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Factors affecting Process Design Decisions 

 Nature of product/service demand
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 Production Flexibility

 Degree of automation

 Product/service quality
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Vertical integration refers to the
extent to which the production
and the distribution chain
(extending from the suppliers of
raw materials and components
to the delivery of finished
products) is brought under the
ownership of the organization.



Factors affecting Process Design Decisions 

 Nature of product/service demand

 Degree of vertical integration

 Production Flexibility

 Degree of automation

 Product/service quality Forward integration is the expansion of
ownership of production to the
distribution chain, towards the market.

Backward integration expands the
ownership of the production and
distribution chain backwards, i.e.
towards the source of supplies.



EOQ MODELS



 Economic order quantity model         

 Economic production quantity model

 Quantity discount model

EOQ MODELS



Assumptions:

 Only one product is involved.

 Annual demand requirements are known.

 Demand is spread evenly throughout the year so that the demand rate is reasonably constant.

 Lead time is known and constant.

 Each order is received in a single delivery.

 There are no quantity discounts.

Economic order quantity model         
Optimal order quantity that will
minimize total inventory costs



The total annual cost (TC) associated with carrying and ordering inventory when Q units 
are ordered each time is



Economic order quantity (Q0)

The length of an order cycle (i.e., the time between orders) is



The Inventory cycle: profile of inventory level over time



Average inventory level and number of orders per year are inversely related: As one increases, the
other decreases









Adding PD doesn’t change the EOQ



Reorder point (ROP) When the quantity on hand of an item drops to this

amount, the item is reordered.

If demand and lead time are both constant, the reorder point is simply

ROP = d x LT

Where

d Demand rate (units per day or week)
LT Lead time in days or weeks

What to do when variability is present in demand or lead time?



Safety stock: Stock that is held in excess of expected demand due to variable demand
and/or lead time.











Economic Production Quantity model

A model that allows for incremental product
delivery. Inventory system in which an order
is received gradually, as inventory is
simultaneously being depleted.



Difference between EPQ & EOQ

The EPQ model assumes the company will produce its own quantity or the parts are

going to be shipped to the company while they are being produced, therefore the orders

are available or received in an incrementally manner while the products are being

produced, while as the EOQ model assumes the order quantity arrives complete and

immediately after ordering, meaning that the parts are produced by another company
and are ready to be shipped when the order is placed.



Assumptions
 Only one item is involved.

 Annual demand is known.

 Usage rate is constant.

 Usage occurs continually, but production occurs periodically.

 Production rate is constant.

 Lead time does not vary.

 There are no quantity discounts.







 There are no ordering costs as such because the company makes the

product itself.

 With every production run (batch) there are setup costs—the costs

required to prepare the equipment for the job, such as cleaning,

adjusting, and changing tools and fixtures.

 Setup costs are analogous to ordering costs because they are

independent of the lot (run) size. They are treated in the formula in

exactly the same way.

 The larger the run size, the fewer the number of runs needed and,
hence, the lower the annual setup cost.

Costs in EPQ











Quantity discount model
Modifies the EOQ process to consider

cases where quantity discounts are

available.



Adding PD doesn’t change the EOQ



EXAMPLE



The total-cost curve with quantity discounts is composed of a portion of the
total-cost curve for each price

The objective of the quantity discount model is to identify the order quantity that will represent the lowest total cost for the entire set of curves.



The maintenance department of a large hospital uses

about 816 cases of liquid cleanser annually. Ordering

costs are $12, carrying costs are $4 per case a year, and

the new price schedule indicates that orders of less than

50 cases will cost $20 per case, 50 to 79 cases will cost

$18 per case, 80 to 99 cases will cost $17 per case, and

larger orders will cost $16 per case. Determine the
optimal order quantity and the total cost.
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The 70 cases can be bought at $18 per case because 70 falls in the range of 50 to 79

cases. The total cost to purchase 816 cases a year, at the rate of 70 cases per order, will
be

Because lower cost ranges exist, each must be checked against the minimum cost

generated by 70 cases at $18 each. In order to buy at $17 per case, at least 80 cases
must be purchased. The total cost at 80 cases will be



To obtain a cost of $16 per case, at least 100 cases per order are required, and the total 
cost at that price break will be

Therefore, because 100 cases per order yields the lowest total cost, 100 cases is the
overall optimal order quantity.
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Surge Electric uses 4,000 toggle switches a year.

Switches are priced as follows: 1 to 499, 90 cents

each; 500 to 999, 85 cents each; and 1,000 or

more, 80 cents each. It costs approximately $30 to

prepare an order and receive it, and carrying costs

are 40 percent of purchase price per unit on an

annual basis. Determine the optimal order
quantity and the total annual cost.





Because an order size of 866 switches will cost $.85 each rather than $.80 each, 866 is not a feasible

minimum point for $.80 per switch. So we will try $.85 per unit.



This is feasible; it falls in the $.85 per switch range of 500 to 999. Now

compute the total cost for 840, and compare it to the total cost of the
minimum quantity necessary to obtain a price of $.80 per switch.





BC ANALYSIS



ABC approach

classifies inventory items according to some measure of importance, usually

annual dollar value (i.e., dollar value per unit multiplied by annual usage
rate), and then allocates control efforts accordingly.

Pareto’s law
Implies that about 20 percent

of the inventory items will

account for about 80 percent
of the inventory value.



Procedure for an ABC Inventory Analysis

 Calculate the annual dollar usage for each item.

 List the items in descending order based on annual dollar usage.

 Calculate the cumulative annual dollar volume.

 Classify the items into groups.











Inventory Control Using ABC Classification

Continuous review system

periodic review system

Two-bin system



MASTER PRODUCTION SCHEDULE

BASIM HUSSAIN



Master production schedule (MPS), also called the master

schedule, specifies which end items or finished products a firm is to produce, how many
are needed, and when they are needed.



Master production schedule (MPS), also called the master

schedule, specifies which end items or finished products a firm is to produce, how many
are needed, and when they are needed.



Time fences Points in time that separate phases of a master schedule

planning horizon.





A company that makes industrial pumps wants to

prepare a master production schedule for June

and July. Marketing has forecasted demand of 120

pumps for June and 160 pumps for July, evenly

distributed over the four weeks in each month .



WEEKLY FORECAST REQUIREMENTS FOR INDUSTRIAL PUMPS



Now, suppose that there are currently 64 pumps in

inventory (i.e., beginning inventory is 64 pumps), and

that there are customer orders that have been

committed (booked) and must be filled.



Eight-week schedule showing forecasts, customer orders, and beginning inventory



Projected on-hand inventory is computed week by week until it becomes negative



Projected on-hand inventory is computed week by week until it becomes negative

Production will be needed to

replenish inventory.



Suppose that a production lot size of 70 pumps

is used, so that whenever production is called

for, 70 pumps will be produced.



PROJECTED ON-HAND INVENTORY AND MPS ARE ADDED TO THE MASTER SCHEDULE

PRODUCTION POLICY: 70 PUMPS
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DETERMINING THE MPS AND PROJECTED ON-HAND INVENTORY



PROJECTED ON-HAND INVENTORY AND MPS ARE ADDED TO THE MASTER SCHEDULE

PRODUCTION POLICY: 70 PUMPS



THE AVAILABLE-TO-PROMISE INVENTORY QUANTITIES HAVE BEEN ADDED TO THE MASTER SCHEDULE

PRODUCTION POLICY: 70 PUMPS



MATERIAL REQUIREMENTS PLANNING

BASIM HUSSAIN



DEMAND

Independent demand
The demand for an item is unrelated
to the demand for other items.

Dependent demand
Demand for component parts is based on
the number of end items being produced.



Comparison of independent and dependent demand



Material requirements planning (MRP) is a computer-based

information system that translates the finished product requirements of the master

schedule into time-phased requirements for subassemblies, component parts, and

raw materials, working backward from the due date using lead times and other
information to determine when and how much to order.

MRP is designed to answer three questions:

 What is needed?

 How much is needed?
 and When is it needed?



OVERVIEW OF MRP



MASTER SCHEDULE , also referred to as the master production

schedule, states which end items are to be produced, when they are
needed, and in what quantities.

A MASTER SCHEDULE FOR END ITEM X



The planning horizon must cover the cumulative lead time

INVENTORY RECORDS refer to stored information on the status of each
item by time period, called time buckets.



BILL OF MATERIALS (BOM) contains a listing of all of the assemblies,

subassemblies, parts, and raw materials that are needed to produce one unit of a
finished product.











Low-level coding Restructuring the bill of materials so that multiple occurrences of a

component all coincide with the lowest level at which the component occurs.

E E (2)



MRP process consists of four basic steps:

(1)exploding the bill of material,

(2) netting out inventory,

(3) lot sizing, and

(4) time-phasing requirements.

MRP PROCESS



Assembly time chart showing material order points needed to meet scheduled availability of the end item



MRP processing combines the time phasing and “explosion” into a sequence of

spreadsheet sections, where each section has the following format:



Gross requirements Total expected demand for an item or raw material in a time

period.

Scheduled receipts Open orders scheduled to arrive from vendors or elsewhere in

the pipeline.

Projected on hand Expected amount of inventory that will be on hand at the

beginning of each time period.

Net requirements The actual amount needed in each time period.

Planned-order receipts Quantity expected to be received by the beginning of the

period in which it is shown.

Planned-order releases Planned amount to order in each time period; equals

planned-order receipts offset by lead time.



A firm that produces wood shutters and bookcases has received two orders

for shutters: one for 100 shutters and one for 150 shutters. The 100-unit

order is due for delivery at the start of week 4 of the current schedule, and
the 150-unit order is due for delivery at the start of week 8.



MASTER SCHEDULE:



Each shutter consists of two frames and four slatted wood sections.





The wood sections are made by the firm, and

fabrication takes one week. The frames are ordered,

and lead time is two weeks. Assembly of the shutters

requires one week. There is a scheduled receipt of 70
wood sections in (i.e., at the beginning of) week 1.



Determine the size and timing of planned order releases necessary to meet

delivery requirements under each of these conditions:

 Lot-for-lot ordering

 Lot-size ordering with a lot size of 320 units for frames and 70 units for

wood sections.





THE PLANNED ORDER RELEASES OF THE PARENT DETERMINES THE GROSS REQUIREMENTS OF THE CHILD.











MRP OUTPUTS

PRIMARY REPORTS SECONDARY REPORTS

Planned orders Schedule indicating

the amount and timing of future

orders.

Order releases Authorization for the

execution of planned orders.

Changes Revisions of due dates or

order quantities, or cancellations of
orders.

Performance-control reports Evaluation

of system operation, including deviations

from plans and cost information.

Planning reports Data useful for

assessing future material requirements.

Exception reports Data on any major
discrepancies encountered



MRP II

MRP

Manufacturing resources planning (MRP II)
Expanded approach to production resource planning,

involving other areas of a firm in the planning process
and enabling capacity requirements planning.

Capability of performing simulation

what-if questions 

ERP



 Enterprise Resources Planning (ERP) – Integrated applications software that
corporations use to run their businesses.

 ERP systems typically handle accounts payable, accounts receivable, general ledger, payroll,
Materials Requirements Planning (MRP), purchasing, sales, human resources, and many
other interrelated systems.

 With ERP system the firm stores data in one and only one location.

 SAP and Oracle are the two main ERP systems vendors currently on the market.



Management of Quality



Quality
The ability of a product or service to consistently meet or exceed customer
expectations.



Product Quality

 Performance

 Aesthetics

 Special features

 Conformance

 Reliability

 Durability

 Perceived quality
 Serviceability



Product Quality

 Performance —main characteristics of the product.

 Aesthetics —appearance, feel, smell, taste.

 Special features —extra characteristics.

 Conformance —how well a product corresponds to design specifications.

 Reliability —dependable performance.

 Durability —ability to perform over time.

 Perceived quality —indirect evaluation of quality (e.g., reputation).
 Serviceability —handling of complaints or repairs.



Service Quality

 Convenience

 Reliability

 Responsiveness

 Time

 Assurance

 Courtesy

 Tangibles
 Consistency



Service Quality

 Convenience —the availability and accessibility of the service.

 Reliability —the ability to perform a service dependably, consistently, and accurately.

 Responsiveness —the willingness of service providers to help customers in unusual

situations and to deal with problems.

 Time —the speed with which service is delivered.

 Assurance —the knowledge exhibited by personnel who come into contact with a

customer and their ability to convey trust and confidence.

 Courtesy —the way customers are treated by employees who come into contact with

them.

 Tangibles —the physical appearance of facilities, equipment, personnel, and

communication materials.
 Consistency —The ability to provide the same level of good quality repeatedly.



COST OF QUALITY

Quality control costs Quality failure costs

Prevention costs Appraisal costs External failure costs Internal failure costs

Costs incurred in the process of
preventing poor quality from occurring.

Costs incurred in the process
of uncovering defects.

Costs associated with discovering

poor product quality before the
product reaches the customer.

Costs associated with quality

problems that occur at the
customer site.







SIX SIGMA QUALITY



 The term Six Sigma® was coined by the Motorola Corporation in the 1980s to

describe the high level of quality the company was striving to achieve.

 It is a five-step process applied to improvement projects.

SIX SIGMA QUALITY





The probability is 68.26% that the next value will be within

one standard deviation from the mean. The probability is

95.44% that the same next value will fall within two

standard deviations. The probability is 99.73% that it will

be within three sigma; and 99.994% that it will be within
four sigma.





Experimental data show that most processes that are in control

still drift about 1.5 sigma on either side of their center point over

time.







The probability is 68.26% that the next value will be within

one standard deviation from the mean. The probability is

95.44% that the same next value will fall within two

standard deviations. The probability is 99.73% that it will

be within three sigma; and 99.994% that it will be within
four sigma.

The real probability of a process

with tolerance limits at four sigma,

producing acceptable material is

actually more like 98.76%, not
99.994%.









 Define: The problem is defined, including who the customers are and what they want,

to determine what needs to improve. It is important to know which quality attributes

are most important to the customer, what the defects are, and what the improved

process can deliver.

Measure: The process is measured, data are collected, and compared to the desired

state.

 Analyse: The data are analysed in order to determine the cause of the problem.

 Improve: The team brainstorms to develop solutions to problems; changes are made

to the process, and the results are measured to see if the problems have been

eliminated. If not, more changes may be necessary.

 Control: If the process is operating at the desired level of performance, it is monitored

to make sure the improvement is sustained and no unexpected and undesirable
changes occur.



Define. Determine the characteristics of the process’s output that are critical to customer

satisfaction and identify any gaps between these characteristics and the process’s capabilities.

Get a picture of the current process by documenting it using flowcharts and process charts.

Measure. Quantify the work the process does that affects the gap. Select what to measure,

identify data sources, and prepare a data collection plan.

Analyse. Use the data on measures to perform process analysis, applying tools such as Pareto

charts, scatter diagrams, and cause-and-effect diagrams and the statistical process control

(SPC) tools in this chapter to determine where improvements are necessary. Whether or not

major redesign is necessary, establish procedures to make the desired outcome routine.

Improve. Modify or redesign existing methods to meet the new performance objectives.

Implement the changes.

Control. Monitor the process to make sure that high performance levels are maintained. Once

again, data analysis tools such as Pareto charts, bar charts, scatter diagrams, as well as the

statistical process control tools can be used to control the process.



Statistical quality control 



Statistical quality control (SQC)
general category of statistical tools used to evaluate organizational quality.

Statistical quality control (SQC)

Descriptive statistics

Statistical process control (SPC)

Acceptance sampling



Descriptive statistics: Statistics used to describe quality characteristics

and relationships.

Mean (average)

A statistic that measures the
central tendency of a set of data.

Range

The difference between the largest and 
smallest observations in a set of data.

Standard deviation

A statistic that measures the amount
of data dispersion around the mean.

Distribution of data

Whether a distribution is symmetric 
or skewed



Descriptive statistics: Statistics used to describe quality characteristics

and relationships.

Mean (average)

A statistic that measures the
central tendency of a set of data.

Range

The difference between the largest and 
smallest observations in a set of data.

Standard deviation

A statistic that measures the amount
of data dispersion around the mean.

Distribution of data

Whether a distribution is symmetric 
or skewedCommon causes of variation

Random causes that cannot
be identified.

Assignable causes of variation
Causes that can be identified 
and eliminated.



Statistical process control (SPC)

A statistical tool that involves inspecting a random sample of the output from a

process and deciding whether the process is producing products with characteristics
that fall within a predetermined range.



Control chart

A graph that shows whether a sample of data falls within the common or normal range of
variation.









Type I error Concluding a process is not in control when it actually is.





Types of Control Charts

Control chart for variables Control chart for attributes

A product characteristic that

can be measured and has a

continuum of values (e.g.,

height, weight, or volume).

A product characteristic 

that has a discrete value 

and can be counted.



Types of Control Charts

Control chart for variables Control chart for attributes

Mean control chart Range control chart
p -Chart c -Chart



x-bar chart

A control chart used to monitor changes in the mean value
of a process.





A quality control inspector at the Cocoa Fizz

soft-drink company has taken 25 samples

with 4 observations each of the volume of

bottles filled. The data and the computed

means are shown in the table. If the

standard deviation of the bottling operation

is 0.14 ounces, use this information to

develop control limits of 3 standard
deviations for the bottling operation.















If the standard deviation of the process is

unknown, another approach is to use the

sample range as a measure of process
variability.











Range (R) chart

A control chart that monitors changes in the dispersion or
variability of a process.



The quality control inspector at Cocoa Fizz

would like to develop a range (R) chart in

order to monitor volume dispersion in the
bottling process.















A control chart that monitors the
proportion of defects in a sample.

A control chart used to monitor
the number of defects per unit.

P-charts are used to measure the proportion of items in a sample that are defective while asC-charts count the actual number of defects.





P-Charts are used to measure the proportion that is defective in a sample.

The center line is computed as the average
proportion defective in the population, p.









C-Charts are used to monitor the number of defects per unit.

The upper and lower control limits are computed as follows:

The average number of defects, c, is
the center line of the control chart.









ACCEPTANCE SAMPLING



Acceptance sampling refers to the process of randomly inspecting a certain

number of items from a lot or batch in order to decide whether to accept or reject the
entire batch.

why we would inspect only some items in the lot ?



Sampling Plans is a plan for acceptance sampling that precisely

specifies the parameters of the sampling process and the acceptance/rejection
criteria.

The plan includes the following elements:

and performance measures which include:

producer’s and consumer’s risks, acceptable quality level, and lot tolerance percent defective.



The ability of a sampling plan to discriminate is described

by its operating characteristic (OC) curve. !!!



Operating characteristic (OC) curve

Probability curve that shows the probabilities of accepting lots with various
fractions defective.



The exact shape and location of the curve is defined by the sample size (n) and
acceptance level (c) for the sampling plan.



Acceptable quality level (AQL)

The percentage level of defects at which consumers are willing to accept

lots as “good.”

Lot tolerance percent defective (LTPD)

The upper limit on the percentage of defects that a consumer is willing to

accept.

Consumer’s risk (beta)

The probability that a lot containing defects exceeding the LTPD will be

accepted.

Producer’s risk (alpha)

The probability that a lot containing the acceptable quality level will be
rejected.





Acceptable quality level (AQL):

an acceptable proportion of defects in a lot to the consumer.

Producer’s risk:

the probability of rejecting a lot that has an AQL.

Lot tolerance percent defective (LTPD):

the maximum number of defective items a consumer will accept in a lot.

Consumer’s risk:

the probability of accepting a lot in which the fraction of defective items
exceeds LTPD.



Sampling Plans is a plan for acceptance sampling that precisely

specifies the parameters of the sampling process and the acceptance/rejection
criteria.

Single-Sampling Plan

Sampling Plans 

Double-Sampling Plan Multiple-Sampling Plan



Single-Sampling Plan

Sampling Plans 

Double-Sampling Plan Multiple-Sampling Plan

A sampling plan which

allows for the opportunity

to take a second sample if

the results of the initial

sample are inconclusive.

One random sample is

drawn from each lot, and

every item in the sample is

examined and classified as

either “good” or “defective.”

If any sample contains more

than a specified number of

defectives, c, that lot is

rejected.

A sampling plan similar to a

double-sampling plan except

that more than two samples

may be required and process

continues until the lot is

either accepted or rejected.



Maintenance management



Maintenance encompasses all those activities that

relate to keeping facilities and equipment in good working order

and making necessary repairs when breakdowns occur, so that the
system can perform as intended.



Goal of maintenance:
 Avoid production or service disruptions.

 Not add to production or service costs.

 Maintain high quality.

 Avoid missed delivery dates.

When breakdowns occur, there are a number of adverse consequences:

 Operations capacity is reduced, and orders are delayed.

 There is no output, but overhead continues, increasing the cost per unit.

 There are quality issues; output may be damaged.
 There are safety issues; employees or customers may be injured.



Decision makers have two basic options with respect to maintenance.

Preventive maintenance reduces

breakdowns through a program of

lubrication, adjustment, cleaning,

inspection, and replacement of worn

parts.

Breakdown maintenance

deal with breakdowns or

other problems when they
occur.





PREVENTIVE MAINTENANCE

The goal of preventive maintenance is to reduce the incidence of

breakdowns or failures in the plant or equipment to avoid the associated
costs.

Managers usually schedule preventive maintenance using some

combination of the following:

 The result of planned inspections that reveal a need for maintenance.

 According to the calendar (passage of time).

 After a predetermined number of operating hours.



Predictive maintenance is an attempt to determine when to perform

preventive maintenance activities. It is based on historical records and analysis of

technical data to predict when a piece of equipment or part is about to fail.

Total productive maintenance
JIT approach where workers perform preventive maintenance on the machines they
operate.



Preventive maintenance extends back to the design and selection stage of
equipment and facilities.



BREAKDOWN PROGRAMS

 Firms with good preventive practices have some need for breakdown programs because of

occasional breakdowns .

 Organizations that rely less on preventive maintenance have an even greater need for

effective ways of dealing with breakdowns.

 Unlike Preventive maintenance, management cannot schedule breakdowns but must deal
with them on an irregular basis (i.e., as they occur).



Major approaches to deal with breakdowns

 Standby or backup equipment

 Inventories of spare parts

 Operators

 Repair people



What if breakdowns become frequent ?


