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The project is based on the paper “Using Decision Procedures Efficiently for Optimization” by Matthew Streeter and Stephen F. Smith published in ICAPS 2007. The paper suggests a query strategy for sequence of queries to a separate software module that implements a decision procedure and gives an answer to a question “Does there exist a solution with cost at most k?”. Obviously, there is a threshold OPT, that for all values of k smaller than OPT the answer is “no”, and for all other values the answer is “yes”.

They claim that the existing programs like SatPlan and MaxPlan are trying a simple approach when they are making multiple calls to a SAT solver. One of them starts with k equal to 1, likely to get negative response. Then it increments k by one and calls the solver again; this loop continues till first positive response comes from the solver; and this will be the optimal value for k. The other program is doing the same thing but starting from the other end. The initial value for k is big enough to guarantee that the answer will be positive. Then it decreases k by one till first negative result and the optimal value for k was tested in the previous call to the solver.

Strategy S2
The core of the paper by Streeter and Smith is a strategy S2. They also generalized S2 to strategy S3, which can produce better results when shape of time function (time necessary for the decision module to produce an answer, which is not a timeout answer) is known a priori, but essentially it is the same strategy. The main assumption that was made is that for many problems (probably NP problems) time required for the decision module to give an answer strongly depends on k ( the figure is taken from Streeter and Smiph paper). When k is far away from OPT the answer should be received fast, when k is close to the OPT (from either side), the answer requires more time, may be prohibitively long period of time. In that case they suggest relaxing the problem by allowing approximate solution, but the solution should be within some margin of guaranteed lower bound of OPT.
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Basically the strategy works as follows. Let T be timeout, which is enough for the solver to give positive and negative responses for some values of k, but not for all of them. In this case the valid range for k is divided into 3 sub-regions:

· The lowest values of k – the solver gives negative answers

· The middle values of k – the solver times out

· The highest values of k – the solver gives positive answers 

The strategy S2 starts with some low value for timeout T, finds the exact limits between the sub-regions by using binary search. Then T is multiplied by 2 and the algorithm starts again, but for the middle region only. It stops when the optimal value for k is found. Alternative conditions for the end of the algorithm can be used: maximum limit on timeout, or maximum time limit on the whole algorithm, or size of the middle region. In all these cases sub-optimal solution will be found. It seems that for the sake of the comparison of strategies, the best way is to go as far as possible – to find the optimal solution. 

Below is the algorithm copied from the conference paper:

1. Initialize T=2, l=1, u=U, tl = inf, and tu = -inf
2. While l < u:

(a) If ([l, u - 1] ( [tl, tu])

Then T = 2T, tl = inf, and tu = -inf
(b) Let u0 = u - 1.

If ( [l, u0] and [tl, tu] are disjoint

or tl = inf )

Then k = (( l + u0 ) / 2 ( 

Else If ( [l, u0] and [tl, tu] intersect 

and tl - l > u0 – tu )

Then k = ( ( l + tl – 1 ) / 2 (
Else k = ( (tu + 1 + u0 ) / 2 (
(c) Execute the query <k,T>.

If the result is “yes” then u = k; 

If the result is “no” set l = k + 1; 

If the result is “timeout” tl = min{ tl, k} and

  tu = max{ tu, k}.
Modified Strategy

My suggestion is to use MS (Modified Strategy), which is a slight modification of S2. S2 establishes the exact limits of the three sub-regions for each timeout value. Each such limit requires up to log2n calls to the decision module. This is quite expensive and absolutely unnecessary. If it is known that the current timeout is not sufficient to find the optimal solution then there is no point stay with this timeout too long in order to find the exact (minimal) timeout region. After all we are looking for the exact value of k, and not for the exact value of all intermediate timeout sub-regions.

MS doubles the timeout as soon as two calls to the decision modules resulted in timeout. In this case of course we are coming with a greater region to be explored at the next level of timeout, but how greater? It is not more than 4 time greater than the minimal timeout, which is not a disaster. At least we made less calls at the current level of timeout. And note that the biggest reduction of the timeout region is done during the first calls (of the timeout level).

The question might be asked why not to go the next level of timeout, as soon as one timeout response was received? There are several reasons. Imagine that there is one value of k= k0, which requires incomparable amount of time to get response and we are all right with a sub-optimal solution. If k0 happens to be our first call for the first timeout level, then we will try the same k0 again and again for the new timeout levels without trying any other values and without any reduction of the timeout region. This might end up without any solution at all. The other reason is that till we get our first timeout we are reducing the timeout region by half with every call. After the first but before the second timeout we are reducing the region at least by quarter, those are sound improvements and need not to be neglected.

Abstract data experiments

Trying experiments with data from real planning problems is out of scope of this project and that was explicitly stated in the project proposal. Instead, several experiments using data generated by abstract formulas were conducted. All functions are smooth with one maximum on the observed range, no minimums. The observed region is [0; 40]. For k less than 20 the answer from the decision module is “no”, otherwise the answer is “yes”.

Experiment 1. Linear, not steep.

The time function linearly grows in the first half of the range; the slope is 1/3. It linearly decreases in the second half of the range; the slope is –1/3.

S2 strategy required 88 time units and 32 calls to the decision module.

MS strategy required 54 time units and 13 calls to the decision module.
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Experiment 2. Linear, steep.

The time function linearly grows in the first half of the range; the slope is 10/3. It linearly decreases in the second half of the range; the slope is –10/3.

S2 strategy required 795 time units and 62 calls to the decision module.

MS strategy required 397 time units and 17 calls to the decision module.
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Experiment 3. Quadratic, steep.

It is a parabola produced by f(x) = – x2 + 39x – 1 

S2 strategy required 6460 time units and 93 calls to the decision module.

MS strategy required 2779 time units and 23 calls to the decision module.
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Experiment 4. Quadratic, not steep.

It is a parabola produced by f(x) = –0.05x(x – 39) + 1

S2 strategy required 362 time units and 52 calls to the decision module.

MS strategy required 166 time units and 15 calls to the decision module.
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Experiment 5. Inverse linear (reciprocal function).

Unlike al previous experiments, this one resemble the picture proposed by Streeter and Smith, that is it is have a very sharp peak.

It is produced by f(x) = 400 / (20 – x) for the left half of the range.

It is produced by f(x) = 400 / (x – 19) for the right half of the range.

S2 strategy required 3504 time units and 79 calls to the decision module.

MS strategy required 2710 time units and 28 calls to the decision module.
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Bin packing

In all conducted experiments MS outperformed S2, and this was not planned in the outset of the project, I was expecting mixed results. As a sanity check one more experiment was conducted. It has nothing to do with planning, but it is a famous NP-complete problem that has a relatively easy IP formulation. We did not specify nature of the problem that should be sent to a SAT solver (decision module), we just know that we are dealing with a difficult problem. So we will use lp_solve program as a decision module. The problem is next: there are 100 items, size of each item is integral, unique and from range [40, 139]. So every integral number from this range is used. There are several bins of size 995. What is the minimal number of bins that can contain all items, without splitting any item among several bins? I knew that bin size 995 makes the problem difficult from other experiments that did not make into the final version of the project. Bin packing is NP-complete problem in general, but some particular instances of it might be easy to solve (for example when all items are of the same size), so it is justifiable to make sure that the problem is difficult.

The actual results are somewhat surprising. With an exception of the instance where the optimal solution is found, required time grows monotonically. Streeter and Smith had similar result for instance p21 from the pipesworld domain (it was not monotonic but the trend was the same). But they did not have sharp peak for the optimal solution. May be the size of the “bin” of this problem was not difficult.

	Bins
	result
	time

	1
	0
	2

	2
	0
	2

	3
	0
	2

	4
	0
	1

	5
	0
	2

	6
	0
	3

	7
	0
	2

	8
	0
	2

	9
	1
	6718

	10
	1
	8

	11
	1
	8

	12
	1
	7

	13
	1
	8

	14
	1
	9

	15
	1
	10

	16
	1
	9

	17
	1
	11

	18
	1
	11

	19
	1
	12

	20
	1
	11

	21
	1
	13

	22
	1
	14

	23
	1
	14

	24
	1
	15

	25
	1
	15

	26
	1
	15

	27
	1
	16

	28
	1
	17

	29
	1
	17

	30
	1
	18


Solving this example will require some relaxation. Instead of finding the optimal solution we will allow to be off by one. That is, we will find out that eight bins are not enough; that ten bins are enough.  We will return 10 as a sub-optimal solution and will not spend almost two hours trying to find answer for 9.

S2 strategy required 90 seconds and 29 calls to the decision module.

MS strategy required 76 seconds and 14 calls to the decision module.
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Difficulties

I spent a lot of time trying to come up with parameters that will make bin packing problem results to look like the one that predicted by Streeter and Smith, but could not achieve it. I also was trying to fix number of bins and look for the minimal bin size, but no success. Far away from the optimal solutions the time function will be low. Only few ones close to the optimal will be either really, really high or quite low. But no pattern whatsoever, they would come in random order. I even did not try them with S2 and SM.

Conclusion

In all conducted experiments MS performed better than S2. MS outperformed S2 not only in time spent in the decision module, but also in number of calls to the decision module. It can play role in case that problem formulation for the decision module is significant.

Required time:

	Exp.
	Description
	S2
	MS
	Ratio

	1
	Linear, not steep
	88
	54
	0.61

	2
	Linear, steep
	795
	397
	0.50

	3
	quadratic, steep
	6460
	2779
	0.43

	4
	quadratic, not steep
	362
	166
	0.46

	5
	inverse linear
	3504
	2710
	0.77

	6
	bin packing
	90
	76
	0.84


Number of calls:

	Exp.
	Description
	S2
	MS
	Ratio

	1
	Linear, not steep
	32
	13
	0.41

	2
	Linear, steep
	62
	17
	0.27

	3
	quadratic, steep
	93
	23
	0.25

	4
	quadratic, not steep
	52
	15
	0.29

	5
	inverse linear
	79
	28
	0.35

	6
	bin packing
	29
	14
	0.48


Future work

The future work is obvious. MS strategy should be tested and compared against S2 for some real planning problems. But this is for the next generations.

_1270983491.xls
Chart4

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8

		9		9

		10		10

		11		11

		12		12

		13		13

		14		14

		15		15

		16		16

		17		17

		18		18

		19		19

		20		20

		21		21

		22		22

		23		23

		24		24

		25		25

		26		26

		27		27

		28		28

		29		29

		30		30

		31		31

		32		32

		33		33

		34		34

		35		35

		36		36

		37		37

		38		38

		39		39

		40		40



0.333333

3.66667

7

10.3333

13.6667

17

20.3333

23.6667

27

30.3333

33.6667

37

40.3333

43.6667

47

50.3333

53.6667

57

60.3333

63.6667

63.6667

60.3333

57

53.6667

50.3333

47

43.6667

40.3333

37

33.6667

30.3333

27

23.6667

20.3333

17

13.6667

10.3333

7

3.66667

0.333333



Sheet1

		Exp.		description		S2		MS		Ratio				bins		result		time

		1		Linear, not steep		88		54		0.61				1		0		2

		2		Linear, steep		795		397		0.50				2		0		2

		3		quadratic, steep		6460		2779		0.43				3		0		2

		4		quadratic, not steep		362		166		0.46				4		0		1

		5		inverse linear		3504		2710		0.77				5		0		2

		6		bin packing		90		76		0.84				6		0		3

														7		0		2

														8		0		2

		Exp.		description		S2		MS		Ratio				9		1		6718

		1		Linear, not steep		32		13		0.41				10		1		8

		2		Linear, steep		62		17		0.27				11		1		8

		3		quadratic, steep		93		23		0.25				12		1		7

		4		quadratic, not steep		52		15		0.29				13		1		8

		5		inverse linear		79		28		0.35				14		1		9

		6		bin packing		29		14		0.48				15		1		10

														16		1		9

														17		1		11

														18		1		11

														19		1		12

														20		1		11

														21		1		13

														22		1		14

														23		1		14

														24		1		15

														25		1		15

														26		1		15

														27		1		16

														28		1		17

														29		1		17

														30		1		18

						1		0.333333

						2		3.66667

						3		7

						4		10.3333

						5		13.6667

						6		17

						7		20.3333

						8		23.6667

						9		27

						10		30.3333

						11		33.6667

						12		37

						13		40.3333

						14		43.6667

						15		47

						16		50.3333

						17		53.6667

						18		57

						19		60.3333

						20		63.6667

						21				63.6667		379		22		200

						22				60.3333		375		21.9		133

						23				57		369		21.7		100

						24				53.6667		361		21.4		80

						25				50.3333		351		21		66

						26				47		339		20.5		57

						27				43.6667		325		19.9		50

						28				40.3333		309		19.2		44

						29				37		291		18.4		40

						30				33.6667		271		17.5		36

						31				30.3333		249		16.5		33

						32				27		225		15.4		30

						33				23.6667		199		14.2		28

						34				20.3333		171		12.9		26

						35				17		141		11.5		25

						36				13.6667		109		10		23

						37				10.3333		75		8.4		22

						38				7		39		6.7		21

						39				3.66667		1		4.9		20

						40				0.333333		0		3		19





Sheet1

		





Sheet2

		





Sheet3

		






_1270983601.xls
Chart5

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8

		9		9

		10		10

		11		11

		12		12

		13		13

		14		14

		15		15

		16		16

		17		17

		18		18

		19		19

		20		20

		21		21

		22		22

		23		23

		24		24

		25		25

		26		26

		27		27

		28		28

		29		29

		30		30

		31		31

		32		32

		33		33

		34		34

		35		35

		36		36

		37		37

		38		38

		39		39

		40		40



1

1.33333

1.66667

2

2.33333

2.66667

3

3.33333

3.66667

4

4.33333

4.66667

5

5.33333

5.66667

6

6.33333

6.66667

7

7

6.66667

6.33333

6

5.66667

5.33333

5

4.66667

4.33333

4

3.66667

3.33333

3

2.66667

2.33333

2

1.66667

1.33333

1

0.666667

0.333333



Sheet1

		Exp.		description		S2		MS		Ratio				bins		result		time

		1		Linear, not steep		88		54		0.61				1		0		2

		2		Linear, steep		795		397		0.50				2		0		2

		3		quadratic, steep		6460		2779		0.43				3		0		2

		4		quadratic, not steep		362		166		0.46				4		0		1

		5		inverse linear		3504		2710		0.77				5		0		2

		6		bin packing		90		76		0.84				6		0		3

														7		0		2

														8		0		2

		Exp.		description		S2		MS		Ratio				9		1		6718

		1		Linear, not steep		32		13		0.41				10		1		8

		2		Linear, steep		62		17		0.27				11		1		8

		3		quadratic, steep		93		23		0.25				12		1		7

		4		quadratic, not steep		52		15		0.29				13		1		8

		5		inverse linear		79		28		0.35				14		1		9

		6		bin packing		29		14		0.48				15		1		10

														16		1		9

														17		1		11

														18		1		11

														19		1		12

														20		1		11

														21		1		13

														22		1		14

														23		1		14

														24		1		15

														25		1		15

														26		1		15

														27		1		16

														28		1		17

														29		1		17

														30		1		18

						1		1

						2		1.33333

						3		1.66667

						4		2

						5		2.33333

						6		2.66667

						7		3

						8		3.33333

						9		3.66667

						10		4

						11		4.33333

						12		4.66667

						13		5

						14		5.33333

						15		5.66667

						16		6

						17		6.33333

						18		6.66667

						19		7

						20		7

						21				6.66667		63.6667		379		22		200

						22				6.33333		60.3333		375		21.9		133

						23				6		57		369		21.7		100

						24				5.66667		53.6667		361		21.4		80

						25				5.33333		50.3333		351		21		66

						26				5		47		339		20.5		57

						27				4.66667		43.6667		325		19.9		50

						28				4.33333		40.3333		309		19.2		44

						29				4		37		291		18.4		40

						30				3.66667		33.6667		271		17.5		36

						31				3.33333		30.3333		249		16.5		33

						32				3		27		225		15.4		30

						33				2.66667		23.6667		199		14.2		28

						34				2.33333		20.3333		171		12.9		26

						35				2		17		141		11.5		25

						36				1.66667		13.6667		109		10		23

						37				1.33333		10.3333		75		8.4		22

						38				1		7		39		6.7		21

						39				0.666667		3.66667		1		4.9		20

						40				0.333333		0.333333		0		3		19





Sheet1

		





Sheet2

		





Sheet3

		






_1270983895.xls
Chart6

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8

		9		9

		10		10

		11		11

		12		12

		13		13

		14		14

		15		15

		16		16

		17		17

		18		18

		19		19

		20		20

		21		21

		22		22

		23		23

		24		24

		25		25

		26		26

		27		27

		28		28

		29		29

		30		30

		31		31

		32		32

		33		33

		34		34

		35		35

		36		36

		37		37

		38		38

		39		39

		40		40



2

2

2

1

2

3

2

2

6718

8

8

7

8

9

10

9

11

11

12

11

13

14

14

15

15

15

16

17

17

18

3.33333

3

2.66667

2.33333

2

1.66667

1.33333

1

0.666667

0.333333



Sheet1

		Exp.		description		S2		MS		Ratio				bins		result		time

		1		Linear, not steep		88		54		0.61				1		0		2

		2		Linear, steep		795		397		0.50				2		0		2

		3		quadratic, steep		6460		2779		0.43				3		0		2

		4		quadratic, not steep		362		166		0.46				4		0		1

		5		inverse linear		3504		2710		0.77				5		0		2

		6		bin packing		90		76		0.84				6		0		3

														7		0		2

														8		0		2

		Exp.		description		S2		MS		Ratio				9		1		6718

		1		Linear, not steep		32		13		0.41				10		1		8

		2		Linear, steep		62		17		0.27				11		1		8

		3		quadratic, steep		93		23		0.25				12		1		7

		4		quadratic, not steep		52		15		0.29				13		1		8

		5		inverse linear		79		28		0.35				14		1		9

		6		bin packing		29		14		0.48				15		1		10

														16		1		9

														17		1		11

														18		1		11

														19		1		12

														20		1		11

														21		1		13

														22		1		14

														23		1		14

														24		1		15

														25		1		15

														26		1		15

														27		1		16

														28		1		17

														29		1		17

														30		1		18

						1		2

						2		2

						3		2

						4		1

						5		2

						6		3

						7		2

						8		2

						9				6718

						10				8

						11				8

						12				7

						13				8

						14				9

						15				10

						16				9

						17				11

						18				11

						19				12

						20				11

						21				13		6.66667		63.6667		379		22		200

						22				14		6.33333		60.3333		375		21.9		133

						23				14		6		57		369		21.7		100

						24				15		5.66667		53.6667		361		21.4		80

						25				15		5.33333		50.3333		351		21		66

						26				15		5		47		339		20.5		57

						27				16		4.66667		43.6667		325		19.9		50

						28				17		4.33333		40.3333		309		19.2		44

						29				17		4		37		291		18.4		40

						30				18		3.66667		33.6667		271		17.5		36

						31				3.33333		30.3333		249		16.5		33

						32				3		27		225		15.4		30

						33				2.66667		23.6667		199		14.2		28

						34				2.33333		20.3333		171		12.9		26

						35				2		17		141		11.5		25

						36				1.66667		13.6667		109		10		23

						37				1.33333		10.3333		75		8.4		22

						38				1		7		39		6.7		21

						39				0.666667		3.66667		1		4.9		20

						40				0.333333		0.333333		0		3		19





Sheet1

		





Sheet2

		





Sheet3

		






_1270983352.xls
Chart2

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8

		9		9

		10		10

		11		11

		12		12

		13		13

		14		14

		15		15

		16		16

		17		17

		18		18

		19		19

		20		20

		21		21

		22		22

		23		23

		24		24

		25		25

		26		26

		27		27

		28		28

		29		29

		30		30

		31		31

		32		32

		33		33

		34		34

		35		35

		36		36

		37		37

		38		38

		39		39

		40		40



3

4.9

6.7

8.4

10

11.5

12.9

14.2

15.4

16.5

17.5

18.4

19.2

19.9

20.5

21

21.4

21.7

21.9

22

22

21.9

21.7

21.4

21

20.5

19.9

19.2

18.4

17.5

16.5

15.4

14.2

12.9

11.5

10

8.4

6.7

4.9

3



Sheet1

		Exp.		description		S2		MS		Ratio				bins		result		time

		1		Linear, not steep		88		54		0.61				1		0		2

		2		Linear, steep		795		397		0.50				2		0		2

		3		quadratic, steep		6460		2779		0.43				3		0		2

		4		quadratic, not steep		362		166		0.46				4		0		1

		5		inverse linear		3504		2710		0.77				5		0		2

		6		bin packing		90		76		0.84				6		0		3

														7		0		2

														8		0		2

		Exp.		description		S2		MS		Ratio				9		1		6718

		1		Linear, not steep		32		13		0.41				10		1		8

		2		Linear, steep		62		17		0.27				11		1		8

		3		quadratic, steep		93		23		0.25				12		1		7

		4		quadratic, not steep		52		15		0.29				13		1		8

		5		inverse linear		79		28		0.35				14		1		9

		6		bin packing		29		14		0.48				15		1		10

														16		1		9

														17		1		11

														18		1		11

														19		1		12

														20		1		11

														21		1		13

														22		1		14

														23		1		14

														24		1		15

														25		1		15

														26		1		15

														27		1		16

														28		1		17

														29		1		17

														30		1		18

						1		3

						2		4.9

						3		6.7

						4		8.4

						5		10

						6		11.5

						7		12.9

						8		14.2

						9		15.4

						10		16.5

						11		17.5

						12		18.4

						13		19.2

						14		19.9

						15		20.5

						16		21

						17		21.4

						18		21.7

						19		21.9

						20		22

						21				22		200

						22				21.9		133

						23				21.7		100

						24				21.4		80

						25				21		66

						26				20.5		57

						27				19.9		50

						28				19.2		44

						29				18.4		40

						30				17.5		36

						31				16.5		33

						32				15.4		30

						33				14.2		28

						34				12.9		26

						35				11.5		25

						36				10		23

						37				8.4		22

						38				6.7		21

						39				4.9		20

						40				3		19





Sheet1

		





Sheet2

		





Sheet3

		






_1270983426.xls
Chart3

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8

		9		9

		10		10

		11		11

		12		12

		13		13

		14		14

		15		15

		16		16

		17		17

		18		18

		19		19

		20		20

		21		21

		22		22

		23		23

		24		24

		25		25

		26		26

		27		27

		28		28

		29		29

		30		30

		31		31

		32		32

		33		33

		34		34

		35		35

		36		36

		37		37

		38		38

		39		39

		40		40



39

75

109

141

171

199

225

249

271

291

309

325

339

351

361

369

375

379

381

381

379

375

369

361

351

339

325

309

291

271

249

225

199

171

141

109

75

39

1

0



Sheet1

		Exp.		description		S2		MS		Ratio				bins		result		time

		1		Linear, not steep		88		54		0.61				1		0		2

		2		Linear, steep		795		397		0.50				2		0		2

		3		quadratic, steep		6460		2779		0.43				3		0		2

		4		quadratic, not steep		362		166		0.46				4		0		1

		5		inverse linear		3504		2710		0.77				5		0		2

		6		bin packing		90		76		0.84				6		0		3

														7		0		2

														8		0		2

		Exp.		description		S2		MS		Ratio				9		1		6718

		1		Linear, not steep		32		13		0.41				10		1		8

		2		Linear, steep		62		17		0.27				11		1		8

		3		quadratic, steep		93		23		0.25				12		1		7

		4		quadratic, not steep		52		15		0.29				13		1		8

		5		inverse linear		79		28		0.35				14		1		9

		6		bin packing		29		14		0.48				15		1		10

														16		1		9

														17		1		11

														18		1		11

														19		1		12

														20		1		11

														21		1		13

														22		1		14

														23		1		14

														24		1		15

														25		1		15

														26		1		15

														27		1		16

														28		1		17

														29		1		17

														30		1		18

						1		39

						2		75

						3		109

						4		141

						5		171

						6		199

						7		225

						8		249

						9		271

						10		291

						11		309

						12		325

						13		339

						14		351

						15		361

						16		369

						17		375

						18		379

						19		381

						20		381

						21				379		22		200

						22				375		21.9		133

						23				369		21.7		100

						24				361		21.4		80

						25				351		21		66

						26				339		20.5		57

						27				325		19.9		50

						28				309		19.2		44

						29				291		18.4		40

						30				271		17.5		36

						31				249		16.5		33

						32				225		15.4		30

						33				199		14.2		28

						34				171		12.9		26

						35				141		11.5		25

						36				109		10		23

						37				75		8.4		22

						38				39		6.7		21

						39				1		4.9		20

						40				0		3		19





Sheet1

		





Sheet2

		





Sheet3

		






_1270983275.xls
Chart1

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8

		9		9

		10		10

		11		11

		12		12

		13		13

		14		14

		15		15

		16		16

		17		17

		18		18

		19		19

		20		20

		21		21

		22		22

		23		23

		24		24

		25		25

		26		26

		27		27

		28		28

		29		29

		30		30

		31		31

		32		32

		33		33

		34		34

		35		35

		36		36

		37		37

		38		38

		39		39

		40		40



21

22

23

25

26

28

30

33

36

40

44

50

57

66

80

100

133

200

400

400

200

133

100

80

66

57

50

44

40

36

33

30

28

26

25

23

22

21

20

19



Sheet1

		Exp.		description		S2		MS		Ratio				bins		result		time

		1		Linear, not steep		88		54		0.61				1		0		2

		2		Linear, steep		795		397		0.50				2		0		2

		3		quadratic, steep		6460		2779		0.43				3		0		2

		4		quadratic, not steep		362		166		0.46				4		0		1

		5		inverse linear		3504		2710		0.77				5		0		2

		6		bin packing		90		76		0.84				6		0		3

														7		0		2

														8		0		2

		Exp.		description		S2		MS		Ratio				9		1		6718

		1		Linear, not steep		32		13		0.41				10		1		8

		2		Linear, steep		62		17		0.27				11		1		8

		3		quadratic, steep		93		23		0.25				12		1		7

		4		quadratic, not steep		52		15		0.29				13		1		8

		5		inverse linear		79		28		0.35				14		1		9

		6		bin packing		29		14		0.48				15		1		10

														16		1		9

														17		1		11

														18		1		11

														19		1		12

														20		1		11

														21		1		13

														22		1		14

														23		1		14

														24		1		15

														25		1		15

														26		1		15

														27		1		16

														28		1		17

														29		1		17

														30		1		18

						1		21

						2		22

						3		23

						4		25

						5		26

						6		28

						7		30

						8		33

						9		36

						10		40

						11		44

						12		50

						13		57

						14		66

						15		80

						16		100

						17		133

						18		200

						19		400

						20		400

						21				200

						22				133

						23				100

						24				80

						25				66

						26				57

						27				50

						28				44

						29				40

						30				36

						31				33

						32				30

						33				28

						34				26

						35				25

						36				23

						37				22

						38				21

						39				20

						40				19





Sheet1

		





Sheet2

		





Sheet3

		






