Embellishments on Chain Link Payment, 

Minimal Weights, and Old Timer

I.  Chain-Links


The most elementary form of this problem involves a seven-link chain.  An arrangement is made between a merchant and a customer for some kind of daily service.  Each day will cost the client one link of a seven-link gold chain.  Payment is made daily, one link per day -- no payment in advance, and no credit.  To avoid mutilating the chain, a minimum number of cuts is made, with parts of the rest of the chain remaining intact.  These fragments can be used for multiple-day payments if "change" is returned.  How many links will be cut, and where, and how will the payments be made?

Solution: The third link only is cut, leaving a fragment of two and a fragment of four.  The payments will be made as follows.  Note the recursion, and note the "Middle".

	Day
	Given to the Merchant
	"Change" Returned
	We note now that seven is the maximum number of links and days for one cut.  So as the quest for an embellished problem begins, we begin to tinker with the quantification as usual.  What size of chain will two cuts sustain for a similar business deal? 

	1
	Cut link
	
	

	2
	2-link Fragment
	Cut link
	

	3
	Cut link
	
	

	4
	4-link Fragment
	Cut link and 2-link Fragment
	

	5
	Cut link
	
	

	6
	2-link Fragment
	Cut link
	

	7
	Cut link
	
	


The answer to this question, and related ones up to n cuts, are given here.

	Cuts
	Chain size
	Breakdown
	Finer Breakdown

	0
	1
	
	1(1 + n

	1
	7
	6 + 1 = 6 + n
	3(2 + n

	2
	23
	21 + n
	7(3 + n

	3
	63
	60 + n
	15(4 + n

	4
	159
	155 + n
	31(5 + n

	…
	…
	…
	…

	n
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In the "Finer Breakdown", the numbers in bold are recognized as the number of steps needed to solve the Tower of Hanoi puzzle with n disks.

We should recall here what was said in the basic Cognitive Psychology course:  ""…the form of mental representation determines the kind of mental processes that can be used."  What we see here is that varied representations of the data can help us see connections to other problems.  This is important, as creativity is defined in part as making new associations and connections.

Also note that Klahr has also alluded to the searching of the data representation space as, in part, knowing what to look for.  The point should be underscored here that experience with problem-solving enables more problem-solving.

II.  Problem 80 is the "minimal weights" problem with a similar middle and recursion.


80.  Four weights, each weighing a whole-number weight, can be used to weigh any whole-number weight up to and including 40 on a balance.  What are the weights, and how are they used?

The weights are 1, 3, 9, and 27. "Change-making" appears again, as does recursion and "middle."  For the table that follows, the unknown amount to be balanced appears on the left scale.  When an L appears, the weight is in the left pan of the balance, and similarly for R and the right pan.

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41

	1
	R
	L
	
	R
	L
	
	R
	L
	
	R
	L
	
	R
	L
	
	R
	L
	
	R
	L
	
	R
	L
	
	R
	L
	
	R
	L
	
	R
	L
	
	R
	L
	
	R
	L
	
	R
	

	3
	
	R
	R
	R
	L
	L
	L
	
	
	
	R
	R
	R
	L
	L
	L
	
	
	
	R
	R
	R
	L
	L
	L
	
	
	
	R
	R
	R
	L
	L
	L
	
	
	
	R
	R
	R
	

	9
	
	
	
	
	R
	R
	R
	R
	R
	R
	R
	R
	R
	L
	L
	L
	L
	L
	L
	L
	L
	L
	
	
	
	
	
	
	
	
	
	R
	R
	R
	R
	R
	R
	R
	R
	R
	

	27
	
	
	
	
	
	
	
	
	
	
	
	
	
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	R
	


Beginning with weighing for 5 and ending with 13, there is a pattern of nine columns that repeats in recursive fashion.  There are many other similar patterns.  Each such pattern has a "middle"

The bolded columns also signify a different type of pattern, as does each column immediately preceding the bold columns and column 40.

III.  The “Old Timer” (coin exchange problem) consists of a strip of squares, odd in number, and two kinds of coins, grouped as follows:



The objective is to exchange one kind of coins for the other using a minimum number of checker moves, including one-at-a-time jumping.

This problem has a middle also, of two different varieties, one for an odd number of each kind of coin and another for even numbers of each kind of coin.  Recursion appears within each of these varieties and with respect to whether a turn is a jump or a slide. 

                  Two of a kind                                            Three of a Kind


1


2


3


4


5


6


7


8

mid

mid

9


10


11


12


13



14


15



16

Four of each kind:



1


2



3


4



5


6



7


8


9


10


11


12


13

mid


14


15


16


17


18



19


20


21


22


23



24


25
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