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1.0Introduction 
The focus of this report is to perform a multiple criteria decision analysis on the chosen product which is a dishwasher. Also, it will look back to where MCDA originated from, and what process where used before the development of MCDA, and a brief look at the principles of the analysis. That is followed by the full MCDA process of the dishwasher discussing the results after each process. Also after all procedure have been completed the report will show how logistical companies can use such a process in their companies.  


2.0 History of multiple-criteria decision analysis
1944 could be the begin of multi criteria decision analysis. During this period a book was written named theory of games and economics behavior. The book was written by John von Neumann and Oskar Morgenstern. In the book the pair first introduced the concept of expected utility theory (Koksalan, Wallenius and Zionts, 2011). As read in (Kirilyuk, 2014) expected utility theory is a management tool where the user would make any decisions based on a reward-risk ratio.
According to (Koksalan, Wallenius and Zionts, 2011) completing an expected utility problem has be the most rational solution to decide on gambles. The process described above was one of many techniques that came before the modern multiple-criteria decision analysis. The difference between the two is that MCDA can consider multiple attribute consequences, and the older process was not able to do so.
According to (Gov.uk, 2017) owning a dishwasher is no longer due to what social group you belong to, but increased sales was due to house size. Even though dishwashers have become more common two-thirds of the country do not own one, and if more households would consider investing in an appliance. one can use a multi criteria decision analysis to help the decision maker to make the appropriate choice for their needs. 
3.0 Principles of MCDA 
According to (Gov.uk, 2017) MCDA has many applications, and it is used frequently across both the public and private sectors. The main principle of the analysis is to give an order in form of a rank from best choice down to the least desired option. While conducting the analysis it will become apparent that no one product is the best in achieving all the desired criteria, and the company quite often will have to trade-off certain criteria to get a positive result for them to decide. The process is often used to look at otherwise complex problems, because MCDA helps the uses brake the characteristics down into manageable pieces making it easier for the decision maker to look at the full picture.


4.0 Carrying out an MCDA 
As spoken about earlier the want for owning a dishwasher is increasing, that is why it was decided to carry out an MCDA on that product and using MCDA the decision maker can make the correct decision that suits their needs.
4.1 This research was carried out in a university environment to demonstrate the use of MCDA and how it can help the decision maker. After the students decided that they would carry out the analysis on a dishwasher, they went onto to do some detailed research into six varied products. It is also important to disclose that all research carried was done so with only one internet source used that being Curry’s Pc World (Currys.co.uk, 2017). After each student had done the research in to the dishwashers it was time for them to discuss what are the important criteria that one would look for when deciding on a dishwasher as shown in picture 1 below. 
4.2 After the criteria is decided the next step is to add a weighing to each criterion as shown below in picture 2, but it is to be remembered that the weighting should total up to 100%. for instance, if price is a big factor of what choice will be made one could put the weighing at 50% that would leave 50% for other criteria. The graph below will show what weighing’s where placed onto which criteria.
   (picture 1)	(picture 2)
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4.3 As shown above the students placed it big proportion of their weighing on price which is not a big surprise, as price is more often or not the defining factor, also more people today are aspiring to become more environmentally friendly this is also shown in the weightings with a combined 20% place on water use and energy. It is very important to keep in mind that the criteria and weightings are all personal. price might not be a factor to another person, but it is to the students. The results on the weightings where discussed thoroughly until the agreed percent was meet. 
4.4 After the students decided on the weightings for the criteria the next step is to produce a criteria score. This is done in a simple easy to read graph as shown in picture 3 
 (picture 3)[image: ]
4.5 As shown in the graph any dishwasher which uses more than nine liters per cycle will receive a score of one which is the worst possible score on contrast if it’s efficient, and uses below nine it will receive the to score of five the best possible result for that criteria, and if the water use happens to be exactly nine the score will be three. This process is completed for each criterion until the group come to an agreement. 
4.6 After the group decided on the scores for the criteria it is now possible to see what results we would have based on those scores. What dishwasher would come out on top and what are the score differences between the six as shown in picture 4








(picture 4)
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5.0 As shown in the graph there is one clear dishwasher that has come out on top after adding the scores of the criteria, that is the Indesit brand with a score of 40. At this moment in time it has what the group is looking for in a dishwasher it energy efficient with a rating of A++, and it has a high capacity holding 14 place settings. A big factor for may might be the warranty as shown in the results the Indeset dishwasher is the only brand that offers a warranty of eight years or more, with the other five brands all offering two years. Its closest competitor was the Miele with a score of 35, and after inspection of the results the one criteria that splits the two dishwashers is mainly the warranty offered with Indesit scoring the top score of 5, and Miele scoring the lowest with a score of one.
6.0 The next step in the process is to add the importance weighting the percent the group placed on each criterion. During this stage the group multiplied the importance weighting times the criteria score the results are shown below in picture 5 







(Picture 5)
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6.1 As shown above after applying the weightings Indesit has now been replaced as the best choice dishwasher it position has been taken by the Essentials brand. The group then looked at the criteria score results to discover the brand that is now on top was only third on the initial criteria score. Even though Indesit has been replaced it has only gone down into second place out of the six. The lowest dishwasher in the criteria score was the Beko with a score of 26, and after adding the weightings it was the biggest movers from 6th to 4th. on contrast the Bosch brand was last after the weighting where added moving down one place from being 5th in the criteria score results. After further analysis the group discovered that the deciding criteria on the results was price with the essentials being the cheapest of the six dishwashers chosen.
6.2 The next stage is to carry out a sensitivity analysis. Is the Essentials dishwasher going to be sensitive to any changes? The process of this stage is to decide what can be removed from the criteria maybe they are the same similar, and what difference will that make to the results if any. It is also important to remember that any criteria that is removed their importance weighting will need to add into another criterion, and still add up to the initial 100%.
After the group completed the weighted scores they decided to complete the next stage independently, because after all each member has a different opinion and different criteria they prefer.   
7.0 First sensitivity analysis
After further analysis it has been decided on a criterion that could discount from the analysis. It was decided on water use, why chose water use? This member of the group payed a fixed monthly water bill which the dishwasher did not have an impact on. That might have been different if one member was on a water meter where they charge per liter use, but fortunately this is not the case. After deciding to remove water use as a criterion for the reasons given, it is then time to decide where to place the 10% gained from removing that criteria. After much thought the member of the group decided to place the extra 10% into the warranty criteria, because they want the reassurance for the future in case of any breakages.
 After applying the extra percentage and completing the sensitivity analysis again there was only one difference and that was at the top Indesit is now the brand of choice given the new weightings with a score of 3.55 with Essentials moving into second out of the six with 3.5. Out of the six dishwashers that was the only change in ranking all the other remained the same.
[bookmark: _Hlk498613260]8.0 Second sensitivity analysis
After receiving those results the team discussed what other criteria can the dishwasher lose with minimum affects. The criteria which was chosen to remove next was colour. The weighting was added onto child lock. The group member decided on removing colour because most kitchen appliances generally come in white unless its integrated. An integrated dishwasher is made to look like another cupboard in the kitchen which leaves it hidden and discreet.
 After reapplying the weighting percentage to child lock there was only one change in position, and that was with Beko and Hotpoint they now share 3rd place both with a score of 2.75. the lowest placed dishwasher Bosch had an increase of .5 from the last result. Most importantly there was no change at the top with Indesit in first in the ranking and Essentials in second with only .5 separating the two.
[bookmark: _Hlk498616557]9.0 Third sensitivity analysis
after further thought it was then decided that they wanted to discard the energy criteria due to all the dishwasher being efficient, and cost of electricity was not a problem, also we made this choice made from (Gov.uk, 2017) which went onto say that a survey was carried out in 1996 to determine how often they used their dishwasher. The results showed that over 50% used it once a day. Compared with only 23.5% using it once a day in 2010. Also, it could be said that the larger the capacity the fewer time you would use it in one year. The group member then had to decide where to place the 10% that was taken of energy, and after a short period they decided to place it on reputation. Many people today will not buy a product without look at the reviews of the product good and bad, and not only on the internet, but ask close family and friends for their experiences with the product.
The results from the third analysis did not have much effect at the top of the rank there was no change with the top three dishwasher’s positions. The one brand that did profit the most by removing the energy criteria was Bosch which has been consistently been bottom of the list until now. It has now moved from 6th position up to 4th with Miele replacing it at the bottom. 
[bookmark: _Hlk498618196] 10.0 Forth sensitivity analysis 
The group member then decided that programs can be removed from the criteria. The reason being that after gaining other individuals options on programs, and how many of them do they use with most of them saying one or two. So, there might not be no advantage in having so many programs. The five percent gained of programs has been added onto price.
The effects of this is that Essentials dishwasher has now been placed at the top of the list with Indesit in second at this stage the margin between the two is at its largest with Essentials having a score of 3.75, and Indesit 3.55. currently essential is the dishwasher that is top of the list.
11.0 Fifth sensitivity analysis
 Later, looking at the results it has been decided to remove another criterion to ultimately decide on which is the best Essentials, or Indesit. The group member has decided to remove the noise level criteria, they decided on removing that criteria because they believe they are all quiet enough, and it will be kept in a utility room. 
The results of this is that the essentials dishwasher has cemented itself at the top of the list, with Indesit a close second as shown in the graph below.
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After completing the sensitivity analysis, it has become apparent that the Essentials dishwasher is the best one giving the criteria that was chosen, and the sensitivity analysis has shown that the product is not sensitive to any changes in certain criteria, or different weightings. Not far behind is the Indesit brand, which could be a suitable alternative. By looking at the data it can be see that the major factor in Essentials coming out on top is price as shown above. This could have possibly been different if price was not an option. Looking at the final table the Essentials dishwasher would be highly sensitive if the cost was removed.
When the group carried out the criteria score the dishwasher on top was the Indesit brand. this changed when the weightings where taken into effect when the importance weighting times the criteria score the brand that came out on top was the Essentials dishwasher, which did not change after completing a sensitivity analysis which showed the students that the Essentials was the dishwasher to buy given the results.
12.0 The student went on and adapted the concept to a logistics problem as shown in the graph. Following what was done above to choose a lorry. All truck where researched on (TrucksDekho, 2017) 
[image: ]  
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    12.1 The tables above clearly show how to complete an MCDA up to the stage of a sensitivity analysis. And, as shown above the truck that came out on top in both the criteria score and the weighted scores was the Scania r580 v8 puller.


[bookmark: _GoBack]13.0 Conclusion 
The main idea of this report was to demonstrate the technique of using a MCDA to help the decision make decide on which option to take when face with a complex problem. As shown in the report when deciding what dishwasher to buy by using MCDA it become obvious that the Essentials dishwasher was the correct choice after completing the sensitivity analysis, and removing five criteria it was not sensitive to any changes, but one could say that if price was not a criterion it would have been sensitive. Also, the report demonstrated how a logistics company can use MCDA to aid the decision maker.
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Criteria

1 2 3 4 5

Water use >9 9 <9

Energy B or lower A A+ A++ A+++

Capacity 5 6-8 9 10-13 14

Reputation <6 6 7 8 >8

Warranty =<2 Years 3-4 Years 5 Years 6-7 Years =>8 Years

Price £450 £390 £305 £220 £160

Programmes <5 5 >5

Noise level >60 52-59 44-51 35-43 <35

Colour Choice No Integrated Yes

Childlock No Yes

Digital Display No Yes


image5.emf
Dishwasher Hotpoint Bosch Indesit Essentials Beko Miele

Water use 3 1 3 3 1 3

Energy 4 3 4 4 3 5

Capacity 4 4 5 3 4 5

Reputation 1 5 5 5 1 1

Warranty 1 1 5 1 1 1

Price 3 1 2 5 4 1

Programmes 5 1 5 3 3 5

Noise level 3 2 4 3 3 3

Colour Choice 3 3 1 1 1 3

Childlock 2 4 2 2 1 4

Digital Display 4 2 4 4 4 4

Totals 33 27 40 34 26 35
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Dishwasher Hotpoint Bosch Indesit Essentials Beko Miele

Water use 0.3 0.1 0.3 0.3 0.1 0.3

Energy 0.4 0.3 0.4 0.4 0.3 0.5

Capacity 0.4 0.4 0.5 0.3 0.4 0.5

Reputation 0.1 0.5 0.5 0.5 0.1 0.1

Warranty 0.05 0.05 0.25 0.05 0.05 0.05

Price 0.9 0.3 0.6 1.5 1.2 0.3

Programmes 0.25 0.05 0.25 0.15 0.15 0.25

Noise level 0.15 0.1 0.2 0.15 0.15 0.15

Colour Choice 0.15 0.15 0.05 0.05 0.05 0.15

Childlock 0.1 0.2 0.1 0.1 0.05 0.2

Digital Display 0.2 0.1 0.2 0.2 0.2 0.2

Totals 3 2.25 3.35 3.7 2.75 2.7
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Dishwasher Hotpoint Bosch Indesit Essentials Beko Miele

Water use 0 0 0 0 0 0

Energy 0 0 0 0 0 0

Capacity 0.4 0.4 0.5 0.3 0.4 0.5

Reputation 0.2 1 1 1 0.2 0.2

Warranty 0.15 0.15 0.75 0.15 0.15 0.15

Price 1.2 0.4 0.8 2 1.6 0.4

Programmes 0 0 0 0 0 0

Noise level 0 0 0 0 0 0

Colour Choice 0 0 0 0 0 0

Childlock 0.2 0.4 0.2 0.2 0.1 0.4

Digital Display 0.2 0.1 0.2 0.2 0.2 0.2

Totals 2.35 2.45 3.45 3.85 2.65 1.85
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Weighting

10%

20%

15%

40%

10%

5%

100%
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criteria 1 2 3 4 5

Max torque >=2,400 Nm >+2,475 Nm >=2,550 Nm >=2,625 Nm >=2,700 Nm

Transmission Automatic semi-automatic manual

Fuel tank cappacity >=420 litre >=440 litre >=460 litre >=480litre >=500

max speed <=58 mph >=62 mph >=68 mph >=71 mph >=75 mph

Cabin Type non-sleepable sleepable

Overall Width (mm) >=2550 <=2535 mm <=2525 mm <=2510 mm >=2495

Overall Height (mm) >=3484 <=3458 mm

Ground Clearance (mm) <=250 mm 265 mm 280 mm 295 mm >310 mm 

Telematics no yes

Seat type standard reclining
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weightings

10%

10%

10%

10%

25%

5%

5%

5%

15%

5%

100%
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criteria Volvo FH 520 PullerScania R500 V8 PullerScania R580 V8 Puller

Max torque 2 1 5

Transmission 5 3 3

Fuel tank cappacity 2 5 5

max speed 1 3 5

Cabin Type 5 5 5

Overall Width (mm) 5 1 1

Overall Height (mm) 1 5 5

Ground Clearance (mm) 5 3 3

Telematics 5 1 1

Seat type 5 1 5

total 36 28 38
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Volvo FH520 puller Scania R500 V8 Puller Scania R580 V8 Puller

Max torque 0.2 0.1 0.5

Transmission 0.5 0.3 0.3

Fuel tank cappacity 0.2 0.5 0.5

max speed 0.1 0.3 0.5

Cabin Type 1.25 1.25 1.25

Overall Width (mm) 0.25 0.05 0.05

Overall Height (mm) 0.05 0.25 0.25

Ground Clearance (mm) 0.25 0.15 0.15

Telematics 0.75 0.15 0.15

Seat type 0.25 0.05 0.25

total 3.8 3.1 3.9
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Criteria

Water use

Energy

Capacity

Reputation

Warranty

Price

Programmes

Noise level

Colour Choice

Childlock

Digital Display
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Weighting

10%

10%

10%

10%

5%

30%

5%

5%

5%

5%

5%

100%


