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Exercise 3.3: Case Based Reasoning (CBR)

In this exercise set, you will see:
· How a Case-Based-Reasoning system functions.

Exercise 1: Application of CBR for Bridges

An engineer has retrieved a number of existing reinforced-concrete boxed-girder road bridges with constant inertia. Important parameters of these structures are:

· Width of the bridge (number of lanes)
· Maximum span
· Total length [m]
· Structural system (simple beam SB, continuous beam(s) on 3 or more supports CB)
· Beam depth
· Use of prestressing  (yes or no)
· Cost of construction
The engineer would like to develop a CBR system to be able to estimate values for the beam depth and total cost of a bridge to be constructed given that information is known regarding the maximum span, total length, width, structural system and use of prestressing.
The engineer developed a CBR with the following parameters:
Task characteristics:
· Number of lanes
· Maximum span
· Total length
· Type of structural system
· Use of prestressing
Solution characteristics:
· Beam depth
· Cost of construction


The similarity metrics for each task characteristic is defined in the table below:
	Task Characteristic
	Similarity Metric

	Number of lanes
	Similarity=1 if the criteria is met, 0 if not.

	Maximum span
	
Where Maximum difference = 100

	Total length
	
Where Maximum difference = 500

	Structural system
	Similarity=1 if the criteria is met, 0 if not.

	Use of prestressing
	Similarity=1 if the criteria is met, 0 if not.



Similarity thresholds are fixed to limit consideration of bridges having task characteristics that are different from the current task. The threshold for length is a difference of 500m and for maximum span the threshold is a difference of 100m. For example, if the difference in lengths of the bridges is more than 500, the similarity is negative (as the bridges are very different).
The importance of each task characteristic in a solution is presented in the table below:
	Characteristic
	Importance

	
	Total cost
	Beam Depth

	Number of lanes
	++
	+

	Maximum Span
	+
	++

	Length
	++
	O

	Structural system
	+
	++

	Prestressing
	+
	+



O : 	less important  	wf =0.2
+ : 	important  	wf =0.5
++ : 	very important  	wf =0.8

For each task characteristic, values of wf are used to calculate a total similarity:



The characteristics of the bridges are as follows:
	Bridge Number
	Presence of prestressing
	Type of structural system
	Max span [m]
	Number of lanes
	Beam Depth [m]
	Total length [m]
	Construction cost
[$]

	1
	Yes
	SB
	60
	2
	3
	60
	2,100,000

	2
	Yes
	CB
	45
	3
	1.8
	95
	4,000,000

	3
	No
	SB
	30
	2
	2
	30
	1,200,000

	4
	Yes
	CB
	100
	3
	4.15
	300
	10,000,000

	5
	Yes
	CB
	90
	2
	2
	150
	7,000,000

	6
	No
	CB
	50
	3
	4.15
	110
	4,200,000

	7
	No
	SB
	20
	4
	1.1
	100
	4,100,000

	8
	Yes
	SB
	60
	3
	2.4
	120
	5,700000

	9
	Yes
	CB
	75
	3
	2.9
	200
	7,900,000

	10
	Yes
	SB
	70
	3
	2.7
	70
	2,700,000

	11
	No
	SB
	30
	3
	0.9
	150
	5,400,000



Questions:
1. Determine the levels of similarity between a new bridge to be constructed and the existing bridges, knowing that the new bridge needs to have the following characteristics:
	Task Characteristic
	Value

	Type of structural system
	CB

	Number of lanes
	3

	Length
	120

	Maximum span
	70

	Presence of prestressing
	Yes



2. Adapt the results of the most similar case(s) to determine the total cost and the beam depth of the structure to be built. The following rules will be adopted when adapting the case(s):

· For the beam depth: Use the proportion between the beam depth and maximum span.
· For the total cost: Apply a correction factor that accounts for the number of lanes and the length of the bridge:



3. Where is the knowledge and debatable elements in CBR systems? What other aspects require engineering knowledge (and experience)?

4. What are challenges of using CBR systems over many years?

5. Describe an ideal set of cases for a CBR system (in terms of task characteristic values).
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