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Comprehension

(define comprehension (lambda (Ist pred?) ...?...)

Welcome to Dr. Scheme.

> (comprehension ‘(5-29-4) positive?)

(>5 €?comprehensjon (5294) negative?)

(>) (comprehension (529 4) (lambda (x) (< X 5))

(>2 Egomprehension (5294)

4 (lambda (x) (and (< 2X) (< x 9))))

The COMPREHENSION
Procedure

COMPREHENSION takesalist LST and a
predicate PRED? as inputs.
The predicate PRED? should accept one
argument.
COMPREHENSION returns alist containing
the members of LST that satisfy PRED.

List order and multiple occurrences are
preserved.

COMPREHENSION

(define comprehension
(lambda (Ist pred?)
(cond ((null? Ist) ‘()
((pred? (car Ist))
(cons (car Ist) (comprehension (cdr Ist) pred?)))
(else (comprehension (cdr Ist) pred?)))))

The PARTITION Procedure

(define partition (lambda (Istn) ...?...)

Welcometo Dr. Scheme.
> (definenums'(52 9 4))
> (partition nums 4)
24(59)

> (partition nums 9)
((5294)()

> (partition nums 0)

(0(5294)

The PARTITION Procedure

* PARTITION takesalist LST of numbers
and asingle number N asinputs.
¢ PARTITION returns alist containing two
other lists LOW and HIGH:
— LOW isalist containing all members of LST
that are less than or equal to N.
— Highisalist containing all members of LST
that are greater than N.




Defnition of PARTITION

(define partition
(lambda (Ist n)
(list (comprehension Ist (lambda (x) (<= xn)))
(comprehension Ist (lambda (y) (> y n))))))

Environment for evaluating (<= X N) during
evaluation of (PARTITION NUMS 4):

Loca Environment
(lambda (x) (<= xn)))

Local Environment
(define partition (lambda (Ist n)...)

LST (5294)
N 4

Global Environment

NUMS (5294)

Environment for evaluating (> Y N) during
evaluation of (PARTITION NUMS 4):

Local Environment
(lambda (y) (>y n)))

Local Environment
(define partition (lambda (Ist n)...)
LST (5294)
N 4

Global Environment

NUMS (5294)

Reduction

« A pattern of computation.

 Useful in awide variety of situations.
» Comesin two varieties:

— Flat reduction: (“List morphism”).

— Deep reduction: (“Tree morphism”).
Each isimplemented by a higher-order
procedure.

Flat Reduction

(define reduce-flat
(lambda (Ist fun base)
(if (null?1st)
base
(fun (carIst) (reduce-flat (cdr Ist) fun base)))))

Flat Reduction

(define reduce-flat
(lambda (Ist fun base)
(letrec ((reduce-flat-hel per
(lambda (Ist)
(if (null?Ist)
base

(fun (car Ist) (reduce-flat-helper (cdr 1st)))))))

(reduce-flat-helper 1st))))




Flat Reduction Examples

(definesum (lambda (Ist) (reduce-flat Ist + 0)))

(define length (lambda (1st)
(reduce-flat Ist
(lambda (x y) (+1Y))

Flat Reduction Examples

(definefor-all?
(lambda (Ist p?)
(reduce-flat (map p?Ist)
(lambda (x y) (and x y))
#)))

(define there-exists?
(lambda (Ist p?)
(reduce-flat (map p?Ist)
(lambda (x y) (or x))
#))
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Deep Reduction

(define reduce-deep
(lambda (Ist ind-fun base-fun)
(if (not (pair?st))
(base-fun Ist)
(ind-fun (reduce-deep (car Ist) ind-fun base-fun)
(reduce-deep (cdr Ist) ind-fun base-funy)))))

Deep Reduction Examples

(define item-count
(lambda (Ist)
(reduce-deep Ist
+

(lambda (x) (if (null?x) 0 1)))))
(define item-sum

(lambda (Ist)
(reduce-deep Ist
+

(lambda (x) (if (null?x) 0 X)))))

Tree Morphism

g Ind-Fun
/N /N

Cons ‘ ‘ Cons ‘ ‘ Ind-Fun ‘ ‘ Ind-Fun ‘
‘ Cons ‘ ‘ Cons ‘ ‘ Ind- Fun‘ ‘ Ind- Fun‘

Deep Reduction

(define reduce-deep
(lambda (tree ind-fun base-fun)
(letrec ((reduce-deep-hel per
(lambda (tree)
(if (not (pair?tree))
(base-fun tree)
(ind-fun (reduce-deep-helper (car tree))
(reduce-deep-helper (cdr tree)))))))
(reduce-deep-helper tree))))

Deep Reduction Example

(define maximum
(lambda (x y)
(cond ((null?x) y)
((null?y) x)
(else (max x ¥)))))

(define max*
(lambda (Ist)
(reduce-deep Ist maximum identity)))

MAX* as Tree Morphism
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‘ (Identity L,) H (Identity L) ‘




Defining Procedures with an
Arbitrary Number of Parameters

(define max (lambda values ...2... ))

Welcome to Dr. Scheme.
> (max 36 5)

6

> (max 5 3)

5

> (max 7)

7

> (max)

‘error

Defining Procedures with an
Arbitrary Number of Parameters

(define max
(lambda values
(cond ((null? values) 'error)
((null? (cdr values)) (car values))
(else (let ((temp (apply max (cdr values))))
(if (>= (car values) temp)
(car values)

temp))))))

Defining Procedures with an
Arbitrary Number of Parameters

(define and-proc
(lambda values (reduce-flat values
(lambda (x y) (and x y))
#)))
(define or-proc
(lambda values (reduce-flat values
(lambda (x y) (or xy))
#)))

FOR-ALL?and THERE-EXISTS?
(Again)

(define for-all?
(lambda (st p?) (apply and-proc (map p?Ist))))

(define there-exists?

(lambda (Ist p?) (apply or-proc (map p? L))




