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ABSTRACT

Recently, the use of discrete simulation tools in Operations Management has become more and more accepted.  In comparison, continuous simulation tools like System Dynamics have been ignored more or less.  This is even more astonishing, as the first models published by Forrester (1961) aimed to describe inventory structures.  The principal advantage of System Dynamics is the structure-oriented approach.  We will show, that it is possible to use continuous simulation to understand and improve complex Supply Chains.  The presentation deals with different structures of supply chains, depending on the special problems of diverse branches of businesses.

REASONS FOR SUPPLY CHAIN MODELING

Building models is a natural process.  Everybody uses models, implicit or explicit ones. Making decisions is based on images derived from the real world.  Therefore, we build mental or formal models.  The latter are explicitly formulated, can be discussed, and simulated.  A very good article on computer models is written by Sterman (1988).  The only thing one has to decide is how to build the formal computer model.  What kind of software should be used? In principle, there are two possibilities given: special pre-configured software (Freeman, 1997), or a programming tool.  A short summary of the pros and cons are discussed by Banks and Gibson (1997).  We will concentrate solely on flexible programming tools.  This model can be generated before the supply chain exists in order to test the structure and the policies (Rogers, 1997), or to analyze an existing structure (König, 1997).  

SPECIFIC SUPPLY CHAIN PROBLEMS

There is no standard supply chain.  First of all, the holistic definition of supply chains includes the extraction of raw materials, the production processes, the selling to the customers and the disposal or recycling of waste.  Secondly, companies are mostly interested in suppliers and customers.  Hence, we will focus on the second definition.

Saunders (Saunders, 1997) explains that the efficiency of the whole chain is important.  Some of the approaches for lowering inventories within the enterprise, like JIT, can lead to higher inventories both at the supplier and the customer. For that reason, the supply chain still contains the same amount of material.  Consequently, a simulation model of a supply chain must also produce the potential results for the supplier and customer or even include these structures.  However, all this adds more complexity to the model.  At this point, we have to decide whether we want to build an accurate but very complex model or an abstracted one that helps to understand the behavior of the structure (Sterman, 1988).  The goal of system dynamics models is not to optimize but to analyze complex social systems.  Hence, such a model will be less detailed as one built with a classic modeling tool.

Figure 1 shows a simple supply chain built with ithink by High Performance Systems.  The input to the system is the Customer Order Rate.  The number of orders is 10 units per time step and 15 units per time step after period 20.  To break down the complexity of the structure a sub-model is used to represent the supplier.

[image: image1.wmf]Inventory

Production Delay

Production Rate

Raw Materials

Production Order Rate

Delivery Rate

Potential Delivery Rate

Order Fullfillment Time

Potential Production Orders

Production Order Time

RM Delivery Rate

Supplier

Customer Orders

Customer Order Rate

COFR

DCOfullfilled

COFT

DesiredPOR

PORFT

Desired RMI

RMOrderRate

DelBacklog

OrderProcTime


Fig. 1: Simple Supply Chain Model build with ithink®

The simulation runs for 100 periods, figures two and three show the results of the base run.  It is obvious, that this structure produces a highly dynamic behavior even without feedback between DelBacklog and Customer Order Rate.  
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Fig. 2: Base-Run of the Model (Stock Variables)

As mentioned above, we are interested in the wider structure of the supply chain.  Consequently, the customer and supplier should be incorporated in the model.  The customer relationship or market can be implemented as a diffusion process.  This includes the possibility of gaining and loosing customers.  Even though Milling and Maier (1996) focus on the management of new products, a flexible SD-based diffusion model can be found there.  The interaction with the supplier is already implemented.  A multi-stage multi-dimensional production structure can be found at König (1997).
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Fig. 3: Base-Run of the Model (Main Flow and Auxiliary Variables, 
the Backlog uses the right y-axis)

One of the interesting conclusions of figure three is the existence of oscillations even before the increase of the Customer Order Rate at period 20.  A simulation without this exogenous shock will produce a regular oscillating system.  This problem cannot be solved by changing some of the parameters of the model but by redesigning the structure.  As the structure represents the flow of material, the policies in use, and the flow of information, the possibilities and the power of SD-Modeling are shown.

BENCHMARKING OF SUPPLY CHAINS

Even though the goal of System Dynamics is not to optimize, benchmarking of different structures is of high interest. Christopher (1998) discusses a process- and service-oriented approach based on the SCOR-Model of the Supply-Chain Council (www.supply-chain.org).  This structure is a good starting point for SD-Models.
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Fig. 4: The SCOR-Model in the high level ithink® view
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Tabelle1

		Time		Inventory		Customer Orders		Raw Materials		Production Delay		Customer Order Rate		Delivery Rate		Production Rate		Backlog

		0		10		10		10		50		10		10		10		0

		1		10		10		7.42		49.45		10		10		10		0

		2		10		10		4.77		45.64		10		10		10		0

		3		10		10		4.58		40.22		10		10		10		0

		4		10		10		4.94		34.95		10		10		10		0

		5		10		10		5.05		29.96		10		10		10		0

		6		9.49		10.04		5.02		25.54		10		9.96		9.45		0.55

		7		7.05		11.41		5.04		24.37		10		8.63		6.19		4.36

		8		5.34		15.12		5.65		24.98		10		6.29		4.58		9.78

		9		4.95		19.99		7.38		26.47		10		5.13		4.73		15.05

		10		4.99		25.04		9.88		29.75		10		4.96		5		20.04

		11		5.03		30.03		12.51		35.58		10		5.01		5.04		25

		12		5.02		35.01		15.03		44.03		10		5.02		5.01		29.99

		13		5.17		39.96		17.51		54.8		10		5.04		5.19		34.8

		14		5.98		44.56		19.98		67.02		10		5.4		6.22		38.58

		15		7.71		48		22.28		79.6		10		6.56		8.29		40.29

		16		10.03		49.45		24.05		91.73		10		8.55		10.87		39.42

		17		12.53		48.49		24.84		102.71		10		10.96		13.46		35.96

		18		15.02		45.02		24.4		111.53		10		13.47		15.96		30

		19		17.51		39.07		22.67		116.94		10		15.96		18.44		21.56

		20		19.94		35.64		19.96		117.75		15		18.43		20.86		15.7

		21		22.15		29.84		17.65		113.82		15		20.8		23.01		7.69

		22		23.77		22.02		14.96		106.1		15		22.82		24.44		0

		23		28.75		17.22		11.31		94.96		15		19.8		24.78		0

		24		36.08		15.7		8.48		81.2		15		16.52		23.85		0

		25		42.27		15.22		7.54		67.54		15		15.48		21.67		0

		26		46.2		15.07		7.49		55.96		15		15.15		19.07		0

		27		47.87		15.02		7.53		46.74		15		15.05		16.72		0

		28		46.49		15.01		7.52		40.64		15		15.02		13.63		0

		29		41.58		15		7.5		38.06		15		15		10.09		0

		30		34.59		15		7.5		37.55		15		15		8.01		0

		31		27.08		15		7.5		37.55		15		15		7.49		0

		32		19.59		15		7.5		37.54		15		15		7.51		0

		33		12.37		15.25		7.5		37.51		15		14.75		7.53		2.88

		34		9.05		19.41		7.73		37.52		15		10.84		7.51		10.36

		35		7.99		25.85		9.46		38.25		15		8.56		7.5		17.86

		36		7.65		33.02		12.69		41.35		15		7.84		7.5		25.36

		37		7.55		40.41		16.44		47.94		15		7.61		7.5		32.86

		38		7.52		47.88		20.21		58.3		15		7.53		7.5		40.36

		39		7.53		55.37		23.95		72.39		15		7.51		7.52		47.84

		40		8.1		62.71		27.68		89.5		15		7.66		8.23		54.61

		41		10		69.01		31.34		107.98		15		8.7		10.6		59.01

		42		13.02		72.94		34.54		126.49		15		11.07		14.09		59.92

		43		16.55		73.62		36.6		144.05		15		14.32		17.86		57.06

		44		20.24		70.69		37.02		159.34		15		17.93		21.61		50.45

		45		23.95		64.06		35.58		170.62		15		21.63		25.35		40.11

		46		27.67		53.71		32.26		176.03		15		25.35		29.07		26.04

		47		31.24		39.67		27.09		173.89		15		29.04		32.6		8.43

		48		36.18		24.2		20.07		163.07		15		30.48		35.42		0

		49		51.8		17.91		12.48		143.27		15		21.29		36.9		0

		50		71.43		15.92		8.36		117.25		15		16.99		36.62		0

		51		90.28		15.29		7.46		90.63		15		15.63		34.48		0

		52		105.55		15.09		7.53		67.64		15		15.2		30.47		0

		53		115.09		15.03		7.57		50.59		15		15.06		24.6		0

		54		117.16		15.01		7.53		41.05		15		15.02		17.09		0

		55		112.76		15		7.5		37.96		15		15.01		10.6		0

		56		105.62		15		7.5		37.59		15		15		7.87		0

		57		98.1		15		7.5		37.62		15		15		7.47		0

		58		90.65		15		7.5		37.57		15		15		7.55		0

		59		83.2		15		7.5		37.51		15		15		7.55		0

		60		75.72		15		7.5		37.5		15		15		7.51		0

		61		68.22		15		7.5		37.5		15		15		7.5		0

		62		60.71		15		7.5		37.5		15		15		7.5		0

		63		53.21		15		7.5		37.5		15		15		7.5		0

		64		45.71		15		7.5		37.5		15		15		7.5		0

		65		38.21		15		7.5		37.5		15		15		7.5		0

		66		30.71		15		7.5		37.5		15		15		7.5		0

		67		23.21		15		7.5		37.5		15		15		7.5		0

		68		15.71		15		7.5		37.5		15		15		7.5		0

		69		10.17		16.96		7.52		37.5		15		13.04		7.5		6.79

		70		8.35		22.63		8.39		37.71		15		9.33		7.5		14.29

		71		7.77		29.55		11.03		39.48		15		8.08		7.5		21.79

		72		7.58		36.87		14.64		44.32		15		7.68		7.5		29.29

		73		7.53		44.31		18.42		52.88		15		7.56		7.5		36.79

		74		7.51		51.79		22.17		65.21		15		7.52		7.5		44.29

		75		7.69		59.26		25.9		81.06		15		7.53		7.71		51.57

		76		8.91		66.22		29.62		99.09		15		8.04		9.26		57.31

		77		11.47		71.44		33.11		117.71		15		9.78		12.35		59.96

		78		14.83		73.74		35.8		135.87		15		12.7		16.06		58.91

		79		18.47		72.55		37.05		152.44		15		16.19		19.83		54.08

		80		22.18		67.69		36.5		165.86		15		19.86		23.56		45.52

		81		25.9		59.12		34.08		174.3		15		23.57		27.3		33.22

		82		29.58		46.83		29.79		175.96		15		27.29		30.97		17.25

		83		32.91		30.95		23.65		169.38		15		30.87		34.21		0

		84		43.41		20.05		15.89		153.8		15		25.91		36.4		0

		85		61.94		16.6		9.8		130.11		15		18.45		36.99		0

		86		81.59		15.51		7.65		103.1		15		16.09		35.74		0

		87		98.87		15.16		7.47		78		15		15.35		32.62		0

		88		111.39		15.05		7.56		57.88		15		15.11		27.63		0

		89		117.17		15.02		7.55		44.63		15		15.03		20.81		0

		90		115.46		15.01		7.51		38.87		15		15.01		13.3		0

		91		109.19		15		7.5		37.63		15		15		8.74		0

		92		101.71		15		7.5		37.61		15		15		7.52		0

		93		94.23		15		7.5		37.6		15		15		7.52		0

		94		86.79		15		7.5		37.53		15		15		7.56		0

		95		79.32		15		7.5		37.5		15		15		7.53		0

		96		71.82		15		7.5		37.5		15		15		7.5		0

		97		64.32		15		7.5		37.5		15		15		7.5		0

		98		56.82		15		7.5		37.5		15		15		7.5		0

		99		49.32		15		7.5		37.5		15		15		7.5		0

		100		50		15		7.5		37.5		15		15		7.5		0
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Tabelle3

		Time		Inventory		Customer Orders		Raw Materials		Production Delay

		0		10		10		10		50

		1		10		10		7.42		49.45

		2		10		10		4.77		45.64

		3		10		10		4.58		40.22

		4		10		10		4.94		34.95

		5		10		10		5.05		29.96

		6		9.49		10.04		5.02		25.54

		7		7.05		11.41		5.04		24.37

		8		5.34		15.12		5.65		24.98

		9		4.95		19.99		7.38		26.47

		10		4.99		25.04		9.88		29.75

		11		5.03		30.03		12.51		35.58

		12		5.02		35.01		15.03		44.03

		13		5.17		39.96		17.51		54.8

		14		5.98		44.56		19.98		67.02

		15		7.71		48		22.28		79.6

		16		10.03		49.45		24.05		91.73

		17		12.53		48.49		24.84		102.71

		18		15.02		45.02		24.4		111.53

		19		17.51		39.07		22.67		116.94

		20		19.94		35.64		19.96		117.75

		21		22.15		29.84		17.65		113.82

		22		23.77		22.02		14.96		106.1

		23		28.75		17.22		11.31		94.96

		24		36.08		15.7		8.48		81.2

		25		42.27		15.22		7.54		67.54

		26		46.2		15.07		7.49		55.96

		27		47.87		15.02		7.53		46.74

		28		46.49		15.01		7.52		40.64

		29		41.58		15		7.5		38.06

		30		34.59		15		7.5		37.55

		31		27.08		15		7.5		37.55

		32		19.59		15		7.5		37.54

		33		12.37		15.25		7.5		37.51

		34		9.05		19.41		7.73		37.52

		35		7.99		25.85		9.46		38.25

		36		7.65		33.02		12.69		41.35

		37		7.55		40.41		16.44		47.94

		38		7.52		47.88		20.21		58.3

		39		7.53		55.37		23.95		72.39

		40		8.1		62.71		27.68		89.5

		41		10		69.01		31.34		107.98

		42		13.02		72.94		34.54		126.49

		43		16.55		73.62		36.6		144.05

		44		20.24		70.69		37.02		159.34

		45		23.95		64.06		35.58		170.62

		46		27.67		53.71		32.26		176.03

		47		31.24		39.67		27.09		173.89

		48		36.18		24.2		20.07		163.07

		49		51.8		17.91		12.48		143.27

		50		71.43		15.92		8.36		117.25

		51		90.28		15.29		7.46		90.63

		52		105.55		15.09		7.53		67.64

		53		115.09		15.03		7.57		50.59

		54		117.16		15.01		7.53		41.05

		55		112.76		15		7.5		37.96

		56		105.62		15		7.5		37.59

		57		98.1		15		7.5		37.62

		58		90.65		15		7.5		37.57

		59		83.2		15		7.5		37.51

		60		75.72		15		7.5		37.5

		61		68.22		15		7.5		37.5

		62		60.71		15		7.5		37.5

		63		53.21		15		7.5		37.5

		64		45.71		15		7.5		37.5

		65		38.21		15		7.5		37.5

		66		30.71		15		7.5		37.5

		67		23.21		15		7.5		37.5

		68		15.71		15		7.5		37.5

		69		10.17		16.96		7.52		37.5

		70		8.35		22.63		8.39		37.71

		71		7.77		29.55		11.03		39.48

		72		7.58		36.87		14.64		44.32

		73		7.53		44.31		18.42		52.88

		74		7.51		51.79		22.17		65.21

		75		7.69		59.26		25.9		81.06

		76		8.91		66.22		29.62		99.09

		77		11.47		71.44		33.11		117.71

		78		14.83		73.74		35.8		135.87

		79		18.47		72.55		37.05		152.44

		80		22.18		67.69		36.5		165.86

		81		25.9		59.12		34.08		174.3

		82		29.58		46.83		29.79		175.96

		83		32.91		30.95		23.65		169.38

		84		43.41		20.05		15.89		153.8

		85		61.94		16.6		9.8		130.11

		86		81.59		15.51		7.65		103.1

		87		98.87		15.16		7.47		78

		88		111.39		15.05		7.56		57.88

		89		117.17		15.02		7.55		44.63

		90		115.46		15.01		7.51		38.87

		91		109.19		15		7.5		37.63

		92		101.71		15		7.5		37.61

		93		94.23		15		7.5		37.6

		94		86.79		15		7.5		37.53

		95		79.32		15		7.5		37.5

		96		71.82		15		7.5		37.5

		97		64.32		15		7.5		37.5

		98		56.82		15		7.5		37.5

		99		49.32		15		7.5		37.5

		100		50		15		7.5		37.5
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Tabelle1

		Time		Inventory		Customer Orders		Raw Materials		Production Delay		Customer Order Rate		Delivery Rate		Production Rate		Backlog

		0		10		10		10		50		10		10		10		0

		1		10		10		7.42		49.45		10		10		10		0

		2		10		10		4.77		45.64		10		10		10		0

		3		10		10		4.58		40.22		10		10		10		0

		4		10		10		4.94		34.95		10		10		10		0

		5		10		10		5.05		29.96		10		10		10		0

		6		9.49		10.04		5.02		25.54		10		9.96		9.45		0.55

		7		7.05		11.41		5.04		24.37		10		8.63		6.19		4.36

		8		5.34		15.12		5.65		24.98		10		6.29		4.58		9.78

		9		4.95		19.99		7.38		26.47		10		5.13		4.73		15.05

		10		4.99		25.04		9.88		29.75		10		4.96		5		20.04

		11		5.03		30.03		12.51		35.58		10		5.01		5.04		25

		12		5.02		35.01		15.03		44.03		10		5.02		5.01		29.99

		13		5.17		39.96		17.51		54.8		10		5.04		5.19		34.8

		14		5.98		44.56		19.98		67.02		10		5.4		6.22		38.58

		15		7.71		48		22.28		79.6		10		6.56		8.29		40.29

		16		10.03		49.45		24.05		91.73		10		8.55		10.87		39.42

		17		12.53		48.49		24.84		102.71		10		10.96		13.46		35.96

		18		15.02		45.02		24.4		111.53		10		13.47		15.96		30

		19		17.51		39.07		22.67		116.94		10		15.96		18.44		21.56

		20		19.94		35.64		19.96		117.75		15		18.43		20.86		15.7

		21		22.15		29.84		17.65		113.82		15		20.8		23.01		7.69

		22		23.77		22.02		14.96		106.1		15		22.82		24.44		0

		23		28.75		17.22		11.31		94.96		15		19.8		24.78		0

		24		36.08		15.7		8.48		81.2		15		16.52		23.85		0

		25		42.27		15.22		7.54		67.54		15		15.48		21.67		0

		26		46.2		15.07		7.49		55.96		15		15.15		19.07		0

		27		47.87		15.02		7.53		46.74		15		15.05		16.72		0

		28		46.49		15.01		7.52		40.64		15		15.02		13.63		0

		29		41.58		15		7.5		38.06		15		15		10.09		0

		30		34.59		15		7.5		37.55		15		15		8.01		0

		31		27.08		15		7.5		37.55		15		15		7.49		0

		32		19.59		15		7.5		37.54		15		15		7.51		0

		33		12.37		15.25		7.5		37.51		15		14.75		7.53		2.88

		34		9.05		19.41		7.73		37.52		15		10.84		7.51		10.36

		35		7.99		25.85		9.46		38.25		15		8.56		7.5		17.86

		36		7.65		33.02		12.69		41.35		15		7.84		7.5		25.36

		37		7.55		40.41		16.44		47.94		15		7.61		7.5		32.86

		38		7.52		47.88		20.21		58.3		15		7.53		7.5		40.36

		39		7.53		55.37		23.95		72.39		15		7.51		7.52		47.84

		40		8.1		62.71		27.68		89.5		15		7.66		8.23		54.61

		41		10		69.01		31.34		107.98		15		8.7		10.6		59.01

		42		13.02		72.94		34.54		126.49		15		11.07		14.09		59.92

		43		16.55		73.62		36.6		144.05		15		14.32		17.86		57.06

		44		20.24		70.69		37.02		159.34		15		17.93		21.61		50.45

		45		23.95		64.06		35.58		170.62		15		21.63		25.35		40.11

		46		27.67		53.71		32.26		176.03		15		25.35		29.07		26.04

		47		31.24		39.67		27.09		173.89		15		29.04		32.6		8.43

		48		36.18		24.2		20.07		163.07		15		30.48		35.42		0

		49		51.8		17.91		12.48		143.27		15		21.29		36.9		0

		50		71.43		15.92		8.36		117.25		15		16.99		36.62		0

		51		90.28		15.29		7.46		90.63		15		15.63		34.48		0

		52		105.55		15.09		7.53		67.64		15		15.2		30.47		0

		53		115.09		15.03		7.57		50.59		15		15.06		24.6		0

		54		117.16		15.01		7.53		41.05		15		15.02		17.09		0

		55		112.76		15		7.5		37.96		15		15.01		10.6		0

		56		105.62		15		7.5		37.59		15		15		7.87		0

		57		98.1		15		7.5		37.62		15		15		7.47		0

		58		90.65		15		7.5		37.57		15		15		7.55		0

		59		83.2		15		7.5		37.51		15		15		7.55		0

		60		75.72		15		7.5		37.5		15		15		7.51		0

		61		68.22		15		7.5		37.5		15		15		7.5		0

		62		60.71		15		7.5		37.5		15		15		7.5		0

		63		53.21		15		7.5		37.5		15		15		7.5		0

		64		45.71		15		7.5		37.5		15		15		7.5		0

		65		38.21		15		7.5		37.5		15		15		7.5		0

		66		30.71		15		7.5		37.5		15		15		7.5		0

		67		23.21		15		7.5		37.5		15		15		7.5		0

		68		15.71		15		7.5		37.5		15		15		7.5		0

		69		10.17		16.96		7.52		37.5		15		13.04		7.5		6.79

		70		8.35		22.63		8.39		37.71		15		9.33		7.5		14.29

		71		7.77		29.55		11.03		39.48		15		8.08		7.5		21.79

		72		7.58		36.87		14.64		44.32		15		7.68		7.5		29.29

		73		7.53		44.31		18.42		52.88		15		7.56		7.5		36.79

		74		7.51		51.79		22.17		65.21		15		7.52		7.5		44.29

		75		7.69		59.26		25.9		81.06		15		7.53		7.71		51.57

		76		8.91		66.22		29.62		99.09		15		8.04		9.26		57.31

		77		11.47		71.44		33.11		117.71		15		9.78		12.35		59.96

		78		14.83		73.74		35.8		135.87		15		12.7		16.06		58.91

		79		18.47		72.55		37.05		152.44		15		16.19		19.83		54.08

		80		22.18		67.69		36.5		165.86		15		19.86		23.56		45.52

		81		25.9		59.12		34.08		174.3		15		23.57		27.3		33.22

		82		29.58		46.83		29.79		175.96		15		27.29		30.97		17.25

		83		32.91		30.95		23.65		169.38		15		30.87		34.21		0

		84		43.41		20.05		15.89		153.8		15		25.91		36.4		0

		85		61.94		16.6		9.8		130.11		15		18.45		36.99		0

		86		81.59		15.51		7.65		103.1		15		16.09		35.74		0

		87		98.87		15.16		7.47		78		15		15.35		32.62		0

		88		111.39		15.05		7.56		57.88		15		15.11		27.63		0

		89		117.17		15.02		7.55		44.63		15		15.03		20.81		0

		90		115.46		15.01		7.51		38.87		15		15.01		13.3		0

		91		109.19		15		7.5		37.63		15		15		8.74		0

		92		101.71		15		7.5		37.61		15		15		7.52		0

		93		94.23		15		7.5		37.6		15		15		7.52		0

		94		86.79		15		7.5		37.53		15		15		7.56		0

		95		79.32		15		7.5		37.5		15		15		7.53		0

		96		71.82		15		7.5		37.5		15		15		7.5		0

		97		64.32		15		7.5		37.5		15		15		7.5		0

		98		56.82		15		7.5		37.5		15		15		7.5		0

		99		49.32		15		7.5		37.5		15		15		7.5		0

		100		50		15		7.5		37.5		15		15		7.5		0
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Tabelle3

		Time		Inventory		Customer Orders		Raw Materials		Production Delay

		0		10		10		10		50

		1		10		10		7.42		49.45

		2		10		10		4.77		45.64

		3		10		10		4.58		40.22

		4		10		10		4.94		34.95

		5		10		10		5.05		29.96

		6		9.49		10.04		5.02		25.54

		7		7.05		11.41		5.04		24.37

		8		5.34		15.12		5.65		24.98

		9		4.95		19.99		7.38		26.47

		10		4.99		25.04		9.88		29.75

		11		5.03		30.03		12.51		35.58

		12		5.02		35.01		15.03		44.03

		13		5.17		39.96		17.51		54.8

		14		5.98		44.56		19.98		67.02

		15		7.71		48		22.28		79.6

		16		10.03		49.45		24.05		91.73

		17		12.53		48.49		24.84		102.71

		18		15.02		45.02		24.4		111.53

		19		17.51		39.07		22.67		116.94

		20		19.94		35.64		19.96		117.75

		21		22.15		29.84		17.65		113.82

		22		23.77		22.02		14.96		106.1

		23		28.75		17.22		11.31		94.96

		24		36.08		15.7		8.48		81.2

		25		42.27		15.22		7.54		67.54

		26		46.2		15.07		7.49		55.96

		27		47.87		15.02		7.53		46.74

		28		46.49		15.01		7.52		40.64

		29		41.58		15		7.5		38.06

		30		34.59		15		7.5		37.55

		31		27.08		15		7.5		37.55

		32		19.59		15		7.5		37.54

		33		12.37		15.25		7.5		37.51

		34		9.05		19.41		7.73		37.52

		35		7.99		25.85		9.46		38.25

		36		7.65		33.02		12.69		41.35

		37		7.55		40.41		16.44		47.94

		38		7.52		47.88		20.21		58.3

		39		7.53		55.37		23.95		72.39

		40		8.1		62.71		27.68		89.5

		41		10		69.01		31.34		107.98

		42		13.02		72.94		34.54		126.49

		43		16.55		73.62		36.6		144.05

		44		20.24		70.69		37.02		159.34

		45		23.95		64.06		35.58		170.62

		46		27.67		53.71		32.26		176.03

		47		31.24		39.67		27.09		173.89

		48		36.18		24.2		20.07		163.07

		49		51.8		17.91		12.48		143.27

		50		71.43		15.92		8.36		117.25

		51		90.28		15.29		7.46		90.63

		52		105.55		15.09		7.53		67.64

		53		115.09		15.03		7.57		50.59

		54		117.16		15.01		7.53		41.05

		55		112.76		15		7.5		37.96

		56		105.62		15		7.5		37.59

		57		98.1		15		7.5		37.62

		58		90.65		15		7.5		37.57

		59		83.2		15		7.5		37.51

		60		75.72		15		7.5		37.5

		61		68.22		15		7.5		37.5

		62		60.71		15		7.5		37.5

		63		53.21		15		7.5		37.5

		64		45.71		15		7.5		37.5

		65		38.21		15		7.5		37.5

		66		30.71		15		7.5		37.5

		67		23.21		15		7.5		37.5

		68		15.71		15		7.5		37.5

		69		10.17		16.96		7.52		37.5

		70		8.35		22.63		8.39		37.71

		71		7.77		29.55		11.03		39.48

		72		7.58		36.87		14.64		44.32

		73		7.53		44.31		18.42		52.88

		74		7.51		51.79		22.17		65.21

		75		7.69		59.26		25.9		81.06

		76		8.91		66.22		29.62		99.09

		77		11.47		71.44		33.11		117.71

		78		14.83		73.74		35.8		135.87

		79		18.47		72.55		37.05		152.44

		80		22.18		67.69		36.5		165.86

		81		25.9		59.12		34.08		174.3

		82		29.58		46.83		29.79		175.96

		83		32.91		30.95		23.65		169.38

		84		43.41		20.05		15.89		153.8

		85		61.94		16.6		9.8		130.11

		86		81.59		15.51		7.65		103.1

		87		98.87		15.16		7.47		78

		88		111.39		15.05		7.56		57.88

		89		117.17		15.02		7.55		44.63

		90		115.46		15.01		7.51		38.87

		91		109.19		15		7.5		37.63

		92		101.71		15		7.5		37.61

		93		94.23		15		7.5		37.6

		94		86.79		15		7.5		37.53

		95		79.32		15		7.5		37.5

		96		71.82		15		7.5		37.5

		97		64.32		15		7.5		37.5

		98		56.82		15		7.5		37.5

		99		49.32		15		7.5		37.5

		100		50		15		7.5		37.5
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