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Algorithm 1 Distributed Best-Response Algorithm for Computation Offloading Game
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The algorithm’s structure is formally outlined below, illustrating how each v
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𝑈𝑈 ∈ [𝑑𝑑𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒, 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡, 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎, 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚]

𝑀𝑀 𝑆𝑆𝑗𝑗+1 𝑆𝑆𝑗𝑗
∆𝑆𝑆𝑗𝑗(𝑀𝑀𝑀𝑀)

∆𝑆𝑆𝑗𝑗(𝑀𝑀𝑀𝑀) = (𝑈𝑈, 𝑀𝑀, 𝑆𝑆𝑆𝑆𝑗𝑗).

(𝑈𝑈, 𝐴𝐴, 𝑆𝑆𝑆𝑆, 𝐸𝐸).

A

𝐴𝐴 ∈ [𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶, 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅, 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈, 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷].

𝑆𝑆𝑆𝑆 𝑈𝑈
𝐴𝐴

𝐸𝐸

 

 

–

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 > 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 > 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 > 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅.

–
All spreadsheet’s resources inherit access ru

–
𝑆𝑆𝑗𝑗+1

𝑆𝑆𝑗𝑗 𝑆𝑆𝑗𝑗+1



 

𝑀𝑀

𝑀𝑀 = (𝑆𝑆, 𝐼𝐼, 𝑅𝑅, 𝐿𝐿).
𝑆𝑆
𝐼𝐼 𝐼𝐼 ⊆ 𝑆𝑆
𝑅𝑅 𝑅𝑅 ⊆ 𝑆𝑆 × 𝑆𝑆
𝐿𝐿 𝐿𝐿: 𝑆𝑆 → 2𝐴𝐴𝐴𝐴

𝑠𝑠 ⊆ 𝑆𝑆 𝑠𝑠′ ⊆ 𝑆𝑆 𝑅𝑅
𝐿𝐿 (𝐴𝐴𝐴𝐴)

𝜋𝜋 𝑠𝑠 𝜖𝜖 𝑆𝑆
𝜋𝜋 = 𝑠𝑠0, 𝑠𝑠1, … , 𝑠𝑠𝑛𝑛 𝑠𝑠0 = 𝑠𝑠 𝑅𝑅(𝑠𝑠𝑖𝑖, 𝑠𝑠𝑖𝑖+1) 0 ≤ 𝑖𝑖 < 𝑛𝑛

𝜙𝜙

• 𝑨𝑨 –
• 𝑬𝑬 –

• 𝑿𝑿 𝜙𝜙 – 𝜙𝜙
• 𝑭𝑭 𝜙𝜙 – 𝜙𝜙
• 𝑮𝑮 𝜙𝜙 – 𝜙𝜙
• 𝑝𝑝 𝑼𝑼 𝜙𝜙 – 𝜙𝜙 𝜙𝜙
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𝜋𝜋 = 𝑠𝑠0, 𝑠𝑠1, … , 𝑠𝑠𝑛𝑛 𝑠𝑠0 = 𝑠𝑠 𝑅𝑅(𝑠𝑠𝑖𝑖, 𝑠𝑠𝑖𝑖+1) 0 ≤ 𝑖𝑖 < 𝑛𝑛

𝜙𝜙

• 𝑨𝑨 –
• 𝑬𝑬 –

• 𝑿𝑿 𝜙𝜙 – 𝜙𝜙
• 𝑭𝑭 𝜙𝜙 – 𝜙𝜙
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…

𝑀𝑀
𝜙𝜙 

𝑀𝑀 ⊨ 𝜙𝜙 ⊨
“specification 𝜙𝜙 𝑀𝑀“.

 

MODULE VAR INIT ASSIGN
that depend on the nature of the analyzed problem and specific parameters. A module’s state variables 

VAR

ASSIGN



MODULE spreadsheet_t() 
VAR 

role:{developer,tester,analyst,manager}; 
a:{create,read,update,delete}; 
add_in:add_in_t(); 
named_object:named_object_t(); 
worksheet:worksheet_t(); 
 

MODULE add_in_t() 
VAR 

role:{developer,tester,analyst,manager}; 
a:{create,read,update,delete}; 
 

MODULE named_object_t() 
VAR 

role:{developer,tester,analyst,manager}; 
a:{create,read,update,delete}; 
 

MODULE worksheet_t() 
VAR 

role:{developer,tester,analyst,manager}; 
a:{create,read,update,delete}; 
table:table_t(); 
cell:cell_t(); 
 

MODULE table_t() 
VAR 

role:{developer,tester,analyst,manager}; 
a:{create,read,update,delete}; 
 

MODULE cell_t() 
VAR 

role:{developer,tester,analyst,manager}; 
a:{create,read,update,delete}; 
formula:formula_t(); 
 

MODULE formula_t() 
VAR 

role:{developer,tester,analyst,manager}; 
a:{create,read,update,delete}; 
 

MODULE main 
VAR 

spreadsheet:spreadsheet_t(); 

∆𝑆𝑆𝑗𝑗(𝑀𝑀𝑀𝑀)

spreadsheet_t()

MODULE spreadsheet_t() 
VAR    

attributes:{spreadsheet_attribute1,spreadsheet_attribute2}; 
role:{developer,tester,manager}; 
a:{create,read,update,delete}; 
add_in:add_in_t(); 
named_object:named_object_t(); 
worksheet:worksheet_t(); 

ASSIGN



MODULE spreadsheet_t() 
VAR 

role:{developer,tester,analyst,manager}; 
a:{create,read,update,delete}; 
add_in:add_in_t(); 
named_object:named_object_t(); 
worksheet:worksheet_t(); 
 

MODULE add_in_t() 
VAR 

role:{developer,tester,analyst,manager}; 
a:{create,read,update,delete}; 
 

MODULE named_object_t() 
VAR 

role:{developer,tester,analyst,manager}; 
a:{create,read,update,delete}; 
 

MODULE worksheet_t() 
VAR 

role:{developer,tester,analyst,manager}; 
a:{create,read,update,delete}; 
table:table_t(); 
cell:cell_t(); 
 

MODULE table_t() 
VAR 

role:{developer,tester,analyst,manager}; 
a:{create,read,update,delete}; 
 

MODULE cell_t() 
VAR 

role:{developer,tester,analyst,manager}; 
a:{create,read,update,delete}; 
formula:formula_t(); 
 

MODULE formula_t() 
VAR 

role:{developer,tester,analyst,manager}; 
a:{create,read,update,delete}; 
 

MODULE main 
VAR 

spreadsheet:spreadsheet_t(); 

∆𝑆𝑆𝑗𝑗(𝑀𝑀𝑀𝑀)

spreadsheet_t()

MODULE spreadsheet_t() 
VAR    

attributes:{spreadsheet_attribute1,spreadsheet_attribute2}; 
role:{developer,tester,manager}; 
a:{create,read,update,delete}; 
add_in:add_in_t(); 
named_object:named_object_t(); 
worksheet:worksheet_t(); 

ASSIGN

…

𝜙𝜙𝑠𝑠𝑠𝑠, 𝜙𝜙𝑠𝑠𝑠𝑠, 𝜙𝜙𝑠𝑠𝑠𝑠, 𝜙𝜙𝑤𝑤𝑤𝑤, 𝜙𝜙𝑤𝑤𝑤𝑤, 𝜙𝜙𝑐𝑐𝑐𝑐

𝜙𝜙𝑐𝑐𝑐𝑐, 𝜙𝜙𝑤𝑤𝑤𝑤, 𝜙𝜙𝑠𝑠𝑠𝑠
𝜙𝜙𝑠𝑠𝑠𝑠

fetched from author’s GitHub repository at [34].

next(spreadsheet.worksheet.a) := 
case 
spreadsheet.role=spreadsheet.worksheet.role) & \ 
(spreadsheet.a=read) & (spreadsheet.worksheet.a in \ 
update,create,delete}): read; 

 
(spreadsheet.role=spreadsheet.worksheet.role) & \ 
(spreadsheet.a=update) & (spreadsheet.worksheet.a in \ 
read,create,delete}): update; 

 
(spreadsheet.role=spreadsheet.worksheet.role) & \ 
(spreadsheet.a=delete) & (spreadsheet.worksheet.a in \ 
read,create,update}): delete; 

 
(spreadsheet.role=spreadsheet.worksheet.role) & \ 
(spreadsheet.a=create) & (spreadsheet.worksheet.a in \ 
read,update,delete}): create; 
     
TRUE : spreadsheet.worksheet.a; 

esac; 

𝐴𝐴𝐴𝐴 (𝑝𝑝 → 𝐴𝐴𝐴𝐴 𝑞𝑞)

The CTL temporal logic specification above should be interpreted as “for all execution paths globally, when 
𝑝𝑝 𝑞𝑞”. If we apply the above generic CTL specification i.e. 

check_ctlspec -p "AG \ 
((spreadsheet.role=spreadsheet.worksheet.role) & \ 
(spreadsheet.worksheet.role= \ spreadsheet.worksheet.table.role) & \ 
(spreadsheet.a=read) & (spreadsheet.worksheet.a=read) & \ 
(spreadsheet.worksheet.table.a in {update,create,delete}) \ 
-> AF spreadsheet.worksheet.table.a=read)" 

NuSMV > 
-- specification AG (((((spreadsheet.role = spreadsheet.worksheet.role & 
spreadsheet.worksheet.role = spreadsheet.worksheet.table.role) & spreadsheet.a = 
read) & spreadsheet.worksheet.a = read) & spreadsheet.worksheet.table.a in 
(update union create) union delete) -> AF spreadsheet.worksheet.table.a = read)  
is true 
NuSMV > 
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Extensive research has examined gamification’s impact on user engagement and loyalty across various sectors, 

mechanics into service delivery [19]. Research highlights gamification’s role in customer engagement an
marketplaces leveraging it to retain customers [27][28]. Studies on Shopee’s 

Meanwhile, recent studies have examined gamification’s impact on consumer behavior in e

…

studied gamification’s influence on impulse buying in food retail e

xamine gamification’s impact on repurchase intentions. Specifically, it investigates how social and 

 

 

the SOR framework, gamification elements (stimuli) trigger internal evaluations (organisms), such as users’ 

Perceived usefulness refers to users’ belief that a system adds value and enhan
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individual expectations [34],” trust in both e

 

formation and repurchase intention. The research focuses on Shopee and Tokopedia, Indonesia’s largest e

Analysis (CFA) to validate measurement constructs, followed by reliability testing (Cronbach’s Alpha) to assess 

…

 

of increasing difficulty on engagement. The organism phase captures users’ internal responses to stimuli, 

 

375 valid responses for analysis. Reliability testing using Cronbach’
(CR) requires values ≥ 0.7 [14][61]. Nine of the ten factors met this criterion, but the "point" factor failed 



It’s important to note that while points are fundamental in theory, their effectiveness depends on how 

sn’t necessarily mean that points are ineffective; rather, it suggests that the current 
measurement of their effectiveness or users’ perceptions may be limited in this context.



It’s important to note that while points are fundamental in theory, their effectiveness depends on how 

sn’t necessarily mean that points are ineffective; rather, it suggests that the current 
measurement of their effectiveness or users’ perceptions may be limited in this context.

…

[26][29][54]. To address Common Method Bias (CMB), Harman’s Single Factor Test ensured no single factor 

–
–

test confirmed significant agreement with study indicators (p ≤ 0.05, t
indicating that respondents generally align with the study’s measured factors.

 

presented in unstandardized form (β), accompanied 

→

→

→

→

→

→

→

→

→

→

Trust → Repurchase Intention (H11)
Habit → Repurchase Intention (H12)

B → CE → PU → H → RI
B → CE → PU → T → RI
B → CE → CS → H → RI
B → CE → CS → T → RI
R → CE → PU → H → RI
R → CE → PU → T → RI
R → CE → CS → H → RI
R → CE → CS → T → RI
C → CE → PU → H → RI
C → CE → PU → T → RI
C → CE → CS → H → RI
C → CE → CS → T → RI

Square value (χ²/df) is 2.505, which falls within the 



PU → T
PU → H
CS → T
CS → H
H → RI

 

ach’s Alpha (CA) 
criteria (≥ 0.7), leading to its removal from the model and the rejection of H1. However, hypotheses H2, H3, 
and H4 were accepted, with significant values of H2 (β = 0.114), H3 (β = 0.532), and H4 (β = 0.153), all 

values ≤ 0.001. Th

Further, the result of H5 (β = 1.370) and H6 (β = 1.027) confirmed significant relationships, supporting 

marketplaces. Similarly, H7 (β = 0.316) was supported, indicating that greater perceived value from 
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Two open-source datasets (the State Farm and the Driver Monitoring) were 
utilised to classify fifteen distinct types of driver distractions, enabling effective 
detection across diverse lighting conditions. Deep learning models like simpler CNN, 
VGG16, ResNet50, and YOLOv8, were utilised to detect distracted driving. Both 
VGG16 and ResNet50, which were pre-trained on the State Farm dataset and DMD, 
achieved high accuracy through transfer learning. Meanwhile, YOLOv8 demonstrated 
superior speed and detection efficiency in real-time. Each model was trained for 15 
epochs, and performance was carefully monitored to prevent overfitting. Figure 7 
illustrates examples of detected distracted driving behaviours. 
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normalisation. The VGG model’s performance is improved until it reached a peak training accuracy of 93.03%, 



 

model starts with an input layer of size (256×256×3). A ZeroPadding2D 
layer is applied to expand the input dimensions to (262×262×3).
• 

produce a feature map of (128×128×64).
• 

• MaxPooling2D reduces the spatial dimensions to (64×64×64).
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• 
ReLU are applied, resulting in an output of (64×64×64).

• 

• cing a (64×64×256) 

• 
(8×8×512) output, followed by BatchNorm (2,048 parameters) and 

• 
(8×8×2048).

• 
• 

• 

• 

• 



Table 7. Provides an overview of the YOLOv8 model’s architecture.
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s highlight YOLOv8’s superior adaptability and confirm its effectiveness 
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