From last week:

Variables

local variables  (local scope)

(let ((x 1) (y 2))


(+ x y))

(defun ask-number ()


(format t  "Please enter a number. ")


(let ((val (read)))



(if (numberp val)




val




(ask-number))))

global variables

(defparameter *globe* 99)


avoid clobbering with * convention

(defconstant limit (+ *glob* 1))

(boundp `*glob*)

Assignment

(setf  *glob* 98)




on global

(let ((n 10))

(setf n 2 )




on local

n)

(setf x (list `a `b `c))



creates global implicitly

setting the value at a  (settable)   place
(setf (car x) `n)

(multiple settings

(setf a b c d e f)

1.7 Higher-Order Functions

functions that take functions as arguments

(defun mappend (fn the-list)


"Apply fn to each element of list and append the results."


(apply #'append (mapcar fn the-list)))

append




function

apply





function 

(defun mappend (fn the-list)


"Apply fn to each element of list and append the results."


(if (null the-list)



nil



(append (funcall fn (first the-list))





(mappend fn (rest the-list)))))

anonymous functions

    lambda expressions 

(lambda (parameters….) body….)  is a function name


so   ((lambda (x) (+ x)) 4) ( 6

      (funcall #'(lambda (x) (+ x 2)) 4) => 6

1. avoid unneccesary names

2. create new functions at run time-  closures

3. efficiency- avoid overhead of function name and storage

symbols


value slot


function slot


Lisp vs. Scheme

1.8 Other Data Types

(about 25)

so far: numbers, symbols, lists, functions

also: vectors, arrays, structures, characters, streams, hash tables, etc.

now: strings 


evaluate to selves


surround by double quotes


sequence operators (lists, strings etc.)  overloading/complex function

length on strings 

2. A Simple Lisp Program

2.1 Grammar for Subset of English

Sentence ( Noun-Phrase + Verb-Phrase

Noun-Phrase ( Article + Noun

Verb-Phrase ( Verb + Noun-Phrase

Article ( the, a, ....

Noun ( man, ball, woman, table ...

Verb ( hit, took, saw, liked .......

2.2 Generating Sentences

grammar rules as Lisp functions

(defun sentence () 

(append (noun-phrase)(verb-phrase)))


(defun noun-phrase () 
(append (Article) (Noun)))


(defun verb-phrase () 

(append (Verb) (noun-phrase)))


(defun Article () 


(one-of '(the a)))


(defun Noun () 


(one-of '(man ball woman table)))


(defun Verb () 


(one-of '(hit took saw liked)))

(defun one-of (set)

"Pick one element of set, and make a list of it."


(list (random-elt set)))

(defun random-elt (choices)

"Choose an element from a list at random."


(elt choices (random (length choices))))

(trace sentence noun-phrase verb-phrase Article Noun Verb)

but recursive definitions?

(defun Adj* ()

  (if (= (random 2) 0)

      nil

      (append (Adj) (Adj*))))

(defun PP* ()

  (if (random-elt '(t nil))

      (append (PP) (PP*))

      nil))

(defun noun-phrase () (append (Article) (Adj*) (Noun) (PP*)))

(defun PP () (append (Prep) (noun-phrase)))

(defun Adj () (one-of '(big little blue green adiabatic)))

(defun Prep () (one-of '(to in by with on)))

2.3 A Rule-Based Solution

(defparameter *simple-grammar*

  '((sentence -> (noun-phrase verb-phrase))

    (noun-phrase -> (Article Noun))

    (verb-phrase -> (Verb noun-phrase))

    (Article -> the a)

    (Noun -> man ball woman table)

    (Verb -> hit took saw liked))

  "A grammar for a trivial subset of English.")

(defvar *grammar* *simple-grammar*

  "The grammar used by generate.  Initially, this is

  *simple-grammar*, but we can switch to other grammers.")

(defun rule-lhs (rule)

  "The left hand side of a rule."

  (first rule))

(defun rule-rhs (rule)

  "The right hand side of a rule."

  (rest (rest rule)))

(defun rewrites (category)

  "Return a list of the possible rewrites for this category."

  (rule-rhs (assoc category *grammar*)))

(defun generate (phrase)


"Generate a random sentence of phrase."


(cond ((listp phrase)  
; if rewrite produced list of symbols



  (mappend #'generate phrase))



((rewrites phrase)
; choose random rewrite for symbol



 (generate (random-elt (rewrites phrase))))



(t (list phrase))))
; no rewrite must be a terminal symbol

(defun mappend (fn the-list)

  "Apply fn to each element of list and append the results."

  (apply #'append (mapcar fn the-list)))

2.4 Two Approaches

     1. Use most straightforward mapping of problem description into Lisp

     2. Use most natural problem notation, bridge the gap with interpreter

2.5 Changing the Grammar without Changing the Program

(defparameter *bigger-grammar*

  '((sentence -> (noun-phrase verb-phrase))

    (noun-phrase -> (Article Adj* Noun PP*) (Name) (Pronoun))

    (verb-phrase -> (Verb noun-phrase PP*))

    (PP* -> () (PP PP*))

    (Adj* -> () (Adj Adj*))

    (PP -> (Prep noun-phrase))

    (Prep -> to in by with on)

    (Adj -> big little blue green adiabatic)

    (Article -> the a)

    (Name -> Pat Kim Lee Terry Robin)

    (Noun -> man ball woman table)

    (Verb -> hit took saw liked)

    (Pronoun -> he she it these those that)))

(setf *grammar* *bigger-grammar*)

2.6 Using the Same Data for Several Programs

drawing a phrase tree

(defun generate-tree (phrase)

  "Generate a random sentence or phrase,

  with a complete parse tree."

  (cond ((listp phrase)

         (mapcar #'generate-tree phrase))

        ((rewrites phrase)

         (cons phrase
;cons 

               (generate-tree (random-elt (rewrites phrase)))))

        (t (list phrase)))) ;list

generate all rewrites (w/o recursive rules)

(defun generate-all (phrase)

  "Generate a list of all possible expansions of this phrase."

  (cond ((null phrase) (list nil))

        ((listp phrase)

         (combine-all (generate-all (first phrase))

                      (generate-all (rest phrase))))

        ((rewrites phrase)

         (mappend #'generate-all (rewrites phrase)))

        (t (list (list phrase)))))

(defun combine-all (xlist ylist)

  "Return a list of lists formed by appending a y to an x.

  E.g., (combine-all '((a) (b)) '((1) (2)))

  -> ((A 1) (B 1) (A 2) (B 2))."

  (mappend #'(lambda (y)

               (mapcar #'(lambda (x) (append x y)) xlist))

           ylist))

Grahm 3-4

3 Lists

3.1 Conses – list structure

3.2 Equality


eql


eq = pointer  (not for num or char)


equal

3.3 Why no pointers

3.4 Building lists 

3.5 Example: compression

3.6 Access 


nth


nthcdr


first – tenth


cxr

3.7 Mapping Functions


mapcar


mapcan 
(splices returned list values destructively)


maplist


mapc

(for side effects)


(mapcar #'(lambda (x) (+ x 10))



'(1 2 3))


(mapcar #'list



`(a b c)



'(1 2 3 4))


(maplist #'(lambda (x) x)



'(a b c))

3.8 Trees

copy-tree


double recursion


(defun our-copy-tree (tr)



(if (atom tr)



     tr



     (cons (our-copy-tree (car tr))



     
      (our-copy-tree (cdr tr)))))


(defun our-subst (new old tree)



(if (equal tree old)



     new



     (if  (atom tree)

                                   tree




(cons (our-subst new old (car tree))





(our-subst new old (cadr tree))))))

3.9 Understanding Recursion

3.10 Sets


member


optional keyword arguments



:test



:key


member-if


adjoin


union


intersection


set-difference

3.11 Sequences


length 


subeq


reverse


sort 
(destructive)



(defun nthmost (n lst)




(nth (- n 1)





(sort (copy-list lst)  #'>)))

every


some

3.12 Stacks


push = (setf lst (cons obj lst))


pop = (let ((x (car lst)))

(setf lst (cdr lst))

x)


pushnew

3.12 Dotted lists

3.14 Assoc-lists – alists


list of dotted pairs



simple table lookup


assoc


(defun our-assoc (key alist)



(and (consp alist)




(let ((pair (car alist)))





(if (eql key (car pair))





     pair





     (our-assoc key (cdr alist))))))

3.15 Example: Shortest Path

node – symbols

networks – alists of (node . neighbors)

(setf min  '((a b c) (b c) (c d )))

neighbors  of a  (cdr (assoc  'a min)
breadth-first search

(defun shortest-path (start end net)

  (bfs end (list (list start)) net))

(defun bfs (end queue net)

  (if (null queue)

      nil

      (let ((path (car queue)))

        (let ((node (car path)))

          (if (eql node end)

              (reverse path)

              (bfs end

                   (append (cdr queue)

                           (new-paths path node net))

                   net))))))

(defun new-paths (path node net)

  (mapcar #'(lambda (n)

              (cons n path))

          (cdr (assoc node net))))

4 Specialized Data Structures

4.1 Arrays

(setf arr (make-array 
'(2 3) :initial-element nil))

(setf (aref arr 0 0) 'b)

(aref arr 0 0)

#2a((b nil nil)(nil nil nil))

*print-array*

(setf vec (make-array 4 :initial-element nil))

(vector  'a 'b 'c)

(svref vec 0)

4.2 Binary Search in a sorted vector

(defun bin-search (obj vec)

  (let ((len (length vec)))

    (and (not (zerop len))

         (finder obj vec 0 (- len 1)))))

(defun finder (obj vec start end)

  (let ((range (- end start)))

    (if (zerop range)

        (if (eql obj (aref vec start))

            obj

            nil)

        (let ((mid (+ start (round (/ range 2)))))

          (let ((obj2 (aref vec mid)))

            (if (< obj obj2)

                (finder obj vec start (- mid 1))

                (if (> obj obj2)

                    (finder obj vec (+ mid 1) end)

                    obj)))))))

4.3 Strings and Characters

string = vector of characters

constant string  
"………"

char  

#\c

char-code 

code-char 

char<

char<=

char=

char>=

char>

char/=

can use array and sequence functions on strings

char is special access for strings

(char "abc" 1)

(setf (char "abc" 0) #\n)

string-equal ignores case

format with nil first argument returns string

(format nil "~A or ~A" "truth" "dare")

(concatonate 'string "not" "to worry"

4.4 Sequences

following work on all sequences


remove, remove-if, length, subseq, rverse, sort, every, some

specialized


nth, aref, svref, char

any sequence


elt

(elt '(a b c) 1)

position-if


(position-if #'oddp '(2 3 4 5))

find


(find #\a "cat")
find-if


(find-if #'characterp "ham")

key words:

:key

function to applay to each ellement

identity

:test

test function for comparison



eql

:from-end   if true work backwards



nil

:start

start position





0

:end

end position (optional)



nil

taking sequence apart


(defun second-word (str)

  
   (let ((p1 (+ (position #\  str) 1)))

    

(subseq str p1 (position #\  str :start p1))))

remove-duplicates

reduce

   (reduce #'fn '(a b c d))

   (fn (fn (fn 'a 'b) 'c) 'd)

   (reduce #'intersection '((b r a d) (b a d) (c a t)))

4.5 Example: Parsing Dates

4.6 Structures

(defun block-height (b) (svref b  0) etc.

(defstruct point


x


y)

make-point

point-p

copy-point

point-x

settable

point-y

settable

keyword args:


(setf p (make-point :x 0 :y 0))

generates a data type so general functions work


typep

4.7 Example: Binary Search Trees

4.8 Hash Tables

(setf ht (make-hash-table))

(gethash 'color ht)    settable

(setf (gethash 'color ht) 'red) 

not typed
(setf bugs (make-hash-table))

(push "Doesn’t take keyword arguments."


   (gethash  #'our-member bugs))

(setf (gethash  #'our-member bugs) 

"Doesn’t take keyword arguments.")
remhash
