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S S: duperreverse

(define (dR L) ;; "dR" fits on the slide better
(cond

[ (not (list? L)) L ]
[ (null? L) L ]
[ else (append (dR (rest L))

(list (dR (first L)))) ]
))

Welcome to DrRacket, version 5.1.3 [3m].
Language: racket; memory limit: 128 MB.
> (dR '((1 2) 3 4))
'(4 3 (2 1))
>
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R M

Let recursion do the work for you!



R I
( dR  '( (1 2) 3 4 ) ) 

( dR  '( 3 4 ) ) (append (list ( dR  '( 1 2 ) )) ) 

(append ) '( ( 2 1 ) ) '( 4 3 ) 

done! 

Whoa! 



R R
( dR  '( (1 2) 3 4 ) ) 

( dR  '( 3 4 ) ) (append 

'( 4 3 (2 1) ) 

(list ( dR  '( 1 2 ) )) ) 

(append ) '( ( 2 1 ) ) '( 4 3 ) 

( dR  3 ) ( dR  '(4) ) 

( dR  '() ) ( dR  4 ) 

'(4) '(3) 

( dR  1 ) ( dR  '(2) ) 

( dR  '() ) ( dR  2 ) 

'(2) '(1) ap
pe

nd
in

g…
 

Phew! 



F   S: (f 4)

(define (f x)
(g (expt x 3) x))

(define (g x y)
(h (- x y)))

(define (h x)
(* x x)



R   S: (len '(a b c))

(define (len L)
(cond

[ (null? L) 0 ]
[ else (+ 1 (len (rest L))) ]

))



T C
A function call is called a tailcall if it is the last thing a function does
before returning. Which are tailcalls?

(define (f x)
(g (expt x 3) x))

(define (g x y)
(h (- x y)))

(define (h x)
(* x x)

(define (len L)
(cond

[ (null? L) 0 ]
[ else (+ 1 (len (rest L))) ]

))



T-R F   S: C
(len '(a b c))

(define (len L) (len-helper L 0))

;; Returns length of L, plus n.
(define (len-helper L n)

(cond
[ (null? L) n ]
[ else (len-helper (rest l) (+ n 1)) ]

))

n here is called an “accumulator argument.”



O T C
Key insight: if a function is abound to make a tailcall, we can
immediately discard its stack frame!
(define (len L) (len-helper L 0))
(define (len-helper L n)

(cond
[ (null? L) n ]
[ else (len-helper (rest l) (+ n 1)) ]

))

(len '(a b c))



T-R F

(define (fac N) (tail-fac N

(define (tail-fac N A)
(cond

[
[

)
)



T-R F

(define (fac N) (tail-fac N 1)

(define (tail-fac N A)
(cond

[ (= N 0) A
[ else (tail-fac (- N 1) (* N A)) ]

)
)



R: R
How efficient is it? (How efficient is append?)

(define (rev L)
(cond

[ (null? L) '() ]
[ else (append (rev (rest L))

(list (first L))) ] ))



T-R R
How efficient is it? (How efficient is cons?)

(define (rev L)
(tail-rev

;; Returns a list containing the
;; reverse of L followed by the elements of A.
(define (tail-rev L A)
(cond

[
[ else

)
)

WARNING: Not every function gets more efficient if you make it
tail-recursive!



G N, B N
Recursion is very common in Racket, but you can often avoid it
completely!

How are these similar?

;; find squares of numbers
(define (squares L)

(if (equal? L '())
'()
(cons (square (first L))

(squares (rest L)))
)

)

;; (squares '(1 2 3))
;; ===> '(1 4 9)

;; find factorials of numbers
(define (facts L)

(if (equal? L '())
'()
(cons (fac (first L))

(facts (rest L)))
)

)

;; (facts '(1 2 3))
;; ===> '(1 2 6)
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map: A R A

;; apply function f to all the elements in L
(define (map f L)

(if (null? L)
'()
(cons (f (first L)) (map f (rest L)))))

(define (facts L) (map fac L))

(define (squares L)
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S A F  R
✓ The “successor function” (Does the name xmaer?)

(lambda (x) (+ x 1))

✓ The “geometric mean” function
(lambda (x y) (sqrt (* x y)))

✓ The “is-greater-than-ǚ function”
(lambda (N) (> N 5))

✓ The “is-a-list-of-length-two function”
(lambda (L) (and (list? L) (= (len L) 2)))

✓ The squaring function?



S SM R S
The function deènitions we saw earlier:

(define (square x) (* x x))

are just abbreviations for:
(define square (lambda (x) (* x x)))

Of course, you don’t have to give functions names before using them:
( (lambda (x) (+ x x)) 12 )



H-O F
Functions that take functions as arguments (like map) or return
functions as results…
(define (wrap tag)

(lambda (text) (list tag text tag)))

What is ( (wrap 'w) 'o)) ?
ǖ. Error
Ǘ. #procedure
ǘ. ’(w o)
Ǚ. ’(w o w)
ǚ. ’(o w o)



W  foldr 

(foldr + 0 '(3 4 5)) ==> 12

(foldr cons '() '(1 2 3 4)) ==> '(1 2 3 4)

Notes:
✓ Sometimes called reduce
✓ There’s also a foldl



MapReduce:
Google’s solution
to large-scale
parallel
processing:

map: processes
(in parallel)

reduce: combines



H F R
Write this function without using (explicit) recursion:

;; (nest '(a b (c d) e))) ==> '( (a) (b) ((c d)) (e) )
;; (nest '(-1 -2)) ==> '( (-1) (-2) )

Which is right?

(define (nest L)
(map cons L))

(define (nest L)
(map list L))

(define (nest L)
(foldr append '() L))

(define (nest L)
(foldr list '() L))

(define (nest L)
(map (lambda (x) (cons x '()) L))
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H F R (Ǘ)

;; (bestNum '(32 38 44 50 56)) ===> 44
;; (bestNum '(0 10 100 1000)) ===> 10

(define (bestNum L)
(map max L))

(define (bestNum L)
(foldr max –inf.0 L))

(define (bestNum L)
(foldr (lambda (x y) (if (< (abs (- x 42)) (abs (- y 42)) x y))

+inf.0 L))

(define (bestNum L)
(foldr (lambda (x y) (if (< (abs (- x 42)) (abs (- y 42)) x y))

0 L))
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N: “Q” (D’   )

; Given a list of lists L, combine them
; all into a single list.
;
; (smush '((t h i) (s i s) (s o c o) (o l) )
; ===> '( t h i s i s s o c o o l )
(define (smush L)

; Add k to each element of L
; (all will be numeric)
;
; (addk 60 '(-18 101 7940))
; ===> '(42 161 8000)
(define (addk k L)

; Given lists of entrees and deserts, return all possible combinations.
;
; (combos '(steak pasta turkey) ('pie 'mousse))
; ===> '((steak pie) (pasta pie) (turkey pie)
; (steak mousse) (pasta mousse) (turkey mousse))
; Possibly in a different order!
(define (combos E D)



filter
What does the higher-order function filter do?
(filter even? '(1 2 3 4 5 6 8)) ===> '(2 4 6 8)

;; return L without elements > k.
;; (drop-more 60 '(52 60 65 101 133)) ==> '(52 60)
(define (drop-more L k) ...)

;; return elements in L that *aren't* in M
(define (list-difference L M) ...)
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sort
sort works like you’d expect, but it requires a two-argument
comparison function:

(sort '(3 2 9 12) <) ===>
(sort '(3 2 9 12) >) ===>
(sort '("works" "way" "no" "this") string<?) ==>

(sort '("works" "way" "no" "this")
(lambda (s1 s2) (< (string-length s1)

(string-length s2)))) ==>


