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ABSTRACT -

In sixth sense devices, gesture recognition algorithms are essential for improving human-computer interaction by giving users a natural and intuitive way to interact
with digital interfaces. These algorithms convert physical motions into executable commands by interpreting and comprehending gestures. Users and sixth sense
devices can interact seamlessly and naturally thanks to the combined efforts of gesture recognition algorithms. The complexity of the gestures needed, the need for
real-time performance, and the particular hardware limitations of the sixth sense device all play a role in the algorithm selection.

l. Introduction

The term "sixth sense technology," coined by researcher and inventor Pranav Mistry, describes a wearable computing system that improves the interface
between the real and virtual worlds. By expanding the capabilities of our conventional five senses, Sixth Sense Technology aims to establish a smooth
and organic interface between people and digital information. Here, the term "sixth sense" refers to an extra layer of sensory and interactive experience
made possible by technology, not extrasensory perception. The technology seeks to improve the naturalness and intuitiveness of human-computer
interaction. It lowers the barriers between people and the digital world by enabling users to interact with digital information in a way that mimics real-
world actions and gestures. Sixth Sense gadgets are made to give users immediate access to pertinent data in real time. Users can access information
about things, people, places, and more by integrating digital data with the real world. This eliminates the need for conventional input methods like
keyboards and touchscreens. By enabling users to easily share information and communicate with others through digital interfaces, the technology
promotes improved connectivity. It makes social engagement and teamwork possible in virtual and real-world environments. Augmented reality
components are frequently included in sixth sense devices, superimposing digital data on the physical world. The user's view of the world is improved
by this integration because it offers contextually relevant data. By adjusting its responses and information delivery based on the user's environment,
location, and activities, the technology seeks to be context-aware. This flexibility improves user experience and adds relevance and personalization to
interactions. The majority of sixth sense devices are made to be carried or worn by the user, becoming an integral part of their everyday clothing. This
strategy guarantees that the technology is always available when needed, promoting constant and discrete communication.

The capacity of Sixth Sense Technology to identify and decipher gestures, movements, and actions is one of its main characteristics. Natural gestures can
be used by users to control and manipulate digital content, doing away with the need for traditional input devices. Gesture recognition plays a crucial role
in facilitating intuitive and natural communication with sixth sense devices by bridging the gap between digital interaction and human expression. A key
element of Sixth Sense Technology is gesture recognition, which improves user experience by enabling people to interact with digital interfaces in ways
that mimic their own gestures and facial expressions. A key factor in improving the naturalness, intuitiveness, and expressiveness of human-sixth sense
device interaction is gesture recognition. It supports Sixth Sense Technology's overarching objective of seamlessly integrating digital information into
our daily lives by simplifying the user interface and enhancing an immersive and engaging experience. Human communication depends largely on non-
verbal clues like body language, facial expressions, and hand gestures in addition to spoken words. By integrating these organic means of communication
into interactions with sixth sense devices, gesture recognition makes information delivery more comprehensive and expressive. Natural gestures provide
a deeper level of user engagement. Sixth sense devices transform from a distinct, technical object into an extension of the user by enabling natural gestures
for interacting with digital information. In turn, this strengthens the bond between the user and the technology. Quick and effective interactions are made
possible by gesture recognition. A simple wave, swipe, or other predefined gesture can be used by users to perform commands and actions, resulting in
quicker and more seamless information access. This efficiency is especially useful in situations where prompt action is necessary.
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1. Literature Survey

The fields of human-computer interaction (HCI) and its use in virtual environments are the subject of extensive research. Using video devices for HCI,
researchers have attempted to detect the virtual object to control the system environment. A multitude of natural gestures can be identified, followed, and
evaluated by utilising the web cameras as the input device. We employed a variety of picture features and gesture templates to assist in achieving those
gestures. Active Shape Models (ASM) were used by Cootes et al. [7] to track deformable objects. Random sampling filters were introduced by M. Isard
et al. [8] in response to the requirement to represent multiple hypotheses during tracking. G. Kitagawa [9] used factored sampling and the condensation
algorithm to solve the visual tracking in clutter problem. Hojoon Park [10] used the angle between his thumb and index finger to click events and his
index finger to move the cursor. Chu-Feng Lien [11] controlled the mouse cursor with just his fingertips. His clicking technique was dependent on image
density and required the user to hold down the mouse cursor for a brief amount of time at the desired location. A. Erdem et al. [12] controlled the mouse's
motion using fingertip tracking. To initiate a mouse click, a screen was defined so that a click would happen whenever a user's hand crossed the designated
area. Robertson et al. [13] clicked using a different technique. They marked a clicking event with a thumb movement that went from a "thumbs-up" to a
fist. The mouse pointer moved when the hand made a specific hand gesture. Without the need for gloves or specialised colour objects, Shahzad Malik
[14] created a real-time system that can trace the thumb and index finger of each hand in both 3D position and 2D orientation. Nasser H. Dardas et al.
[15] created a gesture recognition system based on fingers for use in 3D gaming.

I11. Types of Gestures and Their Significance

A vital component of human communication, gestures are especially important when it comes to sixth sense devices because they allow users to interact
with digital interfaces in a natural and intuitive way. Different gestures have varied functions and convey different meanings. The following list of typical
gestures and their meanings :

e  Hand Gestures : Among the most common and organic ways to communicate nonverbally are hand gestures. They are frequently connected
to particular cultural expressions and have the ability to convey a wide range of meanings, from straightforward pointing to intricate
manipulations

e  Facial Expressions : Eye movements, raised eyebrows, frowns, and smiles are just a few examples of the many ways that facial expressions
can convey intent and feelings. Facial gestures enrich interactions and give communication an emotional context

e  Body Movements : Leaning forward, shaking one's head, and nodding are examples of body language that can be used to convey emphasis,
disagreement, or intent. They can add to or take away from the meaning that other gestures convey

e  Finger Movements : Certain finger gestures, like pointing, waving, or giving a thumbs-up, are frequently used to indicate approval, greet
someone, or indicate direction. They are simple to identify and incorporate into gesture-based communication

e  Postures and Poses : Pose and body language express a person's attitude, self-assurance, or openness. They aid in building rapport between
people and have the power to affect how the message is understood

e  Symbolic Gestures : Some gestures are universally understood as symbols, while others have culturally specific meanings. For instance, the
"V*" for victory, the "OK" sign, and the peace sign are examples of symbolic gestures with well-known meanings

e  Manipulative Gestures : Pushing, pulling, and grabbing are examples of physical manipulation gestures that can be used to interact with
virtual objects or the environment. These gestures are especially useful in situations involving virtual or augmented reality

e  Dynamic Gestures : Dynamic gestures are frequently used to express actions or a sense of flow, and they entail continuous movements. They
can be used to control interactive features in digital interfaces, like zooming and scrolling

e  Static Gestures : Static gestures are those in which you hold a specific position without moving at all. In digital interfaces, they are frequently
utilised for selecting options, signalling a state, or initiating particular commands

e Adaptive Gestures : Adaptive gestures dynamically alter according to the situation or the user's preferences. They make it possible to interact
with the digital world in a more tailored and aware way

Designing efficient and intuitive interactions for sixth sense devices requires an understanding of the meaning behind various gestures. The user
experience is improved overall when a range of gestures are included because they enable more expressive and subtle communication between users and
technology.

As a natural and intuitive method of communication between people and technology, gestures have a significant impact on improving the user experience.
A more interesting, user-friendly, and customised user experience is greatly enhanced by the incorporation of multiple gesture types in device interactions,
particularly when sixth sense technology is involved. Gestures imitate the organic motions and facial expressions that people use to communicate on a
daily basis. Gesture recognition and response shortens the learning curve for users by improving the intuitiveness of device interactions. Dynamic body
language and facial expressions add an expressive layer to interactions and help to convey emotions. As a result, users and technology have a stronger
emotional bond, which improves user engagement and relatability. Some input methods, like tapping, swiping, and pinching, can be faster and more
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effective than others. This makes navigating and interacting faster, which adds to a more efficient user experience. Multimodal communication enables
users to simultaneously convey multiple layers of information by combining different types of gestures. For instance, a hand gesture and facial expressions
can communicate the user's emotional state as well as a command. The ability to identify personalised or adaptive gestures enables the system to adjust
to the preferences of specific users. This degree of personalisation improves user satisfaction by creating an experience that is specifically catered to the
individual's communication preferences. Certain contexts or environments can be linked to particular types of gestures. For example, reaching out to pick
up an object in a virtual reality environment can be a gesture that makes sense for the situation. A more contextually relevant and immersive user
experience is enhanced by context-aware interactions. Certain messages or instructions can be communicated globally or within particular cultural
contexts through symbolic gestures and gestures with cultural significance. In addition to fostering inclusivity, this makes sure that user expectations and
cultural norms are met. Enhancing accessibility for users with varying physical abilities can be achieved by integrating an array of gestures. Gesture-
based interactions offer a different way to control for people who might have trouble using conventional input devices. The user experience can be made
more entertaining and engaging by using gestures. Natural gestures make using devices feel less robotic and more interactive, which improves user
experience and makes it more pleasurable. Immersion and gamification frequently make use of gesture-based interactions. It is possible for users to

interact physically with virtual environments, which improves the enjoyment and sense of presence in simulation or gaming applications.

The potential of various gesture types to improve user experience by fostering more natural, efficient, expressive, and personalised interactions is what
makes them relevant. Understanding and utilising a wide variety of gestures will be essential as sixth sense technology develops to ensure smooth and

intuitive interactions between people and digital interfaces.

IVV. Comparison of Gesture Based Algorithms

A summary of several well-liked gesture recognition algorithms, divided into computer vision and machine learning subcategories. Their performance

and suitability for sixth sense applications are the main topics of the tabular comparison:

Machine Learning Based Approaches —

Algorithm

Description

Strengths

Weaknesses

Suitability for Sixth
Sense Applications

Using deep learning

high  precision and

heavy computing load,;

Effective for

Convolutional Neural L capacity to pick up : recognizing complex
to recognise images | . . . . require a lot of labelled L
Network (CNN) . intricate spatial . gestures in sixth sense
and videos. data for training. L
features. applications.
. beneficial for sixth
may require a large -
. . . sense  applications
focused on temporal | ideal for capturing | amount of training .
Recurrent Neural . \ that  require  the
dependencies and | gestures temporal | data and have trouble -
Network (RNN) . recognition of
sequence data. aspects. with long-term .
. gestures  with a
dependencies.
temporal component.
e Ideal for simple or
. . . may find it difficult to . . p .
identifies the best | useful in tasks . binary classification
Support Vector . . . . learn overlapping and . .
. hyperplane to classify | involving binary tasks in applications
Machine (SVM) . L complex gesture | . . .
data points. classification. classes involving the sixth

Sense.

compares two

good at differentiating

Ideal for uses where

Dynamic Time | temporal sequences to . costly to compute for | notable variances in
- . between different-
Wrapping (DTW) see how similar they large datasets. gesture speed are
speed gestures. .
are. required.
Table 1 Comparison of Gesture Based Algorithms based on Machine Learning Approaches
Computer Vision Techniques—
Suitabili for Sixth
Techniques Description Strengths Weaknesses v L
Sense Applications
captures the ood at capturing organic
captures the positions p. ) hardware-specific 9 .p gorg
. L . motion's temporal . body motions for
3D Skeletal Tracking of skeletal joints using . and occlusion- L .
and spatial applications involving the

depth sensors.

dimensions.

sensitive.

sixth sense.
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- . might have Ideal for recording hand
utilises camera depth Performs well in a .
Depth-Based L L trouble with movements and
data to identify range of lighting - L .
Approaches . intricate hand conversations in a variety
gestures. circumstances. . S .
positions. of lighting scenarios.

Table 2 Comparison of Gesture Based Algorithms based on Computer Vision Techniques

The complexity of the gestures needed, the real-time performance required, and the particular hardware limitations of the sixth sense device are some of
the factors that determine whether these algorithms are appropriate. In order to achieve the required degree of accuracy and flexibility in human-computer
interaction, a combination of these algorithms is frequently used.

V. Machine Learning In Gesture Recognition

The accuracy of gesture recognition is greatly increased by machine learning models, such as neural networks, decision trees, and other algorithms. To
understand the relationship between input data (in this case, gesture features) and corresponding output labels (gesture classes), these models make use
of pattern recognition and classification techniques. In the context of gesture recognition, the following examines their function as well as the training
and validation procedures:

Role of Machine Learning Models in Gesture Recognition —
1. Neural networks, such as Recurrent Neural Networks (RNNs) and Convolutional Neural Networks (CNNs):

. Role: From input data, neural networks can learn complex hierarchical representations with great efficiency. RNNs are able to model
the temporal dependencies in gesture sequences, whereas CNNs are good at extracting spatial features from picture or video frames for
gesture recognition.

. Improvements: They are highly accurate and capable of picking up pertinent features on their own, which makes them ideal for capturing
complex gesture patterns.

2. Random Forests and Decision Trees:

e  Role: For both classification and regression tasks, decision trees and ensemble methods such as random forests are utilised. Decision
trees can be used in gesture recognition to generate decision rules based on features that are extracted.

. Enhancements: Random forests lessen overfitting, which improves generalisation and accuracy, and decision trees are comprehensible.
3. SVMs, or support vector machines:

e  Role: SVMs'role is to determine which hyperplane best divides various gesture classes. In gesture recognition, they work well for binary
and multiclass classification tasks.

. Improvements: SVMs offer a reliable classification solution, especially when there is a distinct boundary between various gesture
classes.

Data Feature Model
Collection [ ~| Extraction [ = Training
|
4
Validation and S Testing | Fine-Tuning
Evaluation Unseen Data Optimization
|
N4
Deployment

Fig 1 Training and Validation Processes for Machine Learning-Based Gesture Recognition
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To guarantee that machine learning models for gesture recognition are precise, reliable, and able to generalise to new data, training and validation
procedures are essential. These procedures work well when regularisation strategies, cross-validation, and meticulous dataset curation are used.

V1. Computer Vision Technigues

In order for systems to interpret and comprehend visual data, such as pictures or video frames, and recognise gestures with accuracy, computer vision
techniques are essential. There are various approaches used, each with advantages and disadvantages. The following computer vision methods are
frequently employed in gesture recognition:

Technique Description Use Cases and Applications

gathers depth data about the scene or
Depth Sensing objects using depth sensors (such as
Time-of-Flight cameras).
finds and extracts  pertinent
information from picture or video | For analysis, one can use edges, contours,
frames, frequently using patterns or | key points, or texture patterns.
important points as a basis.
uses pixel value changes to
Background Subtraction distinguish foreground objects—Ilike
hands—from the background.
identifies gestures or actions by
Motion Analysis examining how objects or body parts
move across a series of frames.
computes the pixel movement
Optical Flow between successive frames to depict
the object flow in the scene.
detects and examines linked areas or
Blob Analysis blobs in an image; frequently used to
distinguish between different objects.
Histogram of Oriented captures local gradient information to gesture identification, object recognition,
represent patterns and shapes of

Gradients (HOG) . . . and human detection.
objects in an image.

hand tracking, 3D mapping, interaction,
and gesture recognition.

Feature Extraction

Hand tracking and real-time gesture
recognition in dynamic environments.

tracking moving objects, activity
recognition, and gesture recognition.

tracking gestures and analysing dynamic
movements.

segmenting  gestures and  tracking
particular interest regions.

Table 3 Computer Vision Techniques in Gesture Recognition
Effectiveness in Different Environmental Conditions —

e Low Light Conditions: If features are poorly defined, feature extraction and template matching may have difficulty in low light. Depth
sensing and lighting/background subtraction methods perform well in low light.

e  Varied Lighting Conditions: Optical flow and contour analysis may be impacted by changes in lighting. Depth sensing and template matching
can handle variations in lighting.

e Noisy Environment: In noisy environments, it is possible for feature extraction and template matching to withstand disturbances. Noise can
have an impact on depth sensing, particularly when interference is present.

e  Dynamic Environments: Contour analysis and feature extraction can capture dynamic changes Optical flow is well-suited for dynamic
gestures.

In conclusion, the particular environmental circumstances affect how well computer vision techniques recognise gestures. While other techniques may
have advantages and disadvantages depending on factors like lighting, background dynamics, noise, and field of view, depth sensing is robust in a variety
of conditions. Adaptive algorithms or a combination of techniques can improve robustness in a variety of environments.

VI1I. Challenges and Solutions

Challenges —

When a portion of the hand or body is obscured from the sensor's field of view, it is known as occlusion and can result in incomplete or misinterpreted
movements. The speed, intensity, and style of gestures performed by users can vary, which makes it difficult to develop a consistent and trustworthy
recognition model. Certain gestures might be inherently unclear, which could cause the system to interpret them incorrectly. Users may perform gestures
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in different ways, so the system must adjust to suit personal preferences. A change in the background, lighting, or the presence of other objects can affect
how accurately a gesture is recognised. Real-time processing is frequently needed for sixth sense devices, and gesture recognition lag can result in a less
than ideal user experience. It can be difficult to create accurate models when there is a lack of training data. Privacy issues may arise with gesture
recognition systems, particularly if sensitive data is being captured and processed.

Solution -

To get a more complete picture, use a mix of RGB and depth cameras or multiple sensors. Use machine learning techniques to learn and recognise
partially occluded gestures, and implement algorithms that can predict occluded parts based on the visible context. Use techniques such as dynamic time
warping to adjust for variations in gesture speed. Create machine learning models that can handle various styles of executing the same gesture by training
them on a variety of datasets. Use algorithms that are adaptive so they can eventually learn to adapt to the unique preferences of each user. Give people
a way to provide feedback on unclear gestures. Context awareness should be used to determine the user's intentions in a particular scenario. Make use of
machine learning models that consider the interaction context in order to distinguish between similar gestures. Put in place individualised machine learning
models that are able to adjust and pick up on user input. Permit users to alter the gesture recognition settings according to their personal preferences and
comfort levels. As users interact with the system, incorporate mechanisms for continuous learning to improve the model over time. Use strong background
subtraction methods that are flexible enough to adjust to changing conditions. Employ techniques based on depth that are less susceptible to changes in
illumination. Use real-time calibration techniques to adapt dynamically to environmental changes. Optimise algorithms for speed and efficiency, taking
advantage of hardware acceleration when appropriate. Utilise techniques for parallel processing to divide the workload. Investigate edge computing
options to decrease latency by executing gesture recognition locally. Make use of transfer learning strategies so that limited user-specific data can be used
to fine-tune models that have already been pre-trained on a large dataset. To artificially increase the diversity of the training dataset, apply data
augmentation strategies. Reduce data transmission by implementing privacy-conscious design principles, such as on-device processing. Give users clear
controls to enable and disable gesture recognition. To protect user data, use encryption and safe storage procedures.

VIII. Real-Life Case Studies
1.  Microsoft Kinect : Microsoft created Kinect, a motion-activated game controller for Xbox gaming consoles, with depth-sensing cameras and
gesture recognition.

2. Leap Motion : Leap Motion created a hand tracking tool that recognises and detects hand gestures for computer interaction using optical
Sensors.

3. GestureTek Health : For use in healthcare applications, GestureTek Health created gesture recognition technology that enables touchless
interaction with medical imaging and records.

4. Samsung Smart TVs : Samsung incorporated gesture recognition into their smart TVs, allowing users to control features like volume and
channel selection through hand gestures.

5. Google’s Project Soil : Through the use of radar sensors and gesture recognition, Project Soli enables users to operate devices with small
hand gestures.

Application User Feedback Performance Metrics

Positive reception for immersive

Microsoft Kinect Increased engagement, positive reviews.

gaming.
. Precise and responsive, enhancing . . .
Leap Motion VR Positive reviews for accuracy and responsiveness.
Improved hygiene in medical - - . .
GestureTek Health . Increased efficiency, positive testimonials.
settings.
Samsung Smart TVs Convenient hands-free TV control. Increased engagement, occasional sensitivity issues.

Positive reception for precision and | Recognition of fine-grained gestures, positive

Google’s Project Soil R
& ! responsiveness. developer feedback.

Table 4 Summary of User Feedback and Performance Metrics

It's crucial to remember that the effectiveness of these deployments frequently hinges on elements like system accuracy, usability, and smooth integration
into current workflows. Applications for gesture recognition are often updated and improved over time in response to user feedback.
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IX. Future Scope

The accuracy and range of gesture recognition will be improved by developments in sensor technologies, such as more accurate depth sensing, higher
resolution cameras, and better radar systems. Adding more sensors, like haptic feedback devices, could make the experience more multisensory and
immersive. More resilient and flexible gesture recognition systems will result from ongoing advancements in machine learning algorithms, particularly
in deep learning and reinforcement learning. Al models that are capable of comprehending context, user intent, and personalisation will proliferate.
Subsequent advancements might concentrate on identifying and deciphering nonverbal cues from natural language gestures that resemble sign language
or other culturally distinct nonverbal communication. This could make cross-cultural and multilingual interactions more inclusive and diverse. More
advanced gesture recognition technology will be incorporated into wearables like smart watches, glasses, and apparel. With wearable sensors, users could
interact with the digital world with ease by making small hand gestures or movements. As augmented and virtual reality experiences develop, gesture
recognition will be essential. Accurate hand tracking, gesture-based controls, and virtual environment interactions will become more user-friendly, which
will help AR and VR technologies become more widely used. Systems for recognising and interpreting gestures and body language may eventually
develop the ability to identify and comprehend emotional states. More emotionally sensitive human-computer interactions may result from this, especially
in applications pertaining to virtual communication, entertainment, and mental health. It is possible to use gesture recognition for ongoing user
authentication. Behavioural biometrics and unique gestures could be continuously monitored to improve device and system security while lessening the
need for conventional authentication techniques. Al and humans will be able to collaborate more naturally and fluidly thanks to gesture recognition.
Gestures can be used by users to communicate complex commands to Al systems, enabling more effective and natural human-Al collaboration. In the
field of healthcare, gesture recognition has a lot of potential uses, especially in patient monitoring, physical therapy, and surgical simulations. Accurate
and non-intrusive gesture-based controls have the potential to boost healthcare providers' productivity and enhance patient outcomes. sustained focus on
innovations in accessibility, such as gesture recognition software designed to help people with disabilities. Gestures and interfaces that can be customised
will enable people with different needs to engage with technology in productive ways. By integrating edge computing, gesture data can be processed
more effectively and instantly on the device, which lowers latency and improves gesture recognition systems' responsiveness. Future advancements in
gesture recognition technology will have to handle privacy issues and ethical issues. Achieving a balance between user privacy protection and usability
will be essential for broad acceptance.

X. Conclusion

Applications for gesture recognition can be found in a number of fields, such as virtual reality, gaming, healthcare, and human-computer interaction.
Because of its adaptability, it is essential to the advancement of sixth sense technology. Strong gesture recognition algorithms have been instrumental in
augmenting the capabilities of sixth sense devices. These algorithms span a wide range of applications, from computer vision techniques like depth
sensing and feature extraction to machine learning-based methods like neural networks and support vector machines. Obstacles like occlusion, gesture
variability, and user preference adaptation arise when implementing gesture recognition systems in practical applications. To effectively address these
challenges, the proposed solutions integrate machine learning techniques, advanced algorithms, and user-centred design principles. Microsoft Kinect,
Leap Motion, and other successful gesture recognition algorithm implementations have shown favourable user feedback and a range of performance
metrics. These include better user experiences in gaming, healthcare, and smart device interactions, as well as increased engagement and increased
efficiency. Sixth sense technologies gesture recognition has a bright future ahead of it. These include advances in augmented and virtual reality, better
sensing technologies, Al and machine learning, natural language gesture recognition, wearable and embedded gesture recognition, and natural language
gesture recognition. Because robust gesture recognition algorithms allow natural and intuitive interactions between humans and digital interfaces, they
are essential to the advancement of sixth sense technology. These algorithms lay the groundwork for the smooth integration of technology into our daily
lives by improving gesture-based interactions' efficiency, accuracy, and adaptability. Robust gesture recognition algorithms are a driving force behind
innovation in the rapidly changing field of technology, opening up new avenues for human-computer interaction. The continuous advancement and
improvement of gesture recognition algorithms will be essential to producing immersive, approachable, and inclusive experiences as sixth sense
technology develops, ultimately influencing how humans engage with the digital world going forward.
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