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Abstract— The development of the business world grows 
rapidly, notably in the retail business. The sustainable business 
model of retail enterprises is a continuous cycle that illustrates 
the value creation for all stakeholders so they can last longer. 
Sustainable business model is divided into; long, medium and 
short level sustainability. Company sustainability can be 
determined by several standards or indicators. These indicators 
were known as sustainability indicator which include 
environmental indicator. Nevertheless, the existing way to 
measure these indicators is based on the expert. This research 
aims to determine the sustainability level automatically by way 
of the combination of similarity processes with fuzzy. The 
combination calculated the similarity of 9 environmental 
business processes with benchmarks that used the Tree 
Declarative Pattern Edit Distance (TPED) method and the 
Cosine-Tree Declarative Pattern (Cosine-TPD). TPED method 
was used for the structural similarities and the Cosine-TPD was 
used for the behavioral similarities. Furthermore, the score of 
the similarity results calculated by the Fuzzy Rule-Based 
Classification to get the classification of the retail enterprises 
which based on the level of sustainability. The results confirmed 
that the classification of environmental business processes used 
to evaluate.  

Keywords—Environment Sustainability Indicator, Business 
Process, LTL Similarity, Fuzzy Rule Based Classification, 
Evaluation 

I. INTRODUCTION  

Nowadays, business world grows rapidly, especially for 
the retail business. The number of retail company increase 
dramatically. Gilbert, on his book Retail Management written 
by Foster, defined that “Retail is every business that 
concentrates its sales to satisfy the customers based on goods 
and services as distribution tools”. Retail business itself 
provides a fruitful life and several benefits to the society [10]. 

Sustainability is a basic consideration for every company. 
They conserved the business by using several strategy. Of 
course, every company attempted to seize a better 
sustainability. In general, the company integrated 
sustainability practice because they have to or they want to 
[11, 12]. In an empirical practice, the company sustainability 
has some standards or indicators. These indicators were 
known as the sustainability indicators. 

Some examples of sustainability indicators are Global 
Reporting Indicator (GRI), Complex Performance Indicator 
(CPI), IFAC, UNCTAD and DVFA [11]. These indicators 
were raised from independent global organizations that 

promote the sustainability report and help business enterprises 
and governments to understand and to confirm the impact of 
the critical sustainability problem. The business model of 
retail company sustainability was a sustainability cycle which 
depicts how retail company create some value for the 
stakeholders [1]. 

Sustainability report was issued by all kind of company or 
organization from any scope and sector all around the world. 
Sustainability report aims to make sure that any organization 
could consider the effect of their sustainability and to make 
them being transparent to the effect of economy, environment 
and social issues that raised from their daily life and upcoming 
chance. The retail company sustainability report was made 
based on a standard. The chosen indicator was assumed as the 
best tool to measure the progress of the company [1]. 

Minsu described a way to synthesize relevant aspect from 
business processes and related phases using indicators [4]. An 
efficient business process helps the company to make a change 
and to re-run the business process [16]. A model of business 
process could be re-used as an attempt of business process in 
a repository or a business process formed set [13]. The process 
was achieved by several observations for the similarity of 
some complex business processes, then considering the flow 
of an information management in a process model [2]. One of 
the methods to recognize and to measure the similarity of 
business process model set is pairing process [5]. Similarity of 
business process model could be described by several text, 
structure and similarity behaviors. 

On the other hand, the previous research [8] classified 
business process based on the company sustainability 
indicators by using Fuzzy Rule-Based classification. This 
classification produced the gap of the obtained evaluation 
from a business process to the benchmark, then evaluates the 
sustainability classification level of company. However, the 
value of each sub-indicator in the previous research was 
obtained from expert judgment. 

Therefore, this research aims to get the value of 
environmental sub-indicators by calculating the level of 
similarity of business processes which is combined with 
fuzzy. Accordingly, the business processes were classified by 
the level of sustainability automatically. The evaluation was 
based on the level of sustainability which is used to give 
several recommendations of business process improvement to 
the ideal business process model that consistent to benchmark.  
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Heidari (2014) states that evaluation of business process is 
fact oriented [6]. Event log data of business process was based 
on true event. Evaluation of the business process using event 
log data was plausible to find the business process model. 
Event log was processed to be a graph [9]. This process aims 
to get visually illustrated relationships within the data. In order 
to comprehend the flow and weight of the activities, the graph 
data was converted into Weighted Linear Temporal Logic (W-
LTL). Then, the result of W-LTL was converted into Weight 
Tree Declarative Pattern to facilitate reading of the flow, 
relation and weight by the use of Pyton code algorithm.  

Furthermore, the Weight Tree Declarative Pattern 
similarity was computed with the benchmark. New W-LTL 
methods are Tree Declarative Pattern Edit Distance (for 
structural similarity) and Cosine-Tree Declarative Pattern (for 
behavioral similarity). These methods could differ the parallel 
relationship, such as AND versus OR, OR versus XOR and 
AND versus XOR. These methods were way much better than 
the previous methods such as Jaccard, TARs, Cosine and GED 
[3]. The similarity scores were used in the Fuzzy Rule-Based 
Classification for the sustainability level classification.  

In this research, the business processes used was the retail 
business processes. The sustainability indicators in this 
research was limited to environmental sustainability indicator. 

 

II. PREVIOUS WORK 

A. Sustainability Indicators 

In order to reach the goals of the environment 
sustainability business process, a business process related to 
the environment sustainability benchmark becomes the 
concerning thing. The business process of environment 
sustainability indicators written by Docekalova (2015), 
known as Complex Performance Indicator (CPI) [11,12] was 
mentioned in Table I. 

TABLE I.  ENVIRONMENTAL SUSTAINABILITY INDICATORS 

Use of salvaged elements and raw elements Envi1 

Combustible consumption Envi2 

Waste stock Envi3 

Environmental values Envi4 

  

 The environmental indicator on this research was divided 
into four sub-indicators. The sub-indicators were Use of 
salvaged elements and raw elements (Envi1), Combustible 
consumption (Envi2), Waste stock (Envi3) and 
Environmental values (Envi4). 

B. Graph and LTL Model 

An architecture graph consisted of node label and relation 
type. Node is a set of data that consist of several information, 
such as Person table which contain the sections of Name and 
Citizen numbers, while relation is a set of data consist of node 
connection and a graphic model illustration in a tool of 
database graph. The use of the graph model made it possible 
to model business processes in it. Then, LTL was used to find 
out the structure. 

Linear Temporal Logic (LTL) is a language that illustrates 
the temporal logic that refer to the time [7]. LTL was 
constructed from a content (true or false), a set of an atomic 
proposition, logic operator (¬, ˅, ˄, →) and temporal modal 

operator. There are four commonly used operators in LTL 
which written in Table II. 

TABLE II.   OPERATORS IN LTL 

Textua
l 

Symbo
l 

Description 

OA XA A has to continue at the next phase 

□ A  GA A has to continue on the entire subsequent path 

◊A  FA A has to continue somewhere on the track 

AUB  AUB A has to continue until at some position B holds  

In LTL, the algorithm of Declarative Miner was used to 
construct the relation of event log activities using a Declare 
template that yields LTL format logic which is used to model 
a business process mentioned in Table III. 

TABLE III.   TEMPLATE DECLARE LTL 

LTL 
Template 
Declare 

Description 

A Init(A) A first activity in the process 
recorded. 

◊ ( A /\ O ( ◊ (A) 
)  )  

Existences2(A) Activity A appears in the 
processes two times or more. 

□ (  A →  ◊ ( B) 
)  

Response (A,R) Activity B must be executed 
after activity A was executed. 

□ ( A → O ( B) ) Chain Response 
(A,R) 

If activity A is recorded, then 
the next recorded activity is R 

( ◊ ( A \/ B)  /\ ! 
( ◊ ( A /\ B) ) )   

Exclusive 
Choice (A,R) 

Both of A and B recorded in 
the process, but they are 
recorded in different processes. 

 The LTL itself has a weight. The weight was calculated 
based on the occurrence frequency of an activity divided by 
the total frequency. The Weighted-Linear Temporal Logic 
(W-LTL) was constructed in an algorithm which is based on 
the graph model. 

 

III. PROPOSED METHODS 

The flowing diagram of the method proposed in this 
research is shown in Fig. 1. The diagram composed by three 
phases: business process modelling, business process 
similarity and company classification. 

 

 
 

Fig. 1.  Proposed Method 
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A. Similarity Methods 

The previous research [15] suggested the counts of 
similarity techniques from the behaviour and the structure. 
The research claim that better method in similarity coefficient 
than their research method was not exist. 

In another research [9], the similarity coefficient methods 
were used for the business process models. Similarity issues 
within this business process model was the gap within the 
similarity itself.  

Moreover, in this research, the weight and constraint 
probability were computed, considering the event log process 
mining that could show the differences in the number of 
passed paths. Therefore, the similarity formula contained 
weight and probability was needed.  

Tree Declarative Pattern Edit Distance (TPED) is a 
similarity calculation method for the structural issue, while 
Cosine - Tree Declarative Pattern (Cosine-TDP) is a similarity 
calculation method for behavioral issue [3]. 

The equation to calculate the TPED similarity is shown in (1).   

, = 1 − , ,  (1) 

= | | + ( ) + ( )| | + | |  (2) 

= | | + ( ) + ( )| | + | |  (3) 

= 2.∑| | + | | − | | + ( ) + ( )  (4) 

Details  	= the mean number of nodes entered or removed in both weighted 
declarative pattern models 

 = the mean number of edges entered or removed in both weighted 
declarative patterns 	= the mean number of nodes replaced in the two weighted 
declarative pattern models | |	 = number of nodes entered or removed in both weighted 
declarative patterns ( ) 	= the value of the constraint relationship on the node entered 
or removed from Model Mx ( ) = the value of the constraint relationship on the node entered 
or removed from Model My | |= amount of nodes in declarative pattern with weight 1 | | = amount of nodes in declarative pattern with weight 2 | | = amount of nodes in second model of declarative pattern 
weighted | |= amount of nodes in declarative pattern with weight 1 | |= amount of nodes in declarative pattern with weight 2 =	 ( ) + ( )( ) , ( )  

 The equation to compute the Cosine-TDP similarity is 
shown in (5). 

,  (5) 

= ∑ ( ) , . , . ( ) , . , + ∑ ( ) , . ( ) , −∑ ( ) , + ( ) , , . ∑ ( ) , + ( ) , ,
 

Where  

,  = activity weight of Model Mx 

,  = activity weight of Model My 

 = ( ) + ( )  
 

The value of (e)	is derived from the truth table in Table IV. 

TABLE IV. INDICATOR RESULT USING FUZZY (TDEP) 

X Y OR XOR AND 
T T T T T 
T F F T F 
F T F T F 
F F T F F 

p(e) 1/2 3/4 1/4 

 

 
Fig. 2.  Proposed Method (continue) 
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B. Fuzzy 

The business process score was raised from several 
embedded environment indicators. Each of business process 
has an environment sub-indicator score. The business process 
was clustered by the use of fuzzy rule-based classification. 
Fuzzy grade membership gives a good agreement to the pre- 
calculation. The clustering process aims to distinct the 
business process into three environment sustainability level; 
long, medium and short environment sustainability. Then, the 
triangle-shaped grade membership of fuzzy was applied. 

In line to the classifying or clustering business process in 
enterprises, every business process is leveled as long, medium 
and short. Moreover, the score was used to evaluate the fuzzy 
logic. The reference is shown in the Table V: 

TABLE V.   FUZZY REFERENCE 

Verbal 
Score 

Specification Points 
A  B  C  

Short 0.0 0.0 0.3 
Medium 0.3 0.5 0.7 

Long 0.7 1.0 1.0 
 The computation of fuzzy rule-based classification was  
conducted using MATLAB 2017a. 

 

IV. EXPERIMENT & DISCUSSION 

A. Data 

1) Benchmark 
Business process modelling from the benchmark were 

based on the sustainability reports of retail enterprises such as 
Ahold Delhaize and Walmart. The benchmark business 
process of retail enterprises was modelled by Neo4j from the 
event log. As previously explained, the Environmental 
Sustainability Indicator is used to refer the Complex 
Performance Index (CPI). 

Separately process that represents the environment sub-
indicators were modelled and became one of the main 
processes for each indicator. Fig. 3 shows an example of the 

retail environment benchmark graph model, which have 16 
activities which is mentioned in the Table VI. 

Referring to the Table VI, the activity in this business 
process used a business process data approach, which reveals 
the flowing activity of the document or data production from 
the process of the business graph. 

TABLE VI.  ACTIVITIES OF BENCHMARK 

Enterprise Number Score 
collect_list_of_wasted_product Envi3, Envi4 

collect_list_of_wasted_product_last_year Envi3, Envi4 

classification_of_wasted_product Envi3, Envi4 

identify_reduce_type_of_wasted_food Envi1,Envi2, Envi3 

create_report_anaerobic_digestion Envi1, Envi3 

create_report_food_donation Envi2, Envi3 

create_report_recycle_animal_feed Envi2, Envi3 

create_report_turning_fuel_and_fertilizer Envi1, Envi3 

validate_food_process Envi1,Envi2, Envi3 

identify_reduce_type_of_wasted_non-
food 

Envi2, Envi3 

create_report_donation Envi2, Envi3 

create_report_refurbish Envi2, Envi3 

create_report_reverse_logistic Envi2, Envi3 

create_report_recycle_new_product Envi2, Envi3 

validate_non-food_process Envi2, Envi3 

validate_product_process Envi3, Envi4 

   

 The following production of the business process used a 
graph model which then converted to W-LTL by the used of 
Pyton code algorithm. The W-LTL show the flow and weight 
of each activity. Then, the result of W-LTL Business process 
modelling from the benchmark was converted to the Weight 
Tree Declarative Pattern to facilitate the analysis of the flow, 
relation and weight by the use of Pyton code flowing activity. 
The result is mentioned in Table VII. 

 The Table VII below shows the constrain and weight of 
the activity model. The constraints and weight were used to 
compute the similarity.  

 
Fig. 3.  Benchmark Environment Business Process  
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TABLE VII.  RESULT OF WEIGHT TREE DECLARATIVE PATTERN 

-> 
+-- collect_list_of_wasted_product[1.00] 
+-- collect_list_of_wasted_product_last_year[1.00] 
+-- classification_of_wasted_product[1.00] 
+-- x 
¦   +-- -> 
¦   ¦   +-- identify_reduce_type_of_wasted_non-food[0.50] 
¦   ¦   +-- x 
¦   ¦       +-- create_report_donation[0.25] 
¦   ¦       +-- create_report_reverse_logistic[0.25] 
¦   ¦       +-- create_report_refurbish[0.25] 
¦   ¦       +-- create_report_recycle_new_product[0.25] 
¦   +-- -> 
¦       +-- identify_reduce_type_of_wasted_food[0.50] 
¦       +-- x 
¦           +-- create_report_food_donation[0.25] 
¦           +-- 
create_report_turning_fuel_and_fertilizer[0.25] 
¦           +-- create_report_recycle_animal_feed[0.25] 
¦           +-- create_report_anaerobic_digestion[0.25] 
+-- validate_food_process[1.00] 
+-- validate_non-food_process[1.00] 
+-- validate_product_process[1.00] 

 

2) Retail Enterprise 
This research used nine business processes from nine 

retail enterprises. Each business process described the flow 
of environment activity that would be rated per sub enterprise 
sustainability indicator. 

Each business process reveals the environmental related 
activities which support environment indicators. The process 
mining that carried out was the discovery process and 
conducted an analysis of business processes by extracting 
event logs that needed for the activities carried out on retail 
activity[14]. Afterward, the event log was obtained and 
processed just as the same as the benchmarks in order to get 
the Weight Tree Declarative Pattern. The business processes 
were split down according its sub-indicators.  

The business process of the retail enterprises were 
mentioned with Enterprise Number like EN1, EN2, EN3, 
EN4, EN5, EN6, EN7, EN8 and EN9. 

 

B. Analysis 

1) Similarity Results 
The Weight Tree Declarative Patterns from the nine retail 

enterprises has been compared to the Weight Tree Declarative 
Patterns of benchmarks and to get similarity score. TDEP 
calculations were used in (1), (2), (3) and (4) to compute the 
structural similarity while Cosine-TDP calculations were used 
in the formula (5) to compute the behavioral similarities.  

The results of the structural and behavioral similarities in 
the Table VIII and Table IX shows the calculation of the 
average numbers in order to get total of similarities. 

TABLE VIII.  STRUCTURAL SIMILARITY (TDEP) 

Enterprise 
Number 

Sub-Indicator 

Envi1 Envi2 Envi3 Envi4 

EN1 1.0000 1.0000 0.9560 1.0000 

EN2 0.8537 0.8219 0.8308 1.0000 

EN3 0.8644 0.5763 0.8622 1.0000 

EN4 0.8333 0.7222 0.8323 1.0000 

EN5 0.9008 0.6641 0.8998 1.0000 

EN6 0.8158 0.3333 0.7734 1.0000 

EN7 0.0117 0.0000 0.4480 0.7474 

EN8 0.0000 0.0000 0.3365 0.7474 

EN9 0.0000 0.0000 0.1366 0.4815 

TABLE IX.  BEHAVIORAL SIMILARITY (COSINE-TDP) 

Enterprise 
Number 

Sub-Indicator 

Envi1 Envi2 Envi3 Envi4 

EN1 1.0000 1.0000 0.9901 1.0000 

EN2 0.6685 0.6138 0.7979 1.0000 

EN3 0.8447 0.4395 0.9485 1.0000 

EN4 0.9549 0.8414 0.9365 1.0000 

EN5 0.8789 0.5392 0.9529 1.0000 

EN6 0.8692 0.2328 0.7590 1.0000 

EN7 0.1805 0.0000 0.3281 0.2810 

EN8 0.2144 0.0000 0.0620 0.6556 

EN9 0.0000 0.0000 0.0000 0.0000 

  

 The following result in the Table X was the final result of 
the total similarity for each sub-indicator and enterprise 
number: 

TABLE X.  ALL SIMILARITY 

Enterprise 
Number 

Sub-Indicator 

Envi1 Envi2 Envi3 Envi4 

EN1 1,0000 1,0000 0,9731 1,0000 

EN2 0,7611 0,7178 0,8144 1,0000 

EN3 0,8545 0,5079 0,9054 1,0000 

EN4 0,8941 0,7818 0,8844 1,0000 

EN5 0,8899 0,6016 0,9264 1,0000 

EN6 0,8425 0,2831 0,7662 1,0000 

EN7 0,0961 0,0000 0,3880 0,5142 

EN8 0,1072 0,0000 0,1993 0,7015 

EN9 0,0000 0,0000 0,0683 0,2407 

 
2) Classification Results  

 The score of similarities in the Table X have been used for 
the Fuzzy Rule Based classification. This research chose 
MATLAB 2017a series to computed the fuzzy rule and score. 
The result of the classification is shown in Table XI 

TABLE XI.  INDICATOR RESULTS USING FUZZY 

Enterprise 
Number 

Score Sustainability 

EN1 0.9023 Long 

EN2 0.8572 Long 

EN3 0.8868 Long 

EN4 0.8719 Long 

EN5 0.8855 Long 

EN6 0.8570 Long 

EN7 0.1175 Short 

EN8 0.1450 Short 

EN9 0.1332 Short 

 

 From the Table XI, it can be referred that the scores 
of the nine retail enterprises followed by the level of 
environment sustainability. There are six retail enterprises that 
obtained about 0.8570-0.9023 score which then identified as 
Long Sustainability. Another three retail enterprises scored 
0.1175; 0.1450 and 0.1332, which then identified to Short 
Sustainability.  

The researchers have a deep analysis toward the similarity 
results of the business processes in the Table X. The business 
processes with a medium level got a high level of similarity, 
especially on indicator Envi4 (Environmental values), which 
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scored 1.000. The enterprise number was mentioned as EN1, 
EN2, EN3, EN4, EN5 and EN6.  

 Meanwhile, the business processes with short level 
sustainability got a low level of similarity, especially on 
indicator Envi1 (Use of salvaged elements and raw elements) 
and Envi2 (Combustible consumption), within a range score 
of 0,1072-0,000. Thus, the results shows that EN could make 
several improvements and expand it to environmental-related 
activities especially for Envi1 and Envi2.  

 

V. CONCLUSION 

The research provided the determination level of 
environment sustainability automatically by the combination 
of similarity processes with fuzzy. There was also several 
benchmarks from retail business processes. Then, there were 
nine retail business processes which is related to the 
environmental activities. Each business process has an event 
logs that were processed into graphs, Weighted- Linear 
Temporal Logic and Weight Tree Declarative Pattern. 

Each 9 Weight Tree Declarative Pattern were computed 
by the similarity with benchmark by the use of TPED (for 
structural term) and Cosine-TPD (for behavioral term). The 
similarity scores used in the fuzzy rule-based classification 
for the sustainability level classification. 

The result shows that 66,67% of retail enterprises were 
classified to long sustainability, and another 33,34% retail 
enterprises were classified to short sustainability.  

The enterprises with long sustainability have tolerably 
similar activities with the benchmark. Then, the enterprises 
with short sustainability have the loss similarities with the  
benchmark. A recommendation to several enterprises with 
short sustainability is to expand some environment-friendly 
activities. The required activity is in accordance with the 
environmental sustainability indicator which would make a 
better sustainability to the enterprises. 

 

VI. FUTURE WORK 

Any issues still continued to be clarified, just like 
the other sustainability indicators, such as Corporate 
Governance, Social and Economic. The further research of 
the complete sustainability indicators should be done on the 
behalf of better understanding towards the enterprise 
sustainability. Another excellent research such as Multi 
Criteria Decision Making (MCDM) could be conducted to get 
a recommendation which strategy based on sustainability 
indicators could be used to improve the business process for 
each enterprises approach. 
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