Let expressions:

Consider a function f = 2x2 + 3xy + 5y2.  Suppose we want to express f as the sum of 3 new variables f = a + b + c where a = 2x2, b = 3xy  and c = 5y2. Using let expressions we can define a procedure f as:

(define x 2)

//This is just to confuse things

(define y 3) 

//This is just to confuse things

(define z 4) 

//This is just to confuse things

(define (f x y)

  (let ((x (* 2 (* x x)))
// x = 1

        (y (* 3 (* x y)))
// y = 2

        (z (* 5 (* y y))))
// y = 2

    (+ x y z)))

> (f 1 2)

28

> x

2

Variable binding is not done in any guaranteed order. As a result, once a variable has a new binding, that new binding is not visible to any succeeding variable expressions in the let expression.

The let* special form. What if we want to use the results of one variable expression in another?
(define x 2)

(define y 3)

(define z 4)

(define (f x y)

  (let* ((x (* 2 (* x x)))
// x = 1 => x = 2

        (y (* 3 (* x y)))
// x = 2, y = 2 => y = 12

        (z (* 5 (* y y))))
// y = 12 => z = 144*5 = 720

    (+ x y z)))

>  (f 1 2)

734

> x

2

Variable binding is done left to right. As a variable is bound, its new binding is available to all succeeding variable expressions in the let expression.
(define x 2)

(define y 3)

(define z 4)

(define (f x y)

  (let ((z (* 5 (* y y)))

        (x (* 2 (* x x)))

        (y (* 3 (* x y))))

    (+ x y z)))

28

> 

(define x 2)

(define y 3)

(define z 4)

(define (f x y)

  (let* ((z (* 5 (* y y)))

        (x (* 2 (* x x)))

        (y (* 3 (* x y))))

    (+ x y z)))

> (f 1 2)

34

In this case, when defining z the local binding of y is the same as the external binding. So we still have to be concerned about the order of specifying the variable expressions. Can we avoid this detail?
(define x 2)

(define y 3)

(define z 4)

(define (f x y)

  (letrec ((x (* 2 (* x x)))

        (y (* 3 (* x y)))

        (z (* 5 (* y y))))

    (+ x y z)))

> (f 1 2)

local variable used before its definition: x

(define (evn? x)

  (letrec ((e?

            (lambda (n)

            (if (= n 0)

                true

                (o? (- n 1)))))

           (o?

            (lambda (n)

            (if (= n 0)

                false

                (e? (- n 1))))))

           (e? x)))

> (evn? 4)

true

> (evn? 3)

false

In this case we have defined local variables e? and o?, each of which recursively refers to the other. Fortunately, the bindings occur as if simultaneous.

Equality.

Integers and characters may be compared with eq?. Two variables may be compared if they are bound to the same object.

> (eq? #\a #\a)


// single characters

true

> (char=? #\a #\a)

// single characters another way
true

> (eq? "abc" "abc")

// strings can’t be compared with eq?
false

> (eq? 1234 1234)
// integers: Scheme uses the same integer over for multiple references
true

> (eq? 5.6 5.6)


// non-integer numeric values fail
false

> (eq? 5.6 (* 7 .8))

// numeric expressions fail

false

> (eqv? 5.6 5.6)

// here eqv? works

true

> (eqv? 5.6 (* 7 .8))

// here eqv? works also

true

> (= 5.6 (* 7 .8))

// or use = to compare numeric expressions
true
> (= 'a 'a)

=: expects type <number> as 2nd argument, given: 'a; other arguments were: 'a
> (equal? '(a b c) '(a b c))
// use equal? To compare lists
true

> (eq? '(a b c) '(a b c))

// eq? fails
false

>  (eqv? '(a b c) '(a b c))
// so does eqv?

false

Can we compare procedures?

(define (square x)

  (* x x))

(define s

  (lambda (z) (square z)))

(define (s2 z)

  (* z z))

(define s3

  (lambda (z) (square z)))

(define s4 s)

> (eq? (s 2) (s2 2))

// succeeds because the two procedures evaluate to the same integer
true

> (eq? (s 2.1) (s2 2.1))

// fails because the two procedures evaluate to the same non-integer numeric value

false

> (eq? s s2)


// fails even though they evaluate to similar expressions
false

> (eq? s s3)


// fails: bound to identical but different objects
false

> (eq? s s4)


// succeeds because bound to the same object
true

Summary:

eqv? defines a useful equivalence relation on objects. Briefly, it returns #t if obj1 and obj2 should normally be regarded as the same object.

eq? is similar to eqv? except that in some cases it is capable of discerning distinctions finer than those detectable by eqv?.

equal? recursively compares the contents of pairs, vectors, and strings, applying eqv? on other objects such as numbers, symbols, and records. A rule of thumb is that objects are generally equal? if they print the same. equal? may fail to terminate if its arguments are circular data structures.

Exampl: Average-Damp:

(define (average-damp f) 
    (lambda (x) (average x (f x))))
Recall sqrt by Newton’s method:

(define (sqrt x)

    (define (good-enough? guess x)

            (< (abs (- (square guess) x)) 0.001))

    (define (average a b)


    (/ (+ a b) 2))

    (define (improve guess x)

            (average guess ( / x guess)))

    (define (sqrt-iteration guess x)

            (if (good-enough? guess x)

                guess

                (sqrt-iteration (improve guess x) x)))

    (sqrt-iteration 1.0 x))
(define (sqrt x)

    (define (good-enough? guess x)

            (< (abs (- (square guess) x)) 0.001))

    (define (average a b)


    (/ (+ a b) 2))

    (define (average-damp f)


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

    (define (sqrt-iteration guess x)

            (if (good-enough? guess x)

                guess

                (sqrt-iteration ((average-damp (lambda (y) (/ x  y))) guess) x)))

    (sqrt-iteration 1.0 x))
