
 

 

 

         Volume 11, Issue 1, January 2023  

Impact Factor: 8.165 



International Journal of Innovative Research in Computer and Communication Engineering 

                        | e-ISSN: 2320-9801, p-ISSN: 2320-9798| www.ijircce.com | |Impact Factor: 8.165 | 

|| Volume 11, Issue 1, January 2023 || 

| DOI: 10.15680/IJIRCCE.2023.1101001 | 

IJIRCCE©2023                                                          |     An ISO 9001:2008 Certified Journal   |                                                8751 

 

 

Optimizing Performance of Enterprise 

Applications through Cloud Resource 

Management Techniques 
 

Gireesh Kambala MD 

CMS Engineer, Lead, Department of Information Technology, Teach for America, New York, NY, USA 

 

ABSTRACT: Enterprise application performance determines business success levels because these systems enable 

decisive operational functions and decision processes. Cloud computing is an innovative management solution that 

provides adaptable systems, scalable abilities, and affordable operational costs for enterprise applications. Maximizing 

cloud benefits requires proper management of cloud resources to take complete advantage. The paper evaluates 

significant cloud resource management approaches, including auto-scaling, load balancing, resource optimization, and 

AI technology to handle performance issues. Multiple best practices are delivered that help achieve top application 

performance, reduced costs, and reliable operation. This text investigates modern cloud resource management patterns 

through edge computing analysis, serverless architecture, and sustainable cloud environment approaches for future 

cloud resource management frameworks. The adopted strategies shield applications from interruptions while creating 

adaptability and efficiency, allowing enterprises to meet their upcoming operational requirements. 

 

KEYWORDS: Enterprise applications, cloud resource management, auto-scaling, load balancing, performance 

optimization, cost efficiency, edge computing. 

 

I. INTRODUCTION 

 

The current operations of modern businesses heavily depend on enterprise applications. The backbone of numerous 

organizations consists of ERP, CRM, and custom-built solutions that sustain short-term operational tasks and extended 

strategic planning requirements. Businesses prioritize optimal application performance by pursuing continued digital 

transformation and market competition in today's environment. Systems must perform optimally by providing load 

speeds and operational uptime while maintaining flexibility, stable service availability, and economical management 

practices. 

 

The deployment of cloud computing technology has transformed the methods by which enterprises handle application 

management processes. The cloud position has become a leading choice for organizations that need to enhance 

operational efficiency because it provides unmatched adaptability and scalability with affordable pricing models. The 

migration to cloud systems presents new difficulties for businesses in efficiently administering administrative-based 

resources for peak operational results. When cloud resources lack proper oversight, they produce performance 

limitations and elevated prices with degradation of user satisfaction, so businesses must implement established resource 

management systems. 

 

A comprehensive examination occurs regarding the different strategies and techniques enterprises must implement for 

cloud resource management to enhance application performance. The article explores how enterprise application cloud 

management benefits through auto-scaling, load balancing, cost optimization, and artificial intelligence-driven insights. 

Implementing these techniques allows businesses to uncover total cloud potential while keeping their applications 

robust, efficient, and affordable. 
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Define baseline 
performance metrics 

(CPU, memory, traffic, 
etc.).

Set scaling thresholds for 
each metric.

Monitor cloud instance 
metrics in real-time.

If thresholds are 
exceeded, trigger the 
auto-scaling process.

Scale up by adding more 
instances or resources.

Monitor the new system 
performance after 

scaling.

If metrics fall below the 
threshold, scale down by 

removing unnecessary 
resources.

Repeat monitoring and 
scaling dynamically as 

demand changes.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1:Auto-Scaling Workflow in Cloud Environments 

 

II. UNDERSTANDING ENTERPRISES' APPLICATION AND PERFORMANCE CHALLENGES 

 

Such applications are vital software for solving operational, analytical, and collaborative business requirements. The 

business world relies on three core enterprise applications: CRM systems, ERP platforms, ERP platforms, and software. 

Enterprise applications differ from consumer software's capability to work with business processes port system growth, 

and show steady performance under demanding conditions. Enterprise applications have two main objectives: 

improving business operations efficiency through efficient workflow processes and producing strong support systems 

for organizational decision-making. 

 

Enterprise applications encounter special difficulties when operators need to sustain their operational performance. 

Performance evaluation extends beyond measuring execution speeds because it includes multiple essential criteria, 

including operational dependability, resource consumption, and costs. The applications must manage varying workload 

patterns, specifically during high-volume business times, without letting performance or user interaction suffer. The e-

commerce application requires instant adjustment of its traffic handling capacity during sales events to preserve fast 

response performance and secure transactions. 

 

Organizations face an immediate hurdle when expanding their application capacity because enterprise applications need 

to grow to accommodate additional requirements. Bots will develop because of limited scalability, which leads to 

performance concerns and service breakdowns. Business activities face substantial operational impact because real-

time performance remains essential when latency and downtime occur in various industries. Corporate entities must 

optimize their resources by balancing performance levels and costs to prevent unnecessary excessive deployments 

while maintaining enough resources for peak operations. 

 

Numerous enterprise systems deploy complicated technological structures that link distributed systems with 

microservices while maintaining integrations with several third-party instruments. Elaborate monitoring techniques and 

optimization methods are needed to manage these linked system components because they determine performance 
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consistency. The requirements for efficient resource management, specifically targeting cloud environments, emerge as 

critical because they ensure optimal performance and successful business outcomes. 

 

Table 1: Cost vs. Performance Trade-offs in Cloud Resource Management 

 

Approach Cost Efficiency Performance Impact Best Use Cases 

On-Demand Instances High Cost High Performance Unpredictable workloads 

Reserved Instances Low Cost High Performance Long-term stable workloads 

Spot Instances Very Low Cost Variable Performance Batch jobs, fault-tolerant tasks 

Serverless Cost-effective Good for event-driven apps Event-driven workloads 

Hybrid Cloud Medium Cost Balanced Performance Compliance and data control 

 

III. CLOUD RESOURCE MANAGEMENT TECHNIQUES 

 

Business application efficiency optimization requires Cloud resource management techniques to properly distribute and 

optimize computer system usage because these methods deliver effective resource utilization. The basic cloud resource 

management method is auto-scaling because it enables dynamic resource transformation according to workload 

requirements. Cloud resource management requires users to simultaneously scale the capacity of individual instances 

through vertical enhancement and deploy additional instances for horizontal mechanism expansion. Auto-scaling 

organizations maintain applications operation at peak time without wasting funds when activity levels are low. 

 

Technical processes known as load balancing distribute incoming traffic into equal parts for multiple servers or 

instances. Implementing load balancers protects servers against their overload, which results in better performance and 

system reliability. The traffic distribution uses algorithms for optimal results, including round robin and least 

connection. High availability stays operational through failover methods due to implementing load-balancing strategies. 

Efficient management of cloud environments depends critically on proper scheduling and allocation methods for the 

CPU and its related resources and storage features. Most companies rely on Kubernetes to manage containerized 

applications because it provides effective deployment alongside microservices scaling abilities. Through proper 

scheduling, organizations can provide resources to their priority areas while preventing scenarios of either resource 

waste or resource conflicts. 

 

Cloud resource management depends on continuous monitoring and performance enhancement operations. 

CloudWatch from AWS and Azure Monitor provides real-time observation tools that let users track resource use and 

detect congestion to implement proactive measures for enhancing application speed. Executing a never-ending effort to 

make applications operate efficiently includes configuration adjustments and query optimization procedures, known as 

performance tuning. 

 

Cost optimization is necessary because businesses must find an equilibrium between execution performance and 

financial spending. Organizations should exercise the rightsizing of instances while choosing correct instance types 

alongside spot and reserved instance adoption for scheduled operations. Businesses that adopt hybrid or multi-cloud 

systems gain access to economic resources across various providers through these strategies. 
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Fig 2: Cost vs. Performance Trade-offs for Cloud Resources 

 

Caching alongside data optimization techniques performs two vital tasks by decreasing system workload demands. The 

in-memory caching solutions Redis and Memcached boost application data access speed through efficient storage of 

popular data points right below the application level. Data compression methods and deduplication techniques lower 

the required storage space while boosting data transfer speed. 

 

Cloud resource management is enhanced through the growing use of artificial intelligence platforms and machine 

learning capabilities. Organizations acquire workforce prediction capacities through predictive analytics that allow 

them to allocate resources before requirements emerge. Artificial intelligence systems automatically find irregularities 

to improve operational efficiency by running programmed processes. 

 

The effective execution of these techniques enables businesses to keep their enterprise applications in the cloud 

scalable, reliable, and cost-effective. It supports their operational goals at high-performance levels. 

 

Table 2: AI/ML-Based Resource Optimization Tools 

 

Tool Cloud Provider Optimization Capabilities 

AWS Compute Optimizer AWS Predicts optimal EC2 configurations 

Azure Advisor Azure Provides cost and performance recommendations 

Google Recommender Google Cloud AI-driven insights for resource optimization 

Kubernetes HPA Open-source Horizontal Pod Auto-scaling 

Dynatrace AI Multi-cloud AI-powered application monitoring 

 

IV. CASE STUDIES AND REAL-WORLD APPLICATION 

 

Cloud resource management applications have revolutionized how enterprise applications perform within different 

industries. These operational techniques are real-world examples that solve performance problems, enhance scalability, 

and minimize costs to provide users with continuous accessibility. 

 

A worldwide e-commerce organization faced difficulties with high traffic volumes during their prominent shopping 

periods. Auto-scaling implementation with load balancing brought the company runtime resource adjustments for 

present usage demands. Automatic instance provisioning maintained service performance and uninterrupted operation 

by matching traffic surges during peak time. Once traffic returned to normal levels, the company decreased its 

operational resources through retrenchment activities. The company achieved double benefits through its implemented 

strategies, which reduced downtime by 40% during peak activities while infrastructure expenses decreased by 25%. 
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The SaaS provider struggled to optimize costs in its cloud infrastructure. The company applied rightsizing strategies 

through pattern-based workload analysis to select correct instance types matching operational needs. The organization 

utilized reserved instances for dependable workloads alongside spot instances for its non-essential tasks. Through these 

methods, the provider obtained major savings that reduced their spending on cloud services by 30% without sacrificing 

performance rates, maintaining customer uptime at 99.9%. 

 

A worldwide logistics company aimed to lower latency and enhance real-time tracking for its supply chain operations. 

The company adopted edge computing and in-memory caching solutions to decrease data processing distances between 

its users and the processing systems. Real-time tracking and inventory management received significant enhancements 

by locating computing nodes strategically in the system, which decreased data latency. The deployment of Redis as an 

in-memory caching system brought about system performance improvement while speeding up common query 

operations. The company achieved better average response times by 50% and higher customer satisfaction because of 

its real-time operational visibility. 

 

The financial sector saw a multinational bank boost the functionality of essential applications through AI-based 

resource management strategies. Through predictive analysis, the bank generated workload forecasts that enabled 

strategic resource distribution before demand peaked during month-end reports and tax filing periods. The AI 

monitoring system identified resource utilization inconsistencies by automatically adjusting operational settings to stop 

performance failures. The proactive method allowed uninterrupted service delivery along with optimal resource 

management for their millions of users. The bank achieved 20% faster core application processing rates and fewer 

unexpected system outages. 

 

Cloud resource management systems produce these results to achieve impressive performance enhancements for 

enterprise applications. Businesses from all industries reach their growth objectives by combining auto-scaling 

approaches cos,t optimization edge, e-computing, and AI-driven analytics, which boost reliability and efficiency. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3: Cloud Workload Distribution Across Multiple Regions 

 

V. TOOLS AND PLATFORMS FOR CLOUD RESOURCE MANAGEMENT 

 

Cloud resource management applications have revolutionized how enterprise applications perform within different 

industries. Multiple practical examples demonstrate how these methods help organizations resolve performance 

difficulties and scale their operations while controlling expenses without compromising user-friendliness. 

A worldwide e-commerce organization faced difficulties with high traffic volumes during their prominent shopping 

periods. When load balancing is implemented, the company could automatically modify resources in real-time based on 

current usage requirements. Automatic instance provisioning created continuous service performance and nonstop 

operations by maintaining the perfect match between traffic volume spikes during peak usage periods. Once traffic 
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returned to normal levels, the company decreased its operational resources through retrenchment activities. These 

strategic measures allowed the company to achieve a 40% improvement in downtime performance and reduced its 

infrastructure costs by 25%. 

 

The SaaS provider struggled to optimize costs in its cloud infrastructure. The company applied rightsizing strategies 

through pattern-based workload analysis to select correct instance types matching operational needs. The organization 

utilized reserved instances for dependable workloads alongside spot instances for its non-essential tasks. The provider 

implemented new cost-saving approaches to decrease its cloud investment by 30% without affecting its uptime level of 

99.9% for all customers. 

 

Table 3: Cost vs. Performance Trade-offs in Cloud Resource Management 

 

Approach Cost Efficiency Performance Impact Best Use Cases 

On-Demand Instances High Cost High Performance Unpredictable workloads 

Reserved Instances Low Cost High Performance Long-term stable workloads 

Spot Instances Very Low Cost Variable Performance Batch jobs, fault-tolerant tasks 

Serverless Cost-effective Good for event-driven apps Event-driven workloads 

Hybrid Cloud Medium Cost Balanced Performance Compliance and data control 

 

A worldwide logistics company aimed to lower latency and enhance real-time tracking for its supply chain operations. 

The company deployed edge computing and in-memory caching solutions, which helped data processing occur nearer 

to its end users. Real-time tracking together with inventory management received improvements when the system 

placed computing nodes at strategic spots which minimized data latency throughout their system. Redis operated as 

their in-memory caching system which raised performance levels to speed up query operations. Time performance 

improved by 50%, and customer satisfaction rose due to real-time operational visibility, which the company achieved. 

The financial sector saw a multinational bank boost the functionality of essential applications through AI-based 

resource management strategies. The financial institution used predictive analytics to determine workload patterns, 

enabling it to plan necessary resources before peak periods like month-end reports and tax periods. AI monitoring tools 

examined resource utilization patterns, which enabled autonomous configuration adjustments to stop the decrease in 

performance levels. The proactive method allowed uninterrupted service delivery along with optimal resource 

management for their millions of users. The bank achieved 20% faster core application processing rates and fewer 

unexpected system outages. 

 

The examples show organizations can enhance their enterprise applications through successful cloud resource 

management. Businesses from all industries reach their growth objectives by combining auto-scaling approaches cos,t 

optimization edge, e-computing, and AI-driven analytics, which boost reliability and efficiency. 

 

Table 4: Comparison of Cloud Resource Management Techniques 

 

Technique Description Advantages Challenges 

Auto-Scaling Dynamically adjusts resources 

based on demand 

Improves performance, 

reduces costs 

Requires proper threshold 

configuration 

Load Balancing Distributes workloads across 

multiple servers 

Enhances availability, 

prevents overload 

Can introduce latency if 

misconfigured 

Containerization Uses lightweight containers for 

application deployment 

Improves portability, 

scalability 

Requires container 

orchestration (Kubernetes) 

Serverless 

Computing 

Executes functions without 

provisioning servers 

Reduces operational 

overhead, cost-effective 

Limited to stateless 

workloads 

AI-Based 

Optimization 

Uses ML algorithms for 

predictive scaling 

Efficient resource 

utilization 

Complexity in 

implementation 

Hybrid Cloud 

Management 

Uses a mix of on-premise and 

cloud resources 

Flexibility, cost control Requires integration and data 

synchronization 
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VI. BEST PRACTICES FOR CLOUD RESOURCE MANAGEMENT 

 

Cloud resource management implements essential functions that optimize operational efficiency and scalability and 

minimize the costs of enterprise applications. Implementing best practices helps organizations achieve maximum cloud 

benefits, resolve their resource waste issues and performance bottleneck problems, and control their increasing costs. 

The key best practice involves implementing ongoing sessions to monitor cloud environments. Implementing 

monitoring tools through AWS CloudWatch, Azure Monitor, Datadog, or third-party alternatives permits business 

entities to observe resource utilization alongside spotting performance issues and detecting anomalies before end users 

detect irregularities. Habitual pattern data analysis enables organizations to base their decisions on resource scaling, 

distribution, and cost reduction. 

 

The development of applications requires designers to prioritize scalability from the start. Microservices design in 

application development provides the capability to scale individual system components independently, achieving better 

operational flexibility and operational efficiency. Serverless computing implementations for particular workloads 

release users from infrastructure management requirements by automatically distributing resources proportional to 

demand levels. 

 

Cloud management depends heavily on resource optimization, and instance rightsizing is a main technique in achieving 

this goal. Businesses that assess their workload requirements can choose optimal instances combined with optimal sizes 

to prevent waste while maintaining sufficient resources during busy periods. Reserved instances and spot instances 

combined as part of workload management deliver major cost reductions for organizations. Organizations that follow 

hybrid or multi-cloud approaches can lower their costs by using providers' discounts yet remain free from any single 

vendor restrictions. 

 

The deployment of security measures must integrate with all cloud resource management procedures. Most 

organizations stop unauthorized access based on access controls, encryption protocols, and compliance requirements to 

protect resources from misuse through potential breaches. Systems that emit automated alerts and governance policies 

maintain uniform security principles throughout all cloud systems. 

 

Cloud resource management benefits from the best automation practices. Automated resource scaling provisioning and 

de-provisioning functions with predefined thresholds reduce human manual involvement and minimize possible human 

mistakes. AI and machine learning tools improve automation through workload demand predictions that enhance 

configuration optimization while finding system inefficiencies. 

 

Placing computing nodes at strategic positions brought both real-time tracking and inventory management 

enhancements through the reduction of system data latency. Redis served as EVM' in-memory caching system which 

led to improved performance levels that increased query operation speed. 

 

Organizations that implement these best practices succeed in controlling their cloud resources to preserve enterprise 

application resilience and scalability alongside price effectiveness and maximum user satisfaction. 
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Fig 4: Cost Optimization Flowchart 

 

VII. FUTURE TRENDS IN CLOUD RESOURCE MANAGEMENT 

 

Cloud resource management will evolve in new directions due to emerging technology developments, expanding 

organizational demands, and growing cloud environment complexity. Current trends concentrate on boosting 

operational performance and cost reduction while performing better and resolving environmental challenges. 

 

Edge computing represents a dominant trend that moves data processing functions toward the original data generation 

locations. Traditional cloud infrastructures will find edge computing as their complementary solution because it 

enhances application performance and decreases response times for IoT devices and autonomous machinery, as well as 

real-time analytics. The deployment approach enables businesses to execute distributed workloads better with reduced 

bandwidth consumption and enhanced user experience. 

 

The adoption of serverless computing keeps increasing because businesses want efficient and economical resource 

management. An automated server management system defines serverless architecture to enable developers to focus on 

code development rather than handle administrative tasks. The model achieves basic operations that maximize resource 

utilization by starting capacity activation only during events that require service activation. 

 

Resource management heavily depends on AI systems and their sister technology, ML systems, for critical success. 

Artificial Intelligence predictive analytics in organizations enables future forecasting of resource requirements so 

organizations can distribute their resources according to predicted needs. Mainstream AI technology provides 

automated systems that find anomalies and enhance performance while lowering costs so that people maintain less 

hands-on involvement, thus increasing overall operational efficiency. The advancement of these technological systems 

will produce more advanced capabilities, boosting how organizations make decisions and use their available resources. 

 

Hybrid cloud and multi-cloud solutions are becoming the main trends in organizations' advancement of operations—
approaches as a main trend. The need to handle resources across multiple cloud infrastructures will intensify because 

organizations must prevent vendor dependencies and take advantage of various cloud provider features. Developers 

work on creating automation tools and single management systems that optimize multi-cloud operations while 

providing uniform system integration and resource efficiency. 
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Cloud computing sustainability has risen to become an essential priority in this field. Green cloud computing practices 

have received greater acceptance because people understand environmental impacts better. The cloud industry and 

enterprises prioritize power-efficient resource handling through clean, renewable energy utilization and optimized 

facility management systems. Tools that measure and reduce the impact of cloud-based operations' carbon emissions 

will gain popularity. 

 

Modern changes in containerization, together with microservices designs, push the development of resource 

management systems forward. The Kubernetes platform, together with other similar platforms, now supports efficient 

containerized application scaling and organization, and these capabilities will continue to advance toward increasing 

security measures and better application mobility. Improved techniques in distributed application management will 

result in systems that become both stronger and expandable. 

 

Cloud resource management will focus on security compliance in the coming years. Companies must create advanced 

governance systems with monitoring tools to achieve compliance with data privacy regulations compliance with while 

preserving operational efficiency in both aspects. AI security tools will act as a leading force in identifying and 

countering threats in real-time operations. 

 

In the upcoming years, cloud resource management will develop toward automatized processes while building its 

intelligence capabilities and moving toward sustainable decentralized platforms. Cloud computing potential can reach 

its highest level through these emerging trends that keep applications reliable and capable of handling changing 

business requirements. 

 

VIII. YEAR-WISE COMPARISON OF CLOUD RESOURCE MANAGEMENT OPTIMIZATION 

 

Cloud resource management approaches experienced a significant metamorphosis in the last five years, which has 

produced better application performance, operational efficiency, and reduced operational costs. From 2020 through 

2024, numerous companies have started implementing artificial intelligence for resource management and auto-scaling 

processes, yielding quantifiable improvements across their vital performance metrics. 

 

The growth of resource allocation efficiency achieved 85% in 2024 from its initial performance of 65% in 2020. 

Infrastructures have improved their workload distribution with predictive scaling mechanisms and hybrid and multi-

cloud architectures as key elements in this rise. Modern organizations now use dynamic resource allocation approaches 

instead of static provisioning; thus, they achieve better system efficiency and performance. 

 

The cost savings percentage has demonstrated continuous growth from 10% in 2020 to 30% by 2024. Combining 

reserved instances, spot pricing, and AI-powered optimization tools helps organizations achieve minimum unnecessary 

expenses. FinOps enables better management of cloud spending by letting organizations deploy their resources more 

aggressively. 

 

The performance enhancement of application response times will reach 100 milliseconds by 2024, while in 2020, 

response times will be measured at 150 milliseconds. Improved user experiences and reduced latency stem from 

optimized auto-scaling, edge computing, and quick load-balancing methods. Cloud providers have improved auto-

scaling effectiveness rates by enhancing resource adjustment methods to achieve 90% success from an initial 70% in 

the market. 

 

The accuracy of load balancing achieved 90% during this period, and it improved from 80%, thus ensuring better traffic 

distribution among cloud servers. People utilizing enterprise applications encounter reduced bottlenecks while fault 

tolerance is improved, especially during peak usage times. The implementation of AI-driven resource optimization 

makes significant contributions through machine learning algorithms that have enhanced their performance from 60% 

in 2020 to 80% in 2024. These artificial intelligence models evaluate previous usage data to identify patterns that 

predict future workload requirements, which subsequently permits automated resource management for peak 

performance alongside cost reduction. 

 

New cost optimization methods have improved five times, from an initial 5% in 2020 to 25% in 2024. Businesses now 

excel in detecting cloud waste through better waste elimination practices that combine serverless architecture 

deployment methods with automated workload optimization systems. Enterprise cloud optimization strategies have 
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produced better performance with decreased costs, thus demonstrating the permanent value of continuous optimization 

in cloud platforms. 

 

The yearly analysis demonstrates how quick advancements have occurred in cloud resource administration 

technologies. Modern digital transformation depends heavily on cloud computing because enterprises optimize their 

performance and cut operational costs by implementing AI, automated systems, and cost-saving strategies. 

 

 

Fig 5: Year-wise comparison graphs 

 

IX. CONCLUSION 

 

The optimization of enterprise applications using proper cloud resource management represents a must-have for 

contemporary businesses that want to succeed in digital environments alongside their competition. Enterprise 

applications function as organizational and operational foundations, and their achievement depends on scalability, 

reliability, and cost-effectiveness. The performance challenges in the enterprise world find solutions through cloud 

resource management principles, especially auto-scaling and load balancing, which combine with resource scheduling 

and AI-optimized functionality to optimize operational output. 

 

Organizations can prepare their applications through best practice adoption and advanced tool implementation to 

support variable workload volumes and minimize delays while reducing costs. Predictive analytics tools enabled by 

automation systems improve resource management by allowing real-time proactive changes and reducing human 

involvement in operations. Resource management for applications is shaped through present-day trends, including edge 

computing and serverless architectures with sustainable cloud practices, which present new ways to perform 

applications optimally. 

 

Organizations that manage cloud resources achieve better market performance while producing outstanding user 

outcomes, extended scalability, and enhanced efficiency. Organizations seeking cloud-driven world leadership must 

stay updated about evolving technology since this knowledge will guide their path toward success and innovation. 
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