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 Global software development (GSD) is a well-established discipline of 

software engineering that focuses on the advantage of a global environment. 

Effective cost estimation is critical for the success of GSD projects. Cost 
estimation in a GSD environment is a challenging task. As a result, GSD must 

emphasize cost estimation. Findings show that a number of researchers over 

the past few decades have emphasized GSD-based cost estimation in GSD; to 

the best of our knowledge, however, existing cost estimation have not taken 
into account many GSD-based cost drivers that must be considered when 

estimating costs. Motivated by all this, the purpose of this study is to review 

the existing GSD-based cost estimation models/techniques and cost drivers 

that influence the accuracy of cost estimation. To identify and compile 
relevant research papers, a systematic literature review was carried out. From 

twenty-seven selected studies, initially, 86 GSD-based cost drivers and 12 

GSD-based cost estimation models/techniques were extracted. After filtration, 

26 cost drivers were identified as significant and to be considered in GSD-
based cost estimation. This study significantly identifies GSD-based cost 

drivers and existing cost estimation techniques. 
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1. INTRODUCTION 

Global software development (GSD) describes an environment in which a software project is managed 

within a distributed setting [1], [2]. One of the main drivers behind the growth of GSD projects is cost savings. 

Several software companies have sought to gain market share by decreasing their product's time-to-market, 

cutting costs by employing people from low-wage countries, and defying duration by working on projects 

around the clock [1]. As an outcome, most software development projects are completed globally across 

various sites and countries. Companies frequently seek to outsource software development to different 

countries such as India and China, where labor rates are lower compared to Western countries. This allows 

them to reduce their development costs significantly [3]. GSD advantages can only be obtained through 

effective project management. The challenge of managing GSD projects is due to various issues, including 

time zone and cultural differences; if we do not consider these, it might take extra time and cost [3]. Avoiding 

budget overruns and late software delivery requires accurate cost and effort estimation [4]. Several tools and 

techniques for cost estimation were developed for the collocated context before the GSD concept, but these 

tools and techniques lack GSD cost drivers [5]. These cost estimation models are generally classified into 
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algorithmic, non-algorithmic, and hybrid models [6]. Estimating effort and cost for GSD projects can be 

difficult due to a number of issues [5]. Project managers’ primary concern is cost estimation. But in GSD, due 

to its distributed nature, work allocation, resource allocation, and cost estimation are complex [7]. The current 

state of the art lacks cost drivers that can increase GSD cost estimation accuracy. Considering these cost drivers 

can enhance the accuracy of GSD-based cost estimation techniques and help practitioners implement them. 

Identification of GSD-based cost drivers is essential since the accuracy of GSD cost estimation is vital for the 

success of GSD-based projects. So, it is imperative to study further identification of GSD-based cost drivers 

and to improve cost estimation accuracy. In section 1 presents an overview of the research study; section 2 

discusses the research method; section 3 discusses the findings and section 4 the conclusion. 

 

 

2. RESEARCH METHOD 

A systematic literature review (SLR) is a standard technique for synthesizing the most relevant 

research on the topic [8], [9]. SLR is a systematic, concise, and consistent process for identifying, reviewing, 

evaluating, and synthesizing the existing body of complete and documented research [10]–[12]. SLR was used 

to find and assess relevant scholarly research papers for this study [10]. SLR consists of 3 stages, i.e., review 

planning, review conducting, and review reporting [10]. 

 

2.1.  Review planning 

This phase comprises the most important steps required to carry out an SLR. To begin an SLR, some 

prerequisite steps must be performed. The steps are as: i) defining the research question; ii) specifying the 

research databases; iii) developing a search string generation for article extraction; iv) specifying inclusion and 

exclusion criteria; and v) specifying quality criteria. The following sections describe the above steps. 

 

2.1.1. Defining the research question 

Population, intervention, comparison, outcomes, and context (PICOC) approach was used to 

formulate research questions [13]. i) population (P): projects in global software development context,  

ii) intervention (I): cost drivers/estimation techniques/methods; iii) comparison (C): no comparison 

intervention; iv) outcomes (O): an accuracy of the tools or techniques used for cost estimation; and v) context 

(C): will examine GSD-based cost estimation. SLR attempts to find answers to the following questions:  

Question 1. What cost drivers have been considered in GSD research? 

Question 2. What techniques/methods have been applied to estimate the cost of GSD? 

 

2.1.2. Specifying the research databases 

The selection of research databases is decided as per recommendations [14]. Databases selected for 

this study include ACM Digital Library, Wiley Inter Science, ScienceDirect, IEEE Xplore Digital Library, 

Springer Link and Google Scholar. These databases have been chosen because they contain the most significant 

articles and conference proceedings. 

 

2.1.3. Developing a search string to extract the articles 

After developing research questions and selecting research databases, a search string, as mentioned in 

Table 1, is formulated to find primary studies. To avoid researcher bias, the search string is composed as:  

i) analyze the research questions and identify relevant keywords to the population, intervention, and outcomes; 

ii) check the keywords and evaluate the relevant papers; and iii) using the Boolean AND operator, connect the 

keywords from population, intervention, and outcome. These three steps were carried out to generate the 

following string: 

 

 

Table 1. Search string 
Search group Search string 

Software cost 

estimation 

(“cost estimation” OR “effort estimation” OR “effort prediction” OR “cost prediction” OR “cost 

assessment” OR “ effort assessment” OR “calculating cost” OR “calculating effort” OR 

“measuring cost” OR “measuring effort.” 

AND 

Global software 

development 

“globally software development” OR “global software engineering” OR “globally distributed 

development” OR “globally distributed work” OR “distributed software development” OR 

“distributed software engineering” OR “global software teams” OR “distributed teams” OR 

“spread teams” OR “dispersed teams” OR “global teams” OR “virtual teams” OR “offshore 

outsourcing” OR “offshore software development.” 
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2.1.4. Specifying inclusion and exclusion criteria 

In order to ensure that only relevant literature is admitted to the SLR, inclusion and exclusion criteria 

is used as described in Table 2. Based on the recommendations of [10], inclusion and exclusion criteria for this 

study was determined. The following criteria is used to choose research studies:  

 

 

Table 2. Inclusion and exclusion criteria 
Inclusion criteria  Exclusion criteria 

IC 1 Research addressing models, techniques, and cost 

drivers for effort estimation for GSD AND; 

EC 1 Research that doesn’t address cost estimation 

models, techniques, cost drivers for GSD OR;  

IC 2 Research studies must be written in English AND; EC 2 Research without empirical support OR; 

IC 3 Research should be published in a peer-reviewed 

journal, conference, technical report, or thesis. 

EC 3 Research not published in English 

 

 

2.1.5. Specifying quality criteria 

This stage entails evaluating the quality of the selected research studies in order to enable the 

extraction of information for synthesis and analysis results. Quality research depends on evaluating the selected 

studies. Studies were assessed using a questionnaire with six questions, as mentioned in Table 3. The guidelines 

as per [10], [15] were followed in formulating the questions. A paper’s quality rating could be 0 and 6.  

The above checklist questions are assessed as follows: i) addressing the research question correctly gets 1 point; 

ii) addressing the research question partially gets 0.5 points; and iii) not addressing the research questions gets 

0 points. 

 

 

Table 3. Quality assessment questions 
S.# Quality assessment questions S.# Quality assessment questions 

Q1 Do the research objectives carefully stated? Q4 Is there sufficient information about the data collection? 

Q2 Is the research strategy well-defined and well-documented? Q5 Does the study take into account the cost factors for GSD? 

Q3 Is the research considering GSD context in cost estimation? Q6 Do the research results answer the research objectives? 

 

 

2.2.  Phase 2: review conduct 

Article extraction followed a standard approach. This SLR step applied a search query to select 

primary studies. Once retrieved, documents were compiled based on criteria, the following sections outline 

sub-activities. 

 

2.2.1. Secondary and primary searches 

Search strings were used on several databases as part of the main search strategy to get the primary 

studies published, as mentioned in Figure 1. Selected databases contain all major software engineering 

conferences and publications; therefore, they cover SLRs extensively. 

 

 

 
 

Figure 1. Study selection flowchart based on inclusion and exclusion 

 

 

Furthermore, it was ensured that these databases included all primary research articles on the SLR 

topic. Wickramaarachchi and Lai [5], Khan et al. [16] have used these databases to find primary research.  
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The next step was searching by consulting references. In the second step, we reviewed all the main references. 

In step 1, specified criteria for inclusion/exclusion were applied to the titles and abstracts of selected primary 

studies. This step was performed on all 372 search results, with the result that 78 studies passed the criteria.  

In step 2, inclusion/exclusion criteria were applied to 78 studies that passed the title and abstract level test.  

This step was performed independently on all 78 studies; as a result, 27 studies passed the criteria. Figure 1 

illustrates the distribution of search results. 

 

2.2.2. Data extraction and synthesis 

The studies were selected using study id, publication year, author name, research technique, and 

associated constraints. Table 4 contains a list of the papers that were considered for inclusion. The relevant 

research topics were matched with the selected documents to determine relevancy. Selected studies were 

evaluated against research topics during synthesis and discovered 86 cost drivers and twelve GSD-specific cost 

estimate models from twenty seven publications. Figure 2 presents the search result. Figure 2(a) illustrate the 

search result based on the criteria of screeing research papers whereas Figure 2(b) present the percentage of 

research papers from each reseach database. 

 

 

Table 4. List of included articles 
Study ID Citation Database Conference/Journal/Thesis 

S1 [17] IEEE Conference 

S2 [18] Google Scholar Journal 

S3 [19] IEEE Conference 

S4 [20] IEEE Conference 

S5 [21] Google Scholar Journal 

S6 [7] Google Scholar Thesis 

S7 [22] Google Scholar Journal 

S8 [16] IEEE Journal 

S9 [5] Springer Journal 

S10 [2] Google Scholar Journal 

S11 [23] IEEE Journal 

S12 [24] Science Direct Journal 

S13 [25] IEEE Conference 

S14 [26] ACM Journal 

S15 [27] IEEE Conference 

S16 [28] Springer Link Conference 

S17 [29] ACM Conference 

S18 [30] Google Scholar Journal 

S19 [31] IEEE Conference 

S20 [32] Google Scholar Journal 

S21 [33] ACM Workshop 

S22 [34] Springer Link Conference 

S23 [35] Science Direct Conference 

S24 [36] Google Scholar Journal 

S25 [37] IEEE Journal 

S26 [38] IEEE Conference 

S27 [39] Google Scholar Conference 

 

 

  
(a) (b) 

 

Figure 2. Distribution of study results (a) search results based on criteria and (b) percentage publication from 

research databases 
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2.3.  Phase 3: review reporting 

In reporting phase, the quality assessment questions are used to evaluate the selected primary studies. 

The quality assessment criteria described in phase 1 were used to assess the quality of the selected studies.  

The study quality rating might be between 0 to 6. Quality results are cited in Table 5. Table 6 demonstrates 

that more articles have been published on cost estimation in the GSD context over recent years. One could say 

that the increase in publications shows that practitioners and researchers are becoming more interested in 

software cost estimation for GSD projects. 

 

 

Table 5. Quality assessment score for selected studies 
Study ID Q1 Q2 Q3 Q4 Q5 Q6 Total score 

S1 1 1 0.5 0.5 0.5 0.5 4 

S2 1 1 0.5 0.5 0.5 0.5 4 

S3 1 1 1 0.5 1 0.5 5 

S4 1 0.5 1 0 1 0.5 4 

S5 1 1 0.5 1 0.5 1 5 

S6 1 1 0.5 0.5 0.5 0.5 4 

S7 1 1 0.5 1 0.5 1 5 

S8 1 1 1 1 1 0.5 5.5 

S9 1 1 1 1 1 0.5 5.5 

S10 0.5 0.5 1 0.5 0 0.5 3 

S11 1 1 0.5 0.5 0 1 4 

S12 1 0.5 0.5 0.5 0.5 0.5 3.5 

S13 1 0.5 1 1 0.5 1 5 

S14 1 1 0.5 0.5 0.5 0.5 4 

S15 1 0.5 0.5 0.5 0.5 0.5 3.5 

S16 1 1 1 0.5 0.5 0.5 4.5 

S17 0.5 1 1 0.5 0 0.5 3.5 

S18 1 1 1 1 0 0.5 4.5 

S19 1 1 0.5 1 0 0.5 4 

S20 1 0.5 0.5 0.5 0 0.5 3 

S21 1 1 1 0 0 1 4 

S22 1 1 1 0. 0 1 4 

S23 1 1 1 0 0 0.5 3.5 

S24 1 1 0.5 0.5 0.5 0.5 4 

S25 1 1 1 1 1 0.5 5.5 

S26 1 1 1 0.5 0.5 1 5 

S27 1 1 1 0. 0 1 4 

 

 
 

Table 6. Number of published articles by year interval 
Year 2001-2005 2006-2010 2011-2015 2016-2022 

No. of articles 0 6 10 11 

Percentage 0 22.22 37.03 40.74 

 

 

3. RESULTS AND DISCUSSION 

This section discusses how this study can be used to support future research. This study also highlights 

those aspects where a researcher can further work. This study was done to find answers to two main questions:  

 

3.1.  Question 1. What cost drivers have been considered in GSD research? 

Table 7 in Appendix lists the cost drivers collected from the literature. The lables include cost driver's 

name, frequency, percentage, and references. Cost drivers are those factors that have an intricate effect on 

global software development; the results could be either positive or negative. Due to the distributed nature of 

this type of development, these cost drivers are hidden in GSD. Due to the distributed nature of GSD, these 

cost drivers are often overlooked, which causes cost overruns later in the project. These cost drivers must be 

considered throughout the estimating process for a reasonable estimate of the effort and resources. Out of 27, 24 

publications investigated the cost drivers [17]-[38], and some focused particularly on cost-estimating 

techniques for GSD. Although cost drivers were considered in previous research but did not provide data to 

support their validity. We first compiled a list of cost drivers from the literature and then conducted the analysis. 

The study adopted criteria to rank cost drivers based on their frequency. Similar criteria are adopted 

in studies [16], [32]. Cost drivers with a frequency ≥25 are considered significant cost drivers (SFCD), and 

cost drivers with <25 frequency are designated as low significant cost drivers (LSFCD) and will not be 

considered in further investigation. The cost drivers mentioned in Table 8 are significant cost drivers. 
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Table 8. List of significant cost drivers 
S.No Cost driver 

1 Language and cultural differences 

2 Time zone difference 

3 Communication 

4 Geographic distance 

5 Project management effort 

6 Team trust 

7 Process model 

8 Knowledge management  

9 Competence level 

10 Team size 

11 Client involvement 

12 Requirement legibility 

13 Development productivity 

14 Design and technology newness 

15 Reuse 

16 Process maturity 

17 Process compliance 

18 Project management effort  

19 Travel cost 

20 Rework 

21 Shared resources 

22 Work pressure 

23 Delay response 

24 Task allocation 

25 Project effort 

26 Contract design 

 

 

3.2.  Question 2. What techniques have been applied to estimate the cost of GSD? 

Due to the additional challenges associated with global software development [16], neither 

algorithmic nor non-algorithmic cost estimation approaches are suitable for GSD. Different studies mentioned 

in Table 9 are trying to overcome these challenges. Lamersdorf et al. [25] introduced a hybrid model, i.e., the 

COBRA-based model, which amplified with cost overhead. The researches [27], [30], [33], [34], [36], [37], 

[39] also proposed algorithmic approaches, and most of the techniques are COCOMO II-based amplification 

for GSD. These methods are currently in the experimental stage and are not yet validated. There are not 

sufficient cost drivers in these approaches. 

 

 

Table 9. Identified GSD-based cost estimation models 
Study ID Citation Category of model Technique/approach Number of GSD cost drivers used 

S7 [7] Non-algorithmic models Casual model 11 

S13 [25] Hybrid models COBRA-based cost estimation 13 

S15 [27] Algorithmic models COCOMO II and SLIM 11 

S17 [29] Algorithmic models Scheduling based model 03 

S18 [30] Algorithmic models COCOMO II-based model 11 

S19 [31] Non-algorithmic models Analogy-based cost estimation 12 

S21 [33] Algorithmic models COCOMO II-based model 9 

S22 [34] Algorithmic models Cost xpert model 8 

S23 [35] Machine learning based Machine learning based 7 

S24 [36] Algorithmic models COCOMO II and SLIM based 11 

S25 [37] Algorithmic models COCOMO II 8 

S27 [39] Algorithmic models Use case point (UCP) model 3 

 

 

4. CONCLUSION 

This study shows the results of a systematic literature review of software cost estimation in the GSD 

context. This result highlights that the software industry is rapidly adopting a GSD culture. This pace of 

globalization encouraged us to identify the cost factors that can affect software project management in general 

and software cost estimation specifically for GSD projects. The objective of this paper was to present the state-

of-the-art software cost estimation model and techniques available with GSD context, along with cost drivers 

affecting the accuracy of cost estimation. We used SLR to accomplish the stated research goal to achieve our 

desired goal. In the primary search after title scanning, 372 articles were selected for introduction and 

conclusion, whereas only 78 articles were selected for full-text scanning. Finally, 27 research articles were 

selected for the primary study. It is important to highlight that out of 27 selected articles, only 24 discussed 

cost drivers, and 12 focused on cost estimation techniques. SLR identified 86 cost drivers in the GSD context; 
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however, based on frequency, 26 cost drivers are considered significant cost drivers and recommended to be 

considered in GSD-based cost estimation. Studies highlight that researchers are still working on GSD-based 

cost estimation model/techniques. Current reported techniques are still in experimental stages and most models 

are yet to validate. 

 

 

APPENDIX 

 

 

Table 7. Identified GSD-based cost drivers 
S. No Cost driver Studies Frequency Percentage 

1 Language and cultural 

differences 

S1, S2, S3, S4, S6, S7, S8, S9, S10, S11, S12, S14, S15, 

S16, S17, S18, S21, S24, S25, S26 

20 83.33 

2 Time zone difference S1, S3, S4, S5, S6, S7, S8, S9, S10, S11, S12, S15, S16, 

S17, S18, S24, S25, S26 

18 75.00 

3 Communication S1, S2, S3, S5, S6, S7, S8, S9, S10, S11,S12, S13, S14, S16, 

S25, S26 

16 66.67 

4 Geographic distance S1, S2, S4, S6, S7, S8, S9, S10, S12, S14, S15, S16, S21, 

S25, S26 

15 62.50 

5 Project management 

effort 

S3, S4, S6, S8, S9, S10, S12, S13, S15, S16, S17, S18, S24, 

S25, S26 

15 62.50 

6 Team trust S3, S5, S6, S7, S8, S9, S10, S12, S14, S15, S18, S24, S25, 

S26 

14 58.33 

7 Process model S1, S3, S4, S6, S8, S9, S10, S15, S17, S18, S24, S25, S26 13 54.17 

8 Knowledge 

management 

S3, S4, S6, S7, S8, S10, S12, S13, S14,S16 10 41.67 

9 Competence level S3, S6, S8, S9, S10, S11, S13, S16, S21, S25 10 41.67 

10 Team size S3, S4, S5, S8, S10, S14, S16, S23, S26 9 37.50 

11 Client involvement S3, S4, S5, S8, S10, S14, S25, S26 8 33.33 

12 Requirement 

legibility 

S3, S6, S8, S10, S12, S13, S16, S25 8 33.33 

13 Development 

productivity 

S3, S4, S7,S8, S10, S11, S16, S26 8 33.33 

14 Design and 

technology newness 

S3, S4, S8, S10, S14, S16, S26 7 29.17 

15 Reuse S3, S4, S6, S8, S10, S12, S14, S16 7 29.17 

16 Process maturity S6, S7, S8, S9, S12, S13, S25 7 29.17 

17 Process compliance S3, S7, S8, S10, S12, S16, S25 7 29.17 

18 Project management 

effort 

S3, S4, S8, S10, S16, S25, S26 7 29.17 

19 Travel cost S3, S7, S8, S10, S14, S16 6 25.00 

20 Rework S3, S4, S8, S10, S12, S16 6 25.00 

21 Shared resources S3, S5, S6, S7, S8, S10, S12 6 25.00 

22 Work pressure S3, S5, S8, S10, S12, S26 6 25.00 

23 Delay response S3, S5, S8, S10, S14, S18 6 25.00 

24 Task allocation S3, S8, S10, S12, S13, S26 6 25.00 

25 Project effort S3, S4, S8, S10, S16, S26 6 25.00 

26 Contract design S6, S9, S16, S17, S24, S25 6 25.00 

27 Organizational 

difference 

S2, S6, S7, S8, S10 5 20.83 

28 range of parallel 

sequential work 

handover 

S3, S4, S8, S10, S16 5 20.83 

29 Defect density S3, S4, S8, S10, S16 5 20.83 

30 Product architecture S6, S8, S9, S10,S21 5 20.83 

31 Product complexity S8, S13, S23, S26 4 16.67 

32 Buyer project 

manager 

S6, S9, S18, S24 4 16.67 

33 Outsourcer fit S6, S9, S18, S24 4 16.67 

34 Provider outsourcing 

Experience 

S6, S9, S18, S24 4 16.67 

35 Provider project 

managers 

S6, S9, S18, S24 4 16.67 

36 Change management 

activities 

S6, S12, S13, S14 4 16.67 

37 Code size S4, S8, S10, S26 4 16.67 

38 Intellectual property S2, S7, S12, S14 4 16.67 

39 Tool and 

infrastructure 

S6, S9, S14, S21 4 16.67 

40 Unrealistic milestones S3, S5, S8, S10 4 16.67 

41 Exchange rate 

fluctuation 

S8, S9, S10 3 12.50 
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Table 7. Identified GSD-based cost drivers (Continue) 
S. No Cost driver Studies Frequency Percentage 

42 Information sharing 

constraints 

S6, S9, S21 3 12.50 

43 Novelty of collaboration 

model 

S6, S9, S21 3 12.50 

44 Platform volatility S8, S10, S26 3 12.50 

45 Unavailability of concerned 

person 

S5, S8, S10 3 12.50 

46 Common experience S4,S6, S13 3 12.50 

47 Social factors S2, S8, S10 3 12.50 

48 Coupling between tasks S6, S7 2 8.33 

49 Criticality S6, S13 2 8.33 

50 Formality of task description S6, S13 2 8.33 

51 Infrastructure S9, S12 2 8.33 

52 Local government S7,S14 2 8.33 

53 Number of sites S6, S13 2 8.33 

54 Overoptimism S8,S11 2 8.33 

55 Precedentedness S6, S21 2 8.33 

56 Resource cost S7, S14 2 8.33 

57 Rules/laws S8, S10 2 8.33 

58 Shared understanding S9, S21 2 8.33 

59 Training meeting/session S8, S10 2 8.33 

60 Vendor selection S9, S25 2 8.33 

61 Computer/application 

platform 

S6, S23 2 8.33 

62 Analyst ccapability S6 1 4.17 

63 Changing staff level S11 1 4.17 

64 Collaboration S9 1 4.17 

65 Concurrency S23 1 4.17 

66 Customer participation S13 1 4.17 

67 History of working together S7 1 4.17 

68 Intensity S23 1 4.17 

69 Lack of control S2 1 4.17 

70 Lack of transparency S14 1 4.17 

71 Lack of uniform processes 

among different team 

S12 1 4.17 

72 Learning curve S11 1 4.17 

73 Maturity level of vendor S14 1 4.17 

74 Mishandled dependencies S14 1 4.17 

75 Novelty of software to be 

developed 

S9 1 4.17 

76 People interest S3 1 4.17 

77 Personnel continuity S6 1 4.17 

78 Political risk related to 

international relations 

S14 1 4.17 

79 Poor visibility S14 1 4.17 

80 Process issues S6 1 4.17 

81 Reliability S14 1 4.17 

82 Slow decision making S14 1 4.17 

83 Tester risk factor S16 1 4.17 

84 Unsystematic handover S14 1 4.17 

85 Global team trust S27 1 4.17 

86 Global team composition S27 1 4.17 
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