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ARTICLE INFO ABSTRACT

As more and more enterprise infrastructures become multi-cloud, CRM has become
significantly more complex and now needs to adapt to varying customer situations,
Revised: 15 Oct 2024 changing workloads, and dispersed service deployments. Traditional CRM solutions,

traditionally designed for static and single-cloud deployments, fall short on adjusting
Accepted: 28 Oct 2024 to real-time changes in user location, device, behaviour, and intent, which reduces
the level of personalisation and the operational efficiency. This paper is a synthesis of
the theoretical background of context awareness, SOM, microservice and strategic
CRM frameworks that suggest a Context-Aware Adaptive Middleware for Customer
Relationship Management (CAM-CRM). It is implemented in three collaborating
layers: the Context Acquisition and Modelling Layer, which acquires and normalises
heterogeneous context signals; the Adaptive Reasoning and Orchestration Layer,
which selects the multi-cloud services based on policies; and the CRM Intelligence
and Delivery Layer, which fuses customer profiles for channel-personalised delivery.
Based on the models of context-awareness, cloud computing properties, service-
oriented architecture and event-driven architecture, the paper proposes a layered
reference architecture, a context-relevance scoring formulation and a multi-criteria
cloud-selection utility function for guiding the adaptive orchestration decisions. The
results from comparing the deployment models and architectural styles show that the
most promising path for achieving scalability, deployment agility and vendor
independence in context-aware CRM is to implement a microservice-based, policy-
driven middleware. This conversation also covers the challenges of integrating, such
as semantic heterogeneity of context data, cross-cloud latency, governance overhead
and data-sovereignty issues, and proposes optimisations for enterprise deployments
of the future. The synthesis provides a conceptual framework that is structured and
extensible to enable the creation of intelligent, context-aware CRM middleware
appropriate for multi-cloud enterprise environments.
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L. INTRODUCTION

Modern businesses are increasingly running Customer Relationship Management (CRM) apps on a mix of public,
private and hybrid clouds—not in a single, centrally-managed data Centre. Today businesses are running Customer
Relationship Management (CRM) apps across a range of public, private and hybrid clouds, not in one centralised
data centre. The transformation to multi-cloud enterprise computing has been driven by elastic computing, cost
optimisation, vendor diversification, and insuring against providers failing. Three key principles of cloud
computing—on-demand self-service, broad network access, and resource pooling, rapid elasticity, and measured
services—have been codified into definitions that continue to serve as a foundation for enterprise cloud strategy.
Meanwhile, customer relationship management has grown from a sales-force-automation, transactional practice to
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a strategic capability that unites people, process and technology to create enterprise value with customers for the long
term, in all interactions with the customer.

One of the biggest shortcomings of today's CRM solutions is that they are not context-aware. The term context,
broadly defined as any information that describes the situation of an entity (e.g., a user, a device, a location, an
activity, or any other entity) has been introduced when researching the everyday applications of ubiquitous
computing and has since been recognized as a core concept in adaptive information systems. Context-aware
computing is the ability to sense contextually relevant situational variables, and adjust the behavior of an application
to them, instead of providing a uniform experience regardless of circumstance. If extended to the context of CRM, a
context-aware system can help optimize channel selection, provide timing and service routing, and determine where
the data is processed, based on the customer's real-time context and the enterprise's distributed cloud footprint.

The synthesis of three separate research strands, namely context-aware middleware architectures, multi-cloud
enterprise computing, and strategic CRM frameworks, is driven by this. Much study has been focused on context-
aware middleware as an intermediate layer of software that can separate the sensing, reasoning, and dissemination
of context from application logic, enabling multiple applications to have access to a common context infrastructure.
The service-oriented and, more recently, microservice architectural styles have independently revolutionised the way
distributed enterprise applications can be composed, deployed and scaled beyond the confines of the cloud. The
context-aware middleware intelligence integration and dynamic orchestration of multi-cloud CRM systems, however,
are relatively under-explored, and most work focuses on either context-awareness or cloud-native architecture alone.

This paper aims at filling that void by combining the existing literature on context-awareness, cloud computing,
service-oriented and event-driven architectures, and CRM strategy to create a unified middleware framework,
Context-Aware Adaptive Middleware for Customer Relationship Management (CAM-CRM). The framework is
designed to show how context sensing, adaptive reasoning, and multi-cloud orchestration can be organised as co-
operating architectural layers to facilitate dynamic, personalised and resilient delivery of CRM services.

1L LITERATURE REVIEW

This synthesis is based on literature from four related areas: context and context-awareness, cloud computing and
multi-cloud enterprise architecture, service-oriented and microservice-based middleware, and strategic frameworks
for customer relationship management.

A. Foundations of Context and Context-Awareness

Previous definition of context is: "Any information that describes the situation of an entity (person, place or thing)
relevant to the interaction between a user and an application" - this conceptual vocabulary has been used in the
succeeding context-aware systems research [1]. By clearly separating the operations of context-aware systems (which
adjust behaviour without explicit user control) from those of traditional applications (which view environmental
variables as fixed configuration), this definition is set to be of immense value to everyone in the field.This definition
will be very useful for all those involved in context-aware systems, since it clearly differentiates the behaviour of the
systems whose operations are adapted to their environments from the behaviour of traditional applications whose
operations are based on the fixed values of the environment variables. On the basis of this, other surveys have
classified the works on context-aware systems based on a common set of concerns such as context acquisition, context
representation, context reasoning, and context dissemination, and they have suggested categorisation schemes for
the approaches in the areas between rule-based, ontology-based, and case-based reasoning [3]. In all these surveys
heterogeneity of context sources and the need for abstractions with reusable middleware are identified as central
challenges, which drives the middleware-centred point of view in this paper.

B. Cloud Computing and Multi-Cloud Enterprise Architecture

The National Institute of Standards and Technology (NIST) research group established the five essential cloud
characteristics, including: on-demand self-service, broad network access, resource pooling, rapid elasticity, and
measured service, as well as three service models (Infrastructure-as-a-Service, Platform-as-a-Service, and Software-
as-a-Service) and four deployment models (private, community, public, and hybrid) [11]. This taxonomy continues
to be a reference point for enterprise cloud strategies—including multi-cloud strategies that explicitly spread
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workloads across multiple providers—and remains current. A more general architectural perspective has defined
cloud computing as a paradigm that goes beyond ownership of computing resources to the provision of them as a
metered service, and highlights the economic and elasticity benefits that make enterprises an attractive target for
cloud investment [2]. As multi-cloud strategies evolved, a cloud-native application reference model was published to
formalize the enterprise cloud-native application structure for portability and resilience across heterogeneous
providers, with special consideration of service composition, elasticity and multi-provider deployment concerns for
enterprise architects [9].

C. Service-Oriented, Microservice, and Event-Driven Middleware

Service-oriented architectures (SOA) approaches, technologies and open research issues have been systematised, and
distributed enterprise systems were presented as the composition of loosely-coupled, reusable services that are
controlled by a well-defined interface [12]. SOA helped to enhance reuse and interoperability when compared to
monolithic enterprise systems, but the centralised governance and orchestration nature of SOA has been cited as one
of the reasons for its rigidity in a cloud scaling environment. These are addressed through the microservices
architectural style, which breaks down applications into deployable services that rely on lightweight protocols to
communicate with one another, while enhancing agility and fault isolation, but comes with additional operational
and governance overhead.The microservices architectural style has been analyzed as a solution to these limitations:
it partitions applications into deployable services that communicate with each other via lightweight protocols,
thereby enabling greater fault isolation and deployment agility, but at the expense of increased governance and
operational complexity. To support this analysis, surveys of context-aware middleware architectures have been
conducted particularly for pervasive and enterprise systems, and identified architectural patterns for context
provisioning, including centralised, distributed, agent-based, and service-based architectures, and their
interoperability and scalability trade-offs [10, 14].

D. Customer Relationship Management: Strategy and Technology

In a study of CRM, it has been investigated from three interrelated perspectives, people, processes and technology,
the latter of which is not a replacement for a sound CRM strategy and organisation, but rather an enabler [5]. A
further strategic framework for CRM identified five cross functional processes: strategic development, value creation,
multichannel integration, performance assessment and information management, with multichannel integration
being the most closely linked to the underlying technological infrastructure [13]. From multi-channel to omni-
channel retailing has been explored as a source for raised customer expectation for a uniform and context-
appropriate experience at any channel of interaction, thus confirming the requirement for channel orchestration with
context-sensitivity by means of middleware [16]. Supporting empirical evidence and evidence from systematic
reviews has also correlated CRM implementation with tangible improvements in customer retention and
organisational performance when combined with appropriate critical success factors across a number of dimensions,
including organisational, technological, human and process [7], while research in the field of business intelligence
and analytics has highlighted the operational benefits of turning vast and diverse customer data into insightful
information [4]. Complementary evidence suggests that big-data analytics capacity enhances the sales performance
capabilities of CRM, when integrated within a consistent organisational process [15]; research on digital
transformation has shown how in the context of sustainable business-model innovation, CRM can be regarded as a
technology enabler [8].

E. Research Gap

Despite the intensive study of context-aware middleware, multi-cloud architecture, and CRM strategy separately,
there are relatively few attempts to synthesize these, centering on how a middleware layer could simultaneously
reason on context and orchestrate multi-clouds, specifically in the context of dynamic, personalised CRM delivery.
The existing context-aware middleware surveys are mainly focused on the context-aware pervasive computing and
mobile environment [10,14] instead of CRM in the enterprise environment, and the CRM strategy literature mostly
considers the technological infrastructure in an abstract level [5,13]. Section III creates a framework that explicitly
links the design of context-aware middleware with multi-cloud service orchestration for CRM.
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I11. PROPOSED CAM-CRM FRAMEWORK

The proposed "Context-Aware Adaptive Middleware for Customer Relationship Management" (CAM-CRM) is
structured into three cooperating architectural layers (see Figure 1) which include a Context Acquisition and
Modelling Layer (CAML), the Adaptive Reasoning and Orchestration Layer (AROL) and the CRM Intelligence and
Delivery Layer (CIDL). These layers are conceptually similar to the acquisition, reasoning and application stages of
context-aware systems surveys [3] extended to work on a multi-cloud service fabric.

CAM-CRM FRAMEWORK
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Fig. 1. Architecture of the Proposed CAM-CRM Framework.

The Context Acquisition and Modelling Layer receives heterogeneous context signals such as customer device,
location, session activity and channel identity, normalises them to a common representation with ontology-based
modelling, similar to the representational approaches reported in context-awareness surveys [3]. The Adaptive
Reasoning and Orchestration Layer will analyze the normalised context and identify the most relevant execution
venue and adaptation strategy by considering the availability of multi-cloud services and organisational policy. The
CRM Intelligence and Delivery Layer combines the resulting decisions with the existing data in the customer's profile
and sends them a channel-specific response, thus operationalizing the multichannel integration process identified as
the core of the CRM strategy [13].

A. Context-Relevance Formulation

A context-relevance score is defined to quantify the impact of context attributes on adaptation decisions on an
individual basis. A customer interaction has an attribute vector x = (x1, X2, ..., xn), where each attribute i has a weight
wi corresponding to the importance of the attribute in the situation, with the proviso that the sum of the weights
equals 1. The score of the context relevance is then calculated as the weighted sum:

C(x) = Ziw; - fi(x), Ziw; = 1

where fi(xi) is a normalised scoring function which transforms the raw value of attribute i (such as device type,
geolocation or session recency) to the interval [0, 1]. The higher the C(x), the better the case for adaptive intervention,
re-routing to a lower latency cloud region, or a personalised offer. For three typical interaction profiles, Figure 2
shows the value of C(x) calculated directly from this formulation, as a function of the number of weighted attributes,
n, to be monotonically increasing and approaching an upper bound as n increases.
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Fig. 2. Context-Relevance Score C(x) Computed for Representative Interaction Profiles.
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Table 1 shows C(x) computed using a sample of the attribute weights (Identity = 0.25, Location = 0.15, Activity =
0.30, Time = 0.15, Environment = 0.15) from the three representative customer interaction profiles, illustrating the
translation from normalised attribute values into an actionable relevance score, as formulated in Section III-A.

TABLE L Context-Relevance Score C(X) For Representative Interaction Profiles
Profile Identity | Location | Activity | Time | Environ. | C(x)
High- 0.95 0.70 0.90 0.85 0.60 0.830
Engagement
Support / 0.85 0.40 0.55 0.60 0.35 0.580
Recovery
Routine 0.40 0.30 0.35 0.25 0.20 0.318
Browsing

B. Multi-Cloud Selection Utility

Based on the context-relevance score, Adaptive Reasoning and Orchestration Layer will have to choose from among
k cloud execution venues. The utility function U(k) is defined as a multi-criteria function, with each criterion
normalised to [0, 1] and each with a tunable weight a, f and y:

Uk) = a-(1 — Lat(k)) + B- (1 — Cost(k)) + y-Avail(k), a« + B +y =1

In which the normalised Lat(k), Cost(k) and Avail(k) are the latency, cost and availability of venue k, respectively.
The orchestration layer determines the venue k that maximizes U(k) given the data-residency and governance
requirements dictated by the organizational policy. This formulation extends multi-criteria selection principles
implicit in reference architectures of cloud-native applications that consider elasticity, cost and resilience across
providers [9]. Figure 3 shows U(k) computed for three representative cloud venues for different values of the latency
weight a (where [ and y have the same value for the remaining weight), as a function of the orchestra preference
along the venues as the organisation moves from having a preference for availability to having a preference for
latency.
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Figure 3. Utility Function U(k) Sensitivity Across Latency-Weighting Scenarios.

The values used for illustrative latencies, costs and availabilities for the public cloud venue are (0.25, 0.35, 0.90), the
private cloud venue is (0.55, 0.70, 0.80), and the multi-cloud venue is (0.30, 0.45, 0.97). U(k) values for these
scenarios are reported in Table 2.

Copyright © 2024 by Author/s and Licensed by J[ISEM. This is an open access article distributed under the Creative Commons Attribution License
which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Journal of Information Systems Engineering and Management

2024, 9(4)
e-ISSN: 2468-4376
https://www.jisem-journal.com/ Research Article

TABLE 1. Utility Scores U(k) Across Weighting Scenarios and Cloud Venues

Scenario a B y | Public | Private | Multi-
Cld

Latency- 0.60 | 0.20 | 0.20 | 0.760 | 0.490 | 0.724

Priority

Cost- 0.20 | 0.60 | 0.20 | 0.720 | 0.430 | 0.664

Priority

Availability- | 0.20 | 0.20 | 0.60 | 0.820 | 0.630 | 0.832
Priority

Balanced | 0.34 | 0.33 | 0.33 | 0.767 | 0.516 | 0.740

The multi-cloud venue is the top performer in the balanced weighting, with the private cloud venue trailing both
public cloud and multi-cloud primarily because of its relatively high-cost coefficient; this trend is reflected in the
relative placement of the curves of the three venue configurations in Figure 3, and in the distribution of performance
across the four scenarios in Table 2.

C. Layered Context-Awareness Reference Model

Figure 4 shows the layered CAML component context-awareness reference model, which is organized based on the
stages of sensing, management, interpretation and application that are generally recognized in context-aware
systems research [3, 10].

LAYERED CONTEXT-AWARENESS MODEL

— Context Acquisition
o {Sensing) Layer

v

Context Management
& Storage Layer

v

& Reasoning Layer

v

Application / CRM
Adaptation Layer

@ Context Interpretation

Figure 4. Layered Context-Awareness Reference Model.

Table 3 summarises the principal categories of context recognised in the foundational context-awareness literature,
together with representative CRM-relevant examples used to populate the CAML ontology [1, 3].

TABLE III.  Core Dimensions of Context Relevant to CRM Middleware

Context Description CRM-Relevant
Dimension Example
Identity Unique Authenticated
characterisation customer
of the profile
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interacting
entity
Location Physical or Store
network position | proximity, IP
of the entity geolocation
Activity Current task or | Browsing, cart
interaction state | abandonment,
support call
Time Temporal Session
situation of the recency,
interaction campaign
window
Environment Surrounding Device type,
technical or network
physical bandwidth
conditions
Iv. METHODOLOGY AND SYSTEM DESIGN

The methodology adopted to operationalise CAM-CRM follows a layered design process comprising deployment-
model selection, architectural-style selection, and orchestration-workflow design, each informed by comparative
synthesis of the reviewed literature.

A. Multi-Cloud Deployment Model Selection

The methodology for operationalisation of CAM-CRM is divided in three layers where each one of them is designed
following a methodology based on comparative synthesis of the studied literature. These three layers are as follows:
deployment model selection, architectural style selection, and orchestration-workflow design.

The decision of which model to choose from the public, private and multi-cloud options involves a variety of different
trade-offs such as elasticity, control of data, cost efficiency, complexity of integration and vendor independence,
which is in line with the taxonomy of deployment models formalised by NIST [11]. Figure 5 shows, qualitatively, the
comparison between cloud-computing and cloud-native architecture literature data, as an ordinal scale of five points
to assist in architectural decision making as opposed to data collected from benchmarks.

[=)]
|
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L

=
L

Qualitative Rating (1 = Low, 5 = High}

Elasticity Data Cost Integration Vendor
Control Efficiency Complexity Independence

I Public Cloud [ Private Cloud [ Multi-Cloud

Figure 5. Qualitative Comparison of Cloud Deployment Models for CAM-CRM.
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Based on the comparison, multi-cloud deployment provides the most balanced profile for CAM-CRM, which means
it has above-median elasticity, data control, and the highest level of integration complexity, thus being the one best
suited to be handled by multi-cloud orchestration layer that is optimized to absorb through the utility function U(k)
defined in Section III-B.

Table 4 summarises the essential characteristics of cloud computing as formalised by NIST, which constitute the
baseline requirements that the AROL orchestration layer must satisfy when interacting with heterogeneous cloud
venues [11].

TABLE Iv.  Essential Characteristics of Cloud Computing Underpinning AROL

Characteristic Description Relevance to
CAM-CRM
On-demand Provisioning Automated
self-service without human scaling of
interaction with | CRM services
the provider
Broad Availability over Omni-
network standard network channel
access mechanisms access from
any device
Resource Multi-tenant Shared
pooling allocation of context-
provider processing
resources infrastructure
Rapid Ability to scale Handling
elasticity capacity outward demand
and inward spikes during
campaigns
Measured Usage Cost-aware
service monitoring, venue
control, and selection in
reporting U(k)

B. Middleware Architectural Style Selection

The Adaptive Reasoning and Orchestration Layer may be implemented using service-oriented, microservice, or
event-driven architectural styles. Figure 6 presents a qualitative comparison across scalability, deployment agility,
fault isolation, governance simplicity, and coupling, synthesised from service-oriented and microservice architecture
literature [6, 12].

Low, 5 = High)

Qualitative Rating (1

Scalability Deployment Fault Governance Coupling
Agility Isolation Simplicity {Loose=High)

N sOA WM Microservices [ Event-Driven

Figure 6. Comparison of Middleware Architectural Styles for AROL.
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The most scalable and most deployable, but the least governed simplicity is the microservices. It's the cost of having
lots of independently deployable services [6]! Event-driven architecture is more of a middle ground and works well
for an asynchronous, notification-based approach to context changes; service-oriented architecture has an advantage
in its governance simplicity which may appeal to an enterprise with strict regulations.

Table 5 presents the taxonomy of architectural patterns of context-aware middleware found in the literature surveyed
with the evaluation of their qualitative aspects of scalability, latency and complexity [10, 14].

TABLEV.  Comparative Overview of Context-Aware Middleware Architecture Categories
Architecture | Scalability | Latency | Implementation
Category Complexity
Centralised Low Low Low
Distributed High Medium High
Agent- Medium | Medium High
based
Service- High Low— Medium
based Medium

C. Adaptive Orchestration Workflow

When a context event is detected, AROL performs an end-to-end orchestration according to the workflow illustrated
in figure 7. The workflow applies the calculation of the context-relevance score C(x), the evaluation of the multi-cloud
utility function U(k) for each candidate venue, the selection of the best venue and the best CRM microservice and the
delivery of a personalised response via CIDL.

ADAPTIVE ORCHESTRATION WORKFLOW
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¥

utility Function Ulk)
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Figure 7. Adaptive Orchestration Decision Workflow.

Table 6 maps the critical success factors identified in CRM implementation literature onto the corresponding CAM-
CRM architectural responsibility, illustrating how technological infrastructure interacts with organisational, human,
and process factors [7].
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TABLE VI.  CRM Critical Success Factors Mapped to CAM-CRM Layers
CSF Category | Representative CAM-CRM
Factor Layer
Responsibility
Organisational Top- Governance
management policy in
support, clear AROL
CRM strategy
Technological System CAML
integration, normalisation
data quality and modelling
Human User training, CIDL insight
staff presentation
engagement
Process Customer- AROL policy-
centric process based
redesign adaptation
V. DISCUSSION

The combined evidence suggests that there are three major benefits to a middleware-based approach to context-
aware CRM over traditional, single-cloud CRM deployments. The explicit separation of context acquisition, adaptive
reasoning and delivery concerns reflects the layered organisation suggested in context aware systems research and
enables the evolution of each layer without coupling between the customer facing context management logic and the
underlying cloud infrastructure [3, 10]. Second, the multi-criteria utility formulation U(k) affords a principled way
of multi-cloud orchestration that can be tuned to better align with evolving organizational priorities, such as
maximizing cost efficiency when service demand is low and availability when it is high, as NIST identified in [11] as
characteristic of elasticity and measured-service. Third, the CRM Intelligence and Delivery Layer is based on a well-
established theory of multichannel integration processes, and is not an ad hoc personalisation mechanism.

However, Section IV, the comparative analysis, also brings to light integration challenges that need to be overcome
for enterprise-scale deployment. Semantic heterogeneity of context data sources is still an elusive problem, even
though the different sensing and application systems may represent the equivalent context attributes by using
incompatible schemas, which is a problem already recognized as a main barrier for the design of context-aware
middleware [3, 10]. The responsiveness of the orchestration layer is further constrained by cross-cloud latency,
especially when computing the context-relevance and evaluating the cloud-selection within interactive response-time
constraints. Although AROL implementations in microservices provide better scalability and deployment flexibility,
governance overheads can also lead to higher operational costs for enterprises that are not yet well-versed in DevOps
practices [6]. Last but not least, data-sovereignty requirements and the rules of the game imposed by relevant
regulations can limit the feasible set of cloud venues a utility function U(k) can use, in which case the orchestration
policy will need to take into account hard governance constraints in addition to the soft weighted ones of latency,
cost, and availability.

Taking a strategic point of view, the framework confirms that CRM technology is a facilitator for a clear organisational
strategy and not a substitute for it [5]. The critical success factor mapping in Table 6 shows that, regardless of how
well a middleware system is designed, poor organisational alignment, inadequate staff training, or poorly redesigned
customer-facing processes can all hamper efforts to achieve critical success. In the context of evidence that digital
transformation encompasses both the technological and organisational aspects of CRM capability, as well as the
human [8], enterprises adopting CAM-CRM should thus view the middleware as one part of an overall digital-
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transformation initiative that integrates these three elements of capability, consistent with evidence indicating that
the capacity to leverage analytics in the context of CRM-enabled performance is strengthened when embedded within
coherent organisational processes [4, 15].

Based on the discussion, the key takeaway is that the primary value of the CAM-CRM framework is that the context-
aware reasoning is explicitly coupled with multi-cloud orchestration logic, directly serving the CRM strategy, which
is relatively under-explored in the reviewed literature, despite the presence of mature components.

VL CONCLUSION

In this paper, literature regarding context-awareness, multi-cloud enterprise computing, service-oriented and
microservice-based middleware and strategic customer relationship management has been synthesized to propose a
Context-Aware Adaptive Middleware for Customer Relationship Management (CAM-CRM). The framework is
organised as three interdependent layers, namely: context sensing, adaptive reasoning and personalised delivery, and
complemented with a context-relevance scoring formulation and a multi-criteria cloud-selection utility function that
together govern dynamic orchestration across multi-cloud enterprise platforms. A multi-cloud approach with a
microservices or event-driven approach to orchestration that is vendor independent and highly agile and scalable is,
according to the comparison, the best overall balance in terms of both scalability and deployment agility, but with
higher governance and integration complexity compared to either a single-cloud approach or a services-oriented
approach. The discussion also emphasizes the key impediments for enterprise deployment as semantic heterogeneity,
cross-cloud latency, governance overhead, and data-sovereignty, and places the proposed middleware within the
strategic scope and mission of CRM as a people-process-technology capability and not just a technical artefact.
Further development of this synthesis is warranted in terms of empirical validation of the proposed utility function
with real enterprise workloads, the use of standardised context ontologies to reduce semantic heterogeneity, and the
closer integration with the omni-channel personalisation strategies outlined in the retailing literature. The structure
of this framework provides a conceptual base and building blocks for the continued empirical and technical
extensions that can be developed.
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  C  ( x ) =   Σ ᵢ   w ᵢ   ·   f ᵢ  ( x ᵢ ) ,       Σ ᵢ   w ᵢ   =   1


  U  ( k ) =   α ·  ( 1   −   Lat  ( k ) ) +   β ·  ( 1   −   Cost  ( k ) ) +   γ · Avail  ( k ) ,       α   +   β   +   γ   =   1

