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ABSTRACT
When employing evolutionary algorithms it is often the case that the evaluation function is the most computationally expensive part of the algorithm. Our evaluation function calculates the no fit polygon (NFP) for two polygons and then calculates the smallest convex hull for these two polygons. This process is repeated for each polygon. As the manipulation of polygons is computational expensive, the algorithm shows a bottleneck at this stage. However, many of the evaluations are simply reevaluating solutions that have already been evaluated. In order to use this information we use a cache which stores previous evaluations. By increasing the size of the cache size the speed of the algorithm is significantly increased. In addition the concept of a polygon type allows much better use to be made of the cache. In some circumstances, it may not be beneficial to use a cached evaluation. A reevaluation parameter is introduced which forces a complete reevaluation of a solution. We show that this parameter can be set to a small value so that we do not lose the advantages of the cache. These approaches are intuitive but are not often implemented, but they will become increasingly important as evolutionary algorithms are more widely used.

1. INTRODUCTION

In the nesting problem larger shapes must be divided into smaller pieces. This is achieved by arranging the smaller pieces onto the larger shapes so that they do not overlap, they lie within the confines of the larger shapes and the waste is minimised. Only two dimensions are relevant; height and width. In this paper only a single bin (larger shape) of fixed width and infinite height is used. The nesting problem is also characterized by the fact that it works with irregular shapes (polygons). In this paper only convex polygons are considered. [2] is one of the first references to discuss the nesting problem and, in particular, the No Fit Polygon (NFP) (see section 2). [1] also uses the NFP to calculate the minimum enclosing rectangle for two irregular shapes. Recently [6] also used the no fit polygon. Pieces are placed into the bin one at a time. The location of the next piece is calculated using the NFP. Once the best placement has been found the piece is added to the partial solution and the next piece is placed. The evaluation function is often the most expensive part of an algorithm. Other researchers have used various methods in order to reduce the computational load of their evaluation function on their algorithm. In [7] a warehouse scheduling problem is solved using a genetic algorithm. The evaluation function is a list based simulation of orders progressing through the warehouse. An internal (detailed) simulator is used to verify solutions. This takes about three minutes. An external (coarse) simulator runs in about one tenth of a second and is used to identify potential solutions. [8] uses delta evaluation on the timetabling problem. Instead of evaluating every timetable they show that, as only small changes are being made between one timetable and the next, it is possible to evaluate just the changes and update the previous cost function using the result of that calculation. Our research uses the no fit polygon and evolutionary algorithms to produce solutions to the nesting problem. In particular, we present a method of evaluation that allows the algorithm to be speeded up by reducing the number of times the evaluation function is called.

2. NO FIT POLYGON
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The No Fit Polygon (NFP) determines all arrangements that two arbitrary polygons may assume such that the shapes do not overlap but so that they cannot be moved closer together without intersecting. To show how the NFP is constructed consider two polygons; P1 and P2. The aim is to find an arrangement such that the two polygons touch but do not overlap. If this can be achieved then we know that we cannot move the polygons closer together in order to obtain a tighter packing. In order to find the various placements the procedure is as follows (see figure 1). One of the polygons (P1) remains stationary. P2 moves around P1 and stays in contact with it but never intersects it. P1  and P2 retain their original orientation. That is, they never rotate. As P2 moves around P1 one of its vertices (the filled circle) traces a line.
Figure 1 shows the starting (and finishing) positions of P1 and P2. The NFP is shown as a dashed line. It is slightly enlarged so that it is visible. In fact, some of the edges would be identical to P1 and P2. Once the NFP has been calculated for a given pair of polygons the reference point (the filled circle) of P2 can be placed anywhere on an edge of the NFP in the knowledge that it will touch, but not intersect, P1. In order to implement a NFP algorithm it is not necessary to emulate one polygon orbiting another. [4] presents the algorithm that we use.

Further details of the computational geometry techniques we have used can be found in [3].

3. EVALUATION

3.1 The Basic Method

In order to fill the bin we proceed as follows. The first polygon is chosen and this becomes the stationery polygon (P1 in figure 1). The next polygon (P2 in figure 1) becomes the orbiting polygon. Using these two polygons the NFP is constructed. The reference point of P2 is now placed on various points on the NFP. For each position the convex hull for the two polygons is calculated. Once all placements have been considered the convex hull that has the minimum area is returned as the best packing of the two polygons. This larger polygon now becomes the stationery polygon and the next polygon is used as the orbiting polygon. This process is repeated until all polygons have been processed. As each large polygon is created, its width is checked. If this exceeds the width of the bin, then a new row within the bin is started. In this case the polygon which forced the width of the bin to be exceeded becomes the stationery polygon. That is, the large polygon built thus far forms one row and the next row is constructed using a single polygon as a starting point.
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There are two problems that need to be addressed in order to make the evaluation strategy feasible. The number of placements the reference point can take on the NFP is infinite. In order to reduce the problem to manageable proportions, we only place the reference point on the vertices of the NFP. The second problem is that there could be more than one optimal placement for two given polygons. Consider two rectangles of the same dimensions. There are four optimal placements, as shown in figure 3.1.
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No matter which placement is chosen the four evaluations return the same value as the convex hulls all have the same area. Therefore, it is immaterial which one we choose. However, it may make a difference when later polygons are added. Consider for example if the placement is chosen where one polygon is placed on top of P. Depending on the characteristics of the next polygon it could effect the quality of the solution that is being built. Figure 3.2, illustrates this. It shows that by choosing one placement over another different solutions can be obtained later in the packing.

The cost function that measures a complete (or partial) solution is taken from [5]. Rather than simply measuring the bin height (which is the intuitive evaluation function), the cost function measures how efficiently the bin has been packed. This gives a much better search space for the algorithm to explore.

3.2 Caching of Evaluations

Manipulating polygons is computationally expensive and, due to the nature of evolutionary algorithms, the evaluation function has to be called many times. It is likely that the same evaluation will be performed many times. This makes this part of the algorithm a serious bottleneck. In order not to evaluate previously seen solutions again a cache has been implemented. Each polygon is assigned a unique identifier. In this way a solution (complete or partial) can be recognised by considering a concatenation of the identifiers (a key), which is used to access the cache. The cache either returns a null value, meaning that the solution is not present, or it returns the previous evaluation which means the evaluation function does not have to be called. In addition a polygon data structure is held in the cache so that this can be returned and paired with the next polygon. In fact, the cache can hold more than one polygon for each hash key. Figure 2 shows four optimal placements. These placements would all be held in the cache but only one (randomly selected) is returned.

3.3 Types

Another potential bottleneck is evaluating polygon permutations that have already been evaluated. Consider polygons with identifiers ABCDE and assume the polygons DE are identical. After evaluating the permutation ABCDE, {AB, ABC, ABCD, ABCDE} will be stored in the cache. Later in the algorithm ABCE might need to be evaluated. This key will not be in the cache and the evaluation function is called. In fact, there is no need to do this as polygons D and E have the same dimensions and evaluating ABCD will yield the same result as ABCE. In order to cater for this, the notion of a polygon type was introduced. This gives each polygon a type identifier which acts as a pointer to the polygon description. This can significantly reduce the size of the search space and allows for much more effective use of the cache.

3.4 Forcing Reevaluations

One problem in using a cache is that it might be holding an evaluation which is not the optimal for a particular permutation of polygons. An example of this is shown in figures 2 and 3. If the first two (smaller) polygons are evaluated, it will be found they can be positioned in four ways (see figure 2). The placement chosen is random, so assume one polygon is placed next to the other. When the third polygon is evaluated, the best configuration that can be found is that shown on the right of figure 3. It is the result from this evaluation that will be stored in the cache and whenever these three polygons are evaluated, it will be this value that is returned from the cache. We will never have access to the better solution (left hand side of figure 3) where the first two polygons are placed on top of one another. The problem is that once a configuration is stored in the cache, the only way we can arrive at another placement is for the cache to exceed its limit and for the (possibly) inferior solution to be discarded. However, there is no guarantee that this will happen. In fact, the larger the cache size (in the hope of improved performance) the less chance there is of items being discarded from the cache. In an attempt to alleviate this problem a reevaluation parameter is introduced. This is set to a value between 0 and 1 and determines the probability of the solution being reevaluated, regardless of whether or not it is in the cache. A value of zero means that the value in the cache, if it exists, should always be used. A value of one means that the solution is always reevaluated, effectively ignoring the cache. Higher values of the reevaluation parameter will slow the algorithm down as it is not making as much use of the cache. However, reevaluating solutions should mean that better quality solutions are found as more of the search space is explored.

4. Testing, Results and Comparisons
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4.1 Test Data

Testing was carried out on three sets of data. The first test consisted of fourteen pieces which were defined using three different polygon types. The second test used the same pieces but this time the polygons were defined as (fourteen) different types. The third test used the pieces shown figure 4.1. This problem is taken from a company that cuts polycarbonate pieces for the manufacture of conservatories. This data is defined using different types. All our tests were run on a Cyrix 166 processor with 64MB of memory with the results averaged over three runs using simulated annealing.

4.2 Testing the Cache

The upper bound for the cache size was found by starting with a high value and recording the maximum number of elements held in the cache at the completion of the run.
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The cache size was then varied, in increments of 1000, between zero and the upper bound. It can be seen (figure 4.2 and 4.3) that the cache size has a significant effect on the running time of the algorithm. In addition, when using polygons of the same type (figure 4.2, which shows the first two sets of test data) the program not only runs faster but also requires a smaller cache (due to the reduced size of the search space). The third test problem (figure 4.3) shows similar, confirmatory results. It is interesting to note that with a cache size of zero, the algorithm is slightly slower than when the cache is set to only hold a small number of elements. We attribute this to the fact that there is an overhead in maintaining the cache. When the cache is maintaining a small number of elements the execution time for the overhead processing exceed the time benefits that result from having data stored in the cache. However, this is not a major issue as it is always better to have the cache set to as large a value as possible and a small value should never be used, only in this case to show the effect of varying its size.

4.3 Reevaluation Parameter
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The effect of increasing the reevaluation parameter is to increase the run time of the algorithm as cached data is not used as often. The worst case comes when the reevaluation parameter is set to 1.0 as this is the same as setting the cache size to zero and means that every solution has to be evaluated. The three sets of test data were tested using values between 0.0 and 1.0 for the reevaluation parameter, incrementing by 0.1 on each test. We would expect to see, with higher values for the reevaluation parameter, better quality solutions appearing. In fact, this was not the case as can be seen from figure 4.4, which shows the results from the third set of data but is representative of all three tests. It is difficult to draw conclusions from this graph although we can conclude that when the reevaluation parameter is set to zero the result is a high cost function. We conclude from this that we should not set the parameter to zero but a low value can be used (we use a value of 0.1). We plan to do more work in this area so that we can more fully understand the effect of this parameter.

5. CONCLUSION

An evaluation method for the nesting problem has been presented. The evaluation function is a bottleneck in some systems, which is the case in ours due to the computational geometry aspects of the algorithm. Three ways have been presented which increase the speed of the algorithm. Although these methods are intuitive we do not believe they have been presented and implemented with regards to the nesting problem in conjunction with the no fit polygon. The first improvement stores previous evaluations in a cache so that the evaluation function can be bypassed if the same solution is seen again. By varying the cache size it has been shown that the speed of the algorithm can be significantly influenced. The concept of polygon types has also been introduced. Whilst most researchers will use this method of representing their data we have demonstrated that this approach does lead to an improvement in run time, especially when used in conjunction with the cache. Finally, we used a reevaluation parameter so that we can force a solution to be reevaluated even if it is stored in the cache. This is required as it is possible that the cache will hold an inferior solution for a given permutation of polygons.

Without the techniques we have outlined above we do not believe that an evolutionary approach to the nesting problem, using our evaluation method, would be feasible. This work provides a sound foundation for our future research which will include other evolutionary algorithms and non-convex polygons.
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Figure 3.1 - Possible Placements




















Figure 3.2 - Same Polygons, Different Solutions








Figure 4.1 - Test Data 3
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Figure 2.1 – No Fit Polygon
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Figure 4.4 - Effect of Reevaluation














Figure 4.2 – Cache Benefits (Test Data 1 & 2)
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Figure 4.3 – Cache Benefits (Test Data 3)
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		415		19000.000						1246		6		51		7		2		6		53





592 Cache

												Run 1				Run 2				Run 3

		Time (Secs)		Cache Size						Total Run Time (secs)		Mins		Secs		Mins		Secs		Mins		Secs

		394		0.000						1182		6		35		6		31		6		36

		436		1000.000						1307		7		15		7		11		7		21

		439		2000.000						1316		7		14		7		19		7		23

		430		3000.000						1291		7		12		7		6		7		13

		421		4000.000						1263		7		6		7		3		6		54

		419		5000.000						1256		6		59		6		59		6		58

		393		6000.000						1179		6		27		6		38		6		34

		387		7000.000						1162		6		27		6		28		6		27

		373		8000.000						1120		6		8		6		20		6		12

		363		9000.000						1089		6		2		6		4		6		3

		357		10000.000						1070		5		55		6		0		5		55

		342		11000.000						1026		5		39		5		46		5		41

		335		12000.000						1006		5		41		5		31		5		34

		323		13000.000						968		5		19		5		24		5		25

		315		14000.000						946		5		12		5		15		5		19

		311		15000.000						933		5		16		5		1		5		16

		300		16000.000						900		4		55		5		0		5		5

		303		17000.000						909		5		5		5		2		5		2
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202 ReEval

		557.6666666667		554.3333333333

		582.3333333333		600

		562		608.6666666667

		528.3333333333		598.3333333333

		482		591.3333333333

		436.3333333333		582

		395.6666666667		566

		323		550.6666666667

		277.6666666667		530.6666666667

		256		520.6666666667

		241.3333333333		497.6666666667

		234.6666666667		480.6666666667

		235		462.6666666667

		235		456.3333333333

		235		445.6666666667

		235		437.6666666667

		235		422.3333333333

		235		420.3333333333

		235		408.6666666667

		235		415.3333333333



Same Types

Different Types

Cache Size (000's)

Seconds



203 ReEval

				Avg Time		Avg Bin Height		Avg Eval				Run 1				Run 2				Run 3				Run 1		Run 2		Run 3		Run 1		Run 2		Run 3

		ReEval		Time		Bin Height		Evaluation		Total Run Time (secs)		Mins		Secs		Mins		Secs		Mins		Secs		Best Solution		Best Solution		Best Solution		Best Evaluation		Best Evaluation		Best Evaluation

		0.00		239		550		2711.71		716		3		54		3		57		4		5		550		550		550		2711.71		2711.71		2711.71

		0.10		278		527		2696.04		835		4		29		4		45		4		41		480		550		550		2664.70		2711.71		2711.71

		0.20		323		497		2633.84		968		5		27		5		20		5		21		550		480		460		2711.71		2617.87		2571.93

		0.30		350		473		2547.03		1050		5		46		5		50		5		54		470		490		460		2543.62		2672.72		2424.75

		0.40		396		523		2678.42		1187		6		40		6		36		6		31		470		550		550		2611.83		2711.71		2711.71

		0.50		436		550		2711.71		1309		7		14		7		13		7		22		550		550		550		2711.71		2711.71		2711.71

		0.60		472		507		2534.80		1417		7		48		7		54		7		55		480		490		550		2254.74		2637.94		2711.71

		0.70		515		480		2643.80		1546		8		30		8		41		8		35		480		470		490		2646.86		2611.83		2672.72

		0.80		548		500		2675.23		1644		9		9		9		7		9		8		480		470		550		2702.15		2611.83		2711.71

		0.90		578		527		2709.40		1734		9		35		9		40		9		39		550		550		480		2711.71		2711.71		2704.77

		1.00		617		510		2681.57		1851		10		19		10		16		10		16		550		490		490		2711.71		2637.37		2695.64
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592 ReEval

				Avg Time		Avg Bin Height		Avg Eval				Run 1				Run 2				Run 3				Run 1		Run 2		Run 3		Run 1		Run 2		Run 3

		ReEval %		Time		Bin Height		Evaluation		Total Run Time (secs)		Mins		Secs		Mins		Secs		Mins		Secs		Best Solution		Best Solution		Best Solution		Best Evaluation		Best Evaluation		Best Evaluation

		0.00		422		507		2791.52		1265		6		55		7		3		7		7		510		510		500		2764.79		2878.72		2731.04

		0.10		448		503		2837.00		1343		7		31		7		27		7		25		490		500		520		2770.54		2961.25		2779.20

		0.20		465		477		2619.61		1395		7		39		7		50		7		46		470		490		470		2611.83		2635.16		2611.83

		0.30		489		493		2716.16		1467		8		12		8		9		8		6		510		470		500		2873.82		2543.62		2731.04

		0.40		501		487		2728.62		1504		8		24		8		17		8		23		490		490		480		2763.30		2763.30		2659.27

		0.50		527		487		2698.97		1581		8		52		8		44		8		45		490		500		470		2637.37		2847.71		2611.83

		0.60		548		493		2767.96		1645		9		9		9		6		9		10		500		500		480		2782.31		2847.71		2673.87

		0.70		567		493		2681.32		1701		9		27		9		27		9		27		470		500		510		2543.62		2731.04		2769.31

		0.80		585		477		2674.98		1756		9		56		9		36		9		44		490		490		450		2824.28		2836.12		2364.55

		0.90		601		487		2701.54		1804		10		4		10		1		9		59		470		490		500		2543.62		2715.72		2845.27

		1.00		616		493		2734.93		1849		10		18		10		16		10		15		480		500		500		2632.58		2731.04		2841.16
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				Avg Time		Avg Bin Height		Avg Eval				Run 1				Run 2				Run 3				Run 1		Run 2		Run 3		Run 1		Run 2		Run 3

		ReEval %		Time		Bin Height		Evaluation		Total Run Time (secs)		Mins		Secs		Mins		Secs		Mins		Secs		Best Solution		Best Solution		Best Solution		Best Evaluation		Best Evaluation		Best Evaluation

		0.00		306		33370		1860.75		917		5		2		5		10		5		5		32469		33996		33645		1732.39		1933.30		1916.57

		0.10		321		31057		1540.09		962		5		19		5		22		5		21		31353		29745		32073		1523.62		1295.73		1800.91

		0.20		331		34481		1858.86		993		5		31		5		31		5		31		34320		32595		36528		1789.45		1791.11		1996.01

		0.30		352		32716		1739.63		1055		5		50		5		55		5		50		31803		33660		32685		1634.42		1905.47		1678.99

		0.40		357		31836		1504.51		1070		5		59		5		55		5		56		34590		29745		31173		1496.23		1522.40		1494.90

		0.50		369		33251		1724.65		1107		6		5		6		12		6		10		32052		33633		34068		1603.22		1755.33		1815.39

		0.60		385		32192		1561.65		1155		6		24		6		24		6		27		30963		34743		30870		1432.15		1793.19		1459.60

		0.70		399		31566		1564.21		1198		6		36		6		42		6		40		31947		29577		33174		1619.33		1374.59		1698.70

		0.80		411		32944		1680.26		1233		6		53		6		53		6		47		34011		31863		32958		1649.94		1671.91		1718.92

		0.90		425		31774		1575.23		1275		7		5		7		3		7		7		31980		30408		32934		1537.13		1430.02		1758.55

		1.00		433		32726		1779.34		1300		7		17		7		15		7		8		31980		34635		31563		1679.46		2008.61		1649.95
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202 Cache

												Run 1				Run 2				Run 3

		Same Types		Cache Size						Total Run Time (secs)		Mins		Secs		Mins		Secs		Mins		Secs

		558		0.000						1673		9		15		9		16		9		22

		582		1000.000						1747		9		36		9		48		9		43

		562		2000.000						1686		9		9		9		16		9		41

		528		3000.000						1585		8		43		8		52		8		50

		482		4000.000						1446		8		2		8		0		8		4

		436		5000.000						1309		7		35		7		17		6		57

		396		6000.000						1187		6		33		6		37		6		37

		323		7000.000						969		5		23		5		27		5		19

		278		8000.000						833		4		42		4		33		4		38

		256		9000.000						768		4		8		4		19		4		21

		241		10000.000						724		3		57		3		59		4		8

		235		11000.000						704		3		55		3		49		4		0

		235		12000.000

		235		13000.000

		235		14000.000

		235		15000.000

		235		16000.000

		235		17000.000

		235		18000.000

		235		19000.000





203 Cache

												Run 1				Run 2				Run 3

		Different Types		Cache Size						Total Run Time (secs)		Mins		Secs		Mins		Secs		Mins		Secs

		554		0.000						1663		9		10		9		9		9		24

		600		1000.000						1800		9		51		10		4		10		5

		609		2000.000						1826		10		11		10		13		10		2

		598		3000.000						1795		10		0		9		56		9		59

		591		4000.000						1774		9		50		9		57		9		47

		582		5000.000						1746		9		40		9		42		9		44

		566		6000.000						1698		9		26		9		26		9		26

		551		7000.000						1652		9		9		9		9		9		14

		531		8000.000						1592		8		51		8		49		8		52

		521		9000.000						1562		8		45		8		43		8		34

		498		10000.000						1493		8		17		8		22		8		14

		481		11000.000						1442		7		58		7		56		8		8

		463		12000.000						1388		7		37		7		49		7		42

		456		13000.000						1369		7		43		7		30		7		36

		446		14000.000						1337		7		23		7		20		7		34

		438		15000.000						1313		7		7		7		17		7		29

		422		16000.000						1267		6		58		7		2		7		7

		420		17000.000						1261		6		59		7		2		7		0

		409		18000.000						1226		6		42		6		47		6		57

		415		19000.000						1246		6		51		7		2		6		53





592 Cache

												Run 1				Run 2				Run 3

		Time (Secs)		Cache Size						Total Run Time (secs)		Mins		Secs		Mins		Secs		Mins		Secs

		394		0.000						1182		6		35		6		31		6		36

		436		1000.000						1307		7		15		7		11		7		21

		439		2000.000						1316		7		14		7		19		7		23

		430		3000.000						1291		7		12		7		6		7		13

		421		4000.000						1263		7		6		7		3		6		54

		419		5000.000						1256		6		59		6		59		6		58

		393		6000.000						1179		6		27		6		38		6		34

		387		7000.000						1162		6		27		6		28		6		27

		373		8000.000						1120		6		8		6		20		6		12

		363		9000.000						1089		6		2		6		4		6		3

		357		10000.000						1070		5		55		6		0		5		55

		342		11000.000						1026		5		39		5		46		5		41

		335		12000.000						1006		5		41		5		31		5		34

		323		13000.000						968		5		19		5		24		5		25

		315		14000.000						946		5		12		5		15		5		19

		311		15000.000						933		5		16		5		1		5		16

		300		16000.000						900		4		55		5		0		5		5

		303		17000.000						909		5		5		5		2		5		2
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		557.6666666667		554.3333333333

		582.3333333333		600

		562		608.6666666667

		528.3333333333		598.3333333333

		482		591.3333333333
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		234.6666666667		480.6666666667
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