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Abstract - Biological frameworks for over the past few decades 
have been concentrating on the incorporation of medicine and 
biology including computation and information technology. The 
present problem is the utility of medical discoveries that have 
been recorded for over two decades till now: Proteomics and 
genomics have been projected to develop targeted 
therapeutically approaches. These approaches are the due to the 
understanding of the aetiological of the sophisticate illnesses. 
There are various efforts that are meant to enhance the human 
physiome based on the evaluation of weaknesses and strengths 
which will be evaluated in this research. The enhancement of the 
human framework with validation, documentation and 
verification of the integrative and underlying feedback is 
fundamental to project the usable ecosystem. Upcoming 
developments of the human framework necessitate the 
integrative physiologists operating in the connection of other 
scientists. These are some of the scientists with the 
professionalism in the areas of human biology. These experts are 
to propose a usable and accurate human framework.  

Keywords - Physiological Modelling; Biological Framework; 
Bio medicine.  

1. Introduction
For over two decades now, scientists have widely been
interested in biological frameworks which incorporates
putting the systems biology altogether apart from
considering them as a separate framework. This means that
systems biology is now considered more integrated other
than reduced. As such, this necessitates that scientists have
to be interested in how they will think of integration which
are rigorous for the reductionist experts. This incorporates
changing the philosophy and the complete sense of system
biology. Over the past few years, the journal of physiology
has done a literature analysis on biological frameworks and
how the various systems biology can potentially provide an
insight into the medical workings of the human body.
These researches concentrate on the individual level of
computational research that ranges from the gene
evaluation to cellular metabolism which also includes the
local blood flow feedback.

The research and assumption of scientists’ project that 
information will create personized medicines which will be 

available extensively in the healthcare sector. Nonetheless, 
the information has to be considered as highly complex 
framework which includes the feedback and input 
mechanisms. The translational healthcare remedies 
necessitate the conceptual and functional connections to 
proteins, organs to biological frameworks, cells to 
organisms, protein to cells and frameworks to organs. To 
aid in the comprehension of the sophisticated integration of 
the frameworks, the mathematical framework of the 
complete human body that specifically connects the 
functional elements of the systems and organs might 
possibly provide a framework that will develop and test the 
novel hypotheses to enhance the medical results. 

Nonetheless, more recent evaluations on systems 
biology have not been considered multilevel since they do 
not incorporate the physiological feedbacks from the 
organs to cellular to molecular, including the complete 
human body. The enhancement of the integrated 
framework of human physiology is fundamental for the 
comprehension of the manner in which framework levels, 
organs, cellular and molecular organs interact complete 
physiological feedback [1]. The Biomedical frameworks 
are completely complex. This level of complexity amounts 
from the following:  

• Non-linearity: A lot of feedbacks have both the
lower and upper boundaries with various levels of
physiological sensitivity in them.

• Redundancy: A lot of the physiological conditions
are the feedback of many mechanisms pulling and
pushing on the observable feedback. The aspect
of redundancy makes it challenging for the
clinicians and researchers to notice the essential
causal mechanisms.

• Disparate time constant: The significance of the
observation normally depends on the protocol
timing. For example, the control aspect of the
arterial blood pressure is defined as a mixture of
the instant-acting neural mechanism, minimal-
acting hormonal aspect and the long-lasting
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influence of the body composition and body fluid 
volume.  

• Individual variations: The physiological feedback
includes a quantitative and qualitative element of
sex, composition and age of individuals.

• Emergence: A lot of the high-level, integrated
conditions of the biological frameworks might not
be illustrated based on the summation of the
inputs in reference to the basis procedures.

The biomedical analysts can utilize the integrative 
physiological framework to effectively comprehend the 
essential connection between the various forms of 
complexities. Translational analysts have created the 
integrative evaluation of the human physiology to be more 
essential. The explosion of information over the last few 
decades provides new chances to effectively enhance novel 
medical treatments [2]. The novel advancements include 
proteomics, imaging and DNA sequencing which are 
obliged to provide massive amounts of novel data 
concerning the human body. The capability to effectively 
extract the fundamental data from the various sets of 
information amounts to the customary diagnosis of 
illnesses such as haematological disorders, metabolic 
problems and cancer. The information is based on the 
necessity of novel techniques of data evaluation. Genetic 
evaluation suggests the kind of genes which are essential 
for medical results. Nonetheless, the physiological 
significance of the transitions in the genetic creation is not 
evaluated critically until now. The ambiguity aspect 
requires the goals for the incorporative data evaluation.  

There are researchers’ evaluations on physiological 
modelling that recommend the intelligent review of the 
obligations of computational medical modelling and the 
values of computation modelling in the medical systems. 
In that case, this paper addresses the past, present and 
future aspects of physiological modelling which includes 
their strengths and weaknesses.  

2. The Historical Analysis of Mathematics Modelling
for Physiological Modelling

The computational techniques have been utilized to 
evaluate and define the physiological feedback since the 
previous estimation of William Harvey. Harvey evaluated 
the cardiac ejections and output fraction in the initial 
publication of De Motu Cordis back in 1628. Other past 
evaluations were based on the computation of oxygen flux 
which included the analysis of the skeleton muscles. In this 
evaluation, the exquisite computational evaluation of the 
membrane was done [3]. These samples amount to the 
incredible evaluations which provide the aspect of the 
different medical treatments irrespective of the significance 
of niche computational frameworks. There are some 
samples of the incorporative frameworks of the human 
physiology. In 1960s, Dr Guyton Arthur began creating the 
mathematical evaluation of the integrative physiology. 
Over the past decade, the medical research created a 
framework of the cardiovascular physiology based on the 
application of more than 100 variables. The research 
utilized the 1970s framework to carry out tests on the 
physiological hypotheses which critically focussed on 

chronic and acute blood pressure and the relevant controls 
for kidney disorders which were relevant for long-term 
controls of blood pressure.  

In 1980s, with the introduction of individualized 
computer, Randall and Coleman projected the framework 
of human physiology which was known as Human. The 
framework was the previous extension of Guyton, Granger 
and Coleman model introduced in 1972 [4] Apart from that 
the framework graduated to windows software packages 
which were known as Quantitative Circulatory Physiology 
(QCP). QCP includes about four thousand variables and 
different mathematical element. The end findings include 
the model defining metabolic, endocrine, respiratory, 
neural, renal and cardiovascular connection in the multiple 
organ’s frameworks in the human body QCP is also a 
variable that provides the time-dependent simulation of the 
human physiological aspect.  

2.1 The Present Efforts in the Incorporation of 
Physiological Modelling 

Presently, there are different centres globally with the 
mandate to develop the ecosystem for the enhancement of 
the integrated framework for the human physiome and 
physiology. Each of these centres are considered to be 
inclined in enhancement of software from various medical 
aspects. Physiome projects are considered as a global effort 
meant to deal with the models and databases which are 
obliged to comprehend the physiological feedbacks. Apart 
from that, Physiome is considered as a globalized domain 
effort which provides computational systems meant to 
comprehend the eukaryotic and human physiology [5].  

The projects further include the databases, software and 
markup language for the computational framework of 
software and cellular functions for the interaction of the 
human organs and their models. These frameworks or 
models are based on the cellular ML which is an extensible 
Markup Language based on the definition of the 
mathematical framework of the tissues and cells functions. 
For instance, there are wide-range aspects of 
cardiovascular physiology under the cardiovascular header, 
but they have not been connected together. A lot of these 
frameworks are based on the 1070s Guyton framework 
which was based on the integrative physiology. Presently, 
the major limitation with the project is that there is 
minimal integration of the narrowly-focused framework 
that amount to the understandable framework of the human 
physiology [5].  

The NSR project for Physiome done at the University 
of Washington is connected to the Physiome project 
analysed above. NSR physiome project is based on the 
application of the JSim which represents the Java 
simulation framework. There are 270 various frameworks 
that have been listed to run JSim. Just as their affiliated 
projects, NSR Physiome fail to properly incorporate their 
frameworks. SimBios projects focus on the multiple 
modelling. However, its fundamental purpose is based on 
the projects that focus on RNA folding, neuromuscular 
dynamics, protein folding, drug dynamics and the neural 
prosthetic connection. This segment is deficient of the 
cardiovascular dynamics project. In this paper, the 
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computational fluid dynamics and simulations of the aortic 
function and flow has been evaluated [6]. However, 
SimBios fails to effectively integrate these mentioned 
frameworks. SAPHIR projects are critically supported by 
the National Research Agency in France with the mandate 
to effectively enhance the critical modelling ecosystem 
which concentrates on the regulation of the body fluids and 
blood pressure. To properly fulfil the mentioned 
assumption, this research is focused on the 1970s Guyton 
framework.  

The derivative done in 1972 for the Guyton framework 
was meant to effectively incorporate the multiple 
frameworks which were based on HumMod. This 
framework was created by the computational clinical 
centre and the department of medical physiology at the 
Mississippi University. This is considered as massive, 
multiple scale framework of human physiology. The 
framework is considered as an extension of QCP that was 
previously known as the extension of the Guyton 
framework. QCP and HumMod are a result of the massive 
segment by the effort of Dr Coleman Tom, who was also a 
sole contributor of the Guyton framework in 1972. The 
initial framework which is also known as GCP includes 
more than 4000 variables [7].  

QCP’s included the language that was limited to the 
capacity of user to transform the prevailing equations 
which simulate the process of physiological modelling. 
HumMod deals with the issues since its comprehensive as 
a multilevel modelling ecosystem for the kind of 
simulation in the human physiology. The connection and 
the relevant equations have been written in XML. The 
present version includes about 5000 variables. Most of the 
equations specify the connection between the variables and 
are incrypted in XML [8]. As such, HumMod simulates 
globalized interconnected systems and organs that might 
be modified based on the potential codes. HumMod has 
been incorporated and might simulate the time-dependent 
feedback. This form of response is considered from the 
measure of seconds to years. The framework is significant 
when the physiological complexity aspect requires to be 
critically evaluated.  

The various mathematical relationships and equations 
illustrate the physiological connections and responses 
which are defined in the XML files. The XML files are 
considered simplified files which are incredibly modified 
in the various file editors. Here, the framework simulates 
the pneumothorax with the medical presentation which is 
essential for the process of demonstrating the blood oxygen 
levels and the blood responses. The executable files which 
is the HumMod.exe, that effectively evaluates and parses 
the mathematical framework in their individualized 
mathematical engines. HumMod parses are capable of 
completing the XML files which includes about 2900 files 
that establishes and formulates the mathematical approach 
on Window 7 dell desktops (2.8 GHz, 3 GB). The 
processes of simulation in these devices are considered 
rapid and takes about 30 seconds for a simulation which is 
considered to take approximately one week [9]. The 
lengthy simulation process graduating from months to 
years is projected based on the minimal timeline.  

Over the past few decades, the enhancement of the data 
gathering technologies such as the maximum throughput 
technologies in proteomics and genomics have been 
facilitated in the drastic increment and quantification 
applied in modern biological evaluation. This has also 
facilitated in the advent connected to the advancements for 
mining and managing the massive scales of data. In the 
years to come, computational analysis and modeling will 
play a significant role in the deciphering application of 
medical frameworks that are described on basis of big data 
[10]. This can potentially develop the comprehensive 
understanding of the wide-range biological frameworks. 
Therefore, interpreting and analysing the physiological 
information, it is essential to consider developing the 
mechanistic bio-physical framework which might not be 
defined based on medical statistical terminology. This is 
actually incorporated in the unified system that is obedient 
to the significant physicochemical and mechanical 
principles.  

The physical engineering-centred technique to 
physiological analysis might mark the returning aspect of 
scientific analysis which is driven by pioneering experts 
such as Krogh, Pioseuille and Fick. The past scientific 
evaluation of the workings in physiological frameworks 
have been based on the analyses of the mechanical, 
electrical and chemical forces which have been processed, 
transduced and transmitted in the living organisms. As 
medical experts, pioneering physiologists initiated crucial 
contributions to the enhancement of the fluid dynamics, 
optics, electrochemistry and physical chemistry. 
Investigating back into the history of physiological 
modelling, William Harvey elucidates the circulation of the 
mass conservation which signifies the ideology that is the 
alchemists. However, Harvey initiated the deductive 
assumption and logical reasoning of the frameworks in the 
process of persuading the medical experts that blood 
actually circulated and does not oscillate. In the present era 
of medical informatics-based computational analysis, 
practical experts will acknowledge that the physiological 
origin is fundamental for physical science.  

Irrespective of the fact that quantitative physiology has 
been eliminated completely, it has been put aside in a lot of 
physiological departments over the past few decades. In 
the modern age, cardiac measurement has been done in the 
intact living organisms to affirm Harvey’s mathematical 
approaches which include what is known as the 
mathematical evaluation in biomedical science. This 
approach is applicable in Fourier evaluation to effectively 
define the pressure waveform, biophysics, biochemistry 
and the computational oriented analyses in physiology. 
Whereas the significant advancements have been created in 
the field of molecular biology as a qualitative endeavour, 
there is focus on the integrative computational framework 
in biomedical analysis which are purposed to connect to 
the magnificent segment of novel skillset that is purposed 
to effectively comprehend the manner in which intact 
living organisms operate [11]. In the purpose that this 
attention and resources are considered fruitful, this paper 
includes some recommendations to the training and 
practices to be considered in computational modelling and 
physiological modelling.  
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3. The Purpose of Computational Modelling in
Physiological Frameworks

In computational modelling, the initial step is to explain 
the coherent purpose that has to be accomplished in any 
form of modelling. These past research evaluations have 
provided the critical guidance to set replies to the simply 
query: Why initiate models? In brief, the answers include: 
to effectively manage and arrange the disparate data in a 
coherent manner; to focus on the logical assumption of the 
various interactions and components which are essential in 
the complex framework; discover the novel strategies; to 
execute essential corrections to the conventional aspect and 
lastly to comprehend the fundamental qualitative 
characteristics.  

Researches recommend and provide fundamental 
evaluation of the themes in physiological modelling. We 
have done the liberty of structuring the 3rd and 4th purpose: 
to optimize, predict and simulate the processes, therapies 
and the experiments and to disprove the relevant 
hypotheses in the process of defining the enhanced 
computational frameworks meant to aid the efforts in 
providing the quantitative systems for the scientific 
methodologies. Whereas the medical models might be 
descriptive in nature providing the quantifiable aspect for 
comparison is fundamental for quantitative mechanistic 
hypotheses. Disproof of the identified hypotheses have 
been formalized as computational frameworks and 
components in computational modelling [12]. These are 
based on the contrast measure of the models which have 
been experimented and predicted in the measureable 
variables. Therefore, operating towards the 4th purpose 
necessitates enhancing the models and creating the 
experiments in tandem. This incredibly ensures the models 
and the measured variables which are matched to one 
another and optimally designed to identify the framework 
model which is termed anonymous.  

These approaches reveal the segment of modelling as a 
fundamental tool in the operation of the physiological 
toolbox which aids in the designing of experiments, 
evaluating the information gathered, generating and testing 
hypotheses. Nonetheless, the 2nd and 5th purpose suggest a 
deep and incursion of computational model aspect to a 
physiological intellectual boundary. The workable 
physiologist who has enhanced the deep comprehension 
and intuition of the manner in which systems operate based 
on experimentation, experience and education is based on 
computational frameworks. These are putatively created in 
reference to the fundamental features incorporated in a 
particular system and might be used to reveal the unknown 
essential elements of the medical framework. To the 
readers who are sympathetic to the aspect of computing 
modelling, it is suggested that is irrelevant to knock it until 
you have tried it. Actually, the computer model and 
mathematical approach signifies the undisputed intellectual 
aspect of modern research in other physiological sciences.  

Actually, the analogy between the mathematic 
approach in physics and in medicine is neither complete 
nor perfect. The approaches to computational and 
mathematical modelling in biology might be considered as 
failing into a single philosophical class. The initial one 

incorporates the massive-scale integrative model approach 
since it has been assumed to be essential as a biological 
element that emerges from the framework which strives on 
estimating the complexity and sizes of the actual biological 
framework. Joining this approach, it is one of the ancient 
approaches that is applied in physics and mathematics, 
creating the most basic model which is capable of 
capturing the fundamental elements of a specific system 
whereas being accessible to medical analyses. All these 
philosophies are considered complementary instead of the 
ones mutually exclusive.  

Actually, while realistic massive-scale complex 
framework is considered incredibly pursued, the simplified 
frameworks have been formulated to effectively gather 
essential bio-physics of a particular framework that is 
considered valuable based on the comprehension of 
qualitative and fundamental elements of a biological 
framework. For instance, the classical works on the 
amplification of signals in protein phosphorylation 
considers the fundamental elements of the complex cellular 
signal frameworks based on the analysis of one isolated 
phosphorylation de-phosphorylation which signifies the 
gross unrealistic framework that is contrasted with the 
actual signalling pathway. Over the recent evaluation, there 
are significant approaches which have effectively 
abandoned the details of biophysical framework in the 
favour of informatics and statistical methodologies for 
information evaluation [13]. It is believed that there is 
significant payoff in the aspect of quantitative prediction 
and analysis of biological function from the incorporation 
of biological data from the databases and the bio-physical 
framework. These are all based on the mandate of the 
present coordinated auspices of the global union of 
physiological science.  

3.1 Computational Modelling Guidelines 
Provided the widely understood and accepted potentials of 
computational modelling affects our acceptance of 
physiological frameworks, it is significant to introduce 
some of the guidelines to focus on the mandate of 
computational modelling in the sector of physiological 
analysis. We have produced the following list with the 
purpose to recommend significant set of guidelines and 
principles.  

• Physiology surpasses data science

Even in the sector of omics age, the sector of
physiology and biology cannot be considered as a sub-
discipline of data science or data informatics. The 
methodology of metabolomics, proteomics and genomics 
aids medical practitioners and information scientists to 
collect essential data whereas the tools in bioinformatics 
and management of the databases are left to mine and 
manage data. Computational modelling has to focus on the 
prediction and comprehension of the biological data.  

• Statistical inferences are ineffective to develop the
mechanistic comprehension of physiology

In order to be self-predictive and consistent, 
frameworks have to be developed from the underlying bio-
physical guidelines and principles. The model credibility is 
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developed by the capacity to project the data which is not 
applicable in the identification and prediction of the 
framework. As a corollary, we have asserted that model 
identification has not been utilized for parameter 
evaluation [14]. The parameter evaluation aspect includes 
the application of information to evaluate and assess the 
values of the parameters in reference to the statistical 
processes. The model identification represents the exercise 
meant to assimilate physical, data, biological and chemical 
principles into a more coherent mechanism which is 
purposed to achieve the comprehension of physiology.  

• Frameworks have to be integrateable

This implies that we should be capable of linking the
models of these systems altogether to develop the 
framework of an integrated system. Only the frameworks 
that are developed on the common set of chemical and 
physical principles can be integrated with ease all together. 
In that case, the models should simultaneously be 
consistent with the present experiment information and 
might be constrained by the essential biophysics and 
physics. The physical-centred frameworks which are the 
models developed on the guidelines that include the laws 
of thermodynamics and mechanics. These are the 
approximations and assumptions that are considered to be 
explicit, charge the energy, momentum and are operative 
based on the currency of masses over the disparate scale.  

• Collaborative working groups have to be
established

The biological framework inevitably magnifies as a 
wide-range component which can possibly become 
incorporated and demands a significant dimension of 
knowledge and expertise for the creation of multi-
institutional groups that focus on specific targets. During 
this spring, there was the gathering of four essential 
working physiome groupings at the global congress for the 
evaluation of cardiac mechanics, metabolism, renal 
physiology and electrophysiology. These efforts have been 
included in the working segment and publication of 
journals of physiological modelling and analysis. 
Moreover, readers are encouraged to re-evaluate the firm 
inferences whereby the formal process for productive 
scientific evaluation have been summarized as discussed 
below: 

• Creating alternative hypotheses

• Creating critical experiments with the alternative
possible results which can possibly exclude the
relevant hypotheses

• Experimenting for clear results

• Repeating the process

Whenever the hypotheses have been formalized as
computational frameworks, the Platt process and cycles 
between the experiment and model as a progress is created 
over the framework which is wrong but is increasingly 
usable. The development in this segment necessitates the 
continuation of the trained models themselves. This 
necessitates students and colleagues to carry out 
experiments for the purpose of retrieving quantitative 

concepts. An essential recent trend is the graduation and 
expansion of the interdisciplinary program for the 
postgraduates, graduates and undergraduates in the field of 
bioengineering and computational biology.  

A lot of activities and energy has presently been 
invested in these programs globally over the past few 
decades and makes it necessary for researchers to introduce 
computational tools in the field of physiological modelling. 
For learning and teaching material, a lot of the excellent 
books in the field of physiological modelling are present. 
For the medical researchers and physiologists, one of the 
most relevant resources is the American Physiological 
Society that is available in the aspect of physiology in 
quantitative evaluation terminology. For instance, a lot of 
materials in microcirculation are presented based on the 
language and concept of the chemical engineering and 
chemical physics. Ideally, whereas no personal research is 
considerably capable of obtaining the expertise over the 
relevant disciplines, the faculty in the field of physiology 
have to be competent in physical and biology concepts that 
have been stressed out in books.  

The issues of physiological genomics include an 
invited editorial focusing on the significance of 
computational modelling which is essential in 
mechanistically-centred hypotheses of complex biological 
frameworks. It is considerable that in the five-year duration 
of the journal, the human genome and its projects are done 
and more genomes have been placed in the sequence and 
possibly ranges fungus to rats and mice. Affordable and 
efficient high-throughput advancements are now 
considered a commonplace in most schools and meant to 
evaluate and determine the gene sequence and expression. 
Some of these can be considered in viral vector labs and 
transgenic facilities for the purpose of restructuring the 
genes and their relevant expressions. Although the 
proteomics have not been attained yet in this level, the 
advancements for protein quantification and identification 
are considered in the rapid advancement.  

Over the past few decades, people have been 
scrambling to hire and train computer experts to effectively 
manage the massive amounts of data that are produced in 
microarray analysis of linking data results. This activity 
was hosted by the parallel biological training of learners in 
the field of computer science. The bioinformatics centre is 
gradually developing in the high-throughput biology labs 
to effectively accommodate the analysis and management 
of the massive sets of data. The events have amounted to 
the wide-range progress in defining the events in stressed 
and normal conditions of organisms. From the advent of 
application of the high-throughput approaches, it is 
identified that the purpose of this research is warehousing 
the massive sets of data. The medical practitioners are 
aware that more research work is needed in future to 
effectively evaluate the datasets in the process of achieving 
the mechanistic evaluation of the complex cellular and 
organism functionality. As it effectively happens in 
science, a novel reed of computational biologists and 
scientists are emerging for covering the vital necessity of 
the medical practitioners. Computing modelling is not a 
novel idea. However, the necessity of the approaches has 

169



IJAICT Volume 8, Issue 8, August 2021
ISSN 2348-9928

Doi:10.46532/ijaict-202108023 Published on 05 (08) 2021

© 2021 IJAICT India Publications (www.ijaict.com) 

Corresponding author at: Bylova Srpak, Pirogov Russian National Research Medical University, Russia.   

been considered to be greater over the past few decades. If 
this has been empowered with the effective resources, this 
novel generation of analysts operate closely with the bench 
medical practitioners. As a result, this will start providing 
the unifying aspect of the frameworks for the biological 
frameworks that are developed on solid biophysical 
guidelines and principles.  

3.2 Biological Framework Development 
Medical practitioners have presented an evaluation of the 
standpoint that will potentially develop the systematic 
biological evaluation that combines and integrates various 
medical systems. They have also outlined three various 
means of evaluating these systems: top-down, middle-out 
and bottom-up. In the bottom-up approach, molecular 
biological approaches are considered. This begins with the 
definition of the genetic and gene connection. The wealth 
segment of the genetic information and the multiple 
cellular procedures necessitates the bottom-up aspect 
which is complemented on other fundamental approaches. 
The top-down approach represents the classical 
physiological aspect which is obliged to perform the 
integrative evaluation of the organ systems and include the 
details of the personal systems and organs. A critical 
complementary approach includes the middle-out aspect 
approach.  

It is projected that the approach might be considered as 
the best approach. In this process, the middle out aspect 
approach links up the top-down and bottom-up 
methodology. Modelling based on middle-out approach 
starts with the levels of the organisms whereas an effective 
mathematical connection is identified and might be applied 
in the establishment of a biological framework. The future 
additions might shift downwards or upwards when 
including the details. The middle-out aspect approach gives 
the results in the aspect of modelling of the heart based on 
the combination of the genetic transition of metabolic, 
mechanical and electrical features of the heart. The 
physiome projects have been considered as a success for 
the middle-out approach.  

The middle-up and bottom-up approaches amount to 
the mathematical evaluation for the effective simulations. 
Nonetheless, these techniques have not amounted to the 
critical framework of human ecosystem and physiology of 
an integrated framework with the time-variant simulation 
that includes effective feedback mechanisms. The middle-
out model of the heart gives sound simulations. 
Nonetheless, it might not simulate the cardiac element 
during the medical exercise to effectively permit 
interfacing with the transforming physiological variable 
which include hormonal transitions, neural and blood 
pressure. The bottom-up and middle-out approaches might 
be the same as the futile efforts of comprehending the 
human thinking in reference to the definition of personal 
neural procedure which might possibly ignore emergent 
nature.  

The top-down approach case is executed effectively 
which amounts to the effective ecosystem for the 
understandable framework of the human physiology. The 
top-down methodology necessitates enough details about 

the underlying physiology meant to define the 
physiological feedbacks. It does not necessitate the 
underlying physiology to be considered as a mathematical 
framework. The Guyton framework in 1972 is a sample of 
the top-down methodology. The published framework of 
cardiovascular regulation incorporates the cardiac element, 
neural activation, blood pressure regulations and the 
localized tissue responses. The block diagram represents 
the original text and illustrates some connection based on 
empirical curvilinear elements.  

These elements define the physiological connection 
where the underlying physiology has not been completely 
identified. The connections have been determined from 
either the clinical and animal experiments. With the top-
down methodology these curvilinear elements illustrate the 
mathematical details as the prevailing physiology is being 
identified. Apart from that, the top-down technology 
permits the enhancement of the framework to effectively 
stimulate the connected experiments and the medical 
information. As a result of the numerous interaction and 
response pathways which are available in the human body, 
the top-down framework permits the developers and users 
to test the framework with the medical information. 
Moreover, the developers and users can effectively 
evaluate if their knowledge of physiology matches the 
experimental and clinical information. These points are 
addressed in the subsections below. 

4. Hypothesis Evaluation
The mathematical simulation is applied in the
comprehension of quantitative connection between the
multiple physiological frameworks. The obligation of the
mathematical simulation is to enhance the
comprehensibility of the incorporated physiological
framework. With the enhancement of the mathematical
framework, the investigators have to compare the
simulation results with the experimental information. In
case the experimental findings have accurately been
simulated in the process of enhancing the framework, the
developers might have accurate knowledge of
physiological connections. The framework has to ensure
that the findings are capable of supporting the multiple
cases. HumMod and QCP should be applied to
comprehend the multiple physiological feedbacks which
include the long-term measure of blood pressure which
considers the baroreceptor stimulation. The physiological
feedbacks signify minimal gravity. These researches are
the samples of the application of incorporated modelling
which are meant to define and identify the underlying
mechanism and their responsibility in physiological
feedbacks.

4.1 Verification and Validation 
Mathematical frameworks have to provide the correct 
definition of physiology and have to lead the insights 
available in the physiological procedures. A critical 
concern is whether these frameworks are considered 
accurate to effectively stimulate normal physiological 
feedback and the pathophysiological procedures that have 
to be projected by the system experts. These systems have 
to consider the efforts designed to verify the most accurate 
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mathematical simulations. Confidence in projections given 
by the mathematical simulations might be structures when 
the framework is effectively verified and validated over the 
experimental and clinical information. The verification and 
validation processes have to be considered on three 
fundamental levels: 

• Certain functional interactions or physiological
connections

• Component frameworks or sub-frameworks

• General model evaluation and integrated
performance

In case the frameworks are validated on personal sub-
models or the component levels, there is no assurance that 
it is considered accurate to effectively project the 
integrated physiological feedback. In case the model is 
properly validated based on integration, the general model 
performance means that there is a possibility to properly 
adjust the different system parameters which might 
possibly mask the mistakes in the operation of certain sub-
models or the physiological connection. 

Verification is illustrated as a mathematical, physical 
and physiological representation of the procedures 
illustrated in the frameworks. The criteria of verification 
incorporate the following:  

• Mathematical and physiological fidelity of the
incorporated structures

• Effective functionality of the response’s
mechanisms

• Precise representation of the state parameter
utilized in the physiological functions and their
connections.

• Precise predictions of the major physiological
variables which are influenced by the system.

Based on verification, the framework requires to 
effectively provide the correct documentation of the 
mathematical framework and variables utilized in the 
representation of the physiological framework. 
Documentation has to be incorporated as a segment of 
model structure and is not considered as an enumeration of 
medical publications. The global acceptance of the 
framework necessitates that individuals are capable of 
viewing the essential aspects of the prevailing structures. 
The clinical developers make use of the documentation in 
the associated files or codes. The application of XXML 
structures, as IUPS Physiome Project for the framework 
permits effective incorporation of the embedded 
documentation.  

Validation implies that simulation produces the 
findings within the statistical and physiological bounds of 
the compared experimental information. The frameworks 
and components have to be validated based on 
benchmarked evaluation. Benchmarked evaluation 
necessitates simulation findings which are compared 
effectively within documented information from the 
scholarly-reviewed research and datasets. Software and 

model validations ensure that the quality of numerical and 
physiological solutions undertaking the performance levels 
being created. The value of numerical remedies and 
performance necessitates the general form of simulation 
which assures the stable output with less errors that have 
significance in the integrated scheme.  

• Qualitatively: It is essential that the framework
works according to the observed experiments.
This form of evaluation is of high significance
and is determined by the medical significance of
the framework.

• Quantitatively based on dynamics: Frameworks
have to demonstrate the feedbacks which are
reasonable during dynamic changes. Quantitative
analysis of dynamic transitional accuracy is
challenging and there are no standardized
methodologies.

• Quantitatively based on steady state: Frameworks
have to be firm and demonstrate the steady value
of approach based on experimented data. The
application of statistical methodologies for the
estimated significant, bias and precision has to be
incorporated.

For the integrative frameworks, validation of the 
simulation might be essential as a challenge mostly for the 
time-dependent simulations. It is of great value to contrast 
the simulations and their results with human or animal 
studies. The wealth of the medical evaluations makes the 
aspect of validation of the physiological framework easier 
to integrate. The validation aspect of the integrated 
simulation has to be stronger compared to the cellular 
frameworks due to the integrative elements for the medical 
studies. Nonetheless, there are different issues which can 
affect the procedure of verifying the accurate measure of 
incorporating the models.  

For example, the aspect of clinical evaluation might be 
of various sex and age, alongside varying the underlying 
alteration in the field of physiology. There are no specific 
clinical elements. However, the framework developers 
have to create the age and sex specific framework to 
effectively simulate the certain feedbacks. We are not 
affirmed by the age and sex specific frameworks. 
However, the HumMod framework includes the 
underpinning of the enhancement of the sex specific 
frameworks. It is more effective to identify the essential 
information to massive frameworks. The information 
cannot validate the overall condition of the framework 
since all the physiological variables in the framework have 
not been connected with the human and animal research. A 
number of researches have investigators who focus on 
certain hypotheses to effectively measure the minor sets of 
physiological variables. Moreover, information collection 
might be of higher fidelity which includes clinical studies. 
Validating the overall state of the framework is possible in 
trivial frameworks.  

4.2 Clinical and Medical Education 
The major application of the mathematical simulation is 
considered for experimental design and hypothesis testing. 
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Nonetheless, additional application of mathematical 
simulation and the framework integration is education and 
is fundamental. Researchers, clinicians and students 
require understanding the fundamental mechanisms which 
are projected to maintain the homeostatic balance of the 
body which also affects the pathological states. 
Comprehensively, the validated framework will be 
essential for the purpose of education. QCP has been 
utilized for medicine education which aids users to 
effectively comprehend the prevailing mechanisms, 
interactions and feedbacks of the physiological responses. 
The department of science has considered more 
reductionist approaches in the response to novel 
methodologies which permit scientists to comprehend the 
gene responses, intracellular signalling and gene responses.  

Nonetheless, a defined and clear understanding on how 
cellular pathway fits into the general picture is required. 
This form of integration necessitates closer interaction 
between the integrated scientists and physiologists. The 
multi-scale model of integration requires databases of 
physiological variables. There are various ontological 
databases which address the anatomical, proteome and 
genome information. Nonetheless, there are no databases 
of higher levels in physiological parameters. The 
mentioned databases have to incorporate the pathological 
and normal values for physiological variables from animals 
and humans. There are various physiological values for the 
humans which might be unavailable based on experiments 
and necessitate the application of experiments for animal 
information.  

5. Conclusion and Future Directions
In this paper, we have evaluated an overview of the current
condition of computational simulation in the field of
integrative physiological modelling. From this research, it
is seen that there are numerous efforts that have been
directed at the enhancement of the human physiome which
represents the extensive integrated framework of human
physiology. This might be applied in hypothesis evaluation
and clinical education. For these systems to operate, it is
essential to have comprehensive advancement of multiple
frameworks which links to the organ and cellular systems
meant to provide defined responses to the systems. Several
problems have to be focussed to facilitate continual
advancement of the fundamental integrative framework.
The framework developers have to acknowledge the
various physiological aspects. There are minimal
physiologists who have been trained as integrative medical
practitioners which mean that there is minimal knowledge
on the impact of physiological transition happening in
normal life. So future research should focus on addressing
the implication of physiological transition in normal life.
The numerous response systems should be projected to
form the physiological responses irrespective of being
termed as abnormal.
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