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1. Introduction

Alko Inc. was started in 1943 and is in the business of manufacturing lighting fixtures. The Company was known producing products of outstanding quality levels. Company was also continuously innovating and developing new products. There was a feeling that if the quality standards are maintained and if new products are continuously launched, everything would be fine. Hence, there was never a focus on an efficient distribution system. But of late, the company’s profitability had started decreasing. So a task force was formed to study the distribution system and give its recommendations.

2.
Objectives

The task force was formed with the following objectives in mind:

(i) To evaluate the costs of current distribution system.

(ii) To study the savings that result from setting up an NDC. 

(iii) To study other alternatives along with their cost viability.

3.
Existing ALKO Distribution System and Network
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The Alko Inc. had 100 products in the line. All the production was taking place in the Cleveland area. The USA was into five zones, each having a zone distribution centre. Customers used to place orders with the respective DCs, which supplied them from their inventory. As the inventory reduced, the DC would order from plants. The plants would schedule production based on DC orders. The policy was to stock everything in the DC. There were three basic categories of products in terms of sales volume. They are the high sales products (called part 1 having 10 products), medium sales products (called part 3 having 20 products) and low sales products (called part 7 having 70 products). The distribution of the daily demand for all the parts can be found in table 1.

	
	Region 1
	Region 2
	Region 3
	Region 4
	Region 5

	Part 1 Mean
	35.48
	22.61
	17.66
	11.81
	3.36

	Part 1 SD
	6.98
	6.48
	5.26
	3.48
	4.49

	Part 3 Mean
	2.48
	4.15
	6.15
	6.16
	7.49

	Part 3 SD
	3.16
	6.2
	6.39
	6.76
	3.56

	Part 7 Mean
	0.48
	0.73
	0.80
	1.94
	2.54

	Part 7 SD
	1.98
	1.42
	2.39
	3.76
	3.98


Table 1: Distribution of the Daily Demand Among Regions
3.1
Data for the Present Distribution System 

· Manufacturing time: 


1 day

· Transit time from plant to the DC: 
4 days

· Review period: 


6 days

· Inventory holding cost: 

$0.15 per unit per day

· Cycle service level: 


95%
· Transportation cost from the plant to DC:
$0.09  per article

· Transportation cost from the DC to customer: 
$0.10  per article

4.
Alternate Distribution System and Network
The team has proposed several alternatives to reduce logistics cost through conceptual change/s to the supply chain management system and/or physical change/s to the distribution network. 

4.1
Conceptual Change/s to the Supply Chain Management System
The significant advantage of making conceptual change to the supply chain management system is there is no physical change, i.e. to the warehouse and delivery networks. Typically we can obtain substantial cost reduction by implementing these concepts, namely:

4.1.1 Changeover from the periodic review to continuous review system 

Detail calculations for changeover from the periodic review to continuous review system can be found in appendix A.

4.1.2 Reduction of review period or lead time 

Detail calculations of various review period or lead time can be found in appendix B.

4.2
Physical Change/s to the Distribution Network

4.2.1
National Distribution Centre (NDC) at Chicago
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Figure 2, shows a distribution network having a National distribution centre (NDC) in Chicago instead of 5 zone distribution centres. This set up provided risk-pooling benefits. Detail calculations can be found in appendix C.
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4.2.2
National Distribution Centre (NDC) at Plant
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Figure 3, shows a distribution network having a National distribution centre next or very close to the plants in Cleveland. This setup provided risk pooling and postponement benefits. Detail calculations can be found in appendix D.
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4.2.3
Two National Distribution Centres (2 NDCs) 
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Figure 4 shows a distribution network having two zone distribution centres instead of 5 zone distribution centres, one comprising of the regions 1, 2, 3 and another comprising of regions 4 and 5.
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4.2.4
National Distribution Centre (NDC) for Part 7 (High Variant Parts)
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Figure 5, shows a distribution network having a national distribution for part 7 and zone distribution centres for other parts.
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4.2.5
Switchyard System 
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Figure 6, shows a distribution network with switchyard distribution system.
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5.
Results and Discussion

In this section the team will evaluate the strength and weakness of the entire options feature in section 4. The degree of correlation in demands between different regions will also be considered. Based on the findings, the best option would be identified and recommended.

The present distribution system and inventory storage cost $1.375 million. 
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5.1
Continuous Review System

If the Alko Inc. revises its policy of periodic review of its DC inventory every six days to that of continuous review, the costs would come down to $895,000 per annum. [1].
5.2
Reduction of Review Period 
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If the review period is reduced, its effect on the distribution and inventory cost will be reduced proportionally. 
5.3
National Distribution Centre (NDC) at Chicago


If one NDC is built and the depreciation costs are included for a period of 10 years, the resultant costs appear to increase if there is a positive correlation between demands in various zones. Even if there is no correlation, there is no significant reduction in costs. 

5.4
National Distribution Centre (NDC) at Plant

If one NDC is built near the plants and depreciation costs are included for the period of 10 years, the analysis shows a massive reduction in costs irrespective of the correlation coefficient. This is primarily due to the reduction in lead-time. Here, some assumptions have been made:

i. Manufacturing time is 1 day and transfer time is also 1 day. 

ii. Total costs for the transportation of articles are $0.26 per article.

5.5
Two National Distribution Centre (NDC) 

When 2 NDC are built, one catering to regions 1, 2 and 3 and another catering to zones 4 and 5, there is an increase in cost over the 5 DC continuous review distribution systems. The assumptions are as follows:

i. Depreciation period 10 years

ii. Transfer time to zone ‘A’ NDC catering to regions 1, 2 and 3 is 5 days and that to zone B NDC catering to regions 4 and 5 is 1 day.

iii. Transfer costs to zone ‘A’ NDC catering to regions 1, 2 and 3 is $0.12 per article and further up to customer also $0.12 per article. Transfer costs to zone B NDC catering to regions 4 and 5 are $0.02 per article and further up is $0.10 per article.

5.6
National Distribution Centre (NDC) for Part 7 (High Variant Parts)

Various options regarding making one NDC for one part type and continuing with DCs for other part types were also considered. In general there is increase in cost. However, if there is no correlation between the demands of part 7 between various regions, there is some cost reduction in risk pooling of part 7. The trends are shown in the graph above.

5.7
Switchyard System 
Switchyard system involves redistribution of various parts to 5 distribution centres keeping their capacities same. It is a risk pooling without actually building the national distribution centres (in order to avoid costs). There is a marginal reduction in costs even for a moderately high level of correlation both for periodic review and continuous review. 

6.
Conclusion

The various options and their cost analysis can be summarised in the two charts shown below. 
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The different calculations show that, in order to lower costs, the most important step is to change from the periodic review to continuous review. This offers a major impact on the costs of the Alko’s distribution logistic. Furthermore, substantial savings arise when all the 5 distribution centres are shut down in favour for a national distribution centre near the plants or on one of the plants.
Regarding our calculations, it is important to note that all calculations were made on the base of the 10-year depreciation of the construction costs for a national distribution centre. As the depreciation period is prolonged, the rentability of a national distribution centre even outside the plant will become higher and higher. But this will also be true for our national distribution centre near the plants. When a national distribution centre is built, there have to be considerations beforehand as to the delivery time of Alko’s products to the customer. This time may be prolonged then, due to the longer transport way from the warehouse to the customer. However, this issue was not to be tackled in our case study, and therefore, we just would like to mention that this may be an important point favouring 2 national distribution centers or a mixture between NDC and DC.
Therefore, in accordance to the finding, the task force would recommend the following. In order of merit (greatest impact on cost reduction), that ALKO should: 
· Change from a periodic review of 6 days to a continuous review.

· Build an NDC near or next to the plant.
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	37599

	7
	2
	0.73
	1.42
	0.09
	0.1
	0.15
	0.14
	1
	4
	0
	5
	3.7
	3.18
	0.95
	5.22
	8.87
	2.92
	5.22
	1.22
	1.36
	51
	446
	496
	34751

	7
	3
	0.8
	2.39
	0.09
	0.1
	0.15
	0.15
	1
	4
	0
	5
	4.0
	5.34
	0.95
	8.79
	12.79
	3.20
	8.79
	1.80
	1.95
	55
	656
	712
	49837

	7
	4
	1.94
	3.76
	0.09
	0.1
	0.15
	0.37
	1
	4
	0
	5
	9.7
	8.41
	0.95
	13.83
	23.53
	7.76
	13.83
	3.24
	3.61
	135
	1182
	1317
	92159

	7
	5
	2.54
	3.98
	0.09
	0.1
	0.15
	0.48
	1
	4
	0
	5
	12.7
	8.90
	0.95
	14.64
	27.34
	10.16
	14.64
	3.72
	4.20
	176
	1358
	1534
	107370

	
	
	123.8
	
	
	
	
	23.53
	
	
	
	
	
	
	
	243.81
	863.01
	
	
	
	
	
	
	
	895046


Appendix B:


Excel sheet for Various Review Period 

	Periodic Review Policies (NDC)
	
	task force recommendation  co.coeff=0;
	
	
	
	
	
	
	
	daily cost
	
	Annual Cost
	
	

	part 
	region
	mean
	var1
	var2
	sd
	u___tl
	u___ltl
	u___hc
	Tr. Cost
	manf time
	tr. time
	review
	L+T
	RL
	SDL
	CSL
	SS
	OUL
	Inv in transit
	Inv @NDC
	inv
	Total 
	Tr.
	Inv
	total

	1
	NDC
	90.9
	151
	281
	12.3
	0.05
	0.24
	0.15
	26.37
	1
	4
	6
	11
	#####
	40.71
	0.95
	66.96
	1067.08
	363.68
	567.02
	139.60
	165.97
	9623.9
	50955.7
	60579.6

	3
	NDC
	26.4
	148
	266
	12.2
	0.05
	0.24
	0.15
	7.66
	1
	4
	6
	11
	290.73
	40.30
	0.95
	66.28
	357.01
	105.72
	211.65
	47.61
	55.27
	2797.6
	17376.0
	20173.6

	7
	NDC
	6.49
	41.6
	70.7
	6.45
	0.05
	0.24
	0.15
	1.88
	1
	4
	6
	11
	71.39
	21.40
	0.95
	35.20
	106.59
	25.96
	70.89
	14.53
	16.41
	687.0
	5302.7
	5989.6

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	201.74
	237.65
	13108.46
	73634.37
	86742.84

	Periodic Review Policies (NDC)
	
	task force recommendation  co.coeff=0;
	
	
	
	
	
	
	
	
	
	
	
	

	part 
	region
	mean
	var1
	var2
	sd
	u___tl
	u___ltl
	u___hc
	Tr. Cost
	manf time
	tr. time
	review
	L+T
	RL
	SDL
	CSL
	SS
	OUL
	Inv in transit
	Inv @NDC
	inv
	Total 
	Tr.
	Inv
	total

	1
	NDC
	90.9
	151
	281
	12.3
	0.05
	0.24
	0.15
	26.37
	1
	4
	5
	10
	909.20
	38.81
	0.95
	63.84
	973.04
	363.68
	518.44
	132.32
	158.69
	9623.9
	48296.2
	57920.1

	3
	NDC
	26.4
	148
	266
	12.2
	0.05
	0.24
	0.15
	7.66
	1
	4
	5
	10
	264.30
	38.42
	0.95
	63.20
	327.50
	105.72
	195.35
	45.16
	52.83
	2797.6
	16483.5
	19281.2

	7
	NDC
	6.49
	41.6
	70.7
	6.45
	0.05
	0.24
	0.15
	1.88
	1
	4
	5
	10
	64.90
	20.40
	0.95
	33.56
	98.46
	25.96
	66.01
	13.80
	15.68
	687.0
	5035.3
	5722.3

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	191.27
	227.19
	13108.46
	69815.08
	82923.55

	Periodic Review Policies (NDC)
	
	task force recommendation  co.coeff=0;
	
	
	
	
	
	
	
	
	
	
	
	

	part 
	region
	mean
	var1
	var2
	sd
	u___tl
	u___ltl
	u___hc
	Tr. Cost
	manf time
	tr. time
	review
	L+T
	RL
	SDL
	CSL
	SS
	OUL
	Inv in transit
	Inv @NDC
	inv
	Total 
	Tr.
	Inv
	total

	1
	NDC
	90.9
	151
	281
	12.3
	0.05
	0.24
	0.15
	26.37
	1
	4
	4
	9
	818.28
	36.82
	0.95
	60.57
	878.85
	363.68
	469.71
	125.01
	151.37
	9623.9
	45627.9
	55251.8

	3
	NDC
	26.4
	148
	266
	12.2
	0.05
	0.24
	0.15
	7.66
	1
	4
	4
	9
	237.87
	36.45
	0.95
	59.96
	297.83
	105.72
	178.89
	42.69
	50.36
	2797.6
	15582.5
	18380.1

	7
	NDC
	6.49
	41.6
	70.7
	6.45
	0.05
	0.24
	0.15
	1.88
	1
	4
	4
	9
	58.41
	19.36
	0.95
	31.84
	90.25
	25.96
	61.04
	13.05
	14.93
	687.0
	4763.4
	5450.3

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	180.75
	216.66
	13108.46
	65973.74
	79082.20

	Periodic Review Policies (NDC)
	
	task force recommendation  co.coeff=0;
	
	
	
	
	
	
	
	
	
	
	
	

	part 
	region
	mean
	var1
	var2
	sd
	u___tl
	u___ltl
	u___hc
	Tr. Cost
	manf time
	tr. time
	review
	L+T
	RL
	SDL
	CSL
	SS
	OUL
	Inv in transit
	Inv @NDC
	inv
	Total 
	Tr.
	Inv
	total

	1
	NDC
	90.9
	151
	281
	12.3
	0.05
	0.24
	0.15
	26.37
	1
	4
	3
	8
	727.36
	34.72
	0.95
	57.10
	784.46
	363.68
	420.78
	117.67
	144.04
	9623.9
	42949.3
	52573.2

	3
	NDC
	26.4
	148
	266
	12.2
	0.05
	0.24
	0.15
	7.66
	1
	4
	3
	8
	211.44
	34.37
	0.95
	56.53
	267.97
	105.72
	162.25
	40.20
	47.86
	2797.6
	14671.2
	17468.8

	7
	NDC
	6.49
	41.6
	70.7
	6.45
	0.05
	0.24
	0.15
	1.88
	1
	4
	3
	8
	51.92
	18.25
	0.95
	30.02
	81.94
	25.96
	55.98
	12.29
	14.17
	687.0
	4486.0
	5173.0

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	170.15
	206.07
	13108.46
	62106.55
	75215.01

	Periodic Review Policies (NDC)
	
	task force recommendation  co.coeff=0;
	
	
	
	
	
	
	
	
	
	
	
	

	part 
	region
	mean
	var1
	var2
	sd
	u___tl
	u___ltl
	u___hc
	Tr. Cost
	manf time
	tr. time
	review
	L+T
	RL
	SDL
	CSL
	SS
	OUL
	Inv in transit
	Inv @NDC
	inv
	Total 
	Tr.
	Inv
	total

	1
	NDC
	90.9
	151
	281
	12.3
	0.05
	0.24
	0.15
	26.37
	1
	4
	2
	7
	636.44
	32.47
	0.95
	53.41
	689.85
	363.68
	371.63
	110.30
	136.66
	9623.9
	40258.5
	49882.4

	3
	NDC
	26.4
	148
	266
	12.2
	0.05
	0.24
	0.15
	7.66
	1
	4
	2
	7
	185.01
	32.15
	0.95
	52.88
	237.89
	105.72
	145.38
	37.67
	45.33
	2797.6
	13747.8
	16545.4

	7
	NDC
	6.49
	41.6
	70.7
	6.45
	0.05
	0.24
	0.15
	1.88
	1
	4
	2
	7
	45.43
	17.07
	0.95
	28.08
	73.51
	25.96
	50.79
	11.51
	13.40
	687.0
	4202.2
	4889.2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	159.48
	195.39
	13108.46
	58208.49
	71316.95

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Periodic Review Policies (NDC)
	
	task force recommendation  co.coeff=0;
	
	
	
	
	
	
	
	daily cost
	
	Annual Cost
	
	

	part 
	region
	mean
	var1
	var2
	sd
	u___tl
	u___ltl
	u___hc
	Tr. Cost
	manf time
	tr. time
	review
	L+T
	RL
	SDL
	CSL
	SS
	OUL
	Inv in transit
	Inv @NDC
	inv
	Total 
	Tr.
	Inv
	total

	1
	NDC
	90.9
	151
	281
	12.3
	0.05
	0.24
	0.15
	26.37
	1
	4
	1
	6
	545.52
	30.06
	0.95
	49.45
	594.97
	363.68
	322.21
	102.88
	129.25
	9623.9
	37552.6
	47176.5

	3
	NDC
	26.4
	148
	266
	12.2
	0.05
	0.24
	0.15
	7.66
	1
	4
	1
	6
	158.58
	29.76
	0.95
	48.95
	207.53
	105.72
	128.24
	35.09
	42.76
	2797.6
	12809.5
	15607.1

	7
	NDC
	6.49
	41.6
	70.7
	6.45
	0.05
	0.24
	0.15
	1.88
	1
	4
	1
	6
	38.94
	15.80
	0.95
	25.99
	64.93
	25.96
	45.46
	10.71
	12.60
	687.0
	3910.5
	4597.5

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	148.69
	184.61
	13108.46
	54272.65
	67381.11


Appendix C:

Excel sheet for National Distribution Centre (NDC) at Chicago

	Continuous Review Policies (NDC)
	
	task force recommendation  co.coeff=0;
	
	
	
	
	
	
	
	daily cost
	
	Annual Cost
	
	

	part 
	region
	mean
	var1
	var2
	sd
	u___tl
	u___ltl
	u___hc
	Tr. Cost
	manf time
	tr. time
	review
	L+T
	RL
	SDL
	CSL
	SS
	OUL
	Inv in transit
	Inv @NDC
	inv
	Total 
	Tr.
	Inv
	total

	1
	NDC
	90.9
	151
	281
	12.3
	0.05
	0.24
	0.15
	26.37
	1
	4
	0
	5
	454.60
	27.45
	0.95
	45.14
	499.74
	454.60
	272.44
	109.06
	135.42
	9623.9
	39805.6
	49429.5

	3
	NDC
	26.4
	148
	266
	12.2
	0.05
	0.24
	0.15
	7.66
	1
	4
	0
	5
	132.15
	27.17
	0.95
	44.69
	176.84
	132.15
	110.76
	36.44
	44.10
	2797.6
	13299.5
	16097.1

	7
	NDC
	6.49
	41.6
	70.7
	6.45
	0.05
	0.24
	0.15
	1.88
	1
	4
	0
	5
	32.45
	14.43
	0.95
	23.73
	56.18
	32.45
	39.96
	10.86
	12.74
	687.0
	3964.2
	4651.1

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	156.35
	192.27
	13108.46
	57069.33
	70177.80

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Continuous Review Policies (NDC)
	
	task force recommendation  co.coeff=0;
	
	
	
	
	
	
	
	daily cost
	
	Annual Cost
	
	

	part 
	region
	mean
	var1
	var2
	sd
	u___tl
	u___ltl
	u___hc
	Tr. Cost
	manf time
	tr. time
	review
	L+T
	RL
	SDL
	CSL
	SS
	OUL
	Inv in transit
	Inv @NDC
	inv
	Total 
	Tr.
	Inv
	total

	1
	NDC
	90.9
	151
	281
	12.3
	0.05
	0.24
	0.15
	26.37
	1
	3
	0
	4
	363.68
	24.55
	0.95
	40.38
	404.06
	363.68
	222.22
	87.88
	114.25
	9623.9
	32077.9
	41701.8

	3
	NDC
	26.4
	148
	266
	12.2
	0.05
	0.24
	0.15
	7.66
	1
	3
	0
	4
	105.72
	24.30
	0.95
	39.97
	145.69
	105.72
	92.83
	29.78
	37.45
	2797.6
	10870.7
	13668.3

	7
	NDC
	6.49
	41.6
	70.7
	6.45
	0.05
	0.24
	0.15
	1.88
	1
	3
	0
	4
	25.96
	12.90
	0.95
	21.22
	47.18
	25.96
	34.20
	9.02
	10.91
	687.0
	3294.0
	3981.0

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	126.69
	162.61
	13108.46
	46242.57
	59351.04

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Continuous Review Policies (NDC)
	
	task force recommendation  co.coeff=0;
	
	
	
	
	
	
	
	daily cost
	
	Annual Cost
	
	

	part 
	region
	mean
	var1
	var2
	sd
	u___tl
	u___ltl
	u___hc
	Tr. Cost
	manf time
	tr. time
	review
	L+T
	RL
	SDL
	CSL
	SS
	OUL
	Inv in transit
	Inv @NDC
	inv
	Total 
	Tr.
	Inv
	total

	1
	NDC
	90.9
	151
	281
	12.3
	0.05
	0.24
	0.15
	26.37
	1
	2
	0
	3
	272.76
	21.26
	0.95
	34.97
	307.73
	272.76
	171.35
	66.62
	92.98
	9623.9
	24314.9
	33938.8

	3
	NDC
	26.4
	148
	266
	12.2
	0.05
	0.24
	0.15
	7.66
	1
	2
	0
	3
	79.29
	21.04
	0.95
	34.62
	113.91
	79.29
	74.26
	23.03
	30.70
	2797.6
	8406.9
	11204.5

	7
	NDC
	6.49
	41.6
	70.7
	6.45
	0.05
	0.24
	0.15
	1.88
	1
	2
	0
	3
	19.47
	11.18
	0.95
	18.38
	37.85
	19.47
	28.12
	7.14
	9.02
	687.0
	2605.3
	3292.3

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	96.79
	132.70
	13108.46
	35327.16
	48435.63


Appendix D:

Excel sheet for National Distribution Centre (NDC) at Plant

	Continuous Review Policies (NDC located at the plant )
	
	
	task force recommendation  co.coeff=0;
	
	
	daily cost
	Annual Cost
	

	part 
	region
	mean
	var1
	var2
	sd
	u___tl
	u___ltl
	u___hc
	Tr. Cost
	manf time
	tr. time
	review
	L+T
	RL
	SDL
	CSL
	SS
	OUL
	Inv in transit
	Inv @NDC
	inv
	Total 
	Tr.
	Inv
	total

	1
	NDC
	90.9
	151
	281
	12.3
	0.02
	0.25
	0.15
	24.55
	1
	1
	0
	2
	181.84
	17.36
	0.95
	28.55
	210.39
	181.84
	119.47
	45.20
	69.75
	8960.2
	16496.8
	25457.0

	3
	NDC
	26.4
	148
	266
	12.2
	0.02
	0.25
	0.15
	7.14
	1
	1
	0
	2
	52.86
	17.18
	0.95
	28.26
	81.12
	52.86
	54.69
	16.13
	23.27
	2604.7
	5888.6
	8493.2

	7
	NDC
	6.49
	41.6
	70.7
	6.45
	0.02
	0.25
	0.15
	1.75
	1
	1
	0
	2
	12.98
	9.12
	0.95
	15.01
	27.99
	12.98
	21.50
	5.17
	6.92
	639.6
	1887.7
	2527.3

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	66.50
	99.94
	12204.43
	24273.03
	36477.47

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Continuous Review Policies (NDC located at the plant )
	
	
	task force recommendation  co.coeff=0;
	
	
	daily cost
	Annual Cost
	

	part 
	region
	mean
	var1
	var2
	sd
	u___tl
	u___ltl
	u___hc
	Tr. Cost
	manf time
	tr. time
	review
	L+T
	RL
	SDL
	CSL
	SS
	OUL
	Inv in transit
	Inv @NDC
	inv
	Total 
	Tr.
	Inv
	total

	1
	NDC
	90.9
	151
	281
	12.3
	0.02
	0.28
	0.15
	27.28
	1
	1
	0
	2
	181.84
	17.36
	0.95
	28.55
	210.39
	181.84
	119.47
	45.20
	72.47
	9955.7
	16496.8
	26452.5

	3
	NDC
	26.4
	148
	266
	12.2
	0.02
	0.28
	0.15
	7.93
	1
	1
	0
	2
	52.86
	17.18
	0.95
	28.26
	81.12
	52.86
	54.69
	16.13
	24.06
	2894.1
	5888.6
	8782.6

	7
	NDC
	6.49
	41.6
	70.7
	6.45
	0.02
	0.28
	0.15
	1.95
	1
	1
	0
	2
	12.98
	9.12
	0.95
	15.01
	27.99
	12.98
	21.50
	5.17
	7.12
	710.7
	1887.7
	2598.3

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	66.50
	103.65
	13560.48
	24273.03
	37833.51

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Continuous Review Policies (NDC located at the plant )
	
	
	task force recommendation  co.coeff=0;
	
	
	daily cost
	Annual Cost
	

	part 
	region
	mean
	var1
	var2
	sd
	u___tl
	u___ltl
	u___hc
	Tr. Cost
	manf time
	tr. time
	review
	L+T
	RL
	SDL
	CSL
	SS
	OUL
	Inv in transit
	Inv @NDC
	inv
	Total 
	Tr.
	Inv
	total

	1
	NDC
	90.9
	151
	281
	12.3
	0.02
	0.3
	0.15
	29.09
	1
	1
	0
	2
	181.84
	17.36
	0.95
	28.55
	210.39
	181.84
	119.47
	45.20
	74.29
	10619.5
	16496.8
	27116.2

	3
	NDC
	26.4
	148
	266
	12.2
	0.02
	0.3
	0.15
	8.46
	1
	1
	0
	2
	52.86
	17.18
	0.95
	28.26
	81.12
	52.86
	54.69
	16.13
	24.59
	3087.0
	5888.6
	8975.6

	7
	NDC
	6.49
	41.6
	70.7
	6.45
	0.02
	0.3
	0.15
	2.08
	1
	1
	0
	2
	12.98
	9.12
	0.95
	15.01
	27.99
	12.98
	21.50
	5.17
	7.25
	758.0
	1887.7
	2645.7

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	66.50
	106.13
	14464.51
	24273.03
	38737.55



	Continuous review policies
	
	task force recommendation  co.coeff=1;
	
	
	
	
	
	
	
	
	daily cost
	Annual Cost
	

	part 
	region
	mean
	var1
	var2
	sd
	u___tl
	u___ltl
	u___hc
	Tr. Cost
	manf time
	tr. time
	review
	L+T
	RL
	SDL
	CSL
	SS
	OUL
	Inv in transit
	Avg inv @NDC
	inv
	Total 
	Tr.
	Inv
	total

	1
	1,2,3
	75.75
	118.38
	116.03
	18.7
	0.12
	0.12
	0.15
	18.18
	1
	5
	0
	6
	454.50
	45.85
	1
	75.42
	529.92
	454.50
	302.67
	113.58
	131.76
	6635.7
	41455.3
	48091.0

	3
	1,2,3
	12.78
	89.26
	79.40
	15.8
	0.12
	0.12
	0.15
	3.07
	1
	5
	0
	6
	76.68
	38.58
	1
	63.46
	140.14
	76.68
	101.80
	26.77
	29.84
	1119.5
	9771.6
	10891.2

	7
	1,2,3
	2.01
	11.65
	10.94
	5.79
	0.12
	0.12
	0.15
	0.48
	1
	5
	0
	6
	12.06
	14.18
	1
	23.33
	35.39
	12.06
	29.36
	6.21
	6.70
	176.1
	2267.6
	2443.7

	1
	4,5
	15.17
	32.27
	15.63
	7.97
	0.02
	0.10
	0.15
	1.82
	1
	1
	0
	2
	30.34
	11.27
	1
	18.54
	48.88
	30.34
	33.71
	9.61
	11.43
	664.4
	3506.7
	4171.2

	3
	4,5
	13.65
	58.37
	24.07
	10.3
	0.02
	0.10
	0.15
	1.64
	1
	1
	0
	2
	27.30
	14.59
	1
	24.01
	51.31
	27.30
	37.66
	9.74
	11.38
	597.9
	3556.3
	4154.2

	7
	4,5
	4.48
	29.98
	14.96
	7.74
	0.02
	0.10
	0.15
	0.54
	1
	1
	0
	2
	8.96
	10.95
	1
	18.00
	26.96
	8.96
	22.48
	4.72
	5.25
	196.2
	1721.6
	1917.8

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	170.63
	196.35
	######
	62279.21
	71669.06

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Continuous review policies
	
	task force recommendation  co.coeff=0.5;
	
	
	
	
	
	
	
	daily cost
	Annual Cost
	

	part 
	region
	mean
	var1
	var2
	sd
	u___tl
	u___ltl
	u___hc
	Tr. Cost
	manf time
	tr. time
	review
	L+T
	RL
	SDL
	CSL
	SS
	OUL
	Inv in transit
	Avg inv @NDC
	inv
	Total 
	Tr.
	Inv
	total

	1
	1,2,3
	75.75
	118.38
	116.03
	15.3
	0.12
	0.12
	0.15
	18.18
	1
	5
	0
	6
	454.50
	37.50
	1
	61.69
	516.19
	454.50
	288.94
	111.52
	129.70
	6635.7
	40703.1
	47338.8

	3
	1,2,3
	12.78
	89.26
	79.40
	13
	0.12
	0.12
	0.15
	3.07
	1
	5
	0
	6
	76.68
	31.81
	1
	52.32
	129.00
	76.68
	90.66
	25.10
	28.17
	1119.5
	9162.1
	10281.7

	7
	1,2,3
	2.01
	11.65
	10.94
	4.75
	0.12
	0.12
	0.15
	0.48
	1
	5
	0
	6
	12.06
	11.64
	1
	19.15
	31.21
	12.06
	25.18
	5.59
	6.07
	176.1
	2038.8
	2214.9

	1
	4,5
	15.17
	32.27
	15.63
	6.92
	0.02
	0.10
	0.15
	1.82
	1
	1
	0
	2
	30.34
	9.79
	1
	16.10
	46.44
	30.34
	31.27
	9.24
	11.06
	664.4
	3373.1
	4037.5

	3
	4,5
	13.65
	58.37
	24.07
	9.08
	0.02
	0.10
	0.15
	1.64
	1
	1
	0
	2
	27.30
	12.84
	1
	21.12
	48.42
	27.30
	34.77
	9.31
	10.95
	597.9
	3398.4
	3996.2

	7
	4,5
	4.48
	29.98
	14.96
	6.7
	0.02
	0.10
	0.15
	0.54
	1
	1
	0
	2
	8.96
	9.48
	1
	15.59
	24.55
	8.96
	20.07
	4.36
	4.89
	196.2
	1589.6
	1785.9

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	165.11
	190.84
	######
	60265.14
	69654.98

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Continuous review policies
	
	task force recommendation  co.coeff=0;
	
	
	
	
	
	
	
	
	daily cost
	Annual Cost
	

	part 
	region
	mean
	var1
	var2
	sd
	u___tl
	u___ltl
	u___hc
	Tr. Cost
	manf time
	tr. time
	review
	L+T
	RL
	SDL
	CSL
	SS
	OUL
	Inv in transit
	Avg inv @NDC
	inv
	Total 
	Tr.
	Inv
	total

	1
	1,2,3
	75.75
	118.38
	116.03
	10.9
	0.12
	0.12
	0.15
	18.18
	1
	5
	0
	6
	454.50
	26.65
	1
	43.84
	498.34
	454.50
	271.09
	108.84
	127.02
	6635.7
	39725.9
	46361.6

	3
	1,2,3
	12.78
	89.26
	79.40
	9.45
	0.12
	0.12
	0.15
	3.07
	1
	5
	0
	6
	76.68
	23.14
	1
	38.06
	114.74
	76.68
	76.40
	22.96
	26.03
	1119.5
	8381.4
	9500.9

	7
	1,2,3
	2.01
	11.65
	10.94
	3.41
	0.12
	0.12
	0.15
	0.48
	1
	5
	0
	6
	12.06
	8.36
	1
	13.75
	25.81
	12.06
	19.78
	4.78
	5.26
	176.1
	1743.3
	1919.4

	1
	4,5
	15.17
	32.27
	15.63
	5.68
	0.02
	0.10
	0.15
	1.82
	1
	1
	0
	2
	30.34
	8.03
	1
	13.21
	43.55
	30.34
	28.38
	8.81
	10.63
	664.4
	3215.2
	3879.6

	3
	4,5
	13.65
	58.37
	24.07
	7.64
	0.02
	0.10
	0.15
	1.64
	1
	1
	0
	2
	27.30
	10.80
	1
	17.77
	45.07
	27.30
	31.42
	8.81
	10.45
	597.9
	3215.0
	3812.9

	7
	4,5
	4.48
	29.98
	14.96
	5.48
	0.02
	0.10
	0.15
	0.54
	1
	1
	0
	2
	8.96
	7.74
	1
	12.74
	21.70
	8.96
	17.22
	3.93
	4.46
	196.2
	1433.2
	1629.4

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	158.12
	183.85
	######
	57713.94
	67103.79
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Appendix A:		Excel Sheet for Period and Continuous Review Policies with 5 DCs





Appendix E:		Excel Sheet for Continuous Review Policies with Two Distribution Centres





Assumption:





Transportation cost from the plant to NDC: $ 0.05 USD/  per article





Transportation cost from the NDC to customer:  $0.24 USD/  per article





Figure � SEQ Figure \* ARABIC �2�: Distribution network with a National distribution centre (NDC) in Chicago





Figure � SEQ Figure \* ARABIC �3�: Distribution network with a National distribution centre (NDC) next to Plant





Figure � SEQ Figure \* ARABIC �4�: Distribution network with Two National distribution centre (NDC)





Figure � SEQ Figure \* ARABIC �5�: Distribution network with a National distribution centre (NDC) for Part 7





Figure � SEQ Figure \* ARABIC �6�: Switchyard Distribution Network





Assumption:





Transportation cost from the plant to the DC: $0.09 per article


Transportation cost from the plant to the NDC: $0.05 per article





Transportation cost from the DC to the customer: $0.10 per article


Transportation cost from the NDC to the customer: $0.24 per article





Assumption:





Transportation cost from the plant to the DC: $0.09 per article





Transportation cost from the DC to the customer in the same region: $0.10 per article


Transportation cost from the DC to the customer in a different region: $0.24 per article





Assumption:





Transportation cost from the plant to the near NDC: $0.02 per article


Transportation cost from the plant to the far NDC: $0.12 per article





Transportation cost from the near NDC to the customer: $0.10 per article


Transportation cost from the far NDC to the customer: $0.12 per article





Figure � SEQ Figure \* ARABIC �1�: Existing Distribution Network





Assumption:





Transportation cost from the plant to the NDC: $0.05 per article





Transportation cost from the NDC to customer:  $0.26USD/  per article
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