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[bookmark: _Toc461211863]Introduction
This report is based on the decision making problems in operational management on Sugru a high tech company that produces silicon based mouldable glue. The paper will be focused on the quantitative that is the mathematical solutions to operational decision in the in demand forecast, make or buy decision, production planning, inventory management and the effective allocation of resources for production. The mathematical models used are the linear programming model, Forecasting, Aggregate planning and the decision tree. The report will see to illustrate how Sugru can better utilize her resources, select the best slternative,
[bookmark: _Toc461211864]Company Background
FormFormForm is company that produces silicon base glue called sugru or Fomerol. FormFormForm a company in Hackney , London. It is patented online based business with no physical stores. Sugru is a mouldable silicon based glue that can be ruled into any shape and used for various purposes.  The company was lunched in 2011 by FormFormForm. (About Sugru)  In 2012 the company made  about $2 million from annual sales, with a staff of 25 and a customer base of  over 100,000 across 100 countries.(Nicket al CNN business) By the year 2015, the company lunched a crowd funding campaign to raise funds on a crowd funding site and Successfully raised about $4 million in a period of about four years with an initial target of raising $1million (Crowdcube.com).  By 2018 the company share holders lost about 90% of their investemnet and the company was sold to German adhesive specialist Tesa (Irish times.com).The company has a large fan base on social media platforms on youtube, twitter, facebook and sugru website other platforms that they use to interact with. Customers send about 200 projects each month on this various platforms show casing the ways in which they have used the patented putty sugru. Sugru had s main rivals sellotape and blu-tack. Sugru has gained competitive advantage over the years in the market due to product quality and design.( Burn-Callander, 2015 The telegraph). 
[bookmark: _Toc461211865]Operational Management and Decision Making
Operational management aims to manage processes engaged in production, distribution of product or services. Operational management is the activity of managing the resources that create and deliver services or products. Operational management is very essential in the organisation because it creates and a delivers good and services, which is the reason of existence of the oragnisation. Operation management that deals with the factors involved in the successful management of organisations day-to-day operations. It seeks to develop and apply the methods and techniques needed to design and implement systems which will enable the efficiency and effectiveness of this operations to be improved. Operations problem can range from purchasing, through manufacturing to the product reaching the final consumer. (Slack et al 2012)

Decision Process is the thought process of selecting a logical choice from available alternatives. Operation managers are involved in product and services design, process selection and management of technology, design of work systems, location planning, facilities planning, and quality improvement of the organisation’s products or service (Slack et al 2012).


[image: ]

Fig 1; Operational management Process
 Source: https://sites.google.com/site/tomiportal/_/rsrc/1314567151914/help/what-is-operations-management/in-out.gif

Enterprise resource planning (ERP) package has become a useful tool that businesses are turning to in order to build strong capabilities, improve performance, undertake better decision-making and gain competitive advantage. The ERP package aims to integrate all business key activities through improved relationships at all levels to achieve a competitive advantage (Al-Mudimigh et al., Davenport, 2000). (cited by  Al-Mashari et al 2003) ERP is playing a major role and is being increasingly used to provide information sharing in real time among organizations and their major supply chain partners.


What operational activities should be carried out by the company and what 

Decision on the capacity and location of production and operational facilities. 
The company has to take decisions pertaining to the management of the supply chain operations in the day to day of the firm. This are tactical decisions which  span for about three months to a year and operational decisions which usually span from a day to a month. Both decisions cover the following areas;
Approaches used in decision making include the use of models which is a qualitative approach, quantitative methods which are mathematical models, analysis of trade offs, establishing priority, ethics and systems approach. 
Qualitative approach to operational decision making include;
Quantitative approach to decision making include the mathematical optimal solutions that aimed to solve managerial problems.

[bookmark: _Toc461211866]Make or Buy Decision
Sugru faced difficulty with a make or buy Decision. The company had to make a right sourcing decision. Right sourcing as defined by Brannemo (2005), “the process to actively apply in-and outsourcing strategically to competitive now and in the future. Companies decide to outsource their production for various reasons but the general idea is to reduce cost, gain access to companies’ competences and allow them to focus on their core competencies (Smith et al., 1998 cited by Brannemo 2005).
Outsourcing- Producing goods and services from an outside vendor.
Insourcing- Producing goods and services within the organisation (Braennamo 2005)

At the establishment of the company management decided to outsource manufacturing. After a few years of outsourcing the company incurred significant loss, customers also complained about the quality of the product so customer expectations/ requirement were not met (made here now.com)
Sugru decided to insource and manufacture their products themselves. So as to ensure quality, cut down on cost and maximize profit and meet customer expectation as well as gain competitive advantage in the industry. 
Quality is defined by Slack et al (2012) as the “consistent conformance to customers expectations.”
The breakeven analysis can used to illustrate how the make or buy decision is finally made.
Formula:
Outsourcing
 

Insourcing
 
  
Sugru incurred the following annual cost of production in producing 12500 pieces of mouldable glue.
 Insourcing
Cost of Raw material				£25,000
Cost of labour					£35,000
Variable manufacturing cost		£20,000
Fixed manufacturing price			£30,000
Total cost of manufacturing                        =	£110,000
Cost of manufacturing per unit =110,000

Sugru purchased a piece of mouldable glue at £7/per unit with fixed cost at £30000.
TC= 30000 +(12500

Benefits of Insourcing
Sugru decided on insourcing because it is cost effective, increases profit of the company and ensures the quality.

Sugru still uses distribution outsourcing. Sugru uses royal mail for the distribution of their products and services. (sugru.com)



[bookmark: _Toc461211867]FORECASTING
Forecasting is a mathematical model used to help operational managers make decisions about resourcing the organisation for the future (Slack et al 2012).
Sugru is very keen on meeting customer requirements and expectations. To accurately estimate future demand and prices the company uses forecasting to better manage its supply chain management. 

Benefits of Forecasting;
Cutting on operations management cost
Meets customers expectations
Helping customers fill orders on time
Avoid unnecessary inventory expenses 
Plan for Price fluctuation

FormformForm uses the ERP systems planning to manage the supply chain and carryout forecasting. International companies often use these sophisticated software to forecast demand and coordinate activities to meet demand. Smaller companies can use simple techniques such as moving average and exponential smoothing, try to smooth out demand and to allow for seasonality in the results.
Forecasting works within a time horizon, short range, medium and long range forecast.
The short range forecast ranges between three months to a year. And it involves job scheduling, purchasing, workforce levels, production levels and job assignment.
The medium range forecast ranges from three months to three years. Used for budgeting, production and sales.
The long range forecasting ranges from three years plus. Used for new product planning, research and development and facility location.
Sugru uses the demand forecast and uses both qualitative and quantitative methods in having an accurate forecast. 
Qualitative forecasting method uses expert judgment rather than numerical  analysis. Mostly based on personal worldview of experts and does not need historical data.
Quantitative methods use mathematical analysis, rely very much on historical data and is more objective. These include the time series methods and the associative method.
The time series method is greatly depended on historical data and takes only one factor in to consideration time. The time series includes naïve method, moving average, exponential smoothing and linear trend

[bookmark: _Toc461211868]Moving average

                                  = 

Moving Average for sugru
	Months
	Actual sale
	3months Moving Average

	January
	20
	

	February
	24
	

	March
	26
	(20+24+26)/3=23.3

	April
	32
	(24+26+32)/3=27.3

	May
	38
	(26+32+38)/3=32

	June
	46
	(32+38+46)/3=38.7

	July
	52
	(38+46+52)/3=45.3










[bookmark: _Toc461211869]Weighed Moving Average
=

Weighted Average for three months
3months ago=0.4
2months ago=0.6
Previous month= 0.5
	Months
	Actual Sales
	3 months weighted moving Average

	January
	20
	

	February
	24
	

	March
	26
	

	April
	32
	(0.5

	May
	38
	(0.5

	June
	46
	(0.5

	July
	52
	(0.5









[bookmark: _Toc461211870]Exponential Smoothing

Exponential smoothing is a time series forecasting method for univariate data that can be extended to support data with a systematic trend or seasonal component.
Exponential smoothing =

 where	
             Ft	=	new forecast
	Ft – 1	=	previous forecast
	a	=	weighting constant (0  a  1)

       At-1            =          Actual Demand for present period

Illustration of Demand forecast of Sugru using Exponential Smoothing

	Period Forecast
	Month
	Demand
	Forecast demand
(a= 30)

	1
	January
	120
	(0.30)(120)

	2
	February
	150
	(0.30)(150)(0.70)(120)
129

	3
	March
	100
	

	4
	April
	145
	

	5
	May
	160
	(0.30)

	6
	June
	156
	(0.30)(156)

	7
	July
	180
	(0.30)(180)






	Period Forecast
	Month
	Actual Demand
	Forecast
a=.50

	1
	January
	120
	120

	2
	February
	150
	(0.50)(150)

	3
	March
	100
	(0.5)(100

	4
	April
	145
	(0.5)(145

	5
	May
	160
	(0.5)(160)

	6
	June
	156
	(0.5)(156)

	7
	July
	180
	(0.5)(180)




[bookmark: _Toc461211871]Impact of a new a




[bookmark: _Toc461211872]Forecasting  Error
It is calculated as
To get the best forecast between a=30 and a=50, we generally choose the model with the lowest forecast error.
[bookmark: _Toc461211873]Mean Absolute Deviation (MAD)
MAD=

[bookmark: _Toc461211874]Mean Squared Error (MSE)
MSE=




[bookmark: _Toc461211875]Mean Absolute Percent Error (MAPE)

MAPE=




[bookmark: _Toc461211876]Comparison Of Forecast Error

	Quarter
	Actual Demand
	Rounded Forecast with a=.30
	Absolute Deviation
a=.30
	Rounded Forecast with a=.50
	Absolute Deviation
a= .50

	1
	120
	120
	0
	120
	0

	2
	150
	129
	21
	135
	15

	3
	100
	135
	35
	125
	25

	4
	145
	113.5
	31.5
	122.5
	22.5

	5
	160
	149.5
	10.5
	152.5
	7.5

	6
	156
	158.8
	2.8
	158
	2

	7
	180
	163
	17
	168
	12

	Sum of absolute errors                  a= .30=117.8                           a= .50 = 84

	MAD                                                                   =16.8                                      =12

	MSE                                                                   =590.1                                   =330.1

	MAPE                                                                =13.7                                      =19.24



MAD= For a= .30
             117.8

           For a= .50
                         84

MSE= For a= .30
                        4130.5
           
For a= .50
                        2310.5
   
MAPE= For a= .30
		96
		
	For a= .50
		134.7


[bookmark: _Toc461211877]Least Squared Method
Linear trends can be found using the least squares method.
	Year
	Time period  x
	Demand  y
	
	xy

	2015
	1
	120
	1
	120

	2016
	2
	150
	4
	300

	2017
	3
	100
	9
	300

	2018
	4
	145
	16
	580

	2019
	5
	160
	25
	800

	2020
	6
	156
	36
	986

	2021
	7
	180
	49
	1260

	
	

	

	
	



b=








	Trend line y=101.31+ 101.78x


















[bookmark: _Toc461211878]Linear Regression
	Year
	Sales Budget 
(£m) y
	Advert Budget
(£m)x
	
	

	1
	13
	2
	4
	26

	2
	14
	3
	9
	42

	3
	16
	2.5
	6.25
	40

	4
	15
	2
	4
	30

	5
	18
	1
	1
	18

	6
	10
	4
	16
	40

	7
	30
	5
	25
	150

	
	
	
	
	

	
	
	
	
	


	

				=

					=2.11
	


			

y which is sales= 10.7+2.11x

[bookmark: _Toc461211879]Standard Error Estimate
Formula

				
				


					
			=6.3












[bookmark: _Toc461211880]Aggregate Planning
Aggregate planning is an operational management activity essential to organizations as it aims to balance long term strategic planning with short term production success.( Slacks et al 2012)
Sugru as manufacturing company has to critically consider the aggregate planning process of the organisation to allocate resources efficiently and effectively and also maximize profit. Below is an illustration of  sugru’s aggregate plan for a period of six months.


[image: ]

Fig 2; Aggregate Planning
Source slide share
Plan One
	Month
	Expected Demand
	Days of Production

	Jan
	195
	20

	February
	256
	18

	March
	325
	22

	April
	400
	21

	May
	324
	21

	June
	500
	23

	Total
	2000
	125



Average required= 


Plan Two
	Month
	Production of 16units per day
	Demand Forecast
	Monthly Inventory Change
	Ending Inventory

	January
	320
	195
	+125
	125

	February
	288
	256
	+32
	157

	March
	352
	325
	+27
	184

	April
	336
	400
	-64
	120

	May
	336
	324
	12
	132

	June
	368
	500
	132
	0



Total units of inventory held over from one month to the next = 718 units
Workforce required to produce 16 units per day= 5 workers

Cost of carrying Inventory for Plan 1
Cost of holding Inventory  =718
Regular time labour =  5workers 
Other cost of (overtime, hiring, layoff and subcontracting)= £0


	£23700



Planning 2

	Month
	Production of 16units per day
	Demand Forecast
	Monthly Inventory Change
	Ending Inventory

	January
	320
	195
	+125
	125

	February
	288
	256
	+32
	157

	March
	352
	325
	+27
	184

	April
	336
	400
	-64
	120

	May
	336
	324
	12
	132

	June
	368
	500
	132
	0



Minimum requirements= 10units 
In-house resourcing =10units per day 
Subcontracting units =2000 
Cost
Regular time of labour =
Subcontracting 






Comparison of Two Plans
	Cost
	Plan One
	Plan Two

	Inventory Holding
	£37000
	£0

	Regular Labour
	£20,000
	£14,400

	Overtime Labour
	0
	0

	Hiring
	0
	0

	Layoff
	0
	0

	Subcontracting
	0
	£11250

	Total Cost
	£23700
	£25,650



Plan one is with the lowest cost and should be option for Sugru. Plan one is the right option because it minimizes cost.






[bookmark: _Toc461211881]Linear Programming Model
Linear Programming is a mathematical modeling technique in which a linear function is maximized or minimized due to certain various constraints. This model is useful for guiding quantitative business decision planning especially in the production industry(Slack et al 2013)

	Month
	Manufacturing cost (x)
	Selling Price (y)

	January
	100
	-

	February
	100
	300

	March
	90
	200

	April
	110
	150

	May
	90
	120

	June
	-
	140












Production 
	Man. Cost
	selling price
	
	cost/prod
	
	
	x
	y
	

	100
	
	
	
	
	
	20
	
	

	100
	300
	
	5
	
	
	20
	30
	

	90
	200
	
	selling/unit
	
	18
	20
	

	110
	150
	
	
	
	
	22
	15
	

	90
	120
	
	10
	
	
	18
	12
	

	
	140
	
	
	
	
	
	14
	

	
	
	
	
	
	
	98
	91
	

	
	
	
	
	Maximising profit
	420
	
	

	
	
	
	
	
	
	
	
	

	Inventory
	
	
	
	
	
	
	
	

	1
	20
	
	
	
	
	
	
	

	2
	10
	
	
	
	
	
	
	

	3
	8
	
	
	
	
	
	
	

	4
	15
	
	
	
	
	
	
	

	5
	21
	
	
	
	
	
	
	

	6
	7
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	













[bookmark: _Toc461211882]Decision tree
A decision tree is a diagram or chart that is used to determine the course of action or show a statistical probability.  Sugru may use a decision tree to deploy decisions as a kind of decision support system. The structure model makes the organisation to interpret what the out come of certain options may be with each branch within the decision tree indicating different options.
 
Decision making under certainties, decision making under risk and decision making under certainty. 
Under uncertainty there is the maximax decision, the maximin decision and the equally likely.
· The Maximax is find the alternative that maximises the maximum outcome for every alternative and with the highest possible.
· Maximin is the alternative that maximises the minimum outcome for every alternative and the least possible loss.
· Equally likely is picking the alternative with the highest average outcome. It involves picking the outcome with the  maximum number. 

Sugru stopped outsourcing production and wanted to start producing in-house. The organisation was faced with the problem of the size of plant the wanted to construct. Using the decision tree model under uncertainty:
				States of nature
	Alternatives
	Favourable  Market
	Unfavourable Market
	Maximum
In row
	Minimum
In row
	Row average

	Purchase large plant
	£ 150,000
	130,000
	£150,000
	£130,000
	£20,000

	Purchase Small Plant
	£80,000
	£30,000
	£80,0000
	£30,000
	£50,000

	Do nothing

	£0
	£0
	£0
	£0
	£0




Maximax=  Sugru should  construct the large plant costing £150,000
Maxmin =  Sugru should not construct  a plant
Equally likely= Sugru should buy the smaller 
As a small or medium size company planning to start producing in house it is better to buy the smaller production plant. So as to reduce the cost of loss should in-house production fail.







Decision under risk
Expected monetary Value
EMV alternative (alternative)=Payoff of 1st state of nature 1st state of nature) + (Payoff of 2nd state of nature)
Pay off of last state of nature 
	EMV=
	(Payoff of 1st state of nature

	                                                                                +
	

	                                                                         +
	






EMV for Sugru
                                                            State of the Market
	Alternatives
	Favourable Markets
	Unfavourable Markets

	Purchase Large Plant (A1)
	£150,000
	£130,000

	Purchase smaller Plant (A2)
	£80,000
	£30,000

	Do Nothing (A3)
	£0
	£0

	Probability
	.40
	.40


		
EMV (A1)= (.4)(£150,000) + (.4)(-130,000) = £8,000

EMV (A2)= (.4)(£80000) +(.4)(-30000) = £20,000
 
EMV (A3)=(.4)(0)+ (.4)(0) =£0

A2 is the possible best solution as it has the highest maximum amount.
[bookmark: _Toc461211883]Expected Value Of Perfect Information
 EVPI is the difference between the payoff under certainty and the payoff under risk.








	Expected Value Under Certainty           =
	[bookmark: _GoBack](Best outcome or consequence of  1st  state of nature) x (Probability of 1st state of nature)

	
	


	
	


1.)The best outcome for the state of nature “favourable market” is “purchase is large production plant” with payoff of £150000 The best outcome for “unfavourable” is “ do nothing” with a payoff of £0”. 

 

2.)The maximum EMV is £40,000, which is outcome without perfect information. Therefore:



The highest amount the company should pay for perfect information is £20,000.






[bookmark: _Toc461211884]Recommendation
Sugru can adapt and implement new technologies in their operations as this will ease the delivery of their product to their customers and in time. Therefore increasing sales and gaining competitive advantage within the industry.
Sugru can also outsource part of their productions operations which will enable them to effectively meet the demand of their customers as they are already doing by outsourcing transportation and logistics.
[bookmark: _Toc461211885]Conclusion
The business environment is ever changing  and responding correctly to this  changes is a continuous process that is carried out by the operational management. An effective operations management will make the company the company to control this flexibility and efficient allocation of he companies resources. The definition of quality varies but the aim of organisations is to satisfy their clients. 

.
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