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Abstract
Rules governing scheduling and sequencing have accumulated overtime, driven by the 
manufacturing firms quest for improved operations against key performance metrics. 
While lead time dictates the need to preserve a focus on manufacturing efficiency, 
these needs must be balanced with demand-driven requirements especially at the 
process level, based on the finite capacity that is true of real systems. Investigation 
into the processes of biological systems presents an intriguing way to investigate how 
autonomous decision making can be improved in industrial operation systems. There 
are a number of reasons for this, (i) biological systems are easy to conceptualise, 
(ii) they have been well characterised and (iii) the study of their operations has 
produced abundant genomic data currently available that has led to the construction 
of genomic-scale models of microbial metabolism. Most importantly though, protein 
synthesis for gene expression in biological systems is a highly autonomous process 
and it is this inherent ability to self regulate that is of acute interest to the industrial 
operations engineer. Increasing levels of autonomous decision making will be 
required when designing, planning and controlling the manufacturing process in 
order to respond effectively to changes in increasingly competitive market and 
service environments. This paper describes a framework for the development of an 
algorithm using biological control to aid in enabling autonomous decision making 
functionality in operations planning in manufacturing and service industry.
Key words: Gene transcription and translation, Biological control, finite capacity 
scheduling, manufacturing parameters, Gene regulation, discrete event simulation, 
biological processes.
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1.0 Introduction
Effective planning and scheduling is vital to the successful sequencing of operations 
of any manufacturing plant. In a manufacturing environment, this function is often 
complex because of the rate of change, number of parts and occurrences of unplanned 
events. If a scheduling is well developed based on the various manufacturing 
requirements, it facilitates making quality products and service, at minimum cost, 
on time while providing the means to reduce lead times. There are many different 
methods to plan and schedule a factory; however the underlying aims of efficiency 
and effectiveness are continuous throughout the varying methods – emphasising one 
of the main principles of lean thinking. Scheduling provides coordination of activities 
and resources over time to achieve the goals with as little resource consumption as 
possible.

Central to any organisational planning is scheduling which is concerned with the 
allocation of resources over time to perform a collection of tasks [Baker 1974 in 
Chainual et al. 2007]. Manufacturing systems reveal immense amounts of features 
and parameters that should carefully be incorporated in the operational levels of the 
system. The productivity, flexibility and the controllability of the system depends 
greatly on the manufacturing parameters such as setup time, work-in-progress 
levels, inter-arrival times of raw material/parts, resource availability and many 
others [Khalil et al. 2009].

Since each type of, or indeed each individual manufacturing system strives to meet 
its own set of performance criteria, certain issues may be considered more important 
or influential than others. Various methods are available for approaching the different 
decisions concerning the control of the production system. These methods range from 
simple, traditional techniques to more sophisticated, employing complex computer 
programs. The aim of such techniques, however, has been found to fundamentally 
address one particular production control problem. [Ardon-Finch 2000]   
The basis for many of these solution techniques particularly within manufacturing, 
are subject to strict constraints or limitations. They are used to optimise only certain 
variables for a specific problem and therefore are only valid under a certain set of 
conditions, if these conditions cease, the methods become severely impractical. 
Furthermore, this dependency to specific situations inhibits the applicability of these 
methods to other situation problems.

Gene transcription and translation as part of the biological processes, (i) exhibit 
the flexible and adaptive behaviour desired by industry, (ii) achieve this flexibility 
without any central planning or management, and (iii) coordinates many proteins 
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and sub units, [Anderson and Bartholdi III 2000], and this research views these 
two processes as important model system for industrial finite capacity scheduling, 
logistics and service planning. It is important to note that biological systems function 
without guidance from an external or internal control centre, and the research finds 
that biological systems function with mechanisms of decentralised control in which 
numerous subunits of the system adjust their activities by themselves on the basis of 
limited local information [Seeley 2002].

Even though biological systems display an immense decentralised control strategy, 
the various subunits of the systems are largely if not entirely in synchronism and 
hence the subunits cooperate closely for the effective functioning of the system 
as a whole through various hierarchical levels control. This same approach in 
control can be applied at the operation level of manufacturing especially the control 
of assignment of time constrained tasks to time constrained resources within a 
predefined time framework, which represents the complete time horizon of the 
manufacturing schedule. An admissible schedule will have to satisfy a set of hard 
and soft constraints imposed on manufacturing tasks and resources [Madureira et 
al. 2003]. Examples of various manufacturing parameters considered in scheduling 
will include but not limited to the following: setup time, processing time, resource 
availability, material inter-arrival times, and many others. 

2.0 Literature Review
Operations facility in manufacturing may be viewed at several different functional 
levels: (i) the level of the physical plant, which involves operating the resources 
to produce products – although the sequencing process is done by considering the 
current load and the capacity of the shop floor, i.e., when a set of orders is to be 
scheduled and there are already orders in process; and (ii) the level of functionality 
which involves the scheduling of which products to make at any given time – the 
arriving orders have to adapt themselves to the capacity resultant from already 
approved schedules. Scheduling is limited to a variety of constraints and by an 
overall planning function, which describes how much of each product to produce 
to meet the desired or promised quantities of products to customers over a given 
interval of time. It should be noted that this interval of time varies, depending on the 
types of product being made and the dynamics of the production system.
It should also be appreciated that a lot of research has been and is being done 
in the field of scheduling and especially on finite capacity scheduling. Many 
of the methods have focused on classical flow/job shop scheduling with diverse 
classical assumptions and different objective functions and by implementing 
various optimization techniques [Hejazi and Saghafian 2005]. Noorul et al. [2008] 
developed a simultaneous scheduling of machines and automated guided vehicles 
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using artificial immune system, where they exploit the interactions between the 
machine scheduling and the scheduling of the material handling system in a flexible 
manufacturing system by addressing the two simultaneously.
Kumar et al. [2003] developed a scheduling of flexible manufacturing system based 
on ant colony optimisation approach by applying a graph-based representation 
technique with nodes and arcs representing operation and transfer from one stage 
of processing to the other. Fox et al. [2007] advanced this same idea and applied 
it to industrial applications of the ant colony optimization algorithm where they 
employed a simplified ant graph-construction model to minimize the number of 
edges for which pheromone update occurred, so as to reduce the spatial complexity 
in problem computation. 

Clear cut relationship between factors of manufacturing provides successful 
foundation for scheduling. Karmarkar et al. [1985] hypothesised the relationship 
between lot size and shop performance using an open queuing network model, which 
could be embedded in an optimization routine that searches for optimal lot sizes for 
a manufacturing system. They recommended a manufacturing system model which 
is based on open queuing network theory, which could be used to estimate average 
flow time more accurately than the conventional lead time estimation methods. 
Nonetheless, parameters such as, setup time, labour availability, processing time, 
machine failures, product degradation and rework, scrap rate and others, very vital 
to the process control were not considered in their model. This then got intertwined 
with computational complexity and hence it became very difficult to implement. 
Suri and Diehl [1985] embedded a dynamic model, which was based on queuing 
network theory, on the static allocation model in order to capture the dynamics, 
interactions, and uncertainties in a manufacturing system. However their model 
investigated steady state parameters such as processing time that varies depending 
on the current state of the resource, and other parameters. This model did not provide 
the possibility of estimating lead time, which is an important performance metric 
and always cherished by customers should their orders get satisfied in a specified 
time.

Zijm and Buitenhek [1996] developed a method that determines the earliest possible 
completion time of any arriving job, without sacrificing the delivery performance of 
any other job in a shop. Their argument was based on the fact that the arrival streams 
of a work at stations are the superposition of departure streams from other work 
stations and an external arrival stream. The short-coming of this proposal was on lead 
time estimation which was to be refined using more sophisticated approximations of 
queuing network models, how this networks could be used to set lead-time and other 
performance metrics of the whole manufacturing system.
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Demeulemeester and Herroelen [1996] developed a solution procedure to formulate 
and solve several types of production scheduling problems involving sequence-
independent setup times as well as process and transfer batches. In their method, 
it was shown that with use of appropriate computations for the time lag associated 
with finish-start precedence relations between network activities of manufacturing 
factors and appropriate procedures for computing activity durations, use of the 
branch-and-bound procedures could be used to generates feasible solutions under 
various scenarios with respect to both the number and size of the process and transfer 
batches used.

It is important to note here that infeasibility of meeting product delivery times are 
detected during the scheduling of each resource in the system. Several methods 
may be used to backtrack and reschedule resources based on under and over 
utilisation of availability of resources. This could include the variable ordering of the 
manufacturing factors or parameters or sometimes starting over with a different set of 
assumptions. It is because of this reason that a proposal is presented for developing 
an algorithm applying biological control principles in finite capacity scheduling for 
manufacturing, logistics and service work environments. 
It is truly a fact to note that finite capacity scheduling is a challenging undertaking and 
for each passing day, new approaches are developed to aid in making the scheduling 
processes as realistic as possible. New research methodologies are being born making 
scheduling volatile topic of interest for operational research engineers.
In this paper we posit a method based on biological control principles as exhibited 
in gene transcription and translation processes. Expression of a biological gene is 
under the control of a variety of factors and is realised in an event-driven approach. 
Application of gene expression control principles in finite capacity scheduling is 
made possible because; (i) the processes are easy to conceptualise, (ii) they have 
been well characterised and (iii) the study of their operations has produced abundant 
data currently available that has led to the construction of models of metabolism 
[Covert et al. 2001]. 

3.0 Finite Capacity Scheduling
As partly mentioned in 1.0 above, scheduling involves the determination of a 
sequence of operations to satisfy a set of conditions and a set of goals concurrently. 
It concerns the allocation of limited resources such as tools, operators, machines 
and materials over a period of time among various manufacturing activities with 
the aim of meeting the set due dates, as due dates are fixed and an attempt must be 
made to schedule the resources to meet them [Shayan and Fallah 1999]. Basically, a 
scheduling task must account for conflicting aims and objectives of the system as a 
whole, various constraints, different configurations of the manufacturing architecture, 
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various simultaneous operations, renewable and non-renewable resources and many 
other factors. It must be appreciated that inclusion of all these factors in the schedule 
making process is a truly hard problem.
Finite capacity scheduling creates and maintains a detailed schedule of the processes 
while satisfying capacity and due-time constraints by allowing rejection or 
rescheduling of some of the order processes. Finite capacity scheduling therefore 
forms the ultimate process of the day to day activities that take place in a typical 
manufacturing firm. It fulfils the planning process as done earlier which essentially 
reserves certain resources for the whole work-order. Based on finite capacity 
scheduling, there may be certainty in estimating near correct work-order flow 
times and thus enhancing the system’s capability of quoting reliable due-times and 
checking whether a requested due-time can be met [Akkan 1996].

Although meeting due-time is a significant objective of any manufacturing industry 
indicating its performance level, it cannot always be used as the driving force 
behind the scheduling processes because due-times depend on some of the internal 
factors such as dispatching or sequencing rules, production capacity, availability 
of raw availability, machines, tools, space, [Tsubone et al. 1992], resource setup 
times, processing times, work-in-progress inventory, material inter-arrival times, 
precedence relations among operations, the production calendar and so on . The 
effectiveness of scheduling methodology is in the way these factors are treated and 
implemented into simple and efficient procedures, to obtain least possible lead times 
capable of accommodating the dynamics of the environment in which it operates.
Traditional studies in manufacturing systems have typically focused on identifying 
individual workstations and factors associated with them and studying their specific 
functions in isolation. While this approach provides great details of components 
of manufacturing systems, it has limitations in explaining how a manufacturing 
system operates through interactions and networks of such components. Thus, it is 
difficult to predict with certainty the behaviour of the system using this approach, for 
example, how a workstation would respond to uncertainties in some workstation or 
factors away from the workstation in question.

Applying the principles of biological control, on the other hand, examines 
the dynamics and interactions of manufacturing components, and focuses on 
understanding systems-level manufacturing properties. A systems manufacturing 
approach streamlines understanding of a manufacturing system at the systems-level 
by connecting the interdependent, component-level knowledge of the system such as 
the properties of the workstations and other factors of manufacturing system, while 
such a systems-level understanding cannot be simply deduced from the collection of 
components in the system alone.
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In this regard, the system-level approach leads to a better way of organising 
manufacturing processes, and in turn, can potentially have significant impacts on 
improving manufacturing efficiencies to maintain a lead in the ever increasing global 
competition. This approach also extends the possibility of applying biological control 
in making manufacturing systems more autonomous especially in finite capacity 
scheduling tasks which is the core to any manufacturing processes [Mukhongo et 
al. 2010]. It is important to note that the finite capacity scheduling technique is 
one where, before scheduling an operation, consideration is made about capacity 
availability on the resource in which operation will be performed. 

To satisfy this end, the scheduling process: (i) constantly updates the capacity 
availability database; (ii) checks capacity catalogue expressed in terms of timing 
and size such that the calendar list of individual resources is presented; and (iii) 
recognises differences on the types of availability intervals–this is generated by the 
scheduling process itself, meaning that up to a certain extent, the availability intervals 
might be seen as a mirror image of the schedule itself. Capacity restrictions are 
coped with by either creating capacity or by rationalising the capacity usage on the 
shop floor. Capacity is generated by buying equipment, machines and tools, as well 
as, by contracting workers or increasing the number of daily work hours and shifts. 
Capacity usage is rationalised by adopting effective sequencing rules, overlapping 
operations or splitting batches. Finite capacity scheduling falls in the category of the 
capacity rationalisation–making use of the existing capacity in the best possible way 
without sacrificing the overall set manufacturing or organisational goals.
 
4.0 Application of Biological Control to Industrial Manufacturing
Effective design, planning and scheduling of extremely complex manufacturing 
environments requires innovatively new approaches. A biological cell and its well 
regulated production of the proteins are analogous to a factory operating a well honed 
production system. It could be suggested that a complete protein is the culmination 
of a number of operations and additions that take place on a production line. In 
addition, the transcription factors that activate genes are the machines that perform 
the work that is necessary in order to drive production of the proteins. Similarly, 
manufacturing important steps are controlled by signals, for example completion of 
the part of the process results in a signal to initiate a process that frees up a resource 
making it available for the next process so that manufacturing can continue.
Ability to respond to environmental changes in a dynamic, efficient and effective 
way is something that is common to both manufacturing and protein synthesis and 
other biological processes. For example, a cell is under constant pressure from such 
things as osmotic stress, glucose starvation, pH levels, cell density, heat shock, 
high salt concentration and alcohol molecules. These factors all influence protein 
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synthesis and ultimately influence the survival and reproduction of the organism as 
illustrated in [Berg 2003; Manson 2006; Mitchell 2004], and coordinated production 
and control power of biological system.
Akutsu et al. [1999] identify various gene expression control approaches as: (i) gene 
regulatory networks where one gene modulates expression of another one by either 
activation or inhibition; (ii) protein interaction network where proteins are connected 
in a physical interactions or metabolic and signalling pathways controlling one 
another; and (iii) metabolic network where metabolic products and substrates that 
participate in one reaction control one another.
It is becoming apparent that the stochastic nature of the production and degradation 
of RNA transcription products in gene expression introduces an important source of 
intrinsic genetic noise. Transcription is the process of making mRNA template from 
a DNA strand, which forms the information needed in the synthesis of the required 
proteins. Gene expression goes through stages of well coordinated events and can be 
split into two distinct phases; transcription of the DNA to mRNA and; translation of 
mRNA into protein [Voliotis et al. 2008]. However the production (and degradation) 
of proteins and mRNA transcripts are themselves multistage processes.

Transcription in particular can be crudely broken up into three main stages: initiation, 
elongation and termination. In initiation RNA polymerase (RNAP) binds to a promoter 
sequence on the DNA and opens the double helix, uncovering the template strand 
to be transcribed. The initiation phase ends with the formation of the transcription 
elongation complex (TEC) which is made up of the RNAP, DNA template and the 
nascent RNA [Greive and von Hippel 2005]. The formation of TEC signals the entry 
to the elongation phase which allows the TEC to slide along the DNA, extending 
the transcript one nucleotide at a time. Destabilization of the TEC (at specific sites 
or by certain factors) leads to the termination of the process and the release of the 
nascent mRNA [von Hippel 1991]. In the truest sense, transcription process can 
exhibit biochemical fluctuations at each stage making it hard to predict the outcome 
of the process – an important factor to apply scheduling of manufacturing process.

Gene expression dynamics are governed by processes that are essentially event 
driven – many events take place in a predetermined order with uncertain start and 
execution times to accomplish a certain task. Transcription process produces mRNA 
transcripts with probability determined by the cellular environment and availability 
of required components (termed as parameters in this paper). In manufacturing, 
facilities produce certain amounts of finished products at a particular time with a 
certain degree of probability. Accumulating mRNA and protein levels in the cell 
during and after transcription and translation parallels the raw material, parts and/
or products inventory in manufacturing systems. Investigating biological processes 
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exposes very important control strategies that when made use of improve the 
planning of activities in manufacturing.

The next step after successful transcription is translation. This is the process of 
synthesising proteins from the information contained on the mRNA with the help 
of ribosomes, which are the actual machinery for protein synthesis. Feedback 
mechanisms are highly relied on in gene expression, such that the effect of a class 
of proteins transcribed from certain genes may be on the transcription of some other 
genes.

With the help of these principles, this research describes discrete event-based 
approach for testing and hypothesising putative manufacturing parameter interactions 
to aid in developing a self-organising control logic for finite capacity scheduling in 
manufacturing, logistics and service work environments. The key feature of this logic 
development is based on the interaction of the fundamental processes underlying 
gene expression (transcription, translation and species decay) with system-specific 
regulatory circuitry. 

In this we provide a review outlining the levels of mechanistic detail that is accounted 
for in the various biological process steps as can be applied in manufacturing systems. 
Gene expression and regulation dynamics entails an integration of the underlying 
biochemical processes with the regulatory machinery. From the literature, it is 
evident that the regulatory mechanism is viewed as stand-alone modules, with each 
module being characterised by several parameters. Gene expression is characterized 
by the following modules (i) transcription module, (ii) mRNA decay module, (iii) 
translation module and (iv) protein decay module [Greive and von Hippel 2005]. 
These modules when modelled to manufacturing systems could be visualized as: (i) 
production input parameters, (ii) process parameters, and (iii) output performance 
metrics as shown in Figure 2. The regulatory mechanism is driven by communication 
between these modules in accordance with specifics of the regulatory circuitry of the 
manufacturing system being investigated as is the biological system. The mechanistic 
details of the underlying processes are represented as a sequence of discrete events 
within the modules. 
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Figure 1 Network diagram of manufacturing systems with biological control principles

Implementing biological control principles is vital in the context of the changes 
occurring to mathematical science base at the bottom of operations planning which 
over many years, has been changed with the addition of advanced modelling and 
optimisation procedures [Stockton et al. 2007]. Based on the fact that mRNA and 
proteins undergo continuous turnover [Johnson and Rosenbaum 1992; Mitchell 
et al. 2005] gene expression is constantly balanced by disassembly of mRNA and 
proteins. 

5.0 Description of the Research Framework
In this research we proposed a decentralised system in finite capacity scheduling 
which removes the need for a centralised controller or scheduler, in assignment of 
resources to production events. Schedule decisions which are made in real-time 
by active states in the system (modules), which recognises the required module 
parameters and required input variables, make the decision-making functionalities 
autonomous. This proposal aims to make production managed by the decentralised 
control, where general and localised manufacturing parameters are associated either 
by causing positive or negative effects on the functioning of a given process at 
that point in time, hence increasing or decreasing the rate of production of a given 
customer order.

Transcription Translation Proteins folding
mRNA amino acid chain Protein

Concentration

short feedbacknormal feedback

Figure 2: Normal and short feedback loops form the basis for self-adaptability in system control
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There exists a similarity on the feedback control mechanism between the transcription 
and translation control and the classical control theory. The feedback loop in the 
mechanism of gene expression can be classified into the normal feedback and the 
short feedback loop. The normal feedback loop may be defined as: the product 
concentration feeds back to its upper control module by either the transcription factors 
or the translation factors, which includes the feedback of the protein concentration at 
the output to the translation module or the transcription module [Timberlake 1993]. 
Short feedback loop is defined as: the output products of the modules feeds back to 
itself control module, which includes the feedback of the concentration of the protein 
to the protein folding mechanism (module), the feedback of the concentration of the 
amino acid polypeptide chains to the translation module, and the mRNA transcripts 
to the transcription module [Morris and Borboli et al. 2003].
The adaptability of the biological gene expression is necessitated by the short 
feedback mechanism and this forms the basis for self-adaptability for finite capacity 
scheduling. In manufacturing, we can identify three types of entities: physical entity 
(part, machine, operators, etc); logical entities (machining process, preference 
relations, dispatching rules, etc.), and functional entities (coordinators). Functional 
entities work to resolve conflict on resource requirements. These entities are 
considered the control factors or transcription factors as in transcription process. The 
correct coordination of functional entities, provide the control of production flow 
from one event to the other through independent modules of whole system leading 
to conflict resolution.

With internal and external perturbations, each module has the ability to self-detect 
and take actions to correct the situation in order not to deviate from the operating 
norms or standards by short feedback loops. Each module of the system feeds interior 
information back to itself according to the changes at the outset. If the local tasks 
cannot be better resolved by adjusting its parameters, it then transfers the information 
to the succeeding and preceding modules by normal feedback to resolve these tasks, 
making use of the global control factors.

In the event of schedule conflicts between resource and tasks, the control 
manufacturing factors (module factors) stand out to resolve the conflicts, and then 
the resource of the modules can be reorganised according to the change requirements 
or malfunctions; when the tasks are finished, the dynamic manufacturing resources 
dismiss themselves automatically, forming good collaboration and self-adaptability.
The existence of such decision points in the system make the module of the system 
autonomous and self-regulating, enabling the modules to take appropriate action 
on resource allocation based on the current state of the system, output information 
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and the appropriate mix of input parameters to the system. The control points are 
used for self-regulation and feedback and also could be coupled with environmental 
signals such as machine breakdowns, operator unavailability, resource availability 
(which depend on mean-time-to-failure (MTTF) and mean-time-to-repairs (MTTR) 
factors) and others. Regulating a process is either by enhancing or inhibiting its 
actions. There is a possibility that one parameter utilised at one module could act as 
a much needed parameter for some other module and as a result promote or repress 
the module production events.

Based on these interactions, production system processes can be distinguished into 
four: (i) a process is on; (ii) a process is off; (iii) a process is positively affected by a 
parameter; and (iv) a process is negatively affected by a parameter, in case the process 
proceeds without this regulating parameter. With the schedule self-organisation or 
regulation and the production processing, systems maintain themselves in particular 
steady states. Changes of environmental parameters that drive the systems to other 
states can be viewed as the system’s adaptability to the environments. When a system 
develops into a fixed state, changes in the system such as missing tools, part or abrupt 
system parameter changes can cause faults in the systems. The ability to realise these 
changes or identification of alternative states prepares the system to work in the 
changing environments by identifying the cause – and – effect relationships and 
acting on them appropriately [Kang et al. 2010]. 

The state of production processing system is characterised in terms of whether the 
individual resource in the network of resources are available (on) or off (unavailable), 
and whether the processes or events are active (present) within the required functional 
capabilities or absent (meaning they are either operating below their optimal levels 
or are totally absent). In manufacturing, each sequence of production process or 
customer order comes complete with instructions or specifications on where to start 
processing, under what tolerances and what product is expected at the end, causing 
the process to stop or end. Adherence to the set specifications provides the system 
with required production capabilities.
A resource selected for a certain task will solicit or gather for all required parameters 
to enable the start and uphold the process. The presence or absence of one or some 
of the parameters may affect one or more of the resources leading to their availability 
or unavailability.  Unavailable resource cannot be assigned to any processing tasks 
leading to stoppages of the processes and eventually, it may trigger further effects. 
Such interactions among the resources and the parameters through feedback caused 
by certain parameters (at all levels) facilitated by resources, results in a complex 
dynamical behaviour of the system [Alkaabi et al. 2010], presenting the best 
autonomous decision making functionality in scheduling.
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The scope of this research is to identify various type of manufacturing system 
parameters and group them in the various groups of modules of the whole 
manufacturing system. The identified modules will form the centres of the 
decentralised decision-making functionalities for the resource allocation processes. 
The identified parameters are put in relationships that will enable self-regulating 
networks within modules and across modules. With the development of the self-
regulating modules and self-regulation between modules, a logic method is visualised 
to aid in the overall finite capacity scheduling process.

5.0 Future Work
The work involved in this research traverses different fields of study which makes 
it even more interesting to pursue. In this paper we have showed the biological 
control principles of interest to apply to finite capacity scheduling. We have shown 
similarities between manufacturing and gene expression processes. An explanation 
of the parameters for autonomy in biological processes has been given and have 
shown how these can be applied in manufacturing to make the process of finite 
capacity scheduling autonomous in decision-making. 

We therefore strive to develop a control logic applying biological control principles 
in making the process of finite capacity scheduling autonomous and thereby reducing 
the immense levels of time required in manual planning of the manufacturing tasks. 
The aim is to make systems possess the abilities to develop into self-correcting 
and adaptive to be able to self-organise themselves to operate together by use of 
enterprise-wide knowledge, recognise problems or unexpected conditions, and 
either invoke or suggest corrective actions [Stockton et al. 2007]. Execution plans 
for operations must be living plans, continuously tuned and adjusted in real time to 
balance the demands for different enterprise functions with minimal disruption.
With the application of these control principles as learnt from biological processes, 
there will be a dramatic improvement of the resource efficiencies of the finite 
capacity scheduling process through the development of cause-effect relation-based 
decision-making functionality. The resulting finite capacity scheduling systems will 
be measured by (i) the ease with which they can be deployed, (ii) the low level of user 
expertise required for their deployment, (iii) the range of problems and production 
system types that can apply it and (iv) the effectiveness in identifying root causes 
from the effects they create. 

Discrete event simulation functionality will be developed that will make use of the 
logic system learnt from the biological gene transcription and translation processes, 
for designing and testing planning within manufacturing, logistics and service work 
environment.
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