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ATTEMPT ANY THREE QUESTIONS

Each question carries 33 marks

Question 1

a) Describe the knowledge representation mechanism of and-or trees (also known as and-or graphs).  Give an example with at least six nodes.

[15 marks]

Nodes are connected to other nodes                                                              3 marks

Connections are either and or or  (explain what these are)                        3 marks

It is a tree structure (not a graph)                                                                 3 Marks 

Example                                                                                                            6 marks

Sample Answer

And or trees are used to describe a range of knowledge including sub-goaling in expert systems.  As they are trees, they are composed of nodes and arcs.  Arcs connect nodes, and there are two types of arcs: "and" arcs and "or" arcs.  For a node to be true it's children must be true, and this is dependent on the type of arc.  If a node has children that are connected to it via or-arcs, if any of those children are true, the root node will be true.  Similarly, if its children are connected to it via and-arcs, all of the children must be true for the root node to be true.  Typically, each node in a tree has children that are connected via only and arcs or only or arcs, though this is not necessary.  










In the example, to eat you can either make chinese food, go to a restaurant or order takeout.  

To Make Chinese food, you have to buy it and cook it.  Note that the and arcs are differentiated from the or arcs by connecting them with an arc.

b) And-or trees are a good intermediate representation for certain types of Expert Systems.  What types of Expert Systems can be usefully represented by and-or trees? Give an example of rules derived from an and-or tree.  You may either use the above and-or tree or make a new one.

Goal directed ESs                                                                                               5 Marks

Backward chaining                                                                                             3 Marks

Accurate translation                                                                                           5 Marks

Useful example (are subgoals reasonable)                                                        5 Marks

[18 marks]

Answer:

And-or trees are a good intermediate representation for goal directed Expert Systems.  Typically, a node is a goal, with its children as subgoals.  To achieve the goal you have to achieve one of the subgoals (or arcs) or all the subgoals (and arcs).    This is particularly useful with a backward chaining system.  The system chains to the goals, and uses the subgoal structure to decide on how best to proceed.

The above system could be represented by

If (order-takeout or goto-restaurant or make-chinese) then eat-chinese food.

If (buy-food and cook-food) then make-chinese.

Question 2

a) Describe the knowledge representation mechanism of semantic nets.

Nodes of concepts                                                                                                    3 Marks

Connect by arcs                                                                                                       2 Marks

Arcs are normally labelled by a small number of primitives                              2 Marks

Semantic distance or spreading activation                                                            1 Mark

[10 marks]

Answer:

Semantic nets represent knowledge as a graph.  Basic concepts are represented by nodes.  These nodes are connected by arcs that are typically labelled.  The label describes the relationship between the nodes/concepts.  There are typically a limited number of types of arcs.   Concepts are considered to be closely related if there are few connections between them.  The distance between concept is known as semantic distance.  Similarly activation can spread via all arcs from one node to another. 

b) Inheritance is a mechanism commonly associated with semantic nets.  Draw a semantic net for animals including at least 5 IS-A (inheritance) relations and 5 other relations.

IS-A                                                       5 Marks

Other Relationships                            5  Marks

Correct and Useful   (I assume people know about animals, I think this is reasonable are there any cultural problems.)                      3 Marks

[13 marks]

Answer:















c) A common problem with semantic nets is known as the Nixon Diamond.  A concept can inherit from two different concepts each with mutually exclusive features.  (For example in the Nixon case one parent shows that the person is pro-war, and the other parent shows it is anti-war.) Draw an example semantic net that has this problem. Draw an example of this problem.  How might the problem be resolved?

Drawing a reasonable example (Nixon is legal but need reasonable labels )   5 Marks

Allowing one to be picked randomly, neither value is inherited                        2 Marks or 

                                                                                                                         The 5 below

Rigid formula                                                                                                 2 marks or

Problem flagged to designer, both values inherited, probability                       5  Marks

[10 marks]

Answer:










Nixon is both a republican and a quaker. Quakers are pacifists, but republicans typically are hawkish.  So Nixon inherits contradictory beliefs.  There are many ways to resolve this including choosing one property at random, or stating that neither is likely.  The best is probably to flag the problem to the designer of the knowledge base, and let them resolve the problem.

Question 3

a) The following is a fictitious case scenario:
John is a football player with minor swelling on the right of the knee; he weighs 100 KG; he felt a tearing on the right of his knee when he injured it; he has a torn ACL.

Paul is a runner; he weighs 70 KG; he has persistent pain below his patella; he has Osgood Slaughter.

Sue is a field hockey player with major swelling all around the knee; she weighs 70 KG; she was struck on the knee with a hockey ball; she has a broken patella.

Jane has major swelling all around the knee; she weighs 65 KG; she has no pain; she has bursitus.

How would you represent the cases?

A series of features per case                                                                       4 Marks

Major features are swelling, pain, how it was injured and injury          3 Marks

Injury is special                                                                                            2 Marks

Minor points are gender, weight, sport  and name                                   1 Mark

Enumerating the possible feature values                                                  3 Marks

[13 marks]

Each feature is represented by a series of features.  The features include name, sport, injury, weight, when damaged, location, and gender.  Injury is a special feature because that is what will be diagnosed.  That is given a new case described by the other features, the system should come up with the injury.

The possible values of name are open, weight is probably a range between say 50kg and 200kg, sports could be enumerated as running, football, hockey, and perhaps other.  Gender is of course male and female. Sympton values are major swelling, minor swelling felt a tearing and perhaps other.  Injury vlues are bursitus, osgood slaughter and broken patella.

b) How is this representation similar to a frame based representation?  What are the differences between cases and frames?

Marking notes: My point is that they are really the same.  Frames traditionally have hierarchy where cases don't but there is no reason they couldn't.

Description of Frames (or inferred description)                                     3 Marks

They are the same (or a good reason why they are different)               5 Marks

Hierarchy                                                                                                    2 Marks

[10 marks]

Answer:  Both a series of features and a frame representation use a set number of features.  So this answer is very close to a frame system.  However frames typically use inheritance; hierarchy is the major difference.

c) How is a new case compared to the case base?

Distance Measurement  (dimensionality and cosine for full marks)     5 Marks

Comparing number of features that are the same                                  2 Marks

Weighting features                                                                                     2 Marks

Putting feature values in the same space (binary vs. real)                     1 Marks

[10 marks]

Answer:

A simple way of comparing cases is to use a distance measurement.  Each feature is compared.  If all features are in a continuous format this is straight forward, however in this case a measurement for each scalar value will be needed. E.g. football=1, hockey=2, running=3.  Some features may be more important so their weights should be increased in the measurement.  For example symptom is probably more important than gender for this case.

An alternative is to simply compare the number of features that are the same.

Question 4

a) What are the key stages in knowledge based systems development?

Marking notes: This is not a traditional question for this module.  I'm not asking for a predefined set of stages.  I am looking for knowledge discovery with feasibility in mind, knowledge discovery for the system, implementation, testing and some form of repetition.

Knowledge acquisition for the system                                                                  3 Marks

Implementation                                                                                                    2 Marks

Feasibility                                                                                                             3 Marks

System type selection                                                                                           2 Marks

Testing                                                                                                                   2 Marks

Repeat the process                                                                                                1 Mark

[13 marks]

Answer:

Knowledge based systems are software systems so they share several stages of development.  All software should have an initial problem exploration phase, a design phase, and implementation phase, a testing phase and maintenance phase.  This typically is cyclical with returns to early stages.  Knowledge based systems also are specialised because they need more knowledge.  It is therefore particularly useful to check for feasibility.  Will it be possible to do solve the problem?  This is a good time to check which type of system is best to solve the problem.  Knowledge based systems also need to acquire knowledge.  This knowledge acquisition stage typically does not occur in other types of software systems.

b) Here is some text from the web (www.greenchronicle.com/gardening/rosemary.htm):
How to grow: Rosemary seeds are very slow to germinate so they are best started off in a pot. Transplant them to a permanent position when the plants are well grown. Alternatively, beg a few cuttings from someone who has a Rosemary bush. This is best done in late summer. Ask for 6 inch side shoots and put them in a pot of sandy soil to get them rooting.
Soil condition/position: Rosemary loves hot sun and poor, slightly limed soil which is well drained.
Appearance: A Rosemary bush can grow up to 4 or 5 feet tall. The narrow leaves are a blue/grey colour and the plant has dusty blue flowers
Assuming you are going to create an Expert System based on the knowledge in this text, what is the structure of working memory?  What are the rules?

Marking note: the appearance bit is just a distractor.  It does not need to be included.  Does this seem reasonable?

Working Memory, seeds vs. cuttings, time, (extra slots for transplanting from seeds), soil type, drainage, lime.                                                                                                      5 Marks

Rules simple, right format, reasonable rules                                                              3 Marks

Rules, complex, different strands for from seeds and from shoots.                          2 Marks

[10 marks]

Answer:

Working memory should refer to the plant, the soil and the time.  In particular, the plant should have slots for seeds and cuttings, the soil should have slots for soil type, drainage and lime content.

Rules If (plant:seeds = True) then (plant:location = pot) and (plant:seeds) = false

If (plant:location = Pot) and (plant:size = 10 inches) then (plant:location = permanent) and

   (tell-gardener=transplant-to-hot-sun)

If (plant:cutting = True) then (plant:location = pot) and (soil:type = sandy)

If (plant:location = permanent) and (soil:condition = no lime) then 

(soil:condition = slightlylimed) and (tell-gardener = add-lime)

If (plant:location=permanent) and (soil:condition = wet) then (soil-condition = well-drained) 


And (tell-gardener = drain-soil)

c) Is an Expert System appropriate for this problem?  Why or why not?

Based on properties of the domain                                                                             3 Marks

To at least some extent yes, (you just wrote one), and to some extent no (the knowledge given is incomplete and it may not be able to be complete)                                              2 Marks

Flexibility is required here as the students may come up with a wide range of answers 

                                                                                                                                       5 Marks

 [10 marks]

Answer:

This domain has a small number of discrete values, and questions in it could be answered by an expert on the phone in 5-30 minutes.  So it is probably appropriate to an expert system.  On the other hand the expert may need to actually look for certain things (e.g. limeness of the soil), and this particular example is really simple, so it may not be perfect for an expert system.  Certainly a gardening ES would be nice to give advice on certain simple problems. 

Question 5

a) Here is a simple sentence:

The barber shaves everyone in Seville who does not shave them self.

(So, Chris shaves himself. Dave doesn't shave himself so the barber shaves him.) 

Write an expert system that is given a person and decides who shaves them. (You may enumerate the people in Seville.) 

Describe working memory     (shavees and shavers)                                                3 marks

Rule for barber shaving                                                                                             2 marks

Rule for self shaving                                                                                                   2 marks

Exclusive Or                                                                                                                3 marks

[10 marks]

Answer: 

Working memory should reflect that people, whether they shave, and who shaves them.

If (person:name=dave or person:name=tim or person:name=bob) then person:shaves = true 

and person:shaver=person:name

If (person:name=bart or person:name=fred or person:name=angelo) then person shaves=true 

 
And person:shaver=the-barber

The tricky bit might be

If (person:name=the-barber) then person shaves=false

b) Write logical formulae using existential and universal quantifiers that describe this sentence.

For all( X: (shaves(X,X) ex-or shaves(barber,X)) Sample Answer

Shaves predicate                                                                3 Marks

Shaves predicate with 2 arguments                                 2 Marks

Universal or existential quantifier                                   2 Marks

Exclusive Or                                                                      3 Marks

Correct                                                                               3 Marks

[13 marks]

c) There is a potential paradox (or inconsistency) here, who shaves the barber? Is this really a paradox?  If so, explain how the paradox could be resolved.  If not, explain why it is not a paradox.

Markers note: these marks are or'ed , that's why they don't add up.

The barber could just not shave (it's a woman)                              10 Marks

If it remains a paradox, can be resolved by adding a clause           5 Marks

Other points for a good answer I can't think of

[10 marks]

answer:

Sure it's a paradox.  If the barber shaves himself then he doesn't shave himself, but if he doesn't shave himself, then he does.  The simple way to break this is to say that the barber doesn't shave, perhaps he's a woman, or has a beard.  Another way to resolve it is to say the barber is not from Seville, or there is more than one barber.  Just because it is a paradox, doesn't mean the initial ES is wrong.  




SOLUTIONS – NOT FOR STUDENT EYES
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