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Abstract. Tracking financial data is a task that usually involves intermediaries
and this issue has not been totally covered by information systems. Blockchain
has been presented as a potential solution though. The aim of this paper is to
perform a proof of concept of purchasing management that makes use of block-
chain technology in order to track financial data. The adopted methodology was
simulation to compare two different scenarios: a traditional purchasing process
(As-1Is) and another using blockchain (To-Be). The output of the simulations
was used to compare the transactional costs of each model measured through
two variables: the execution time of placing orders and the number of service
stations required. It could be verified that the blockchain network alternative
had a superior performance according to the type of architecture employed. In
the present study, the private blockchain with proof of work adjusted to seek
hashes that begins with two consecutive zeros had the best achievement.
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1 Introduction

The financial information sharing frequently requires a trustful intermediary to con-
firm the transaction. Public authorities, registry offices and banks are the main stake-
holders. The transactional costs associated with these intermediaries reduce the opera-
tional efficiency of the process. Numerous technologies were developed to solve this
confidence issue in order to automate and connect activities executed traditionally by
people, in an individual manner or in groups, but without success [1].

Similarly, the purchasing process has many agents to validate transactional data in
all stages. These transactions could be tax registrations, accounting and financial rec-
ords that attribute monetary values to the products or services. Information systems
applied to the purchasing process are unable to provide real-time and checked track-
ing data during the manufacturing and distribution stages. The data privacy is also a
strategic issue when the finished products trade is concerned [2].
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The blockchain has the potential for application in value chains that demand the
record of operational or financial data in an authentic and incorruptible form. It was
suggested that automation with blockchain could be viable in workflows that spend
considerable time to be executed [3].

Since the blockchain application in the industry is seen as an alternative to increase
the process automation and reduce the transactional costs, the performance compara-
tive analyzes between scenarios without and with blockchain are pertinent to evaluate
its adoption.

Regarding simulation, Sabounchi and Wei [4] use this approach to evaluate trading
of electricity model distributed peer-to-peer in the Ethereum blockchain. Engelmann
et al. [5] also use this method to assess the financial performance of adjacent connec-
tions between pairs of computers and the blockchain network, with the aim of storing
the bilateral payment transactions outside the network.

The objective of this research is to evaluate the blockchain feasibility as a potential
substitute of integrated information system applied to a purchasing process among
organizations. The effectiveness of this proposition was done through the comparison
of transactional costs linked to the operational times measured in the traditional con-
dition and in a scenario which the blockchain is used.

2 Background

The blockchain is an architecture of data blocks tied by cryptography. The blocks are
organized in a temporal sequence and validated by an algorithm with hash functions.
Hash functions are small computer codes that convert any class of data in a string of
fixed size, independently of the input data size [6].

Wright [7] suggested a database framework composed with addresses combined to
balance amounts, with copies distributed in all nodes of a network, and some nodes
could offer computational efforts to record a new block of data in exchange for a frac-
tion of the amount traded. This was the first application of the blockchain, the Bitcoin
cryptocurrency. The blockchain can be also used to record, track and control asset
transfers as an inventory system. Therefore, any tangible or digital asset could be
stored in the blockchain [8].

2.1 Blockchain operation

Each block in the blockchain contains all system transactional data since its beginning
and the unique fingerprint used to confirm the information. The blocks are connected
linear and chronologically through a hash with the next block as a real chain. The
creation of a new block depends on proof of work that are mathematical problems
which demand the computing power to be solved [6].

The blockchain can be configured in two types of architectures: public or private.
In the public blockchain, all users can read, send transactions and cooperate in the
proof of work without any authorization. All transactions are public, and the users
remain anonymous. On the other hand, private blockchain is run by a single entity
that authorizes access to selected users [2].



2.2 Proof of Work

The central feature in the block validation is the running of the proof of work that is a
resolution of a hash puzzle. Only blocks that hold an accurate solution of a single
hash will be processed. This confirmation is an answer to a mathematical problem
that makes uses of unidirectional hash functions. In a simplified form, the problem is
to determine a variable that produces a result whose beginning be a specific sequence
pre-determined, when it is combined with data of the former and the actual blocks and
processed by a hash function [9]. For example, the effort could be discovering a string
value whose result starts with three zeros on the left. Since this function is one-way,
this resolution needs to be done by trial and error and as far as the network expands,
the blockchain system calibrates the difficulty of finding the answer for the problem
by increasing the number of zeros.

2.3 Blockchain applications

It can be found in scientific literature, there are researches about potential application
of blockchain in several areas of knowledge.

Dujak e Sajter [10] discuss, broadly, the application of blockchain in logistics and
supply networks. Petroni et al. [11] present a particular application in this context
using Big Data Analytics.

Sikorski, Haughton, and Kraft [12] present an example where blockchain is em-
ployed to facilitate M2M interactions and establish a M2M electricity market in the
context of the chemical industry.

Huckle et al. [13] explore combining use of smart contracts in the blockchain with
IOT for three sharing economy examples: an autonomy vehicle rent system, a foreign
exchange contract and automation of royalties payable for the licensing of copyrights.

Franca et al. [14] present a blockchain application using a social cryptocurrency to
improve recycling and solid waste management, with social and environmental bene-
fits in a small municipality. The presented blockchain payment system can provide
transaction security among all the stakeholders.

3 Method

The adopted methodology was simulation to compare two different scenarios. Simula-
tion is one of the most useful techniques in Operational Research and it facilitates the
design of scenarios to orientate the decision-making procedure [15].

The method adopted for the research was:
1) Definition of a purchasing process scenario among organizations:
a. an As-is scenario with manual payment system
b. a To-be scenario using blockchain
2) Simulation program modelling and construction, considering as fundamen-
tals variables the public or private blockchain and proof of work effort.
3) Run simulation to compare the As-is scenario with the To-be scenario



In this sense, four scenarios were simulated:
a) A manual purchasing order;
b) a private blockchain with two zeros proof-of-work;
¢) apublic blockchain in the Ethereun network;
d) a private blockchain with three zeros proof-of-work;

In the As-Is process, the transaction data are manually recorded in four different
databases. Countless inconsistencies during conciliation are identified due to impre-
cise registers or incomplete integration and it causes delays in manufacturing and
erroneous orders executed. In contrast, in the To-Be process, the shop floor data are
saved solely in a blockchain which is accessible to the buyer and seller as well. Each
agent is responsible for making the consults and executing the required transactions
confirmations in the blocks. In this model, it is assumed that agents were the ma-
chines themselves and the interactions occurred uniquely in the blockchain.

The transactional cost is the expenses included in the process. In the purchase pro-
cess As-ls, these costs could be related to these activities: demand identification,
preparation of the purchase order, supplier order confirmation, tax invoice issue,
manual registration of the product in the inventory system and manual recording of
the tax invoice in account books. In the To-Be process, these costs comprise the data
recording in blockchain by the buyer and the subsequent blocks query to verify the
status of the goods in transit. In both situations, the transactional efforts were statisti-
cally analyzed by two variables: the execution time of placing orders and the number
of service stations required. The As-Is and To-Be processes are represented through
flow charts detailed in Figures 1 and 2.

The historical data of Ethereum block creation time from 11/12/2017 to
11/18/2018 were used to simulate the public blockchain [16]. In the private block-
chain, it was necessary to develop a mechanism to measure the time to discover a
final hash that began with two and three consecutive zeros.

Buyer > Seller > Receiving Department > Tax Department

Procurement process

Fig. 1. As-Is process (prepared by the author in Bizagi software)



Buyer > Seller _”Receiving Department > Tax Department

Equipment reads
the PO inthe
blockchain

Invoice
registration

Receiving the
material

Equipment
registers the PO in
the blockchain

Procurement process with blockchain

Delivery of the
Material and the
invoice

I

Purchase | Invoice
Ordler (PO} |
i

Fig. 2. To-Be process (prepared by the author in Bizagi software)

The model's source code and data simulated are available in
https://github.com/gdolce/blockchain.

Both models were simulated as discrete events modeling because the objective was
exactly the process model, in other words, it is a sequence of operations that agents
perform. In this simulation, the agents are the purchase orders and the material in
transit along the As-Is and To-Be processes. The operations in the modeling can be
delays, multiple resources services, process ramification selections, separations,
among others. Once the agents compete for limited resources and they might delay,
queue generation is inherent to most of the discrete event models.

The discrete events models are stochastics since the arrival times of the agents and
service times are usually stochastics, that is, they have resulted from a probabilistic
distribution. It means that the model must be run for a determined time or carry out
enough number of replications until an output relevant be generated. The most com-
mon outputs in the discrete events are resource utilization, time spent in the whole
system or in part of it, waiting times, queues, system performance, and bottlenecks
identification. The activities of purchasing process modeled in the AnyLogic software
were consolidated in three consecutive steps: purchase order issue, manufacturing,
and material receiving. These elements are graphically presented in Figure 3.
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Fig. 3. Simulation graphical model (prepared by the author in AnyLogic software)



Four variables were used in the simulation: demanded quantity, operational time to
issue the purchase order, operational time to manufacture and operational time to the
material receiving. The parameters are frequently used to represent some characteris-
tics of the modeled object and could express for example time, velocity, quantity,
acceleration, size, area, etc. They are appropriate when the objects have the same
behavior described in their class and they are usually used to specify the objects stati-
cally. Normally, a parameter is a constant in the simulation, and it is modified only
when it is necessary to adjust the model behavior. All parameters are visible and os-
cillating during the model running. Thus, the model could be adjusted merely chang-
ing the parameters in the execution time. To evaluate the model functioning, analyses
elements were used to collect, visualize and test the outputs data. These elements can
store the statistical data of a queueing network such as queue size, queue time, aver-
age customer number in the system, average customer number in service, average
time spent in the system and service time. The output element was used to store a
unique scalar data vector and exhibit after finishing the run.

4 Discussion and Results

The summary of the results is presented in Table 1. In the comparison among the four
scenarios, it could be observed that the private blockchain, with proof of work adjust-
ed to seek hashes that begins with two consecutive zeros, had the best performance.

The private blockchain with proof of work adjusted to seek hashes that begin with
three consecutive zeros had the service level of 100% and it resulted an average queue
size and average time in system higher than the other conditions. The As-Is perfor-
mance was similar to the best To-Be scenario with regard to the variables output
quantity, average queue size in the system and average time in the system. However,
As-Is needs a service capacity of five units while To-Be needs only one.

Table 1. Summary of the simulation results.

As-Is To-Be (Blockchain)

Recording type Manual Private Public Private
2 zeros hashes 3 zeros hashes

Probability distribution Uniform Exponential Lognormal Exponential
Output quantity (thousand) 718,3 718,3 7173 445,4
Average queue size in the system (units) 29,4 29,1 1.150 136.470
Average time spent in the system (min) 24 22,7 820 99.828
The utilization rate of Create_Order block 40,50% 13,60% 65,20% 100,00%
Service capacity of creating orders (unit) 5 1 1 1

The different creation time between public and private blockchain can be explained
by the hardware used in the processing. In public blockchain, powerful equipment
such as dedicated graphics processing unit (GPUs) and application-specific integrated
circuit (ASIC) are used and they facilitate the scale gain.



The proof of work demands a growing energetic consumption which limits the
scalability of the network and in a certain moment, the transactional cost, that in-
cludes the costs of computational infrastructure and energy, will be so high that the
network will become so costly to be used. For example, the Bitcoin could consume in
a near future, 7.7 GWe of electricity which is comparable to the demand of countries
such as Ireland (3.1 GWe) and Austria (8.2 GWe) [17].

Alternative algorithms are being developed at this moment. In contrast to the
proof-of-work, the great emphasis is the proof-of-stake that chooses the miner of the
block randomly and restricted. Only miners that deposit a guarantee in the network
are eligible to participate in the efforts to solve the problem. But, in case that other
miners decide that the block validation was not done according to the rules, the miner
loses its deposit. By this way, the value in risk is higher than the compensation re-
ceived by the block validated. So, fraudulent authentications are not attractive which
ensure the network security [18].

5 Conclusion

This research showed, through simulation, the feasibility of blockchain to be the me-
dium of register and the operator of the purchase orders among companies, consider-
ing the limitation of a theoretical study.

Technical conditions at present, as computational capacity and energy consump-
tion, defines the limits of use of the public blockchain or private blockchain scenarios.
The core factor of this limitation is the proof of work, adjusted to seek hashes that
begins with three consecutive zeros. Therefore, it is unlikely that these two scenarios
reach productivities equivalent to the As-Is scenario and to private blockchain with
proof of work adjusted to seek hashes that begins with two consecutive zeros.

The blockchain industry is in its initial stages of development and consequently,
potential limitations are recognized, but nothing that interferes in the technology dif-
fusion. Thus, this work contributes to revealing the understandability of the technolo-
gy and its feasibility to a purchasing process among organizations. Future works can
apply this simulation at the shop floor level, considering M2M transactions, as well to
conduct field studies about real implementations.
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