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Chapter   1 
MANAGEMENT CONTROL SYSTEM 

 
1. What is Management Control System (MCS)? 

Ans: 
A. Meaning: 
1. Management Control System is the process by which the managers assure that resources are 

obtained and used effectively and efficiently in the accomplishment of organizational objectives. 
2.  
3. The focus is on implementation of strategic decisions of the management i.e., the process of 

deciding on objectives of organization, on change in these objectives, policies that are to govern 
acquisitions, use and disposition of resources etc. 

B. Characteristics of a sound Management Control System (MCS): 
1. Pervasive: MCS should be concerned with all types of forecasts like marketing, production, finance 

etc. for the next year or even two or three years and then with formulating plans for achieving the 
objectives of the Firm. 

2. Continuous: MCS is a continuous exercise and, even as work proceeds, plans are changed in the 
light of experience gained.  Management should engage in the task and work on the information 
continuously collected, chiefly from internal sources. 

3. Functional areas: Research, Marketing, Advertising, Production, Personnel Policies must be 
decided upon and adjusted continuously. 

4. Periodicity: The MCS activity is regular, disciplined and usually has an annual horizon. 
5. Co-ordination: Since different departments are involved in the MCS, the flow of information has to 

be properly organized and channelized. 
6. Planning & Control: In a MCS, appraisal is constant and is not too difficult. The emphasis is on both 

planning and control. 
7. Goal Congruence: MCS should involve middle managers who are engaged to take actions that are 

in the best interest of the organization.  This process may be called a
should be ensured that the organizational goals coincide with those of managers. 

8. Centralisation Vs. Decentralisation: Management Control structure is primarily built around the 
financial structure.  In a decentralized set-up targets are set in terms of return on investment or 
residual income and the manager concerned is expected to meet the targets.  In a centralized 
setup, the budgets are very carefully screened by the top management and the adherence to the 
budget will be required. 

9. Quantifiable Targets: Manager s performance may be judged by an effective combination of 
quantitative and qualitative factors.  (i.e., both efficiency and effectiveness should be considered). 

 
2. What is a System? What are various types of systems? 

Ans: The term system may be defined as a set of interrelated objects that operate collectively to 
accomplish some common purpose or goal. 
Thus a system can be described by specifying its parts, the way in which they are related, and the goals 
which they are expected to achieve. 
A business is also a system where economic resources such as people, money, material, machines, etc are 
transformed by various organizational processes (such as production, marketing, finance etc.) into goods 
and services. 
Systems can be abstract or physical.  An abstract system is an orderly arrangement of 
interdependent ideas or constructs.  For example, a system of theology is an orderly arrangement of ideas 
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about good and the relationship of humans to God.  A physical system is a set of elements which operate 
together to accomplish an objective.  A physical system may be further defined by examples, transportation 
system, accounting system,  
 
Open System: A system that interacts freely with its environment by taking input and returning output is 
termed as an open system.  With change of environment, an open system also changes to match itself with 
the environment.  For example, the education system or any business process system will quickly change 
when the environment changes.  To do this an open system will interact with elements that exist and 
influence from outside the boundary of the system. 
Information systems are open systems because they accept inputs from environment and sends outputs to 
environment.  Also with change of environmental conditions they adopt themselves to match the changes. 
 
Closed System: A system that does not interact with the environment nor changes with the change in 
environment is termed as a closed system.  Such systems are inserted from the environment and are not 
affected with the changes in environment.  Closed systems are rare in business area but often available in 

-
watch, which is a system, composed of a number of components that work in a cooperative fashion 
designed to perform some specific task.  This watch is a closed system as it is completely isolated from its 
environment for its operation.  It works and dies out after some time. 
In general the life cycle of a closed system is much shorter compared to that of an open system because it 
decays faster for not having any input/interaction from environment. 
 
Deterministic and probabilistic system: A deterministic system operates in a predictable manner.  The 
interaction among the parts is known with certainty.  If one has a description of the state of the system at a 
given point in time plus a description of its operation, the next state of the system may be given exactly, 
without error. An example is a correct computer program, which performs exactly according to a set of 
instructions. 
The probabilistic system can be described in terms of probable behaviour, but a certain degree of error is 
always attached to the prediction of what the system will do.  An inventory system is an example of a 
probabilistic system. 
 

3. What is a control system? What are the types of Control Systems? 
Ans: A control system consists of a set of formal and informal systems that are designed to assist 
management in steering the organization towards achievement of its goals. These two systems are distinct 
but closely inter-related, sometimes undistinguishable sub divisions of control systems. They are 
considered adaptive if the two systems are internally consistent, i.e., consistent with one another and 
designed to permit learning that is effective in continuously meeting the competitive challenges in the 
environment. 
The formal and informal systems along with the five components of each are explained further.  
Formal Control Systems: 
Infrastructure: 

 Organization Structure 
 Strategy 
 Operations 

 Patterns of Autonomy 
 Measurement Methods 

 Responsibility Centre 
 Transfer pricing 
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Management Style and Culture: 
 Prevailing Style 

 External / Internal / Mixed 
 Principal Values 

 Norms and Beliefs 
Formal Control Process: 

 Strategic Planning 
 Capital Budgeting 

 Operations Planning 
 Cost Accounting 
 Budgeting 

 Reporting Systems 
 Strategy/Project Management 
 Operations/Variance analysis 

Rewards: 
 Individual and Groups 
 Short term and Long term 
 Promotion Policy 

 
Co-ordination: 

 Standing Committees 
 Strategy 
 Operations 

 Formal conferences 
 Involvement Techniques 

 
Informal Control Systems: 
Infrastructure: 

 Personal Contacts 
 Networks 
 Expertise oriented 
 Minimal Structure 
 Emergent Roles 

Management Style and Culture: 
 Prevailing Style 
 External/Internal/Mixed 
 Principle Values 
 Norms and Beliefs 

Informal Control Process: 
 Search/alternative generations 
 Adhoc as needed 
 Uncertainty coping 
 Rationlisation/dialogue 

Informal Rewards: 
 Recognition 
 Status oriented 
 Intrinsic 
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 Performance Oriented 
 Stature oriented 
 Personal Contact 

Co-ordination & Integration: 
 Based upon trust 
 Simple/direct/personal 
 Telephone conversation 
 Personal memos 

 
4. What are the basic elements of Control systems? 

Ans:  
The term control is used in management parlance in a cybernetic sense, that is to say, as a self-regulating 
mechanism with the following sequence of actions: 

1. Planning 
2. Execution 
3. Comparison of achievement with plan 
4. Assessment of deviations, if any 
5. Corrective action to bring back performance in conformity with the plan. 

The basic elements of a control system are the following 

1. A control object or variable to be controlled 
2. A detector or scanning sub-system 
3. A comparator/Assessor 
4. An effecter or action taking subsystem 
5. Communication Network. 

Control Object 
A control object is the variable of the systems behavior chosen for monitoring and control. The choice of 
the control object is the most important consideration in studying and designing a control system. 
Variations in the status of control object i.e., its behavior become the stimuli which trigger the functioning 
of the control system. Without these variations the system has no reasons for existence. 
Detector 
The detector tracks the performance and can be visualized as a scanning system and it feeds on 
information. In fact the detector is another name for Management Information System(MIS). 
Comparator/Assessor 

The output of the scanning system constitutes the energizing input of the comparator. Its function is to 
compare deviation of the control object from the pre-determined standard or norm the deviation become 
input to the activating system. 
Effectors 
The effectors are a true decision maker. It evaluates alternative course of corrective action in the light of 
the significance of the deviations transmitted by the comparator. On the basis of this comparison, the 
systems output is classified as being in control. If out of control it initiates corrective action. 
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Communication Network 

These are devices that transmit information between the detector and the assessor and between the 
assessor and the effectors. 

5. What are the different types of organization structures? 
Ans:  
Organization Structure 

A firm s strategy has a major influence on its structure. The type of structure in turn influences the design 

general categories. 

1. Functional Structure 
2. Divisional Structure 
3. Matrix Structure 

Functional Structure 

In this structure, each manager is responsible for a specified function as Finance or Marketing. The 
diagrammatic representation of this structure is as follows: 

 
This structure is based on the principle of division of labour and achieving excellence in each function.  The 
drawback is the coordination problems that may arise to ensure optimization at the corporate level. 
 
Divisional Structure: 
In this structure each of the decentralized division operates as a complete business unit in itself, like a semi-
independent part of the company. The diagrammatic representation of this structure is as follows: 
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This structure helps the firms to be more market/customer-focused when the firm is engaged in unrelated 
product businesses. Full authority and accountability is given to the head of divisions as a separate profit 
and/or investment responsibility center. Structure produces greater managerial motivation to run their 
own business within broad company policies, thus acting as a good training ground for leadership. 
Matrix Structure 
Matrix Organisation Structure combines the coordination and control of the decentralized structure with 
the technical excellence of economies of scale of the functional structures to reap the benefits of both. 
While managing complex programs as in large high-technology programs, complex products and services 
and multinational business, organization face several coordination problems. A matrix avoids such 
problems as the total responsibility for achieving the goals and objective of the program lies with Program 
Manager but must share resources from the various functional heads. The functional managers assigned to 
the projects are administratively reporting to the Project Manager but functionally to the Function Head.  
The distinguishing feature of the matrix structure is thus, the dual dimensions of management embodied in 
it. The structure of a Matrix Organization is given below: 

 
 

6. What is meant by management culture? And state its importance. 
Ans:  
Management Culture 
Culture consists of shared values, beliefs and norms of organization which grew over time based upon the 
assumptions of what it takes to be successful. While management style is associated with individual 
managers, corporate culture is pervasive and is an organizational concept. 
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Culture facilitates cooperation & communication within the organization; however, if the beliefs are not 
consistent with the needs of business, dysfunctional consequences may follow. 
 
A shared belief also ensures greater commitment of the employee to the organization. 

oriented approach when the telecom sector was de-regulated. 
 
Key themes or dominant values shape the organization culture 

a) A belief in the importance of people as individuals  
and in their ability to make      Infosys 
a strong and effective contribution     Intel 

b) A belief in superior quality and service    I.B.M 
c) A belief in cleanliness & quality     M.T.R 

McDonald 
d) Belief in innovation       3M 

 
 

7. Advantages and Dis-advantages of matrix  Organisation Structure? 
Ans:  
Matrix Organization structure combines the coordination and control of the decentralized structure with 
the technical excellence of economies of scale of the functional structures to reap the benefits of both. 
While managing complex programmes as in large high technology programmes complex products and 
services and multinational business.  Organization faces several coordination problems.  A Matrix avoids 
such problems as the total responsibility for achieving the goals and objectives of the programme lies with 
the programme manager but must share resources from the various functional heads.  The functional 
managers assigned to the projects are administratively reporting to the Project manager but functionally to 
Function Head. 
Advantages: 

1. Ensures better coordination and control of the decentralized structure along with achieving 
technical excellence and economies of scale of the technical organizations. 

2. Fosters creativity and multiple sources of diversity. 
3. Broader middle-management exposure to strategic issues of the business. 
4. Acts as a good ground for future leaders. 

 
Disadvantages: 

1. Dual accountability which creates confusion. 
2. Necessities tremendous horizontal and vertical coordination. 
3. Difference in orientation between Programme and Functional personnel. 
4. As responsibility is distributed between programme and functional personnel, it becomes difficult 

to administer system of accountability, leading to potential conflict. 
5. The design of reward structure for programme and functional personnel is a ticklish issue which 

should be worked out in a fair and transparent manner to satisfy all. 
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8.  
Ans: 
The frame work is shown as follows: 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 
The model considers the criteria in success of a business organisation and forms an interconnected 
framework of seven elements: 

 Structure 

 Strategy 

 Skills 

 Systems 

 Staff 

 Style; and 

 Shared values 

Structure 

System Strategy 

Style Skills 

Staff 

Shared 
Value 
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Of these, the first two, strategy and structure form the hardware of the organisation, the remaining 
components constituting the software.  The hard components are easily recognised as important, the soft 
ones, often barely recognised, are equally important and critical for the success of a firm. 
Of these, shared values, system style all relate to behavioural patterns involving staff (people) and their 
skill.  These behavioural patte
activities and strategies together.  Four major aspects of the behavioural fabric are of crucial importance.  
They are:  Power; leadership; culture and risk. 
 
The successful implementation of a strategy requires the right align of various activities and processes 
within the organisation. 
 

the other five-S; are the software and are often ignored by corporate strategists.  While strategy and 
structure are important to the organisation, they by themselves cannot assure success which comes about 
by corporate commitment.  It is the other five-S which play an important role in creating a climate of 
commitment.  The better the alignment between and among all the seven levers of the organisation, the 
better are likely to be the results. 
 

9. The impact of control system on human behaviour can be better explained by Budgetary 
Control. Explain. 

Ans: 

of Control System on human behaviour is better explained with the aid of examining budgetary control. 
 
The Budget Process affects behaviour in three ways: 

i. Budget Formulation: A Bottom-up approach, instead of top-down, involving employees, 
makes them committed towards meeting the budget. 

ii. Fixing Budgets: Sales, Production and other targets that are determined/fixed are challenging, 
 

iii. Performance Evaluation: This should be done in a constructive manner rather than in a 
vindictive manner. To ensure proper accountability, an appropriate evaluation with a positive 
outlook is a necessity. 

Budgetary exercise is not simply a tool for planning in control but more importantly a means of achieving 
coordination between different departments of an enterprise. Cooperation and coordination between 
employees and the management and among the employees themselves through the Budgetary Control 
System i.e., involving all in the process, will yield better results. 
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Objective and Bit Questions 
10. The Basic elements of a control system includes _____ 

a) Control object b) Detectors / scanning sub  system  c) Comparator  
d) All the above. 

11. Mr. Stafford Beer principles of control system are _____ 
a) Continuous and automatic comparison of actual with standard 
b) Control is synonymous with communication 
c) Control is in the act of and by the act of going out of control 
d) All the above 

12. 2+2 = 5 is: 
a) Aggregative relationship b) Redundant relationship c) synergistic relationship d) none 

of the above 
13. ________ consists of shared values, beliefs and norms of organization. 

a) Management style  b) Management culture c) organizational structure c) All the 
above 

14. The Board lays down the major policies and broad guide lines, so the professional divisional 
managers are given total freedom to attain the organizational goals.  It is- 
a) Theory x style b) theory y style c) Mixed style  d) both a) and b) 

15. The main consideration in design of organization structure are 
a) Functional Dimensions b) product dimensions  c) Geographical area 

Dimensions d) All the above 
16. Nucor provided employees four compensation plans they are _______ 

a) Production Incentive plan  b) Department manager incentive plan c)Senior 
officers incentive plan  d) All the above 

17.  
a) Strategy and structure b) skills, style c) style, staff d) systems, shared values 

18. Match the correct pairs. 

Strategic planning (a) Management control (b) 
On one output at a time Leads to desired results 
Un structured and Irregular; each problem different Integrated; More internal and historical; More 

accurate 
Tailor made for the problems: More external and 
predictive; Less accurate 

Rhythmic; Prescribed procedures 

Show expected results Emphasis on both planning and control 
Planning dominant, but some control On whole organization 
  

a) 1a 5b, 2a 1b, 3a 2b, 4a 3b, 5a 4b. 
b) 1a 5b, 2a 3b, 3a 2b, 4a 1b, 5a 4b. 
c) 1a 4b, 2a 3b, 3a 2b, 4a 1b, 5a 5b. 
d) 1a 2b, 2a 3b, 3a 5b, 4a 4b, 5a 1b. 
19. ______________ is the variable of systems behavior chosen for monitoring and control. 
20. ______________ tracks the performance and can be visualized as a scanning system and it feeds 

on information and is also another name for MIS. 
21. ______________ is a true decision maker of  a system. 
22. Elements of a system are __________, _____________, ____________. 
23. M C S is set of inter related _______________. 
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24. Maciareillo and korby include both _________, _________ in the definition of M C S. 
25. _________ consists of shared values, beliefs and norms of organization. 
26. ________ is associated with individual managers. 
27. _______ facilitates cooperation and communication within the organization. 

State True or False: 
28. Symbiotic relationship is one in which the connected systems can not function alone. 
29. In functional organization structure, each manager is responsible for a specified function. 
30. In Divisional organization structure each of the decentralized division not operates as a complete 

business unit in it self. 
31. Strategy formulation, Management control, Task control are called hree tier planning and 

control frame work . 
32. Match the following: 

1. Control object a) Formal procedures 
2. Redundant relationship b) That duplicates others 
3. M C S c) Participative 
4. External Style d) Variable of a system 
5. Internal style e) Coordination of parts of organization 
33. M I S 
34. M C S 

Answers to Objective and Bit Questions 
10. D    13. B    16. D 
11. D    14. C    17. A 
12. C    15. D    18. B 
19. Control Object 
20. Detector or Scanning subsystem. 
21. Effectors 
22. Inputs, Processes, Output 
23. Communication Structures. 
24. Control of Strategy, Control of operations 
25. Culture 
26. Management style 
27. Culture 
28. T 
29. T 
30. F 
31. T 
32.  

1. (d) 
2. (b) 
3. (e) 
4. (a) 
5. (c) 

33. Management Information System 
34. Management Control System 
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  2 
OPERATIONS MANAGEMENT  

1. Define Material Requirement Planning (MRP) 
Ans: 

1. Material Requirement Planning is a computerized Production Scheduling System providing a 
basis for production decisions. 

2. It Progressively translates the forward schedule of final product requirements (the master 
production schedule) into the numbers of sub-assemblies, components and raw materials 
required at each stage of the manufacturing cycle.  (In other words, MRP involves input planning 
based on output budget). 

2. List the aims / objectives and benefits of Material Requirement Planning 
Ans: 

1. To determine quantity and timing of Finished Goods Production as per the Master 
        Production schedule. 
2. To ascertain quantity of Raw Materials, Sub-Assemblies and Components          required for 

budgeted production, based on Bill of Materials. 
3. To compute the Inventories, Work-In-Progress, Batch Sizes and manufacturing &    packaging 

Lead Times. 
4. To control inventory by ordering bought-in Components and Raw materials in relation to the 

orders received or forecast. 
5. To forecast the inventory position period  by  period for a future time period of a 

manufacturing operation. 
6. To serve as an inventory information system helpful in planning for Raw materials and 

Component Parts. 
7. To generate Purchase Requisition Notes and Purchase orders through computer  

system automatically. 

3. List the requirement for operation of a MRP system 
Ans: The prominent data requirements for a MRP system are  

1. Master Production Schedule: This specifies the quantity of each finished product to be produced 
and the time at which such items will be required for dispatch to customers. 

2. Bill of Materials (BOM): This specifies the consumption requirements of sub-assemblies, 
components and materials, for each unit of finished goods. 

3. Inventory File/Stores Ledger: This contains the inventory details of each sub-assembly, 
components and materials required for each item of finished Goods. 

4. Routing File: This provides details on the sequence of operations required to manufacture 
Components, Sub-Assemblies and Finished Goods. 

5. Master Parts File: This contains information on the production time of Sub-Assemblies and 
Components produced internally and lead times for externally acquired items. 

MRP pre-supposes the use of computers and hence the above information will be required as system data 
files. 
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4. Differentiate between MRP and MRP-II? 
Ans: 

a) Material requirements planning (MRP) is a production planning and inventory control system   
used to manage manufacturing processes. Manufacturing resource planning (MRP II) is defined as a 
method for the effective planning of all resources of a manufacturing company. Ideally, it addresses 
operational planning in units, financial planning in dollars, and has a simulation capability to answer 
"what-if" questions and is on extension of closed-loop MRP. 
b) While MRP allows for the coordination of raw materials purchasing, MRPII facilitates the 
development of a detailed production schedule that accounts for machine and labour capacity, scheduling 
the production runs according to the arrival of materials. MRPII was concerned with the integration of all 
aspects of the manufacturing process, including materials, finance and human relations 
c) Manufacturing resource planning (MRP II) can provide better control of the following, compared 
to the Material Requirement planning (MRP) 
 Better control of inventories 
 Improved scheduling 
 Productive relationships with suppliers   
 Improved design control 
 Better quality and quality control 
 Reduced working capital for inventory 
 Improved cash flow through quicker deliveries 
 Accurate inventory records 

5. Write short notes on JIT Philosophy. 
Ans: 

ust-in-
time, in an efficient and effective manner. JIT Philosophy/concept operates under  

a) Identify significant activities in the Firm, and classify into VA (Value-Added) and NVA (Non-Value-
Added) activities. 

b) Simplify VA activities so as to improve productivity / efficiency / output. 
c) Eliminate NVA activities so that time earlier spent on NVA activities can now be used for V A 

activities. 
d) Achieve significant cost reduction by eliminating time  related and NVA activity related costs. 
6. What are the objectives of JIT Production methods? 

Ans: 
a) Waste Reduction 
b) Time Reduction 
c) Elimination of NVA items/activities 
d) Zero Inventory 
e) Zero Defects 
f) Zero Break-downs 
g) Economical Batch Sizes 
h) Product Quality 
i) Timely delivery to customer 
7. Explain how JIT eliminates wastage of resources? 

Ans: 
a) Reduction in Inventory Levels: Unnecessary piling up of Raw Materials, WIP and finished goods 
are avoided.  The focus is on production and purchase as  
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b) Reduction in Wastage of Time: Wastage of time in various ways like Inspection Time, Machinery 
Set-Up Time, Storage Time, Queue Time, Defectives Rework Time etc. are reduced. 
c) Reduction in Scrap Rates: There will be sharp reductions in the rate of defectives or scrapped 
units.  The workers themselves identify defects and take prompt action to avoid their recurrence. 
d) Reduction in OH Costs: By reducing unnecessary (non-value-added) activities and the associated 
time and cost-drivers, OH can be greatly reduced e.g. material handling costs, rework costs, facility costs 
etc. 

8. Write a brief note on impact of JIT on Product Prices. 
Ans: 
The impact of a JIT system on product pricing is primarily driven by  a) Customer s perceived need for 
higher product quality and reliable delivery times and b) Presence of Competitors with a similar JIT 
system, the same installation and operational base. These are explained below  

a)  When a Company achieves a higher level of product quality, along with ability 
to deliver products on the dates required, customers may be willing to pay a premium. If customers are 
highly sensitive to quality or delivery reliability (which are the benefit of JIT), it may be possible to 
increase prices substantially.  However, if customers place a higher degree of importance on other factors, 
then there will be no opportunity for a price increase. 
b) Competitors Effect: In case all firms in an industry adopt JIT, they will offer the same level of 
quality and service.  JIT philosophy, in such cases, will be helpful to every company from losing sales to its 
competitors.  The Company has to continuously be quality  conscious in order to retain its customers. 
 

9. What is lean manufacturing? Briefly describe the lean/JIT system. 
Ans:   
Just-in-time (JIT) is a system adopted in a business process engineering.  The aim of business process re-
engineering is to improve the key business processes in an organization by focusing on simplification, cost 
reduction, improved quality and enhanced customer satisfaction. 
JIT is a mechanism for reducing non-value added costs and long-run costs. 

-
introduced by Toyota in Japan.  Manufacturing activity at any particular work station is prompted by the 

 
 
Material movements between operations are minimized by eliminating space between work stations and 
grouping dissimilar machines into manufacturing cells on the basis of product groups and functioning like 
an assembly line.  In the work place visible signaling system (know as Kanbans) are installed to authorize 
production and movement of the part of the using locations. 
The aims of JIT are to produce the required items, at the required quality and in the required quantities, 
at the precise time they are required.  In particular, JIT seeks to achieve the following goals: 

 Elimination of non-value added activities 
 Zero inventory 
 Zero defects 
 Batch size of one 
 Zero breakdowns 
 A 100% on-time delivery service 

The above goals represent perfections and are most unlikely to be achieved in practice.  They do, 
however, offer targets and create a climate for continuous improvement and excellence, thereby securing 
a competitive advantage. 
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10.  Define JIT and state the advantages and disadvantages of Just-in-Time approach in the context 
of inventory control. 

Ans: 
quality, 

producing components only when they are needed and in the quantity that is needed. 
In fact, JIT is not just a technique but is more of a philosophy or approach to management since it 
encompasses a commitment to continuous improvement and the search for excellence in the design and 
operation of the production management system. 
Advantages of JIT approach: 

i) Substantial savings in stockholding costs 
ii) Elimination of waste 
iii) Saving in factory and warehouse space 
iv) Reduction in obsolete stocks 
v) Reduction in ordering costs 

 
Disadvantages of JIT approach: 

i) Additional investment in new machinery and layout 
ii) Difficulty in predicting the daily/weekly demand 
iii) Increased risk of stock-out. 

 
11. What do you mean by ERP? 

Ans: 
a) ERP refers to a software, which integrates all departments and functions across a company 

into a single computer system that can serve all those needs of different departments. 
b) ERP combines all computerized departments together with the help of a single integrated 

software progress that uses a single database so that various departments can more easily 
share information and communicate with each other. 

12. Why do Companies implement ERP? OR Bring out the need for ERP. 
Ans: 
a) Complete Automation and Faster Service: ERP automates the tasks involved in performing a 
business process faster and with fewer errors than befor.  Major business processes like handling 
Customer Orders, Employee benefits (payroll) or Financial Reporting can be speeded up. 
b) Standardized Processes: Manufacturing Companies find that multiple business units 
(departments) across the company adopt different methods and computer systems, for the same 
product.  Standardizing these using a single integrated computer system can save time and increase 
productivity. 
c) Integrated Financial Data: ERP creates a single version of the financial position and performance, 
which is very useful in analyzing the performance and deviations of different business units (Responsibility 
Centers) rather than obtaining individual reports from each such business unit. 
d) Standardized HR Information: HR may not have a unified, simple method for tracking employee 
time and communicating with them about benefits and services.  ERP can help companies with multiple 
business units in this regard. 
e) Tailor  made: ERP systems are designed as per the requirements of individual companies based 
on the nature, scale and methods of operations.  It is superior to other standardized application packages 
(software), which may not be fully useful to a multi-faceted Company. 
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f) Information Management: A good MIS should avoid information overload.  ERP helps proper 
information management since all data are made available at one place, accessible to different users 
based on their individual requirements. 

13. List a few components of ERP 
Ans: 
The following may be identified as the primary components (sub-systems) of ERP system  

a) Sales and Marketing 
b) Master Scheduling 
c) Material Requirement Planning 
d) Capacity Requirement Planning 
e) Bill of Materials 
f) Purchasing 
g) Shop-Floor control 
h) Accounts Payable/Receivable 
i) Logistics 
j) Asset Management 
k) Financial Accounting 

 
14. What are the benefits of ERP? 

Ans: The benefits arising from ERP are  
a) Product Costing: ERP system supports advanced costing methods like Standard Costing, Actual 

Costing, Activity Based Costing, thereby helping in determination of cost of products accurately. 
b) Cost Monitoring and Control: ERP can integrate all costing methods and information with 

finance. This provides the company with essential financial information for monitoring and 
controlling costs. 

c) Planning and Managing: ERP system simplifies complicated logistics and helps in planning for 
and managing different divisions in different locations as a single unit. 

d) Information Flow: The advanced utility of the ERP system helps in processing the flow of product 
and financial information in several different ways. 

e) Efficient Database Management: ERP system aids in the efficient managing of data on 
warehouses, suppliers, customers etc. required to run an organization effectively and profitably. 

f) Inventory Management: Inventory reporting supports all reporting of specific and general types 
of stock transactions like stock transfers, re-classifications, ID changes and physical inventory 
results.  Also ERP can manage stock and purchase requisitions, selection of appropriate locations 
for receipts, inventory valuation, warehouse management and cost accounting. 

g) Customer Satisfaction: ERP system defines the logistics processes flexibly and efficiently to 
deliver the right product from the right warehouse to the right customer at the right time  every 
time, thereby satisfying the customers.  It also supports planning, transportation, confirmation, 
dispatch and proof of delivery processing.  Additionally, it ensures better after sales service. 

h) Competitive Edge: ERP system helps a company to gain competitive edge by  a) enabling the 
company to respond quickly and accurately to change in market conditions, b) improving 
business process, c) ensuring quality control, d) improved and objective production planning, and 
e) Offering Internet, Intranet and Extract Solutions. 

 
15. Write a note on ERP. 

Ans: 
Enterprise Resource Planning (ERP) is the planning of how business resources (materials, employees, 
customers etc.) are acquired and moved from one state to another. 
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An ERP system supports most of the business system that maintains in a single database the data needed 
for a variety of business functions such as Manufacturing, Supply Chain Management, Financials, Projects, 
Human resources and customer relationship management. 
 
An ERP system is based on a common database and a modular software design. The common database 
can allow every department of a business to store and retrieve information in real-time.  The information 
should be reliable, accessible, and easily shared. The modular software design should mean a business can 
select the modules they need, mix and match modules from different vendors and add new modules of 
their own to improve business performance. 
 
Ideally, the data for the various business functions are integrated.  In practice the ERP system may 
comprise a set of discrete applications, each maintaining a discrete data store within one physical 
database. 
 

16. Define Intranet?  Discuss the advantages of the intranet in management? 
Ans: Intranet: 

An intranet is a private computer network that uses Internet protocols and network connectivity 

Sometimes the term refers only to the most visible service, the internal website.  The same 
concepts and technologies of the Internet such as clients and servers running on the Internet 
protocol suite are used to build an intranet.  HTTP and other Internet protocols are commonly 
used as well, such as FTP.  There is often an attempt to use Internet technologies to provide new 

 
 

internet confined to an organization.  Through such devices and systems off-site employees can 
access company information, computing resources and internal communications. 
 
Intranets (also called Enterprise Portals) differ 
restricted to employees of the organization while extranets can generally be accessed by 
customers, suppliers or other approved parties. 
 
Advantages of Intranets: 

a) Workforce Productivity: 
a. Intranets can help users to locate and view information faster and use applications 

relevant to their roles and responsibilities.  Users can access data held in any database 
the organization wants to make available, anytime and  subject to security provisions  
from anywhere within the company workstations. 

b) Time: 
a. With intranets, organizations can make more information available to employees on a 

rather than being deluged indiscriminately by emails. 
c) Communication: 

a. Intranets can serve as powerful tools for communication within an organization, 
vertically and horizontally.  From a communications standpoint, intranets are useful to 
communicate strategic initiatives that have a global reach throughout the organization.  
The type of information that can easily be conveyed is the purpose of the initiative and 
what the initiative is aiming to achieve, who is driving the initiative, results achieved to 
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date and who to speak to form more information.  By providing this information on the 
intranet, staff have the opportunity to keep up-to-date with the strategic focus on the 
organization. 

d) Knowledge Management: 
a. 

accessed throughout the company using hypermedia and web technologies.  Examples 
include: employee manuals, benefits documents, company policies, business standards, 
news feeds, and even training, can be accessed using common Internet Standards 
(Acrobat Files, Flash Files, CGI applications).  Because each business unit can update the 
online copy of a document, the most recent version is always available to employees 
using the intranet. 

e) Business operations and Management: 
a. Intranets are also being used as a platform for developing and deploying applications to 

support business operations and decisions across the internetworked enterprise. 
f) Cost-effective  

a. Users can view information and data via web-browser rather than maintaining physical 
documents such as procedure manuals, internal phone list and requisition forms. 

g) Promote common corporate culture  
a. Every user is viewing the same information within the Intranet. 

h) Enhance Collaboration: 
a. With information easily accessible by all authorized users, teamwork is enabled. 

 
17.  

Ans: Capacity is the maximum rate of output for a process.  The operations manager must provide the 
capacity to meet current and future demand; otherwise, the organization will miss opportunities 
for growth and profits. 

 No single capacity measure is applicable to all types of situations.  A retailer measures capacity as 
annual sales dollars generated per square foot; an airline measures capacity as available seat-
miles (ASMs) per month; a theater measures capacity as number of seats; and a job shop 
measures capacity as number of machine hours.   In general, capacity can be expressed in one or 
two ways output measures or input measures 

 Output measures are the usual choice for high-volume processes.  Nissan Motor Company states 
capacity of its Tennessee plant to be 450,000 vehicles per year. Here that plant produces only 
one type of vehicle, making capacity easy to measure.  However, many organizations produce 
more than one product or service. For example, a restaurant may be able to handle 100 take-out 
customers or 50 sit-down customers per hour. 

 Input measures are the usual choice for low-volume, flexible processes.  For example, in a 
photocopy shop, capacity can be measured in machine hours or number of machines.  Just as 
product mix can complicate output capacity measures, so too can demand complicate input 
measures.  Demand, which invariable is expressed as an output rate, must be converted to an 
input measure.   

 Capacity planning requires a knowledge of the current capacity of a process and its utilization.  
Utilization, or the degree to which equipment, space, or labour is currently being used, is 
expressed as a percent: 
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The average output rate and the capacity must be measured in the same terms  that is, time, 
customers, units or dollars.  The utilization rate indicates the need for adding extra capacity or 
eliminating unneeded capacity.  The greatest difficulty in calculating utilization lies in defining 
maximum capacity, the denominator in the ratio.  Two definitions of maximum capacity are 
useful:  peak capacity and effective capacity. 
 
Peak Capacity: 
The maximum output that a process or facility can achieve under ideal conditions is called peak 
capacity.  When capacity is measured relative to equipment alone, the appropriate measure is 
rated capacity i.e., an engineering assessment of maximum annual output, assuming continuous 
operation except for an allowance for normal maintenance and repair downtime.  Peak capacity 
can be sustained for only a short time, such as a few hours in a day or a few days in a month. 
 
Effective Capacity: 
The maximum output that a process or firm can economically sustain under normal conditions is 
its effective capacity.  In some organizations, effective capacity implies a one-shift operation; in 
others, it implies a three-shift operation.  For this reason, Census Bureau surveys define capacity 
as the greatest level of output the firm can reasonably sustain by using realistic employee work 
schedules and the equipment currently in place. 
 
The two utilization measures are: 
 

  

 

   

 
18. Define Benchmarking. Outline the different types of Bench-marking. 

Ans:   
Benching Marking: Traditionally control involves comparison of the actual results with an established 

 
 
Benching marking is the establishment - through data gathering of targets and comparatives, with which 
performance is sought to be assessed. 
 

standards of performance.  It focuses on improvement in key areas and sets targets which are challenging 
but evidently achievable.  Bench marking implies that there is one best way of doing business and orients 
the firm accordingly.  It is a catching-up exercise and depends on the accurate information about the 
comparative company  be it inside the group or an outside firm. 
 
Benchmark is the continuous process of enlisting the best practices in the world for the process, goals and 
objectives leading to world-class levels of achievement. 
Types of Benchmarking: 
The different types of Benchmarking are: 

i. Product Benchmarking (Reverse Engineering) 
ii. Competitive Benchmarking 
iii. Process Benchmarking 
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iv. Internal Benchmarking 
v. Strategic Benchmarking 
vi. Global Benchmarking 

 
i. Product Benchmarking (Reverse Engineering): is an age old practice of product oriented 

how the features and performances etc., compare with its products.  This could be the 
starting point for improvement. 

ii. Competitive Benchmarking: This has moved beyond product-oriented comparisons to 
include comparisons of process with those of competitors. In this type, the process studied 
may include marketing, finance, HR, R&D etc., 

iii. Process Benchmarking: is the activity of measuring discrete performance and functionality 
against organization through performance in excellent analoguous business process e.g. for 
supply chain management  the best practice would be that of Mumbai Dubbawallas. 

iv. Internal Benchmarking: is an application of process benchmarking, within an organization by 
comparing the performance of similar business units or business process. 

v. Strategic Benchmarking: differs from operational benchmarking in its scope. It helps to 
develop a vision of the changed organizations.  It will develop core competencies that will 
help sustained competitive advantage. 

vi. Global Benchmarking: is an extension of Strategic Benchmarking to include benchmarking 
partners on a global scale.  E.g. Ford Co. of USA benchmarked its A/c payable functions with 
that of Mazada in Japan and found to its astonishment that the entire function was managed 
by 5 persons as against 500 in Ford. 

 
19. What is Bench trending and how does it differ from Bench Marking? 

Ans: 
Bench Trending: Continuous monitoring of specific process performance with a selected group of 
benchmarking is a systematic and continuous measurement process of comparing through measuring an 
organization business processes against business leaders (role models) anywhere in the world, to gain 
information that will help organization take action to improve its performance.  The continuous process of 
enlisting the best practices in the world for the processes, goals and objectives leading to world class 
levels of achievement. 
Benchmarking is the process of comparing the cost, time or quality of what one organization does against 
what another organization does.  The result is often a business case for making changes in order to make 
improvements. 
 
Benchmarking is a powerful m

tools to 
improve their effectiveness. It helps crack through resistance to change by demonstrating other methods 
of solving problems than the one currently employed and demonstrating that they work, because they are 
being used by others. 

a) Identify your problem areas. 
b) Identify other industries that have similar processes. 
c) Identify organizations that are leaders in these areas. 
d) Survey companies for measures and practices 
e)  
f) Implement new and improved business practices. 
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20. What are the stages in the process of Bench Marking? 
Ans: 
The process of benchmarking involves the following stages: 

Stage Description 
1 Planning - 
 a) Determination of Benchmarking goal statement, 
 b) Identification of best performance 
 c) Establishment of the benchmarking or process improvement team, and 
 d) Defining the relevant benchmarking measures 
2 Collection of Data and Information 
3 Analysis of the findings based on the data collected in Stage 2 
4 Formulation and implementation of recommendations 
5 Constant monitoring and reviewing 
 

21. Explain the various stages in the process of Bench Marking? 
Ans: 
Stage 1: Planning 

a) Determination of benchmarking goal statement: This requires identification of areas to be 
benchmarked, which uses the following criteria  

Benchmark for Customer Satisfaction Benchmark for improving Bottom line (Profit) 
 Consistency of product or service  Waste and reject levels 
 Process cycle time  Inventory levels 
 Delivery performance  Work-in-progress 
 Responsiveness to customer requirements  Cost of Sales 
 Adaptability to special needs  Sales per employee 

 
b) Identification of best performance

both expensive and time consuming, so it is better to identify a Company which has recorded 
performance success in a similar area. 

c) Establishment of the benchmarking or process improvement team: This should include persons 
who are most knowledgeable about the internal operations and will be directly affected by 
changes due to benchmarking. 

d) Defining the relevant benchmarking measures: Relevant measures will not be restricted to 
include the measures used by the Firm today, but they will be refined into measures that 
comprehend the true performance differences.  Developing good measurement is key or critical 
to successful benchmarking. 

Stage 2: Collection of data and information: This involves the following steps  
a) Compile information and data on performance.  They may include mapping processes. 
b) Select and contact partners. 
c) Develop a mutual understanding about the procedures to be followed and, if necessary, prepare 

a Benchmarking Protocol with partners. 
d) Prepare questions and agree terminology and performance measures to be used. 
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e) Distribute a schedule of questions to each partner. 
f) Undertake information and data collection by chosen method for example, interviews, site-visits, 

telephone tax and e-mail. 
g) Collect the findings to enable analysis. 

Stage 3: Analysis of findings: 
a) Review the findings and produce tables, charts and graphs to support the analysis 
b) Identify gaps in performance between out Firm and better performers. 
c) Seek explanations for the gaps in performance.  The performance gaps can be positive, negative 

or zero. 
d) Ensure that comparisons are meaningful and credible 
e) Communicate the findings to those who are affected. 
f) Identify realistic opportunities for improvements.  The negative performance gap indicates an 

undesirable competitive position and provides a basis for performance improvement.  If there is 
no gap it may indicate a neutral position relative to the performance being benchmarked.  The 
zero position should be analysed for identifying means to transform its performance to a level of 
superiority or positive gap. 

Stage 4: Recommendations: 

Making recommendations Implementing  recommendations 
 Deciding the feasibility of making the improvements in the light of  

conditions that apply within own Firm 
Implement the action plans 

 Agreement on the improvements that are likely to be feasible Monitor performance 
 Producing a report  on the Benchmarking in which the recommendations  

are included 
Reward and communicate 
success. 

 Obtaining the support of owners/management for making the
 changes needed. 

Keep owners/management 
informed of progress 

 Developing action plan(s) for implementation.  
 
Stage 5: Monitoring and reviewing: This involves  

a) Evaluating the benchmarking process undertaken and the results of the improvements against 
objectives and success criteria plus overall efficiency and effectiveness. 

b) Documenting the lessons learnt and make them available to others. 
c) Periodically re-considering the benchmarks for continuous improvement. 

 
22. What are the pre-requisites of Bench Marking? 

Ans: 
a) Commitment: Senior Managers should support benchmarking fully and must be omitted to 

continuous improvements. 
b) Clarity of Objectives: The objectives should be clearly defined at the preliminary stage.  

for comparisons. 
c) Appropriate Scope: The scope of the work should be appropriate in the light of the objectives, 

resources, time available and the experience level of those involved. 
d) Resources: Sufficient resources must be available to complete projects within the required time 

scale. 
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e) Skills: Benchmarking teams should have appropriate skills and competencies. 
f) Communication: Stakeholders, and also staff and their representatives, are to be kept informed 

of the reasons for benchmarking. 
 

23. Define difficulties in implementation of Bench Marking? 
Ans: 

a) Time consuming: Benchmarking is time consuming and at times difficult.  It has significant 
requirement of staff time and Company resources.  Companies may waste time in benchmarking 
non-critical functions. 

b) Lack of management Support: Benchmarking implementation requires the direct involvement of 
all managers.  The drive to be best in the industry or world cannot be delegated. 

c) Resistance from employees: It is likely that their maybe resistance from employees. 
d) Paper Goals: Companies can become pre-occupied with the measures.  The goal becomes not to 

improve process, but to match the best practices at any cost. 
e) Copy-paste attitude: The key element in benchmarking is the adaptation of a best practice to 

hout that step, a company merely adopts another 

marking goals. 
 

24. What is Business Process Re-engineering?  
Ans: 
Business Process Re-engineering (BPR) refers to the fundamental rethinking and redesign of business 
processes to achieve improvement in critical measures of performance such as cost, quality, service, 
speed and customer satisfaction.  In contrast the concept of Kaizen, which involves small, incremental 
steps towards gradual improvement, re-engineering involves a giant leap.  It is the complete redesign of a 
process with an emphasis on finding creative new way to accomplish an objective.  It has been described 
as taking a blank piece of paper and starting from scratch to redesign a business process.  Rather than 
searching continually for minute improvement, re-engineering involves a radical shift in thinking about 
how an objective should be met.  Re-engineering prescribes radical, quick and significant change.  
Admittedly, it can entail high risks, but it can also bring big rewards.  These benefits are most dramatic 
when new models are discovered for conducting business. 
 

25. What are the characteristics and Principles of Re-engineering Process? 
Ans: 

i. Several jobs are combined into one 
ii. Often workers make decisions 

iii. The steps in the process are performed in a logical order 
iv. Work is performed, where it makes most sense 
v. Quality is built in. 

vi. Manager provides a single point of contact 
vii. Centralized and decentralized operations are combined. 

Seven Principles of BPR: 
a) Processes should be designed to achieve a desired outcome rather than focusing on existing 

tasks. 
b) Personnel who use the output from a process should perform the process 
c) Information processing should be included in the work, which produces the information 
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d) Geographically dispersed resources should be treated, as if they are centralized 
e) Parallel activities should be linked rather than integrated. 
f) Doers should be allowed to be self-managing. 
g) Information should be captured once at source. 

26. What is aggregate planning and briefly explain its techniques? 
Ans: 
Aggregate Planning is the process of developing, analyzing and maintaining a preliminary approximate 
schedule of the overall operations of an organisation. The Aggregate Plan generally contains targeted 
sales forecasts, production levels, inventory levels and customer backlogs. This schedule is intended to 
satisfy the demand forecast at a minimum cost. In simple terms aggregate planning is an attempt to 
balance capacity and demand in such a way that costs are minimized. Generally this activity covers for a 
period of 2 to 18 months. 
 
Aggregate planning has certain prerequisite inputs which are inevitable.  They include 

 Information about the resources and the facilities available. 
 Forecast for the period for which planning has to be done. 
 Cost of various alternatives and resources.  This includes cost of holding inventory, ordering cost, 

cost of production through various production alternatives like subcontracting and overtime. 
 Organizational policies regarding the usage of above alternatives. 

upto approximately 12 months into the future. Term aggregate implies that the planning is done for a single 
overall measure of output or, at the most, a few aggregated product categories.  The aim of aggregate 

R.G. (2007), Operations management. 
The following procedure is generally adopted in the process of aggregate planning 

1. Determine demand for each period. 
2. Determine capacity for each period. 
3. Identify company, departmental and union policy. 
4. Determine unit cost of production 
5. Develop alternative plans and compute costs. 
6. 

 
 

27. Write short notes on Theory of Constraints. 
Ans: 
Theory of Constraint: It describes methods to maximize operating income when faced with some 
bottleneck and some on-bottleneck operations.  It defines three measurements: 

a) Throughput contribution, equal to sales revenue minus direct materials cost. 
b) Investments (inventory), equal to the sum of material cost of direct materials inventory. W.I.P. 

inventory and finished good inventory; R & D costs and costs of equipment and buildings. 
c) Operating costs, equal to all operating costs (other than direct materials) incurred to earn 

throughput contribution. Operating costs include salaries and wages, rent, utilities and 
depreciation. 
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Increasing throughput and / or decreasing inventory or operating expenses should lead to the 
ke money now and in future as well.  Anything that prevents a 

firm from reaching this goal is labelled as a constraint (in the form of capacity, material, the market 
(demand), behavior or even management policy). 

Theory of Constraint thinking regards all progress toward the goal of making money as relating directly to 
management attention towards the constraint(s). 

 
 

Step3. Subordinate everything else to the decisions made in step2. 
 

Step5. If a constraint is broken in step 4, go back to step 1, but do not allow inertia to cause a new 
constraints. 
 

28. Write Short Notes on Optimized Production Technology (OPT). 
Ans: 

a) Goldratt and 
 

b) OPT is based on the principle that profits are expanded by increasing the throughput of the plant 
i.e., rate at which raw material are turned into sales. 

c) The OPT approach determines what prevents throughput being higher by distinguishing between 
 a) Bottleneck and b) Non-Bottleneck Resources. 

d) This approach advocates that bottleneck resources/activities should be fully utilized while non-
bottleneck resources/activities should not be utilized to 100% of their capacity since it would 
result in increase in inventory. 

e) The most widely recognized management accounting system developed for this purpose is 
known as Throughput Accounting (TA). 
 

29. Explain the theory of Constraints  
Ans: 

1. TOC focuses its attention on constraints and bottlenecks within the Firm that hinder speedy 
production. The main concept is to maximize the rate of manufacturing output i.e., the 
Throughput of the Firm. 

2. This requires examination of the bottlenecks and constraints, which are defined as under- 
a) Bottleneck: It is an activity within the firm where the demand for the resource is more than 

its capacity to supply. 
b) Constraint: It is a situational factor, which makes the achievement of objectives/throughput 

more difficult than it would otherwise be, e.g., lack of skilled employees, lack of customers

 orders or the need to achieve a high level of quality in product output. 
3. Relationship between Constraint and Bottleneck: a bottleneck is always a constraint but a 

constraint need not be a bottleneck.  For example, let the major constraint be meeting the 

the factory. 
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4. Throughput is thus related directly to the ability to cope with the constraint and to manage the 
bottleneck.  This focus on throughput forced management to examine both the constraints and 
the bottleneck in order to increase throughput. 

5. Operation of TOC: The main aim of TOC is to increase throughput contribution.  This can be done 
by techniques such as  
a) Linear programming for allocating the optimum use of bottleneck resources, 
b) Use of shadow prices for decision-making, and 
c) Variance analysis using Activity Based Costing Techniques. 

Thus, Theory of Constraints attempts to do the following  
Objective: Maximise Throughput Contribution (i.e., Sales Revenue Less Direct Materials) 
Constraints: Subject to i) Production Capacity (supply Constraints) and 
   ii) Sales Demand (Demand Constraints) 
 

30. What are the options for demand stimulation? How would you adjust capacity to match 
current demand? 

Ans: 
Demand stimulating options: 
Pricing  Varying (lowering) pricing to increase demand in periods when demand is less than peak e.g., 
off-season rates for hotels. 
Promotion  Advertising, direct marketing, bulk purchase discounts, bonus, free offers are used to shift 
demand. 
Back ordering  By postponing delivery on current orders, demand is shifted to period when capacity is 
not fully utilized. 
New demand creation  A new, but complementary demand is created for a product or service  when 
restaurant customers have to wait, they are frequently diverted into a complementary service  the bar. 
 
Options when can be used to increase or decrease capacity to match current demand are 

a) Hire or lay off workers. 
b) Overtime 
c) Part-time or casual workers. 
d) Inventory  build up in periods of slack demand and then used to fill demand during periods of 

high demand. 
e) Subcontracting work to an alternative source, additional capacity is temporarily obtained. 
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Objective and Bit Questions. 
31. ______ Deals with the functions and procedures involved in the day  to  day processes of 

manufacturing goods and products. 
32. ______ Deals with the direction and scope of organization over a long period on how they deliver 

to inter clients. 
33. ______ is the total pattern of decisions which shape the long-term capabilities of any type of 

operations and their contribution to overall strategy. 
34. _____ Involves reconciliation of market requirements with operations resources. 
35.  
36. 

qualifiers. 
37. Operations, of whatever kind, are influenced by two major factors, ______ and _____ 
38. ______, ______ are the criteria for evaluating operations strategy. 
39. Capacity is usually assumed to mean _____ rate at which a transformation system produces or 

processes inputs. 
40. A more usable definition of capacity would be _______ and ________. 
41. _______ is the process used to determine how much capacity is needed and when.  In order to 

manufacture greater product. 
42. Over long-term, capacity planning relates primarily to ____ involving the firms major production 

facilities. 
43. Add capital equipment and modify the layout of the plant is ______ planning. 
44. The easiest and most commonly used method to increase capacity in the _______ is working 

overtime. 
45. Procedure for capacity planning includes: ______, _____, _____, _________. 
46. CPOF is based on ______ and ________. 
47. Capacity bills uses ______ and _______. 
48. Capacity requirements as per capacity bills procedure = __________ x __________. 
49. CRP is only applicable in firms using ____ or _____. 
50. Resource profile = _________ + ________ 
51. Finite capacity scheduling (FCS) is an extension of _______ 
52. _________ is the process of developing, analyzing, and maintaining a preliminary, approximate 

schedule of the overall operations of the organizations. 
53. Aggregate planning is an attempt to balance _____ and ______ in such a way that casts are 

minimized. 
54.  
55. Demand stimulation (i.e., demand needs to be increased in order to match capacity) includes 

_____, _________, __________ etc. 
56. Options which can be used to increase or decrease capacity to match current demand include: 

_______ , _______ , ________, etc. 
57. Two pure aggregate planning strategies are _______, ________. 
58. Under ________ the firm maintains a level work  force and steady rate of output when demand 

is some what low. 
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59. __________ is simply a promise to deliver the product at a later date when it is more readily 
available. 

60. _________ implies matching demand and capacity period by period. 
61. Most firms embracing the just in time production concept utilize a ______ approach to aggregate 

planning. 
62. AH is also known as ________. 
63. Pt = a Wt-1  b It-1 + c Ft+1 + c Ft+1 + K, is rate of production as per _________. 
64. Bills of capacity are a procedure based on _______. 
65. _________ is a set of principles and practices based on philosophy that firms should hold little or 

not inventory beyond that required for immediate production or distribution. 
66. Reducing waste, maximizing cost efficiency and securing competitive advantage are the 

objectives of _____. 
67. __________ is a westernized version of JIT. 
68. _________ is a process of measuring and reducing inventory and steamlinging production. 
69.  _________, a philosophy of production that emphasizes minimizing the amount of all resources 

(including time) used in various enterprise activities. 
70. ________ involves identifying and eliminating non-value adding activities in design, production, 

supply chain management and customer relationship. 
71. The idea behind lean / JIT is a concept called ______ 
72. To balance inventory carrying cost and ordering cost the concept of ______ was developed. 
73. Setup time can be divided into _____ and ______. 
74. Under ______ system entire batch of production is rejected when defective units exceeds 

predetermined sample size. 
75. Optimized production technology originally known as ______ 
76. TOC is systematic and strives to identify ____ to system success and to effect the changes 

necessary to remove them. 
77. Components of the theory of constants includes ____, _____, _____ and _____. 
78. According to Goldratt ______, ______ ,________ are the key performance measures. 
79. Problems discovered through current reality tree and cause effect diagram are known as __. 
80. An evaporating cloud is a _____ tool. 
81. ________ in TOC includes drum  buffer  rope scheduling, buffer management and VAT 

analysis. 
82. The drum in TOC is the _____ and therefore sets the pace for the entire system. 
83. A buffer includes time or materials that supporting _____ and / or due date performance. 
84.  raw materials to the floor. 
85. _____ Analysis of TOC determines the general flow of parts and products from raw material to 

finished products. 
86. ________ starts with one or a few raw materials and the product expands into a number of 

different products as it flows through its routings. 
87. _______ of TOC consists of numerous similar finished products assembled from common 

assemblies and sub-assemblies. 
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88. Systems that are specifically geared toward serving general predictable management functions 
are some time called ________ 

89. _____, or the process of analyzing empirical data allows for the extra polation of information. 
90. _______ Tools allow the users to find the information needed to perform any specific function. 
91. An _____ is a private computer network that uses internet protocols and network connectivity to 

 
92. Sometimes the term refers only to the most visible service, the internal ______. 
93. The same concepts and technologies of the such as client and servers running on the internet 

protocol suite are used to build an _______ 
94. HTTP and other internet protocols are commonly used as well, such as _______ 
95. An _______ can be understood as a private version of an Internet, or as a version of the internet 

confined to an organization. 
96. Internets also called as _________ 
97. One of the main business information tools available to staff globally via intranet is a ___ 
98. The earliest form of MRP-II was known as _____ 
99. ______ is a computer based, time phased system for planning and controlling the production and 

inventory function of a firm from the purchase of materials to the shipment finished product. 
100. The MRP system is composed of three primary modules. All of which function as a form of 

input these are _____ , ______ , _______. 
101. The MPS is divided into units of time called _______. 
102. _______ is a hierarchical testing of the type and number of parts needed to produce one unit 

of finished goods. 
103. ______ , contains a count of the on hand balance of every part held in inventory. 
104. An MRP  II system has a simulation capability that enables its users to conduct _______ or 

evaluate a variety of possible scenarios. 
105. ______ refers to a computer information system that integrates all the business activities and 

processes throughout an entire organization. 
106. 

process against business leaders any where in the world, to gain information that will help the 
organization take action to improve its performance. 

107. _________, a measure, best  in  class achievement. 
108. Product benchmarking is an age old practice of product oriented _____. 
109. ______, the activity of measuring discrete performance and functionally against organizations 

through performance in excellent analogous business processes. 
110. ______, An application of process benchmarking performed, within an organization by 

comparing the performance of similar business units or business process. 
111. ________, the application of process benchmarking of the level of business strategy. 
112. Analyzing PEST scan for recognizing best standard of excellence for bench marking is ________ 
113. _____ and _____ are the two types of bench trending. 
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Answers to Objective and Bit Questions: 
31. Operations 
32. Strategy 
33. Operations Strategy 
34. Operations Strategy 
35. Consistent and High- performance quality 
36. Speed, Cost, innovation 
37. Resources for operations and market requirements. 
38. Consistency and contribution. 
39. Maximum rate 
40. The volume of output per elapsed time, production capability of a facility. 
41. Capacity 
42. Strategic issues. 
43. Long-term capacity planning 
44. Short term. 
45. CPOF, Capacity bills, resources profiles, and CBP. 
46. MPS, Production standard 
47. Bills of material, routing sheets. 
48. Units required by MPS x Hours required per unit. 
49. MRP or MRP  II 
50. Capacity bills + Lead time. 
51. CRP 
52. Aggregate planning 
53. Capacity, demand. 
54. Disaggregated. 
55. Pricing promotion, back ordering etc., 
56. Time / Lay off, over time, sub contracting etc., 
57. Level strategy, chase strategy. 
58. Level strategy 
59. Backlog or back order 
60. Chase strategy 
61. Chase strategy 
62. Flexi year 
63. MCM (management coefficient model) 
64. MPS 
65. JIT 
66. JIT 
67. Lean Manufacturing 
68. Lean Manufacturing 
69. Lean Manufacturing 
70. Lean Manufacturing 
71. Ideal production 
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72. EOQ 
73. External time and internal time 
74. Quality Improvement system (QIS) 
75. Theory of constraints 
76. Constraints 
77. Performance measures, five focusing steps, logical thinking process, and logistics. 
78. Throughput, Inventory and operating expenses. 
79. Undesirable effects. 
80. Conflict  resolution tool. 
81. Logistics 
82. Constraint 
83. Throughput 
84. Schedule 
85. VAT analysis 
86. V- logical structure 
87. T- logical structure 
88. Management Information Systems (MIS) 
89. Data Mining 
90. Query tools 
91. Intranet 
92. Website 
93. Internet, Intranet 
94. FTP 
95. Intranet 
96. Enterprise portals 
97. Competitors database 
98. MRP 
99. Material Requirement Planning 
100. MPS, BOM, Inventory status files. 
101. Buckets. 
102. BOM 
103. Inventory status files 
104. Sensitivity Analysis 
105. ERP 
106. Benchmarking 
107. Bench Mark 
108. Reverse Engineering 
109. Process bench marking 
110. Internal bench marking 
111. Strategic bench marking 
112. Bench Trending 
113. Strategic bench trending, process or operations bench trending 
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Average labour cost of first 2 units
Learning Curve Ratio

Average labour cost of first N units
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Particulars Introduction Growth Maturity Decline 

Phase I II III IV 

Sales 

Volumes 

Initial stages, hence 

low. 

Rise in sales levels 

at increasing rates. 

Rise in sales levels at 

decreasing rates 

Sales level off and 

then start decreasing 

Prices of 

products 

High levels to cover 

initial costs and 

promotional exps. 

Retention of high 

level prices except 

in certain cases. 

Prices fall closer to 

cost, due to effect of 

competition. 

Gap between price 

and cost is further 

reduced. 

Ratio of 

promotion 

expenses 

to sales 

Highest, due to 

effort needed to 

inform potential 

customers, launch 

products, distribute 

to customers etc. 

Total expenses 

remain the same, 

while ratio of S&D 

OH to sales is 

reduced due to 

increase in sales. 

Ratio reaches a 

normal % of sales. 

Such normal % 

becomes the industry 

standard. 

Reduced sales 

promotional efforts 

as the product is no 

longer in demand. 

Competiti

on 

Negligible and 

insignificant 

Entry of a large 

number of 

competitors. 

Fierce Competition Starts disappearing 

due to withdrawal of 

products. 

Profits Nil, due to heavy 

initial costs 

Increase at a rapid 

pace 

Normal rate of profits 

since costs and prices 

are normalized. 

Decline profits due to 

price competition, 

new products etc. 
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Activity Cost Driver Rate = Total Cost of Activity (Cost Pool) ÷ Activity Cost Driver 

Resources Consumed x Activity Cost Driver Rate 
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Symbolically,  P/V ratio = 
⎛ ⎞

×⎜ ⎟
⎝ ⎠

Contribution
100

Sales
 � (1) 

 ⇒ P/V ratio = 
⎛ ⎞

×⎜ ⎟
⎝ ⎠

C
100

S
 

 ⇒ Contribution = Sales x P/V ratio � (2) 

 ⇒ Sales = 
⎛ ⎞
⎜ ⎟
⎝ ⎠/

Contribution

P V ratio
 � (3) 

When cost or accounting data is given for two periods, then: 

 P/V ratio = 
⎛ ⎞

×⎜ ⎟
⎝ ⎠

100
Change inContribution

Changeinsales
 or 

 P/V ratio = 
⎛ ⎞

×⎜ ⎟
⎝ ⎠

100
Changeinprofit

Change insales
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 P Q R S 
Materials  10.00  10.00  32.00  34.00 
Labour  6.00  6.00  24.00  18.00 
Overheads         
Machine oriented activity 1.500  1.50  6.00  9.00  
Ordering of Materials 0.768  0.31  0.64  0.22  
Set up costs 1.044  0.63  1.45  0.60  
Administrative Spare Parts 5.730  1.43  2.39  0.82  
Material handling 2.244 11.29 1.12 4.99 2.81 13.29 0.96 11.60 
Factory Cost (Rs)  27.29  20.99  69.29  63.60 
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36,96,000

(60000 2.5) (400000 4) (160000 3)

36,96,00
10.81

3,42,000

Total overheads
Hours

0
Rs. per labour hour
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 Royal Red       Golden Yellow      Juicy Crimson      Sunny Scarlet 
Annual Yield 
Boxes per hector        350          100       70          180  
Costs                      Rs.          Rs.      Rs.         Rs. 
Direct: 
Material per hector     476          216      196          312     
Labour: 
Growing per hector      896          608      371          528  
Harvesting and 
packing per box          3.60         3.28     4.40         5.20 
Transport per box        5.20         5.20     4.00         9.60  
Market price per box                15.38        15.87    18.38        22.27       
Fixed overheads per annum: 
 Growing                        Rs. 11,200 
 Harvesting                         Rs. 7,400 
 Transport                          Rs. 7,200 
 General Administration  Rs. 10,200  

Compendium: Management Accounting: Enterprise Performance Management 
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Managing director Works director Marketing director 

I II I II I II

i) No. of units 100,000.00  105,000.00  110,000.00  105,000.00  120,000.00  110,000.00

ii) Selling price per 
unit(Rs.) 

100.00  100.00  95.00  95.00  90.00  90.00  

iii) Sales turnover  (Rs. 
Lakhs) 

100.00  105.00  104.50  99.75  108.00  99.00  

Compendium: Management Accounting: Enterprise Performance Management 
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iv) Variable cost per 
unit(Rs.) 

50.00  55.00  47.50  47.50  43.20  43.20  

v) Contribution per unit 
(ii-iv) (Rs.) 

50.00  45.00  47.50  47.50  46.80  46.80  

vi) Total contribution 
(Rs. Lakhs) 

50.00  47.25  52.25  49.88  56.16  51.48  

vii) Fixed cost (Rs. 
Lakhs) 

30.00  30.25  32.25  32.25  3,516.00  35.16  

viii) Profit (Rs. Lakhs)    
(vi-vii) 

20.00  17.00  20.00  17.63  21.00  16.32  

ix) % of profit on sales 
(%) 

20.00  16.19  19.14  17.67  19.44  16.48  

x) Break even units 
(vii/v)(units) 

60,000.00  67,222.00  67,895.00  67,895.00  75,128.00  75,128.00 

xi) Margin of safety 
units  

40,000.00  37,778.00  42,105.00  37,105.00  44,872.00  34,872.00 

xii) P.V ratio (%) 0.50  0.45  0.50  0.50  0.52  0.52  

Compendium: Management Accounting: Enterprise Performance Management 
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A B C  D  E Total 

Minimum no. of units 4,800.00  4,800.00  4,800.00  4,800.00  4,800.00  

Units in remain hours   (w/n) 3,000.00        

No. of units 7,800.00  4,800.00  4,800.00  4,800.00  4,800.00  

Contribution per Unit(Rs.) 12.00  14.00  10.00  18.00  12.00  

Total contribution(Rs.) 93,600.00  67,200.00  48,000.00  86,400.00  57,600.00  352,800.00 

Fixed cost  (156000 hoursx1) (Rs.)  156,000.00 

Profit(Rs.) 196,800.00  
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Dolly Molly Jolly Polly 

Sewing kit  

Total  Discount No Discount  

Selling price Rs. 5.20  2.40  8.50  4.00  2.55  3.00  

Variable cost Rs. 

a. direct material Rs. 1.40  0.70  2.70  1.00  0.60  0.60  

b. direct wages Rs. 0.80  0.50  1.40  1.00  0.40  0.40  

c. variable overheads Rs. 0.40  0.25  0.70  0.50  0.20  0.20  

Rs. 2.60  1.45  4.80  2.50  1.20  1.20  

Contribution Rs. 2.60  0.95  3.70  1.50  1.35  1.80  

Hours per unit hrs. 0.40  0.25  0.70  0.50  0.20  0.20  

Contribution per hour Rs. 6.50  3.80  5.29  3.00  6.75  9.00  

No. of units Rs. 50,000.00  42,000.00  35,000.00  40,000.00  167,000.00  158,000.00  

Total contribution Rs. 130,000.00  39,900.00  129,500.00  60,000.00  225,450.00  284,400.00  869,250.00  

Fixed cost Rs. 100,250.00  

Profit  before considering 
o.t 

Rs. 
      

769,000.00

Less : o.t  premium (w/n) Rs. 20,000.00  

Profit at conservative 
estimate 

Rs. 
      

749,000.00

Compendium: Management Accounting: Enterprise Performance Management 
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 Dolly   Molly   Jolly   Polly  

Sewing kit 

Total  Discount   No Discount  

a. No. of units  50,000.00  42,000.00  35,000.00  20,000.00  147,000.00  178,000.00  

b. Contribution per unit Rs. 2.60  0.95  3.70  1.50  1.35  1.80  

c. Total contribution Rs. 130,000.00  39,900.00  129,500.00  30,000.00  198,450.00  320,400.00  848,250  

d.  Fixed cost Rs. 100,250  

e. Profit Rs. 748,000  

 

Compendium: Management Accounting: Enterprise Performance Management 
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 A  B  C  Total  

Rs. Rs. Rs. Rs. 

i)  Sales  3,360,000.00   3,360,000.00  1,152,242.00  7,872,242.00  

(80x40%x105%)  (80x40%x10)  (w/n) 

ii)  Variable cost  

 a. Raw material  1,408,000.00  1,548,800.00  543,200.00  

[32x(12.8/32)x110%]  

 b. Other variable cost  1,280,000.00  1,408,000.00  493,818.00  

2,688,000.00  2,956,800.00  1,037,018.00  6,681,818.00  

iii) Contribution  672,000.00  404,000.00  115,224.00  1,190,424.00  

 iv) Fixed cost  1,000,000.00  

v) Profit  190,424.00  

Compendium: Management Accounting: Enterprise Performance Management 
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Units Rs. Rs. 

Standard Variable cost (160000x22) 3,520,000.00  

Add : Variance 80,000.00  

3,600,000.00  

Add : Fixed production cost 
absorbed 

(160000x4) 
 

680,000.00 
 

Add : Under recovery (720000-680000)  40,000.00  720,000.00  

160,000.00  4,320,000.00  
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  Super Bright Fine 
  Rs. Rs. Rs. 
I Selling Price 624 800 480 
II Variable Cost    

 Direct Material 320 240 160 
 Variable Overhead 16 40 24 
 Direct Labour    
 Dept  A 48 80 40 
 Dept  B 96 240 176 
  480 600 400 

III Contribution 144 200 80 
IV Contribution per labour hour in  Dept. A 24 20 16 
V Priority I II III 
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 1 2 3 4 5 Total 

Running cost (Rs.) 20,000.00  20,000.00  24,000.00  26,000.00  28,000.00   

Lighting, heating & 
other property 
expenses (Rs.) 

5,000.00  5,000.00  5,000.00  5,000.00  5,000.00   

Cost of contingencies 
(Rs.) 

2,500.00  2,500.00  2,500.00  2,500.00  2,500.00   

 27,500.00  29,500.00  31,500.00  33,500.00  35,500.00   

Present value factor 0.88  0.77  0.67  0.59  0.52   

Present values (Rs.) 24,200.00  22,715.00  21,105.00  19,765.00  18,460.00  106,245.00  

Initial investment      Rs. 60,000.00  

      Rs.166,245.00  

Compendium: Management Accounting: Enterprise Performance Management 
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Exe machine WYE machine 

Initial cost (Rs.) 19,000.00      13,000.00  

Less : Scrap at the end of the life (Rs.) (3000x0.32) 960.00  (3000x.56) 1,680.00  

18,040.00  11,320.00  

Present value of total annual cost (Rs.) (2000x6.81) 13,620.00  (2600x4.36) 11,336.00  

Overhaul cost (Rs.) (4000x.47) 1,880.00  (2000x.68) 1,360.00  

33,540.00  24,016.00  

Capital recovery factor (1/6.81) 0.15  (1/4.36) 0.23  

Equivalent annual cost (Rs.) 4,925.00  5,508.00  

Compendium: Management Accounting: Enterprise Performance Management 
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  4 
TREATMENT OF UNCERTAINTY IN DECISION MAKING 

 
1. What is Risk Management? 

Ans: 
Risk management is a systematic process of identifying and assessing company risks and taking actions to 
protect a company against them. Some risk managers define risk as the possibility that a future 
occurrence may cause harm or losses, while noting that risk also may provide possible opportunities. By 
taking risks, companies sometimes can achieve considerable gains. However, companies need risk 
management to analyze possible risks in order to balance potential gains against potential losses and 
avoid expensive mistakes. Risk management is best used as a preventive measure rather than as a 
reactive measure. Companies benefit most from considering their risks when they are performing well 
and when markets are growing in order to sustain growth and profitability. 
 
The task of the risk manager is to predict, and enact measures to control or prevent losses within a 
company. The risk-management process involves identifying exposures to potential losses, measuring 
these exposures, and deciding how to protect the company from harm given the nature of the risks and 

important than others. Risk managers determine their importance and ability to be affected while 
identifying and measuring exposures. For example, the risk of flooding in Arizona would have low priority 
relative to other risks a company located there might face. Risk managers consider different methods for 

After the method is selected and implemented, the method must be monitored to ensure that it produces 
the intended results. 
 

2. What are the types of Risk Managers? 
Ans: Types of Risk Managers: 
Company managers have three general options when it comes to choosing a risk manager: 

a) Insurance agents who provide risk assessment services and insurance advice and solutions to 
their clients; 

b) Salaried employees who manage risk for their company (often chief financial officers or 
treasurers); And 

c) Independent consultants who provide risk-management services for a fee. 

Because risk management has become a significant part of insurance brokering, many insurance agents 
work for fees instead of for commissions. To choose the best type of risk manager for their companies, 

 
 

3. What are the types of Risks? 
Ans: Types of Risk: 

a) Business  
b) Market risks, or those associated with changes in market conditions, such as fluctuations in 

prices, interest rates, and exchange rates; 
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c) Credit risks, or those associated with the potential for not receiving payments owed 
by debtors; 

d) Operational risks, or those associated with internal system failures because of mechanical 
problems (e.g., machines malfunctioning) or human errors (e.g., poor allocation of resources); 
and 

e) Legal risks, or those associated with the possibility of other parties not meeting their contractual 
obligations. 

4. Write a short note on Enterprise Risk Management. 
Ans: Enterprise risk Management seeks to implement risk awareness and prevention programs 
throughout the company, thus creating a corporate culture able to handle the risks associated with a 
rapidly changing business environment.  Enterprise Risk Management deals with risks and opportunities 
affecting value creation and preservation.  Enterprise risk management encompasses: - 

a) aligning risk appetite and strategy 
b) enhancing risk response decisions 
c) reducing operational surprises and losses 
d) identifying and managing multiple and cross enterprise risk 
e) seizing opportunities 
f) improvement in deployment of capital 

 
5.  

Discuss. 
Ans: 
In management accounting parlance, all quantitative and financial figures are best estimates, made on the 
basis of experience and of the study of macro-economic factors and industry-specific matters. In actual 
practice, while executing the project, all factors are subject to variation. 
Sensitivity Analysis is one of the objective methods to ascertain the impact on final probability by taking 
specific changes in each critical factor variable.  Thus if a company is to operate in a highly competitive 
market, with many rivals, Sales volumes and Price will be critical variables and hence, one would like to 
assess how sensitive the project is to changes in Sales volume and price. 
Sensitive Analysis, when applied to a capital project, will allow the margin of error in various parameters 
of a project which can be allowed before the project ceases to be profitable. Sensitivity Analysis does not 
directly measure risk and it is limited by being able to examine the effect of a change in one variable while 
the others, remaining constant, are unlikely occurrence in practice. 
 

6. What is Decision tree? What are the rules to be followed while drawing a decision tree? 
Ans: DECISION TREE: Decision Tree is a tool which helps to choose between several courses of action.  It 
provides a highly effective structure within which options can be laid out and the possible outcomes of 
choosing those options can be investigated. It also helps to form a balanced picture of the risks and 
rewards associated with each possible course of action. 
 
It is a graphic representation of the sequence of action-event combinations available to the decision-
maker.  It depicts in a systematic manner all possible sequences of decisions and consequences.  Each 
alternative course of action is represented by a branch, which leads to subsidiary branches for further 
courses of action or possible events.  Decision trees are designed to illustrate the full range of alternatives 
and events that can occur under all envisaged conditions.  Decision tree brings out logical analysis of a 
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problem and enables a complete strategy to be drawn up to cover all eventualities before a firm becomes 
committed to a scheme.  Following rules and conventions are kept in view in drawing a decision tree: 

a) First of all, decisions (i.e., all alternatives) should be identified and they should be arranged in an 
order in which they are likely to occur. 

b) Chance events that can occur after each decision should also be identified. 
c) A tree diagram should be developed showing the sequence of decisions and chance events.  The 

t
decision point at which all 
chance mode or event the various states of nature or the outcome. 

d)  
be obtained. 

e) Expected value of all possible outcomes and actions should be obtained. 
f) The action offering most attractive expected value should be selected. 

7. What is the modified IRR? 
Ans: Modified I.R.R: Evaluation of projects are considered to be done best by accountants and investors by 
applying the to
Investments involve cash flows.  Profitability of an investment project is determined by evaluating the cash 
flows NPV and IRR are the discounted cash flow (DCF) criteria or time-adjusted methods of measuring 
investment worth. 
 
NPV tells an investor by how much he/she is becoming wealthier; IRR shows the rate of return he/she is 
earning.  Some are happier knowing the rate of return than the amount of return.  That is one reason why 
IRR is used more often than NPV in evaluating projects. 
 
However, there is difference between the assumptions on which these two techniques are based. NPV 
assumes that over the life of the project intermediate cash flows are reinvested at the hurdle rate*; IRR 
assumes that intermediate cash flows are reinvested at the IRR rate**. Because of the use of these two 
different rates, two projects with same initial investments but different intermediate cash flows over their 
different economic lives will show different results.  It will provide an anomaly for decision making.   
 
Its here that MIRR steps in: 

assumed to be reinvested at the weighted average cost of the hurdle rate the, firm uses and the IRR on 
that project.  The weights depend on the magnitude and timing of the cash flows  the larger and earlier 
the cash flows on the project, the greater the weight attached to the hurdle rate.  Furthermore, the MIRR 
approach will yield the same choices as the NPV approach for projects of the same scale  
and lives.  More weights are given to the cash flows when they are more in the initial years than in the 
later years of the project life. 
 
[* Hurdle rate is the minimum acceptable rate of return on the investment or (opportunity) cost of 
capital] 
[** IRR is defined as marginal efficiency of capital, which has to be determined, at which the net present 

 
outlay and proceeds associated with the investment.] 
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Objective and Bit Questions: 
 

8. Risk calculation measure three kinds of internal pressure _____, _____ and ______. 
9. Using risk calculator, manager can determine if their company has a _____ or _____. 
10. Primary methods of risk management are ______, _______, ______ and _______. 
11. _______ refers to avoiding products, services or business activities with the potential for losses. 
12. _______ seeks to minimize the effect of risks through response system that neutralize the effect 

of a disaster or mishap. 
13. Company work with risk manager in so far as possible to avoid _____. 
14. ______ example of a retained loss. 
15. _______ constitute leading method of risk management. 
16. Insurance Policy usually cover _____, _________ and ______. 
17. Insurance companies are called ________. 
18. Risk manager distinguish between ____ and _______ financing. 
19. Pre loss risk financing includes _________. 
20. Post loss risk financing includes _________ . 
21. RIMS _____________ 
22. Non traditional insurance policies provide coverage of financial risk associated with ______ and 

__________. 
23. Risk manager can also help alleviate losses resulting from ________. 
24. ERM stands for _______ 
25. COSO stands for _________ 
26. ERM deals with_________ and _________ affecting value creating or presentation. 
27. The underlying premise of enterprise risk management is that very entity exist to provide value 

for its _________ 
28. ERM enables management to effectively deals with _______ and _________ and 

_______enhancing the capacity to build. 
29. ________ is maximized when management set strategy. 
30. ERM objective is to strike an optimal balance between ______, _________ and ____. 
31. Enterprise Risk Management encompasses i) ______ ii)____iii)______iv)_______. 
32. Business continuity planning addresses the prospect that a ________ might interrupt an 

organization. 
33. Firm should evaluate their degree of exposure to disaster both______ and _________. 
34. Business continuity and disaster recovery planning can demand a greater deal of ___. 
35.  
36. _____________ has become a standard practice among many organizations as a way to add 

flexibility to chain. 
37. In a bank technology new article titled ____ must extend to vendor. 
38. Thon Honge argues that client  vendor relationship are _____ 
39. Succession planning is critical part of the ______. 
40. HRP is process of hiring ____ of employees _____ in the organization at the time that they are 

needed. 
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41. _________ who manage risk for their company. 
42. ________ who provide risk assessment services and insurance advice and solutions to their 

clients. 
43. __________ who provide risk management services for a fee. 
44. ______, or those associates with the potential for not receiving payments owed by debtors. 
45. ________, or those associated with an organizations particular market or industry. 
46. _________, or those associated with changes in market conditions, such a fluctuations in prices, 

interest rates, and exchange rates. 
47. ________, or those associated with internal system failures because of mechanical problems or 

human errors. 
48. __________, or those associated with the possibility of other parties not meeting their 

contractual obligations. 
49.  
50. Succession planning is _______ process of defining _______ requirements and ______ who best 

meet those requirements. 
51. Succession planning involves using the _____ within organization for future staffing needs. 
52. Succession planning is typically used in _____ position. 
53. Internal selection may not reduce _____ and _____ cost. 
54. Succession planning is typically used to the _______ in its ________ planning. 
55. __________ is which occur when upper management only consider for advancement those 

employee who have become visible to them. 
56. ________ second potential problem that may occur in succession planning. 
57. __ is evaluated by calculating the cash flow during the life of the project working out __ 
58. The cash flow is subject to ______ assumptions. 
59. S.A. is ________ method. 
60. In material intensive industry ______ or _______ key factor. 
61. S.A. is neither a _____ nor a _______ technique. 
62. _______ gives greater visibility to weak spots in investment. 
63. _______ is when there is absolutely no doubt about which event will occur. 
64. Decisions under _____ are not always obvious. 
65. A relative measure of dispersion is the ______ 
66. _______ help you to form a balanced picture of risk and reward associated with each possible 

course of action. 
67. 

protect the company against them. 
68. Risk manager define _______ as the possibility that future occurrence may cause harm or losses. 
69. Risk management is best used as _____ rather than _______ 
70. The field of risk management evolving from the older field of ______ management. 
71. The form risk management was adopted because the new field has much wider focus than simply 

__________ 
72. Insurance agent often serve as _______ 
73. Insurance Management focused on protecting companies from _____ and _________. 
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74. Companies face no. of risks that stems primarily from ___________ 
 

75. Company manager have three general options when he comes to choosing a risk manager 
_______, __________, ______________ 

76. Risk management process involves._______, _________, ________, ______ 

Answers to Objective and Bit Questions: 
 

8. Risk stemming from growth, corporate culture and information management. 
9. Safe or dangerous amount of risk. 
10. Exposure or risk avoidance, less prevention, loss reduction and risk financing. 
11. Exposure avoidance. 
12. Loss reduction 
13. Risk retention 
14. Insurance Policy 
15. Insurance 
16. Property risk, liability risk, transportation risk. 
17. Captive insurer. 
18. Pre loss, post loss 
19. Financing obtaining in preparation of potential losses 
20. Obtaining funds after losses are incurred 
21. Risk and Insurance Management Society System 
22. Corporate profits and currency fluctuations 
23. Merger 
24. Enterprise Risk Management 
25.  
26. Risks and opportunities 
27. State holders 
28. Uncertainty, associated risk, opportunity, value 
29. Business value 
30. Growth, return goals and related risks. 
31. i) Aligning risk appetite and strategy, ii) enhancing risk decision iii) reducing operational surprise 

and losses iv) seizing opportunities. 
32. Disaster, Business operation. 
33. Externally, Internally. 
34. Resources 
35. Value Added Resellers 
36. Outsourcing 
37. Business Continuity planning 

 
38. Symbiotic 
39. Human Resource planning process 
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40. Right number of employees, right position. 
41. Salaried employees. 
42. Insurance agents 
43. Independent consultants 
44. Credit risks 
45. Business risks 
46. Market risks 
47. Operational risks 
48. Legal risks 
49. Forecasting or predicting 
50. Systematic, future management, identifying conditions 
51. Supply of labour 
52. Higher level organization 
53. Recruitment and selection 
54. Organization, human resource planning. 
55. Crowned price syndrome. 
56. Talent drain 
57. Investment proposal, the IRR 
58. Selling price, raw material cost, other costs 
59. Objective 
60. Fluctuation in raw material, free availability. 
61. Risk measuring, risk reducing technique 
62. Sensitivity analysis. 
63. Certainty. 
64. Uncertainty 
65. Coefficient of variation 
66. Decision tree 
67. Risk Management 
68. Risk 
69. Preventive measure, relative measure 
70. Insurance 
71. Insurance risk management 
72. Risk manager 
73. Natural disaster and basic kind of exposure 

 
74. Nature of doing business 
75. Insurance agents, salaried employees, Independent consultants. 
76. i) Identifying exposure to potential losses 

ii) Measuring exposure 
iii) Company goods and resources 
iv) Decision how to protect company from harm given the nature of risk. 
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PROBLEMS AND SOLUTIONS 

MATHEMATICAL/STATISTICAL APPLICATIONS TO MANAGERIAL PROBLEMS 

Problem No.1.  

A dealer of perishable product earns a Profit of Rs. 3 per kg.  if he can sell within two days, but incurs a 
loss of Rs.2 per kg. if fails to do so.  The estimated demand for the product and the relative probabilities 
are as given below:  

Estimated Demand  Probability 
0 kg 5% 
1 kg 20% 
2 Kg 40% 
3 kg 25% 
4 kg 10% 

In order to maximize his profit, what should be the quantity of stock that he should hold? 
Solution: 
Statement showing expected profit at different levels of stock: 

Stock level Expected profit Expected loss Net expected profit/(loss) 

 Profit P Exp profit Loss P Exp loss  

   Rs   Rs Rs 

0 -- -- --- -- -- -- ---- 
1 3 0.95 2.85 2 0.05 0.1 2.75 

    4 0.05 0.2  
2 6 0.75 4.5 2 0.2 0.4 3.9 

      0.6  

      0.3  
    6 0.05 0.8  

3 9 0.35 3.15 4 0.2 0.8 1.25 

    2 0.4 1.9  

    8 0.05 0.4  
    6 0.2 1.2  
    4 0.4 1.6  

4 12 0.1 1.2 4 0.25 0.5  (2.5) 

    2  3.7  

Expected level of stock to hold is 2 units because expected profit is more. 
 

Problem No.2.  

TTD Ltd. is now considering the purchase of a new machine for Rs.350. The Directors feel quite confident 
that they can sell the goods produced by the machine so as to yield a yearly cash surplus of Rs.100. There 
is, howev
survey shows that members of the association have among them owned 250 of these machines and have 
found the lives of the machine to vary as follows: 
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Number of years of 
machine life  

Numbers of machines 
having given life  

3 20   
4 50   
5 100   
6 70   
7 ____10 

 =250 
Assuming a discount rate of 10%, the net present value for each different machine life is as follows : 

Machine life  Net Present Value (Rs) 
3   (101)  
4   (33)  
5   29   
6   86   
7   137 

As a Management Accountant, You are asked to advise whether the company should purchase a new 
machine or not. 
Solution: 

Life of machine NPV Probability Expected NPV 

 Rs.  Rs. 

3 (101) 0.08 (8.08) 
4 (33) 0.2 (6.6) 
5 29 0.4 11.6 
5 86 0.28 24.08 
7 137 0.04 5.48 

 26.48 

 
As there is the expected NPV of TTD ltd should go ahead with purchase of new machine. 
 

Problem No.3.  

Dry Twigs and Fresh Blossoms Ltd. is always discarding old lines and introducing new lines of products and 
is at present considering three alternative promotional plans for ushering in new products.  Various 
combinations of prices, development expenditures and promotional outlays are involved in these plans.  
High, medium and low forecasts of revenues under each plan have been formulated; and their respective 
probabilities of occurrence have been estimated.  These budgeted revenues and probabilities along with 
other relevant data are summarised as under: 

Rs. in lakhs 

 Plan I  Plan II  Plan III 

Budgeted Revenue with probability    
High                               30(.3)  24(.2)  50(.2) 
Medium                             20(.3)  20(.7)  25(.5) 
Low                                5(.4)  15(.1)  0(.3)  
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Variable cost as % of Revenue  60%  75%  70% 
Initial Investment  25   20   24 
Life in years  8   8   8 

ments in promotional 
programmes will be amortised by the straight-line method. The company will have net taxable income in 
each year, regardless of the success or failure of the new products.  The present value of an annuity of Rs. 
1/- at 12% for 8 years is 4.9676. 

a) Substantiating with figures makes a detailed analysis and find out which of the promotional plans 
is expected to be the most profitable. 

b) In the event the worst happened, which of the plans would result in the maximising profit. 
Solution: 

(a) Statement showing present values & profitability index: 
Rs. In Lakhs 

 Plan I Plan II Plan III 

Expected probability 17.000 20.300 22.50 
Contribution (PBT @40%) 6.800 5.075 6.75 
(-)tax@40% 2.720 2.030 2.70 
PAT@60% 4.080 3.045 4.05 
 
(+)tax savings(25/8)x0.4 

 
1.250 

 
1.000 

 
1.20 

Total inflows 5.330 4.045 5.24 
Present value of inflows(4.9676) 26.477 20.094 26.08 
(-)outlays 25.000 20.000 24.00 
NPV 1.477 0.094 2.08 
Profitability index (inflows/outflows) 1.039 1.005 1.087 

Plan III is better one. 
(b) If worst happens: 

Rs. In Lakhs 

 Plan I Plan II Plan III 

Sales 500000 1500000 ---- 
Contribution 200000 375000 ---- 
PAT 120000 225000 ---- 
(+)tax advantage 125000 100000 120000 
Inflows 245000 325000 120000 
Present value of inflow(4.9676) 1217062 1614470 596112 
(-) outlays 2500000 2000000 2400000 
(NPV) 1282938 385530 1804000 

  
If worst happens plan I is better. 
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Problem No.4.  

(a) A company has estimate the following demand level of its product : 

Sales Volume units Probability  

10,000                 0.10   
12,000                 0.15   
14,000                 0.25   
16,000                 0.30   
18,000                 0.20   

It has assumed that the sales price will be Rs.6 per unit. Marginal cost Rs.3.50 per unit and fixed cost 
Rs.34,000 

What is the probability that  
(i) The company will be break-even in the period? 
(ii) The company will make a profit of at least Rs.10,000. 

(b) Frusted Ltd., observes that its sales for the past few years and its profits have been around the 
following figures: 

Sales               Rs.15,00,000 
Marginal cost           __5,00,000 
Contribution           10,00,000 
Fixed cost              __8,00,000 
Profit                  __2,00,000 

In preparing the budget for the next year there is uncertainty about several important points : 
(i) It has submitted offer for two contracts, each to an overseas customer; 

 Sales Value 
Contract A                 Rs.8,00,000 
Contract B                      3,00,000 

For each of these orders, variable costs (including selling and shipping costs) would be 40% of sales value. 
Total fixed costs would be unaffected by the order. The company hopes to win both orders but thinks it 
more likely that it will win Contract A but not Contract N. 
* Expected sales x contribution per unit. 
(ii) A new product is due to be introduced next year. Expected sales are Rs.30,000 per month with variable 
costs 50% of sales and fixed costs of Rs.5,000 per month.  The most likely date for introduction of the new 
product is middle of next year but could be introduced at the end of fourth month or as late at the end of 
nine month. 
 
(iii) Although it is expected on balance that sale price and costs will not go up there is a reasonable 
possibility that variable costs on the current product range will go up by 10%. 
 
Prepare a pessimistic and an optimistic budget of the company for the next year. 
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Solution: 
(a)  

i. Break even point = 34000/2.5 = 13600 Units 
Probability is 0.75 for break even 
 

ii. Required sales to earn desired profit = (10000 + 34000)/2.5 = 17600 
Probability is 0.2 to make a profit of Rs10000/-   
 

(b) Statement showing computation of expected profit at both situations: 
 

 Pessimistic Optimistic 

 Rs. Rs. 

I. Sales 1500 1500 
(-)variable cost (550) (500) 
Contribution 950 1000 
II. Contract:   

Sales - 800 
(-)variable cost - (320) 
Contribution - 480 

III. New product: (3 months) (8 months) 
Sales 90 240 
(-) variable cost (45) (120) 
Total contribution 995 1600 

Fixed cost 815 840 

Profit 180 760 

Problem No.5.  

DB p.l.c operates a conventional stock control system based on re-order levels and Economic Ordering 
Quantities.  The various control levels were set originally based on estimates which did not allow for any 
uncertainty and this has caused difficulties because, in practice, lead times, demands and other factors do 
vary. 
 
As part of a review of the system, a typical stock item, Part No. X206, has been studied in detail as follows: 

Data for Part No. X206 

Lead times. Probability 
15 working days 0.2 
20 working days 0.5 
25 working days 0.3 

Demand per working day Probability 

5,000 units 0.5 
7,000 units 0.5 

Note: It can be assumed that the demands would apply for the whole of the appropriate lead time. 
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DB p.l.c works for 240 days per year and it costs Re. 0.15 p.a. to carry a unit of X 206 in stock.  The re-
order level for this part is currently 1,50,000 units and the re-order cost is Rs. 1,000. 
 
You are required: 

a) to calculate the level of buffer stock implicit in a re-order level of 1,50,000 units. 
b) To calculate to probability of a stock-out 
c) To calculate the expected annual stock-outs in units; 
d) To calculate the stock out cost per unit at which it would be worth while raising the re-order level 

to 1,75,000 units; 
 
Solution: 

a) Buffer stock level 
Expected value = lead time x total demand in lead time x joint probability 
    Rs 

15x5000x0.2x0.5=  7500 
 15x7000x0.2x0.5=10500 
 20x5000x0.5x0.5=25000 
 20x7000x0.5x0.5=35000 
 25x5000x0.3x0.5=18750 
 25x7000x0.3x0.5=26250 
       123000  
Expected value of demand in lead time = Rs.123000 
Buffer stock = 150000-123000 = 27000 units 
 

b) Stock out(shortage) = p>150000 = 0.15 joint pr0bability at 17500 units 
c) EOQ = = 138564 units 

0.15 
    
  Demand per working day = (5000x0.5) + (7000x0.5) = 6000 units 
  Orders per annum = (6000x240) / 138564 =10.39 (on an average) 
           
 Expected stock out per annum = (175000-150000) x 0.15 x 10.39 = 38962 units 

 
d) At 150000 reorder level, stock out is 38962 units 

At 175000 reorder level, stock out is nil 
Additional cost is 25000x0.15 = Rs.3750 
Additional cost per unit = 3750/38962 = Rs0.96 (or) 96paise 

 

Problem No.6.  

An Engineering Company has been offered a one year contract to supply a motor car component XY at a 
fixed price of Rs.8 per unit.  Its normal capacity for this type of component is 25,000 units a year.  The 
estimated costs to manufacture are shown below.  These costs are considered to be firm except for the 
direct material price. 
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Cost Data: 
Variable Costs per unit:                      Rs. 
Direct Wages                                 1.50 
Direct Material                              2.25 
Direct Expenses                              0.65 
Semi-Variable Costs per annum: 

Output level 
 80%        100%         120% 
Indirect Wages             Rs. 15,400   Rs.16,000    Rs.23,100 
Indirect Materials              8,600       9,000        9,900 
Indirect Expenses               2,000       2,500        3,000 
Fixed Costs per annum:                                    Rs. 
Supervisory Salaries                                    10,000 
Depreciation                                             4,000 
Other Overheads                                         16,000 
 
You are required to: 

a) 
in the year total: 

i) 20,000 components or 
ii) 25,000 components or 
iii) 30,000 components, and that direct material is Rs.2.25 per unit. 

b) Calculate the estimated profit for the year if it is assumed that the probability of the total order 
is: 
0.3 for 20,000 components; 
0.6 for 25,000 components; 
0.1 for 30,000 components; 
and that for direct material is: 
0.5 for Rs.2.25 per unit; 
0.3 for Rs.2.50 per unit; 
0.2 for Rs.2.75 per unit; 

Solution: 
Statement showing computation of profit per unit & cost per unit: 
 
  80% 

20,000 

100% 

25,000 

120% 

30,000 

  Rs. Rs. Rs. 
I. Selling Price 8 8 8 
II. Variable Cost 4.4 4.4 4.4 
III. Contribution 3.6 3.6 3.6 
IV. Total Contribution 72,000 90,000 1,08,000 
V. Semi Fixed Cost 26,000 27,500 36,000 
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VI Fixed Cost 30,000 30,000 30,000 
VII Total Fixed Cost 56,000 57,500 66,000 
VIII Profit 16,000 32,500 42,000 
IX Profit per unit 0.8 1.3 1.4 
X Total Cost per unit 7.2 

(8  0.8) 
6.7 
(8  1.3) 

6.6 
(8  1.4) 

 
 
b) Computation of Expected Profit: 

0.3 x 20,000 + 0.6 x 25,000 + 0.1 x 30,000 = 24,000 
  
  24,000 

  Rs. 

I. Selling Price 8 

II. Variable Cost (other than material) 2.15 

 Material Cost 
(0.5 x 2.25 + 0.3 x 2.5 + 0.2 x 2.75) 

2.425 

  4.575 

III. Contribution 3.425 

IV. Total Contribution 82,200 

V. Fixed Cost  

 Semi Fixed Cost [ 26000 + (1500/5000 x 4000) 27,200 

 Fixed Cost 30,000 

  57,200 

 Profit (IV  V) 25,000 

 
 
 

Problem No.7.  

S & V Company is preparing budget for 1989 Data relating to sales, prices and costs are as follows: 
Sales Price Rs. 20 per unit 
Variable Cost Rs. 12 per unit 
Fixed Costs Rs. 2,00,000 per year 

Sales forecasts have been prepared, which disclose the following. 
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Quantity    Probability   Quantity   Probability 

15,000   10%  35,000   30%  

20,000   10%  40,000   10%  

25,000   10%  45,000   10%  

30,000   20%   

 Required: 
a) What is the break-even quantity? 
b) How many units must be sold to i) earn a profit of Rs.60,000 ii) incur a loss of Rs.50,000. 
c) Based on the sales forecast, what is the probability that the firm can break even? 
d) What are the probabilities of achieving sales volume involved in part (b) 

 
Solution: 
a) Break Even Units  = 2,00,000/20-12 = 25,000 Units 
b) (i)    No. of units to be sold to get a profit of 60,000 is 60,000 / 8  = 7,500 Units 
   25,000 + 7,500 = 32,500 Units 
 (ii)  

   Units 

c) Probability of Break Even   = 80%  = 25,000 Units. 
d) Probability of getting Rs.60,000 profit is 50% (30 + 10 + 10) 
 Probability of getting Rs.18,750 loss is 10% (by observation) 
 

Problem No.8.  

Better Budgets Ltd. are preparing their budget for 1989.  In the preparation of the budget they would like 
to take no chances, but would like to envisage all sorts of possibilities and incorporate them in the Budget.  
Their considered estimates are as under: 
 

a) If the worst possible happens, sales will be 8,000 units at a price of Rs.19 per unit the material 
cost will be Rs.9 per unit, direct labour Rs.2 per unit, and the variable overhead will be Rs.1.50 
per unit.  The fixed cost will be Rs.60,000 per annum. 

b) If the best possible happens, sales will be 15,000 units at a price of Rs.20 per unit.  The material 
cost will be Rs.7 per unit, direct labour Rs.3 per unit and the variable overhead will be Re.1 per 
unit.  The fixed cost will be Rs.48,000 per annum. 

c) It is most likely, however, that the sales will be 2,000 units above the worst possible level at a 
price of Rs.20 per unit.  The material cost will be Rs.8 per unit, direct labour Rs.3 per unit and the 
variable overhead will be Re.1 per unit.  The fixed cost will be Rs.50,000 per annum. 

d) There is a 20% probability that the worst will happen, a 10% probability that the best will happen 
and a 70% probability that the most likely outcome will occur. 

What will be the expected value of Profit as per the Budget for 1989? 
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Solution: 
Statement showing computation of expected profit as per Budget 1989: 
 
  Pessimistic Most Likely Optimistic 

I. No. of Units 8000 10,000 

(8000+2000) 

15,000 

  Rs. Rs. Rs. 

II. Contribution per unit 6.5 

(19  9  2 - 
1.5) 

8 

(20  8  3  1) 

9 

III. Total Contribution 52,000 80,000 1,35,000 

IV. Fixed Cost 60,000 50,000 48,000 

V. Profit/Loss (8000) 30,000 87,000 

 Probability 0.2 0.7 0.1 

 Expected Profit/Loss (1600) 21,000 8,700 

The expected value of profit is Rs. 28,100. 
 

Problem No.9.  

X Ltd. has to decide between rentals of two types of machine manufacturing the same product. Machine 
A, an inexpensive economy model, rents for Rs.1,000 per month, but the variable production cost is 
Rs.0.25 per unit.  Machine B rents for Rs.3,000 per month, but the variable production cost is only Rs.0.10 
per unit.  Monthly demand varies between 10,000 and 19,000 according to the following probabilities: 

Demand           Probability 
10,000             0.12 
12,000             0.17 
15,000             0.41 
17,000             0.24 
19,000             0.06 

Make a comparison of the two machines.  Which machine X Ltd. should rent? If the demand is definitely 
known to be 10,000 units, would the decision reverse? 
Solution: 
Expected No. of Units  =  (10,000 x 0.12) + (12,000 x 0.17) + (15,000 x 0.41) +    
  (17,000 x 0.24) + (19,000 x 0.06)  
    = 14,610 
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Statement showing comparative cost of Machines A & B: 
 A B 

 Rs. Rs. 

Variable Cost 3,653 1,461 
Fixed Cost 1,000 3,000 
 4,653 4,461 

  
 A B 

 Rs. Rs. 

Variable Cost 2,500 1,000 

Fixed Cost 1,000 3,000 

 3,000 4,000 

If the demand is definitely known to be as 10,000 units they should take on Rent Machine A because its 
costs is less. 
The level at which costs of both the machines are equal = 
 

 

 (or) 

 

 

 

 

 

             =  13,333.33 units 
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QUANTITATIVE TECHNIQUES USED IN BUSINESS DECISIONS 

 (a) LINEAR PROGRAMMING 
 
INTRODUCTION: 

a technique for specifying how to use limited 
resources or capacities of a business to obtain a particular objective, such as least cost, highest margin 
or least time, when those resources have alternate uses  
 

best subject to certain constraints, are 
amenable to programming analysis.  These situations cannot be handled by the usual tools of calculus or 
marginal analysis.  The calculus technique can only handle exactly equal constraints, while this limitation 
does not exist in case of linear programming problem. 
 
A linear programming problem has two basic parts.   

 The first part is the objective function, which describes the primary purpose of the formulation  
to maximize some return (for example, profit) or to minimize some cost (for example, production 
cost or investment cost).   

 The second part is the constraint set.  It is the system of equalities and/or inequalities, which 
describes the restrictions (conditions or constraints) under which optimization is to be 
accomplished. 

 
 
DEFINITION OF LINEAR PROGRAMMING: 

A method of planning and operation involved in the construction of a model of a 
real situation containing the following elements:  (a)  variables representing the available choices, and 
(b) mathematical expressions (i) relating the variables to the controlling conditions, and (ii) reflecting 
the criteria to be used in measuring the benefits derivable from each of the several possible plans, and 
(iii) establishing the objective.  The method may be so devised as to ensure the selection of the best of a 
large number of alternatives  
 
Samue The analysis of problems in which a linear function of a 
number of variables is to be maximized (or minimized) when those variables are subject to a number of 
restraints in the form of linear inequalities  
 
In the wo LP is only one aspect of what has been called a system approach to 
management wherein all programmes are designed and evaluated in terms of their ultimate affects in 
the realization of business objectives  
 
TERMINOLOGY AND REQUIREMENTS OF LINEAR PROGRAMMING: 
Regardless of the way one defines linear programming, certain basic requirements which are given below 
are necessary before the technique can be employed for optimization problems. 

1. Decision variables and their relationship. 
2. Well defined objective function. 
3. Presence of constraints or restrictions. 
4. Alternative courses of action. 
5. Non-negative restrictions 
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6. Linearity. 
7. Finiteness. 
8. Additivity. 
9. Divisibility 
10. Deterministic. 

 
1. Decision variables and their relationship: 

The decision activity variables refer to candidates (products, services, projects etc.) that are 
competiting with one another for sharing the given limited resources.  These variables are usually 
inter-related in terms of utilization of resources and need simultaneous solutions.  The 
relationship among these variables should be linear. 

2. Well defined objective function: 
A linear programming problem must have a clearly defined objective function to optimize which 
may be either to maximize contribution by utilizing available  
resources, or it may be to produce at the lowest possible cost by using a limited amount of 
productive factors.  It should be expressed as a linear function of decision variables. 

3. Presence of constraints or restrictions: 
There must be limitations on resources (like production capacity, manpower, time, machines, 
markets etc.) which are to be allocated among various competing activities.  These must be 
capable of being expressed as linear equalities or inequalities in terms of decision variables. 

4. Alternative courses of action: 
There must be alternative courses of action.  For example, it must be possible to make a 
selection between various combinations of the productive factors such as men, machines, 
materials, markets etc. 

5. Non-negative restrictions: 
All decision variables must assume non-negative values as negative values of physical quantities 
is an impossible situation.  If any of the variables is unrestricted in sign, a trick can be employed 
which enforces non-negativity changing the original information of the problem. 

6. Linearity: 
The basic requirements of a linear programming problem is that both the objective and 
constraints must be expressed in terms of linear equations or inequalities.  It is well known that if 
the number of machines in a plant is increased, the production in the plant also proportionately 
increases.  Such a relationship, giving corresponding increment in one variable for every 
increment in other, is called linear and can be graphically represented in the form of a straight 
line. 

7. Finiteness: 
There must be finite number of activities and constraints otherwise an optimal solution cannot 
be computed. 

8. Additivity: 
It means that sum of the resources used by different activities must be equal to the total 
quantity of resources used by each activity for all the resources individually and collectively.  In 
other words, interaction among the activities of the resources does not exist. 
 

9. Divisibility: 
This implies that solutions need not be in whole numbers (integers).  Instead, they are divisible 
and may take any fractional value.  If a fraction of a product cannot be produced (like one fourth 
of a bus), an integer programming problem exists. 
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We assume that conditions of certainty exist i.e., the coefficients in the objective function and 
constraints are completely known (deterministic) and do not change during the period being 
studies e..g, profit per unit of each product, amounts of resources available are fixed during the 
planning period.  

 
Advantages (utility) of L.P. Approach: 
As an administrative tool, linear programming has certain distinct advantages, which are as follows: 

1. Insight and perspective into problem solutions. 
2. Consideration of all possible solutions to the problem. 
3. Better and more successful decisions. 
4. Better tools for adjusting to meet changing conditions. 
5. Highlighting of bottlenecks in the production process is the most significant advantage of this 

technique. 
6. Other advantages of this approach include optimal use of productive factors by indicating the 

best use of existing facilities. 
7. Flexibility in analyzing a variety of multi-dimensional problems. 
8. Provision of an information base from which the allocation of scarce resources can be made. 
9. Insight and perspective into problem situations. 

 
Limitations of Linear Programming: 
Although linear programming is a very useful technique for solving optimization problems, there are 
certain important limitations in the application of linear programming.  Some of these are discussed 
below: 

1. Firstly, the linear programming models can be applied only in those situations where the 
constraints and the objective function can be stated in terms of linear expressions. 

2. In linear programming problems, coefficients in the objective function and the constraint 
equations must be completely known and they should not change during the period of study. 

3. Yet another important limitation of linear programming is that it may give fractional valued 
answers. 

4. Linear programming will fail to give a solution if management have conflicting multiple goals. 
5. Linear programming problem requires that the total measure of effectiveness and total resource 

usage resulting from the joint performance of the activities must equal the respective sums of 
these quantities resulting from each activity being performed individually. 

6. Many real-world problems are so complex, in terms of the number of variables and relationships 
constrained in them, that they tax the capacity of even the largest computer. 

7. Other limitations of LP includes:- 
Does not take into consideration the effect of time and uncertainty. 
Parameters appearing in the model are assumed to be constants but in real-life situations 
they are frequently neither known nor constants. 

 
APPLICATION AREAS OF LINEAR PROGRAMMING: 
In practice linear programming has proved to be one of the most widely used technique of managerial 
decision making in business, industry and numerous other fields. 
 
1. Industrial Applications: 

Linear programming is extensively used to solve a variety of industrial problems.  In each of these 
applications, the general objective is to determine a plan for production and procurement in the 

10. Deterministic: 

-
-
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time period under consideration.  It is necessary to satisfy all demand requirements without 
violating any of the constraints.  Few examples of industrial applications are as follows: 
(a) Product Mix-Problem. 
(b) Production Scheduling. 
(c) Production Smoothing Problem. 
(d) Blending Problems. 
(e) Transportation Problems. 
(f) Production distribution problems. 
(g) Trim Loss. 
(h) Linear programming is also used by oil refineries to determine the optimal mix of products to 

be produced by the refinery during a given period. 
(i) Communication Industry.  LP methods are used in solving problems involving facilities for 

transmission, switching, relaying etc. 
(j) Rail Road Industry:  An LP model for optimal programming of railway freight, and train 

movements has been formulated to handle scheduling problems as found at large terminal 
switching rail points. 

2. Management Applications: 
(a) Portfolio Selection. 
(b) Financial Mix Strategy. 
(c) Profit Planning. 
(d) Media Selection. 
(e) Travelling Salesmen Problem. 
(f) Determination of equitable salaries. 
(g) Staffing problem. 

 
3. Miscellaneous Applications: 

The additional application of Linear Programming are as follows: 
(a) Form planning. 
- The particular crops to be grown or cattle to keep during a period 
- The acreage to be devoted to each, and 
- The particular production methods to be used. 
(b) Airline routine. 

 
(c) Administration, Education and Politics have also employed linear programming to solve their 

problems. 
(d) Diet Problems.  The diet problem, one of the earliest applications of linear programming was 

originally used by hospitals to determine the most economical diet for patients. 
4. Administrative applications of Linear Programming: 

Linear programming can be used for administrative applications.  Administrative applications of 
Linear Programming are concerned with optimal usage of resources like men, machine and 
material. 

5. Non-Industrial applications of linear programming: 
Linear programming techniques/tools can be applied in the case of non-industrial applications as 
well.  Examples of the use of L.P techniques for non-industrial applications are given below: 

 Agriculture. 
 Environmental Protection. 
 Urban Department. 
 Facilities Location. 
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6. Further applications of Linear Programming are: 
 In structural design for maximum product. 
 In balancing assembly lines. 
 In scheduling of a military tanker fleet. 
 In determining which parts to make and which to buy to obtain maximum profit margin. 
 In selecting equipment and evaluating methods improvements that maximize profit margin. 
 In planning most profitable match of sales requirements to plant capacity that obtains a fair 

share of the market. 
 In design of optimal purchasing policies. 

 
 
FORMULATION OF LINEAR PROGRAMMING PROBLEM: 
The formulation of linear programming problem as a mathematical model involves the following basic 
steps: 
Step 1: Find the key-decision to be made from the study of the solution.  (In this connection, looking for 

variables helps considerably). 
Step 2: Identify the variables and assume symbols x1, x2  
Step 3: Express the possible alternatives mathematically in terms of variables.  The set of feasible 

alternatives generally in the given situation is: 
    [(x1, x2); x1 > 0, x2 > 0] 
Step 4: Mention the objective quantitatively and express it as a linear function of variables. 
 
Step 5: Express the constraints also as linear equalities/inequalities in terms of variables. 
 
SOME DEFINITIONS: 
(a)  Solution: 

Values of decision variables xj 
called the solution to that L.P.P. 

(b) Feasible Solution: 
Any solution that also satisfies the non-negative restrictions of the general L.P.P., is called a 
feasible solution. 

(c) Basic Solution: 
For a set of m simultaneous equations in n unknowns (n>m), a solution obtained by setting (n-m) 
of the variables equal to zero and solving the remaining m equations in m unknowns is called a 
basic solution.  Zero variables (n-m) are called non basic variables and remaining m are called 
basic variables and constitute a basic solution. 

(d) Basic Feasible Solution: 
A feasible solution to a general L.P. problem which is also basic solution is called a basic feasible 
solution. 

(e) Optimal Feasible Solution: 
Any basic feasible solution which optimize (maximize or minimize) the objective function of a 
general L.P.P. is called an optimal feasible solution to that L.P. problem. 

(f) Degenerate Solution: 
A basic solution to the system of equations is called degenerate if one or more of the basic 
variables become equal to zero. 
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PROBLEMS AND SOLUTIONS 

Problem No.10.  

A firm manufacturers and sells two products Alpha and Beta.  Each unit of Alpha requires 1 hour of 
machining and 2 hours of skilled labour, whereas each unit of Rate uses 2 hours of machining and 1 hour 
of labour.  For the coming month the machine capacity is limited to 720 machine hours and the skilled 
labour is limited to 780 hours.  Not more than 320 units of Alpha can be sold in the market during a 
month. 
(i) Develop a suitable model that will enable determination of the optimal product mix. 
(ii) Determine the optimal product-mix and the maximum contribution.  Unit contribution from 

Alpha is Rs.6 and from Beta is Rs.4. 
(iii) What will be the incremental contribution per unit of the machine hour, per unit of labour, per 

unit of Alpha saleable? 
Solution: 

Products Machining Skilled Labour Contribution 
Alpha 1 hr 2 hr 6/- 
Beta 2 hr 1 hr 4/- 
Available hours 720 hr 780 hr  

Let x1 be the no. of units of Alpha produced 
x2 be the no. of units of Beta produced. 
Objective function: Max. Z = 6x1 + 4x2. 
Subject to constraints 
x1+2x2  
2x1+x2  
x1  
x1, x2  
x1+2x2+ S1=720 
2 x1+x2+ S2=780 
x1+s3 = 320 
 Max. Z = 6x1+4x2 + 0.S1+ 0.S2+ 0.S3 

  6 4 0 0 0  
CB XB X1 X2 S1 S2 S3 Min. Ratio 
0 720 1 2 1 0 0 720/1 = 720 
0 780 2 1 0 1 0 780/2 = 390 
0 320 1 0 0 0 1 320/1 = 320 
 0 6 4 0 0 0  
 

0 400 0 2 1 0 -1 400/2=200 
0 140 0 1 0 1 -2 140/1=140 
6 320 1 0 0 0 1  
 1920 0 -4 0 0 6  
 

0 120 0 0 1 -2 3 120/3=40 
4 140 0 1 0 1 -2 140/-2=-70 
6 320 1 0 0 0 1 320/1=320 
 2480 0 0 0 4 -2  
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0 40 0 0 1/3 -2/3 1  
4 220 0 1 2/3 -1/3 0  
6 280 1 0 -1/3 2/3 0  
 2560 0 0 2/3 8/3 0  
 

 x1 = 280 ; x2 = 220 ; Z  = 2560 
 

Problem No.11.  

A Chemical Company produces two compounds A and B.  The following table gives the units of ingredients 
C and D per kg of compounds A and B as well as minimum requirements of C and D and costs/kg of A and 
B. Using the simplex method, find the quantities of A and B which would give a supply of C and D at a 
minimum cost. 

  Table Compound Minimum requirement 

  A B  
Ingredient C 1 2 80 
 D 3 1 75 
Cost per kg.  4 6  

 
Solution: 
Let x1 be the no. of units of A 
Let x2 be the no. of units of B 
Objective function: Min.Z = 4x1 + 6x2 
Subject to Constraints: 
x1+2x2  
3x1+x2  
And  x1, x2  
x1+2x2-x3+A1 = 80 
3x1+x2-x4+A2 = 75 
 
Max. Z =  4x1+6x2-0.x3-0.x4-M.A1- M.A2 

x1, x2, x3, x4, A1, A2  
 
 

Problem No.12.  

A pension fund manager is considering investing in two shares A and B.  It is estimated that: 
 

(i) Share A will earn a dividend of 12% per annum and share B 4% per annum. 
(ii) Growth in the market value in one year of share A will be 10 paise per Rs.1 invested and in B 

40 paise per Rs.1 invested. 
 

He requires investing the minimum total sum which will give: 
Dividend income of at least Rs.600 per annum and growth in one year of at least Rs.1,000 on the initial 
investment. 
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You are required to: 
(i) State the mathematical formulation of the problem 
(ii) 

simplex method. 
 

Solution: 

Shares Dividend Growth in Rs. 
A 12% 10/100=0.1 
B 4% 41/100 = 0.4 
Min-income 600 1000 

 
Let x1 be the amount invested on share A 
Let x2 be the amount invested on share B 
 
Objective function: Min. Z = x1+x2 
Subject to constraints: 
0.12 x1 + 0.04 x2  
0.1 x1 + 0.4 x2  
And x1, x2  
 

Problem No.13.  

A company possesses two manufacturing plants each of which can produce three products x, Y and Z from 
a common raw material.  However, the proportions in which the products are produced are different in 

below, together with current orders in hand for each product. 

 Product 
Operating 

cost/hour in Rs. 

 X Y Z   
Plant A 2 4 3 9 
Plant B 4 3 2 10 
Orders on hand 50 24 60  

You are required to use the simplex method to find the number of production hours needed to fulfill the 
orders on hand at minimum cost. 
Interpret the main features of the final solution. 
Solution: 

 
 
 

 
Subject to constraints: 
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Problem No.14.  

A Company produces the products P, Q and R from three raw materials A, B and C.  One unit of product P 
requires 2 units of A and 3 units of B. A unit of product Q requires 2 units of B and 5 units of C and one 
unit of product R requires 3 units of A, 2 unit of B and 4 units of C.  The Company has 8 units of material A, 
10 units of B and 15 units of C available to it.  Profits/unit of products P, Q and R are Rs.3, Rs.5 and Rs.4 
respectively. 

(a) Formulate the problem mathematically, 
(b) How many units of each product should be produced to maximize profit? 
(c) Write the Dual problem. 

 
Solution: 

Raw Materials P Q R Available units 
A 2 - 3 8 
B 3 2 2 10 
C - 5 4 15 

Profits 3/- 5/- 4/- 
Let x1 be the no. of units of P 
Let x2 be the no. of units of Q 
Let x3 be the no. of units of R 
 
Objective function: Max. Z = 3x1+ 5x2+4x3 
Subject to constraints: 
2x1+3x2  
3x1+2x2+2x3  
5x2+4x3  
And x1,x2,x3  
 
Primal 
Max.Z = 3x1+5x2+4x3 

Subject to 
2x1+3x2  
3x1+2x2+2x3  
5x2+4x3  
And x1, x2, x3  
Dual 
Min. Z = 8y1+10y2+15y3 

Subject to 
2y1+3y2  
3y1+2y2+5y3  5 

2y2+4y3   4 

And y1, y2, y3  
 
2x1+3x2 + S1= 8 
3x1+2x2+2x3 + S2 = 10 
5x2+4x3 + S3 = 15 
 
Max Z = 3x1+ 5x2+4x3+0.S1+0.S2+0.S3 
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  3 5 4 0 0 0  
CB XB X1 X2 X3 S1 S2 S3 Min. Ratio>0 
0 8 2 3 0 1 0 0 8/3=2.67 
0 10 3 2 2 0 1 0 10/3=3.33 
0 15 0 5 4 0 0 1 15/5=3 
 0 -3 -5 -4 0 0 0  
 

5 8/3 2/3 1 0 1/3 0 0  
0 14/3 5/3 0 2 -2/3 1 0 14/3/2=7/3 
0 5/3 -10/3 0 4 -5/3 0 1 5/3/4=5/12 

 40/3 1/3 0 -4 5/3 0 0  
         
         
5 8/3 2/3 1 0 1/3 0 0 8/3/2/3=4  
0 23/6 10/3 0 0 1/6 1 -1/2 23/6/10/3=23/20 
4 5/12 -10/12 0 1 -5/12 0 ¼ 5/12/-10/12=-1/12 

 15 -3 0 0 0 0 1  
 

5 19/10 0 1 0 3/10 -1/5 1 /1 0  
3 23/20 1 0 0 1/20 3/10 -3/20  
4 11/8 0 0 1 -3/8 ¼ 1/8  

 2952/160=18.45 0 0 0 3/20  9/10 11/20  

 x1= 23/20 x2= 19/10  x3= 11/8 
Z = 18.45 
 

Problem No.15.  

A Factory manufactures 3 products which are processed through 3 different production stages. The time 
required to manufacture one unit of each of the three products and the daily capacity of the stages are 
given in the following table: 

State Time/unit in minutes  

 Product 1 Product 2 Product 3 
Stage capacity 

(minutes) 
1 1 2 1 430 
2 3 - 2 460 
3 1 4 - 420 

Profit/unit Rs.3 Rs.2 Rs.5  

(i) Set the data in a simplex table. 
(ii) Find the table for optimum solution 
(iii) State from the table - maximum profit, production pattern, and surplus capacity of any 

stage. 
(iv) What is the meaning of the shadow price?  Where is it shown in this table?  Explain it in 

respect of resource of stages having shadow price. 
(v) How many units of other resources will be required so as to completely utilise the surplus 

resource? 
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Solution: 
Let x1 be the no. of units of product 1 
Let x2 be the no. of units of product 2 
Let x3 be the no. of units of product 3 
Objective function: Max Z = 3x1+2x2 + 5x3 

Subject to constraints:  
x1+2x2+ x3  
3x1+2x3   
x1+4x2  
And x1, x2, x3  
x1+2x2+ x3+S1 = 430 
3x1+2x3  +S2 = 460 
x1+4x2 + S3 = 420 
Max Z = 3x1+2x2 + 5x3+0.S1+0.S2+0.S3 

  3 2 5 0 0 0  
CB XB X1 X2 X3 S1 S2 S3 Min. Ratio>0 
0 430 1 2 1 1 0 0 430/1=430 
0 460 3 0 2 0 1 0 460/2=230 
0 420 1 4 0 0 0 1  
 0 -3 -2 -5 0 0 0  
 

0 200 -1/2 2 0 1 -1 0 200/2=100 
5 230 3/2 0 1 0 1 0  
0 420 1 4 0 0 0 1 420/4=105 
 1150 9/2 -2 0 0 5 0  
2 100 -1/4 1 0 ½ -1/2 0  
5 230 3/2 0 1 0 1 0  
0 20 2 0 0 -2 2 1  
 1350 4 0 0 1 4 0  

  x1= 0 
x2= 100 
x3= 230 
z=1350 

 

Problem No.16.  

The products P, Q and R are being produced in a plant having profit margin as Rs.3, Rs.5 and Rs.4 
respectively.  The raw materials A, B and C are of scarce supply and the availability is limited to 8, 15 and 
10 units respectively.  Specific consumption is indicated in the table below: 

 P Q R 
Available 

units 

A 2 3 - 8 
B 3 2 4 15 
C - 2 5 10 
 3/- 5/- 4/-  
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(a) Write down the problem mathematically for maximization of profit margin. 
(b) Solve the problem by Simplex Method for obtaining optimum production pattern. 
(c) What are the opportunity costs of each of the raw material? 

 
Solution: 
Let x1 be the no. of units of product P 
Let x2 be the no. of units of product Q 
Let x3 be the no. of units of product R 
 
Objective function: Max. Z = 3x1+5x2 + 4x3 

Subject to constraints: 
2x1+3x2  
3x1+2x2 + 4x3  
2x2+5x3  
And x1, x2, x3  
 
2x1+3x2 + S1 = 8 
3x1+2x2 + 4x3 + S2 = 15 
2x2+5x3+ S3 = 10 
 
Max Z = 3x1+5x2 + 4x3 + 0.S1+ 0.S2+ 0.S3 

  3 5 4 0 0 0  
CB XB X1 X2 X3 S1 S2 S3 Min. Ratio>0 
0 8 2 3 0 1 0 0 8/3=2.67 
0 15 3 2 4 0 1 0 15/2=7.5 
0 10 0 2 5 0 0 1 10/2=5 
 0 -3 -5 -4 0 0 0  
 

5 8/3 2/3 1 0 1/3 0 0  
0 29/3 5/3 0 4 -2/3 1 0 29/3/4=29/12 
0 14/3 -4/3 0 5 -2/3 0 1 14/3/5=14/15 
 40/3 1/3 0 -4 5/3 0 0  
 

5 8/3 2/3 1 0 1/3 0 0 8/2=4 
0 89/15 41/15 0 0 -2/15 1 -4/5 89/41 
4 14/15 -4/15 0 1 -2/15 0 1/5 14/-4=-7/2 
 256/15 -11/15 0 0 17/15 0 4/5  
 

5 150/123=50/41 0 1 0 45/123=15/41 -10/41 8/41  
3 89/41 1 0 0 -2/41 15/41 -12/41  
4 62/41 0 0 1 -6/41 4-41 5/41  
 765/41 0 0 0 45/41 11/41 24/41  
 

  x1 = 89/41 
 x2 = 50/41 
 x3 = 62/41 ;  Z = 765/41 
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Problem No.17.  

Formulate Linear programming model for the following problem and solve the problem using simplex 
method. A company sells two types of fertilizers, one is liquid and the other is dry.  The liquid fertilizer 
contains 2 units of chemical A and 4 units of chemical B per jar and the dry fertilizer contains 3 units of 
each of the chemicals A and B per carton.  The liquid fertilizer sells for Rs.3 per jar and the dry fertilizer 
sells for Rs.4 per certain.  A farmer requires at least 90 units of chemical A and at least 120 units of the 
chemical B for his farm.  How many of each type of fertilizers should the farmer purchase to minimize the 
cost while meeting his requirements? 
 

 Fertilizers 
Required Units 

 Liquid Dry 
Chemical A 2 3 90 
Chemical B 4 3 120 
Cost 3/- 4/-  

Let x1 be the no. of liters of Liquid 
Let x2 be the no. of kilograms of dry 
 
Objective Function: 
Min. Z = 3x1+4x2 
Subject to constraints: 
2x1+3x2  
4x1+3x2  
And x1, x2  
 
2x1+3x2-x3 +A1 = 90 
4x1+3x2-x4 +A2 = 120 
 
Max Z = -3x1-4x2-o.x3- o.x4-M.A1-M.A2 

 
  -3 -4 0 0 -M -M  
CB XB X1 X2 X3 X4 A1 A2 Min. Ratio>0 
-M 90 2 3 -1 0 1 0 90/2=45 
-M 120 4 3 0 -1 0 1 120/4=30 
 -210M -6M+3 -6M+4 M M 0 0  
-M 30 0 3/2 -1 ½ 1 -1/2 30/3/2=20 
-3 30 1 ¾ 0 -1/4 0 ¼ 30/3/4=40 
 -90-30M 0 -3/2M+7/4 M -M/2+3/4 0 3M/2-3/4  
-4 20 0 1 -2/3 1/3 2/3 -1/3  
-3 15 1 0 ½ -1/2 -1/2 ½  
 -125 0 0 7/6 1/6 7/6+M -1/6+M  

  x1 = 15 
 x2 = 20;   

Z = 125 
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Problem No.18.  
An Investor has Rs. 15 lakhs for investment in four alternatives. Table below gives data on price per share, 
average growth rate in the price, the annual dividend and the associated risk.  Return per share is defined 
as the difference in current price and price a year later plus the dividend for the year.  The following 
constraints have to be must: 
 

i) At most Rs. 4,00,000 may be invested in share1.  
ii) At least 100 shares of each stock must be bought. 
iii) At least 15% of the investment made should be in shares 3 and 4 combines; 
iv) The total weighted risk should not exceed 0.08, where total weighted risk = (  investment in 

share j x risk in j)/total investment; 
v) Dividend for the year should be at least Rs. 20,000. 

The objective is to maximize the earnings at the end of the first year from both dividends and growth. 
Formulate a linear program. Model that will determine the optimal no. of shares to be invested in each 
script. 

Share No. 1 2 3 4 

Current price per share 90 120 200 180 
Expected annual growth rate 0.10 0.08 0.12 0.15 
Expected annual dividend per share (Rs.) 5.00 7.50 4.00 3.00 
Expected risk 0.07 0.05 0.10 0.08 

Let x1 be the no. of shares in share type 1 
Let x2 be the no. of shares in share type 2 
Let x3 be the no. of shares in share type 3 
Let x4 be the no. of shares in share type 4 
No. of shares return type 1 = (current price per share x expected annual growth rate) + expected annual 
divided per share = 90 x 0.10 + 5 = 9 + 5 = 14 
 
No. of shares return type 2 = 120 x 0.08 + 7.5 = 9.6 + 7.5 = 17.1 
No. of shares return type 3 = 200 x 0.12 + 4 = 24 + 4 = 28 
No. of shares return type 4 = 180 x 0.15 + 3 = 27 + 3 = 30 
Objective function: 
Max Z = 14 x1 + 17.1 x2+28x3+30x4. 
Difference in current Price = current price per share x expected annual growth rate 
Return: Expected annual divided per share + difference in current price 
Subject to Constraints = 90x1 + 120x2+200x3+180x4  
 

i) 90x1  
ii) x1, x2, x3, x4  
iii) 200x3+180x4 1 + 120x2+200x3+180x4) 
iv) (90x1 x 0.07 + 120x2 x 0.05 + 200x3x 0.10 + 180x4 x 0.08) /  

(90x1 + 120x2+200x3+180x4  
v) 5x1 + 7.5x2+4x3+3x4  
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Problem No.19.  
A Bank is in the process of formulating its loan policy.  Involving a maximum of Rs.600 Million.  Table 
below gives the relevant types of loans.  Bad debts are not recoverable and produce no interest receive.  
To meet competition from other Banks the following policy guidelines have been set.  At least 40% of the 
funds must be allocated to the agricultural and commercial loans.   Funds allocated to housing must be at 
least 50% of all loans given to personal, car, Housing. The overall bad debts on all loans may not exceed 
0.06. 
Formulate a linear program Model to determine optimal loan allocations. 
 

Type of loan Interest rate % Bad debts (Probability) 

Personal 17 0.10 
Car 14 0.07 
Housing 11 0.05 
Agricultural 10 0.08 
Commercial 13 0.06 

 
Solution: 
Let x1 be the amount allocated for personal loan 
Let x2 be the amount allocated for car loan  
Let x3 be the amount allocated for Housing loan 
Let x4 be the amount allocated for agricultural loan 
Let x5 be the amount allocated for Commercial loan 
Objective Function: Max Z  
= 0.17x1+0.14x2+0.11x3+0.1x4+0.13x5  (0.10x1+0.07x2+0.05x3+0.08x4+0.06x5) 
= (0.17-0.10) x1+ (0.14-0.07) x2 + (0.11 -0.05) x3 + (0.10 - 0.08) x4+(0.13  0.06) x5 
= 0.17x1+ 0.07x2 + 0.06x3 + 0.02x4+ 0.07 x5 

 
Subject to constraints 

i) x1+ x2+ x3+ x4 + x5  
ii)  x4 + x5 1+ x2+ x3+ x4 + x5) 
iii)  x3 1+ x2+ x3) 
iv)  0.1x1 + 0.07x2+0.05x3+0.08x4  

 
Problem No.20.  

Four Products A,B,C and D have Rs. 5, Rs. 7, Rs. 3 and Rs. 0 profitability respectively.  First type of material 
(limited supply of 800 kgs.) is required by A,B,C and D at 4 kgs., 3 kgs, 3 kgs., 8 kgs, and 2 kgs. respectively 
per unit. 
 
Second type of material has a limited supply of 300 kgs. And is for A,B,C and D at 1 kg, 2 kgs, 0 kgs, and 1 
kg per unit.  Supply of the other type of materials consumed is not limited.  Machine hrs.  available are 
500 hours and the requirements are 8,5,0 and 4 hours for A,B,C and D each per unit. 
Labour hours are limited to 900 hours and requirements are 3,2,1 and 5 hours for A,B,C and D 
respectively. 
How should the firm approach so as to maximize its profitability? Formulate this as a linear programming 
problem.  You are not required to solve the LPP. 
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Solution: 
Let x1 be the no. of units of product A 
Let x2 be the no. of units of product B 
Let x3 be the no. of units of product C 
Let x4 be the no. of units of product D 
Objective function Maximize Z = 5x1+7x2+3x3 + 9x4 

 

 A B C D Supply in Kgs. 
I type material 4 3 8 2 800 
II type material 1 2 0 1 300 
Machine 8 5 0 4 500 
Labour 3 2 1 5 900 
Profit 5 7 3 9  

Subject to constraints 
4x1+3x2+ 8x3+2x4  
x1+2x2+ 0.x3+x4   
8x1+5x2+ 0.x3+4x4  
3x1+2x2+ x3+5x4  
x1, x2, x3, x4  
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 (b)     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 check-
out 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 no. of horizontal and vertical lines (not the diagonal ones) that are required to cover 

optimal and proceeds to step 6.  If the n  
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:  
done as follows: 

a) Locate a row which contains only one zero element.  Assign the job corresponding to this 

the element, which is indicative of the fact that the particular job and person are no more 
available. 

b) Repeat (a) for each of such rows which contain only one zero.  Similarly, perform the same 
s), 

if any, in the row in which the elements lies. 
c) 

arbitrarily and choose one of the jobs (or persons) and make the assignment.  Thus in such a 
case, alternative solutions exists. 
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1 8 1 6 8 0

5 7 6 5 13 0

3 5 4 2 7 0

3 1 6 2 9 0

PROBLEMS AND SOLUTIONS 

Problem No.21.  

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. 

Solution: Row Operation 

 
2 9 2 7 9 1 
6 8 7 6 14 1 
4 6 5 3 8 1 
4 2 7 3 10 1 
5 3 9 5 12 1 
9 8 12 13 9 1 

 

Column Operation Improved 

 

 

 

Improved Matrix Assignment  
0 9 0 6 3 1 

1 5 2 2 5 0 

0 4 1 0 0 1 

0 0 3 0 2 1 

0 0 4 1 3 0 

4 5 7 9 0 0 

0 7 0 4 1 0 

4 6 5 3 6 0 

2 4 3 0 0 0 

2 0 5 0 2 0 

3 1 7 2 4 0 
7 6 10 10 1 0 

0 7 0 4 1 1

3 5 4 2 5 0

2 4 3 0 0 1

2 0 5 0 2 1

0 9 0 6 3 3

1 5 2 2 5 0

0 4 1 0 0 1

0 0 3 0 2 1
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Optimal Assignment, then is 

 
1  3 - 2  
2  6 - 1  
3  1 - 4  
4  4 - 3  
5  2 - 3  
6  5 - 9  

 
 

 
 

22 
Minimum 

Hours 

 
 

Problem No.22.  

A captain of a cricket team has to allot five middle batting positions to five batsmen.  The average runs 
scored by each batsman at these positions are as follows: 
 

Batting Position 

Batsmen 

 III IV V VI VII 
A 40 40 35 25 50 
B 42 30 16 25 27 
C 50 48 40 60 50 
D 20 19 20 18 25 
E 58 60 59 55 53 

Make the assignment so that the expected total average runs scored by these batsmen are maximum. 
Solution: Loss Matrix 
 
 III IV V VI VII 

A 40 40 35 25 50 
B 42 30 16 25 27 
C 50 48 40 60 50 
D 20 19 20 18 25 
E 58 60 59 55 53 
 
 
 
 
 
 
 

 
 

20 20 25 35 10 
18 30 44 35 33 
10 12 20 0 10 
40 41 40 42 35 
2 0 1 5 7 
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Row Operation Column Operation 
M3 
10 10 15 25 0 
0 12 26 17 15 

10 12 20 0 10 
5 6 5 7 0 
2 0 1 5 7 

 
Improved Matrix Maximum Average Runs 
 

10 6 10 25 0 

0 8 21 17 15 

10 8 15 0 10 

5 2 0 7 0 

6 0 0 9 11 

 
 

Problem No.23.  

Average time taken by an operator on a specific machine is tabulated below.  The management is 
considering replacing one of the old machines by a new one and the estimated time for operation by each 
operator on the new machine is also indicated. 

Machines 
Operation M1 M2 M3 M4 M5 M6 New 

01 2 3 2 1 4 5 6 
02 4 4 6 3 2 5 1 
03 6 10 8 4 7 6 1 
04 8 7 6 5 3 9 4 
05 7 3 4 5 4 3 12 
06 5 5 6 7 8 1 6 

(a) Find out an allocation of operators to the old machines to achieve a minimum operation time.   
(b) Reset the problem with the new machine and find out the allocation of the operators to each 

machine and comment on whether it is advantageous to replace an old machine to achieve a 
reduction in operating time only. 

(c) How will the operators be reallocated to the machines after replacement? 
 
Solution: 

Operation M1 M2 M3 M4 M5 M6 New 
01 2 3 2 1 4 5 6 
02 4 4 6 3 2 5 1 
03 6 10 8 4 7 6 1 
04 8 7 6 5 3 9 4 
05 7 3 4 5 4 3 12 
06 5 5 6 7 8 1 6 

 

10 10 14 25 0 

0 12 25 17 15 

10 12 19 0 10 

5 6 4 7 0 

2 0 0 5 7 

A VII - 50

B III - 42

C VI - 60

D V - 20
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a) 
 Row Operation 
2 3 2 1 4 5 
4 4 6 3 2 5 
6 10 8 4 7 6 
8 7 6 5 3 9 
7 3 4 5 4 3 
5 5 6 7 8 1 
 
 
Column Operation Improved matrix 
 

0 2 0 0 3 4 
1 2 3 1 0 3 
1 6 3 0 3 2 
4 4 2 2 0 6 
3 0 0 2 1 0 
3 4 4 6 7 0 
 
 
01  M3 - 2  
02  M1 - 4  
03  M4 - 4  
04  M5 - 3  
05  M2 - 3  
06  M6 - 1  

    17 Hours Minimum Operation Time 

 
 
  

1 2 1 0 3 4 

2 2 4 1 0 3 

2 6 4 0 3 2 

5 4 3 2 0 6 

4 0 1 2 1 0 

4 4 5 6 7 0 

0 2 0 1 4 5 

0 1 2 1 0 3 

0 5 2 0 3 2 

3 3 1 2 0 6 

3 0 0 3 2 1 

2 3 3 6 7 0 
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b & c)  
  
2 3 2 1 4 5 6 
4 4 6 3 2 5 1 
6 10 8 4 7 6 1 
8 7 6 5 3 9 4 
7 3 4 5 4 3 12 
5 5 6 7 8 1 6 
0 0 0 0 0 0 0 
 
 
Improved Matrix 
 

0 1 0 0 3 4 5 
2 2 4 2 1 4 0 
4 8 6 3 6 5 0 
4 3 2 2 0 6 1 
4 0 1 3 2 1 10 
3 3 4 6 7 0 5 
0 0 0 1 1 1 1 
 
 
In Place of M3 new machine is to be replaced. 
 
 
 

0 2 0 0 4 5 6 
1 2 3 1 1 4 0 
3 8 5 2 6 5 0 
3 3 1 1 0 6 1 
3 0 0 2 2 1 10 
2 3 3 5 7 0 5 
0 1 0 1 2 2 2 
 
 
 
 
 
 
 
 
 
 

 

1 2 1 0 3 4 5 

2 2 4 1 0 3 0 

2 6 4 0 3 2 0 

5 4 3 2 0 6 1 

4 0 1 2 1 0 9 

4 4 5 6 7 0 5 

0 0 0 0 0 0 0 

01  M1 - 2  
02  M4 - 3  
03  New - 1  
04  M5 - 3  
05  M2 - 3  
06  M6 - 1  
07  M3 - 0  

    13 Hours Minimum time 

0 2 0 0 5 6 7 

0 1 2 0 1 4 0 

2 7 4 1 6 5 0 

2 2 0 0 0 6 1 

3 0 0 2 3 2 11 

1 2 2 4 7 0 5 

0 1 0 1 3 3 3 
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Problem No.24.  

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 is given below: 

Region  

  I II III IV V VI 

Salesmen 

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 

 (Figures are in Rupees)      
(a) Find the allocation to give minimum cost what is the cost? 
(b) Now suppose the above table gives earning of each salesman at each region.  How can you find 

an allocation so that the earning will be maximum? Determine the solution with optimum 
earning. 

(c) There are restrictions for commercial reasons that A cannot be posted to region V and E cannot 
be posted to region II. Write down the cost matrix suitably after imposing the restrictions. 

 
Solution: Row Operation 
 
15 35 0 25 10 45 
40 5 45 20 15 20 
25 60 10 65 25 10 
25 20 35 10 25 60 
30 70 40 5 40 50 
10 25 30 40 50 15 
 
 
 
 
 
 
 
 
 
 
 

 

15 35 0 25 10 45 
35 0 40 15 10 15 
15 50 0 55 15 0 
15 10 25 0 15 50 
25 65 35 0 35 45 
0 15 20 30 40 5 
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Column Operation Improved Matrix 
 

15 35 0 25 10 45 

35 0 40 15 0 15 

15 50 0 55 5 0 

15 10 25 0 5 50 

25 65 35 0 25 45 

0 15 20 30 30 5 

 
 
A  III - 0  
B  II - 5  
C  VI - 10  
D  V - 25  
E  IV - 5  
F  I - 10  

    Rs. 55 Minimum Cost 

 
b) 
Loss Matrix Row Operation 
55 35 70 45 60 25 
30 65 25 50 55 50 
45 10 60 5 45 60 
45 50 35 60 45 10 
40 0 30 65 30 20 
60 45 40 30 20 55 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

20 35 0 30 0 45 

40 0 40 20 0 15 

20 50 0 60 5 0 

15 5 20 0 0 45 

25 60 30 0 20 40 

0 10 15 30 30 0 

30 10 45 20 35 0 
5 40 0 25 30 25 

40 5 55 0 40 55 
35 40 25 50 35 0 
40 0 30 65 30 20 
40 25 20 10 0 35 
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Column Operation Improved Matrix 

25 10 45 20 35 0 

0 40 0 25 30 25 

35 5 55 0 40 55 

30 40 25 50 35 0 

35 0 30 65 30 20 

35 25 20 10 0 35 

 
 

0 10 20 20 30 0 

0 65 0 50 50 50 

10 5 30 0 35 55 

5 40 0 50 30 0 

10 0 5 65 25 20 

15 30 0 15 0 40 

 
 
c) The cost matrix after imposing the given restriction is 
 
Region 
 

  I II III IV V VI 
 A 15 35 0 25  45 
 B 40 5 45 20 15 10 

Sales man C 25 60 10 65 25 10 
 D 25 20 35 10 25 60 
 E 30  40 5 40 50 
 F 10 25 30 40 50 15 
        

Problem No.25.  

A company has four zones open and four salesmen available for assignment.  The zones are not equally 
rich in their sales potentials.  It is estimated that a typical salesman operating in each zone would bring in 
the following annual sales: 
Zone: A: 1,26,000: Zone B:1,05,000; Zone C: 84,000; Zone D: 63,000. 
The four salesmen are also considered to differ in ability.  It is estimated that working under the same 
condition their yearly sales would be proportionately as follows: 
Salesman P:7; Salesman Q: 5; Salesman R:5; Salesman S:4.  If the criterion is maximum expected total 
sales, the intuitive answer is to assign the best salesman to the richest zone, the next best to the second 
richest zone and so on.  Verify this by the method of assignment. 
 

 

5 10 25 20 35 0 

0 60 0 15 50 45 

15 5 35 0 40 55 

10 40 5 50 35 0 

15 0 10 65 30 20 

15 25 0 10 0 35 

A  I - 15  
B  III - 45  
C  IV - 65  
D  VI - 60  
E  II - 70  
F  I - 50  

    Rs. 305 Maximum 
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Solution: Loss Matrix 
 
Sales Man A B C D 

P 42 35 28 21 
Q 30 25 20 15 
R 30 25 20 15 
S 24 20 16 12 

Row Operation Column Operation 
 
0 7 14 21 
0 5 10 15 
0 5 10 15 
0 4 8 12 
 
 
 

0 2 5 8 

0 0 1 2 

0 0 1 2 

1 0 0 0 

 
 
P  A - 42  
Q  B - 25  
R  C - 20  
S  D - 12  

    99  x 3000 = Rs. 2,97,000 Maximum sales 

 
 
 
 
 

Problem No.26.  

Four jobs can be processed on four different machines, one job on one machine.  Resulting profits vary 
with assignments.  They are given below:       

Machines 

Jobs 

I 42 35 28 21 
II 30 25 20 15 
III 30 25 20 15 
IV 24 20 16 12 

Find the optimum assignment of jobs to machines and the corresponding profit. 

0 2 4 7 

0 0 0 1 

0 0 0 1 

2 1 0 0 

0 7 14 21

12 17 22 27

12 17 22 27

0 3 6 9
0 1 2 3
0 1 2 3
0 0 0 0
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Solution: 
Profit Matrix 

0 7 14 21 
12 17 22 27 
12 17 22 27 
18 12 26 30 
 
Row Operation 
 

0 7 14 21 
0 5 10 15 
0 5 10 15 
0 4 8 12 
 
Column Operation 
 

0 3 6 9 
0 1 2 3 
0 1 2 3 
0 0 0 0 
 
Improved Matrix 
 

0 2 5 8 
0 0 1 2 
0 0 1 2 
1 0 0 0 
 
Further Improved 
 

0 2 4 7 
0 0 0 1 
0 0 0 1 
2 1 0 0 
 
I - 1 - 42 
II - 2 - 25 
III - 3 - 20 
IV - 4 - 12 
    99 
Maximum Profit Rs. 99 
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Problem No.27.  

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 traveled by him is minimised? 
Solution: 
Profit Matrix 

- 12 24 25 15 
6 - 16 18 7 
10 11 - 18 12 
14 17 22 - 16 
12 13 23 25 - 
Row Operation 

- 0 12 13 3 
0 1 10 12 1 
0 1 - 8 2 
0 3 8 - 2 
0 1 11 13 - 
Column Operation 
 

- 0 4 5 2 
0 - 2 4 0 
0 1 - 0 1 
0 3 0 - 1 
0 1 3 5 - 
 

A  B  E  D  C  A 
12 + 7 + 25 + 22 + 10 = 76 Kms 
Optimum Distance 76 Kms.  
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(c) TRANSPORTATION 
 
INTRODUCTION: 
The basic transportation problem was originally developed by F.L. Hitchcock (1941) in his study entitled 

 
Transportation models deals with the transportation of a product manufactured at different plants or 
factories (supply origins) to a number of different warehouses (demand destinations).  The objective is to 
satisfy the destination requirements within the plants capacity constraints at the minimum transportation 
cost.  Transportation models thus typically arise in situations involving physical movement of goods from 
plants to warehouses, warehouses to wholesalers, wholesalers to retailers and retailers to customers.  
Solution of the transportation models requires the determination of how many units should be 
transported from each supply origin to each demands destination in order to satisfy all the destination 
demands while minimizing the total associated cost of transportation. 
 
Feasible Solution: 
A set of non-negative values xij

called a feasible solution to the transportation problem. 
 
Basic Feasible Solution: 
An initial feasible solution with an allocation of (m + n  1) number of variables, xij

 
 
Optimum Solution: 
A feasible solution (not necessarily basic) is said to be optimum if it minimizes the total transportation 
cost. 
 
Balanced or Unbalanced Transportation Problems: 
A transportation problem can be balanced or unbalanced.  It is said to be balanced if the total demand of 
all the warehouses equals the amount produced in all the factories.  If in reality, capacity is greater than 
requirement, then a dummy warehouse may be used to create desired equality.  If capacity is less than 
requirement, then a dummy factory may be introduced.  The transportation cost in both the dummy 
cases is assumed to be zero.   
Where the number of rows and columns are not equal, it is called unbalanced transportation problem. 
 
Loops in Transportation Table: 
In a transportation table, an ordered set of four or more cells is said to form a loop if any two adjacent 
cells in the ordered set lie either in the same row or in the same column.  Moreover every loop has an 
even number of cells.  It may be noted that a feasible solution to a T.P is basic if and only if the 
corresponding cells in the transportation table do not contain a loop. 
Degeneracy of a Transportation Problem: 
When the quantities are allocated to cost cells within the matrix and if such allocations are less than m + n 
-
to be Degeneracy of a Transportation Problem. 
 
METHODS OF SOLVING TRANSPORTATION PROBLEM: 
The following are the methods of solving transportation problem: 
1. The north-west corner rule 
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2. Lowest cost entry method 
3.  
 
1. North West Corner Method (NWCM): 

The simplest of the procedures used to generate an initial feasible solution is NWCM.  It is so 
called because we begin with the north west or upper left corner cell of our transportation table.  
Various steps of this method can be summarized as under: 
Step 1:   
Select the north west (upper left-hand) corner cell of the transportation table and allocate as 
many units as possible equal to the minimum between available supply and demand 
requirement, i.e., min (s1, d1). 

 Step 2:   
Adjust the supply and demand numbers in the respective rows and columns  allocation. 

 Step 3:   
(a) If the supply for the first row is exhausted, then move down to the first cell in the second 

row and first column and go to step 2. 
(b) If the demand for the first column is satisfied, then move horizontally to the next cell in the 

second column and first row and go to step 2. 
Step 4: 
If for any cell, supply equals demand, then the next allocation can be made in cell either in the 
next row or column. 
Step 5: 
Continue the procedure until the total available quantity is fully allocated to the cells required. 

 
2. Least Cost Method (LCM): 

The allocation according to this method is very useful as it takes into consideration the lowest 
cost and therefore, reduces the computation as well as the amount of time necessary to arrive at 
the optimum solution.  Various steps of this method can be summarized as under: 
Step 1: 
a) Select the cell with the lowest transportation cost among all the rows or columns of the 

transportation table. 
b) If the minimum cost is not unique, then select arbitrarily any cell with this minimum cost. 
Step 2: 
Allocate as many units as possible to the cell determined in step 1 and eliminate that row 
(column) in which either supply is exhausted or demand is satisfied. 
Step 3: 
Repeat steps 1 and 2 for the reduced table until the entire supply at different factories is 
exhausted to satisfy the demand at different warehouses. 

 
3. Vo  

This method is preferred over the other two methods because the initial basic feasible solution 
obtained is either optimum or very close to the optimum solution.  Therefore, the amount of 
time required to arrive at the optimum solution is greatly reduced.  Various steps of this method 
are summarized as under: 
Step 1: 
Compute a penalty for each row and column in the transportation table.  The penalty for a given 
row and column is merely the difference between the smallest cost and the next smallest cost in 
that particular row or column. 
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Step 2: 
Identify the row or column with the largest penalty.  In this identified row or column, choose the 
cell which has the smallest cost and allocate the maximum possible quantity to the lowest cost 
cell in that row or column so as to exhaust either the supply at a particular source or satisfy 
demand at a warehouse. 
If a tie occurs in the penalties, select that row/column which has minimum cost.  If there is a tie 
in the minimum cost also, select that row/column which will have maximum possible 
assignments.  It will considerably reduce computational work. 
Step 3: 
Reduce the row supply or the column demand by the amount assigned to the cell. 
Step 4: 
If the row supply is now zero, eliminate the row, if the column demand is now zero, eliminate the 
column, if both the row supply and the column demand are zero, eliminate both the row and 
column. 
Step 5: 
Recompute the row and column difference for the reduced transportation table, omitting rows 
or columns crossed out in the preceding step. 
Step 6: 
Repeat the above procedure until the entire supply at factories are exhausted to satisfy demand 
at different warehouses. 
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PROBLEMS AND SOLUTIONS 
 

Problem No.28.  

A manufacturer has distribution centres X, Y, and Z.  These centres have 40,20 and 40 units of his product.  
His retail outlets at A, B, C, D and E require 25,10,20,30 and 15 units respectively.  The transport cost in 
(Rupees/Unit) between each centre and each outlet is given in the following table: 

Distribution Centre  Retail outlets 

 A B C D E 
X 55 30 40 50 40 
Y 35 30 100 45 60 
Z 40 60 95 35 30 

We have to find out the optimum distribution cost. 
 
Solution: 
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   Qty  Minimum Cost 
 
X   B 10 x 30 =     300 
  C 20 x 40 =      800 
  E 10 x 40 =      400 
Y  A 20 x 35 =      700 
Z  A 5 x 40  =    200 
  D 30 x 35=  1050 
  E 5 x 30 =    150 
 
   100   Rs. 3600 
 

Problem No.29.  

The cost conscious company requires for the next month 300, 260 and 180 tonnes of stone chips for its 
three constructions C1,C2 and C3 respectively.  Stone chips are produced by the company at three 
mineral fields taken on short lease by the company.  All the available boulders must be crushed into chips.  
Any excess chips over the demands at sites C1, C2 and C3 will be sold ex-fields.   
 
The fields are M1, M2 and M3 which will yield 250,320 and 280 tones of stone chips respectively. 
 
Transportation costs from mineral fields to construction sites vary according to distances, which are given 
below in monetary unit (MU). 

 To C1 C2 C3 

From 
M1 8 7 6 
M2 5 4 9 
M3 7 5 5 

(i) Determine the optimal economic transportation plan for the company and the overall 
transportation cost in MU. 

(ii) What are the quantities to be sold from M1, M2 and M3 respectively? 
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Solution: 

 
 Hence,there are m + n  1 allocations.  Hence Optimality test is to be performed. 
 

 
Since  ij 0 Solution is optimum. 
   Qty  Minimum Cost 
M1   C3  140 x 6 =     840 
  C4 110 x 0 =        0 
M2   C1  300 x 5 =   1500 
  C2   20 x 4 =           80 
M3   C2  240 x 5 =   1200 
  C3   40 x 5 =       200 
 
   850             Rs. 3820 
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Problem No.30.  

 Ladies fashion shop wishes to purchase the following quantity of summer dresses: 

Dress size I II III IV 

Quantity 100 200 450 150 

Three manufacturers are willing to supply dresses. 
The quantities given below are the maximum that they are able to supply of any given combination of 
orders for dresses: 

Manufacturers A B C 

Total quantity 150 450 250 

The shop expects the profit per dress to vary with the manufacturer as given below: 

Size 
 I II III IV 

A £2.5 £4.0 £5.0 £2.0 
B £3.0 £3.5 £5.5 £1.5 
C £2.0 £4.5 £4.5 £2.5 

Required: 
(a) Use the transportation technique to solve the problem of how the orders should be placed with 

the manufacturers by the fashion shop is order to maximise profit. 
(b) Explain how you know there is no further improvement possible. 

 
Solution: 
Profit Matrix 
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 Profit Matrix is converted into Loss Matrix. 
 

 
There are 1 less than m + n  1 allocations.  
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ij  is > 0, the solution is optimum  
   Qty  Maximum Profit 
 
A   I 100 x 2.5 =     250 
  IV   50 x 2    =    100 
B   III 450 x 5.5 =   2475 
C  II  200 x 4.5 =    900 
C  IV    50 x 2.5 =    125 
Dummy IV      50 x 0    =                  0 
   900        Rs. 3850 
 

Problem No.31.  

Departmental store wishes to purchase the following quantities of Sprees: 

Types of sprees A B C D E 

Quantity 150 100 75 250 200 

Tenders are submitted by 4 different manufacturers who undertake to supply not more than the 
quantities mentioned below (all types of sprees combined): 

Manufacturer W X Y Z 

Total quantity 300 250 150 200 

The store estimates that its profit/spree will vary with the manufacturer as shown in the following matrix. 

Sprees 
Manufacturers A B C D E 

W 275 350 425 225 150 
X 300 325 450 175 100 
Y 250 350 475 200 125 
Z 325 275 400 250 175 

How should the orders be placed? 
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Solution: 
Profit matrix 

 

 
Loss Matrix 

 
m + n  1 allocation s are there, optimality test can be performed. 
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As ij  
   Qty  Maximum Profit 
 
W   B 25 x 350 =   8750 
  D 50 x 225 =            11250 
  E 200 x 150=            30000 
  F 25 x 0   =  0 
X   A 150 x 300 =              45000 
  F 100 x 0  =  0 
Y   B 75 x 350 =              26250 
  C 75 x 475 =             35625 
Z  D 200 x 250=             50000 
 
Max. Profit.      Rs.  2,06,875 
 

Problem No.32. 
The products of three plants F1,F2 and F3 are to be transported to 5 warehouses W1,W2,W3,W4 and W5.  
The capacities of plants, demand of warehouses and the cost of transportation from one plant to various 
warehouses are indicated in the following table: 

 W1 W2 W3 W4 W5 Plant Capacity 

F1 74 56 54 62 68   400 
F2 58 64 62 58 54   500 
F3 66 70 52 60 60   600 
Warehouse Demand 200 280 240 360 320 1500/1400 

 
(a) Find out a distribution plan of products from plants to the warehouses at a minimum cost.  What is the 

minimum cost? 
(b) Is there any surplus capacity of the plants?  If so, in which plant should we associate that surplus capacity? 
(c) Is there any alternate solution for the optimum solution achieved in  
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Solution: 
 
 

 

 
Since m + n  1 allocation, optimality  test can be performed. 
 

ij  is > 0, the solution is optimal. 
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   Qty   Minimum Cost 
F1   W2 280 x 56 = 15680 
  W4 20 x 62 =   1240 
  Dummy100 x 0 =      0 
F2  W1 200 x 58 = 11600 
  W5 300 x 54 = 16200 
F3  W3 240 x 52 = 12480 
  W4 340 x 60 = 20400 
  W5 20 x 60 =   1200 
 
   1500        Rs. 78800 
 
Alternative Solution: 

 
 F1   W2 280 x 56 = 15680 
  W4 20 x 54 =   1080 
  Dummy100 x 0 =      0 
F2  W1 200 x 58 = 11600 
  W5 300 x 54 = 16200 
F3  W3 220 x 52 = 11440 
  W4 360 x 60 = 21600 
  W5 20 x 60 =   1200 
   1500        Rs. 78800 

Problem No.33. 
A Company has 4 factories F1,F2,F3 and F4, manufacturing the same product.  Production and raw material 
costs differ from factory to factory and are given in the table below in the first two rows.  The 
transportation costs from the factories to the sales depots S1, S2 and S3 are also given.  The last two 
columns in the table below give the sales price and total requirements at each depot and the production 
capacity of each factory is given in the last row. 
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Production Cost/Unit (Rs.) 15 18 14 13   
Raw Materials Cost/Unit (Rs.) 10 9 12 9   
Transportation Cost/Unit (Rs.)       
S1 3 9 5 4 34 80 
S2 1 7 4 5 32 120 
S3 5 8 3 6 31 150 
Production capacity 10 150 50 100   
Determine the optimal solution and the associated profit as per  (VAM) 
Solution: 

Loss Matrix 
 
 
 

 
 
 
 
   

 F1 F 2 F 3 F 4 Sales Price/Unit (Rs) Requirement 
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ij  is > 0, the solution is optimum. 
   Qty  Maximum Profit 
 
S1   F4 80 x 8 =   640 
S2  F1 10 x 6 =     60 
  F2 90 x(-2)=  (-) 180  

F4 20 x 5 =   100 
S3  F2 60 x -4 =  (-) 240 
  F3 50 x  2 =   100 
  Dumy 60 x 0 =  0 
   
   350       Rs. 480 
 

Problem No.34.  

The Bombay Transport Company has trucks available at four different sites in the following numbers: 

 Site A 5 Trucks 
Site B 10 Trucks 
Site C 7 Trucks 
Site D 3 Trucks 

Customers  W, X and Y require trucks as shown below. 

Customer W 5 Trucks 
Customer X 8 Trucks 
Customer Y 10 Trucks 

Variable Costs of getting trucks to the Customers are given below: 

From A to W Rs. 7, to X Rs. 3, to Y Rs. 6 
From B to W Rs. 4, to X Rs. 6 to Y Rs. 8 
From C to W Rs. 5, to X Rs. 8 to Y Rs. 4 
From D to W Rs. 8 to X Rs. 4 to Y Rs. 3 

Solve the above transportation problem. 
Solution: 
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ij  is > 0, the solution is optimum. 
Allocation 
   Minimum Cost 
A X 5 x 3 = 15 
B W 5 x 4 = 20 
 X 3 x 6 = 18 
 Z 2 x 0 = 0 
C Y 7 x 4 = 28 
D Y 3 x 3 = 9 
 
  25     Rs. 90 
 
 
 

Problem No.35.  

The products of two plants A and B are to be transported to 3 warehouses W1, W2 and W3.  The cost of 
transportation of each unit from plants to the warehouses are indicated below: 

Warehouses 
Plants (W1) (W2) (W3) Capacities 

A 25 17 25 300 
B 15 10 18 500 
Demand 300 300 500 800/1100 

Find the optimum distribution and the optimum cost. 
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Solution: 

 W1 W2 W3 
    

A 
 

25  17  25 
300/0 8 8 8 

 100  200  

B 
 15  10  18 

500/200/0 5 5 8 
300  200    

C 
 0  0  0 

300/0 0 - - 
    300  

 
300 300 500     

0 100 200 
 0 0 

 15 10 18* 
    

 10* 7 7 
    

 - 7 7 
    

 
There are (m + n) - 1 allocations optimality is to be performed. 

 25  17  25 
0 

3 100  200  
 15  10  18 

-7 
300  200   0 
 0  0  0 

-25 
 3  8 300  

22 17 25  
 
 

As ij  0, the solution is optimum. Therefore the minimum cost is as follows: 

  Quantity Minimum Cost 

A 
W2 100 x 17 1700 
W3 200 x 25 5000 

B 
W1 300 x 15 4500 
W2 200 x 10 2000 

DummyW3 300 x 0 0 
  1100  Rs. 13200 

Optimum cost: Rs. 13,200 
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Problem No.36.  

Priyanshu enterprise has three factories at locations A, B and C which supply three warehouses located at 
D,E and F.  Monthly factory capacities are 10,80 and 15 units respectively.  Monthly warehouse 
requirements are 75,20 and 50 units respectively.  Unit shipping costs (in Rs.) are given in the following 
table: 

 To D E F 

 A 5 1 7 
From B 6 4 6 
 C 3 2 5 

The penalty costs for not satisfying demand at the warehouses D,E and F are Rs.5, Rs.3 and Rs.2 per unit 
respectively.  Determine the optimum distribution for Priyanshu, using any of the known algorithms. 
Solution: 

 D E F 
  

A 
 5  1  7 

10/0 4* 
  10  200  

B 
 6  4  6 

80/0 2/2/2 
60  10  10  

C 
 3  2  5 

15/0 1/1/1 
15      

Dummy 
D 

 5  3  2 
40/0 1/1 

    40  

 
75 20 50   
60 10 10  
0 0 0  

 2 1 3   

 2 1 3*   
 3* 2 1   

 

 5  1  7 
0 

3 10   4 
 6  4  6 

0 
60  10  10  
 3  2  5 

-3 
15   1  2 
 5  3  2 

-4 
 3  3 40  

6 4 6  

Since there are m+n-1 allocations optimality test can be performed.  

Since  ij  0, the solution is optimum.  
 

V

U
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  Quantity Minimum Cost  

A 
E 10 x 1 10  
D 60 x 6 360  

B 
E 10 x 4 40  
F 10 x 6 60  

C D 15 x 3 45  
Dummy F 40 x 2 80  
  145 Rs. 595 (including Penalty cost of Rs. 80) 

 
 
Problem No.37 
A company has 3 plants located at different places but producing an identical product.  The cost of 
production, distribution cost of each plant to the 3 different warehouses, the sale price at each 
warehouse and the individual capacities for both the plant and warehouse are given below: 

Plants F1 F2 F3 

Raw material 15 18 14 
Other expenses 10  9 12 

Distribution cost to warehouse 
Sales Price in 
(Rs.)  

Warehouse 
Capacity (No) 

W1  3  9  5 34 80 
W2  1  7  4 32 110 
W3  5  8  3 31 150 
Capacity of Plant (No.) 150 100 130   

(a) Establish a suitable table giving net profit/loss for a unit produced at different plants and 
distributed at different locations. 

(b) Introduce a suitable dummy warehouse / plant so as to match the capacities of plants and 
warehouses. 

(c) Find distribution pattern so as to maximise profit / minimise loss. 
(d) Interpret zero value of square evaluation of an empty cell and find alternative solutions. 

 
Solution: 
Profit matrix 

 6  -2  3 
80 

      
 6  -2  2 

110 
      
 1  -4  2 

150 
      
 0  0  0 

40 
      

150 100 130 380 
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Loss Matrix: 

 0  8  3 
80/40/0 3/3/5 

40  40    
 0  8  4 

110/0 4* 
110      
 5  10  4 

150/20/0 1/1/6* 
  20  130  
 6  6  6 

40/0 0/0/0 
  40    

150 100 130   
40 0 0   
0     
0    2   1   

5*    2    1   
    2 1   

 
 

 

As there are m+n-1 allocations, optimality test can be performed. Since ij  0, the solution is optimum. 
 

  Quantity Maximum Profit 

F1 
W1 40 x 6 240 
W2 40 x -2 -80 

F2 W1 110 x 6 660 

F3 
W2 20 x -4 -80 
W3 130 x 2 260 

F4 Dummy W2 40 x 0 0 
  380 Rs. 1000 

 Profit Rs. 1,000/- 
 
Problem No.38 
A company manufacturing television sets has four plants with a capacity of 125, 250, 175 and 100 units 
respectively. The company supplies T.V. sets to its four show rooms which have demand of 100,400,90 
and 60 units respectively.  Due to the differences in the raw material cost and the transportation cost, the 
profit per unit (in Rs.) differ which are given in the following table: 
 

 0  8  3 
0 40  40   1 

 0  8  4 
0 

110   0  2 
 5  10  4 

2 
 3 20  130  
 6  6  6 

-2 
 4 40   6 

0 8 2  
V

U
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Showroom 
  I II III IV 
 I  90 100 120 110 
Plants II 100 105 130 117 
 III 111 109 110 120 
 IV 130 125 108 113 

approximation method, plan the production programme so as to maximise the profit.  
Also determine the maximum total profit. 
Solution:  Profit matrix 

 Show Room 

Plants 

 I II III IV  
I 90 100 120 110 125 
II 100 105 130 117 250 
III 111 109 110 120 175 
IV 130 125 108 113 100 

  100 400 90 60 650 
Loss Matrix: 

 40  30  10  20 
125/0 10/10/10 

40  40      
 0  8  4  13 

250/160/100/0 13/13*/12* 
110      60  

 5  10  4  10 
175/0 9/10/11 

  20  130    
 6  6  6  17 

100/0 5 
  40      

100 400 130 60   
0 225 0 0   
 125     
 0     

19* 16 10 3   
 _4_ 10 3   
 4  3   

As there are m+n-1=7 but there are 6 allocations only. Therefore a notional allocation called  (epsilon) 
is to be placed in the least cost unallocated cell.   
 
  40  30  10  20 

5 
 15 125   5  2 
 30  25  0  13 

0 
 10 100  90 2 60  
 19  10  20  10 

-4 
 3 175  130 16  1 
 0  5  22  17 

-20 
100     2  10 

20 25 0 13   

U

V
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As ij = Cij  (Uij + Vij)  0, the solution is optimum and therefore maximum profit is as follows: 

  Quantity Maximum Profit 
I II 125 x 100 12500 

II 
II 100 x 105 10500 

III 90 x 130 11700 
IV 60 x 117 7020 

III II 175 x 109 19075 
IV I 130 x 100 13000 
Maximum profit Rs. 73795 

Problem No.39 
A firm manufacturing single product has three plants at locations X,Y and Z.  The three plants have 
produced 60, 35 and 40 Units respectively during this week.  The firm has made commitments to sell 22, 
45, 20, 18 and 30 Units of the product to customers A, B, C, D and E respectively.  The net per unit cost of 
transporting from the three plants to the five customers is given in the table below. 

Customers 
  A B C D E 
Plant X 4 1 3 4 4 
Location Y 2 3 2 2 3 
 Z 3 5 2 4 4 

customers.  Does your solution provide a least cost transportation schedule?  

 Solution: 

 4  1  3  4  4 
60/15/0 2/1/1/0/0 

  45      15  
 2  3  2  2  3 

35/17/0 0/0/0/1 
17      18    

 3  5  2  4  4 
40/20/15/0 1/1/1*/1/1* 

5    20    15  

22 45 20 18 30   
5 0 0 0 0   
0       
       

1 2* 0 _2_ 1   
1  0  2* 1   

 1*  0  1   
1    0   

 
 
 
There are m + n -1 allocations. Therefore non-degenerate 
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 4  1  3  4  4 
0 

 1 45   1  1 15  
 2  3  2  2  3 

-1 
17   3  1 18   1 

 3  5  2  4  4 
0 

5   4 20   1 15  
3 1 2 3 4  

Since ij  0, the optimality test is satisfied. 
Minimum Cost is as follows: 

  Quantity Minimum Cost 

X 
B 45 x 1 45 
E 15 x 4 60 

Y 
A 17 x 2 34 
D 18 x 2 36 

Z 
A 5 x 3 15 
C 20 x 2 40 
E 15 x 4 60 

    135 Rs. 290 
Problem No.40 

A manufacturing company has three plants at locations X,Y and Z which supply to the distributors located 
at A, B, C, D and E.  Monthly capacities are 80, 50 and 90 units respectively.  Monthly requirements of 
distributors are 40,40,50,40 and 80 units respectively.  Unit transportation costs are given below in 
Rupees. 

 To A B C D E 

 X 5 8 6 6 3 
From Y 4 7 7 6 6 
 Z 8 4 6 6 3 

Determine an optimum distribution for the company in order to minimise the total transportation cost. 
Solution: 

X  
5  8  6  6  3 

80/0 2/2 
  45      80  

Y 
 4  7  7  6  6 

50/10/0 2/2/1/1 
40      

10    

Z 
 8  4  6  6  3 

90/50/0 1/1/2/2/0 
  40  50      

Dummy 
 0  0  0  0  0 

30/0 0 
      30    

 40 40 50 40 80   
 0 0 0 10 0   
    0    
 4 4 6   6* 3   
 1 3  1 0   3*   
   4*   3* 1 0    
     1* 0    
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 5  8  6  6  3 
3 

 2  1  -3  3 80  
 4  7  7  6  6 

4 40   -1  -3 10   2 

 8  4  6  6  3 
0 

 8 40  50   6  3 
 0  0  0  0  0 

0 
   -4  -6 30   0 
0 4 6 0 0  

 

 5  8  6  6  3 
3 

 4  7  5  3 80  
 4  7  7  6  6 

6 
40   3  1 10   0 

 8  4  6  6  3 
6 

 4 40  50   0  -3 
 0  0  0  0  0 

0 
 2  2   30    
-2 -2 0 0 0  
 

A B C D E  

 5  8  6  6  3 
0 

 1  4  0  0 80  
 4  7  7  6  6 

0 
40   3  1 10   3 

 8  4  6  6  3 
0 

 4 40  50   0   
 0  0  0  0  0 

6 
 2  2   30   3 

4 4 6 6 3  

As 0 , the solution is optimum. Hence the schedule and cost is as follows: 

  Quantity Minimum Cost 
X E 80 x 3 240 

Y 
A 40 x 4 160 
D 10 x 6 60 

Z 
B 40 x 4 160 
C 50 x 6 300 

Dummy D 30 x 0 0 
     250 Rs. 920 

Minimum Cost Rs. 920/- 
 

 

V j

Ui

V j

Ui

V j

Ui
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Problem No.41 

situated at A, B, C and D for final delivery.  The shipment, production runs and storage capacities are given 
on the basis of truckloads/week.  The costing for transportation is also on the basis of truckloads. 
The plants have their working capacities and the warehouses are of different sizes depending on market 
demand.  The following tables show: 
(i) The capacity details of the plants and the warehouses, and (ii) the transportation cost/truckload 

Table-1: Warehouse Capacity 
Truckloads 

Factory Production 
Truckloads 

 A    16   X      48 
 B    20   Y      32 
 C    40   Z      40 
 D    44   -       
 Total   120         120    

Table 2: Transportation cost per truckload in units of Rs.100 
 A B C D 
X 6 11 3.5 6 
Y 2  6 5 4 
Z 1.5 11 4.5 3 

You are required to workout as to how the supplies from the plant be allocated to the warehouses to 
minimise total transportation cost. Determine the minimum total transportation cost. 

Transport cost matrix 
Warehouses A B C D Capacity/Production 
Factory X  6 11 3.5 6 48 
Y  2  6 5 4 32 
Z 1.5 11 4.5 3 40 
Demand 16 20 40 44 120 

 
Solution: 

 A B C D   

X  6  11  3.5  6 
48/8/0 2.5/2.5/0/0 

    40  8  

Y 
 2  6  5  4 

32/12/0 2/2/2* 
12  20      

Z 
 1.5  11  4.5  3 

40/36/0 1.5/1.5/0.5/1.5 
4      36  

 16 20 40 44   
 4 0 0 8   
 0   0   
 0.5 5* 1 1   
 0.5  1 1   
 0.5   1   
 4.5*   3   
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 6  11  3.5  6 
0 

 1.5  2.5 40  8  
 2  6  5  4 

-2.5 
12  20   4  0.5 

 1.5  11  4.5  3 
-3 

4   5.5  4 36  
4.5 8.5 3.5 6  

 
As 0 , the solution is optimum 

  Quantity  
X C 40 x 3.5 140 
 D 8 x 6 48 

Y 
A 12 x 2 24 
B 20 x 6 120 

Z 
A 4 x 1.5 6 
D 36 x 3 108 

Minimum Cost Rs.446 
  
Minimum Cost Rs. 4,46,000 
 
 (d) SIMULATION 
 
In the earlier chapters, we have observed that mathematical models to describe and analyse the 
characteristics of a given system.  Such models are useful for determining optimal solutions.  Especially 
the techniques of LPP, Transportation, and assignment are used for such optimization.  However, all the 
business situations can not be solved with the above techniques only.  There may be some complex 
situations, where number of assumptions is also necessary.  It may be quite often possible to simulate the 
given system and study the behavior. 
 
To simulate means to imitate.  In general, simulation involves developing a model of real phenomenon 
and then performing experiments on the model evolved.  It is to be noted that it is a descriptive and not 
optimizing technique.  In simulation, a given system is copied and the variables and constants associated 
with it are manipulated in that artificial environment to examine the behavior of the system.  For ex: 
aerodynamic testing, scaled down models of airplanes and placing term in wind tunnels etc. 
 
Thus, a businessman also in a complex situation a given system is taken and simulates for obtaining the 
required results. 
 
It consists of four phases: 
 

1) Definition of the problem and statement of objectives. 
2) Construction of an appropriate model  
3) Experimentation with the model constructed. 
4) Evaluation of the results of simulation. 

 

Ui

V j
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PROBLEMS AND SOLUTIONS 

Problem No.42 
State the major two reasons for using simulation to solve a problem 
A confectioner sells confectionery items.  Past data of demand per week in hundred kilograms with 
frequency is given below:  

Demand/Week 0 5 10 15 20 25 
Frequency 2 11 8 21 5 3 

Using the following sequence of random numbers, generate the demand for the next 10 weeks.  Also find 
out the average demand per week 

Random numbers 35 52 13 90 23 73 34 57 

 35 83 94 56 67 66 60  

Solution: 
 

Random No. Range Table for demand 
Demand per 

week 
Frequency Probability Cumulative 

Probability 
Range 

0 2 .04 .04 0-3 
5 11 .22 .26 4-25 

10 8 .16 .42 26-41 
15 21 .42 .84 42-83 
20 5 .10 .94 84-93 
25 3 .06 1.00 94-99 

  1.00  
 

Simulated Values for next 10 weeks 
Weeks R. Nos. Demand 

1 35 10 
2 52 15 
3 13 5 
4 90 20 
5 23 5 
6 73 15 
7 34 10 
8 57 15 
9 35 10 

10 83 15 
 120 

 

Average weekly demand    
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Problem No.43 
The manager of a book store has to decide the number of copies of a particular tax law book to order.  A 
book costs Rs. 60 and is sold for Rs. 80.  Since some of the tax laws change year after year, any copies 
unsold while the edition is current must be sold for Rs. 30.  From past records, the distribution of demand 
for this book has been obtained as follows: 
 

Demand 
(No of copies) 

15 16 17 18 19 20 21 22 

Proportion 0.05 0.08 0.20 0.45 0.10 0.07 0.03 0.02 

 
Using the following sequence of random numbers, generate the demand for 20 time periods( years).  
Calculate the average profit obtainable under each of the courses of action open to the manager.  What is 
the optimal policy? 
 

14   02   93   99   18   71   37   30   12   10 
 88   13   00   57   69   32   18   08   92   73 
 
Solution: 
 

Random No. Range Table 
Demand Probability Cumulative 

Probability 
Random Range 

15 .05 .05 0-4 
16 .08 .13 5-12 
17 .20 .33 13-32 
18 .45 .78 33-77 
19 .10 .88 78-87 
20 .07 .95 88-94 
21 .03 .98 95-97 
22 .02 1.00 98-99 

 1.00  
 

Calculation of demand and profit for next 20 years 
Year Random 

Numbers 
Expected 
demand 

No. of books unsold if stock is  

16 17 18 

1 14 17 - - 1 
2 02 15 1 2 3 
3 93 20 - - - 
4 99 22 - - - 
5 18 17 - - 1 
6 71 18 - - - 
7 37 18 - - - 
8 30 17 - - 1 
9 12 16 - 1 2 
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10 10 16 - 1 2 
11 88 20 - - - 
12 13 17 - - 1 
13 00 15 1 2 3 
14 57 18 - - - 
15 69 18 - - - 
16 32 17 - - 1 
17 18 17 - - 1 
18 08 16 - 1 2 
19 92 20 - - - 
20 73 18 - - - 

Total 2 7 18 
 

Statement Showing Computation of Profit 
No. of Books 

order 
No. of Books sold Profit Average Profit 

15 15 x 20 = 300 
 

Rs. 6000 Rs. 300 

16 16 x 20  2 = 318 
 

Rs. 6300 
(318 x 20)  2 x 30 

Rs. 315 

17 (17 x 20)  7 = 333 Rs. 6450 
(333 x 20) -7 x 30 

Rs. 322.5 

18 (18 x 20)  18 
 

Rs. 6300 
(342 x 20)  18 x 30 

Rs. 315 

 
Since profit is more at 17 books order, it is the best quantity and ordering is more optimum. 
 

Problem No.44 
A Small retailer has studied the weekly receipts and payments over the past 200 weeks and has developed 
the following set of information: 
 

Weekly Receipts Probability Weekly Payments Probability 

(Rs)  (Rs)  
3000   0.20 4000 0.30 
5000   0.30 6000 0.40 
7000   0.40 8000 0.20 

12000         0.10 10000   0.10 

Using the following set of random numbers, simulate the weekly pattern of receipts and payments for the 
12 weeks of the next quarter, assuming further that the beginning bank balance is Rs 8000.  What is the 
estimated balance at the end of the 12 weekly period?  What is the highest weekly balance during the 
quarter?  What is the average weekly balance for the quarter? 
Random Numbers 

For Receipts 03 91 38 55 17 46 32 43 69 72 24 22 

For payments 61 96 30 32 03 88 48 28 88 18 71 99 

Compendium: Management Accounting: Enterprise Performance Management 



The Institute of Cost & Works Accountants of India Page 262 

According to the given information, the random number interval is assigned to both the receipts and the 
payments.   
 
Solution: 
 

Range of random numbers 

Receipt 
(Rs.) 

Probability Cumulative 
probability 

Range Payments 
(Rs.) 

Probability Cumulative 
probability 

Range 

3000 0.20 0.20 0-19 4000 0.30 0.30 0-29 

5000 0.30 0.50 20-49 6000 0.40 0.70 30-69 

7000 0.40 0.90 50-89 8000 0.20 0.90 70-89 

12000 0.10 1.00 90-99 10000 0.10 1.00 90-99 

 

Simulation of Data for a period of 12 weeks 
Week Random No. 

for receipt 
Expected 
Receipt 

(Rs.) 

Random No. for 
payment 

Expected 
Payment 

(Rs.) 

Week end Balance 
 

(Rs.) 
Opening Balance 8000 

1 03 3000 61 6000 5000  
(8000 + 3000  6000) 

2 91 12000 96 10000 7000 
3 38 5000 30 6000 6000 
4 55 7000 32 6000 7000 
5 17 3000 03 4000 6000 
6 46 5000 88 8000 3000 
7 32 5000 48 6000 2000 
8 43 5000 28 4000 3000 
9 69 7000 88 8000 2000 

10 72 7000 18 4000 5000 
11 24 5000 71 8000 2000 
12 22 5000 99 10000 (3000) 

Estimated balance at the end of 12th week = Rs. (3,000) 
Highest balance    =  Rs. 7,000 
Average balance during the quarter  = 45,000/12 = Rs. 3,750 
 
  

Problem No.45 
Patients arriving at a village dispensary are treated by a doctor on a first-come-first-served basis.  The 
inter-arrival time of the patients is known to be uniformly distributed between 0 and 80 minutes, while 
their service time is known to be uniformly distributed between 15 and 40 minutes.  It is desired to 
simulate the system and determine the average time a patient has to be in the queue for getting service 
and the proportion of time the doctor would be idle. 
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Carry out the simulation using the following sequences of random numbers.  The numbers have been 
selected between 00 and 80 to estimate inter-arrival times and between 15 and 40 to estimate the service 
times required by the patients. 

Series 1 07 21 12 80 08 03 32 65 43 74 
Series 2 23 37 16 28 30 18 25 34 19 21 

 
Solution: 

Simulation of data at a village dispensary 
No. of 

patients  
Inter arrival 

time Random 
No. 

(minutes) 

Entry time 
in to queue 

(hrs) 

Service Time 
Random No. 

(minutes) 

Service 
Start time 

(hrs) 

End time 
(hrs) 

Waiting time 
of patient 
(minutes) 

Idle time of 
doctor 

(minutes) 

1 07 8.07 23 8.07 8.30 - 07 
2 21 8.28 37 8.30 9.07 2 - 
3 12 8.40 16 9.07 9.23 27 - 
4 80 10.00 28 10.00 10.28 - 37 

5 08 10.08 30 10.28 10.58 20 - 
6 03 10.11 18 10.58 11.16 47 - 
7 32 10.43 25 11.16 11.41 33 - 
8 65 11.48 34 11.48 12.22 - 07 
9 43 12.31 19 12.31 12.50 - 09 
10 74 01.45 21 01.45 02.06 - 55 
     Total (in minutes) 129 115 

 
Average waiting time of patient  = 129/10 = 12.9 minutes 
Average waiting time of doctor = 115/10 =  11.5 minutes 
 
It has been assumed that starting time be 8.00 A.M. 

 
Problem No.46 

An automobile production line turns out about 100 cars a day, but deviations occur owing to many 
causes.  The production is more accurately described by the probability distribution given below 
 

Production/Day Prob. Production/Day Prob. 
95   0.03 101 0.15 
96 0.05 102   0.10 
97 0.07 103 0.07 
98   0.10 104 0.05 
99 0.15 105 0.03 

100 0.20   
  Total 1.00 
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Finished cars are transported across the bay, at the end of each day, by ferry.  If the ferry has space for 
only 101 cars, what will be the average number of cars waiting to be shipped, and what will be the 
average number of empty space on the boat? 
 
Solution: 
 
 

Simulation of data of an Automobile Production line 
Production/day Probability Cumulative Probability Random No. Range 

95 0.03 0.03 0-2 
96 0.05 0.08 3-7 
97 0.07 0.15 8-14 
98 0.10 0.25 15-24 
99 0.15 0.40 25-39 

100 0.20 0.60 40-59 
101 0.15 0.75 60-74 
102 0.10 0.85 75-84 
103 0.07 0.92 85-91 
104 0.05 0.97 92-96 
105 0.03 1.00 97-99 

 1.00   
 

Stimulated data 
Day Random No. Production No.of cars waiting to 

be shipped 
No. of empty space on 

the boat 
1 20 98 - 3 
2 63 101 - - 
3 46 100 - 1 
4 16 98 - 3 
5 45 100 - 1 
6 41 100 - 1 
7 44 100 - 1 
8 66 101 - - 
9 87 103 2 - 
10 26 99 - 2 
11 78 102 1 - 
12 40 100 - 1 
13 29 99 - 2 
14 92 104 3 - 
15 21 98 - 3 

Total 6 18 
 
 
Average no. of cars waiting to be shipped  =   6/15 = 0.40 
 
Average no. of empty space on the boat =  18/15 = 1.2 
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Problem No.47 
tic and replenishment of stock 

takes 2 days (i.e. if an order is placed on March 1, it will be delivered at the end of the day on March 3).  
The probabilities of demand are given below 

Demand (daily) 0 1 2 3 4 

Probability 0.05 0.10 0.30 0.45 0.10 

Each time an order is placed, the store incurs an ordering cost of Rs. 10 per order.  The store also incurs a 
carrying cost of Rs. 0.50 per book per day.  The inventory carrying cost in calculated on the basis of stock 
at the end of each day. 
The manager of the bookstore wishes to compare two options for his inventory decision. 
A. Order 5 books when the inventory at the beginning of the day plus order outstanding is less than 8 

books. 
B. Order 8 books when the inventory at the beginning of the day plus order outstanding is less than 8. 
Currently (beginning 1st day) the store has a stock of 8 books plus 6 books ordered two days ago and 
expected to arrive next day. 
Using Monte-Carlo Simulation for 10 cycles, recommend, which option the manager, should choose. 
The two digit random numbers are given below: 

89  34  70  63  61  81  39  16  13  73 
 
Solution: 

Demand Probability Cumulative Probability Range  
0 0.05 0.05 0-4 
1 0.10 0.15 5-14 
2 0.30 0.45 15-44 
3 0.45 0.90 45-89 
4 0.10 1.00 90-99 

Option - A 
Day R No. Demand Option Stock order Closing Stock Order Placed 
1 89 3 8 - 5 - 
2 34 2 5 6 9 - 
3 70 3 9 - 6 0 
4 63 3 6 - 3 5 
5 61 3 3 0 0 - 
6 81 3 0 5 2 5 
7 39 2 2 - 0 5 
8 16 2 0 5 3 - 
9 13 1 3 5 7 - 
10 73 3 7 - 4 5 
     39+5=44  
Ordering cost 4 x 10 Rs. 40 
Ordering cost 0.5 x 44 Rs. 22 
Total Cost Rs. 62 
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Option B  

Day R No. Demand Option Orders received Closing Stock No. of Orders 
1 89 3 8 - 5 - 
2 34 2 5 6 9 - 
3 70 3 9 - 6 - 
4 63 3 6 - 3 8 
5 61 3 3 - 0 - 
6 81 3 0 8 5 - 
7 39 2 5 - 3 8 
8 16 2 3 - 1 - 
9 13 1 1 8 8 - 
10 73 3 8 - 5 - 
     45  

 
 
 
 

 
 

Problem No.48 
After observing heavy congestion of customers over a period of time in a petrol station, Mr. Petro has 
decided to set up a petrol pump facility on his own in a nearby site.  He has compiled statistics relating to 
the potential customer arrival pattern an service pattern as given below.  He has also decided to evaluate 
the operations by using the simulation technique. 

Arrivals Services 
Inter-arrival time (minutes) Probability Inter-arrival time (minutes) Probability 

2 0.22 4 0.28 
4 0.30 6 0.40 
6 0.24 8 0.22 
8 0.14 10 0.10 

10 0.10   
Assume: 

i) The clock starts at 8:00 hours 
ii) Only one pump is set up. 
iii) The following12 Random Numbers are to be used to depict the customer arrival pattern: 

78, 26, 94, 08, 46, 63, 18, 35, 59, 12, 97 and 82. 
iv) The following 12 Random Numbers are to be used to depict the service pattern: 

44, 21, 73, 96, 63, 35, 57, 31, 84, 24, 05, 37 
You are required to find out the 

i) probability of the pump being idle, and 
ii) Average time spent by a customer waiting in queue. 

 
 
 
 

Ordering cost 2 x 10 Rs. 20.0 
Ordering cost 0.5 x 45 Rs. 22.5 
Total Cost Rs. 42.5 
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Solution: 

 Inter-arrival time  Service time 
Minutes Probability Cumulative 

probability 
Range Minutes Probability Cumulative 

probability 
Range 

2 .22 .22 00-21 4 .28 .28 00-27 
4 .30 .52 22-51 6 .40 .68 28-67 
6 .24 .76 52-75 8 .22 .90 68-89 
8 .14 .90 76-89 10 .10 1.00 90-99 

Sl. 
No. 

Random 
No. for 

inter 
arrival 

Inter 
arrival 
time 

Entry 
time in 
queue 

Service 
start 
time 

Random 
no for 

service. 

Service 
time 

Service 
end 
time 

Waiting 
time of 

customer 

Idle 
time 

 

1 78 8 8.08 8.08 44 6 8.14 - 8 
2 26 4 8.12 8.14 21 4 8.18 2 - 
3 94 10 8.22 8.22 73 8 8.30 - 4 
4 08 2 8.24 8.30 96 10 8.40 6 - 
5 46 4 8.28 8.40 63 6 8.46 12 - 
6 63 6 8.34 8.46 35 6 8.52 12 - 
7 18 2 8.36 8.52 57 6 8.58 16 - 
8 35 4 8.40 8.58 31 6 9.04 18 - 
9 59 6 8.46 9.04 84 8 9.12 18 - 
10 12 2 8.48 9.12 24 4 9.16 34 - 
11 97 10 8.58 9.16 05 4 9.20 18 - 
12 82 8 9.06 9.20 37 6 9.26 14 - 
Total Time 140 12 
 
Average waiting time spent by the customer = 140/12 = 11.67 minutes 
Probability of idle time of petrol station  = 12/86 =  0.1395  
 
 
 
 

Problem No.49 
A bakery keeps stock of a popular brand of cakes.  Previous experience shows the daily demand pattern 
for the item with associated probabilities, as given: 
 

Daily demand (No.s) 0 10 20 30 40 50 
Probability 0.01   0.20   0.15 0.50 0.12 0.02 

Use the following sequence of random numbers to simulate the demand for next 10 days.  Also find out 
the average demand per day 
Random Numbers:  25, 39, 65, 76, 12, 05, 73, 89, 19, 49 
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Solution: 
Random No. Range for demand 

Daily demand Probability Cumulative Probability  Random No. Range 
0 0.01 0.01 - 

10 0.20 0.21 1-20 
20 0.15 0.36 21.35 
30 0.50 0.86 35-85 
40 0.12 0.98 89.97 
50 0.02 1.00 97-99 

Simulated demand for next 10 days 

Day Random No. Demand 
1 25 20 
2 39 30 
3 65 30 
4 76 30 
4 10 10 
6 05 10 
7 73 30 
8 89 40 
9 19 10 
10 49 30 

 
Average Demand per day = 240/10 = 24 Units 

Problem No.50 
The Tit-Fit Scientific Laboratories is engaged in producing different types of high class equipment for use 
in science laboratories.  The company has two different assembly lines to produce its most popular 

mbly lines is regarded as a random variable 
and is described by the following distributions. 
 

Process Time (minutes) Assembly A1 Assembly A2 

10   0.10 0.20 
11   0.15 0.40 
12   0.40 0.20 
13   0.25 0.15 
14   0.10 0.05 

Using the following random numbers, generate data on the process times for 15 units of the item and 
compute the expected process time for the product. For the purpose, read the numbers vertically taking 
the first two digits for the processing time on assembly A1 and the last two digits for processing time on 
assembly A2. 

4134         8343           3602         7505        7428 
7476         1183           9445         0089        3424 
4943         1915           5415         0880        9309 

In the first stage, we assign random number intervals to the processing times on each of the assemblies. 
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Solution: Computation of Random Interval for Processing Time 

 A1 A2 
Process time Minutes Pi Pi Range Pi Pi Range 

10 0.10 0.10 0-9 0.20 0.20 0-19 
11 0.15 0.25 10-24 0.10 0.60 20-59 
12 0.40 0.65 25-64 0.20 0.80 60-79 
13 0.25 0.90 65-89 0.15 .095 80-94 
14 0.10 1.00 90-99 0.05 1.00 95-99 

Simulated date for 15 units 

 Random No. Process Time Random No. Process Time Total 
1 41 12 34 11 23 
2 74 13 76 12 25 
3 49 12 43 11 23 
4 83 13 43 11 24 
5 11 11 83 13 24 
6 11 11 83 13 24 
7 36 12 02 10 22 
8 94 14 45 11 25 
9 54 12 15 10 22 
10 75 13 05 10 23 
11 00 10 89 13 23 
12 08 10 80 13 23 
13 74 13 28 11 24 
14 34 12 24 11 23 
15 93 14 09 10 24 
  182  167 349 

Average Process time for 
A1 = 182/15 = 12.13 Minutes 
A2 = 167/15 = 11.13 Minutes 
For product = 349/15 = 23.27 Minutes 
Expected process time for the product = 23.27 minutes (12 .13 + 11.13) 
 

Problem No.51 
A businessman is considering taking over a certain new business.  Based on past information and his own 
knowledge of the business, he works out the probability distribution of the monthly costs and sales 
revenues, as given here: 

Cost (in Rs.) Probability Sales Revenue (Rs.) Probability 
17000 0.10 19000 0.10 
18000 0.10 20000 0.10 
19000 0.40 21000 0.20 
20000 0.20 22000 0.40 
21000 0.20 23000 0.15 
  24000 0.05 

Use the following sequences of random numbers to be used for estimating costs and revenues. Obtain the 
probability distribution of the monthly net revenue. 
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Sequence 1 82 84 28 82 36 92 73 91 63 29 
 27 26 92 63 83 02 10 39 10 10 
           
Sequence 2 39 72 38 29 71 83 19 72 92 59 
 49 39 72 94 04 92 72 18 09 00 

 
b. Repeat the analysis in (a) by using the following random number streams: 

Sequence 1 20 63 46 16 45 41 44 66 87 26 
 78 40 29 92 21 36 57 03 28 08 
Sequence 2 23 57 99 84 51 29 41 11 66 30 
 41 80 62 74 64 26 41 40 97 15 

Solution: 

Cost 
(Rs.) 

Probability Cumulative 
Probability 

Random 
Range 

Cost 
(Rs.) 

Probability Cumulative 
Probability 

Random 
Range 

17000 0.1 0.1 00-09 19000 0.1 0.1 00.09 
18000 0.1 0.2 10-19 20000 0.1 0.2 10-19 
19000 0.4 0.6 20-59 21000 0.2 0.4 20-39 
20000 0.2 0.8 60-79 22000 0.4 0.8 40-79 
21000 0.2 1.0 80-99 23000 0.15 0.95 80-94 
    24000 0.05 1.00 95-99 
 
Month Random No. for Cost Cost 

(Rs.) 
Random No. for Sales Cost 

(Rs.) 
Monthly Net Revenue (Rs.) 

1 82 21000 39 21000 - 
2 84 21000 72 22000 1000 
3 28 19000 38 21000 2000 
4 82 21000 29 21000 - 
5 36 19000 71 22000 3000 
6 92 21000 83 23000 2000 
7 73 20000 19 20000 - 
8 91 21000 72 22000 1000 
9 63 20000 92 23000 3000 
10 29 19000 59 22000 3000 
11 27 19000 49 22000 3000 
12 26 19000 39 21000 2000 
13 92 21000 72 22000 1000 
14 63 20000 94 23000 3000 
15 83 21000 04 19000 (2000) 
16 02 17000 92 23000 6000 
17 10 18000 72 22000 4000 
18 39 19000 18 20000 1000 
19 10 18000 09 19000 1000 
20 10 18000 00 19000 1000 
     35000 

 
Average = 35000/20=Rs.1750 
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(e) REPLACEMENT 
 
INTRODUCTION: 
 
Replacement theory is concerned with the problem of replacement of machines, electricity bulbs, men 
etc. due to their deteriorating efficiency, failure or breakdown.  Replacement is usually carried out under 
the following situations: 

(i) When existing items have outlived their effective lives and it may not be economical to 
continue with them anyone. 

(ii) Items which might have been destroyed either by accident or otherwise. 
 
The above replacement situations may be categorized into the following four categories. 

(a) Replacement of items that deteriorates with time, e.g., machine tools, vehicles, equipment, 
buildings etc. 

(b) Replacement of items which do not deteriorate but fail completely after certain amount of use, 
e.g., electric bulbs, T.V parts etc. 

(c) Replacement of an equipment (or item) that becomes out of date due to new developments e.g., 
ordinary weaving looms by automatic looms, mechanized accounting system by computer 
system, etc. 

(d) The existing working staff in an organization gradually diminishes due to death, retirement, 
retrenchment and other reasons.  The replacements are thus needed. 

 
METHODOLOGY OF SOLVING REPLACEMENT PROBLEMS: 

(i) Identify the items to be replaced and also their failure mechanism.  There can be two type of 
failures viz. gradual and sudden.  Items such as machines, equipment etc follow gradual failure 
mechanism and they deteriorate with time.  Such type of failures account for increased 
expenditure in the form of operating costs, decrease in the productivity of the equipment and 
decrease in the value of the equipment i.e., the resale or salvage value.  Items which follow 
sudden failure mechanism may fail anytime, thus precipitating cost of failure.  The cost of failure 
in some cases may be quite high as compared to the value of the item itself.  Sometime sudden 
failure of an item may cause loss of production and may also account for damaged or faulty 
products.  In some cases failures may involve safety risks to personnel as well.  To avoid the cost 
of sudden failure, the concern should try to predict when such failures are likely to occur and try 
to replace the item before it actually fails. 

(ii) Collect the data relating to the depreciation cost and the maintenance cost over a time period 
from the available sources for the items which follow gradual failure mechanism.  In the case of 
items following sudden failure mechanism collect the data for failure rates cost of replacement 
for failed items and cost of preventive replacement. 

(iii) On using, the above data, suitable model in OR (as discussed in the following sections) may be 
evolved for determining the exact time of replacing the involved items. 

 
Replacement of Items that Deteriorates with Time (without change in money value): 
For finding the optimum replacement period of the items pertaining to this class, we will consider 
basically two categories of costs.  In one category, we have maintenance and operating cost which tend to 
increase as the equipment ages.  In the other category, we have depreciation cost which diminishes with 
the age of the equipment.  Further we disregard the time value of money.  The optimum replacement of 
the equipment is calculated according to the following rules: 
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I. If the scrap value of the equipment is zero i.e., the depreciation cost is not given, then 
replace the equipment when the maintenance cost becomes greater than the current 
average cost. 

II. If we are given the resale value or the depreciation cost, the maintenance cost and the cost 
of the equipment, then the optimum replacement period is determined by the minimum 
value of the average cost of date. 

 
Replacement of Equipment that Deteriorates with Time (Money value also changes) 
For finding the replacement period of items of this class, we first of all tabulate the net costs flows of the 
item.  We then covert these costs to their present value by discounting at the relevant rate.  We use these 
discounted costs to establish the total cost (in present value terms) that has accumulated from the start 
of the operation to the end of each successive time interval.  We also accumulate the values of 
discounting factor from the start of the operation to the end of each successive time interval.  We then 
compute the weighted average of each successive time interval by dividing the total cost with the 
cumulative value of the discounted factor. 
 
Replacement if items that fail completely: 
In real life; we always come across some practical situations where the failure of a certain item occurs all 
of a sudden instead of gradual deterioration e.g., electric light bulb, T.V parts etc., which result in 
complete break down of a system.  The break down implies loss in production, idle inventory, immediate 
replacement of the item may not be available, idle labour and many other losses, so that the failure of the 
item puts the organization to a heavy loss.  Using the probability distribution of the failure time of the 
item, following two types of replacement policies have been developed. 

1. Individual Replacement Policy: 
Under this policy, an item is immediately replaced after its failure. 

2. Group replacement: 
Under this policy decision is taken as to when all the item must be replaced irrespective of the 
fact that items have failed or have not failed, with the provision that if any item fails before the 
optimum time, it may be replaced individually.  Such policy generally requires two fold 
consideration, namely: 
(i) The rate of individual replacement during the period, and 
(ii) The total cost incurred for individual and group replacements during the selected 

interval. 
 
The period for which the total cost incurred is minimum will be the optimum period for replacement.  
Thus for the formation of group replacement policy one should know the probability of failure, loss 
incurred due to these failures, cost of individual replacements and cost of group replacements.  The rule 
for calculating time of group replacement and the total cost involved is given below: 

(a) One should replace the group of items at the end of the tth period if the cost of individual 
replacement for tth period is greater than the average cost per period through the end of tth 
period. 

(b) One should not replace the group of items at the end of the tth period if the cost of individual 
replacement at the end of (t-1)th period is less than the average cost per period through the end 
of the tth period. 
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PROBLEMS AND SOLUTIONS 
Problem No.52 

A machine owner finds from his past experience that cost per year of maintenance of a machine whose 
purchase price is Rs.6,000/- are as given below: 
 

Year: 1 2 3 4 5 6 7 8 

Maintenance Cost (Rs.): 1,000 1,200 1,400 1,800 2,300 2,800 3,400 4,000 
Resale price (Rs.): 3,000 1,500 750 375 200 200 200 200 

 
At what age is replacement due? 

Solution: 
Statement showing computation of average cost per year and determination of optimal period. 

Year Net Capital Cost 
(Cost  Scrap) 

Maintenance 
Cost 

Cumulative 
Maintenance 

cost 

Total Cost 
 

(2 + 4) 

Average Cost 
 

(5 / 1) 
 Rs. Rs. Rs. Rs. Rs. 

(1) (2) (3) (4) (5)  (6) 
1 3000 1000 1000 4000 4000 
2 4500 1200 2200 6700 3350 
3 5250 1400 3600 8850 2950 
4 5625 1800 5400 11025 2756.25 
5 588 2300 7700 13500 2700* 
6 5800 2800 10500 16300 2716.67 
7 5800 3400 13900 19700 2814.29 
8 5800 4000 17900 23700 2962.50 

Hence, optimal replacement period is at the end of 5th year (5 years) 
 

Problem No.53 
The data on the operating costs per year and resale prices of equipment A whose purchase price is 
Rs.10,000 are given here: 

Year: 1 2 3 4 5 6 7 

Operating Cost (Rs.): 1500 1900 2300 2900 3600 4500 5500 
Resale Value (Rs.): 5000 2500 1250 600 400 400 400 

a) What is the optimum period for replacement? 
b) When equipment A is 2 years old, equipment B, which is a new model for the same usage, is 

available.  The optimum period for replacement is 4 years with an average cost of Rs.3600.  
Should we change equipment A with that of B? If so, when? 
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Solution: 
 (a) Statement showing computation of average cost per year and determination of optimal period. 
Year Net Capital Cost 

(Cost  Scrap) 
Operating Cost Cumulative 

Operating cost 
Total Cost 
 
(2 + 4) 

Average Cost 
 
(5 / 1) 

 Rs. Rs. Rs. Rs. Rs. 
(1) (2) (3) (4) (5)  (6) 
1 5000 1500 1500 6500 6500 
2 7500 1900 3400 10900 5450 
3 8750 2300 5700 14450 4816.67 
4 9400 2900 8600 18000 4500 
5 9600 3600 12200 21800 4360* 
6 9600 4500 16700 26300 4383.33 
7 9600 5500 22200 31800 4542.86 
 Hence, Replacement period is 5 years. 
 (b)  

Year Operating Cost Replacement Cost Total 
 Rs. Rs. Rs. 
3 2300 1250 (=2500-1250) 3550 
4 2900 650 (=1250-600) 3550 
5 3600 200 (=600-400) 3800 

 
 

Problem No.54 
A firm has a machine whose purchase price is Rs.20,000.  Its maintenance cost and resale price at the end 
of different years are as given here: 

Year: 1 2 3 4 5 6 
Maintenance Cost: 1500 1700 2000 2500 3500   5500 
Resale Price: 17000 15300 14000 12000 8000 3000 

Obtain the economic life of the machine and the minimum average cost. 
Solution: 
Statement showing computation of average cost per year and determination of optimal period. 

Year Net Capital Cost 
(Cost  Scrap) 

Maintenance 
Cost 

Cumulative 
Maintenance 

cost 

Total Cost 
 

(2 + 4) 

Average Cost 
 

(5 / 1) 
 Rs. Rs. Rs. Rs. Rs. 

(1) (2) (3) (4) (5)  (6) 
1 3000 1500 1500 4500 4500 
2 4700 1700 3200 7900 3950 
3 6000 2000 5200 11200 3733* 
4 8000 2500 7700 15700 3925 
5 12000 3500 11200 23200 4640 
6 17000 5500 16700 33700 5617 
Economic life of Machine is 3 years.  Therefore at the 3rd year it can be replaced. 
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Problem No.55 
A large computer installation contains 2,000 components of identical nature which are subject to failure 
as per probability distribution that follows: 

Month End: 1 2 3 4 5 

% Failure to date: 10 25 50 80 100 

Components which fail have to be replaced for efficient functioning of the system.  If they are replaced as 
and when failures occur, the cost of replacement per unit is Rs.3.  Alternatively, if all components are 
replaced in one lot at periodical intervals and individually replace only such failures as occur between 
group replacement, the cost of component replaced is Re 1. 

a) Assess which policy of replacement would be economical. 
b) If group replacement is economical at current costs, then assess at what cost of individual 

replacement would group replacement be uneconomical. 
c) How high can the cost per unit in-group replacement be to make a preference for individual 

replacement policy? 
 
Solution: 
(a) Computation of failures & Mean life 
 

Month Probability P1X1 
1 0.10 0.10 
2 0.15 0.30 
3 0.25 0.75 
4 0.30 1.20 
5 0.20 1.00 
  3.35 

 Average No. of Replacements = 2000/3.35 = 597 
 Cost of Individual Replacement = 597 x 3 = 1791 
 
 Computation of expected No. of Replacements: 

Month 
0 

 
N0 = N0P0 = 2000 

 
0 

1 N1 = N0P1 = 2000 x 0.1 200 
2 N2 = N0P2 + N1P1 = 2000 x 0.15 + 200 x 0.1 320 
3 N3 = N0P3 + N1P2 + N2P1 = 2000 x 0.25 + 200 x 0.15  

+ 320 x 0.1 
562 

4 N4 = N0P4 + N1P3 + N2P2 + N3P1 = 2000 x 0.3 + 200 x 0.25 + 320 x 0.15 + 
562 x 0.1 

754.2 

5 N5 = N0P5 + N1P4 + N2P3 + N3P2 + N4P1   = 2000 x 0.2 +  
200 x 0.3 + 320 x 0.25 + 562 x 0.15 + 754.2 x 0.1 

699.72 
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Computation of Average cost 

Month Individual 
Replacement 

Cost 
IR       GR 

Total 
Cost 

Average 
Cost 

  Rs. Rs. Rs. Rs. 
1 200 600 2000 2600 2600 
2 520 1560 2000 3560 1780 
3 1082 3246 2000 5246 1748.67* 
4 1836.2 5508.6 2000 7508.6 1877.15 
5 2535.92 7607.76 2000 9607.76 1921.55 
Since the average cost is lowest in 3rd month, the optimal interval i.e. replacement is 3 months.  
Also the average cost is less than Rs. 1791 of individual replacement, the group replacement 
policy is better. 
 

(b)  
 

Month Average Cost of Group Replacement Average cost of  
IR 

 
(Rs.) 

1 1 (2000 + 200 K) 597 K 5.04 
2 0.5 (2000 + 520 K) 597 K 2.97 
3 0.33 (2000 + 1082 K) 597 K 2.82 
4 0.25 (2000 + 1836.2 K) 597 K 3.62 
5 0.20 (2000 + 2535.92 K) 597 K 4.45 

 
If group replacement is anything smaller than 2.82, then Group Replacement would be 
uneconomical. 

(c) 
  
 

Month    
(Rs.) 

1 1 (2000 a + 600) 1791 0.60 
2 0.5 (2000 a + 1560) 1791 1.01 
3 0.33 (2000 a + 3246) 1791 1.06 
4 0.25 (2000 a + 5508.6) 1791 0.83 
5 0.20 (2000 a + 7607.76) 1791 0.67 

When unit cost is more than Rs. 1.06 then Individual Replacement policy would be better. 
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Problem No.56 
An electro-mechanical equipment has a purchase price of Rs.7,000.  Its running costs per year and resale 
values are given here: 

Year: 1 2 3 4 5 6 7 8 

Running Costs (Rs.)  2,000 2,100 2,300 2,600 3,000 3,500 4,100 4,600 
Resale Value (Rs.) 4,000 3,000 2,200 1,600 1,400 700 700 700 

At which year is the replacement due? 
Solution: 
Computation of Average Cost 

Year Net Capital Cost 
(Cost  Scrap) 

Maintenance 
Cost 

Cumulative 
Maintenance 

cost 

Total Cost 
 

(2 + 4) 

Average Cost 
 

(5 / 1) 
 Rs. Rs. Rs. Rs. Rs. 

(1) (2) (3) (4) (5)  (6) 
1 3000 2000 2000 5000 5000 
2 4000 2100 4100 8100 4050 
3 4800 2300 6400 11200 3733 
4 5400 2600 9000 14400 3600 
5 5600 3000 12000 17600 3520* 
6 6300 3500 15500 21800 3633 
7 6300 4100 19600 25900 3700 
8 6300 4600 24200 30600 3825 
Replacement is due 5 years. 
 

Problem No.57 
Goodlite Company has installed 200 electric bulbs of a certain brand.  The company follows the policy of 
replacing the bulbs as and when they fail.  Each replacement costs Rs. 2.  The probability distribution of 
the life of the bulbs is as given here: 

Life of Bulb (Weeks): 1 2 3 4 5 

% of Bulbs 0.10 0.30 0.45 0.10 0.05 

Determine the cost/week of the replacement policy in the long run. 
Solution: 
Computation of average no. of replacements and cost per week 

Week Probability Total Product 
1 0.10 0.10 
2 0.30 0.60 
3 0.45 1.35 
4 0.10 0.40 
5 0.05 0.25 
  2.70 

 Average no. of Replacements = 200/2.7 = 74 
 Therefore, cost per week = 74 x 2 = Rs. 148. 
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Computation of expected no. of Replacements 
 

Week 
0 

 
N0 = N0P0 = 200 

 
0 

1 N1 = N0P1 = 200 x 0.1 20 
2 N2 = N0P2 + N1P1 = 200 x 0.3 + 20 x 0.1 62 
3 N3 = N0P3 + N1P2 + N2P1 = 200 x 0.45 + 20 x 0.30 + 62 x 0.1 102.2 
4 N4 = N0P4 + N1P3 + N2P2 + N3P1 = 200 x 0.1 + 20 x 0.45 +  

62 x 0.3 + 102.2 x 0.1 
57.82 

5 N5 = N0P5 + N1P4 + N2P3 + N3P2 + N4P1   = 200 x 0.5 +  
20 x 0.1 + 62 x 0.45 + 102.2 x 0.30 + 57.82 x 0.1 

76.342 

Computation of Average cost of Group Replacement 
 

 
Week 

 
Individual 

Replacements 

 
Cost of Individual  

Replacements 

Cumulative 
Individual 

Replacement 
Cost 

Average 
Cost 

  Rs. Rs. Rs. 
1 20 40 40 40 
2 62 124 164 82 
3 102.2 204 368 122.67 
4 58 116 484 121.00* 
5 76 152 636 127.2 

 
 Replacement is once in four weeks. 
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  5 
ENTERPRISE PERFORMANCE MEASUREMENT SYSTEM 

 
1. Write a short note on Balanced Score Card. 

Ans: The Balanced Score Card approach emphasizes the need to provide management with a set of 
information, which deals with all relevant areas of performance in an objective and unbiased fashion.  The 
information provided may be both financial and non-financial. It covers areas such as profitability, 
customer satisfaction, internal efficiency and innovation.  This approach looks at both internal and external 
matters concerning the organization. 
 
A number of benefits have materialized from this approach. It is a more effective reporting process.  There 
is greater clarity and focus and the issues to be tackled. 
There will be improved understanding of the key issues and it helps the managers to focus resources and 
take action more effectively. 
Balanced Score Card is a performance management and strategy development methodology that helps 
executives tran

also aligns budgets to strategy and helps in developing an enterprise performance management system. 

It is a set of financial and non-
management tool it helps companies to assess overall performance, improve operational processes and 
enable management to develop better plans for improvements.  It offers managers a balanced view of their 
organization upon which they can base real change.   

Balanced Score Card has the following four perspectives: 

a) n and strategy, how should the company 
appear its customers 

b) Internal business perspective
business processes must the company excel 

c) Learning and growth perspective: To achieve the vision, how will the company sustain its ability to 
change and improve 

d) Financial perspective: To succeed financially how should the company appear 
share holders 

2. What are the Advantages of Balanced Score Card? 
Ans: 

a) Holistic approach: It brings strategy and vision as the center of Management focus.  It helps 
Companies to assess overall performance, improve operational processes and enable 
Management to develop better plans for improvement.  It provides Management with a 
comprehensive picture of business operations. 

b) Overall Agenda: It brings together in a single Management Report, various aspects like customer 
oriented, shortening response time, and improving quality etc. of competitive agenda. 
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c) Objectivity: It emphasizes the need to provide the user with a set of information, which address all 
relevant areas of performance in an objective and unbiased manner. 

d) Management by Objectives: The methodology of BSC facilitates communication and 
understanding of business goals and strategies at all levels of the Firm.  Thus it enables 
Management by Objective. 

e) Feedback and Learning: It provides strategic feedback and learning.  BSC guards against sub-
ordination. It emphasizes an integrated combination of traditional and non-traditional 
performance measures. 

f) System Approach: It helps Senior Managers to consider all the important performance measures 
together and allows them to see whether an improvement in one area has been achieved at the 
expense of another. 

 
3. What are the major components of Balanced Score Card? 

Ans: 
1. A well designed Balanced Score Card combines financial measures of past performance with 

 
2. 

strategy. 
3. Generally, t

evaluated. 
a) Customer perspective i.e., How customers see us? In order to translate effective internal 

processes into organizational success, customers/clients must be happy with the service they 
receive.  The Customer perspective considers the business through the eyes of the customers, 
measuring and reflecting upon Customer satisfaction. 

b) Internal business perspective i.e., in what processes must the Firm excel? The Internal 
perspective focuses attention on the performance of the key internal processes, which drive 
the business.  The nature of the processes is dependent on the nature of the organization. 

c) Innovation and learning perspective i.e. Can we continue to improve and create value? The 
learning and Growth perspective is a measure of potential future performance  it directs 
attention to the basis of all future success  
Adequate investment in these areas is critical to all long term success. 

d) Financial perspective i.e., How we look to our shareholders? The Financial perspective 
measures the results that the organization delivers to its stakeholders. 

Outline the process of creating a Balanced Score Card: 

Step Description 
1 Identify  
2 

may be to focus on cost efficiency, high quality and fresh investment in new technology. 
3 Define Critical Success Factors and perspectives i.e., what we have to do well in each perspective. 

(See Note Below) 
4 Identify Measures, which will ensure that everything is going in the expected way 
5 Evaluation of Balanced Score Card i.e., ensuring what we are measuring is right 
6 Create Action Plans and Plan Reporting of the Balanced Score Card. 
7 Follow up and Manage, i.e., which person should have Reports and how Reports should look like. 

Note: Illustration of perspective and performance Measures  
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1.
 

Customer Perspective: 

Goals Performance Measures 
Price Competitive Price 
Delivery Number of on time deliver, lead time from receipt of order to delivery to customers 
Quality Own quality relative to industry standards, number of defects or defect level 
Support Response time, customer satisfaction surveys. 
 

2.  Internal Business Perspective: 

Goals Performance Measures 
Efficiency of Manufacturing 
Process 

Manufacturing Cycle Time 

Sales Penetration Annual Sales Vs. Plan Sales. Increase in number of customers in a unit 
of time 

New Product introduction Rate of new product introduction/quarter. 

 3. Innovation and learning Perspective: 

Goals Performance Measures 
Technology Leadership Product Performance compared to competitors, number of new 

products with parented technology 
Cost Leadership Manufacturing Overheads per quarter as a percentage of sales, rate of 

decrease in cost per quarter. 
Market Leadership Market Share in all major markets 
Research and Development Number of new products, number of patents 

4.  Financial Perspective: 

Goals Performance Measures 
Sales Revenue and Profit Growth 
Cost of Sales Extent to which it remained fixed or decreased each year 
Profitability Return on Capital Employed 
Prosperity Cash Flow 

4. What is Standard Costing? And what are the General Principles of Standard Costing? 
Ans: Standard Costing:  During the first stages of development of cost accounting, historical costing was 
the only method available for ascertaining and presenting costs.  Historical cost have, however, the 
following limitations: 

a. Historical cost is valued only for one accounting period, during which the particular manufacturing 
operation took place. 

b. Data is obtained too late for price quotations and production planning. 
c. Historical cost relating to one batch or lot of production is not a true guide for fixing price. 
d. Past actual are affected by the level of working efficiencies. 
e. Historical costing is comparatively expensive as it involves the maintenance of a large volume of 

records and forms. 

The limitations and disadvantages attached to historical costing system led to further thinking on the 
subject and resulted in the emergence of standard costing which makes use of scientifically pre-determined 
standard costs under each element. 
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General Principles of Standard Costing: 
Standard Costing is defined as the preparation and use of standard cost, their comparison with actual costs 
and the measurement and analysis of variances to their causes and points of incidence.  Standard Cost is a 

relevant necessary expenditure.  Standard Costs are useful for the cost estimation and price quotation and 
for indicating the suitable cost allowances for products, process and operations but they are effective tools 
for cost control only when compared with the actual costs of operation.  The techniques of standard 
costing may be summarized as follows:  

a) Predetermination of technical data related to production.  i.e., details of materials and labour 
operations required for each product, the quantum of inevitable losses, efficiencies expected 
level of activity, etc. 

b) Predetermination of standard costs in full details under each element of cost, viz., labour, 
material and overhead. 

c) Comparison of the actual performance and costs will the standards and working out the 
variances, i.e., the differences between the actual and the standards. 

d) Analysis of the variances in order to determine the reasons for deviations of actual from the 
standards. 

e) Presentation of information to the appropriate level of management to enable suitable action 
(remedial measures or revision of the standard) being taken. 

5. Distinguish Standard Costing from Budgetary Control. 
Ans: Standard Costing and Budgetary Control:  Like budgetary control, standard costing assume that costs 
are controllable along definite lines of supervision and responsibility and it aims at managerial control by 
comparison of actual performances with suitable predetermined yardsticks.  The basic principles of cost 
control, viz., setting up of targets or standards, measurement of performance, comparison of actual with 
the targets and analysis and reporting of variances are common to both standard costing and budgetary 
control systems.  Both techniques are of importance in their respective fields a dare complementary to 
each other.  Thus conceptually there is not much of a difference between standard costs and budgeted and 
the terms budgeted performance and standard performance mean, for many concerns one and the same 
thing.  
Budgets are usually based on past costs adjusted for anticipated future changes but standard costs are of 
help in the preparation of production costs budgets.  In fact, standards are often indispensable in the estab-
lishment of budgets.  On the other hand, while setting standard overhead rates of standard costing 
purposes, the budgets framed for the overhead costs may be made use of with modifications, if necessary.  
Thus, standard costs and budgets are interrelated but not inter-dependent. 

Despite the similarity in the basic principles of standard costing and budgetary control, the two systems 
vary in scope and in the matter of detailed techniques.  The difference may be summarized as follows: 

a) A system of budgetary control may be operated even if no standard costing system is in use in the 
concern. 

b) While standard is a unit concept, budget is a total concept. 
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c) Budgets are the ceilings or limits of expenses above which the actual expenditure should not 
normally rise; if it does, the planned profits will be reduced. Standards are minimum targets to the 
attained by actual performance at specified efficiency. 

d) Budgets are complete in as much as they are framed for all the activities and functions of a 
concern such as production, purchase, selling and distribution, research and development, capital 
utilization, etc. Standard Costing relates mainly to the function of production and the related 
manufacturing costs. 

e) A more searching analysis of the variances from standards is necessary than in the case of 
variations from the budget. 

f) Budgets are indices, adherence to which keeps a business out of difficulties.  Standard are pointers 
to further possible improvements. 
 

6. Distinguish between Standard Costs and Estimated Costs. 
Ans: Standard Costs and Estimated Costs:  The distinction between standard costs and estimated costs 
should be clearly understood.  While both standard costs and estimated costs are predetermined costs, 
their objectives are different.  The main differences between the two types of costs are: 

a) 
 

b) Estimated costs are based on average of past actual figures adjusted for anticipated changes in 
future.  Anticipated wastes, spoilage and inefficiencies, all of which tend to increase costs are 
included in estimated costs.  Standard Costs are planned costs determined on a scientific basic and 
they are based upon certain assumed conditions of efficiency and other factors. 

c) In estimated costing systems, stress is not so much on cost control, but costs are used for other 
purposes such as fixation of prices to be quoted in advance. Standard costs serve as effective tools 
for cost control. 

7. What are the Advantages of Standard Costing? 
Ans: Advantages of Standard Costing: The advantages derived from a system of standard costing are 
tabulated below: 

a) Standard costing system established yard-sticks against which the efficiency of actual 
performances are measured. 

b) The standards provide incentive and motivation to work with greater effort and vigilance for 
achieving the standard.  This increase efficiency and productivity all round. 

c) At the very stage of setting the standards, simplification and standardization of products, 
methods, and operations are effected and waste of time and materials is eliminated.  This assists 
in managerial planning for efficient operation and benefits all the divisions of the concern. 

d) Costing procedure is simplified.  There is a reduction in paper work in accounting and less number 
of forms and records are required. 

e) Cost are available with promptitude for various purposes like fixation of selling prices, pricing of 
inter-departmental transfers, ascertaining the value of closing stocks of work-in-progress and 
finished stock and determining  idle capacity. 
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f) Standard Costing is an exercise in planning - it can be very easily fitted into and used for budgetary 
planning. 

g) Standard Costing system facilities delegation of authority and fixation of responsibility for each 
department or individual.  This also tones up the general organization of the concern. 

h) Variance analysis and reporting is based on the principles of management by exception.  The top 
management may not be interested in details of actual performance but only in the variances 
from the standards, so that corrective measures may be taken in time. 

i) When constantly reviewed, the standards provide means for achieving cost reduction. 
j) Standard costs assist in performance analysis by providing ready means for preparation of 

information. 
k) Production and pricing policies may be formulated in advance before production starts. This helps 

in prompt decision making. 
l) Standard costing facilities the integration of accounts so that reconciliation between cost accounts 

and financial accounts may be eliminated. 
m) Standard costing optimizes the use of plant capacities, current assets and working capital. 

 

8. What are the Limitations of Standard Costing? 
Ans: Limitations of Standard Costing:  

1. Establishment of standard costs is difficult in practice. 
2. In course of time-sometimes even in a short period the standards become rigid. 
3. Inaccurate, unreliable and out of date standards do more harm than benefit. 
4. Sometimes, standards create adverse psychological effects.  If the standard is set at high level, its 

non achievement would result in frustration and build-up of resistance. 
5. Due to the play of random factors, variances cannot sometimes be properly explained, and it is 

difficult to distinguish between controllable and non-controllable expenses. 
6. Standard costing may not sometimes be suitable for some small concerns.  Where production 

cannot be carefully scheduled, frequent changes in production conditions result in variances, 
detailed analysis of all of which would be meaningless, superfluous and costly. 

7. Standard costing may not sometimes be suitable and costly in the case of industries dealing with 
non-standardised products and for repair jobs which keep on changing in accordance with 

ecifications. 
8. Lack of interest in standard costing on the part of the management makes the system practically 

ineffective.  This limitation, of course, applies equally in the case of any other system which the 
management does not accept whole heartedly. 

9. What are the Causes and Remedies of Material Variances? 
Ans: Causes and Remedies of Material Variances:  Material cost variance which denotes the difference 
between the standard cost of materials specified and the actual cost of materials used is a  combination of 
two sub variances namely material price variance and material usage variance. 
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Material price variance is the result of actual price or the material being different (higher/lower) from the 
predetermined price.  If the actual price is more it is an adverse variance and in the reverse case it is a 
favourable variance.  The possible causes of such a variance rising can be summarised below: 

a) Variation in the market price of the materials. 
b) Variation in the trade discount or bulk purchase benefits due to change in lots or batch size  

limitation in storage/handling facilities. 
c) Forced purchase of other alternative materials or substitutes due to non-availability of the 

standard materials. 
d) Incorrect buying policy by not being able to take advantage of off season discount. 
e) Variation in other costs like freight, transportation, rail or air charges which are usually beyond the 

control of the purchases. 
f) Changes in different modes of taxes like excise duty, octroi duty, sales tax, etc. 
g) Changes in Export/Import policy resulting into variations in prices. 

The foregoing list is not exhaustive but inclusive because there may be many more reasons of such a 
variance. 

The other part of the sub-variance is the Material Usage Variance which arises due to the actual use of 
materials being different from the standard specified.  If the quantity used is higher than the standard it is 
an adverse variance and in the reverse case it is favorable variance.  The possible causes of such variance 
are summarised below: 

a) The losses allowed for storage/production process may be difficult from the predetermined 
standard either due to inefficient storage or inefficient supervision. 

b) The material may be of indifferent quality then originally envisages resulting into difference in 
yields. 

c) Inefficient material handling or incorrect weighment resulting more losses. 
d) Changing in the material mix either due to non-availability of the standard material or due to 

changes in specification. 
e) The machines or the tools may defective or sub-standard which may give rise to higher material 

utilization. 
f) Improper planning which may be the case for poor material handling or wrong production process 

ultimately resulting into more material usage than the present standard. 

Here again the foregoing list is an inclusive list and not an exhaustive one and there may be more reasons 
for material usage variance to result. 

10. What is Zero Base Budgeting? 
Ans: Zero Base Budgeting: It differs from the convectional system of budgeting mainly in that start from 
scratch or zero and not on the basis of trends or historical levels of expenditure.  In the customary 

Zero base budgeting on the other hand, starts with the premises that the budget for next period is zero is 
long the demand for a function, process, project or activity is not justified for each rupee from the first 
rupee up.  The assumptions are that without such a justification no spending will be allowed.  The burden 
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of proof thus shifts to each manager to justify why the money should be spent at all and to indicate what 
would happen if the proposed activity is not carried out and no money is spent.  In this way, he is required 
to carry out cost benefit in to analysis of each of the activities etc. under his control and for which he is 
responsible.  Such analysis would reveal that some activities and loss essential or have less pay value or 
money than the others and that some activities may be eliminated or curtailed or made into productive 
and profitable ones.  Thus zero base budgeting affords a choice amongst the alternative so that the 
activities would be selected in the order of their importance. 

11. What are the advantages of Zero Base Budgeting? 
Ans: 

a) Out of date and inefficient operations are identified. 
b) Allows managers to promptly respond to changes in the business environment. 
c) Instead of accepting the current practice, it creates a challenging and questioning attitude. 
d) Allocations of resources are made according to needs and the benefits derived. 
e) ve 

 
 

12. What is Economic Value Added (EVA)? 
 

Ans: In corporate finance, Economic Value Added or EVA is an estimate of a firm's economic profit - being 
the value created in excess of the required return of the company's shareholders - where EVA is the profit 
earned by the firm less the cost of financing the firm's capital. The idea is that shareholders gain when the 
return from the capital employed is greater than the cost of that capital; see Corporate finance: working 
capital management. This amount can be determined, among other ways, by making adjustments to 
general accounting, including deducting the opportunity cost of equity capital. 
 

13. How do you calculate Economic Value Added (EVA)? 
 

Ans: EVA is Net Operating Profit after Taxes (or NOPAT) less the money cost of capital. Any value obtained 
by employees of the company or by product users is not included in the calculations. The basic formula is: 

Where: 

 r is the Return on Invested Capital (ROIC); 
  is the Weighted Average Cost of Capital (WACC); 
  is capital employed; 
 NOPAT is the Net Operating Profit after Tax, with adjustments and translations for the 

amortization of goodwill, the capitalization of brand advertising and others. 

EVA Calculation 
EVA = (r x Capital)  (c x Capital) 
EVA = (NOPAT- c x Capital 
EVA = operating profits  a capital charge 
where: r = rate of return, and  c = cost of capital, or the weighted average cost of capital. 
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NOPAT is profits -
bookkeeping entries. It is the total pool of profits available to provide a cash return to those who provide 
capital to the firm. 

Capital is the amount of cash invested in the business, net of depreciation. It can be calculated as the sum 
of interest-bearing debt and equity or as the sum of net assets less noninterest-bearing current liabilities. 
Capital charge is the cash flow required to compensate investors for the riskiness of the business given the 
amount of capital invested. The cost of capital is the minimum rate of return on capital required to 
compensate debt and equity investors for bearing risk. 

urn on Net Assets (RONA). RONA is a 

NOPAT/Capital) after making the necessary adjustments of the data reported by a conventional financial 
accounting system. 
EVA = (Net Investments)(RONA  Required minimum return) 
If RONA is above the threshold rate, EVA is positive. 
 

14. What is Segment Performance? 
Ans: Segment is a subdivision or unit of an organisation.  It is for example, in Tata Group Tata Motors 
represents a segment, similarly Tata Steel etc. The performance of each individual subdivision is measured 
by different parameters, especially by economic value added and reported to top management and stake 
holders as per relevant Accounting Standards either financial or costing. This measurement of performance 
and reporting helps the management in taking appropriate decisions in the competitive world. 
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Objective and Bit Questions: 
15. ________________ is a new approach to strategic Management which was developed by Robert 

Kaplan and David Norton. 
16. Balanced Score Card (BSC) is a performance Management. and ___________ methodology that 

specific quantifiable goals. 
17. Indeed BSC is a way to translate _________ into _________ 
18. Four perspectives of BSC includes __________, _________, _________, _____. 
19. companies share holders

perspective. 
20.  
21. 

perspective. 
22. 

_____perspective. 
23. In addition to strategic Management process, two kinds of business processes may be identified, 

such as ______, ________. 
24. _________Perspective includes employee training and corporate cultural attitudes related to both 

individual and corporate self improvement. 
25. The BSC includes both _____ and ______ parameters. 
26. BSC = _________ + __________ + ____________. 

Answers to Objective and Bit Questions: 
15. Balance Score Card (BSC) 
16. Strategy Deployment 
17. Strategy, Action 
18. Customer perspective, business process perspective, learning and growth perspective, financial 

perspective. 
19. Financial perspective 
20. Customer perspective 
21. Learning and growth perspective 
22. Internal Business perspective 
23. Business oriented process, b) Support processes 
24. Learning and growth perspective 
25. Financial, Non-financial 
26. Strategy + Operations + Change (S+O+C) 
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VARIANCE ANALYSIS AND STANDARD COSTING 

PROBLEMS AND SOLUTIONS 

Problem No.1.  

S.V.Ltd. Manufacturers by mixing three raw materials. For every batch of 100Kg. of BXE, 125 Kg. of raw 
Materials are used. In April, 1988, 60 batches were prepared to produce an output of 5,600 Kg. of BXE. The 
standard and actual particulars for April, 1988 are as under:- 

Raw material Mix 
% 

Price per kg Mix 
% 

Price per kg Quantity of raw materials purchased kg 

A 50 20 60 21 5,000 
B 30 10 20 8 2,000 
C 20 5 20 6 1,200 

Calculate all variances. 
 
Solution: 

                 Standard data actual data 

 Q P V Q P V 

A 3750 20 75000 4500 21 94500 

B 2250 10 22500 1500 8 12000 

C 1500 5 7500 1500 6 9000 

 60x125=7500  105000 7500  115500 
 

(-)standard loss 60x25=1500   1900   

 6000  105000 5600  115500 

 

 (1) (2) (3) (4) 

 SQSP RSQSP AQSP AQAP 

A 3500x20  4500x20  

B 2100x10  1500x10  

C 1400x5  1500x5  

A 70000  90000  

B 21000  15000  

C 7000  75000  

Total Rs. 98000 Rs. 105000 Rs. 112500 Rs. 115500 

             SQ FOR A=5600/6000x3750,  B=5600/6000x2250, C=5600/6000x1500 
 

(1) SQSP = Standard Cost of Standard Material = Rs. 98,000 
(2) RSQSP= Revised Standard Cost of Material = Rs. 1,05,000 
(3) AQSP= Standard Cost of Actual Material = Rs. 1,12,500 
(4) AQAP= Actual Cost of Material = Rs. 1,15,500 
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a  Material yield variance = 1-2 = Rs.7000(A) 
 Material mix variance = 2-3 = Rs.  7500(A) 

c  Material usage variance =1-3 = Rs. 14,500(A) 
d  Material price variance = 3-4 = Rs. 3,000 (A) 
e  Material  cost variance= 1-4 = Rs.17500(A) 

 
Problem No.2.  

A brass foundry making castings which are transferred to the machine shop of the company at standards in 
regard to material stocks which are kept at standard price are as follows:- 

Standard Mixture 70% Copper : 30% Zinc 
Standard Price Copper Rs.2,400 per ton 
Zinc Rs. 650 per ton 
Standard loss in melting       5% of input 

 
Figures in respect of a costing period are as follows: 

Commencing stocks Copper 100 tons  

 Zinc 60 tons  

Finishing stocks Copper 110 tons  

 Zinc 50 tons  

Purchases Copper 300 tons Cost Rs.7,32,500 

 Zinc 100 tons Cost Rs.62,500 

Metal melted 400 tons   

Casting produced 375 tons   

Present figures showing: Material Price, Mixture and yield Variance. 
 
Solution: 

 Copper Zinc 

 Q V Q V 

Opening stock 100 240000 60 39000 

(+)purchases 300 732500 100 62500 

 400 972500 160 101500 

(-)closing stock 110 264000 50 32500 

 290 708500 110 69000 

           

 Q P V Q P V 

Copper 280 2400 672000 290  708500 

Zinc 120 650 78000 110  69020 

 400  750000 400  777500 

(-)standard loss @ 5% 20   25   

 380  750000 375  777500 
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 (1) (2) (3) (4) 

 SQSP RSQSP AQSP AQAP 

copper 276.315x2400  29x2400  

zinc 118.42x650  110x650  

copper 663157  696000  

zinc 76975  71500  

total 740132 750000 767500 777500 

 
(1) SQSP = Standard Cost of Standard Material = Rs. 7,40,132 
(2) RSQSP= Revised Standard Cost of Material = Rs. 7,50,000 
(3) AQSP= Standard Cost of Actual Material = Rs. 7,67,500 
(4) AQAP= Actual Cost of Material = Rs. 7,77,500 
a) Material yield variance = 1-2 = Rs.9,868(A) 
b) Material mix variance = 2-3 = Rs. 17,500(A) 
c) Material usage variance =1-3 = Rs. 23,368(A) 
d) Material price variance = 3-4 = Rs. 10,000 (A) 
e) Material  cost variance= 1-4 = Rs.37,368(A) 

 

Problem No.3.  

A company manufacturing a special type of fencing tile 12"X 8" X 1\2" used  

a system of standard costing.  The standard mix of the compound used for making the tiles is:  

1,200 kg. of material A @ Rs.0.30 per kg.                    

500 kg. of Material B @ Rs.0.60 per kg.                    

800 kg. of Material C @ Rs.0.70 per kg.         

The compound should produce 12,000 square feet of tiles of 1/2" thickness.   During a period in which 

1,00,000 tiles of the standard size were produced, the material usage was:- 
Kg  Rs 

7,000 Material A @ Rs.0.32 per kg. 2,240 
3,000 Material B @ Rs.0.65 per kg. 1,950 
5,000 Material C @ Rs.0.75 per kg. 3,750 

15,000  7,940 

Present the cost figures for the period showing Material price, Mixture, Sub-usage Variance. 
Solution: 
Area of tile =12x8/12x12=2/3 sq ft 
No of tiles that can be laid in 12000 sq ft is 12000/(2/3) = 18000 

 Standard data actual data 

  Q P V Q P V 

A 6666.67 0.3 2000 7000  2240 

B 2777.77 0.6 16666.67 3000  1950 

C 4444.44 0.7 3111.11 5000  3750 

 13888.89  6778 15000  7940 
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Q for A =18000/100000x1200=6666.67 
Q for B=18000/100000500=2777.77 
Q for C=18000/100000x800=4444.44 
 

 (1) (2) (3) (4) 

 SQSP RSQSP AQSP AQAP 

A  7200x0.3 7000x0.3  

B  3000x0.6 3000x0.6  

C  4800x0.7 5000x0.7  

A  2160 2100  

B  1800 1800  

C  3360 3500  

 Rs. 6778 Rs.7320 Rs.7400 Rs.7920 

RSQ for A= (15000/13888.89) x 666667 
(1) SQSP = Standard Cost of Standard Material = Rs. 6,778 
(2) RSQSP= Revised Standard Cost of Material = Rs. 7,320 
(3) AQSP= Standard Cost of Actual Material = Rs. 7,400 
(4) AQAP= Actual Cost of Material = Rs. 7,920 
a) Material sub usage variance= 1-2 = Rs. 542(A) 
b) Material mix variance= 2-3 = Rs.  80(A) 
c) Material usage variance= 1-3 = Rs. 622(A) 
d) Material price variance = 3-4 = Rs. 540(A) 
e) Material cost variance= 1-4 = Rs. 1162(A) 

 
Problem No.4.  

The Standard labour complement and the actual labour complement engaged in a week for a job are: 

 Skilled 
Workers 

Semi-Skilled 
Workers 

Unskilled 
Workers 

a) Standard No. of workers in the gang 32 12 6 
b) Standard wage rate per hour Rs. 3 2 1 
c) Actual  No. of workers employed in the gang 
during the week 

28 18 4 

d) Actual wage rate per hour Rs.4 Rs. 3 Rs. 2 

During the 40 hour working week the gang produced 1,800 standard labour hours of work. CALCULATE: 
1) Labour efficiency variance      2) Mix variance 3) Rate of wages variance  4) Labour cost variance 
Solution: 

 Standard data Actual data 

 H R V H R V 

Skilled 1280 3 3840 1120 4 4480 

semi skilled 480 2 960 720 3 2160 

Unskilled 240 1 240 160 2 320 

 2000  5040 2000  6960 



Compendium: Management Accounting: Enterprise Performance Management 

 

The Institute of Cost & Works Accountants of India Page 293 
 

 (1) (2) (3) (4) 

 SRSH SRRSH SRAH ARAH 

Skilled 3 x 1152  3 x 1120  

Semi skilled 2 x 432  2 x 720  

Unskilled 1 x 216  1 x 160  

 Rs. 
4536 

Rs. 5040 
Rs. 

4960 
Rs. 6960 

SH for skilled workers = (1800/2000) x 1280 = 1152 
(1) SRSH = Standard cost of standard labour = Rs. 4536 
(2) SRRSH= Revised standard cost of labour = Rs. 5040 
(3) SRAH = Standard cost of actual labour = Rs. 4960 
(4) ARAH =Actual cost labour = Rs. 6960 
a  Labour sub efficiency variance = 1-2 = Rs. 504(A) 

 Labour mix variance = 2-3 = Rs. 80(F) 
c  Labour efficiency variance = 1-3 =  Rs. 424(A) 
d  Labour rate variance = 3-4 = Rs. 200(A) 
e  Labour cost variance = 1-4 = Rs. 2424(A) 

 
Problem No.5.  

Item Budget Actual 

No.of working days 20 22 
Output per man hour 1.0 Units 0.9 Units 
Overhead cost Rs.1,60,000 1,68,000 
Man-hours per day 8,000 8,400 

CALCULATE OVERHEAD VARIANCES. 
Solution: 

(1) (2) (3) (4) (5) 

SRSH SRAH SRRBH SRBH ARAH 

1 x 266320 1 x 184800 1 x 176000   

Rs. 166320 Rs. 184800 Rs. 176000 Rs. 160000 Rs. 168000 

 SR = budgeted FOH/budgeted hours = 160000/160000 = 1 
 RBH = (22/20) x 160000 = 176000 
 AH = 22 x 8400 = 184800 
 AQ = 184800 x 0.9 = 166320 
 SH = 166320/1 = 166320 

(1) SRSH = Standard Cost of Standard Fixed Overheads = Rs. 1,66,320 
(2) SRAH = Standard Cost of Actual Fixed Overheads (or)  

   Fixed Overheads absorbed or recovered = Rs. 1,84,800 
(3) SRRBH = Revised budgeted Fixed overheads = Rs. 1,76,000 
(4) SRBH = Budgeted Fixed overheads = Rs. 1,60,000 
(5) ARAH = Actual Fixed Overheads = Rs. 1,68,000 
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a) FOH efficiency variance = 1-2 = Rs. 18480(A) 
b) FOH capacity variance = 2-3 = Rs. 8800(F) 
c) FOH calendar variance = 3-4 = Rs.  16000(F) 
d) FOH volume variance = 1-4 = Rs.  6320(F) 
e) FOH budget variance = 4-5 = Rs. 8000(A) 
f) FOH cost variance = 1-5 = Rs. 1680(A) 

 

Problem No.6.  
In a company operating on a standard costing system for a given four week period budgeted for sales of 
10,000 units @ Rs.50 per unit, actual sales were 9,000 units at Rs.51.25 per unit.   Costs relating to that 
period were as follows:      

              STANDARDS (Rs.) ACTUALS (Rs.) 

Materials Rs.2,50,000 2,57,400 
Wages 75,000 70,875 
Fixed Overhead 20,000 18,810 
Variable Overhead 10,000 9,250 
Semi-variable overhead 2,700 2,430 
Standard hours          50,000   
Actual hours              40,500   

1) The Standard material content of each unit is estimated at 25 kg. at Rs.1 per kg. actual figures were 26 

kg. at Rs.1.10 per kg. 

2) Semi-variable Overhead consists of FIVE - NINTHS fixed expenses and FOUR - NINTHS variable. 

3) The Standard wages per unit are 5 hours at Rs.1.50 per Unit actual wages were 4.5 hours at Rs.1.75. 

4) There were no opening stocks and the whole production for the period was sold. 

5) The four week period was normal period. 

YOU ARE REQUIRED: 

a) To compute the variances in Sales, Materials, Labour and Over heads due to all possible causes; and 

b) with the help of such a computation draw a statement reconciling the actual profit for the period with 

the standard profits. 
Solution: 
Working notes: 

 Budget Actual 

 Rs. Rs. 

Fixed overhead 20000 18810 

Share in semi variable OHs 1500 1350 

 21500 20160 

Variable OHs 10000 9250 

Share in semi variable OHs(4/9) 1200 1080 

 11200 10330 
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Variances: 

Sales 

(1) (2) (3) 

AQAP AQSP SQSP 

51.25 x 9000 50 x 9000 50 x 10000 

Rs. 461250 Rs. 450000 Rs. 500000 

 
 AQAP = actual value of sales = 461250 
 AQSP = actual sales at standard prices = 450000 
 SQSP = standard value of sales = 500000 

 
a  Sales volume variance = (2)  (3) = 50000(A) 

 Sales price variance = (1)  (2) = 11250(F) 
c  Sales value variance = (1)  (3) = 38750(A) 

 
 Material  

(1) (2) (3) 

SQSP AQSP AQAP 

1 x 225000 1 x 234000 1.1 x 234000 

225000 234000 257400 

AQ = 9000 x 26 = Rs. 234000 
SQ = 9000 x 25 = Rs. 225000 

1) SQSP= Standard cost of standard material = Rs.  225000 
2) AQSP = Standard cost of actual material = Rs. 234000 
3) AQAP = Actual cost of material = Rs. 257400 

 
(a) Material usage variance = (1)  (2) = Rs. 9000(A) 
(b) Material price variance = (2)  (3) = Rs. 23400(A) 
(c) Material cost variance = (1)  (3) = Rs. 32400(A) 

 Labour 

(1) (2) (3) 

SRSH SRAH ARAH 

1.5 x 45000 1.5 x 40500 1.75 x 40500 

Rs. 67500 Rs. 60750 Rs. 70875 

 
SH = 9000 x 5 = 45000 

1) SRSH = standard cost of standard labour = Rs. 67500 
2) SRAH = standard cost of actual labour = Rs. 60750 
3) ARAH = actual cost of labour = Rs. 70875 

 
(a) Labour efficiency variance = (1)  (2) = Rs. 6750(F) 
(b) Labour rate variance = (2)  (3) = Rs. 10125(A) 
(c) Labour cost variance = (1)  (3) = Rs. 3375(A) 
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 Variable OHs 

(1) (2) (3) 

SRSH SRAH ARAH 

0.224 x 45000 0.224 x 40500 10330 

Rs. 10080 Rs. 9072 Rs. 10330 

 
SR = 11200/50000 = Rs. 0.224 

1) SRSH = standard cost of standard variable OHs = Rs. 10080 
2) SRAH = standard cost of actual variable OHs = Rs. 9072 
3) ARAH = actual cost of variable OHs = Rs. 10330 

(a) Variable OHs efficiency variance = (1)  (2) = Rs. 1008(F) 
(b) Variable OHs budget variance =(2)  (3) = Rs. 1258(A) 
(c) Variable OH cost variance = (1) - (3) = Rs. 250(A) 

 

Fixed OHs 

(1) (2) (3) (3) 

SRSH SRAH SRBH ARAH 

0.43 x 45000 0.43 x 40500 0.43 x 50000   

Rs. 19350 Rs. 17415 Rs. 21500 Rs. 20160 

 
SR = 21500/50000 = 0.43 

1) SRSH = Standard cost of standard fixed OHs = Rs. 19350 
2) SRAH = standard cost of actual fixed OHs = Rs. 17415 
3) SRBH = budgeted fixed OHs = Rs. 20160 
4) ARAH = actual fixed OHs = Rs. 20160 

(a) Fixed OHs efficiency variance = (1)  (2) = Rs. 1935(F) 
(b) Fixed OHs capacity variance = (2) (3) = Rs. 4085(A) 
(c) Fixed OHs volume variance = (1)  (3) = Rs. 2150(A) 
(d) Fixed OHs budget variance = (3)  (4) = Rs. 1340(F) 
(e) Fixed OH cost variance = (1)  (4) = Rs.  810(A) 

Statement showing reconciliation of actual & standard profits: 
 

 Rs. Rs. 

Budgeted sales   500000 

(+)sales price variance  11250  

(-) sales volume variance  (50000) (38750) 

Actual sales   461250 

(-) standard cost of sales    

Material {250000 x (9/10)} 225000  

Wages {75000 x (9/10)} 67500  

Fixed OHs {21500 x(9/10)} 19350  

Variable OHs {11200 x (9/10)} 10080 321930 

Standard profit  139320 
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Add favorable variances   

labour efficiency variance 6750  

Variable OH efficiency  1008  

Fixed OH efficiency 1935  

Fixed OH budget 1340 11033 

  150353 

Less adverse variances    

material usage variance 9000  

Material price variance 23400  

Labour rate variance  10125  

Variable OH budget  1258  

Fixed OH capacity variance 4085 47868 

Actual profit  102485 

 

Problem No.7.  

for the month of June,1987: 
  
  
  
  
 e) Standard normal loss 10% of total input. 
 f) Materials Cost variance total Rs.650 adverse. 
 g) Materials Yield variance total Rs.135 adverse. 

  
You are required to calculate: 

 1. Materials mix variance total 
 2. Materials usage Variance total 
 3. Materials price variance total 
 4. Actual loss of actual input 
  
  
 
 
Solution: 
 Let,    actual output of chemical A be a kgs 
 Actual price per Kg of chemical B be Rs b 
 Standard input be 100Kgs 
 Actual output be 90Kgs 
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 Standard Actual 

 Q P V Q P V 

A 50 12 600 a 15 15a 

B 50 15 750 70 b 70b 

 100  1350 70 + a  15a + 70b 

(-) normal loss 10 -- -- a  20  -- -- 

 90  1350 90  15a + 70b 

     

 (1) (2) (3) (4) 

 SQSP RSQSP AQSP AQAP 

A  12 x (70+a/100) x 50 12 x a   

B  15 x (70+a/100)/50 15 x 70  

 1350 945 + 13.5a  1050 + 12a 15a + 70b 

Given material cost variance = (1)  (4) = Rs. -650 
    = 15a + 70b = Rs. 2000 
Material yield variance = (1)  (2) = Rs. -135 

      a = 40 

       b = 20 
1) SQSP = Rs. 1350 
2) RSQSP =  945 + (13.5 x 40) = Rs. 1485 
3) AQSP = 1050 + (12 x 40) = Rs. 1530 
4) AQAP = (15 x 40) + (70 x 20) = Rs. 2000 

(a) Material mix variance = Rs. 45(A) 
(b) Material usage variance = Rs. 180(A) 
(c) Material price variance = Rs. 470(A) 
(d) Actual loss of actual input = Rs. 20 
(e) Actual input of chemical A = 40Kgs 
(f) Actual price per Kgs of chemical B = Rs. 20 

Problem No.8.  
Compute the missing data indicated by the Question marks from the following. 

   

Sales quantity   
Std.(units) ? 400 
Actual (Units) 500 ? 
Price ( Unit )   
Standard Rs.12 Rs.15 
Actual Rs.15 Rs.20 
Sales price variance ? ? 
Sales volume variance Rs. 1,200 F ? 
Sales value variance ? ? 

notes Favourable. 
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Solution: 
Let the standard units of product R be r  
 Actual units of product S be s 

 Standard Actual 

 Q P V Q P V 

R R 12 12r 500 15 7500 

S 400 15 6000 s 20 20s 

 400 + r  6000 + 12r 500 + s  7500 + 20s 

   
Given sales volume variance for R = Rs. 1200(F) 

  AQSP SQSP = Rs. 1200 
  r = Rs. 400 
Sales mix variance = AQSP - RSQSP = Rs. 450(F) 
 

 AQSP RSQSP 

R 12 x 500 12 x {(500+s)/(400+r)} x 400 

S  15 x s 12 x {(500+s)/(400+r)} x 400 

 6000 + 15s  6750 + 13.5s 

 
Then s = 800  

 Standard units of product R, r = Rs. 400 
 Actual units of product S, s = Rs. 800 
 Sales price variance for R = AQ(AP - SP) = Rs. 1500(F) 

S = 4000(F) 

 Sales volume variance for S = SP(AQ  SQ) = Rs. 6000(F) 
 Sales value variance for R = AQAP  SQSP = Rs.  2700(F) 

For S = Rs. 10000(F) 
 

Problem No.9.  

The assistant management accountant of your company has been preparing the profit and loss account for 
the week ended 31st October.  Unfortunately, he has had a traffic accident and is now in a hospital, so as 
senior cost analyst you have been asked to complete this statement.  The uncompleted statement and 
relevant data are shown below. 

Week ended 31st October 
 Rs.       Rs. 
Sales                                                       50,000 
Standard Cost:   
Direct materials  
Direct wages  
Overhead                                     
Standard profit 
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Variances        Fav./(adv.) Fav./(adv.) 
 Rs.                 Rs. 
Direct materials:  Price  (400) 
Usage  (300) 
Total:                         (700) 
Direct Labour:  
Rate 
Efficiency 
Total  --- 
Overhead expenditure 
Volume 
Total ___ 
Total variance   - 
Actual Profit   - 
 
Standard Data 
The standard price of direct material used is Rs.600 per tone.  From each tone of material it is expected 
that 2,400 units will be produced.  A forty hour week is operated.  Standard labour rate per hour is Rs.4.  
There are 60 employees working as direct labour. 
The standard performance is that each employee should produce one unit of product in 3 minutes. There 
are 4 working weeks in October. The budgeted fixed overhead for October is Rs.76,800. 
Actual data 
Materials used during the week were 20 tones at Rs.620 per tone.  During the week 4 employees were paid 
of Rs.4.2 p.h and 6 were paid Rs.3.8 p.h and Remaining were paid at Standard Rate Overheads incurred was 
Rs. 18000. 
You are required to complete the P & L Statement for the week ended 31st October 
Solution: 
   Actual cost of material 620 x 20     Rs 12400/- 
(-) direct material: price variance  400 
        Usage variance  300         (700) 
              11700 

For Rs 600/- production = 2400 units 
For Rs 11700/- production = (2400/600) x 11700 = 46800 units 

Labour variances 

 (1) (2) (3) 

SRSH SRAH ARAH 

4 X 2340 4 x (40 x 60) [(4 x 4.20) + (6 x 3.80) + (50 x 4)] 40 

Rs. 9360 Rs. 9600 Rs. 9584 

Labour rate variance (2)  (3): 16(F) 
 Labour efficiency variance: (1)  (2): 240(A)  
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Overhead variances:  

(1) (2) (3) (4) 

SRSH SRAH SRBH ARAH 

8 x 2340 8 x 2400   

Rs. 18720 Rs. 19200 Rs. 19200 Rs. 18000 

OHs expenditure variance: (3)  (4): 1200(F) 
OHs volume variance: (1)  (3): 480(A) 
P&L statement for the week ended 31st October: 

  Rs Rs 

Sales   50000 

Standard cost 
direct material 
direct wages  
overheads 

 
 

 
11700 

9360 
18720 

 
 
 

39780 

Standard profit   10220 

Variances F/(A) F/(A)  

direct material: price 
usage 
total 

 
(400) 
(300) 

 
 
 

(700) 

 

Direct labour:  
rate 
efficiency 
Total                         

 
16 

(240) 
 

 
 
 

(224) 

 

Overheads: 
Expenditure 
Volume  
Total 

 
1200 
(480) 

 
 
 

720 

 

Total variance   (204) 

Actual profit   10016 

Problem No.10.  

Standard Cost card of a product is as under: 
Direct Materials:  Rs.  
A. 2Kg. @Rs.3 per kg.  6.00  
B. 1Kg. @Rs.4 Per Kg.  4.00  
Direct wages 5 Hours @ Rs.4 per hour 20.00  
Variable overheads 5 hours @Rs.1 per hour 5.00  
Fixed overheads 5 hours @Rs.2 per hour _10.00  
Total:   45.00  
Standard profit  __5.00  
Standard selling price _50.00  
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Budgeted out put are 8,000 units per month. In October 1989, the company produced 6,000 units. 
The actual sales value was Rs.3,05,000.  Direct material consumed was Material A 14,850Kg valued at 
Rs.43,065 and material B 7,260 kg valued at Rs.29750.  The total direct labour hours worked was 32,000 
and the wages paid there fore amounted to Rs.1,27,500.  The direct labour hours actually booked on 
production was 31,800.  Overheads recorded were: Fixed Rs.80,600 and variable Rs.30,000. Closing work in 
progress 600 units in respect of which materials A and B were fully issued and labour and overheads were 
50%complete. Analyse the variance and present an operating statement showing the reconciliation 
between budgeted and actual profit for the month in the following format: 
Operating Statement                               Rs. 
Budgeted Profit  
Sales Margin Variances            
 Price              
 Volume             
 Total               
Cost Variances             
 Direct Material     
 Price               
 Yield               
 Mix                 
Direct Wages               
 Rate                
 Efficiency          
 Idle time           
Variable overheads         
 Expenses            
 Efficiency          
Fixed Overheads           
 Expenses            
 Efficiency          
 Idle time           
 Capacity            
Total cost variance        
Actual Profit  
Solution: 
Sales margin or profit variances: 

(1) (2) (3) 

AQAR AQSR SQSR 

6000 x (50.83  45) 6000 x 5 8000 x 5 

Rs. 35000 Rs. 30000 Rs. 40000 

a) Profit variance due to selling price = (1)  (2) = Rs. 5000(A) 
b) Profit variance due to sales volume = (2)  (3) = Rs. 10000(A) 
c) Profit value variance =   (1)  (3) = Rs. 5000(A) 
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Material variances: 

 Standard Actual 

 Q P V Q P V 

A 13200 3 39600 14850  43065 

B 6600 4 26400 7260  29750 

 19800  66000 22110  72815 

 

 SQSP RSQSP AQSP AQAP 

A  14740 x 3 14850 x 3   

B   7370 x 4 7260 x 4  

 66000 73700 73590 72815 

(6000/6600) x Rs. 60000 Rs. 67000 Rs. 66900 Rs. 66195 

a) Material yield variance:(1)  (2) = Rs. 7000(A) 
b) Material mix variance : (2)  (3) = Rs. 100(F) 
c) Material price variance : (3) (4) = Rs. 705(F) 
 

Labour variances: 

 (1) (2) (3) 

 SRSH SRAH ARAH 

 4 x 31500 4 x 32000  

 126000 128000 127500 

(6000/6300) x  Rs. 120000 Rs. 121905 Rs. 121429 

 
a) Labour idle time variance : 200 x 4 = 800 (A) 
b) Labour rate variance: (2)  (3) = 476(F) 
c) Labour efficiency variance: 1905  800 = 1105 (A) 

Variable overheads variances: 

  (1) (2) (3) 

 SRSH SRAH ARAH 

 1 x 31500 1 x 31800  

 31500 31800 30000 

(6000/6300) x Rs. 30000 Rs. 30286 Rs. 28571 

a) VOH efficiency variance: (1)  (2) = Rs. 286 (A) 
b) VOH budget variance : (2)  (3) = Rs. 1715(F) 

 
Fixed overhead variance: 

 (1) (2) (3) (4) 

 SRSH SRAH SRBH ARAH 

 2 x 31500 2 x 32000   

 63000 64000 80000 80600 

(6000/6300) x Rs. 60000 Rs. 60952 Rs. 80000 Rs. 76762 
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a) FOH idle capacity variance:200 x 2 = Rs. 400(A) 
b) FOH efficiency variance :952  400 = Rs. 552 (A) 
c) FOH capacity variance = Rs. 19048 (A) 
d) FOH budget variance: Rs. 3238(F) 

Operating statement showing reconciliation of budgeted and actual profit: 

 Rs. Rs. 

Budgeted profit  40000 

Sales margin variance due to: 
Price 
Volume 

 
5000(F) 

10000(A) 

 
 

(5000) 
35000 

Cost variances   

Direct material variances: 
Price 
Mix 
Yield 

 
705(F) 
100(F) 

7000(A) 

 
 
 

(6195) 

Direct wages variances: 
Rate  
Efficiency 
Idle time 

 
476(F) 

1105(A) 
800(A) 

 
 
 

(1429) 

Variable OHs variances: 
Expenditure 
Efficiency 

 
1715(F) 
286(A) 

 
 

1429 

Fixed OHs variances: 
Efficiency 
Expenditure 
Idle time 
Capacity 

 
552(A) 

3238(F) 
400(A) 

19048(A) 

 
 
 
 

(16762) 

Actual profit  12043 

Problem No.11.  

The summarised  results of a company for the two years ended 31st December 1988 and 1987 are given 
below: -            1988              1987               
 Rs.lacs       Rs.lacs            
Sales                     770          600               
Direct Materials          324          300               
Direct Wages              137          120               
Variable Overheads         69           60               
Fixed Overheads           150           80               
Profit                     90           40    
As a result of re-organisation of production methods and extensive advertisement campaign use, the 
company was able to secure an increase in the selling prices by 10% during the year 1988 as compared to 
the previous year. In the year 1987,the company consumed 1,20,000 Kgs. of raw materials and used 
24,00,000 hours of direct labour.   In the year 1988, the corresponding figures were 1,35,000 kgs. of raw 
materials and 26,00,000 hours of direct labour. 
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You are required to: - 
Use information given for the year 1987 as the base year information to analyse the results of the year 
1988 and to show in a form suitable to the management the amount each factor has contributed by way of 
price, usage and volume to the change in profit in 1988. 
Solution: 

1) Sales price variance = 770  {770 x (100/110)} = Rs. 70(F) 
2) Sales volume variance = {770 x (100/110)} - 600 = Rs. 100(F) 

 % increase in volume = (100/600) x 100 = Rs. 16.66667% 
3) Sales Value variance = 770  600 = Rs. 170(F) 
4) Material cost variance = 300  324 = Rs. 24 (F) 
5) Material volume variance = 300 x (1/6) = Rs.  50(A) 

Material price = (30000000)/120000 = Rs 250/- 
Material expected to be used = (120000/600) x 700 = 140000 Kgs 

6) Material usage variance = 5000 x 250 = Rs. 12.5 (F) 
7) Material price variance = 50  24  12.5 = Rs. 13.5 (F) 
8) Labour cost variance = Rs. 17 (A) 
9) Labour volume variance = 120/6 = Rs. 20(A) 

Labour rate = (12000000)/(2400000) = Rs 5/- 
Labour hours expected to be used = (2400000/600) x 700 = 2800000 

10) Labour efficiency variance = 2 x 5 = Rs. 10 (F) 
11) Labour rate variance = 20  17 -10 = Rs. 7 (A) 
12) VOH cost variance = Rs. 9(A) 
13) VOH volume variance = 60/6 = Rs.  10(A) 
14) VOH efficiency variance = 200000 x 2.5 = 5 Rs.  (F) 
15) VOH expenditure variance = 10  9  5 = Rs. 4(A) 
16) FOH cost variance = Rs. 70(A)    

Profit reconciliation statement: 

  Rs in lakhs 
Profit for 1987  40 
(+)sales variance:   
Price 70  
Volume 100  
Material variance:   
Usage 12.50  
Price 13.50  
Labour variance-efficiency 10  
VOH efficiency variance 5 211 
  251 
(-) material volume variance  50  
Labour variance:   
Volume 20  
Rate 7  
VOH variances:   
Volume 10  
Expenditure 4  
FOH cost variance 70 161 
Profit for 1988    90    
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Problem No.12.  

A company using a detailed system of standard costing finds that the cost of investigation of variances is 
Rs.20,000.  If After investigation an out of control situation is discovered, the cost of correction is 
Rs.30,000.  If no investigation is made, the present value of extra cost involved is Rs.1,50,000. The 
probability of the process being in control is 0.82 and the probability of the process being out of control is 
0.18.  You are required to advise. 

(i) Whether investigation of the variances should be undertaken or not; 
(ii) The probability at which it is desirable to institute investigation into variances. 

Solution: 
i. Cost of investigation = 20000 + 0.18 x (30000) = 25400 

Cost of investigation is not conducted = 150000 x 0.18 = 27000 
 Hence, it is worthwhile to undertake the investigation. 

ii. Let X be the probability of process being in  control where it is desirable to institute investigation 
into variances. 

 20000 + 30000(1 - X) = 150000(1 - X) 
 X = 83.33% 

Therefore, if the probability of the process being in  control is 83.33% of less it is better to 
investigate into variances, or else it is not necessary. 
 

Problem No.13.  

The following data have been obtained from the records of a machine shop for an average month: 
 Budget                             
No.of working days        25                              
Working hours per day      8                              
No.of direct workers      16                              
Efficiency              One standard hour per clock hour  
Down time                 20%                             
Fixed                  Rs.15,360                          
Variable                  20,480                           
The actual data for the month of September 1985 are as under: 
Overheads: Fixed  16,500 
Variable                   14,500 
Net operator hours worked   1,920 
Standard hours produced     2,112 
There was a special holiday in September 1985. Required to present reports to Departmental Manager: 

(i) Showing the three cost ratios you have chosen: ii) Setting out the analysis of variances. 
 
Solution: 

(i) Cost Ratios: 
 Efficiency ratio = (SH/AH) x 100 = (2112/1920) x 100 = 110% 
 Activity ratio = (SH/BH) x 100 = (2112/2560) x 100= 82.5% 
 Capacity utilization ratio = (actual hours/budgeted hours) x 100 

= (1920/2560) x 100 = 75% 
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 Capacity usage ratio     = (budgeted hours/maximum possible hours) x 100 
= (2560/3200) x 100 = 80% 

 Idle capacity ratio = 100% - 80% = 20% 
 Calendar ratio = (actual days/budgeted days) x 100 

= (24/25) x 100 = 96% 
(ii) Analysis of Variances 

Variable OHs: 

(1) (2) (3) 

SRSH SRAH ARAH 

8 x 2112 8 x 1920  

Rs. 16896 Rs. 15360 Rs. 14500 

 VOH efficiency variance = Rs. 1536(F) 
 VOH budget variance = Rs. 860(F) 
 VOH cost variance = Rs. 2396(F) 

Fixed OHs: 

(1) (2) (3) (4) (5) 

SRSH SRAH SRRBH SRBH ARAH 

6 x 2112 6 x 1920 6 x 2457.6   

Rs. 12672 Rs. 11520 Rs. 14746 Rs. 15360 Rs.16500 

 
(1) SRSH = Standard Cost of Standard Fixed Overheads = Rs. 12,672 
(2) SRAH = Standard Cost of Actual Fixed Overheads (or)  

   Fixed Overheads absorbed or recovered = Rs. 11,520 
(3) SRRBH = Revised budgeted Fixed overheads = Rs. 14,746 
(4) SRBH = Budgeted Fixed overheads = Rs. 15,360 
(5) ARAH = Actual Fixed Overheads = Rs. 16,500 

a) FOH efficiency variance = 1-2 = Rs. 1,152(F) 
b) FOH capacity variance = 2-3 = Rs. 3,226(A) 
c) FOH calendar variance = 3-4 = Rs.  614(A) 
d) FOH volume variance = 1-4 = Rs.  2,688(A) 
e) FOH budget variance = 4-5 = Rs. 1,140(A) 
f) FOH cost variance = 1-5 = Rs. 3,828(A) 

 

Problem No.14.  

The standard mix of product M5 is as follows: - 

LES MATERIAL PRICE PER LB 

50 A 5.00 
20 B 4.00 
30 C 10.00 

The standard loss in production is 10% of input. There is no scrap value. Actual Production for a month was 
7,240 1bs. of M5 from 80 mixes. Actual purchases and consumption of  material during the month were:- 
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LES MATERIAL PRICE PER LB 

4,160 A 5.50 
1,680 B 3.75 
2,560 C 9.50 

Calculate variances. 
 

Solution:  

 Standard Data Actual Data 
 Qty Price  Value Qty Price  Value 
A 4200 5 21000 4160 5050 22880 
B 1680 4 6720 1680 3.42 6300 
C 2520 10 25200 2560 9.50 24320 
 8400  52920 8400  53500 
Less: Loss @ 10% 840  - 1160  - 
 7560  52920 7240 - 53500 

 

 (1) (2) (3) (4) 
 SQSP RSQSP AQSP AQAP 
A 4022.22 X 5  4160 X 5  
B 1608.89 X 4  1680 X 4  
C 2413.33 X 10  2560 X 10  
A 20111  20800  
B 6436  6720  
C 24133  25600  
 Rs. 50680 Rs. 52920 Rs. 53120 Rs. 53500 

SQ for  
A = 4200/7560 x 7240 
B = 1680/7560 x 7240 
C = 2520/7560 x 7240 
 

(1) SQSP = Standard Cost of Standard Material = Rs. 50,680 
(2) RSQSP= Revised Standard Cost of Material = Rs. 52,920 
(3) AQSP= Standard Cost of Actual Material = Rs. 53,120 
(4) AQAP= Actual Cost of Material = Rs. 53,500 

 
a) Mt yield variance (1-2) = Rs. 2240 (A) 
b) Mt Mix variance  (2-3) = Rs. 200 (A) 
c) Mt Usage Variance (1-3) = Rs. 2440 (A) 
d) Mt Price Variance (3-4) = Rs. 380 (A) 
e) Mt Cost Variance (1-4) = Rs. 2820 (A) 

 
 
 
 



Compendium: Management Accounting: Enterprise Performance Management 

 

The Institute of Cost & Works Accountants of India Page 309 
 

Problem No.15.  
Calculate variances from the following: 

STANDARD  ACTUAL 

INPUT MATERIAL RS./KG TOTAL INPUT RS.KG TOTAL 
400 A @ 50 20,000 420 @ 45 18,900 
200 B @20 4,000 240 @ 25 6,000 
100 C @15 1,500 90 @15 1,350 

700   25,500 750  26,250 
 
 

 LABOUR HOURS    LABOUR HOURS   

 100 @ Rs. 2 Per hour 200   120 Hrs. @ Rs.2.50 300  
 200 Women @ 

Rs. 1.50 
300 500  240 Women @ Rs. 1.60 384 684 

25 Normal Loss   75 Actual Loss   

675   26,500 675   26,034 

 
Solution: 
Calculation of Material Variances: 

 (1) (2) (3) (4) 
 SQSP RSQSP AQSP AQAP 
A  428.57 x 50 420 x 50  
B  214.29 x 20 240 x 20  
C  107.14 x 15 90 x 15  
A  21429   
B  4289   
C  1607   
 Rs. 25500 Rs. 27325 Rs. 27150 Rs. 26250 

RSQ for  
A = 400/700 x 750 
B = 200/700 x 750 
C = 100/700 x 750 

(1) SQSP = Standard Cost of Standard Material = Rs. 25,500 
(2) RSQSP= Revised Standard Cost of Material = Rs. 27,325 
(3) AQSP= Standard Cost of Actual Material = Rs. 27,150 
(4) AQAP= Actual Cost of Material = Rs. 26,250 
a) Material yield variance (1-2) = Rs. 1825 (A) 
b) Material mix variance  (2-3) = Rs. 175 (A) 
c) Material usage Variance (1-3) = Rs. 1650 (A) 
d) Material price Variance (3-4) = Rs. 900 (A) 
e) Material cost Variance (1-4) = Rs. 750 (A) 
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Calculation of Labour Variances: 
 

 (1) (2) (3) (4) 
 SRSH SRRSH SRAH ARAH 
Men  2 x 107.14 2 x 120  
Women  1.50 x 214.28 1.50 x 240  
Men  214.28 240  
Women  321.42 360  
 Rs. 500 Rs. 536 Rs. 600 Rs. 684 

RSH for  
Men = 100/700 x 750 
Women = 200/700 x 750 
 

(1) SRSH = Standard Cost of Standard Labour = Rs. 500 
(2) SRRSH = Revised Standard Cost of Labour = Rs. 536 
(3) SRAH = Standard Cost of Actual Labour = Rs. 600 
(4) ARAH = Actual Cost of Labour = Rs. 684 

 
a) Labour Yield Variance (1-2) = Rs. 36 (A) 
b) Labour Mix variance  (2-3) = Rs. 64 (A) 
c) Labour efficiency Variance (1-3) = Rs. 100 (A) 
d) Labour Rate Variance (3-4) = Rs. 84 (A) 
e) Labour Cost Variance (1-4) = Rs. 184 (A) 

 

Problem No.16.  
The standard cost sheet per unit for the product produced by Modern Manufactures is worked out on this 
basis. 

Direct materials 1.3 tons @ Rs.4 per ton 
Direct labour 2.9 hours @ 2.3 per hour 
Factory overhead 2.9 hours @ Rs.2 per hour 
Normal capacity is 2,00,000 direct labour hours per month. 

The factory overhead rate is arrived at on the basis of a fixed overhead of Rs.1,00,000 per month and a 
variable overhead of Rs.1.50 per direct labour hour. 
In the month May,50,000 units of the product was started and completed.  An investigation of the raw 
material inventory account reveals that 78,000 tons of raw material were transferred into and used by the 
factory during May. These goods cost Rs.4.20 per ton.  1,50,000 hours of direct labour were spent during 
May at cost of Rs.2.50 per hour.   Factory overhead for the month amounted to Rs.3,40,000 of which 
1,02,000 was fixed. 
 
Compute and identify all variances under Material, Labour and Overhead as favourable or adverse.  Also 
identify one or more departments in the Co. who might be held responsible for each variance. 
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Solution: 
Calculation of Material Variance: 
 

SQ = 50000 x 1.3 = 65000 units 
(1) SQSP = Standard Cost of Standard Material = Rs. 2,60,000 
(2) AQSP = Standard Cost of Actual Material = Rs. 3,12,000 
(3) AQAP = Actual Cost of Material = Rs. 3,27,600 
a) Material usage variance (1-2) = Rs.52000 (A) 
b) Material Price Variance (2-3) = Rs.15600 (A) 
c) Material Cost Variance (1-3) = Rs.67600 (A) 
 
Calculation of Labour Variances: 

(1) (2) (3) 
SRSH SRAH ARAH 
2.3 X 145000 2.3 X 150000 2.50 X 150000 
Rs.333500 Rs.345000 Rs.375000 

SH = 50000 X 2.90 = 145000 
50000 = Actual Production 
(1) SRSH = Standard Cost of Standard Labour = Rs. 3,33,500 
(2) SRAH = Standard Cost of Actual Labour = Rs. 3,45,000 
(3) ARAH = Actual Cost of Labour = Rs. 3,75,000 
 
a) Labour efficiency Variance (1-2) = Rs.11500 (A) 
b) Labour Rate Variance (2-3) = Rs.30000 (A) 
c) Labour Cost Variance (1-3) = Rs.41500 (A) 
 
Calculation of Variable Overhead Variances: 

(1) (2) (3) 
SRSH SRAH ARAH 
1.5 X 145000 1.5 X 150000  
Rs.217500 Rs.225000 Rs.238000 (340000-102000) 

(1) SRSH = Standard Cost of Standard Variable Overheads= Rs. 2,17,500 
(2) SRAH = Standard Cost of Actual Variable Overheads = Rs. 2,25,000 
(3) ARAH = Actual Cost of Variable Overheads = Rs. 2,38,000 
 
a) Variable Overhead efficiency Variance (1-2) = Rs.7500 (A) 
b) Variable Overhead Budget/exp. Variance (2-3) = Rs.13000 (A) 
c) Variable Overhead Cost Variance (1-3) = Rs.20500 (A) 
 
Calculation of Fixed Overhead Variances: 

(1) (2) (3) (4) 
SRSH SRAH SRBH ARAH 
0.5 X 145000 0.5 X 150000   
Rs.72500 Rs.75000 Rs.100000 Rs.102000 

(1) (2) (3) 
SQSP AQSP AQAP 
65000 x 4 78000 x 4 78000 x 4.20 
260000 312000 327600 
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(1) SRSH = Standard Cost of Standard Fixed Overheads= Rs. 72,500 
(2) SRAH = Standard Cost of Actual Fixed Overheads = Rs. 75,000 
(3) SRBH = Budgeted Fixed Overheads = Rs. 1,00,000 
(4) ARAH = Actual Cost of Fixed Overheads = Rs. 1,02,000 

 
a) Fixed Overhead efficiency Variance (1-2) = Rs.2500 (A) 
b) Fixed Overhead Capacity Variance (2-3) = Rs.25000 (A) 
c) Fixed Overhead Volume Variance (1-3) = Rs.27500 (A) 
d) Fixed Overhead Budget/Exp Variance (3-4) = Rs.2000 (A) 
e) Fixed Overhead Cost Variance (1-4) = Rs.29500 (A) 

 

Problem No.17.  
Budgeted and actual sales for the month of December, 1989 of two products A and B of M/s. XY Ltd. were 
as follows: 

PRODUCT BUDGETED UNITS SALES PRICE/UNIT ACTUAL UNITS SALES PRICE / UNIT (Rs.) 

A 6,000 Rs.5 5,000 5.00 
   1,500 4.75 
B 10,000 Rs.2 7,500 2.00 
   1,750 8.50 

Budgeted costs for Products A and B were Rs.4.00 and Rs. 1.50 unit respectively. Work out from the above 
data the following variances. 
Sales Volume Variance, Sales Value Variance, Sales Price Variance, Sales Sub Volume Variance, Sales Mix 
Variance 
Solution: 

 (1) (2) (3) (4) 
 AQAP AQSP RSQSP SQSP 
A 5000 X 5.00 6500 X 5 5906.25 X 5 6000 X 5 

 1500 X 4.75    
B 7500 X 2.00    

 1750 X 1.90 9250 X 2 9843.75 X 2 10000 X 2 
A 25000 32500 29531.25 30000 

 7125    
B 15000    

 3325 18500 19687.5 20000 
 Rs.50450 Rs.51000 Rs.49219 Rs.50000 

Revised Standard Quantity for  
A = 6000/16000 x 15750 = 5906.25 units 
B = 10000/16000 x 15750 = 9843.75 units 
 

1) AQAP = Actual Sales = Rs.50,450 
2) AQSP= Actual Quantity of Sales at Standard Price = Rs.51,000 
3) RSQSP = Revised Budgeted or standard Sales = Rs.49,219 
4) SQSP = Standard or Budgeted Sales = Rs.50,000 
a) Sales Sub Volume or quantity variance = 3-4 = Rs.781 (A) 
b) Sales Mix Variance = 2-3 = Rs.1781 (F) 
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c) Sales Volume Variance = 2-4 = Rs.1000 (F) 
d) Sales Price Variance = 1-2 = Rs.550 (A) 
e) Sales Value Variance = 1-4 = Rs.450 (F) 

 

Problem No.18.  

 (Rs. In lakhs) 

 31-3-1988 31-3-1989 
 Rs. Rs. 
Sales 120 129.6 
Prime cost of sales 80 91.1 
Variable Overheads 20 24.0 
Fixed expenses 15 18.5 

PROFIT 5 (4.0) 

During 1988-89, average prices increased over these of the previous years 
 (1) 20% in case of sales     (2) 15% in case of prime cost   (3) 10% in case of Overheads. 
Prepare a profit variance statement from the above data. 
 
Solution: 
Calculation of variances: 

1) Sales price Variance : 129.60  (129.60 x 100/120) = Rs.21.60 (F) 
2) Sales Volume Variance : (129.60 x 100/120) = Rs. 12 (A) 
3) Sales Volume Variance : 129.60 120 = Rs.9.60 (F) 

Decrease in volume = 120  12 
   100 - ?  = 10% 

4) Prime Cost price Variance : (91.10 x 100/115)  91.10  = Rs.11.88 (A) 
5) Prime Cost Volume Variance = 80 x 10/100 = Rs.8 (F) 
6) Prime Cost Usage or efficiency Variance = (80 x 90/100) - (91.10 x 100/115)= Rs.7.22 (A) 
7) Prime Cost Variance : 80  90.1 = Rs.11.1 (A) 
8) Variable Overhead Price Variance = (24 x 100/110) - 24 = Rs.2.18 (A) 
9) Variable Overhead Volume Variance = 20 x 10/100 = Rs.2 (F) 
10) Variable Overhead Efficiency Variance = (20 x 90/100) - (24 x 100/110) = Rs.3.82 (A) 
11) Variable Overhead Cost Variance = 20-24 = Rs.4 (A) 
12) Fixed Overhead Price Variance = (18.50 x 100/110)  18.50  = Rs.1.68 (A) 
13) Fixed Overhead Efficiency Variance = 15 - (18.50 x 100/110) = Rs.1.82 (A) 
14) Fixed Overhead Cost Variance = 15  18.50 = Rs.3.5 (A) 

 
Profit Variance Statement: 

  Rs. 
Budgeted Profit  5.00 
Add: Sales Price Variance 21.60  

Prime Cost Variance 8.00  
Variable Overhead Variance 2.00 3100 
  36.60 

Less: Sales Volume Variance 12.00  
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Price Cost Price Variance 11.88  
Price Cost usage Variance 7.22  
Variable Overhead Price Variance 2.18  
Variable Overhead Efficiency Variance 3.82  
Fixed Overhead Price Variance 1.68  
Fixed Overhead Efficiency Variance 1.82 40.60 

Actual Loss  4.00 
 

Problem No.19.  

ABC Ltd; adopts a standard costing system. The standard output for a period is 20,000 units and the 
standard cost and profit per unit is as under: 

 Rs. 
Direct Material (3 units @ Rs.1.50) 4.50 
Direct Labour   (3 Hrs. @ Re.1.00 ) 3.00 
Direct Expenses 0.50 
Factory Overheads : Variable 0.25 
Fixed 0.30 
Administration Overheads 0.30 
TOTAL COST 8.85 
PROFIT 1.15 
SELLING PRICE (FIXED BY GOVERNMENT) 10.00 

The actual production and sales for a period was 14,400 units. There has been no price revision by the 
Government during the period. 
The following are the variances worked out at the end of the period. 

Direct Material  Favourable (Rs.) Adverse( Rs.) 

 Price  4,250 
 Usage 1,050  
Direct labour    
 Rate  4,000 
 Efficiency 3,200  
Factory Overheads    
 Variable  Expenditure 400  
 Fixed  Expenditure 400  
 Fixed  Volume  1,600 
Administration Overheads    
 Expenditure  400 
 Volume  1,600 

You are required to: 
a. Ascertain the details of actual costs and prepare a Profit and Loss Statement for the period 

showing the actual Profit/Loss. Show working clearly. 
b. Reconcile the actual Profit with standard profit. 
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Solution: 
a) Statement Showing the actual profit and loss statement: 

Particulars Amount  Amount 
 Rs. Rs. 
Standard Material Cost (14400 x 4.50) 64800  
Add: Price Variance 4250  
Less: Usage Variance (1050) 68000 
Standard Labour Cost (14400 x 3) 43200  
Add: Rate Variance 4000  
Less: Efficiency Variance (3200) 44000 
Direct Expenses (14400 x 0.50)  7200 
Factory Overhead:   
Variable (14400 x 0.25) 3600  
Less: Expenditure Variance (400) 3200 
Fixed (14400 x 0.30) 4320  
Add: Volume Variance 1680  
Less: Expenditure Variance (400) 5600 
Administration Overhead (14400 x 0.3) 4320  
Add: Volume Variance 1680  
Add: Exp. Variance 400 6400 

Total Cost  134400 
Profit (B/F)  9600 

Sales  144000 
 

b) Statement showing reconciliation of standard profit with actual profit  
 

Particulars Amount Amount 
 Rs. Rs. 
Standard Profit (14400 x 1.15)  16560 
Add: Material usage variance  1050  

Labour efficiency Variance 3200  
Variable Overhead expenditure variance 400  
Fixed Overhead expenditure variance 400 5050 

  21610 
Less: Material price variance  4250  

Labour Rate Variance 4000  
Fixed Overhead volume variance 1680  
Administration Expenditure Variance  400  
Administration Volume Variance  1680 12010 

Actual Profit  9600 
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Problem No.20.  

profit and loss Statement for the month of April, 1988. 
 Standard and  

Variances 
Actual 

 Rs. Rs. 
Budgeted Sales: 90,000  
Variances due to Volume of Orders 5,000  
Selling prices 2,000 97,000 
Budgeted profit 19,000  
Profit Variance due to Sales Volume 1,200  
Selling price 2,000 22,200 
Production cost Variances:   
Materials   
Price 750  
Usage (300) 450 
Labour   
Rate (1,250)  
Efficiency (500) (1,750) 
Overheads Expenditure: Fixed 500  
Variable (1,250)  
Efficiency 1,000  
Capacity 500 750 
Operating Profit  21,650 

 
The costing department provides you with the following information about sales and cost for the month of 
May,1988, 

  Budgeted Sales Actual Sales 
Product Standard Cost per unit 

Rs. 
Number of 
Units  

Sales Value 
Rs 

Number of 
Units  

Sales Value 
Rs 

A 31 1,250 50,000 1,400 54,000 
B 25 1,000 30,000 950 27,500 
C 15 750 15,000 900 17,500 

 

Materials: Rs 

Standard cost of materials actually used 26,150 
Standard cost of materials allowed 26,650 
Actual cost of materials used 27,150 
Labour:  
Standard labour cost per hour Re.  0.90 
Actual clocked hours 22,000 
Actual labour cost Rs. 21,300 
Budgeted hours 20,000 
Standard hours produced 22,500 
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Overheads:  
Budgeted rates of overheads recovery per direct labour hour: 
Variable Re. 1.00 Fixed Re. 0.50 
Actual Overhead Costs. 
Variable Rs.21,500 Fixed Rs.12,000 
Prepare an operating profit and loss statement for May, 1988 in the same form as for April,1988. 
 
Solution: 

 (1) (2) (3) 
 AQAP AQSP SQSP 
A 54000 56000 50000 
B 27500 28500 30000 
C 17500 18000 15000 
 Rs.99000 Rs.102500 Rs.95000 

(1) AQAP = Actual Sales = Rs. 99,000 
(2) AQSP = Actual Quantity of Sales at standard prices = Rs.1,02,500 
(3) SQSP = Standard or Budgeted Sales = Rs. 95,000 
a) Sales volume Variance = 2  3 =  Rs. 7500 (F) 
b) Sales Price Variance = 1  2 = Rs. 3,500 (A) 

 
Profit Variances: 

 (1) (2) (3) 
 AQAR AQSR SQSR 
A 1440 X 7.5714 1400 X 9 1250 X 9 
B 950 X 3.9473 950 X 5 1000 X 5 
C 900 X 4.4444 900 X 5 750 X5 
A 10600 12600 11250 
B 3750 4750 5000 
C 4000 4500 3750 
 Rs.17350 Rs.21850 Rs.20000 

SR= Standard Selling Price  Standard Cost per unit 
AR = Actual Selling Price  Standard Cost per unit 
SR: A= 9; B = 5; and C=5 
AR:  
A= (54000/1400) -31= Rs. 7.5714 
B= (27500/950) -25= Rs.3.9473 
B= (17500/900) -15= Rs.4.4444 
 

1) AQAR = Actual Profit = Rs. 17.350 
2) AQSR = Actual Sales at Standard Rate of Profit = Rs. 21,850 
3) SQSR = Budgeted Profit = Rs. 20,000 
a) Profit Variance Due to sales Volume = 2  3 = Rs. 1850 (F) 
b) Profit Variance due to selling price = 1  2 = Rs.4500 (A) 
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Material Variance: 

(1) (2) (3) 
SQSP AQSP AQAP 
26650 26150 27150 

 
1) SQSP  = Standard Cost of Standard Material = Rs. 26,650 
2) AQSP = Standard Cost of Actual material = Rs. 26,150 
3) AQAP = Actual Cost of Material = Rs. 27,150 

 
a) Material usage Variance = 1-2 = Rs. 500 (F) 
b) Material Price Variance = 2-3 = Rs. 1,000 (A) 

 
Labour Variances: 

(1) (2) (3) 
SRSH SRAH ARAH 

0.9 X 22500 0.9 X 22000  
20,250 19,800 21,300 

1) SRSH = Standard Cost of Standard Labour = Rs. 20,250 
2) SRAH = Standard Cost of Actual labour = Rs. 26,150 
3) ARAH = Actual Cost of Labour = Rs. 21,300 
a) Labour efficiency Variance = 1  2 = Rs. 450 (F) 
b) Labour Rate Variance = 2-3 = Rs. 1500 (A) 

 
Variable Overhead Variances: 

(1) (2) (3) 
SRSH SRAH ARAH 

1 x 22500 1 x 22000  
Rs.22500 Rs.22000 Rs.21500 

 SRSH = Standard Cost Standard Variable Overheads = Rs. 22,500 
 SRAH= Standard Cost of Actual Variable Overheads = Rs. 22,000 
 ARAH = Actual Variable Overheads = Rs. 21,500 

a) Variable Overheads efficiency Variance = 1-2 = Rs. 500 (F) 
b) Variable Overheads expenditure variance = 2-3 = Rs. 500 (A) 

 
Fixed Overhead Variances: 

(1) (2) (3) (4) 
SRSH SRAH SRBH ARAH 
0.5 X 22500 0.5 X 22000 0.5 X 20000  

Rs.11250 Rs.11000 Rs.10000 Rs.12000 
1) SRSH = Standard Cost of Standard Fixed Overheads = Rs. 11,250 
2) SRAH = Standard Cost of Actual Fixed Overheads = Rs. 11,000 
3) SRBH = Budgeted Fixed Overheads = Rs. 10,000 
4) ARAH = Actual Fixed Overheads = Rs. 12,000 
a) Fixed Overheads efficiency Variance = 1-2 = Rs. 250 (F) 
b) Fixed Overheads capacity variance = 2-3 = Rs. 1000 (F) 
c) Fixed Overheads expenditure variance = 3-4 = Rs. 2000 (A) 
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Operating Profit and Loss Statement for the month of May, 2009: 

 Standard Variances Actual Variances 
 Rs Rs 
Budgeted Sales 95000  
Variances due to Volume 7500  
Variances due to Selling prices (3500) 99000 
Budgeted Profit 20000  
Variance due to sales Volume 1850  
Variance due to Selling prices (4500) 17350 
Production Cost Variances:   
Material usage 500  
Material Price (1500) (1000) 
Labour efficiency 450  
Labour Rate (1500) (1050) 
Overheads:   
Expenditure: Variable (500)  

Fixed (2000)  
Efficiency 750  
Capacity 1000 (750) 

Operating Profit  14550 
 

Problem No.21.  

The budgeted output of a single Product manufacturing company for 1984-85 was 5,000 units. The financial 
results in respect of the actual output of 4,800 unite achieved during the year were as under:- 

 Rs 

Direct Material 29,700 
Direct wages 44,700 
Variable Overheads 72,750 
Fixed Overheads 39,000 
Profit 36,600 
Sales 2,22,750 

The standard direct wage rate is Rs.4.50 per hour and the standard variable overhead rate is Rs.7.50 per 
hour. 
The cost accounts recorded the following variances for the year. 

Variances Favourable (Rs) Adverse (Rs) 

Material Price - 300 
Material Usage - 600 
Wage Rate 750 - 
Labour Efficiency - 2,250 
Variable Overhead Expense 3,000 - 
Variable Overhead Efficiency - 3,750 
Fixed Overhead Efficiency - 1,500 
Selling Price 6,750 - 
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Required: 
a) Prepare a statement showing the original budget. 
b) Prepare the standard product cost sheet per unit. 
c) Prepare a statement showing the reconciliation of originally budgeted profit and the actual profit. 
Solution: 
Statement showing original budget and standard cost per unit: 

Element Actual 
(Rs.)  

Variance 
(Rs.) 

Standard Cost 4800 
(Rs.) 

Standard Cost Per 
unit (Rs.) 

Original Budget 5000 
units (Rs.) 

Material  29700 300A 28800  6.00 30000 
Direct Wags 44700 750  46200  9.00 45000 

  2250A    
Value Overhead 75750 3000  72000  15.00 75000 

  3750A    
Fixed Overhead 39000 1500A  37500  7.50 37500 

 186150 3750F  181500  37.50 187500 

Profit (b/f) 36600 8400A  34500  7.50 37500 
  2100F    

Sales 222750 6750F  216000  45.00 225000 

Statement showing reconciliation of budgeted profit with Actual profit 
 (Rs.) 
Budgeted Profit 37500 
Add: All favourable variances 10500 
 48000 
Less All adverse variance 8400 
 39600 
Less: (5000-4800) 7.5 profit variances 1000 
Less: (5000-4800) 7.5 profit variances 1500 
Actual Profit 36600 
(or)  
Standard Profit 34500 
Add 10500 
 45000 
Less: 8400 
Actual Profit 36600 
Budgeted Profit 37500 
Less: 8400 + 9000 17400 
 20100 
Add:  3750 
Variable Cost 6000 
Sales price variance 6750 
 36600 
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Problem No.22.  

 
 Standard and actual variance  
 Rs.   Rs.  

Sales-Budgeted                       18,000   
Variances due to:    
Volume of orders 1,000   
Selling Price 400 19,400   

Profit budgeted 3,800    
Variance due to:    

Sales volume 240   
Sales price 400 4,400  

Production Cost Variances:    
Labour  Rate  (250)   

- Efficiency  (100)   
Material-Price 150   

-Usage  (60)   

Overhead Expenditure- Fixed 100   
- Variable  (250)   

- Efficiency 200   
- Capacity 100   

  150  

Operating Profit  4,330 

Your assistant provides the following information about sales and costs for June 1988: 
 

Sales          Budgeted Units  Sales Value Rs.  Actual Units  Sales value Rs. 

Product A  250   10,000   280   10,800 
Product B  200   6,000   190   5,500 
Product C  150   3,000   180   3,500 

  19,000  19,800 

 
Product   Standard Selling Price per unit  Standard Product Cost per unit 

A   Rs.40   Rs.31 
B   Rs.30   25 
C   Rs.20   15 

 Rs 
Labour:  
Standard labour cost per hour 0.90 
Budgeted hours 4,000 
Actual clocked hours 4,400 
Standard hours produced 4,500 
Actual labour cost 4,260 
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Materials:  
Standard cost of material actually used 5,230 
Standard cost of material allowed       5,330 
Actual cost of material used                5,430 
Overheads:  
Budgeted rates of overhead recovery per labour hour:  
Fixed                                           0.50 
Variable                                        1.00 
 1.50 
Actual overhead costs: Fixed                2,000 

Variable  4,300 
 6,300 

Required: 
Prepare the operating Statement for June 1988 in the same form as May 1988. 
Solution: 
Sales Variances: 

 (1) (2) (3) 
 AQAP AQSP SQSP 
A  280 X 40  
B  190 X 30  
C  180 X 20  
A  11200  
B  5700  
C  3600  
 Rs.19800 Rs.20500 Rs.19000 

(1) AQAP = Actual Sales = Rs. 19,800 
(2) AQSP = Actual Quantity of Sales at Standard Prices = Rs. 20,500 
(3) SQSP = Standard or Budgeted Sales = Rs. 19,000 
a) Sales volume variance 2-3 = 1500 (F) 
b) Sales Price Variance 1-2 = 700 (A) 

 
Profit / Sales Margin Variances: 

 (1) (2) (3) 
 AQAR AQSR SQSR 
A 280 x 7.5714 280 x 9 250 x 9 
B 190 x 3.9473 190 x 5 200 x 5 
C 180 x 4.4444 180 x 5 150 x 5 
A 2120 2520 2250 
B 750 950 1000 
C 800 900 750 
 Rs.3670 Rs.4370 Rs.4000 

(1) AQAR = Actual Profit = Rs. 3,670 
(2) AQSR = Actual Sales at Standard rate of profit = Rs. 4,370 
(3) SQSR = Standard or Budgeted Profit = Rs. 4,000 
a) Sales margin / Profit variance due to volume (2-3) = Rs.370 (F) 
b) Sales margin / Profit variance due to Selling Price (1-2) = Rs. 700 (A) 
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Material Variance: 

(1) (2) (3) 
SQSP AQSP AQAP 

Rs.5330 Rs.5230 Rs.5430 
 

(1) SQSP = Standard Cost of Standard Material = Rs. 5,330 
(2) AQSP = Standard Cost of Actual Material = Rs. 5,230 
(3) AQAP = Actual Cost of Material = Rs. 5,430 
a) Material usage variance 1-2 = Rs.100 (F) 
b) Material Price variance 2-3 = Rs.200 (A) 

Labour: 

(1) (2) (3) 
SRSH SRAH ARAH 

0.9 X 4500 0.9 X 4400  
Rs.4050 Rs.3960 Rs.4260 

 
(1) SRSH = Standard Cost of Standard Labour= Rs. 4,050 
(2) SRAH = Standard Cost of Actual Labour = Rs. 3,960 
(3) ARAH = Actual Cost of Labour = Rs. 4,260 
a) Labour Efficiency Variance = 1-2 = Rs. 90 (F) 
b) Labour Rate Variance = 2-3 = Rs. 300 (A) 

Variable Overhead variances: 
(1) (2) (3) 
SRSH SRAH ARAH 

1 X 4500 1 X 4400  
Rs.4500 Rs.4400 Rs.4300 

(1) SRSH = Standard Cost of Standard Variable Overheads= Rs. 4,500 
(2) SRAH = Standard Cost of Actual Variable Overheads = Rs. 4,400 
(3) ARAH = Actual Cost of Variable Overheads = Rs. 4,300 

a) Variable Overhead Efficiency Variance (1-2) = Rs.100 (F) 
b) Variable Overhead Budgetary Variance (2-3) = Rs.100 (F) 

Fixed Overhead Variance: 

(1) (2) (3) (4) 
SRSH SRAH SRBH ARAH 

0.5 X 4500 0.5 X 4400 0.5 X 4000  
Rs.2250 Rs.2200 Rs.2000 Rs.2000 

1) SRSH = Standard Cost of Standard Fixed Overheads = Rs. 2,250 
2) SRAH = Standard Cost of Actual Fixed Overheads = Rs. 2,200 
3) SRBH = Budgeted Fixed Overheads = Rs. 2,000 
4) ARAH = Actual Fixed Overheads = Rs. 2,000 

 
a) Fixed Overhead Efficiency Variance (1-2) = Rs.50 (F) 
b) Fixed Overhead Capacity Variance (2-3) = Rs.200 (F) 
c) Fixed Overhead Volume Variance (1-3) = Rs.250 (F) 
d) Fixed Overhead Budget/Expenditure Variance (3-4) = Nil 
e) Fixed Overhead Cost Variance (1-4) = Rs.250 (F) 
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Operating Statement for June 1988: 
Budgeted Sales  19000 Rs. 
Volume Variance 1500F   
Price Variance 700A 800 19800 
Profit Budgeted  4000  
Profit Variances due to sales volume 370 F   
Profit Variances due to Sales price 700A 330A 3670 
Production Cost Variance:    
Usage  100F  
Price  200A (100) 
Labour Variances:    
Rate  300A  
Efficiency  90F (210) 
Overhead Variances:    
Expenditure:    
Fixed  -  
Variable  100F  
Efficiency:    
Fixed  50F  
Variable  100F  
Capacity:    
Fixed  200F 450 
Actual Operating Profit   3810 

 

Problem No.23.  

The profitability of a company for two years ended 31st March after eliminating the effects of inflation is as 
under: 

 Years ended 31st March  
1987 1988 

Rs. in lacs  Rs. in lacs  
Sales                                1,200   1,540   
Direct Materials  600   648   
Direct wages and variable overhead  360   412 
Fixed overheads  160   300   
Profit                                  80   180   

Consequent upon the reorganisation of production methods and improvement in quality the company has 
been able to secure an increase in the selling prices by 10% during the year ended 31st March1988. The 
position of consumption of materials and utilisation of direct labour hours during the two years is as under: 

 1987   1988 
Direct Materials(Tones)   4,80,000   5,40,000 
Direct Labour Hours       72,00,000   80,00,000 

Required:  
(i) Keeping the year ended 31st March,1987 as the base year, analyse the result of the year 

ended 31st March, 1988 to show the amount which each factor has contributed to the change 
in the profit. 

(ii) Find the break-even sales for both the years. 
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(iii) Calculate the percentage increase in selling price that would have been further necessary over 
the sales value for the year ended 31st March 1987 to earn a margin of safety of 40% 

Solution:  
Sales price variance = 1540  (1540 x 100/110) = Rs.140 (F) 
Sales Volume variance = (1540 x 100/110)  1200 = Rs. 200 (F) 
% increase in volume = 200/1200 x 100 = 16.67% or 1/6 
Material cost variance = 648  600 = Rs.48 (A) 
Material Volume variance = 600 x 1/6 = Rs.100 (A) 
Standard Price = 60000000/480000 = Rs.125 
The quantity of Material expected to be used = 1400/1200 x 480000 = 560000 
1200  480000 
1400 - ? 
Material Usage variance = (560000  540000) 125 = Rs.2500000 (F) 
Therefore , Material Cost Variance = Material Volume + Material Usage + Material Price Variance 
-48 = -100 + 25 + Material Price 
-48 + 100  25 = Material Price 
Therefore Material Price = Rs.27 (F) 
Wages and Variable Overhead Cost Variance = 360-412 = Rs.52 (A) 
Wages and Variable Overhead Volume Variance = 360 x1/6 = Rs. 60 (A) 
Standard Rate Or Rate in 1987 = 36000000/7200000 = Rs.5 
Hours expected to be used in 1988 = 1400/1200 x 7200000 = 8400000 
Wages or Variable Overhead efficiency variance = (8400000  8000000) 5 Rs.= 2000000 (F) 
Wages or Variable Overhead Cost Variance = Volume + efficiency + labour Rate 
-52 = -60 + 20 + labour Rate 
-52 + 60  20 = labour Rate  
12(a) = Labour Rate Variance 
Fixed Overhead Cost Variance = 160-300 = Rs.140 (A) 
Reconciliation of profit in 1987 with 1988: 

Particulars Amount Amount 
 Rs Rs 
Profit in 1987  80 
Add: Sales price Variance 140  
Sales Volume Variance 200  
Material Usage Variance 25  
Material Price Variance 27  
Labour Efficiency Variance 20 412 
  492 
Less: Material Volume Variance 100  
Labour Overhead Volume Variance 60  
Labour Overhead Rate Variance 12  
Fixed Overhead Cost Variance 140 312 
Actual Profit  180 
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b) Break-even Sales:  
1987 = 160 x 1200/240 = 800 
1988 = 300 x 1540/480 = 962.50 

c) In order to maintain M/S of 40%, the Break-Even should be at 60%. Therefore, total sales required  
60  962.50 
100 - ? 
= 100/60 x 962.50  Rs.= 1604.1666 

Rs.= 1540.0000 
   Rs.=     64.1666 
How: 
1200  64.1666 
100 - ?   = (5.35%) 
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 6 
QUALITY MANAGEMENT 

1. Write a note on the Total Quality Management (TQM). 
Ans: Quality is considered a by-product of the manufacturing system i.e., each individual process has some 
variation that will lead to the production of some defective units. If the resulting defective rate is too high, 
compared to the established quality standards, quality inspectors will identify and send them for rework.  
The approach is expensive and does not guarantee the desired quality, because quality maintaining and 
ensuring itself cannot be inspected into a product.  This approach assigns the responsibility for quality to 
quality control managers. 
 
A more unlighted approach to quality emphasizes building quality into the product by studying and 
improving activities that affect quality, from marketing through design to manufacturing.  This new 
approach is referred to as Total Quality Management (TQM). It is an active approach encompassing a 
company-wide operating philosophy and system for continuous improvement of quality.  It demands 
cooperation from everyone in the company, from the top management down to workers. 
 
The principles of TQM are as follows: 

a) Customer Focus 
b) Managerial Leadership 
c) Belief in continuous improvement. 

The current thinking of TQM is moving from Quality of product and service to Quality of people to embrace 
also Quality of environment.  ISO 14000 standard supports this. 
 
2. Define the terms a) Quality Control b) Quality Assurance, and c) Quality Management. Define TQM. 

What are the core concepts of TQM? 
Ans: 

1. TQM seeks to increase customer satisfaction by finding the factors that limit current performance.  
The TQM approach highlights the need for a customer-oriented approach to management 
reporting, eliminating some or more of traditional reporting practices. 

2. The emphasis of TQM is to design and build quality in the product, rather than allow defectives 
and then inspect and rectify them.  The focus is on the causes rather than the symptoms of poor 
quality. 

3. The three core concepts of TQM are   
a) Quality Control (QC): It is concerned with the past and deals with data obtained from previous 

production, which allow action to be taken to stop the production of defective units. 
b) Quality Assurance (QA): It deals with the present and focuses to create and operate 

appropriate systems to prevent defects from occurring. 
c) Quality Management (QM): It concerned with the future and manages people in a process of 

continuous improvement to the products and services offered by the firm. 
 
3. What are the various stages/steps to be taken in the implementation of TQM? How does TQM 

facilitate value addition in an organization? 
Ans: 

Stage Description 
1 Identification of customers/customer groups. 
2 Identification of customer expectations 
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3 Identification of customer decision-making requirements and product utilities 
4 Identification of perceived problems in decision making process and product utilities. 
5 Comparison with other organizations and Benchmarking 
6 Customer Feedback 
7 Identification of improvement opportunities 
8 Quality Improvement Process through  a) Determination of new strategies, b) Elimination of 

deficiencies, and c) Identifying solutions. 

1. Stage 1: Identification of customers / customer groups: Through a team approach (a technique 
called Multi  Voting), the firm should identify major customer groups.  This helps in generating 
priorities in the identification of customers and critical issues in the provision of decision  support 
information. 

2. Stage 2: Identifying customer expectations: Once the major customer groups are identified, their 
expectations are listed.  The question to be answered is  What does the customer expect from 
the Firm? 

3. Stage 3: Identifying customer decision-making requirements and product utilities: By identifying 
the need to stay close to the customers and follow their suggestions, a decision  support system 
can be developed, incorporating both financial and non-financial information, which seeks to 
satisfy used requirements.  Hence, the Firm finds out the answer to  What are the custom
decision-making requirements and product utilities? The answer is sought by listing out 
managerial perceptions and not by actual interaction with the customers. 

4. Stage 4: Identifying perceived problems in decision-making process and product utilities: Using 
participative processes such as brainstorming and multi-voting, the firm seeks to list out its 
perception of problem areas and shortcomings in meeting customer requirements.  This will list 
out areas of weakness where the greatest impact could be achieved through the implementation 
of improvements.  The firm identifies the answer to the question  What problem areas do we 
perceive in the decision-making process? 

5. Stage 5: Comparison with other Firms and benchmarking: Detailed and systematic internal 
deliberations allow the Firm to develop a clear idea of their own strengths and weaknesses and of 
the areas of most significant deficiency.  Benchmarking exercise allows the Firm to see how other 
Companies are coping with similar problems and opportunities. 

6. Stage 6: Customer Feedback: Stages 1 to 5 provide a information base developed without 
reference to the customer.  This is rectified at Stage 6 with a survey of representative customers, 
which embraces their views on perceived problem areas.  Interaction with the customers and 
obtaining their views helps the Firm in correcting its own perceptions and refining its process. 

7. Stage 7 & 8: Identification of improvement opportunities and implementation of Quality 
Improvement Process: The outcomes of the customer survey, benchmarking and internal analysis, 
provides the inputs for stages 7 and 8. i.e., the identification of improvement opportunities and 
the implementation of a formal improvement process. This is done through a six-step process 
called PRAISE, for short. 

 
4. What are the Various Quality Tools? 
Ans: 
Control Charts 
Control charts as a means of maintaining a process in statistical control were pioneered by Dr. W.A. 
Shewhart, an engineer in the Bell Telephone Laboratories, USA with a view to eliminate abnormal 
variations in process output by distinguishing variations due to special causes from those due to common 
causes. 
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Understanding variation is at the heart of much quality work. If you can control variation then you can 
deliver consistent products and services. If you can reduce variation, then you can deliver higher quality 
and hence sell more, at higher prices. 
There are two types of measurement which you can measure and plot on a Control Chart. 
 sured in quantitative units, for example 

weight, voltage or time. 
 

number of defects in a batch of products 
The Histogram is a common tool used for showing the distribution of a set of measures and often appears 
in a bell-
centre. What the Histogram does not show, however, is the way in which those measurements changed 
over time. 
 
5. ? 
Ans: 

Plan-Do-Check-Act Cycle: DMAIC is used to improve an existing business process, and DMADV is 
used to create new product or process designs for predictable, defect-free performance. 

 
DMAIC 

 Basic methodology consists of the following five (5) steps: 
 Define the process improvement goals that are consistent with customer demands and enterprise 

strategy. 
 Measure the current process and collect relevant data for future comparison. 
 Analyze to verify relationship and causality of factors. Determine what the relationship is, and 

attempt to ensure that all factors have been considered. 
 Improve or optimize the process based upon the analysis using techniques like Design of 

Experiments. 
 Control to ensure that any variances are corrected before they result in defects. Set up pilot runs 

to establish process capability, transition to production and thereafter continuously measure the 
process and institute control mechanisms. 

 
DMIADV 

 Basic methodology consists of the following five steps: 
 Define the goals of the design activity that are consistent with customer demands and enterprise 

strategy. 
 Measure and identify CTQs (critical to qualities), product capabilities, production process 

capability, and risk assessments. 
 Analyze to develop and design alternatives, create high-level design and evaluate design capability 

to select the best design. 
 Design details, optimize the design, and plan for design verification. This phase may require 

simulations. 
 Verify the design, set up pilot runs, implement production process and handover to process 

owners. 
 

Some people have used DMAICR (Realize). Others contend that focusing on the financial gains 
realized through Six Sigma is counter-productive and that said financial gains are simply 
byproducts of a good process improvement. 

 



Compendium: Management Accounting: Enterprise Performance Management 

 

The Institute of Cost & Works Accountants of India Page 330 
 

6. What are the key roles required for successful implementation of Six Sigma? 
Ans: Six Sigma identifies several key roles for its successful implementation: 

a) Executive Leadership includes CEO and other key top management team members. They are 
responsible for setting up a vision for Six Sigma implementation. They also empower the other 
role holders with the freedom and resources to explore new ideas for breakthrough 
improvements. 

b) Champions are responsible for the Six Sigma implementation across the organization in an 
integrated manner. The Executive Leadership draws them from the upper management. 
Champions also act as mentors to Black Belts. At GE this level of certification is now called 

 
c) Master Black Belts, identified by champions, act as in-house expert coaches for the 

organization on Six Sigma. They devote 100% of their time to Six Sigma. They assist champions 
and guide Black Belts and Green Belts. Apart from the usual rigour of statistics, their time is 
spent on ensuring integrated deployment of Six Sigma across various functions and 
departments. 

d) Experts this level of skill is used primarily within Aerospace and Defense Business Sectors. 
Experts work across company boundaries, improving services, processes, and products for 
their suppliers, their entire campuses, and for their customers. Raytheon Incorporated was 
one of the first companies to introduce Experts to their organizations. At Raytheon, Experts 
work not only across multiple sites, but across business divisions, incorporating lessons 
learned throughout the company. 

e) Black Belts operate under Master Black Belts to apply Six Sigma methodology to specific 
projects. They devote 100% of their time to Six Sigma. They primarily focus on Six Sigma 
project execution, whereas Champions and Master Black Belts focus on identifying 
projects/functions for Six Sigma. 

f) Green Belts are the employees who take up Six Sigma implementation along with their other 
job responsibilities. They operate under the guidance of Black Belts and support them in 
achieving the overall results. 

g) Yellow Belts are employees who have been trained in Six Sigma techniques as part of a 
corporate-wide initiative, but have not completed a Six Sigma project and are not expected to 
actively engage in quality improvement activities. 

 
7. Write a short note on Six Sigma process in Quality Control Process. 
Ans: Six Sigma is a set of practices originally developed by Motorola to systematically improve 

processes by eliminating defects. A defect is defined as non-conformity of a product or service to 
its specifications. 
While the particulars of the methodology were originally formulated by Bill Smith at Motorola in 
1986, Six Sigma was heavily inspired by six preceding decades of quality improvement 
methodologies such as quality control, TQM, and Zero Defects. Like its predecessors, Six Sigma 
asserts the following: 
a) Continuous efforts to reduce variation in process outputs is key to business success 
b) Manufacturing and business processes can be measured, analyzed, improved and controlled 
c) Succeeding at achieving sustained quality improvement requires commitment from the entire 

organization, particularly from top-level management. 

specification. In particular, processes that operate with six sigma quality produce at defect levels 
below 3.4 defects per (one) million oppo
processes to that level of quality or better. 
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8.  
Ans: Five S  Concept: 
  
 SEIRI   - Organization or re-organization. 

SEITON  - Neatness 
SEISO  - Cleaning  
SEIKETSU  - Standardization 
SHITSUKE  - Discipline 

 
1.  SEIRI: 

understood as discard unnecessary things i.e., get rid of waste and put things in such a way as to 
 

2. SEITON: 

things are to be placed so that our working is  
 
3. SEISO: 

cleaning is not restricted merely to the machines, table, kitchen cabinet etc., i.e., whichever we 
have taken up. It should be extended to the entire surroundings. 
 
4. SEIKETSU: 
Seiri, Seiton and Seiso are easy to do once, but it is very difficult to maintain. To maintain, we have 
to standardize the system. Seiketsu is nothing but standardization. In five, S  ensuring 
whatever cleanliness and orderliness have been achieved through Seiri, Seiton and Seiso, they are 
maintained. We should keep a strict control over the situation. 
 
5. SHITSUKE: 
Shitsuke means discipline. Discipline is following a system, which calls for changing from our 
present unsystematic way of adherence to set procedures. Systems function in an orderly manner. 

 
9. What are the different types of Quality Costs?  Briefly discuss the same. 
Ans: Different types of Quality Costs: 

Quality costs can be analyzed under two major categories. 
a) Costs of quality assurance incurred by the manufacturer. 
b)  
Internal Quality Costs 
There is a measure of all costs directly associated with the achievement of complete conformance 
to product quality requirements. These are not just the cost of quality management or inspection 
function. Specifically quality costs are the sum total of 

a) Prevention Costs - (Quality Engineering, Quality planning). 
b) Appraisal Costs - Cost of appraising product for conformance to requirements. 
c) Failure Costs - Costs incurred by failure to conform to requirements. 

User Quality Costs: 
In this approach an attempt is made to determine the costs incurred by the user when the 
purchased materials or equipment has problems. Such non  quality costs can be broadly grouped 
under seven categories as given below: 
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Category of user   Example  Categories of User Quality Costs 
Quality Cost 

 
Cost of repairs   1A   Parts and material for failed items and  

   any associated items which also must be  
   replaced. 

 
1 B   Labour for replacing the failed items and  

   Sociated items. 
 

Cost of effectiveness loss   2 A   Idle direct labour before and during a  
       shutdown and during startup of a process 
 

2 B   Extra defective product made before,  
     during the immediately after process  
     shutdown. 

Cost of maintaining   3 A   Equipment parts and materials 
 extra capacity because 
 of expected failure   3 B   Direct and indirect labour 
 

Cost of damages    4 A   Injuries to personnel 
caused by a failed item   4 B   Training new personnel when a   

       replacement is required. 
 
Lost income    5 A   Profit on production lost during   

    downtime of failed item 
 

10. What is a Quality Circle?  What are the attributes of Quality Circle Concept? 
Ans: Quality Circle: 

Quality Circle is a small group of 6 to 12 employees doing similar work who voluntarily meet 
together on a regular basis to identify improvements in their respective work areas using proven 
techniques for analysing and solving work related problems coming in the way of achieving and 
sustaining excellence leading to mutual upliftment of employees as well as the organisation. It is 

 
 
Attributes of Quality Circle Concept: 
The concept of Quality Circle is primarily based upon recognition of the value of the worker as a 
human being, as someone who willingly activates on his job, his wisdom, intelligence, experience, 
attitude and feelings. It is based upon the human resource management considered as one of the 
key factors in the improvement of product quality & productivity. Quality Circle concept has three 
major attributes: 
a. Quality Circle is a form of participation management. 
b. Quality Circle is a human resource development technique. 
c. Quality Circle is a problem solving technique. 
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11. What are the objectives of Quality Circles? 
Ans: Objectives of Quality Circles: 

The objectives of Quality Circles are multi-faced. 
a)  Change in Attitude. 

 
Continuous improvement in quality of work life through humanisation of work. 

b)  Self Development 
  

People get to learn additional skills. 
c)  Development of Team Spirit 

Individual Vs Team   
Eliminate inter departmental conflicts. 

d)  Improved Organisational Culture 
Positive working environment. 
Total involvement of people at all levels. 
Higher motivational level. 
Participate Management process. 

 
12. Write short note on  Philip Crosby. 
Ans r happen, rather 
than there is no allowable number of errors built into a product or process and that it is to be got right first 
time.  He believes that management should take prime responsibility for quality and worker only follow 
their managers example. 
His four absolute quality management: 

a) Quality is conformance to requirements 
b) Quality prevention is preferable to quality inspection 
c) Zero defects is quality performance standard. 
d) Quality is measured in monetary terms  the price of non- conformance. 

Steps to quality improvement: 

a) Committed to quality. 
b) Creation of quality improvement teams representing all the departments. 
c) Measure processes to determine current and potential quality issues. 
d) Calculate cost of (poor) quality. 
e) Raise quality awareness of all employees. 
f) Take action to correct quality issues. 
g) Monitor progress of quality improvement. 
h) Train supervisions in quality improvement. 
i)  
j) Encourage employees to create their own quality improvement goals. 
k) Encourage employee communication with management about obstacles quality. 
l)  
m) Create quality councils. 
n) Do it all over again  quality improvements does not end. 
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13. List out quality improvement steps conceptualized by Philip Crosby. 
Ans: The following are the ten steps of Quality improvement, as per Philip Crosby: 

a) Management is committed to quality and this is clear to all. 
b) Create quality improvement teams, with representatives from all departments. 
c) Measure processes to determine current & potential quality issues. 
d) Calculate the cost of poor quality. 
e) Raise quality awareness of all employees. 
f) Take action to correct quality issues. 
g) Monitor progress of quality improvement-Establish a zero-defect committee. 
h) Train supervisors in Quality improvement. 
i) Encourage employees to create their own quality improvement goals. 
j)  

 
14. Write a note on Shewhart Cycle. 

Ans: Shewhart Cycle or PDCA or Deming Cycle or Deming wheel or PDSA is explained as follows: 

 
 
 
 
 
 
 
 
 
PLAN: 
Establish the objectives and processes necessary to deliver results in accordance, with the 
specifications. 
 
DO: 
Implement the processes. 
CHECK: Monitor and evaluate the processes and results as agent objectives and specifications and 
report the out come. 
ACT: 
Apply actions to the outcome for necessary improvement. That means reviewing all steps (plan, 
Do, Check, Act) and modifying the process to improve it before its next implementation. 

 
 
 
 
 
 
 
 

Plan 

Check
ck 

 

Do 

Act 
A P 

C D 
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Objective and Bit Questions: 
15. Joseph Juran is an internationally acclaimed _______ , strongly influencing Japanese manufacturing Practices. 
16. The quality Trigology: _______ , _____, _______. 
17. Kaoru Ishikawa led the concept and use of _______. 
18. Total quality control movement with focus on statistical quality control techniques such as ______ and 

______. 
19.  Philip Crosby is an American who promoted the phrases ______ and ______, to quality management. 
20.  
21. d horizontal lines called ______. 
22. PDCA (Plan  Do- Check  Act) is an interactive four-step problem  solving process typically used in _____. 
23. PDCA also known as, ____, ______, ______ or _____ 
24. PDCA was made popular by ______. 
25. The concept of PDCA comes out of the _____ method. 
26. In _______ programs, the PDSA cycle is called DMAIC (Define, Measure, Analyze, Improve, Control). 
27. Shewhart intended that experiments and _____ should be planned to deliver results in accordance with the 

specifications. 
28. _______ was not intended to cover aspects suchas creativity, innovation, invention. 
29. _______ is a people building philosophy, providing self motivation and happiness in improving environment 

without any compulsion or moneotry benefits. 
30. Kaizen is a Japanese term comprising KAI =_________ ZEN = ________. 
31. ________ is a Japanese strategy for continuous improvement. 
32. ______ is a set of practices originally developed by Motorola to systematically improve processes by 

eliminating defects. 
33. _______ was heavily inspired by six preceding decades of quality improvement methodologies such as quality 

control, TQM  and zero defects. 
34. _______ is used to improve an existing business process and DMADV is  used to create new product or 

process designs for predictable, defeat free performance. 
35. In DMAIC, Analyze to verify relationship and _______. 
36. In DMAIC, Improve or optimize the process based upon the analysis using techniques like_____ 
37. EFQM a ______ membership foundation. 

Answer to Objective and Bit Questions: 
15. Quality guru 
16. Quality planning, quality control, Quality Improvement 
17. Quality circle 
18. Control charts and pare to charts, 
19. Right First Time, Zero defects 
20. Statistical Control 
21. Control Limits 
22. Quality Control 
23. Deming Cycle, Shewhart cycle, Deming wheel or plan  Do Study  Act 
24. Dr. W.E. Deming 
25. Scientific 
26. Six sigma 
27. Quality Control 
28. Planning ( In PDCA) 
29. Quality Circle 
30. Change, better 
31. KAIZEN 
32. Six Sigma 
33. Six Sigma 
34. DMAIC 
35. Causality 
36. Design of Experiments 
37. Non profit. 
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PROBLEMS AND SOLUTIONS 

Problem No.1.  

Draw the control charts for  (mean) and R (Range) from the following data relating to 20 samples, 
each of size 5. Only the control line and the upper and lower control limits may be drawn in each chart. 

 
Sample No.   R  Sample No.    R 

1 38.2  15  11 32.6  31 
2 33.8  1  12 22.8  12 
3 24.4  22  13 21.6  29 
4  36.6  24  14 28.8  22 
5  27.4  18  15 28.8  16 
6 30.6  33  16 24.4  19 
7 31.2  21  17 30.4  20 
8 27.0  29  18 25.4  34 
9 24.0  29  19 37.8  19 

10 29.4  18  20 31.4  17 
(For sample of size 5-d2 = 2.326, d3 = 0.864) 
 
Solution: 
 Given sample size   n = 5 
 No. of samples  k = 20 
 

Sample No.  R 
1 38.2 15 
2 33.8 1 
3 24.4 22 
4 36.6 24 
5 27.4 18 
6 30.6 33 
7 31.2 21 
8 27.0 29 
9 24.0 29 

10 29.4 18 
11 32.6 31 
12 22.8 12 
13 21.6 29 
14 28.8 22 
15 28.8 16 
16 24.4 19 
17 30.4 20 
18 25.4 34 
19 37.8 19 
20 31.4 17 

Total 586.6 429 
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 Therefore,    = 586.6 / 20 = 29.33 

     = 429/20   = 21.45 

 Control Limits for   Chart 

 Central Line (C.L)  =  
    = 29.33 
 

 Lower Control Limit (L.C.L) =  
 

 Where   =  

 =  

 

 =  

 
 =  
 Therefore L.C.L  = 29.33  0.5768 (21.45) 
    = 29.33  12.3724 
    = 16.9576 

 Upper Control Limit U.C.L  =  
     =  29.33 + 0.5768 (21.45) 
     = 29.33 + 12.3724 
     = 41.7024 
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 Control Limits for R-Chart: 
 

 Central Line (C.L)  =   
    =  21.45 

 Lower Control Limit (L.C.L) =   

    Where  

      

      

     = 1  1.1143 
     = - 0.1143 

      0  Since negative. 
 
 Therefore L.C.L = 0 x 21.45 = 0 

 Upper Control Limit (U.C.L) =  

 Where  
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   = 1 + 1.1143 
   = 2.1143 
 Therefore U.C.L   = 2.1143 (21.45)  = 45.3517 
 

 
  limits.  
Hence the production process is in the state of statistical quality control. 
 

 
 
 

Problem No.2.  

The following table gives the average daily production figure for 20 months each of25 working days. 
Given that the population standard deviation of daily production is 35 units, draw a control chart for 
the mean. 
 

210  205  210  212  211  209  219  204  212  209 
212  215  208  214  210  204  211  211  203  211 
 

Solution: 
  
 Sample size n = 25 
 No. of samples k = 20 
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Sample No. Sample Mean 
1 210 
2 205 
3 210 
4 212 
5 211 
6 209 
7 219 
8 204 
9 212 

10 209 
11 212 
12 215 
13 208 
14 214 
15 210 
16 204 
17 211 
18 211 
19 203 
20 211 

Total 4200 
 

 Therefore,    = 1 / 20 (4200) = 210 
 

 Central Line C.L =   = 210 
 

 Lower Control Limit L.C.L =   -  
 

 Where  =   

 
 Therefore L.C.L  = 210  0.6 (35) 
    = 210  21 
    = 189 

 Upper Control Limit (U.C.L)  =     
      = 210 + 0.6 (35) 
      =  210 + 21 
      =  231 
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Since all the plotted points lies within the 3  control limits, the process is in the state of 
statistical quality control. 

 

Problem No.3.  

15 Samples of size 4 each were taken and the observed values are given below: 

 Samples  Observed values 
1  32  20  33  6 
2 42  36  52  50 
3  25  15  52  63 
4  22  33  34  23 
5  29  30  27  31 
6  30  34  26  16 
7  34  31  28  34 
8 11  21  20  16 
9  11  22  28  31 
10  36  30  35  26 
11  34  16  37  26 
12  27  36  51  53 
13  26  35  32  37 
14  25  36  37  24 
15  10  28  14  13 
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Calculate UCL and LCL for X Chart and R chart. Also prepare the chart on graph paper. For a sample size 4 
the control factors are  
A2 = 0.729, d2 = 2.059, D3 = 0, D4 = 2.282. 
 
Solution: 
 Given Sample size n = 4 
 No. of samples k = 15 

Sample No. Sample Mean Sample Range 
1 91/4 = 22.75 33 - 6 = 27 
2 180/4 = 45 52-36 = 16 
3 155/4 = 38.75 63  15 = 48 
4 112/4 = 28 34  22 = 12 
5 117/4 = 29.25 31  27 = 4 
6 106/4 = 26.5 34  16 = 18 
7 127/4 = 31.75 34  28 = 6 
8 68/4 = 17 21  11 = 10 
9 92/4 = 23 31  11 = 20 

10 127/4 = 31.75 36  26 = 10 
11 113/4 = 28.25 37  16 = 21 
12 167/4 = 41.75 53  27 = 26 
13 130/4 = 32.5 37  26 = 11 
14 122/4 = 30.5 37  24 = 13 
15 65/4 = 16.25  28  10 = 18 

Total 443 260 
 

 We have ,    = 443/15 = 29.5333 
 

     = 260 / 15 = 17.3333 
 

 Control Limits for  
 
 Central Line C.L =          = 29.5333 
 
 Lower Control Limit (L.C.L)  =   
     =  29.5333  0.729 (17.3333) 
     =  29.5333  12.6360 
     =  16.8973 
 
 

 Upper Control Limit (U.C.L) =  
     = 29.5333 + 0.729 (17.3333) 
     = 29.5333 + 12.6360 
     = 42.1693 
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 Control Limits for R  Chart 
 Central Line (C.L)  =  =  17.3333 

 Lower Control Limit (L.C.L) =  
     = 0 x 17.3333 
     = 0 
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 Upper Control Limit (U.C.L)  =  
     = 2.282 (17.3333) 
     = 39.5546 
 

 
From - chart we observe that the 15th samples lies below L.C.L and 2nd samples goes outside 
U.C.L.  Hence the production process is not in control w.r.t.  chart. 

 
From R  Chart we observe that the 3rd sample lies above U.C.L.  So the production process is not 
in control w.r.t to R  Chart. 

 
Therefore, we infer that the entire production process is not in the state of Statistical Quality. 
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Problem No.4.  

The following table gives the result of inspection of 20 samples of 100 items each taken in 20 working 
days. 

 
Draw a P-chart. What conclusion do you draw from the chart about the process? 
 

Sample number  No. of defectives  Sample number  No. of defectives 
1 6 11 10 
2 2 12 4 
3 4 13 6 
4 1 14 11 
5 20 15 22 
6 6 16 8 
7 10 17 0 
8 19 18 3 
9 4 19 23 

10 21 20 10 
 
Solution: 
 Given sample size n = 100 
 

Sample No. di pi = di/100 
1 6 0.06 
2 2 0.02 
3 4 0.04 
4 1 0.01 
5 20 0.2 
6 6 0.06 
7 10 0.1 
8 19 0.19 
9 4 0.04 

10 21 0.21 
11 10 0.1 
12 4 0.04 
13 6 0.06 
14 11 0.11 
15 22 0.22 
16 8 0.08 
17 0 0 
18 3 0.03 
19 23 0.23 
20 10 0.1 

Total -- 1.90 

 We have  = 1.9/20 = 0.095 
  = 1 -  = 0.905 
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 chart are  

 

Therefore Central Line C.L =     = 0.095 

Lower Control Limit (L.C.L) =  
     =  

     =  0.095  0.08797 
     = 0.00703 

Upper Control Limit (U.C.L) =   

=  
 

     =  0.095 + 0.08797 
     = 0.18297 
 

 
  limits.  

Hence the production process is not in the state of statistical quality  control. 



Compendium: Management Accounting: Enterprise Performance Management 

 

The Institute of Cost & Works Accountants of India Page 347 
 

Problem No.5.  
The following table gives the result of inspection of 20 samples of 100 items each taken on 20 working 
days. Draw a P-chart. What conclusion would you draw from the chart? 

 
Sample No.  1  2  3  4  5  6  7  8  9  10 
No. of defectives  9  17  8  7  12  5  11  16  14  15 
Sample No.  11  12  13  14  15  16  17  18  19  20 
No. of defectives  10  6  7  18  16  10  5  14  7  13 

 
Solution: 
 
 Given sample size n = 100 
 

Sample No. di pi = di/100 
1 9 0.09 
2 17 0.17 
3 8 0.08 
4 7 0.07 
5 12 0.12 
6 5 0.05 
7 11 0.11 
8 16 0.16 
9 14 0.14 

10 15 0.15 
11 10 0.10 
12 6 0.06 
13 7 0.07 
14 18 0.18 
15 16 0.16 
16 10 0.10 
17 5 0.05 
18 14 0.14 
19 7 0.07 
20 13 0.13 

Total -- 2.20 
 

We have  = 2.2/20 = 0.11 
  = 1 -  = 0.89 

 chart are  

 

Therefore Central Line C.L =     = 0.11 
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Lower Control Limit (L.C.L) =  
 

     =  
 
     =  0.11  0.09387 
 
     = 0.01613 
 

Upper Control Limit (U.C.L) =   

 

=  
 

     =  0.11 + 0.09387 
 
     = 0.20387 
 

 
  limits.  

Hence the production process is in the state of statistical quality control. 
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Problem No.6.  
The following table gives the result of inspection of 20 samples of 100 items each taken on working 
days. Draw a P-chart. What conclusion would you draw from the chart? 

 
Sample No.  1  2  3  4  5  6  7  8  9  10 
No. of Defectives  0  2  4  6  6  4  0  2  4  8 
Sample No.  11  12  13  14 15  16  17  18  19  20 
No. of Defectives  8  0  4  6  14  0  2  2  6  2 

Solution: 
 
 Given sample size n = 100 
 

Sample No. di pi = di/100 
1 0 0 
2 2 0.02 
3 4 0.04 
4 6 0.06 
5 6 0.06 
6 4 0.04 
7 0 0 
8 2 0.02 
9 4 0.04 

10 8 0.08 
11 8 0.08 
12 0 0 
13 4 0.04 
14 6 0.06 
15 14 0.14 
16 0 0 
17 2 0.02 
18 2 0.02 
19 6 0.06 
20 2 0.02 

Total -- 0.80 
 

We have  = 0.8/20 = 0.04 
  = 1 -  = 0.96 

 chart are  

 

Therefore Central Line C.L =     = 0.04 
 

Lower Control Limit (L.C.L) =  
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     =  
 
     =  0.104  0.05879 
 
     = - 0.01879  0 
 

Upper Control Limit (U.C.L) =   

 

=  
 

     =  0.04 + 0.05879 
 
     = 0.09879 
  

 
 
 

 We observe that from P chart the 15th sample value lies above U.C.L.  Hence the 
 production process is not in the state of statistical quality control. 
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Problem No.7.  

control chart for the number of defects. 
No. of Defects  0  1  2  3  4  5  6 
No. of carpets having specified No. of Defects 0  1  2  4  3  5  3 

 
Solution: 
 

X f fx 
0 0 0 
1 1 1 
2 2 4 
3 4 12 
4 3 12 
5 5 25 
6 3 18 

Total 18 72 
 

 Therefore  

 
The 3  control limits for C-chart are  

 
 Where  =  
 
 Therefore, Central Line (C.L) =  = 4 
 

Lower Control Limit (L.C.L)  =  

     = 4 -  
     = 4  3.2 
     = 4  6 
     = - 2       0 
 

Upper Control Limit (U.C.L)  =  

     = 4 +  
     = 4 + 6 
     = 10 
 
 We observe from the C-  limits. Hence 
 the production process is in the state of statistical quality control. 
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Problem No.8.  
Construct both  and R chart from the following data assuming each sub-group contains four samples: 

Sub-group number  R Sub-group number  R 
1 6.36 0.10 11 6.32 0.18 
2 6.38 0.18 12 6.30 0.10 
3 6.35 0.17 13 6.34 0.11 
4 6.39 0.20 14 6.39 0.14 
5 6.32 0.15 15 6.37 0.17 
6 6.34 0.16 16 6.36 0.15 
7 6.40 0.13 17 6.35 0.18 
8 6.33 0.18 18 6.35 0.13 
9 6.37 0.16 19 6.34 0.18 

10 6.33 0.13 20 6.34 0.16 
The constant values are given below: 

Sub-group size A2 D3 D4 

2 1.88 0 3.27 
3 1.02 0 2.57 
4 0.73 0 2.28 
10 0.31 0.22 1.78 

Only control limits are to be calculated. 
 
Solution:  Given sample size n = 4;  No. of samples k = 20 
 

Sub-Group No.  R 
1 6.36 0.10 
2 6.38 0.18 
3 6.35 0.17 
4 6.39 0.20 
5 6.32 0.15 
6 6.34 0.16 
7 6.40 0.13 
8 6.33 0.18 
9 6.37 0.16 

10 6.33 0.13 
11 6.32 0.18 
12 6.30 0.10 
13 6.34 0.11 
14 6.39 0.14 
15 6.37 0.17 
16 6.36 0.15 
17 6.35 0.18 
18 6.35 0.13 
19 6.34 0.18 
20 6.34 0.16 

Total  127.03 3.06 
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We have    = 127.03/20 = 6.3515 
     = 3.06/20   = 0.153 
 

Control Limits for     Chart 
 

 Central Line (C.L)  =  
    = 6.3515 
 

 Lower Control Limit (L.C.L)  =  
     = 6.3515  0.73 (0.153) 
     = 6.3515  0.1117 
     = 6.2398 
 
 

 Upper Control Limit (U.C.L) =  
     = 6.3515 + 0.73 (0.153) 
     = 6.3515 + 0.1117 
     = 6.4632 
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 Control Limits for R-Chart: 
  

 Central Line (C.L)  =   
    =  0.153 
 

 Lower Control Limit (L.C.L) =  
     = 0 x 0.153 
     = 0 

 

Upper Control Limit (U.C.L) =  
     = 2.28 x (0.153) 
     = 0.3488 

 

We observe that in both  chart and R chart all 
limits.  Hence the production process is in the state of Statistical Quality Control. 
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7 
OBJECTIVE AND BIT QUESTIONS FROM ALL CHAPTERS 

1. A company has the following budget based on orders from home market: 
 Rs Rs 
Sales (2000 units)  10,000 
Cost of Sales   
Direct Material 1,000  
Direct Labour 4,000  
Variable Overhead 1,000  
Fixed Overhead 3,000 9,000 
  1,000 

At this level of output, the company has spare capacity and it is therefore planning to develop export 
market.  It believes that it will be able to sell an additional 750 units  the limit of its production due to 
a shortage of raw materials.  No additional fixed costs would be incurred and selling price and variable 
costs per unit would be the same as for the home market. 
Before launching its export campaign, however, the company is approached by a home buyer who 
wishes to purchase 200 deluxe models which twice as much materials as the standard model. What is 
the minimum price which should be charged if this order is accepted? 

2. An investment in new machinery is being considered. The machine will cost Rs. 40,000 and will last for 
seven years. It is expected to yield savings in raw material cost of Rs. 4,000 p.a. (due to lower wastage) 
and it is hoped also to achieve labour savings of Rs. 7,000 p.a., however the arrangement have not yet 
been discussed with the trade union. The com  

What percentage change in the estimated labour savings will render the project not viable? Given 
that the present value of an annuity for 7 years at 12% = Rs. 4.564. 

3. The annual demand for an item of raw material is 3,000 units and the purchase price is Rs. 100 per 
unit.  The incremental cost of processing an order is Rs. 150 and the carrying cost per annum is 10 per 
unit.  What is the optimal order quantity and the total relevant cost of this order quantity? 

4. Star Bicycle Compa
a price tag Rs. 899. Like all other players in the industry, Star too was running under capacity.  The 
manufacturing cost of these cycles was-material Rs. 300, labour Rs. 200 and Manufacturing Rs. 300, 
40% of the manufacturing cost was variable. General and administration expenses were 50% of labour 
cost. 

chain store at a price of Rs. 800.  The brand will be exclusive for the chain stores as they will 
mart 

mart  changes.  To 

 
You are required to calculate the relevant 
capital of Star Co. is 15%. 

5. ABC Ltd. Initiated a quality improvement program at the beginning of the year.  Efforts were made to 
reduce the number of defective units produced. By the end of the year, reports from the production 
manager revealed that scrap and rework had both decreased.  Though pleased with the success, the 
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President of the company wanted some assessment of the financial impact of the improvements. To 
make this assessment, the following financial data were collected for the current and preceding year: - 
 Preceding Year (2001-2002) Current Year (2002-2003) 
 Rs Rs 
Sales 1,00,00,000 1,00,00,000 
Scrap 4,00,000 3,00,000 
Rework 6,00,000 4,00,000 
Product inspection 1,00,000 1,25,000 
Product warranty 8,00,000 6,00,000 
Quality training 40,000 80,000 
Materials inspection 60,000 40,000 

You are required to: - 
i) Classify the costs as prevention, appraisal, internal failure, or external failure 
ii) Compute the profit that has increased because of quality improvements? 

6. A company has forecast sales and cost of sales for the coming year as Rs. 25 lakhs and Rs. 18 lakhs 
respectively. 

The inventory turnover has been taken as 9 times per year.  In case the inventory turnover 
increases to 12 times and the short term interest rate on working capital is taken as 10%, what will 
be saving in cost? 

7. Given the projects: 
 t0 t1 t2 NPV 
A -100 -200 +50 +40 
B -150 +70 +70 +20 
C -200 -120 -30 +50 

External capital is limited to 190 at t0, 110 at t1 and zero at t2. 
Formulate the problem into an LP, assuming projects are divisible. 
Cash generated from these investments can be reinvested in other projects in the same year. 

8. A company has the capacity of production of 80,000 units and presently sells 20,000 units at Rs. 100 
each. The demand is sensitive to selling price and it has been observed that with every reduction of Rs. 
10 in selling price the demand is doubled.  What should be the target cost at full capacity if profit 
margin on sale is taken as 25%? 

9. If the direct labour cost is reduced by 20% with every doubling of output, what will be the cost of 
labour for the sixteenth unit produced as an approximate percentage of the cost of the first unit 
produced? 

10. The operating costs of a department over a five-year period were as follows: 
Year Cost Index Rs Hours worked 
1 100 32,250 8,625 
2 115 36,593 8,410 
3 120 39,888 9,120 
4 130 42,406 8,810 
5 134 40,602 7,650 

Estimated cost for year 6 when the cost index will be 140 and hours worked will be 8,720. 
11. A division of a company employs capital of Rs. 2 million and its return on capital is 12%.  It is 

considering a new project requiring fresh capital of 5,00,000 and expected to yield profits of Rs. 90,000 
If the new project is implemented, what will be 
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12. When the time taken by the first unit is 10 hours and the learning rate is 80%, the average time taken 
for each of 20 units produced would be? 

13. A Ltd., which manufactures small electronic circuits, has a capacity to produce 4 lakh units.  The market 
demand is sensitive to the sale price and it has been estimated that the company could sell 1 lakh units 
when the price is Rs. 50 per circuit.  Thereafter the demand would double for each Rs. 5 fall in the 
selling price.  The company expects a minimum margin of 25%, what will be the target cost of the 
company to sell at full capacity? 

14. The budgeted sales and cost of sales of Rahaman Brother for the coming year are Rs. 15 and Rs. 10 crores 
respectively.  The current level of inventory turnover is 5 times.  Considering that the inventory is financed 
at an average cost of 10% p.a. What will be the expected cost saving for the budget period by doubling 
inventory turnover. 

15. A company determines its selling price by marking up variable costs 60%.  In addition, the company 
uses frequent selling price mark down to stimulate sales.  If the mark down average 10%, what is the 

 
16. B Ltd. Has earned net profit of Rs. 1 lakh, and its overall P/V ratio and margin of safety are 25% and 50% 

respectively.  What is the total fixed cost of the company? 
17. B Ltd. Which manufactures components for VCD, has a capacity to produce 4 lakh units.  The market 

demand is sensitive to the sale price and the company could sell 1 lakh units at a price of Rs. 50 each. 
The demand thereafter would double for each Rs. 5 per unit fall in the selling price. The company 
expects a minimum margin of 25%.  What would be the target cost of the company to sell at full 
capacity utilization? 

18. A company issues commercial paper for Rs. 2 crore with a maturity period of 90 days. The interest rate is 
12% p.a. What is the net amount received by the company? 

19. If back orders can be taken (at an added cost per item back ordered) 
A) EOQ will decrease 
B) EOQ will increase 
C) Lead time will decrease 
D) No change will occur.  Back orders do not affect the EOQ model 

20. Which of the following would decrease unit contribution margin the most? 
A) 15% decrease in selling price 
B) 15% increase in variable costs 
C) 15% decrease in variable costs 
D) 15% decrease in fixed costs 

21. When allocating service department costs to production departments, the method that does not 
consider different cost behavior patterns is the 

A) Step method 
B) Reciprocal method 
C) Single-rate method 
D) Dual-rate method. 

22. The information relating to the direct material cost of a company is as under: 
 Rs 
Standard price per unit 3.60 
Actual quantity purchased in units 1,600 
Standard quantity allowed for actual production in units 1.450 
Material price variance on purchase (favourable) 240 

What is the actual purchase price per unit? 
23. A company has 2,000 units of an absolute item which are carried in inventory at the original purchase 

price of Rs. 30,000.  If these items are reworked for Rs. 10,000, they can be sold for Rs. 18,000.  
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Alternatively, they can be sold as scrap for Rs.3,000 in the market.  In a decision model used to analyze 
the reworking proposal, the opportunity cost should be taken as 

24. A company produces two joint products, P and V. In a year, further processing costs beyond split-off 
point spent were Rs. 8,000 and Rs.12,000 for 800 units of P and 400 units of V respectively.  P sells at 
Rs. 25 and V sells at Rs. 50 per unit.  A sum of Rs. 9,000 of joint cost were allocated to product P based 
on the net realization method.  What were the total joint cost in the year? 

25. A company is to market a new product.  It can produce up to 1,50,000 units of this product.  The 
following are the estimated cost data: 

 Fixed Cost Variable Cost 
For production up to 75,000 units Rs. 8,00,000 60% 
Exceeding 75,000 units Rs. 12,00,000 50% 

Sale price is expected to be Rs. 25 per unit. 
How many units must the company sell to break even? 
26. The following details relate to two competing companies, Alps and Himalayas, for identical projects: 

i) The net present value (NPV) of Alps is Rs. 20,000 and its internal rate of return (IRR) is 18%. 
ii)  

Year  
0 (450) 
1 300 
2 200 
3 100 

And its cost of capital is 15%. 
Which one of the following combinations is correct concerning the NPV and the IRR of the two projects? 

Projects 
Alps Himalayas 
A) Higher NPV Higher IRR 
B) Higher NPV Lower IRR 
C) Lower NPV Higher IRR 
D) Lower NPV Lower IRR 

27. Nulook Ltd. Uses a JIT system and back flush accounting.  It does not use a raw material stock control 
account  During May, 8000 units were produced and sold.  The standard cost per unit is Rs. 100; this 
includes materials of Rs. 45.  During May, Rs. 4,80,000 of conversion costs were incurred. 

The debit balance on cost of goods sold account for May was 
A) Rs. 8,00,000 
B) Rs. 8,40,000 
C) Rs. 8,80,000 
D) Rs.9,20,000 

28. A concern sells three products. The budgeted fixed cost for the period is R. 6,00,000.  The budgeted 
contribution to sales ratio (C/S  ratio) and the sales mix are as under 

Product C/S ratio Mix 
Super 25% 20% 
Premium 40% 40% 
Best 30% 40% 

What is the Break Even sales revenue? 
A) Rs. 30,10,181 
B) Rs. 15,23,312 
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C) Rs. 18,18,181 
D) Rs. 17,60,500 

29. The selling price of product P is set at Rs. 1,500 for each unit and sales for the coming year are 
expected to be 500 units. 

If the company requires a return of 15% in the coming year on its investment of Rs. 15,00,000 in 
product P.  The TARGET cost for each unit for the coming year is. 

A) Rs. 930 
B) Rs. 990 
C) Rs. 1,050 
D) Rs.1,110 

30. A company makes and sells a single product.  The selling price and marginal revenue equations are: 
Selling price = Rs. 50  Re. 0.001X 
Marginal revenue = Rs. 50  Re. 0.002 X 
Where X is the product the company makes. The variable costs amount to Rs. 20 per unit and the 
fixed costs are Rs. 1,00,000. 
In order to maximize the profit, the selling price should be  
A) Rs. 25 
B) Rs. 30 
C) Rs. 35 
D) Rs. 40 

31. A company produces two products, X and Y, which pass through two production processes, P and Q.  
The time taken to make each product in each process is: 

 Product X Product Y 
Process P 6 mins 10 mins 
Process Q 20 mins 15 mins 

The company offers a 16 hour day and the process have an average down time each day of  

Process p 3 hours 
Process Q  2 hours 

The cost and revenue for each unit of each product are: 

 Product X Rs. Product Y 
Rs. 

Direct Material  15 15 
Direct labour 17 12 
Variable O H 8 6 
Fixed Costs 8 6 
Total Cost 48 39 
Selling price 90 80 

Sales demand restricts the output of X and Y to 40 and 60 units a day respectively. 
The daily production plan that would maximize the THROUGHPUT contribution is: 

a) 40 units of X 
b) 36 units of X and 4 units of Y 
c) 34 units of X and 5 units of Y 
d) 56 units of Y 

 
32. The total cost of manufacturing a component is as under at a capacity of 50,000 units of production 
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 Rs 
Prime cost 10.00 
Variable overheads 2.40 
Fixed Overheads 4.00 
 16.40 

The selling price is Rs. 21 per unit.  The variable selling and administrative expenses is 60 paise per 
component extra. During the next quarter only 10,000 units can be produced and sold.  Management 
plans to shut down the plant estimating that the fixed manufacturing cost can be reduced to Rs. 74,000 
per quarter. When the plant is operating, the fixed overheads are incurred at a uniform rate 
throughout the year. Additional costs of plant shutdown for the quarter are estimated at Rs. 14,000. 
The shut down point for the quarter in units of product will be  
a) 25,000 
b) 14,000 
c) 11,000 
d) 20,000 

33. Division J of NZ Ltd. produced the following results in the last financial year: 
  
Net Profit 720 
Capital employed in fixed assets 3,000 
Capital employed: net current assets 200 

For performance appraisal purposes, all divisional assets are valued at original cost.  The division is 
considering a project which will increase annual net profit in Rs. 50,000 that will required average stock 
levels to increase by Rs. 60,000 and fixed assets to increase by Rs. 2,00,000. 
NZ Ltd imposes a 16% capital charge on its divisions. Given these circumstances, will the appraisal criteria 
Return on Investment (ROI) and Residual Income (RI) motivate division? J management to accept the 
project? 

 ROI RI 
A YES YES 
B YES NO 
C NO NO 
D NO YES 

34. A company manufactures two products using common material handling facility.  The total budgeted 
material handling cost is Rs. 60,000.  The other details are: 

 Product X Product Y 
Number of units produced 30 30 
Material moves per product line 5 15 
Direct labour hour per unit 200 200 

Under activity based costing system the material handling cost to be allocated to product X (per unit) would 
be: 

A) Rs. 1,000 
B) Rs. 500 
C) Rs. 1,500 
D) Rs. 2,500 
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35. When a manager is concerned with monitoring total cost, total revenue, and net profit conditioned 
upon the level of productivity, an accountant should normally recommend. 

 Flexible Budgeting Standard Costing 
A Yes Yes 
B Yes No 
C No Yes 
D No No 

36. -or-buy-decision 
A) Depends on whether the company is operating at or below normal volume 
B) Involves an analysis of avoidable costs 
C) Should use absorption (full) costing 
D) Should use activity-based-costing 

 
37. A company operates throughput accounting system.  The details of product X per unit are as under. 

Selling Price Rs. 50 
Material Cost Rs. 20 
Conversion cost Rs. 15 
Time on bottleneck resources 10 minutes 

The return per hour for product X is 
A) Rs. 210 C) Rs. 300 
B) Rs. 180 D) Rs. 90 

38. A firm engaged in the profession of rendering software services provides three different kinds of 
services to its clients. The following are the data relating to these services. 

Types of services A B C 
 Rs./job Rs./job Rs./job 
Annual fee 3,000 2,400 1,800 
Annual variable costs 1,350 800 810 
Annual fixed costs 600 320 225 

The total annual fixed costs are budgeted at Rs. 5,74,200 and none of these costs are specific to any type of 
service provided by the firm. 
The firm has estimated the number of service contracts to be sold in the next year in the proportion of 20%, 30% 
and 50% respectively for the three types of services namely A, B and C. 
The annual revenue needed by the firm to break even is  

A) Rs. 3,16,800 C) Rs. 5,74,200 
B) Rs. 9,76,800 D) Rs. 7,20,000 

39. A company has estimated the selling prices and the variable costs of one of its products as under: 
Selling Price (per unit) Variable costs (per unit) 
Probability Rs Probability Rs 
0.25 60 0.25 30 
0.45 75 0.40 45 
0.30 90 0.35 60 

The company will be able to produce and sell 4,000 units in a month irrespective of the selling price.  The 
selling price and variable cost per unit are independent of each other.  The specific fixed cost relating to this 

 
A) 0.2525 C) 0.3825 
B) 0.4512 D) 0.3075 
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40. The current price of a product is Rs. 8,000 per unit and it has been estimated that for every Rs. 200 per 
unit reduction in price, the current level of sale, which is 10 units, can be increased by 1 unit.  The 
existing capacity of the company allows a production of 15 units of the product.  The variable cost is Rs. 
4,000 per unit for the first 10 units, thereafter each unit will cost Rs. 400 more than the preceding one. 
The most profitable level of  output for the company for the product will be 

A) 11 units C) 13 units 
B) 12 units D) 14 units 

41. In calculating the life cycle costs of a product, which of the following items would be included? 
i) Planning and concept design costs 
ii) Preliminary and detailed design costs 
iii) Testing costs 
iv) Production costs 
v) Distribution costs 

A) All of the above C) ii), iv) and v) 
B) iv) and v) D) iv) 

42. Market research has revealed that the maximum demand lies for products X and Y.  the standard 
variable costs per unit of the products are as follows: 

 X (Rs) Y(Rs) 
Materials (Rs 40 per Kg) 200 160 
Other variable costs 400 440 
Total variable costs 600 600 

The Management Accountant determined the optimal production plan by using graphical linear 
programming.  He noticed that the optimal plan was given at any point on the part of the feasible region 
that was formed by the constraint line for the availability of materials. 
If the selling price of Product X is Rs. 1,000, the selling price of Product Y is (Rs) 

(A) 800 
(B) 860 
(C) 920 
(D) 980 

43. A company which sells three products furnishes the following sales information for November, 2006: 
 

 Budgeted Actual 
 Units Price/unit Units Price/unit 
X 200 50 210 52 
Y 300 25 330 24 
Z 500 18 440 19 

The Expected size of the market was 5,000 units and the size of the market for November, 2006 was 5,300 
units. 
The market share variance and sales mix variance are: 

 Market share variance 
Rs. 

Sales mix variance 
Rs. 

A 1,590 F 2,120 A 
B 170 F 1,590 F 
C 2,120 A 700 F 
D 530 A 1,420 A 
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44. A company is preparing a quotation for a new product.  The time taken for the first unit is 30 hours.  
The company expects 85% learning curve (index is  0.2345).  The company desires that the quotation 
should be based on the time taken for the final output within the learning period which is expected to 
end after the company has produced 200 units. 

The time per unit of product to be used for the quotation is: 
A 13.34 hours 
B 25.50 hours 
C 30.00 hours 
D 6.67 hours 

 
45. The normal capacity of a company is 5,000 units of product P per month.  The company planned to 

produce an output of 4,800 units in November 2006 and accordingly prepared the following budget of 
expenses: 

 Rs 
Variable direct costs 48,000 
Variable production overheads 19,200 
Fixed Production overheads 40,000 
Total 1,07,200 

The company had an opening stock of 400 units on 1st November 2006 and at the November 2006, the 
closing stock was 600 units. The selling price is Rs. 25 per unit.  The actual output produced and fixed costs 
incurred during November 2006 were same as budgeted.  There is no change in the rate of variable costs. 
The profit for November 2006 as per absorption costing method is: 

A Rs. 3,200 lower than under marginal costing method 
B Rs. 1,600 higher than under marginal costing method 
C Equal to the profit under marginal costing method 
D Rs. 4,800 higher than under marginal costing method 

46. If the time taken to produce the first unit of a product is 4000 hrs, what will be the total time taken to 
produce the 5th to 8th unit of the product, when a 90% learning curve applies? 

a) 10,500 hours 
b) 12,968 hours 
c) 9,560 hours 
d) 10,368 hours 

47. In a process, three raw materials are mixed together to produce a product.  The standard mix of inputs 
required to produce 160 kgs of finished product is as under: 

Raw Material Kgs Price/Kg (Rs) 

A 100 150 
B 60 200 
C 40 250 

During May 2007, the company produced 920 Kgs of output and the actual consumption of raw materials is 
as under: 

Raw Material Kgs Price/Kg (Rs) 

A 595 140 
B 330 212 
C 255 270 

The material yield and mix variances respectively for May, 2007 are 
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a) Rs. 5,550 (A) and Rs. 8,000 (A) 
b) Rs. 700 (F) and Rs. 5,500 (A) 
c) Rs. 5,550 (A) and Rs. 700 (A) 
d) Rs. 11,500 (A) and Rs. 1,180 (F) 

 
48. A company proposes to undertake a capital project. The life of the project is 4 years and the annual 

cash inflows are estimated at Rs. 40,000.  The internal rate of return of the project is 15% and the 
cumulative present value factor for 15% for 4 years is 2.855.  The profitability index is 1.064. 

The nest present value of the project is 
A) Rs. 7,309  B) Rs. 10,000  C) Rs. 10,000  D) Rs. 14,200 

49. Back flush costing is most likely to be used when 
a) Management desires sequential tracking of costs 
b) A Just-in-Time inventory philosophy has been adopted 
c) The company carries significant amount of inventory 
d) Actual production costs are debited to work-in-progress. 

50. A particular job requires 800 kgs of a material.  500 kgs of the particular material is currently in stock.  
The original price of the material was Rs. 300 but current resale value of the same has been 
determined as Rs. 200.  The current replacement price of the material is Re. 0.80 per kg. 

A) Rs. 640 B) Rs. 440 C) Rs. 300 D) Rs. 540 
51. A company presently sells 90,000 units of a product at a price of Rs. 100 per unit.  The variable cost of 

the product is Rs. 42 per unit.  The annual fixed costs amount to Rs. 24 lacs. 

Sales quantity Probability 

100000 units 0.45 

120000 units 0.55 

The finance director has stated that at either of the aforesaid higher sales and production levels, the 
variable cost per unit with the associated probability of it occurring will be as under: 

Variable cost per unit Probability 

Rs. 40 0.40 

Rs. 36 0.60 

The probability that the reduction of selling price to Rs. 90 will increase the overall profit will be: 
A: 0.82  B: 0.21   C: 0.25   D: 0.18 
52.   Appliances Division of a company has reported an annual operating profit of Rs. 402 lacs after 

charging Rs. 60 lacs of full cost of launching a new product that is expected to last three years.  The risk 
adjusted cost of capital of the Appliances Division is 11% and the division is paying interest on 
substantial bank loan at 8%.  The historical cost of the division as per its balance sheet is Rs. 1000 lacs 
and the replacement cost is estimated at Rs. 1,720 lacs. 

Ignore taxation. 
The EVA of the Appliances Division in lacs of rupees is: 
A: 308   B: 309.6  C: 332  D: 252.8 
53.  A company has developed a new product and just completed the manufacture of the first four units of 

the product.  The first unit took 3 hours to manufacture and the first four units together took 8.3667 
hours to produce. The learning curve rate is: 

A: 69.5%  B: 59.6%  C: 75.0%  D: 83.5% 
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54.  Zee Ltd., is preparing its annual Profit plan.  As part of its analysis of the Profitability of individual 
products, the accountant estimates the amount of overhead that should be allocated to the individual 
product lines from the information given below: 

 Wall Mirrors Specialty Windows 
Unit Products 25 25 
Material moves / Product line 5 15 
Direct labour hrs./units 200 200 

Budgeted material handing costs Rs. 50,000 
Under Activity  Based  Costing (ABC), the material handling costs allocated to one unit of Wall mirrors 
would be: 
A) Rs. 100  B) Rs. 500  C) Rs. 1,500  D) Rs. 2,500 
55. A mobile phone manufacturer, Siemens Ltd., is planning to introduce a new mobile phone.  The 

potential market over the next year is 10,00,000 units. 
Siemens Ltd. has the capacity to produce 4,00,000 units and could sell 1,00,000 units at a price of Rs. 50.  
Demand would double for each Rs. 5 fall in the selling price. 
The Company has an 80% cost experience curve for similar products.  The cost of the first batch of 1000 
phones was Rs. 1,03,000. 

 
A) Rs. 40  B) Rs. 30  C) Rs. 32  D) Rs. 37.50 
 
State whether the statements from Q.No.56 to Q.No.69 True or False. 
56. It is appropriate to view the 

the customer of the previous ling 
57. One of the goals JIT seeks to achieve is batch sizes of one. 
58. Examples of value added and non-

respectively. 
59. 

right time in the quantity. 
60. 

conforming with quality of requirements. 
61. A balanced score card studies the performance of management by comparing a financial achievement 

with the amount spent thereon. 
62. While using a matrix method, in the event of close-down of a service centre (say, own generated 

electricity) the number of units of service number of units produced internally by the diagonal element 
of the concerned service. In the inverse of the matrix 

63. Safety stock is that level of stock that is stored in fire-proof insurable storage. 
64. Differential cost decision excludes fixed cost and qualitative factors. 
65. Back Flash Accounting compares profit with the cost of producing a product. 
66. EVA encourages short-term performance. 
67. The useful purpose that budgets seek to serve include coordinating the activities of the various parts of 

the organization and ensuring that the parts are in harmony with each other. 
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68. to convert the assignment problem into a maximization problem, all elements of the matrix are 
deducted from the highest element in the matrix. 

69. In a  
 
State the correct answer in each of the following statements by writing only the capital letter given 
under it: 
70. Synergy is often expressed as 

A. 2+2 is 5 
B. 2+2 is 4 
C. 2+2 is < 4 
D. 2+2 is > 4 

71. Control in management parlance consists of five actions 
1. Planning; 
2. Comparison of achievement of plan; 
3. Assessment of deviations; 
4. Corrective action for mismatch of performance with the plan; 
5. Execution 
The correct sequence of these activities is 

A. 1-2-3-4-5 
B. 1-5-3-4-2 
C. 1-4-5-3-2 
D. 1-5-2-3-4 

72. The Basic problems in design of organization structure are 
1. Ensuring functional excellence; 
2. Ensuring coordination; 
3. Ensuring sense of belonging; 
4. Ensuring Control. 
As a matter of fact, the problems are 

A. 1+2+3+4 
B. 1+2 
C. 1+2+4 
D. 2+3+4 

73. The formula suggested by E.H.Bowman for optimum production rate P1 for a period is  
A. aWt-1 + blt-1 + cFt+1 +K 
B. aWt-1 - blt-1 + cFt+1 +K 
C. aWt-1 - blt-1 - cFt+1 +K 
D. aWt-1 - blt-1 - cFt+1 +K 

 
Where Wt-1 = the workforce in the previous period. 
Ft+1 = the forecast of demand for the next period 
a,b,c K are constants the values whereof are obtained by using regression analysis. 
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74. The theory of constants, as developed by Dr. Goldratt, evaluates performance by three measures, viz, 
Throughput (T), Inventory (I), and operating expense (O) Of these measures, the most important one is 

A. T as it focuses on sales 
B. I as it puts a zero value on unsold inventory 
C. O as it aims a reducing operating expense 
D. T, I and O in a judicious combination, as they are separate but interrelated process and 

concepts to increase return on investment and cash flow. 
State which of the two words given in brackets should better fill in the gap in each of the following 
statements: 
75. ? (Capacity/Production) 
76. Data mining, or the process of analyzing empirical data, allows for the of the information. 

(interpolation / extrapolation) 
77. can help users to locate and view information faster. (Internets/Intranets) 
78. 

(explosion / inclusion) 
79. The central focus of distribution is to increase the officiency of time, place and utility. 

(customer / delivery) 
 
State if each of the following statements is T (True) or (False): 
80. Value Analysis (VA) process is a less important tool than Function analysis System Technique 

(FAST).  
81. 

wealth value.  
82. Internal quality costs consist of Preventive costs, appraisal costs, and Failure costs.  
83. The phrases  right first time or zero defects  were promoted by the Japanese quality expert Kaoru 

Ishikawa  
84. The BSC (Balanced Scorecard) puts more stress on financial parameters than on non-financial 

parameters since its objective is the growth of the organization.  
85. Match the items in Group X with the relevant items in Group Y, using filure mode and effects 

Analysis (FMEA) 

Group X Group Y 
i) A Top  down analysis a)  
ii) B Bottom  up analysis b) FEMAs are done on smallest price first 
iii) C Component analysis c) FMEAs are done on physical parts of the systems 
iv) D Functional analysis d) FMEAs are done on larger items first 

Note: Your answer should consist of two letters only like 
i) Aa, Ab, Ac, or Ad 
ii) Ba, Bb, Bc, or Bd etc. 

86. Management consists of shared values, beliefs and norms of organization. 
87. Philosophy suggests that a firm should eliminate any reliance upon the EOQ. 
88. The internet sometimes refers only to the most visible service  the internal . 
89. is a listing of the type and number of parts needed to produce one unit of finished product. 
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90. The concept of emphasizes linkage among all of the value-adding activities. 
91. provides risk assessment services and insurance advice and solution to the clients. 
92. are associated with the potential for not receiving payments owed by debtors. 
93. is a Japanese strategy for continuous improvement. 
94. CRP: Capacity requirements planning 
95. DBR: Drum  Buffer  Rope 
96. DRP: Distribution Requirements Planning 
97. PLCM: Product Life Cycle Management 
98. SQC: Statistical Quality Control 
99. EFQM: European Foundation for Quality Management 
100. DMAIC: Define, Measure, Analyze, Improve, Control 
101. JUSE: Union of Japanese Scientists and Engineer 
 

statement. 
102.  
103. The concept of value analysis was first conceived by Jerry Kaufman. 
104. -independent sub-systems 

taken together produces a total output greater than the sum of their outputs taken independently. 
105. 

period by period. 
106. Balance Score Card is a performance measurement tool for controlling individual productivity. 
 
Choose the most appropriate one from the stated options and write it down: 
107. The concept of Management Control System (MCS) should be credited to 

A. Joseph  Maciariello and Calvin Kirby; 
B. Calvin Kirby and L. Von Bertanffy; 
C. Joseph Macieariello and Jack Welch; 
D. Jack Welch and Robert Anthony. 

108. The structural decision components of the operations strategy are 
a. Capacity, Organisation and Workforce; 
b. Capacity, Facilities, Vertical Integration & Technology; 
c. Capacity, Organisation and Technology; 
d. Technology, Organisation and Information Systems; 

109. Back Flush Costing is most likely to be used when 
A. Management desires sequential tracking of costs. 
B. JIT inventory philosophy has been adopted; 
C. Company carries significant amount of inventory; 
D. Actual production costs are debited to work-in-progress; 

110.   
A. Kaoru Ishikawa; 
B. Philip Crosby 
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C. Peter Drucker; 
D. None of the above; 

111. -or-buy decision  
A. Depends on whether the company is operating at or below normal volumes; 
B. Involves an analysis of avoidable costs; 
C. Should use absorption costing; 
D. Should use Activity  Based Costing. 

 
Define the following terms, in not more than two sentences: 

112. Learning curve effect 
113. Quality Circle 
114. Operations strategy 
115. Linear Programming 
116. Cost Driver 

Write out what the following abbreviations stand for in the context of Enterprise Performance 
Management. 

117. CRP  
118. TOC 
119. IBCH 
120. QFD 
121. CWQC 

 
122. Theory Y style of management is a highly autocratic style. 
123. The matrix organization structure is suitable for large projects. 
124.  
125. Life Costing is a technique to establish the total cost of ownership. 
126. To convert the assignment problem into a maximization problem, all elements of the matrix are 

deducted from the highest element in the matrix. 
Choose the most appropriate one from the stated options and write it down. 

127. An effective reward system requires: 
(A)  Increase production 
(B)  Establishment of goals 
(C) All process are fully utilized 
(D)  None of the above 

128. Demand stimulation could be due to: 
(A)   Pricing 
(B)   Promotion 
(C)   New demand creation 
(D)   All of the above 

129. Target cost management is 
(A)  A management technology to establish a cost target 
(B)   Is a structured approach for determining cost 
(C)   Both of the above 
(D)   None of the above 
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130. Balanced Scorecard is a new approach developed by 
(A)  Dr. J.M. Juran and Philip Crossby 
(B)  Dr. W.A. Shewart and Dr. W.E. Edwards 
(C)   Robert Kaplan and David Norton 
(D)   Joseph Maciariello and Calvin Kirby 

 
131. Quality Circle is 

(A)  People  building philosophy 
(B)   Based on the value of the worker 
(C)   Is a problem  solving technique 
(D)   All of the above 

Explain the following terms, in not more than one-two sentences: 
132. Zero defects 
133. Kaizen 
134. EFQM 
135. Simulation 
136. Experience Curve 

Write out what the following abbreviations stands for in the context of Enterprise Performance 
Management. 

137. JUSE 
138. BSC 
139. EPMS 
140. VAM 
141. FAST 
142. A company has budgeted break-even sales revenue of Rs. 8,00,000 and fixed costs of Rs. 3,20,000 

for the next period.  The sales revenue needed to achieve a profit of Rs. 50,000 in the period will 
be: 
(A)  Rs. 8,50,000 
(B)  Rs. 9,25,000 
(C)  Rs. 11,20,000 
(D)  Rs. 12,00,000 
Your answer must be backed up by your workings. 

Expand the following in the context of enterprise performance management. 
143. CMS 
144.  LCP 
145.   SCP 
146.      CPOF: 
147.      CRP 
148.      MRP 
149.      MRP-II 
150.      MPS. 
151.      CB 
152.      RP 
153.      FCS 
154.      APS 
155.      AH 
156.      LPP 
157.      MPP 
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158.      LDR 
159.      MCM 
160.      SDR 
161.      FOS 
162.      JIT 
163.      ICS 
164.      EOQ 
165.      SCRS 
166.      PMS 
167.      QIS 
168.      AQL 
169.      PIS 
170.      CIM 
171.      OPT 
172.      TOC 
173.      ECE 
174.      DBR 
175.      BM 
176.      BOM 
177.      EIS 
178.      CRM 
179.      ERP 
180.      MPC 
181.      DRP 
182.      IBC 
183.      APQC 
184.      ALM 
185.      HCM 
186.      PLCM 
187.      LTM 
188.      OMP 
189.      SCM 
190.      SCP 
191.      KIP 
192.      WAITRO 
193.      QFD 
194.      FMEA 
195.      FAST 
196.      VAM 
197.      CFM 
198.      TCM 
199.      LCC 
200.      WLC 
201.      BEP 
202.      CVP 
203.      USCF 
204.      RSCFA 
205.      RFID 
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206.      BSC 
207.      SMS 
208.      TQM 
209.      JUSE 
210.      SQC 
211.      CWQC 
212.      DPMO 
213.      CWTQM 
214.      TQC 
215.      PDCA 
216.      PDSA 
217.      DMAIC 
218.      COC 
219.      CONC 
220.      AHT 
221.      DMADV 
222.      DMIAD 
223.      DMAIC 
224.      EQS 
225.      ISO 
226.      QMS 
227.      EMS 
228.      EFQM 
229.      ISI 
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ANSWERS: 
1. Ans: 

1. If the company accepts the Deluxe order, it will lose export sales due to shortage of 
materials. 

2. Contribution per unit Rs. 2 (SP 5  MC 3) 
3. Contribution per Rupee 1 of material = Rs. 4 (on export sale) 
4. Each Deluxe model uses Rupee 1 worth of raw material. 

The company must obtain a contribution of at least Rs. 4/unit  the opportunity cost of raw material. 
The minimum price therefore would be: - 

 Rs. 
Direct material 1.0 
Direct Labour 2.0 
Variable Overhead 0.5 
Required contribution 4.0 
Selling price per unit 7.5 

2. Ans: 
Present value of an annuity for seven years at 12% = 4.564 
Annual cash saving required Rs. 40,000/4.567=8,764 i.e., there must be Rs. 4,764 from labour savings 
assuming planned material savings of Rs. 4,000 are achievable. 
Note: The required percentage change in labour cost from the original estimate cannot be worked out as 
the original estimate is not given. 

3. Ans: 

Optimum order quantity = units300
10

15030002
300

1503000
 

Total relevant cost when quantity is 300 units. 
Ordering cost + carrying cost = (3000 / 300) x 150 + (1/2 x 300 x 10) = Rs. 3,000 

4. Ans: 
 

Material 300 
Labour 200 
Variable overhead (0.4 x 300) 120 
Cost of Capital (0.15 x 600000)/25000 3.60 
 623.60 

Star going down by 10000 units is relevant, which loss is Rs. (899-300-200-120) = Rs. 279 
The price then should be Rs. 623.60 + 279 = Rs. 902.60. This is higher than the price of Rs. 800 as offered by 
the chain store. So, the offer cannot be accepted. 

 it will do so whether or not Star bicycle 
accept the proposal as there is excess capacity in the industry it will be able to do so. In that case, the loss 
of contribution is Rs. 279 is not relevant and Star can accept the proposal of the chain store. Star should 

manufacturer before Star reaches a final decision. 
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5. Ans: 
i) Costs Classified: 
Prevention costs: quality training 
Appraisal costs: Product inspection and materials inspection 
Internal failure costs: scrap and rework 
External failure cost: warranty 
 
ii) Increase in Profit: 
Preceding year  Total quality costs, 2001-2002: Rs. 20,00,000; 
Current year  Total quality costs: Rs. 15,45,000; 
Profit has increased by Rs. 4,55,000 
 

6. Ans: 

Saving in cost = 000,5.
100
10

12
000,1800

100
10

9
000,1800 Rs

100
1800

100
 

7. Ans: 
Formulation of LPP: Maximise Z=40A + 20B+50C 
Constraints: 

100A+150B+200C   190 

200A + 120C   110 + 70 B 

30C      50A+70B 

A, B, C  1: A, B, C  0 
8. Ans: 

Demand  Price (Rs) 

20,000 100 

10,000 90 

80,000 80 

Target Cost = Rs. 80  (25% of 80) = Rs 80  20 = Rs 60 
9. Ans: 

 
1st Unit 100% 
2nd  80% x 100% 
4th  80% of 2nd 
8th 80% of 4th 
16th 80% of 8th = 0.80 x 0.80 x 0.80 x 0.80 = 40.96% 

 
Say, 41% of the time required for the 1st unit. 

10. Ans: 

 At year 6 prices Hours 

 Rs Rs 

Year 3  Rs 39,888 x 140/120 46,536 9,120 
Year 5  Rs. 40,602 x 140/134 42,420 7,650 

 4,116 1,470 
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: Hence, variable cot per hour Rs. 4,116/1,470=Rs.2.80 
Fixed Cost = Rs. 46,536  (9,120 x Rs. 2.80) = Rs.21,000 

Forecast for year 6 = Rs. 21,000 + 8,720 x Rs. 2.8) Rs. 45,416 
11. Ans: 

New profit will be Rs. 3,30,000 (Rs. 2,40,000 + Rs. 90,000) 
New capital will be Rs. 25,00,000 (Rs. 20,00,000 + Rs.500,000) 

  Interest notionally charged = Rs. 2,50,000 

Residual income = Rs. (3,30,000  2,50,000) = Rs. 80,000 
12. Ans: 

Putting the value in the I.C. mode of Y = a x b and with the help of log table or a calculator (scientific  non 
or 20 units) 10 x 20  

0.3219=3.81 
13. Ans: 

Target cost = selling price at capacity  25% of price = 75% of selling price = 75% of Rs. 40 = Rs.30 
14. Ans: 

Current level of inventory held = Rs. 10 cr/5 = Rs.2 cr 
With stock turnover doubling, the average level of inventory will be Rs. 1 cr.  Hence, inventory financing 
cost would be 10% of Rs. 1 cr = Rs. 10 lakh. 

15. Ans: 
When V (Var. cost) = 100, SP = 160, M.Cost/SP = 60/100 
SP after 10% mark down of SP = 144, Cost = 60-16=44 
Contribution Margin Ratio = 44/144=0.3056=30.6% 

16. Ans: 
MS=Profit/PV Ratio = Rs. 4 Lakh: MS=50%; BE Sales = (1-0.50) = 0.50 
Hence BES = Rs. 4 lakh 
Fixed Cost 25% of Rs. 4,00,000 = Rs. 1,00,000 

17. Ans: 
Target cost = Selling Price at capacity  25% PV = Rs 40  25% of Rs. 40  

= Rs 40  Rs 10 = Rs 30 
18. Ans: 

12% p.a. interest for 90 days on Re.1 
=0.12 x 90/365 = 0.02959 
Amount after 90 days =1.02959 
Net amount received  = Rs. 20,000,000/1.02959 
   = Rs. 1,94,25,226 
Say Rs. 1.94 Crore 

19. Ans: 

With back order, EOQ formula is modified as 

bh
b

h

AD2
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A is incorrect because EOQ will increase. 
C is incorrect because lead time is not affected 
D is incorrect because back order cost must be included in the model as back order system replaces 
inventory. 

20. Ans: 
A given percentage change in unit sale price must have greater effect on contribution margin than any 
other factor affected by the same percentage change. 

21. Ans: 
Answer is C 
The single rate method combines fixed and variable costs without regard to cost behaviour patterns. 
A and B do not exactly fit in with the given question as they can be used on a single or dual rate; and Ans D 
allows variable costs to be allocated on different basis from fixed costs. 

22. Ans: 
Actual quantity bought x standard price 
= 1,600 x Rs. 3.60 = Rs. 5,760 
Deduct favorable price variance 240 
Actual quantity x actual price = 5,520 
Or, 1,600 x actual price = Rs. 5,520 
So, Actual price = Rs. 5,520/1,600 = Rs. 3.45 
 

23. Ans: 
Original price is not relevant 

Rework income Rs 18,000  
Deduct cost of rework 10,000  
Net inflow Rs. 8,000 It is relevant 

The other alternative relevant cash flow is from sale as scrap = Rs. 3,000 
Hence, the opportunity cost is Rs. 3,000. 
 

24. Ans: 

Products P V Total 
Units 800 400  
S.P. (Rs) 25 50  
Sales (Rs) 20,000 20,000  
Further costs (Rs) 8,000 12,000  
NRV (Rs) 12,000 8,000 20,000 

Joint cost appropriated Rs. 9,000 
Total Joint Cost = (9,000/12,000) x 20,000 = Rs. 15,000 

 
25. Ans: 

At a production of 75,000 units or less the fixed costs amount to Rs. 8 lakh Contribution is Rs. 10 per unit 
(Rs. 25  60% of Rs. 25). Production will however, be more than this level.  Total fixed cost is then Rs. 12 
lakh. 
Contribution for first 75,000 units = Rs. 7,50,000 
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Hence, to meet Rs.12 lakh fixed cost, further Rs. 4,50,000 contribution is required. 
Contribution beyond 75,000 units is Rs. 12.5 (Rs. 25  50% of Rs. 25). 
Additional units to be sold = Rs. 4,50,000 / Rs. 12.50 = 36,000) units = 1,11,000 units. 

26. Ans: 
Working for Himalayas 

Year CF Rs DF at 15% PV Rs DF at 20% PV Rs 

0 (450) 1.000 (450) 1.000 (450) 
1 300 0.870 261 0.833 250 
2 200 0.756 151 0.694 139 
3 100 0.658 66 0.57 58 

  NPV 28  (3) 

Hence IRR = 20% (approx.) 

Projects 
Alpas Himalayas 
Lower NPV Higher IRR 

27. Ans: 
 

 Rs 

Cost of goods sold 8,00,000 
(Less) Material cost (3,60,000) 

Conversion cost allocated 4,40,000 
Conversion cost incurred 4,80,000 

Excess charged to cost of goods sold account 40,000 

Total bedit on cost of goods sold account = Rs. 8,00,000 + Rs. 40,000 = Rs. 8,40,000 
28. Ans: 

 
The weighted average contribution to sales ratio 
=0.25 x 0.20 + 0.40 + 0.30 x 0.40 = 0.33 
BE Sales = Rs. 6,00,000/0.33 = Rs. 18,18,181 

29. Ans: 
 

 Rs 

Sales revenue 500 x Rs. 1,500 7,50,000 
Return on investment required 15% x Rs. 15,,00,000 2,25,000 

Total cost allowed 5,25,000 

Target cost per unit (5,25,000/500) Rs.1,050 

30. Ans: 
 

Selling Price = Rs. (50-0.001 x) 
Marginal revenue = Rs. (50-0.002x) 
Variable cost per unit 
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= Marginal cost per unit = Rs. 20 
Optimal output for maximum profit: 20 = 50  0.002x 
Whence, X = 30/0.002= 15,000 units 
SP = 50-0.001x 
= 50-0.001 (15,000) 
=50-15 
=Rs.35 
 

31. Ans: 
 

 Product X Product Y 

Throughput of P per day 13 x 60/6=130 13 x 60/10 = 78 
Throughput of Q per day 14 x 60/20 = 42 14 x 60/15 = 56 

So, Process ! is the bottleneck for both products. 
Contribution per hour of product X = Rs. (90-15) x 60/20 = Rs. 225 
Contribution per hour of product Y = Rs. (80-15) x 60/15 = Rs. 260 
Processing product Y @ 56 units per day will give the larger contribution. 

32. Ans: 
 

Contribution per unit of component Rs Rs 

Variable Prime cost 10.00  
Variable overhead 2.40  
Selling/Administrative expenses 0.60 13.00 

Contribution  Rs. 8.00 

Avoidable fixed cost per quarter 
= total fixed cost-(unavoidable fixed cost +  additional shut down cost) 
=(50,000 x Rs.4)  (Rs.74,000 + Rs.14,000) = Rs.1,12,000. 
The required shut down point for the quarter = Rs.1,12,000 / Rs. 8 = 14,000 units. 

33. Ans: 
 

Current ROI  (720/3,200)x100%   = 22.5% 
New ROI = (720+50)/(3,200+260)x100%= 22.25% 
The new ROI is lower and is not acceptable to the divisional management 
Current RI in Rs(000) = 720-(16% x 3,200) = 208 
New RI in Rs(000) = (720+50)-{16%x (3200+260)}=216.4 
The new RI is higher and will motivate the divisional management. 
 

34. Ans: 
 

Total moves in material handling = 5+15=20 
Percentage move for Product A = 5/20=25% 
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Material handling cost to be allocated to Product A = Rs. 60,000/25%=Rs.15,000 
i.e., Rs. 15,000/30=Rs.500 per unit. 

35. Ans: 
 

A flexible budget  is a set of static budgets prepared in anticipation of varying levels of activity.  It 
permits evaluation of actual results when actual production and expected production differ. Setting 
cost standards facilitates preparation of a variable budget. For example, a standard unit variable cost is 
useful in determining the total variable cost for a given output. 

36. Ans: 
 

of production is less than the cost to buy the item, it should be produced in-house. The relevant costs are 
those that can be avoided. 

37. Ans: 
  (Selling Price  Material Cost)/ Time of bottleneck resource = [(Rs. 50-Rs.20)/10 minutes] x 
60 = Rs. 180 per hour. 

38. Ans: 
  

Services Type A B C 
 Rs./job Rs./job Rs./job 
Annual fee 3,000 2,400 1,800 
Annual variable costs 1,350 800 810 
Contribution 1,650 1,600 990 
Proportion of services 2 3 5 
Contribution per set of three services 3,300 4,800 4,950 
Total of contributions for a set = Rs. (3,300+4,800+4,950) = Rs. 13,050 
Number of sets to break even = F/C = Rs. 5,74,200/Rs. 13,050 = 44 
Annual fee for a set of services = Rs. 3,000 x 2 + Rs.2,400 x 3 + Rs. 1,800 x 5 = Rs.22,200 
Break even sales = 44 x Rs. 22,200 = Rs. 9,76,800 

39. Ans: 
 

The sales demand is 4,000 units per month. The monthly contribution must absorb the fixed costs of Rs. 
20,000 and leave at least a surplus of Rs. 1,20,000 profit. So, the contribution per unit must be Rs. 
1,40,000/4,000 units = Rs. 35 in the minimum. 
The following selling price and variable cost pairs will produce a contribution of more than Rs. 35. 

Selling Price Variable Cost Contribution Joint Probability of SP & VC 

Rs. Rs. Rs.  
75 30 45 0.45 x 0.25 = 0.1125 
90 30 60 0.30 x 0.25 = 0.0750 
90 45 45 0.30 x 0.40 = 0.1200 

   0.3075 

40. Ans:  
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Units Total Variable Cost Selling Price Total revenue Total Contribution 

 Rs. Rs. Rs. Rs. 
10 40,000 8,000 80,000 40,000 
11 40000+4400=44,400 7,800 85,800 41,400 
12 44000+4800=49,200 7,600 91,200 42,000 
13 49200+5200=54,400 7,400 96,200 41,800 
14 54400+5600=60,000 7,200 1,00,800 40,800 

41. Ans: 
 

All the costs mentioned in the question are parts of the total life cycle costs. 
42. Ans: 

Constraint is the Raw Material which are used in the Ratio of 5:4. 
 The Contribution from X = 1000  600 = 400. 
 Therefore, the contribution for Y should be = 400/5 x 4 = 320 
 Therefore, Selling Price of Y = 320 + 600 = 920 
  
 

43. Ans: 
 
 
 
 
 
 
 
 
 
 
 
 
 

(1) (2) (3) 
AQSP RSQSP Market RSQSP 

Rs.26,670 Rs.25,970 Rs.28,090 
 

(b) Sales Mix Variance  = 1  2 =   Rs.700  (F) 
(a) Market share variance  = 2  3 = Rs.2120 (A) 

 
 

 
44. Ans: 

Average time per 200 units 
  Y = 30 x 200-0.2345  = 8.66 hours 
 Average time per 199 units 
  = 30 x 199-0.2345  = 8.67 hours 

 1000 980 980 1060 980 
 (1) 

SQSP 
(2) 

AQSP 
(3) 

RSQSP 
(4) Market 

RSQSP 
(5) 

AQAP 
X 200 x 50 210 x 50 196 x 50 212 x 50 210 x 52 
Y 300 x 25 330 x 25 294 x 25 318 x 25 330 x 24 
Z 500 x 18 440 x 18 490 x 18 530 x 18 440 x 19 
      
X 10000 10500 9800 10600 10920 
Y 7500 8250 7350 7950 7920 
Z 9000 7920 8820 9540 8360 
 Rs.26500 Rs.26670 Rs.25970 Rs.28090 Rs.27200 
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 Total hours for 200 units = 8.66 x 200  = 1732.00 
 Total hours for 199 units = 8.67 x 199 = 1725.33    . 

          6.67 hours 
  

45. Ans: 
Profit under Absorption Costing Method. 

 Rs. 
Production Costs   14 x 4800 
Fixed Costs absorbed   8 x 4800 
 
Add:  Op. Stock   400 x 22 
 
Less:  Cl. Stock   600/4800 x 1,05,600 
 
Add:  Under Absorption 
    Profit 
 

67,200 
38,400 

1,05,600 
8,800 

1,14,400 
13,200 

1,01,200 
1,600 

1,02,800 
12,200 

Sales     (4600 x 25) 1,15,000 
 
 Profit under Marginal Costing 

 Rs. 
I.  Sales 
II. Variable Cost   67,200 
 (+) Op. Stock (400 x 14)   5,600 
     72,800 
 (-)  Cl. Stock (600 x 14)   8,400 
III. Contribution 
IV. Fixed Cost 
V. Profit 

1,15,000 
 
 
 

64,400 
50,600 
40,000 
10,600 

 
Profit under Absorption costing is Rs. 1600/- higher than Marginal Costing Method 12,200  
10,600 = 1,600. 

 Answer. 
 

46. Ans: 
  

Units Average Time 
(hours) 

Total Time 
(hours) 

1 4000 4000 
2 3600 7200 
4 3240 12960 
8 2916 23328 

 
 Total time for 5th to 8 units = 23328  12960 = 10368 hrs. 
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47. Ans:  
 Standard Data  Actual Data 

 Q P V  Q P V 
A 
B 
C 

590 
354 
236 

150 
200 
250 

88,500 
70,800 
59,000 

 595 
330 
255 

140 
212 
270 

83,300 
69,960 
68,850 

 
Less:  

1180 
236 

 2,18,300 
-- 

 1180 
260 

 2,22,110 
-- 

 944  2,18,300  920  2,22,110 
 
  

 1 
SQSP 

2 
RSQSP 

3 
AQSP 

4 
AQAP 

A 
B 
C 

575 x 150 
345 x 200 
230 x 250 

 595 x 150 
330 x 200 
255 x 250 

 

A 
B 
C 

86,250 
69,000 
57,500 

 89,250 
66,000 
63,750 

 

 Rs.2,12,750 Rs.2,18,300 Rs.2,19,000 Rs.2,22,110 
 
 SQ for A = 590/944 x 920 = Rs.575 
 
  B = 354/944 x 920 = Rs.345 
 
  C = 236/944 x 920 = Rs.230 
 
 Yield Variance (1-2) = Rs.5,550 (A) 
 Mix Variance (2-3)  =    Rs.700 (A) 
  
 

48. Ans: 
Present values of Cash Inflows = 40,000 x 2.855 = 1,14,200 which is the cost of the  project. 

 

  =   

  
P.V of Inflows = 121508.8 

 Therefore NPV = 121509  1,14,200 = 7309 
  

49. Ans: 
 

Because when JIT is used change in inventory is minimum and back flush costing is used in 
association with JIT and Back Flush costing minimizes efforts and expenses of Inventory. 

50. Ans: 
Relevant cost of Material for the Job = 200 + 300 x 0.8 = Rs. 440 
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51. Ans  
Answer is A : Present contribution: Rs. (100-42) = Rs.58/unit.  Total contribution for 90,000 units = Rs. 
52,20,000. With fixed costs of Rs. 24,00,000.  Profit = Rs. 28,20,000. The proposed revised selling price is Rs. 
90.  The resultant increased sales volume and reduced variable costs together should bring in profit 
exceeding Rs. 28,20,000, i.e., the total contribution must exceed Rs. 52,20,000.  The probability of 
contribution exceeding Rs. 52,20,000 will be as follows: 

Sales unit SP VC/Unit Contbn/Unit Total Contribution Probability Joint  
Probability     Rs. SP VC 

1,00,000 90 40 50 50,00,000 0.45 0.40 0.18 
1,00,000 90 36 54 54,00,000 0.45 0.60 0.27 
1,20,000 90 40 50 60,00,000 0.55 0.40 0.22 
1,20,000 90 36 54 64,80,000 0.55 0.60 0.33 

Probability of contribution increasing beyond the present level of Rs. 52,20,000 = 0.27+0.22+0.33=0.82 
52. Ans 

  

 Rs. 
Annual operating profit 402 
Add: New product cost 60 
Total 462 
Less: New product cost for one year (amortization) 20 
Net profit 442 

Replacement cost of asset Rs. 1,720 L 
Cost of Capital 11% of 1,720 L = Rs. 189.20 L 
EVA   = Rs. (442-189.20) L = Rs. 252.80L 
53. Ans:  
 The formula for learning curve rate is y = ax  b 
 From the given data, Y = 8.366/4 = 2.0917 and 2.0917 = 3* 4-b [as x = 4 and a = 3] 
 Taking log of the equation, log 2.0917 = log 3  b log 4 
 or, 0.3205 = 0.4771  0.6021b 
 
 When, b = 0.2601 
 
 Now b = -log P/log 2  [Where P is the learning percentage] 
 or, - log P = b log 2 
 or, - log P = b* log 2 = 0.2601*0.3010 
 or, log P = -0.0783 
 So, P = antilog (-0.0783) = 0.8350 = 83.5%. 
 [Alternately, we can find the value of the learning rate as under: 
 Let the learning rate be X. 

Since the first unit took 3 hours, the average time for the first 2 units = 3*X and the average time 
for the first 4 units = 3*X*X 

 So, 3X2 = 8.3667 / 4 = 2.0917 
 or, X2 = (2.0917 / 3) 
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54. Ans:   
Zee Ltd. Allocates overhead to the activity that specifically drives the overhead cost.  There will be 
20 moves caused by Wall mirrors and Specially windows, of which Wall mirrors require 5.  So, Wall 
mirrors shall be allocated 5/20 of the material handling costs of Rs. 12,500.  25 units of Wall 
mirrors will be moved.  Hence material handling cost per unit of Wall Mirror = Rs. 12,500 / 5 = Rs. 
500. 

55. Ans:  

 
 

Target cost = Selling price at capacity  25% profit margin. 
 The price  demand figures are projected as: 
  Price   Demand  
  Rs.   Units 
  50   1,00,000 
  45   2,00,000 
  40   4,00,000 

 
Therefore Target cost/unit = Rs. 40  (25% of Rs. 40) = Rs. 30 

 Note:
 

1. If the profit margin is taken to be on cost, then the target cost will be Rs. 32 
2.  

56. True 
57. True 
58. False 
59. False 
60. False 
61. False 
62. True 
63. False 
64. False 
65. False 
66. False 
67. True 
68. True 
69. True 
70. A 
71. D 
72. C 
73. B 
74. D 

75 Capacity 

76 Extrapolation 

77 Intranets  

78 explosion  

79 delivery  

.

.

.

.

.
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80 TRUE 

81 FALSE 

82 TRUE 

83 FALSE 

84 FALSE 

85 i) - Ad  ii) Bb, iii) - Cc, iv)  Da 

86 culture  

87 JIT  

88 Website 

89 Bill of Material  

90 supply chain management  

91 Insurance Agents  

92 Credit risks  

93 Kaizen  

94 Capacity requirements planning 

95 Drum  Buffer  Rope 

96 Distribution Requirements Planning 

97 Product Life Cycle Management 

98 Statistical Quality Control 

99 European Foundation for Quality Management 

100 Define, Measure, Analyze, Improve, Control 

101 Union of Japanese Scientists and Engineer 

102  

103 False, The  

104  

105  

106 
False, The correct statement is  Balanced Score Card is not a performance measurement 
tool. 

107 A 

108 B 

109 B 

110 B 

111 B 

112 
It states that the more times a task has been performed, the less time will be required on 
each subsequent iteration. 

113 
It is a small group of employees, doing similar work, who voluntarily meet together on a 
regular basis, to identify improvements in their respective work areas; 
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114 
It is the total pattern of decision, which shape the long-run capabilities of operations and 
their contribution to the overall strategy, t
resources. 

115 
Linear Programming is an optimization technique that allows the user to find a maximum 
profit / revenue or a minimum cost, based on the availability of limited resources and 
certain constraints. 

116 
Cost Driver, is the one that is selected and used as a basis with a view to assigning costs 
attached/attributed to an activity cost centre to cost objects  a term commonly used in 
ABC costing. 

117 CRP  Capacity Requirements Planning 

118 TOC- Theory of Constraints 

119 IBCH  International Benchmarking Clearing House 

120 QFD  Quality Function Deployment 

121 CWQC  Company Wide Quality Control. 
122. False:  Theory Y style of management is a highly participative style. 
123. False:  The matrix organization structure is not suitable for large projects. 
124.           

    & Operating expenses. 
125. True: 
126. True 
127. (B)  Establishment of Goals 
128. (D)  All of the above 
129. (C)  Both of the above 
130. (C)  Robert Kaplan and David Norton 
131. (D)  All of the above 
132. Zero defects:  does not mean mistakes never happen, rather that there is no  

    allowable number of errors built into a product or process and that you get it  
    right first time. 

133. Kaizen:  Kaizen is a Japanese strategy for continuous improvement. 
134. EFQM:  stands for European Foundation for Quality Management.  It is the  

     hub of excel globally minded organizations  both private & public. 
135. Simulation:  Stands as the technique of last resort by developing a model of  

     the real phenomenon using Random Nos. 
136.  

    states that the no. often a task is performed; the lower will be the cost of doing         it.
 

137. JUSE  Japanese Union of Scientists and Engineers 
138. BSC  Balance Score Card 
139. EPMS  Enterprise Performance Measurement System 
140. VAM   
141. FAST  Function Analysis System Technique. 
142. PV Ratio = Fixed cost/B.E. Sales = 3,20,000/8,00,000 x 100 = 40% 
       Contribution required = FC + Profit = 
  Rs. (3,20,000 + 50,000) = Rs. 3,70,000 

          Sales = 3,70,000/40% = Rs. 9,25,000 
          Hence the alternative B is the right answer. 
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143. CMS: Capacity Management Strategy 
144. LCP: Long term Capacity Planning 
145. SCP: Short Term Capacity Planning 
146. CPOF: Capacity Planning Using Overall Factors 
147. CRP: Capacity Requirement Planning 
148. MRP: Material Requirement Planning 
149. MRP-II: Manufacturing Resources Planning 
150. MPS: Master Production Schedule 
151. CB: capacity Bills 
152. RP: Resource Profiles 
153. FCS: Finite Capacity Scheduling 
154. APS: Aggregate Planning Strategy 
155. AH: Annualized Hours 
156. LPP: Linear Programming Problem 
157. MPP: Mixed- integer Programming Problem. 
158. LDR: Linear Decision Rule 
159. MCM:  Management Coefficients Models 
160. SDR: Search Decision Rule 
161. FOS: Function Objective Search Approach 
162. JIT: Just In Time 
163. ICS: Inventory Control Systems 
164. EOQ: Economic Ordering Quantity 
165. SCRS: Setup Cost Reduction System 
166. PMS: Preventive Maintenance System 
167. QIS: Quality Improvement System. 
168. AQL: Acceptable Quality Level 
169. PIS: Productivity Improvement System 
170. CIM: Computer Integrated Manufacturing 
171. OPT: Optimized Production Technology 
172. TOC: Theory of Constraints 
173. ECE: Effect Cause Effect Diagram 
174. DBR: Drum Buffer Rope 
175. BM: Buffer Management 
176. BOM: Bill of Material 
177. EIS: Executive Information System 
178. CRM: Customer relationship Management 
179. ERP: Enterprise Resource Planning 
180. MPC: Manufacturing Planning and Control 
181. DRP: Distribution Requirements Planning 
182. IBC: International Benchmarking Clearing House. 
183. APQC: American Productivity and Quality Center 
184. ALM: Asset Life Cycle Management 
185. HCM: Human Capital Management 
186. PLCM: Product Life Cycle Management 
187. LTM: Logistics & Transportation Management 
188. OMP: Order Management & Pricing 
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189. SCM: Supply Chain Management 
190. SCP: Supply Chain Planning 
191. KIP: Knowledge Improvement processes. 
192. WAITRO: World Association of Industrial and Technological Research         Organization. 
193. QFD: Quality Function Deployment 
194. FMEA: Failure Modes and Effects Analysis 
195. FAST: Function Analysis System Technique 
196. VAM: Value Analysis Method. 
197. CFM: Cost Function Matrix 
198. TCM: Total Cost Management 
199. LCC: Life Cycle Costing 
200. WLC: Whole Life Costing 
201. BEP: Break Even Point 
202. CVP: Cost Volume Profit Analysis 
203. USCF: Upside Supply Chain Flexibility 
204. RSCFA: Return on Supply Chain Fixed Assets 
205. RFID: Radio Frequency Identification 
206. BSC: Balanced Score Card 
207. SMS: Strategic Management Systems 
208. TQM: Total Quality Management 
209. JUSE: Union of Japanese Scientists and Engineers 
210. SQC: Statistical Quality Control 
211. CWQC: Company Wide Quality Control 
212. DPMO: Defects per Million Opportunities 
213. CWTQM: Company Wide Total Quality Management 
214. TQC: Total Quality Control / Total Quality Costs 
215. PDCA: Plan  Do Check  Act 
216. PDSA: Plan  Do Study  Act 
217. DMAIC: Define, Measure, Analyze, Improve, Control 
218. COC: Cost of Conformance 
219. CONC: Cost of Non-Conformance 
220. AHT: Average Handling Time 
221. DMADV: Define, Measure, Analyze, Design, Verify 
222. DMIADV: Define, Measure, Analyze, Design , Verify 
223. DMAICR:  Define, Measure, analyze, Improve, Control, Realize 
224. EQS: External Quality Standards 
225. ISO: International Organization for standardization 
226. QMS: Quality Management System 
227. EMS: Environmental Management Systems 
228. EFQM: European Foundation for Quality Management 
229. ISI: Indian Statistical Institute 
 
 

 
 
 




