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Abstract—Thesmart contract on theblockchain allowscredible transactionswithout a

third party. These transactionsare traceableand irreversible. Thedeployment and

implementationof smart contracts inEthernetwill consumesomegas,whichwill directly

affect the cost of smart contracts. In order to reduce theconsumption of gasduring the

executionof smart contracts, thisarticle proposesanoptimization algorithm for generating

businessprocesssmart contracts. First, businessprocessmodelingnotation (BPMN)

models are extended toPetri nets. Second, Petri netsare simplified tofindnodes inBPMN

models that canbeconsidered fusion tasks.Usingnewmapping rules fromtheBPMNmodel

to solidity language,BPMNmodel is generated intoEthereumSmart contractmodel. In the

BPMNmodelswithmultilayer fusion task, experimental results show that the proposed

algorithmcansave15%gasonaverage for businessprocesseswithmultiple fusion tasks.

& BLOCKCHAIN IS AN innovation that involves

technologies such as peer-to-peer (p2p), Byzantine

fault tolerance, smart contracts, and distributed

consensus algorithms. Based on this integrated

technology stack, blockchain implements a decen-

tralized system that can achieve consensus and

trust in digital space. The core idea is that under

the decentralization characteristics of the p2p net-

work, a consistent consensus is reached among

nodes, and a data chain that links data blocks end

to end in a chronological order ismaintained. Each

block on the data chain prevents data tampering

and forgery by means of data verification such as

the digital signature. As a result, blockchain imple-

ments a decentralized shared ledger. This new

thinking can solve the problems of high cost, poor

reliability, and low security that traditional central-

ized system generally relies on central authority,

trust, and consensus.1 It is a subversive change

and challenge to traditional social organization

and operationmode. The emergence of blockchain

technology provides strong support for the rede-

sign of collaborative business processes (such as

supply chain and logistics processes).2 With this
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idea, Weber3 proposed a solution to execute busi-

ness processes on blockchain in the form of Smart

contracts and verified the feasibility of thismethod

through actual deployment tests. However, the gas

cost was not considered in thismethod.

Ethereum is one of the most popular block-

chain applications at present, which is an open

source digital currency and blockchain applica-

tion platform for developers to build and publish

smart contracts.4 The “blockchain” and “smart

contract” referred to in this paper, respectively,

refer to Ethereum blockchain and smart con-

tract. Smart contracts can be developed using

Solidity5 programming language, and the Smart

contracts written will eventually be compiled

into bytecode and deployed to the Ethernet lane

virtual machine for execution. Gas is a consump-

tion unit of smart contract deployment and exe-

cution in Ethereum, which can be regarded as a

currency of equal value, and its quantity is

related to the bytecode size of smart contract.6

Therefore, gas consumption needs to be consid-

ered when designing relevant business process

contracts. The current research mainly consid-

ers reducing gas consumption from the aspects

of contract deployment and invocation. In this

article, an optimized business process smart

contract template generation method is desi-

gned to solve the problem of gas consumption

during contract deployment. This approach

extends the business process business process

modeling notation (BPMN) model to Petri nets.

Then, find out which combinations of nodes in

the BPMN model can be considered to be a

fusion task. Finally, a mapping rule from the

BPMN model to solidity code is proposed to

translate the BPMN model into an optimized

smart contract template. Experimental results

show that the optimized smart contract template

reduces gas consumption when deployed to Ether-

net blockchain.

BPMNMODEL EXTENSIONAND
SIMPLIFICATIONBASEDONPETRI NET

BPMN Model Extended to Petri Nets

BPMN7 is themost popular visual business pro-

cess modeling language. This approach enables

business processes to be described graphically for

business managers and software developers to

understand. In general, the program code written

is executed sequentially, including the correct

execution of many logical branch structure auxil-

iary programs. According to business process

modeling methods, we can set up two classes of

BPMN business process models: 1) the order of

business process BPMN model; 2) the choice to

perform a BPMN model of the business process.

No matter which kind of BPMN model is used for

mapping smart contract code, all we need to

ensure is the integrity of the business process.

Themodel cannot simplify the step of the business

process. So that we can avoid the results of the

business process, smart contract cannot reach

the desired effect. Sequential smart contracts are

in the business process order execution, and the

code content is fixed. So, we cannot change

sequential smart contracts. Sequential smart con-

tracts do not meet the optimized conditions. In

this article, we do not discuss sequentially smart

contracts. This article only includes selection

branch of the structure of the smart contract busi-

ness process optimization. Therefore, this article

uses the following node types to model business

processes BPMN: tasks, start and end events, XOR

decision gateways, and XOR merge gateways. As

shown in Figure 1(a), a basic BPMN model is

shown, with each node annotated with a label for

ease of reference.

BPMN models are extended to Petri nets

according to mapping rules.8 For example, a task

or intermediate event is mapped to a transition

with an input library and an output library, and

the transition is marked with the name of the

task or event to simulate the execution of the

task or event. The start event is mapped to a

static transition with an input library and an out-

put library with initial internal conditions, and

the input library has no input arc, which is only

used to represent the beginning of Petri net. The

end event is mapped to a static transition with

an input library and an output library, and there

is no output arc in the output library; it is only

used to represent the end of the Petri net, as

shown in Figure 1(b). Tasks and events in BPMN

models are extended to mark-up transitions. The

extension also introduces unmarked additional

transitions. These transitions are static events

that only show the start and end of Petri net

models and the making of decisions. These tran-

sitions do not correspond to any specific work,

so they can be implicitly modeled, as shown in

Figure 1(c).
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Petri Net Reduction

The Petri net, as a formal model to

describe system behavior, is especially

suitable for simulating systembehavior

according to control flow, object flow,

or information flow. The Petri net

has been widely used in the current

research field. The Petri net modeling

tool supports the automatic analysis

and design of models and has the

characteristics of accessibility, dead-

lock detection, and boundary analysis.

Therefore, using Petri nets to define

the behavior of business flows is a

good new choice.

The Petri net expanded from the

previous step is actually a working flow

net. The workflow process defined by

the Petri net has only one input library (start) and

one output library (end), and each transition (task

or event) or library (condition) must be between

the input library and the output library. However,

Petri nets conforming to this definition may still

have some abnormal conditions, such as potential

deadlock and failure to end. Therefore, a reason-

able working flow network shouldmeet the follow-

ing three requirements:9

1) Tags in the input library will eventually

appear in the output library.

2) When tags appear in the output library, there

are no tags in other libraries.

3) For each transition (task or event), the ready

state can be reached from the initial state.

Assume that Petri nets extended according to

BPMN instance models satisfy the above proper-

ties. As we all know, such Petri nets can be sim-

plified. The six simplification rules are proposed

and verified by Murata.10

By using simplification rules, parallel transi-

tions in extended Petri nets are fused to obtain

Petri nets as shown in Figure 2. It can be seen

that parallel transition B and C in the original

Petri net are replaced by a new transition, which

is named fusion transition in this paper.

BPMN TO INTELLIGENT SOLIDITY
CONTRACT TEMPLATE

BPMN Node Combination

For simplified Petri nets, each change can be

seen as one of the original BPMNmodel task node.

Change A corresponds to the TaskA, change D cor-

responds to TaskD, and corresponding fusion

changes this task; the task contains TaskA and

TaskD path between nodes.

Through the above analysis, it can be found

that when the BPMN model contains the follow-

ing combinations of node, they can be seen as a

task node:

1. The BPMN model contains XOR decision

gateway and the corresponding XOR merge

gateway.

2. There is only one task on the two paths

between the XOR decision gateway and the

XOR merge gateway.

The internal execution of the task node

depends on the XOR decision gateway, which is

equivalent to the judgment branch statement in

the program code. Therefore, this article named

this task node as the fusion task. The nodes in the

example BPMN model are combined into a single

fusion task. Similarly, we can deduce the node

combination of two-layer and three-layer fusion

task. This paper only discusses the business pro-

cess BPMN model that contains a combination of

these three nodes.

According to the BPMN to solidity mapping

rule proposed by Weber, a function is generated

for each task node.11 If the business process BPMN

Figure 1. BPMN example model and Petri nets for BPMN model.

Figure 2. Simplified Petri net.
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model contains the nodes that can be considered

to be a fit task, it is considered to be a task node.

Then, we just have to generate a function, but in

order to ensure the integrity of the original busi-

ness process, the original BPMN model needs to

collect melting to task the gateway node contain-

ing conditions and tasks, and attach them to a

function generated by the fusion task. Specific

algorithm steps are as follows:

1. We go through the nodes in BPMN in order. If

it is XOR decision gateway node step 2), or

we continue until all the nodes have been

traversed.

2. We judge whether the XOR decision gateway

has an XOR merge gateway matching it. If it

does, we execute step 3); otherwise, we con-

tinue to execute step 1).

3. We judge the nodes on the two paths between

the XOR decision gateway and XOR merged

gateway; if both are a task node, it can be con-

sidered a fusion task. We will record XOR deci-

sion conditions and the corresponding tasks;

otherwise, continue to step 1).

Let us assume that the condition of the XOR

decision gateway g1 in Figure 1(a) is P, and tra-

verse the nodes in the figure in the following

order: [Start, A, g1, B, g2...]. In accordance with

step 1) to traverse the g1 node, we find that the

g1 is XOR decision gateway; go to step 2). Step 2)

looks for the XOR merged gateway that matches

it, i.e., g2 in Figure 1(a), after the conditions are

met; go to step 3). Step 3) will judge the node type

on the two paths between g1 and g2. Because

both B and C are task nodes, the judgment condi-

tion is satisfied. So, the node combination can be

regarded as a fusion task. The condition P corre-

sponding to g1 is a prerequisite for performing

this task. Tasks B and C are the tasks that should

be executed within themission.

BPMN to Solidity Mapping Rules

For BPMN models, first generate a global

Boolean variable StartEvent and EndEvent for

the start and end events with the default set to

false. The corresponding Start() and End() func-

tions are then generated, and the StartEvent is

set to true in the Start() function, which will be

used to Start the entire business process. The

EndEvent value is returned to the End() function.

The EndEvent value will be updated after the last

task execution to represent whether the entire

business process has been completed.

After the normal Task node is determined, a

global Boolean variable TaskiComplete is defined

for each normal Task node. The default value is

false, which indicates whether the current Task

has been completed. A function TaskiðÞ returns a
Boolean value type for each normal Task node.

For a combination of nodes that can be con-

sidered a fused task, a global Boolean variable

FJTaskiComplete and a function FJTaskiðÞ are

also generated, which act as normal task nodes.

In addition, we also generate a function

XORgatewayiðÞ that returns a Boolean value

type for each XOR decision gateway contained

in the node composition, which is used to deter-

mine the internal execution of the fusion task.

Because business processes execute sequen-

tially, there are constraints between each task.12

Only after a task has been fully executed can the

next task be continued. Therefore, in each task

function generated, the execution of its previous

adjacent task node should be judged first. If the

last task is completed, it can be executed; other-

wise, the task cannot be executed. In addition, in

order to prevent multiple invocations of the same

task under one business execution, the last task

needs to be deactivated after executing one task

andwait for the start of the next business process.

For the f fusion task, the judgment of the gateway

condition should be added, because the internal

execution of the fusion task function needs to be

based on the value of the gateway condition.

EXPERIMENTAL RESULTS
To verify the effectiveness of the proposed

approach, we modeled BPMN for existing execut-

able business processes.13 After the BPMN

model is traversed according to the algorithm,

the mapping rules proposed in this article are

used to write the optimized Solidity Smart con-

tract template. In order to check the correctness

of smart contract template and facilitate the

deployment test, this article uses the official

development tool (Remix Solidity) of Ethereum

Smart contract for deployment test.

In order to ensure that the optimized smart

contract and the original smart contract opera-

tion results are consistent in the same Remix
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test environment, the optimized business pro-

cess smart contract method and the original

method were, respectively, run and given the

same test parameters. After several tests, the

optimized business process smart contract has

the same function as the original smart contract,

and the execution result is consistent. The

accuracy of the business process smart contract

written according to the optimization method

proposed in this article is verified.

Order processing is an indispensable busi-

ness process in the process of commodity sales.

It contains many logical branch structures, such

as whether the goods are settled, whether the

inventory is sufficient, whether the address filled

in can be shipped, etc. According to the Solidity

mapping rule proposed in this article, a new

Solidity coding rule is defined for the node com-

bination of the fusion task, which can write an

optimized order business process Smart con-

tract template. We tested the order business

process in the simulator. According to the exper-

iment, in the process of deployment to block-

chain, compared with the use of the method of

Weber, our method saved 230570 gas. This

method saves gas proportion about 26.37%.

In order to further verify the effectiveness

and correctness of the proposed algorithm, we

selected three common types of smart contracts

on Ethereum for testing. In the same test envi-

ronment, we tested the gas consumption of the

original program and the proposed algorithm,

respectively. Furthermore, it also tests the pro-

posed fusion task node combination separately.

By establishing the basic BPMN model of the

business process, three combinations of fusion

task nodes are corresponding, respectively. The

experimental results are shown in Table 1 and

Figure 3.

Experimental results show that if the busi-

ness process BPMN model contains node combi-

nations that can be considered as a fusion task,

the smart contract template written with the

Solidity mapping rule proposed in this article

will consume less gas when deployed to Ether-

eum. Due to a greater number of fusion tasks in

the business processes of DecreaseApproval

and Buy, the algorithm proposed in this article

can save 15% gas on average, but in the business

processes of TransferFrom, the proposed algo-

rithm is not efficient due to fewer fusion tasks. In

order to verify the correctness of the algorithm,

Figure 3. Comparison of gas consumption.

Table 1. Gas consumption for smart contracts.

Classification Original Proposed Gas saved Rate

DecreaseApproval 279 758 248 034 31 724 11.34%

TransferFrom 359 847 358 489 11 358 3.16%

Buy 186 696 150 532 36 164 19.37%
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we use the same parameters to simulate the orig-

inal business process and the optimized busi-

ness process, and the results are consistent.

CONCLUSION
In order to reduce the Gas cost of business

process intelligence contract deployment on the

blockchain, this article proposes a mapping rule

from the BPMN model to the Solidity code. First,

the BPMN business process model is extended

to the Petri net. It is then simplfied it according

to the characteristics of Petri, the combination

of nodes in the BPMN model that can be

regarded as the fusion task are found, and these

fusion nodes are simplified. This method can

write the optimized Smart contract template

while ensuring the integrity of the original busi-

ness process. After the actual deployment test,

the experimental results show that the proposed

method can effectively reduce gas consumption

of business process intelligence contracts on the

blockchain.
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