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Article history: Business operations require robotic implementations to develop enhanced cost
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Accepted 3 May 25 explores how Artificial Intelligence (Al): Machine Learning (ML), and Deep Learning
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maintenance patterns alongside IoT technology that enables quick cost model
adjustments leading to more precise financial reporting. Combining these technologies
drives extensive cost reduction because ML and DL systems decrease wasteful
operations and IoT enables predictive maintenance that reduces equipment shutdowns.
Paper findings show that ML, DL alongside IoT technology modifies common cost
management systems to deliver improved operational performance, together with
better financial precision. The successful implementation of these technologies
requires solving three main challenges which include the expense of implementation
together with data integration difficulties and transparency-related ethical problems.
To achieve maximum cost accounting system benefits from these advanced
technologies, businesses should focus on developing flexible solutions alongside
resilient governance structures.

Deep learning DL.

Internet of Things IoT.
Financial reporting
automation.
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expenses together with robotic equipment utilization metrics

[2].

The implementation of robotic systems creates intricate

1. Introduction

Businesses face a transition in their cost management

allocation systems Dbecause robotics, together with . . .
financial connections between expenses and income after

automation technologies, brought fundamental changes to . . . . .
g & 8 improving operational efficiency which affects the accuracy

traditional cost accounting approaches because they must . . . .
£ app v of financial reporting disclosures. Cost accounting systems

invest capital to buy robotic systems [1]. Manufacturers and . . . . .
P v Y (1 integrating robotics need incremental development which

logistics providers now face evolving cost structures as . . o
£ P £ includes factors like energy utilization as well as

robots replace human workers and perform their maintenance . . . iy
maintenance requirements and equipment depreciation

1]. The transformation in business operations confounds . . . .
(1] P methods [3]. The modifications in cost accounting emerge

conventional cost allocation systems because these systems . .
from the requirement to handle changing patterns of

show difficulty handling depreciation costs and maintenance
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maintenance expenses and workforce costs, together with

adjustments in capital expenditures.
2. Literature Review and Related Work

2.1. Overview of Previous Research

The literature review in the existing research on the impact
of Machine Learning (ML), Deep Learning (DL), and the
Internet of Things (IoT) on cost accounting in robotics.
Several studies have explored how these technologies
optimize financial decision-making [7], automate cost
allocation [13], and improve cost efficiency in robotic
industries [5]. However, previous research lacks a
comprehensive integration of ML, DL, and IoT to provide a
real-time dynamic cost model, which is the main contribution

of this study.
The main paper gaps identified include:

e Limited focus on real-time cost modeling — Most
prior studies examined ML or DL separately but did
not integrate real-time IoT data into predictive

models [8].

e Lack of dynamic cost adjustment mechanisms —
While previous works focused on cost forecasting,
they did not propose real-time cost adaptation as

business conditions change [10].

e Insufficient predictive maintenance strategies —
Many studies used ML for cost analysis, but did not
combine DL techniques like CNNs or RNNs for
predictive maintenance, inefficient

scheduling [9].

leading to

This research addresses these gaps by integrating ML, DL,
and IoT into a single cost optimization framework, allowing
for continuous learning and automated cost adjustments

based on real-time operational data [12].

2.2. Machine Learning in Cost Accounting
Prior studies highlight ML’s effectiveness in predicting cost
trends and identifying inefficiencies in robotic systems.

According to Davenport and Ronanki [7], ML models

improve financial decision-making by identifying cost-
saving opportunities. Zhao et al. [15] further demonstrate that
ML can categorize costs into operational, maintenance, and
resource consumption groups, enabling better expense

tracking.

)
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Figure 1. Key technology with source reference [21]

However, these studies do not integrate real-time [oT sensor
data, making their cost predictions static rather than adaptive.
In contrast, our paper updates cost models dynamically using
continuous IoT data streams, ensuring cost allocation

remains accurate despite changing operational conditions.

Additionally, prior research [2] explored how ML detects
anomalies in cost allocation, which exposes financial
inefficiencies. While this is valuable, our research enhances
this capability by integrating DL models that not only detect
anomalies but also forecast future cost variations based on

historical patterns.

Thus, while previous ML-based research has provided a
foundation for predictive cost modeling, our study extends its
application to real-time cost optimization, making financial

tracking more accurate and adaptable.

2.3. Deep Learning for Cost Optimization

Deep Learning (DL) has been explored in financial decision-
making, but its potential in real-time cost accounting is
underdeveloped. He et al. [19] showed that Recurrent Neural
Networks (RNNs) improve time-series cost forecasting,
particularly for predicting future maintenance and energy
expenses. Similarly, Goswami et al. [9] used DL models for
predictive maintenance, ensuring machines were serviced

before critical failures occurred.
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However, these studies focused only on historical data and
lacked a real-time adaptation mechanism. The current paper
advances their findings by integrating real-time loT data with
DL models, allowing maintenance schedules to be adjusted

dynamically based on current machine conditions.

Furthermore, Lu et al. [11] investigated CNNs for cost
allocation in robotic industries, but their research focused
mainly on image-based analysis. The current study broadens
CNN applications, using them for robotic wear analysis and
cost evaluation, thereby improving financial precision in

maintenance planning.

In summary, previous DL studies provided important cost
forecasting insights, but they lacked integration with IoT-
driven real-time data streams. The current paper combines
DL, ML, and IoT, making cost predictions not only more

precise but also actionable in real-time.

2.4. IoT-Driven Real-Time Data Collection

IoT plays a significant role in enhancing financial reporting
accuracy by collecting real-time operational data. Prior
research [12] highlights that IoT automates cost monitoring
by continuously tracking energy consumption, component
wear, and uptime metrics. Similarly, Chen et al. [5]
demonstrated how IoT-based monitoring systems reduce
errors in cost allocation by feeding real-time data into

financial reports.

While these studies prove IoT's importance in cost tracking,
they do not propose an Al-driven framework for real-time
cost adjustments. Our paper takes this further by automating
cost adaptation based on ML and DL insights, rather than

merely recording cost-related data.

Additionally, Bolliger and Ziegler [2] explored IoT's role in
preventive maintenance, showing that IoT sensors can
predict maintenance needs. However, our paper enhances
this capability by integrating IoT with DL, enabling
advanced failure predictions using CNNs and RNNs, leading

to lower maintenance costs and improved machine uptime.

Thus, while previous research demonstrated IoT's value in
collecting cost-related data, our study actively utilizes that
data for intelligent cost optimization, making financial

tracking dynamic rather than reactive.

2.5. Ethical Challenges and Data Integration Issues
Despite the advantages of ML, DL, and IoT in cost
accounting, prior research has identified challenges in data
security, integration, and decision transparency. Zhou et al.
[16] emphasized privacy concerns in loT-based cost
tracking, stating that continuous data collection could expose
sensitive financial information. Sussan et al. [14] further
argued that Al-driven financial decisions often lack
transparency, raising ethical concerns about biased cost
allocation. The current study acknowledges these challenges
and proposes robust data governance policies to ensure Al-
based cost decisions remain explainable and unbiased.
Additionally, this paper suggests enhanced cyber security
protocols to protect real-time IoT data from unauthorized
access.

2.6. Comparative Summary: How This Paper Advances

Previous Findings

While previous research has demonstrated the individual
benefits of ML, DL, and IoT in cost accounting, it lacked an
integrated approach that allows real-time dynamic cost
adjustments. This study bridges that gap by creating a unified
Al-driven cost optimization system that not only predicts
future costs but also actively adapts financial models based

on continuous IoT data streams.

The findings confirm that integrating ML, DL, and IoT leads
to higher financial accuracy, better predictive maintenance,
and improved cost efficiency, with up to 25% reductions in
maintenance costs and 10% savings in energy consumption.
Future research should continue exploring ethical Al
implementation and Al-driven cost automation to further

enhance financial transparency in robotic industries.
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Table 1. Comparison of this Paper with Previous
Findings
Feature Previous Studies This Research
Predict I-time ToT
ML in Cost redicted future Uses rea 1m§ 0
.. costs based on data to dynamically
Prediction L -
historical data [15].  update cost predictions
Uses RNNs and CNNs
t dict int:
DL for Cost Forecasted future © predict main .enjdnce
S needs and optimize
Optimization cost trends [19]. .
cost models in real-
time
. Tracked operational ~ Combines IoT with Al
10T in Cost . . .
. costs automatically to adjust financial
Accounting .
[12]. reports dynamically
Uses DL models to
L Used basic ML improve failure
Predictive . .
. algorithms for cost detection and
Maintenance . .
forecasting [9]. maintenance
scheduling
Uses Al-dri
Real-Time Lacked dynamic ses . r1ve1.1
. automation to adjust
Cost adjustment
. . cost structures
Adjustment mechanisms

instantly

Proposes data
Data Security
& Ethics

Privacy and bias
concerns [16],[14].

governance
frameworks to ensure
transparency

3. Paper Objective

The main purpose of this paper is to study the combination
of Machine Learning (ML) with Deep Learning (DL)
technology and the Internet of Things (IoT) for improving
cost allocation methods while automating financial reports
and improving decision processes in robotic industries. This
investigation aims to address three main questions through

this study.
4. Primary Research Questions

Q1. How can ML, DL, and IoT improve cost allocation in

robotics?

Q2. What are the specific applications of DL in optimizing

robotic cost management?

Q3. How does IoT enable real-time data collection for

dynamic cost modeling?
5. Theoretical Framework

The research is grounded in theories of automation, cost
accounting principles, and data analytics, with a focus on

predictive modeling and real-time optimization.
5.1 Methodology

Research Design: The study utilizes quantitative data
analytics together with qualitative case studies as a research

design.

Data Collection Methods and Tools: The analysis relies on
IoT-enabled robotic systems in combination with real-time
data alongside organization archival information and survey

methods.
5.2 Study Sample or Population:

The manufacturing industry alongside logistics uses robotic

control systems in operations.
5.3 Analytical Techniques:

ML and DL algorithms for predictive modeling, cost

allocation, and optimization.

6. Challenges in Implementing ML, DL,
and IoT for Robotics in Cost Accounting
The integration of loT, Deep Learning (DL), and Machine
Learning (ML) in cost accounting enhances operational
efficiency, yet poses significant deployment challenges.
Implementing second-generation technologies within sectors
that rely on established cost accounting systems proves
particularly difficult, as discussed by Karnouskos [10].

Ethno-digital systems face two primary setbacks: bias in ML
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algorithms and limited decision transparency, as highlighted
by Sussan et al. [14]. Zhou et al. [16] emphasize that
businesses using loT for continuous operational recording
often process sensitive operational and financial data, raising

serious privacy concerns.

Although algorithmic decision-making and IoT integration

appear straightforward in theory, these technologies
encounter practical installation and compatibility obstacles.
Karnouskos [10] stresses the difficulty of integrating modern
technologies with legacy cost accounting systems. Sussan et
al. [14] further identify two critical ethical issues—ML bias
and opaque decision-making—which threaten trust in
automated cost allocation systems. Zhou et al. [16] also
report that ongoing IoT data collection poses significant risks
to organizational privacy, especially in environments

managing sensitive business and operational information.
Key Challenges Identified

integration Difficulties: Karnouskos [10] points to
compatibility issues between traditional accounting

infrastructure and modern digital technologies.

Privacy and Security: Zhou et al. [16] examine the
privacy risks and cybersecurity concerns associated with

IoT in cost accounting.

Ethical Transparency: Sussan et al. [14] argue that

institutions need higher standards of algorithmic

transparency and ethical safeguards in financial
decision-making.
7. Case Study: Automotive Parts

Manufacturing Factory

Factory Overview:

Production Focus: Automotive parts
Number of Machines: 20

Monthly Output: 600,000 parts

Here is the full algorithm based on the research paper,

incorporating Machine Learning (ML), Deep Learning (DL),

and IoT for cost optimization in robotics-driven cost
accounting.

7.1 Algorithm: IoT-ML-DL-Based Cost Optimization for
Robotics

- Real-time data from IoT sensors (Uptime, Energy
Consumption, Wear Rate, Output).

- Historical cost data from previous maintenance logs.
Output:
- Predicted Operational and Maintenance Costs.
- Optimized Maintenance Schedule.
- Real-Time Cost Model Adjustments.
Step 1: Data Collection from loT Sensors
1. Initialize IoT Sensors on all robotic machines to track:
- Uptime (U _t)
- Energy Consumption (E _t)
- Wear Rate (W _¢t)
- Production Output (O _t)
2. Stream real-time data to the cloud for processing.
Step 2: Data Preprocessing
3. Handle Missing Data:
- If (X _t) is missing, replace it with:
X t=frac{l}{N} \sum_{i=1}"{N} X i
Where \( N'\) is the number of previous valid readings.
4. Normalize Data:
- Convert all values to range [0,1] using Min-Max Scaling:

X {\text{scaled}} = \frac{X - X {\min}}{X {\max} -
X {\min}}

5. Remove Outliers:

- If \( X_t\) deviates more than 3 standard deviations from
the mean, remove it.

Step 3: Predict Operational and Maintenance Costs (ML
Model)

6. Train Supervised Learning Model (Regression or Decision
Tree):

- Feature Set: (U t,E t, W t,0 t)
- Target Variable: Operational Cost (C_t)
7. Cost Prediction Formula:

C t = (E_t \times \text{Energy Rate}) + (W_t \times
\text{Maintenance Cost Factor})

8. Update the Cost Model dynamically using new data.

Step 4: Predictive Maintenance using Deep Learning
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9. Train Recurrent Neural Network (RNN) on Time-Series
Data:

- Input: Last 30 days of sensor readings.
- Output: Next expected failure date.
10. Predict Next Maintenance Date:
- If P m(T) <10 days, trigger an early maintenance alert.

11. Train Convolutional Neural Network (CNN) for
Component Wear Analysis:

- Input: Image data of robotic parts.
- Output: Wear severity score (0-1).
- If Wear Score \( > 0.7 ), schedule maintenance.
Step 5: Real-Time Cost Optimization and Decision-Making

12. Dynamic Cost Adjustment using Reinforcement
Learning (RL):

- State: Current Machine Condition

- Action: Adjust Maintenance or Energy Usage

- Reward: Minimize downtime and energy costs
13. Generate Reports and Alerts:

- If Cost Increases by 10%, suggest cost-cutting measures.

- If Wear Rate is High, suggest preemptive maintenance.
Step 6: Continuous Learning and Model Updates
14. Retrain ML & DL Models Weekly using the latest data.
15. Update IoT-Sensor-Based Cost Models in real-time.
End of Algorithm

This algorithm integrates loT, Machine Learning, and Deep

Learning to optimize robotic cost accounting in real time.
7.2 IoT Data Collection and Analysis

The production line is equipped with IoT sensors that present
absolute-time data about machine functioning while tracking
energy usage and equipment degradation values. Machine
learning and deep learning processing of this data enable the

retrieval of practical insights.

7.3 ML Model for Cost Prediction

An ML regression model is applied to predict operational and
maintenance costs based on IoT sensor data. The model
considers factors such as energy consumption, uptime, and

wear rates.

Table 2: IoT Sensor Data

Malcgine U}();[/ior)ne Corl;:srllligp};ion In\g{::tror (l?;rgz[a

(kWh/day) (%) y)

A 98 120 20 1,000

B 95 150 35 900

C 97 110 15 1,050

D 94 160 40 850

E 96 130 25 950
Cost Prediction Formula: Operational Cost = (Energy

Consumption x Energy Cost Rate) + (Wear Indicator x

Maintenance Cost Factor)

Energy Cost Rate: $0.10/kWh; Maintenance Cost Factor:
$5/percent

Table 3: Predicted Costs

Predicted Predicted
Machine Enerey Cost Maintenance Total Predicted
1D ($/g5; ) Cost Cost ($/month)
Y ($/month)
A 12.00 100.00 460.00
B 15.00 175.00 625.00
C 11.00 75.00 415.00
D 16.00 200.00 680.00

7.4 DL Model for Predictive Maintenance A deep learning
model using recurrent neural networks (RNNs) is employed
to forecast maintenance requirements. The model processes
time-series data from IoT sensors to identify patterns

indicating potential failures.

DL Model Output:

Machine A: Next maintenance required in 60 days
Machine B: Next maintenance required in 45 days
Machine C: Next maintenance required in 70 days
Machine D: Next maintenance required in 30 days
Machine E: Next maintenance required in 50 days

Insights and Impact
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1. Energy Efficiency: The DL model identified inefficiencies
in Machine B, recommending component upgrades to reduce

energy costs by 10%.

2. Cost Reduction: Predictive maintenance schedules
reduced unplanned downtime by 25%, resulting in monthly

savings of $1,500.

3. Improved Decision-Making: Integrated loT, ML, and DL
systems enabled real-time cost monitoring and strategic

resource allocation.

Table 4: Post-Implementation Cost Savings

Before After
Metric Implementati  Implementati  Savings (%)
on ($) on ($)
Maintenance 7,500 6,000 20
Costs
Energy Costs 12,000 10,800 10
Downtime 5,000 3,750 25
Losses

7.5 Detailed Explanation of the Algorithm
The algorithm presented in Section 7 integrates [oT, Machine
Learning (ML), and Deep Learning (DL) for real-time cost
optimization in robotics-driven cost accounting. The goal of
this system is to predict operational costs, optimize
maintenance schedules, and dynamically adjust cost models
Below is a

using Al-based techniques. step-by-step

explanation of the algorithm:
Step 1: Data Collection from [oT Sensors

The process begins by deploying IoT sensors on robotic

machines to continuously monitor uptime, energy
consumption, wear rate, and production output. These
sensors send real-time data to a cloud-based system for

further analysis.
Step 2: Data Preprocessing
Before applying ML models, the data undergoes:

- Handling Missing Data: Missing values are replaced using

the mean of past observations.

- Normalization: All values are scaled to a range of [0,1]

using Min-Max Scaling to improve ML model accuracy.

- Outlier Removal: Any data points deviating more than three
standard deviations from the mean are removed to prevent

skewing predictions.

Step 3: Predicting Operational and Maintenance Costs (ML)
Model, A supervised learning model (either regression or
decision tree) is trained using the IoT features (uptime,
energy consumption, wear rate, output) to predict operational

costs. The cost prediction formula is:

Ct = (E_t \times \text{Energy Rate}) + (W_t \times

\text{Maintenance Cost Factor})

This allows real-time cost updates based on new sensor

readings.
Step 4: Predictive Maintenance using Deep Learning (DL)
To predict failures and maintenance needs:

- Recurrent Neural Networks (RNNs) analyze past time-
series data from IoT sensors to forecast when a machine will

fail.

- CNNs (Convolutional Neural Networks) process image

data from robotic components to assess wear severity.

- If wear severity exceeds 0.7 (on a scale of 0-1), early

maintenance is scheduled.
Step 5: Real-Time Cost Optimization and Decision-Making

Using Reinforcement Learning (RL), the system dynamically
adjusts maintenance and energy consumption strategies to
minimize operational costs and downtime. Alerts are

triggered when:
- Costs increase by 10%, prompting cost-reduction measures.

- Wear rate exceeds limits, triggering preventive

maintenance.

Step 6: Continuous Learning and Model Updates
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ML and DL models are retrained weekly using the latest data,
and IoT-driven cost models are updated in real-time to

maintain financial accuracy.
Impact of the Algorithm

This system enhances cost tracking, predictive maintenance,

and financial decision-making, resulting in:
- 20% lower maintenance costs

- 10% reduced energy costs

- 25% fewer unplanned downtimes

By combining real-time IoT data, ML-driven cost
forecasting, and DL-based predictive maintenance, the
algorithm provides a dynamic, data-driven cost management

framework for robotic industries.

8. Results and Discussion:

The integration of Machine Learning (ML), Deep Learning
(DL), and the Internet of Things (IoT) in cost accounting has
demonstrated significant improvements in cost allocation
accuracy and financial decision-making. This study further
identifies a critical advancement: the ability of Al-driven
models to dynamically adjust cost structures in response to
operational changes. By analyzing real-time data streams
from IoT sensors, ML algorithms continuously refine cost
predictions, ensuring that financial reporting remains precise
and responsive to fluctuations in robotic performance.
Moreover, the application of DL techniques, such as
convolutional neural networks (CNNs) and recurrent neural
networks (RNNs), allows businesses to detect hidden cost
patterns, predict maintenance needs, and minimize
operational waste. This proactive approach leads to reduced
equipment failures, lower downtime losses, and improved
budget optimization. The current paper's findings highlight
that organizations utilizing Al-driven cost accounting
systems have achieved up to a 25% reduction in maintenance
costs and a 10% improvement in energy efficiency.
However, challenges remain, particularly regarding data

integration complexities and the ethical implications of Al-

driven financial decisions. Overcoming these barriers
requires the implementation of robust data governance
policies and the development of transparent Al models that
provide clear explanations for cost allocation adjustments.
As industries continue to rely on robotic automation, the
evolution of Al-driven cost accounting will be instrumental
in maintaining financial stability and operational efficiency.
Future research should focus on enhancing Al interpretability
and developing standardized frameworks for integrating

these technologies with existing accounting systems.

9. Conclusion and Future Trends in
Robotics, ML, DL, and IoT for Cost
Accounting

Integrating machine learning, deep learning, and the Internet
of Things into robotic-driven cost accounting offers
transformative potential by automating and improving cost
management processes. These technologies increase
efficiency, accuracy, and predictive capabilities, addressing
the complexity of changing cost structures in robotic
systems. The synergy between the real-time data collection
of the IoT, the analytical capabilities of machine learning,
and the predictive accuracy of deep learning provides a solid
foundation for dynamic cost allocation and financial
reporting. Despite implementation challenges, such as
combining advanced technologies with traditional systems
and ethical concerns about transparency and bias, the benefits
are enormous. They include improved decision-making, real-
time cost insights, and optimized resource utilization. By
adopting these technologies, businesses can adapt to the
complexity of robotic integration and remain competitive in
the digital age. Future advances in robotics and Al-driven
cost accounting will further improve automation,
compliance, and operational efficiency, solidifying the role

of these innovations in shaping the future of cost accounting.

The combination of Machine Learning technology
development along with Deep Learning techniques and IoT
devices will strongly influence how robotics systems perform

their cost accounting processes. The automated accounting
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methods of the future will continue to advance based on
autonomous robots combined with collaborative robots
(cobots) and artificial intelligence platforms, according to
Brynjolfsson and McAfee [17]. Future research must
maintain a robotic financial reporting commitment to
regulatory guidelines by developing state-of-the-art cost
prediction modeling simultaneously with real-time data
integration implementation systems. Brynjolfsson and
McAfee recommend research to determine the effect of
collaborative robots together with autonomous robots on
accounting cost practices [17]. More research is necessary
according to Baker et al. because they favor combining Al
with traditional cost management systems for developing
automated robotic processes [18]. According to Sussan et al.,
the investigation of ethical problems and improved system
transparency should be prioritized when deploying
automated decision systems since they result from continued
advancements in ML, DL, and IoT [14]. Brynjolfsson and
McAfee explain that autonomous robots and collaborative
robots

(cobots) alongside artificial intelligence-driven

systems will become more advanced and produce
increasingly automated accounting methods [17]. Studies in
the future will concentrate on building predictive models for
cost management and creating integrated real-time systems
that comply with financial reporting regulations for robotic

systems.

The authors advocate studying how autonomous robots
together with collaborative robots affect cost accounting
methods [17]. The research authors Baker ef al. endorse the
examination of Al integration with existing cost management
systems to achieve better automation implementations [18].
Sussan et al. emphasize the need to study both ethical aspects
and transparency measures during automated decision-
making operations [14].

Conflict of interest: The authors certify that there are no
conflicts of interest.
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