
QUICKSORT IN SCHEME

The version of quicksort below has
some commented code, but the uncom-
mented code constitutes a complete
running version of quicksort. The com-
mented code is what one might write
as a first pass -- whenever an object is
needed, we just write down the
SCHEME expression that will produce
it. Then, we observe that certain com-
putations are being performed redun-
dantly. Specifically, the partitioning of
the list into two lists of elements
smaller than, and greater than or equal
to, the splitting element. So we use the
"let*" function to provide some local
variables in which we can store the
results of intermediate computation.
These results can then be accessed
without repeating the computation.



The function "partition" could be
developed in exactly the same way.
However, it is written instead to illus-
trate another technique for storing in-
termediate results. Instead of extra
variables defined through let*, extra
formal parameters are used. The last
two parameters are the two lists that
are (eventually) returned. In effect, we
use extra formal parameters to store
partial results as the recursion
proceeds. In the base case of the recur-
sion, there are no more elements in l to
be added to the lists of the partition, so
we just return a list whose elements
are less & gte. This technique will be
useful when we study Prolog, because
in that language there are no constructs
comparable to let*. So it is very com-
mon to use parameters as "accumula-
tors" for results being computed.



; th i s func t ion uses the random number genera tor to crea t e
; a l i s t of in t eger s of l ength in the range 1 - 100000 .
(define make l i s t ( l ambda (n)

( se t ! *random- s t a t e* (make- random- s t a t e # t ) )
(mkl n) ) )

(define mkl ( l ambda (n)
(cond ( (< n 2) ( l i s t ( random 100000) ) )

(# t (cons ( random 100000)
(mkl ( - n 1) ) ) ) ) ) )

(define compares 0) ; g loba l count er

(define qsor t ( l ambda (L)
( l e t ( (newL (qui cksor t L) ) )

(wr i t e compares ) (wr i t e - s t r ing " compar i sons used" )
( se t ! compares 0) newL ) ) )

(define qui cksor t ( l ambda (L) ; th i s i s qui cksor t
(cond

( (nul l ? L) L)
( (nul l ? (cdr L) ) L)

; (# t (append
; (qui cksor t
; (car (par t i t ion (car L) (cdr L) ( ) ( ) ) ) )
; (cons (car L)
; (qui cksor t
; (cadr (par t i t ion (car L) (cdr L) ( ) ( ) ) )
; ) ) ) ) ) ) )



(define qui cksor t ( l ambda (L) th i s i s qui cksor t
(cond

( (nul l ? L) L)
( (nul l ? (cdr L) ) L)

; (# t (append
; (qui cksor t
; (car (par t i t ion (car L) (cdr L) ( ) ( ) ) ) )
; (cons (car L)
; (qui cksor t
; (cadr (par t i t ion (car L) (cdr L) ( ) ( ) ) )
; ) ) ) ) ) ) )

(# t ( l e t*
( (par (par t i t ion (car L) (cdr L) ( ) ( ) ) )

( l ess (qui cksor t (car par ) ) )
(g t e (qui cksor t (cadr par ) ) ) )

(append l ess (cons (car L) gt e ) ) ) ) ) ) )

(define par t i t ion ( l ambda ( sp l l ess g t e )
(cond

( (nul l ? l ) ( l i s t l ess g t e ) )
(# t ( se t ! compares (+ 1 compares ) )

(cond
( (< (car l ) sp)

(par t i t ion sp (cdr l ) (cons (car l ) l ess ) g t e ) )
(# t

(par t i t ion sp (cdr l ) l ess (cons (car l ) g t e ) )
) ) ) ) ) )



; th i s func t ion uses the random number genera tor to crea t e
; a l i s t of in t eger s of l ength in the range 1 - 100000 .
;
(define make l i s t ( l ambda (n)

( se t ! *random- s t a t e* (make- random- s t a t e # t ) )
(mkl n) ) )

(define mkl ( l ambda (n)
(cond ( (< n 2) ( l i s t ( random 100000) ) )

(# t (cons ( random 100000)
(mkl ( - n 1) ) ) ) ) ) )

(define compares 0) ; g loba l count er

; invokes the inser t ion sor t func t ion and pr in t s
; #compar i sons . then rese t s the globa l count er to zero .
;
(define i sor t ( l ambda (L)

( l e t ( (newL ( i s r t L) ) )
(wr i t e compares ) (wr i t e - s t r ing " compar i sons used" )
( se t ! compares 0) newL ) ) )



; th i s i s a s impl e inser t ion sor t
;
(define i s r t ( l ambda (L)

(cond ( (nul l ? L) ( ) )
( (nul l ? (cdr L) ) L)
(# t (p l ace (car L)

( i s r t (cdr L) ) ) ) ) ) )

; p l ace assumes L i s a sor t ed l i s t and re turns a new l i s t
; tha t has e l ement n and a l l the e l ement s of L.
;
(define pl ace ( l ambda (n L)

(cond
( (nul l ? L) ( l i s t n) )
(# t ( se t ! compares (+ 1 compares ) )

(cond
( (<= n (car L) )

(cons n L) )
(# t (cons (car L)

(p l ace n (cdr L) ) ) ) ) ) ) ) )



; invokes the mergesor t func t ion and pr in t s #compar i sons .
; then rese t s the globa l count er to zero .
;
(define msor t ( l ambda (L)

( l e t ( (newL (ms r t L) ) )
(wr i t e compares ) (wr i t e - s t r ing " compar i sons used" )
( se t ! compares 0) newL ) ) )

; mergesor t - - guarant eed to have n log n compl exi ty
;
(define ms r t ( l ambda (L)

(cond ( (nul l ? L) ( ) )
( (nul l ? (cdr L) ) L)
(# t ( l e t ( (pofl (mk2 L) ) )

(merge (ms r t (car pofl) )
(ms r t (cadr pofl) ) ) ) ) ) ) )



; th i s jus t comput es 2 l i s t s of roughly equa l l ength
; whose e l ement s are t aken f rom L.
;
(define mk2 ( l ambda (L)

(cond ( (nul l ? L) ( l i s t ( ) ( ) ) )
( (nul l ? (cdr L) ) ( l i s t L ( ) ) )
(# t ( l e t* ( ( lof2 l (mk2 (cddr L) ) )

(L1 (car lof2 l ) )
(L2 (cadr lof2 l ) ) )

( l i s t (cons (car L) L1)
(cons (cadr L) L2) ) ) ) ) ) )

; th i s t akes 2 sor t ed l i s t s and crea t es one l i s t
; whose e l ement s are in order and are in L1 & L2 .
;
(define merge ( l ambda (L1 L2)

(cond ( (nul l ? L1) L2)
( (nul l ? L2) L1)
(# t ( se t ! compares (+ 1 compares ) )

(cond ( (< (car L1) (car L2) )
(cons (car L1)

(merge (cdr L1) L2) ) )
(# t (cons (car L2)

(merge L1 (cdr L2) ) ) ) ) ) ) ) )



1 ]=> (define l s t (make l i s t 500) )

;Va lue : l s t

1 ]=> l s t

;Va lue 1: (67424 99470 38701 663 37175 . . . . . . .

1 ]=> (qsor t l s t )
4699 compar i sons used
;Va lue 2: (52 256 590 658 663 675 806 . . . . . . .

1 ]=> ( i sor t l s t )
62398 compar i sons used
;Va lue 3: (52 256 590 658 663 675 806 . . . . . . .

1 ]=> (define s l s t (qsor t l s t ) )
4699 compar i sons used
;Va lue : s l s t

1 ]=> (qsor t s l s t )
124637 compar i sons used
;Va lue 4: (52 256 590 658 663 675 806 . . . . . . .

1 ]=> ( i sor t s l s t )
499 compar i sons used
;Va lue 5: (52 256 590 658 663 675 806 . . . . . . .



1 ]=> (msor t l s t )
3828 compar i sons used
;Va lue 6: (52 256 590 658 663 675 806 . . . . . . .

1 ]=> (msor t s l s t )
3989 compar i sons used
;Va lue 7: (52 256 590 658 663 675 806 . . . . . . .

1 ]=> (bt sor t l s t )
4750 compar i sons used

;Va lue 8: (52 256 590 658 663 675 806 . . . . . . .

1 ]=> (bt sor t s l s t )
124426 compar i sons used

;Va lue 9: (52 256 590 658 663 675 806 . . . . . . .


