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Abstract
Globalization is posing several challenges to the manufacturing 
sector. Design and operation of manufacturing systems are of great 
economic importance. Factory performance remains unpredictable 
in spite of the considerable literature on manufacturing productivity 
improvement, and the long history of manufacturing as there is no 
widespread agreement on how best be performed. In this context, 
companies need to synchronize their manufacturing activities 
with the variable product demand. Several business functions 
and activities are involved in coordinating production rate with 
demand rate.
In this paper, the problem of co-ordination in the manufacturing 
area is addressed. The process based organization and the main 
manufacturing planning and control techniques and systems 
are considered as the basic support for the matching between 
production and demand flows
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I. Introduction
In this era of globalization there are several challenges facing the 
manufacturing sector. Complexity in taking decisions due to the 
immense availability of information, randomness in the system 
which affects performance, heterogeneity in events occurring all 
make modeling for performance prediction difficult. The market 
globalization has forced companies to become more effective and 
efficient in their operations all over the world. Information and 
communication technology advances are changing the nature of 
the marketplace [15]. The virtual market has become a reality. 
Excess inventories, long lead times and uncertain delivery dates 
are caused by randomness and lack of co-ordination. There are only 
two possible solutions: reduce the randomness (due to machine 
failures, engineering changes, customer orders and so on) and 
reasons for the lack of co-ordination (costly set-up changes, large 
batch machines and others) or respond to them in a way that limits 
their disruptive effects. Both responses are valid, but they can 
be, in practice polar opposites. In this context, companies need 
to synchronize their manufacturing activities with the variable 
product demand. Several business functions and activities are 
involved in coordinating production rate with demand rate. 
In this paper, the problem of co-ordination in the manufacturing 
area is addressed. The process based organization and the main 
manufacturing planning and control techniques and systems 
are considered as the basic support for the matching between 
production and demand flows

II. Markets and Production Systems
The co-ordination of production rate with demand rate in 
manufacturing systems concerns both company strategy and 
operations. Some preliminary considerations about customer 
demand and manufacturing, logistics, and distribution systems 
seem particularly suitable to understand how companies can 
allocate and integrate resources to ensure an effective co-

ordination 

A. Customer Demand
Customers will shift to and do business with the manufacturer 
that provides the highest value. Customers are showing increasing 
interest for response times. Response times can be basically related 
to two time variables: the lead time to supply a product to the 
customer for a specific order and the time to develop a product 
from concept to final market delivery. Any time beyond the time 
necessary to add value to the product represents excess costs and 
waste to both the supplier and the customer. A customer will pay 
a premium to the supplier who can supply its product faster and 
more reliably than the competition. In consequence of the change 
from a “seller’s market” to a “buyer’s market” and of accelerated 
technological developments, enterprises are forced to reorganize 
their business processes, to be able to quickly and cost effectively 
react to fast-changing market demands [14].

B. Manufacturing Systems
In industrial practice a manufacturing system accomplishes one 
or more of three things: it converts inputs into outputs, it moves 
material from one location to another, and it transfers information. 
The challenge for the manufacturing organization is to integrate 
and synchronize all these tasks and align them with the company’s 
chosen goals, as well as to do that better than most or all of its 
competitors.  Coordinating departments and integrating operations 
can require changes in the location and sequencing of equipment, 
reductions in setup times, faster and more accurate information 
about production problems, and improvements in process quality. 
The complexity and uncertainty in manufacturing have led over the 
years to an array of tools, techniques, structuring manufacturing 
systems: job shop, project shop, cellular system, flow line, and 
continuous system. Each of these approaches also refers to 
different situations of the co-ordination of production rate with 
demand rate (for instance, flow line is suitable for stable demand 
rate and standard products, and job shop for unstable demand rate 
and customized products). In the actual manufacturing world, 
these standard system structures often occur in combinations, 
or with slight changes. The choice of the structure depends on 
the design of the parts to be manufactured, the lot sizes of the 
parts, and the market factors (i.e., the required responsiveness to 
market changes).

C. Logistic
Company’s performance can be strongly affected by logistics and 
distribution processes. The co-ordination of production rate with 
demand rate is strictly related to the effectiveness of logistics 
and distribution processes. To reduce stocks and response times 
and to increase efficiency, in the large consumer market the 
logistics function can play the critical role of coordinating the 
distribution and production planning activities. The integration of 
all logistics processes, from the acquisition of raw materials to the 
distribution of end-customer products, makes up a logistic chain 
consisting of multiple actors. Developments in IT have created 
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many opportunities to increase the integration and to increase the 
performance of the total logistic chain providing each participant 
with benefits (from material supplier to end-customer) [14].

D. Computer-Integrated Manufacturing
CIM system includes components such as computer-aided 
design, computer-aided process planning, database technology 
and management, expert systems, information flow, computer-
aided production control, automated inspection methods, process 
and adaptive control, and robots. All of these elements work 
together using a common database. However, as the degree of 
automation grows, the production control function becomes the 
key to the success of the manufacturing facility. The co-ordination 
of production rate with demand rate has to be assured also by an 
effective order-handling system. The computer-based integration 
needs the redesign of the organization before implementing 
flexible technology [3]. In fact, flexible technology alone does 
not address the causes of manufacturing problems. A correct 
approach should begin by examining and eventually redesigning 
the interdependencies that exist among functional units within the 
overall manufacturing organization. Then, investments in flexible 
technologies should be considered as the last resort.

E. Lean Production
From the point of view of co-ordination between production and 
demand rates, lean production systems are customer driven. All 
activities are team-based, coordinated, and evaluated by the flow of 
work through the team or the plant, rather than by each department 
meeting its plan targets in isolation. The whole system involves 
fewer actors (including suppliers), all integrated with each other. 
The system is based on stable production volumes, but with a 
great deal of flexibility. Due to global competition, faster product 
development, and increasingly flexible manufacturing systems, 
a large variety of products are competing in markets. Despite the 
benefits to consumers, this phenomenon is making it more difficult 
for manufacturers and retailers to predict which of their goods will 
sell and to synchronize production rate with demand rate.
A manufacturer might hope to be fast enough to produce in direct 
response to demand, virtually eliminating the need for a forecast. 
But in many industries, sales of volatile products tend to occur in 
a concentrated season, which means that a manufacturer would 
need an unjustifiably large capacity to be able to make goods in 
response to actual demand. Using quick response or JIT also may 
not be feasible if a company is dependent on an unresponsive 
supplier for key components.
In today’s turbulent competitive environment, a company more 
than ever needs a strategy that specifies the kind of competitive 
advantage that it is seeking in its marketplace and articulates 
how that advantage has to be achieved. Then, companies need 
strategies for building critical capabilities to achieve competitive 
advantage.

III. Coordinating by Process Organization
Forced by market and technology evolution, companies are 
focusing on both technological and organizational aspects to 
improve performance and then competitiveness. Performance 
improvements can be obtained if the organization is modified and 
adapted to new information technologies

A. Process Organization
At every organizational level, each unit’s activities may generate 
undesirable variability for other units. Organizations must make 

sure that the amount of variability generated by one unit matches 
the capability of other units to handle that variability. When 
there is a high degree of uncertainty among interrelated tasks, 
organizations should try to reduce uncertainty as well as associated 
information processing and coordination costs by grouping these 
tasks together. In this context, business process reengineering [3] 
and business process redesign [2] are some of the approaches 
proposed to gain competitiveness by undertaking a change of 
organization’s internal processes and controls from a traditional 
vertical, functional hierarchy to a horizontal, cross-functional, 
team-based, flat structure that focuses on customers delighting. 
The reduction of time to market, cycle time, and costs as well as 
the improvement of quality can be obtained by the reengineering 
of a company’s activities. The major benefits can be grouped into 
four categories:

Cost (reduction in work effort required to perform a process, 1. 
elimination of unnecessary tasks, more effective ways of 
performing tasks);
Quality (reduced error rate, improved performance matching 2. 
client needs and expectations, improved and innovative 
products and services);
Time (faster access to information and decision-making, 3. 
elimination of waiting time between steps); and
Working environment (improved morale, teamwork and 4. 
commitment, working conditions).

B. Process Identification and Integration
Processes are customer-oriented and must include only activities 
that add value and satisfy customer needs. 
In a process-oriented organization, both process improvement 
and innovation should be pursued. Process organization and 
information technology have become inextricably linked. IT tools 
can be effective if they can support “network” relationships with 
customers, suppliers and business partners, enable new patterns 
of work, and facilitate the co-ordination of the production flow 
with the demand. 
The workflow software allows a previously manual process, with 
defined steps of information retrieval, manipulation and onward 
distribution, to be automated. The software manages the flow of 
work at each point of the cycle. Such software is usually adapted 
using flexible software that allows a high degree of adaptability 
to current/new processes. 

C. Coordinating by Processes
The major processes in a company can be classified as:

operation processes, such as product development, customer • 
acquisition, production, logistics, order management, and 
after-sale customer support; and
management processes, such as performance monitoring, • 
information management, assets management, human 
resource management, and resource planning.

Some key processes like order management, production, logistics, 
and resource planning are considered processes whose design/
redesign can provide significant improvements in co-ordination 
performance.

1. Order Management Process
This process includes all the activities between the order acceptance 
and the customer payment. 
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Fig. 1: Order Management Process 

The major goals are to reduce the process lead time and cost, and to 
increase the customer satisfaction. Several business functions are 
involved in performing activities related to the order management 
process as shown in fig. 1. 
Information technology can enhance the activity and resource 
coordination and facilitate communications. Among the different 
applications that can support the process, multimedia, electronic 
marketplace, and market analysis and forecasting at a microlevel 
are the most promising.

2. Production Process
This process is related to all the activities that transform raw 
materials in finished products. It has strong interdependencies with 
engineering, logistics, and order process. Company performances 
in terms of cost, time, and quality are affected by the coordination 
level in all manufacturing activities. The major issue is how to 
create a flow of products without defects and synchronized with 
the customer request. Manufacturing system layout (for instance, 
cellular manufacturing), process technology, planning and control 
techniques, and computer-aided manufacturing applications can 
enhance performance. However, in several cases the most important 
benefits have been achieved by modifying work organization 
through simplification and waste elimination. Also, teams have 
shown to be highly effective to increase worker commitment and 
reactive response to problems. These characteristics are essential 
to improve flexibility and productivity.

3. Logistics Process
This process is related to the materials movements inside the 
shop and between it and customers and suppliers. This process 
also concerns the supply chain management and very strongly 
contributes to the effectiveness of the co-ordination of production 
activities with customer demand.  The strategies within the supply 
chain must have the common goal of improving the performance 
of the chain as viewed from the final customer’s perspective. An 
overall strategic intent is therefore necessary with mutually defined 
goals and rules of operations within the supply chain. This is 
believed to be most effectively achieved with an integrated logistics 
information system providing a rapid information channel. This 
should be engineered in parallel with a lean materials channel to 
provide a rapid and transparent supply chain [5].

4. Resource Planning Processes
This management process can contribute significantly to improve 
time and cost performance of manufacturing systems and of the 
whole company. In particular, by strengthening interactions among 
all the participants to planning decisions, personnel involvement 
and learning process are more effective. In fact, group decision 
making and problem solving increases the response timeliness and 
effectiveness creating opportunities for innovation in procedures. 
Simulation tools and scenario analysis are other traditional 
tools that can support resource planning. Artificial intelligence 
techniques promise to provide significant improvements in this 
process, especially for complex businesses. Some of the most 
important manufacturing planning and control techniques and 
systems are reported and analyzed in the next section.

IV. Coordinating by Manufacturing Planning and Control 
(MPC) Techniques and Systems
In the manufacturing environment, inventory, scheduling, 
capacity, and resource management requires planning and 
control. As manufacturing facilities grow, planning and control 
become extremely complex, and efficiency and effectiveness 
of manufacturing must be assured by planning and control 
techniques and systems. The co-ordination of the production rate 
with the demand rate is one of the most important problems that 
manufacturing companies try to solve by means of planning and 
control activities. 

A. General Framework
A general framework for manufacturing planning and control 
systems is shown in Figure 1.2. This framework can be useful to 
evaluate and compare alternative systems. The scheme represents a 
set of functions that must be performed, coordinated, and managed.  
For many of the newer approaches to manufacturing planning and 
control, an upgrade of the existing techniques and systems is not 
enough. It is also necessary to consider the broad management and 
sociotechnical environments in which manufacturing planning and 
control systems operate. Sometimes it is necessary to make major 
changes in managerial practices and in the evaluation systems for 
manufacturing performance to realize improvement.

Fig. 2: A General Framework of a Manufacturing Planning and 
Control System

This is particularly true for the new approaches based on the 
intensive use of information technologies.
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B. Production Information Systems
Facing drastic environmental changes in production activities, 
such as the change from small variety and large volume to large 
variety and small volume production, the increasing quantity of 
information for production management requires information 
systems in order to make better and quick decisions. The 
production information system can be divided into three levels 
hierarchically as shown in Figure 1.3. The first level, global 
production information network support functions are essential 
for optimizing global business logistics so that the allocation of 
work and the exchange of information among business operations 
located in different areas can be handled effectively [17]. The main 
functions are related to supply and demand ordering, distribution, 
procurement, and technical information management.
The second level, production management system exists primarily 
to plan and control the efforts of employees and the flow of materials 
within a factory. Management must ensure that everything runs 
smoothly and efficiently. 

Fig. 3: Production Information Systems

At the third level, the shop floor level, production control requires 
that information about production operations be made available 
to decision makers in a timely fashion. This means that data have 
to be gathered from all segments of the production operation: 
receiving, shipping, warehousing, manufacturing, maintenance, 
and so on.

C. Techniques
In this section the most important techniques adopted to support 
manufacturing planning and control are described. These 
techniques can effectively contribute to ensure the co-ordination 
between the production and demand flows.

1. Demand Management
A highly integrative activity that significantly contributes to the 
co-ordination of production rate with demand rate is demand 
management. Demand management concerns forecasting, order 

entry, order-delivery-date promising, customer order service, 
physical distribution, and other customer-contact-related activities. 
Demand management also takes in consideration other sources 
of demand for manufacturing capacity, including service-part 
demands, intra-company requirements, and pipeline inventory 
stocking. In addition to the co-ordination and communication 
between market and manufacturing, a key activity in the demand 
management module is to assure the completeness of demand 
information. The interactions between demand management 
and Master Production Scheduling (MPS) are frequent and 
detailed. Details vary significantly between Make-to-Stock 
(MTS), assemble-to-order (ATO), and Make-to-Order (MTO) 
environments [6].
In make-to-stock environments there are very few actual customer 
orders since demand is generally satisfied from inventory. Thus, 
the master production scheduling provides inventory to meet 
forecasted customer orders. In the assemble-to-order environment, 
the most important task of MPS is to provide viable customer 
promise dates. 
In each company environment, the objective of the demand 
management module is always to bridge the firm and the customer. 
However, companies differ for the types of uncertainty that affect 
them. Master production scheduling and demand management 
can facilitate the buffering against uncertainty. Distribution 
activities are planned using information developed in the demand 
management function. Distribution requirements planning (DRP) 
provides the basis for tying the physical distribution system 
to the manufacturing planning and control system. Customer 
delivery promise dates, inventory resupply shipments, interplant 
shipments, and so on are used to develop short-term transportation 
schedules.
Information used for master production schedules can be 
integrated with distribution planning and used to plan and control 
warehouse resupply. Then, a DRP system supports management 
anticipate future requirements in the field, closely match materials 
supply to demand, effectively deploy inventory to meet customer 
service requirements, and rapidly adjust to the variability of the 
marketplace.
DRP is a link between the marketplace, demand management, 
and master production scheduling.  Plans derived from the DRP 
information and from the resultant shipping requirements are 
the basis for managing the logistics system [8]. By planning 
future replenishment needs, DRP establishes the basis for more 
effective transportation dispatching decisions. These decisions 
are continually adjusted to reflect current conditions. Long-term 
plans help to determine the necessary transportation capacity. As 
actual field demands vary around the forecasts, DRP continually 
makes adjustments, sending products from the central warehouse 
to those distribution centers where they are most needed.
If insufficient total inventory exists, DRP provides the basis for 
deciding on allocations. Some policies to manage such a situation 
are providing stock sufficient to last the same amount of time at 
each location, or favoring the “best” customers, or even accurately 
saying when delivery can be expected. Forecasts of demand are 
an important input to MPC systems. 
Forecasting techniques can be classified into two types: quantitative 
and qualitative. Quantitative techniques are applicable when some 
quantifiable data are available about the past performance and it is 
assumed that the same pattern will continue in the foreseeable future. 
Time-series analysis and projection, and causal and econometric 
models are the most known quantitative techniques. Qualitative 
forecasting techniques are adopted when data are not available and 
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forecasting has to be based on the best estimates of acknowledged 
experts in that specific activity or product. Subjective estimates 
and Delphi techniques are well-known approaches for qualitative 
forecasting. For aggregate forecasts, causal relationships and 
the statistical tools of regression and correlation can be used.  
Sometimes, if demand information is not available, sales data or 
shipment data can be used even if there is a difference between 
sales, shipments, and demand. Some methods, such as specialized 
bills of material (super bill) and pyramid forecasting, are available 
to integrate and force consistency between forecasts prepared 
in different parts of the organization Accurate promise dates to 
customers are the major concern. This requires MPS stability 
and predictability. The master scheduler can help to achieve this 
by using the concept of time fences. Setting the time fence and 
managing the hedge units must take into account both economic 
trade-off and current conditions. If the time fence is set too early, 
inventory will be carried at higher levels in the product structure, 
which often decreases alternative uses of basic materials and so 
reducing flexibility. If the time fence is set too late, time to evaluate 
whether the mix ratio is changing might not be enough.

2. Inventory Planning and Control
Basically, inventory allows to decouple successive operations 
or anticipate changes in demand. In terms of customer service, 
maintaining final product inventories ensures the availability of 
a product at the time the customer requests it and minimizes the 
customer’s waiting time or the product’s delivery time. To provide 
effective customer service through product availability, carrying 
inventories at different post-manufacturing stages of the supply 
chain is required. 
The inventory planning function is primarily concerned with 
the determination of appropriate levels of inventory. These are 
determined by minimizing the costs associated with inventories. 
These costs are often conflicting. Then, optimal  inventory 
levels correspond to trade-off that is acceptable by management. 
Inventory-related costs are numerous and need to be accurately 
defined to enable managers to correctly carry out the inventory 
planning and control function.
A common measure of inventory performance, inventory turnover, 
relates inventory levels to the product’s sales volume. Inventory 
turnover is computed as annual sales volume divided by average 
inventory investment. High inventory turnover suggests a high rate 
of return on inventory investment. Common measure of customer 
service is the fill rate, which is the percentage of units immediately 
available when requested by customers. The level of customer 
service can be also measured by the average length of time required 
to satisfy backorders, or percentage of replenishment order cycles 
in which one or more units are back ordered. To cope with these 
uncertainty sources, safety stocks are created. Two criteria are 
often used to determine safety stocks: the probability of stocking 
out in any given replenishment order cycle, or the desired level of 
customer service in satisfying product demand immediately out 
of inventory (the fill rate).

3. Production Planning
The process of production planning provides a plan for how much 
production will occur in the next time periods, during an interval 
of time called “planning horizon” that usually ranges between 
six months to two years. Production planning also determines 
expected inventory levels, as well as the work force and other 
resources necessary to implement the production plans. Production 
planning is based on an aggregate view of the production facility, 

the demand for products, and even of time (using monthly time 
periods, for example).
The production plan provides a direct and consistent dialogue 
between manufacturing and top management, as well as between 
manufacturing and the other functions. Then, the plan must 
be necessarily in terms that are meaningful to the firm’s no-
manufacturing executives. An important linkage exists between 
production planning and demand management. This module 
quantifies every source of demand against manufacturing capacity, 
such as interplant transfers, international requirements, and 
service parts. The match between actual and forecast demand is 
monitored in the demand management module. As actual demand 
conditions do not correspond to forecast, the necessity for revising 
the production plan increases.
Resource planning is directly related to production planning, 
since, in the short term, the available resources represent a set 
of constraints to production planning. In the longer run, to the 
extent that production plans call for more resources than available, 
financial considerations are needed. If the production rate is 
maintained constant and large inventories are used to absorb 
the demand fluctuations (a “production smoothing” strategy), 
inventory holding costs and costs due to possible customer 
dissatisfaction become high. On the contrary, if the production 
rate is continually adjusted to be synchronized with demand 
rate fluctuations (a “chase” strategy), overtime and work-force 
adjustment costs, and poor facility utilization arise. There are many 
ways to change the production rate, including subcontracting, 
hiring, and overtime, and the specific approaches to be used depend 
on the available alternatives. 
The production plan must be disaggregated into specific products 
and detailed production actions. Moreover, if the production plan 
has been based on a single facility, the problem of determining 
which facility will produce which products, in which quantities, is 
an important prerequisite for the planning at each facility. In fact, 
managers must make day-to-day decisions on a product and unit 
basis rather than on the overall output level. Some mathematical 
approaches have been proposed to solve these disaggregation 
problems. Even though there has been some progress in both theory 
and practice, to date the number of applications is limited.
An interesting review and discussion of these approaches are 
reported in [10] and in Thomas and [16].

4. Master Production Scheduling
A master production schedule provides the basis for making 
customer delivery promises, utilizing plant capacity effectively, 
attaining the firm’s strategic objectives as reflected in the 
production plan, and resolving trade-off between manufacturing 
and marketing.
The most important decisions concern how to construct and 
update the MPS. This involves processing MPS transactions, 
maintaining MPS records and reports, having a periodic review 
and update cycle (rolling through time), processing and responding 
to exception conditions, and measuring MPS effectiveness on a 
routine basis. On a day-to-day basis, marketing and production are 
coordinated through the MPS in terms of order promising. This is 
the activity by which customer order requests receive shipment 
dates. When customer orders create a backlog and require promise 
dates that are unacceptable from a marketing viewpoint, trade-off 
conditions are established for making changes.
Three classic types of MPS approaches have been identified 
depending on the environment: make-tostock, make-to-order, and 
assemble-to-order. Each approach depends on the unit used for 
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the MPS: end items, specific customer orders, or some group of 
end items and product options, respectively. The MTS company 
produces in batches, carrying finished good inventories for most, 
if not all, of its end items. The MPS determines how much of and 
when each end item is to be produced. Firms that make to stock 
usually produce consumer products as opposed to industrial goods, 
but many industrial goods, such as supply items, are also made 
to stock. As MPS unit, all use end items, but many tend to group 
these end items into model groupings until the latest possible time 
in the final assembly schedule.
The MTO company, in general, does not carry end-item inventory 
and builds each end item as needed. This form of production is 
often used when there is a very large number of possible product 
configurations, and, thus a small probability of anticipating a 
customer’s exact needs. In the MTO company, the MPS unit 
is typically defined as the particular end item or set of items 
comprising a customer order. In the ATO firm a large number of 
possible end-item configurations, all made from combinations 
of basic components and subassemblies, are possible. Order lead 
times are often shorter than total manufacturing lead times so 
production must be started in anticipation of customer orders. 
Due to the large number of end-item types, forecasting end-item 
demands are extremely difficult, and stocking end items is very 
risky. As a result, the ATO firm starts to produce basic components 
and subassemblies, but, in general, does not start final assembly 
until a customer order is received.

5. Material Requirements Planning (MRP)
The output of the MPS process is a master schedule for final 
assembly/production. The master schedules for all components 
that feed into the end item need to be determined. These master 
schedules are usually defined in terms of when the components 
need to be released to manufacturing or a vendor to satisfy the 
end-item master schedule. MRP is concerned with both production 
scheduling and inventory control. It provides a precise scheduling 
(priorities) system, an efficient and effective materials control 
system, and a rescheduling mechanism for revising plans as 
changes occur. It keeps inventory levels at a minimum while 
assuring that required materials are available when needed. 
The major objectives of an MRP system are simultaneously to:

Ensure the availability of materials, components, and products • 
for planned production and for customer delivery;
Maintain the lowest possible level of inventory; and• 
Plan manufacturing activities, delivery schedules, and • 
purchasing activities.

In the MRP logic, the concept of dependent demand is fundamental. 
The demand (gross requirements) for subassemblies or components 
depends on the net requirements for their use in the end item. To 
do correct calculations, bill of material, inventory, and scheduled 
receipt data are all necessary. With these data, the dependent demand 
can be exactly calculated. It does not need to be forecasted. On the 
other hand, independent demand items are subject to demand from 
outside the firm and their needs have to be forecasted. The three 
major inputs of an MRP system are the master production schedule, 
the inventory status records, and the product structure records. 
The master production schedule outlines the production plan for 
all end items. The product structure records contain information 
on all materials, components, or subassemblies required for each 
end item. 

6. Capacity Requirements Planning
A critical activity that parallels developing material plans is 
developing capacity plans. 

Fig. 4: Long and Medium Range Capacity Planning

Capacity planning decisions are usually adopted starting from an 
overall plan of resources, proceeding to a rough-cut evaluation 
of a particular MPS’s capacity needs, and moving to a detailed 
evaluation of capacity requirements based on detailed material 
plans. 
As shown in fig. 4, resource planning and rough-cut capacity are 
linked with production plan and MPS, respectively. 
Resource planning and rough-cut capacity planning have been 
briefly described previously. There has to be a correspondence 
between the capacity required to execute a given material plan 
and the capacity made available to execute the plan.
Without this correspondence, the plan either will be impossible 
to execute or inefficiently executed.

7. Production Activity Control
Production Activity Control (PAC) concerns the execution of 
detailed material plans. It deals with the planning and release of 
individual orders to both factory and suppliers. PAC also takes 
care, when necessary, of detailed scheduling and control of jobs 
at the work centers on the shop floor (shop-floor monitoring and 
control systems, scheduling, and dispatching), and it takes care of 
purchasing and vendor scheduling (vendor scheduling and follow-
up). Then, an effective PAC system can ensure the co-ordination 
of production rate with demand rate. 
The shop floor monitoring and control system communicates 
priorities between the firm’s planning system and the shop 
floor, evaluates job progress on the shop floor, and gathers shop 
performance information for the management control. SFMCS 
functions can be grouped into three areas: shop planning, shop 
monitoring, and shop controlling. Shop planning deals with the 
preparation of shop packet information, and the determination 
of a job’s due date/release to the floor. Shop monitoring involves 
the collection of data on the status of a job, as it moves on the 
shop floor, and on the work center performance. Shop controlling 
determines the priorities of open-order jobs and communicates 
these priorities to the shop floor in order to coordinate production 
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activities. Scheduling can be defined as the allocation of resources 
over time to perform a certain collection of tasks.
Detailed scheduling of the various elements of a production system 
is crucial to the efficiency and control of operations. Orders have to 
be released and translated into one or more jobs with associated due 
dates. The jobs often are processed through the machines in a work 
center in a given sequence. Queueing may occur when jobs have 
to wait for processing on machines that are busy; preemption may 
occur when high-priority jobs arrive at busy machines and have 
to proceed at once. Then, the scheduling process has to interface 
with the shop floor control. Events that happen on the shop floor 
have to be taken into account as they may have a considerable 
impact on the schedules.
Another issue related to scheduling is the shop structure. Repetitive 
and cellular manufacturing systems are characterized by a flow 
shop structure; namely, all jobs tend to go through a fixed sequence 
of the same routing steps. Other structures are more of a job 
shop nature involving custom-made products. Each particular 
job has its specific routing, and the processing time required at 
each work center can be highly variable. Scheduling complexity 
and constraints in a flow shop can be significantly different from 
those in a job shop. 

8. Vendor Scheduling and Follow-Up
The objectives of vendor scheduling are the same as those of 
internal work center scheduling: keep the orders lined up with 
the correct due dates from the material plan. This means that a 
continually updated set of relative priority data has to be sent to 
the vendor. A typical approach to providing this information is a 
weekly updated report reflecting the current set of circumstances 
in the customer’s plant and, sometimes, the final customer 
requirements that dictate them.

D. Systems
The implementation of the MPC techniques, either singly or 
in concert with others, requires a clear assess of the company 
organization and environment. Any MPC implementation usually 
replaces informal planning and control systems with formal 
systems. Few well known systems used for planning and control 
manufacturing activities are discussed.

1. Manufacturing Resource Planning
For manufacturing managers, obtaining the right materials in 
the right quantity and at the right time is crucial. Managing the 
materials flow in a manufacturing company requires the balance 
of three objectives: maximizing customer service, minimizing 
inventory investment, and optimizing facility utilization. The 
manufacturing planning process starts with production planning. 
The MPS determines the top-level shop priorities therefore 
providing the direct input to MRP. The subsequent output is the 
input to CRP and PAC. The control phase requires follow-up 
actions for both materials and capacity. Unfortunately, customer 
demand is irregular, vendors do not always deliver on time, 
machines break down, people miss work. Disruptions in a 
manufacturing environment require a continuous control based 
on a fast updating about shop-floor situation, inventory status, 
and orders portfolio.
When a closed-loop system is introduced based on a real-time 
control tying MPS, MRP, CRP, and PAC, a closed-loop MRP 
system is obtained. This can be considered as a companywide 
system able to support planning and control of company operations. 
For this system, the term MRP II was coined where MRP means 

“manufacturing resource planning.”  

2. Just-In-Time (JIT) Systems
The JIT production system is a reasonable way of making products 
because it completely eliminates unnecessary production elements 
to reduce costs. The basic and simple idea in such a production 
system is to produce the kind of units needed, at the time needed, 
in the quantities needed [11].
Even though the system’s most important goal is cost reduction, 
three sub-goals must be first achieved. These are

quantity control, which enables the system to adjust to daily 1. 
and monthly demand fluctuations in quantity and variety;
quality assurance, which ensures that each process will supply 2. 
only defect-free units to subsequent processes; and
respect of the worker, which is the base to increase human 3. 
resources productivity necessary for attaining the system’s 
cost objectives.

A special feature of the JIT production system is that the primary 
goal cannot be achieved without realizing these subgoals, and vice 
versa. A continuous flow of production adapting to demand changes 
in quantity and variety is obtained by producing the needed units 
in the needed quantities at the needed time, by never allowing 
defective units from a preceding process to flow into and disrupt 
a subsequent process, by varying the number of workers based 
on demand changes, and by capitalizing on worker suggestions. 
To implement these basic concepts, the JIT system includes the 
following subsystems and methods [11]:

The Kanban system to maintain JIT production;• 
A production-smoothing approach to allow adaptation to • 
demand changes;
Shortened setup times that reduce production lead times;• 
Standardizing operations to attain line balancing;• 
Machine layouts that promote multiple-skilled workers and • 
the flexible work-force concept;
Small-group improvement activities and a worker suggestion • 
system to reduce the work force and increase the morale, 
respectively;
A visual control system to achieve autonomous defect control; • 
and
A “functional management” system that promotes company-• 
wide quality control, and so forth.

3. Integrating MRP and JIT
The basic difference between pull and push systems is that a 
pull system initiates production as a reaction to current demand, 
while a push system initiates production in anticipation of future 
demand [9].
These methods are not mutually exclusive, and each has its benefits 
and costs. The best solution is often a hybrid that uses the strengths 
of both approaches. Pull methods tend to be cheaper because they 
do not require computerization (hardware and software) and leave 
control and responsibility at a local level. In this way significant 
incentives for lead-time management are possible. MRP systems 
are effective at materials planning and coordination and support 
inter-functional communication and data management.
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Fig. 5: Types of Production Control

The most suitable method for production control depends on the 
nature of the production process. In fig. 5, various manufacturing 
control approaches are proposed for different processes. In 
particular, continuous flow, repetitive batch, dynamic batch, 
and custom engineering are the process types considered. In the 
continuous-flow process, the production process is dedicated to 
one or a few similar products. Production is continuous and level 
so that the lead time for production is uniform and predictable. 
For a continuous-flow process, ongoing materials planning is not 
essential and JIT supply techniques are appropriate. Orders are 
released without changes each week, so a rate-based approach 
can be adopted.
At the shop-floor level, JIT materials-flow controlled by a pull 
release (kanban, for example) is effective. In the batch and 
repetitive process, some part of the production system may 
resemble a continuous flow process while other parts involve 
multiple products produced in batches. Lead times are fairly 
constant and predictable. The product mix is relatively constant. 
In a repetitive manufacturing environment with fairly stable but 
varying schedules, materials planning can be a hybrid of MRP 
and JIT methods. Order release may require MRP calculations if 
changes are frequent or if it is necessary to coordinate with long 
lead times or complex materials supply. Pull methods are suitable 
on the shop-floor. In the batch and dynamic process, production 
is in batches and the output mix and volume can vary; customer 
orders arrive on a weekly and monthly basis. The load on the 
facility changes; bottlenecks can shift and lead times become 
variable. For more dynamic and variable contexts, such as job-
shop manufacturing, MRP becomes crucial for planning and 
release. Pull techniques cannot cope with increasing demand and 
lead-time variability. The shop-floor control requires higher levels 
of tracking and order scheduling complexity.

4. Optimized Production Technology
Synchronized manufacturing, as achieved by the optimized 
production technology (OPT) system for production management, 
was first introduced in the United States at the end of the 1970s. 
OPT calculates different batch sizes throughout the plant depending 
upon whether a resource is a bottleneck or not. This has several 
implications on the manufacturing planning and control. In fact, 
a batch size for one operation on a part could be different for 
other operations on the same part. OPT is designed to do order 
splitting. The key to lot sizing in OPT is distinguishing between 
a transfer batch (that quantity that moves from operation to 
operation) and a process batch (the total lot size released to the 
shop). Any differences are held as work-in-process inventories 
in the shop. In fact,
OPT states that utilization of the bottleneck is critical and reduced 
utilization of nonbottleneck resources costs nothing. In the 
traditional cost accounting view, people should always be working. 

If these people are at nonbottleneck resources, the net result of 
their work will increase work-in-process and create problems for 
scheduling at other resources. Under OPT, as with JIT, it is quite 
all right not to work if there is no work to do. In fact, working in 
this situation will cause problems.
A difference between OPT and JIT can be stressed. JIT techniques 
and philosophy are more appropriate to assembly and repetitive 
industries. OPT is best suited to a job shop environment where 
manufacturing situations keep shifting [13].

A. More Advanced Approaches for Co-ordination
The increasing complexity of the production environment is 
basically caused by the high innovation rate in manufacturing 
processes and by the market globalization. As the complexity 
increases, the manufacturing management requires more advanced 
approaches. In this section artificial intelligence and multimedia 
tools able to support manufacturing planning and control are 
presented as a way to face complexity by creating intelligent 
and flexible manufacturing systems. Also, the approach of global 
manufacturing is introduced to stress how manufacturing can 
be worldwide integrated to successfully compete in the global 
market. 

B. Artificial Intelligence and Multimedia
In manufacturing systems, artificial intelligence and multimedia 
tools are applied to different issues such as manufacturing 
planning and control. These tools can aspire to support several 
kinds of problemsolving and decision-making tasks providing 
manufacturing systems with intelligence. Intelligent manufacturing 
systems make use of different technologies. In the following 
section, only expert systems, neural networks, and multimedia 
are shortly described in terms of their potential contribution to 
a more effective co-ordination between production and demand 
flows.

1. Expert Systems
Expert systems are suitable tools for manufacturing planning 
systems because these systems can support decision making to 
solve problems that are dynamic and have multiple criteria [1]. 
These types of problems occur in quality, material shortages, 
vendor deliveries, forecast errors, and in the timing for new product 
roll-outs. Expert systems represent an attractive and reasonable 
set of tools able to provide alternatives for intelligent managerial 
choice. Expert systems are usually adopted in interactive Decision 
Support Systems (DSS).  
However, it has been recognized that humans and computers have 
different strengths and weaknesses and therefore should act as a 
team [1]. Computerized scheduling strengths include a very fast 
computation, the capability to consider many factors, and a very 
reliable response. Computerized scheduling weaknesses include 
difficulty in learning from experience and no broad common sense. 
Human strengths include a very broad base of common sense, 
intuitive but poorly understood thinking abilities, and an ability to 
strategically summarize knowledge. All these abilities often work 
to allow experts to react quickly and accurately to glitches and 
problems. Human weaknesses include variability in response and 
difficulty in transferring their expertise to others. Human-machine 
interactive systems should be able to have both sets of strengths 
and fewer of the weaknesses.
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2. Artificial Neural Networks
Artificial Neural Networks (ANNs) have been receiving 
increasing attention as tools for business applications.  ANNs 
seem not suitable for administrative functions such as customer 
order processing or inventory control. ANNs can support master 
production scheduling in the case of no complex demand forecasts. 
In contrast, rough-cut capacity planning, which determines the 
capacity needs, can be adequately done by conventional methods, 
so that the use of ANNs seems inappropriate. At the level of 
quantity planning, for demand-driven material requirements 
planning (i.e., the bill of material is exploded to give the gross 
requirements of the parts), conventional procedures are sufficient. 
In the case of consumption-driven material requirements planning, 
ANNs can help in forecasting the material requirements. The task 
of order planning is to determine the lot sizes for production and 
procurement. In both cases ANNs can be useful. The initial task 
of capacity planning is to calculate the capacity utilization, using 
the data from time planning. Following that, a comparison of 
required and available capacity takes place. If bottlenecks occur, 
appropriate measures have to be taken to adjust capacity demand 
and supply. In general this task can be supported by ANNs. Order 
release transfers orders from the planning to the realization phase. 
The check of resource availability does not represent an area of 
potential application. Differently, ANNs seem to be appropriate for 
scheduling, which is usually a problem without an efficient solution 
algorithm. About the steering and control of production processes, 
even though the problems differ as far as content is concerned, 
regarding the structural similarity it seems quite possible that 
ANNs have potential in supporting such processes.

3. Multimedia
The future systems in production management will have database 
and multimedia-oriented features in order to perform different 
production management tasks. These can be classified [4], for 
instance, as:

Transaction processing;• 
Operational planning;• 
Analysis and learning;• 
Documentation; and• 
Training.• 

Transaction processing means entering basic data, updating simple 
records, and collecting data on actual activities. Entering a customer 
order, receiving materials to stock, or collecting data on hours 
worked are examples of simple transactions. Operational planning, 
analysis, and learning are complex tasks involving analysis, risk-
taking, decision making, and alternative solutions evaluation. 
Graphics and windows help planners to make production plans 
interactively and take into account the factory floor situations 
and flexibility. The whole production process can be simulated 
and animated to evaluate how the plan works in practice. Voice 
mail is easier and faster to use than written mail. Messages and 
questions concerning the practical execution of the plan can be 
sent, for example, to foremen. Answers will be sent back with the 
same media. A new application domain for multimedia capabilities 
can be found in documentation and training.

V. Conclusion
The virtual market has become a reality. Excess inventories, long 
lead times and uncertain delivery dates are caused by randomness 
and lack of co-ordination. There are only two possible solutions: 
reduce the randomness (due to machine failures, engineering 
changes, customer orders and so on) and reasons for the lack of 

co-ordination (costly set-up changes, large batch machines and 
others) or respond to them in a way that limits their disruptive 
effects. Both responses are valid, but they can be, in practice 
polar opposites. In this context, companies need to synchronize 
their manufacturing activities with the variable product demand. 
The process based organization and the main manufacturing 
planning and control techniques and systems can be considered 
as the basic support for the matching between production and 
demand flows.
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