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QUESTION 1     [20 marks]





Take each of the following lisp forms in turn, and state what value(s) would be returned on evaluation of the form. If an error would be signalled, state briefly why that would be the case.


[1 mark each]


()





(())





(consp nil)





(eq (car nil) (cdr nil))





(equal () 'nil)





(and nil


     The other day upon the stair


     I met a man who wasn't there


     He wasn't there again today


     I do so wish he'd go away)





(let ((form


       (quote 


        (defun bar (x)


          (error "It's all too horrible.")))))


  (car form))





(let* ((x (list 2))


       (y 3))


  (setf x y)


  (list y x))





(let ((rhyme '(pop goes the weasel)))


  (pop rhyme))





(typep nil 'number)





(typep (= (1+ 1) 2) 'symbol)





(unless 0 (/ 1 0))





(and (setf x 4) 


     (not (numberp x))


     (setf x 5))





[More of this question on next page]
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(let ((table (make-hash-table)))


   (gethash table table table))





(let ((questions 4))


  (mapcar #'(lambda (x) (and (numberp x) (1+ x)))


          (list "After" 20 'minutes 


(or 0 nil) questions)))





(apply 'equal t t nil)





(progn


  (defun broken (n)


    (if (= n 0)


        nil


      (* n (broken (1- n)))))


  (broken 5))





(catch 'tag


  (throw 'tag 99)


  88)





(progn


  (defun baz (x &optional (y 2))


    (+ x y))


  (- (baz 1)


     (baz 1 0)))





(progn


          (defun wibble (&rest rest)


            (rest rest))


          (wibble "Yo ho ho" "And a bottle of rum"))
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QUESTION 2     [20 marks]





The following function definition has suffered an unfortunate accident and lost all its parentheses, comments and user documentation.





defun waffle file let table make-hash-table :test quote equal with-open-file istream file loop let next read-next-word istream if not next return let count or gethash next table 0 setf gethash next table 1+ count table





The only good news is that the documentation for read-next-word has survived the accident. This is a function which takes one argument: a text stream opened for input. If the stream is at end-of-file when read-next-word is called, the function returns nil. Otherwise it returns as a string the next word of text in the file. All words are downcased and all punctuation is ignored.  For example, we might have:





(read-next-word question-2)  =>  "for"


(read-next-word question-2)  =>  "example"


(read-next-word question-2)  =>  "we"


(read-next-word question-2)  =>  "might"


and so on.





Write out the definition of waffle in full, replacing all missing parentheses, 


[7 marks]


properly indenting the code to make it readable


[3 marks]


and commenting each line. 


[6 marks]


Provide brief user documentation for waffle in the above style.


[4 marks]
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QUESTION 3     [20 marks]





What is a "lexical closure" in lisp? 


[2 marks]








In particular, what are closures used for, what (broadly) is the lisp type of a closure, and how would you create a closure?


[6 marks]





Code the following examples of closures, indicating clearly in each case where the closure is in your code and any variable(s) which have been "closed over":





a function which returns nil the first time it is called, and then on subsequent calls returns the argument passed to it last time, for example:





(delay "lisp is")  =>  nil


(delay "wonderful")  =>  "lisp is"


[6 marks]





a function which takes a number and a list as arguments and uses mapcar to add that number to every member of the list, for example:





(add-to 3 '(2 4 6 8))  => (5 7 9 11)


[6 marks]





[Partial credit will be awarded for coding the above examples without closures.]
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QUESTION 4     [20 marks]





Name 


the lisp function which splices one list onto the end of a copy of another and


the lisp function which adds a new member to the beginning of a list.





In other words, give the actual names of the two functions mumble-a and mumble-b such that, for example,





(mumble-a '(wombat) '(foo bar baz)) 


=>


(wombat foo bar baz)


and


(mumble-b '(wombat) '(foo bar baz)) 


=>


((wombat) foo bar baz)


[4 marks]





Write a lisp function join which takes two arguments and joins them together


in the style of mumble-a if the first argument was a list and


in the style of mumble-b if the first argument was not a list.





So for example we would have:





(join '(wibble wobble) '(foo bar baz)) 


=>


(wibble wobble foo bar baz)


and


(join 'wombat '(foo bar baz)) 


=>


(wombat foo bar baz)


[5 marks]





Finally, reusing the code for join or otherwise, write a lisp function flatten which recursively flattens lists, splicing them into one flat list, thus:





(flatten '(defun broken (n)


(if (= n 0)


nil


(* n (broken (1- n))))))


=>


(defun broken n if = n 0 * n broken 1- n)





Hint: consider first how you would implement (recursively) the Common Lisp function copy-list.


[11 marks]
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