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Introduction Institute

CHAPTER 1

INTRODUCTION

Operations Functions

/ Recent Trends in Production and
.  Operations Management

)
)
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Chapter 1 . 1
Scope

\
(@)1 June'23 MTP Set 1)%23

List down various major decision areas under Production and Operations Management.

Reference What's New

Production.and OnerationsM

Q2N ov  haoA

Major decision areas under Production and Operations Management are:
1. Product selection

Facility Location Selection

Demand Forecasting

Process selection & Layout decision

Capacity planning

Aggregate Planning, Master production schedule

N o s wWN

Materials Requirement Planning (MRP)/Manufacturing Resource Planning (MRP 1)/
Distribution Resource Planning (DRP) / Enterprise Resource Planning (ERP)

8. Inventory Management
9. Supplier Selection/Sourcing

10. Process Management

& Sup
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Chapter 1 . 2

Characteristics of Modern Operations
Functions

Q)1 Dec'23 MTP Set 1

Enumerate the characteristics of Modern Operations functions.

Reference What's New

Modern Operations Management is characterized by the following :

a) Technological development 'T.chl\
b) Shorter product life cycle PLC

(

(

(c) Changing needs and preferences of the customers GAIW

(d) Disruptions (market and product) and pressure for innovation W’\w
(

e) Globalization C%
(f) Requirement for supreme service at an affordable price Pfu'u' / gU\V\'u

(g) Pressure for optimization of operational cost

kaww
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Chapter 1 . 3

Recent Trends in Production and
Operations Management

@)1 June'23 MTP Set 1

What do you mean by Lean Production?

Reference What's New

Lean Production

Lean Production

Production systems have become lean production systems which use minimum amounts of
resources to produce a high volume of high quality goods with sgme variety. These systems
use flexible manufacturing systems and r’rlulti—skilled workforce to have advantages of both
mass production and jobs production (or craft production).

Lean Production aims to cut costs by making the business more efficient and responsive to
aggT— ——
market needs.

(@)2 June'23 MTP Set 2

Briefly discuss the scope of Operation Management.

Reference What's New

Scofie-

A,
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Answer

Scope of Operation Management

Operations Management concerns with the conversion of inputs into outputs, using physical
resources, so as to provide the desired utilities to the customer while meeting the other
organizational objectives of effectiveness, efficiency and adoptability. It distinguishes itself
from other functions such as personnel, marketing, finance, etc. by its primary concern for
‘conversion by using physical resources. Following are the activities, which are listed under
Production and Operations Management functions:

1. Location of facilities.
C—
Plant layouts and Material Handling.
Prgduct Design.
Process Design.
et
Production Planning and Control. PPC

Quiality Control. &C—

Materials Management.
e

©® N o Uk~ W N

Maintenance Management
“

Q3

List dowh\yarious major decision areas under Production and Operatig

anagement.

Reference

Production and Operations Management
.S,e C

Answer

Major decision areas under Prod ations Management are:

1.  Product selection

2. Facility Location Sfection

3.

4,

5.
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Recent Trends in Production and Operations Management
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CHAPTER 2

OPERATIONS PLANNING

MDemand Forecasting
&fCapacity Planning
MFacility Location and Layout
wResource Aggregate Planning
Q/Economic Batch Quantity

\/\/\/UU

%g} www.sjcinstitute.com @ 8100 11 2222 CMA Inter Operations Management 7
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Chapter 2 - 1

Demand Forecasting

@1 June'23

The sales of CTV (R in Million) of SONTON LTD. for the 5 years are given below :

Year 2014 2016 £018\ 2020 = 2022
Sales of CTV (¥ in Million) 18 21 (23 /) 27 16

Required: Vﬁ;‘\
Estimate the Trend values of Sales of CTV for the years of 2021, 2024%nd 2026.

Reference What's New

Trend Values of Sales

Trend values of Sales of CTV for years:

YEAR2021 ?21.30Mi|lion‘/

YEAR2024 | %21.60 Million y»
YEAR2026 = %21.80 Million =

(@)2 Postal Test Papers
From the following time series data of sale project the salgsfor the neéwa!s.
f
2016 2017 if 2018 2019 2020 2021
90 92 83 94 929 92
8 |CMA Inter Operations Management {Eg} www.sjcinstitute.com @ 8100 11 2222
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Reference What's New

Time Series - Method of Least Squares - Sales Forecast

Odd No. of years

Answer

Computation of trend values of sales

. Time deviations from Sales Squares of time Product of time
(X 000 units) deviation deviation and sales

2015 -3 ! 9 — 240

2016 -2 90 4 - 180

2017 -1 92 1 ~92

C0'8) 0 83 0 0

2019 94 1 +94

2020 99 4 +198
o BT B T
ng >X =0 DY=630  TX=m  TIXV=-+5%
Regression equalion of Y on X: —

Y =a+bX g) {j c No # ")fﬁ (F, Zﬁ;\o{xz

To find the values of aand b

S (0 =720 |5 g g

n 7

J_IXY 56 A 2 6___%:30

CXX? 28

Hence regression equation comes tofY = 90 + 2X. \ q
With the help of this equation we ¢ ject the trend values for the next t

Lree eags, i.e.

2022, 2023 and 2024. 1\: ®_ Yg Dp{r'& )CI
S e Wy ez OB
2009 - - : % 2’49 - m
Y. =90+ 2(6)=90+ 12=102 (000) units. Z %*sz -

2010
[adee A9 +2%h = |02~
(@3 Dec'23 MTP Set 1
With the help of following data project the trend of sales for the next five years:
—
ég} www.sjcinstitute.com @ 8100 11 2222 CMA Inter Operations Managementl 9
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= O™ )
2016 2017 2018"* 2019 2020 2021
100 110 115 120 135 140

Reference

Time Series - Method of Least Squares -
Even No. of years

Answer

Computation of trend values of sales

. Time deviations from
. the middle of 2004 and

What’'s New
Sales Forecast

=

x_:_ ')c- Ou§g‘

Squares of time

Product of time

Year %2005 assuming 6 months§ FlEsinlEl e deviation deviation and sales
=1 unit

2016 -5 100 25 -500
2017 -3 110 9 -330
12018 -1 115 1 115
2019 +1 120 1 +120
2020 +3 135 9 + 405
2021 +5 140 25 + 700

—— - s sy

n=6 «X=0 L3Y =720 ¥X*=70 XY = 28Q,

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

To find the values of aand b

a=£:—720 =120
n 6
>XY 280
b=53r=70 =4

[ ]
Hence regression equation comestoY =120+4X & » \’ -

Sales forecast for the next years, i.e., 2022-26

Y

2022

2023

Y, ,=120+4(+11) =120 + 44 =3 164 lakhs.

2024

2025

(
(
(
(

2026

1 0 |CMA Inter Operations Management

Divya Jadi Booti

=120+4(+7) =120 + 28 =X 148 lakhs
Y, .=120+4(+9) =120+ 36 =X 156 lakhs
1

Y, .=120+4(+13) =120+ 52 =3 172 lakhs.
Y, ,.=120+4(+15) =120+ 60 =3 180 lakhs.

g’ {j s N-tl'){x
Y20 (04b¥V
A=W

120+ My
= 129 4\%
ot Y =

.S

RRCR R

= 18-
& wwwsicinstitute.com () 8100 11 2222
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Chapter 2 . 2

Capacity Planning

@)1 June'23 MTP Set 1

Discuss in brief the types of capacity planning.

Reference What's New

Capacity Planning

Capacity planning is mainly of two types:

Vong-term capacity plans which are concerned with investments in new facilities and
equipments. These plans cover a time horizon of more than two years.

i~ Short-term capacity plans which takes into account work-force size, overtime budgets,
inventories etc.
-

Capacity refers to the maximum load an operating unit can handle. The operating unit might
be a plant, a department, a machine, a store or a worker. Capacity of a plant is the maximum
rate of output (goods or services) the plant can produce.

———

@2 Postal Test Papers

A manager has to decide about the number of machines to be purchased. He has three
options i.e., purchasing one, or two or three machines. The data are given below.

Number of machine Annual fixed cost Corresponding range of output
One 312,000 0 to 300
Two 15,000 301 to 600
' Three %21,000 601 to 900 7”
Variable cost is ¥ 20 per unit and revenue is X 50 per unit CO\”’VJ"
- - /
{Eg} www.sjcinstitute.com @ 8100 11 2222 CMA Inter Operations Managementl 1 1
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(a) Determine the break-even point for each r
(b) If projected demand is betweeli 600 and 650;units how many machines should the
manager purchase? [ \

Reference LM 3 What's New

Break-Even Point

ki MG

(i) Break-even point m —w(';!gw No& Vl‘o\Qd’-

Let Q be the break even'point.

FC = Fixed cost, R = Revenue per unit, VC = Variable cost

At, BEP,
TR=FC+TVC
or, Revenue pux Q=FC+VCp.u.xQ
Q((R-VQ) =FC
FC
Q= R-VC
Let Q1 be the break-even-point for one machine option
1200 1200 _
Then, Q, = (50-20) — 30 =400 units

(Not within the range of 0 to 300)

Let Q, be the break-even-point for two machines option.

1500 1500

Then,QZ: (50— 20) =730 =500 units

(within the range of 301 to 600)

Let Q, be the break-even-point for three machines option.

21000 21000

Then,Q3=(50_20)= 30 =700 units

(with in the range of 601 to 900)

(ii) The projected demand is between 600 to 650 units.

The break even point for single machine option (i.e., 400 units) is not feasible because it
exceeds the range of volume that can be produced with one machine (i.e., 0 to 300).

Also, the break even point for 3 machines is 700 units which is more than the upper limit

A,

1 2 |CMA Inter Operations Management &3 Www.sjcinstitute.com @ 8100 11 2222
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of projected demand of 600 to 650 units and hence not feasible. For 2 machines option
the break even volume is 500 units and volume range is 301 to 600.

Hence, the demand of 600 can be met with 2 machines and profit is earned because the
production volume of 600 is more than the break even volume of 500. If the manager
wants to produce 650 units with 3 machines, there will be loss because the break
even volume with three machines is 700 units. Hence, the manager would choose two
machines and produce 600 units.

{gg} www.sjcinstitute.com @ 8100 11 2222 CMA Inter Operations Management 1 3
Divya Jadi Booti |
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Chapter 2 . 3

Facility Location and Layout

(@1 Postal Test Papers

Suppose, an E-Commerce company wants to open Central order fulfilment center in Kolkata
South in West Bengal. The possible locations are say L, L, and L,. The company form a group

of experts. The team identifies say 4 factors such as F , F, F,,and F, to evaluate L, to L..

Weighted Rating of Factor & Location

Alternatives

F1 0.3

10 9 7
F2 0.2 7 3 10
F3 0.1 7 5 10
F4 0.4 6 8 5

Identify the best location.

Reference What's New

Location Factor Rating Method

[ Answer IEEENCVER | F

ForL1:0.3><10+0.2><7+0.4><6:3+1.4+0.7+2.4:@’ Lz -

As per the weighted score Location L, is the best locafion

Courre NAM) Ly

[J
L)
—

1 4 |CMA Inter Operations Management {% www.sjcinstitute.com @ 8100 11 2222
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Chapter 2 . 4‘

Resource Agreement Planning

@1 June’23

Discuss with appropriate examples, various properties of aggregate planning.

Reference What’s New

Resource Aggregate Planning, Demand

Forecasting

Properties of Aggrega%g:

To facilitate the production manager the aggregate planning must have the following
characteristics:

(i)

(if)
(iii)

(iv)

Both out put and sales should be expressed in a logicakoverall uni measuring. For OMDW
example, an automobile manufacturing company can say 1000 vehicles per year, without

giving the number of each variety of vehicle. Similarly a paint industry can say 10,000 UW\\’
litres of paint agd does not mention the quantities of each variety of colour. ’YW

Acceptable forecast }or some reasonable planning period, say one year.

A method of identification and fixing the relgvant costs associated with the plant. C0$V/
Availability of alternatives for meeting the objective of the organisation. Ability to )
construct a model that will permit to take optimal or near optimal decisions for th L
sequence of planning periods in the planning horizon. MS

Facilities that are considered fixed to carry out the objective l
—
(oalive Aecison
rakity

1 4 |CMA Inter Operations Management %g} www.sjcinstitute.com @ 8100 11 2222
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Chapter 2 . 5

Economic Batch Quantity

@)1 June'23 MTP Set 1

Define EBQ

Reference What's New

Economic Batch Quantity

EBQ: In inventory management, Economic Batch Quantity (EBQ) is a measure to determine
the quantity of units that can be produced at the minimum average costs in a given batch.

If Sis the set up cost per set up also known as Ordering Cost, ‘C’is the production cost per unit
produced and I'is the inventory carrying or holding changes (%) and A is the annual demand
for the item in units, then,

Economic Batch Quantity (EBQ)

C

2AS 2X(Annual demand in unit)x(Set up Cost per set up)
(Production Cost per unit)x(Inventory carrying charges (Percentage)

Total Cost

. =9 NV

.................... Carrying Cost a ?()
Set up Cost
—> Quantity EB() or ELS or EOQ /

Economic Batch Quantity

Cost per Unit

f

{Eg} www.sjcinstitute.com @ 8100 11 2222 CMA Inter Operations Managementl 1 5
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(@)2

Solve the ABC analysis of the following table.

Economic Batch Quantity

Annual Usageff Inventory by value

Item Number

Annual Rupee Usage (%)

June'23 MTP Set 1

Percentage of total value (%)

X : 95,000 40.69 "
\s8/ 75,000 3312 2.91
27}‘5 25,000 10.71 8T,
03 15,000 6.43 199¢”
—~82 13,000 5.57 9552
>4 7,500 3.21 9313
ol 36 1,500 0.64 49,
C’ 19 800 0.34 32 g?
23 425 0.18 )
41 225 0.10 qu
TOTAL 32,33,450 100%

Reference

ABC Analysis

Answer

ABC analysis is an inventory management technique that determines the value of inventory
items based on their importance to the business. It groups item into three categories (A, B &
C) based on their level of value within a business.

What's New

Classification Annual Rupee Usage % of total
A 22,68 1,70,000 72.9%
B @03,8_2) 53,000 22.7%
C 54,36,19,23,41 10,450 4.5%

1 6 | CMA Inter Operations Management
Divya Jadi Booti

A,
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(@3 Postal Test Paper

The monthly requirement of raw material for a company is 3000 units. The carrying cost is
estimated to be 20% of the purchase price per unit, in addition to X 2 per unit. The p
4 o000 AU

price of raw material is X 20 per unit. T )Lz < r order. EOQ
9% ) +'L

¥
pll 8
) 02201 ¥
(i) What is the total cost when the company gets a concession of 5% on the pur hase,p

if it orders 3000 units or more but less than 6000 u . 'W? ‘tV £OQ
(iii) What happens when the company gets a concession of 10% on the purchase rice

it orders 6,000 units or more? N : 0 ]m'\h

(iv) Which of the above three ways of orders the company should adopt?

(i) You are required to find EOQ.%

Reference What’s New il
EOQ Price Break Problem per
\pe 0 rm
month

Answer B, o G WO
We are given that,

A = Annual demand = 3,000 x 12 = 36,000 units per annum; ’“/\L : K éi

§
l]lMl
S = Ordering Cost =% 25; (I Vo4t

C =Inventory carrying cost =2 + 20% 0of¥20=2+4=%6 w
. 2A 2 2
i) EOQ-= \/ CS :\/ . 360600X > - \/3,00,000 =548 units (approx.)

Total cost = Ordering Cost + Cost of purchasing the material + Storage cost

= (36,000 / 548) x 25 + (36,000 x 20) + (548/2) x 6
[ Storage cost = Average Inventory X Inventory carrying cost]

=31642.33 +7,20,000+ 1,644 =X 7,23,286 = EOQ

X 6]

ii)  When the company has an option to order between 3000 and 6000 units, the EOQ should
be calculated with a reduction in price by 5% (due to concession);

The purchase price =95% of 20 =% 19.
A =36,000 units per annum; S=325;C=2+20%of 19=2 +3.80 =3 5.80

ﬁgg www.sjcinstitute.com @ 8100 11 2222 CMA Inter Operations.Manag.emenlil 1 7
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iii)

2x36000x25 18,00,000
EOQ = = =557 units app.

5.80 5.80
Total cost = (36,000/557) x 25 + (36,000 x 19) + (557/2) x 5.80

=%(1,615.79 + 6,84,000 + 1,615.30) =% 6,87,231.09
For monthly order quantity being 3000 units or more but less than 6000 units
EOQ =557 units
Total cost = (36,000/557) x 25 + (36,000 x 19) + (557/2) x 5.80
=3(1,615.79 + 6,84,000 + 1,615.30) =% 6,87,231.09

_ Yearly demand _ 36000
No. of orders per year = F0Q =557 = N (let)

N 36000/ 557 N
2 - 1 =5.385=6(say)=N

Quantity to be orderd per month = N* X EOQ = 6 X 557 = 3342 units

No. of orders per month =

This quantity lies in the range of 3000 to 6000 units

Hence the EOQ (557 units) can be considered to be a feasible quantity for availing 5%
discount on Purchase Price.

When the company orders more than 6,000 units purchase price = 90% of % 20 (because
10% concession)

=3 18; A = 36,000 units per annum;S=3%25,C=2+20% ofX 18
=2+3.60=5.60

£00 \/ZAS _\/2><36000><25_567 "
= C = 60 = units app.

For monthly order quantity more than or equal to 6000 units
EOQ =567 units

w =529=6 (say) = N*

No. of orders per year =
Quantity to be ordered per month = N* x EOQ = 6 x 567 = 3402 units
This quantity does not lie in the range of 6000 or more units.

Hence the EOQ (567 units) can not be considered as feasible quantity for availing 10%
discount on Purchase Price.

To understand the effect of 10% on Total Cost, we consider the minimum value of
price break quantity of this range i.e. 6000 units to be the optimum order quantity and
calculate.

1 8 |CMA Inter Operations Management i%) www.sjcinstitute.com @ 8100 11 2222
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Total Cost as follows —

TC = Ordering Cost + Cost of Purchasing the material + Storage Cost

= 36000 X 25 + 36000 X 18 + 6000

6000 2
=150 + 648000 + 16800 =X 6,64,950

X 5.60

iv) Hence the total cost will be minimum (% 6,64,950) if orders are placed in lot size of 6000
units.

{gg} www.sjcinstitute.com @ 8100 11 2222 CMA Inter Operations Management 1 9
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Designing of Operational Systems and Control

CHAPTER 3

DESIGNING OF OPERATIONAL SYSTEMS

20 |

AND CONTROL

MProduct Design
wwoduct Life Cycle
MProcess Planning and Selection
WDesign Thinking

\/UUU
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Chapter 3 . 1

Product Design

@1 June’23 MTP Set 2

What does Product Design do?

Reference What's New

The activities and responsibilities of product design include the following:

(i) Understand and translate the requirements of the customers (Voice of the Customers)
into a set of technical requirements (Voice of the Process) for design and execution
planning and processes.

(i) Differentiate the existing products to stretch the product life cycle
(iii) Developing new products

(iv) Providing inputs required for the formulation of the quality goals
(v) Helpin cost optimization

(vi) Building and testing model prototypes

(vii) Documentation of the design specifications

{Eg} www.sjcinstitute.com @ 8100 11 2222 CMA Inter Operations Managementl 21
Divya Jadi Booti
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Chapter 3 . 2
Product Life Cycle

(@1 Postal Test Paper

What is product life cycle. Describe various stages of product life cycle.

Reference What's New

Product life cycle

Answer

Likewise, the business organizations and human beings, each product has a life that goes
through various phases or cycles. All these cycles during the usable life of a product is collec-
tively called as Product Life Cycle (PLC). A typical PLC has five stages:

(@) Introduction phase: During this phase the product (either completely new product or a
new variant of the existing product) gets introduced in the market for the first time. For
the introduction of the new products in the market, at this stage, the volume stays low,
sales are low and effect of learning curve is not realized. Hence, the return on investment
is low.This phase is featured by higher level of expenditure in the promotional campaigns.
The pricing depends on the innovativeness of the product, nature of the target customer
segment and most often discounts are given to entice the potential customers.

(b) Growth phase: In this stage, the company focuses on rapid revenue generation and
market growth. During this phase, the product sales intend to cover up the fixed cost
and bring down the overhead costs while utilizing the learning in the previous stage.
Promotional and advertising strategy is decided according to the level of the growths.
The objective is to hold the existing customers and create new customers.

(c) Maturity phase: This phase is characterized by saturation in the market place. This is a
critical phase for the organizations. In the earlier stage (i.e., growth) the objective of the
company is to achieve fast growth while in this stage the company wants to flatten the
curve to slow down the movement toward fall down.

Further, at this stage the organizations infuse variety and differentiation in the products
most often to start a new PLC from hereon for finding out a niche market. At this stage,

A,

22 |CMA Inter Operations Management &3 Www.sjcinstitute.com @ 8100 11 2222
Divya Jadi Booti



AN

-

Product Life Cycle  Institute

organizations get engaged in aggressive promotional and pricing programs. Profit
margin is comparatively lower at this stage.

Decline phase: After maturity, the products start losing their attractiveness in the
market and sales get falling down. Profit margin becomes increasingly narrower.
The organizations take a call to scrap the product and focus on cost consolidation.
Sometimes, organizations come up with revival planning with product differentiation
and promotional strategy to improve the sales.

www.sjcinstitute.com @ 8100 11 2222 CMA Inter Operations Management 23
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Chapter 3 . 3

Process Planning and Selection

@)1 Dec’23 MTP Set 1

Define Process Strategy? The Classical way of Categorizations includes 4 types of layouts
— Discuss

Reference What's New

Process Strategy

A process strategy is a decision taken by the organization vis-a-vis selection of the processes
for converting the input (i.e., resources) into output (i.e., finished products and services as
required by the customers) in line with the product specifications. A typical process strategy
depends on long-term efficiency and productivity, resource availability, flexibility, cost and
benefits, quality of the products and lead time. Accordingly, the process strategy stands on
the following premises:

(@) Trade-off between Make (in house conversion, fully or partial) or Buy (outsourcing, fully
or partial) decisions

(b) Degreeofcapitalintensity that decides the optimumbalance between level of automation
and manual operations

(c) The extent of flexibility required in the process (i.e., the flexibility in the positioning and
functioning of the machines, works stations and requisite skills for layout decisions)

Accordingly, the facilities are designed while having three focus areas such as

(a) Process focused: The facility is designed in a process centric way. Accordingly, the
equipment, machines and work stations are organized. Each process is capable of
carrying a wide range of activities (aka intermittent processes) and flexible enough to
adopt frequent changes. This type of arrangement allows a higher level of customization,
i.e., product flexibility. This type of system is also known as job shop production. Example
of products: Aircraft

A,

24 |CMA Inter Operations Management &3 Www.sjcinstitute.com @ 8100 11 2222
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(b) Product focused: The facility is planned in a product centric way to allow a higher level

(c)

of standardization. The products in higher volume (with lower variety) are produced to
give economies of scale and learning benefits for better facility utilization rate. Examples
of products: steel, glass, paper, electric bulbs, chemicals and pharmaceutical products.
This type of arrangements is suited for continuous flow and batch production.

However, this type of structure incurs a higher amount of fixed cost.

Repetitive Focus: This structure utilizes the benefits of the above-mentioned
arrangements. It uses modular production. This type of structure is also known as
assembly production. Examples include automobile process, household appliances etc.

Process Layout Selection

Process layout aims to identify the necessary arrangement of facilities such as equipment/
machines, material, people, and work stations for

@)
(b)
o)
d)
e)

(
(
(
(f)

facilitating the production efficiently

minimizing unnecessary movements and transportation
efficient material handling

effective design and organizations of the work stations
identification and removal of the bottlenecks/ constraints

effective utilization of the spaces.

The underlying objective is to provide the value added products and services to the end
customers while minimizing the waste in the process and hence, optimizing the operational
cost and resource utilization.

The classical way of categorization includes four types of layouts

)
(b)
(0)
(d)
(

a)

AN
o

process layout

product layout

Group layout(combination layout)

Fixed position layout

Process layout or functional layout: It organizes the work stations in such a way that

similar type of machines and services (i.e., facilities) are located together. Therefore, each

such sub-facility is specialized in performing a particular activity of the whole conversion

process. This type of layout is suitable for low volume, high variety products produced by

job shop, batch production and other non-repetitive processes.

Examples: Furniture, restaurants etc.

Product layout or line layout: In this type of layout, the facility is organized as per the

logical/sequential flow of the activities performed to produce the products. This type of
www.sjcinstitute.com @ 8100 11 2222 CMA Inter Operations Managementl 25
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layout is used for high volume and continuous production where level of customization
is low. Typical examples include assembly line or mass production used in consumer
electronics, automobile sectors etc.

Group (combination) layout: This combines the features of both the previously mentioned
layouts. In this layout the individual processes are replicated at multiple cells wherein
each cell is equipped with all facilities to complete the corresponding process. This type
of layout is suitable for cellular manufacturing that minimizes the cost of transportation
and material handling.

Fixed position or Project layout: In this type of layouts, main facilities are fixed at specified
locations while the materials, people and work stations move as per the requirements to
those locations. This type of layout is of single use and suitable for highly customized
(ETO type) products. Examples: Air Craft, Ships

Each production system is uniquely suited to produce a particular mix and volume of prod-
ucts.Each production system provides different levels and a unique set of the manufacturing
outputs: cost, quality, performance, delivery, flexibility and innovativeness.One of the tasks
of the manufacturing strategy is to select the best production system for each product or
product family.
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Chapter3 .4
Design Thinking

Q)1 June’23 MTP Set 2

Briefly explain the five stages of Design Thinking?

Reference What's New

The Five Stages of Design Thinking

The Hasso Plattner Institute of Design at Stanford (aka the d.school) describes design thinking
as a five-stage process. These stages are not always sequential, and teams often run them in
parallel, out of order and repeat them in an iterative fashion.

Stage 1: Empathize—Research Users Needs

Empathy is crucial to a human-centered design process such as design thinking because it
allows to set aside assumptions about the world and gain real insight into users and their
needs.

Stage 2: Define — State Users’ Needs and Problems

It's time to accumulate the information gathered during the Empathize stage. Then analyze
observations and synthesize them to define the core problems. These definitions are called
problem statements.

Stage 3: Ideate — Challenge Assumptions and Create Ideas

The solid background of knowledge from the first two phases means one can start to “think
outside the box’, look for alternative ways to view the problem and identify innovative solu-
tions to the problem statement. Brainstorming is particularly useful here.

Stage 4: Prototype—Start to Create Solutions

This is an experimental phase. The aim is to identify the best possible solution for each prob-
lem found.

{Eg} www.sjcinstitute.com @ 8100 11 2222 CMA Inter Operations Management 27
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Stage 5: Test—Try Your Solutions Out

Evaluators rigorously test the prototypes. Although this is the final phase, design thinking is
iterative: Teams often use the results to redefine one or more further problems. So, one can
return to previous stages to make further iterations, alterations and refinements - to find or
rule out alternative solutions.

Overall, one should understand that these stages are different modes which contribute to the
entire design project, rather than sequential steps. Goal throughout is to gain the deepest
understanding of the users and what their ideal solution/product would be.
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B
CHAPTER 4

APPLICATION OF OPERATION RESEARCH
- PRODUCTION PLANNING AND
CONTROL

m/optimum Allocation of Resources - LPP
Q/Job Evaluation, Job Allocation

\_ Assignment
m/Scheduling and Queuing Models
m@imulation and Line Balancing

T
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Optimum Allocation of Resources - LPP

Chapter 4‘. 1

Optimum Allocation of Resources - LPP

@1 June'23 MTP Set 1

One unit of Product A contributes X 7 and requires 3units of raw material and 2 hours of
labour. One unit of Product B contributes 5 and requires 1 unit of raw material and 1 hour of
labour. Availability of Raw Material at present is 48 units and hence there are 40 hours of labor.

Formulate it as Linear Programming Problem.

Reference
Linear Programming

‘AWhat’s New‘), %

Rim
L

The mathematical formulation of the linear r ing problem is5-
Maximise Z = 7x, + 5X, a‘)‘i(” gﬁ'
0,8

Subject to 3x, +x,< 48 ’(/' | J

2x, +x, <40
mlg-ef ur% pﬂod&?f and B respectively.

X, X, 20
Where x, and x, denote t
S /%1,\),7 bor— Rim D ’b'n Py SUS
Q)2 La)o» 7 2 une'23 MTP-Set 2
The products P, Q and R are being produced i ing @Qfl arg?ﬁsQ& ¥5and %4

respectively. The A, B and C are of scarce supply and h‘e availability is limited to 8, 15 and 10
units respectively. Specific consumption is indicated in the table below:

30 |

qa (l:d 3/-
Writ t

P : . Available units
A 2 3 - 8 '
B 3 2 4 15
- 2 5 10
5/- 4/-
== =

he problem mathematically for maélmlzatlon of Eroﬁt margin.

CMA Inter Operations Management
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thz % ’ Sj*‘ qutlmum Allocation of Resources - LPP m

. ﬂ."' 27_ -f%a ﬁBsNew

B 2+ i SIS
o

[Answer MNA? y\’j’z FO

Let x, be the no. of units of produ

L4

Let x, be the no. of units of product Q

Let x, be the no. of units of product R

Objective function: Max. Z = 3x,+5x, + 4x,

Subject to constraints:

2x,+3x,< 8 (Constraint on availability of Raw Material ‘A’)
3x,+2x, + 4x, < 15 (Constraint on availability of Raw Material ‘B’)
2x,+5x, < 10 (Constraint on availability of Raw Material ‘C’)

And x,, x,, X, = 0 (Non negativity constraint)

(@3 Postal Test Paper

A Bank is in the process of formulating its loan policy. Involving a maximum o
Table below gives the releyapt types of loans. Bad debts are not recoverable and produce no
interest receive. To meet @petition from other Banks the following policy guidelines have
been set. AT least 40% o é to the agricultural and cQmmercial
loans. Funds amWnust be at le % of all loans given to personal, car,
Housing. The overall bad debts Il loans may not exceed 0.06.

Bad Debts (Probability)

e funds must be allo

on gN’

Type of loan Interest Rate %

Personal *. 17 616
Car M 14 0.07
Housing Q\‘i 11 0.05
:Agricultural ") | 10 | 0.08 |
:Commercial m'( ' 0.06
Formulate a linear program Model to detg ptlmal aIIocatlona% ’?1_\! 7_4_5:.
Nek Jnk o
4\ ) -\ !
L

www.sjcinstitute.com @ 3@'571 m?z O.M' |7 O‘N*o'm
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! M 01U, + DAL N 4+ - ~--

What’'s New
LP Formulation Loan Allocations

é’) Mo Lot D \*')‘)"’)'g"'""

> A'Z{n YO S A+ N 7 M4
Let x, be the amount allocated for Rgrsonal loan _}m_r-‘

Let x, be the amount I ocated for car loan

Let x, be the amoun a?ed? @u%l ‘xs 7/_ 0‘3(‘)(' _,_-)‘L_(,'?})

Let x, be the amount allbcated for agrlcultural loan
Let x, be the amount gffocated fi mercial loan
Objective Function: z}i MD v> O"Dy On”' g Omx \’qz'
=0.17x,+ 0.14x,+ 0.11x, +O1x + 0.13x, - (0.10x,+ 0.07x,+ 0.05x,+ 0.08x,+ 0.06x

=(0.17 = 0.10)x + (0.14 - 0.07)x,+ (0.11 —005&@10&%& "('ag fﬁm 'W\,
=0.17x,+ 0.07x,+ 0.06x,+ 0.02x,+ 0.07 X,

Subject to constraints

(i) X+ X+ X3+ X, + X5 < 600 Millions ( Constra@ m al_h_aa u
(i) X, + X5 = 04 (X;+ X+ X3+ X, + Xs) (Con ?ie to pmﬂatt Amg-trav)m"

Commercial Loan)

(iii) x3=0.5 (x;+ x,+ x;) (pors{raint due to policy set for HousmgSoan
(iv) 0.1x,+ 0.07x,+ 0.05X 8x4+Wﬂ06 (X, +¢M x3 str |t of
overaII bad debt ‘)’

(V) X;, X, X3, X4 X5 = 0 (Non negativity constraint)
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@4 June'23

A factory of SPON LTD. manufacturers 3 products which are processed through 3 different
production stages. The time required to manufacture one unit of each of the three proaucts
and the daily capacity of the Stages are given in the following table:

Stage capacity (minutes)

1 ' 1 A 2 A 1 ' 430

2 3 - 2 460
3 1 4 - 420
Profit/Unit 23 32 35
Required :

Develop a linear programming model to determine how many products to be manufactured

to maximize profit.
_

Reference

Linear Programming

(Answer | wnt

— V
Let x, be the no. of units of Product 1 W’ z - $9'| + 2’)‘2 =t go"s
Let x, be the no. of units of Prud
Let x, be the no. of units of Pru 'l'b

Objective Function: Q a-x| + 27|2 - l’ﬂ}é ('SD

Max Z = 3x1 + 2x2 + 5x3

Subj;ct to Co:_;t(;aints(:C . S(t'f) %‘(”l + ?S:)sn < \‘I.QO
X, +2X, + X, < onstraints on Sta pacity (in mins) of State (\,%
3x, + 2x, <460 (Constraints on @apaa'y%mlfb Hsggz -

- 7, z0
X, + 4x, <420 (Constralnts. c?n S@?pacWWSt@*ﬁ 7’2 ) 7~
And X, X X, 20 (Non-negativity Constraint) /
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Chapter4‘ . 2

Job Evaluation, Job Allocation
Assignment

(@1 Dec’23 MTP Set 1
A supervisor in his workshop is considering how he should assign the four jobs that are to be

performed, to four of the workers under him. He wants to assign the jobs to the workers such
that the aggregate time to perform the jobs is the least. Based on previous experience, he has
the information on the time taken by the four worljers in performing these jobs and the same
is given in the table below.

Time Taken (in minutes) by 4 Workers %"

Worker

1 68
2 57 55,
3 49 64
4 (s) 55

Solve the assignment problem for optimal solution using Hungarian MW

Reference What's New

3 4 |CMA Inter Operations Management {% www.sjcinstitute.com @ 8100 11 2222
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Job Evaluation, Job Allocation Assignment  Institute

@2 Postal Test Paper

Egeels can be processed on four different machines, with one job on one machine. Resulting
@ ary withassignments. They are given below:
]

Machines

A

35 28 21
30 25 20 15
Jobs : : :
30 20 2
24 20 6 12

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

P e —

EXIUEE
RelatlveLosthrlx ). gﬁ [0,\,. M m}\q}; ( ql-m

. As this is a problem of MaX|m|sat|on t

| 0 7 14 2

s convertepo M|n| ion by |ng
I 12 17 22 27 3 Relative L&Ss Matri Where aII he elements of

1] 12 17 22 27 thegivenlr nxareiﬂ%ract mthe&g‘?st
Y, 18 27 26 . elemento atri hich in this cas

o 15 12 2%
13 22 26 %o

EVEES % kow WM‘W\:}"

10 | 15

10 | 15 O “9, N 'L[
o5 lo 15
5 o 15

g:;g www.sjcinstitute.com @ 8100 11 2222 L'o WMWM mentl 35
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I
Matrix after Column Operation
7\
0—79 n=2

m M/cs
| :

) 3 6 9 Here minitnum no. of horizontal and gyertigal
straight lines to cover all the zeros = 2 #Qxd
I ) 1 2 3 | the matrix (4)
T AERERE - i
So olutk)n is non optimal.
\% B 0 6 B8 \

Improved Matrix (Non Optimal)

m M/cs

I
Il
v

of horlzontalzm vertical
all thel zeros %Order of

N3
NoH’f'*’

Here mini
straight line
the matrix (

So the soTGtipn s n

| OO | O
O IO |O|N
O =| =W
O IN|N |

Further Improved Matrix [Optimal Solution (§1]

y 'H umiy/ no. hogizonta
! Eﬂ T 1 !  straight lines tQtover All thefferos =
o X [a] A1 the matrix
I K ) ST, So the solutiok4S opthedal.
v — W el

d vertical
= Order of

Ny

gl

Further Improved Matrix (Optimal Solution-ii)

M/cs ‘
Jobs A | B C D

| o] 21 4|7 % \

[ g | 8 |[0]] 1 ﬂ \ 'L

mODOk o]2 43Uy
Exnt

Assignment as per Soution (i) M\ sign~acht as ,el Soution (ii)
Jobs : , :

M/cs  ProfitR)  Jobé | M~ —— Profit(])
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Chapter 4‘. 3
Scheduling and Queuing Models
D ——

?

(@)1 o bort ﬂne|23 MEP 55;1 o

Faber’s Car wash & Dry is an aut n Wi bay.On a typlcal
Saturday Morning, cars arrive at a mean rate of eight per hour, with arrivals tffdi
————————e

a Poison Distribution.
Find K: g

i)  The average number of cars in line.

i) The average time cars speniin !ine and service. >) ”.S

Arrive Rate = A = 8 cars per hour

Service Rate = u =1 per 5 minutes, or 12 pe

Av. no. of cars waiting in line=L_= ‘Q.'u(u ,1),(2(12)(12 8) g

Av. tlmecarsspendlnllneands ryice = W WELN; _g_i,—-OIQ sZaH)ﬁ‘mr_z
) (%7 9y
= 10 wuw i\ﬂ“x

%g} www.sjcinstitute.com @ 810011 2222 CMA Inter Operations Management 37
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(@)2 lJ‘:me’23 MTP Set 2

K

Customers arrive at a bakery at an average rate of 16 per hour on weekday mornings. The
arrival can be described by a Polsson aRtIBUTISITWIth a mean of 16. Each clerk can serve

a customer in an average of three minutes; This}iﬁme can be described by an exponential
-
o«

distribution with a mean of 30 Aliqutes. \’ 606 7 20
1Y)
2o

a. What are the Jr&val and service rates?

Compute the average number of customers being served at any time. __a=——""

C. Supposeit has been determined that the average number of customers waitirfg n line is
32 compute the average number of customers in the system (i.e., waiting in line or being
served), the average time customers wait in line, and theaage time in the syste

d. Determine the system utilization for M =1, 2 and 3 servers. Lg - R

o« 5 - R
Reference I ) "\—;’ What's New /u -
Single Channel
—g—r S

=Z2J)

a. The arrival rate is given in the problem:—)\: 16 ftktomers ger& .ah

nw ese ,
time to a comparable hourly rate by firg} r%ﬁme in hdurs bnd tiﬂ ol E-J’A /'/)
er) mi

its reciprocal. Thus, (3 minutes per custom tes per hour) ¥ 1/20 = 1/|,. Its N’
-

i

reciprocal is u = 20 customers per hour W?Ry - -—-"’%"Z‘\)
b. Average no. of customers being served at@hy tir‘ri . _ 027 -Zo "'b

r=Mp=16/20 = 0.80 customer. Gomem——""" ¢ = 0.2 L\,'V)
Formulas for basic single-server model 20 f} - Iz W‘M

Performance Measure I quation

Average number in line/queue

Probability of zero units in the system

r—J : -

R = 1$ mine

3 8 |CMA Inter Operations Management &3 www.sjcinstitute.com @ 8100 11 2222
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Scheduling and Queuing Models  Institute
=a
Probability of less than n units in the system PR%
u
c. Given:L = 3.2 customers

Ls = Lq +r=3.2+0.80 =4.0 customers

gm—

Average time customers wait in line

= Wq + LTq = 2 =0.20 hour, or 0.20 hour x 60 minutes/hour = 12 minutes
W, = Average time customers wait in system =W_+ 1?
Waiting time in line plus service

0.20 + 21—0 hour, or 15 minutes

O——
System utilization is p =
y 16 P M x n
ForM=1,p=—=0.80
16
ForM=2,p=——=0.40
or P=200 -
16
ForM=3,p=—=0.27
of P=300 v/

Note that as the system capacity increases, the system utilization for a given arrival rate

decreases.

Single server, exponential service time, M/M/1

The simplest model involves a system that has one server (or a single crew). The queue disci-
pline is first-come, first-served, and it is assumed that the customer arrival rate can be approx-
imate by a Poisson distribution and service time by a negative exponential distribution. There
is no limit on length of queue.

AN
o

wwwsjcinstitute.com () 8100 112222
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(@3 Postal Test Paper

Workers come to tool store room to enquire about special tools (required by them) for
accomplishing a particularproject assigned to them. The average time between two arrivals

/ﬁo seconds and the arrivals are assumed to be in Poisson distribution. The average service

T .

(ofthe tool room gttendant) is 40 seconds. ~
SR L e (S o

ti

m

términe: /“
verage (f&éue length, .

cmm—

(iii) average number of workers in system increskiag the worker being attendedA' ’ S-
(ivimean waiting time of an-atival, N :__‘___
average waiting time of an ar™\al who waits: 1; .-A '.",,
Reference \ What'’s NevN>
Single Channel\Queue wol
— 44 . A
- , \‘ — Lg -

v

VAVEVEVEVEVEY.

Answer

Here, Arrival Rate = A = — per seXond = J*per ——
' 60 0 . "}f I S" [
Service Rate = =7 per second =\5 per rtug\;aﬂ

(i) Average queue length: .33 ; \"}

A A 1 1
|_ = — = = = — k
T e n 15 N5 -1) o 3 ores I
(ii) Average length of non-empty queues [’\’g - ___’__. - “", —
1 ] - S~
L H = 3 workers Aj 1( S ’

"TTH-A (15-1)

— ]
(iii) Average number of workers in the system - Zm'g
s u=A  (15-1)
(iv) Mean waiting time of an arrival
A A 1 1 _4
o w-n T 75 X(s-1) T 3 Mminutes
(v) Average waiting time of an arrival who waits

1 1

W = = =2 minut
ST I § minutes

=2 workers

W =
q

A,
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@4 June'23

Below table shows the timeremaining (number of days until due date) and the work rem rw
ing (number of days still required to finish the work) for 5 jobswhich were assgn‘&i‘fﬂ'é‘t‘é‘&" (o
A to E as they arrived to thé shop w

Sequence bhe jobs according to priority establlshed by
i) Early Due Date (EDD) Rule > Eb

(i) Least Slack (LS) Rule < b C D A-
(iii) Loqgest Processing Time (LPT) Rule % C. A_ E

(iv) Critical Ratio Rule (
Min)
Reference v -~ L B D sNew

Sequencing

() Earliest Due Date (EDD) Job First : C-B-A-E-D : 2-4-6-7-8
)

(ii) Least Slack Rule

Job = No.ofdaysuntilduedate No.of days work remaining |  Slack days
A 6 3 : 3
B 4 8 4
C 2 5 3
D 8 6 2
E 7 2 5

* Slack Days = No. of days until due date - No. of days work remaining. e &cbﬁ E'

(iii) Longest Processing Time (LPT):B-D-C-A-E:8-6-5-3-2
*

& wwwisjcinstitute.com (§) 8100 112222 CMA lnterOperatiOHSIMa”ag.eme”fl 41
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(iii) Critical Ratio Rule:

Job  No.ofdaysuntilduedate = No.of days work remaining = Critical Ratio
A 6 3 6/3=2
B 4 8 4/8=0.5
C 2 5 2/5=04
D 8 6 8/6 =1.333
E 7 2 7/2=35

-c EOAE
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Simulation and Line Balancing  Institute

Chapter 4‘ . 4‘

Simulation and

@1 June'23

TANEESA, acar rental Agency has collected the following parameters on the demand for
five-seater vehicles over the past 50 days.

Daily demand 5 6 7 8 10
No. of days fb)\,u\ 4 10 16 14 6

The agency has only 7 cars currently
\/—ﬁ‘._/

[Given: Random numbers: 15I 48! 71 I 56I & U“m)\

Required:

(1) Using the Random numbers stated sug»ra, develop 5 days of demand for the car rental

agency. yL JJ Q MW> :

Calculate the average number of carsrented per day for the 5 days.

Assess how many rentals will be lost over the 5 days.

Reference

Simulation

D> ™ E) Cﬁb L% RI

5 Y 008 09% 0 g0 =0

. o ow 0% & 08- 2T
n 03 00 o 22 -5
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(@2 Dec’23 MTP Set 1
A confectioner sells confectionery items. Pastdata of demand per week in hundred kilograms

with frequency is given below:
q yisg

Demand/Week 5 10— 1520 25

Frequency 11 8 21 5\‘Ddd>b, cf/ Cfx’wf

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

GENCRNIYYE N, 35 52 13 90 | 23 34 57

83 94 56767 66 60

Reference : New

Average Demand Frequency

Answer

/) [
Table -1 ,
Random No. Range Table for demand
Demandper Frequeneyif] : Probal?ility Cumula.ti.ve Range’
week (p=f+Xf) . Probability  of Random Nos.
0 2 04 ¢ 04 00-03
5 11 22 26 04-25
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
. Yf=50 1.00 |

As the given Random Nos. are of 2 digits, the ranges of Random Nos. has also been considered
to have 2 digits only. Also the range of Random Nos. corresponds to cumulative probability
values which lies between 0 & 1 and can be correlated as nos. between 00 and 99.

Table-1I

Simulated Values for next 10 weeks

] Random Nos. Demand
1 § 35% § 10
2 52 15
44 |CMA Inter Operations Management {Eg} www.sjcinstitute.com @ 8100 11 2222
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=a
3 13 5
4 90 20
5 23 5
6 73 15
7 34 10
8 57 15
9 35 10
10 83 15
Total - 120

*From Table (1), Random No. 35 appears in the range of 26-41. Also the demand for this range

is 10.

Average weekly demay

& wwwisjcinstitute.com (§) 8100 112222
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CHAPTER 5

PROJECT MANAGEMENT, MONITORING
AND CONTROL

WProject Planning >
afPERT and CPM >
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Chapter 5 . 1

Project Planning

@)1 Dec’23 MTP Set 1

What is Project Management? Project Quality Management consists of four process — Discuss

Reference What's New

A project is defined as a sequence of activities undertaken for getting a set of tasks done to
achieve the desired business goals successfully. Project Management centres on planning
and managing everything involved in delivering a Project.

What is a project?

A project is defined as a one-time activity with a series of tasks that produces a specific
outcome to achieve organizational goals.

Projects are a set of interdependent tasks that have a common goal. No matter what the
project is, each project is broken down into objectives and what needs to be done to achieve
them, ensuring that the project stays on track and is completed as per plan.

The primary constraints of a project are:

Time - the schedule for the project to reach completion

Cost - the budget allocated for the project to meet its objectives and complete it on time

Scope - the specific deliverables of the project

Quiality - the standard of the outcome of the project
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The main principle of project quality management is to ensure the project will meet or exceed
stakeholder’s needs and expectations.

Project Quality management consists of four main processes:
e Quality Definition

e  Quality Assurance

¢ Quality Control

e Quality Improvements.

Quality Definition:

Quality management implies the ability to anticipate situations and prepare actions that will
help bring the desired outcomes. The goal is the prevention of defects through the creation
of actions that will ensure that the project team understands what is defined as quality.

Quality Assurance:

Quiality Assurance is a process to provide confirmation based on evidence to ensure to the
donor, beneficiaries, organization management and other stakeholders that product meet
needs, expectations, and other requirements. It assures the existence and effectiveness of
process and procedures tools, and safeguards are in place to make sure that the expected
levels of quality will be reached to produce quality outputs.

Quality Control

Quality control is the use of techniques and activities that compare actual quality perfor-
mance with goals and define appropriate action in response to a shortfall.

Quality Improvements:

Quiality improvement refers to the application of methods and tools to close the gap between
current and expected levels of quality by understanding and addressing system deficiencies
and strengths to improve, or in some cases, re-design project processes.
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Chapter 5 .2
PERT and CPM

@)1 June'23 MTP Set 1

The activities involved in a PERT Project are detailed in the adjoining table:

—

—_——— =
t = optimistic, t = most likely time, and t = pessimistic time
e BN

Duration (days)

1-2 3 6 WY 15 7

23 6 12 vy 30

3-5 5 11 %\ 17 =

78 4 s 19 28—

5-8 1 4 7
4444444444444444444444444444444 eV 3 9.1 27

&2 3 6 - 15

1-6 2 5 14

2-4 2 5 8

() Draw a network diagram.

(i) Identify the critical path after estimating and examining the earliest and latest event
time for all nodes.

Reference

Network Diagram, Critical Path

(i) Meantimet_and variance &t* for each activity can be €d ed by using the formulae

1 1
te= E(to+ 4tm +tp) and 8¢= [g(tp - to)]?
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Activity | 1-2 | 23| 35| 78| 58| 67 | 45| 1-6 | 2-4
te 7 14 | 1N 18 4 11 7 6 5
52 4 16 | 14 | 16 1 16 4 4 1

(ii) Earliest event times and latest event times for each node are computed and are shown
in the network above. The critical pathis1->2 —>3 —> 5 —> 8.

Expected time for completion of the project, E(T) =7 + 14 + 11 + 4 = 36 days.
Project variance is obtained by summing variances of all the critical activities

i.e,ot?’=4+16+4+1=25days.

(@)2 June'23 MTP Set 1

A Project consists of seven activities. Activities P,Q, R runs simultaneously. The relationships
among the various activities is as follows:

Activity Immediate Successor

Activity “V”is the last operation of the project and it is also'g‘nmediate successorto S, Tand U.
Draw the network of the project. J . v

; T
Reference

Network Diagram, Critical Path—&;"’
M MNN;
K %@""J—* @“\L"@

A,
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Answer

Network of the Project:

@3 June'23

A marketing organization is planning a questionnaire survey on behalf of their client to assess
market potential of instant foods. The following activities gre.i volvq in this project:

Duration(days)

Description Precedence Optimistic Most(likely)

. Design questionnaire

B. Sample design - 6. 10 nety 20

C. Testing of questionnaire and 2. 4 1 6
reﬁner%ents.cI - )"’ )
Recruiting interviewers B 2 . 39y 10
Training of interviewers DA 1 TV 1
Allocation of interviewers to B 4 Sy\! 6
territories ‘

G. Conducting interviews C,EF 5 12 X\| 25
Evaluation of results G 6 10 'A' 20

H.
Find the gxpected duration and variance of each task.
Wn arrow diagram (network) of the project. L’ - T
Z > 1Y
(b) culate EST, EFT, LST, LFT&TF Te,')

oo,

lg~tdentify the critical path. (_T¢> i <
Md the critical path duration of the project. (Tc,> / F(?l \(“I\D - A Lé“ ")
(e hat percentage of the project will be complete in 44 days?
(g) Find the no of day by which ap roximatel(fOO% of the project will be comple'@)

A —> J

fb = | D-‘M?’?
g O D o DA

{ggngm.sjcinstitute.co
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Reference

CPM & PERT

k!

Answer

Part (a) Network Diagram

AQ3)
C

= 082
12 Q?'n(\f
%BH eh

\oa 0} P

S48 + 0 1

wt!&

F(5)
C(4)
Part (b) -
Activity
1-3 A 2 12 4 3 011 0 5 312 12
1-2 B 6 40 20 11 544 0 1M 11 0 0
1-4 C 2 16 6 4 044 O 21 4 17 17
2-3 D 2 12 10 4 178 11 15 15 11 0
3-4 E 1 4 1H6y 0 15 21 21 15 0
2-4 F 4 011 @ M 16 1 16 5
4-5 G 5 114 N 2! tb 2 0
56 H 6 5.46 )34:. \9745 ~34 0
Part (c) k’é}

Critical Path = 1-2-3-4-5-6
Part (d)

Critical Path Duration =45
Part (e)

Pb of completion of work in 44 days
Variation of Critical Path

=544+178+0+11.11+5.44=23.77

=\23.77=4.88
5 2 | CMA Inter Operations Management
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N- S6S9 -

1. Duration (x) =44
_ x-TCP < S?/

2 Z=35pofcp %
4445

Z—Wz—O.ZO

3. P(x<44)=A(z<-0.20)=42.07%

Part (f)
No. of days in which 100% of the project will be completed.

(i) x=al(Let)
T
(i) Z= Tl

GCP

a-45
4.88

(iii) P(x<a)=A(Z<value)=100%

34=

(i.e.,, whepZ 4,area of z<3.4is1 or 100% (given value)

16.59 =x-45
Xx=61.59

Pb of completion of project with 100% chance is when duration is 6159 days.

Q)4 Dec’23 MTP Set 1

Draw the network for the following activities and find the Critical Path and Total duration of
the project.

Activity Predecessor Duration (months)
B - 3
C - 5
D A 4o
E B 1.
F B 5
G C 8,
H D 1
{Eg} www.sjcinstitute.com @ 8100 11 2222 CMA Inter Operations Managementl 53
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[]
R
Q |E
U

FG
H,l

~ Cpigs |-U-+3-10 ¢-G-J-L
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Economics of Maintenance and Spares Management

CHAPTER 6

ECONOMICS OF MAINTENANCE AND
SPARES MANAGEMENT

MReplacement Theory >
WSpare Parts Management >
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g
Chapter 6. 1
Replacement of Machine
(@1 June'23 MTP s

\’v
A firmis using a machine Whos@ﬁe_is_%w res amou
a

33,500 and the machine has a scrap value of 31,500 use the firm has a monopoly of th|s
type of work. The maintenance cost in various years is given in the following table:

Year .2 .3 4 5 6 .7 .8 9
Maintenance Cost(3) © 260 | 760 : 1100 1600, 220Q 3000 = 4100 | 4900 | 6100 |

The firm wants to determine after how manﬂ rs&@ e machine be replace
repl

ecqpomic considerations, assuming that the machin t can be don(? only at ;t:ﬁ
year end, ; Fﬂ ' S: ! l’ mr i_i:A-W‘Nc AL
Reference ~— = at'siNew

Optimum ﬂeplawent Flm —- \ ?/QO H%O I %O
9 1$%0 \2po| 1020 1¥020 Aolv
e 1%

oI 1o o 2030 310
1)%0?3%%?18 ?

Cost of machine, C‘]: 15,000 + ,500
Scrap value, S =% 1/500.

0 ap o 2 A

(i) (ii) (i) i (iv) v)= (ii)+(iv)  (vi)=(v)/n J
1 Q.260 260 17,000 17,260 17,260
2 760 1,020 L 17,000 18,020 9,010
3 ,100 2,120 17,000 19,120 6,373
4 1,600 3,720 17,000 20,720 5,180
5 2,200 5,920 17,000 22,920 4,584
6 3,000 8,920 17,000 25,920 4320
44444444444444 (7)o 4100 13,020 17,000 30020 4288 °
8 4,900 17,920 17,000 34,920 7,365
9 6,100 24,020 17,000 41,020 4,557

Lowest average cost is 34,288 approx., which corresponds to n = 7 in above table. Thus
machine needs to be replaced every 7th year.
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Chapter 6 - 2

Spare Parts Management

@1 MTP Set 1 Dec'23

A Public transport system is experiencing the following gumber of bregkdawns for months
over the past 2 years in their new fleet of vehicles:

Number of byesRtheyns e 1 2 3 4
Numberp(mqnthy)\is occurred w

2 8 10 3 1
Each brea‘ﬁnmsts the firm an average of, , .Ma Qst o$? 1,?@ peﬂmo}’th, \4,

preventive maintenance can be carried out to limi{"the breakdowns to an average of one,pRr
month. < e g‘.a'

Which policy is suj for the firm? Support your answer with needful calculations and

justifications. P/\

Reference What's New Wm

Breakdown vs Preventive Maintenance

D vy - D PhS

[ Answer | OGN 2 0% = UK
Converting the frequefjxies to a pgababilaty distributi nd detargiging the /
month of breakdownﬁw - ig%% - m

No. of Frequency . Probability Expected no. of
breakdowns (x) in months (f) . p=f/zf breakdowns (px)
0 2 0.083 0.000
1 8 0.333 0.333
2 10 0417 0.834
3 3 0.125 0.375
4 1 0.042 0.1 68’ ...............
Totg¥1.710 )

Expected Breakdown cost per month; Expected cost = 1.710 x ¥ 2,800 =X 4,78%;
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g

Preventive maintenance cost per month: -

Average cost of one breakdown/month ~ =%2,800
Maintenance contract cost/month =% 1,500
Total m

Thus, preventive maintenance policy is suitable for the firm.
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OPERATIONS MANAGEMENT AND STRATEGIC MANAGEMENT

Time Allowed: 3 hours , Full Marks: 100

The figures in the margin on the right side indicate full marks.
All Sections are Compulsory. Each section contains instructions regardning the number
of questions to be answered within the section.
All working notes must form part of the answer.
Wherever necessary, candidates may make appropriate assumptions and clearly
State them in the respective answer.

Section-A
Operations Management

Answer Question No. 1 which is compulsory and any three from Question Nos. 2, 3, 4 and 5.

1. (a) Choose the correct answer from the given alternatives (You may write only the
Roman numeral and the Alphabet chosen for your answer): 1x8=8

(1) With reference to the aspects of gustomer service under Operations Management,
if Primary consideration focuses on “Movement of a given, requested or acceptable
specification”, it’s corresponding Principal gunction will be:

(A) Manufacture
Transport
) Supply
(D) Service
(i) Which one of the following forecasting is more useful i ' ing?
Short-term
) Medium-term
(C) Long-term
(D) None of the above

(iii) In which one of the following layouts, similar type of machines and services (i.e.
facilities) are located together?

(A) Product or Line layout
_BY Process layout s

(C) Group layout

(D) Fixed layout

26877 Please Turn Over
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(iv) Point-rating method is closely associated with
(A) Transportation
(B) Simulation
(C) Queuing system
(DyJob Evaluation &

(v) The ratio of Actual Production to the Standard Production is referred to as:
(A) Standardization |
(B) Simplification
(¥ Productivity o

(D) Actual Yield

(vi) Which one of the following is the project management software program?
(A) MS PowerPoint
(B) MS Excel

(&Y MS Project ¢

(D) MS Access

(vii) The type of spare parts which although acknowledged to have a long life or a small
chance of failure, would cause a long shoutdown of equipment because it would take
a long time to get a replacement for them, are known as
(A) Insurance spares
(B) Rotable spares

(C) Begular spares
Capital spares
(viii) Which of the following is not the method used for Operations Research problems?

(A) Analytical method
(B) Simulation method

(C)W Trail and error method
one of the above

(b) State whether the following statements are ‘true’ or ‘false’ (You may write
only the Roman numeral and whether ‘True’ or ‘False’ without copying the
statements into the answer books): 1x4=4

(i) The term Operations Management is more used for a system where tané}:le
goods are produced.

(ii) Aggregate planning is an Intermediate term planning decision. T

(i) The first and foremost stage of Design Thinking is Prototype. F
(iv) The ISO Standards are reviewed every 10 yeatg and revised if needed. F

€y
i3




1(a)
(1)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)
1(b)
(1)
(ii)
(iii)
(iv)
1(c)
(1)
(ii)
(iii)
2(a)

N o g bk wDhoe

9.

10.
11.
12.
13.
14.

In Addition, an operations manager is also responsible for working capital management, skill

SUGGESTED ANSWERS TO QUESTIONS
SECTION - A

(B) Transport

(A) Short-Term

(B) Process Layout
(D) Job Evaluation

(C) Productivity

(C) MS Project

(D) Capital Spares

(D) None of the Above

False
True

False
False

Resources
Network
Breakdown

Product Selection

Facility Location Selection

Demand Forecasting

Process Selection & Layout Decision

Capacity Planning

Aggregate Planning, Master production schedule

Materials Requirement Planning (MRP) / Manufacturing Resource Planr
(MRP1) / Distribution Resource Planning (DRP) / Enterprise Resource Planr
(ERP)

Inventory Management
Supplier Section / Sourcing
Process Management

Quality Management
Maintenance

Warehousing / Transportation
Reverse Logistics

— Management etc.




INTERMEDIATE EXAMINATION SET 1
MODEL QUESTION PAPER qu')?,
: PAPER - 9
OPERATIONS MANAGEMENT AND STRATEGIC MANAGEMENT

Time Allowed: 3 Hours Full Marks: 100

The figures in the margin on the right side indicate full marks.
Where considered necessary, suitable assumptions may be made and

clearly indicated in the answer.

SECTION - A : [OPERATIONS MANAGEMENT]
Answer Question No. 1 which is compulsory and any three from
Questions Nos. 2,3,4 & 5

1. (@) Choose the correct alternatives: 1x8=8

(i)  Operations management is concerned essentially with the utilization of
resources. Utilisation of resources means
a.  Obtaining maximum effect from resources
b.  Minimizing loss of resources
c.  Minimising under utilization or waste of resources
d/ All the above ,
(i) In alinear program ode ajmah-\hon is
he basw s& ?‘abi neral L.P. problem
b Any solutlon that also satisfies the non-negative restrictions of the

general L.P. problem .

c.  Asolution which optimize (maximize or minimize) the objective
function of a general L.P. problem
d.  Abasic solution to the system of equation if one or more of the basic
variables become equal to zero.
(i) Multiple shift operation enhances
Firm’s Capacity utilisation g
b.  Demand for firm’s product
c.  Firm’s labour turnover
d.  Firm’s channel conflic
(iv)  Which of the following 1s aymethod for solving Assignment problem?
a.  Complete Enumeration method
b.  Hungarian method
c.  Simplex method

/ Natural method

Directorate of Studies, The Institute of Cost Accountants of India




INTERMEDIATE EXAMINATION SET 1
MODEL QUESTION PAPER
PAPER -9
OPERATIONS MANAGEMENT AND STRATEGIC MANAGEMENT

(v) Of allpaths through the network, the critical path

has the maximum expected time o

b.  has the minimum expected time
c.  has the maximum actualfime
d.  has the minimum actual time
vi) It is the basis for decisions regarding capacity planning, facilities (or plant)
layout, equipment and design of work systems. This is '
a.  Process Design
b~ Process Planning o
c.  Process Strategy
d.  Process Selection
vil) ‘Z’ chart is a chart used in:
Programme contro] x — W W
b.  Job control
c. ost control
Quality control
viii) The most obvious reason for product design is
a.  To offer new products to sustain in the market
b.  To offer new products to fulfil changing preferences of customers

M To offer new products to remain competitive in the market @

d.  To offer new products to cope with changing regulations in the market

(b) Fill in the blanks %“ 1x4=4
1 Des§n thinking {s a -----\-------- stage process.
2. - W' 197V WV es the workstations in such a way that similar
type of machines and services 1.e., facilities are located together.
* ——————— MW——M passes all the activities that are performed to
produce the final products as pér the specifications in line with the

requirgments of the customers.

4. ((dﬂj- --------- is the maximum amount by which duration time of an
activity can be increased without increasing the total duration time of the
project.

(c) State whether the following statements are True/False. 1x3=3
1.  Gantt Chart is a principal tool used in scheduling. T
2. One of the limitations of Gantt Chart is that it does not clearly indicate the
details regarding progress of activities.
3.  Preventive maintenance ensures greater safety to workers. T

Directorate of Studies, The Institute of Cost Accountants of India




INTERMEDIATE EXAMINATION SET 1
MODEL ANSWER TERM - JUNE 2023
PAPER -9

OPERATIONS MANAGEMENT AND STRATEGIC MANAGEMENT

Time Allowed: 3 Hours Full Marks: 100

The figures in the margin on the right side indicate full marks.

Where considered necessary, suitable assumptions may be made and

clearly indicated in the answer.

2.

()

(b)

(©)

(@)

SECTION - A : [OPERATIONS MANAGEMENT]
Answer Question No. 1 which is compulsory and any three from

Questions Nos. 2,3,4 & 5

(i) (d)
(ii) (b)
(iii) (a)
(iv) (d)
) (a)
(vi) (b)
(vii) (a)
(viii) (c)
(1) Five
(11) Process layout /Functional layout
(111) Process Design
(1v) Total float
(1) True /
(i1) True
(1i1) True

(i) Lean Production

Production systems have become lean production systems which use

minimum amounts of resources to produce a high volume of high quality

goods with some variety. These systems use flexible manufacturing systems

and multi-skilled workforce to have advantages of both mass production and

jobs production (or craft production).

Lean Production aims to cut costs by making the business more efficient and

responsive to market needs.

Directorate of Studies, The Institute of Cost Accountants of India




INTERMEDIATE EXAMINATION
MODEL QUESTION PAPER TERM + JUNE 2023

: PAPER - 9 '
OPERATIONS MANAGEMENT AND STRATEGIC MANAGEMENT

Time Allowed: 3 Hours Full Marks: 100
The figures in the margin on the right side indicate full marks.
Where considered necessary, suitable assumptions may be made and

clearly indicated in the answer.

SECTION - A : [OPERATIONS MANAGEMENT]
Answer Question No. 1 which is compulsory and any three from
Questions Nos. 2,3,4 & 5

1. (@) Choose the correct alternatives: 1x8=8

(i)  The Starting point of Production cycle is:
a.  Product design
b.  Production Planning

C. uting
Market research.

*) Negative floas signifies
Reduction in target time to finish the work in time -
Adjustment of target time to finish the work before schedule

c o P

Reduction in target time to crash the critical path
d.  Adjustment of target time to maintain the most likely time of activities
(iii)  On which of the following areas ISO 9003 _is applicable?
a. rocurement
\%roduction °
c.  Installation
d.  Servicing
(iv)  One of the product examples for line layout is:
a.  Repair workshop
b.  Welding shop
c.  Engineering College
\g/ Cement o
(v)  One of the important charts used in Programme control is:
a.  Material chart
b~ Gantt chart @
c.  Route chart
d.  Inspection chart

Directorate of Studies, The Institute of Cost Accountants of India




INTERMEDIATE EXAMINATION SET 2
MODEL QUESTION PAPER TERM - JUNE 2023
PAPER -9
OPERATIONS MANAGEMENT AND STRATEGIC MANAGEMENT

(b) Fill in the blanks 1x4=4

(©)

()

(b)

State whether the following statemei]tsgate Trﬁw. oom‘ 1x3=3
zF 1.  Job evaluation is used to measure a ﬂ?ée' job worth.

(vi) Most suitable layout for continuous production is

A« Line layout ¢

b.  Process layout

c.  Group technology

d.  Matrix layout
(vii) The method used in scheduling a project. is:

a.  Aschedule of breakdown of orders

b.  Outline Master Programme

c._—~PERT & CPM o

d.  Schedule for large and integrated work.
(viii) JIT stands for

a. st in time purchase

Mst in time production e
c.  Justin time use of materials
d.  Just in time order the material.

1 A is defined as a onetime activity with a series-e ¥
produces a specific out come to achieve organizational goals
(ii) signified the freedom for rescheduling or to start the job. ﬂ.ﬁﬂl&ﬂ
(i11) The investment on machines in a straight line layout is MMZ the
investment on machines in a functional layout.
To evaluate the work done by preventive maintenance, JDV L

at from the total time of stoppage of the machin
unscheduled maintenance work.

or scheduled and

Training boosts employee morale. =f~
3. EFT (Earliest Finish Time) is the sum of the earliest start time plus the timeT
of duration for any event. E ST+ D

Briefly discuss the scope of Operation Management.

A company planning to manufacture a household cooking range has to decide on
the location of the plant. Three locations are being considered viz., Patna, Ranchi,
and Dhanbad. The fixed costs of the three location are estimated to be T30 lakh,
%50 lakh, and %25 lakh per annum respectively. The variable costs are X300, 3200
and 350 per unit respectively.

Directorate of Studies, The Institute of Cost Accountants of India




INTERMEDIATE EXAMINATION SET 2
MODEL ANSWER TERM - JUNE 2023
PAPER -9

OPERATIONS MANAGEMENT AND STRATEGIC MANAGEMENT

Time Allowed: 3 Hours Full Marks: 100

The figures in the margin on the right side indicate full marks.

Where considered necessary, suitable assumptions may be made and

clearly indicated in the answer.

(b)

(©)

SECTION - A : [OPERATIONS MANAGEMENT]
Answer Question No. 1 which is compulsory and any three from

Questions Nos. 2,3,4 & 5

(1) (d)
(i) (a)
(ii1) (b)
(iv) (d)
v) (b)
(vi) (a)
(vii) (c)
(viii) (b)
(1) Project
(i1) Slack
(ii1) higher
(iv) downtime
(1) False
(i1) True
(1i1) True

Directorate of Studies, The Institute of Cost Accountants of India




INTERMEDIATE EXAMINATION SET -1

| MODEL ANSWERS TERM -/ DECEMBER 2023
= PAPER -9 SYLLABUS 2022
OPERATIONS MANAGEMENT AND STRATEGIC MANAGEMENT
Time Allowed: 3 Hours Full Marks: 100

The figures in the margin on the right side indicate full marks.

SECTION - A

1. Multiple Choice Questions: - @
C \ ad k Q 1)  The starting point of Production cycle is |
(A)  Product design

(\7 ! > (B)  Production planning

©) outing

C Market Research @
"
@\7 <: (i)  Which one of the following ie advantage of Preventive Maintenance?

(@) Better product quality
D)

WAG reater safety of workers
In.creased breakdowns and downtime @

( Fewer large-scale repairs

(ii1)) Consider the following item that is being
Stock:
Weekly Demand — 50 unitsj
Review Cycle — 3 weeks;
Safety Stock — 30 units.
What is the average inventory level¥
(A) 100 units

25 units

(B)
\}C/ 105 units

(D) None of these.

2.e?T( using pebglodel with Safety

§ fixed jme pord
ol

(iv) The type of production control which is typically found where a particular bottleneck machines
exists in the process of manufacturing is
(A) » Block control
Load control
(C)  Flow control
(D)  Batch control

(v)  Which one of the following ISO standards concerns minimization of harmful effects to the

environment caused by the operations by the organization?
e
(A). ISO 9001
.ﬂ ISO 14000
(C) IS0 9002
(D) ISO 9004

Directorate of Studies, The Institute of Cost Accountants of India
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| MODEL ANSWERS TERM — DECEMBER 2023
e PAPER -9 SYLLABUS 2022
OPERATIONS MANAGEMENT AND STRATEGIC MANAGEMENT
(vi)

A Ltd., a large scale industry manufactures Product K of 24 units per shift of 8 hours. The standard
O

What is the product1v1ty of thg per sRift ofSilo s?
- w5l ¢
>
v IS -5
S 7% {! D L
(D) 80%

(B)  60%
(vil) Arrangement of machine @pendmg on sequence of operatjons happen in:
(A) rocess Layout

0.75

Product Layout
(C) Hybrid Layout
(D)  Group Technology Layout

(viii) Buffer stock is built to cater for
Fluctuating load
(B) Machine breakdown
(C) Import substitution
(D) Diversification

(iX) The objective function of a LPP is Z = 3x; + 2x». If x; = 10 and x, = 5, then the value of Z is:

e ot Ta— )

(C) 45
(D) 50

(X)  What describes the categories of activities within and around an organization, which together create
a product or service?
(A) SWOT analysis

(B) CG framework
Value chain & L

(D)  Brain storming
R ——————

(xi) A is a business unit in a growing market, b et wh%market share.
(A) cashcow 0 14

(B) dog M - | Sbv
M question mark
(D) star / w} ’ @\ o

specifies what is to be accomplished by focusing on the end result.

Output control
(B)  Behavior control
(C)  Premise control

(D) Implementation control
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he test is a catch-all category, indicating that the structure must fit legal, stakeholder, trade union
. . X am— e C
or similar constraints.
he Feasibility Test
(B)  The People Test
(C)  The Parenting Advantage Test
(D)  The Specialised Cultures Test

(xiv) Which among the following is not a characteristic of Big Data?

(A) Variety
(B)  Volume
(C)  Velocity

W Invariability

(xv) is similar to referral programs.
(A) Influencer marketing
Affiliate Marketing

m (C) Pay-per-click

(D)  Content marketing

Answer:

() | Gi) | Gi) | Gv) | v) | vi) | (vid) | (vidh) | %) | (%) | (xi) | (i) | (xiid) | (xix) | (xv)
D|C|C|B|B|C|B|A|B|]C|C|A|A/|D|B

SECTION - B
Answer any 3 questions out of 4 questions given. Each question carries 14 marks.
[3 x 14 =42]
(a)  Enumerate the characteristics of Modern Operations functions [7]

(b)  Define Process Strategy? The Classical way of Categorizations includes 4 types of layouts — Discuss

[3 +4=7]
Answer:
(a)  Today’s production system is characterised by the following features:
1. Manufacturing as Competitive Advantage: Unlike the past, today plants have excess

capacities, competition is mounting and firms look and competitive edge and firms intend
to exploit the potential. Total Quality Management (TQM), Time- Based Competition,
Business Process Re-engineering (BPRE), Just-in-Time (JIT), Focused Factory, Flexible
Manufacturing Systems (FMS), Computer Integrated Manufacturing (CIM), and The
Virtual Corporation are but only some techniques which the companies are employing to

gain competitive advantage.

2. Services Orientation: Service sector is gaining greater relevance these days. The
production system, therefore, needs to be organised keeping in mind the peculiar
requirements of the service component. The entire manufacturing needs to be geared to serve
(i) intangible and perishable nature of the services, (ii) constant interaction with clients or
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