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Industrial Engineering (ME- 6001) 

Notes 
  

UNIT-1: Production, Planning and Control 

Production Planning is a managerial function which is mainly concerned with the following important issues:   What production facilities are required? 

 How these production facilities should be laid down in the space available for production?  

 How they should be used to produce the desired products at the desired rate of production? 

Broadly speaking, production planning is concerned with two main aspects: (i) routing or planning work tasks 

(ii) layout or spatial relationship between the resources. Production planning is dynamic in nature and always 

remains in fluid state as plans may have to be changed according to the changes in circumstances.  

  

Production control is a mechanism to monitor the execution of the plans. It has several important functions:  

  

 Making sure that production operations are started at planned places and planned times. 

 Observing progress of the operations and recording it properly.   Analyzing the recorded data with the plans and measuring the deviations.  

 Taking immediate corrective actions to minimize the negative impact of deviations from the plans.  

 Feeding back the recorded information to the planning section in order to improve future plans.  

 

 A block diagram depicting the architecture of a control system is shown in Figure below.  

  

  
  

Figure: Architecture of Control System 

  

  

Types of Production Systems  

A production system can be defined as a transformation system in which a saleable product or service is 

created by working upon a set of inputs. Inputs are usually in the form of men, machine, money, materials etc. 

Production systems are usually classified on the basis of the following:  

    Type of product,  

  Type of production line,  

  Rate of production,  

  Equipment used etc.  

Downloaded from  be.rgpvnotes.in

Page no: 1 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

 

They are broadly classified into three categories:  

    Job shop production  

  Batch production  

  Mass production  

 

  

Job Production  

In this system products are made to satisfy a specific order. However that order may be produced-  

   only once  

 or at irregular time intervals as and when new order arrives  

 or at regular time intervals to satisfy a continuous demand  

 

 The following are the important characteristics of job shop type production system:  

 Machines and methods employed should be general purpose as product changes are quite frequent.   Planning and control system should be flexible enough to deal with the frequent changes in product 

requirements.  

 Man power should be skilled enough to deal with changing work conditions.  

 Schedules are actually non-existent in this system as no definite data is available on the product.   In process inventory will usually be high as accurate plans and schedules do not exist.  

 Product cost is normally high because of high material and labor costs.  

 Grouping of machines is done on functional basis (i.e. as lathe section, milling section etc.)   This system is very flexible as management has to manufacture varying product types.  

 Material handling systems are also flexible to meet changing product requirements.  

 

  

Batch Production  

Batch production is the manufacture of a number of identical articles either to meet a specific order or to 

meet a continuous demand. Batch can be manufactured either-  

    only once  

  or repeatedly at irregular time intervals as and when demand arise  

  or repeatedly at regular time intervals to satisfy a continuous demand  

  

The following are the important characteristics of batch type production system:  

 As final product is somewhat standard and manufactured in batches, economy of scale can be availed 

to some extent.   Machines are grouped on functional basis similar to the job shop manufacturing.  

 Semi-automatic, special purpose automatic machines are generally used to take advantage of the 

similarity among the products.   Labor should be skilled enough to work upon different product batches.  

 In process inventory is usually high owing to the type of layout and material handling policies adopted.  

 Semi-automatic material handling systems are most appropriate in conjunction with the 

semi-automatic machines.  

 Normally production planning and control is difficult due to the odd size and non-repetitive nature of 
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order.  

 

Mass Production  

In mass production, same type of product is manufactured to meet the continuous demand of the product. 

Usually demand of the product is very high and market is going to sustain same demand for sufficiently long 

time.  

  

The following are the important characteristics of mass production system:  

   As same product is manufactured for sufficiently long time, machines can be laid down in order of 

processing sequence. Product type layout is most appropriate for mass production system.  

 Standard methods and machines are used during part manufacture.  

 Most of the equipment are semi-automatic or automatic in nature.   Material handling is also automatic (such as conveyors).  

 Semi-skilled workers are normally employed as most of the facilities are automatic.  

 As product flows along a pre-defined line, planning and control of the system is much easier.  

 Cost of production is low owing to the high rate of production.  

 In process inventories are low as production scheduling is simple and can be implemented with ease.  

 

  

PRODUCT DESIGN  

Product design is a strategic decision as the image and profit earning capacity of a small firm depends largely 

on product design. Once the product to be produced is decided by the entrepreneur the next step is to 

prepare its design. Product design consists of form and function. The form designing includes decisions 

regarding its shape, size, color and appearance of the product. The functional design involves the working 

conditions of the product. Once a product is designed, it prevails for a long time therefore various factors are 

to be considered before designing it. These factors are listed below: -  

 

  (a) Standardization  

  (b) Reliability  

  (c) Maintainability  

  (d) Servicing  

  (e) Reproducibility  

  (f) Sustainability  

  (g) Product simplification  

  (h) Quality Commensuration with cost  

  (i) Product value  

  (j) Consumer quality  

  (k) Needs and tastes of consumers.  

Above all, the product design should be dictated by the market demand. It is an important decision and 

therefore the entrepreneur should pay due effort, time, energy and attention in order to get the best results.  

  

  

TYPES OF PRODUCTION SYSTEM  

Broadly one can think of three types of production systems which are mentioned here under: -  

  

 (a) Continuous production   

 (b) Job or unit production   
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 (c) Intermittent production   

 

(a) Continuous production: - It refers to the production of standardized products with a standard set of 

process and operation sequence in anticipation of demand. It is also known as mass flow production or 

assembly line production. This system ensures less work in process inventory and high product quality but 

involves large investment in machinery and equipment. The system is suitable in 117plants involving large 

volume and small variety of output e.g. oil refineries reform cement manufacturing etc.   

 

(b) Job or Unit production: - It involves production as per customer's specification each batch or order 

consists of a small lot of identical products and is different from other batches. The system requires 

comparatively smaller investment in machines and equipment. It is flexible and can be adapted to changes in 

product design and order size without much inconvenience. This system is most suitable where 

heterogeneous products are produced against specific orders.   

  

(c) Intermittent Production: Under this system the goods are produced partly for inventory and partly for 

customer's orders. E.g. components are made for inventory but they are combined differently for different 

customers. . Automobile plants, printing presses, electrical goods plant are examples of this type of 

manufacturing.   

 

FORE CASTING  

The growing competition, frequent changes in customer's demand and the trend towards automation demand 

that decisions in business should not be based purely on guesses rather on a careful analysis of data 

concerning the future course of events. More time and attention should be given to the future than to the 

past, and the question 'what is likely to happen?' should take precedence over 'what has happened?' though 

no attempt to answer the first can be made without the facts and figures being available to answer the 

second. When estimates of future conditions are made on a systematic basis, the process is called forecasting 

and the figure or statement thus obtained is defined as forecast.  

  

In a world where future is not known with certainty, virtually every business and economic decision rests upon 

a forecast of future conditions. Forecasting aims at reducing the area of uncertainty that surrounds 

management decision-making with respect to costs, profit, sales, production, pricing, capital investment, and 

so forth. If the future were known with certainty, forecasting would be unnecessary. But uncertainty does 

exist, future outcomes are rarely assured and, therefore, organized system of forecasting is necessary. The 

following are the main functions of forecasting:  

  

 The creation of plans of action.  

 The general use of forecasting is to be found in monitoring the continuing progress of plans based on 

forecasts.  

 The forecast provides a warning system of the critical factors to be monitored regularly because they 

might drastically affect the performance of the plan.  

 

  

It is important to note that the objective of business forecasting is not to determine a curve or series of figures 

that will tell exactly what will happen, say, a year in advance, but it is to make analysis based on definite 

statistical data, which will enable an executive to take advantage of future conditions to a greater extent than 

he could do without them. In forecasting one should note that it is impossible to forecast the future precisely 

and there always must be some range of error allowed for in the forecast.  

  

FORECASTING FUNDAMENTALS  
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Forecast: A prediction, projection, or estimate of some future activity, event, or occurrence.  

  

Types of Forecasts  

  

Economic forecasts: Predict a variety of economic indicators, like money supply, inflation rates, interest rates, 

etc.   

Technological forecasts: Predict rates of technological progress and innovation.   

Demand forecasts: Predict the future demand for a company’s products or services.   

 

Since virtually all the operations management decisions (in both the strategic category and the tactical 

category) require as input a good estimate of future demand, this is the type of forecasting that is emphasized 

in our textbook and in this course.  

  

TYPES OF FORECASTING METHODS  

  

Qualitative methods: These types of forecasting methods are based on judgments, opinions, intuition, 

emotions, or personal experiences and are subjective in nature. They do not rely on any rigorous 

mathematical computations  

  

Quantitative methods: These types of forecasting methods are based on mathematical (quantitative) models, 

and are objective in nature. They rely heavily on mathematical computations.  

 

QUALITATIVE FORECASTING METHODS 

 
  

QUANTITATIVE FORECASTING METHODS    
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Time-Series Models  

Time series models look at past patterns of data and attempt to predict the future based upon the underlying 

patterns contained within those data.  

  

 

   

    

    

DECOMPOSITION OF A TIME SERIES  

  

Patterns that may be present in a time series  

Trend: Data exhibit a steady growth or decline over time.  

Seasonality: Data exhibit upward and downward swings in a short to intermediate time frame (most notably 

during a year).  

Cycles: Data exhibit upward and downward swings in over a very long time frame.  

The forecast value (Ye) is commonly expressed as a multiplicative or additive function of its components;  

Yc = T. S. C. R multiplicative model (5.1) 

Yc = T + S + C + R additive model (5.2) 

where T is Trend, S is Seasonal, C is Cyclical, and R is Random components of a series. 

Trend is a gradual long-term directional movement in the data (growth or decline). 

Seasonal effects are similar variations occurring during corresponding periods, e.g., December retail sales. 

Seasonal can be quarterly, monthly, weekly, daily, or even hourly indexes. 

Cyclical factors are the long-term swings about the trend line. They are often associated with business cycles 

and may extend out to several years in length. 

Random component are sporadic (unpredictable) effects due to chance and unusual 
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ILLUSTRATION OF TIME SERIES DECOMPOSITION  

Dependent versus Independent Demand  

  

Demand of an item is termed as independent when it remains unaffected by the demand for any other item. 

On the other hand, when the demand of one item is linked to the demand for another item, demand is termed 

as dependent. It is important to mention that only independent demand needs forecasting. Dependent 

demand can be derived from the demand of independent item to which it is linked.  

  

Business Time Series  

  

The first step in making a forecast consists of gathering information from the past. One should collect 

statistical data recorded at successive intervals of time. Such a data is usually referred to as time series. 

Analysts plot demand data on a time scale, study the plot and look for consistent shapes and patterns. A time 

series of demand may have constant, trend, or seasonal pattern or some combination of these patterns. 

  

 

  

 
  

Figure: Business Time Series 

 

The forecaster tries to understand the reasons for such changes, such as,  

   Changes that have occurred as a result of general tendency of the data to increase or decrease, known 

as secular movements.  

 Changes that have taken place during a period of 12 months as a result in changes in climate, weather 

conditions, festivals etc. are called as seasonal changes.   Changes that have taken place as a result of booms and depressions are called as cyclical variations.  

 Changes that have taken place as a result of such forces that could not be predicted (like flood, 

earthquake etc.) are called as irregular or erratic variations.  
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Quantitative Approaches of Forecasting  

Most of the quantitative techniques calculate demand forecast as an average from the past demand. The 

following are the important demand forecasting techniques.  

Simple average method: A simple average of demands occurring in all previous time periods is taken as the 

demand forecast for the next time period in this method.  

 

Simple Average:  

A XYZ television supplier found a demand of 200 sets in July, 225 sets in August & 245 sets in September. Find 

the demand forecast for the month of october using simple average method. The average demand for the 

month of October is  

  

  
  

Simple Moving Average :  

Simple moving average method: In this method, the average of the demands from several of the most recent 

periods is taken as the demand forecast for the next time period. The number of past periods to be used in 

calculations is selected in the beginning and is kept constant (such as 3-period moving average).   

 

A XYZ refrigerator supplier has experienced the following demand for refrigerator during past five months.  

 

Month  

 

Demand 

 

February 20   

March  30   

April  40   

May  60   

June  45   

 
Find out the demand forecast for the month of July using five-period moving average & three-period moving 

average.  
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Weighted Moving Average Method:  

Weighted moving average method: In this method, unequal weights are assigned to the past demand data 

while calculating simple moving average as the demand forecast for next time period. Usually most recent 

data is assigned the highest weight factor.  

The manager of a restaurant wants to make decision on inventory and overall cost. He wants to forecast 

demand for some of the items based on weighted moving average method. For the past three months he 

exprienced a demand for pizzas as follows:  

  

 

Month  

 

Demand 

 

October  400   

November 480   

December  550   

 
  

Find the demand for the month of January by assuming suitable weights to demand data. 

 
  

Exponential Smoothing: 

Exponential smoothing method: In this method, weights are assigned in exponential order. The weights 

decrease exponentially from most recent demand data to older demand data.  

One of the two wheeler manufacturing company experienced irregular but usually increasing demand for 

three products. The demand was found to be 420 bikes for June and 440 bikes for July. They use a forecasting 

method which takes average of past year to forecast future demand. Using the simple average method 

demand forecast for June is found as 320 bikes (Use a smoothing coefficient 0.7 to weight the recent demand 

most heavily) and find the demand forecast for August.  

  

Regression Analysis:  
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Regression analysis method: In this method, past demand data is used to establish a functional relationship 

between two variables. One variable is known or assumed to be known; and used to forecast the value of 

other unknown variable (i.e. demand).  

(a) Simple regression expresses the relationship between a dependent variable Y and a independent variable X 

in terms of the slope and intercept of the line of best fit relating the two variables. 

The simple linear regression model takes the form Yc = a + bX, where Yc is the dependent variable and X the 

independent variable. Values for the slope b and intercept are obtained by using the normal equations written 

in the convenient form: 

 

 
Example:  The general manager of a building materials production plant feels that the demand for 

plasterboard shipments may be related to the number of construction permits issued in the county during the 

previous quarter. The manager has collected the data shown in Table. 

(a) Compute values for the slope b and intercept a. 

(b) Determine a point estimate for plasterboard shipments when the number of construction permits is 30. 

Construction permits (X)  Plasterboard shipments (Y)  

15  6 

9 4  

40  16  

20  6  

25  13  

25  9  

15  10  

35  16  

 

X  Y  XY  X2  Y2  

15  6  90  225  36  

9  4  36  81  16  

40  16  640  1,600  256  

20  6  120  400  36  

25  13  325  625  169  

25  9  225  625  81  

15  10  150  225  100  

35  16  560  1,225  256  

184  80  2,146  5,006  950  

_ 
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Example: Farewell Corporation manufactures Integrated Circuit boards (I.C board) for electronics devices. The 

planning department knows that the sales of their client goods depends on how much they spend on 

advertising, on account of which they receive in advance of expenditure. The planning department wish to 

find out the relationship between their clients advertising and sales, so as to find demand for I.C board.  

  

The money spend by the client on advertising and sales (in dollar) is given for different periods in following 

table:  
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Error in Forecasting  

Error in forecasting is nothing but the numeric difference in the forecasted demand and actual demand.  

MAD (Mean Absolute Deviation) and  Bias are two measures that are used to assess the accuracy of the 

forecasted demand. It may be noted that MAD expresses the magnitude but not the direction of the error.  

  

 
 

ROUTING & SCHEDULING 
Routing 

Routing is the planning process, which is undertaken to find the best possible path for manufacturing a certain 

product. It determines what work will be done on a product and how it will be done. It establishes the 

operations, their path and sequence, and the proper class of machines that require performing specific 

operations. Routing prescribes the flow of work in the plant and it is related to the considerations of layout, 

temporary location for raw materials and components and material handling system. 
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The main aim of routing is to determine the best and cheapest Production Planning and control 

Routing procedure involves the following different activities: 

(1) An analysis of the article to determine what to make and what to buy. 

(2) To determine the quality and type of material 

(3) Determining the manufacturing operations and their sequence. 

(4) A determination of lot sizes 

(5) Determination of scrap factors 

(6) An analysis of cost of the article 

 

Routing includes the planning of: what work shall be done on the material to produce the product or part, 

where and by whom the work shall be done. It also includes the determination of path that the work shall 

follow and the necessary sequence of operations which must be done on the material to make the product. 

Routing procedure consist of the following steps: 

The finished product is analysed thoroughly from the manufacturing stand point, including the determination 

of components if it is an assembly product. Such an analysis must include: 

(i) Material or parts needed. 

(ii) Whether the parts are to be manufactured, are to be found in stores (either as raw materials or worked 

materials), or whether they are-to be purchased. 

(iii) Quantity of materials needed for each part and for the entire order. 

 

The following activities are to be performed in a particular sequence for routing a product 

1. Analysis of the product and breaking it down into components. 

2. Taking makes or buys decisions. 

3. Determination of operations and processing time requirement. 

4. Determination of the lot size. 

 

Procedure followed in routing: 

 

In case where a new product is going to be produced, different steps are involved in a total routing procedure. 

These steps are: 

 

(a) Complete analysis or study of the product as to decide what parts of the product are to be manufactured 

and what may be purchased from the market. 

(b) Analysis of the article so as to know what sorts of materials are needed for producing the article or 

product. This includes the complete study with regard to quality, quantity, kind and grade of materials 

required. 

(c) To determine different manufacturing operations and their sequence. This can be worked out by knowing 

accurately about the machines and their layout. This also necessitates the knowledge of allied equipment, jigs, 

tools and implements needed for efficient production. 

(d) Determining lot to proper size in relation to order placed by the customers. 

(e) Possibility of scrap in manufacturing a product must be properly determined. Anticipated scrap should be 

compared with actual scrap. Steps should be undertaken to control excess scrap. 

(f) Determination of the cost of the article or the product produced must be properly worked out. Calculation 

of total cost and per unit cost production is primarily the job of costing department, but still cost estimates 

pertaining to direct material, direct labour, direct expenses and indirect expenses and overheads must be 

prepared by the production department. These estimates will be greatly helpful for the costing department. 

(g) Complete information pertaining to different types of production control forms viz., time and job cards, 

inspection cards and tool tickets, etc. must be kept by the works manager. This will be very helpful in carrying 

planned and systematic production. 
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(h) Preparation of route sheets is another important step in routing procedure. Route sheets relate to specific 

production orders. One sheet is prepared for each part or component of the product. 

 

Route sheets also indicate the sequence of operations to be undertaken and also contain various 

requirements of production viz., men, materials and machinery etc. Route sheets also indicate total number of 

pieces to be produced and number of pieces to be included in each lot where production is carried in lots. It 

must be remembered that routing is a complex and tedious process as such it should be entrusted to an 

expert who knows all the intricacies and complexities of production operations. 

A number of factors viz. human considerations, plant layout, type of production undertaken and processes 

employed and type of equipment being undertaken must be kept in mind before selecting a proper route for 

production. 

 

Scheduling 

The next step after routing is scheduling. Scheduling is the allocation of resources applying the limiting factors 

of time and cost to perform a collection of tasks. It involves the assignment of starting and completion times 

for the various operations to be performed. Therefore scheduling can bring productivity in shop floor by 

providing a schedule/ routine for processing a set of jobs. Scheduling finds the total time needed for 

manufacturing of a product. It also finds the time required in each machines to perform each task. The 

purpose of scheduling is to execute a customer’s order well in time. For example, if we order for a car, the 

manufacturer will estimate the time required for its production and then will give us the delivery date. 

Scheduling is that phase of production and control, which rates the work in order of its priority and then 

provide for its release to the plant at the proper time and in correct sequence. Thus, scheduling is concerned 

with when the work shall be performed on a product. Routing and scheduling activities are complementary to 

each other. One cannot route properly without having previously designed schedule and scheduling is 

impossible without the knowledge of required routing. 

 

The essence of scheduling is to make allocation decisions pertaining to the starting and finishing times for 

tasks. Scheduling can be classified into Single machine scheduling, Flow shop scheduling and Job shop 

scheduling. Scheduling is mainly concerns with time element and priorities of a job. The pattern of scheduling 

differs from one job to another which is explained as below: 

 

Production schedule: The main aim is to schedule that amount of work which can easily be handled by plant 

and equipment without interference. 

Master Schedule: Scheduling usually starts with the preparation of the master schedule which is weekly or 

monthly break-down of the production requirement for each product for a definite time period. This would 

enable the production manager to shift the production from one product to another as per the changed 

production requirements. This forms a base for all subsequent scheduling acclivities. A master schedule is 

followed by operator schedule which fixes total time required to do a piece of work with a given machine or 

which shows the time required to do each detailed operation of a given job with a given machine or process. 

Best scheduling is not always possible because of the following conditions: 

 Physical plant facilities of the type required to process the material being scheduled. 

 Personnel who possess the desired skill and experience to operate the equipment and perform the 

type of work involved and, 

 Necessary materials and purchased parts. 

 

While preparing schedules, the types of orders and their promised delivery dates must be taken into 

consideration. Some orders may call for overtime work because they have to be delivered soon. Such rush 

orders should receive priority over repeat orders, which can be scheduled for completion in the normal 

course. 
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Scheduling is used to allocate resources over time to accomplish specific tasks. It should take account of 

technical requirement of task, available capacity and forecasted demand. Forecasted demand determines plan 

for the output, which tells us when products are needed. The output-plan should be translated into 

operations, timing and schedule on the shop-floor. This involves loading, sequencing, detailed scheduling, 

expediting and input/output control. 

 

Dispatching 

Dispatching is the transition from planning phase to action phase. In this phase, the worker is ordered to start 

manufacturing the product. Dispatching involves the actual granting of permission to proceed according to 

plans already laid down. In dispatching, orders are issued in terms of their priority. 

“A good definition of dispatching is the routine of setting productive activities in motion through the release of 

orders and instructions, in accordance with previously planned times and sequences, embodied in route sheet 

and schedule charts.” 

 

The dispatch section of the PPC is responsible for the following task: 

 

 Checking the availability of material and then taking appropriate action to have it transferred from the 

main stores to the point at which it is needed.  Ensuring that all production aid is ready when needed and then having them issued to manufacturing 

departments.  Obtaining specific drawings from the drawing office. 

 Informing the process section that production is commencing. 

 At the conclusion of the manufacturing, ensure that all the drawings, layout and tools are withdrawn 

and returned to their correct location. 

 

Dispatching is an important step as it translates production plans into actual production. 

Procedure or steps followed in dispatching: 

 

Following steps are undertaken in discharging the function of dispatching’: 

1. Issuing materials from stores to different production processes. 

2. Assignment of work to various machines and work places. 

3. Procuring necessary tools, equipment and fixtures to be issued to workmen as and when needed. 

4. Issuing necessary work orders, giving instructions and other information with regard to work to the workers. 

5. To record and maintain the time taken from starting to completion of each job and also recording the total 

production time. 

6. After the completion of work, all tools, implements, drawings and charts etc., to be returned to respective 

issuing departments. 

7. Recording idle time of machines and workers. 

8. To have liaison with routing and scheduling departments for effective performance. 

Types of Despatching: 

 

Despatching is of two types: 

 

(a) Centralised and 

(b) Decentralised. 

 

Centralised despatching: 

Under this system there is a centralised despatching section from where orders and instructions are directly 
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issued to workmen and machines. This system of despatching ensures greater control and flexibility in its 

operation. 

 

Decentralised despatching: 

This is just the reverse of the first method. Under this system, work orders are sent to the foreman of each 

department. It is the duty of the departmental head to adjust the process and sequence of work in accordance 

with the requirements of the department. 

This system minimises production delays, duplication of postings and other drawbacks involved in centralised 

dispatching. The most important drawback of this system is that there are difficulties in achieving 

co-ordination in different departments and more clerical work is involved. 

 

Follow up or expediting 

Expediting or follow-up involves continuous tracking of the job’s progress and taking specific action if there is 

a deviation from the detailed schedule. The objective of expediting is to complete the jobs as per the detailed 
schedule and overcome any special case causing delay, failure, break-down, non-availability of material and 

disruption of detailed schedule. 

Once production has been set in motion, it is necessary to check that it is proceeding according to the plan. 

Every production programme involves determination of the progress of work, removing bottlenecks in the 

flow of work and ensuring that the productive operations are taking place in accordance with the plans. It 

spots delays or deviations from the production plans. It helps to reveal defects in routing and scheduling, 

misunderstanding of orders and instruction, under loading or overloading of work etc. All problems or 

deviations are investigated and remedial measures are undertaken to ensure the completion of work by the 

planned date. 

Generally production is assumed to progress as expected. But there may be differences which may arise due 

to the following reasons: 

 Materials may be delivered late or may not be delivered at all.  Associated departments may have fallen behind in their own production. 

 There may be excessive absenteeism on the part of the worker. 

 The customer may insist on changing the specification or delivery date. 

 Machines may break down. 

 There may be errors in drawings. 

 There may be too many rejections due to poor material quality. 

Other things related to production are inspection and corrective actions. 

Inspection: This is mainly to ensure the quality of goods. It can be required as effective agency of production 

control. 

Corrective measures: Corrective action may involve any of those activities of adjusting the route, rescheduling 

of work, changing the workloads, repairs and maintenance of machinery or equipment, control over 

inventories, poor performance of the employees. Certain personnel decisions like training, transfer, demotion 

etc. may have to be taken. Alternative methods may be suggested to handle peak loads. 

 

TECHNIQUES OF CONTROL 

Production control is the process of planning production in advance of operations, establishing the exact route 

of each individual item part or assembly, setting, starting and finishing for each important item, assembly or 

the finishing production and releasing the necessary orders as well as initiating the necessary follow-up to 

have the smooth function of the enterprise. The production control is of complicated nature in small 

industries. The production planning and control department can function at its best in small scale unit only 

when the work manager, the purchase manager, the personnel manager and the financial controller assist in 

planning production activities. The production controller directly reports to the works manager but in small 

scale unit, all the three functions namely material control, planning and control are often performed by the 
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entrepreneur himself. Production control starts with dispatching and ends up with corrective actions. 

Production technique is an updating and revising procedure, through which the requirements of 

implementation, the labour assignments, the machine assignments, the job priorities, the production routes 

etc may be revised. It is a correcting mechanism which goes on throughout the implementation process of the 

already drawn out production plan and schedule. In order to perform the function of PPC properly, managers 

require some techniques to control any deviations. 

Following are the some of the technical tools used by the managers: 

1. Control Charts and Graphs: Gantt chart is an effective control chart used to gauge the planned and actual 

progress. Again a simple graph will be highly useful to compare actual progress with the scheduled progress. 

2. Control Boards: A control board is a device for automatically indicating the progress of the work. Control 

boards are generally used for repetitive productions. 

3. Communication systems: Quick exchange of information and instructions is highly useful for controlling 

productions. 

4. Quantitative techniques: With the help of quantitative techniques like, PERT, CPM or linear programming, 

managers can control production. 

 

Short-term Capacity (Input-output) Control 

Schedules are made so that jobs are completed at a specific time on every facility. For this, each facility has 

certain capacity to perform. In real situation, the utilization of the capacity of each facility may be different 

from the planned one. This difference should be monitored carefully because under-utilization of capacity 

means waste resource and overutilization may cause disruption, failure, delays, or even breakdown. 

Therefore, in case of discrepancy in input and output of the capacities, some adjustments in schedule are 

needed. 

There are two types of schedules used: Master Schedules and Shop or Production Schedule. 

1. Master schedule:  

The first step in scheduling is to prepare the Master Schedule. A master schedule specifies the product to be 

manufactured, the quality to be produced and the delivery date to the customer. It also indicates the relative 

importance or manufacturing orders. The scheduling periods used in the master schedule are usually months. 

Whenever a new order is received, it is scheduled on the master schedule taking into account the production 

capacity of the plant. Based on the master schedule, individual components and sub-assemblies that make up 

each product are planned: 

(i) Orders are placed for purchasing raw materials to manufacture the various components. 

(ii) Orders are placed for purchasing components from outside vendors. 

(iii) Shop or production schedules are prepared for parts to be manufactured within the plant. 

 

The objectives of master schedule are: 

1. It helps in keeping a running total of the production requirements. 

2. With its help, the production manager can plan in advance for any necessity of shifting from one product to 

another or for a possible overall increase or decrease in production requirements. 

3. It provides the necessary data for calculating the back log of work or load ahead of each major machine. 

4. After an order is placed in the master schedule, the customer can be supplied with probable or definite date 

of delivery. 

2. Shop or production schedule: 

After preparing the master schedule, the next step is to prepare shop or production schedule. This includes 

the department machine and labour load schedules, and the start dates and finish dates for the various 

components to be manufactured within the plant. 

A scheduling clerk does this job so that all processing and shipping requirements are relatively met. For this, 

the following are the major considerations to be taken case of: 

(i) Due date of the order. 
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(ii) Whether and where the machine and labour capacity are available. 

(iii) Relative urgency of the order with respect to the other orders. 

Objectives of Production Schedule: 

1. It meets the output goals of the master schedule and fulfils delivery promises. 

2. It keeps a constant supply of work ahead of each machine. 

3. It puts manufacturing orders in the shortest possible time consistent with economy. 

 

The Scheduling Problem 

List Scheduling Algorithms 

This class of algorithms arranges jobs on a list according to some rule. The next job on the list is then assigned 

to the first available machine. 

Random List 

This list is made according to a random permutation. 

Longest Processing Time (LPT) 

The longest processing time rule orders the jobs in the order of decreasing processing times. Whenever a 

machine is free, the largest job ready at the time will begin processing. This algorithm is a heuristic used for 

finding the minimum make span of a schedule. It schedules the longest jobs first so that no one large job will 

"stick out" at the end of the schedule and dramatically lengthen the completion time of the last job. 

Shortest Processing Time (SPT) 

The shortest processing time rule orders the jobs in the order of increasing processing times. Whenever a 

machine is free, the shortest job ready at the time will begin processing. This algorithm is optimal for finding 

the minimum total completion time and weighted completion time. In the single machine environment with 

ready time at 0 for all jobs, this algorithm is optimal in minimizing the mean flow time, minimizing the mean 

number of jobs in the system, minimizing the mean waiting time of the jobs from the time of arrival to the 

start of processing, minimizing the maximum waiting time and the mean lateness. 

Weighted Shortest Processing Time (WSPT) 

The weighted shortest processing time rule is a variation of the SPT rule. Let t[i] and w[i] denote the 

processing time and the weight associated with the job to be done in the sequence ordered by the WSPT rule. 

WSPT sequences jobs such that the following inequality holds, 

t[1]/w[1] ⇐ t[2]/w[2] ⇐ … ⇐ t[n]/w[n] 

In the single machine environment with ready time set at 0 for all jobs, the WSPT minimizes the weighted 

mean flow time. 

Earliest Due Date (EDD) 

In the single machine environment with ready time set at 0 for all jobs, the earliest due date rule orders the 

sequence of jobs to be done from the job with the earliest due date to the job with the latest due date. Let d[i] 

denote the due date of the ith job in the ordered sequence. EDD sequences jobs such that the following 

inequality holds, 

d[1] ⇐ d[2] ⇐ …d[n] 

EDD, in the above setting, finds the optimal schedule when one wants to minimize the maximum lateness, or 

to minimize the maximum tardiness. 

Minimum Slack Time (MST) 

The minimum slack time rule measures the “urgency” of a job by its slack time. Let d[i] and t[i] denote the due 

date and the processing time associated with the ith job to be done in the ordered sequence. MST sequences 

jobs such that the following inequality holds, 

d[1] – t[1] ⇐ d[2] – t[2] ⇐ … ⇐ d[n] – t[n] 

In the single machine environment with ready time set at 0, MST maximizes the minimum lateness. 

 

Other Algorithms 

Hodgson's Algorithm 
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Hodgson's Algorithm minimizes the number of tardy jobs in the single machine environment with ready time 

equal to zero. 

Let E denote the set of early jobs and L denote the set of late jobs. Initially, all jobs are in set E and set L is 

empty. 

Step 1: Order all jobs in the set E using EDD rule. 

Step 2: If no jobs in E are late, stop; E must be optimal. Otherwise, find the first late job in E. Let this first late 

job be the kth job in set E, job [k]. 

Step 3: Out of the first k jobs, find the longest job. Remove this job from E and put it in 

L. Return to step 2. 

 

Scheduling of n Jobs on One Machine (n/1 Scheduling) 

There are five jobs in waiting for getting processed on a machine. Their sequence of arrival, processing time 

and due-date are given in the table below. Schedule the jobs using FCFS, SPT, D Date, LCFS, Random, and STR 

rules. Compare the results. 

 
FCFS (First come first serve)   

 
Total flow time = 4+9+12+19+21= 65 days 

Mean flow time = 65/5 =13 days 

Total lateness of job = 0+2+4+9+18= 33 days 

Average lateness of job= 33/5= 6.6 days 

SPT (Shortest processing time) 

 
Total flow time = 2+5+9+14+21= 51 days 

Mean flow time = 51/5 =10.2 days 

Total lateness of job = 3+7+11= 21 days 

Average lateness of job= 21/5= 4.2 days 

 

Earliest Due date 
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Total flow time = 2+6+11+14+21= 54 days 

Mean flow time = 54/5 =10.8 days 

Total lateness of job = 4+6+11= 21 days 

Average lateness of job= 21/5= 4.2 days 

LCFS (Late Come first serve) 

 
Total flow time = 2+9+12+17+21= 61 days 

Mean flow time = 61/5 =12.2 days 

Total lateness of job = 4+10+15= 29 days 

Average lateness of job= 29/5= 5.8 days 

Random scheduling rule 

 
Total flow time = 7+10+14+16+21= 68 days 

Mean flow time = 68/5 =13.6 days 

Total lateness of job = 2+8+13+14= 37 days 

Average lateness of job= 37/5= 7.4 days 

STR (Slack time remaining) 

Based on time remaining before due date minus remaining processing time. 
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Total flow time = 2+6+11+18+21= 58 days 

Mean flow time = 58/5 =11.6 days 

Total lateness of job = 4+8+13= 25 days 

Average lateness of job= 25/5= 5 days 

 

 
It is observed that SPT sequencing rule (for single machine and many jobs) performs better than other rules in 

minimizing total flow time, average flow time, and average lateness of jobs. It may be noted that this 

observation is valid for any “n job- one machine” (n/1) scheduling problem. 

 

JOHNSON’S PROBLEM 

As mentioned in the earlier section, the time complexity function for a general flow shop problem is 

exponential in nature. This means, the function grows exponentially with an increase in the problem size. But, 

for a problem with 2 machines and n jobs, Johnson had developed a polynomial algorithm to get optimal 

solution, i.e., in a definite time, one can get the optimal solution. 

Consider the following flow shop problem: 

 

Job  Machine 1  Machine 2  

1  t  t12  

2  t21  t22  

3  t31  t32  

n  tn1  tn2  

 

 In the above table, tij represents the processing time of the job i on the machine j. 

Johnson’s Algorithm 

Step 1: Find the minimum among various ti1 and ti2. 

Step 2a: If the minimum processing time requires machine 1, place the associated job in the first 

available position in sequence. Go to Step 3. 

Step 2b: If the minimum processing time requires machine 2, place the associated job in the last 

available position in sequence. Go to Step 3. 

Step 3: Remove the assigned job from consideration and return to Step 1 until all positions in sequence 

are filled. (Ties may be broken randomly.) 

The above algorithm is illustrated using the following problem: 
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ILLUSTRATION: Consider the following two machines and six jobs flow shop-scheduling problem. Using 

Johnson’s algorithm, obtain the optimal sequence, which will minimize the makespan. 

 

Job  Machine 1  Machine 2  

1  5  4  

2  2  3  

3  13  14  

4  10  1  

5  8  9  

6  12  11  

 

SOLUTION: The workings of the algorithm are summarized in the form of a table, which is shown below: 

 

Stage  Unscheduled jobs  Minimum tik  Assignment  Partial 

sequence  

1  1, 2, 3, 4, 5, 6  T42  4 = [6]  ×××××4  

2  1, 2, 3, 5, 6  T21  2 = [1]  2 ××××4  

3  1, 3, 5, 6  T12  1 = [5]  2×××14  

4  3, 5, 6  T51  5 = [2]  25××14  

5  3, 6  T62  6 = [4]  25×614  

6  3  T31  3 = [3]  253614  

 

The optimal sequence is 2-5-3-6-1-4. The make span is determined as shown below. In the following table: 

[Time-in on M/c 2 = max [M!c 1 Time-out of the current job, M/c 2 Time-out of the previous job] 

 

 

  

 

        The make span for this schedule is 53. 

 

 

Extension of Johnson’s Rule 

Consider a ‘three machines and n jobs’ flow shop scheduling problem as 

shown in Table  

 

Processing time  

Job  Machine 1  Machine 2  Machine 3  

 

Processing time  

Idle time 

on 

machine 

Job  Machine 1  Machine-2 

 Time-in  Time-out  Time-in  Time-out  

2  0  2  2  5  2  

5  2  10  10  19  5  

3  10  23  23  37  4  

6  23  35  37  48  0  

1  35  40  48  52  0  

4  40  50  52  53  0  
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1  t  t12  t  

2  t21  t22  t  

3  t31  t32  t  

4  t41  t42  t  

5  t51  t52  t11  

.  .  .  .  

i  ti1  ti2  ti3  

.  .  .  .  

.  .  .  .  

n  1  tn2  tn3  

 

One can extend Johnson’s algorithm to the problem shown in Table above if anyone of the following two 

conditions is satisfied. 

If min ti1 ≤max ti2 

or if min ti3 ≤max ti2 

If anyone of the above conditions is satisfied then, we can extend the Johnson’s algorithm in the following 

way. 

 

 
 

 
 

SOLUTION 

In the above table, 

Min (til)=6 Max (ti2) = 6 

Since the condition min (ti l) ≤max (ti 2) is satisfied, we can extend the Johnson’s algorithm to this problem. 

So the modified problem may be given as follows: 
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The following is the optimal sequence for the above problem: 3-2-5-1-4 

The make-span of the above sequence is determined as shown below: 

 
 

 

Breakeven Analysis 
The purpose of doing a breakeven analysis is to determine exactly when you can expect your business to cover 

all expenses and start generating a profit—which is a crucial milestone in the early days of any company. 

Therefore, it's important to identify your costs, determine your projected sales figures and you'll then see how 

much revenue is necessary in order to pay your expenses. 

A company has achieved breakeven when its total sales or revenues equal its total expenses. No profit has 

been made at the breakeven point, nor have any losses been incurred. This calculation is critical for any 

business owner because the breakeven point is the lower limit of profit when determining margins. 

Defining Costs 

Several types of costs should be considered when conducting a breakeven analysis. Here's a refresher on the 

most relevant: 

 Fixed costs: These are costs that are the same regardless of how many items you sell. All start-up costs, 

such as rent, insurance, and computers, are considered fixed costs because you have to make these 

outlays before you sell your first item. 

 Variable costs: These are recurring costs that you must absorb with each unit you sell. If 

you're operating a greeting card store where you must buy greeting cards from a stationary company 

for Rs. 1 each, that rupee represents a variable cost. As your business and sales grow, you can begin 

appropriating labor and other items as variable costs if it makes sense for your industry. 
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The Breakeven Formula:  

 

Break-even point is the number of units (N) produced which make zero profit. 

Revenue – Total costs = 0 

Total costs = Variable costs * N + Fixed costs 

Revenue = Price per unit * N 

Price per unit * N – (Variable costs * N + Fixed costs) = 0 

So, break-even point (N) is equal 

N = Fixed costs / (Price per unit - Variable costs) 

 To conduct your breakeven analysis, take your fixed costs divided by your price minus your variable 
costs. As an equation, this is defined as: 

Breakeven Point = Fixed Costs/(Unit Selling Price - Variable Costs) 

 This calculation will clearly show you how many units of a product you must sell in order to break 

even. You've recovered all costs associated with producing your product, both variable and fixed, when 

you've reached this point. 

 Every additional unit sold after this increases profit by the amount of the unit contribution margin, 

which is defined as the amount each unit contributes to covering fixed costs and increasing profits. This 

is defined as an equation as: 

Unit Contribution Margin = Sales Price - Variable Costs 

 

 

Project Management 

A project is a well-defined task which has a definable beginning and a definable end and requires one or more 
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resources for the completion of its constituent activities, which are interrelated and which must be 

accomplished to achieve the objectives of the project. Project management is evolved to coordinate and 

control all project activities in an efficient and cost effective manner. The salient features of a project are:  A project has identifiable beginning and end points.  

 Each project can be broken down into a number of identifiable activities which will consume time and 

other resources during their completion.  

 A project is scheduled to be completed by a target date.   A project is usually large and complex and has many interrelated activities.  

 The execution of the project activities is always subjected to some uncertainties and risks.  

 

Network Techniques 

The network techniques of project management have developed in an evolutionary way in many years. Up to 

the end of 18th century, the decision making in general and project management in particular was intuitive 

and depended primarily on managerial capabilities, experience, judgment and academic background of the 

managers. It was only in the early of 1900's that the pioneers of scientific management, started developing the 

scientific management techniques. The forerunner to network techniques, the Gantt chart was developed, 

during World War I, by Henry L Gantt, for the purpose of production scheduling. An example of Gantt chart is 

shown in Figure 1. 

 

Gantt chart 

A Gantt chart is a type of bar chart that illustrates a project schedule. Gantt charts illustrate the start and 

finish dates of the terminal elements and summary elements of a project. Terminal elements and summary 

elements constitute the work breakdown structure of the project. Modern Gantt charts also show the 

dependency (i.e., precedence network) relationships between activities. Gantt charts can be used to show 

current schedule status using percent-complete shadings and a vertical "TODAY" line as shown here. 

  

 
 

CPM & PERT 
Programme evaluation and review technique (PERT) and critical path method (CPM) are used where projects 
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like construction of a house, buying a machine, organising a conference etc. are involved. These techniques 

were developed independently but they employ similar concepts. 

A project consists of a set of independent activities, or jobs, each of which requires time and other resources, 

to be done in a logical and technological sequence. In dealing with a project, therefore, the activities involved 

in it have to be identified as the first step. Along with, precedence relationships between the activities need to 

be carefully determined – that is to say, which activity succeeds which ones and which activity precedes which 

ones. To illustrate, construction of a house requires a number of activities like digging and laying the 

foundation, raising the walls, laying the roofs, plastering the walls and roofs, provision of doors and windows, 

white-washing and polishing, provision of electricity points, and so on. Evidently, these activities can be done 

in a certain well defined order and not randomly. For analytic purposes, however, for every activity only its 

immediate predecessor(s) is (are) considered. Thus, to lay the roofs, the immediate requirement is the 

construction of walls and the other preceding activities are not relevant for this particular activity. 

Once the precedence relationships of a project are established, the activities are presented graphically by 

means of a network or an arrow diagram, keeping in mind the predecessor-successor relationships. Every 

activity is represented by an arrow. The network diagram is drawn on the principle of one activity-one arrow. 

The arrows are presented left to right but otherwise their length, shape etc are not important since the 

network is not drawn to a scale. Small circles, called nodes show the starting and ending points of every arrow 

and they indicate the beginning and end of activities that the arrows represent. These nodes are numbered so 

that every activity is represented by its node numbers. Every activity begins from the tail event and terminates 

at the head event. 

Following points may be noted: 

(a) When two or more activities start from the same event, it is called a burst event and when two or more 

activities end in the same event, it is called a merge event. 

(b) While numbering the events, care should be taken to ensure that every activity should start from an event 

with a lower number and end at an event with a higher number. 

(c) All events except the first one and the last one should have at least one activity entering and at least one 

activity leaving them. 

(d) There can be only one initial node and one final node of the project. 

(e) The dependency rule stipulates that no activity can start until all preceding activities in the same sequence 

are completed. 

(f) No two activities can have identical tail and head events. 

(g) The nodes in a network diagram represent the milestones in a project. 

(h) While drawing network diagram, it may be necessary to draw dummy activities in order to show the 

correct precedence relationships. The dummy activities are needed when (i) two or more activities in a project 

have identical immediate predecessors and successor activities or (ii) two or more activities have some, and 

not all, of their predecessor activities in common. The formers are called identity dummies and the latter ones 

are called logic dummies. Only as many dummy activities should be drawn in a network as is necessary. An 

arrow with a broken line shows a dummy activity. 

(i) The given precedence relationships should be scanned for redundant relationships. 

To illustrate, if B precedes C, and, B and C are given to precede D, then a redundant relationship is present. 

Here, it is enough to state that C precedes D because since C can start only when B is ready, both B and C 

cannot be the immediate predecessors for D. 

 

 

Critical Path Method (CPM) 

Once the network is drawn and the times needed for all activities are known, it is possible to obtain a lot of 

information as given below. 

Project Duration and Critical Path: The length of the longest path on the project gives the total time a project 

would take to complete. A path is a set of consecutive activities joining the initial node of the project with the 
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final node. Thus, for a given project, begin with the initial node and moving continuously through events, 

reach the final node in all possible ways, and then add up the durations of all the activities on them for each 

one of the paths. The largest of them is termed as critical path. Accordingly, project duration is the length of 

the longest path. Activities on the critical path are called critical activities and other activities are non-critical. 

A given project may have single or multiple critical paths. 

Scheduling of Activities: We can determine the earliest time when an activity can start and finish, and the 

latest time by which it should start and finish (so that the project completion is not delayed). Also, the earliest 

and the latest event times can be obtained. The earliest times are obtained by forward pass calculations. For 

each activity, beginning from the initial node, the earliest start (ES) is taken to be 0 and earliest finish (EF) by 

adding the activity time to it. After this, the ES for every activity is taken to be the largest of EF times of 

activities terminating on its initial node, while its EF is ES plus its time duration, t. Similarly, for events, take E = 

0 for the first event (initial node of the project), and calculate E for every event by selecting the largest of E + t 

for all activities terminating in the event. 

The latest times, on the other hand, are found by backward pass calculations. For this, set latest finish time 

(LF) for all activities terminating at final node equal to project duration, and obtain LS times for them as LF – t. 

Moving backward, LF for each activity is taken to be the smallest of all LS times of activities originating from its 

final node, while LS time is LF – t. Similarly, latest time of every event is found by selecting the smallest of L – t 

for all activities originating from the event. 

Floats For any event, the difference between latest and earliest times, L – S, is called event slack. 

For each activity, we have: 

(i) Total float = LS – ES 

(ii) Free float = ES of succeeding activity – EF of the activity 

= Total float – Head event slack 

(iii) Interfering float = Total float – Free float 

(iv) Independent float = ES of the succeeding activity – LF of preceding activity – time duration of the activity, 

Or zero, whichever is greater 

= Free Float – Tail event slack 

 

Resource Analysis and Allocation 

This has three aspects 

(a) Crashing, where additional resources are employed in order to reduce the project duration. 

(b) Resource levelling, in which an attempt is made schedule the activities in a manner such that the 

requirement for resources becomes as uniform as possible. 

(c) Resource allocation, wherein allocation of limited resources is planned in such a way as to complete the 

project in minimum time. 

Crashing  

It refers to the process by which the project duration is attempted to be reduced by applying additional/better 

resources for the performance of the various activities. Reduction in time has the effect of increasing direct 

cost, and reducing overhead (which is related to the overall project duration) and reducing/avoiding penalties, 

if any, for project completion beyond stipulated time. For each activity, the cost of reduction per time period 

(per day, let us say) is calculated as under: 

(Crash cost – Normal cost) 

Cost of reduction per day = ----------------------------------- 

(Normal time – Crash time) 

Normal time is the time in which an activity is done and crash time is the minimum time for completing it, 

normal cost is the cost of doing the activity in normal time and crash cost is the cost of doing the activity in 

crash time. 

Steps in crashing 

(a) Obtain the longest path using (i) normal times and (ii) crashing times to get, respectively, normal and 
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minimum, duration of the project. 

(b) Make a time/cost table. Enter time duration from normal to crash, lowering gradually. Make entries in the 

cost heads including overhead, penalty, and total normal cost. 

(c) For every crashing, focus on critical path (or paths, as the case may be) and select the cheapest set of 

activities, giving due consideration to common activities in case of multiple paths, to crash. 

(d) Execute the decision: revise activity times and recalculate the lengths of all the paths and obtain the cost of 

completion by adding the cumulative crashing cost to other cost elements already entered in the table. 

(e) Continue in the same manner until the minimum project duration obtained earlier is reached. 

 

 

Resource Levelling  

Resource levelling implies scheduling the performance of various activities of a given project in such a way 

that the requirement of resource/s may be levelled, to the extent possible, over the duration of the project. 

For this, the given project is redrawn on time scale, assuming that the activities would begin at their earliest 

and the resource requirement is determined. After this, the activities are re-scheduled in such a way that the 

requirement is balanced. 

Resource Allocation Resource allocation deals with the allocation of limited amount of available resources in 

the best possible manner so that the project delay is kept at the minimum. The criteria for resource allocation 

are float, activity duration and quantum of resources needed - in that order. 

At every halt for allocation of resources, follow these steps: 

(a) Obtain the list of activities that are eligible to be scheduled. These include activities whose predecessors 

have been scheduled. 

(b) Select from these, such activities as can start at the halt time under consideration, keeping in view the 

completion time of predecessors and the availability of resources. Remember, an activity can start only when 

all its predecessors are completed and resources needed for its performance are available. 

(c) Arrange the activities of step (b) on the basis of their latest start times, in ascending order. 

(d) Allocate given resources to them one by one insofar as possible. 

(e) Looking to the availability of resources, obtain the next halt when resource allocation may be done. Repeat 

the above steps until all activities are scheduled. 

 

PERT 

Here three time estimates are given: optimistic (a), most likely (m) and pessimistic (b) for every activity. As a 

first step, the expected duration (te) and variance (σ 2) for every activity is calculated as under: 

te = (a + 4m + b) / 6 and σ 2 = {( b – a ) /6 } 2 

Next, network is drawn, critical path is found using expected times, expected duration of the project is 

obtained and critical activities are identified. The variances of critical activities are added together to get 

overall variance and its square root is taken to obtain standard deviation. Once the expected duration and 

standard deviation are calculated, the project duration is assumed to be normally distributed, with these 

parameters. Probability calculations about project completion time can be obtained like in any problem on 

normal distribution. 

 

PERT/Cost  

It is a modification of PERT which allows the planning, monitoring and controlling of project cost as well as 

project duration. As a first step, costs are estimated for various activities of the given project. Once the cost 

estimates for every activity on a per week/month basis are obtained, we can budget how much money should 

be spent during each week/month during the time that the project will be done. Finally, as the work on the 

project proceeds, actual work done is compared with the projected work; actual costs are compared with the 

budgeted costs and appropriate actions are taken for cost control. 
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Network Construction 
A network is the graphical representation of the project activities arranged in a logical sequence and depicting 

all the interrelationships among them. A network consists of activities and events. 

Activity 

An activity is a physically identifiable part of a project, which consumes both time and resources. Activity is 

represented by an arrow in a network diagram below. 

 

 
 Figure : Activity 

The head of an arrow represents the start of activity and the tail of arrow represents its end. Activity 

description and its estimated completion time are written along the arrow. An activity in the network can be 

represented by a number of ways: (i) by numbers of its head and tail events (i.e. 10-20 etc.), and (ii) by a letter 

code (i.e. A, B etc.). All those activities, which must be completed before the start of activity under 

consideration, are called its predecessor activities. All those activities, which have to follow the activity under 

consideration, are called its successor activities.  

 

 
Figure: Activity Precedence 

 

 
An activity, which is used to maintain the pre-defined precedence relationship only during the construction of 

the project network, is called a dummy activity. Dummy activity is represented by a dotted arrow and does not 

consume any time and resource. 
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Figure: Dummy Activity 

An unbroken chain of activities between any two events is called a path. 

Event 

An event represents the accomplishment of some task. In a network diagram, beginning and ending of an 

activity are represented as events. Each event is represented as a node in a network diagram. An event does 

not consume any time or resource. Each network diagram starts with an initial event and ends at a terminal 

event. Each node is represented by a circle and numbered by using the Fulkerson's Rule.  

 

 
 

Figure: Event Representation 

 

Following steps are involved in the numbering of the nodes:  The initial event, which has all outgoing arrows and no incoming arrow, is numbered as 1. 

 Delete all the arrows coming out from the node just numbered (i.e. 1). This step will create some more 

nodes (at least one) into initial events. Number these events in ascending order (i.e. 2, 3 etc.).   Continue the process until the final or terminal node which has all arrows coming in, with no arrow 

going out, is numbered.  

 

An illustration of Fulkerson's Rule of numbering the events is shown in Figure below. 

 
Figure: Fulkerson's Rule 

As a recommendation it must be noted that most of the projects are liable for modifications, and hence there 

should be a scope of adding more events and numbering them without causing any inconsistency in the 

network. This is achieved by skipping the numbers (i.e. 10, 20, 30…). 

Rules for drawing network diagram 

Rule 1: Each activity is represented by one and only one arrow in the network. 

Rule 2: No two activities can be identified by the same end events. 
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Figure: Network Preparation 

Rule 3: Precedence relationships among all activities must always be maintained. 

Rule 4: Dummy activities can be used to maintain precedence relationships only when actually required. Their 

use should be minimized in the network diagram. 

 

 
Figure: Use of Dummy Activites 

Rule 5: Looping among the activities must be avoided. 

 

 

 
Figure: Looping Problem 

 

 

 

 

 

 

Downloaded from  be.rgpvnotes.in

Page no: 32 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Calculation of Time Estimates in CPM 

 
Calculations in Network Analysis 

The following calculations are required in network analysis in order to prepare a schedule of the project. 

a. Total completion time of the project 

b. Earliest time when each activity can start (i.e. earliest start time) 

c. Earliest time when each activity can finish (i.e. earliest finished time) 

d. Latest time when each activity can be started without delaying the project (i.e. latest start time) 

e. Latest time when each activity can be finished without delaying the project (i.e. latest finish time) 

f. Float on each activity (i.e. time by which the completion of an activity can be delayed without delaying the 

project) 

g. Critical activity and critical path 

The symbols used in the calculations are shown in table below. 
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Calculation of Slack:  

Event slack is defined as the difference between the latest event and earliest event times.  

Slack for head event = Lj - Ej  

Slack for tail event = Li - Ei  

 

 

 

 
 

Determination of Critical Path: 

The sequance of critical activities in a network is called the critical path. The activities with zero slack of head 

event and zero slack for tail event, are called as crititcal activities. In the taken network, the following activities 

are critical activities: 5 - 10, 10 - 20, 20 - 30, 30 - 35, 35 - 45. Thus the critical path is A - E - G - K - M. 

Critical path duration is 7 + 15 + 8 + 10 + 10 = 50. 

 

Calculation of Expected Time and Variance of a Path in PERT 

The Expected Time of a chain of activities in series, is the sum of their expected times. Similarly the variance of 

the path, is the sum of variances of activities on the path. In Figure below, three activities A,B and C are 

connected in series, (i.e. form a path). Their time estimates to-tm-tpare given along the activity arrows. The 

expected time of the path 1-2-3-4 is calculated as: 
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As the length of the path, that is the number of activities connected in series increases, the variance of the 

path and hence the uncertainty of meeting the expected time also increases. 

 

Basis for 

Comparison 

PERT CPM 

Meaning PERT is a project management 

technique, used to manage uncertain 

activities of a project. 

CPM is a statistical technique of project 

management that manages well defined 

activities of a project. 

What is it? A technique of planning and control of 

time. 

A method to control cost and time. 

Orientation Event-oriented Activity-oriented 

Evolution Evolved as Research & Development 

project 

Evolved as Construction project 

Model Probabilistic Model Deterministic Model 

Focuses on Time Time-cost trade-off 

Estimates Three time estimates One time estimate 

Appropriate for High precision time estimate Reasonable time estimate 

Management of  Unpredictable Activities Predictable activities 

Nature of jobs Non-repetitive nature Repetitive nature 

Critical and 

Non-critical 

activities 

No differentiation Differentiated 

Suitable for Research and Development Project Non-research projects like civil construction, 

ship building etc. 

Crashing concept Not Applicable Applicable 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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