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LISP

John MaCarthy, MIT, 1960

~pure Lisp — functional programming language

data types — atom and list

dynamic scoping: most recent association rule for non-local

interactive interpreter: evaluate each expression and return

Ex. =>(+ 3 5)
8
Al
Dialects:
MacLISP (MIT) — Franz Lisp (Vax)
INTERLISP {BBN) :

SCHEME - static scope
Common Lisp — Guy Steele (1984)

Common Lisp (esus)
clisp
(exit)

error recovery: unwind

To obtain cutput,
script filename
clisp
(exit)

Ctrl-D

more filename (to see)
lpr —Ppanda filename (1o print)




Data Types and Structures

o atom

numeric atom - number (integer, real)
non-numeric atom — symbol

o list (atom atom ... atom)
Note.

() | empty list
() nonempty

Expression

S-expression (cf. M-notation)

1. Anatomis an S—expression.
2. If & and g are S-expression, then (ot .g) is an S-expression.

Note.

(1) function call : (function arg1 arg2 ... argn)
data : (A B C .. )

(2) Preorder (Cambridge Polish notation)

& <2 (+ 3 5) :S-expression
) 8 . vaue




Figure 15.1
Internal representa-
tion of two LISP lists

Y

Y

e |
e

(A B C D)

B e T Y

B ot |—— | g
-~ U -—1-o

z ———y

(A (BC) D (E (F G)))

Y

-
g

L 4

M |

i




e Assignment

- (setq x 5) Note. setq = set quote
5 | a special function

>*x4)
20

- x
5

> (setq pi 3.14)
3.14

o Define a list

- (quote (abc)) or ‘(ab ¢
(ABC)

=2 (setq x ‘lisp)
LISP

- X
LISP
¢ Primitive Functions
Arithmetic functions (integer/real)

=

i
/




Predecessor/Successor functions (x)

subl
add1

Max/min functions

=2 (max 7.5 1.3 9.6)
9.6

Relational tests

equal or = A
<, <=, >, >=

e Predicates

Zerop
onep (x)
minusp
plusp
numberp

atom
listp
member




Non-destructive functions (pure functions)

e car (content of address register) : first element

e cdr (content of decrement .yedister) : list without 1% element

car = first
cdr = rest

e cons (construct)

(cons expr list)

Note: cons requires new storage.

e list - list building function

Examples




Examples:

> (setq x ‘(A B C))
> (car Xx)

> (cdr x)

> (car (cdr x)) = (cadr x)

> (car ‘((A B) CD))

> (car ‘(A))

> (car ‘A)

> (car °())

> (cdr .‘A)

> (cdr ‘(A))

> (cons (car x) (cdr x))
> (cons ‘A ‘(B )

> (cons ‘A ‘())

> (cons ‘(A B) ‘(C D))
> (cons ‘() ‘(A B))

> (list ‘A ‘B ‘C)

To build ((A B) O),
> (list (list ‘A ‘B) ‘C)

(A B C)

A

B O
B

(A B)

A

error: A is not a list
NIL

error: A is not a list
NIL

(A B C) - xitself
(A B O

(A)

((AB) CD)
(NIL A B)

(A B C)

> (cons (cons ‘A (cons ‘B nil)) (cons ‘C nil)) ((AB) O




Destructive functions (side-effect)

e rplaca (replace car)
e rplacd (replace cdr)

¢ ncone
> (setq p ‘(a b ¢)) (A B O
> (rplaca p ‘d) (D B C)
> (rplacd p ‘(e f)) D E F)
> (nconc p ‘(g h)) MDMEFGH)
e d ) \\.Gawbo\gc
p—> AT ‘ H
AU e 1/ ;
/o . \\ b C ,,,’
0\”’ \\.M e -
A= Al =l
) ) |
e ¥ g h

Note Grovbage Collechion
- referencing count

Note: Be careful.

p-> j
> (setq p ‘(1)) b
1)
> (rplacd p p) | Q
11111..) p.-— [




List representation

¢ Atoms in Lisp are unique - global
Ob-list (harsh table)

¢ Lists are stored in linked list.

(a b) (a (b))

P

.> (setq p ‘(abc))
(abc) p—>]

NS FUE S WY/
> (setq q (cons ‘d (cdr p))) ‘ % K ’I{,
(dbo) -

> (setqp ‘(abc))
(abo)

> (setqq ‘(abc¢)
(abo)

> (setq r p)
(abc)

r r
p—@ b o p—(

0
|
q—(@ b ¢ a
T
0
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177 Pcréonnei recovd for  Don Smith.

| newe | age sy horedate

¥ rr U |
(set DS ( (pov smith) 30 48000 (August IS 2000 ))
S . @ 2 ©® @

fﬁﬁ’j?—_ﬁ W olement of o (Ist” cam be ecessed by
' (M) edrs  followed by o car.

o Last name (car Cedv (car s5))) = (cadar DS)

:o salary (c.oudo{.f Ds)
o ma-tde (codddr Ds)
DS <y




FUNCTION

¢ Define functions — defun
definition: (defun fname (paral para2 ... para n))

use: (fname argl arg2... argn) Pass by value

» (defun square (num) (* num num))
square

»> (square 5)
25

» (defun avg2 (X y)
(/ (+xy)2)
avg2
> (avg2 5 11)
g |

e free and bound symbols

» (defun sum-avg (x y)
(setq sum (+ xy))
(/ sum 2)))
sum-avg
> (sum-avg 19 87) sum: free symbol
53 @ bound symbol
»sum e
106 | [
> (sum-avg 5 29) parameters
17
» sum
34




Script started on Sun 06 Apr 2008 05:16:48 PM MDT
bash-3.005 clisp
iiidiiid
ITIITITITX

I A\

s

/-

I

o0000

QO 0o

00000

Welcome to GNU CLISP 2.41.1

Copyright
Copyright
Copyright
Copyright
Copyright

Type

[1]> (set

[31> (/ 8 2)
4

[41> (/ 7:2))
7/2

[5]1> (exit)
Bye.
bash-3.003

(c)
(c)
(c)
(c)
(c)

'ds

Bruno
Bruno

‘Bruno

Bruno

Haible,
Haible,
Haible,
Haible,

8

Q

o) 0000000 00000 00000
8 g 8 o 8 8
8 8 8 8 8
8 8 000C0 8oco00
8 8 8 8
8 8 o 8 8
8oocooo oocBooo Q0000 8

(2007-10-12) <http://clisp.cons.org/>

Michael Stoll 1992, 1993
Marcus Daniels 1994-1997
Pierpaclo Bernardi, Sam Steingeld 1998
Sam Steingold 1899-2000

Sam Steingold, Bruno Haible 2001-2007

:h and hit Enter for context help.

'{ (Don Smith) .30 .45000) (August 15 2000) ) )
((DON SMITH) 30 45000 (AUGUST 15 2000})

[2]> {(cadddr ds) :
{(AUGUST 15 2000)

Script done on Sun 06 Apr 2008 05:18:47 PM MDT




Scope

Dynamic scope rule (Scheme - static scope rule)

Name binding
- property list: setq, defun ~— global

- parameter-argument correspondence
- local: (let ((x)()...)) —=2> same as block

T

strictly local in the environment

S I N T A T o=

Example

ax+ bx+c=0 -b + Jb"— dac

X=

2a

(defun roots(ab c¢)
(list (/ (+ (-b) (sqrt (- (expt b 2) (*4 ac)))) (* 2 a))
(/(-(-b) (sqrt (- (exptb 2) (*4 ac)))) (*2a))))

(defun roots (a b ¢)
(let ((d (sqrt (- (exprb2)(¥*4ac))))) < local
(list (/ (+ (-b)d) (*2 a))
(/ (-(-byd)(*2a))})))

» (roots 1 -3 2)
2 1)




Control Structure

¢ (Conditional Expression

(cond (c1 e1) (cz €2) ... (Cn €n))

(1) (cond if null(x) then 0
((null x) 0) - else if (x = y) then f(x
((eqxy) (f x)) else g(y)
(t(gy)) end if
(2) { 1, if x>0
sg(x) =<0, if x=0
-1, if x<0

(defun sg (x)
(cond ((plusp x) 1)
((zerop x) 0)
( (minusp x) -1)

Note. Conditional interpretation (short-circuit)
Ex. (or (null L) (eq (car L) ‘key))

If L is empty, second expression is not evaluated.




o TIteration
n
Ex. Find comul(n) = = )
=]

> (defun cumul (n)
(prog ((sum 0)) // if no local var, prog ()//
loop (cond ( (=n 0) (return sum)))
(setq sum (+ sum n))
(setg n (- n 1))
(go loop)))

» (cumul 5)
15

o Recursion

» (defun cumul (n)
(cond ( (zerop n) 0)
t+n (cumul (- n 1) ))))

’ » (defun factorial (n)
(cond ((=n 0) 1)
(t (* n (factorial (- n 1))))))




o Ny.-i-.rssum

- Find the sum of the numbers in a list

(defun mMy-sum (a)
(cond ((mull a) 0) |
(t (+ (car a) (my-sum (cdr a))))))

» (my-sum“1234567 89 10))
S5 |

e Mapcar

- applies a function with each element in a list
- Common Lisp has ‘mapcar’ as a built-in function.

(defun mapcar (f x)
(cond ( (null x) nil)
(t (cons (f (car x)) (mapcar f (cdr x))))))

Ex.
» (defun addl (x)
+ x 1))

> (mapcar ‘addl ‘(2 0 0 8))
3119




- e my-append
- (my-append ‘(a b) ‘(c d)) 2 (@b c d)
Note: (cons‘(a b) ‘(c d)) > ((@a b) ¢ d)

(defun my-append (L. M)
(cond
( (mull L) M)
( t (cons (car L) (my-append (cdr L) M)))))

® my-reverse
- reverse a list
(defun my-reverse (L)
(cond
((null L) nil)

(t (append (my-reverse (cdr L))
(list (car L)) ))

e palindrome

(defun palindrome (L)
(append L (reverse L)))




e count-atom

- count the number of atoms that appear at all levels
in a list

(defun count-atom (L)
(cond
(mull L) 0)
((atom (car L))
(cond
((eq (car L) nil) (count-atom (cdr L)) )
(t (+ 1 (count-atom (cdr L))))
)
(t (+ (count-atom (car L))
(count-atom (cdr L))))

e my-union (L1 L2)

(@ac)(abd) > (cabd

(defun my-union (L1 L2)
(cond
(null L1) L2)
((member (car L1) L2) (my-union (cdr L1)L2))
(t (my-union (cdr L1) (cons (car L1) L2)))))




e delete-atom

‘a (abac > (o

(defun delete-atom (atm L)
(cond
((null L) nil)
( (atom (car L))
(cond
((eq atm (car L)) (delete-atom atm (cdr L)))
(t (cons (car L) (delete-atom atm (cdr L))))
)
(t (cons (delete-atom atm (car L))
(delete-atom atm (cdr L))) )

¢ transpose

- [a b] a c
c d b d
((ab) cd) ((@a c¢) (b d))

(defun transpose (L)
(cond
((mull {(car L)) nil)
(t (cons (mapcar #’car L)
(transpose (mapcar #’cdr L)) ))




