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SUMMARY 
Testing and evaluation of a mathematical model is a continuous process 

that can start from the beginning of the project modelling. A different 
approach to it, and not only, can be inefficient. This paper examines the 
dynamic models, Deterministic type or semi-Newtonian, Newtonian and 
empirical models based on biological hypotheses. A useful description of this 
subject is given by Penning de Vries, who stresses the lack of agreement on 
terminology and the need for clear definitions when these issues are 
discussed. Some modellers dilate the validation and verification, although we 
believe that the terms assessment and testing are more appropriate scope 
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INTRODUCTION 
Testing and evaluation of a mathematical model is a continuous process 

that can start early in project modelling. A different approach to this is 
undoubtedly inefficient. This paper analyses both the dynamic models, 
deterministic Newtonian type or semi-Newtonian type and also empirical 
models based on biological hypotheses. A useful description of this subject is 
given by Penning de Vries, who emphasizes the lack of agreement on 
terminology and the need for clear definitions when these issues are 
discussed. Some modellers speak at length validation and verification, 
although we believe that the terms are more appropriate testing and 
evaluation purpose.  

The term testing in this paper means control methodological corrections. 
This means: mathematical equations must be properly established biological 
hypotheses; equations to be self-consistent and compatible from the point of 
view of measurement units; any consideration of algebraic and mathematical 
analysis must be accurate and achieve the goals set. In fact, for large and 
complex models can be very difficult to avoid making such errors, so it is 
preferable to assume that such errors will be made and, therefore, to look at 
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every stage of the design method that to detect errors as soon as they were 
made. Find them later can be nearly impossible.  

A creative attitude is to practice to endeavour to work as correctly in the 
act of building a model, stages of unification, after each set of features that 
characterize a phenomenon, a process. However, you should be prepared to 
detect errors which will be later. These errors can be favoured by the fact that 
at this stage, the first building of the structure model, priority is its logic and 
thus the emergence of inconvenience caused by possible errors (for example, 
the disparity between the units used). After building the model, an analysis of 
significant cases can lead to the elimination of most errors.  

Evaluation, on the other hand, is not necessarily an objective process and 
therefore is difficult to define. Simultaneous assessment in relation to issues 
such as good approximation of the objective, plausibility, good line, elegance, 
economy, simplicity and usefulness is indeed doable and presumably often 
model specific features will mainly be individualized. The final assessment of a 
model can only be made after testing and only after we have secured the 
methodological correctness of the model.  

Assuming that the targets were correctly and properly defined, we can 
identify four modules in the structure of mathematical models:  

1. The structure of the model, including its biological assumptions; 
2.  Expression mathematical at point 1 and any other subsequent 

mathematical analysis;  
3. Solving equations obtained at point 2, often by a computer program; 
4. Examination and interpretation of data prediction model, particularly 

in relation to point 1 and the correlation predictions with experimental data 
available.  

Testing and assessment can be treated separately in making mathematical 
models, but may be present after each stage, preceding achieve the next 
stage.  

There is here a process that implies the existence of a sequence of steps: 
building – assessment, test – resumption of steps and sides of model 
(therefore a revision and modification of the model) – building a new version – 
assessment test – etc.  

Often four stages tend to overlap and interact with each other and 
sometimes may lead (or required return) back until you get results and 
consistency (logic, theory and practice) satisfactory. For example, the rigor 
imposed by the mathematical description can generate (force) new and 
unexpected inner links biological theory. 
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MODEL EXAMPLE  
We present below an example of a model that can reflect the actual 

completion of the four stages plus ways chosen example generated or clarified 
or led to new links, answers questions on various biological, physiological and 
interaction between them. 

 
I. Model structure 
A mathematical model is a collection of biological hypotheses. These are 

often a simplification of reality.  
It should be noted here seeming sophistry modelling activity: being based 

entirely on "literature" it is possible to achieve non-experimental study 
contributes to knowledge of the situation? Yes, as far as issues based on 
manual reaching overcomes them and emphasizing the dynamic character of 
different dependencies is not covered. In other words, it is the synergistic 
effect of mathematical modelling.  

There is often criticized on the degree of simplification especially - the 
model is so or "too complex" or "too simplistic". As discussed, the modeller (by 
action modelling) can develop ideas (in the study) or to achieve a description 
and synthesize or produce a useful tool in practice. The degree of 
simplification, which is often connected to the empirical content / Newtonian 
can and should be linked to target.  

The fact that the model is a simplification of reality has an objective. The 
ratio of simple / complex is often part of the "art of modelling" and can be 
influenced decisively purpose, accuracy and depth of experimental data 
underlying the model, the knowledge of (the problem) model(s), power, 
accuracy and speed computing (issue resolved by using the computer) etc.  

For example when we consider the model on the energy metabolism of 
farm animals we can study the interaction of feed - animal, known as 
nutritional value. Theoretically, one can imagine all the energy structure from 
gross energy (EB), digestible energy (ED), metabolizabile energy (ME) and net 
energy (EN). Theoretically the finest expression of the energy balance is the 
net energy production date. But in practice yields characterizing chain 

transfers from EB to  are known at this time with a relative accuracy 

which makes any attempt to refine nutritional value to  to strike a 

series of transformations that require a number of approximations that 
compromise the original idea (assessments due on the one hand increase the 
number of computations but especially the fact that we are dealing with a 
lower precision, due to an approximate knowledge at present). The question of 
finding the equilibrium point, the problem can be formulated as follows: to 
find the maximum level to which the accuracy of the determination of this 
level is the confidence level makes this data usable (and comparable) in 
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practice. An answer absolutely cannot do. The level of accuracy depends on 
the desired and existing conditions. For a farmer ED is probably sufficient; for a 
thorough research probably can go to the last expression retained energy in 
animal production. On the other hand, a category depending on the animal 
species and is clear.  

There is a difference between monogastric animals and ruminant animals 
and within monogastric animals between poultry and pigs on ED and EN). 
There is a subjective depending on who we might express as to the level of 
development of research dedicated to one of the categories of animals of 
economic importance.  

To a large extent the skill, understanding in modelling activity is to bind (as 
a whole) assumptions and decisions containing a varying degree of 
approximation.  

Since the initial assumptions that are important importantly modeller 
itself is familiar with biological problems. When a mathematician decides to be 
a model in biology he will have to approach the biological aspects covered 
models which concern him. What appears to be a sensitive issue when we talk 
about collaboration biologist – a mathematician in order to obtain models, 
everyone is just need to initiate the activity of the other.  

Model structure can be evaluated and not tested. Evaluation depends on 
the other side objectives to be achieved by modelling on the other hand 
awareness of the processes and areas that would be subject to action 
modelling. 

 
2. Mathematical equations (formulas, functions) 
For the success of a model, accurate translation of mathematical 

expressions biological ideas is essential.  
To achieve this with minimum errors (deviations) there are some simple 

rules that can be followed, which reduces their possibility and at the same 
time helping their detection. One way to work considers some parallels with 
the creation of a computer program.  

Actually putting a computer program not only brings benefit to use in the 
best conditions to achieve the model and its validation easier; action program 
is a great way to require and verify the internal logic and consistency obliging 
model modeller to introduce good order and unequivocally highlight 
interdependencies between different model sizes.  

First we need to define symbols. This should be considered carefully to 
avoid completely the use of the same symbol to denote two different entities. 
Secondly it is useful to use similar symbols for concepts similar or the same 
unit of measurement. Chosen names (abbreviations) to be more intuitive and 
consistent with the logic model. If possible to use abbreviations established or 
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widely used and commonly used sizes in different models to be used in a 
consistent manner using the same notation or notation very similar if not 
contrary to the proper formulation of the model. A notation simple, suggestive 
and consistent model can facilitate an easier scroll during construction and 
testing of the model and the beneficiaries may facilitate the understanding and 
use of the model. Very helpful notations can be inspired by the use of 
mathematical notation rules. Especially with use the computer simulation 
models. We consider the use of the concepts established for certain operations 
imposed by the model formulas (derivation, differentiation, integration etc.), 
alternative use of the Latin alphabet and Greek as well as upper or lower 
indices.  

The second step is to establish measurement units. In equation each of 
the two constituent terms must be expressed in the same unit of 
measurement. To this end it is useful to set a table containing the symbol 
variable name and units.  

One single measure (preferably SI) should be used and (if possible) is 
better to avoid the use of multiple or submultiples so that we get a bi-univocal 
correspondence between sizes (nature) and units involved. Using multiples and 
submultiples or conversions between different measurement systems (e.g., J 

↔ ) Sources of error are the most common.  
The third stage is given by check (setting) mathematical consistency and 

completeness. Equations should be sufficient to define the problem, but the 
problem must be clearly defined. For example for a dynamic model with three 
state variables required three or three difference equations differential 
equations. For a static problem with five variables, five equations are required, 
which is generally valid for a linear progression problem.  

It is necessary and useful to build an organization similar to a flowchart 
that determines the number of entries, their links with state variables, 
interdependencies between various state variables and constitutive 
parameters as links between variables "internal" model variables output.  

Such a scheme helps establish internal logic to what modeller and 
establish mathematical relationships must be established in the model. It can 
be used in all stages of the mathematical equation in particular in the phase-IV.  

The fourth step includes analysing the completeness and consistency of 
biological modelling system as a whole. For example, both models of the plant 
and for those of the animals, carbon and nitrogen are elements whose balance 
must be highlighted. We can write: 

 (Total C and N in the system) = entries in the system - the system 

outputs 
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Internal transfer (internal changes) that we call "from basin  to 

basin , " model should be highlighted in the form of mathematical 

equations describing duty biological hypothesis is accepted when transferring 
highlights Tij. Normally, these equations should highlight an increase in basin j 
and a corresponding decrease in the basin.  

It should be considered that in fact are merely biological assumptions give 
concrete form specific expression of the fundamental principles of physics and 
chemistry. (e.g. law of conservation of mass and energy, entropy law, 
principles of thermodynamics, etc.).  

Summing up all the terms described by equations of the model does 
balance internal transfers’ subject model. 

 
3. Solving equations from an model 
This is the book very often use computer. Now I can easily stand out and 

can be corrected errors that occurred along the way. We are considering 
including errors that occur when writing and perfecting computer program. 
Proofreading is a process that can be very complex and difficult. We can 
distinguish basic calculation errors (misspelled formulas), units of 
measurement errors due to failure, logical errors of the model, errors in 
evaluation of assumptions, errors question the experimental data that were 
the basis of the statistical and / or numerical errors background where 
everything was calculated correctly, the assumptions were met, but the results 
do not withstand comparison with experiment or literature data.  

Also related to errors in numerical terms, distinguish large errors (results 
of tens, hundreds or even thousands of times higher or lower than expected 
results) and small errors that fall below the limit of error of 5%, acceptable 
limits almost unanimous when speaking of accuracy biological estimates. Small 
errors are more difficult to identify because it is difficult to distinguish what is 
due to systematic errors due to the model and how much is due to the 
inherent statistical deviations. 
 
 

A CONCRETE EXAMPLE: EGG PRODUCTION 
The main content of an egg, except water, is protein. Hen eggs normal 

(standard) are approximately 58 g, and about 7 g Protein. From this, 
approximately 42% egg yolk protein that is synthesized mainly in the magnum 
region of the oviduct.  

Egg production in laying birds is a reproductive activity and represents a 
high degree of synthesis (turnover) of matter.  

Egg production is determined by the requirements of essential amino 
acids in the diet. In practical terms the nutritional goal is to ensure a sufficient 
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level of protein in the ration to cover peak demand productivity and avoid at 
the same time, waste feed.  

Combs was one of the first characterized needed food for laying hens in 
terms of essential amino acids you find the following equation, using linear 
regression to describe the requirement of methionine: 

 

 
 
where A is methionine intake, egg production E, W and ΔW is weight is 

weight gain. 
 
Similar equations for both amino acids for laying hens and broilers were 

obtained later, In each case, regression techniques were applied to the 
experimental data (performance) of each individual birds or groups of birds 
taken, where it is assumed that the amino acid requirement in question has 
been a limiting factor in production levels.  

As a Newtonian model approximation (a variant) has been adapted by 
Hurmitz and Barustein that created two models to estimate the necessary 
essential amino acids in laying hens. Requirement for amino acid was 
partitioned into three parts, called maintenance, growth and egg production. 
Both models assume the same requirements for maintenance and growth and 
are based on the assumption that egg yolk synthesis is a continuous process in 
which amino acids necessary for the synthesis of egg yolk was derived directly 
from food intake. Nature egg whites protein synthesis was expressed in both 
models with a formula like: 

 
Model I assume that whites and protein shell were synthesized tissue the 

protein during secretion and the pattern was set as follows: 

 
where variable A  is the necessary amino acid in the ration for 

laying hens, W  hen body weight, r  egg 

production rate and   is egg weight. 

The parameter is the experimentally determined amino 

acid requirement of the maintenance unit body weight , amino 

acid content in the tissue protein content and  amino acid 

content in the egg yolk protein.  
Constants in Model I were based on the following assumptions: 
1. A hen has a constant weight gain during laying when the rate of 

protein is 0.3 g day-1;  



R. Burlacu et al. 

 

30 

2. Percentage of egg protein is 12.1% of egg weight;  
3. Yolk protein percentage is 44% and whites 56% egg-shell;  
4. The amount of sulphur-based amino acids of the protein albumen is 

double the maximum level of tissue protein Housing;  
5. The efficiency of absorption of amino acids in the ratio is 95%. 
 
Model II, on the other hand, assume that the oviduct were continuously 

synthesized from the amino acids in the diet, except in ovo-glycoproteins and 
protein shell, 

Model II was established as follows: 

 
 

where the parameter  is ovo-glycoproteins amino acid 
content and other parameters and variables are the same as in the previous 
case. 

Constants in Model II were based on assumptions (1), (2) and (5) plus the 
following two assumptions:  

6. proportions the protein components of egg yolk is 44%, 42% ovo-
glycoproteins and 4% protein shell; 

7. Based on the amount of sulphur amino acids in the protein shell ovo-
glycoproteins is 2.2 times or 4 times higher compared with the protein in the 
tissue. 

When compared with the values in the literature for amino acid 
requirements and Bornstein Hurwitz show that the Model II gave estimates of 
the required Model closer than I. In a further experimental verification of the 
model, and Bornstein Hurwitz showed that the Model II demonstrated greater 
accuracy in estimating the requirements of essential amino acids (with the 
possible exception of methionine) than those given by the Model I.  

Rations obtained under Model II generated a more consistent egg mass, 
closer to the proposed levels, while ratios based on Model I allow hens to 
outperform proposed, showing that the Model I provides an excess of essential 
amino acids. 

Fisher, Marris and Jennings describe a model that determines the 
response of a group of laying hens at different levels of amino acids ingested. 
The model is based on the assumption of a linear single bonds between amino 

acids ingested, , the production of eggs,  and the 

necessary maintenance , It is assumed that each individual has a 

characteristic maximum at  and lay each bird. 
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where  is the weight of the bird, and  and 

 are the amounts of amino acids that have been associated with a 
unit of E, respectively with a unit of W. 

Suppose also that  when, , so lay exclude negative 
production. The exact equation for describing the response curve of a group, 
together with methods for estimating the parameters and their properties 
considered from the point of view of statistical data Curnow. Fisher, Marris 
and Jennings use Monte Carlo simulation using the method for determining 
the laying curve. Lay level is described by the differential equation: 

 

,  

 

where E is the production of eggs , A is amount of amino acid ingested 

, W is the weight , and  is time ;  is measured in 

;  is measured in  and 

units for  are   
 
 
POSSIBLE CONTRIBUTIONS 
Mathematical modelling can contribute to nutrition and livestock in many 

ways, whose summary presented below:  
1. biological hypotheses expressed in mathematical language can provide 

a description and a quantitative understanding of biological problems; 
2. The need for a mathematical model of competence can provide a 

conceptual framework to uncover unknown areas, and can stimulate the 
emergence of new ideas and experimental approaches. The scientist can waste 
resources false problem solving and development specialists can transmit 
these information producers, which may even apply to livestock;  

3. A mathematical model is able to provide a means by which the 
accumulated data can be made available to farmers in a form easy to use; 

4. Advantages practical methods research products can be synthesized by 
using models, thus stimulating the adoption of efficient methods of 
production; 

5. Modelling experiments are leading to less ad-hoc, as modelled is easier 
to design experiments to answer specific research requirements, or to 
dissociate between alternative mechanisms;  

6. In a system with many components, the model provides a way to 
gather knowledge about components to give a coherent picture of the 
behaviour of the whole system. Thus, information on the energy content of a 
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feed is unnecessary in the absence of accurate information as energy 
requirements. This synthesis capacity is useful development specialists. Often 
they, in the absence of (assembled in a single system) resort to 
recommendations made in the manual; 

7. Modelling can help provide strategic and tactical support for a 
research program, justifying work of scientists and encouraging collaboration. 

8. A model can be an effective way to summarize data and a method of 
interpolation and extrapolation prudent; 

9. A model can use data (which are becoming more precise and more 
expensive) with greater efficiency, taking advantage of them sometimes 
better; 

10.  The power of prediction model can be used effectively in many ways: 
priorities for research and development, management and planning. For 
example, a model can be used to provide answers to questions like: "What if 
...?" "What would be the consequences of reducing the consumption of cattle 
concentrates on milk production and feed requirements?”. What would be the 
effect of increasing weaning weight of calves on the subsequent production of 
meat? ". Etc. 
 
 

REFERENCES  
Burlacu, Gh., Burlacu, R., Cavache, A., (2002), Potentialul productiv al 

nutreturilor si folosirea lor in hrana animalelor de ferma, Editura CERES, 
Bucuresti, I.S.B.N. : 973-40-0541-3 

Burlacu, Gh., Burlacu, R., Cavache, A., (1996), Indicatorii noului sistem de 
apreciere a valorii nutritive a nutreturilor calculul normelor de hrana si 
optimizarea ratiilor pentru animalele de ferma, Vol. I si II, I.B.N.A. & S.I.A.T.-
S.A. 

Burlacu, Gh., Burlacu, R., Cavache, A., Surdu, I., (1998 republicat 2002), Ghid 
pentru alcătuirea raţiilor de hrană la păsări, editat de M.A.A., Agenţia 
Naţională de Consultanţă Agricolă, O.J.C.A. Constanţa, I.S.B.N.: 973-8036-
00-3 

Burlacu, R., (2007), Biostatistica, Editura Ceres, Bucuresti, I.S.B.N.: 978-973-40-
0758-5 

Burlacu, R., (2003), Mathematical models of applied biology of some metabolic 
processes, Progress in research on energy and protein metabolism, EAAP 
publication, Wageningen Academic Publishers, p. 139-146 

Burlacu, R., Cavache, A., Surdu, I., (2004), Funcţii de creştere aplicate în ştinţele 
vieţii, Editura Cartea Universitară, Bucuresti, I.S.B.N.:973-7813-00-6 

Dent, J.B., Blackie, M.J., (1974), Systems simulation in agriculture, Applied 
Science Publishers LTD, London. 



Archiva Zootechnica 18:2, 23-33, 2015 

 

33 

 

Doucet, P., Sloep, P.B., (1992), Mathematical modelling in the Life Science, Ed. 
Ellis Horwood, New York London Toronto Sydney Tokyo Singapore. 

Emmans, G.C., (1992), Animal growth and feed intake, A collection of papers 
1981-1990, SAC, Edinburgh. 

France, J., Thornley, J.H.M., (1986), Mathematical models in agriculture, 
Butterworths, London Boston Durban Singapore Sydney Toronto 
Wellington. 

Grossu, D., Burlacu, R., Burlacu, Gh., Marinescu, A., (2004), Modelarea 
matematică a proceselor de metabolism la păsări, Editura Cartea 
Universitară, Bucuresti, I.S.B.N.:973-713-006-3 

Surdu, I., Budan, Gh., Cavache, A., Burlacu, R.,  (2003), Metode şi tehnici 
computerizate pentru computerizarea reţetelor de nutreţ combinat la 
găinile ouătoare, Lucrări ştiinţifice “Biología şi nutriţia animală în 
perspectiva integrării europene“, IBNA Baloteşti, ISBN: 973-0-03205-X 

 
 
 


