm to 

predict customer data from the database system. The algorithm includes very complex 

computation logic that can process customer data based on the computation system.   

And the group 5 which is related to smart transaction level. The patent has showed that 

Amazon and Alibaba use the cloud system to share the mobile device information between 

the  seller and user. Then, transaction will be completed in security and high quality 

environment. Amazon pay and Alipay offer a familiar and convenient buying experience that 

can help customers spend more time shopping and less time checking out.   Amazon Pay and 

Alipay is used by large and small companies on Amazon, Taobao, and Tmall.  From years of 

shopping safely with Amazon, customers trust their personal information will remain secure 

by these payment systems. 
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4.3.2 Evolution map  

         From clustering result, the research combines the two leading companies Amazon and 

Alibaba to analysis. Then, the research tries to find out the key technology evolution trend 

based on the clustering. The evolution algorithm can visualize the patent map and provide 

user to find out the key performance of patent trend. The result has shown in figure 24. 

 

 
Figure 24. Evolution of Amazon and Alibaba patent 

 

From the fig 24, the evolution map total has five groups which based on clustering result. 

The research selects the group 3 which related to IoT and sensor device level and group 5 

which related to smart transaction level for the case study. 

        The evolution trend of group 3-IoT and sensor device level has shown in figure 25. The 

research read the patent detail information and provide some evolution issue. In 2013, 

Amazon provides customer to use mobile device sensing e-tag and find out the commodity 

attribution. In 2014, Alibaba constructs the sensor to collect customer shopping and 

transaction data and record their commodity preference condition after buying the product. In 

2016, the system developed from Amazon to record the commodity data and attribution in the 

database. Then, the system will provide the item price for user then recommend some related 

suitable commodity or product for customer. The trend of sensor and IoT device function 

based on leading two companies is about Amazon provide E-tag to service on the user mobile 

device.  Since 2014,  Alibaba has committed to developing some system to collect user 
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preference data and record their number of using product after buying the commodity. And in 

2016m, Amazon developed the system to provide customer inquire the price and commodity 

attribution, then recommend suitable of attribution commodity for the customer. From the 

group 3 evolution trend, Amazon more focus on provide user to inquire commodity 

information based on sensor device. Alibaba has some technique to collect user preference 

data and record in the database system in 2014. But they don’t have related application trend 

in nearly two years. 

 
Fig 25. The evolution trend of IoT and sensor device level 

 

          The evolution trend of group 5- Smart transaction level has shown in figure 26. In 2011, 

Amazon uses the cloud system to share the product information between the seller and user. 

Then, transaction will be completed with efficiency. The system enables the mobile device 

and computer implemented method for electronic commerce transaction. In 2012, Amazon 

developed system for facilitating mobile payment selection and authorization in the user 

mobile device. The system enables enhancing security privacy and convenience when using 

electronic payment. In 2014 and 2015, Alibaba developed the intermediary platform for 

processing offshore online transaction. The security of offshore business transactions can be 

improved and the offshore products can be purchased easily. Then, the user can compete an 

offshore purchase order without visiting foreign exchange service that convenience of 

transaction can be improved. In 2016, Alibaba developed the clustering analysis algorithms 

are applied to each product category and calculate the price information corresponding to 

each product category, so that the processing speed and performance the server of the online 

transaction platform can be improved. In the evolution trend of smart transaction level, 

Amazon committed to developing the intermediary platform and mobile payment technology. 

And Alibaba developed some algorithm for payment function that enhances the payment 

security and more convenient environment. 
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Fig 26. The evolution trend of smart transaction level 

 

4.3.3 TFM 
 

To acquire a more holistic view toward the impact of smart retail technology to the 

entire industry, a Technology and Function Matrix, or TFM, is conducted based on the 

clustering result. As in previous discussions, Amazon and Alibaba are taken as two iconic 

representatives in the smart retail market. Therefore, by analyzing the relationship between 

their patented technologies, and the functions of the patents in terms of business applications, 

we hope to generalize the potential impact of these technologies on the entire economy 

around the world as a whole. 

For TFM analysis, three major domains of technologies as well as functions are 

specified according to previous discussions to conduct further analysis. The three technology 

domains “E-transaction”, “Customer Experience” and “Information Integration” are derived 

from the original ontology, and three specific technologies of each domain are selected from 

the TFM within both case studies to turn IPCs in to more interpretable technical terms. The 

three function domains on the other hand, are the collective results of  the specified 

application functions that are related to smart retail. Four functions are identified from the 

previous cluster results, and five other functions are added according to references study. The 

nine crucial functions are then classified into 3 domains, “Customer Behavior”, “Business 

Operation”, and “Economic Indicator. 
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Table 12. TFM result of two companies 

 
 

Table 12 demonstrates the resume of TFM analysis. In each function, the third 

quartile has been selected as a baseline of the effectiveness of certain technology on the 

specified functions, and darkness of color indicates the percentile of each technology within a 

specified function. Several observations could be found from the analysis result.  

For example, some technologies lead to changes in customer behavior, switching 

from traditional shopping to virtual integrated shopping. Virtual payment security demanding 

in the same domain has a slight but understandable difference, relying more on information 

integration technology, including IoT and SOA, and also the security protocol SSL. Based on 

Pantanl & Di Pietro’s literature review result, “Enjoyment”, “Trust” and “Perceived risk” 

impose effect on consumers’ adjustment and acceptance of new technologies [39]. In the case 

of Amazon and Alibaba, reduction in que time, promoting customized advertisements and 

providing smart services such as AI call bots improves the enjoyment of customers. 

Improving virtual payment security and provide product stimulation with smart services like 

VR/AR stores can increase the trust relationship between customers and retailers and reduce 

the perceived risk. Based on this analysis, the implementation of smart retail technology is re-

shaping the customer behavior, encouraging the transformation from traditional retail to 

virtual integrated retail. 

In terms of business operation and economic indicator, the patent number observed to 

have impact on the specified domain and the underlying function is smaller, possibly due to 

the greater wording differences between technology and function, yet some trends can still be 

identified. Factors contributing to workforce structure and organization structure changes fall 

mainly into the category of e-transaction and customer experience, application of AR/VR 

shop and cashier free transactions enabled by NFC or other technologies might be some 

reflections of such impact. Data integration and computation in business operation is more 

affected by AI and cloud computing technology since these technologies are adopted to better 

store, analyze their customers and optimize the operation. According to the insight report-

Shaping the Future of Retail for Consumer, provided by World Economic Forum, the retail 

workforce in the United States comprises 9.8% of the total workforce, around 15.3 million 

workers. Salespersons, cashiers and stock clerks comprising the largest portion within the 

retail industry’s workforce, taking 28%, 19% and 9%, respectively. With 15% of the physical 
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stores anticipated to move into the virtual world in the following decade and digitization and 

automation implementing within physical stores, 30% to 50% of the positions as salespersons, 

cashiers or stock clerks are expected to be eliminated or require higher tech savvy, deeper 

knowledge in product or service, and better customer service skills [38].  

In the economic indicator domain, e-transaction related technology is shown to have 

more impact to GDP growth. This result backs up the observation of The Impact of Electronic 

Payments on Economic Growth conducted by Moody’s Analytics. The report shows that, 

electronic payments added a total of US $296 billion in real GDP in the 70 countries that 

make up 95% of the global GDP between 2011 and 2015. And for each 1% increase in the 

usage of electronic payments produces, on average, an annual increase of approximately $104 

billion in the consumption of goods and services, or a 0.04% increase in GDP, assuming all 

other factors remain the same [37]. This partially backs up the previous observation of 

positive relationship between patent development and company revenue, and also shows that 

as investments and developments in e-payment domain within the smart retail industry 

continues, sales revenue growth and the GDP growth which they empowered could be 

foreseen along with the progress.  

5. Conclusions  

This research analyzes the global IP trends and the economic impacts of technology 

development in smart retailing.  

 

It is expected within the next few years that customer will be able to pay for their 

items as they go on their smartphones, virtual payment device and saving the need for those 

annoying queues from e-transaction. From customer experience, in recent years, many 

interactive stores have been opened. Smart interactive technologies are implemented in these 

For instance, the merchandise displayed on smart fixtures, such as glass top digital displays. 

Interactive mirror displays in the futuristic fitting rooms allow customers to make purchases 

or request alternate products without leaving their room. A customer will be recommended a 

product based on what they have been browsing. As they walk by, a shelf on the wall will 

actually move towards them to recommend the item it holds. The customer can check out on 

their own via their own mobiles or even ubiquitously. New technologies and applications, 

such as the Internet of Things (IoT), autonomous vehicles (AV)/drones, robotics, augmented 

reality (AR)/virtual reality (VR), digital traceability, 3D printing and block chain, will create 

unprecedented levels of disruptions for retail industries due to their widespread applications, 

ability to drive efficiencies, and most of them relies on a certain degree of artificial 

intelligence (AI) or machine learning technologies. Hence, in the future, AI development 

would be a key technology developing domain in this industry.  

From technology aspect, as smart retail technologies bring about efficiency and 

convenience, many of retail’s traditional human interactions will be taken care of by a digital 

workforce. This will on one hand further differentiate and enhance the customer journey from 

discovery to purchase while on the other hand lead to job losses and change the nature of the 

industry’s workforce. Low-skilled workers will need deeper knowledge and skills, and 

provide better “people-touch” services to reduce the impact of technology emersion. 

However, the evolving of smart retail technology not only brings threats but also 

opportunities. New positions such as legal consulting or global marketing and branding may 

occur due to the need of global market expansion strategies which Amazon and Alibaba has 

implemented. As the retail workforce evolves, industry leaders and policymakers have to 

focus on reskilling the workforce, developing partnerships with educational institutions and 

developing new social contracts or benefits for the workforce of the future [8]. 
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From economic aspect, sales revenue of firms in the smart retail industry is observed 

to have positive relationship with smart retail technology investments and developments. The 

phenomenon could be explained by the acceptance of customers toward the new retail model 

excited by the technology. Also, the development of e-payment related technology in the 

smart retail industry might contribute to the growth both for firms and countries. Statistics 

demonstrate positive effects of e-transaction popularization rate on revenue performance of 

companies and GDP growth worldwide. This benefit brought by e-transaction technology 

implementation makes the relevant technologies in this domain another important 

development field in the future.   

Smart retailing and its technology adaptation will certainly impact the global work 

forces, as well as the global economy and the society we live in. The study provides the 

essential efforts in R&D and IPs that have been put forward to change the paradigm of 

commerce that certainly affect our lives in the past, currently, and in the future. 
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