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1.1 

1. OPERATIONS MANAGEMENT INTRODUCTION  

 

Question 1: Define Production  

Answer 1:  Production is defined as ɁÛÏÌɯÚÛÌ×-by-step conversion of one form 

of material into another form through chemical or mechanical process to 

ÊÙÌÈÛÌɯÖÙɯÌÕÏÈÕÊÌɯÛÏÌɯÜÛÐÓÐÛàɯÖÍɯÛÏÌɯ×ÙÖËÜÊÛɯÛÖɯÛÏÌɯÜÚÌÙȭɂɯThus production is a 

value addition process. 

 

Question 2: What are the Objectives of  Production Management?  

Answer 2:  The objective of the production management is to produce goods 

or services of Right Quality , Right Quantity , Right Time  and Right 

Manufacturing Cost  

 

Question 3: What are the functions of Managing Operations?  

 Planning: Act ivities that establishes a course of action and guide future 

decision-making is planning  

 Organizing: Activities that establishes a structure of tasks and authority  

 Controlling: Activities that assure the actual performance in accordance 

with planned performance 

 Models: models like aggregate planning models, break even analysis, 

linear programming and computer simulation , decision tree analysis 

 

Question 4: Write down the scopes of production and operations 

management 

1 Location of facilities  5 Production and planning 

control  

2 Plant layouts and material 

handling  

6 Quality control  

3 Product design 7 Materials management 

4 Process design 8 Maintenance management. 
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Scope of production  

 

 

Question 5: Explain Operating System  

Answer 5:  Operating system converts inputs in order to provide outputs 

which are required by a customer. In some of the organization the product is 

a physical good (hotels) while in others it is a service (hospitals). 

 

Productions Management Vs Operations Managemet  

There are two points of distinction between production management and 

operations management. First, the term production management is more 

used for a system where tangible goods are produced. Whereas, operations 

management is more frequently used where various inputs are transformed 

into intangible services. Viewed from this perspective, operations 

management will cover such service organisations as banks, airlines, utilities, 

pollution control agencies, super bazaars, educational institutions, libraries, 

consultancy firms and police departments, in addition, of course, to 

manufacturing enterprises. The second distinction relates to the evolution of 

the subject. Operations management is the term that is used nowadays. 

Production management precedes operations management in the historical 

growth of the subject. 
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Characteristic of Modern Operations Function  

The production management of today presents certain characteristics which 

make it look totally different from what it was during the past. Specifically, 

toËÈàɀÚɯ×ÙÖËÜÊÛÐÖÕɯÚàÚÛÌÔɯÐÚɯÊÏÈÙÈÊÛÌÙÐÚÌËɯÉàɯÈÛɯÓÌÈÚÛɯÍÖÜÙɯÍÌÈÛÜÙÌÚȭɯ 

1. Manufacturing as Competitive advantage  in the past production was 

considered to be like any other function in the organisation. Wheft 

demand was high and production capacities were inadeq uate, the 

concern was to somehow muster all inputs and use them to produce 

goods which would be grabbed by -ÕÈÙÒÌÛȭɯ !ÜÛɯ ÛÖËÈàɀÚɯ ÚÊÌÕÈÙÐÖɯ ÐÚɯ

contrasting. Plants have excess capacities, competition is mounting and 

firms look and gain competitive advantage to  survive and succeed. 

Interestingly, aroduction system offers vast scope to gain competitive 

edge and firms intend to exploit the potential. total Quality management 

(TQM), time -Based competition, Business process re-engineering (BPRE), 

Just-in-time (JIT), Focused Factory, Flexible manufacturing systems 

(FMS), computer integrated manufacturing (CIM), and the Virtual 

corporation are but only some techniques which the companies are 

employing to gain competitive advantage.  

2. Services Orientation  as was stated earlier, service sector is gaining 

greater relevance these days. The production system, therefore, needs to 

be organised keeping in mind the peculiar requirements of the service 

component. The entire manufacturing needs to be geared to serve (i) 

intangible and perishable nature of the services, (ii) constant interaction 

with clients or customers, (iii) small volumes of production to serve local 

markets, and (iv) need to locate facilities to serve local markets. There is 

increased presence of professionals on the production, instead of 

technicians and engineers.  

3. Disappearance of Smokestacks  protective labour legislation, 

environmental movement and gradual emergence of knowledge based 

organisations have brought total transformation in the production 

system. ToËÈàɀÚɯ ÍÈÊÛÖÙÐÌÚɯ ÈÙÌɯ ÈÌÚÛÏÌÛÐÊÈÓÓàɯ ËÌÚÐÎÕÌËɯ ÈÕËɯ ÉÜÐÓÛȮɯ

environment friendly - in fact, they are homes away from homes. Going 

to factory everyday is no more excruciating experience, it is like 

holidaying at a scenic spot. a visit to aBB, L & t or smith Kline  and 



1.4 

Beecham should convince the reader about the transformation that has 

taken place in the wealth creation system.  

4. Small has become beautiful  it was e.F. schumacher who, in his famous 

book Small is Beautiful, opposed giant organisations and increased 

specialisation. He advocated, instead, intermediate technology based on 

smaller working units, community ownership, and regional workplaces 

utilising local labour and resources. For him, small was beautiful. 

Businessmen, all over the world, did not believe iÕɯ ÚÊÏÜÔÈÊÏÌÙɀÚɯ

philosophy. Inspired by economies of scale, industrialists went in for 

huge organisations and mass production systems 

 

Recent Trends in Production/Operations Management  

1. Global Market Place:  Globalisation of business has compelled many 

manufacturing firms to have operations in many countries where they 

have certain economic advantage. this has resulted in a steep increase in 

the level of competition among manufacturing firms throughout the 

world.  

2. Production / Operations Strategy:  More and more firms are recognising 

the importance of production/ operations strategy for the overall success 

of their business and the necessity for relating it to their overall business 

strategy.  

3. Total Quality Management (TQM):  TQM approach has been adopted by 

many firms to achieve customer satisfaction by a never-ending quest for 

improving the quality of goods and services.  

4. Flexibility:  the ability to adapt quickly to changes in volume of demand, 

in the product mix demanded, and in product design or in delivery 

schedules, has become a major competitive strategy and a competitive 

advantage to the firms. This is sometimes called as agile manufacturing. 

5. Time Reduction:  reduction of manufacturing cycle time and speed to 

market for a new product provide competitive edge to a firm over other 

firms. When companies can provide products at the same price and 

quality, quicker delivery (short lead times) provide one firm competitive 

edge over the other.  
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6. Technology:  advances in technology have led to a vast array of new 

products, new processes and new materials and components. 

Automation, computerisation, information and communication 

technologies have revolutionised the way companies operate. 

Technological changes in products and processes can have great impact 

on competitiveness and quality, if the advanced technology is carefully 

integrated into the existing system.  

7. Worker Involvement:  the recent trend is to assign responsibility for 

decision making and problem so lving to the lower levels in the 

organisation. This is known as employee involvement and 

empowerment. Examples of worker involvement are quality circles and 

use of work teams or quality improvement teams.  

8. Re-engineering:  this involves drastic measures or break-through 

improvements to improve the performance of a firm. It involves the 

concept of clean-slate approach or starting from scratch in redesigning the 

business processes.  

9. Environmental Issues:  ÛÖËÈàɀÚɯ×ÙÖËÜÊÛÐÖÕɯÔÈnagers are concerned more 

and more with pollution control and waste disposal which are key issues 

in protection of environment and social responsibility. There is increasing 

emphasis on reducing waste, recycling waste, using less-toxic chemicals 

and using biodegradable materials for packaging.  

10. Corporate downsizing (or Right Sizing):  Downsizing or right sizing has 

been forced on firms to shed their obesity. This has become necessary due 

to competition, lowering productivity, need for improved profit and for  

higher dividend payment to shareholders.  

11. Supply -Chain Management:  Management of supply -chain, from 

suppliers to final customers reduces the cost of transportation, 

warehousing and distribution throughout the supply chain.  

12. Lean Production:  production sys tems have become lean production 

systems which use minimal amounts of resources to produce a high 

volume of high quality goods with some variety. These systems use 

flexible manufacturing systems and multi -skilled workforce to have 

advantages of both mass production and job production (or craft 

production).  
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2. OPERATIONS PLANNING  

2.1 FORECASTING DEMAND  

 

Question 1: What are the objectives and uses of forecasting?  

Answer 1: Forecasts are estimates of the occurrence, timing or magnitude of 

uncertain future events. Forecasts are essential for the smooth operations of 

business organizations. They provide information that can assist managers in 

guiding future activities towards organizational goals.  

 

Question 2: What is long range forecast? Also write its purpose.  

Answer 2: Long range forecast has a time span of more than 3 years 

1. To work out expected capital expenditure for future developments or to 

acquire new facilities, 

2. To determine expected cash flow from sales, 

3. To plan for future manpower requirements,  

4. To plan for material requirement,  

5. To plan for Research and Development. Here much importance is given 

to long range grow th factor. 

 

Question 3: What is medium range forecast? Also write its purpose.  

Answer 3: Medium range forecast has a time span between 1 ɬ 2 years 

1. To determine budgetary control over expenses, 

2. To determine dividend policy,  

3. To find and control maintenance expenses, 

4. To determine schedule of operations, 

5. To plan for capacity adjustments. 

 

Question 4: What is short -term forecast? Also write its purpose.  

Answer 4: Short -term forecast has a time span between a few weeks to six 

months  
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1. To estimate the inventory requirement, 

2. To provide transport facilities for finished goods,  

3. To decide workloads for men and machines, 

4. To find the working capital needed,  

5. To set-up of production run for the products,  

6. To fix sales quota, 

7. To find the required overtime to meet the delivery promises.  

  

[CMA RTP D10]  

Question 5: Write short note on factors affecting business forecast.  

Answer: Forecasting means peeping into the futures. As future is unknown 

ÈÕËɯÐÚɯÈÕàÉÖËàɀÚɯÎÜÌÚÚɯÉÜÛɯÛÏÌɯÉÜÚÐÕÌÚÚɯÓÌÈËÌÙÚɯÐÕɯÛÏÌɯ×ÈÚÛɯÏÈÝÌɯÌÝÖÓÝÌËɯ

certain systematic and scientific methods to know the future by scientific 

analysis based on facts and possible consequences. Thus, this systematic 

method of probing the future is called forecasting. In this way forecasting of 

sales refers to an act of making prediction about future sales followed by a 

detailed analysis of facts related to future situations and forces which may 

affect the business as a whole. Foresight is not the whole of management, but 

at least it is an essential part of management and accordingly, to foresee in 

this context means both to assess the future and make provisions for it, that 

is forecasting is itself action already. Forecasting as a kind of future picture 

wherein proximate events are outlined with some distinctness, while remo te 

events appear progressively less distinct and it entails the running of the 

business as foresee and provide means to run the business over a definite 

period.  

Various factors that influence the forecast are:  

1. Environmental changes, 

2. Changes in the preference of the user, 

3. Number of competitive products,  

4. Disposable income of the consumer. 

In forecasting the production important factors to be considered are:  

1. Demand from the marketing department,  

2. Rate of labors absenteeism, 

3. Availability of materials,  
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4. Available capacity of machines, 

5. Maintenance schedules, 

6. Delivery date schedules. 

 

Question 6: Write down the steps in forecasting  

Answer 6:  

1. Determine the objective of forecast 

2. Select the period over which the forecast will be made 

3. Select the method you want to use for making the forecast 

4. Gather information to be used in the forecast 

5. Make the forecast 

 

Question 7: What are the methods or techniques of sales forecasting?  

Answer 7:  

1. 2ÜÙÝÌàɯÖÍɯÉÜàÌÙɀÚɯÐÕÝÌÕÛÐÖÕÚɯÖÙɯÛÏÌɯÜÚÌÙɀÚɯÌß×ÌÊÛÈÛÐÖÕɯÔÌÛÏÖË 

2. Collective opinion or sales force composite method 

3. Group executive judgment or executive judgment method  

4. $ß×ÌÙÛÚɀɯÖ×ÐÕÐÖÕÚ 

5. Market test method . 

6. Trend projection method (a)  #ÐÙÌÊÛɯÔÌÛÏÖËɯȹÞÏÌÙÌɯȊ7ɯǻɯƔȺɯȹÉȺɯ(ÕËÐÙÌÊÛɯ

method 

7. Moving average method  

 

Question 8: What are the criteria of a good forecasting method?   

Answer 8:  

1. Accuracy 

2. Simplicity  

3. Economy 

4. Availability  

5. Stability  

6. Utility  
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PRACTICAL PROBLEMS  

LEAST SQUARE METHOD: INDIRECT METHOD  

Question 1: An investigation into the demand for color TV sets in 5 towns 

has resulted in the following data:  

 

Population of the town (in lakhs)  [X]  5 7 8 11 14 

Number of  TV sets in demand (in thousands)  [Y]  9 13 11 15 19 

 

Fit a linear regression of Y on X and estimate the demand for CTV sets for 

two towns with a population of 10 lakhs and 20 lakhs.  

Answer 1: Computation of trend values  

Population  

(in lakhs) 

Sales of CTV 

(in thousands) 

Squares of the 

Population  

Population ×  

Sales of CTV 

X Y X2 XY 

5 9 25 45 

7 13 49 91 

8 11 64 88 

11 15 121 165 

14 19 196 166 

Ȋ7ɯǻɯƘƙ Ȋ8ɯǻɯƚƛ Ȋ72 = 455 Ȋ78ɯǻɯƚƙƙ 

 

Regression equation of Y on X:Y = a + bX 

To find the values of a and b, the following two equations are to be solved  

 Ȋ8ɯǻɯÕÈɯǶɯÉȊ7  ------ (i) 

 Ȋ78ɯǻɯÈȊ7 ǶɯÉȊ72 ------ (ii)  

By substituting the values we get  

 67 = 5a + 45b  ------ (iii)  

 655 = 45a +a455b ------ (iv)  

Multiplying equation (iii) by 9 and we get (v),  
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 603 = 45a + 405b ------ (v) 

By deducting equation (v) from equation (iv); we get  

52 = 50b 

 b = 52/50 = 1.04 

By substituting the value of b in equation (iii), we get  

 67 = 5a + 45 × 1.04 

Solving the above equation: a = 4.04 

Now by substituting the values of a, b and X (10 lakhs) in regression equation 

of Y on X, we get, 

 Y = a + bX 

Y = 4.04 + 1.04 (10) = 14.44 thousand CTV sets. 

Similarly sales estimates for town having population of 20 lakhs is obtained 

by substituting the values of X, a and b in regression equation 

 Y = 4.04 + 1.04 (20)= 24.84 thousands CTV sets. 

Hence expected demand for CTV for two towns will be 14.44 thousand and 

24.84 thousand CTV sets. 

 

Direct Method  (n - odd) 

Question 2: From the following time series data of sale project, the sales for 

the next three years 

 

Year 2001 2002 2003 2004 2005 2006 2007 

2ÈÓÌÚɯȹȿƔƔƔɯunits)  80 90 92 83 94 99 92 

{CMA inter D09, 6 Marks}  

Answer : Computation of Trend Values  

Years Deviation  

from 2004 

Sales in 

ȹȿƔƔƔɯÜȺ 

Squares of 

Deviation  

Deviations  

× sales 

 X Y X2 XY 

2001 -3 80 9 -240 

2002 -2 90 4 -180 
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2003 -1 92 1 -92 

2004 0 83 0 0 

2005 +1 94 1 +94 

2006 +2 99 4 +198 

2007 +3 92 9 +276 

n = 7 Ȋ7ɯǻɯƔ Ȋ8ɯǻɯƚƗƔ Ȋ72 = 28 Ȋ78ɯǻɯǶƙƚ 

 

Regression equation of Y on X 

ὣ  ὥ  ὦὢ 

To find the values of a and b 

Á
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 ς 

Hence regression equation comes to Y = 90 + 2X. with the help of this equation 

we can project the trend values for the next three years, i.e. 2008, 2009 and 

2010. 

 Y2008 = 90 + 2(4) = 90 + 8 = 98(000) units 

 Y2009 = 90 + 2(5) = 90 + 10 = 100(000) units 

 Y2010 = 90 + 2(6) = 90 + 12 = 102(000) units. 

 

Direct Method (n - even) 

Question 3: From the following time series data of sale project, the sales for 

the next three years 

 

Year 2001 2002 2003 2004 2005 2006 

2ÈÓÌÚɯȹȿƔƔƔɯÜÕÐÛÚȺ 80 90 92 83 94 99 

{CMA inter D09, 6 Marks} 
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Answer: Computation of Trend Values  

Years Deviation  

from 2003 & 6 months / 6 

months  

Sales in 

ȹȿƔƔƔɯÜȺ 

Squares 

of  

Deviation  

Deviations  

× sales 

 X Y X2 XY 

2001 -5 80 25 -400 

2002 -3 90 9 -270 

2003 -1 92 1 -92 

2004 1 83 1 83 

2005 3 94 9 282 

2006 5 99 25 495 

n = 6 Ȋ7ɯǻɯƔ Ȋ8ɯǻɯ

538 

Ȋ72 = 70 Ȋ78ɯǻ 98 

 

Regression equation of Y on X 

ὣ  ὥ  ὦὢ 

To find the values of a and b 

Á
ВÙ

ὲ

υσψ

φ
ψωȢφχ 

ὦ
Вὼώ

Вὼ
 
ωψ

χπ
 ρȢτ 

Hence regression equation comes to Y = 89.97 + 1.4X. with the help of this 

equation we can project the trend values for the next three years, i.e. 2007, 

2008, 2009. 

 Y2008  = 89.97 + 1.4 (2007 ɬ 2003 & 6months / 6 months)  

= 89.97 + 1.4(7)  

= 99.77(000) units 

 Y2009 = 89.97 + 1.4(9) = 102.57(000)units 

 Y2010 = 89.97 + 1.4(11) = 105.37(000)units 
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Advance Sum 

Question  4: It is observed that there exists a relationship between 

expenditure on Advertising and  the Annual Sales. The details for last six 

years are as follows 

Year Expenditure  

on Advertising  

Annual Sales ( ) 

In crore  

2004 1 18 

2005 2 23 

2006 4 32 

2007 3 28 

2008 10 38 

2009 4 29 

Estimate the Annual Sales when Expenditure on Advertising is 5 Crore. 

{CMA inter J10, 6 Marks} 

Answer:  

Years Expend. on 

Advt.  

Annual Sales    

 X Y X2 XY 

2004 1 18 1 18 

2005 2 23 4 46 

2006 4 32 16 128 

2007 3 28 9 84 

2008 10 38 100 380 

2009 4 29 16 116 

N=6 Ȋ7ǻƖƘ Ȋ8ǻƕƚƜ Ȋ72=146 Ȋ78ǻƛƛƖ 

 

╧
ςτ

φ
τ ὥὲὨ

╨ρφψ

φ
ςψ 

Regression equation of Y on X:  Y = a + bX 
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ὦ  
Вὢὣ ὲ╧╨

Вὢ ὲ╧
  
χχςφ τ ςψ

ρτφφ τ
  ς 

ὥ ╨  ὦ╧ ςψ ɀ ς τ ςπ 

Thus, the model is ἧ = 20 + 2ἦ 

The Annual sales when expenditure is 5 crore isY = 20 + 2×5 = 30 Crores. 
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2.2 CAPACITY PLANNING  

 

Question 1: What is the objective of capacity planning?  

Answer 1: The objective of capacity management is the planning and the 

control of capacity to match the level of operations to the level of demand. 

 

Question 2: Why is capacity planning required?  

Answer:  

 Sufficient capacity is required to meet the customers demand in time, 

 Capacity affects the cost efficiency of operations, 

 Capacity affects the scheduling system, 

 Capacity creation requires an investment, 

 Capacity planning is the first step when an organization decides to 

produce more or new products.  

 

Question 3: What are the forms of capacity planning?  

Answer 3:  

Based on time-horizon  

1. Long-term capacity planning and  

2. Short-term capacity planning  

Based on amount of resources employed  

1. Finite capacity planning and  

2. Infinite capacity planning  

 

Question 4: Effective Capacity can be determined by the following factors:  

Answer 4:  

 Facilities - design, location, layout and environment.  

 Product - Product design and product -mix.  

 Process- Quantity and quality capabilities.  

 Human factors - Job content, Job design, motivation, compensation, 

training and experience of labour, learning rates and absenteeism and 

labour turn over.  
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 Operational factors - Scheduling, materials management, quality 

assurance, maintenance policies, and equipment break-downs. 

 External factors - Product standards, safety regulations, union attitudes, 

pollution control standards.  

 

Question 5: How is the capacity measured?  

Answer 5: Capacity of a plant is usually expressed as the rate of output 

 

[CMA EXAM D06]  

Question 6: State the measures normally used for defining capacity in the 

following product / services  

 

 Question  Answer  

 Product / Service Measures of capacity 

1 Steel Plant In Tones 

2 Automobiles  In Numbers  

3 Power Plant In Megawatts 

4 Hotel  Room/days 

 

Quesiton 7: What are the activities for Capacity Planning Decisions?  

Answer 7:  

1. Assessing the capacity of existing facilities. 

2. Forecasting the long-range future capacity needs. 

3. Identifying and analyzing sources of capacity for future needs.  

4. Evaluating the alternative sources of capacity 

5. Selecting a capacity alternative 

 

Question 8: Write short note on the situations attracting capacity planning  

Answer 8:  

1. A capacity shortage situation 
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2. An excess or surplus capacity situation where the present capacity 

exceeds the expected future demand. 

 

Question 9: Write short note on factors affecting determination of plant 

capacity 

Answer:  

1. Capital investment required,  

2. Changes in product design, process design, market conditions and 

product life cycles, 

3. Flexibility for capacity additions,  

4. Level of automation desired,  

5. Market demand for the product,  

6. Product obsolescence and technology obsolescence and 

7. Type of technology selected. 
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2.3 CAPACITY REQUIREMENT  

 

Question: What are the requirements of capacity planning?  

Answer:  Capacity requirement planning (CRP) is a technique which 

determines what equipment and labour/personnel capacities are required to 

meet the production objectives (i.e., volume of products) as per the master 

production schedule and material requirement pla nning (MRP-I). 

 

Capacity Requirement Planning Strategies  

ȹÐȺɯɁ+ÌÝÌÓɯÊÈ×ÈÊÐÛàɂɯ×ÓÈÕɯÈÕËɯ- Ɂ×ÙÖËÜÊÌ-to-ÚÛÖÊÒɯÈÕËɯÚÌÓÓɂ 

ȹÐÐȺɯɁ/ÙÖËÜÊÛÐÖÕɯ- ÔÈÛÊÏÐÕÎɯÊÈ×ÈÊÐÛàɯÞÐÛÏɯËÌÔÈÕËɂɯ×ÓÈÕ 

 

Optimum Plant Capacity  

Plant capacity has a great influence on cost of production with increasing 

volume of production, economies of scale arise which results in reduction in 

average cost per unit produced. 

 

Implications of Plant Capacity  

1. Changes in output of an existing plant of certain installed capacity affect 

the production costs. 

2. Changes in the plant capacity by changing the size of a plant have 

significant effects on costs. 

 

Factors influencing Effective Capacity  

The effective capacity is influenced by  

(a) Forecasts of demand 

(b) Plant and labour efficiency  

(c) Subcontracting 

(d) Multiple  shift operation  

(e) Management policies. 

 

Factors favoring over capacity and under capacity  
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The over capacity is preferred when:  

1. Fixed cost of the capacity is not very high. 

2. Subcontracting is not possible because of secrecy of design and/or quality 

requirement. 

3. The time required to add capacity is long.  

4. The company cannot afford to miss the delivery, and cannot afford to 

loose the customer. 

5. There is an economic capacity size below which it is not economical to 

operate the plant. 

 

The under capacity is preferred when:  

1. The time to build capacity is short.  

2. Shortage of products does not affect the company (i.e., lost sales can be 

compensated). 

3. The technology changes fast, i.e., the rate of obsolescence of plant and 

equipment are high. 

4. The cost of creating the capacity is prohibitively high.  

 

 

 

CALCULATION OF EFFICIENCY RATIO AND UTILISATION RATIO  

Utilization Ratio: 
 

 
 

Efficiency Ratio: 
 

 
 

Actual Output: Design Capacity × Utilization Ratio × Efficiency Ratio × 100  

 

Quesiton 1: Given the information below, compute the efficiency and the 

utilization of the vehicle repair department:  

 Design capacity = 50 trucks per day 

 Effective capacity = 40 trucks per day 

 Actual output = 36 trucks per day  

{CMA inter J14, 6 marks} 
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Answer:  

Efficiency Ratio: 
 

 
 = 

   

   
 = 90% 

Utilization Ratio: 
 

 
 = 

   

   
 = 72% 

 

Question 2: A firm operates 6 days a week on single shift of 8 hours per day 

basis. There are 10 machines of the same capacity in the firm. If the machines 

are utilized for 75 percent of the time at a system efficiency of 80 percent, what 

is the rated output in terms of standard hours per week?  

Answer: Maximum number of hours of work possible per week  

= Number of machines × machine hours worked per week  

= 10 × 6 × 8 = 480 hours 

If the utilization is 75% then number of hours worked  

= 480 × 0.75 = 360 hours 

Rated output  = utilized hours × system efficiency  

= 360 × 0.8 = 288 standard hours 

 

CALCULATION OF THE NUMBER OF MACHINES REQUIRED  

Question 1: A department works on 8 hours sh ift, 288 days a year and has 

the usage data of a machine as given below 

Product  Annual demand  

(units)  

Processing time  

(standard time in hrs)  

A 325 5.0 

B 450 4.0 

C 550 6.0 

 

Calculate processing time needed in hours to produce products A, B and C, 

(b) annual production capacity of one machine in standard hours, and (c) 

Determine the number of machines required.  

{CMA Inter J15, 7 marks} 
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Answer:  

 Product  Annual  

demand (units)  

Processing p.u. 

(hours)  

Processing time 

needed (hours) 

 A 325 5.0 1,625 

+ B 450 4.0 1,800 

+ C 550 6.0 3,300 

[a] Total time needed for producing A, B & C  6,725 hours 

[b]  Annual production capacity of machine  

[288 days × 8 hours] 

2,304 hours 

 Number of machines required [a]/[b]  2.9 = 3 

 

Question 2: Calculate the number of machines required to produce the three 

components from the information  given below.  

 

Components  A B C 

Setup time per batch 25 min 55 min 45 min 

Operation time (min/piece)  1.75 3.0 2.1 

Batch size in units 350 550 575 

Production per month  2450 4400 2875 

 

Assuming a machine efficiency of 85% & operator efficiency of 75%, how 

many machines are required? 
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Answer:  

 Comp 1Number of 

Setups 

2Setup 

time 

3Operation 

time 

4Total time 

mins hours 

 
A  = 7 

7×25 mins 

= 175 mins 

2,450×1.75 mins 

= 4,287.5 
4462.5 74.375 

 
B 

ȟ
 = 8 

8×55 mins 

= 440 mins 

4,400×3 mins 

= 13,200 mins 
13,640 227.33 

 
C  = 5 

5×45 mins 

= 225 mins 

2,875×2.1 mins 

= 6,037.5 mins 
6,262.2 104.375 

[a] Total time required for producing all the components  406.08 

[b] Total time available per machine = [25 days × 8 hours]5  200 

 Number of machines required = [a]/[b]  2 

Assuming a machine efficiency of 85% and operator efficiency of 75%, the 

number of machines required is: 

Total hours required per month = 
406Ȣ079

0Ȣ85  0Ȣ75
=636.98 hrs 

Number of machines required if efficiency rate is lower  

= 
   

      
 

Number of machines required = 
636Ȣ98

200
3Ȣ18 = 4 machines 

 

Question 3: Three components are to be manufactured on three machines i.e. 

centre lathe, milling machine and Cylindrical grinding machine.  

1. Calculate the number of machines required of each kind to produce the 

components if the plant works for 48 hours per week.  

2. Calculate the number of machines required assuming the machine 

efficiency of 75%. 

3. How do you reduce the number of machines? 

 
1Total number of setups = 

  

   
 

2Total setup time =Total number of setups × Setup time per batch 
3Total operation time = Number of units × operation time per unit 
4Total time required to produce the components = Setup time + operation time 

5Assume, a month consist of 25 days and 8 hours per day 
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 The following information is given:  

 Machine Component A 

Setup operation 

Component B 

Setup operation 

Component C 

Setup operation 

1 Center lathe 30 min 2 min 55 min 2.5 min 40 min 1.5 min 

2 Milling machine 45 min 8 min 30 min 4 min ___ ___ 

3 Cylindrical grinding 50 min 8 min 60 min 8 min 60 min 10 min 

 Other details    

 Lot size 350 400 600 

 Quantity Demanded / month 1750 4000 3000 

Answer:  

 Component 6Number of 

Setups 

7Setup 

time 

8Operation 

Time 

9Total time 

mins Hours 

C
e

n
tr

e
 L

a
th

e
 

A 
ȟ

 = 5 
5×30 mins 

= 150 mins 

1,750×2 mins 

= 3,500 
3,650 60.83 

B 
ȟ

 = 10 
10×55 mins 

= 550 mins 

4,000×2.5 mins 

= 10,000 mins 
10,550 175.83 

C 
ȟ

 = 5 
5×40 mins 

= 200 mins 

3,000×1.5 mins 

= 4,500 mins 
4,700 78.33 

[a] Total time required for producing all the components  314.99 

[b] Total time available per machine = [4weeks × 48 hours]10  192 

[c] Number of machines required = [a]/[b]  1.64 = 2 

[d] 11Machines required if the efficiency is 75% = [c]/0.75  2.18 = 3 

 

 

 
6Total number of setups = 

  

   
 

7Total setup time =Total number of setups × Setup time per batch 
8Total operation time = Number of units × operation time per unit 
9Total time required to produce the components = Setup time + operation time 

10Assume, a month consist of 25 days and 8 hours per day 
11Number of machines required if efficiency rate is lower = 
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 Component Number of 

Setups 

Setup 

Time 

Operation 

Time 

Total time 

mins Hours 
M

ill
in

g
 

 

A 
ȟ

 = 5 
5×45 mins 

= 225 mins 

1,750×8 mins 

= 14,000 
14,225 237.083 

B 
ȟ

 = 10 
10×30 mins 

= 300 mins 

4,000×4 mins 

= 16,000 mins 
16,300 271.667 

C - - - - - 

[a] Total time required for producing all the components  508.75 

[b] Total time available per machine = [4weeks × 48 hours]  192 

[c] Number of machines required = [a]/[b]  2.65 = 3 

[d] Machines required if the efficiency is 75% = [c]/0.75  3.53 = 4 

 

 Component Number of 

Setups 

Setup 

time 

Operation 

Time 

Total time 

mins Hours 

G
ri
n

d
in

g
 

 

A 
ȟ

 = 5 
5×50 mins 

= 250 mins 

1,750×8 mins 

= 14,000 
14,250 237.5 

B 
ȟ

 = 10 
10×60 mins 

= 600 mins 

4,000×8 mins 

= 32,000 mins 
32,600 543.33 

C 
ȟ

 = 5 
5×60 mins 

= 300 mins 

3,000×10 mins 

= 30,000 mins 
30,300 505 

[a] Total time required for producing all the components  1,285.83 

[b] Total time available per machine = [4weeks × 48 hours]  192 

[c] Number of machines required = [a]/[b]  6.7 = 7 

[d] Machines required if the efficiency is 75% = [c]/0.75  8.9 = 9 

 

Reduction in number of machines  

a. By introducing the second and third shift , the number of hours available 

will be increased and hence the number of machines required will be 

reduced. 

b. By increasing the utilization  of the machine. The availability of the 

machine will be increased by proper maintenance  which reduces the 
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break down and hence the down time. The production time will be 

increased and hence the plant utilization.  

 

Question 4: A company wants to expand the solid propellant manufacturing 

plant by adding the required number of 1-tonne capacity curing furnace. Each 

tone of propellant must undergo 30 minutes of  furnace time including 

loading and unloading operations. Furnace is used only 80 per cent of the 

time due to power restrictions. The required output for the new layout is to 

be 16 tons per shift (8 hours). Plant efficiency (system) is estimated at 50 per 

cent of system capacity. 

(a) Determine the number of furnaces required  

(b) Estimate the percentage of time the furnace will be idle 

{CMA inter J04} 

Answer:  

 Number of furnaces required =  

ὝὭάὩ ὶὩήόὭὶὩὨ Ὢέὶ ὸέὸὥὰ έόὸὴόὸ

ὝὭάὩ ὥὺὥὭὰὥὦὰὩ ὴὩὶ ὪόὶὲὥὧὩ  ὉὪὪὭὧὭὩὲὧώ ὙὥὸὩ ὖέύὩὶ ὶὩίὸὶὭὧὸὭέὲ
 

 

.ÕÍÂÅÒ ÏÆ ÆÕÒÎÁÃÅÓ ÒÅÑÕÉÒÅÄ 
   Ȣ 

   Ȣ Ȣ
 ςȢυ  σ ÆÕÒÎÁÃÅÓ  

 

Per cent of idle time ρ
     

   
  

ρ
ρφ ὸέὲὩί πȢυ Ὤέόὶί

ψ Ὤέόὶί σ ὪόὶὲὥὧὩί
φχϷ 

 

TYPES OF PRACTICAL PROBLESM  

 BEP, Indifference point and Suitability of machine  

 Bottleneck, System Efficiency and Increase Productivity 

 Calculation of number  of machines required, time required and 

productivity  

BREAK EVEN POINT [BEP]  

Question 1: Calculate break-even point and draw breakeven point chart from 

the following information  
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Fixed Cost = 1000, 

Variable cost per unit = 2 

Selling price per unit = 4 

Answer: Break-even point in units  

ὊὭὼὩὨ ὅέίὸ 

ὛὩὰὰὭὲὫ ὖὶὭὧὩ ὴȢόȢὠὥὶὭὥὦὰὩ ὅέίὸ ὴȢό

ρπππ

τ ς
 υππ ÕÎÉÔÓ 

 

U 0 100 200 300 400 500 600 700 800 900 1000 

TVC [] 0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000 

TFC ] 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

TC [] 1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800 3,000 

TR [] 0 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000 

P/(L) (1,000) (800) (600) (400) (200) 0 200 400 600 800 1,000 

 

 

 

Question 2: An item is produced in a plant having a fixed cost of 6000 per 

month, variable cost of 2 per unit and a selling price of 7 per unit.  

Determine  

(a) The break-even volume. 

(b) If 1000 units are produced and sold in a month, what would be the profit?  

(c) How many units should be produced to earn a profit of 4000 per month? 
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Answer:  C = S ɬ VCp.u | 7 ɬ 2 = 5 

ὥȢὄὉὖὊὅ 
Ὓ

ὅ
φȟπππ

χ

χ ς
ψȟτππ 

ὦȢὖὶέὪὭὸ Ὢέὶ ρȟπππ όὲὭὸί έὪ ίὥὰὩί 

ὛὥὰὩί όὲὭὸί ὅὴȢόȢὊὅ ρȟπππυ φȟπππὰέίί ρπππ  

ὧȢὛὥὰὩί ὸέ Ὡὥὶὲ τπππ 
Ὂὅ Ὀὖ

ὅὴȢόȢ
ρȟπππ όὲὭὸί 

 

Question 3: A manager has to decide about the number of machines to be 

purchased. He has three options i.e. purchasing one, or two, or three 

machines. The data are given below: 

 

Number of  

machine 

Annual  

fixed cost  

Corresponding  

range of output  

1 10000 0 to 400 

2 12000 401 to 700 

3 20000 701 to 1000 

Variable cost is 20 and revenue is 40 per unit. 

1. Determine the break-even point for each range: 

2. If projected demand is between 600 to 750 units how many machines 

should the manager purchase? 

{CMA Inter J10, 5 marks} 

Answer: (1) Break-even point in units = 
  

  ȢȢ   Ȣ
 

 Break-even point in units [1 machine] = 
ȟ

  
 = 500 units  

[Not within the range and not suitable]  

 Break-even point in units [2 machines] = 
ȟ

  
 = 600 units 

 Break-even point in units [3 machines] = 
ȟ

  
 = 1000 units 

(2) Two machines are optimal for the projected demand between 600 to 750 

units  
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BOTTLENECK  

Question 1: A firm has four work centers, A, B, C & D, in series with 

individual capacities in units per day shown in the figure below.  

 

Work Centers   

 

A 

 

B 

   

D 

 

------------ 
--------

-- 

----------

-- 

C ----------

-- 
Output  

 Raw 

Material  

    300 

 450  360  340  400  

 

(i) Identify the bottle neck centers 

(ii)  What is the system capacity? 

(iii)  What is the system efficiency? 

Answer:  

(i) The bottle neck centre is the work centre having the minimum capacity. 

'ÌÕÊÌȮɯÞÖÙÒɯÊÌÕÛÙÌɯȿ"ɀɯÐÚɯÛÏÌɯÉÖÛÛÓÌÕÌÊÒɯÊÌÕÛers 

(ii)  System capacity is the maximum units that are possible to produce in the 

system as a whole. Hence, system capacity is the capacity of the bottle 

neck centre i.e., 340 units 

(iii)  System efficiency =  = × 100 = 88.23% 

 

Question 2: A customer is processed through each of the three operations A, 

B and C, in sequence. The process is designed to handle 100 customers a day. 

The Average rate per hour at which each operation can process customers is 

shown in the figure below:  

 

A 

 

B 

 

C 

 

------------ ---------- ------------ Output  

    

Customers 15  10  12  
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(a) For an 8-hour day identify any bottlenecks in the process.  

(b) What effect will the bottleneck have on overall output and other 

operations? 

(c) If all the processes are operated for 10 hours per day, is there still a 

bottleneck? 

(d) How will random arrivals affect the output and processing rate of this 

process? 

Answer:  

(a) Identification of bottleneck 8 hour a day operation: the operations B 

which process 10 Customers /hr and 80 customers a day becomes the 

bottleneck. 

(b) Effect of the bottleneck on the overall output: The bottleneck operation 

decides the capacity and output. Here the capacity of the unit is 80 

customer/day (due to bottleneck B) even though the process A and C have 

the output of 120 and 96 respectively. 

(i) Effect of the bottleneck on other operation. Bottleneck operation B, 

makes the waiting time higher for C.  

(ii)  In case A, The operation will be completed and because of difference 

ÐÕɯ×ÙÖÊÌÚÚÐÕÎɯÙÈÛÌÚȮɯÖ×ÌÙÈÛÐÖÕɯ ɯÞÐÓÓɯÉÌɯÐËÓÌɯÍÖÙɯƗƗǘɯǔɯtime unless it 

is used for other purpose and the full capacity of A if used creates an 

inventory between A and B.  

(c) If all the processes are operated for 10 hrs, then the designed output of 

100 Customers/hr. are achieved still the process line is unbalanced as the 

processing capacities are unequal. 

(d) Random arrivals affect the output and processing of customers 

 

Question 3: A department of a company has to process a large number of 

components / months. The process equipment time required is 36 minutes  / 

component, whereas the requirement of an imported process chemical is 1.2 

liters / component. The manual skilled manpower required is 12 minutes  / 

component for polishing and cleaning. The following additional data is 

available: 
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 Availability  

/ month  

Efficiency of  

utilization  

Equipment hours  500 85 % 

Imported chemicals [litres]  1,000 95 % 

Skilled manpower  250 65 % 

 

(i) What is the maximum possible production under the current conditions?  

(ii)  If skilled man -power availability is increased by overtime by 20%, what 

will be the impact on production increase?  

{CMA inter D11, 5 marks} 

Answer: (i)  

 Availability Efficiency Utilization Required p.u Output12 

[1] [2] [3] [4] [5] [6] =  

Equipment hours [hours] 500 85 % 425 hours 36 mins 708 

Imported chemicals [liters] 1000 95 % 950 liters 1.2 liters 792 

Skilled manpower [hours] 250 65 % 162.5 hours 12 mins 813 

The maximum possible production [bottleneck]  708 

 

(ii) There will be no impact on production increase if skilled manpower is 

increased by overtime by 20% as the bottle neck in output is equipment hours 

  

 
12Actual output = 

   Ϸ
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FINDING SUITABLE MACHINE  

Question 1: Machine K and L both capable of manufacturing an industrial 

product, compare as follows 

 Machine K  Machine L  

Investment 60,000 1,00,000 

Interest on borrowed capital  15% 15% 

Operating cost (Wages, Power, etc.) per hour 12 10 

Production per hour  6 Pieces 10 Pieces 

 

The factory whose overhead cost is 1,20,000 works effectively for 4,000 hours 

in 2 shifts during the year.  

(i) Justify with appropriate calculations which of the two machines you 

would choose for regular production.  

(ii)  If only 4000 pieces are to be produced in a year which machine would 

drive the lower cost p.u.,  

(iii)  For how many pieces of production per year would the cost of production 

be same on either machine? (For above comparisons the cost of material 

may be excluded as being the same on both machines.) 

Answer:  

A  Machine K Machine L 

 Annual interest charges [FC] = Investment × Rate of Interest 9,000 15,000 

 Annual operating charges [VC] [Total Hours × Operating Cost p.h.] 48,000 40,000 

 Total annual charges 57,000 55,000 

 Annual output = Total Hours × Output p.h. 24,000 40,000 

 Cost per unit = 
  

 
 2.375 1.375 

 Rank for reugular production II I 

(i) VC p.u. = 
  

 
 2 1 

 Cost for 4,000 units = [Total FC + VC p.u × 4,000 units] 17,000 19,000 

(ii) Cost per unit for the production of 4,000 units 4.25 4.75 
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 Rank I II 

(iii) Indifference Point = 
    

   ȢȢ
 = 

ȟ ȟ  
 6,000 u. 

 Cost at indifference point = [Total FC + VC p.u. × 6,000 units] 21,000 21,000 

 

Question 2: Two alternative methods X and Y using different tooling set -ups 

may be employed to manufacture a component on a particular machine tool 

whose operating cost is 20 (including wages of operator) per hour.  

Particulars  Method X  Method Y  

Component 4000 pieces 3000 pieces 

Cost of tooling  320 1500 

Production rate per hour  10 pieces 15 pieces 

 

1. Justify with suitable calculation which of the two methods would you 

choose as being more economical for regular production? 

2. Would your answer be different if only 1000 pieces of particular 

component are required? 

{CMA Inter J14, 6 Mark} 

Answer: The unit costs of two methods are as follows  

Particulars  Method X  Method Y  

Cost of tooling   320  1500 

Hours required [ 
   

  ȢȢ
 τπππ

ρπ
 

400 σπππ

ρυ
 

200 

Operating cost 400×20 8,000 200×20 4,000 

Total production costs  8,320  5,500 

Number of pieces  4,000  3,000 

Cost per piece  2.08  1.83 

Therefore, economical method    Y 

If only 1,000 pieces are required the cost would be as follows  

Cost of tooling   320  1,500 
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Hours required  ρȟπππ

ρπ
 

100 ρȟπππ

ρυ
 

66.67 

Operating cost 100×20 2,000 66.67×20 1,333.40 

Total cost of production   2,320  2,833.40 

Cost per piece  2.32  2.83 

In this case X is cheaper     

 

Question 3: Calculate the break-even point for the following:  Production 

Manager of a unit wants to know from what quantity, he can use automatic 

machine against semi-automatic machine. 

Data Automatic  Semi-automatic  

Time for the job [minutes]  2 5 

Set up time [hours] 2 1.5 

Cost per hour [ ] 20 12 

Answer:  

   Automatic Semi-automatic 

  Formula Calculation  Calculation  

[1] Job cost Time p.u × Cost p.h.  20 0.67 12 1.00 

[2] Set up [s.u] 

cost 

Time p.s.u × Cost p.h. 2× 20 40.00 1.5 × 12 18.00 

[3] Total Cost [1] × Units + [2]     

[4] Indifference 

Point  

ὈὭὪὪὩὶὩὲὧὩ Ὥὲ ὸέὸὥὰ Ὂὅ 

ὈὭὪὪὩὶὩὲὧὩ Ὥὲ ὠὅ ὴȢόȢ
 

 

Ȣ
 = 66 units 

[5] Suitability for demand range 66 units and above 66 units and below 

 

Question 4: A company is planning to replace its current machine, which has 

been worked out, by a new machine. There are three alternatives available 

and the estimated costs are shown below: 

 

Machine  Fixed costs p.a. Variable cost p.u.  
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A 20000 50 

B 40000 30 

C 80000 10 

Required:  

1. Compute the cost indifference points for the three alternatives.  

2. What do the cost indifference points suggest, as a course of action in this 

regard? 

3. If the management expects demand of 1850 units next year, which 

machine would be most economical? 

{CMA Inter J02} 

Answer:  

1. Cost indifference point = 
    

    ȢȢ
 

 Cost indifference point between [A&B] = 
ȟ ȟ

 = 1,000 units 

 Cost indifference point between [B&C] = 
ȟ ȟ

 = 2,000 units  

 Cost indifference point between [A&C] = 
ȟ ȟ

 = 1,500 units 

 

2. The course of action to be taken from the indifference point 

 Demand Range Suitable Machine  

1 1,000 and less A 

2 1,000 ɬ 2,000 B 

3 2,000 and more C 

Note 1: low total fixed cost with higher variable cost per unit will be 

suitable for low demand and  

Note 2: high total fixed cost with lower variable cost per unit is suitable 

for high demand  

3. If the demand is 1850 units in the next year, then machine B will be 

suitable 

 

Question 5: An article is processed on three machines, A, B and C as shown 

below: 
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 Machine operation time    

Machine  Machine  

Time  

Processing 

Time  

Total  Preparation  

time (min/day)  

Cleaning  

(min/day)  

A 2 2.5 4.5 15 10 

B 3 10 13 30 10 

C 2 5 7 25 10 

A study revealed that if the jigs for machines B and C are to be redesigned for 

reducing loading and unloading times to 2 minutes and 1 minute 

respectively. 

(a) Find the number of pieces produced per day (single shift of 8 hrs) 

(b) Costing has shown that unless production is increased by 20 per cent the 

installation of new jigs would not be worthwhile. Would you recommend 

redesign of jigs? 

(c) If the number to be produced  is large, suggest changes in present 

arrangement and estimate new production rate.  

{CMA Inter J11, 3 Marks} 

Answer:   

(a)  

 Machine operation time Preparation and cleaning (min/day)  

Machine Machine  

Time 

Processing 

Time 

Total Preparation  

time (min/day) 

Cleaning  

(min/day) 

Total Output13 

A 2 2.5 4.5 15 10 25 101 

B 3 10 13 30 10 40 34 

C 2 5 7 25 10 35 64 

The maximum possible production [bottleneck] 34 

 

 
13Actual output1 = 

  

  Ȣ
 [Note: time available = 8 hours × 60 mins 

= 480 mins] 
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(b) Redesigning the newjigs:  The redesigning of new jigs will change the 

cycle time, i.e., the cycle time is reduced to 12 minutes (from 13 min as the 

unloading and loading time is reduced by 1 minute)  

 Machine operation time Preparation and cleaning (min/day)  

Machine Machine  

Time 

Processing 

Time 

Total Preparation  

time (min/day) 

Cleaning  

(min/day) 

Total Output 

A 2 2.5 4.5 15 10 25 101 

B 2 10 12 30 10 40 37 

C 1 5 6 25 10 35 74 

The revised maximum possible production [bottleneck] 37 

Percent increase in output = 
╘▪╬►▄╪▼▄ ░▪ ▬►▫▀◊╬◄░▫▪

╔●░▼◄░▪▌ ▬►▫▀◊╬░◄▫▪
 =  9% 

The increase in per cent of production is less than 20%, hence redesign is not preferred 

 

(c) Suggestion if the numb er of pieces is large: The critical operation 

(bottleneck) is processing on machine B which requires 10 minutesfor 

processing and 3 minutes for machine. If we introduce one more machine 

of kind B, then the cycle time will be reduced to 8 min. The new outpu t = 

440/8 = 55 pieces 

 

[CMA INTER J01]  

Question: Briefly spell out the role of Cost and Management Accountant in 

various areas of operations Management & Control.  

Answer: Areas in operation management and control and the role of Cost and 

Management Accountant is mainly depends upon the position and 

designation of CMA. Based ON designation he may participate in decision 

making design stage. His role may be advisory also. 

1. A CMA is expected to take active part in balancing modernization, 

expansion, replacement and diversification decisions. 

2. CMA has to participate in capacity planning decisions.  

3. The role of CMA is important in total process, starting from tender 

participation, procurement of order to the final dispatch and collection  
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4. The role of CMA becomes necessary in estimating the cost and finally to 

compare actual with the estimates and reconcile the differences. 

5. The role of CMA becomes important in wage settlement, idle time 

reporting and overtime control.  

6. CMA is expected to find out the i nspection cost, Rejection cot, scrap, 

Spoilage etc. 

7. A CMA is an essential member in cost control and cost reduction 

programme. 

8. ", ɀÚɯÈÛɯÛÏÌɯÏÐÎÏÌÙɯÓÌÝÌÓÚɯÔÈàɯÉÌɯÜÛÐÓÐáÌËɯÈÛɯ×ÓÈÕÕÐÕÎɯÈÕËɯÊÖÕÛÙÖÓɯÚàÚÛÌÔɯ

design stage. 

 

[CMA INTER D04]  

Question: Discuss the fo ur important stages involved in the development 

of a new product in a manufacturing industry.  

Answer: Important stages involved in the development of a new product in 

a manufacturing industry are as follows:  

1. Preliminary Assessment: Preliminary assessment of the technical 

feasibility of the visualized product. At this stage, some concepts found 

to be unattainable with existing technologies may be weeded out, thus 

retaining only the feasibly.  

2. Assessment of potential customers:  Assessment of potential customers 

through market research to get at the price range within which a sizeable 

quantity of the product having the given characteristics is likely to be 

sold. 

3. Evolution of desire product characteristics:  Evolution of desired product 

characteristics meeting the price criteria through design, prototype 

manufacturing testing based on market research. 

4. Technical documentation:  Technical documentation comprising detailed 

specifications, drawings, process technology, quality standard etc. 
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2.4 FACILITY LOCATION  

 

Question 1: What do you mean by plant location?  

Answer 1: The selection of location is a key-decision as large investment is 

made in building plant and machinery. It is not advisable or not possible to 

change the location very often. The purpose of the location study is to find an 

optimum location that will result in the greatest advantage to the 

organization.  

 

Question 2: What are the factors influencing plant location  / facility 

location? 

Answer 2: Controllable Factors  

1. Proximity to marke ts 

2. Supply of materials  

3. Transportation facilities  

4. Infrastructure availability  

5. Labour and wages 

6. External economies 

7. Capital  

Uncontrollable Factors  

1. Government policy  

2. Climate conditions  

3. Supporting industries and services 

4. Community and labour attitudes  

5. Community Infrastructure  

 

Question 3: What are the different location models?  

Answer 3:  

1. Factor rating method 

2. Weighted factor rating method  

3. Load-distance method 

4. Centre of gravity method  
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5. Break even analysis 

6. Indifference Point  

 

Question 4: Wrtie  down the steps in the Selection Process of Location under 

Factor Rating Method  

Answer 4:  

1. Identify the important location factors.  

2. Rate each factor according to its relative importance, i.e., higher the 

ratings is indicative of prominent factor.  

3. Assign each location according to the merits of the location for each factor. 

4. Calculate the rating for each location by multiplying factor assigned to 

each location with basic factors considered. 

5. Find the sum of product cal culated for each factor and select best location 

having highest total score. 

 

[CMA RTP D11]  

Question 5: What factors will have to be considered in choosing the 

location for the following industries?  

1. Aluminium industry.  

2. Thermal power plant.  

3. Large furniture (domestic and office) manufacturing unit.  

Answer 5: The general factors to be considered for any Industry location are 

the following:  

1. Proximity to raw material sources  

2. Availability of critical input required for the process  

3. Proximity to the Marke t 

4. Availability of skilled labour  

5. Special tax and other financial benefits available in a location 

6. Central/state/municipal regulations.  

While all the above factors are important for all Industries, some factors will 

be dominant for some industries as explained below: 

1. Aluminium  Industry  is a power int56ensive industry. Hence the 

region/location where availability of power is a very critical consideration 
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for the choice of location. Likewise, proximity to raw material source 

namely bauxite is also a vital consideration. 

2. For thermal plant  proximity to coal mines is very important since 

transportation of huge quantity of coal every day is very costly and 

difficult. Equally important is the availability of abundant quality of 

water for the boiler.  

3. For furniture industry  proximity to the Marke t is a crucial factor apart 

from other factor. While transporting finished furniture, damages may 

take place and also it will be bulky and occupy more space and hence 

costly. Therefore furniture units are located nearer towns and cities nearer 

to offices and houses. 

 

PRACTICAL PROBLEMS  

Question 1: Location selection using f actor rating method: A  new medical 

facility, Health -care, is to be located in Delhi. The location factors, factor 

rating and scores for two potential sites are shown in the following table. 

Which is the best location based on factor rating method? 

No. Location Factor 
Factor 

Rating  

Scores 

Location 1 Location 2 

1 Facility utilization  8 3 5 

2 Total patient per month  5 4 3 

3 Average time per emergency trip  6 4 5 

4 Land and construction costs 3 1 2 

5 Employee preferences  5 5 3 

 

Answer 1:  

 Location Factor 
Factor 

Rating 

Location I  Location II  

Score Total Score Total 

1 Facility utilization  8 3 24 5 40 

2 Total patient per month  5 4 20 3 15 
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3 Average time per emergency trip  6 4 24 5 30 

4 Land and construction costs 3 1 3 2 6 

5 Employee preferences  5 5 25 3 15 

    96  106 

Location II is preferred based on factor rating method  

 

Weighted Factor Rating Method  

In this method to merge quantitative and qualitative factors, factors are 

assigned weights based on their relative importance and weightage score for 

each site using a preference matrix is calculated. The site with the highest 

weighted score is selected as the best choice. 

 

Location Selection using Weighted Factor Rating Method:  

Question 2: A new medical facility, Health -care, is to be located in Delhi. The 

location factors, weights, and scores (1 = poor, 5 = excellent) for two potential 

sites are shown in the following table. What is the weighted score for these 

sites? Which is the best location? 

No. Location Factor  Weight  Scores 

Location 

1 

Location 

2 

1 Facility Utilization  25 3 5 

2 Total patient Km per month  25 4 3 

3 Average time per emergency trip  25 3 3 

4 Land and construction costs 15 1 2 

5 Employee preference  10 5 3 
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Answer: The weighted score for this particular site is calculated by 

ÔÜÓÛÐ×ÓàÐÕÎɯÌÈÊÏɯÍÈÊÛÖÙɀÚɯÞÌÐÎÏÛɯÉàɯÐÛÚɯÚÊÖÙÌɯÈÕËɯÈËËÐÕÎɯÛÏÌɯÙÌÚÜÓÛÚȯ 

No. Location Factor Weight  Scores 

   Location 1 Location 2 

  [1] [2] [1]×[2] [3] [1]×[3] 

1 Facility Utilization  25 3 75 5 125 

2 Total patient Km per month  25 4 100 3 75 

3 Average time per emergency 

trip  

25 3 75 3 75 

4 Land and construction costs 15 1 15 2 30 

5 Employee preference  10 5 50 3 30 

    315  335 

Location 2 is the best site based on total weighted scores.  

 

Question 3: A Media Company proposes to build a new office in one of the 

three locations. Using the data below, determine the best location. Assume 

the following values:  

Excellent = 10, V. Good = 8, Good = 6, Fair = 4 and Poor = 2. 

 Rating Factor Location 1 Location 2 Location 3 Weight 

A. Living Standard Excellent Good Fair 30 

B. Labour Relations Good Fair Excellent 10 

C. Government Aid V.Good Good Poor 5 

D. Schooling System Fair Excellent Good 15 

E. Distance to Customers V. Good Poor Excellent 10 

F. Distance to Suppliers Poor Good V. Good 10 

G. Revenue Contribution V. Good Excellent Good 20 

{CMA Inter J06, 9 Marks} 

Answer 3: The following steps are to be followed:  

(a) Convert descriptive scores into numerical. Value of description [V]  

(b) Multiply by weights [W] and add them.  
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(c) The location that scores the highest total will obviously be the best choice. 

The best choice for location that scores highest total  

 

Rating Factor Location 1 Location 2 Location 3 

 V W WV  V W WV  V W WV  

Living Standard  10 30 300 6 30 180 4 30 120 

Labour Relations 6 10 60 4 10 40 10 10 100 

Govt. aid 8 5 40 6 5 30 2 5 10 

Schooling System 4 15 60 10 15 150 6 15 90 

Distance to Customers 8 10 80 2 10 20 10 10 100 

Distance to suppliers 2 10 20 6 10 60 8 10 80 

Revenue Contribution  8 20 160 10 20 200 6 20 120 

Total scores 720 680 620 

Conclusion:  As Location 1 gets the highest score, it becomes the best Choice. 

Note:  V = value; W = weight & WV = weight × value 

 

Load-distance Method  

The load-distance method is a mathematical model used to evaluate locations 

based on proximity factors. The objective is to select a location that minimizes 

the total weighted loads moving into and out of the facility. The distance 

between two points is expressed by assigning the points to grid coordinates 

on a map. An alternative approach is to use time rather than distance. 

 

Centre of Gravity  

The centre of gravity is defined to be the location that minimizes the weighted 

distance between the warehouse and its supply and distribution points, 

where the distance is weighted by the number of tones supplied or 

consumed. 
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[CMA INTER D01]  

Question 4: A firm wants to guarantee one -day deliv ery time to its customers. 

It had 8 hours working day and avoids overtime. Its order processing and 

loading time is 3 hours and the average delivery time speed is 40 km. / hour.  

Suggest a strategic location of the warehouse so as to serve its customer 

effectively.  

Answer 4:  

 Total time available in a day  8 hours 

Less Order processing & loading time  3 hours 

 Time available for delivery  5 hours 

 Average delivery time speed per hour  40 kms 

 

As firm is giving guarantee for one day delivery time, it can cover total 

distance in 5 hours = 5 × 40 = 200 kms. Hence, the firm should have a 

warehouse within a distance of 200 kms of its customers. 

 

Break-even Analysis  

Break even analysis implies that at some point in the operations, total revenue 

equals total cost. Break even analysis is concerned in finding the point at 

which the revenues and costs agree exactly.  

 

 

Units of output or percentage of capacity  
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Location Selection  

Question 5: A company is planning to undertake the production of medical 

testing equipment has to decide on the location of the plant. Three locations 

are being considered, namely, A, B and C the fixed costs of three locations are 

estimated to be  300 Lakhs, 500 Lakhs and 250 Lakhs respectively. The 

variable costs are  3000,  2000 and  3500 per unit respectively. The average 

sales price of the equipment is  7000 per unit. Find 

1. Calculate total cost for the following range of productions [in units]: 5,000, 

10,000, 15,000, 20,000 & 25,000 also draw a graph 

2. Select the best location, if the sales volume is of 18,000 units. 

{CMA Inter, J04, J09, D11 & D14, 4~8 marks} 

Answer 5: Determination of total costs of three locations. 

TC = TFC + Q × VC p.u. 

Table: Total costs at different volumes for three locations: ( in Lakhs) 

Quantity  5,000 10,000 15,000 20,000 25,000 

TC of A 450 600 750 900 1,050 

TC of B 600 700 800 900 1,000 

TC of C 425 600 775 950 1,125 

Decision: For quantities up to10,000 units, Location C is the most economical. 

For quantities above 20,000, Location B is preferred. Between 10,000 to 20,000 

units, Location A is preferred.  

Graph: Breakeven Point  
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Question 6: Potential locations X, Y and Z have the cost structures shown 

below. The ABC company has a demand of 1,30,000 units of a new product. 

Three potential locations X, Y and Z having following cost structures shown 

are available. Select which location is to be selected and also identify the 

volume ranges where each location is suited? 

 

 Location X Location Y Location Z  

Fixed Costs  1,50,000  3,50,000  9,50,000 

Variable Costs 10  8 6 

Answer 6:  

4. Cost indifference point  (IDP)  = 
    

    ȢȢ
 

 Cost IDP between [X&Y] = 
ȟ ȟ ȟ ȟ

 = 1,00,000 units 

 Cost IDP between [Y&Z] = 
ȟ ȟ ȟ ȟ

 = 3,00,000 units  

 Cost IDP between [X&Z] = 
ȟ ȟ ȟ ȟ

 = 2,00,000 units 

 

5. The course of action to be taken from the indifference point 

 Demand Range Suitable Machine  

1 1,00,000 and less X 
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2 1,00,000 ɬ 3,00,000 Y 

3 3,00,000 and more Z 

 

Note 1: low total fixed cost with higher variable cost per unit will be 

suitable for low demand and  

Note 2: high total fixed cost with lower variable cost per unit is suitable 

for high demand  

6. If the demand is 1,30,000 units, then location Y will be suitable 
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2.5 FACILITY LAYOUT  

 

Question 1: Explain the meaning of plant layout.  

Answer 1: Defined by Moore:  Plant layout is a plan of an optimum 

arrangement of facilities including personnel, operating equipment, storage 

space, material handling equipment and all other supporting services along 

with the design of best structure to contain all these facilities  

 

Question 2: What are the needs for redesign of layout?  

{CMA inter J09, 4 marks} 

Answer 2:  

 Accidents, health hazards and low safety, 

 Changes in environmental or legal requirements, 

 Changes in processes, methods or equipments, 

 Changes in product design/service design, 

 Changes in volume of output or product -mix changes, 

 Inefficient operations (high cost, bottleneck operations),  

 Introduction of new products/services,  

 Low employee morale. 

 

Question 3: What are the Objectives of Good Plant layout?  

Answer 3: The primary goal of the plant layout is to maximize the profit by 

arrangement of all the plant facilities to the best advantage of total 

manufacturing of the product and the other objectives are  

 Efficient utilization of labour and equipment,  

 Higher flexibility (to change the layout easily),  

 Higher utilization of space, equipment and people (employees),  

 Improved employee morale and safe working conditions,  

 Improved flow of materials, information and people (employees),  

 Improved production capacity,  

 Reduced congestion or reduced bottleneck centers, 

 Reduced health hazards and accidents, 

 Reduced material handling costs, 
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 To allow ease of maintenance, 

 To facilitate better coordination and face-to-face communication where 

needed, 

 To improve productivity,  

 To provide ease of supervision, 

 To provide product flexibility and volume flexibility,  

 To utilize available space efficiently and effectively.  

 

Question 4: List down the importance of layout  

Answer 4:  

 Avoidance of Bottlenecks 

 Avoidance of Unn ecessary and Costly Changes 

 Better Production Control  

 Better Supervision 

 Economies in Handling  

 Effective Use of Available Area 

 Improved Employee Morale  

 Improved Quality Control  

 Improved Utilization of Labour  

 Minimization of Production Delays  

 Minimum Equipment Investment  

 

Question 5: What way the choices of layout facilitate the organization?  

Answer 5:  

 Facilitating the flow of materials and information,  

 Improving communication,  

 Improving employee morale,  

 Increasing customer convenience and sales (in service organizations), 

 Increasing the efficient utilization of labour and equipment,  

 Reducing hazards to employees. 

 

Question6: What are the fundamental layout choices available to 

managers? 
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Answer 6:  

 Whether to plan the layout for the current or future n eeds? 

 Whether to select a single-story or multistory building design?  

 What type of layout to choose? 

 What performance criteria to emphasize? 

 

Question7: List down the factors influencing layout choices.  

Answer 7:  

 Location 

 Machinery and Equipment  

 Managerial Policies 

 Materials 

 Product 

 Type of industry  

 Workers (gender) 

 

[CMAINTER D09, 4 Marks]  

Question 8: What are the principles to be borne in mind while designing a 

plant layout?  

Answer 8:  

 Principle of Minimum Travel:  Men and materials should travel the 

shortest distance between operations so as to avoid waste of labour and 

time and minimize the cost of materials handling.  

 Principle of Sequence:  Machinery and operations should be arranged in 

a sequential order. This principle is best achieved in product layout, and 

efforts should be made to have it adopted in the process layout. 

 Principle of Usage:  Every unit of available space should be effectively 

utilized. This principle should receive top consideration in towns and 

cities where land is costly. 

 Principle of Compactness:  There should be a harmonious fusion of all 

the relevant factors so that the final layout looks well integrated and 

compact. 
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 Principle of Safety and Satisfaction : The layout should contain built in 

prov isions for safety for the workmen. It should also be planned on the 

basis of the comfort and convenience of the workmen so that they feel 

satisfied. 

 Principle of Flexibility:  The layout should permit revisions with the least 

difficulty and at minimum cost.  

 Principle of Minimum Investment:  The layout should result in savings 

in fixed capital investment, not by avoiding installation of the necessary 

facilities but by an intensive, use of available facilities.  

 

[CMAINTER D09, 4 Marks]  

Question 9: List down the characteristic of good layout  

Answer 9:  

 Effective coordination and integration among the various resources.  

 Facilitates supervision and control.  

 Flexibility for change of layout, expansion, changes in product design and 

process. 

 Good working conditions - lighting, ventilation, temperature, humidity 

etc., 

 Maximum utilization of available space.  

 Proper location of storage areas. 

 Provision of safety and reduction of accidents. 

 Smooth flow of production (i.e., raw materials and workers).  

 Smooth movement of men, materials and machinery from place to place. 

 

[CMA INTER J15, 1+5 = 6 Marks] 

Question: What do you mean by layout in a production planning system? 

Name the various types of layouts?  

 

Question 10: What are the classifications of Layout? Expla in.  

Answer 10: 

1. Process layout 
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2. Product layout  

3. Combination layout  

4. Fixed position layout  

5. Group layout  

 

[CMA INTER D06, 3 Marks]  

Question: Write short note on Process Layout  

 

 

Process layout is recommended for batch production. All machines 

performing similar type of operations are grouped at one location in the 

process layout e.g., all lathes, milling machines, etc. are grouped in the shop 

will be clustered in like groups. Thus , in process layout, the arrangements of 

facilities are grouped together according to their functions.  

Advantages: 

1. In process layout machines are better utilized and fewer machines are 

required.  

2. Flexibility of equipment and personnel is possible in process  layout.  

3. Lower investment on account of comparatively less number of machines 

and lower cost of general purpose machines. 

4. Higher utilization of production facilities.  

5. A high degree of flexibility with regards to work distribution to 

machineries and workers. 

6. The diversity of tasks and variety of job makes the job challenging and 

interesting. 

7. Supervisors will become highly knowledgeable about the functions under 

their department.  

Limitations  

1. Backtracking and long movements may occur in the handling of materials 

thus, reducing material handling efficiency.  



2.48 

2. Material handling cannot be mechanized which adds to cost.  

3. Process time is prolonged which reduce the inventory turnover and 

increases the process inventory. 

4. Lowered productivity due to number of set -ups. 

5. Throughput (time gap between in and out in the process) time is longer.  

6. Space and capital are tied up by work-in-process. 

 

Product Layout  

 

 

In this type of layout, machines and auxiliary services are located according 

to the processing sequence of the product. If the volume of production of one 

or more products is large, the facilities can be arranged to achieve efficient 

flow of materials and lower cost per unit.  

Advantages 

1. The flow of product will be smooth and logical in flow lines.  

2. In-process inventory is less. 

3. Throughput time is less.  

4. Minimum material handling cost.  

5. Simplified production, planning and control systems are possible.  

6. Less space is occupied by work transit and for temporary storage. 

7. Reduced material handling cost due to mechanized handling systems and 

straight flow.  

8. Perfect line balancing which eliminates bottlenecks and idle capacity. 

9. Manufacturing cycle is short due to uninterrupted flow of materials.  

10. Small amount of work -in-process inventory. 

11. Unskilled workers can lear n and manage the production. 

Limitations  

1. A breakdown of one machine in a product line may cause stoppages of 

machines in the downstream of the line. 

2. A change in product design may require major alterations in the layout.  
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3. The line output is decided by the bottleneck machine. 

4. Comparatively high investment in equipments is required.  

5. Lack of flexibility , a change in product may require the facility 

modification.  

 

Combination Layout  

A combination of process and product layouts combines the advantages of 

both typ es of layouts. A combination layout is possible where an item is being 

made in different types and sizes. 

 

Combination Layout  

 

 

Fixed Position Layout  

 

This is also called the project type of layout. In this type of layout, the material 

or major components remain in a fixed location and tools, machinery, men 

and other materials are brought to this location. This type of layout is suitable 
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when one or a few pieces of identical heavy products are to be manufactured 

and when the assembly consists of large number of heavy parts, the cost of 

transportation of these parts is very high.  

Advantages 

1. Helps in job enlargement and upgrades the skills of the operators. 

2. The workers identify themselves with  a product in which they take 

interest and pride in doing the job.  

3. Greater flexibility with this type of layout.  

4. Layout capital investment is lower.  

 

Group Layout (or Cellular Layout)  

There is a trend now to bring an element of flexibility into manufacturi ng 

system as regards to variation in batch sizes and sequence of operations. A 

grouping of equipment for performing a sequence of operations on family of 

similar components or products has become the important. GT can be used 

to develop a hybrid between pu re process layout and pure flow line (product) 

layout. This technique is very useful for companies that produce variety of 

parts in small batches to enable them to take advantage and economies of 

flow line layout.  

Group Layout  

 

Advantages of Group Technol ogy Layout  

1. Component standardization and rationalization.  

2. Reliability of estimates. 
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3. Effective machine operation and productivity.  

4. Customer service. 

It can decrease the 

1. Paper work and overall production time.  

2. Work -in-progress and work movement.  

3. Overall cost. 

Limitations of Group Technology Layout  

This type of layout may not be feasible for all situations. If the product mix is 

completely dissimilar, then we may not have meaningful cell formation.  

 

Design of Product Layout  

Assembly lines  are a special case of product layout. In a general sense, the 

term assembly line refers to progressive assembly linked by some material-

handling device. The usual assumption is that some form of pacing is present 

and the allowable processing time is equivalent for all workstations.  

 

Design of Process Layout  

Process layouts, the relative arrangement of departments and machines is the 

critical factor because of the large amount of transportation and handling 

involved.  

 

Procedure for Designing Process Layouts  

Process layout design determines the best relative locations of functional 

work centers. Work centers that interact frequently, with movement of 

material or people, should be located close together. 

To minimize transport times and material -handling costs, we wou ld like to 

place close together those work centers that have the greatest flow of 

materials and people between them. 

For manufacturing systems, material flows and transporting costs can be 

estimated reasonably well using historical routings for products or  through 

work sampling techniques applied to workers or jobs.  

The amounts and/or costs of flows among work centers are usually presented 

using a flow matrix, a flow -cost matrix, or a proximity chart.  
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1. Flow Matrix:  A flow matrix is a matrix of the estimated amounts of flow 

between each pair of work centers. 

2. Flow -cost Matrix:  A basic assumption of facility layout is that the cost of 

moving materials or people between work centers is a function of distance 

travelled. It is assumed that per unit cost of material  and personnel flows 

between work centers is proportional to the distance between the centers. 

3. Proximity Chart:  Proximity charts (relationship charts) are distinguished 

from flow and flow -cost matrices by the fact that they describe 

qualitatively the desirability or need for work centers to be close together, 

rather than providing quantitative measures of flow and cost. These 

charts are used when it is difficult to measure or estimate precise amounts 

or costs of flow among work centers. This is common when the primary 

flows involve people and do not have a direct cost but rather an indirect 

cost, such as when employees in a corporate headquarters move among 

departments (payroll, printing, information systems) to carry out their 

work.  

 

Question 11: Write short note on organisation of Physical Facilities  

Answer 11: 

1. Factory building: A. Design of the building. B. Types of buildings.  

2. Lighting  

3. Climatic conditions  

4. Ventilation  

5. Work -related welfare facilities  

 

[CMA RTP J11] 

Question 12: What do you understand by Ergonomics?  

Answer 12: Ergonomics involves fitting job to the worker so as to minimize 

fatigue and increase productivity and job satisfaction. Ergonomics uses the 

knowledge of anatomy, physiology, psychology, to study the man -machine 

system so as to design machine for users, to blend man and machine into 

single working unit. Ergonomics facilitates better utiliza tion of human and 

physical resources. 
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Ergonomics covers the following areas: 

1. Workplace: Consists of layout, information and controls.  

2. General environment: Comprises of lighting, ventilation, noise, vibration 

and other factors affecting health and wellbeing  of workers.  

3. Other factors : Fatigue, vigilance, inspection, problem of disabled workers 

etc. 

 

PRACTICAL PROBLEMS  

Optimizing Layout Using Load Distance Score:  

Question 1: Mr. X is considering an interchange of department B and C in the 

present layout. The present layout and the handling frequencies between the 

departments are given. What would be the effect of interchange assuming 

that the departments are of the same size? Also assume that the material 

handling  cost per unit length travel between department s is same. 

A C E 

B D F 

 

From/To A B C D E F 

A -- 20 70 0 40 0 

B -- -- 50 200 0 10 

C -- -- -- 30 120 40 

D -- -- -- -- 50 220 

E -- -- -- -- -- 30 

F -- -- -- -- -- -- 

{CMA Inter D08, 6 Marks}  

Answer: Computation of total cost matrix (combining the interdepartmental 

material handling frequencies and distance matrix)  
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 Handling frequency [F] 

 

Distance [D] 

 

Total Cost = [F×D]  

 A B C D E F A B C D E F A B C D E F  

A - 20 70 0 40 0 - 1 1 2 2 3 - 20 70 0 80 0 170 

B - - 50 200 0 10 - - 2 1 3 2 - - 100 200 0 20 320 

C - - - 30 120 40 - - - 1 1 2 - - - 30 120 80 230 

D - - - - 50 220 - - - - 2 1 - - - - 100 220 320 

E - - - - - 30 - - - - - 1 - - - - - 30 30 

Total cost for the current matrix 1070 

 

If the Departments are interchanged, the layout will be represented as shown 

below 

A B E 

C D F 

 

The Distance matrix and the cost matrix are shown below: 

 Handling frequency [F] 

 

Distance [D] 

 

Total Cost = [F×D] Tot 

 A B C D E F A B C D E F A B C D E F  

A - 20 70 0 40 0 - 1 1 2 2 3 - 20 70 0 80 0 170 

B - - 50 200 0 10 - - 2 1 1 2 - - 100 200 0 20 320 

C - - - 30 120 40 - - - 1 3 2 - - - 30 360 80 470 

D - - - - 50 220 - - - - 2 1 - - - - 100 220 320 

E - - - - - 30 - - - - - 1 - - - - - 30 30 

Total cost for the revised matrix 1310 

The interchange of the departments increases the total material handling cost 

from 1070 to 1310. Hence it is not desired modification. 

 

Question 2: A defense contractor is evaluating its machine shops current 

process layout. The figure below shows the current layout and the table 

shows the trip matrix for the facility. Health and safety regulations require 

departments E and F to remain at their current positio ns. 
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Current Layout  

E B F 

A C D 

{CMA Inter D12, 5 Marks}  

Load Matrix  

From / To A B C D E F 

A - 8 3  9 5 

B  -  3   

C   -  8 9 

D    -  3 

E     - 3 

F      - 

Can layout be improved? Also evaluate using load distance (LD) score. 

Answer: Keep the departments E and F at the current locations.  

 All heavy traffic concerns have to be accommodated first, hence 

 C must be as close as possible to both E and F, put C between them. 

 Place A directly south of E, and B next to A. 

 Department D is in the  remaining place. 

Proposed layout  

E C F 

A B D 

The load distance (LD) scores for the existing and proposed layout are shown 

below.  

 L 
Existing plan  Proposed plan  

D LD  D LD  

A-B 8 2 16 1 8 

A-C 3 1 3 2 6 

A-E 9 1 9 1 9 
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A-F 5 3 15 3 15 

B-D 3 2 6 1 3 

C-E 8 2 16 1 8 

C-F 9 2 18 1 9 

D-F 3 1 3 1 3 

E-F 3 2 6 2 6 

Total    92  67 

Where, L ɬ Load, D ɬ Distance & LD ɬ [Load × Distance]  

As LD score for proposed layout indicates improvements over existing.  

 

Question 3: Given below is the existing process layout of a factory 

manufacturing toys:  

 

C B D 

E A F 

 

The following table gives the trip matrix for the unit. Arrive at an improved 

layout using the Load Distance matrix assuming that E and F should remain 

at their current positions:  

From / To A B C D E F 

A - - 2 2 1 - 

B - - 1 - 6 5 

C - - - 1 4 - 

D - - - - - 5 

E - - - - - 1 

F -- -- -- -- -- -- 

{CMA inter D10, 6 marks}  
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Answer 3: Load distance factor for present layout  

 Handling frequency [F] 

 

Distance [D] 

 

Total Cost = [F×D]  

 A B C D E F A B C D E F A B C D E F  

A - - 2 2 1 - - 1 2 2 1 1 - - 4 4 1 - 9 

B - - 1 - 6 5 - - 1 1 2 2 - - 1 - 12 10 23 

C - - - 1 4 - - - - 2 1 3 - - - 2 4 - 6 

D - - - - - 5 - - - - 3 1 - - - - - 5 5 

E - - - - - 1 - - - - - 2 - - - - - 2 2 

Total cost for the current matrix 45 

 

Proposed layout  

C A D 

E B F 

 

 
Handling 

frequency [F] 

 

Distance [D] 

 

Total Cost = [F×D]  

 A B C D E F A B C D E F A B C D E F  

A - - 2 2 1 - - 1 1 1 2 2 - - 2 2 2 - 6 

B - - 1 - 6 5 - - 2 2 1 1 - - 2 - 6 5 13 

C - - - 1 4 - - - - 2 1 3 - - - 2 4 - 6 

D - - - - - 5 - - - - 3 1 - - - - - 5 5 

E - - - - - 1 - - - - - 2 - - - - - 2 2 

Total cost for the current matrix 32 

The proposed layout is cheaper by  13 compared to the current layout, hence 

new layout is accepted. 
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2.6. RESOURCE AGGREGATE PLANNING  

 

Aggregate planning :  

 Meaning:  the production planning of the quantity and timing of 

output  

 Period:  

o intermediate range planning (often 3 to 18 months) and  

o link between short -term and long -term planning  

 Plan of production by adjusting  

o the production rate   | employment,  

o inventory and   | other controllable variables.  

 Aggregate: concerned with gross production of homogeneous 

goods 

 

Aggregate planning guidelines  

1. Determine corporate policy regarding controllable variables.  

2. Use a good forecast as a basis for planning. 

3. Plan in proper units of capacity.  

4. Maintain the stable workforce.  

5. Maintain needed control over inventories.  

6. Maintain flexibility to change.  

7. Respond to demand in a controlled manner. 

8. Evaluate planning on a regular basis. 

 

Properties: 

1. Both output and sales should be expressed in a logical overall unit of 

measuring. 

2. Acceptable forecast for some reasonable planning period, say one year. 

3. A method of identification and fixing the relevant costs associated with 

the plan 

4. Facilities that are considered fixed to carry out the objective. 
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Strategies: 

1. Chase demand strategy ð Vary production to match demand by changes in employment 

2. Level production strategy ð Produce at a constant rate and use inventories 

3. Stable work-force strategy ð Produce with stable workforce but vary the utilization rate 

 

Cost for aggregate planning : 

 Decision variable Associated cost 

1  Varying size of work force   Hiring, training, and layoff costs 

2  Using overtime or accepting idle time   Wage premiums and non-productive time costs 

3  Varying inventory levels  Carrying and storage costs 

4  Accepting back orders  Stock out costs of lost orders 

5  Subcontracting work to others  Higher labour and material costs 

6  Changing the use of existing capacity  Delayed response and higher fixed costs 

 

Mixed strategies : The number of mixed strategy alternative production plans 

is almost limitless. However, the realities of the situation will most likely limit 

the number of practical solutions. These can be evaluated on a trial-and-error 

basis to find which plan best satisfies the requirements, taking cost, 

employment policies, etc., into account. 

 

PRACTICAL PROBLEMS  

Chase demand strategy: varying work force  

Question 1: A Company has estimated its quarterly demand as shown below 

and wishes to restore ending inventory, employment, etc., to beginning levels 

accordingly.  

 

Quarter  Units Demand  

1st 500 

2nd 900 

3rd 700 

4th 300 
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Each quarterly change of 200 units output has an incremental labour cost of 

2,000 and ending levels must be restored to initial levels [2 employees]. What 

is the cost associated with changing the work force size? 

Answer:  

Period  Demand  Work force require d Change of work  Cost  

1 500 3 1 2,000 

2 900 5 2 4,000 

3 700 4 1 2,000 

4 300 2 2 4,000 

 Total Cost  6 12,000 

 

Chase demand & stable work force strategy: overtime and idle time  

Question 2: Maintain a stable work force capable of producing 600 units per 

quarter, and use over time (OT) (at 5 per unit) and idle time (IT) (at 20 per 

unit).  

Answer:  

Period Demand  OT production  

(units)  

Idle Time (IT)  

(units)  

Cost in  

1 500 - 100 2,000 

2 900 300 - 1,500 

3 700 100 - 500 

4 300 - 300 6,000 

 Total Cost   10,000 

 

As shown in above table, 400 units will be produced on overtime, and 

workers will be idle when400 units could have been produced. Total cost is 

10000. 
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Level production & stable work force strategy: vary inventories levels  

Question 3: Vary inventory lev els, but maintain a stable work force 

producing at an average requirement rate of (2,400 units / 4 quarters) 600 

units per quarter with no OT or no IT. The carrying cost (based on average 

inventory) is 32 per unit per year, and the firm can arrange to have whatever 

inventory level is required before period I at no additional cost. Annual 

storage cost (based on maximum inventory) is 5 per unit. 

Answer:  

Quarter  Forecast Rate of 

production  

Closing  

balance 

End balance 

 

1 500 600 100 400 

2 900 600 -200 100 

3 700 600 -300 0 

4 300 600 0 300 

Total  2400   800 

 

As shown in above table, inventory is accumulated during quarters 1 and 4, 

and depleted in quarters 2 and 3. The preliminary inventory balance column 

shows a negative inventory of 300 in quarter 3, so 300 must be on hand at the 

beginning of quarter 1 to pr event any shortage.  

The average inventory on hand is the ending balance total of 800 units 

divided by 4 quarters = 200 units. 

 

 Carrying cost, CC (on avg. 

inventory)  

32 p.u. / p.a.× 200 units 6,400 

+ Storage cost, CS (on max. inventory)  5p.u. / p.a.× 400 units 2,000 

 Total inventory cost ( Cc + Cs)  8,400 
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Accepting back orders & stock -out costs 

Question 4: Produce at a steady rate of 500 units per period, and accept a 

limited number of back orders when demand exceeds 500. The Stock out cost 

of lost sales is 20 per unit. 

Answer:  

Assumption: Back Order is limited with 200 units and fulfilled in the 2 nd 

Quarter to Back order 

Quarter  Forecast Rate of 

production  

Back order Lost order  

1 500 500 - 0 

2 900 500 (200) 200 

3 700 500  200 

4 300 500 200 0 

Total  2400  0 400 

 

Excess demand in 2nd quarter is met out of excess production in 4th quarter.  

Excess demand in other quarters is lost. [loss = 400 units × 20 = 8,000] 

 

Level production strategy & stable work force strategy: sub contract  

Question 5:  Produce at a steady rate of 300 units per period, and subcontract 

for excess requirements at a marginal cost of 8 per unit. 

Answer:  

Qt. Demand unit  Production  Subcontract Unit  Subcontract Cost 

1 500 300 200 1,600 

2 900 300 600 4,800 

3 700 300 400 3,200 

4 300 300 0 0 

 Total   1200 9,600 

 

Conclusion:  Among the 5 decision variables considered above, accepting 

back orders results in the least cost ( 8,000). 
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Mixed Strategy  

Question 6: Custom Furniture Co. currently has 100 employees and has 

forecast quarterly demand as shown in Table given below. The historical 

average production rate is 40 units per employee per quarter, and the firm 

has a beginning (safety stock) inventory of 1,000 units. The hiring and 

training cost is 400 per employee, and the layoff cost is 600 per employee. 

Inventory is carried at a cost of 8 per unit per quarter. Use the data to 

develop an aggregate plan that uses variable employment and inventory to 

meet demand. 

Quarterly demand forecast for furniture manufacture  

Quarter 1 2 3 4 Total 

Demand 3,500 5,000  4,000 3,450 15,950 

 

Answer: One of the many possible alternatives explained below.  

Many others, including better ones, are possible. 

 

Qtr. Demand Number of 

employees 

Change in 

employees 

Total 

output 

Closing 

Stock14 

Stock 

Cost 

Hiring 

Cost 

Layoff 

cost 

1 3,500 100 - 4,000 1,500 12,000 - - 

2 5,000 120 +20 4,800 1,300 10,400 8,000 - 

3 4,000 80 -40 3,200 500 4,000 - 24,000 

4 3,450 100 +20 4,000 1,050 8,400 8,000 - 

Total Cost 34,800 16,000 24,000 

Overall Total Cost 74,800 

 

Assumptions: Increase the number of employees in the 2nd and 4th quarters 

by 20 employees each and reduce in the 3rd quarter by 40 employees 

 

Question 7: The order position ( i.e., requirements of dispatch) for the next 

twelve months in respect of a particular product is as under: 

 
14Closing stock = Opening stock + Total output ï Demand 
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Month  1 2 3 4 5 6 7 8 9 10 11 12 

1ÌØÜÐÙÌËɯ4ÕÐÛÚɯÐÕɯȿƔƔƔɯ 13 12 10 9 11 13 11 7 15 13 12 10 

 

The production capacity of the shop is 10000 units per month on regular basis 

and 3000 units per month on overtime basis. Sub-contracting can be relied 

upon up to a capacity of 3000 units per month after giving a lead time of 3 

months. Cost data reveal as under: 

 

Cost per piece on regular basis. 5 

Cost per piece on overtime basis. 9 

Cost per piece on subcontract basis. 7 

 

Assuming an initial inventory of 1000 units with stock holding cost of 1 p.u. 

/ p.m. and that no back logging of orders is permissible, suggest an optimal 

production schedule. Also work out the total cost on the basis of the 

suggested schedule. 

 

Answer: Calculation of total cost for the mixed strategy  

   ȿƔƔƔ 

Month  Req 

Units  

Production Units  Closing  

stock   Sub-contract order  

  Regular 

Time  

Over 

 Time  

Placed  

for  

delivered   

1 13 10 2 - - 0 

2 12 10 2 - - 0 

3 10 10 0 3 - 0 

4 9 10 0 1 - 1 

5 11 10 0 - - 0 

6 13 10 0 2 3 0 

7 11 10 0 3 1 0 

8 7 10 0 2 - 3 
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9 15 10 0 - 2 0 

10 13 10 0 - 3 0 

11 12 10 0 - 2 0 

12 10 10 0 - - 0 

Total 136 120 4  11 4 

Cost p.u.  5 9  7 1 

Total Cost   600 36  77 4 

Total Cost   717 

 

Question 8: From the following forecast determine the monthly inventory 

balances required to follow a plan of letting the inventory absorb all 

fluctuations in demand. In this case, it is assumed to have a constant work 

force, no idle time or overtime, no back orders, no use of subcontractors, and 

no capacity adjustment. Assume that the firm does not use safety stock or 

cushion inventory to meet the demand.  

 

Month  Jan Feb Mar April  May  June  July  Aug Sep Oct Nov Dec 

Forecast demand 220 90 210 396 616 700 378 220 200 115 95 260 

Production in days 22 18 21 22 22 20 21 22 20 23 19 20 

 

Answer 8:  

Note: Average production per day = 
 

  
 = 
ȟ

 = 14 units 

 

Month  Production 15 Demand  Closing  

Stock16 

Closing  

Stock [R] 17 

Jan 308 220 88 654 

Feb 252 90 250 816 

Mar  294 210 334 900 

 
15Production = Number of days × Average production per day 
16Closing stock = Opening stock + Production ï Demand 
17Closing stock [R] = Closing stock is calculated assuming the opening stock of 566 units 

[the maximum stock out] in order to avoid stock out 
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Apr  308 396 246 812 

May  308 616 -62 504 

June  280 700 -482 84 

July  294 378 -566 0 

Aug  308 220 -478 88 

Sep 280 200 -398 168 

Oct 322 115 -191 375 

Nov  266 95 -20 546 

Dec 280 260 0 566 
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2.7 MATERIAL REQUIREMENTS PLANNING  

 

[CMA INTER D01]  

Question1: What is Selective Inventory Control? Briefly discuss the main 

areas of its application  

Answer: Selective Inventory Control refers to the variation in method of 

control from item to item on some selective basis. Items of inventory are 

classified on the basis of usefulness and care. Some items need greater care, 

some need many criteria used for this purpose. 

They are 

1. Based on the cost of the production 

2. Lead time. 

3. Usage rate. 

4. Procurement difficulties, criticality, frequency of usage.  

 

[CMA INTER J02]  

Question 2: Write briefly the various reasons for holding inventory in the 

context of operation  management. 

Answer:  

1. To stabilize Production:  The demand for an item fluctuates because of 

the number of factors. E.g. season, production schedule etc. The 

inventories (Raw materials and components) should be made available to 

the production as per the demand failing which results in stock out and 

the production stoppage takes place for want of materials. Hence, the 

inventory is kept to take care of this fluctuation so that the production is 

smooth. 

2. To take advantage of price discounts:  Usually the manufacturers offer 

discount for bulk buying and to gain this price advantage the materials 

are bought in bulk even though it is not required immediately. Thus 

inventory is maintained to gain economy in purchasing.  

3. To meet the demand during th e replenishment period:  The lead time for 

procurement of materials depends upon many factors like location of the 
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source, demand supply condition etc.  So inventory is maintained to meet 

the demand during the procurement (replenishment) period.  

4. To prevent l oss of orders (Sales): In this competitive scenario, one has to 

meet the delivery schedules at 100%service level, means they cannot 

afford to miss the delivery schedule which may result in loss of sales. To 

avoid this, the organizations have to maintain in ventory.  

5. To keep pace with changing market conditions:  The organizations have 

to anticipate the changing market sentiments and they have to stock 

materials in anticipation of non -availability of materials or sudden 

increase in prices. 

6. Sometimes the organiz ations have to stock materials due to other 

reasons like suppliersɀ minimum quantity condition, seasonal availability 

of materials or sudden increase in prices. 

 

Question 3: What are the objectives of MRP?  

Answer:  

1. Inventory reduction  

2. Reduction in the manufacturing and delivery lead times  

3. Realistic delivery commitment  

4. Increased efficiency 

 

Question 4: What are the functions served by MRP?  

Answer:  

1. Order planning and control  

2. Priority planning and control  

3. Provision of a basis for planning capacity requirements and developing a 

broad business plan. 

 

[CMA INTER J05]  

Question 5: Describe the advantages and disadvantages of a materials 

requirement planning (MRP)  system. 

Answer: Advantages of MRP system  
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1. Ability to price more competitively  

2. Reduced sales price and reduced inventory  

3. Better customer services & better response to market demands 

4. Ability to change the Master Schedule & Order Quantity  

5. Reduced set-up and tear down costs & reduced idle time  

6. Advance delay or cancel orders as well as their due dates 

7. Aids capacity planning  

8. Gives advanced notice so that managers can see the planned schedule 

before actual release of orders. 

9. Tells when to expedite as well as de-expedite or relax 

Disadvantages of MRP System  

1. Successful implementation of MRP requires organizational discipline.  

2. Problems of integration between MRP & JIT might surface 

3. Lack of top management commitment, since MRP sounds like a 

manufacturing system rather than as a business planning tool and needs 

executive education for it to be used as a closed-loop, integrated strategic 

planning tool  

4. MRP is perceived as a complete stand-alone system to run a firm rather 

than as a subset of a total system 

5. It requires a high degree of accuracy for operation, often requiring 

changes in how the firm operates and in  updating files  

6. MRP is rigid in the sense that when MRP develops a schedule, it is rather 

difficult to veer away from the schedule.  

Material requirement planning (MRP) refers to the basic calculations used to 

determine component requirements from end item requirements. 

Ɂ,ÈÛÌÙÐÈÓÚɯ1ÌØÜÐÙÌÔÌÕÛɯ/ÓÈÕÕÐÕÎɯȹ,1/ȺɯÐÚɯÈɯÛÌÊÏÕÐØÜÌɯÍÖÙɯËÌÛÌÙÔÐÕÐÕÎɯÛÏÌɯ

quantity and timing for the acquisition of dependent demand items needed 

ÛÖɯÚÈÛÐÚÍàɯÔÈÚÛÌÙɯ×ÙÖËÜÊÛÐÖÕɯÚÊÏÌËÜÓÌɯÙÌØÜÐÙÌÔÌÕÛÚȭɂ 
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2.8 MANUFACTURING RESOURCE PLANNING (MRP II)  

 

Manufacturing Resource Planning (MRP II) has been developed by 

manufacturing companies for address the planning and controlling of a 

manufacturing process and all of its related support functions. It 

encompasses logically correct planning and control activities related to 

materials, capacity, finance, engineering, sales and marketing. 

MRP II  is universally applicable to any manufacturing organization 

regardless of its size, location, product or process. MRP II is a management 

process for taking the business plan and breaking it down into specific, 

detailed tasks that people evaluate, agree upon and are held accountable for. 

It involves all departments viz., materials department, engineering 

department that must maintain bill of mate rials, sales / marketing 

department that must keep sales plan upto date, purchasing and 

manufacturing departments that must meet due dates for bought out items 

and in-house manufactured items respectively. 

From MRP I to MRP II:  manufacturing resource plann ing (MRP II) is a 

natural outgrowth of materials requirement planning (MRP I) whereas MRP 

I focuses upon priorities of materials, CRP is concerned with time. Both 

material and time requirement are integrated within the MRP system (i.e., 

MRP I). Beyond thisȮɯ,1/ɯ((ɯÏÈÚɯÉÌÌÕɯÊÖÐÕÌËɯÛÖɯȿÊÓÖÚÌɯÛÏÌɯÓÖÖ×ɀɯÉàɯÐÕÛÌÎÙÈÛÐÕÎɯ

financial, accounting, personnel, engineering and marketing information 

along with the production planning and control activities of basic mrp 

systems. MRP II is the heart of corporate management information system for 

many manufacturing firms.  

Evolution of MRP II:  the earlier resource requirement planning systems were 

quite simple and unsophisticated. The MRP technique was used for its most 

limited capability to determine what materials and compo nents are needed, 

how many are needed and when they are needed and when they should be 

ordered so that they are likely to be available when needed. In other words, 

MRP simply exploded the mps into the required materials and was conceived 

as an inventory control tool or a requirements calculator. Later the logic of 

mrp technique was extended to serve as the key component in an information 

system for planning and controlling production operation and purchasing. It 

was helpful to production and operations mana gers to determine the relative 
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priorities of shop orders and purchase orders. As a manufacturing planning 

and control  system, MRP laid the basic foundation for production activity 

control or shop-floor control.  
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2.9. ENTERPRISE RESOURCE PLANNING  

 

[CA FINAL N06, 2 Marks]  

Question: What do you mean by ERP?  

Answer: Enterprise resource planning (ERP) software (i) attempts to 

integrate all departments and functions across a company into a single 

ÊÖÔ×ÜÛÌÙɯÚàÚÛÌÔɯÛÏÈÛɯÊÈÕɯÚÌÙÝÌɯÈÓÓɯÛÏÖÚÌɯËÐÍÍÌÙÌÕÛɯËÌ×ÈÙÛÔÌÕÛɀs particular 

needs. In fact ERP combines all computerized departments together with the 

help of single integrated software that runs off a single database so that 

various departments can more easily share information and communication 

with each other 

 

[CA FINAL M04, N06 & N10, 4, 3 & 4 Marks]  

Question: Name six benefits of ERP in an enterprise.  

Answer: Benefit of ERP  

1. Product costing. 

2. Inventory management.  

3. Distribution and delivery.  

4. E-commerce. 

5. Automatic control of quality.  

6. Sales service. 

7. Improved production  planning.  

8. Quick response to change in market condition. 

9. Competitive edge by improving business process. 

 

[CA FINAL M03, N04 & N07, 3, 4 & 4 Marks]  

Question:  State the major features of Enterprise Resource Planning ERP) 

Answer:  The major features of Enterprises Resource Planning (ERP) are: 

¶ It provides company -wide integrated information systems covering all 

functional areas. 

¶ It performs core activities and inc reases customer services thereby 

projecting the corporate image. 
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¶ It bridges the information gap in the organisation.  

¶ If allows for automatic introduction of latest technology like electronic 

fund transfer, etc. 

¶ It provides for improving and refining the bu siness process 

¶ It offers a solution to better project management. 

¶ It eliminates business problems like shortage of material, inventory 

problem etc. 

¶ It provides complete integration of systems, not only across departments, 

but also across the companies under same management. 
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2.10. ECONOMIC BATCH QUANTITY  

 

ὉὧέὲέάὭὧ ὄὥὸὧὬ ὗόὥὲὸὭὸώ  
ςὃὛ

ὅ
 

A ɬ Annual demand, S ɬ Set up cost, and C ɬ Carrying cost p.u. p.a.  

 

Question 1: A television company manufactures several components in 

batches. The following data relate to one component:  

 

Annual demand  32,000 units Annual rate of interest  12% 

Set up cost / batch 120 Cost of production per unit  16 

 

Calculate the Economic Batch Quantity (EBQ) 

Answer: ὉὧέὲέάὭὧ ὕὶὨὩὶὭὲὫ ὗόὥὲὸὭὸώ
ȟ

Ϸ
ςȟπππ ÕÎÉÔÓ 

 

Question 2:  OPTIMA Ltd is committed to supply 24,000 bearings per annum 

to BKT Ltd. on a steady basis. It is estimated that it costs 2.40 as inventory 

holding cost per bearing per annum and that the set-up cost per run of 

bearing manufacture is 648. What would be the optimum run (batch) size 

for bearing manufacture? 

{CMA inter J14, 2 marks} 

Answer: ὉὧέὲέάὭὧ ὕὶὨὩὶὭὲὫ ὗόὥὲὸὭὸώ
ȟ

Ȣ

σȟφππ ÂÅÁÒÉÎÇÓ 

 

Question 3: X Ltd. is committed to supply 24,000 bearings per annum to Y 

Ltd. on a steady basis. It is estimated that it costs 10 paise as inventory holding 

cost per bearing per month and that the set-up cost per run of bearing 

manufacture is 324. 

1. What would be the optimum run size for bearing manufacture?  
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2. Assuming that the company has a policy of manufacturing 6,000 bearing 

per run, how much extra costs the company would be incurring as 

compared to the optimum run suggested in (a) above?  

3. What is the minimum inventory holding cost?  

{CA inter N00}  

Answer:  

ρ Ὁὄὗ
ςὃὛ

ὅ

ς ςτȟπππσςτ

ρȢς
σȟφππ ÕÎÉÔÓ 

 

(2) Extra cost incurred by the company 

Run size  3,600 u  6,000 u 

Setup cost ςτȟπππ

σȟφππ
σςτ 

2,160 ςτȟπππ

φȟπππ
σςτ 

1,296 

Carrying cost σȟφππ

ς
ρȢς 

2,160 φȟπππ

ς
ς 

3,600 

Total cost  4,320  4,896 

Additional cost because of improper run size is [4,896 ɬ 4,320] = 576  

 

EBQ with constant production  

Question 4: X limited is manufacturing lifting tools.  These lifting tools are 

made of polypropylene fiber.  The company installed a plant for backward 

integration of its raw material polypropylene fiber.  It produces these 

polypropylene fibers at the rate of 5,000 mt per hour.  The usage rate of these 

fibers for the production of lifting tool is 20,000 mt per day considering 8 

hours working per day.  The cost of fiber is  5 per meter.  The inventory 

carrying cost is 25% and the set-up cost are  4050 per set up.  Compute 

optimal number of cycle required in a year for the manufacture of this special 

fiber.  (Take 365 days as number of days for the year in your computations). 

Answer 2:%"1 ×ÉÔÈ ÐÒÏÄÕÃÔÉÏÎ
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Ὁὄὗ
ςὃὛ

ὅρ
Ὠ
ὴ

ς χσȟππȟπππτȟπυπ

υ πȢςυ ρ
ςȟυππ
υȟπππ

σȟπχȟυψτ άὸȢ 

 

ὔόάὦὩὶ έὪ ὴὶέὨόὧὸὭέὲ ὶόὲί  
ὃ

Ὁὄὗ
  
χσȟππȟπππ

σȟπχȟυψτ
Ȣ  ◄░□▄▼ 

 

Where, 

A = Annual demand  

S = Cost per setup 

C = Carrying Cost per unit per annuam  

d = Demand rate per day 

p = Production rate per day 

 

Other models  

Economic Ordering Quantity with Backlog  

EBQ with backlog [q *] =  ×  

Backlog Quantity [b *] =  
ᶻ

 

Economic Ordering Quantity with Back log and Production  

EBQ with backlog and production [q *] = 
 

 ×  

Backlog Quantity with Production [b *] =  
ᶻ

 

Where, 

A = Annual demand  

S = Cost per setup 

C = Carrying Cost per unit per annuam  

p = Production rate 

c = Consumption rate 

B = Backlog cost 
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3 DESIGNING OF OPERATIONAL SYSTEM AND 

CONTROL  

 

Production Design  

Importance of Product Design Production or operations strategy is directly 

influenced by product design for the following reasons: 

1. As products are designed, all the detailed characteristics of each product 

are established.  

2. Each product characteristic directly affects how the product can be made 

or produced (i.e., process technology and process design) and  

3. How the product is  made determines the design of the production system 

(production design) which is the heart of production and operations 

strategy. 

Further, product design directly affects product quality, production costs and 

customer satisfaction. Hence, the design of product is crucial to success in 

ÛÖËÈàɀÚɯÎÓÖÉÈÓɯÊÖÔ×ÌÛÐÛÐÖÕȭɯ 

A good product design can improve the marketability of a product by making 

it easier to operate or use, upgrading its quality, improving its appearance, 

and/or reducing manufacturing costs.  

A dis tinctive design may be the only feature that significantly differentiates 

a product. An excellent design includes usability, aesthetics, reliability, 

functionality, innovation and appropriateness. An excellent design provides 

competitive advantage to the manufacturer, by ensuring appropriate quality, 

reasonable cost and the expected product features. Firms of tomorrow will 

definitely compete not on price and quality, but on product design.  

 

What Does Product Design Do?  

The activities and responsibilities of product design include the following:  

1. Translating customer needs and wants into product and service 

requirements (marketing).  

2. Refining existing products (marketing).  

3. Developing new products (marketing, product design and production).  

4. Formulating quality goals (quality assurance, production).  
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5. Formulating cost targets (accounting).  

6. Constructing and testing prototype (marketing, production).  

7. Documenting specifications  (product design).  

 

Reasons for Product Design or Redesign  

The most obvious reason for product design is to offer new products to 

remain competitive in the market. The second most important reason is to 

make the business grow and increase profits. Also, when productivity gains 

result in reduction of workforce, developing new products can mean adding 

jobs and retaining surplus workforce instead of downsizing by layoffs/ 

retrenchment. 

Sometimes product design is actually redesign or modification of existing 

design instead of an entirely new design. The reasons for this include 

customer complaints, accidents or injuries during product use, excessive 

warranty claims or low demand. Sometim es product redesign is initiated to 

achieve cost reductions in labour and material costs.  

 

Objectives of Product Design  

1. The overall objective is profit generation in the long run.  

2. To achieve the desired product quality.  

3. To reduce the development time and cost to the minimum.  

4. To reduce the cost of the product.  

5. To ensure producibility or manufacturability (design for manufacturing 

and assembly). 

 

Factors Influencing Product Design  

1. Customer requirements:  The designers must find out the exact 

requirements of the customers to ensure that the products suit the 

convenience of customers for use. The products must be designed to be 

used in all kinds of conditions.  

2. Convenience of the operator or user:  The industrial products such as 

machines and tools should be so designed that they are convenient and 

comfortable to operate or use. 
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3. Trade off between function and form:  The design should combine both 

performance and aesthetics or appearance with a proper balance between 

the two.  

4. Types of materials used: Discovery of new and better materials can 

improve the product design. Designers keep in touch with the latest 

developments taking place in the field of materials and components and 

make use of improved materials and components in their product designs.  

5. Work method s and equipments:  Designers must keep abreast of 

improvements in work methods, processes and equipments and design 

the products to make use of the latest technology and manufacturing 

processes to achieve reduction in costs. 

6. Cost / Price ratio: In a competitive market, there is lot of pressure on 

designers to design products which are cost effective because cost and 

quality are inbuilt in the design. With a constraint on the upper limit on 

cost of producing products, the designer must ensure cost effective 

designs.  

7. Product quality:  The product quality partly depends on quality of design 

and partly on quality of conformance. The quality policy of the firm 

provides the necessary guidelines for the designers regarding the extent to 

which quality sh ould be built in the design stage itself by deciding the 

appropriate design specifications and tolerances.  

8. Process capability:  The product design should take into consideration the 

quality of conformance, i.e., the degree to which quality of design is 

achieved in manufacturing. This depends on the process capability of the 

machines and equipments. However, the designer should have the 

knowledge of the capability of the manufacturing facilities and specify 

tolerances which can be achieved by the available machines and 

equipments.  

9. Effect on existing products:  New product designs while replacing existing 

product designs, must take into consideration the use of standard parts 

and components, existing manufacturing and distribution strategies and 

blending of new manufacturing technology with the existing one so that 

the costs of implementing the changes are kept to, the minimum.  
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10. Packaging: Packaging is an essential part of a product and packaging 

design and product design go hand in hand with equal importance. 

Packaging design must take into account the objectives of packaging such 

as protection and promotion of the product. Attractive packaging 

enhances the sales appeal of products in case of consumer products 

(nondurable).  

 

Characteristics of good Product Design  

1. function or performance:  The function or performance is what the 

customer expects the product to do to solve his/her problem or offer 

certain benefits leading to satisfaction. For example, a customer for a 

motor bike expects the bike to start with a few kicks on the kick peddle 

and also expects some other functional aspects such as pick-up, maximum 

speed, engine power and fuel consumption etc. 

2. appearance or aesthetics: This includes the style, colour, look, feel, etc. 

which appeals to the human sense and adds value to the product.  

3. reliability:  This refers to the length of time a product can be used before it 

fails. In other words, reliability is the probability that a product will 

function for a specific time period without failure.  

4. maintain ability:  Refers to the restoration of a product once it has failed. 

High degree of maintainability is desired so that the product can be 

restored (repaired) to be used within a short time after it breaks down. 

This is also known as serviceability.  

5. availab ility:  This refers to the continuity of service to the customer. A 

product is available for use when it is in an operational state. Availability 

is a combination of reliability and maintainability. High reliability and 

maintainability ensures high availabi lity.  

6. Productibility:  This refers to the ease of manufacture with minimum cost 

(economic production). This is ensured in product design by proper 

specification of tolerances, use of materials that can be easily processed 

and also use of economical processes and equipments to produce the 

product quickly and at a cheaper cost.  
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7. Simplification:  This refers to the elimination of the complex features so 

that the intended function is performed with reduced costs, higher quality 

or more customer satisfaction. A simplified design has fewer parts which 

ÊÈÕɯÉÌɯÔÈÕÜÍÈÊÛÜÙÌËɯÈÕËɯÈÚÚÌÔÉÓÌËɯÞÐÛÏɯÓÌÚÚɯÛÐÔÌɯÈÕËɯÊÖÚÛȭɯɁɯ 

8. Standardisation:  Refers to the design activity that reduces variety among 

a group of products or parts. For example, group technology items have 

standardised design which calls for similar manufacturing process steps 

to be followed. Standard designs lead to variety reduction and results in 

economies of scale due to high volume of production of standard 

products. However, standardised designs may lead to redu ced choices for 

customers.  

9. Specification:  A specification is a detailed description of a material, part 

or product, including physical measures such as dimensions, volume, 

weight, surface finish etc. These specifications indicate tolerances on 

physical measures which provide production department with precise 

information about the characteristics of products to be produced and the 

processes and production equipments to be used to achieve the specified 

tolerances (acceptable variations). Interchangeability of parts in products 

produced in large volumes (mass production and flow -line production) is 

provided by appropriate specification of tolerances to facilitate the desired 

fit between parts which are assembled together.  

10. Safety: The product must be safe to the user and should not cause any 

accident while using or should not cause any health hazard to the user. 

Safety in storage, handling and usage must be ensured by the designer and 

a proper package has to be provided to avoid damage during 

transportation an d storage of the product. For example, a pharmaceutical 

product while used by the patient, should not cause some other side effect 

threatening the user. 
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Process Design & Selection  

Process Design is concerned with the overall sequences of operations 

required to achieve the product specifications. It specifies the type of work 

stations to be used, the machines and equipments necessary to carry out the 

operations. The sequence of operations are determined by  

(a) the nature of the product,  

(b) the materials used,  

(c) the quantities to be produced and  

(d) the existing physical layout of the plant.  

The process design is concerned with the following:  

1. Characteristics of the product or service offered to the customers.  

2. Expected volume of output.  

3. Kinds of equipments and machines available in the firm.  

4. Whether equipments and machines should be of special purpose or 

general purpose.  

5. Cost of equipments and machines needed.  

6. Kind of labour skills available, amount of labour available and their wage 

rates.  

7. Expenditure to be incurred for manufacturing processes.  

8. Whether the process should be capital-intensive or labour -intensive.  

9. Make or buy decision.  

10. Method of handling materials economically.  

 

Process Planning  

Process planning refers to the way production of goods or services is 

organised. It is the basis for decisions regarding capacity planning, facilities 

(or plant) layout, equipments and design of w ork systems. Process selection 

is necessary when a firm takes up production of new products or services to 

be offered to the customers.  

Three primary questions to be addressed before deciding on process selection 

are:  

1. How much variety of products or serv ices will the system need to handle?  

2. What degree of equipment flexibility will be needed?  
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3. What is the expected volume of output?  

/ÙÖÊÌÚÚɯ2ÛÙÈÛÌÎàɯÈɯ×ÙÖÊÌÚÚɯÚÛÙÈÛÌÎàɯÐÚɯÈÕɯÖÙÎÈÕÐÚÈÛÐÖÕɀÚɯÈ××ÙÖÈÊÏɯÛÖɯ×ÙÖÊÌÚÚɯ

selection for the purpose of transforming resou rce inputs into goods and 

services (outputs). The objective of a process strategy is to find a way to 

produce goods and services that meet customer requirement and product 

specification (i.e., design specifications) within the constraints of cost and 

other managerial limitations. The process selected will have a long-term 

effect on efficiency and production as well as flexibility, cost, and quality of 

the goods produced. Hence it is necessary that a firm has a sound process 

strategy at the time of selecting the process.  

 

Key aspects in process strategy include:  

1. Make or buy decisions 

2. capital intensity and  

3. Process flexibility  

Make or buy decisions  refer to the extent to which a firm will produce goods 

or provide services in -house or go for outsourcing (buying or 

subcontracting). 

Capital intensity  refers to the mix of equipment and labour which will be 

used by the firm.  

Process flexibility  refers to the degree to which the system can be adjusted 

to changes in processing requirements due to such factors as changes in 

product or service design, changes in volume of products produced and 

changes in technology.  

 

Three process strategies: Virtually every  good or service is made by using 

some variation of one of three process strategies. They are: (i) process focus 

(ii) repetitive focus and (iii) product focus.  

Exhibit 1 illustrates the relationship between the three process strategies and 

volume and vari ety of products produced.  

Each of these three strategies are discussed below:  

1. Process focus: Majority (about 75 per cent) of global production is 

devoted to low volume, high variety products in manufacturing facilities 
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called job shops. Such facilities are organised around performing 

processes. For example, the processes might be welding, grinding or 

painting carried out in departments devoted to these processes. Such 

facilities are process focussed in terms of equipment, machines, layout 

and supervision. They provide a high degree of product flexibility as 

products move intermittently between proc esses. Each process is 

designed to perform a wide variety of activities and handle frequent 

changes. Such processes are called intermittent processes. These facilities 

have high variable costs and low utilisation of facilities.  

2. Repetitive focus:  A repetit ive process is a product oriented production 

process that uses modules. It falls between product focus and process 

focus. It uses modules which are parts or components prepared often in a 

continuous or mass production process. A good example of repetitive 

process is the assembly line which is used for assembling automobiles 

and household appliances and is less flexible than process-focused 

facility. Personal computer is an example of a repetitive process using 

modules in which the modules are assembled to get a custom product 

with the desired configuration.  

3. Product focus:  It is a facility organised around products, a product 

oriented, high -volume low -variety process. It is also referred to as 

continuous process because it has very long continuous production run. 

Examples of product focussed processes are steel, glass, paper, electric 

bulbs, chemicals and pharmaceutical products, bolts and nuts etc. 

Product-focussed facilities need standardisation and effective quality 

control. The specialised nature of the facility requires high fixed cost, but 

low variable costs reward high facility utilisation.  

 

Table: Gives a comparison of three choices namely process focus, repetitive 

focus and product focus 
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Product Life Cycle  

Products, like men, are mortal. They flour ish for a time, then decline and die. 

The life cycle of a product has many points of similarity with the human life 

cycle. A product is born, grows lustily, attains a dynamic maturity, then 

enters its declining years. Like a human being a product that has not built up 

its potential during its formative years is likely to be relatively unsuccessful 

on its maturity. But, there are critical differences between the product and the 

human life cycle. For instance, every person has an average life expectancy. 

But the life expected of a product varies widely.  

The concept of product failure is applicable both to new products and the 

existing ones. There may, however, be varying periods of life spans for each 

product: some failing immediately, other living for a longe r period. The 

×ÙÖËÜÊÛȮɯÛÏÜÚȮɯÏÈÚɯɁÓÐÍÌɯÊàÊÓÌÚɂɯÑÜÚÛɯÈÚɯÏÜÔÈÕɯÉÌÐÕÎÚɯÏÈÝÌȭɯ%ÙÖÔɯÐÛÚɯÉÐÙÛÏȮɯÈɯ

product passes through various stages, until it is finally abandoned, i. e.. 

discontinued from the market. These stages taken together are referred, to as 

ɁÛÏÌɯ×ÙÖËÜÊÛɯÓÐÍÌɯÊàÊÓÌɂȭɯ3ÏÐÚɯÓÐÍÌɯÊàÊÓÌɯÖÍɯÛÏÌɯ×ÙÖËÜÊÛɯÊÖÔ×ÙÐÚÌÚɯÍÖÜÙɯÚÛÈÎÌÚȯɯ

Introduction, Growth, Maturity and Decline. It should be noted that it is 

purely a theoretical concept.  

This may graphically be represented fig. in below:  
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The introduction stage is preÊÌËÌËɯ Éàɯ ȿ×ÙÖËÜÊÛÐÖÕɯ ×ÓÈÕÕÐÕÎɯ ÈÕËɯ

ËÌÝÌÓÖ×ÔÌÕÛɀȭ3ÏÐÚɯ ×ÌÙÐÖËɯ ÙÌØÜÐÙÌÚɯ ÎÙÌÈÛÌÙɯ ÐÕÝÌÚÛÔÌÕÛȭɯ 3ÏÐÚɯ ÐÕÝÌÚÛÔÌÕÛɯ

should be gradually recouped as the sales pick up. The concept of life cycle 

would give the management an idea as to the time within which the original 

investment could be recouped. 

 

After testing, a product enters the introduction stage  and the product will 

then become available in the national market. Sales would begin gradually as 

potential buyers learn of the product through advertising and other seIIing 

techniques. But the profits will be low as part of the investment is to be 

recouped besides heavy expenditure on selling. 

In the growth stage , both sales and profits will begin to increase. It is here 

that similar other new products begin to appear in the market as substitutes 

and offer competition. The management, therefore, should tr y to change its 

È××ÙÖÈÊÏɯÉàɯÊÏÈÕÎÐÕÎɯÐÛÚɯÚÛÙÈÛÌÎàɯÍÙÖÔɯɁÉÜàɯÔàɯ×ÙÖËÜÊÛɂɯÛÖɯɁÛÙàɯÔàɯ

×ÙÖËÜÊÛɂȭɯ ÛɯÛÏÌɯÌÕËɯÖÍɯÛÏÐÚɯÚÛÈÎÌȮɯÛÏÌɯËÐÚÛÙÐÉÜÛÐÖÕɯÈÙÙÈÕÎÌÔÌÕÛɯÐÚɯÓÐÒÌÓàɯÛÖɯ

get completed and the prices, if necessary, are reduced a little. 

The third stage is the maturi ty stage. During this stage the manufacturers 

introduce new models or adopt methods such as trading -in, etc., to promote 

the sale of their brands with a view to retaining their position in the market. 

The number of buyers will continue to grow, but more sl owly. In economic 

terms this is the stage where supply exceeds demand. Some of the 

promotional efforts may lengthen the span of this stage but they will not offer 

a permanent solution.  

At the final stage of decline , profit margins touch a low level, compe tition 

becomes severe and customers start using newer and better products. It is 

here that the story of a product ends-a natrural but hard end.  
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The above discussion concentrates only on the life cycle of a product, 

beginning with its introduction into the market (i.e., post-marketing). But a 

series of processes are to be undertaken by the management prior to the 

introduction of a product. The diagram given above is presented in an 

enlarged form to incorporate the preintroduction (or pre -marketing) stages 

also. 

Product Iife cycle concept may be used as a managerial tool. Marketing 

strategies must change as the product goes through the life cycle. If managers 

understand the cycle concept they are in a better position to forecast the 

future sales activities and plan marketing strategies. The following points, 

however, may be kept in mind in using this concept.  

 

Process Selection 

Question: List down the process design -framework  

Amswer:  

1. Characteristics of the product or service offered to the customers,  

2. Expected volume of output,  

3. Kinds of equipments and machines available in the firm,  

4. Whether equipments and machines should be of special purpose or 

general purpose,  

5. Cost of equipments and machines needed,  

6. Kind of labour available, amount of labour available and their wage rates,  

7. Expenditure to be incurred for manufacturing processes,  

8. Whether the process should be capital-intensive or labour -intensive,  

9. Make or buy decision and  

10. Method of handling materials economically.  

 

Process decisions 

Process choice 

Out of (1) Job shop (2) Batch (3) Repetitive or assembly line (4) Continuous & 

(5) Project 

Vertical integration  

a. Backward integration  
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b. Forward integration  

 

Procedure for process planning and design  

1. The inputs required comprise the product design information, 

production system information and product strategy decisions.  

2. Process planning and design starts with selection of the types of 

processes, determining the sequence of operation, selection of equipment, 

tooling, deciding about the type of layout of facilities and establishing the 

control system for efficient analyzing of resources to achieve most 

economical production of the product.  

3. The outputs are specific process plans, route sheets, flow charts, and 

assembly charts, installation of equipments, machinery, and material 

handling systems and providing trained, skilled employees to carry out 

the production processes to achieve the desired results. 

 

Process analysis and process flow design 

(i) Flow diagram,  

(ii) Assembly charts,  

(iii) Process charts and  

(iv)  Operation and Route sheet. 

 

Process improvement  

It is a systematic study of the activities and flows of each process to improve 

the process. 

 

Process improvement is necessary when 

1. the process is slow in responding to the customer, 

2. the process introduces too many quality problems or errors,  

3. the process is costly, 

4. the process is a bottleneck, with work accumulating and waiting to go 

through it, and  

5. the process involves waste, pollution and little value addition.  
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Process choice determines whether resources are organised around products 

or processes in order to implement the flow strategy. It depends on the 

volumes and degree of customisation to be provided. These major process 

decisions are discussed in detail in the following paragraphs:  

1.  Process Choice: The production manager has to choose from five basic 

process types ɭ (i) job shop, (ii) batch, (iii) repetitive or assembly line, (iv) 

continuous and (v) project.  

1. Job shop process: It is used in job shops when a low volume of high -

variety goods are needed. Processing is intermittent, each job requires 

somewhat different processing requirements. A job shop is characterised 

by high customisation (made to order), high flexibility of equipment and 

skilled labour and low volume. A tool and die shop is an  example of job 

shop, where job process is carried out to produce one-of-a kind of tools. 

Firms having job shops often carry out job works for other firms. A job 

shop uses a flexible flow strategy, with resources organised around the 

process.  

2. Batch process: Batch processing is used when a moderate volume of 

goods or services is required and also a moderate variety in products or 

services. A batch process differs from the job process with respect to 

volume and variety. In batch processing,volumes are higher because 

same or similar products or services are repeatedly provided, examples 

of products produced in batches include paint, ice cream, soft drinks, 

books and magazines.  

3. Repetitive process:  This is used when higher volumes of more 

standardised goods or services are needed. This type of process is 

characterised by slight flexibility of equipment (as products are 

standardised) and generally low labour skills. Products produced include 

automobiles, home appliances, television sets, computers, toys etc. 

Repetitive process is also referred to as line process as it include 

production lines and assembly lines in mass production. Resources are 

organised around a product or service and materials move in a line flow 

from one operation to the next according to  a fixed sequence with little 

work -in-progress inventory. This kind of process is suitable to 

ɁÔÈÕÜÍÈÊÛÜÙÌ-to-ÚÛÖÊÒɂɯÚÛÙÈÛÌÎàɯÞÐÛÏɯÚÛÈÕËÈÙËɯ×ÙÖËÜÊÛÚɯÏÌÓËɯÐÕɯÍÐÕÐÚÏÌËɯ
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ÎÖÖËÚɯ ÐÕÝÌÕÛÖÙàȭɯ 'ÖÞÌÝÌÙȮɯ ɁÈÚÚÌÔÉÓÌ-to-ÖÙËÌÙɂɯ ÚÛÙÈÛÌÎàɯ ÈÕËɯ ɁÔÈÚÚɯ

ÊÜÚÛÖÔÐÚÈÛÐÖÕɂɯÈÙÌɯÈÓÚÖɯ×ossible in repetitive process.  

4. Continuous process:  This is used when a very highly standardised 

product is desired in high volumes. These systems have almost no variety 

in output and hence there is no need for equipment flexibility. A 

continuous process is the extreme end of high volume, standardised 

production with rigid line flows. The process often is capital intensive and 

operate round the clock to maximise equipment utilisation and to avoid 

expensive shut downs and shut ups. Examples of products made in 

continuous process systems include petroleum products, steel, sugar, 

flour, paper, cement, fertilisers etc.  

5. Project process: It is characterised by high degree of job customisation, 

the large scope for each project and need for substantial resources to 

complete the project. Examples of projects are building a shopping centre, 

a dam, a bridge, construction of a factory, hospital, developing a new 

product, publishing a new book etc. Projects tend to be complex, take a 

long time and consist of a large number of complex activities. Equipment 

flexibility and labour skills can range from low to high depending on the 

type of projects. 
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OTHER QUESTIONS  

Question: What are the types of Industry?  

a. Synthetic ɬ A synthetic industry, also called the assembling industr y, 

involves the production of a product by the use of various elements. Ex: 

Light and heavy engineering and watch -making industries  

b. Analytical ɬ which analyses and separates [ex: oil refineary] 

c. Conditioning  [Ex: preservatinve] and 

d. Extractive ɬ involving th e separation of one element from another [Ex: 

Mining]  

 

Question: Briefly explain the classification of production system and its 

characteristics 

a. Intermittent industries:  manufactures different components on different 

machines and assembles them to get the end products and 

b. Continuous industries:  uninterruptedly produce one or two products of 

a standardize nature. 

 

 

I. Intermittent system  of production can be divided into job  and batch 

production.  

1. Job Shop Production: Job shop production is characterized by 

manufacturing of one or few quantity of products designed and produced 

as per the specification of customers within prefixed time and cost.  
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Characteristics: High variety o f products and low volume using general 

purpose machine. 

Advantages 

1. Because of general purpose machines and facilities variety of products 

can be produced. 

2. Opportunity exists for creative methods and innovative ideas.  

Limitations  

1. Higher cost due to frequent set up changes 

2. Higher level of inventory at all levels and hence higher inventory cost  

3. Production planning is complicated  

4. Larger space requirements. 

2. Batch Production: American Production and Inventory Control Society 

(APICS): ɁÈÚɯÈɯÍÖÙÔɯÖÍɯÔÈÕÜÍÈÊÛÜÙÐÕÎɯÐÕɯÞÏÐÊÏɯÛÏÌɯÑÖÉɯ×ÈÚÚÌÚɯÛÏÙÖÜÎÏɯÛÏÌɯ

functional departments in lots or batches and each lot may have a 

ËÐÍÍÌÙÌÕÛɯÙÖÜÛÐÕÎȭɂ 

Characteristics: Batch production system is used under the following 

circumstances: 

1. When there is shorter production runs  

2. When plant and machinery are flexible  

3. When plant and machinery set up is used for the production of item in a 

batch and change of set up is required for processing the next batch 

4. When manufacturing lead time and cost are lower as compared to job 

order production.  

Advantages 

1. Better utilization of plant and machinery  

2. Promotes functional specialization  

3. Cost per unit is lower as compared to job order production.  

Limitations  

1. Production pl anning and control is complex.  

2. Higher set up costs due to frequent changes in set up. 
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II.  Continuous  Production: Production facilities are arranged as per the 

sequence of production operations from the first operations to the 

finished product. The items are made to flow through the sequence of 

operations through material handling devices such as conveyors, transfer 

devices, etc. 

Characteristics 

1. Dedicated plant and equipment with zero  flexibility.  

2. Material handling is fully automated.  

3. Process follows a predetermined sequence of operations. 

4. Component materials cannot be readily identified with final product.  

5. Planning and scheduling is a routine action.  

Advantages 

1. Standardization of prod uct and process sequence 

2. Higher rate of production with reduced cycle time  

3. Higher capacity utilization due to line balancing  

4. Manpower is not required for material handling as it is completely 

automatic 

5. Person with limited skills can be used on the producti on line 

6. Unit cost is lower due to high volume of production.  

Limitations  

1. Flexibility to accommodate and process number of products does not 

exist 

2. Very high investment for setting flow lines  

3. Product differentiation is limited.  

 

The continuous industries  are classified into Mass production system and 

Process production system. 

1. Mass Production: Manufacture of discrete parts or assemblies using a 

continuous process are called mass production. 

Characteristics 

1. Standardization of product and process sequence. 
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2. Dedicated special purpose machines having higher production capacities 

and output rates. 

3. Large volume of products.  

4. Shorter cycle time of production.  

5. Lower in process inventory.  

6. Perfectly balanced production lines. 

7. Flow of materials, components and parts is continuous and without any 

back tracking. 

8. Production planning and control is easy.  

9. Material handling can be completely automatic.  

Advantages 

1. Higher rate of production with reduced cycle time.  

2. Higher capacity utilization due to line balancing. 

3. Less skilled operators are required. 

4. Low process inventory.  

5. Manufacturing cost per unit is low.  

Limitations  

1. Breakdown of one machine will stop an entire production line.  

2. Line layout needs major change with the changes in the product design. 

3. High  investment in production facilities.  

4. The cycle time is determined by the slowest operation. 

 

2. Process Production: This system is an extended form of mass production 

where production is carried on continuously through, a uniform 

predetermined sequence of operations. Generally under this system 

finished product of one process is used in the next process as a raw 

material till the last process. Large industries like petroleum refining, 

heavy chemical industries generally use this system of production.  

 

[CWA INTER J01]  

Question: Distinguish between Job production and Mass production  

Answer: Mass production and job producti on: In this system, production is 

carried out on continuously anticipation of demand, though demand of the 
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product may not be uniform throughout the year, whereas in job production 

system goods are produced according to the orders of the 

customers/demand. 

 

[CWA RTP D10 & J11]  

Question: Describe in brief the concept of FMS. What are its advantages 

and disadvantages? 

Answer: A Flexible Manufacturing System is a hybrid between continuous 

and intermittent flow of production. Here, using computer controlled 

machine and automated material handling equipment, a continuous flow is 

instilled in otherwise high variety, low production volume flow. Thus FMS is 

builds on the programmable automation of NC and CNC machines. 

Programs and tooling set up can be quickly changed and production can be 

switched on from one job to another without any loss of changeover time.  

 

Key components of FMS are  

1. Several computer controlled workstations having CNC machines and 

robots for loading and unloading.  

2. Computer controlled transport systems for moving materials and parts 

from one machine to another. 

3. Computer controlled robots for loadin g and unloading stations.  

4. An automated storing and retrieval system.  

The above subsystems of FMS are controlled by a central computer with the 

needed software. 

 

Advantages of FMS can be broadly divided into following  

1. Flexibility:  with slight changes in pro grams the system can be used with 

less recurring capital investment. 

2. Adaptability:  with little training the supervisors can take up family of 

jobs earmarked to the system. 

3. Wider scope: Advanced manufacturing technology continuously opens 

newer application areas. 

4. Lesser human effort  results in less amount of human error. 
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5. Improved productivity  through better quality, effective control of a small 

area. 

 

Disadvantages of FMS are as follows:  

1. High initial capital investment.  

2. Limited ability to adapt to production changes. 

3. Substantial preplanning, tooling and fixture requirements.  

4. Standardization of part design required to reduce the number of tools.  

5. Long planning required installing FMS.  

 

[CMA INTER J10]  

0ÜÌÚÛÐÖÕȯɯ!ÙÐÌÍÓàɯÌß×ÓÈÐÕɯɁ%ÓÖÞɯÊÖÕÛÙÖÓɂɯÈÚɯÈɯÉÈÚÐc type of production 

control.  

Answer: Flow control:  This type of control is commonly applied in industries 

like chemicals, petroleum, glass, and some areas of food manufacturing and 

processing. Once the production system is thoroughly designed, the 

product ion planning and control department controls the rate of flow of work 

into the system and checks it as it comes out of the system. But, under this 

method routing and scheduling are done when the plant is laid out. That is 

to say, the production line which is established is well balanced ant 

sequenced before production operation begins this type of control is more 

prevalent in continuous production systems.  

 

[CMA RTP J11] 

Question: Distinguish between a job shop and a flow shop.  

Answer:  

 Flow Shop  Job Shop 

1 In a flow shop, continuous 

production / assembly line, 

each of the n jobs must be 

processed through m 

machines in exactly the same 

In a job shop, not all n jobs are assumed 

to pass Through or require processing 

in m machines. Also some jobs may 

require more than one operation In the 

same machine. The sequencing of 
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order and once in every 

machine. 

Operations may be different for 

different jobs . 

2 Specialized machine  results 

in low variable c ost per unit 

and high volume absorbs the 

fixed cost easily; so unit cost is 

low.  

Wide variety  is at reasonably low cost 

since general purpose machines are 

utilized.  

3 Even unskilled or semi -

skilled operator will be able 

to operate the machine 

thereby reducing 

dependencies on workers. 

Through grouping of facility around 

standard operations, high capacity 

utilization could be effected.  

4 Operation management is 

much simpler and meeting 

delivery commitments is 

relatively easier. 

The workers are engaged in non-

repetitive and challenging job. Their 

job gets enriched and morale high. 

5 Failure at any stage would 

result in breakdown of entire 

flow until repair is completed.  

Determination of optimum batch size 

creates a problem 

6 The pace of production is 

determined by the slowest 

machine. 

Material flow is complicated and 

unsystematic. 

7 The system is relatively 

inflexible.  

Machines are diverse and operations 

are complex requiring highly skilled 

workers.  

8 The system requires high 

investment due to specialized 

nature of machine. 

Material Handling cost is usually 

higher since flow lines are irregular.  

 

Question: What are the types of processes? 

Answer:  

1. Conversion Processes 
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2. Manufacturing Processes can be: 

 Manufacturing Process Purpose of Process 

[a] Forming Processes Produce castings 

[b]  Machining Processes Metal removal operations  

[c] Assembly processes Joining of parts 

 

Note: Example for metal removal operations: E.g. turning, drilling, grinding, 

boring etc. 

 

Question: What are the activities that are associated with process planning?  

Answer:  

 List of operations to be performed and their sequence. 

 Specifications of the machines and equipment required. 

 Necessary tooling, jigs and fixtures.  

 Gives the manufacturing details w.r.t feed, speed, and depth of cut for 

each operation to be performed. 

 It gives the estimated or processing time of operations.  

All the above information is represented in the form of a document  called 

process sheet or route sheet. 

 

Question: What for can the process sheet be used? 

Answer:  

 Costing provides the information on the various details like set -up and 

operation times for each job. 

 The machine and manpower requirements can be computed from the set-

up and operational times.  

 Helps to carryout scheduling.  

 The material movement can be traced. 

 It helps in cost reduction and cost control.  

 It helps to determine the efficiency of a work center  
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Question: What are the factors affecting process planning?  

Answer:  

1. Volume (quantity) of production.  

2. Delivery dates for components or products.  

3. Accuracy and process capability of machines. 

4. The skill and expertise of manpower.  

5. Material specifications. 

6. Accuracy requirements of components or parts. 

 

Question: Write short note on the steps in process planning.  

Answer:  

1. Detailed study of the component drawings to identify the salient features 

that influence process selection, machine selection, inspection stages and 

tooling required.  

2. List the surfaces to be machined. 

3. The surfaces to be machined are combined into basic operations. This step 

helps in selection of machines for operation. 

4. Determine the work centre, tools, cutting tools, jigs and fixtures and 

inspection stages and equipment. 

5. Determine the speed, feed and depth of cut for each operation. 

6. Estimate the operation time. 

7. Find the total time to complete the job taking into account the loading and 

unloading times, handling times, and other allowances.  

8. Represent the details on the process sheet. 

 

Question: Write short note on process design.  

Answer: Process designis concerned with the overall sequences of operations 

required to achieve the product specifications. It specifies the type of work 

stations to be used, the machines and equipments necessary to carry-out the 

operations. The sequence of operations is determined by  

(a) The nature of the product,  

(b) the materials used,  

(c) the quantities to be produced and  
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(d) the existing physical layout of the plant  

 

Question: Write short note on operations design . 

Answer: Operations design is concerned with the design of the individual 

manufacturing operation. It examines the man -machine relationship in the 

manufacturing process. Operations design must specify how much labour 

and machine time is required to produc e each unit of the product. 
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4.1 PRODUCTION PLANNING AND CONTROL 

INTRODUCTION  

 
Question 1: What are the needs for production planning and control?  

Answer 1:  

1. $ÍÍÌÊÛÐÝÌɯÜÛÐÓÐáÈÛÐÖÕɯÖÍɯÍÐÙÔÚɀɯresources. 

2. To achieve the production objectives with respect to quality, quantity, 

cost and timeliness of delivery. 

3. To obtain the uninterrupted production flow in order to meet customers 

varied demand with respect to quality and committed delivery schedule . 

4. To help the company to supply good quality products to the customer on 

the continuous basis at competitive rates. 

 

Question 2: What are the objectives of production planning and control?  

Answer 2:  

8. Systematic planning of production activities to achieve t he highest 

efficiency in production of goods/services.  

9. To organize the production facilities like machines, men, etc., to achieve 

stated production objectives with respect to quantity and quality time and 

cost. 

10. Optimum scheduling of resources.  

11. Coordinate with other departments relating to production to achieve 

regular balanced and the uninterrupted production flow.  

12. To conform the delivery commitments.  

13. Material planning and control.  

14. To be able to make adjustments due to changes in demand and rush 

orders 

 

[CMA INTER D14, 2 Marks]  

Question 3: What are the functions involving in production control?  

Answer 3:  there are hour main fanctions of production planning  

 Estimating 
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 Routing 

 Scheduling 

 Loading  

 Other fanctions 

ü Dispatching  

ü Follow -up 

ü Inspection 

 

Question 4: What are the types of production control?  

Answer 4:  

 Block control  

 Flow control  

 Load control  

 Order control  

 Special project control 

 Batch control 

 

Question 5: Write short note on production planning and control in 

continuous& intermit tent -production systems.  

Answer 5:  

 Fixed-path material handling equipment,  

 High volume of production,  

 Product layouts,  

 Production of standardized products,  

 Production to stock or long -range orders, 

 The use of special-purpose machines or automation.  

 

Production planning and control in continuous -production systems 

involve two activities:  

 Assuring that supply of raw materials and supplies are in hand to keep 

the production system supplied and assuring that finished products are 

moved from t he production -system, 
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 Maintaining a constant rate of flow of the production, so that the system 

can operate near capacity in some case or can meet the quantity 

requirements of the production.  

 

Production planning in intermittent production systems:  

 General purpose production machines are normally utilized and process 

layout is favored.  

 Materials handling equipment is typically of the varied path type such as 

hand trucks and forklift trucks.  

 Relatively high cost, skilled labour is needed to turn out t he various 

quantities and types of products.  

 The company generally manufactures a wide variety of products; for the 

majority of items, sales volumes and consequently production order sizes 

are small in relation to the total production.  
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4.2 TIME STUDY, WORK STUDY, METHOD STUDY, JOB 

EVALUATION  

 

[CMA INTER J02]  

Question 1: Distinguish between Job analysis and job description  

Answer 1: Job Analysis:  Job analysis is carried to know the purpose of job, 

the way of doing the job, the types of material to be used, machine and 

equipment used for the purpose, the place where it is being performed, 

related hazards and similarly other features.  

Job Description:  The job description is the foundation for the job evaluation 

procedure. The information c ollected at job analyses state are summarized to 

facilitate comparison of one job to another job. It is used for manpower 

planning & control, recruitment, transfer promotion, performance appraisal, 

procedural analyses etc. 

 

[CMA INTER J03 &D06]  

Question 2:  Define job -evaluation. What are the various techniques of job -

evaluation? Briefly describe any two techniques  of job -evaluation.  

Answer 2: Job Evaluation: Job Evaluation may be defined as a technique of 

finding out the relative worth of jobs within  an organization particularly to 

fix the pay. Job evaluation evaluated jobs. It sets job base rates of pay. 

The methods used in job evaluation are given below:  

1. Qualitative methods: It can be further divided in two types: - 

(a) Ranking method: This method is mostly used in small organizations 

having relatively simple and well define jobs.  An expert committee 

may be formed to rank the job. This may be done referring to a 

detailed job description of some common jobs. Giving the job 

description, decide which job will have the highest rank, which will 

have the lowest rank and which job will fall around the middle level.  

(b) Job Classification Method: In this procedure, the jobs are sorted out 

as belonging to one of several grades according to their details and 

grades are given to each of the jobs, this is done with the help of job 
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analysis available for each job such as Grade I, Grade II, and Grade III 

etc. 

2. Quantitative Methods: It can be further divided in two types: - 

(a) Point Rating Method:  Presently, this is quite a popular method. 

Several factors intrinsic to the jobs are isolated. Each factor is further 

subdivided into various degrees.  Each of the factors is allotted a point 

score on an overall differential scale. There is a bit of subjectivity in 

this point allotment as many may think the importance of each factor 

differently.  While selecting wage rate these differences are utilized for 

fixation of pay.  

(b) Factor Comparison Method:  Like point rating method, factor 

comparison method also breaks down the jobs worth into several 

factors. The number of factors in the case is however much lower. 

Each of these factors is divided into a few degrees. At this stage, unlike 

point rating, some bench mark jobs are selected. These benchmark 

jobs are then ranked and evaluated based on these factors and 

weightage applied to each one of them. It  should be easy to 

understand and wage rate associated with them should be acceptable 

to all. Money values to each of these factors are then attributed to. 

 

[CMA INTER J05]  

Question 3: Explain the Point Rating System of Job Evaluation with the 

help of an attribute -degree table. 

Answer 3: Point Rating System:  This is perhaps the best known method of 

Job Evaluation, wherein jobs are analyzed into attributes required for 

performing the job, e.g. skill,  efforts, responsibilities, working conditions etc., 

Each attribute may be further classified into sub -factors, e.g. skill may be 

divided into education, experiences etc,. Each attribute may have a range of 

degrees; say from 3 to 5 or more. Each degree refers to the extent of that 

attribute required for performing the job under evaluation.  

The degrees may be in arithmetic or geometric progression from start to end, 

depending on the design. In addition, each attributes is assigned a relative 

weightage in comparison with other attributes, the total weightage for all the 

attributes being 100, at the first degree. 
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Thus, a typical attribute -degree table may look like the following:  

 

  1 2 3 4 5 

1 Skill & Knowledge  

a. Education  

b. Experience 

 

10 

25 

 

20 

50 

 

30 

75 

 

40 

100 

 

50 

125 

2 Efforts  

a. Mental efforts  

b. Physical efforts 

 

15 

10 

 

30 

20 

 

45 

30 

 

60 

40 

 

75 

50 

3 Responsibility for  

a. Co-ordination  

b. Materials, tools, equipment and 

jobs 

c. Independency 

 

5 

10 

5 

 

10 

20 

10 

 

15 

30 

15 

 

20 

40 

20 

 

25 

50 

25 

4 Working Conditions  

a. Physical hazards 

b. Mental hazards 

 

15 

5 

 

30 

10 

 

45 

15 

 

60 

20 

 

75 

25 

 Total  100 200 300 400 500 

 

Choice of attributes, degrees, weightages and points to be attached are 

normally arrived at, by consensus in a group discussion  / brain storming 

session between the designer of the scheme and the functional heads of the 

departments concerned and, at times, the trade. 

During the evaluation of the job, different points are given to different 

attributes (depending on the degrees rated) and the total points scored serve 

as the basis for fixation of wages for the job. 

The Point Rating System is widely used for Job Evaluation, as an element of 

objectivity is involved and it is more accurate, as well as easier to adopt, 

compared to other methods. 

The various steps involved in the Point Rating System are:  

1. Selecting the various attributes for the job; 
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2. Dividing the major attributes into sub ɬ factors; 

3. Fixing up the range of degrees and the relationship between them; 

4. Assigning weightages to the first degree of sub ɬ factor of the attributes; 

5. Completing the attribute -degree table by extending the weightages to all 

degree of the sub-factors of the attributes; 

6. Evaluating the job using the attribute -degree table and arriving at the 

total score for the job; 

7. Conducting a wa ge survey for the industry & developing an appropriate 

wage curve, using the data collected; and  

8. Fixing the wage rate on the basis of the score given to the job using the 

wage curve developed. 

 

[CMA INTER D10]  

Question 4: Explain grading method of job evaluation.  

Answer 4: Grading method of Job Evaluation: This method is mostly used 

in Small organization having relatively simple and well define jobs.  An expert 

committee may be formed to rank the job. This may be done referring to a 

detailed job descript ion of some common jobs. Giving the job description, 

decide which job will have the highest rank, which will have the lowest rank 

and which job will fall around the middle level.  The jobs are sorted out as 

belonging to one of several grades according to their details and grades are 

given to each of the jobs, this is done with the help of job analysis available 

for each job such as Grade I, Grade II, and Grade III etc. hourly rates are then 

fixed for jobs according to their ranking/grading.  

 

[CMA INTER J06]  

Question 5: Write short notes on Job Enrichment.  

Answer 5: Job Enrichment: Job enrichment increases the amount of job 

ȿÚÈÛÐÚÍÐÌÙÚɀɯÐÕɯÈɯÑÖÉȭ Thus the responsibility level (control by oneself), growth 

level (continued learning opportunities) and therefore t he challenge level 

ÊÖÜÓËɯÉÌɯÐÕÊÙÌÈÚÌËɯÐÕɯÛÏÌɯÑÖÉȮɯÛÏÜÚɯȿÌÕÙÐÊÏÐÕÎɀɯÐÛȭɯ(ÛɯÐÚɯÔÖÕÖÛÖÕÖÜÚɯÛÖɯÙÌ×ÌÈÛɯ

the same tasks day after day throughout the working life of an employee.  Job 

enrichment is a way of improving the job by adding more meaningful, and 

skilful t asks from time to time to the existing tasks, thus making the job more 
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satisfying to the employee. This will also make people multi -skilled and 

enhance the versatility of the employee, e.g. production workers may be 

asked to perform simple and routine main tenance activities or quality control 

activities. 

 

[CMA INTER J03]  

Question 6: Write short note on Retraining.  

Answer 6: Retraining may be defined as a program designed to avoid 

personal redundancy and obsolescence. It is the tendency of the individual to 

become outdated with the passage of time in terms of job requirements. This 

is considered true for all levels of employees. 

Since liberation of Indian economy, the need for retraining assumes greater 

importance. Several macro funds (e.g. National Renewal Fund, Jawahar 

Pozgar Yojana etc.) have since mooted and floated for this purpose. The need 

for them arises mainly to combat the initial redundancies and change in 

demand dimension in the employment market.  

The main focuses of the retraining are:  

(i) To protect rank and file workers at its core, as their number is large and 

immediate impact of any technological changes is felt by them since they 

work with it.  

(ii)  3ÏÌɯÞÖÙÒÌÙÚɯÈÙÌɯÈÓÚÖɯÌÕËÖÞÌËɯÈÕËɯÌØÜÐ××ÌËɯÛÖɯÍÖÙÌÚÌÌɯÛÏÌÐÙɯɁÊÏÈÕÎÌɂɯ

needs themselves, as such outside help is necessary for this purpose. 

1ÌÛÙÈÐÕÐÕÎɯ ÐÚɯ ÈÓÚÖɯ ÊÖÕÚÐËÌÙÌËɯ ÈÚɯ Èɯ Ɂrefresher courseɀɯ ÛÖɯ ÐÕÚÛÈÓÓɯ ÕÌÞɯ

technology, skill, methods etc, whenever such things are necessary 

consequent upon modernization, upgradation, diversification etc.  

 

[CMA INTE R D06] 

Question 7: Write short notes on Resistance to Change.  

Answer 7: Resistance to Change: It is important to consider the human 

reactions carefully when a change is being made, because Resistance to 

Change is a basic human character. Resistance to change occurs at all level-

viz, managerial, supervisory and workman levels.  A new method, which has 

not yet been tested, is generally looked at with suspicion. The fear of 

unknown future prospects for the untested new method acts as a 
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psychological barrier towards its ready acceptance amongst the supervisors 

and managers. 

The skilled workers may begin to feel a novice when he finds that his old 

methods are waste of time and efforts and the newly trained workers soon 

surpass him in the effort.  

Further, certain misconceptions regarding productivity also cause resistance 

to change, e.g. 

1. Higher productivity implies harder work;  

2. Higher productivity implies working long er hours or more number of 

days in a week; 

3. Higher productivity leads to redundancy/retrenchment.  

 

[CMA INTER D02]  

0ÜÌÚÛÐÖÕɯƜȯɯ(ÚɯɁ6ÈÎÌɯ(ÕÊÌÕÛÐÝÌɯ2ÊÏÌÔÌɂɯÛÏÌɯÖÕÓàɯÞÈàɯÍÖÙɯÐÕÊÙÌÈÚÐÕÎɯÓÈÉÖÜÙɯ

productivity? Comment precisely.  

Answer 8: No,  wage incentive scheme is not the only way to increase the 

labour productivity.  

The productivity in an organization can be improved by better application of 

material, improved processes and machinery, faster production lines and 

application of more energy from the workers.  

The attitude of the top management has to be right in order to give the right 

direction.  The attitude of the lower levels of people right massage is picked 

up. A right direction leaves a prolonged impact on productivity.  

Labour productivity can also be increased by introducing the following 

techniques: 

1. Simplification and standardization of product.  

2. More effective utilization of man, material, service etc.  

3. (Ô×ÙÖÝÌÔÌÕÛɯÖÍɯÞÖÙÒÌÙÚɀɯÚÒÐÓÓɯÉàɯ×ÙÖ×ÌÙɯÛÙÈÐÕÐÕÎȭ 

4. Improvement in working environment  

5. Proper grievance / suggestion handling system. 

6. (ÕÛÙÖËÜÊÛÐÖÕɯÖÍɯɁ/ÈÙÛÐÊÐ×ÈÛÐÖÕɯ,ÈÕÈÎÌÔÌÕÛɂɯÊÖÕÊÌ×Ûȭ 

 

  



4.10 

[CMA INTER J03]  

Question 9: Write short note on Performance Appraisal.  

Answer 9: Performance Appraisal is the process to find out the relative worth 

of a person as may be required to keep a close watch on an individual. The 

behavior and accomplishment over a fixed period are generally measured 

and evaluated. 

/ÌÙÍÖÙÔÈÕÊÌɯ  ××ÙÈÐÚÈÓɯ ÐÚɯ ÛÏÌɯ ×ÙÖÊÌÚÚɯ ÖÍɯ ÙÌÝÐÌÞÐÕÎɯ ÈÕɯ ÐÕËÐÝÐËÜÈÓɀÚɯ

performance and progress in a job, and assessing his potential for future 

improvement.  It is a systematic method of obtaining, analyzing and 

recording information about a person.  

Performance Appraisal is necessary for the following reasons: 

1. Efficient and effective management of business or organization. 

2. Helping the manager to improve upon his job, performance as well as 

ÚÜÉÖÙËÐÕÈÛÌɀÚɯ×ÌÙÍÖÙÔÈÕÊÌɯÈÕËɯ×ÓÈÕÕÐÕÎɯÛÏÌÐÙɯÊÈÙÌÌÙɯÔÈ×ȭ 

3. Assisting the employee to self-evaluate and develop himself. 

The fundamental aim of Performance Appraisal system is to enri ch the job of 

an employee by allowing him to set his own target in line with the 

organization objective. Through this process he is expected to be totally 

involved in the job thereby self -motivating to perform his assigned task.  

 

[CMA INTER J04]  

Question 10: Write short notes on Performance Rating.  

Answer 10: Performance Rating:  Ɂ3ÏÌɯ×ÙÖÊÌÚÚɯËÜÙÐÕÎɯÞÏÐÊÏɯÛÏÌɯÛÐÔÌɯÚÛÜËàɯ

analyst compares the performance of the operator under observation with his 

ÖÞÕɯÊÖÕÊÌ×ÛɯÖÍɯÕÖÙÔÈÓɯ×ÌÙÍÖÙÔÈÕÊÌɯÐÚɯÊÈÓÓÌËɯ×ÌÙÍÖÙÔÈÕÊÌɯ1ÈÛÐÕÎɂ. Each of 

the elements is performance rated. %ÖÙɯÛÏÐÚȮɯÛÏÌɯÈÕÈÓàÚÛɀÚɯÊÖÕÊÌ×ÛɯÖÍɯÞÏÈÛɯÐÚɯ

the normal pace of working is important.  

 

0ÅÒÆÏÒÍÁÎÃÅ 2ÁÔÉÎÇ 
ὕὦίὩὶὺὥὸὭέὲ ὴὩὶὪέὶάὥὲὧὩ

ὔέὶάὥὰ ὴὩὶὪέὶάὥὲὧὩ
 ρππ 
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The concept of normal performance must be such that the time standards set 

from it, and must be within the capacity of the majority of the worker in the 

enterprise. 

Few methods for determination of performance rati ng: 

1. Speed Rating: Here, judgment based on the pace of operator in relation 

to a normal pace, is taken into consideration. 

2. Synthetic rating: Here performance of the worker is rated from the values 

known as Predetermined Motioned Time Study (PMTS).  

3. Objective  rating: (ÛɯÐÚɯËÖÕÌɯÐÕɯÛÞÖɯÚÛÈÎÌÚȮɯ×ÙÐÔÈÙÐÓàɯÖ×ÌÙÈÛÖÙɀÚɯÚ×ÌÌËɯÐÚɯ

rated ignoring of difficulties then attention is given to the job difficulties.  

4. Westing house systems rating:  Here four factor system of performance 

rating was developed, namely.  

a) Skill  

b) Effort 

c) Condition  

d) Consistency 

 

[CMA RTP D11]  

Question 11: Write short note on Work Simplification.  

Answer 11: Work Simplification involves subdivision of an operation into its 

constituent elements in order to simplify operations and eliminate wasteful 

motions. It reduces fatigue and improves productivity. It covers all aspects of 

work, i.e. equipment, layout, pro cedures, methods etc 

 

[CMA RTP D10]  

Question 12: Differentiate between Job Analysis and Value Analysis. 

 Answer 12: 

 Job Analysis  Value Analysis  

a. Process of determining task 

components or work content of 

a job so as to access relative 

worth of different jobs. 

Systematic application of established 

techniques to identify functions of 

product or component and to 
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provide those functions at lowest 

possible cost. 

b. Technique of merit rating  Technique of cost reduction 

 

[CMA RTP J11] 

Question 13: Differentiate between Stock turnover and labour turnover.  

Answer 13: 

 Stock Turnover  Labour Turnover  

1. It indicates number of times 

inventory of an organization is 

rotated during the year.  

Rate of change in average labour 

force during the year.  

2. Increase in stock turnover is a 

healthy sign for the organization 

as it indicates increase in sales 

resulting in increased revenue 

for the organization.  

Increase in labour turnover is not a 

good sign for management as it 

indicat es dissatisfaction among 

employees resulting loss in 

productivity and increased costs.  

 

[CMA RTP J11] 

Question 14: Write short note on Sound incentive plan . 

Answer 14: Incentive is a management tool that is used to motivate the 

employees to work towards attainment of organizational goals. Well 

developed and properly operated incentive can yield significant productivity 

gains. Incentive plans may be financial or non -financial, individual or group. 

Characteristics of a sound incentive plan are as follows: 

1. Simple: Simple enough for employees to understand easily and compute 

his own incentive pay.  

2. Accurate: Scheme should be based on accurate and scientific standards. 

3. Secure: Aminimum basic wage should be guaranteed to all employees 

irrespective of the reward.  

4. Effective : The incentive plan should convince the workers that they are 

being accurately rewarded for good performance.  



4.13 

5. Economy: The incentive plan should result in redu ction in unit cost of 

production. Administration cost of implementing the plan should be 

justifiable.  

6. Equity: The scheme should be beneficial to both management and 

employees. 

7. Control systems : The plan should be coordinated properly with control 

procedures like QC, Inventory control, production control etc.  

8. Flexible: The plan should provide for revision of standards when 

changes in underlying conditions take place and modifications agreed 

with trade unions should be clearly specified.  

9. Basis whether individu al or group should be clearly stated. 

10. Grievance machinery : This will help in prompt redressal of complaints 

arising out of the plan. Adjustments should be made for failure beyond 

the control of workers  

 

WORK STUDY  

ɁWork study is a generic term for those techniques, method study and work 

measurement which are used in the examination of human work in all its 

contexts. 

Advantages of Work Study  

1. It helps to achieve the smooth production flow with minimum 

interruptions.  

2. It helps to reduce the cost of the product by eliminating waste and 

unnecessary operations. 

3. Better worker-management relations. 

4. Meets the delivery commitment.  

5. Reduction in rejections and scrap and higher utilization of resources of the 

organization.  

6. Helps to achieve better working conditions.  

7. Better workplace layout. 

8. Improves upon the existing process or methods and helps in 

standardization and simplification.  
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9. Helps to establish the standard time for an operation or job which has got 

application in manpower planning, production planning.  

 

METHOD STUDY  

Method study enables the industrial engineer to subject each operation to 

systematic analysis. The main purpose of method study is to eliminate the 

unnecessary operations and to achieve the best method of performing the 

operation. 

 

Objectives of Method Study  

Method study is essentially concerned with finding better ways of doing 

things. It adds value and increases the efficiency by eliminating unnecessary 

operations, avoidable delays and other forms of waste. 

 

Scope of Method Study  

The areas to which method study can be applied successfully in 

manufacturing are:  

1. To improve work methods and procedures.  

2. To determine the best sequence of doing work. 

3. To smoothen material flow with minimum of back tracking and  to improve 

layout.  

4. To improve the working conditions and hence to improve labour efficiency.  

5. To reduce monotony in the work.  

6. To improve plant utilization and material utilization.  

7. Elimination of waste and unproductive operations.  

8. To reduce the manufacturing costs through reducing cycle time of 

operations. 

 

Steps or Procedure Involved in Method Study  

1. SELECT the work to be studied and define its boundaries.  

2. RECORD the relevant facts about the job by direct observation 

3. EXAMINE the way the job is being performed 
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4. DEVELOP the most practical, economic and effective method 

5. EVALUATE different alternatives  

6. INSTALL the new method as a standard practice 

7. MAINTAIN the new method 

 

Considerations for Selection of Method Study  

The job should be selected for the method study based upon the following 

considerations: 

1. Economic aspect, 2. Technical aspect and 3. Human aspect 

 

[CMA RTP J11] 

Question15: Define Motion Study. What are the steps involved in carrying 

out Motion Study.  

Answer 15: Motion Study is a scientific and critical analysis of motions made 

by man or machine to perform a job so as to eliminate waste and unwanted 

motions. Steps involved in motion study are as follows:  

1. Selecting the job or process to be studied keeping in view human, 

technical and economic factors 

2. Breaking the job into elements and recording all facts regarding the work 

methods. 

3. Analyzing the recorded facts so as to identify defects in existing methods. 

The purpose and sequence of every operation is to be critically analyzed. 

4. After analyzing existing methods, developing new methods thus 

eliminating the defects in existing methods.  

5. Defining new methods and its requirements.  

6. Installing the new method after proper training of the concerned staff.  

7. Maintaining the ne w method with help of control procedures  

 

[CMA INTER J14, 2 Marks]  

Question: The principles of motion economy are divided into three groups. 

What are the groups? 
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Answer: Principles of Motion study: it isfirst used by Frank Gilbreth  and 

the three principles are 

a. Use of the human body. 

b. Arrangement of workplace.  

c. Design of tools and equipment. 

Work Measurement: 6ÖÙÒɯÔÌÈÚÜÙÌÔÌÕÛɯÐÚɯÈÓÚÖɯÊÈÓÓÌËɯÉàɯÛÏÌɯÕÈÔÌɯȿÛÐÔÌɯ

ÚÛÜËàɀȭ 

Work -study  is encompassed by two techniques, i.e., method study  and work 

measurement. 

ɁMethod study is the systematic recording and critical examination of 

existing and proposed ways of doing work, as a means of developing and 

applying easier and more effective methods and reducing costsȭɂ 

ɁWork measurement is the application or techniques designed to establish 

the time for a qualified worker to carry out a specified job at a defined level 

ÖÙɯ×ÌÙÍÖÙÔÈÕÊÌȭɂ 

 

[CMA INTER D03]  

Question 16: Distinguish between method study and time study  

Answer 16: Method study: The means of improving ways and means of 

doing things is called method studies.  The primary purpose of improving 

ȿÔÌÛÏÖËɀɯÐÚɯÛÖɯÚÈÝÌɯÛÐÔÌɯÈÕËɯÛÖɯÙÌËÜÊÌɯÊÖÚÛȮɯÈÕËɯÛÏÌÙÌÍÖÙÌȮɯÌÍÍÖÙÛɯÖÍɯÓÈÉÖÜÙɯÈÕËɯ

machine. Method study is used for systematic recording and analysis of the 

existing ways of doing things and also a proposition of new ways and means 

of developing and applying easier and more effective, economic and efficient 

method thereby reducing the cost. 

Aim of method study  

a) To improved design of workplace layout,  

b) To get more effective utilization of available resources, 

c) To standardize the methods 

d) To removal of fatigue/boredom of workers etc.  

 

Time Study: Time study is a technique for recording times and rates of 

working for the element o f a specified job carried out under specified 
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condition and for analyzing the data so as to obtain the time necessary for 

carrying out the job at a defined level of performance.  

Aim of Time study  

a) To facilitate the production control system.  

b) To determine the work contents and thereby setting wages and 

incentives, 

c) To compare the work efficiency of different operators,  

d) To estimate the human capability on any machine, 

e) To get accuracy in cost picture of any product etc. 

 

[CMA INTER J05]  

Question 17: Distinguish between Motion Study and Time Study.  

Answer 17: Motion study: In motion study, the various elemental motions of 

an operation, which make up a job, are studied in detail with a view to 

establishing the most economical method of doing the job. 

 

The technique of Motion Study involves:  

1) Eliminating the unnecessary motions, which do not add value to the job  

2) Removing those which cause delays and 

3) Substituting those which cause a lot of fatigue to the operator by motions 

which cause less fatigue. 

Time St udy: Time Study establishes the standard time for a job, based on 

observation made of work against the concept of normal rating.  

 

[CMA INTER J03]  

Quesiton18: Define Standard Time.  

Answer 18: Standard time is the time taken by a normal worker for a specific  

task, working under normal conditions and includes Relaxation Allowances 

like fatigue, personal needs, temperature, working postures etc. 

Computation of Standard Time: Standard time is the time allowed to an 

operator to carry out the specified task under specified conditions and 

defined level of performance.  
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Standard Time = Normal Time + Time Allowance  

 

Note  Efficiency = Standard Time / Time Taken 

Time Taken = Standard Time / Efficiency 

Standard Time = Time Taken × Efficiency 

 

[CMA RTP D11 &CMA INTER J02]  

Question 19: Under what circumstances would work or activity sampling 

is preferable to time study for developing labour standards?  

Answer 19: Time study calls for qualified time study engineer or rate setter 

recording the time for an activi ty over time. For predetermined time setting, 

detailed process sequencing and corresponding time for each process has to 

be computed. The advantages of work sampling over time study are as 

follows:  

1. Studies of several operators and machines can be done simultaneously. 

2. No trained time study personnel are required.  

3. No timing equipment required.  

4. Long cycle work may be studied with fewer observer hours  

5. The study may be interrupted at any time without any adverse 

consequences. 

6. Operator can not influence results as he is not aware as to the precise 

timing at which he would be observed.  

Also he tends to perform naturally as he does not get the feeling of someone 

breathing down his neck as in the case of time study where the operator is 

watched continuously.  

 

[CMA RT P D10, J11 & D11] 

Question 20: Define work sampling. Write down the formula indicating 

terms used for determining the sample size.  

Answer 20: Work sampling is a work measurement technique in which a 

sufficient large number of instantaneous observations of a worker or machine 

are taken over a period of time to obtain a reasonably accurate picture of the 
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time spent on different activities. It is based on statistical theory of sampling. 

Work sampling is thus a method of finding out percentage occurrence of a 

certain activity or delay by statistical sampling. The procedure of work 

sampling consists of the following steps: 

i) The purpose of study to be determined first.  

ii)  The worker or machine to be identified.  

iii)  The operations to be observed to be decided. 

iv)  The number of observations to be made to be decided. 

v) The activity performed at each visit to be recorded. 

vi)  Percentage of total time spent on each activity to be calculated. 

vii)  Standard time is established by adding allowances. 

The formula deciding the sample size is as follows: 

ὲ
τὴρ ὴ

ίὴ
 

Where    

ὲ ίὥάὴὰὩ ίὭᾀὩ    

ὴ ὩὼὸὩὲὨ έὪ ὭὨὰὩ ὥὧὸὭὺὭὸώ ὦὩὭὲὫ έὦίὩὶὺὩὨ    

ί ὥὧὧόὶὥὧώ έὪ ίὥάὴὰὩ ὶὩίόὰὸί    

 

PRACTICAL PROBLEMS  

[CMA RTP D10]  

Question 1:  In a sampling study, a machine is found to be idle 20% of the 

total time available for operation. Find out how many observations are 

required to arrive at a more accurate estimate with a confidence level of 95% 

and +/- 5 % error limit.  

Answer 1:  

Formula  Calculation  Answer  

ὲ
τὴρ ὴ

ίὴ
 
τ πȢςρ πȢς

πȢπυ πȢς
 

6,400 

 

[CMA RTP D11]  

Question 2:  A work sampling study is to be made of a data entry operator 

pool. It is felt that operators are idle 30% of the time. How many observations 
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should be made in order to have 95.5% confidence that the accuracy is within 

+/- 4%. 

Answer 2:  

Formula  Calculation  Answer  

ὲ
τὴρ ὴ

ίὴ
 
τ πȢσρ πȢσ

πȢπτ πȢσ
 

525 

 

Question 3: Determine standard time: Assuming that the total observed time 

for an operation of assembling an electric switch is 1.00 min. If the rating is 

120%, find normal time. If an allowance of 10% is allowed for the operation, 

determine the standard time.  

Answer 3:  

 Observed Time 1.00 min  

 Normal Time  1.20 min Observed time × Rating [1 min × 120%] 

Add  Allowance  0.12 min [10% on Normal Time]  

 Standard Time  1.32 min  

 

Question 4: Calculation of Standard Time: Find out the standard time using 

the following data:  

Average time for machine elements = 6 min 

Average time for manual elements = 4 min 

Performance rating = 110% 

Allowances = 10% 

Answer 4:  

Formula  Calculation  Answer  

Normal time = Machinery time + Manual time 

 Rating 

6 + 4 × 1.1 10.4 min 

Standard time = Normal time + Allowances  10.4 + 10.4  

 

11.44 

min  
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Question 5: Calculation of efficiency: An operator manufactures 50 jobs in 6 

hours and 30 minutes. If this time includes the time for setting the machine, 

ÊÈÓÊÜÓÈÛÌɯÛÏÌɯÖ×ÌÙÈÛÖÙɀÚɯÌÍÍÐÊÐÌÕÊàȭ 

Standard time allowed for the job were setting time 35 min and production 

time per piece 8 min 

Answer 5:  

Standard time = Set up time + Time per piece × Number of pieces produced 

ḈStandard time for manufacturing 50 jobs = 35 + 8 × 50 = 435 min = 7 hours 

and 15 min 

ὉὪὪὭὧὭὩὲὧώ έὪ έὴὩὶὥὸέὶ
ὛὸὥὲὨὥὶὨ ὸὭάὩ

ὃὧὸόὥὰ ὸὭάὩ
Ϸ

τσυ

σωπ
Ϸ ȢϷȢ 

 

Question 6: Calculation of Time Allowance: Following data were obtained 

by a work study. Man from a study conducted by hours  

 

I  Maintenance time   

1 Get out and put away tools   12.0 min/day 

2 Cleaning of machine   5.0 min/day 

3 Oiling of machine   5.0 min/day 

4 Replenish coolant supply   3.0 min/day 

II  Interruption   

1 Interruption by foreman   5.0 min/day 

2 Interruption by porter etc.   4.0 min/day 

III  Delay time due to power failure etc.  6.0 min/day 

IV  Personal time  20.0 min/day 

Calculate total allowances, total available cycle time productive hours, 

considering a working day of 8 hours.  

Answer 6: Total allowance = Total maintenance time + Interruption time+ 

Delay time + Personal time 

1 Get out and put away tools   12.0 min/day 
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2 Cleaning of machine   5.0 min/day 

3 Oiling of machine   5.0 min/day 

4 Replenish coolant supply   3.0 min/day 

I  Maintenance time  25.0 min/day 

1 Interruption by foreman   5.0 min/day 

2 Interruption by porter etc.   4.0 min/day 

II  Interruption  9.0 min/day 

III  Delay time due to power failure etc.  6.0 min/day 

IV  Personal time  20.0 min/day 

A Total Allowance [Station Time]  60.0 min/day 

B Total work period  480.0 min/day 

 Total available cycle time [A ɬ B] 420.0 min/day 

 Productive hours = Time available / No. of hours [420/8] 52.5 min/day 

   

[CMA RTP J11 & D11]  

Question 7: Comprehensive:  An analyst has observed a job long enough to 

become familiar with it and has divided it into five elements. The element 

times for the first four cycles and a performance rating for each element are 

given in the following table,  

Element Cycle Perform.  

Rating (%)  1 2 3 4 

1 1.246 1.328 1.298 1.306 90 

2 0.972 0.895 0.798 0.919 100 

3 0.914 1.875 1.964 1.972 100 

4 2.121 2.198 2.146 2.421 110 

5 1.253 1.175 1.413 2.218 100 

 

(a) Do any of the times look like outliners, i.e.  probable errors in reading or 

recording data that should not be included in the analysis?  
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(b) Compute and estimated normal time for the job based on the data 

available at this stage of the study. 

(c) On the basis of the data available, what sample size should be taken to 

estimate the time for element 2 within 5% of the true mean time with 

97.5% confidence? 

(d) What is the co-efficient of variation of element 2  

Answer 7:  

(a) The times for element 3 in cycle 1 and for element 5 in cycle 4 are suspect 

and should be disregarded. 

(b) The following estimates are made on the basis of the remaining times 

Element Mean 

time  

Performance 

Rating (%)  

Normal  

Time  

1 1.295 90 1.165 

2 0.896 100 0.896 

3 1.681 100 1.681 

4 2.222 110 2.444 

5 1.513 100 1.515 

Normal Time for Total Job  7.701 

(c) Sample size to be taken to estimate Element 2: 

 ἦ ἦ ἦ  

Cycle 1 0.972 0.0058 

Cycle 2 0.895 0.0000 

Cycle 3 0.798 0.0096 

Cycle 4 0.919 0.0005 

Ȋ 3.584 0.0159 

8
В8

ὲ
 

0.896  

 

3ÔÁÎÄÁÒÄ $ÅÖÉÁÔÉÏÎ ʎ
В8 8

Î ρ

πȢπρυω

τ ρ
 πȢπχςψ 
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Î
:Ϧ

!Ø

ρȢωφπȢπχςψ

πȢπυπȢψωφ
ρπȢρτ 

 

Where 
ὲ  ὔόάὦὩὶ έὪ έὦίὩὶὺὥὸὭέὲ ὶὩήόὭὶὩὨ 
ὤ  ὤ ὺὥὰόὩ Ὢὶέά ὤ ὸὥὦὰὩ Ὢέὶ ωχȢυϷ ὧέὲὪὭὨὩὲὧὩ ὰὭάὭὸ 

ὃ  ὝέὰὩὶὥὲὧὩ ὰὭάὭὸ ὨὩὺὭὥὸὭέὲ Ὢὶέά ὸὶόὩ άὩὥὲ 

 

(d) Co-efficient of Variation [C.V] of Element 2 = 
Ϧ Ȣ

Ȣ
πȢπψρςυ 

The analyst probably would want to use more than 10 observations, so that 

workers would have more confidence in the standard. A Company might 

make it a general practice to use at least say 15 or more observations. 
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4.3 ASSIGNMENT  

 

Assignment is a special linear programming problem. There are many 

situations where the assignment of people or machines etc. may be called for. 

Assignment of workers to machines, clerks to various checkout counters, 

salesmen to different sales areas are typical examples of these. The 

Assignment is a problem because people possess varying abilities for 

performing different jobs and therefore the costs of performing jobs by 

different people are different. Thus, in an assignment problem, the question 

is how the assignments should be made in order that the total cost involved 

is minimized.  

There are four methods of solving an assignment problem and they are 

1. Complete Enumeration Method   

2. Simplex Method  

3. Transportation Method and  

4. Hungarian Method  

 

Hungarian Method:  

The following are the steps involved in the minimization of an assignment 

problem under this method:  

Step 1: Row Operation: Locate the smallest cost element in each row of the 

cost table. Now subtract this smallest element from each element in that row. 

As a result, there shall be at least one zero in each row of this new table, called 

the reduced cost table. 

Step 2: Column Operation: In the reduced cost table obtained, consider each 

column and locate the smallest element in it. Subtract the smallest value from 

every other entry in the column. As a consequence of this action, there would 

be at least one zero in each of the rows and columns of the second reduced 

cost table. 

Step 3: Optimality: Draw the minimum number of horizontal and vertical 

lines (not the diagonal ones) that are required to cover all the zero elements. 

(ÍɯÛÏÌɯÕÜÔÉÌÙɯÖÍɯÓÐÕÌÚɯËÙÈÞÕɯÐÚɯÌØÜÈÓɯÛÖɯȿÕɀɯȹÛÏÌɯÕÜÔÉÌÙɯÖÍɯÙÖÞÚɯɤɯÊÖÓÜÔÕÚȺɯ
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the solution is optimal and proceed to step 6. If the number of lines drawn is 

ÚÔÈÓÓÌÙɯÛÏÈÕɯȿÕɀɯÎÖÌÚɯÛÖɯÚÛÌ×ɯƘ 

Step 4: Improved Matrix: Select the smallest uncovered (by the lines) cost 

element. Subtract this element from all uncovered elements including itself 

and add this element to each value located at the intersection of any two lines. 

The cost elements through which only one-line passes remain unaltered. 

Step 5: Repeat step 3 and 4 until an optimal solution is obtained. 

Step 6: Given the optimal solution, make the job assignments as indicated by 

ÛÏÌɯȿáÌÙÖɀɯÌÓÌÔÌÕÛÚȭɯ3ÏÐÚɯÐÚɯËÖÕÌɯÈÚɯÍÖÓÓÖÞÚȯ 

1. Locate a row which contains only one zero elements. Assign the job 

corresponding to this element, which is indicative of the fact that the 

particular job and person are no more available. 

2. Repeat (a) for each of such rows which contain only one zero. Similarly, 

perform the same operation in respect of each column containing only 

ÖÕÌɯȿáÌÙÖɀɯÌÓÌÔÌÕÛȮɯÊÙÖÚÚÐÕÎɯÖÜÛɯÛÏÌɯáÌÙÖȹÚȺȮɯÐÍɯÈÕàȮɯÐÕɯÛÏÌɯÙÖÞɯÐÕɯÞÏÐÊÏɯÛÏÌɯ

elements lies. 

3. (ÍɯÛÏÌÙÌɯÐÚɯÕÖɯÙÖÞɯÖÙɯÊÖÓÜÔÕɯÞÐÛÏɯÖÕÓàɯÈɯÚÐÕÎÓÌɯȿáÌÙÖɀɯÌÓÌÔÌÕÛɯÓÌÍÛȮɯÛÏÌÕɯ

select a row/column arbitrarily and choose one of the jobs (or persons) 

and make the assignment. Thus in such a case, alternative solutions exists.   

Hungarian Method:  

I. Standard Problem  

1. Minimization objective: if not, then take the loss matrix by subtracting 

all the elements from the highest element  

2. Balanced Problem: if not, add dummy rows or columns  

II.  To find optimal solution  

3. Row Operation: Subtract the least element from the other elements in 

each and every row 

4. Column Operation: Subtract the least element from the other elements 

in each and every column 

5. Make 1-1 assignments to get the optimal solution [If 1-1 assignment 

cannot be made go to step III] 

III.  Improved Matrix  

a. ɁȄɂɯ.×ÌÙÈÛÐÖÕ 
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6. Tick the row(s) which has no assignments 

7. Tick the column(s) which has zeros in the ticked row  

8. Tick the row which has assignments in the ticked column  

[Repeat the tick operations until all the zeros/assignments are 

covered]  

b. Line Operation  

9. Draw lines for unt icked rows and ticked columns  

10. Select the smallest element from the uncovered lines 

a. Subtract the element from the other uncovered elements  

b. Make no changes if line passes  

c. Add lines if line intersects  

11. Make 1-1 assignments [If 1-1 assignment cannot be made go to step 

III]  

 

PRACTICAL PROBLEMS  

Basic Problem 

Question 1: A construction company has four engineers for designing. The 

general manager is facing the problem of assigning four designing projects to 

these engineers. It is also found that Engineers 2 is not competent to design 

project 4. Given the time estimate required by each engineer to design a given 

project, find an assignment which minimizes the total time.  

 

 Project 

 

 

Engineers  

 P1 P2 P3 P4 

E1 6 5 13 2 

E2 8 10 4 - 

E3 10 3 7 3 

E4 9 8 6 2 

 

Answer: Let us first bring zeros row wise by subtracting the respective 

minima from all the row elements respectively.  
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Loss Matrix  

 P1 P2 P3 P4 

E1 6 5 13 2 

E2 8 10 4 - 

E3 10 3 7 3 

E4 9 8 6 2 
 

Row Operation  

 P1 P2 P3 P4 

E1 4 3 11 0 

E2 4 6 0 - 

E3 7 0 4 0 

E4 7 6 4 0 
 

 

Column Operation  

 P1 P2 P3 P4 

E1 0 3 11 0 

E2 0 6 0 - 

E3 3 0 4 0 

E4 3 6 4 0 
 

1-1 Assignment  

 P1 P2 P3 P4 

E1 [0] 3 11  

E2  6 [0] - 

E3 3 [0] 4  

E4 3 6 4 [0] 
 

 

Optimal Solution  

&  

Minimum Time  

Engineer E1 E2 E3 E4 

Project P1 P3 P2 P4 

Time 6 4 3 2 Total = 15 

 

 

Maximisation and Unbalanced  

Question 2: A construction company has Five engineers for designing. The 

general manager is facing the problem of assigning four designing projects to 

these engineers. It is also found that Engineers 2 is not competent to design 

project 4. Given the time estimate required by each engineer to design a given 

project, find an assignment which maximizes the total profit  
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 Project 

 

 

Engineers  

 P1 P2 P3 P4 

E1 6 5 13 2 

E2 8 10 4 - 

E3 10 3 7 3 

E4 9 8 6 2 

 E5 8 5 7 10 

Answer: Standard Problem  

Maximisation to Minimisation 

Problem: Subtract 13 from the 

whole table 

Balanced Problem ɬ Add Dummy 

Project P5 

Loss Matrix  

 P1 P2 P3 P4 

E1 7 8 0 11 

E2 5 3 9 - 

E3 3 10 6 10 

E4 4 5 7 11 

E5 5 8 6 3 
 

Loss Matrix  

 P1 P2 P3 P4 P5 

E1 7 8 0 11 0 

E2 5 3 9 - 0 

E3 3 10 6 10 0 

E4 4 5 7 11 0 

E5 5 8 6 3 0 
 

 

To find Optimal Solution:  

Row Operation  

 P1 P2 P3 P4 P5 

E1 7 8 0 11 0 

E2 5 3 9 - 0 

E3 3 10 6 10 0 

E4 4 5 7 11 0 

E5 5 8 6 3 0 
 

Column Operation  

 P1 P2 P3 P4 P5 

E1 4 5 0 8 0 

E2 2 0 9 - 0 

E3 0 7 6 7 0 

E4 1 2 7 8 0 

E5 2 5 6 0 0 
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1-1 Assignment  

 P1 P2 P3 P4 P5 

E1 4 5 [0] 8 0 

E2 2 [0] 9 - 0 

E3 [0] 7 6 7 0 

E4 1 2 7 8 [0] 

E5 2 5 6 [0] 0 
 

 

  

Optimal Solution  

&  

Minimum Time  

Engineer E1 E2 E3 E4 E5 

Project P3 P2 P1 P5 P4 

Time 13 10 10 0 10 Total = 43 

 

E4 is designated to the Dummy Project, P5 

 

One-improvisation problem  

Question 3: Six salesmen are to be allocated to six sales regions so that the 

cost of allocation of the job will be minimum. Each salesman is capable of 

doing the job at different cost in each region. 

The cost matrix in rupees is given below: 

Region 

Salesmen 

 I II  III  IV V VI  

A 15 35 0 25 10 45 

B 40 5 45 20 15 20 

C 25 60 10 65 25 10 

D 25 20 35 10 25 60 

E 30 70 40 5 40 50 

F 10 25 30 40 50 15 

Find the allocation to give minimum cost what is the cost?  
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Answer:  

Loss Matrix  

 I II  III  IV  V  VI  

A  15 35 0 25 10 45 

B  40 5 45 20 15 20 

C 25 60 10 65 25 10 

D  25 20 35 10 25 60 

E 30 70 40 5 40 50 

F 10 25 30 40 50 15 
 

Row Operation  

 I II  III  IV  V  VI  

A  15 35 0 25 10 45 

B  35 0 40 15 10 15 

C 15 50 0 55 15 0 

D  15 10 25 0 15 50 

E 25 65 35 0 35 45 

F 0 15 20 30 40 5 
 

 

Column Operation  

 I II  III  IV  V  VI  

A  15 35 0 25 0 45 

B  35 0 40 15 0 15 

C 15 50 0 55 5 0 

D  15 10 25 0 5 50 

E 25 65 35 0 25 45 

F 0 15 20 30 30 5 
 

1-1 Assignment  

 I II  III  IV  V  VI  

A  15 35  25 [0] 45 

B  35 [0] 40 15  15 

C 15 50  55 5 [0] 

D  15 10 25 [0] 5 50 

E 25 65 35  25 45 

F [0] 15 20 30 30 5 

 

1-1 Assignment cannot be made; 

hence the solution is not optimum  

ɁȄɯȫɯ+ÐÕÌɂɯ.×ÌÙÈÛÐÖÕÚ  

 I II  III  IV  V  VI  

A  15 35  25 [0] 45 

B  35 [0] 40 15  15 

C 15 50  55 5 [0] 

D  15 10 25 [0] 5 50 Ȅ 

E 25 65 35  25 45 Ȅ 

F [0] 15 20 30 30 5  

 Ȅ  
 

Improved Matrix  

 I II  III  IV  V  VI  

A  15 35 [0] 30  45 

B  35 [0] 40 20  15 

C 15 50  60 5 [0] 

D  10 5 20  [0] 45 

E 20 60 30 [0] 25 40 

F [0] 15 20 35 30 5 
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Optimal  

Solution  

Salesmen A B C D E F 

Region III  II  VI  V IV I 

Min. Costs 0 5 10 25 5 10 

Total   55 
 

 

Two -improvisation problem  

Question 4: Six men are available for different jobs. From past records the 

time in hours taken by different persons for different jobs are given below. 

Jobs 

Men  

 1 2 3 4 5 6 

1 2 9 2 7 9 1 

2 6 8 7 6 14 1 

3 4 6 5 3 8 1 

4 4 2 7 3 10 1 

5 5 3 9 5 12 1 

6 9 8 12 13 9 1 

Find out an allocation of men to different jobs which will lead to minimum 

operation time.   

Answer:  

Loss Matrix  

 1 2 3 4 5 6 

1 2 9 2 7 9 1 

2 6 8 7 6 14 1 

3 4 6 5 3 8 1 

4 4 2 7 3 10 1 

5 5 3 9 5 12 1 

6 9 8 12 13 9 1 
 

Row Operation  

 1 2 3 4 5 6 

1 1 8 1 6 8 0 

2 5 7 6 5 13 0 

3 3 5 4 2 7 0 

4 3 1 6 2 9 0 

5 4 2 8 4 11 0 

6 8 7 11 12 8 0 
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Column Operation  

 1 2 3 4 5 6 

1 0 7 0 4 1 0 

2 4 6 5 3 6 0 

3 2 4 3 0 0 0 

4 2 0 5 0 2 0 

5 3 1 7 2 4 0 

6 7 6 10 10 1 0 
 

1-1 Assignment  

 1 2 3 4 5 6 

1 [0]

2 

7  4 1  

2 4 6 5 3 6 [0]

1 

3 2 4 3 [0]

4 
  

4 2 [0]

3 

5  2  

5 3 1 7 2 4  

6 7 6 10 10 1  

1-1 Assignment cannot be made; 

hence the solution is not 

optimum  

ɁȄɯȫɯ+ÐÕÌɂɯ.×ÌÙÈÛÐÖÕÚ 

 1 2 3 4 5 6 

1 [0]

2 

7  4 1  

2 4 6 5 3 6 [0]

1 

3 2 4 3 [0]

4 
  

4 2 [0]

3 

5  2  

5 3 1 7 2 4  Ȅ

1 

6 7 6 10 10 1  Ȅ

2 

 Ȅ3  
 

Improved Matrix ɬ 1 & 

1-1 Assignment  

 1 2 3 4 5 6 

1 [0] 7  4 1 1 

2 3 5 4 2 5 [0] 

3 2 4 3 [0]  1 

4 2  5  2 1 

5 2 [0] 6 1 3  

6 6 5 9 9 [0]  

1-1 Assignment cannot be made; 

hence the solution is not 

optimum  
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ɁȄɯȫɯ+ÐÕÌɂɯ.×ÌÙÈÛÐÖÕÚ  

 1 2 3 4 5 6 

1 [0] 7  4 1 1 

2 3 5 4 2 5 [0] Ȅ 

3 2 4 3 [0]  1 Ȅ 

4 2  5  2 1 Ȅ 

5 2 [0] 6 1 3  Ȅ 

6 6 5 9 9 [0]  Ȅ 

 Ȅ  Ȅ Ȅ Ȅ  
 

Improved Matrix ɬ 2 & 

1-1 Assignment  

 1 2 3 4 5 6 

1  9 [0] 6 3 3 

2 1 5 2 2 5 [0] 

3 [0] 4 1   1 

4   3 [0] 2 1 

5  [0] 4 1 3  

6 4 5 7 9 [0]  

 

Optimal  

Solution  

Men 1 2 3 4 5 6 

Job 3 6 1 4 2 5 

Min. Time  2 1 4 3 3 9 

Total   22 
 

 

Travelling Salesman Problem  

Question 5: A salesman has to visit five cities A, B, C, D and E. The inter-city 

distances are tabulated below. Note the distance between two cities need not 

be same both ways. 

From / To A B C D E 

A - 12 24 25 15 

B 6 -- 16 18 7 

C 10 11 -- 18 12 

D 14 17 22 -- 16 

E 12 13 23 25 -- 

Note further that the distances are in km.  

Required: If the salesman starts from city A and has to come back to city A, 

which route would you advise him to take that total distance travelled by him 

is minimized?  
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Answer:  

Loss Matrix  

 A B C D E 

A - 12 24 25 15 

B 6 - 16 18 7 

C 10 11 - 18 12 

D 14 17 22 - 16 

E 12 13 23 25 - 
 

Row Operations  

 A B C D E 

A - 0 12 13 3 

B 0 - 10 12 1 

C 0 1 - 8 2 

D 0 3 6 - 2 

E 0 1 11 13 - 
 

 

Column Operations  

 A B C D E 

A - 0 4 5 2 

B 0 - 2 4 0 

C 0 1 - 0 1 

D 0 3 0 - 1 

E 0 1 3 5 - 
 

1-1 Assignment  

 A B C D E 

A - [0] 4 5 2 

B  - 2 4 [0] 

C  1 - [0] 1 

D  3 [0] - 1 

E [0] 1 3 5 - 

 

A   B  E  A 

 

C  D  C 

There is a break in the chain of the 

cities. Hence the solution is not optimal  

 

Case ɬ 1 

A  B  E  

 

C  D  A 

Total Distance =  

12 +7+23+18+14=74kms. 

Hence the optimal solution  

 

Case ɬ2 

A  B  E  

 

D  C  A 

Total Distance =12 +7+25+22+10=76kms 
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4.4 SCHEDULING  

 

Question 1: What is scheduling?  

Answer 1: It determines the starting and the completion timings for each of 

the operations to engage every machine and operator of the system for the 

maximum possible time and; without imposing unnecessary burden over 

them. 

 

Question 2: What are the Principles of Scheduling?  

Answer 2 : 

1. The principle of optimum task size . 

2. The principle of the optimum Production plan . 

3. The principle of the optimum operation sequence  

 

[CMA EXAM D03]  

Question 3: Distinguish between master scheduling and loading.  

Answer: Master scheduling: It is the preliminary phase of scheduling 

performed on an overall basis indicating a broad manufacturing plan to be 

accomplished in a given time period.  A typical tool used is the Gantt chart 

for planning and controlling the pro gress of production.  The Gantt chart 

covers the entire production system from procurement of material to 

shipment of product.  

Loading: It is a process of converting schedule into implementation.  Loading 

determines the feasibility of the scheduled dates for each by sequencing the 

job on concerned machine depending on the processing time and machine 

availability.  Loading in fact, refers to the actual loading of the jobs onto the 

machine. 

 

Question 4: What is the relationship between Routing and Scheduling?  

Answer 4: Both are interconnected as scheduling is difficult without routing 

and routing is also not effective without scheduling. Routing is a prerequisite 

ÍÖÙɯÚÊÏÌËÜÓÐÕÎɯÞÏÐÓÌɯÛÐÔÌɯÛÖɯÉÌɯÛÈÒÌÕɯȿÔÈàɯÍÖÙÔɯÛÏÌɯÉÈÚÐÚɯÖÍɯÙÖÜÛÐÕÎɯÈÕËɯÛÏÈÛɯ

is fixed by scheduli ng. 
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[CMA EXAM D06, 3 Marks]  

Question 5: What are the important factors considered in deciding 

dispatching rules in case of job shop  scheduling?  

Answer 5: Important factors to be considered in deciding dispatching rules 

in case of job shop scheduling arefollows: 

1. Optimum utilization of capacity.  

2. Minimum work -in-process inventory 

3. "ÖÔ×ÓÌÛÐÖÕɯÖÍɯÈÓÓɯÛÏÌɯÑÖÉÚɯÐÕɯÛÏÌɯȿ,ÈÚÛÌÙɯ2ÊÏÌËÜÓÌɀɯÞÐÛÏÐÕɯÛÏÌɯÚÊÏÌËÜÓÌËɯ

time. 

 

Question 6: What are the forms of schedules? [Classification of Scheduling 

Systems] 

Answer 6:  

1. Unit scheduling system 

2. Batch scheduling system 

3. Mass scheduling system 

 

Unit Scheduling System: ( Project scheduling and Job Scheduling) 

Project Scheduling  

1. Project Evaluation and Review Technique (PERT), 

2. Critical Path Method (CPM),  

3. Graphical Evaluation and Review Technique (GERT). 

We can also use Bar charts, GANTT charts, Milestone chart, but these are less 

superior to the above. 

Job Shop Scheduling  

1. Arrival pattern of the job - First in First Out (FIFO),  

2. Processing pattern of the job,  

3. Depending on the type of machine used,  

4. Number of workers available in the shop,  

5. Order of sequencing. 

 

Basic Scheduling Problems:  
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1. Flow production scheduling for fluctuating demand (known 

smoothening problem),  

2. Batch producti on scheduling, when products are manufactured 

consecutively, 

3. The assignment problem, 

4. Scheduling orders with random arrivals and  

5. Product sequencing. 

 

[CMA EXAM J04]  

Question 7: Briefly discuss different priority rules for a job shop for 

dispatching.  

Answer ƛȯɯ2ÖÔÌɯÖÍɯÛÏÌɯÊÖÔÔÖÕɯɁ/ÙÐÖÙÐÛàɯÙÜÓÌÚɂɯÍÖÙɯÑÖÉɯÚÏÖ×ɯËÐÚ×ÈÛÊÏÐÕÎɯ

are: 

1. Bell -)ÖÏÕÚÖÕɀÚɯ ÓÎÖÙÐÛÏÔÚȯɯThe application of this Algorithm, mainly 

applicable to job that are to be processed through 2 successive work 

centers with definite sequence, will result in minimization of the total 

completion time for the group job and the total idle time at the 2 work 

centers.The Bell-)ÖÏÕÚÖÕɀÚɯ ÓÎÖÙÐÛÏÔɯÐÕÊÓÜËÌÚɯÛÏÌɯÍÖÓÓÖÞÐÕÎɯƘɯÉÈÚÐÊɯÚÛÌ×Úȭ 

(a) List all the jobs and their respective times at each work station. 

(b) Consider the job with the shortest processing time.If it is located at the 

first work station,schedule that job fi rst.If the job having the shortest 

processing time is located at the second work station, schedule that 

ÑÖÉɯÓÈÚÛȭɯɁ3ÐÌÚɂɯÐÕɯ×ÙÖÊÌÚÚÐÕÎɯÛÐÔÌɯÈÙÌɯÛÖɯÉÌɯÉÙÖÒÌÕɯÈÙÉÐÛÙÈÙÐÓàȭ 

(c) The first and last jobs identified in step (b) are not considered further 

after assigning them their respective positions in the sequence. 

(d) Step (b) and (c) are to be repeated for those jobs not already 

assigned.This is to be continued till all the jobs have been 

ÚÊÏÌËÜÓÌËȭ3ÏÌɯ!ÌÓÓɯ)ÖÏÕÚÖÕɀÚɯ ÓÎÖÙÐÛÏÔɯÊÈÕɯÉÌɯÌßÛÌÕËÌËɯÛÖɯÑÖÉÚɯÞÐÛÏɯ

ɁÕɂɯÕÖɯÖÍɯÞork centers also. 

2. Assignment Model:  This is a special L/P Model which is useful in 

situations, which call for assigning tasks to resources.Typical examples 

include assigning job to machines or workers. The idea is to obtain an 
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optimum matching of tasks and  resources.Commonly used criteria 

include costs, profits, efficiency and performance. 

 

Sequencing rules for single facility  

1. First Come First Served or First In First Out (FCFS / FIFO): This rule 

places the jobs in line as they are received.The fist job that had come will 

served first, the second next and so on. 

2. Last Come First Served or Last In First Out (LCFS / LIFO)  

3. Shortest Processing Time or Shortest Operation Time (SPT / SOT): As 

per this rule, the highest priority is given to the job with the shortest  

processing time. 

4. Longest Processing Time or Longest Operation Time (LPT / LOT)  

5. 2.3ɯÞÐÛÏɯ%"%2ɯÛÖɯÉÙÌÈÒɯɁ3ÐÌÚɂȯ As per this rule, in case of ties, we shall 

combine both SOT with FCFS & break the ties. 

[CMA INTER J09, 2 Marks]  

Question: Briefly explain MDD as a sequencing rule for single facility.  

6. Answer: Earliest Due Date or Minimum Due Date (EDD or MDD): Here 

jobs are processed in ascending order of their available time before 

delivery date.By doing so, we can keep up the delivery promises.To meet 

the delivery promises, if necessary, overtime, sub contracting etc., may be 

used. 

7. Weighted Earliest Due Date or Weighted Minimum Due Date (WEDD 

or WMDD)  

8. Minimum Critical Ratio: CR = Due Date / Processing Time  

9. Static slack for remaining operations (SSRO) : Static slack = (Due date ɬ 

Remaining processing time/number of remaining operations)  

10. Dynamic slack per remaining operation (DS / RO): This is a little 

complicated method as a lot of numerical calculations are involved.In this 

the remaining operation (aft er the one currently being performed) are also 

considered. 

11. Minimum slack time rule: Under this rule, highest priority is given to the 

job with the lease slack, where slack refers to the time remaining until due 

date, after deducting the remaining processing time. 
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12. Maximum mean lateness: Under this rule, highest priority is given to the 

job with the least slack, where slack refers to the time remaining, until due 

date, after deducting the remaining processing time.  

 

Question 8: What are the condition s of Single Machine Scheduling?  

Answer 8:  

1. A set of independent, single-operation jobs is available for processing at 

time zero. 

2. Set-up time of each job is independent of its position in jobs sequence. So, 

the set-up time of each job can be included in its processing time. 

3. Job descriptions are known in advance. 

4. One machine is continuously available and is never kept idle when work 

is waiting.  

5. Each job is processed till its completion without break.  

 

Question 9: What are the basic data necessary to describe the jobs? 

Answer 9:  

 Job (j): Job 

 Processing time (t j): (processing time + set-up time)  

 Ready time (r j): It is the time at which job j is available for processing 

 Due date (d j): It is the time at which the job j is to be completed. 

 

Question10: What are items calculated for scheduling?  

Answer10: 

 Completion time (Cj): It is the time at which the job j is completed in a 

sequence 

 Flow time (Fj): It is the amount of time job j spends in the system. 

 Lateness (L j): It is the amount of time by which the completion time of job 

j differs from the due date  

 Tardiness (T j): Tardiness is the lateness of job j if it fails to meet its due 

date, or zero 
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PRACTICAL PROBLEMS  

Question1: The processing times for five jobs and their due dates are given 

for a single machine scheduling below 

Job (j) 1 2 3 4 5 

Processing time (t j) (in days)  9 7 5 11 6 

Due date(d j) (in days)  16 20 25 15 40 

Weights(w j) 3 1 1 1 3 

a) Find Average Completion Time, Average number of Jobs in the System 

and Average Job lateness using 

a) FCFS b) LCFS c) SPT / SOT d) LPT e) DD / EDD / MDD f) STR 

b) Average Flow time using: a) WSPT b) WEDD / WMDD  

 Answer1:  

FCFS Sequence LCFS Sequence 

(j)18 (t j)19 Fj20 d j21 L j22 (j) (t j) Fj d j L j 

1 9 9 16 0 5 6 6 40 0 

2 7 16 20 0 4 11 17 15 2 

3 5 21 25 0 3 5 22 25 0 

4 11 32 15 17 2 7 29 20 9 

5 6 38 40 0 1 9 38 16 22 

Total  38 116  17  38 112  33 

 

  

 
18 (j) = Job 
19(tj) = Time taken for the jth job  
20Fj = Flow time of jth job = Cumulative (tj) 
21dj= Due date for the jth job [given information] 
22L j = Lateness for the jth job = Maximum of [Fj- dj, 0] 
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SPT / SOT Sequence LPT Sequence 

(j) (t j) Fj d j L j (j) (t j) Fj d j L j 

3 5 5 25 0 4 11 11 15 0 

5 6 11 40 0 1 9 20 16 4 

2 7 18 20 0 2 7 27 20 7 

1 9 27 16 11 5 6 33 40 0 

4 11 38 15 23 3 5 38 25 13 

Total  38 99  34  38 128  24 

 

DD / EDD / MDD Sequence STR Sequence 

(j) (t j) Fj d j L j (j) (t j) Fj d j L j 

4 11 11 15 0 4 11 11 15 0 

1 9 20 16 4 1 9 20 16 4 

2 7 27 20 7 2 7 27 20 7 

3 5 32 25 7 3 5 32 25 7 

5 6 38 40 0 5 6 38 40 0 

Total  38 128  18     18 

 

Note: To find order of the jobs  

Job (j) 1 2 3 4 5 

Processing time (t j) (in days) 9 7 5 11 6 

Due date(d j) (in days)  16 20 25 15 40 

Slack Time = d j - t j 7 13 20 4 34 
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Sequence Total 

Completion 

[Processing] 

Time 

Total 

Flow 

Time 

Total Job 

Lateness 

Average completion 

time (Mean Flow) ἐ 

╣▫◄╪■ ╕■▫◌ ╣░□▄

╝◊□╫▄► ▫█ ╙▫╫▼
 

Average number of jobs in the 

system 

╣▫◄╪■ ╕■▫◌ ╣░□▄

ἢἷἼἩἴ ἜἺἷἫἭἻἻἱἶἯ ἢἱἵἭ
 

Average Job Lateness 

╣▫◄╪■ ╙▫╫ ╛╪◄▄▪▄▼▼

╝◊□╫▄► ▫█ ╙▫╫▼
 

FCFS 38 116 17 23.2 3.05 3.4 

LCFS 38 112 33 22.4 2.90 6.6 

SPT 38 99 34 19.8 2.61 6.8 

LPT 38 128 24 25.6 3.37 4.8 

DD  38 128 18 25.6 3.37 1.6 

STR 38 128 18 25.6 3.33 3.6 

 

b) Average Flow Time:  

  WSPT Sequence 

(j) (t j) (w j) (t j/w j) (j) (t j) Fj (w j) (Fj×Wj) 

1 9 3 3 5 6 6 3 18 

2 7 1 7 1 9 15 3 45 

3 5 1 5 3 5 20 1 20 

4 11 1 11 2 7 27 1 27 

5 6 3 2 4 11 38 1 38 

Total      38  9 148 

Average Flow Time = & =  16 

 

  WEDD / WMDD  Sequence 

(j) (t j) (w j) (t j/w j) (j) (t j) Fj (w j) (Fj×Wj) 

1 16 3 5.3 1 16 16 3 48 

2 20 1 20 5 40 56 3 168 

3 25 1 25 4 15 71 1 71 

4 15 1 15 2 20 91 1 91 

5 40 3 13.3 3 25 116 1 116 

Total         494 

Average Flow Time = & =  54.88 
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Question 2: Minimum Critical Ratio:  The following jobs are waiting to be 

processed in a turning shop today (July, 23). The estimates of the time needed 

to complete the jobs are as follows: 

Jobs (j)  Due date  Processing time (tj) in days  

1 July, 31 9 

2 August, 2 6 

3 August, 16 24 

4 July, 29 5 

5 August, 30 30 

Sequence the job based on the minimum critical ratio. 

 

Answer 2: The critical ratio [CR] is = 
  

     
 

Jobs (j)  Due date  Due days for j th 

job(dj)  

Time taken j th 

job(tj)  

CR 

1 July, 31 8 9 0.89 

2 August, 2 10 6 1.67 

3 August, 16 24 24 1.00 

4 July, 29 6 5 1.20 

5 August, 30 38 30 1.27 

Note 1: As per CR, a job with minimum CR will be given first preference   

Note 2: Critical Ratio (CR) of less than one means that the job is already late. 

The sequence as per CR 1 3 4 5 2 

 

Question 3ȯɯ)ÖÏÕÚÖÕɀÚɯ1ÜÓÌȯɯA company has 8 large machines which receive 

preventive maintenance. The maintenance team is divided into 2 crews A and 

!ȭɯ"ÙÌÞɯ ɯÛÈÒÌÚɯÛÏÌɯÔÈÊÏÐÕÌɀÚɯ×ÖÞÌÙɯÈÕËɯÙÌ×ÓÈÊÌÚɯ×ÈÙÛÚɯÈÚɯ×ÌÙɯÎÐÝÌÕɯ

maintenance schedule. The second crew resets the machine and puts back 

into operation.  

At all times the n o passing rule is considered to be in effect. The servicing 

time for each machine is given below. 
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Machine  A  B C D  E F G H  

Crew A  5 4 22 16 15 11 9 4 

Crew B 6 10 12 8 20 7 2 21 

Determine the optimal sequence of scheduling for the factory maintenance 

crews to minimize their idle times and represent it on the Gantt chart.  

Answer  3: Step I: The minimum processing time on crew A is kept first in 

sequence while machine with processing times minimum on crew B is kept 

last in sequence.The optimum sequence is 

B H A E C D F G 

Step II:  Calculation of total elapsed time  

Optimal  Crew A  Crew B  Idle time on  

Sequence Start Finish  Start Finish  Crew B 

B 0 4 4 14 4 

H 4 8 14 35 0 

A 8 13 35 41 0 

E 13 28 41 61 0 

C 28 50 61 73 0 

D 50 66 73 81 0 

F 66 77 81 88 0 

G 77 86 88 90 0 

Gantt chart  [Total elapsed time is 90 hrs] 

  

B  B H A E C D F G  

  

A B H A E C D F G    

  

 10 20 30 40 50 60 70 80 90  

 Time in hours  

 

 = Idle time 
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[CMA RTP J11 & J12] 

Question 4: A machining centre in a job shop of a local fabrication company 

has five unprocessed jobs remaining at a particular point in time. The jobs are 

labeled 1,2,3,4 and 5 in the order they enter the shop. The respective 

processing time and due dates are given in the time table below: 

Job 

Number (j)  

Processing time 

(days) (tj)  

Due 

Date (dj)  

1 11 61 

2 29 45 

3 31 31 

4 1 33 

5 2 32 

 

The production manager and the marketing manager of the job shop have 

different opinion on customer service. The production manager feels that for 

certain jobs, delays are inevitable in the basic structure of the job shop 

working the loss as 50 per job per day of delay with respect to delivery date. 

The marketing manager feels delay would cost the organization 1000 per 

tardy job.  

Examine the three commonest sequencing rules and state sequencing rule 

ÛÏÈÛɯÞÖÜÓËɯÚÈÛÐÚÍàɯÛÏÌɯÖÙÎÈÕÐáÈÛÐÖÕɀÚɯÙÌØÜÐÙÌÔÌÕÛɯÛÏÌɯÉest. 

Answer 4: 

SPT Sequence EDD Sequence  FCFS Sequence 

(j)23 
(t j)

24 
Fj25 

d j

26 

L j

27 
(j) 

(t j

) 
Fj d j L j 

(j

) 

(t j

) 
Fj d j L j 

4 1 1 33 - 3 31 31 3

1 

- 1 11 11 6

1 

- 

 
23 (j) = Job 
24(tj) = Time taken for the jth job 
25Fj = Flow time of jth job = Cumulative (tj) 
26dj= Due date for the jth job [given information] 
27L j = Lateness for the jth job = Maximum of [Fj- dj, 0] 
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5 2 3 32 - 5 2 33 3

2 

1 2 29 40 4

5 

- 

1 11 14 61 - 4 1 34 3

3 

1 3 31 71 3

1 

40 

2 29 43 45 - 2 29 63 4

5 

1

8 

4 1 72 3

3 

39 

3 31 74 31 43 1 11 74 6

1 

1

3 

5 2 74 3

2 

42 

Tota

l  

74 13

5 

 43 7

4 

 23

5 

 3

3 

 74 26

8 

 12

1 

 

 Characteristics Formula   SPT EDD  FCFS 

[a] Number of late 

jobs  

 days 1 4 3 

[b]  Total Job 

Lateness 

 days 43 33 121 

[c] Average Job 

Lateness 

Ὕέὸὥὰ ὐέὦ ὒὥὸὩὲὩίί

ὔόάὦὩὶ έὪ ὒὥὸὩ ὐέὦί
 

days 8.6 6.6 24.2 

[d]  Cost as per 

production 

manager 

[b] × 50  2,150 1,650 6,050 

[e] Cost as per 

marketing 

manager 

[a] × 1,000  1,000 4,000 3,000 

 

Comment: As per production manger EDD should be accepted, as per 

marketing manager SPT should be accepted. No single rule can satisfy 

both.However considering the no. of late jobs, SPT seems to have an edge. 
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[CMA INTER D05]  

Question 5: Vision Graphics provides copy services for law firms in Mumbai 

suburbs.  Five customers submitted their orders at the beginning of the week.  

Specific scheduling data are as follows: 

Job 
Processing Time 

(in order arrival)  

Due Date (Days)  

(Days hence) 

A 3 5 

B 4 6 

C 2 7 

D 6 9 

E 1 2 

 

All orders require the use of the only one color copy machine available.  

Vision Graphics would like to use the following Priority Rules and decide the 

best rule for the jobsequencing, using the evaluation criterion of minimum 

flow time:  

(a) FCFS (First come First Served) 

(b) SOT (Shortest Operation Time) 

(c) DD (Due Date) or EDD (Earliest Due Date) 

(d) STR (Slack Time Remaining) 

(e) LCFS (Last Come First served) 

Compute the Mean Flow Time and the average lateness using the five priority 

rules and determine the best priority rule to sequence the jobs. 

Answer 5: 

Job 
Processing Time 

(in  order arrival)  

Due Date (Days)  

(Days hence) 

Slack Time  

[d j - t j] 

A 3 5 2 

B 4 6 2 

C 2 7 5 

D 6 9 3 
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E 1 2 1 

 

FCFS Sequence SOT Sequence DD Sequence  

(j)28 (t j)29 Fj30 d j31 L j32 (j) (t j) Fj d j L j (j) (t j) Fj d j L j 

A 3 3 5 0 E 1 1 2 - E 1 1 2 0 

B 4 7 6 1 C 2 3 7 - A 3 4 5 0 

C 2 9 7 2 A 3 6 5 1 B 4 8 6 2 

D 6 15 9 6 B 4 10 6 4 C 2 10 7 3 

E 1 16 2 14 D 6 16 9 7 D 6 16 9 7 

Total  16 50  23   36  12   39  12 

 

STR Sequence LCFS Sequence 

(j) (t j) Fj d j L j (j) (t j) Fj d j L j 

E 1 1 2 0 E 1 1 2 0 

A 3 4 5 0 D 6 7 9 0 

B 4 8 6 2 C 2 9 7 2 

D 6 14 9 5 B 4 13 6 7 

C 2 16 7 9 A 3 16 5 11 

Total   43  16   46  20 

 

Characteristics Formula  FCFS SOT DD STR LCFS 

Total Flow Time  days 50 36 39 43 46 

Total Job Lateness  days 23 12 12 16 20 

 
28 (j) = Job 
29(tj) = Time taken for the jth job 
30Fj = Flow time of jth job = Cumulative (tj) 
31dj= Due date for the jth job [given information] 
32L j = Lateness for the jth job = Maximum of [Fj- dj, 0] 
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Average completion time 

(&) 

Ὕέὸὥὰ Ὂὰέύ ὝὭάὩ

ὔόάὦὩὶ έὪ ὐέὦί
 

days 10 7.2 7.8 8.6 9.2 

Average Job Lateness Ὕέὸὥὰ ὐέὦ ὒὥὸὩὲὩίί

ὔόάὦὩὶ έὪ ὐέὦί
 

days 4.6 2.4 2.4 3.2 4.0 

Conclusion:  Shortest Operation Time is the most priority rule for the job 

sequencing, as this schedule has the lowest mean flow time (&) of 7.2 days of 

the entire schedule considered. 

 

Question 6: WSPT Rule: Consider the following single machine -scheduling 

problem with weights.  

Job (j) 1 2 3 4 5 

Processing time (tj) hrs 30 8 10 28 16 

Weight (W j) 1 2 1 2 3 

Answer 6:  

  WSPT Sequence 

(j)33 (t j)34 (w j)35 (t j/w j)36 (j)37 (t j) Fj38 (w j) (Fj×Wj) 

1 30 1 30 2 8 8 2 16 

2 8 2 4 5 16 24 3 72 

3 10 1 10 3 10 34 1 34 

4 28 2 14 4 28 62 2 124 

5 16 3 5.33 1 30 92 1 92 

Total   9     9 338 

 

Average Flow Time = & =  = 
 

 = 37.56 hours 

 

 
33 (j) = Job 
34(tj) = Time taken for the jth job 
35(wj) = Weight for the jth job 
36(tj/wj) = The weighted processing time = 

  

 
 

37(j) [under WSPT sequence] = based on shortest weighted processing time (tj/wj) 
38Fj = Flow time of jth job = Cumulative (tj) 
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Question 7: The processing time and due dates of jobs for a single machine 

scheduling is given. 

Job (j) 1 2 3 4 5 6 7 

Processing time (tj) in hours 10 8 8 7 12 15 18 

Due date (dj) 15 10 12 11 18 25 30 

Determine the sequence which will minimize the maximum lateness and also 

determine the maximum lateness with respect to the optimal sequence. 

Answer 7: EDD  will minimize the maximum lateness. Hence the problem 

solved using EDD 

 

EDD Sequence 

(j)39 (t j)40 Fj41 d j42 L j43 

2 8 8 10 0 

4 7 15 11 4 

3 8 23 12 11 

1 10 33 15 18 

5 12 45 18 27 

6 15 60 25 35 

7 18 78 30 48 

From the above table, the maximum Lj is 48.  

 

 

[CMAINTER J09, 4 Marks]  

Question 8: As on August 1, the following jobs are to be processed. Their 

processing times and due dates are given: 

 
39 (j) = Job 
40(tj) = Time taken for the jth job 
41Fj = Flow time of jth job = Cumulative (tj) 
42dj= Due date for the jth job [given information] 
43L j = Lateness for the jth job = Maximum of [Fj- dj, 0] 




