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Abstract— Industry 4.0 is a terminology that denotes the era of
industrial digitization with the emergence of new technologies
in which data is the main focus of increasing company
competitiveness in all aspects, including supply chain
management systems. It has become one of the main focuses of
companies to build resilience when dealing with the risk of
uncertainties while still meeting the critical goal of improving
the efficiency and responsiveness of customer needs. Therefore,
supply chain analytics become essential for facilitating data-
driven decision-making in planning, sourcing, making, and
delivering functions. However, implementing supply chain
analytics in developing countries limits only the traditional
application silos and ignores disruptive emerging technologies
such as cloud computing. This paper explores cases from the
manufacturing and retail domains in Indonesia and discusses
in detail the conceptual framework for efficient inbound
supply chain analytics, which embodies the three
characteristics of adequate supply chain visibility such as
automation (implementation of automation technology),
information (good data management), transformational
(analytic application to display information) to meet the
organization’s need for consolidated reports in all
branches/subsidiaries. The aspect of inbound supply chain
analytics is specified in the plan and source functions,
consisting of eight supplier and inventory key performance
indicators through the analytical descriptive data visualization
aspect in the Analytics Dashboard.

Keywords- analytics dashboards; performance measurement;
supply chain visibility; inbound supply chain; cloud computing

. INTRODUCTION

Industry 4.0 is the era of industrial digitization, which
includes the emergence of new technologies, where data is
the main focus to increase company competitiveness. Data
from various sources is collected and processed into
information to support the proper strategic decision-making
process for the company (data-driven decision making).
However, industry 4.0 transformation is more implemented
in developed countries and is still lagging in developing

countries. It is due to several key challenges, such as the lack
of a digital strategy, support from top management,
uncertainty about the benefits of investing in technology, and
the unpreparedness of the organization to store and process
data [1].

The application of technology is one of the main focuses
of companies in dealing with the risk of uncertainty
(especially during the COVID-19 pandemic). It marks the
fourth revolution in supply chain management systems.
Technology application can increase company resilience
through improved efficiency, responsiveness, flexibility,
reliability, transparency, visibility, and traceability of the
company [2-4] and still considers the following items:
interoperability between technologies, special attention to
managerial issues, and the level of technology
implementation capability [3, 5-7]. In addition, the means of
technology increase the amount of data which could be
leveraged for future decision making.

Supply chain analytics refers to a process in the business
organization to extract valuable information from a large
amount of data associated with supply chain aspects such as
procurement, processing, and distribution of goods. Supply
chain analytics has evolved from model-driven analysis to
data-driven analysis that leverages various approaches such
as statistical techniques, business intelligence, and machine
learning. The most crucial goal of supply chain analytics is
to improve the efficiency and responsiveness of customer
needs. However, the abundance of data and various data
supplies hinder the effectiveness of supply chain analytics. In
addition, traditional application silos (such as enterprise
resource planning (ERP), warehouse management, and
logistics) are susceptible to developing relevant and
interdependency supply chain analytics. Therefore, achieving
end-to-end supply chain analytics, which brings information
across the supply chain aspects, requires tremendous efforts
and scalable technology.

This study aims to propose a conceptual supply chain
analytical framework for efficient supply chain analytics.
This study emphasizes the inbound supply chain visibility,



which embodies the three characteristics; automation
(implementation of automation technology), informational
(good data management), and transformational (analytic
application to display information) [8]. The proposed
analytical framework leverages the cloud-based solutions
with four sequential layers; data, data ingestion, data
aggregation, and presentation. These four layers are expected
to ease the information system management, data integration,
and data governance which, in the end, increase the
effectiveness of supply chain visibility.

Il.  LITERATURE REVIEW

A. Supply Chain Analytics

Decision making, in general, can be divided into two
types, namely: analytical/data-driven decision making and

TABLE I.

intuitive decision making. Analytical/data-driven decision
making is rational decision making based on information
analysis to reach a decision. In contrast, intuitive decision
making is making decisions that are fast, unconscious, and
holistically associated with past and present experience or
knowledge. Optimal strategic decision-making combines
rationality and intuitiveness [9].

Business analytics is the application of models, methods,
and data analysis tools to produce information that helps
managers make corporate strategic decisions (data-driven
decision making) [10]. The implementation of business data
analytics in the supply chain context is referred to as supply
chain analytics. There are several types and pillars of
analytics currently available, as shown in Table I.

BUSINESS ANALYTICS TYPES AND PILLARS [10]

Analytics Type Definition

Analytics Pillar Definition

Descriptive Analytics

Analytics aims to discover the main source
of the issue, when, where, how often, and
how to visualize the data and notify if an
issue is emerging. Examples of this type of
analytics are drill-down queries or reports,
ad hoc or routine reports, dashboards, and
visualizations.

Visualization is the most suitable for
descriptive analytics due to involving
visualizing data from several variables,
dimensions, correlations, and information.
Tools such as business intelligence help
with visualization.

Visualization

Predictive Analytics

Analytics aims to predict when events will
occur, what trends can be seen,
alternatives, and what scenarios emerge.
Examples of this type of analytics are
forecasting and simulation.

Statistical Modeling Statistical modeling is more suitable for
predictive analytics due to its relation with
mathematical modeling and  data
representation using assumptions and

methods such as linear regression.

Prescriptive Analytics

Analytics aims to see how to get the best
results, how to make decisions in
uncertainty, what actions are better to take,
and with what impact. Examples of this
type of analytics are optimization, decision
making under uncertainty, and impact
analysis.

Machine Learning Machine learning is suited for prescriptive
analytics due to its relation to
mathematical modeling of data and
identifying patterns in data to solve a
problem. However, unstructured data such
as text, audio, and video are better suited

to this pillar type.

Discovery/ wisdom analytics

Analytics aims to find a new product or
service and how to apply knowledge about

knowledge (meta- knowledge).

Information visualization enhances human cognition of
abstract data through visual graphical representations,
making it easier to understand. Visualization in analytics can
improve decision-making abilities by providing clear,
contextual, and interactive visualizations [9]. This study
focuses on the data visualization aspect of analytical
description with the features of historical data graphics
(variables, dimensions, and measurements).

Analytics capabilities in the context of a supply chain can
be distinguished according to the plan, source, make, and
deliver functions. Analytics in the planning function relates
to analysis data prediction of market demand for products
and services to determine capacity and align supply chain
operations following market demand and existing resources,
thereby providing benefits. Analytics of the sourcing
function relates to the consolidation of inbound supply. It
focuses on identifying and responding to disruptions related
to the procurement process (supplier and market
procurement) and providing supplier  performance
information for the supplier selection and management

process. Analytics on the make function includes 1) cost and
capacity analysis, 2) production adjustments, 3)
identification of material waste, 4) machine failures, and 5)
anomalies in the production process. Finally, the analytics
function on the delivery function focuses on increasing the
efficiency and effectiveness of material flow outbound
through delivery to market and customer with the correct
time, total, location, and quality. It is said that organizations
with limited budgets should implement supply chain
analytics with the order of priority from the plan, source,
make, and deliver [11]. However, small and Medium
Enterprises have limited IT infrastructure and budget.
Therefore, it can be concluded that the scope appropriate
when implementing supply chain analytics is the plan and
source functions (inbound supply chain).

B. Supply Chain Performance Measurement System

Based on the available literature, the industry subjects
that are often discussed are the retail and manufacturing
industries. Aligning with the list of retail and manufacturing



industry indicators in the scope of inbound supply chain
processes related to the procurement to delivery of goods
through suppliers and inbound logistics results. The list of
eight key performance indicators (KPIs) consists of four
suppliers and four inventory KPIs. A total of eight KPIs were
selected based on the research of Brint et al. [12], which
states that the number of appropriate KPIs should not be too
much or too little as it can confuse (if it is too much) or cause
loss of information (if it is too little). Furthermore, the KPIs
can be categorized as a leading (a proactive measurement
which can predict or influence future performance) or
lagging (the result of measurement focuses on historical
performance and explains what is currently happening)
indicator [13]. Therefore, the list of supplier KPIs for the
inbound supply chain is as follows.

e A percentage supplier on time deliveries (leading) is
a percentage of orders to supplier fulfilled on the
original date and time committed [14-20].

e A supplier lead time (lagging) is the time needed for
the supplier to fulfill an order [14-19].

e A percentage of supplier delivery item accuracy
(leading) is a percentage of orders to the supplier.
All items ordered are the items provided, and no
extra items are delivered [15-17, 20].

e A percentage of supplier shipments delivered in
good condition (leading) is a percentage of orders to
the supplier. Therefore, all items ordered are the
items that were delivered in good condition [15, 16,
19].

The list of inventory KPIs for inbound supply chain is as

follows.

e A stockout rate (leading) is when items are not
available upon the requested need date [14, 16].

e A gross inventory value (lagging) is an average
inventory value [14, 15].

e An inventory turnover (leading) is the rate of how
many times a company can replace the inventories it
has sold in a given period [14].

e An inventory day of supply (leading) is how many
days it will take for the stock to run out if sales
continue at the same rate as recent sales [15].

C. Cloud Computing for Supply Chain Analytics

Cloud computing delivers on-demand IT infrastructure
and applications to individuals and organizations via an
internet platform. In general, there are three service models
in cloud computing technology, namely: 1) Software-as-a-
Service (SaaS), where the application is located in the
service provider's cloud infrastructure and delivered to the
user via a web interface or application, 2) Platform-as-a-
Service (PaaS), which provides a platform for creating
applications through a programming interface and is
supported by cloud service providers, and 3) Infrastructure-
as-a-Service (laaS), which provides virtual hardware
(storage, server, memory, CPU) that can be leased and run
by the user. In service delivery, cloud computing has four
types of models, namely: 1) public cloud (IT third parties
and cloud services physically own infrastructure resources

are provided to customers, individuals, or organizations via
the internet), 2) private cloud (cloud services). They are only
intended for a specific organization so that data is under its
control, security protocols and organizational system
performance. It can be deployed by the organization or used
by a third party to help deploy services, 3) community cloud
(cloud services for an organization) associations of
organizations that have a mission, security needs, and
regulatory conditions (e.g., in a company holding group),
and 4) hybrid cloud (there are several enterprise applications
in public, private, or community clouds) [21]. In this study,
the system developed supports the SaaS model, so
companies can use the system in public, private, or
community clouds as needed.

Ill.  METHODOLOGY AND THE ANALYTICAL FRAMEWORK

This section aims to discuss the methodology for
developing the analytical framework. The study starts with
organization needs finding by interviewing stakeholders. The
interview results would be the basis for exploring the proper
ERP modules for supply chain analytics. Next, this study
limits the inbound supply chain by selecting 8 of 150 KPIs
from six literatures. Since the supply chain analytics include
several pillars, this study attempts to leverage the descriptive
analytics instead of doing all the aspects. Subsequently, data
is extracted from the database to look for the fundamental
descriptive analysis. The extracted data would be the basis
for the proposed analytics framework. The flow of the
methodology is described in Fig. 1.

Organization Module
Needs Exploration
‘ Supply Chain H Data Extraction H

Figure 1. Research Methodology Flow.
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After interviewing the stakeholders, it was found that
there is an organizational need for consolidation reports
based on subsidiary branches or companies. The current
reporting in the ERP system could not create consolidation
reports with the capability to drill up or down based on the
hierarchy of data, warehouses, product categories, suppliers,
and subsidiary branches or companies. To manually export
the reports based on each branch or subsidiary, stakeholders
would need to combine them. Up to this point, there has not
yet been any data analytics module developed to visualize
each business function’s KPIs. There is an increased need for
KPI information to help measure their business performance.
It helps them evaluate, plan, and make decisions regarding
their business in this era of uncertainty. Each of these
obstacles is explained in detail in the following sections.

The focus of this study is to complete the current inbound
supply chain subsystem with the drill up, drill down, and
KPI information. The flow of processes related to the
inbound supply chain ERP system consists of purchasing and



fulfilling production plans. Thus, the flow of process
observed in the existing system is the purchasing process.
The interview and discussion concluded that two companies
meet the criteria to observe inbound supply chain processes,
namely a wafer biscuit manufacturing company (Company
X) and a medical device retail company (Company Y).
Therefore, these companies are the basis of the framework
development.

A. A Use Case in Manufacturing Industry

Company X is a wafer-biscuit manufacturer consisting of
the main factory, several warehouses near the main factory,
and several distribution centers spread across the nation. In
general, there are five types of items in the purchasing
process, which are: raw materials and packing, machine or
transportation spare parts, office and household stationery,
maintenance services, non-stock costs (such as shuttle fees
and employee meals) and finished good expedition services
for distribution across the seas. The purchasing process is
illustrated in Fig. 2.

TABLE II.
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Figure 2. General Purchasing Process in Assessed Manufacturing
Company.

The purchasing process, in general, consists of four
major processes, which are: user’s purchase request (PR),
creation of purchase order (PO), creation of acceptance of
goods (AG), and the creation of purchase invoice (PI). For
non-stock items, there are two purchasing process flows,
which are: through the creation of PR, PO, and PI or through
Pl only. Based on the data inputted into the system, there are
several reports related to the purchasing process used
frequently in the company, which are described in Table II.

REPORTS FREQUENTLY USED IN THE COMPANY

Report Name Description

Stakeholder

List of suppliers

Consists of how many new suppliers in a month

PPIC staff whose tasks are related to production
planning and supplier selection

Supplier performance rating

condition, price competitiveness

Based on each supplier's capability in completing POs,
lead time, item outstanding, product received in good

PPIC staff helps to evaluate the quality of each
supplier

Outstanding PR, PO, AG, and PI

report unfinished

Shows the number of PRs. POs, AGs, and Pls which are

Top management (as approver) and staff admin
(who inputs the data)

Vendor Performance for each PO

Percentage of orders to the supplier in which all items
ordered are the items arrived in good condition

PPIC staff

PO Approval Information Shows PO approval lead time

PPIC and top management (as approver)

B. A Use Case in Retail Industry

Company Y is a medical device retail company with one
main supplier and several small secondary suppliers.
Company Y has a total of 13 branches which provide online
(e-commerce) and offline sales. The goods distribution
process from the main supplier to each branch is illustrated
in Fig. 3.
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Figure 3. General Distribution Process from Suppliers to Each Branches
in Assessed Retail Company.

The main and secondary suppliers distribute the goods to
the main branch, which then will be redistributed to each
branch. Goods obtained from secondary suppliers are for
products which need to be assembled first in the main
branch. An example of these types of products is first aid kits
which consist of bandages, antiseptics, and plaster stock that
are repackaged and sold together. After the assembly process
in the main branch is finished, the company will distribute
the goods to the other branches.

Item transfer requests are also available to transfer goods
from one branch to another. For example, this feature is used
when Branch A has items out of stock, and it can request
item transfers from Branch B. As the company has two sales
platforms, online and offline, the company acquires a third
party omnichannel application solution to help consolidate
the stock level information between the online and offline
stock.

As the goods are distributed from the main branch, the
procurement process begins with accepting goods from each
branch, as illustrated in Fig. 4. The main branch manages the
distribution process based on the stock levels reports on each
branch. First, the main branch will distribute the goods to
each branch. Each branch will then check and input the
acceptance of goods (AG) based on the delivery note. The
stock level information will then be updated. After the goods
are accepted, and the invoice has been released, the purchase



invoice is made based on the delivery note, acceptance of
goods, and supplier invoice.

START

ltems received in branch
Acceptance of goods (AG)

Purchase Invoice (PI)

END

Figure 4. General Purchasing Process in in Assessed Retail Company.

When the main branch checks the stock level status, the
staff admin or company owner needs to access the stock
report for each branch and consolidate each branch's report
into one report consolidation. The consolidation report will
then help staff admins and owners to determine the level of
product requests in each branch which is crucial for the
procurement process. Based on the study case, it can be
concluded that there are two main issues which these two
companies encounter:

o Difficulties in obtaining a consolidation report across
all branches or subsidiaries companies. The state of
the COVID-19 pandemic has resulted in fluctuating
demand and stock levels of each branch or
subsidiary due to very high uncertainty.

e Reports are displayed in the form of tables and lists,
thus making it difficult for users to retrieve helpful
information which accommodates the company’s
strategic and operational needs. Users put in extra
effort to process the reports manually and produce
the needed information. In other words, the visibility
of the inbound supply chain is less efficient.

IV. CONCEPTUAL FRAMEWORK FOR INBOUND SUPPLY
CHAIN ANALYTICS

The system development process begins with the creation
of a conceptual framework. In this section, a solution is
analyzed academically, and its implementation based on the
use case of the manufacturer and retail industry to produce
the proposed conceptual framework [22, 23].

The proposed architecture of the conceptual framework
in general consists of four layers such as data layer, data
ingestion layer, data aggregation layer, and presentation
layer, which is illustrated in Fig. 5. These four layers support
data integration, data governance, and system management.

A. Data Layer

The first layer is a data layer which consists of large
databases from various daily operational business process
functions. This data is the source for information processing
to support managers’ data-driven decision-making. Database
components needed to transform operational data into

analytical data are Data Definition Language (DDL or
metadata) and data. Inbound supply chain processes are
related to production planning and sourcing processes, of
which the three modules related to these processes are
Accounting Information System (AIS), General Affair
Management System (GAMS), and Warehouse Management
System (WMS). Three of these sub-systems provide data
related to procurement planning and inventory management.
Data from the AIS module is heavily associated with raw or
finished goods stock data, affecting the company’s
procurement planning and production processes. Data from
the GAMS module is needed for non-stock procurements,
such as services or office equipment. Data from the WMS
module is required for expedition service procurement to
distribute finished goods to the company’s distribution
centers or branches. Last but not least, data from GAMS and
WMS is also used in the AIS module to provide data related
to the procurement or acceptance of raw or packing materials
from warehouses.
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Figure 5. The Conceptual Framework for Inbound Supply Chain
Analytics.

B. Data Ingestion Layer

The second layer is the Data Ingestion Layer. This layer
consists of a database schema or metadata extraction process
to select the needed tables and columns extracted for the data
aggregation process. Metadata schema extracted includes the
list of tables, columns, and foreign keys in the database.
After the metadata schema has been successfully extracted
and used to select the tables and columns to be extracted, the
process proceeds to the Extract, Load, and Transform (ELT)
to be propagated onto the next layer. The system
automatically does the ELT process as the configured
interval schedule.



C. Data Aggregation Layer

The third layer is the Data Aggregation Layer, which
consists of pre-aggregation, aggregation, and post-
aggregation stages. The pre-aggregation stage consists of two
processes. data cleansing and data integration. The data
cleansing process identifies and cleanses the invalid and
irrelevant raw data. The data integration process standardizes
the formats and structures of raw data, which was sourced
from multiple systems, and has been through the data
cleansing process and stored in the staging area.

The next step is the aggregation stage which aggregates
the data using an aggregate function or calculation against
raw data to generate the KPI information listed in the
previous section. After all KPI calculations have finished, the
next step is post-aggregation. In this step, the KPI calculation
results are stored in the data storage, which is a data
warehouse.

D. Presentation Layer

The last layer is the presentation layer which consists of
visualization tools to visualize KPI information for analysis.
The visualization tool used is in the form of a web-based
dashboard directly accessible by users, which shows the
combination of various KPIs from multiple systems in the
data layer. For example, in the inbound supply chain scope,
the target user who uses the KPI information for decision-
making includes the owner, top management, branch
manager, and production planner. An owner or top
management can view the (drill-up) consolidated branches/
subsidiaries or (drill-down) certain branches/subsidiaries’
inbound supply chain KPI to help in determining the
company’s strategy. The inbound KPI supply chain can also
be drilled up and down based on the date by a user,
warehouse, supplier, and product category.

V. CONCLUSION

This study proposed a conceptual framework design for
efficient inbound supply chain analytics. The result of this
study focused on the organization’s need for a consolidation
report across subsidiaries and branches/companies through
supply chain analytics. There are four layers in the
conceptual framework: data layer, data ingestion layer, data
aggregation layer, and presentation layer. These four layers
work together to support data integration, data governance,
and system management. For example, the data aggregation
layer consists of three sublayers: pre-aggregation,
aggregation, and post-aggregation. Although the preliminary
feedback from the stakeholders confirms the suitability of the
proposed conceptual framework, the future work should
involve the activities related to the assessment of the system
design, the system prototype development, and the
evaluation of the system as a whole by conducting field
studies.
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