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סיכום חומר Scheme
כללי

IF special form
(if <predicate> <consequent> <alternative>)

If the value of <predicate> is #t, 
Evaluate <consequent> and return it

Otherwise
Evaluate <alternative> and return it
Syntactic Sugar for naming procedures
Instead of writing:

(define square (lambda (x) (* x x))
We can write:

(define (square x) (* x x)) 
Define
(define (<name> <params>) <list of defs> <body>)

Applicative order evaluation
To evaluate a combination:
 (<operator> <operand1> …… <operand n>)
·   Evaluate <operator> to get the procedure and evaluate <operands> to get the arguments
·   If <operator> is primitive: apply it to the arguments

·   If <operator> is compound: evaluate body with formal parameters replaced by arguments

Normal order evaluation
To evaluate a Combination:
(<operator> <operand1> …… <operand n>)
· Evaluate <operator> to get the procedure and evaluate <operands> to get the arguments
·   If <operator> is primitive: evaluate <operands> to get the arguments and apply the primitive operator

·   If <operator> is compound: evaluate body with formal parameters replaced by the unevaluated arguments

Orders of Growth
· Suppose n is a parameter that measures the size of a problem (the size of its input)
· R(n)measures the amount of resources needed to solve a problem of size n.

· Two common resources are space, measured by the number of deferred operations, and time, measured by the number of primitive steps.

· We say that R(n)has order of growth Q(f(n)) if there are constants c1( 0 and c2( 0 such that for all n c1 f(n) ≤   R(n) ≤  c2 f(n) 

· We say that R(n) ( O(f(n)) if there is a constant c ( 0 such that for all n R(n) ≤ cf(n)
· We say that  R(n) ( ((f(n)) if there is a constant c ( 0 such that for all n cf(n) ≤  R(n)

The conditional form

(cond (<test-1> <consequent-1>)

          (<test-2> <consequent-2>)

          ….

          (<test-n> <consequent-n>)

          (else     <consequent-else>))

The syntactic sugar “Let”
(Let ((<var1> <exp1>)

       (<var2> <exp2>)

        ..

      (<varn> <expn>))

     <body>)

((lambda (<var1> ….. <varn>)

    <body>)

  <exp1>

  <exp2>

  …  

  <expn>)

הרכבת פונקציות
(define (double f)

(lambda (x) (f (f x)))

מחזירה f∙f.

(define (apply-func f n)


(define (apply-iter n val)



(if (= n 0)



     val



     (apply-iter (- n 1) (f val))))


(lambda (x) (apply-iter n x)))

מחזירה פונקציה שתפעיל את n f פעמים על הקלט.

רשימות

(list <x1> <x2> ... <xn>) is syntactic sugar for (cons <x1> (cons <x2> ( … (cons <xn> ’() ))))
null? : anytype -> boolean

(null? <z>)

      #t  if <z> evaluates to empty list
             #f   otherwise
pair? : anytype -> boolean

(pair? <z>)

   #t  if <z> evaluates to a pair
    #f   otherwise.

atom? : anytype -> boolean

(define (atom? z)

   (and (not (pair? z)) 

        (not (null? z))))

List-ref

מציאת האיבר במקום ה-n
(define (list-ref lst n)

  (if (= n 0)          

      (car lst)

      (list-ref (cdr lst) (- n 1))))

Length

(define (length lst)

  (if (null? lst)

      0

      (+ 1 (length (cdr lst)))))

Append

(define (append list1 list2)

 (cond ((null? list1) list2)  ; base
       (else

         (cons (car list1)    ; recursion

               (append (cdr list1) list2)))))

Append: T(n) = c*n = ((n) 

Reverse

(define (reverse lst)


(cond ((null? lst) lst)


(else (append (reverse (cdr lst)) 

                    (list (car lst)))))))

Reverse: T(n) = c*(n-1) + c*(n-2) …  c*1 = ((n2)

Map

(define (map proc lst)

  (if (null? lst)

      nil

      (cons (proc (car lst))

            (map proc (cdr lst)))))

Generalized Mapping

(map <proc> <list1>…<listn>) 

Returns a list in which proc is applied to the i-th elements of the lists respectively. 
Filter

(define (filter pred lst)

  (cond ((null? lst) nil)

        ((pred (car lst))

           (cons (car lst)

                 (filter pred (cdr lst))))

           (else (filter pred (cdr lst)))))

Accumulating

(define (accumulate op init lst)

  (if (null? lst)

      init

      (op (car lst)

          (accumulate op init (cdr lst)))))

Implementing map and filter using accumulate

(define (map proc lst)

  (accumulate

      (lambda (x y) (cons (proc x) y))

      ‘()

      lst))

(define (filter pred lst)

  (accumulate

      (lambda (x y) (if (pred x) (cons x y) y)

      ‘()

      lst))
עצים

Depth

(define (depth tree)

  (if (null? tree) 0

      (+ 1 (max (depth (left-branch tree))

                (depth (right-branch tree))))))

Count Leaves

(define (countleaves tree)

  (cond ((null? tree) 0)    
;base case

        ((leaf? tree) 1)    
;base case

        (else 


;recursive case

          (+ (countleaves (car tree))

             (countleaves (cdr tree))))))

Enumerate-leaves

משטח את העץ לרשימת איבריו.
(define (enumerate-leaves tree)

  (cond ((null? tree) nil)         ;base case

        ((leaf? tree) (list tree)) ;base case

        (else (append (enumerate-leaves (car tree)) (enumerate-leaves (cdr tree))))))

Map-tree

(define (map-tree p t)


(cond
((null? t) `())



((atom? t) (p t))



(else (map (lambda (e) (map-tree p e)) t)...)
Accumulate-tree

(define (accum-tree op-u op-b init t)

(cond 
((null? t) init)



((atom? t) (op-u t))



(else (op-b (accum-tree op-u op-b init (car t))



        (op-b (accum-tree op-u op-b init (cdr t)...) 

Symbols
constructors:  (quote alpha) 
Selectors:  none

Methods:

symbol? : anytype -> boolean 

eq? : A primitive procedure that returns #t fif its two arguments are the same object Eq? tests if the pointers representing the objects point to the same place.

(symbol? (quote x)) ==> #t
A symbol with a given name exists only once!
(memq sym lst): returns #f if the symbol is not in lst, otherwise returns the sublist beginning with sym. 
Syntactic Sugar

Expression:                           Rewrites to:

1. (quote (a b))     (list (quote a)(quote b))

2. (quote ())         nil

3. (quote 2)          2

4. (quote (1 (b c))) 

                   (list (quote 1) (quote (b c)))

                   (list 1 (quote (b c)))

                   (list 1 (list (quote b) (quote c)))

                   (1 (b c))

5. 'a      is shorthand for
     (quote a)
 '(1 (b c))                 (quote (1 (b c))) 

קבוצות
A set is a collection of distinct items.

Element-of-set? ; ((n)
(define (element-of-set? x set)
  (cond ((null? set) #f)

        ((equal? x (car set)) #t)

        (else (element-of-set? x (cdr set)))))

Adjoin-set; ((n)
(define (adjoin-set x set)

  (if (element-of-set? x set)

      set

      (cons x set)))

Intersection-set; ((n2)
(define (intersection-set set1 set2)

  (cond ((or (null? set1) (null? set2)) '())

        ((element-of-set? (car set1) set2)

         (adjoin-set (car set1)

               (intersection-set (cdr set1) set2)))

        (else (intersection-set (cdr set1) set2))))

Union-set; ((n2)
(define (union-set set1 set2)

  (cond ((null? set1) set2)) 

        (else (adjoin-set (car set1)

                 (union-set (cdr set1) set2)))))

במצגת ישנה גם ורסיה של רשימות ממויינות
equal? : 
מחזיר #t אם שתי רשימות זהות ויש להן אותם סימבולים. 

Like eq? for symbols. Works for numbers. Works recursively for compounds.
(equal? (list ’a ’b) (list ’a ’b))
עצים בינאריים
Store the elements in the nodes of a binary tree.
The values in the left subtree of a node v are all smaller than the value stored at v.

The values in the right subtree of a node v are all larger than the value stored at v.

Balanced Tree: Depth = ((log n)
(define (entry tree) 

        (car tree))

(define (left-branch tree) 

        (cadr tree))

(define (right-branch tree) 

        (caddr tree))

(define (make-tree entry left right)

        (list entry left right))

(define (element-of-set? x set)

  (cond ((null? set) #f)

        ((= x (entry set)) true)

        ((< x (entry set))

          (element-of-set? x (left-branch set)))

        (else

          (element-of-set? x (right-branch set)))))

Complexity: ((d), where d is the depth of the tree. (If tree is balanced, then d ( log(n).)
define (adjoin-set x set)
  (cond ((null? set) (make-tree x '() '()))
        ((= x (entry set)) set)
        ((< x (entry set))
         (make-tree (entry set) 
                    (adjoin-set x (left-branch set))
                    (right-branch set)))
        (else
         (make-tree (entry set)
                    (left-branch set)
                    (adjoin-set x (right-branch set)))))) 

Complexity: ((d), where d is the depth of the tree. (If tree is balanced, then d ( log(n).)
Huffman encoding trees
Constructors:

make-leaf       - Construct a leaf

Make-code-tree  - Construct a code tree

Predicates:

leaf?           - Is leaf?

Selectors:

left-branch     - Select left branch

right-branch    - Select right branch

Symbol-leaf     - the symbol attched to leaf

Decoding a Message

(define (decode bits tree)

  (define (decode-one bits current-branch)

    (if (null? bits)

        '()

        (let ((next-branch

               (choose-branch (car bits) current-branch))) 
          (if (leaf? next-branch)

              (cons (symbol-leaf next-branch)

                    (decode-one (cdr bits) tree))

              (decode-one (cdr bits) next-branch)))))

  (decode-one bits tree))

(define (choose-branch bit branch)

  (cond ((= bit 0) (left-branch branch))

        ((= bit 1) (right-branch branch))

        (else (error "bad bit -- CHOOSE-BRANCH" bit))))

(define (make-leaf symbol weight)

  (list 'leaf symbol weight))

(define (leaf? object)

  (eq? (car object) 'leaf))

(define (symbol-leaf x) (cadr x))

(define (weight-leaf x) (caddr x))

(define (make-code-tree left right)

  (list left

        right

        (append (symbols left) (symbols right))

        (+ (weight left) (weight right))))

(define (left-branch tree) (car tree))

(define (right-branch tree) (cadr tree))

(define (symbols tree)

  (if (leaf? tree)

      (list (symbol-leaf tree))

      (caddr tree)))

(define (weight tree)

  (if (leaf? tree)

      (weight-leaf tree)

      (cadddr tree)))

(define (generate-huffman-tree pairs)

  (successive-merge (make-leaf-set pairs)))

(define (make-leaf-set pairs)

  (if (null? pairs)

      '()

      (let ((pair (car pairs)))

        (adjoin-set (make-leaf (car pair)

                               (cadr pair))

                    (make-leaf-set (cdr pairs))))))

(define (adjoin-set x set)

  (cond ((null? set) (list x))

        ((< (weight x) (weight (car set)))(cons x set))

        (else (cons (car set)

                    (adjoin-set x (cdr set))))))

(define (successive-merge trees)

 (if (null? (cdr trees)) (car trees)

     (let ((smallest (car trees))


     (2smallest (cadr trees))


     (rest (cddr trees)))

       (successive-merge (adjoin-set


    (make-code-tree smallest 2smallest) rest)))))

Data directed programming
Data Directed programming:
   The data (arguments) trigger the right method 

   based on the data type.

Data Directed programming is more modular:
1. To add a representation, we only need to write a package for the new representation without affecting earlier source code. 

2.  Changes are local.

 install-polar-package 
install-rectangular-package

work with a table – ר' מצגת

Assume we have
(put <op/key1> <type/key2> <item>)
(get <op> <type>)

(define (apply-generic op arg)

  (let ((type-tag (type-tag arg)))

   (let ((proc (get op type-tag)))

      (if proc

          (proc (contents arg))

          (error

            "No method for these types -- APPLY-GENERIC"

            (list op type-tags))))))

למשל: (define (real-part z)    (apply-generic 'real-part z))
Message Passing Programming
(define (make-from-real-imag x y)

  (lambda (op)

    (cond ((eq? op 'real-part) x)

          ((eq? op 'imag-part) y)

          ((eq? op 'magnitude)

                 (sqrt (+ (square x) (square y))))

          ((eq? op 'angle) (atan y x))

          (else

           (error "Unknown op -- MAKE-FROM-REAL-IMAG" op)))) 
)

(define (real-part z) (apply-generic 'real-part z))

(define (imag-part z) (apply-generic 'imag-part z))

(define (magnitude z) (apply-generic 'magnitude z))

(define (angle z)     (apply-generic 'angle z))

(define (apply-generic op arg) (arg op))
דוגמא מהתרגיל

 (define (make-rect height width)
  (define (dispatch op)
    (cond ((eq? op 'area) (* height width))
          ((eq? op 'circumference) (* 2 (+ height width)))
          (else (error "bad op on rect"))))
  dispatch)
(define (make-circle radius)
  (define PI 3.1415962)
  (define (dispatch op)
    (cond ((eq? op 'area) (* PI radius radius))
          ((eq? op 'circumference) (* 2 PI radius))
          (else (error "bad op on circle"))))
  dispatch)
(define (area f)
  (apply-generic 'area f))
(define (circumference f)
  (apply-generic 'circumference f))
(define (apply-generic op arg)
  (arg op))
(define rect1 (make-rect 10 20))
(define circle1 (make-circle 5))
Writing procedures with variable # of args
(define (f x y . z) <body>)
(lambda l <body>) or (lambda ( x y . l) <body>)
Applying a procedure on a variable # of arguments
(apply * list)
(apply op par-1 par-2 '(par-3 par-4…par-n)) => (op par-1 par-2… par-n)
General map
(define (map proc . lists)

   (if (null? (car lists)) '()

      (let ((firsts (simple-map car lists))

            (rests  (simple-map cdr lists)))

              (cons (apply proc firsts)

                    (apply map (cons proc rests))))))
Environment Model

The 5 rules for the environments model

1. Name rule – looking up the value of a variable

When searching for a name, search starting from the current environment, going up, and return the value bound to the name in the first frame you find it in. If you do not find the name, throw an error.

2. Define rule – creating a new definition of a variable

Define the name in the current environment (bottom-most frame). If the name is already defined there, change its definition.

3. Set! Rule – changing the value of a variable

Apply the Name rule to find where the name is bound (throw an error if it is not found). Modify the value bound to the name in the frame where it was found by the name rule.

4. Lambda rule – creating a procedure 

Open a double-bubble representing the lambda expression. The environment pointer should point to the environment where the lambda expression was evaluated; the parameters and body should be according to the lambda definition.

5. Application rule – applying a procedure


a. First evaluate all the sub-expressions of the combination (all sub-expressions are evaluated in the calling environment). Let the evaluation of the first sub-expression return a pointer to some procedure p;

b. Open a new environment E , where the formal parameters of p are bound to the values returned from the evaluation of the parameters;

c. E should point to the same environment that p points at;

d. Evaluate the body of procedure p; the evaluation is done within the new environment E.
Useful hints and guidelines:

· Applying a primitive procedure does not open a new environment.

· When applying a procedure, the new environment points to the same environment as the procedure, and not to the calling environment.

· Passed parameters are evaluated in the calling environment. Only the bindings are done in the new environment. 

Mutation

Set!

(set-car! p new-x)

changes car pointer in pair
(set-cdr! p new-y) 
changes cdr pointer in pair

Eq? vs. Equal

To check whether two names point to the same object, test with eq?
 To check whether two elements currently have the same content test with equal?

  (equal? (list 1 2) (list 1 2)) ==> #t
(eq? (list 1 2) (list 1 2)) ==> #f

Counter (from lecture)

(define make-counter 
  (lambda (n)
    (lambda () (set! n (+ n 1))
               n   )))

Counter (from recitiation)

(define (make-bcounter cur min max)
  (lambda(op)

    (cond ((eq? op 'inc)

           (if (< cur max)

               (set! cur (+ cur 1))

               'max))

          ((eq? op 'dec)

           (if (> cur min)

               (set! cur (- cur 1))

               'min))

          ((eq? op 'show)

           (list cur min max)))))   

Stack Data Abstraction
Constructor: (make-stack) returns an empty stack
Selectors: (top stack) returns current top element from a stack
Operations: 
(insert stack elem) returns a new (or mutate) stack with the element added to the top of the stack

(delete stack) returns a new (or mutate) stack with the top element removed from the stack

(empty-stack? stack) returns #t if no elements, #f otherwise

שני יישומים של מחסניות (עם ובלי מוטציות) במצגת 14. יישום עם מוטציות:
(define (make-stack) (cons 'stack nil))

(define (stack? stack)

  (and (pair? stack) (eq? 'stack (car stack))))

(define (empty-stack? stack) 

  (if (not (stack? stack))

      (error "object not a stack:" stack)

      (null? (cdr stack))))

(define (top stack)

  (if (empty-stack? stack)

      (error "stack underflow – top")

      (cadr stack)))

(define (insert! stack elem)

  (cond ((not (stack? stack))  

         (error "object not a stack:" stack))

        (else 

         (set-cdr! stack (cons elem (cdr stack)))

         stack)))

(define (delete! stack)

  (if (empty-stack? stack)

      (error "stack underflow – delete")

      (set-cdr! stack (cddr stack)))

  stack)
Stacks in OO style
(define (make-stack)

  (let ((top-ptr '()))

    (define (empty?) (null? top-ptr))

    (define (delete!) 

       (if (null? top-ptr) (error . . .)


     (set! top-ptr (cdr top-ptr)))

        top-ptr )

    (define (insert! elmt)

       (set! top-ptr (cons elmt top-ptr))

        top-ptr)

    (define (top) (if (null? top-ptr) (error . . .)


                (car top-ptr)))

    (define (dispatch op)

      (cond ((eq? op 'empty?) empty?)


      ((eq? op 'top) top)


      ((eq? op 'insert!) insert!)


      ((eq? op 'delete!) delete!)))

    dispatch))

Queue Data Abstraction
יישום עם מוטציות (במצגת יש גם בלי):
Constructor: (make-queue) returns an empty queue
Accessors: (front-queue q) returns the object at the front of the
queue.  If queue is empty signals error.

mutators: 
(insert-queue! q elt) inserts the elt at the rear of the queue and returns the modified queue.
(delete-queue! q) 
removes the elt at the front of the queue and returns the modified queue.
operations:

(queue? q) tests if the object is a queue.
 (empty-queue? q) tests if the queue is empty.
Helper procedures 
(define (front-ptr q) (cadr q))
(define (rear-ptr q)  (cddr q))

(define (set-front-ptr! q item)

  (set-car! (cdr q) item))

(define (set-rear-ptr! q item)

  (set-cdr! (cdr q) item))

Queue implementation 
(define (make-queue)

  (cons 'queue (cons nil nil)))

(define (queue? q)

  (and (pair? q) (eq? 'queue (car q))))

(define (empty-queue? q)

  (if (not (queue? q))

      (error "object not a queue:" q)
      (null? (front-ptr q))))

(define (front-queue q)

  (if (empty-queue? q)

      (error "front of empty queue:" q)

      (car (front-ptr q))))

(define (insert-queue! q elt)

  (let ((new-pair (cons elt nil)))

    (cond ((empty-queue? q)

           (set-front-ptr! q new-pair)

           (set-rear-ptr! q new-pair)

           q)

          (else

           (set-cdr! (rear-ptr q) new-pair)

           (set-rear-ptr! q new-pair)

           q))))

(define (delete-queue! q)

  (cond ((empty-queue? q)

         (error "delete of empty queue:" q))

        (else

         (set-front-ptr! q 

            (cdr (front-ptr q)))

         q)))
Queues in OO style (two stacks) 
(define (make-queue)

  (let ((stack1 (make-stack)) (stack2 (make-stack)))

    (define (reverse-stack s1 s2) _______________)

    (define (empty?) 

          (and ((stack1 'empty?)) ((stack2 'empty?))))

    (define (delete!)

      (if ((stack2 'empty?)) (reverse-stack stack1 stack2))

      (if ((stack2 'empty?)) (error . . .)


    ((stack2 'delete!))))

    (define (first)

      (if ((stack2 'empty?)) (reverse-stack stack1 stack2))

      (if ((stack2 'empty?)) (error . . .)


    ((stack2 'top))))

    (define (dispatch op)

      (cond ((eq? op 'empty?) empty?)


      ((eq? op 'first) first)


      ((eq? op 'delete!) delete!)


      (else (stack1 op))))

     dispatch))

Tables
(define (make-table)(list '*table*))

(define (lookup key table)

  (let ((record (assoc key (cdr table))))

    (if record

        (cdr record)

        false)))

(define (assoc key records)

  (cond ((null? records) false)

        ((equal? key (caar records)) (car records))

        (else (assoc key (cdr records)))))

(define (insert! key value table)

  (let ((record (assoc key (cdr table))))

    (if record

        (set-cdr! record value)

        (set-cdr! table

                  (cons (cons key value) (cdr table)))))

  'ok)

Vectors
We have a pointer to the address base where the vector starts.

The first element is at address base
The k-th element is at address base+(k-1)
Constructors:

(vector ... )                  ; create a vector from 0 or more elements

(make-vector k)          ; create a vector of length k

(make-vector k init)    ; same, but each element is initialized to init

Methods:

(vector? obj)            ; returns true if obj is a vector, false otherwise

(vector-length vec)     ; returns the length of the vector vec

(vector-ref vec k)        ; returns the element of vec with index k. k should be between 0 and length-1

Mutator:

(vector-set! vec k elt)     ; stores elt in the element k of the

                                ; vector vec. k should be between 0 and  length-1
חיפוש בינארי על וקטור ממוין

(define (bin-search vec elm)

  (define (search left right)

    (if (> left right) 

        ’()

        (let* ((mid (average left right))

               (mid-item (vector-ref vec mid)))

          (cond ((= elm mid-item) mid)

                ((< elm mid-item) (search left (- mid 1)))
                (else        (search (+ mid 1) right)))))) 
  (search 0 (- (vector-length vec) 1)))

(define (average x y)

  (round (/ (+ x y) 2)))
Sorting
Bubble sort  ((n2).
Basic step: The algorithm compares neighbors, and exchanges them if they are out of order.

A round:  Go through the elements from last to first, performing this check on each pair of neighbors.

Perform n rounds, where n is the number of elements.

(define (bubble-sort vec)

  (define n (vector-length vec))

  (define (iter i)

    (define (bubble j)

      (if (>= j i)

          (let ((prev (vector-ref vec (- j 1)))

                (cur (vector-ref vec j)))

            (cond ((> prev cur)

                   (vector-set! vec (- j 1) cur)

                   (vector-set! vec j prev)))

            (bubble (- j 1)))))

    (cond ((< i n)

           (bubble (- n 1))

           (iter (+ i 1)))))

  (iter 1))

Quicksort (worst ((n2), best O(n log n))
The algorithm:

1. chooses some element, called pivot.

2. Splits the elements into three groups:

1. smaller than the pivot

2. equal to pivot

3. larger than pivot.

3.  Recursively sort the smaller and the larger groups independently

(define (quicksort lst)

  (if (null? lst)

      nil

      (let ((pivot (car lst)))

        (let ((low (filter (lambda (x) (< x pivot)) lst))

              (high (filter (lambda (x) (> x pivot)) lst))
              (same (filter (lambda (x) (= x pivot)) lst))) 
          (append

               (append (quicksort low) same) 

               (quicksort high))))))
Merge Sort
Input: A list with n elements.

Algorithm: 

1. Divide the list into the first half and the second half.

2. Recursively Sort each half.

3. Merge the two sorted lists.

Merge:

Input: Two sorted lists (may be of different lengths)

Output: One sorted list, with the same set of elements as the union of the two lists.

Algorithm:  Put a pointer at the beginning of each list. At each step pick the smallest element, and advance that pointer to the next element in its list.

(define (merge list1 list2)

  (cond ((null? list1) list2)

        ((null? list2) list1)

        ((< (car list1) (car list2)) 

           (cons (car list1) 

                 (merge (cdr list1) list2)))

        (else

           (cons (car list2) 

                 (merge list1  (cdr list2))))))

Count sort (O(n+s))
   Input: n elements between 1 to s.

   Output: The elements sorted.

   Algorithm: Create a vector of length s, initialized with 0 everywhere. 

Go over the input, and for each element, if its value is k, 

increase vec[k] by 1.

(define (count-sort lst s) ; sorts a list of elements between 0..s

  (define vec (make-vector (+ s 1) 0))

  (define (help-func sub-list)

    (cond ((null? sub-list) 'done)

          (else 

           (let* ((elm (car sub-list))

                  (val (vector-ref vec elm)))

             (vector-set! vec elm (+ val 1))

             (help-func (cdr sub-list))))))

  (help-func lst)

  vec)
Radix Exchange Sort
Examine bits from left to right:

1. Sort array with respect to leftmost bit

2. Partition array

3. Recursion: recursively sort top subarray, ignoring leftmost bit; 
        recursively sort bottom subarray, ignoring leftmost bit

Time to sort n b-bit numbers:  O(b n)
Bucket sort with vectors
Assume we receive a list of n numbers from the range [0,1)
We know that if we divide the range to n/5 sub-intervals, approximately 5 numbers fall into such sub-interval.

Algorithm idea:

Assign a bucket to every subinterval; throw every number from the list to the right bucket; sort within the buckets,then chain them.
Uses the following procedures:
(list-insert x lst): lst is a sorted list, inserts number ‘x’ to its correct position in the list

(vec-accumulate op init v): does an accumulation process on a vector

(for-each op l): executes op on each of l’s elements (from left to right). Primitive procedure.
ר' יישום הפרוצדורות במצגת תרגיל 9.

Streams 
Constructors: 

the-empty-stream
(cons-stream x y) [equivalent to (cons <x> (delay <y>))] 
Selectors:

(stream-car (cons-stream x y)) = x 

(stream-cdr (cons-stream x y)) = y

Method:

(stream-null? x)

Delay and Force
(delay <exp>) ==> a promise to evaluate exp. Translates to (memo-proc (lambda () <exp>)) – חשוב לציור במודל . הסביבות. המשמעות היא שמה שחושב, לא יחושב שוב.
(define (memo-proc proc)

  (let ((already-run? false) 

        (result false))

    (lambda ()

      (if (not already-run?)

          (begin (set! result (proc))

                 (set! already-run? true)

                 result)

          result))))

(force <delayed object>) ==> evaluate the delayed object and return the result. equivalent to: 

(define (force delayed-object) (delayed-object))
(define (stream-ref s n)

  (if (= n 0)

      (stream-car s)

      (stream-ref (stream-cdr s) (- n 1))))

(define (stream-map proc s)

  (if (stream-null? s)

      the-empty-stream

      (cons-stream (proc (stream-car s))

                   (stream-map proc (stream-cdr s))))

(define (stream-filter pred stream)

  (cond ((stream-null? stream) the-empty-stream)

        ((pred (stream-car stream))

         (cons-stream (stream-car stream)

                      (stream-filter pred

                                     (stream-cdr stream)))) 
        (else (stream-filter pred (stream-cdr stream)))))
(define (stream-enumerate-interval a b)
    (if (< b a)

        the-empty-stream

        (cons-stream a (stream-enumerate-interval (+ a 1) b))))
Infinite streams
(define (integers-from n)

  (cons-stream n (integers-from (+ n 1))))
(define integers (integers-from 1))

(define integers
  (cons-stream 1 

     (stream-map (lambda (x) (+ x 1)) 

        integers))

Fibonacci sequence
(define (fib-seq-from a b)

  (cons-stream a (fib-seq-from b (+ a b))))

(define fib-seq (fib-seq-from 0 1))

Sieve
(define (sieve str)

  (cons-stream

    (stream-car str)

    (sieve (stream-filter 

             (lambda (x) 

               (not (divisible? x (stream-car str))))

             (stream-cdr str)))))

(define primes
    (sieve (stream-cdr integers)))

(define (scale-stream stream factor)

  (stream-map (lambda (x) (* x factor)) stream))

Euler-transform

(define (euler-transform s)

  (let ((s0 (stream-ref s 0))

        (s1 (stream-ref s 1))    

        (s2 (stream-ref s 2)))

    (cons-stream (- s2 (/ (square (- s2 s1))

                          (+ s0 (* -2 s1) s2)))

                 (euler-transform (stream-cdr s)))))

Interleave

(define (interleave s1 s2)

  (if (stream-null? s1)

      s2

      (cons-stream (stream-car s1)

                   (interleave s2 (stream-cdr s1)))))
כדי שייוצרו איברים משני הזרמים, interleave מחליפה בין S1 ל-S2.

Pairs – ייצור האיברים שמעל האלכסון
(define (pairs s t)

  (cons-stream

   (list (stream-car s) (stream-car t))

   (interleave

    (stream-map (lambda (x) (list (stream-car s) x))

                (stream-cdr t))

    (pairs (stream-cdr s) (stream-cdr t)))))
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