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While writing this book | have been particularly thankful for the help of Robert Morris. | went to him constantly for advice
and was always glad | did. Several of the examples in this book are derived from code he originally wrote, including the
version of for on page 127, the version of aand on page 191, match on page 239, the breadth-first true-choose on page 304,
and the Prolog interpreter in Section 24.2. In fact, the whole book reflects (sometimes, indeed, transcribes) conversations
I've had with Robert during the past seven years. (Thanks, rtm!)

I would also like to give special thanks to David Moon, who read large parts of the manuscript with great care, and
gave me very useful comments. Chapter 12 was completely rewritten at his suggestion, and the example of variable capture
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on page 119 is one that he provided.

| was fortunate to have David Touretzky and Skona Brittain as the technical reviewers for the book. Several sections
were added or rewritten at their sugges-tion. The alternative true nondeterministic choice operator on page 397 is based on
a suggestion by David Toureztky.

Several other people consented to read all or part of the manuscript, including Tom Cheatham, Richard Draves (who
also rewrote alambda and propmacro back in 1985), John Foderaro, David Hendler, George Luger, Robert Muller, Mark
Nitzberg, and Guy Steele.

I'm grateful to Professor Cheatham, and Harvard generally, for providing the facilities used to write this book. Thanks
also to the staff at Aiken Lab, including Tony Hartman, Janusz Juda, Harry Bochner, and Joanne Klys.

The people at Prentice Hall did a great job. | feel fortunate to have worked with Alan Apt, a good editor and a good
guy. Thanks also to Mona Pompili, Shirley Michaels, and Shirley McGuire for their organization and good humor.

The incomparable Gino Lee of the Bow and Arrow Press, Cambridge, did the cover. The tree on the cover alludes
specifically to the point made on page 27.

This book was typeset usingTIEX, a language written by Leslie Lamport atop Donald Knutrgs<Twith additional
macros by L. A. Carr, Van Jacobson, and Guy Steele. The diagrams were done with Idraw, by John Vlissides and Scott
Stanton. The whole was previewed with Ghostview, by Tim Theisen, which is built on Ghostscript, by L. Peter Deutsch.
Gary Bisbee of Chiron Inc. produced the camera-ready copy.

| owe thanks to many others, including Paul Becker, Phil Chapnick, Alice Hartley, Glenn Holloway, Meichun Hsu,
Krzysztof Lenk, Arman Maghbouleh, Howard Mullings, Nancy Parmet, Robert Penny, Gary Sabot, Patrick Slaney, Steve
Strassman, Dave Watkins, the Weickers, and Bill Woods.

Most of all, I'd like to thank my parents, for their example and encouragement; and Jackie, who taught me what I might
have learned if | had listened to them.
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(mapcar fn
(do* ((x 1 (1+ x))
(result (list x) (push x result)))
((= x 10) (nreverse result))))

000000000000000008. 00000000000 map1-n05400000000000000000
gobooboogoo
(mapl-n fn 10)
gobooooobooboooboboobooobobooboobbooboobbooboobbooboobbOooD
00o0o00ooO00o00o0UoO0o0oo0oo0oooOOoUoO0o0LOO0o0oOoUoOoO0oOOOoULOOo0oOoOooDO
gobooboobbooboobboooboo
O0o0o0o0o0ooo0o0ooo0o0oOo0oO0oOoUoO0O0o0O0O00DO0O0oDDO0OoO0LODOOOOn
00o0000o0o0oO0oU00o0oO0oU0Oo0oOO0oU0O0DOo0ULO0DO0OULOO0DO0OUOO0DO0OUDOODOOUOOOOoUO
gooboobooboboobooboooobooboooboob oo boobboobbooboobbooDboOoo
000000000000 (foreign 000000 OLISPOO0OOOOOODOOOODDOOOOOOOOOOOOOO
goooboooooboooobobobooobbooobboooobobbooobbooobDbbooobbooobobo
00o000o0o0oO0o0o0oOO0o0O0bOO0oU0OO0O0o0Oo0O0o0OO0O0O0OO0DOO0O0OoOoDOoOoooOoooOoo
0000000000000000000000000000 LispO0000000000O0O0O0O0OO0ODOOOOO
gobooobbooobuoobobooobooboboon
O00000O0o0o0o0o0o0o0ooU0o0oOoUo0oOoUo0oOoUoO0DO0UDO0OOo0oODDOUOOoO0OoOUOOOO
gobooboobooboooopobooboobooboobboobooboobbobDboobo xbo0nD ad
Opr000000000000000O00O0OLIspOO0O0OO0 do000O0OOOOOOOODOOOOOOOOOOO
gobooboobboobooboobbooboo

2000000 Commonlispd 0000000000000 000000000000000000000000D Lisp00000O000
oooooOo0oO0o0ooOooooo



(do ((x a (+ 1 x)))
(> x b))
(print x))

goboobooobobooog

(for (x a b)
(print x))
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LispO0OO0OO0O0O000000000O00 20000001000000000000 LispO0OOO0OOOOOOOO
00000000000 LispO00OO0O0O0OO0ODOO0OOOOOOODDOOOOOOOOODOODDOOUOOOOOO
00000000000000 LispO0000O00O0O0O0O0DOOOO0

LispOOOOOODO0OO0OO0OOO0OOOOO0ODO0O0O0OO0O0O0O0O0O0O0UDO0OO0ODO0O0OOOUDOOOOO
00000000000000000 Lisp000000000ODO0O0OO0DO0O0OOOD0OUO0OD0O0OOODOUOOO
0000000000000 00000O000000DO0O00O00O0DOLISpOODOOO0ODO0OOOODOODOO
000000000000 0000000000OU LispO0000OO0DO0OO0OOO0OODODOOUOOODOOODOOOOO
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1.2 OO0OO0O0O0

O00000 defun 0000000000000 O00OO0O0O00O0O0O0O 20000 doubleOOD0ODODOOODODODODO

> (defun double (x) (* x 2))
DOUBLE

LispO0OOOOOO0OOOdouwble0000O00ODO0O0OOODO0OOOOOOOODOOO

> (double 1)
2

LispO0OOOO0O0O0O00000000O0defun 00000000 DOOCO PascalOD 00000 OO0OOOOOOOO
0000000000000 00000000000000000000 defun 0000000000 OLIspOOO
0boob00oooobodobD defun 00000000 ODOODOODOODODOOOOOOOOO

0000000000000 000000D000 defun 00000000 ODOO0ODO1IDOD000O0ODOOOOOOO
Ubo0o0o0obobOobob0o0obOobdn dowbledooooboooooooboobooboobobooobOobDOooboO
goobbo#woooobboobbbooobbbooobboooobbboooobbobooooobbbooo
Uboboobooooooooobob dowbleOOOOOOOOOODOODODODOODODODODODLDOOOO
ood

> #’double
#<Interpreted-Function C66ACE>



00000000 LispO000000000000O0O0CommonlLispl0000000000000O0O0OOOOOO
gobooooooooobooobobobooooooooooboboboboboooboooDooobOoboboboo
goboobogbobooboooobooboobboon

> (eq #’double (car (list #’double)))
T

00000000 defun000000LIsSpO00OO0OO0O0OO0OO0O0OODODOOOOOOOODOOOOOOOOOOOOO
gofdoooboooobdoobuoooboob b oo bbb oo b oo uooobouooo
0000000000000 00o0odU0oANO00D0O0000000ANOO0D0OO00300000001lambda
0000000000000 000000000o00o00oO0O AOOdouwbledDODOOOOODOOOOO
(lambda (x) (* x 2))

000 10000 00002 0000000000000

AD0DO00000000O0OOdouble 00000000 0OO00OO0OO0OOOOOOO0OO (lambda (x) (x x 2))
0000000000000 D000D00000000o00oooooDOo0oo00oDoOooooOo A0o0oOooooa
ddooooooooooo

> #’(lambda (x) (* x 2))
#<Interpreted-Function C674CE>

0000 doubleDODOODOOOOOOOOODOODODOODODOOOOO
oboboobooooooobooboboboooooon

> (double 3)
6

A000000000000000000000000O000DOO0OO0OO0

> ((lambda (x) (* x 2)) 3)
6

Common Lispd O double 0O OOOO double 0D 0OOOOOOOOOOOOOOO

> (setq double 2)
2
> (double double)
4

coboobOooboooooooboobooOooooOoOobOoOooOoboOobOobOOoOboOoOOobOboOoOOobDOobOOoOoboOooOn
ooo
OO0O0OOCommonlLispd 0000000000000 O0O0O0MOOOOOfoo000O0OO fooDOOOOO
cooboooooooooboooooobooOooobooboooooooooooooboOoOoooOoobboOoooooooooo
000000000000 CommonlLispdO000O0OO0O0OOD0OOOOODO0OOOOOOOODOOO
OO0U0O0O0OCommonlispd 00000000000 O0OO0ODOOOO0OUOOOUOOOUOODOODOOUOOOO
OO00000 symbol-value DO O OO OOOOOOOODOOODODOOODOOODOOOO

> (symbol-value ’double)
2

00 symbol-function DO DOODOOOODOOOOOOOOOOODO

> (symbol-function ’double)
#<Interpreted-Function C66ACE>

goboobodoboboobooobobooboobobooboobobuoobbooobobo

> (setq x #’append)

#<Compiled-Function 46B4BE>

> (eq (symbol-value ’x) (symbol-function ’append))
T

O0000defun 000 1000000 symbol-function J 0O O00OOD0O0O00OOOOODOOOOODOOOOO
0000 20000000000000000
(defun double (x) (*x x 2))

(setf (symbol-function ’double)
#’ (lambda (x) (* x 2)))



OO0Ddefun 000000000 OOOODOODOOOOODODOODOOOOOODODOOOODOOODOODOOOO
cobOO0oobO0oO0o0odO0oocOoboOoO0oOoOoOoocOoboOo0boboOboO defun000000OO0COO0OOCOOOODOOCOO
coboooooooboooboobDoooobooobooDO0ob0oUoD defun 000000 OOODOOOO
0000000000000 0000000000000000000000D000OOLIspO0O0OOO0OOOOOO
CO000O000b0OO00O0defun 00 000O0O0O0OO0DOCOOOCOODOOOOODOOOODOOOODOO

13 000O000OOD

goboooooooooboooobooboooobooooooOoooOooOoooobObo0oOoboboOoobooOoOoobooOoOoooooa
000 Lisp0000000000D00000OD0O00O0D0O00O0OO0O0O0O0OO0O0O0OO0

uobooooooooobOo0ooobocOooobooOooOooOooOoOoOoOoOoOobOOoO0O0obOboOoOobOOoOoOobooOoOoOooOooDooag
O00000000Lsp0000000 apply0 00000 applyd 200000000000000O0OOOOO
0000obo0o00oo400000000000000

+12)

(apply #°+ °(1 2))

(apply (symbol-function ’+) ’(1 2))
(apply #’(lambda (x y) (+ x y)) ’(1 2))

Common Lisp0 0 2pply 0000 000000000001 00000000000000000O0O0DOOODOOO
Jgddoooooooboobobbbbbbbtbbodggououoo

(apply #’+ 1 ’(2))
0000 400000000000000000000000000000 funcallOOD0OOO0ODOODOOODODOO
00 apply 0000000000

(funcall #’+ 1 2)
oobooboooobooboo

Common Lisp0 000000000000 00O0OODOOO0OOO0OOOOOODOODOOOOODOOOOOO
(mapping)D 000000 mapcar 0 20000000000 1000000000000O0O0O0OOOOOOOO1
gddooooooooobobbobbobbbobobbobbbododouuouo

> (mapcar #’(lambda (x) (+ x 10))
(12 3))

(11 12 13)

> (mapcar #’+
(12 3)
> (10 100 1000))

(11 102 1003)

LispOOOODODOOODOOO0OO0DOOOO0OOO0O0DOO0ODO0O0DDO0DO0O00D0O00OO0OODOOoOoOOoOO
oo0o0o0000 1000000000000 00000000OOOOOOOOOOODODOOOO0OOOOO0OO
mapcar 000
ooo0ooooooooOoooooOoooooooOOoOobObOO00o0o0o0o0oooOO0Ob0000000000OmapcarO
gooooooQoOoooOo0ooooooooooooooooooooooooooooooooooooooooono
0000000000000000000000000000000 100000000000plus_ten0000O00
0000oo0o0o0ooo0o0o0oo0o0oooOoooooAOO0DODOOO0DODOOOO0ODOOOOODOO
CommonlLispDd 0000000000000 OO0OOOOO0OOOOO0OOOOODOOOOODOOOOODOOOOO
OOOOCOOCOOOOOOmapcar 00000000000 Osortd remove-if 000000000 OOOOOODO
gooooooOoopoOoooooooooooooooogoogoooo

> (sort (1 42567 3) #<)
(123456T7)

sort UO00O0OODOOD0OODOODOODOO0ODO0OD0OO0ODOO0ODOODOODbDODbDODO«ObOO0ObD0ODODODODODODOD
ooo
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coooboooooboooooooooooooobooooooooooooooboboooobooooon



> (remove-if #’evenp (1 2 3 45 6 7))
(1357

Uoboo0ooooOo0o0obodobodd remove-if 00 O0OO0O00O0O0O0O0O0O

(defun our-remove-if (fn 1st)
(if (null 1st)
nil
(if (funcall fn (car 1lst))
(our-remove-if fn (cdr 1st))
(cons (car 1lst) (our-remove-if fn (cdr 1st))))))

oobodoo sn00000000000DO0O00DO0CO0O0O000000DOO0O0OOO00ODOO0O0OO0O0OOO00ODO0OO0
coobooooobooooooooooOoooooOoboOoboobooOoooooooooOoOoooOooboboOooooOoOoooooa
O00defun 000000000 OOOOOODOOODOOOODOOOODOOO

040000000000000000000O0DOOO00ODOOOO0OOOO0ODOOOOODOOOOOOOODODOO
O0O0Commonlispd 0000000000000 00O0O0OO0O0OD0O0OUOOUO0OOOOODDOOUOOOOO
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OO0 Lsp0000000O00ODOOO0ODOODOODOODOODOODOODOODODODODODOODOODOODODOO
coooooooboooooooooobooooobooboOoboooooooooooboooooOooboboOoooooooooa
000 caseJ0000LIspOO0OOOOUOOOOOOOOO

(defun behave (animal)
(case animal

(dog (wag-tail)
(bark))

(rat (scurry)
(squeak))

(cat (rub-legs)
(scratch-carpet))))

gobgoobooobboobooboooboobooobooboobboobboobbooboobbooDboo
gboooooooooogon

(defun behave (animal)
(funcall (get animal ’behavior)))

goboobooobobooboooboobuoobobuooboobbooboobDboobLboOon

(setf (get ’dog ’behavior)
#’ (lambda ()
(wag-tail)
(bark)))

coooooooooooooOoOooooooOooOoOooOoOoOoOoOOoO0OoObO0o0obOOOoOobOOOoOoOoDbDboOoOon
200000000000000O0OO0000OOO00D0OOO000OOO0OO0ODODOOOODOODOOOOOO
000000000 0oOo0o00oOo0o00oOo0o000o0o0oOo0muooooO fooOODOOOMOOOUQO
oooboooobooooooo0oDoOoonb caseobooooooooooooobDOoOonOn
booooodobdoboooooooboobooooooooboboooooooooboooonoooooogd
cooooooooooooooooOooOooobOboOoOobooOoOoooOoOoOoOooOboOoOoOoboOooboboOooooOoOoOooOoooo
000000000000000000000000000 fooOUOODODOODODO0O0D0OOOO0OODODOOOOOOO
ooo
gobobooooooooboooboooooboooooooooooooboooboooobooooooooooDooog
0000000000 Lisp00000000O00O0O0O00O0O0O0O00O000D0000000000000O00O00O0
0000000000 00000000o00O0000O0U00O0OOUOO0OO LispoO0ODOOOOO
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CommonlLispd 000000000000 LispO0Schemdd0DODO0O0OOO0O0ODOOD LispO0OOO0OOOODOO
O00O0OScheméd DO0O0U0O0O0OO0DOOOOO LispOOO00OO0O0OOODOOOODOOOODDOOOODOOOOUOO
coboboodoobooooboooobooboooobooooooooooooooocooooooobooooooooooonoag
OO000000000 letOdoOO00OO0O0OO0OO0O0O0DOOOOOODOOOODOOOOOOOOOOOOOOODOOO
oooooooooooooooooobooooboobooooooooooOooboboooooooooDoO

(et ((y 7))
(defun scope-test (x)
(list x y)))

OO0 defun 000000x0O00O000O0O00 yOOOOooooOooooOOOoOOOOOOOOOOO0OO0OOOO0OO0O
gbobobobobobobobOob0Ob0——scope-test UOUOOU0O0O0O0xUO0O00O0O0O0O0O0O0O0O0OOOO
00000000 yOOUOOOODOOOOODOOOODOOOOODOO LispOoOO0OOOoOOoOoOoOoOO

0000000000000 LispO0O0Oscope-test 100000000000 D0O0O0OO0O0ODOOOODOOODO
coboboooboooobobooboo0oyoOOoOOOOOoO0O0O0OD0OO0O000000000 scope-test0 0000
00000000o00o00oU0oyOUOOOUOOODODOOO0OUOOLOOUOOOUDOODOOUOOOO LispOOOy
oooooooboooooooooooo

> (let ((y 5))
(scope-test 3))
(3 5)

00000000000 DODOscope-test000O0O0OOOOOyO 7000000000000000000O0O0OA0O
O0OOOOOscope-test 00000000 yOOO S0000D00000O

000000000000 Lisp00000000000ODOO0OOOO0OO0OO0O0OO0O0O0OOOO0OOOODOOOOOOO
O00000000000000000000 LispO000D0000 yO scope-test000000000000O0OOO
gO0O0o0oo CommonlispoOoooOoOnO

> (let ((y 5))
(scope-test 3))
37

goooooooooyOo bSp0ooOoOoOoOoOoOoOoOoODOODODDOOOo

000000000000 00o00oO0o0OooOO00oOo0oOo0ooOoooOoOooCommonlispdO0OdOOoOO
0000000000000 000000Lsp0000D00O0O00DO0O0OO0DO0OOODO0OOUDOOOUDOOOUOO
cooboboooboooooooobooboooooboboooooooooooooocooooooobooOooooooooonoag
coobooooobooooooooooooooboooooooOoooOoOoOoobOboOoOobooOoOoooOoOoOoOoobooboOoon

16 OOOOO

Common Lisp0 00 0000000000000 00O000O0O0OOD0O0O0D0O00OO0O0D0O0O00O0O0oOOoooO
gobgooboobboobooboooboobooobooboobbooboobboobooboboooboo
gooboobodobobooboooboooboobooobooboobDbooboobbooboobbo

000000 CommonlLispo 0000000 OD0OO0O0OOOOODODODOODOODODOUOOODODOODOODOOOO
mapcar J 00000000 AODOOOOODOOOOOOOOOODODOOOOOOOOOOODODODOOOOOOOOO
gboboooooooboobob0obobooooooo0bDob0ob0bUbO 1ist+

(defun list+ (1st n)
(mapcar #’(lambda (x) (+ x n))
1st))

goboobooboobooo

> (list+ (1 2 3) 10)
(11 12 13)



list+ 000 mapcar 00 0000000000000 000O0O0O0DOO0ODOOOO0DOOn000D0000O0O0OODO
gooooboobboboooooooobbobOooodoobobO b bbb bbOo0ooUoUooo
oooooooooEn

Abelson Sussmarl O O Structure and Interpretation of Computer Programs0 00 0000000000000
gooooooooooooooooobobbooodggobobb o0 ooobbooooooa
0000000000000000000000000000

(let ((counter 0))
(defun new-id () (incf counter))
(defun reset-id () (setq counter 0)))

000 20000000000000000000D0O000D0100000000 10D0D000DOOO00DOO200
000000 00000000000 DO0U0O00D000O0UDOUO0OU0DDO0OO0U0UDO0OOU0DODUODODOOOOOn
coooooboOoOooOooOooobDOoOooO0oOoO0bOOoO0ooUOobOOoDObDO0bOOO0oOOoOODObOOoObDObDOooDoDO
make-adder

(defun make-adder (m)
#’(lambda (x) (+ x n)))

goooo™@oooooboooobooboooboboobobLDoboooboobobDoobobDoboobobuDbOoboO
goooooon

> (setq add2 (make-adder 2)
add10 (make-adder 10))

#<Interpreted-Function BF162E>

> (funcall add2 5)

7

> (funcall add10 3)

13

make-adder U0 O O0OD0O0O0OD0ODOO0ODOOOO0ODOODOO0ODLOOODDOODLDDOODOODDOODLbDOODO
gooo

(defun make-adderb (n)
#’ (lambda (x &optional change)
(if change
(setq n x)
(+ xn))))

0000000000 make-adder 0000000001 000000000000O0O0O0O0O0O0OOOOOOO
ooo

> (setq addx (make-adderb 1))
#<Interpreted-Function BF1C66>
> (funcall addx 3)

4

O00o00o0o0ooooOonl0o020000000000000000L0O0O000OOCO 100000000000
oooooooo

> (funcall addx 100 t)
100

> (funcall addx 3)

103

000000000000000000000000000000000000000@O0O00000000000
000000000000 000Uo0 (@LOUD0O0DUDDO0DULO0O0DO0O0DUDOODUDDOODUDOOUO 300Ooooo
OO00O0000OO0make-dbms 0000000000000 OO0COOO0O0O0O0OOCOODOO0O0O0O0O0O0O0OO0O0OO
ooo

> (setq cities (make-dbms ’((boston . us) (paris . france))))
(#<Interpreted-Function 8022E7>
#<Interpreted-Function 802317>
#<Interpreted-Function 802347>)



(defun make-dbms (db)
(list

#’ (lambda (key)
(cdr (assoc key db)))

#’ (lambda (key wval)
(push (cons key val) db)
key)

#’ (lambda (key)
(setf db (delete key db :key #’car))
key)))

01 3000000000000000000

gobooooooooobodoobooooboooooooooooooboodooboooobooooooooooog
OO00000000 citiesO0OOO0O0OOOO0DOOOOOOOOODOOOODO

> (funcall (car cities) ’boston)

Us

> (funcall (second cities) ’london ’england)
LONDON

> (funcall (car cities) ’london)

ENGLAND

goob cardpobbooooobboooobbbbooobbbboooobbbooooobbboooo
goobooboooboboobooobooboobobuoobboobobuooboo

(defun lookup (key db)
(funcall (car db) key))

ocobooboooooooooboboooobooobooboobooboooDOobOooOoboooooDOoDbobOboOobooDOg
Cob0o0odoboOoooobooooodooodoodnOddmake-adder O make-dbms OO0 OO00O00OO0O0OO0OO
00o0oooo0o0ooooO0o0oo 100o000oO0o0oooO0o0oOoOo0O0oOO0D0ODO0D0DODOODODOOO
000000000 LispO0000000O00DOO00O00OD0OOOLISpO00O0OOOOOOOOOODOODOODOO
cooooooobooooooooooOoooooOboOoOobooOoOoooOoOoOooOboOoOoOoboOoobOboOooooOoOoOooOoooa
ocoooooooooooooooobooooobbo0oooooooooooobobooooo0ooboboooooooooDoDOg
00000000 S000000000000000D0O0000O0DOO00OOOGODDOUOOODDOODODOO
oooooooooogd

17 ODOO0OOgo

A000000000000¢defun 0000000000000 0000OANODOOOOOODODDODOOOOODOO
0000000000000 000000000O0O0Commonlispd000000000O0OO AOODOOOOOO
0000000000000000000000000000LIspO00000000000000OOOO0OO0

> (mapcar #’(lambda (x) (+ 2 x))
(257 3))
(4795

mapcar 00 10000000000000000000000O0O0000000000O0 defun0000000OO0
coooboooobobooobooooooooooooo

> (mapcar #’copy-tree ’((a b) (c d e)))
((A B) (CDE))

gobbotdbbDOmapcar DO O OOOOO0OO0DOOOO0ODOOOODODOOODDODOOODOOOOODOOODDOOO
gobodon list+

(defun list+ (1st n)
(mapcar #’(lambda (x) (+ x n))
1st))

*“000000000000000mapcar 00000000 x0000000000000000000000000000000



00 mapcar 000 100 #°(lambda (x) (+ x n)) 0 list+ 0000000000000 O00O0O0O000O0 n0OO
gboboobooooooooooobobobOoboboboobooooboooobo0obD0obU0b0b0Od mapecar g
0000000000000 0000000000000000000 defun 00 0000DOOOODOOOOO A
goboooooooooboooboboboooooooogoooboboboboboobooobDoobobOoboboboo
O000OCommonlLispd 0 1labels 000000001000 000000O0O1abelsO0 000000000 let
Ub0b0o0b00OD0labelsOO0O0OO0O0OO0OOOOOOOODOODODODODO

(oo)y(ooo)y.{(oomn
labels 000 000name 0 0000000000000 D0DOO00O0O
(lambda (OO0 ). (OO M

gobogoo

> (labels ((inc (x) (1+ x)))
(inc 3))
4

000 letd labels O ODO0O0O0O0O00OO0O1et 000000000000 0OO0O 1letO00O00OO0OODODOOO
gdoooooooooono
(let ((x 10) (y x)) ;; 00

y)
0bob0ob0yODbUODOD xOODODOUODOODODODODODODUODODbOUODbOOD1abelsOgogoonO
0000 f00000000o00ofdo0o0ooo0o0ooooooo0o f000b00o00o0o00ooooooon
O0O0O0U0O0O0O0OD0OOD11abels0O0O0D0 1list+ 000000000 O0ODO0O0O0OO0O mapcar 000 10000000
ooooooo

(defun count-instances (obj lsts)
(labels ((instances-in (1lst)
(if (consp 1lst)
(+ (if (eq (car 1st) obj) 1 0)
(instances-in (cdr 1lst)))
0)))

(mapcar #’instances-in 1lsts)))
00000 1000000000 100000000000000000000000000O0O0O0O0O0OO0O0OOA0O
oooooo

> (count-instances ’a ’((abc) (darpa) (dar) (a a)))
(1212

18 OOOO

gobooooooooobodooboooobooooooooooooobooooboooooooooooooonog
cooooooobooboooboooobooooo

(defun our-length (1lst)
(if (null 1st)
0
(1+ (our-length (cdr 1st)))))

goooobooobooboob +boobuoobbooboobboboboobbooboobo

(defun our-find-if (fn 1st)
(if (funcall fn (car 1st))
(car 1st)
(our-find-if fn (cdr 1st))))

0000000000000 000o0o0ooUoO0n CommonlispdO000O0O0O0OO0O0OOOOOOOOOOOO
cooooooobooooooooooboooooboboooooooooooooboooooooboboooooooooDooog
0000000000000 0O00000000000O0000000oU0O0O00DO0OOLISpOO0OOODOOOO



gooooboooboboobooboooobooboooboob bbb boobbobboobo o
goboooooooooboooboboboooooooooooboboboboboooboooDooboobOoboboboo
Ubobo0d our-length U0 O0O0OOO0OOO0OOO

(defun our-length (1lst)
(labels ((rec (1st acc)
(if (null 1st)
acc
(rec (cdr 1st) (1+ acc)))))
(rec 1st 0)))

000000000 000000000000000 2000 accO0000O00O0OODODOOOOOODOOOOOOO
00 accO0000DOOO0OO0DOOOO0OOOOOOOOOOODOOOOOOOOOOODOOOODOOOOOOOOOO
gobooboobbooboboobbooboobbooboobboobboobbrectgoboobooobDOO
gono
Common LispD 000000000000 OOO0OO0OOOOOODOOOOOODOOOOOOUDOOOOOOOO
gobooboooboobooobooboobbuoobbobobuoobboooboo
(proclaim ’(optimize speed))
00000000000000000000000000000000000000008g
000000000000 000o0oOooO Commonlispd 00000 COOOOOCODOOOOODDOOOO
OO0ORichard Gabridl D00 00000000100 n00000000000

(defun triangle (n)
(labels ((tri (c n)

(declare (type fixnum n c))

(if (zerop n)
c
(tri (the fixnum (+ n c))

(the fixnum (- n 1))))))
(tri 0 n)))

000 CommonlLispO0 0000000000 ODO0O0O0O0OOOO0O0OO0O0O0OOO0O0O0OO0OOOOOOOOOOOOO
gooboobooobboobooobobooboobbooboobbooboobbooboobbooboon

19 00000

LispO0O00 10 100000000000000000000000000O0 defun0000O0O00O0OOO

> (defun foo (x) (1+ x))
FOO

coobobodooboooooooobooOooOooOoO0oboo0ooooOooooOoocO0oO0ooOooOooboboOooooOooOooOooonoa
gobo0bodbDbO0 compiled-function-pU OO O0OO0O0O

> (compiled-function-p #’foo)
NIL

fooOOOUOOOOOOOOOODOO compiledOOOO

> (compile ’foo)
FOO

000 foo0OOODODODOOOOOOOOOOODODODOOOOOOOOOOOOOOtm

> (compiled-function-p #’foo)
T

000000000000000000000 Lisp00000000000O00O compiled-function-p 00000
0000000000000 00000000000000O0000ODOcompile 00 100000000 0O0OOO
0000000000000 000 1000 Il 0000000 200000000 A0000000000

*500 (optimize speed) O (optimize (speed 3)) D0DDOOODOOO CommonlLispD 00000000000 O0OOO0OOOO
0ooooobooooooooooooo



> (compile nil ’(lambda (x) (+ x 2)))
#<Compiled-Function BF55BE>

Ub000000o0b0b00Dcompilel defun U0 O0O0O0O0OD0OODOOOOOOO

> (progn (compile ’bar ’(lambda (x) (* x 3)))
(compiled-function-p #’bar))
T

goooooooooobooboboooboobooboobooboboboobooboobDooboobDboooDo
0000000 b0o0bob0 compile0 000000 D0eval U0 DOOO0DO0ODOOOOOODODOODOODO
ODoO0o0oo0o0o0oMop 2100000000000000000000000000000000000000O0
make-adder U OO DOOOO0OD0ODDOOOOODDOOODDOOO0O0ODD compileddODOOOOonDOOO
U00O0ODcompile000O000O0O0OODOO0ODOODOO0D—O0DOOO0ODOOOOOOOODOODOOOODOO
O000O0Lsp0 0000000000000 0O0O000000O000000000000000000mMmO00Qg
goboobooooboobooo

2000000 compile 0000000 DDOODDOODDOODOCLL200000voxO000 O OOOOOOOOGQ
gbobooooboboboboooboboooobobobobobbd let0DOD fooOOOODOO

> (let ((y 2))
(defun foo (x) (+ x y)))

(compile 'foo) DD DODDOMOOODODODOOOOOOOOOO compile O ODOOODOODOOOOODOODO
OO0 cCLL200ooo0oobo0ooooomoooooooo.Oboooom

LispOODOO0O0O0O0O0OO0DO0O0O000D00000000 compile 000000000000 0OOOOOOOO
compile-file 0O OO0O0OO0O0O0O0OOOO0DOOOOOOOODOOOOODOOOODOOOODDODOODOOOO
cooobodooobooooooooOooOooOooOboO0O0oboo0ooOooOoOooooOboOoOooOooOooboboOooooOoboOooOooDooa
OOcompiled-function-p 00 000000000000 DOOOO0OOOOO0ODOCOOOOOOOODOOOOOOOO
coboboodoobooooboooooobooooboooooooooooooooooooooobooOoooo0oooonoag
gocLlL2000ooooooooooooooooooooooooooooooooooooooon

000000000000000000000000000000000 Omake-adderJfoo0 00000000
coooooobooooooooooOoOoOooobooOooon

> (compile ’make-adder)

MAKE-ADDER

> (compiled-function-p (make-adder 2))
T

gddooooooooobobbobobobbbbobbobtbboddddoDoDDobb L O

Jddooooooooooooobobobobobobboobooddddddooooooooooooooboobooon

0000000000000 000000000000000000000mM 00000 bazDOOOOOOO M
gddddoooooooooooobobbobobbbobobododddooooooooooDobDbDboobooo

gbooooooooobobobobooooooobobobooo

(defun 50th (1st) (nth 49 1st))

goooooogoogo

(proclaim ’(inline 50th))

gboboboooobosothbooooobodboboooobooobobobobobbosothbnoOoonoO

oboooooooooog

(defun foo (1st)
(+ (50th 1st) 1))

50th000000000000000000O0C000000000000DOO000O0O000OOO0OODOO0O0

(defun foo (1st)
(+ (nth 49 1st) 1))

00 eval 000000 DDDOOOOOfoo00DONDOOONO
000000000000 0000000000000000000000000000000000000000000000000000
gooooO0o0ooO0o0oO0O00O00O000C0O00O0OO00O00O0O00O0COOO00O000O0



(defun bad-reverse (1lst)
(let* ((len (length 1st))
(ilimit (truncate (/ len 2))))
(do ((1i 0 (1+ 1))
(j (1- len) (1- )N
((>= 1 ilimit))
(rotatef (nth i 1st) (ath j 1st)))))

02 0000000000O00O00O0O00

coboooobooooosoth 00000000000 fooOOOOOOOOOOOOOOODOOOOOOODOOO
O fooll S0thOOOO0OO0O0O0OOO0DOOOOOOOOODOOOOOOOOOOOOODOOOODOOOOOOOO
O000D0000 foooOooofo

110 ODO00DO0O00OO00ODbOoO

LspOOODOOO0OO0O0O0O0O0DO00O000000000000000000000000 LispO00O00OO0OOOO
O LispO0000000000D00000D00000D0000000000CommonlLispd00000000000O0O
ooboooooo——>oOoboboboboobooboobooboboboboboboboooDoLoobOoboboboo
goobooboooboobooobobooboobobooboobbooboobbooboobb oo

LispOOOOOO LispO 0000000000000 0ODOOOO0OO0OOOOOOO0OO00OOOOOOOOOOOO
0000000000000 0000000U0O0 LispO0000O0OLISPpOOO0O0OOOODDOOOOOOUOOO
000000000000 Lisp00000000000000O000O0O00000000000000000O0O00
LispOOOOOOOoOoooOooooooooooooooon

2 OJOobOoOoobooo

O0000O0LspO LispO0O000000000O000O0O0O0O0O0O0O0UO0OUO0OUOOOUDOOODDOODOO
cooboodoboboooboooooooooooooooooonn

O0000O0OLspO00O00000O0O0O0O0O0OO0ODOOOUDOOOUODOOOUO0O0ODOOOUDOOOODOOO
0000000000000000000000000000O0Lisp000000000000O0DOOOOOOO0O0O
coooboooooooooocoOooOoboOoOooOooOoOoOoOoOoOoOoOOoOoOobOOoOoOoonon

21 ODOO0OOOOO

0o0ooooooooooooooooob o000 oo oo ooooooboobobooa
000000000000000000000000000000000000000000D000O0O0O00dLispO
000000 LispO0000D0O00000O0000O0O000O0O000O0O0O0O
gojooooooboobobbboooodoobbbboo LoD bbb b UoLBLOoO
goboobodbb0ObDrplacallJ00O0OOODOO0OOO0OsetquO00000DOO0OOOO0ODDOOODOODOO
000000000000 00000000000000000000000000000000LispO00OOO0O
0000000000000000000000000 LispO00000000000O0O0O0O0O0OOOOODOOOOO
googd
goooooobobobbboooooooooboobbbo0ooooDLDbO bbb UBD oo
JgodoooooooooooobobobobobbbobbobboddddoooooooD oo bDbooboobo
goboobodoboboobooboboobuoobobooboobobooo
OPhoo0o0O00000O00000000000000000000000000000000000000000
goood
> (setq 1st ’(a b ¢))



(defun good-reverse (1lst)
(labels ((rev (1lst acc)
(if (null 1st)
acc
(rev (cdr 1st) (comns (car 1lst) acc)))))
(rev 1st nil)))

03 0000000000ooooooog

(A B OC)

> (bad-reverse 1st)
NIL

> 1st

(CBA)

O000000000Obad-reverse O LispO0 0000000000000 00O0OOOOOODOOOOOOOOOOO
gobooboboboboooboooboobbobbooboobooboobooboobooboobooboobo
000000000000 bad-reverse 00000 10000000 2000000000000 Common Lispd
00000000000 rotatef 00O OOO0O0OOOOUQgeneralized variablésetf 00 1000000000
000000000000000000000000 20000000000000000000000RDOODO
U000000o0bo0obObODgood-reverseJ OO OOO0OOOOOOODOODOODODOOOOOOODODOO

> (setq 1st ’(a b ¢))
(A BOC)

> (good-reverse lst)
(C B A)

> 1st

(A B Q)

ooooooOooooooooooooooooooooooooooooooooooooooooooooon
O0Lsp000000000O000O0O00O0O0O0UDOOODOOODOODOOOO0OO0O0OO0O0U0O0OUOOUOOUDOO
ooooooooooooooooooooboOoOooOboOoO0oOoOoOoOoO0oOoDOoO0oOoOoObOO0OooOboboOoOooOoboOoooon
0000000000000000000000000000000000000000008 0000000000
00000000000000000000000 BasicOOOOOO

O000OD00O0ODObad-reverse U good-reverse 1 00O O00O0OO0O0OODOOOOODOOOOODOOODOO
good-reverse 1000000000 (R?) 0000 O(n)0000

CommonLispd D0O0O0O0O0 reverse 00 0000000000000 OO0OODOOOOOOODOOOODOOO
O000000000D000000000000000000D0D00O0O0Ogood-reverse JOO0O0OODOOO
reverse 000000000 —0000000000000O LispO00O0O0O0DO0DO0ODOO bad-reverse [
gooooooooooooobooooooooooooooooooooOoOO00 1stO0COO0OoODbObo
(reverse 1lst)
gooooooooooooooooooooooooooooooooooooooooooooooooooon
gooooooQoopoOoOoooooooooo0oooooUoooooooooooooooooo

(setq 1lst (reverse 1lst))
0000000000000 OOreverseJ0 0000000000000 OOOO0O0OOODOO0OODOOOOOO
O000o0o0000o0o0oOoU0o0oOooOoU0o0ooOoU0—LispOO000OO0DOOOOOOOOOOOOOOOOOO
OO0 LispO00O000000000O0O0OO0OO0O0ODOOOO0

bad-reverse [J good-reverse JUU DO UOOO0DODDOOOODOObad-reverse 000D OOOOODOOO
ooooooOoooooooooco0ooOoOoboOoOOoboO0o0ooOOoO0ooooOooooooo0—>0o0o000o0oo0ooon
oooooOoooUooooooUoooUoooo0oo0ooOooooooooooooooooooooooDoOoon
Common Lisp0 0 O(n) 0000000000000 nreverse 0000

0000000000 bumpOOOOOODO



oo oo oo oo b oo b oo oobobooOooo
nreverse 10 0000000000000 0OO00OO0O0O0O0O0OO0O0O0O0OUDOOOOOOOOOOOOOOOOO
JoddooooooooooobobobobbobbbbobbbobdddddooooooooD oD
(nreverse 1st)

oo st bo bbb bbbbbobbobou0uuo g

> (setq 1lst ’(a b ¢))
(A B Q)

> (nreverse 1lst)

(C B A)

> 1st

¢9)

st U0 0000000000000 reverse 00000000 0ODO 1st0 0000000 OOOOODOODOO
gogbooooboobooboboobooobooboobDbooboobbooboobbooboobDbooon

gboooooooobobobobooooooobobobooo

(nconc x y)

g

(setq x (nconc x y))

gobooooooooobogooboboboooooooooooboboboboboobooobDobobOoboboboo

O0x0OnlO00O00O000OO0O0O0O00OOO0OO0OO0OOOO
LispOOOOOOODOO0O0OO0OODOOOO0O0O00000O000000000000000000000O000O000O0O0

000o00o00o0b0bobobo0obo0bD0b0bU0ob0oUdbdsortdremove O substituteJ 0O OOOOODOOO

obooboobbuobobioubibO setqoooogoo
gboboboooooogoooboboboboooobooboooooobobobobobboooooDobobOoDbOo

gobooboobbooboobobooboobbooboobboobooobobooboobboon
gboboboooooogoooboboboboooobooooobooboboboboboooooobobOoDbo

oooooo

set setq setf psetf psetq incf decf push pop pushnew
rplaca rplacd rotatef shiftf remf remprop remhash

U0 letex000000O0DOOOOODOOOODOOOODOOODODOOODODOODOOOODOOOODO
0000000000000000 LispO000000000000000000O000000O0O0O0O00O0O0O000
gobooboodobobooboooboobuoobbooboobboboboobo

goooobooboobobooboobooboooobo0oboobobobo0obUoobDOoOobDbOoobobooo
0100000000000000000000000000000000000000000000000Common
LispO0OOOO0OO0DOO0OO0O00ODO0OO000ooooooo

000000000 truncate 200 0000000000000 O0ODO0O0ODO0OODOUOOODODOOODOOOOO
000000000 truncate 00000000 O0OOO

> (truncate 26.21875)
26
0.21875

gdodooooo0oO0O0O00 100000000 LOUoUloggooooo

> (= (truncate 26.21875) 26)
T

multiple-value-bind 0000000000 ODOOOO0OOOOODOODOODOODLOOOOODOODOODOODOLOOO
gobgooboobboobooboooboobooobooboobbooboobboobOoobbooboo
gboooooooooog

> (multiple-value-bind (int frac) (truncate 26.21875)
(1ist int frac))
(26 0.21875)

gobooboobDbdvvaluesd0oogooOong



> (defun powers (x)
(values x (sqrt x) (expt x 2)))

POWERS

> (multiple-value-bind (base root square) (powers 4)
(list base root square))

(4 2.0 16)

0000000000000 000O0000Oo0Uo0O LispO0000OOO0OO0OODOOOOOD LispoOOOOO
OO00OO000oOob0o00o0b0o0obo0bObO0ODOOreversed nreverse 00000000 DOOO0OOOOOOOO
OO0O0000000000Ovalues O multiple-value-bind DO OO00O00O0O0O0O00O0O0O0O0O0O0O0O0O0O0OO
cooobooooooooooo

22 O0O00O0OOOOOODOODOO

gboboboooooooooboboboboooboobooooobooboboboboboooooobOobOoDbo
gobgooboobboobooboooboobooobooboobbooboobboobooboboooboo
0000000000000 00D0a00x00 1000 2000000000000

(defun fun (x)
(list ’a (expt (car x) 2)))

00000000000oDooo0mx00 1000000000 20000000 a0O00O0 2000000000
oooooOm

(defun imp (x)
(let (y sqr)
(setq y (car x))
(setq sqr (expt y 2))
(list ’a sqr)))

000000000000 000UoD Lisp00000O00OO00O0OODOOOODOOOOOODOOOODOOODOOOOO
O000—BasicOODUDO0O0D0D0000D00000imp 000000000 LispO0O0O0OO00 fun00000O0O
coobooooooooooo
gobobooooooooboooboooooboooooooooooooboooboooobooooooooooDooog
cooboboooboooooooobooboooooboboooooooooooooocooooooobooOooooooooonoag
cooboooooboooooooooobOoooooOoboOobobooOooooooooboOoOoooOooboboOooooOoOoooooa
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(defun qualify (expr)
(nconc (copy-list expr) (list ’maybe)))
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(let ((x 0))
(defun total (y)
(incf x y)))
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(defun ok (x)
(nconc (list ’a x) (1list ’c)))
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(defun not-ok (x)
(nconc (list ’a) x (1list ’c)))
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(defun anything (x)
(+ x *anythingx*))
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(defun f (x)

(let ((val (g x)))
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(defun exclaim (expression)
(append expression ’(oh my)))
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> (exclaim ’(lions and tigers and bears))
(LIONS AND TIGERS AND BEARS OH MY)

> (nconc * ’(goodness))

(LIONS AND TIGERS AND BEARS OH MY GOODNESS)
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> (exclaim ’(fixnums and bignums and floats))
(FIXNUMS AND BIGNUMS AND FLOATS OH MY GOODNESS)
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(defun exclaim (expression)
(append expression (list ’oh ’my)))
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(defun all-nicknames (names)
(if (null names)
nil
(nconc (nicknames (car names))
(all-nicknames (cdr names)))))
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(let ((town (find-if #’bookshops towns)))
(values town (bookshops town)))
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(defun find-books (towns)
(if (null towns)
nil
(let ((shops (bookshops (car towns))))
(if shops
(values (car towns) shops)
(find-books (cdr towns))))))
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(defun find2 (fn 1lst)
(if (null 1st)
nil
(let ((val (funcall fn (car 1st))))
(if val
(values (car 1lst) val)
(find2 fn (cdr 1st))))))
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(proclaim ’(inline lastl single appendl concl mklist))

(defun lastl (1st)
(car (last 1st)))

(defun single (1st)
(and (consp 1st) (mot (cdr 1st))))

(defun appendl (lst obj)
(append 1st (list obj)))

(defun concl (1st obj)
(nconc 1st (list obj)))

(defun mklist (obj)
(if (listp obj) obj (list obj)))

04 0DD0ODO0O0OO0OOODODOO

OdoooBE00D00000000000000000000000000000000000M 0000000
ocoooooooooooooooobooooobbooooooooooooobboooooooobboooooooooDoDOg
ooo

1000 1ast1 00000000000000000000 lastO0O0OOOOOOOOOOOOOOODOODOO
O0000last000D0D0D0DO (ecar (last ...)) 000000000000 OOOOOOOOOO0O0O0O0OOO
cobooboooooooboocoobooobOoooboboooooobooboooboooboooobobooboboooooobooooboboOoboo
last1 000000000 DOOODOOOOOODOOODOOOODOODDOOODOODOOOODOOOODOOD
cooooooobooooooooOooOoOoOoOoOboO0OobOOoOoOoOoOoOoOoOoOCcOO0OOOoOoOobObOOoOoOoOOoOoOooDooO
ooobooooooooooboboooobobooooon

> (lastl "blub")
>>Error: "blub" is not a list.
Broken at LAST...
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(> (length x) (length y))



(defun longer (x y)
(labels ((compare (x y)

(and (consp x)

(or (null y)

(compare (cdr x) (cdr y))))))
(if (and (listp x) (listp y))
(compare x y)
(> (length x) (length y)))))

(defun filter (fn 1lst)
(let ((acc nil))
(dolist (x 1st)
(let ((val (funcall fn x)))
(if val (push val acc))))
(nreverse acc)))

(defun group (source n)
(if (zerop n) (error "zero length"))
(labels ((rec (source acc)
(let ((rest (nthcdr n source)))
(if (consp rest)
(rec rest (cons (subseq source 0 n) acc))
(nreverse (cons source acc))))))
(if source (rec source nil) nil)))
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goooboooooboobobooboboobooboobOooboooDbobobOOob0bo0obUoobUoOobDOooboDooDoO
god

Udb0 filter 00000 find-if 0000 remove-if-not U O OODOOONO

000000 remove-if-not 00000 0find-if 0000000000000 00 cdr00000D0DO0OOO
00000000000000000filter 0000000000000 0OOOOOO cdrO0000O0OOOOOO
ooo

> (filter #’(lambda (x) (if (numberp x) (1+ x)))
@1 2b3cd4d))
(2 3465)

filter 0000 1000000000000 000O0O0OO0O0UOOOUODOOUNIOOOOODOOUODOOOOOOO
oooooooo

filter00 0 280000000000000000000000000OOOOOO0OOO0ODOOOOOOOOO
0000000000000 0 filter00000D0O00OO0OOO0OO00ODOOODOOfilter0000D0O0OODODOO
CobboOobOoooooboo0bObo0bO0o0b0b00obb0dDfilterD00000O0O0O push O nreversed 0 0O0O
O000O0Lsp0 00000000 DOOUDOOOOODOOOO

0B00000000000000000000000000000000000group0000 100 2000
cobooboocobooooboboobOob0 1000000 nbOO0O0O0O00Ob0O0ObOO0OOO0ObO0OO0DOOoObOObOOO0OnO
000000000 2000 200000

> (group ’(abcdef g 2)
((AB) (CD) (EF) (G)

0000000000000 oooooooooDooooD 280000000000 00000DODODODOOOOO
gbooooooooboobobobooooboooooooboboboobobobobobobUobUflattendgy



(defun flatten (x)
(labels ((rec (x acc)
(cond ((null x) acc)
((atom x) (cons x acc))
(t (rec (car x) (rec (cdr x) acc))))))
(rec x nil)))

(defun prune (test tree)
(labels ((rec (tree acc)
(cond ((null tree) (nreverse acc))
((consp (car tree))
(rec (cdr tree)
(cons (rec (car tree) nil) acc)))
(t (rec (cdr tree)
(if (funcall test (car tree))
acc
(cons (car tree) acc)))))))
(rec tree nil)))

06 200000000000000000OO

cooboooooooooboooooobooOooobooboooooooooooooboOoOoooOoobboOoooooooooo
coboobooooobooobooobOoooboOoOooOooooooboooboobooboooooooooooOoonoag
O00000000000000@Mgroup0 0@ O00BI00O0OO000DOO0O00O0DOO vaomOOOO0O note
goooogoot

group 0000000 10000000000 OOOOOOOOOOOODOOO 2000000000000O0O
coobooooboboobobooooooooooooooog

00000000000 100000 LispO00O00O0O0OO0O0OO0OOOOOOODOOOODOODOOOOOOOOOO
000000 LispO000000O0O0DO0OOO group00000000OODOOOOOOOODOOOOOOOOO
ooooogoooo

OB000000000000000D00000000000000@EI000000000000000000
000000 2000001000 flattenO InterispO000000000000000O0OOOOOOOOOOO
cooooooobooooobooooooooooo..0bocoooboooobboooobooooo

> (flatten ’(a (b c) ((d e) £)))
(ABCDEPF)

OB00 200000 prune 0 istoremove-if 00 OO0 copy-tree D copy-list 0000000000000
gooOoOoOoOoOoopooopooooo

> (prune #’evenp ’(1 2 (3 (4 5) 6) 7 8 (9)))
(1 (3 (8)) 7 (9))

cooobooooboobooobooooooooooooo

34 OO

00000000000000000000000000CommonLispd 0000000000000 0OOOOO
toboobobooooboooobo—>oobooobboooboooooooo——0000000bo00n0 pumpOOOd
O0000000000000000T00@D0 100000 find20000000000000000000

Uobo000obodvefore000000000O0O0O0O0O0OO0DOOCOO0DOO0OODOOOODOOOODOOOOOOO
cooboooooooooobooboooo

> (before ’a ’b ’(a b c d))
(B C D)

00000 LispO0O00000O000O0O0OO0OO00OOO0O0O
(< (position ’a ’(a b ¢ d)) (position ’b ’(a b c d)))



(defun find2 (fn 1st)
(if (null 1st)

nil
(let ((val (funcall fn (car 1st))))
(if val

(values (car 1lst) val)
(find2 fn (cdr 1st))))))

(defun before (x y 1lst &key (test #’eql))
(and 1st
(let ((first (car 1lst)))
(cond ((funcall test y first) nil)
((funcall test x first) 1st)
(t (before x y (cdr 1st) :test test))))))

(defun after (x y lst &key (test #’eql))
(let ((rest (before y x lst :test test)))
(and rest (member x rest :test test))))

(defun duplicate (obj lst &key (test #’eql))
(member obj (cdr (member obj 1lst :test test))
:test test))

(defun split-if (fn 1st)
(let ((acc nil))
(do ((src 1lst (cdr src)))
((or (null src) (funcall fn (car src)))
(values (nreverse acc) src))
(push (car src) acc))))

07 0DO0DO0OO0OO0O0OO0OoOo

gooboobooboboobooboooobooboooboob oo boobboobbooboobbooDboOoo
gobooooooooobooobobobooooobooooooboboboboboooboooDooDobOoboboboo
0000000000000 0nl0<0000000000000000Obvefore0000000000000O0O0
before 000 0OUDO0OO0ODOODOOO0OO0OODOODO0ODOODO0O0O0OO00O00 member 000000 OMOUmember
0000000000000 000 eqlUIOODOODODODOOOOOODODODODOOD t00O0DO0OOODOD 100
0000000000000 000 cdr000000D00000OOO0OOODOOO

before 000000000 20000000000 10000000000 OUOOUOOUDOUOOOOOOOO 20
gobooboobboobooobooboon

> (before ’a ’b ’(a))
(h)

goboobodbbdbafterdgpobooboobbooboobboobooboo

> (after ’a ’b (b a d))
(A D)

> (after ’a ’b ’(a))

NIL

(member o 1) 0000 100 o00O0D0OOOOOOOtOOO oO0O0OD 10 cdrO000OOOUODOOOOOO
oobobooooooooooooooboooobooblon oD UOODOUOODOOODDO member OO
00000 cdr000000000000000000D000D00D duplicated00O0OOOOOOO

> (duplicate ’a ’(a b c a d))
(A D)

cooooo0ooooboooobooooboooobooobooooboboooobooobOooooOOoobooOn0a
CommonlLispd O0OO0O0O0OO0OO0O0OO0OUOOOnlO0OOO0OO0OO0O0O0OO0O0OO0OO0OUOOO0OLDDOOOO
000 142000000 0duplicate00000000000O0O00O0O00O0OOO0OO0OOOOOOOOOOOOO



(defun most (fn 1lst)
(if (null 1st)
(values nil nil)
(let* ((wins (car 1st))
(max (funcall fn wins)))
(dolist (obj (cdr 1st))
(let ((score (funcall fn obj)))
(when (> score max)
(setq wins obj
max score))))
(values wins max))))

(defun best (fn 1lst)
(if (null 1st)
nil
(let ((wins (car 1st)))
(dolist (obj (cdr 1lst))
(if (funcall fn obj wins)
(setq wins obj)))
wins)))

(defun mostn (fn 1lst)
(if (null 1st)
(values nil nil)
(let ((result (list (car 1st)))
(max (funcall fn (car 1st))))
(dolist (obj (cdr 1st))
(let ((score (funcall fn obj)))
(cond ((> score max)
(setq max score
result (list obj)))
((= score max)
(push obj result)))))
(values (nreverse result) max))))

08 ODOOOoOoooOoooo

0000000000000 000D0000MMOD00000Umember 00000000 0Omember 0000000
0000000000000 cdr00000000O0split-if 0000000000000 OOOOOOOOOOO
cooboodooboooboooooooooooOoooOooOooonn

> (split-if #’(lambda (x) (> x 4))
’(123456789 10))

(123 4)

(56789 10)

0@000000000000000000000000000000D0d0Omestd00O 100 100000
gogoooooboboooobbooobbbooobbooobob bbb bbooobb o
gbooboooooooboobooboo

> (most #’length ’((a b) (a b c) (a) (e £ g)))
(A B Q)
3

most U DO UODOOOO0OOOOODOODOODOODLOOOODOON

obobOoboobooboobogbveestdooooooooooooboobooboobobobobobobob O
0200000000000000000000000 1000000000000000000O0O0O0O0O00O0O0OA0
ooooooog

> (best #’> (1 2 3 4 5))
5



best U sort U000 carD 0000000 bO0000obO0oobOoobo0obooboobooobooboboogoo
coobObooobooooOoOocOoOoObocOo0oOoOoOoOoO0oOOO00oDbOOO00ObOO0O0OO0OOO00ODbOOO0OOmest OO0
oooooooobooooooooooooooDo

OO00mestn 0000000000000 O0OO0O0O0OO0O0OO0OO0DOOCOOOOO0OO0OOOOOO0O0OOOCGO
ooo

> (mostn #’length ’((a b) (a b c) (a) (e £ g)))
((ABC) (EF G))
3

35 0000

000000 LspO0O0O00O0OO0OOO0ODOOOO0O0O0—0O0O0O0OOOODOOU0ODOOODODO0—0O0OD000
QI 00000000000 0000000000 3000000000000000000000000000
0000000000000 00000000 200map0-n0 mapl-n000000000000O0OO

> (mapO-n #’1+ 5)
(123456

UboboododbUODmepa-bO0 0000000 0OOOOODOODOODOODODOOOODOOO

> (mapa-b #’1+ -2 0 .5)
(-1 -0.5 0.0 0.5 1.0)

mapa-b 0000000000 map—>00000000000000COCO0OO0O00O0O0O0OOOOOOOOODO 20
gdoooOoOoOopoOoOoOoOoOoOOOoOOUoLO 30OopDoooDoOoDOoODODODOODOOOOOOODOOODOOODOOO
4000000000000 0CO0000000nmap>000000000000O0O0O0O00OOOODODOOOOOOO
OO00000OOmapa-bd map—>0000000000D000O0OO

(defun mapa-b (fn a b &optional (step 1))
(map-> fn
a
#’ (lambda (x) (> x b))
#’ (lambda (x) (+ x step))))

CO000O0Omepcan 0 0000O000O0COO0DOOCOOOOOOOOOOODOOOOOOOODOOOOO

(defun our-mapcan (fn &rest lsts)
(apply #’nconc (apply #’mapcar fn lsts)))

mapcan 0 nconc 000 0000000000000 0O0O0O0O0O 100000000000000O0DO000OOOO
0000000000000 00000000000000D000000D0000UOD Onicknamesddoved 000
gooooobooobobooboobooooboobooobooboobDbooboobbooboobbOooDbOoo
O000000000Omapcan 0000000000000 DO0O0OO0O0DOODOOOO0OOOODOOOOODODOOOOO
append U OO O0OD0DO0OODOO0O0DOODOOO0DO0O000Omappendd 000000 mapcan O OOOONO
000000000 mapcars 0000000 Omapcar 0000000000000 0O0D00OO0O0OOOODOOO
000 2000000000000000000000 10000000000000000 LispoOo0O0O
(mapcar #’sqrt (append listl 1ist2))
0000000000000 0000000000000000000DO1ist10 1ist2000000000000
gbobooooboobodbUbUOmapcars O 00O
(mapcars #’sqrt listl list2)
goboobooboboobooboboobuoobobooboobo
O O00000000mapcar 000000000 rmapcar 000000 “recursivel 00 00 mapcar'd 00
0000 mapcar 0o oooboobooobooboonbboo

> (rmapcar #’princ (1 2 (3 4 (5) 6) 7 (8 9)))
123456789
(12 (34 (5)6)7 (8 9)

OO00mapcar 000000000 OO0O0O0OOODOC



(defun mapO-n (fn n)
(mapa-b fn 0 n))

(defun mapl-n (fn n)
(mapa-b fn 1 n))

(defun mapa-b (fn a b &optional (step 1))
(do ((i a (+ i step))
(result nil))
((> i b) (nreverse result))
(push (funcall fn i) result)))

(defun map-> (fn start test-fn succ-fn)
(do ((i start (funcall succ-fn i))
(result nil))
((funcall test-fn i) (nreverse result))
(push (funcall fn i) result)))

09 oooooo1

(defun mappend (fn &rest lsts)
(apply #’append (apply #’mapcar fn 1lsts)))

(defun mapcars (fn &rest lsts)
(let ((result nil))
(dolist (1st 1sts)
(dolist (obj 1st)
(push (funcall fn obj) result)))
(nreverse result)))

(defun rmapcar (fn &rest args)
(if (some #’atom args)
(apply fn args)
(apply #’mapcar
#’ (lambda (&rest args)
(apply #’rmapcar fn args))
args)))

010 Dooooog 2

> (rmapcar #’+ ’(1 (2 (3) 4)) ’(10 (20 (30) 40)))
(11 (22 (33) 44))

0000000000 000000UD prepU000 repU0 000000 rmapcar 100000 OOO
gboboooooooOoooobDocu20bobooooooooooDooobobobooooDooDooooOoDo

oooooon

(mapa-b #’fn a b ¢)

ooo0oooOoooooooooo

(collect (#Mfn (scan-range :from a :upto b :by c)))

0000000 0o0o0oO0oU0o0oo0o0oU0oO0oO0o0oUoO000O0LO0o00o000O0000000dO0dmap—>

gobgooboobboobooboooboobooobooboobbooboobboobooboboooboo

gooot

3.6 OO0

OfIbocovyoo0OO0OO0ODOO0OD30000000000000000D000DO0O00OODOOOODOOOo
0ID0000000000000001000000000000000000000000000000000



(defun readlist (&rest args)
(values (read-from-string
(concatenate ’string " ("
(apply #’read-line args)
"))

(defun prompt (&rest args)
(apply #’format *query-iox args)
(read *query-io*))

(defun break-loop (fn quit &rest args)
(format *query-io* "Entering break-loop.~%")
(1oop
(let ((in (apply #’prompt args)))
(if (funcall quit in)
(return)
(format *query-iox "“A~Y%" (funcall fn in))))))

011 0oOooo

00000 100000000000000000000000

> (readlist)
Call me "E4"
(CALL ME "E4")

values 000000000000 100000000 (read-from-string 00000000000 2000000
OO0 prompt 0000000000000 000000000000O0 formatd0O000000000O0O0O0O0O0O
o0o00oo0o0o00 1000000000000

> (prompt "Enter a number between “A and “A.7Y>> " 1 10)
Enter a number between 1 and 10.

>> 3

3

000 break-loop 00000 LispO 000000 D0DO0OO0ODOOOOODOOOD 20000000000000
000000ooooO0o000ooo0O0020000000000000000000100000000DOOO0OO
000000000000 Lisp00000000000000D00000

> (break-loop #’eval #’(lambda (x) (eq x :@)) ">> ")

000 break-loop OO OOOO

>> (+ 2 3)

5

>> :q

:Q

O0O0O0O0OCommonlispd 000000000000 000000O0O0O0O0O0O0O00D000D000O000 eval OO
000000 LispO000000 LispOO0O00000O00

3.7 DO0OOODOO0ODOO

oobooooooooobooobooOooobooooooOooOoOoOOoOoOobOOoO0OobOboOoOobOOoOoOoboOoOoOoOooDooa
[2000000000000000000000000000D00 mkstr00000000000000O0O00DOOO
coooooooooooooboooo

> (mkstr pi " pieces of " ’pi)
"3.141592653589793 pieces of PI"

symb 0000000000000 000DO0OO0OO000O0O0O0O0000O000 1000000000000 0O0O
cooooooobooooooooooOoooooOboOoOobooOoOoooOoOoOooOboOoOoOoboOoobOboOooooOoOoOooOoooa
o0—0oooboboooobooobbooobboooo—>o0o0ooooDo



(defun mkstr (&rest args)
(with-output-to-string (s)
(dolist (a args) (princ a s))))

(defun symb (&rest args)
(values (intern (apply #’mkstr args))))

(defun reread (&rest args)
(values (read-from-string (apply #’mkstr args))))

(defun explode (sym)
(map ’list #’(lambda (c)
(intern (make-string 1
:initial-element c)))
(symbol-name sym)))

012 Jo0O00o0o0oOooooooooo

> (symb ’ar "Madi" #\L #\L 0)
| ARMadiLLO|

nkstr 000000000 100000000000000symb0000 intern0000000 LispOOOOOO
goboooooooooboooboboboboooooboooobobobobobooboboooDoboobOoboboboo
goooobooobobooboobooooboobooobooboobboobbobboobobboobo o
gooooboooooooboboboobooboobooboobooboobboobDboboboooooboooDOo
00000000000 oooooooooo*¥ 0oooooooooooooooooon

> (let ((s (symb ’(a b))))
(and (eq s |(A B)I) (eq s ’\(A\ B\))))
T

OO00OD0reread00symb 00000000000 OO0O0OOCOOOOCOOOODOOOOCOOOODOOOOOO
symb 0000000000000 0D0O00 read00000000O00OOCOODOOODOOOOOOOODOOOOO
000000000000000000000000000 a:p0000000000O0O0O la:p|D0OO0OO0O0ODOOO
00000000 a000000b000000000EI000000000000000Oreread0000000
O LispO00000000O00O0O0OOOOOOOO
0I20000000000000000000000000000Oexplede000000000000O00DOO0
ooooooooooooooooooooobobooooooooobOooDo

> (explode ’bomb)
(B OMB)

00000 CommonlLispd 0000000000 ODOOOOOO0OOOOUDOOOUDOODOOODOOOOOUOOOO
ocooooooooooooooooboooobboooooooooooooboooooooobboooooooooDoDOo
cooooooooog

3.8 OO

0000000000000 00000000000000000000000O0LiIspOO00O0OO0OOOOOOO
OLisp0000000000O00O0OO0O0OO0O000O0O0O0O0O0O0000O0O0O00OOO0O0O0O0OOODOOOO0OO
gobgoobooobobooboooboooboobooobooboobbooboobbooboobbooDboo
gbooooogobooboboboooooooobobobobooooog

goboobbooboobbooboobobooboobbooboobbooboobboobooboboon
goooobodooboobooboooobooboooboob bbb booboobboobOoo
obOO00O0OpopibdbObOOO0OOOOOODOODODODOOOOOOOODOODODODODODLDOOO find2

“WogpoooooooOpowd 0000000000000



ocoboooboomoooooooooooooooooooboooobooooboooobooooboooooooooooooog
coboo0omoooobOobOobOOobooO0obO0b00find200000000000000000 find20000
OO000000D000O4find-books DO OOOODOOO0OODOOO0O0OOO0O0ODO find20000000000OO
Cobo0o0O0b0o0o0O0b0boO0b0d0find200000000000 find-books O OOOOOOOOOOOO
00oo000oooOo00ooO00 1000000000000 00O0O000OO00ODOO00ODOOODOOOO
O000000000find200000000000000000 3,40000000000000000000O0O0O0O
cooooooooooooooOooOooOoooOooboOooooooo
oobooooooooobooooboboooooooooooooooobobo0oobooboooobooooooooooDooDo
cooobodooobooooooooOooOooOooOboO0O0oboo0ooOooOoOooooOboOoOooOooOooboboOooooOoboOooOooDooa
cooooooobooooooooooooooboobooboooooooooooboooooooboboOoooooooooa
coboboodoobooooooooooooobooooooooooooooocooooooobooooooooooonoag
cooooooobooooooooooOoooooOboOoOobooOoOoooOoOoOooOboOoOoOoboOoobOboOooooOoOoOooOoooa
000000000000000000000000000000000000000000000000O0LIspO
coooooobooooOooOooOoOoOoOo0oOoOboOoOobOOo0oOoOoOOOODObO0O0ObOOOOoon
goboboooooooobooobooooobooooooooooooobobooobobooobooooooooooDooag
cobobobooobooooooooboobooooobobooooooooooooooooooooooOooooboooonoa
coobooooobooooooooooOooOoooboboOoOoobooOooooooooOoboOoOoooooboboOooooOoOoooooa
ocooooooooooooooooboooobobo0oooooooooooobooooo0ooobboooooooooDoDO
0000000000000 0000000000000000000000000 2,3000000000000
ocoooboooooooooooooooboooooboooooooooboOoooboboooobooooooDooo

4 OO00Oooooon

goooooooooobooobooooooooooooooooobo0obooooboooooooooDooDo
coooboooobooooooooOooOoOoOooObocOoOobOOoOoOoOoOoOoOoOoOCcOOOOoOoOobObOoOoOooboOoOoOoOooDooa
oooooooboooooono

gobooooooooobooooooobooooooooOooOooO0oobOo0OoboooobooOoobooOoOoOoooDooag
000000 Commonlispd 0000000000000 0O0O0OOODOOUOOD 15000000000000O0
cobobobooobooooooooboobooooobobooooooooooooooooooooooOooooboooonoa
coobooooboobobooooboooooooooooa

41 CommonlLispO0O0O0OO

CommonlLispd O00O00O0O0O0OO0O0OO (complementfunctioni 0000000000 remove-if 0 remove-
if-not 000000000 0OO0Opred0 000 100000000OODO
(remove-if-not #’pred 1lst)
|
(remove-if #’(lambda (x) (not (pred x))) 1lst)
oooooo
gddddoooooooooooooboobobbboboobobdodddoooooooooooooobooboooon
000000000 CLl20 0000000000000 00DO00O00OD complement 000 pOO0OO0O
gobogobboodbbddpbbboobbo0obbOo0obbOo0bbOoOobObUOOobL0bbOOb0DbO complement
oooo
(remove-if-not #’pred lst)
oooo

(remove-if (complement #’pred) lst)



000000000-if-net 00000000000000O00000O000000000EIDoQ CLtL2 (p. 391)
000000000000000000000000000000 Commonlispl 000000000 OODOODOO
coooooobooooboooon

00000000 complement 000000 —0000000—00000000000 Schemé&dOO0OO
00000000000 0oOo0oOooOoScheméa 000000000 O0O0OOOOOOO LispOOOOOOOOO
oooooooooooobobooooooo

00000000000 LispO00O00000DO0O0DOO0ODOO0OO0ODOO0OOO0ODODOOO0OODOO LispOOOOO
0000000 LispO0000O00O0OOO0OUDOOO

(defun joiner (obj)
(typecase obj
(cons #’append)
(number #’+)))

00000000000000000000000000000000000000000000000000000
00000000000 (polymorphic) ] 00000000000

(defun join (&rest args)
(apply (joiner (car args)) args))

coooboooobooooobooooOooOoOoOooOboO0OobOOo0oOoOoOoOoOoOoOCcOb0OOOoO0ObObOOOobOOOoOoOoDOonOO
O000000000000000O0O0joinerd 2000000000000000O0OO00OD 20000000000
ooooogpropibOO0dO0bOOoOObOOO0OOOOOOOOOO0OOOOOOOOOO0D0On

(defun make-adder (n)
#’ (lambda (x) (+ x n)))

make-adder U0 O UODODOO0OD0OOODODODO0ODOOODODOOODOODLOOODOODLOOODOODLOOO

> (setq add3 (make-adder 3))
#<Interpreted-Function BF1356>
> (funcall add3 2)

5

cooooooobooooooooOooOoOoOoOoOboO0oO0obOOoOoOoOoOoOoOoOoOCcOob0OOOoOoOobObOOoOobooOoOoOoOooDOoO
[IDEJDDDDDDDDDDDDDDDDDDDDDDDDDcomplementl]l]l][l[lDDDDDDDDDDDD
cooboooobooooooocooooOooboooooaon

(defun complement (fn)
#’ (lambda (&rest args) (not (apply fn args))))

complement OO OO0OO0O0OOcomplement 00 O0O00000000000 fnd0000000O0O0O0O0O0OO0O0OO
OO000O0O0O00O0O0000000O00complement 0000000000000 OOOOOOOOOCOOOOOOO

> (remove-if (complement #’oddp) ’(1 2 3 4 5 6))
(1 .35)

gobooooooooobooooooobooooooooOooOooO0oobOo0OoboooobooOoobooOoOoOoooDooag
cooooooobooooooooooooooboooooooobooooobooooon

42 0O0O0O

000 (orthogonallD OO O ODOO0OOUODOOUOODOOOOUDOOOOOODOOOOOODODOOOOOOOO
oooooooo0ooo0ooo0oooOobo0DOo0oOoOoOooO0oooO0oOooOOoO0oooOooo0ooOooooO0O0oObDOoDOBbOOn
complement 0000000000000 DO0O0OO0OO0O0OODOOOOOOOD complement 00 0O0OOCommon
Lisp O O remove-if 0 remove-if-notl subst-if 00 subst-if-not 00000000000 complement 000
gooooOopooooooooo

*11 remove-if-not 00D O OD0ODO remove-if 0000000 DODO
*200pOoO0000000000 meke-adder 0000 0000000000000 O0O0O0OOOOODO00OOOO0O0O0ODOOOODOOODOO
00000 n0000000000000O000O0O0000O000



(defvar *!equivs* (make-hash-table))

(defun ! (fn)
(or (gethash fn *!equivs*) fn))

(defun def! (fn fn!)
(setf (gethash fn *!equivs*) fn!))

013 Do0o0oOooooooooo

OO0 setf 0 LispO0 00000000 OCOLIspO00O000OO0OOOOO0OOOO0OOOOODOOOOOOOOOO
goo0od0ooO0o0dooOd0ooO0o0ooooo00oooU0ooDOooO00D 100000 oDoUoOD 10oDo00ooagd
CommonlLispd 0000000 get 000000000000 DO0O getO setf 0000000000
(setf (get ’ball ’color) ’red)

CommonlLispd U000O000O00O0O0O0OO0O0O0UOO0O0O0UOOODO0O0UOOOOOOCommonlLispOdOO00OnO
gbobobobobobobobuobobobob0bU0bDOcomplement U setf U0 UOOOOOO0O00O0O00OOOO
0000000000000 0oOo000ooO00o0oOO000oOoO00ooOoO0O0oOoO00ooOoO0OOoDoOoOOO
U 0O remove-if U delete-if[]l reverse [J nreversell append [l nconc U UDNOUOODOOOOOOOOODOOO
0000oo0o0o00oo0o00oo0o00ooooooooooooooo

0@ 0000000000000000000000000000000000000000 *'equivs*x0 00
goobobobboooooobobbbbooooubobobbaet!ogoobbbbbboobYbooo g
0000000 '/0000o0o0oOoUosScheméa 00000000 U0OOOD!'0D00O0OO0OOUOOOOO
(def! #’remove-if #’delete-if)
gobooboobbooboo
(delete-if #’oddp 1lst)
goobooooo
(funcall (! #’remove-if) #’oddp 1lst)

00000000000 Commonlispd 000000000 D0OOOOO0OODOOOODOOOOOOOOCOScheme
goboobogbooboon
((! remove-if) oddp 1lst)

0000000000 0000000000!'0000000000000000 (! #°foo) O fooOODOODODO
00o0oooO000ooO000oooO00oooO0o0ooOO00ooOO00ooOO0O0DOO0o0DOOOoODoOOOO
gooooobooobobooboobooooboobooobooboobDbooboobbooboobbOooDbOoo

ooooooooOo0oOoooooO0o0o0oooo0o0o0oooOoOo0o0UoooOOo0ooooo!'oooOooooooO
gobgoboobbooboobooobooboobbooboon
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0000000000000 000000000000000000000000000 (memoize)dOO0O0OO
goboooooooooboboobobooooooooooboboboboooobooobooobobOoboboboo
ood

OO 00000000000000000000O00Omemoize0000000000000000O000OO0

cooooooboooobooOooOooOoOoOooObocOoOoOooOoOoboboOoooao

> (setq slowid (memoize #’(lambda (x) (sleep 5) x)))
#<Interpreted-Function C38346>

> (time (funcall slowid 1))

Elapsed Time = 5.15 seconds

1

> (time (funcall slowid 1))

Elapsed Time = 0.00 seconds

1



(defun memoize (fn)
(let ((cache (make-hash-table :test #’equal)))
#’ (lambda (&rest args)
(multiple-value-bind (val win) (gethash args cache)

(if win

val
(setf (gethash args cache)
(apply fn args)))))))

014 DOoO0O0OO00O0OO0O0OO0OO0O0O0o

(defun compose (&rest fns)
(if fns
(let ((fnl (car (last fns)))
(fns (butlast fns)))
#’ (lambda (&rest args)
(reduce #’funcall funs

:from-end t
:initial-value (apply fnl args))))

#’identity))

015 0oO0oO0oooooooooo

coooooooboooooboooooobooooobooboooooooooooooboooooooboboOoooooooooa
coboboodoobooooooooooboooobooooooooooooooocoooooooboooooooooonoag
Co0o0OOooobooooOooOoOoO0oOboOo0obOO00b0o0o0d0O memoizeDOOOOOOOOOOO0ODOOOOOOOO
O0DO000O000O00bo0b0ooDo0oo0oo0DboObDU equal JO00O0OO0D0OOOOODOOODOODOO
o0o0oooo0o0ooooOo0o0oooOo00oooO 100000000000 0000O0DO0O00DODOOO00ODOOO0OO
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OO0 f00000000000 ~f00000O000SL.1000 ~0 LispO000000O0O0O0O0ODOOCOOOO
0000000000000 000U000000000000.0D00D00O0O0fO0 ¢g0O0OOO0O fogOOOOO
fog(z) = f(g9(x)) 0000000000000 Lisp000000000000

O@500000 compose 10000000000000000D0D000000O0O0OOOOOOOOOO
(compose #’list #’1+)
oooon
#’ (lambda (x) (list (1+ x)))

O00000O0Ocompose 0000000000000 DO0DOOOOD 10000000000000f000O
O00000000000000000000000O0O0Ocompose 100000000 OOOOO

> (funcall (compose #’1+ #’find-if) #’oddp ’(2 3 4))
4

not 0 LispO0 000000 complement U compose J 00000000 OOO

(defun complement (pred)
(compose #’not pred))

ogoooooooao
00000000000 0o0oO0b0o0oo0obooOooo
(mapcar #’(lambda (x)
(if (slave x)
(owner x)

(employer x)))
people)



(defun fif (if then &optional else)
#’ (lambda (x)
(if (funcall if x)
(funcall then x)
(if else (funcall else x)))))

(defun fint (fn &rest fns)
(if (null fns)
fn
(let ((chain (apply #’fint fns)))
#’ (lambda (x)
(and (funcall fn x) (funcall chain x))))))

(defun fun (fn &rest fns)
(if (null fns)
fn
(let ((chain (apply #’fun fns)))
#’ (lambda (x)
(or (funcall fn x) (funcall chain x))))))

016 D0O00DO0OODOoOoooO

000000000000000000000000000000000000000000AeD0 fif000

(mapcar (fif #’slave #’owner #’employer)
people)

gbooooooooonog
Ol 000000000000000000000000000D02000 fint0DOO0OOO0ODOO0OOODOO

(find-if #’ (lambda (%)
(and (signed x) (sealed x) (delivered x)))
docs)

find-if 00 20000000000000000000000O0 3000000000000 0O00O0Ofint
O “function intersectionD 00000000000

(find-if (fint #’signed #’sealed #’delivered) docs)

0000000000000 00000000000000000000 fun0 fintO0OOOOOOand0OOO or
goooooo
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LispOOOOOUOOOUOOO0ODOOODOOODOOOOOOO0OO0O0OO0O0O0O0O0UO0OUO0OUOOUDOOLDOOO
0000000000000000 20000000000000000000000000 Common Lispd 000
coooboooobooooobooooOooOoOoOooOboO0OobOOo0oOoOoOoOoOoOoOCcOb0OOOoOOobOOOoOobOOOoOoOoDooOO
0000000000000 000O0000D000000O0 152,153 000000

0000000000000 0000000000000000000O00000000DO00000DOO0 Lisp
cooooooboooobooocoooboboooboooooo

(defun our-length (1lst)
(if (null 1st)
0
(1+ (our-length (cdr 1st)))))

goo

(defun our-every (fn 1lst)
(if (null 1st)
t
(and (funcall fn (car 1lst))
(our-every fn (cdr 1st)))))



(defun 1lrec (rec &optional base)
(labels ((self (1st)
(if (null 1st)
(if (functionp base)
(funcall base)
base)
(funcall rec (car 1lst)
#’ (lambda ()
(self (cdr 1st)))))))
#’self))

017 000000000 O0O0O0O000000000O0

; copy-list

(lrec #’(lambda (x f) (cons x (funcall f))))

; remove-duplicates

(1rec #’(lambda (x f) (adjoin x (funcall £))))

; find-if, for some function fn

(lrec #’(lambda (x f) (if (fn x) x (funcall £))))
; some, for some function fn

(lrec #’ (lambda (x f) (or (fn x) (funcall f))))

018 lrecO0O0OO0ODOOO

000 2000000000000000000D0000O000 cdrD000O00DO0OO0OOOOOO0OODOOOOOO
0000000000000 0000000000000000 LispO0000O000000O0O0O0OOOOOOOO
00o0ooooO000oooO000oooO00oooO00o0oOoO00oooO00ooOoO00DooOoO00ooOoO0oOoDoOoOO0OO
gobooboooboobboooboon
goooooooooooooooOoOOOOODOODOOODOOODODODODOODODOOOOOODOOOOOODOOO
0000000000000000@Z000 1rec (Mistrecurser) 0 00000000000 000O0O0DOO0O0O
000 cdrO0000000000000D00000000000O0O0O1recdd 1000000000O0O0OO0
OcarJ00000O0O000ODOOOO00ODOOOOOD 200000000000000000001recODOOO
our-length [
(1rec #’(lambda (x f) (1+ (funcall £))) 0)
gobgooboobooobboobooboobbooboobboobbooboobbooooboob x0o0bOoo
000000000 f000000000000 our-every0OOOOD0OOO0OO0OOODOOOOODODOOODDOOO
000 oddp DEED
(1rec #’(lambda (x f) (and (oddp x) (funcall £))) t)
lrecU00000self 00000000000 0OO0O0O00O0D0ODOD0O labelsJUOODODOOO0O0DODO recOO
00000000000000000 cdr0000000000000000 2000our-every 00000000
00o0oo0o000oooO00oo0O0 100000000000 0o00O000oOO00ODOO00DODOOOoDOoDOOO
goboobooobooboooobooboobobuooboobbuooboobbooboOon
D@8 0000000000 Commonlispd000 lrec00000000000OED
lrecU00000O0ODOOOODODOOOODOOOOODODOOODODOOOODOOODDOOODDOOODOD
0Olrec000000000DOO0O0O0O0DODODOOO0ODODOOO0O0ODOODOOOODOOOOOOODOOOOOODOOOO
O000oo0o0oo0ooOo0o0oo0ooO0o0oooooooooDooooo



(a.b) (a b c) (ab (c A)
019 00O0O0oO0oOoooooa
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LispO0 0000000000000 000000000000000000000000000000000000
0000000000000 000 car00 cdr00000000000O0O0OOOOOOOOOOOO

LispOOOOOOOOO0OOO0OODO0OO0OODO0OO0OO000O000000OO0O000000000000000000000OO00
000000000000000000000000000000000000000O0binarytreél 00 cardd cdr
00000000000000000M0000000000000000000AC0000000000000
000000 30000000000000000000000Odotted-pail 00000000000 OOOOOO
gobooboobbooboobbooboobbooboon

(abc)=(C . (db. (c . nil)))
(ab(cd) =C(. . ((c. . nil)) . nil)))

0000000000000 00000000000 copy-list O copy-tree 0 0 Common Lispgd OO0 000
goooobooobobooboobooobooboooboob bbb oo
oboooooooo

> (setq x ’(a b)
listx (list x 1))
((AB) 1)
> (eq x (car (copy-list listx)))
T

OO00O0000OD0Ocopy-tree0 00000000 O0OO0OO0O0OOOOOOCODOOOOOOOODOOODOOOOO
oooo

> (eq x (car (copy-tree listx)))
NIL

copy-tree 00O OOOOOOOONO

(defun our-copy-tree (tree)
(if (atom tree)
tree
(cons (our-copy-tree (car tree))
(if (cdr tree) (our-copy-tree (cdr tree))))))

gogooboooobboooobbooooboboooobbo@ooob bbb o
gbobooooooobmoooobooboobobobobooooooobobOoDo

“Bopoooooooo Common Lispd 0000 Ofunctionp0 000 t0nil00000000D00000 1lrec00 200000000
oooooooo
M Npo0000000000000000000 *print-circlex0 t00000000000000000O0



(defun ttrav (rec &optional (base #’identity))
(labels ((self (tree)
(if (atom tree)

(if (functionp base)
(funcall base tree)
base)

(funcall rec (self (car tree))

(if (cdr tree)
(self (cdr tree)))))))
#self))

020 D0oO0o0oOoOoooooog

(defun count-leaves (tree)
(if (atom tree)
1
(+ (count-leaves (car tree))
(or (if (cdr tree) (count-leaves (cdr tree)))

1))
0000000000000 D00000D000000000o0oooooooooa

> (count-leaves ’((a b (c d)) (e) £))
10

0000000000000 0000U0UO00U0D00U0D00DU0DO00DU0DO0D0DU0DOD0DUDoOODO0DDOoOOoOOO
(ab (cd)) (e) ) D 40000000000 OOOODOOOOODOOOOODO 10000 1000
O00MOO0DO count-leaves 100000

000000000000000000000000000000000 flattenOjoo000O00O0O0OOO0OOOO
Jgooooobbobbooooooooobbbooooog flattenJgoooooo oo
0000o00o000oo0o0ooooooooooo

> (flatten ’((a b (c d)) (e) £ O))
(ABCDEPF)

goboobboooboobboooboobbooobooobo

(defun flatten (tree)
(if (atom tree)
(mklist tree)
(nconc (flatten (car tree))
(if (cdr tree) (flatten (cdr tree))))))

000 find-if 000000000 COO0O0CO0O0O0OO0O0O0O0C0O00O0O000 rfind-if 000000000

(defun rfind-if (fn tree)
(if (atom tree)
(and (funcall fn tree) tree)
(or (rfind-if fn (car tree))
(if (cdr tree) (rfind-if fn (cdr tree))))))

find-if 00000C0O0O0COO0OO0OOCOO0O0OCOCOO0OOO0O00OO0OO0O0O0OOO0OOO0O0O0ODOOOOOOOO0DO
gooOoOooOoOoOo0O0O00O0D0D0D rfind-if0000000000000000000000 100000000
coooboooboooboooooooOoooo

> (rfind-if (fint #’numberp #’addp) ’(2 (3 4) 5))
3

copy-treel count-leaves[ flatten U rfind-if 0000 40000000000 CCOCOO00O00O00O0OOOO
00000000000 o00o0o0o0o0o0o0o0dedro0000UOoO0UOoO0oUDOoOoDOoOoODOOoDOOOo
goooooooooo—00000o0ooooooooooooooooooog

00000000000 CO00000000O0O000000000000C000000 our-copy-treed0000
0200000000



; our—copy-tree

(ttrav #’cons)

; count-leaves

(ttrav #’(lambda (1 r) (+ 1 (or r 1))) 1)
; flatten

(ttrav #’nconc #’mklist)

021 ttrav0000000O0OO

(defun trec (rec &optional (base #’identity))
(labels
((self (tree)
(if (atom tree)
(if (functionp base)
(funcall base tree)
base)
(funcall rec tree
#’ (lambda ()
(self (car tree)))
#’ (lambda ()
(if (cdr tree)
(self (cdr tree))))))))
#’self))

022 JO0o000O0O0OO0O0OODOOOOOO

l.000o0ooooooooooooo
2.0000000000000000car00000000000DO000O00Cdr00000O000OO consOO
oooo

gooooOooo 20000000000 DOO0O0OO0O0UOLOUOODOOOOOoO
(ttrav #’cons #’identity)
ttrav (“treetraverser’ ] 0000200 000000000000 00OOOOO0 10000 20000000000
gobooooooooobooobobobooooboobooogooobDobobobobooooDoLDobOoboboboo
O0000000000000000000000nlD0000000000000000000000O00O000
gbobooooobooboboboboooooog

ttrav 00 00000000000D000 rfind-if 0000000000 O0RID0O000 M rfind-if 000
goboooooooooboooboboboooooooooooobobobobobooboooDooLoobOoboboboo
0000000 +ttravO0 1000000000000 00000000O00O000O000O0O0O0OOO0OOOO0O
000000000000 00000 200000000000000000DOOO0ODOOOODODOOOOODOOO
goobooooooon

ttrav0 U000 00O00D00O000DO0O0O000O0O00DOOcount-leavesU flatten U OODOOOODODOO
0b00b0bO0bO0b0obOobOobObrfind-if 0000000000000 OOO0OO0OO00OOOOOO0OODOOO
000000 trec00RI0O0O0O0O0OOOOOOOOOtrecd0 200000000000000000000OO
002000000000 3000000000000 O000D0ODOO000DOOOO0OO0OOOOOODODOOOOOO
O000000Otrec0000O flatten OO OOOOOOOODO

(trec #’(lambda (o 1 r) (nconc (funcall 1) (funcall r)))
#°mklist)

0000 rfind-if 0 oddp OO 000000 O0OO0OOOOOO

(trec #’(lambda (o 1 r) (or (funcall 1) (funcall r)))
#’ (lambda (tree) (and (oddp tree) tree)))
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O0o00o00o0o0oO0o0o0oOoooU0o0oOoUoO0ooOoUoO0oO0o0oOU0O AO00DDODOOODOOOOOo
gdoooooOoOoOoOoOOOOOOOOOOOOO ADOODODODODODODODODODODOoDOODOODODODOOODOODOOO
00o00o0o0o0bOO0o0o0o0oOO0o0oO0bO0o0O0O0o0Oo0O0o0oO0O0o0OO0OO0o0oOoDOOoooOooOooo
00000000O0000000o000oU00O0oO0ULO0O0O#. 000000000 DOODO0OOOODUOOOOOOO
gbobooooboooboboboboobobobobobbobO compeseJ0OOOOODOOOODOOOOOO
o0
(find-if #.(compose #’oddp #’truncate) 1lst)
O0000000000000 composeJ0 0000 LispOO00O0OOO0OOOOOOOOODOOOOOOOOOOOO
U0bD000b00b0b000D0o0ddp D truncate U0 0O UO0O0000O0O00OcomposeJ0O0OOOOOOOOOO
O0O0Ocompose 000000000 DOOOOODOOOOOOOOOOOOO

00000000o00o0o00o0ooU0o0oOoU0O0o0UO0oO0U0LO0DO0UDO0OO00DDO0OO0OODDOUOOOO
00000 CommonlLispd0OOO0O0O0O0O0O0O0O0O0OODOOOOO 150000000000000000000
ooooooog

S Uooooooo

goboobbooboobbooboobobooboobbooboobbooboobboobooboboon
0000000000000 000000000000000000O0LispO000OO0OO0OO0ODOOOO0OO0OOOOOO0O
goboooooooooboooboboboboooooboooobobobobobooboboooDoboobOoboboboo
goooobooobobooboobooooboobooobooboobboobbobboobobboobo o
gboooooobooboboboooooooobobobobooooboog

goooooooboobobobboooooooooooboobboooooooobbbbbbobooooooooDboboD
goboooooooooboooboboboooooooooooboboboboboobooobDoobobOoboboboo
ooooooog
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0000000 300000000000000000000000000000000000000000000
00000000000 000000000000000000000000000000000000000000
00000000000 000000000000000000000000000000000000000000
O000000000000000000000000000000000000000000000000000
00000000000 000000000000000000000000000000000000000000
0000000000000000000000000000000

000000000000 000000000000000000000000000000000000000
O0000000000000000000000000000000000000000000000000000
0oo0o0ooon

0000000000000000000000M20000000000000000000000000000
O0000000000000000000000000000000000000000000000000000
00000000000 000000000000000000000000000000000000000000
0030000000000

0000000000000000000000000000000000000000000000000000
0000D0000000000000000000000000000000000000000000000000
0000000000000 000000000R40000000000000000000000 contents 00
0000000000000 000000000O00yesOD no00000000D00O0DO0OO0O0OOOOOOOOODO
000000000000 000000D000D0O0O0%*nodes*x000000000000000000O0O0O0DO0ODO



> (run-node ’people)
Is the person a man?
>> yes

Is he living?

>> no

Was he American?

>> yes

Is he on a coin?

>> yes

Is the coin a penny?
>> yes

LINCOLN

023 020000000000

(defstruct node contents yes no)
(defvar *nodes* (make-hash-table))

(defun defnode (name conts &optional yes no)
(setf (gethash name *nodesx)
(make-node :contents conts
1yes yes
ino no)))

024 D0DO0ODO0OO0O0O0OO

(defnode ’people "Is the person a man?" ’male ’female)
(defnode ’male "Is he living?" ’liveman ’deadman)
(defnode ’deadman "Was he American?" ’us ’them)
(defnode ’us "Is he on a coin?" ’coin ’cidence)
(defnode ’coin "Is the coin a penny?" ’penny ’coins)
(defnode ’penny ’lincoln)

025 00o0ODooOoooo

(defun run-node (name)
(let ((n (gethash name *nodes*)))
(cond ((node-yes n)
(format t "“A~%>> " (node-contents n))
(case (read)
(yes (run-node (node-yes n)))
(t (run-node (node-no n)))))
(t (node-contents n)))))

026 0000D000DO0OO0oOo0oooo

U00000 defnode 0000000000000 0O0OO0ODOOOODOODOODOODOO *smodesxJ OO
gobooboobbooboobbooboon

(defnode ’people "Is the person a man?"
’male ’female)

0230000300000 00000n0000oo0oooooooonoooon
gooooooobooobboboboododoooobbbbobooooLobobLbbbbbboboooooooo
000 run-node 00 P00 0000000000000 00O0ODO0O0O00O0O0O0O0ODO0O0O0OOO contents O
gooooooboooobobobbbobbbbobobbobbbbbbbbbbbbooodoododdddrun-node U
contents 1000000000000 DOODODOREI 000000000 ODO0OOOOOORIO0ODOOO0O0OOOO



(defvar *nodes* (make-hash-table))

(defun defnode (name conts &optional yes no)
(setf (gethash name *nodesx*)
(if yes
#’ (lambda ()
(format t "7AY%>> " conts)
(case (read)
(yes (funcall (gethash yes *nodesx*)))
(t (funcall (gethash no *nodes*)))))
#’ (lambda () conts))))

027 J0o000D00O00O0O0OODO0OO0ODOOO0OOO0OO0OO0
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gooooooooooboooooooooooooooooooobobo0oboboooboboooooooooDooDO
cooooooooooooooOooOoOoOoOoOboOoOobOOoOoOoOoOoOoOoOoOCO0Ob0OOO0o0—oOoooooooooao
ooooo

0220000 000000000000000000000000000000000000000000000
coooooooboooooboooooobooooobooboooooooooooooboooooooboboOoooooooooa
cobobooooooooooooooooooooooooodoooo0ooobood0oboo0odnnn run-node 0O
cooooobobooooboooOoOooOOoOoobObo0obObOOo0o0ObooO0OoO0DOC000D funcallOOOOODOO

(funcall (gethash ’people *nodes*))
Is the person a man?
>>

coooodooboooooooooooooooooon

ooo0ooooOoOoooooOooooom2000000000000O0O0O00OOO0O00ODOODODOOODOO
ocoooooooooooooooobooooobbooooooooooooobboooooooobboooooooooDoDOg
coooboooobooooobooooOooOoOoOoOoOboO0OobOOoO0oOoOoOoOoOoOoOCcOO0OOOoO0oOobOOOoOOobOOOoOoOooDooOO
ocoooooooboooooooon

0281 0000000000000000 *modes*x0 0000000000000 ODOODODOOOODOOODODOO
O defnode U0 O0OOO0OO0O0O0O0O0O0O0O0O0O0DOO0O0O0O0OOO0OCODOODOO0O0COOOO compile-net0d0O0O
ocooooooooooooooooboooobobo0oooooooooooobooooo0ooobboooooooooDoDO
000000000000 00000000000MS) 000000000 00000000000000000C
OO0D0O00OD00000DO0O0OD0O0Ocompile-net 0000000000000 OODDOODOOODOOOOODOOO
cooooooobooooo

> (setq n (compile-net ’people))
#<Compiled-Function BF3C06>

> (funcall n)

Is the person a man?

>>

compile-net 0000 0OD0OOO0OOODODOOOODOOOODLODODOOODLDODOODOODOOOODOO
gbobobobobobobobob0bibouon compile—rnetd00O0O0O0OO0O0OO0O0O0O0O0O0OO00OOOOO
gboooooooobobobo@m@wowowd D OO OO M

goobobbOoooobbbO0Od defnode 0000000 DODOOO0ODODDOOOODDOOODODO
O *nodes*x0 Nl 0000000000000 O0DO0OOOOOOOO

BSNpoo00000000000000000000000000000N000N000N0ooNNoNonooon



(defvar *nodes* nil)

(defun defnode (&rest args)
(push args #*nodes*)
args)

(defun compile-net (root)
(let ((node (assoc root *nodes*)))
(if (null node)
nil
(let ((conts (second node))
(yes (third node))
(no (fourth node)))
(if yes
(let ((yes-fn (compile-net yes))
(no-fn (compile-net no)))
#’ (lambda ()
(format t ""A~Y%>> " conts)
(funcall (if (eq (read) ’yes)
yes—-fn
no-fn))))
#’ (lambda () conts))))))

028 0000O0OO0OooooOOoO

53 OO0OO

gooooooobobooooooobooboobooooobobooobooobooobDobooboooobooooDbooobooDo
coooboooobooooobooooOooOoOoOooOboO0OobOOo0oOoOoOoOoOoOoOCcOb0OOOoO0ObObOOOobOOOoOoOoDOonOO
cooobooooobooooooooooooobobooooboooooon

goooooobooooodooooooboooboobooodoooobooboooooooooboooood
coobooooobooooooooooOoooooOoboOoboobooOoooooooooOoOoooOooboboOooooOoOoooooa
0000000000000 23,240000000000000000000000000O0DOOO0O0ODOOO
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LispO0OOO0OO0O0O0O0O00O0C0O0OO0O0O00O0000O00O00O00O00DO0ODO0OO0OD0O0ODOOOO0OOO
LispOOOOUODOODOODODO0D—0O0000000000000000U0DO0000D0OUO0DO0OUO0ODOOOOOC
00000ooo0o00o0oooO0 70000 100000000000 00O0OOOO0OOOOOOOOOOOOOOOO
coooooobOoooooOobocooooOoOoOooOboOoOoOoObocOoOoOoOOoobOOoOoOoOoOboOoOoOooOoboOoOoOoDoOoOon
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gobooooooooobodooboooobooooooooooooobooooboooooooooooooonog
cobooooboobb doOOOO0OO0OOO0OOOOODOOODOOOOOOODOODOOOOOOOOOODOOODOOO
ocooooooooooooooooboooobbo0oooooooooooobbooooooobboooooooooDoDOg
cooooooobooooooooooOooOooOboOoOobOoooo—oootcooboooobobooobooooo

00000000000000000000000000000000O NI D0000000 pil'0000000
000 @(@il! x) 00000 (setq x nil) 000000000 0O0OOOO0O0O nil'O00000O00O0O0O00O0OO
coooooooboooboooooon

> (defmacro nil! (var)
(1ist ’setq var nil))
NIL!



0000000000000 LispO00 (nil! var) 0000000000 O00000 (setq var nil) 000000
obomobooboooog

000ood0ooo0o0ooo0oooO00ooo0ooDo0oooo0ooDoO0UoD 1ooD0ooDoOoooood
000000000000 (mil! x000000000000000000000O0D0OO0O LispO nil!t000O0O
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1. 0000000000000000
2. 0000000000000O0DOOODOODOOO

0000000000000 00O000DO000C0LIspD nil! 00000000000 DOODOOOODOOOOOO
cooobooboobOoooobdonintooobooooooOoobOOobooobOoboboobOoboboobooooobooooa
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ob0obooD ailtgo0obooboob0cobo0ob0obo0bonilntoooooooobooboobobobobOoDbOoDog
coboodooooobooboocoboboooooobooboodoooooooooobooooboOoooobooooboboOooboonoa
coooooooboooooooooooooobooboobooooooooooobooooooobooooooooooa
cooooooooooo
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ocoooooooooooooooobooooobbo0oooooooooooobboooooooobboooooooooDoDOg
OO0 LispO00000O00O0OO0OOO0OOODOOOOOOOOOODOOOODOOOOOODOOOODDOOOOOOOO
00000000000000000000000 Lisp000000000O00O0DOOO0OUOODO LispOOOOO
0000000000000 0000000O00O00O0OD00O LispOOD00D—0O00D0OO0D0OO0O0OO0OO0OOO
OO0Onil!'O0000 1listO00O0O00COO0ODOOO0O0ODOOOOOCODOO0OOOOCOOOOOO0O0O0O0O0OO0
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oobooooooooobOooOoboocOooobooOooooOoOoOoOoOOoOoOoObocO0O0obOOoOoOobObOoOoOobOOOoOoOooDOoOO
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6.2 0JO0OODO

O000000O0O00O0O0OO0Obackquote DO OOO0O0OOO0OOOLIspOO0OOO0OOOOOODOOOOOODOOO
oooooooooooooooo

oo00o00 ‘oo000ooOo0gooo00oooOO0O00ooOO0O00oOoOO00ooOO0o0ooODOO00bOoO
cooboooooooooobooboooo

‘‘abc)d’(abc)d0DODOOO

gooobooooobooonb ,bboobboo ,eUbbbooobbbooobbOooobDbboooboo
gbobobobobobobobobobobobobobobOobDobobDobDOobDOobOOD 1istoooooo
goobogo

‘(abc)d (list ’a ’b ’c) 00O0DOOODO

000000000000000000 LspO0000O00000000O0O0O00OO0O00O0OO00OOOOOODOOOOO



gdoooooooooooobooboooooooonoooooooooo
‘(a ,bc ,d)d (1ist ’a b ’c d) 0000000

coodvsbOdbOoOoOoOobOOob0OoOoOoobobocooobooooooooooboooboobooooboooooog
ooo

> (setgalb2c 3)
3

> ‘(a ,b ¢)

(A 20)

> “(a (,b c))

(A (2 C)

gobgooboobbooboobbooboobbooboobbobobooboooba

> ‘(ab,c C,(+abc)) (+ab)’c ’((a ,b)))
(AB3 (’°6) (+ AB) ’C (1 2))

1000000 100000000000000000000000000000000O0000000O0ooOoOaO
0o0o0oOo00o00ooOo0ooo0oObo0o0o0oDboO0o0D0DbO00o00DoOb00o0DODDbLOOD0oooDoOboooobooo
gdoooooooooooooooooo“Ga ,( 4,e))) 0000000000000 10000000 2000
0o0o0doo0oooD0oo0DO000e0D0O0O0D000OD00OODO0OODOO0OO0O n4+10000000000D0000O00O00ODOO
0000000000000 00000000000000000000D0O0000D0DO0D00D0DooooooooO
00000000000000000000000000000000000000000000OooO0ooooOooOO0g
googd
,x ‘(a ,,bc) ‘(a ,(b ,c) d) ‘(,,a)
Od00d0ood0oo0oooooooodooo0ooUoodoo0Uoo0ooOoooDUOO0oO 160000
ooo

D0oo0ooooO0ooooooooooESgpnoooOooo00O00D 1ist000000000000000
0000000000000 0000000000000O00000O0000O00D0DOO00OUDOO0OODOoOOO
000000000 pil!l00000000000

(defmacro nil! (var)
(list ’setq var nil))

cooooooboobooboboooooooobooOoboooooa

(defmacro nil! (var)
‘(setq ,var nil))

0000000000000000000000000000000000000000000R0 0000000
000 if00000000 nif 000000000000

0100000000000000000000000O0O00O00O0O00 000000 ODOODODOODO 203040
ooooooog

> (mapcar #’(lambda (x)
(nif x ’p ’z ’n))
’(0 2.5 -8))
(Z P N)

ORI 0000000000000000000000000 1000000000000000020000
list000O0O0OCOCOOOCOOOOOO0O0O0O0OOOUOODUOUO0OUO (if x ’p ’z o) 0

(case (truncate (signum x))
1 '’p
(0 ’2z)
(-1 ’n))

0000000000000 00000000000000000000000000000
00000000 gensym0000000000000000000000000000 zpd0OOOOOO



ooooooooon

(defmacro nif (expr pos zero neg)
‘(case (truncate (signum ,expr))
(1 ,pos)
(0 ,zero)

(-1 ,neg)))
Oo0o0ooooooon

(defmacro nif (expr pos zero neg)
(list ’case
(list ’truncate (list ’signum expr))
(1ist 1 pos)
(1ist O zero)
(list -1 neg)))
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gdoodoooo00oOoOoO0O0OO0O0O0OO0OO0O000O0U0O0U0OOUDODDODOODOODODOODOOODOOODODOODOOOOOO 20
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0000000 ,edd0D000CO0000O0O0ODDOOCOOO0O0OODODO 100000000 ODDODOOOOOOOn
0000000000 000000000000000000000000 100000000000000000

> (setqg b ’(1 2 3))
(12 3)

> ‘(a ,b c)

(A (123 0

> ‘(a ,0b c)

(A1 23¢0C)

0000000 (1 23)0bpb0000000000000000D0D0O0O0O0O00O0O0OODOOOOOOOOOOOO
gobooooooobooobgoo

1.00000000000000D0000O0DO000OO000OO000DO000 “,ep000000000OO
pOO0O0O0OO0O0O0OOO0OOOO0DOO

2. 00000000000000000O0O0O0O0OOODOOOOOODOODO0O00D ‘(a ,Ee) 0000000
(a. DOOOODC ,01 ) OOODODODOOOODODOOOOOODOOOODOOOOODODOOOOODOO

gooooooboooboobooboobooboboboobboobooboobDboobobOoobooDbOoo
000000000000000000000000000000Common Lispd O blockd tagbodyl progn 00 O
gooooooooboobooboooboobooooboboobboobobooobobooboobOooboooDo
gobooboobboob——>00b0o0oboobbooboob

gogbodbobooboobbooobooboobbuobobo0bbobobuo0obUUnbDDb 1letd condd OO
progn 000000000 COOOODOODOODOOLOOOOODOO whenUOODOODO
(when (eligible obj)

(do-this)

(do-that)

obj)
(eligible obj) 00O ODODODODODOODOO0O0OOOOwhenDOOOODOOOOOOOODOOODODOOOOOOOO
goboobodbbuoobiddwhenJOOooooobooonO

(defmacro our-when (test &body body)
‘(if ,test
(progn
,@body)))

00000 &ody00OODO0ODOOD0ODO0OOOOODODOOO (pretty-printing)D000000 &rest 000000000
CobOo0ooobOocOobOOoO0ooob0ooobobOprognO 00000000 OCOOOOOOODOODOOOOODOOO
0000000000000 0D0 30000 100 prognO00O0OOOODO



00000 (memg x choices)

O0O0O0OOO (member x choices :test #’eq)

030 memqO0O0O0O0O0O0O0OO0OOO

(if (eligible obj)
(progn (do-this)
(do-that)
obj))
Joooooooooooooboboobbobobobooooood
0000000000000 0o0oOooooUoDooDOoDUoDOoDOoUODOn ‘(a ,6b ¢) O (cons ’a (append b
(1list ’c))) 0000000000000 OO0O0OO0OOO0OODOOO0ODOOOOOOOOOOOOODOOOOOn
gobooboboobooboboobooobooboobDbooboobDbooboob bbb ooo
doodooooobbbbbbiO0Odefmacrod 0 000OOOOOODODDODODOOO0O0O0O0OO defun 00O OOOO
goobooboobobooboobobooboobbooboobboboboobboobUoobbooboo
0000000000 b0oobboo0obboobbddefmacro0 00000000 O0O0OOOOODOOOONO
JodoooooooooooobobobobobobbobbobbooddddddoooooooooooDooobooboooo
oobooobooboboobbooboobuooobooboooo

(defun greet (name)
‘(hello ,name))
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gboboboobooooooobobobobooooboobooooooboboboboboooooDoboobOoDbo
gobgoobooobboobooboooboobooobooboobbooboobbooboobbooDboo
gbooooooogobobooboooboobotboo™ooooobobooooboboobobooboobobooooMm
0000 CommonlLispO0 000000 member 00 0000000000000 000 member 0 2000000
Ub0b0b0bobobobdbD eqU0OU0eqobobobobobooboobooboobobooboooboo
googoo
(member x choices :test #’eq)
0000000000000 0000000 eqU 00 member 000000000000 0O0O0OOOOO LispO0O
goboobodbbUmemqUO0Oogoog
(memq x choices)
U0 memqUOOO00O0O0DOOODOOOO0ODOODLOODODOODLOODODOODLOODODOODOODDOO
gboboboooooogooobobobobooobooboooooboobobobobobbooooboobobOoDbo
000000000000 000BO00OO000D 2000000000000000000000O000O0O0OOO0O
0000000000000 0000000U000O000000000000O00D0U0OD0O0D 2000000000 2
00000000 objd 1stOOOOO
(defmacro memq (obj 1lst)
gdooOoCoOoOo0o 2000000000000000000000O0O0O0OOOOOOOOOOOOOOOOOOOOO
000000BMO0OO0O0O00 20000000000000000000000000000O0O0O0O0O0OOOOO0
goboooooooooboooboboboooooooooooboboboboboooboooDooboobOoboboboo
gobgoobooobboobooboooboobooobooboobboobboobbooboobbooDboo
gboooooo

1. 000000000000000000000000000O00O00O00
2. 000000000000000O0O0DOO000O0OOO000O0ODOO000ODOO00O0OOO00ODOOO0O0OOO0OO0
ooooooooon



(while hungry
stare-intently)
meow)
rub-against-legs))

(do O
((not hungry
stare-intently)
meow)
rub-against-legs))

031 whileOOODOODOOOOOOO

0100 member 0000000000000 0Omember J00O0OOOODO

(defmacro memq (obj 1lst)
¢ (member

000 x00000000100000000000D0000000000OO00O0ODOOO0D0 1000000

(defmacro memq (obj 1lst)
¢ (member ,obj

goboobogobobooboooobooboobboon

(defmacro memq (obj 1st)
¢ (member ,obj ,lst :test #’eq))

0000000000000 000000000O00000000000000O00U0O00 whileOOOODOOO
000000000000000000000000000000000000000D00D00000000RBIDO
00000000000 whileOOOOOOOOOO

gooooooooboobobbboooooobobobbbbbooooooobbbbbboboooooooooLDbDboD
0000000000000 000000000000000000O0000000000000000 &restO0O
O&body UDDOOODOOODOO
(defmacro while (test &body body)
gobgooboobboobooboooboobooobooboobbooboobboobooboboooboo
UbooooobobOoboobobubOb&rest 00 0O&body U D0 O OOLDOODOODOODOOOOODOODODOO
00000000000000001000000000000BIhD0D0O0D0O0

00000000 000oo000o0o0oo000Do0000D00O0000D00O0O0 2000000 1000000
ooo

3.00000000000000000000000O00DO00D0D0O0O0DO0O000000 &restd OO
O&odyU D ODOOOOOOOOODOODOODODOOOO

goboobooobboobooobo

(defmacro while (test &body body)
“(do O
((not ,test))
,@body))

gobooooooooobooobobobooooobooooooboboboboboooboooDooDobOoboboboo
goboobogoobobooboobbooboobbooboobbooboobbooboo
gobobooooooooooboboboboo—=—0ooobobobobobo—->oO0oobooboboDbo
000000000 0ooooooooo 7700000000000 COOOOOOOO0OODODOODODOOOOOOn
gobogoboooobooboooboobobooboboobbooboboobboooboo



> (defmacro while (test &body body)
“(do O
((not ,test))
,0body))
WHILE
> (pprint (macroexpand ’(while (able) (laugh))))
(BLOCK NIL
(LET NIL
(TAGBODY
#:G61
(IF (NOT (ABLE)) (RETURN NIL))
(LAUGH)
(GO #:G61))))
T
> (pprint (macroexpand-1 ’(while (able) (laugh))))
(DO NIL
((NOT (ABLE)))
(LAUGH))

032 100000000 2000000

(defmacro mac (expr)
‘(pprint (macroexpand-1 ’,expr)))

033 J0O0oOooooooooo
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0000000000 ooO000oooO000ooD00000 nemgO0 00000000 O0OOOOOOODOO
gobgogbooobooboooobooboobbooboboobobuooboooboboobbobobooboboboD

0B2000010000000000200000000000000000 macroexpand 0000000000
gobooobooobboobboobbodbbmacreexpand JOOOO00D0O00D0OOO0OOOO0OODOOO
goooobodooboobooboooobooboooboob bbb booboobboobOoo
0000oo0o000ooOo0o00oo0o0oooo0oo0ooOo0ooooOoooooDOoooooo

0B200 100000000while00D0D0D00000000D0000000O00D00O0O0DOOO0O0OO0 doO
prog0 00000000000 ODODOOOOOOOOOOOOOOOOD 100000000000 0B0ODOOOO
00 200000000000000 macroexpand-1 0000 Omacroexpand-10 100000000000000O
0000oboo0oo0ooo0oo0ooooooooooooo

ooooooOooooooooooooooo

(pprint (macroexpand-1 ’(or x y)))
00000000000000B3000D0000000000000000000000

(mac (or x y))

g000000000o0oU0UU0UDOO0OOO0OO0OO0OO0OO0OODODODDODODOODOOODODODOOODOOOOOOO 2000
000o0oo0O000o00ooo0o00ooD 200000000000000000O000DOO0O0ODOOOOODOOO
gobgooboobboobooboooboobooobooboobboobboobbooboobbooboo
o0o0o0ooOo0o00ooO000oooOo00oooO00o0oboO00oooO00ooOoO00oOoO00ooOoO0O0oooO0OOn
0000000000000 0O000000000000000000000D00O0D evalOOOOOOOOOO
gboboboboooooooooboobobobobUbO macroexpand-1 0000000 O0DO0OO0OOOOOO
eval JO0O0OOO

> (setq exp (macroexpand-1 ’(memq ’a ’(a b c))))
(MEMBER (QUOTE A) (QUOTE (A B C)) :TEST (FUNCTION EQ))



> (eval exp)
(ABO

gobooooooooobodooboooobooooooooooooobooooboooooooooooooonog
OOCommonlispd 0 10000 0000000000000 O0OO0ODOO0DOOODOOOODOOOOOOOOOOOOO
ooooooobooboooooooooooooooog
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DI:IDDI:I(destructuring)]DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
ooooooo

(defun foo (x y z)
+xy 2)

gooooooooo

(foo 1 2 3)

0000000000000 000O0000000x00 10y0OD0 20000 z00 3000000OOOOODODOOO

gooooOoQoOoOoOoO0OO0O0000000U0LUU0U0U000000 (xy z)OOODODOOOOOOOO
Common Lispd O 00 destructuring-bind0CLIL2 0000000000000 0O0O00OOO0O0OOOOOOO

goddoooooobooobooobooooooooboooob0 oo oo oDoooboOooobooon

> (destructuring-bind (x (y) . z) ’(a (b) c d)
(list x y 2))
(A B (CD))

do000oo0OO0oO0obOOooooooi1spooooooon
0000000000000000000000Common Lispd defmacro 00 000000000000
ooob0oboboboboboooDobooooboo00o0oo0b00ob00b0g component D00 OQOoOoQOO
destructuring-bind 00000000000 0O0O00O0DODO dolist U0 OODOOOOOODOOOOODODODOO
gboooooooobgooboboo

(dolist (x ’(a b c))
(print x))

O0o0ooopoooo0oUoo lo0ooooooooooooooddxbO’(ab o) dd0oooooooooon
000 dolist 00000000000000000O00000000O000ES]

(defmacro our-dolist ((var list &optional result) &body body)
¢ (progn
(mapc #’(lambda (,var) ,@body)
,list)
(let ((,var nil))
,result)))
CommonlLisp0 0000 dolist 0000000000000 0OOO0OODOODO0O0OODOOOODOOOdolistOO
00000oo0o00o00oo0oDoooo000ooooOo 100000000000 ooooooooooooooo
0000O0b0b0ob00obobO00o00ob0b00ob0obU delist00DODODODODODOOD whenOOQOO
U0 when-bind 00 000D OD0O0OO0OOOOOOOOOOOODOODOODOO0O0OOOOOOOOOOODODODDOO
gboooooobooboboboooooboooobobobobooooog

(defmacro when-bind ((var expr) &body body)
‘(let ((,var ,expr))
(when ,var
,@body)))

goboobooobooboboo

A8 pU000000000000000000000000000DN00000N00000NN000N0N0N00N0N0N0N0NNNooNoNooon
gbooooooooooO0O0o0O000000000000000000 setqooooooooOOO
“10goo0o00gensyml 0000000000000 OOOOOOOOOOOOOO



(defmacro our-expander (name) °‘(get ,name ’expander))

(defmacro our-defmacro (name parms &body body)
(let ((g (gensym)))
¢ (progn
(setf (our-expander ’,name)
#’ (lambda (,g)
(block ,name
(destructuring-bind ,parms (cdr ,g)
,@body))))
’ ,name)))

(defun our-macroexpand-1 (expr)
(if (and (consp expr) (our-expander (car expr)))
(funcall (our-expander (car expr)) expr)
expr))

0 34 defmacro0 000

(when-bind (input (get-user-input))
(process input))

gobooboooon

(let ((input (get-user-input)))
(when input
(process input)))

Usedsparinghyl 0000 0000000000000 0000O0OD0OOOOOOOCO20000000000000C0O
00 when-bind 0 dolist OO OOOOOOOO

6.6 UOOOOODO

0000000000000 000000000000000000000O00000D00OD LispOooOOOO
Joddoooooooooboboobdldefmacrol 000000 oooooooooooooooooooobn
gooo

Lsp0D000D00000000000000019620000 The Lisp 1.5 Programmer’s Mandall 00 00 0 O
OLisp00000 eval 00000000O0Odefmacro0000000000000D00D0O0O0ODOOOOB4A00O
goooboooboobooboooboooboboobobooboobobbooboboobobobooboobooDOo
goad

0B 00000000000000000000000000000000000000000000000O0
O000000000000 &whole DODOODDOOOOOOOOODOD defmacrod 0 1000000000000
0000000000 20000000000000000000O0O0O00O0DOOO0ODOOOUDOOOOOODOOO
00000000000000000000000000000000B400000000000000000000
oo oboobobbobbobbbbbooddddddooooooooooDooboD

0B 000000000000000000000000000 AO0ODO0OOOO0OO0ODO0O000D00D0000O00
Joooooooobobobobobobibiod defmacro 00000 OOODODOOO0O0O0O0O0O0O0OOOOOOODODODOO
gboooooogo

(let ((op ’setq))
(defmacro our-setq (var val)
(list op var val)))

CLl20000000000000 CUWL000000000000000000000000000008gon
000000 our-setqUUOO0O0OO0OOOOOOO

200000000000000000000000 pomdO00000000



(do ((w 3)
(x 1 (1+ x))
(y 2 (1+ y))
(z))

((> x 10) (princ z) y)

(princ x)

(princ y))
oo ooooo
(prog ((w 3) (x 1) (y 2) (z nil))

foo
(if (> x 10)
(return (progn (princ z) y)))
(princ x)
(princ y)
(psetq x (1+ x) y (1+ y))
(go foo0))

035 do000ODOODOODOOO
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gboooooobodobobooobooodobooboooooooboboooooboooooooboobOoobooooonod
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0O7300000000000000O0000DODOO0OO0OOOOO0OODOOOOOODOOOO0DOOODOOOODOO
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CooboooooobobododbdobOOiObooOooobOOOdobOOO0OOO0OODOOOOODOOOODOOOODOOO
cooobooooboooooooooobooooobbooboobooOooooooooboboOoOoobooOooboboOoooon

goooooooooobooobooooooooooooooooobo0obooooboooooooooDooDo
coooboooobooooooooOooOoOoOooObocOoOobOOoOoOoOoOoOoOoOoOCcOOOOoOoOobObOoOoOooboOoOoOoOooDooa
ocooooooooooooooooboooobbo0ooooooooooooboboooooooobboooooooooDoDOg
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0BEI0000000de 000000 DOOONDODNODODNDODONDDDODNDDOONDDOODODDODOODO
cooboboooboooooobooobooooooooooboooooobooooooooooo0oOo0bOoOdn psetq
coooooooboooooooooooooobooboooon

0000000 psetqO“parallelsetq” 000000 setq 0000 setqO0 00000000 D0OOOOOOO
0000000000000 000000000000 setq 200000000000000 100000000
O40000000000000

> (let ((a 1))
(setq a 2 b a)
(1ist a b))

(2 2)

0000 a000000000000bp0 a000000 20000psetq0000000000O0OOOOOOOO
oooooooooon

> (let ((a 1))
(psetq a 2 b a)
(1ist a b))
2D

Ubob0oouoodbD»b ab00D00OD0ODODOD psetq0doU0OOOOOODOODOODODODODOOO
00000000000 0b0b0b0obb00™setqOO0O0O00O0dexODODOODOODOOOMM
oboboddlDfeolDbOUOUDDOOODDOOUDLDOUOOUODDUOODDfo doOOODDOOODODO



(defmacro our-do (bindforms (test &rest result) &body body)
(let ((label (gensym)))
‘(prog , (make-initforms bindforms)
,label
(if ,test
(return (progn ,Q@result)))

,@body
(psetq ,@(make-stepforms bindforms))
(go ,label))))

(defun make-initforms (bindforms)
(mapcar #’(lambda (b)
(if (consp b)
(1ist (car b) (cadr b))
(1ist b nil)))
bindforms))

(defun make-stepforms (bindforms)
(mapcan #’(lambda (b)
(if (and (comnsp b) (third b))
(list (car b) (third b))
nil))
bindforms))

036 doOODOODO

0000000000000 o0O000o0YUoO0O00bO0O00O0O0O0O0LODO0O000DDO0O00 foo OO
D000 gensymO0 0000000 O00D0O0OO0DOOOOOOOOODOOODOOODDOO

do0000D00O0BEIO0O00DO0DO0O0OODODODDONDODODOOODODOODOOODDODODODODO
OO0o0o0oo0ooO0o0O0000000000o000c0oo0o00O0O00O00O00O000000000 progd O OO
00000000000000000000000 do0020000000000000000000BEI0
make-initforms 0000000000 000D00O0 psetq0 000000000 O0OO0O0O0ODOOCOOOOOOOO
000000000000000D000000000000000 B810 make-stepforms D0psetq0 00000
000000 200000000000000000000000000O00OO

0B 0000000000000 do00D0DO0ODDNO0ODDDODDODDODDOONODOODOODOOOD
make-initforms [0 make-stepforms U U UODUOU0UODO0ODOOO0OO0O0OODOO0ODOOD0OO0DOD defmacro
ooooooooooooo

0000000000000000000000000000000000 Lisp00000000000O0O0O0
goooooooooooooooboooooooooooooooooooooo

6.8 DOODOOODOO

0000000000000 00000000000000000000000000000000000OLispO
ooboobooooooooboooboboboboobooooooooDobooboboboo

0000000000000 0UUUUU200000000000000000000000D0O0DO0O0OO0
goboooooooooboooboboboooooooooooobobobobobooboooDooLoobOoboboboo
0000000000000 0000000000000000000000000 200000000000000
gooooooooboobgoobooooboobooobobooobobobboooooboboobooboobooDo
ood
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(defmacro our-and (&rest args)
(case (length args)
0 t)
(1 (car args))
(t ‘(if ,(car args)
(our-and ,@(cdr args))))))

(defmacro our-andb (&rest args)
(if (null args)
t
(labels ((expander (rest)
(if (cdr rest)
“(if ,(car rest)
, (expander (cdr rest)))
(car rest))))
(expander args))))
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> (defmacro mac (x) ‘(1+ ,x))

MAC

> (setq fn (compile nil ‘(lambda (y) (mac y))))
#<Compiled-Function BF7E7E>

> (defmacro mac (x) ‘(+ ,x 100))
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> (funcall fn 1)
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(defmacro second (x) ‘(cadr ,x))
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(defun noisy-second (x)
(princ "Someone is taking a cadr!")
(cadr x))
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(defmacro noisy-second (x)

¢ (progn
(princ "Someone is taking a cadr!")
(cadr ,x)))
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(apply #°+ args))
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(defmacro sum (&rest args)
‘(apply #’+ (list ,@args)))
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(defmacro sum (&rest args)
‘(+ ,Qargs))
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(defun foo (x y z)
(list x (let ((x y))
(1ist x z))))
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(defmacro foo (x y z)
“(list ,x (let ((x ,y))
(list x ,2))))
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> (symbol-macrolet ((hi (progn (print "Howdy")
DN
(+ hi 2))
"Howdy"
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(defun 1+ (x) (+ 1 x))

(defmacro 1+ (x) ‘(+ 1 ,x))
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(defmacro while (test &body body)
“(do O
((not ,test))
,@body) )
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6. 00000000000000000000000000000000000000000000000 1let
OCOlambda 0000000000 COOOO0O0OOOpenper 00 (let ((y 2)) (+ xy))OOOOO
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(defun avg (&rest args)
(/ (apply #’+ args) (length args)))

cooooooboooobooooooooooon

(defmacro avg (&rest args)
“(/ (+ ,@args) ,(length args)))
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> (funcall #’(lambda (x y) (avg x y)) 1 3)
2

Co0oOOoO00obOOooOooOoOCcO00obOOo00obooO0o0obDCavg0O0OO0OO00OO0D0O&rest000O0OOoOoOn
oooooooooooboooboooobo

2. 0000000000000000O0DOO0O0O0ODOO00O0ODOO00O0ODOO0O0O0ODOO0OOOOOOOOOO0
ooobooooooobobooobooooooooooboooooboboOooboOoooooo

3. 0000000000000 0000000O00LO00O0O00DO0O00DO0O0D0D0OO0DODO0OOOO
COoO00ob0OocOob0OO0O0vacktraceOUOOOOOOOOOO0OOOO0ODOOOOODOOOOOOOOOOOOOO
oooboooooboooobooooboooooDo
toooboocoboOoO0oO0ooOobOOoOobooOooOOoObcObOOoO0O0bO0O0Onn traced00oonoooognO
ooobooooboooooooooobobooboboOtraced0O00ooooooooooobooboooboOonn
coooooooboooobooooo

4. 0000000000000 OO0ODOO0O0000O0OOOOO00000O0OODOO0O0O0OOOOODODOOOOO
0000o0o000oo0o0o0oo0o0o0oo0o0o0D 10400000000000000O

goboobbooboobbooboobobooboobbooboobbooboobboobooboboon
gobooooooooobobooboboooooooooobobobobooooboooboobobOoboboboo
gbooooooboobobobobooooooobobobooo

O00o0ooooo0o0oooooO0ooU0oooOO0o0DeU0ODO0D0OOO0O000LOOO0D0DUODOODODODOO
goboooooooooboooboboboooooooooooboboboboboooboooDooboobOoboboboo
gobgoobooobboobooboooboobooobooboobbooboobbooboobbooDboo
000000 15000000000000 vacktrace 000000000000 ODOOOOOODOOOOOOO
gobooboobbooboobbooboon

73 ODO0OOOOO

gbooooooobooobooobooooboobooboobOoooOoOoOobobooboobOOoOoDbObOOoObOOooOnOag
oooboooboooboobooboooboooooobooboOobooOooobOooOoOobOboOobDOobOobooboOooOoobooo
DDDDDDDDDDDDDDDDDDDDDDDDDDLiSpDDDDDDDDDDDDDDDDDDDDD Lisp
0000000000000 0000000000000000 19-2400000000000000000000O0
ooooooobooooooooooooobboooboooooon

Uobo0O00d00whiledOOOOOOOOODOOOOOODOOCOOOOOOOOOOOOOOODOOOOOOOO
0000000000000 00000U0000000000UDOO0 LispODOUODOO0OODOOOUODOOODOOOOO
coboobooooooobdooooodoooooboobobooobobooooobooooboboooocoooonag
cooooooooooooooooOooooOboOoOoobooOooooOoOoOoOooOboOoOooOoboOoobOboOooooOoOoOooOoooa

*22po0000000000000000000000000000000000000000000000000000000000000
oooooao



00000000000000000000000000000000000000000000O0LIspO00OOO
coooboooobooooooooOooOoOoOoOoOboO0OobOOo0oOoOoOoOoOoOoOCcOb0OOOoO0ObObOOoOobOOOoOoOoDOoOO
cooooooobooon

ooo0ooo0oooooooo0ooo0o0ooO0o00oD 1000000000000 0O0O000OO0O0BOO
000000000000 oO0UUD Lisp00000O00OO0OOOOODDOOOOOODOOOODDOOUDOOUOOOOO
nil!0000 Nl D00000000000000000000000

(defmacro nil! (x)
‘(setf ,x nil))
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(do O
((not (OO) ))
(Dooog) )
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(defmacro while (test &body body)
“(do O
((not ,test))
,@body))
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(while (OO )
(0oooo ) )
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(defun foo (x) (*x x 2))

(setf (symbol-function ’foo)
#’ (lambda (x) (* x 2)))
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(defmacro our-defun (name parms &body body)
¢ (progn
(setf (symbol-function °’,name)
#’ (lambda ,parms (block ,name ,@body)))
’ ,name))
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(defun move-objs (objs dx dy)
(multiple-value-bind (x0 yO x1 y1) (bounds objs)

(dolist (o objs)
(incf (obj-x o) dx)
(incf (obj-y o) dy))

(multiple-value-bind (xa ya xb yb) (bounds objs)
(redraw (min x0 xa) (min yO ya)

(max x1 xb) (max yl1 yb)))))

(defun scale-objs (objs factor)
(multiple-value-bind (x0 yO x1 y1) (bounds objs)

(dolist (o objs)

(setf (obj-dx o) (* (obj-dx o) factor)

(obj-dy o) (* (obj-dy o) factor)))

(multiple-value-bind (xa ya xb yb) (bounds objs)

(redraw (min x0 xa) (min yO ya)

(max x1 xb) (max y1 yb)))))
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(defmacro with-redraw ((var objs) &body body)
(let ((gob (gensym))
(x0 (gensym)) (yO (gensym))
(x1 (gensym)) (y1 (gensym)))
“(let ((,gob ,objs))
(multiple-value-bind (,x0 ,y0 ,x1 ,y1) (bounds ,gob)
(dolist (,var ,gob) ,@body)
(multiple-value-bind (xa ya xb yb) (bounds ,gob)
(redraw (min ,x0 xa) (min ,y0 ya)
(max ,x1 xb) (max ,yl yb)))))))

(defun move-objs (objs dx dy)
(with-redraw (o objs)
(incf (obj-x o) dx)
(incf (obj-y o) dy)))

(defun scale-objs (objs factor)
(with-redraw (o objs)
(setf (obj-dx o) (* (obj-dx o) factor)
(obj-dy o) (* (obj-dy o) factor))))
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(defmacro for ((var start stop) &body body) ; 00
‘(do ((,var ,start (1+ ,var))
(limit ,stop))
((> ,var limit))
,@body))

tooboooobooooboooobooOoOoOoOoOCocO0O0OOOoOoOobOOoOoOoboOoOoOoOoooo

> (for (x 1 5)
(princ x))
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NIL
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(for (1limit 1 5)
(princ limit))

goooooooooboooogooooooooboooooooooLD b bbb bbb o ™
oboooooooooogooo

(do ((1imit 1 (1+ limit))
(1imit 5))
((> limit limit))
(princ limit))

goboooooooooboooboboboooooooooooboboboboboooboobooboDobOoboboboo
0000000000000 oo0o0oooDo0O00000D 1imit000000000000000 doO OO 2
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> (let ((limit 5))
(for (i 1 10)
(when (> i limit)
(princ 1))))
NIL
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(defvar w nil)

(defmacro gripe (warning) ; 00O
‘(progn (setq w (nconc w (list ,warning)))
nil))
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(defun sample-ratio (v w)
(let ((vn (length v)) (wn (length w)))
(if (or (< vn 2) (< wn 2))

(gripe "sample < 2")

(/ vn wn))))
sample-ratio J w=(b) 00000000000 0O0OO0O0O0O0OOD 1000000000000 0OO0OODOOO
0000000000000 00D00 griped00000000O0O0ODOsample-ratio0 0000000000
goooooooooo

(defun sample-ratio (v w)
(let ((vn (length v)) (wn (length w)))
(if (or (< vn 2) (<K wn 2))
(progn (setq w (nconc w (list "sample < 2")))
nil)
(/ vn wn))))
gboob00bDgripeb0gb0b00booobOO0O0bDwOOOODOOODODOODODOODOODODODOOODOOOO
00000000000000000000 sample-ratio 00000 100000 nconcO00000000000
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> (let ((1st ’(b)))
(sample-ratio nil 1lst)
1st)

(B "sample < 2")

> w

NIL
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(let ((x y) (z 10))
(list w x z))
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(let ((x x))
x)
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ooo
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(defmacro foo (x y)
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godoooooooood
(foo (- 5 2) 6)
godooobooooboooood
(/ (+ (-52) 1) 86
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(defmacro capl ()
P+ x 1)
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(defmacro cap2 (var)
“(let ((x ...)
(,var ...))
L))
x00000000000x0000000000000000000000000000000000(@O0 for O
0000000000)000000 200000000

(defmacro cap3 (var)

“(let ((x ...))
(let ((,var ...))
o))

(defmacro cap4 (var)
‘(let ((,var ...))
(let ((x ...0N)
o))

cobobOO0xOO0OO0O0O0OO0O0oOoO0OOOoOoO0ooOOoOooOOoO0oOxOOOOoOOOOoOOOOoOOOOoODOOOO0DOO0OO
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(defmacro safel (var)
‘(progn (let ((x 1))
(print x))
(let ((,var 1))
(print ,var))))
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(defmacro cap5 (&body body)
‘(let ((x ...))
,@body))
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(defmacro safe2 (expr)
‘(let ((x ,expr))
(cons x 1)))

xUOOOOODODODOODexpr00d00oooobobobob0booboxo0obobooboobobobobobooo
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(defmacro safe3 (var &body body)
‘(let ((,var ...))
,@body))
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(defmacro for ((var start stop) &body body) ; 00O
‘(do ((,var ,start (1+ ,var))
(limit ,stop))
((> ,var limit))
,@body))

00 for00000200000000000000000000000000000 1imit0 forO00 10000
coooooooo

(for (limit 1 5)
(princ limit))

000 limitO000O0O00O0O000O0COO0OCO00C00

(let ((1limit 0))
(for (x 1 10)
(incf limit x))
limit)
forJ0000O0O0O00O0O0ODOO 1imit 000000000 100000000000 000000000000
0000000000000 obDbObOb0Ob00ODb00D 1imit 000000 100000000

(do ((x 1 (1+ x))
(limit 10))

(> x limit))
(incf 1limit x))
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(let ((x 1)) (list x))

(list x) 000000000 x000000000000000000000000001let000O0O0O0O0OOO
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(defmacro pathological (&body body) ; 0O
(let* ((syms (remove-if (complement #’symbolp)
(flatten body)))
(var (nth (random (length syms))
syms)))
“(let ((,var 99))
,@body)))
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oooooooood

(defmacro before (x y seq)
‘(let ((seq ,seq))
(< (position ,x seq)
(position ,y seq))))

oooooooood

(defmacro before (x y seq)
‘(let ((xval ,x) (yval ,y) (seq ,seq))
(< (position xval seq)
(position yval seq))))
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> (before (progn (setq seq ’(b a)) ’a)
’b
’(a b))

NIL
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000000000000 0000000000000D00D000<00 10000000 200000000000
cooooooooooooo

(let ((seq ’(a b)))
(< (position (progn (setq seq ’(b a)) ’a)
seq)
(position ’b seq)))
00000000000000000 100000 let000000000000O00DO0O0O0OO0O@BOOO 20
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(defmacro for ((var start stop) &body body)
‘(do ((,var ,start (1+ ,var))
(limit ,stop))
((> ,var limit))
,@body))

goboooooboon

(defmacro for ((var start stop) &body body)
‘(do ((b #’(lambda (,var) ,@body))
(count ,start (1+ count))
(limit ,stop))
((> count 1limit))
(funcall b count)))
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(defmacro for ((var start stop) &body body) ; 0O
‘(do ((,var ,start (1+ ,var))
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(defmacro for ((var start stop) &body body)
‘(do ((,var ,start (1+ ,var))
(1imit ,stop))
((> ,var limit))
,@body))

goboooooboon

(defmacro for ((var start stop) &body body)
(let ((gstop (gensym)))
‘(do ((,var ,start (1+ ,var))
(,gstop ,stop))
((> ,var ,gstop))
,@body) ))

042 GensymDOOOOOODOODOOO

(xsf2jsh ,stop))
((> ,var xsf2jsh))
,@body))
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(eq (gensym)
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> (gensym)
#:G47
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> (setq x (gensym))

#:G48

> (setq *gensym-counter* 48 y (gensym))
#:G48

>(eqxy)

NIL
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O0limit0O0O0O00O0DOOO0DOOOO0ODOOOOOOOOOOOOODOOO0DOOO0

forO00000O000DO0O0OO0OOOO0DOOOO0OOO0O0OOO0OOOO0OO0ODOOOOOOOOOOOOOOO0O0
cobooboooooooboocooboboobooOoobooooooobooooobooobobooboboooooboooboboOoboo
forO0000DO0OO0ODODOOODOOODOOOOOOOODOODOODOOODOODOODOOODOOODOOODO
coooOoooboocooboogensymd 00000000 OO0OO0OODOO
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gogboooboobboobboooboobbooboobobodbboobbooobo0bbUO0l macros
ooob0oonb for0dbobooboobOobOobOon

(defmacro for ((var start stop) &body body)
‘(do ((,var ,start (1+ ,var))
(1imit ,stop))
((> ,var limit))
,@body))

000000000000 000000000000for 000000000000 mycodeDODOOOOOO 100
U limit 000000000 mycode::1limit U000 —000000000000 macros::1limit 0000000

oooooo0oOo0oooo0ooooO00oooO0oooooOO0o0ooO0 100000000 DOO00oDOOO0DoOO
0000o0o000o00oo000ooOO0o00oOoO00D0oOO000OO000DOOO0O0OOD 200000000
macros 0000000O0O0OOOCOOCOOOCCOOOCOOOOO

88 ODUUODLOOOOODODO

ggboooboboobooboboobooobooboobbooboobbooboobbooboobDbooon
O00OCommonlLispd 00000000000 OD0OOOOOOOOOO
gobooobooboobooobbooboooobooboobbooboobbooboobbooboobboon

> (defun fn (x) (+ x 1))

FN

> (defmacro mac (x) ‘(fn ,x))

MAC

> (mac 10)

11

> (labels ((fn (y) (- y 1))
(mac 10))

9

gbobobobobobobobuobdbmecoooobobob0b0UbL0 (D OD0OOOOOOO0OO D
gobooboobbotobOmacdboonoboobOooboOonoDOg

gboboboooooooooboboboboooboboooobobobobobobooboooobUobOoDbo
O0000000000ooocL20000 (p-2600 0 0000000000000 0O0OO0OO0OOOOOOO
goomoobobooooomoboooobooooooobobobobooooboooboobooboboboboo
gbobooooobooboboboboooobooogoogo

goboooboobooboobboobooobobooboobbooboobbooboobbooboobbooon
gbobobooobooboboboboobobeensyd 0000 oboboboboooobooobobgooooo
gooooboboboboboooooobobobbbooooooooooboboobbooooooobobbbbooooooo
OO00000D0O0000000 whOOO=*warningsxO0 OO ODOOOOOODODOOOOOODOOOOOOODDOO
goooooooooooobobobobooobooooo0—->ohobobobobbooooboobOobOoboboo
gooooboooboboobooboooobooboooboob bbb boobbobboobo o
gbooooooooboboboboooooog



U0b0D00o0ooobDO goO throwOD D ODODOO0ODOOOO0ODOOOO0OOOOOODOOODOOODOOOODOO
OO00000O0ODOour-do00O00O0O0O gensymdODOOOOO

00 do0DO0U0DOOOOODODO nilO00D0O0OO0OOODO0OO0ODOOODOO0ODO0O0ODOODOOODOOO do
U000 return return-from nil J0do 00000000 doOOOO0OODOOOODOODODOOO
> (block nil

(list ’a
(do ((x 1 (1+ x)))
(nil)
(if (> x B)

(return-from nil x)
(princ x)))))

12345

(A 6)

do0 nil 00000000 ODOOOOOOOOOOOOOOOO (A6)0DO0ODODODO6000O00OOODOONO
doOOODOODOODOODODDODODdo D ODOOODOODOOOODOODOODDODODODOODOO do

oooobobobooboooboobuobooobobbOobD nilO0Db0O00O0OD0OO0O0ODO0ODbUOObO0OOOforO

obO0db000return U return—-from nil 0000000000000 forddpuoonoooonooon

89 ODUO0ODOODOOODOD

gobooooboobuoobobooboooboobooooboob oo bbb boobDoooboon
OC0Mod0oo0oooooooodoodoo00oo0oo0oo0ooooo0Uooo0UooO 200000
0000010000000 0000D000000000000000D00000000o00o0oDoOOoooOooooDg
gooooooogg
0000000000000 000000000000000000000000000000000O0O00A0 Lisp
oooooboooboboobtooobooobooooooboobOoooDboob oo boobooooooboa
Jddooooooooooooobobobobobobboobooddddddooooooooooooooboobooon
oooooboooobooooo
(before (progn (setq seq ’(b a)) ’a)
b
’(a b))
Jddooooooooooooobobobobobobboobooddddddooooooooooooooboobooon
oooboobooboboobtoobobooboobooooboob oD booboobDbooboooboooboo
gooooooboboooodoogoooobb oo b oo ooooobobooa
goobooboobobooboooboooobodboooboob oo booboobbooboobDbooboo
goodd
goobooooooobobobouoobooooooobobooboboboboobobobUobUoboboo
Common Lispd 0000 defmacro 000 0000000000000 OOOOOOOOOOOOOOOOOOOO
dooooooogoooo

9 DObOUoooooood

gboboboooooooooboboboboooboobooooobooboboboboboooooobOobOoDbo
gdo00o0oOoOoO0OoOoOoOoOOODODODOODOODOODODODOOODOOOOODOOOO SOOOOOOOOODOOO
gobooboodobobooboooboobuoobbooboobboboboobo
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00000 for 0000000000000 O0ODO00MdIO 00000 20000000000000000000
000000000000 0200000000000000000 stop0O0O0D0O0O0OOODOOOOODOODOO



oooooooood

(defmacro for ((var start stop) &body body)
(let ((gstop (gensym)))
‘(do ((,var ,start (1+ ,var))
(,gstop ,stop))
((> ,var ,gstop))
,@body)))

ooooooooooooo

(defmacro for ((var start stop) &body body)
‘(do ((,var ,start (1+ ,var)))
((> ,var ,stop))
,@body))

ggbooboobooooboon

(defmacro for ((var start stop) &body body)
(let ((gstop (gensym)))
“(do ((,gstop ,stop)
(,var ,start (1+ ,var)))
((> ,var ,gstop))
,@body)))

043 ODOoOOOoOOo

gooooooooOoOoOoOOOOOODODOODOODOOOOO10000000000000000O0Ostep00O0O
cobooooooboooooobooooooboooboooooooobooobooooooooooooooooonoag
cooboooobooooboooooooa

> (let ((x 2))
(for (i 1 (incf x))
(princ i)))
12345678910111213. ..

ford0go0goobobobobooooooooboboobobobobooooobooboboboboboboo
cobOo0ooobOoO0oO0obOoo0bOo0oOO0OoboOobOOooOooOoOoOoODOObOb0O stopOOOOoOOOOOOOOO
oooooooboboobobooooboooooo

gobooooooooobooooooobooooooooOooOooOoOobObo0boboOoobooOoOoOobooOoOoOoOooDooa
0000000000000 00000000ooUooogCommonlLispd orJ000000O000OOOOOOO
0000000000000 00000000D0000 Pascal or000MO00O00O0OOO0OOOOOOOOO
000000000000 00D0 2000 for00000D00O0O0O stop0O0D0O0OO0O0DODOOOODOOOOODOO
000000000000 000000002000 for00000000DODOOOODODOODODODOODODOOO
ooo

00000000000 setf 000000000000 OD0O0O0OOD0O0O0OO0O0O0OOCommonLispd0O0000
000ooooo0o0oooo0o0ooooO00oooO00o0ooO00o0o0O0O000000000 1200000
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0000000000000 00000000000000000000000CommonLispd 000000000
gboooooooobgobobo

> (setq x 10)

10

> (+ (setq x 3) x)
6



gooooboooboboobooboooobooboooboob bbb boobbobboobo o
oooooo

04300003000 forJ000D0O0ODO0OD0ODODODO stopd start 0000000000000 O0OOOO
gbooooogoooboboboo

> (let ((x 1))
(for (i x (setq x 13))
(princ 1)))
13
NIL

0000000000000000D0000 disconcertingd 0000000000000 start0000000OOO
000000 stop0OD0O0ODO start 0000000000 ODOOO
goboobbg ferdboobbOo0bO0bbOOobObOo0obOOobbOo0obOoOn

> (let ((x 1))
(for (i x (setq x 13))
(princ i)))
12345678910111213
NIL

0000 x0O0 stopO00000O0O00O0O0O0O0OOOOOODOCOOOOOOO
goboooooooooboooooooobooooooooooooobooobooOooboooooooooooag
cobbooboooooooooobooooooboooooooooooboooboooobooooooooooooonoag
cooooooobooooobooooooOoooooOoboOoOobooOoOoooOoOoOoOooOboOoOooOoboOoobboOoooOoOoOooOoooa
ocobooooooooobooobooobooboboooobooobbooooobooooooobooooooooooboOoDoDO
coooOoooboooooooOoO0oOOoO00oObOO00bOo0OO0n forO0000OO0O0O0ODOOOOOOO

93 ODUO0OOOObOOObOoOoD

LspOOOOODOODODOO0OO0O0O0O0OO0OO0 300000000000000000000000DOOoOooooOoOO
gobgogobooobooboooobooboobbooboboobobuoobooobboobboboboobobobo

CLtLl2 0000000 (p. 6850000000 0OODOOODOOOOOUOOODOODOOOOOONOOOOOOO
000000000000000000O0CommonlLispO0 0000000000000 O0O00OOOOOODOOOOO
goobgoobodoobooboooooobooboooboob bbb booboobbooDbOoo
goboobooooooooboooboboboboooboobooooboboboboboboboooDoboDobOoboboboo
gooooboooboboobooboooobooboooboob bbb boobbobboobo o
gooooo

(defmacro nil! (x) ; 00
(incf *nil'!sx*)
‘(setf ,x nil))

0000000000000 *nil'sx0d nil!00000000 1000000000000000000 nil!Od0O
cobooobooooooboooboooobOoooooobobooobOooobDOoobDOoOoDOOoOoDbOOoOoDbOOoODOoOoDmooOog
cobobobooobooooooooboobooooobobooooooooooooooooooooooOooooboooonoa
coooooobooooboooon

gooooooooooboooobooooooooooooooooobo0obooooboooooooooDooDo
cooooooobooooobooooOooOoOoOoOoOboO0OobOOoOoOoOoOoOoOoOoOCOb0OOOoOoOobObOOoOoboOOoOoOooDooO
oooboooooon

(defmacro string-call (opstring &rest args) ; 0O

‘(,(intern opstring) ,Qargs))
gooboobodoobobooboobobooboobbooboobbuooboobboobo
> (defun our+ (x y) (+ x y))
OUR+
> (string-call "QUR+" 2 3)
5



intern 0000000000000 0OOO0O0OO0OO0OO0OO0OO0OO0O0OO0OOOO0OO0ODOOODOOO0OODOOOOOOO0O
goobobooobobtboobobuooobbboooobbUooobDb0o0oUbD bbb bOUdblour+ggoboog
godooobooobooooooooboooooooon

Miller O BensonO Lisp Styleand Design D 00 0000000000000 OO0OOOOOOOOOOOOO
CommonLispO0 O CLtL20 000000 (p. 78d&rest 1 I DO 0D UIODOOODOODOOOODOOOOOOOOOO
0000000000000 b oo ooobob oo booonbD&grestd0odoon
goboobbooboboobboooboobboooboobboobooboboooboa

000000000000000000000000000 apply00000000O0O0OOOCommon Lispd O
000000000000 000000000000000000000000 etalD000O0O00O et-al 000
gooooood

(defun et-al (&rest args)
(nconc args (list ’et ’al)))

cooobooobooooooooOooOoOoOoOoboboOoobooOono

> (et-al ’smith ’jones)
(SMITH JONES ET AL)

CO00000 apply0d000ooobooooboocoooooobooooooooonn

> (setq greats ’(leonardo michelangelo))
(LEONARDO MICHELANGELO)

> (apply #’et-al greats)

(LEONARDO MICHELANGELO ET AL)

> greats

(LEONARDO MICHELANGELO ET AL)

00000 CommonlLispd 0000000 OOOODOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
ooooooo
UoboboOodooboodb0bD&rest000000O00O0O0O0O0OO0DOOOOOOOOOOOOOODOCOOOOOOO
coobooooobooooooooooOoooooOoboOoboobooOoooooooooOoOoooOooboboOooooOoOoooooa
0—00000000000000000000000&rest000 nconc00000000ESD

(defmacro echo (&rest args)
¢, (nconc args (list ’amen)))

go0ooooooooooonoo
(defun foo () (echo x))
oooooooo CommonLispD[lDl]DDDDDDDDDDDDD

> (foo)

(X AMEN AMEN)

> (foo)

(X AMEN AMEN AMEN)

foolUOOUOODOODOOOODOOOODOODOODOODOOODODOODOODO foobOODOOOODO

goobgooo
gogboooboboobooboboobooobooboobbooboobbooboobbooboobDbooon

O0O0OC0OC0OOO0OOCOfoo0 1000000DO0D0O 200 amend 000000000 OOOOOOOOOODOOOODOO

O0O0O0OD foolOOODD 100000000000 ODODOODODOODDO1000000O0DDOO
echoUUOOOOOOODOODOODODOO

(defmacro echo (&rest args)
¢ (,0args amen))

00000000000 nconcO00 append 0000000000000 O0O0O00O0C0OO00foo000O0O0O0O
0000000000000 0000000000000000 echoO00O0OOO0O0O0OODOOOOOOOO???200
OO0??ENDOOOOOOOOOOOOOOOOO

*26 > (foo) 0 ‘(quote ,(fo0)) 0D DIDOODOMO



oooooooood

(defun ntha (n 1lst)
(if (=n 0)
(car 1st)
(ntha (- n 1) (cdr 1st))))

oooooooooooon

(defmacro nthb (n 1lst)
“(if (= ,n 0)
(car ,1st)
(nthb (- ,n 1) (cdr ,1st))))

044 0DO0OO0O0OO0ODOOOOOOOOOOOOOO0OO

goboobobooboobbb&restddgnoogooooboobbobbooboobbooboon
gbobooooooogboboboboooooooooboobooboboon

(defmacro crazy (expr) (nconc expr (list t)))

(defun foo () (crazy (list)))
Jddd0o0o0oo0ooooooobDbobOoOooOooOooOoO0O00000000o0ooo0 1oooooboooobooOoobooOooOoo0oo0oooo

> (foo)
(T T)

gobooboobboobooboobbooboo
gogbooooboobooboboobooobooboobDbooboobbooboobbooboobDbooon
goboobooooooooboooboboboboooboobooooboboboboboboboooDoboDobOoboboboo
gooooboooboboobooboooobooboooboob bbb boobbobboobo o
30o0ooooooono
gobooobobooboobbooboobobooboobbooboobbooboobbooboobboon
0000000000000 0000000000 330000000000 oO0oOoUoOO
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gogboobbooboobbooboobobooboobbooboobbooboobbooboon

(defun our-length (x)
(if (null x)
0(1+ (our-length (cdr x)))))

cooooooboooobooOooOooOoOoOooObocOoOoOoOoOoOobooboOoooao

(defun our-length (x)
(do ((len O (1+ lemn))

(y x (cdr y)))

((null y) len)))

000000 oO0O000000000000000000o0oO0ogo 71000000000 OODODOODOOODOOO
gboooobgobobgooboooboobooooboobobobobooboobobboobUoboU0thgoO
00000(@QO0O0000000000nth 0000000000000 00000)0@4000 nth0 000000
UboooooobobobooobobDub0bU0 nthb 0O ntha OO0 OD00O00Onthb 00000000 ODOOO
gboooooobooboboboboooooooboboboo

gobooboooboobooooooboboboboobobboobobooboboobuobobo0obU0tnthb 00O Qd
ntho D0 O0O00O0 ntho OO O OD0OOO0O0O0O0O0000OD0O0 nthaODOODOO0OO0OD0 nO00O0OD0OOODOOOO
gobooooboboooobbooobbooobboooobbooobbboooboooobbooobobo
0000000000 (mtho x y) 0000000000 0OO0O0O0OOOO



(defmacro nthd (n 1st)
‘(nth-fn ,n ,1lst))

(defun nth-fn (n 1st)
(if (=n 0)
(car 1st)
(nth-fn (- n 1) (cdr 1st))))

(defmacro nthe (n 1lst)
‘(labels ((nth-fn (n 1st)
(if (=n 0)
(car 1st)
(nth-fn (- n 1) (cdr 1st)))))
(nth-fn ,n ,1st)))

045 OO0 200000000

(if (= x 0)
(car y)
(nthb (- x 1) (cdr y)))

coooOooooboOooboooooon

(if (= x 0)
(car y)
(Af (= (- x 1) 0)
(car (cdr y))
(nthb (- (- x 1) 1) (cdr (cdr y)))))

coooooooboooooboooooobooooobooboooooooooooooboooooooboboOoooooooooa
oooooooobooon

nthb 00 O0O000O00DO0O0O0OO0O0OOOO0OOCOOCOOCOOOOOOOOOCOODOO0OOOOOOOOOOnOOn
ocooooooooooooooooboooobbo0ooooooooooooboboooooooobboooooooooDoDOg
cooobodooobooooooooOooOooOooOoboO00oboo0oOoOooOoOooooOboOoOoOooOoobboOooooOoboOoOoooa
ooo

Ub0000ntha0O0000000O0O0O0O0O0OO0O0OO0OOOCOOCOOOCOOOOOOOO0OOOC0OOC0OO
nthb OO0 O00O000O0O0O00O0CO0O0

(defmacro nthc (n 1st)
‘(do ((n2 ,n (1- n2))
(1st2 ,1st (cdr 1st2)))
((= n2 0) (car 1st2))))

ocooooooooooooooooboooobboooooooooooooboooooooobboooooooooDoDOo
cooooooooog

000000000000000000000000000000000000000000M@dE00000000
000000000000 2000000nthd00000 100000000000000O0O0O00O0COOOOO
cooooooobooooooooooooooboobooboooooooooooboooooooboboOoooooooooa
ooo

bobooobOobooOooooobOo0obO0o0oOO00obOOoO0OOO00OO0O0OO0b0DbO00bO000O000Onthe OO
00000000000 0000000000 1abelsd 0 270000000000000000000O00O0O0Onthe
CO0bOO000O000O0000000 nth-fn00000COOnthe 00000000000 O0OO0OOOOO0OOCOO
ooo

gobooooooooobodooboooobooooooooooooobodoobooooboooooooOooonogd
00000 LispOO0000O0DOO0O0OO0OOOU0DOOU0DO0OU0DOO0OO0O0O0O0OO0 or0U0D00OUDOOUDOOUDO
oooooooooooobobooooooo



(defmacro ora (&rest args)
(or-expand args))

(defun or-expand (args)
(if (null args)
nil
(let ((sym (gensym)))
‘(let ((,sym ,(car args)))
(if ,sym

, Sym
, (or-expand (cdr args)))))))

(defmacro orb (&rest args)
(if (null args)
nil
(let ((sym (gensym)))
‘(let ((,sym ,(car args)))
(if ,sym
,Sym
(orb ,@(cdr args)))))))

046 D0OOODOOO

04 000or00000000000D0D000O0DDOO0 2000000000 ora000000000O00O0
U000 or-expand 0000000000000 000000000 oxrbU00O00orb0000O0OOOOOOONO
gboboooooboooobooboobooboobob0oob0o@WooboboooboboboobobooboDboboo
O000000MO0O000 orvp000D0OO0OO0DOOOOOOUODODOODOOD 10000OD0ODOUODOODOODOT
orb0 000000 O00OOO letd0O0O0OO0OO0OODOOODOOOODO0ODOD letbO0ODbOODOODOOO
(orb x y) O0OOOOOODOOOOOOODOOOOO

(let ((g2 x))
(if g2

g2
(let ((g3 y))
(if g3 g3 nil))))

U0 oral orb0 000000000 OODODOODOODOOOODOODLOOODO

10 DOoooon

oooooooo0oOoooooOO0o00ooOoOO0000Do0OoOO0000O0DODO00—>0OD0000oo0oOoo0——300
oo0o0ooo0l100000000000000000O00000O0OD0000DODOO00O0ODOO0O0O0ODOOO0
ooo0o0ooOo00ooO0o0ooOo0o0ooOO000OO0O000D 2000000 200000000000D0OO
coooboooobooooooooboooooobooooon

oo 3000000000000000000000000DOOODOO00000O00O00 10000DBOODOO
ocoooooooooooooooobooooobbo0oooooooooooobobooooo0ooboboooooooooDoDOg
coboooboooooobooOOooOOoOoOOO0ObOOO0OOOO0OOOO0ODbOOO0OOO0OOO0OODOOODOOOmOoooOa
goooooooooooOooOoOoOOOOOOOOOOODOOOOD10000000000000O0O00000O
coooboooooooooocoooooa

10,1 OODOODOOOOO

00000000 20000000010000000000000000000000000 1let000000OC
gbobobO0Oblet0O000OO0O0OO0O0OO0O0OOO0OOOOOOOOOOOOOLOOODODODODODODOxOOOOO
0000 a000000O0O0OOOODUOOOO Ooooo



(defmacro our-let (binds &body body)
‘((lambda , (mapcar #’(lambda (x)
(if (comsp x) (car x) x))
binds)
,@body)
,@(mapcar #’(lambda (x)
(if (comsp x) (cadr x) nil))
binds)))

047 letD00O00O0O0OOODO

(defmacro when-bind ((var expr) &body body)
‘(let ((,var ,expr))
(when ,var
,@body)))

(defmacro when-bind* (binds &body body)
(if (null binds)
‘(progn ,@body)
‘(let (,(car binds))
(if ,(caar binds)
(when-bind* , (cdr binds) ,@body)))))

(defmacro with-gensyms (syms &body body)
‘(let ,(mapcar #’(lambda (s)
‘(,s (gensym)))
syms)
,@body))

048 DO0OOOO0DOOODOOOO

(let ((x ’b)) (list x))
0odod s x0b0oooon list0ooooooono
gbooboobgbooobobooboboboobobobbo0bUbib0bUOb0Uprogl O prognDOODOO
ddddddooooooooobooboboobobbobobooddddodooooooooooooDoOoobooOoooOO
0oddoooooobdooboooooooooboooob oo ooobO o000 ooobooooooOooOon
ddoooooooooad
OO0 let000000 lambda 00 0000000000000 O0O0OOo0ur-let0000000O00O0OO
gooood-——-

(our-let ((x 1) (y 2))
+ x y)

doooooooooo

((lambda (x y) (+ x y)) 1 2)

0d300000000000000000000 3000000 75000 when-bindJOOODOOOOO
00000000000000000000000 chingDOOODOOODODODOO0OO0OO0OO0O0O0OOO when-bind*[
(symbolexpressionC D 0000000000000 —1let00000O00O0O0OOCOUOODOO nilOOOCOOO
O when-bindx0 000000 nilOJ0O00O0O0O0O0O0OODO0OOO0OOOO0OO0O0O0OO letxOO0OO0OO0O0O0OoonO
doooooooooo

> (when-bind* ((x (find-if #’consp ’(a (1 2) Db)))
(y (find-if #’oddp x)))
(+ y 10))
11
Ubo0obb00b with-gensyms DU 0O 00000000000 00CO0OO0O0O00O0O00O000O00O0 gensyndO00O4d

000000000000000000000000 with-redraw (p. 11500 500000



(defmacro condlet (clauses &body body)
(let ((bodfn (gensym))
(vars (mapcar #’(lambda (v) (cons v (gensym)))
(remove-duplicates
(mapcar #’car
(mappend #’cdr clauses))))))
‘(labels ((,bodfn ,(mapcar #’car vars)
,@body))
(cond ,@(mapcar #’(lambda (cl)
(condlet-clause vars cl bodfn))
clauses)))))

(defun condlet-clause (vars cl bodfn)
“(,(car cl1) (let ,(mapcar #’cdr vars)
(let ,(condlet-binds vars cl)
(,bodfn ,@(mapcar #’cdr vars))))))

(defun condlet-binds (vars cl)
(mapcar #’(lambda (bindform)
(if (consp bindform)
(cons (cdr (assoc (car bindform) vars))
(cdr bindform))))
(cdr cl)))

049 condl letOOOOOOO

(defmacro with-redraw ((var objs) &body body)
(let ((gob (gensym))
(x0 (gensym)) (yO (gensym))
(x1 (gensym)) (yl1 (gensym)))
o))

00000000000 0with-gensyms U0 000000000000 0O0O0OO0OOO0O gensymOdogoogno
gbobooooobooboboboboooooogooo

(defmacro with-redraw ((var objs) &body body)
(with-gensyms (gob x0 y0 x1 y1)
o))

obooooooboobobobobooon
0000000000000 000DoO000o0o000oo0o00D 10000000000 let00OOO0OOOOOd
gooooo

(let ((sun-place ’park) (rain-place ’library))
(if (sunny)
(visit sun-place)
(visit rain-place)))

gooboobodoobooboobooooboobooobob bbb booboobboobOoo
gbooooooooonog

0000000000000 00000000000000000O00Ocondletd condd letOdOOOO
goboooooooooboooboboboooooooooooboboboboboooboooDooLooboboboboo
gobgooboobboobooboooboobooobooboobbooboobboobooboboooboo
gbobooooooobgboboboboooouoboobtdniltgbobOoDo

> (condlet (((= 1 2) (x (princ ’a)) (y (princ ’b)))
(=1 1) (y (princ ’c)) (x (princ ’d)))
(t (x (princ ’e)) (z (princ ’£))))
(list x y 2))

CD

(D C NIL)



condlet UO OO our-let 00000 0ODOODOOOOO0O0OOOOOOOOOODOODODOODODODOOOOOOOO
O000000D000D00000000OOOcondletd labelsOOO0OO0OODOOODOOODODOODOOOOOOO
0000000000000000000000000000000000000 condOD 000000 D0O0UDOOOO
gboobooboboobobbobob0ubUl mapcan 0O mappend 0000000 OO0OO0OODOO
O0wmapcan 0000000000 1030000000000000000000O0OOOOOOOOOOOOOOOO

10.2 with-0O0OODO

godo0oo0ooOoOoOoooo loooooooooOoODOODOOOOOOOOOO0OO0OOOOODOOODODOOODOO
0000000000000000000000000Lisp000000000O0000O0OO0O00OOOO0O0O0OO0O0On0
gooboobodooboboobooboooobooboooboob bbb booboobbooDbOoo
ood

gbgobooobobooboboobob with-ODODOOODOODODLOOODODOODODODOOD
with-open-file OO OOO0OO0OODOOOOOOOOOOOOODOODOODODOOOOOOOOOOD

(with-open-file (s "dump" :direction :output)
(princ 99 s))

0000000000000 0dump0 0000000000000 2000990 0000000000

goobObO0o0oo sObOO00oooooobooOobOobooooobObOoooooobObobOoooooooboobooOoOoo
ocooboOoooooooboboooooooobDbOobODbbOb0OOo0ooobDbObOOooooooDDbDbOOoOoOoooo
ignore-errors O CLIL2 0000000000000 OO0OOCOO0O0DOO progn0000O00O0O0O0OOOOO0C
000000000000000000000000 ignore-errors 000 nil0000(MOUOOOOOOOOO
0000000000000 00000000)ignore-errors 1000000000000 O0DO0OOOODOOOO
coooooooboooooboooooooooobobocoOobooOoobooOoooon

gooooooooooboooobooooooooooooooooobo0obooooboooooooooDooDo
cooooooobooooobooooOooOoOoOoOoOboO0OobOOoOoOoOoOoOoOoOoOCOb0OOOoOoOobObOOoOoboOOoOoOooDooO
O0—0000000000D000D00 with-open-fileO0 000000000 O0O0O0ODOODOOOOODOOO
O00000000Ouwnwind-protect 0000000000 O0OO0DOOOO0OOOOOOOO

unwind-protect U0 OO O0O0O0O0OO0O0OO0O0O0O0DOCOOOODOOOO0OOOOOOOO0ODOOOOOOOOODOO
00000000 10000000000000000000000D0000000 progt 00000 100000
000000000000 10000000000 throwODODOOOOO0O0OODOOODOOODOOOOODOOOOO
oooo

> (setq x ’a)
A> (unwind-protect
(progn (princ "What error?")
(error "This error."))
(setq x ’b))
What error?
>>Error: This error.

0 unwind-protect 0000000000000 ODDOOOO0O0OOODOOOOOOO 200000000000
goooooon

>x
B

000 with-open-file [l unwind-protect U0 0000000000000 O0O0O0O0O0O0O0O0O0O0O0O0O00O0O0O0O
oooooooooOoooood
oobooboooboooooooooooooooooooooooooooooooooooooooooooon
O00000D0o00o0U00oooo000oooo0U0O*xdex0 00000000000 10000000 0oooo
ooooooooooooooobooooooooooobooobo0oooooooooooooooooooonoon
goooooo0oO0ooo0ooooooogdgg deon qoooooooooooooooooooo



ooooooo

(defmacro with-db (db &body body)
(let ((temp (gensym)))
‘(let ((,temp *dbx*))
(unwind-protect
(progn
(setq *dbx ,db)
(lock *dbx*)
,@body)
(progn
(release *db*)
(setq *db* ,temp))))))

gogboogooooobgoo

(defmacro with-db (db &body body)
(let ((gbod (gensym)))
“(let ((,gbod #’(lambda () ,@body)))
(declare (dynamic-extent ,gbod))
(with-db-fn *db* ,db ,gbod))))

(defun with-db-fn (old-db new-db body)
(unwind-protect

(progn
(setq *db* new-db)
(lock *dbx)
(funcall body))

(progn
(release *dbx*)
(setq *dbx 0ld-db))))

050 0000 with-O0OO0OO

(let ((temp *dbx))
(setq *dbx db)
(lock *dbx*)
(progl (eval-query q)
(release *dbx)
(setq *db* temp)))

00000000000000000000000RI 0000000000000 000000000O0DO00O0
00000000000 Owith-db OO O0O0OOO0OOO0OOOOOODOODO

(with-db db
(eval-query q))

with-db OO OO progl 00O unwind-protect DO O UODOODOOOOOOOOOOODO

O0B0I00 200 with-db OO0 DO0O0DDOOO0DD 20000000000000000010000000
O0000200000000000000000000000 with-O00OODOOOO0OODOOODOOO020000000
oooooooo

CLtL20 00 Common Lispd 0000000 dynamic-extent 00 0000000000000 DO0O0OOOOO
OooooooOooooDocuLlloooooonooooooom@Oonooononnn with-db-fn 000000000
goooooooooooooooooooooooooooooooooooooooooooooooooooon
ogoooooooooooooooooooooooooooooooooooooooooooooon

10.3 ODODOOOO

gobooobooboobooobbooboooobooboobbooboobbooboobbooboobboon
gboboooboboobOobOo0obUiffand condd 00000 DOOO00O0ODOOO0ODODOODOODODOO



(defmacro if3 (test t-case nil-case 7-case)
‘(case ,test
((nil) ,nil-case)
(? ,?-case)
(t ,t—-case)))

(defmacro nif (expr pos zero neg)
(let ((g (gensym)))
‘(let ((,g ,expr))
(cond ((plusp ,g) ,pos)
((zerop ,g) ,zero)

(t ,neg)))))
051 00OD0O00OOOOO0DOODbOOO

gobooboobbooboobbooboobbooboon
(if t ’phew
(/ x 0))
0300000000000000000000O00O00000OD0 1020000000000000D00000O0DOO
if000000boonn phewd Qo

goboobbooboobbooboobobooboobbooboobbooboobboobooboboon
EIO00if00000000000002000000if3000000000000000000000000O0
O000000nil000O0O0OO0OCOO00O00ODOODOCOOO0O0O0ODOODOOOOO0 30000000 OUOODOOOOO
000 000000000000 5000000000000000000000D0O000O

(while (not sick)
(if3 (cake-permitted)
(eat-cake)
(throw ’tantrum nil)
(plead-insistently)))

O00000000000000 case0000000(@0nil00D00000000000000Ril 0000
0000000000000 0)000 30000000 100000000000 10000000000

nif 0000000numericii 000 fMO000000000O0O0OO0OO0 bnmOO0O00O000O00000O0O0OO
0l0000000000000OO0OC0OO 3000ODODODODOODODODODODOO

> (mapcar #’(lambda (x)
(nif x ’p ’z ’n))
(01 -1))
(ZPN)

0B20000000000000000000000000000000000 in00000000000000
cooooooobooooobooooooOoooooboboOoOobooOooooOoOooOooOboOoOoOoboOoobboOooooOoOoOooOoooo
ooobooUdoDOOOoOoOoDOoOn

(let ((x (f00)))
(or (eql x (bar)) (eql x (baz))))

jddooooooooobobbbobobobobooo

(member (foo) (list (bar) (baz)))

O0000000000000000Omember 1000000 2000000000000000000000O00O00O0
JdddddOmember 0000000000000 0O0O0O0OO0OO0OOOOOOOOOOOOODOODOOOOOOOO
0000000000000 00000000000000000000000000000000000 (foo) 00O
O (bar) D0O00O0O0O0ODO(baz) 0O DO0OOO0OO00O0OO0O0OO0DO00OO0O0OO0OD0O00OO0OOOOOO member
000000000000 00000000000000000000000000004n0 member 10000 or
o0 bind0dddddd memberdddgdgggoonon



(defmacro in (obj &rest choices)
(let ((insym (gensym)))
‘(let ((,insym ,obj))
(or ,@(mapcar #’(lambda (c) ‘(eql ,insym ,c))
choices)))))

(defmacro inq (obj &rest args)
‘(in ,obj ,Q@(mapcar #’(lambda (a)
7,a)
args)))

(defmacro in-if (fn &rest choices)
(let ((fnsym (gensym)))
‘(let ((,fnsym ,fn))
(or ,@(mapcar #’(lambda (c)
‘(funcall ,fnsym ,c))
choices)))))

(defmacro >case (expr &rest clauses)
(let ((g (gensym)))
‘(let ((,g ,expr))
(cond ,@(mapcar #’(lambda (cl) (>casex g cl))
clauses)))))

(defun >casex (g cl)
(let ((key (car cl)) (rest (cdr cl)))
(cond ((consp key) ‘((in ,g ,@key) ,Q@rest))
((inq key t otherwise) ‘(t ,Q@rest))
(t (error "bad >case clause")))))

052 00000O0o0oOoooooo

(in (foo) (bar) (baz))
gooo0oooooooooooono

(let ((#:g25 (f00)))

(or (eql #:g25 (bar))
(eql #:g25 (baz))))

gogbooooboobooboboobooobooboobDbooboobbooboobbooboobDbooon
00o0000o00o00oO0oU00o0oOoU0Oo0oO0oU0O0O0U0mUoooOOoUooooUo 3poooooom

inq O “inqueue”0 000000000000 000D in000000000000 set00000 setqOOO
oooOoooooooon
(inq operator + - *)

goboobooobd

(in operator ’+ ’- %)

member 0 O00000O000O00O0iIinDO inqOOO00000O0 eqlO0OOO0O0O0O0DOOO0OO0O0O0OO0OODOO
0—100000000000000000——000000 in-if0000000in-if0 someO0000000O

U0 inO member DO ODOO0OOOOOOOONO

(member x (list a b) :test #’equal)
gbooboooooooogo
(in-if #’ (lambda (y) (equal x y)) a b)

gooboooobgod

(some #’oddp (list a b))

ooooooog
(in-if #’o0ddp a b)




(defmacro while (test &body body)
“(do O
((not ,test))
,@body))

(defmacro till (test &body body)
“(do O
(,test)
,@body))

(defmacro for ((var start stop) &body body)
(let ((gstop (gensym)))
‘(do ((,var ,start (1+ ,var))
(,gstop ,stop))
((> ,var ,gstop))
,@body)))

053 DO0OOOUOoOooo

cond] in0000000000Ocase0 00000000000 OCommonLispd000 cased 000000
gbobobobboooooobd case0000OD0D0ODOODODODODODODLODLOOOO>»>asedJgoQQ
0000O0Db0b0Db0ODbOb ceasebonooboobooboboobooooooboooobooooboooooooo
O000@O0O00>00000000000000000000)>»ased in0000000000000OOOO0O
gooon

OO0 Lisp00000000DO0OU0DOG yyOOOOODOOODOOOOOOO0O 2000000000000000
0000000000 000000M+00000000100000000000000000000O000000O0
O0Ocase 00000000 0O0OD0O nil000 car 00000000 0ODOOO>cased00nil OO0 card
gooboobogobbooboobobooboobbooboobboboboobo

U0000b0O0b00b0O>easeDOUOOOOO0DO0ODO0ODO0OD00O0OO>casex0000O00OO0ONO>casex
o0 inqU 00000 booboonbobd

104 OO

oooo0o0ooooo000ooooooO0O0o0o0ooooOO0000 100000000 ooOO0O00OoBooDO
00o0oooo0o00oooO00 10000000 ooo0ooO0o0oooO00oooOOo0oOoDOooDoODOoOoDoOoDOoO
coooooooooooobooooooooon

ooboooooooooboocooobooobObooobooOoooon

(defmacro forever (&body body)
“(do O
(nil)
,@body))

Ubo0bO0bobO0obO0obOo leepdbgbobobOobOOobOOOOOOOOOOOOOOOOOOOOOODODOO
000000000000 b0obobDobo0obb0@MOoOn blockd return—from 000000 OO0O0OOOO0OO
gobgoobogbobooboobobooboobbooboobbooboooboobo

000000000000 0000000B30000whiledODOOOOOOO (p.vomOOOODODOODOOO
gobooobobooobobogo+sillbogooboooobooboooobooooboooobobooobo
for 000000 (p.qwe) D00 O0O0O0O00OOO0OOOOOOOOOO

gbobobiob0 do0DbO0ODODODOO0OODLDODLUODODODO goU return 000000000 0doDOO
O00000 block U taghody OO OOODONOODOODOOwhileOtilld ford doOO0OODOOOODOODOOO
O0zxcOODOOODOOOOOODdeO0O0O0DO0O0O0DO0O0O0OO0D nil00BIOO0O0D00DO0OOOOODOODO



(defmacro do-tuples/o (parms source &body body)
(if parms
(let ((src (gensym)))
‘(prog ((,src ,source))
(mapc #’(lambda ,parms ,@body)
,@(map0-n #’(lambda (n)
‘(nthcdr ,n ,src))
(1- (length parms))))))))

(defmacro do-tuples/c (parms source &body body)
(if parms
(with-gensyms (src rest bodfn)
(let ((len (length parms)))
‘(let ((,src ,source))
(when (nthcdr ,(1- len) ,src)
(labels ((,bodfn ,parms ,@body))
(do ((,rest ,src (cdr ,rest)))
((not (nthcdr ,(1- len) ,rest))
,@(mapcar #’(lambda (args)
‘(,bodfn ,@args))
(dt-args len rest src))

nil)
(,bodfn ,@(mapl-n #’(lambda (n)
‘(nth ,(1- n)
,rest))
len)))))))))

(defun dt-args (len rest src)
(mapO-n #’(lambda (m)
(mapl-n #’(lambda (n)
(let ((x (+ m n)))
(if (>= x len)
‘(nth ,(- x len) ,src)
‘(nth ,(1- x) ,rest))))
len))
(- len 2)))

054 000000000000000000

gobooboobbooboobboobobooboo

0000000000000 00000000000000000000000B4000 dolistOOOOO 200
0000000000000 U000DoO0o000000D0OC00000D0O0DOOO000O00ODDOOOO do-tuples/o
0000 200000000000000000000O

> (do-tuples/o (x y) ’(a b c d)
(princ (list x y)))
(a b)( c)(c d)
nil
OOOC0OCOOOODO do-tuples/c0 0000000000000 0OOO0OOOOOOOOOO
> (do-tuples/c (x y) ’(a b c d)
(princ (list x y)))
(@ b)(b c)(c d)(d a)
nil
000U retuvrn 0 nil oo
00o000ooooooooooOoOoOoOoO0oO00ooooooooDoooOOoO0OC0COb0O0g/od/cO0OOOnO

00000 (open)D 00000 (closed D D000 0OO0O000O0OO00O0O0OOODO0OODODOOOO points0O00O0O



(do-tuples/c (x y z) (a b c d)
(princ (list x y 2)))

gobooobooboo

(let ((#:g2 (a b c d)))
(when (nthcdr 2 #:g2)
(labels ((#:g4 (x y 2)
(princ (list x y 2))))
(do ((#:g3 #:g2 (cdr #:g3)))
((not (nthcdr 2 #:g3))

(#:g4 (nth 0 #:g3)
(nth 1 #:g3)
(nth 0 #:g2))
(#:g4 (nth 1 #:g3)
(nth 0 #:g2)
(nth 1 #:g2))
nil)
(#:g4 (nth 0 #:g3)
(nth 1 #:g3)

(nth 2 #:g3))))))
0 55 do-tuples/c000O0OOOOOO

000 (drawline x y) 0 x0 yOOOOOOOOOOOOOODOOODOOOOOOOOOOOOODODODOOOOO
gooboooo

(do-tuples/o (x y) points (drawline x y))

00 pointsO0000DO0OOOOOOOOODOODOODOODODOOOOOOOODO

(do-tuples/c (x y) points (drawline x y))
010000000000000000000000O0000000000O0000D000D0DD00oDoOoo0o0o0ood
010000000000 doelistO0OOODOO

> (do-tuples/o (x) ’(a b ¢) (princ x))
abc
NIL
> (do-tuples/c (x) ’(a b ¢) (princ x))
ABC
NIL

do-tuples/c 0000 do-tuples/o 00 0000000000000 000OOOOOOOOOOOOOOOOO
O000000000rD000000000Odo-tuples/c0000000n—100000000000000O0O
god

> (do-tuples/c (x y z) ’(abcd)
(princ (list x y 2)))

(ABCBCD(CDADAB

NIL

> (do-tuples/c (wxyz)’ (abcd)

(princ (list w x y 2)))
(ABCD)(BCDAI(CDABDABDOC
NIL

do-tuples/c 000000 100000000RI0DO0DOOODOODOOOOODOOOOOOOOOOOOOOO
0000000000000 000000000000000 2004dt-args0000000O0O0O0O

105 ODODOODOOOOO

000000 do0D00O000O0UDOODOOOO do0DD0OO0ODODUDOODOOODODUDODODOOODOOOLISpO
00000000000000000000BE000000000 dox00000000mvdox000000000D0



(defmacro mvdo* (parm-cl test-cl &body body)
(mvdo-gen parm-cl parm-cl test-cl body))

(defun mvdo-gen (binds rebinds test body)
(if (null binds)
(let ((label (gensym)))
‘(prog nil
,label
(if ,(car test)
(return (progn ,@(cdr test))))
,@body
,@(mvdo-rebind-gen rebinds)
(go ,label)))
(let ((rec (mvdo-gen (cdr binds) rebinds test body)))
(let ((var/s (caar binds)) (expr (cadar binds)))
(if (atom var/s)
‘(let ((,var/s ,expr)) ,rec)
‘(multiple-value-bind ,var/s ,expr ,rec))))))

(defun mvdo-rebind-gen (rebinds)
(cond ((null rebinds) nil)
((< (length (car rebinds)) 3)
(mvdo-rebind-gen (cdr rebinds)))
(t(cons (list (if (atom (caar rebinds))
’setq
‘multiple-value-setq)
(caar rebinds)
(third (car rebinds)))
(mvdo-rebind-gen (cdr rebinds))))))

056 0000000 doxO

gobooboogoobooo

> (mvdo* ((x 1 (1+ x))
((y 2) (values 0 0) (values z x)))
((> x B) (list x y 2))
(princ (list x y 2)))
(100)(202)(323)(434)(5 45)
(656)

coooboooboooooooobooboooooboooooooooooooooooooooooOoooooooonoa
cooooooooooobooboooooono
0000000000000 000000O0000O0O0000O0O0000 2000000000000 0O0O0O0OOC
0000000000000000000000000000000000000O000BAM 0000000000
Oo0oboOoOOmvdexO0 O O0OO0O0ODOOOODOOO
oobooooooOooobodobOmvdoOOOO0OO0O0OOOOO

> (mvdo ((x 1 (1+ x))
((y z) (values 0 0) (values z x)))
((> x B) (list x y z))
(princ (list x y 2)))
1000 1B12)(423)(6B34
(645)
do000UD0 psetqI 00000000 D asd0 0000000 0Omvdo 000000000000 0OO psetqO
00000000000 Commonlispd 0000000000000 O00O0O0O0O0O0O0ODOODOGEI 00000000
gboooooooboobobon

> (let ((w 0) (x 1) (y 2) (z 3))
(mvpsetq (w x) (values ’a ’b) (y z) (values w x))



(mvdo* (((px py) (pos player) (move player mx my))

((x1 y1) (pos objl) (move objl (- px x1)
(- py y1)))
((x2 y2) (pos obj2) (move obj2 (- px x2)
(- py y2)))
((mx my) (mouse-vector) (mouse-vector))
(win nil (touch objl obj2))
(lose nil (and (touch objl player)

(touch obj2 player))))
((or win lose) (if win ’win ’lose))
(clear)
(draw obj1)
(draw obj2)
(draw player))

(pos 0obj) 0 2000 x0 yOOODOOOODO objO0O0ODODODOOOODOO300O0OO
oooooooooooono

(move obj dx dy) OO0OOO0OODO objOUOOOODDO dx,dy0000 objOODOOO
0000000000 2000 xO0yOODO
(mouse-vector) 00O 00D00O0ODDOOD 2000 dx0dydO00OO

(touch objl obj2) O0obji 0 obj2 0000000000 OONOON

(clear) OO0 OOOOO0O0OOOO

(draw obj) O objO0OO0O000O0O0COOOOOO

057 DoOO00OoO

(defmacro mvpsetq (&rest args)
(let* ((pairs (group args 2))
(syms (mapcar #’(lambda (p)
(mapcar #’(lambda (x) (gensym))
(mklist (car p))))
pairs)))
(labels ((rec (ps ss)
(if (null ps)
‘(setq
,@(mapcan #’(lambda (p s)
(shuffle (mklist (car p))
s))
pairs syms))
(let ((body (rec (cdr ps) (cdr ss))))
(let ((var/s (caar ps))
(expr (cadar ps)))
(if (consp var/s)
‘(multiple-value-bind , (car ss)
, €Xpr
,body)
‘(let ((,0(car ss) ,expr))
,body)))))))

(rec pairs syms))))

(defun shuffle (x y)
(cond ((null x) y)
((null y) x)
(t (list* (car x) (car y)
(shuffle (cdr x) (cdr y))))))

058 0000000 psetqd




(defmacro mvdo (binds (test &rest result) &body body)
(let ((label (gensym))
(temps (mapcar #’(lambda (b)
(if (listp (car b))
(mapcar #’(lambda (x)
(gensym))
(car b))
(gensym)))
binds)))
‘(let ,(mappend #’mklist temps)
(mvpsetq ,@(mapcan #’(lambda (b var)
(list var (cadr b)))
binds
temps))
(prog , (mapcar #’(lambda (b var) (list b var))
(mappend #’mklist (mapcar #’car binds))
(mappend #’mklist temps))
,label
(if ,test
(return (progn ,Q@result)))
,@body
(mvpsetq ,@(mapcan #°’(lambda (b)
(if (third b)
(1ist (car b)
(third b))))
binds))
(go ,label)))))

059 0000000000 do

(list wxyz))
(ABO1)

mvpsetq0 OO0 30000000000000O000OOOOmklist (p. sdfdgroup (p. dfg)D 00 CO00O00OO
shuffle 00000 200000000000000000000O00O

> (shuffle (a b c) (1 2 3 4))
(A1B2C34)

mvpsetq 000 0mvdo 00BN 0000000 0condlet 00 000000000000 O0OODOOOODOOO
0000000000 mapcar 0000 mappend 00000000 DO mappend-mklist 00000 1000000
oooo

> (mappend #’mklist ’((a b c) d (e (£ g) h) ((i)) 7))
(ABCDE(FG)H(I) J)

0000000000000 000oo00oooeOo00ooooooooo

106 OJOOOODOO

gobooooooooobodooboooobooooooooooooobooooboooooooooooooonog
cooooooooobooooooooboOooOooOoobOboOoOoOoOoOoOoOooOb itoobooooooboOoOoobooOon

(defun fnif (test then &optional else)
(if test
(funcall then)
(if else (funcall else))))

thenD O else0 00 0000000000000 000O0O0O00OO0O0O0O0OOO0OOOOOOOOO0O
(if (rich) (go-sailing) (rob-bank))
gobooboobobooboobo



(mvdo ((x 1 (1+ x))
((y z) (values 0 0) (values z x)))
((>x 5) (list x y 2))
(princ (list x y 2z)))

ooooocoooocooooon

(let (#:g2 #:g3 #:g4)
(mvpsetq #:g2 1
(#:g3 #:g4) (values 0 0))
(prog ((x #:g2) (y #:g23) (z #:g4))
#:g1
Gif (> x 5)
(return (progn (list x y z))))
(princ (list x y 2z))
(mvpsetq x (1+ x)
(y z) (values z x))
(go #:g1)))

060 mvdoOODOOOOOOOO

(fnif (rich)
#’ (lambda () (go-sailing))
#’(lambda () (rob-bank)))

googoooobobobbooooooooobooboboooooooooobobobbboboooooobbbbbooooooo
gooooboooboobooboobooobooobobooboobbooboboobooboobooboooDo
ood

goooooooboboboobbobooooooobobbbooodoooobLD bbb bbb UUooL o
0000000000000000000000000000000EI DgDnooo0o0o0O mapc 0 dolist OO0
goo

(dolist (b bananas)
(peel b)
(eat b))

cooooooboocoobooono

(mapc #’ (lambda (b)
(peel b)
(eat b))

bananas)

(000000 nil00000000 bananas J0000)000 forever 0000000000000 O0OOOOO
gobooooooooobogog

(defun forever (fn)
(do O
(nil)
(funcall fn)))

OO0 forever DO 0O0OO00OD0OOOO0OOOOOODOOODOOODOOODOOOOOODOOOOODOOOOOOCOO
coooboooboooooooobooboooooboooooooooooooooooooooooOoooobooooonoag
cooooooobooooobooooooOoooooOboOoOobooOoOoOoOoOoOoOooOboOoOoOoboOoOobOboOoooOoOoOooOoooa
ooo

2IOp0000000000000000000000000000000000000000 eval 00000000000 O0O00O eval
oooooO0o0boO0o0ooOoOoooO0oO0bOOwerdOoOoO0oOO



11 00O

0800000000000 10000000000 DOO0O0OODODOOOLO0O0DODODOOO0OO 100 setf
CO000000O0setf0000O000O0O0O0OOOOOODOCOODOCOOOOOOOOOOOOOOO

setf 0000000000 O0OOOOOOO0O0DOOO0OOOO0OOOOOODOOODOOOOOOOOOOOOO0OO
0000000000000 000000000000000000000000000000 2000 setf000O
Co00O0oO00obOoOoobooooO0obOOoOoboDbboO0 setf 0000000000 OOOODOOOOOOOOOO

111 OO0

O000D0D0 setf 0 setqO00000000setf 00 1000000000000000000O0DOOOOOO
ooooo

> (setq 1st ’(a b ¢))
(ABC)

> (setf (car 1lst) 480)
480

> 1st

(480 B C)

00000 (setf x y) 0Ox0O yOOOOOOOOOOOOOOOO0OOO0OOOO0OOO0O0OO0OOOsetf00O
O000000000o000oo00oDoo00oo00ooo0uoo000oDoo00o0o0Dmooooolooog
O00U0U0O0O0O0Osetf 000 setq0000000OCOO000 1000000000000 00O0OODODODODOOsetf
00000000000 (assertionD 0000000 2000000000000000000000O0O0O0OOOO0O
god
(progn (rplaca lst 480) 480)

000000000000000000000000000000000000 (inversion)D 00000 car0 cdrd
nth0 aref getO gethash 00 defstruct 000000000000 O00Common Lisp000O000O000O0O00O
0000000000000000000000000000000000000000000@O0000 CLtL2
0 125000000)

setf 00 10000000000000O0OOgeneralizedvariable0 0000000000000 00O0O0O0O0O
gobooooooooobooobobobooooooooooboboboboboooboooDooobOoboboboo
gobgogbooobuoobboooboobboon

U0 setf 00000000 DOO0OOODODOOODODOOODOODODOOODODOOOsett 0 0DOOODOO
00000 100 toggle DE8D

(defmacro toggle (obj) ; 000
‘(setf ,obj (mot ,o0bj)))

cooooooooooooo

> (let ((1st ’(a b <))
(toggle (car lst))
1st)

(NIL B ©)

oo ooobobbb——D0hbobbotoodddooooooooobobDbobobo
o0o0oo0—>0O0o00o0oo0o0bOo0o0o0oUo0oOoUooooUoooOOoUooDooooooooo
ddoooooooooooo
(defvar *friends* (make-hash-table))
gjodooooooooobobobbobobbbbbbbbbbdddd0UUUU tUUdUd nilbbbbbooboo
(setf (gethash ’mary *friends*) (make-hash-table))

JohnO MaryOOOQOOUOOOOO0O0OOO0OO0OO0OO0OOO0OOOOOOOOO

*2820Q0pQ0000000000000000000



(setf (gethash ’john (gethash ’mary *friends*)) t)
00200000000000000000000000000000O000O000O0O0OO0O0OO0OOO0O0O00DO
gboobooobooboobooobooboobooboobooboooboobooboobobOobobOobooobo
o0o0oo0boooooDo

0000000000000 0x0y0O0000D0O00000O00000O0O00O00OO0O0O0OO0

(setf (gethash x (gethash y *friends*))
(not (gethash x (gethash y *friends*))))

00000000000 0D000 setf00000C0COO0OO0O0ODOOO0OCOOOO0OO0MOOOOOOODOOOO
coooboooooooooobboooo

(defmacro friend-of (p q)
‘(gethash ,p (gethash ,q *friendsx*)))

000000 toggle OO D0OOOODOOOODOOOOOUOOOOUOODODOUOOODDOODOODOOOOOO

goboobogoo

(toggle (friend-of x y))
goodoooooboboobooboobboooooooboobobboooooooooLD b bbb bbb ooULDb Do

000o0ooO0o00ooO0oU0oo0o0U0oo0o0UoOo0o0DoO0o0o0DoDOo0OO0O0DODOOoO0O0OoOOooDUOoOoOoUoo

gobooboobbuoobboobboobuob sett 0000000 DOODLOO

112 OO000O0DOOOO0ODOO

00000 toggleOOOODOOOOOOOODOOOODOOOO

(defmacro toggle (obj) ; 0oo
‘(setf ,obj (mot ,obj)))

0000 10100000000000000O00O00O000C00O0O0O0O0O00COO0OO0DOO0OO0ODOO
Ulst0b0odbobooobooboooboobbooboobbonn

(toggle (nth (incf i) 1st))
(+1)00000000000000000O0DO0OD0OD0O0D teggleDOOOODDOUDOUDDOODOODODOO
gobooboogoo

(setf (nth (incf i) 1st)
(not (nth (incf i) 1st)))

000i020000003G+1)000000 (:42)000000000000000000O00O0O0O0O

> (let ((1st ’(t nil t))
G -1
(toggle (nth (incf i) 1st))
1st)
(T NIL T)

toggle 00O OOOOOODOODODOO

toggle D0DODODO0OOOODOOOOODOOOOsetf 00 1000000000000 O0O0OODODODODOOOOO
gooooooOoOoooo0ooooooooooooooooooooooooooooooooooooooooon
ogoooooooooooooooooooooooooooooooooon

00000000000 CommonlLispd setf 00 000000000000 0O0O0OD0O0O0OODO0OOODOOOO
000000000000 define-modify-macro000000030000000000000000O0000MO0O
0000000000000000000000000000000000000000C0ESg

define-modify-macro 0 U000 0define 000000 ODOODO0O

(define-modify-macro toggle () not)

2900000000000000001+000 (lambda (x) (+ x 1)) 000000000



(defmacro allf (val &rest args)
(with-gensyms (gval)
‘(let ((,gval ,val))
(setf ,@(mapcan #’(lambda (a) (list a gval))
args)))))

(defmacro nilf (&rest args) ‘(allf nil ,@args))
(defmacro tf (&rest args) ‘(allf t ,Qargs))
(defmacro toggle (&rest args)
‘ (progn
,@(mapcar #’(lambda (a) ‘(toggle2 ,a))
args)))

(define-modify-macro toggle2 () not)

061 DO0ODO0OOOUDOOOOOOOO

0000000000 (toggle place) 000D O0O0OO00ODOOOplaceJ0000DODO0OOOODOODOOODOODO
O00000valO0OO00D00 (not val) 00000000 OODOOOOODOOOOOODODOODODODOOOO
gboooooooooogo

> (let ((1st ’(t nil t))
(i -1)
(toggle (nth (incf i) 1st))
1st)
(NIL NIL T)

O0000000000000000000000000000O00setfd setqO0000000O0O0O0OO00OO
OO00toggle 0000000000 BINOOOOOO0O0O0O0ON define-modify-macro 010000000000
ooooooooooo

113 ODO0OO0oO0boooog

gogboboobboobbuoobbuobobuoobboobobbooobbouoobboUo setfdobooobbooon
gbooooooooboboboboooog

OFINDO0setf 00000000000 DOD0 400000000 2a11f0000000000000000O0O0
gbobobobobobonilf0d tf 000000 0ODO0ODODODODOO nil 0 t0000O0O0OO0O0OOOOO
gobooboobbobobooboooba

setqUU0O0setf 00000000000 DOODODOODOOOOOOODOODOODODODOO

(setf x 1y 2)
goboooooooobgobobobooooooooobobobobooooobooobUt nilgbobobOobooo
(setf x nil y nil z nil)
gboooooooobobon

(nilf x y z)

UbO0b000 teggleJODUDOODOOOOOUDOOO nilf00000O00O0O0O0O0ODOODOODOODODLOOOOO

000 40000000000D00D0D0O0DODOODODOODODOODODOOOOOODOODODOODODOODOOODOOOOOO
O00000000OOsetqO000 setf 000000000 DOOCOO0OO0ODOOOOOOO 100000000
U0 setf U000 setqUOO0D00O0O0Osetf 0O 0OD0OOO0DOOO0DOOOOOOOODOOODOODOOOODOO
setqUUUDOOOO0OO0ODOOODOOOODOOO

020000000000 00000000000 3000000 3100000000000

(nconc x y)



(define-modify-macro concf (obj) nconc)

(define-modify-macro conclf (obj)
(lambda (place obj)
(nconc place (list obj))))

(define-modify-macro concnew (obj &rest args)
(lambda (place obj &rest args)
(unless (apply #’member obj place args)
(nconc place (list obj)))))

062 J0O00O0O0OO0O0OOOOOO

O0000o0o0O00ooO0o00ooO0o00ooOoo0oOoDOo0ooooDOooon
(setq x (nconc x y))

O00000 concf DOOOO0OOO0OOOOOOOOOODO conclf O concnew OO OOOO push O pushnew
O00000000000000000Oconcif0 1000000000000 00O0Oconcnew0000000O0O0
O0o0ooooooooooooo

02200000000000000 A000000000000O0O00O00O0O concif 00000000 ANOODOO
0 define-modify-macro 00 30000000000 0ert0000 conc1 0000000000000 O0ODOOO
goo
(define-modify-macro conclf (obj) concl)

020 0000000000000 00000000000000000000000000000000000
O0000Opush 00000000000 nreverse 0000000000000 0O0O00O00O0O0O0OOCOODOOO
00o00ooO0o00ooO000oooO00oooO00ooOO00ooOO00oOoO0O0DDOOO00DOOOoODoOOOO
O00Commonlispd 0000000000000 000O00000O0O0O00O0O0O0O00000O00O0O0ODO0O0O0O0O
ooooooooooooo

114 OO0O0OO0DOOODOODOO

define-modify-macro U0 setf 0000000000 OOOOOOOOOOOOOOOOOOOOOOOOO
0bob0oooob f000b00b000b00ob0oDbUD incf00+0 setf 0000000 0ODODODOODOO
googd
(setf x (+ x y))
gooooooogg
(incf x y)

00000 f00000000000incf 0 +000000D00DOODOODOf00 10000000000O00DO0
0000000000000000 cvbOO0OO scale-objs00 0000000000000 O0DOOOOO
(setf (obj-dx o) (* (obj-dx o) factor))
f0o0goooooboboboooon
(_f * (obj-dx o) factor)

ft0o000oooooobobobooboooooon

(defmacro _f (op place &rest args) ; 00O
‘(setf ,place (,op ,place ,@args)))

U0000define-modify-macro 0000 £f00000000000000O00ODO0O0OO0OODOODOODOODOOO
oboooooooobogoo

0000000000000 000000000000000000D000D0D0ooooooooon0nonCommon
LispOO O get-setf-method 0000000000000 0O0ODO0ODOOOOODOODOOOOOOODOOOOO
gobgooboobboobooobooboobboobobobbooboo



(incf (aref a (incf 1i)))
get-setf-method 00000000 OOCOOCOCOCODOOODOOODODOUULOUUOSODOODDOO

> (get-setf-method ’(aref a (incf i)))
(#:G4 #:G5)

(A (INCF I))

(#:G6)

(SYSTEM:SET-AREF #:G6 #:G4 #:G5)

(AREF #:G4 #:Gb5)

000 2000000000000000000000000O0000O0OO0O0O0OOOO0OO0DOOOOOODOOOO

(let* ((#:g4 a)
(#:g5 (incf 1)))
.9

gbobobobobobobobobobobuoooooooob0ob0ob0ob0ob0bU letxdbO0DODO
Doo0o3000ES0oDO000000000000000000000000000 100000000000 1+
goboobogood

(letx ((#:g4 a)
(#:g5 (incf 1))
(#:g6 (1+ (aref #:g4 #:g5))))
.

000 get-setf-method 00 40000000000000000000000O0O00O0DOOO0O0DOOOO0OO

(let* ((#:g4 a)
(#:g5 (incf 1))
(#:g6 (1+ (aref #:g4 #:g5))))
(system:set-aref #:g6 #:g4 #:g5))

0000 CommonlLisp0 0000000000000 00O0O0OD0O0O0UDO0OUDOOOD setf0000000O0OODO
gooooOoOoOoOO0oO0OO0ooOooOooOoUoUooogoooooooooooooooooooooooooon
OD00D00OD0OD system:set-aref U0 OD0OOO0OOO0O0OO0OOOODOGget-setf-method O OOO0OOOOOOOO
ooo

OO0 f0000000000incf000000000O0O0OOOOOCOOOOOOOODOOOOOOOOOOOO
O0OO0OO0O0OO0D0D0OD1etx00000001+00000000000000000f0000000000000OA0
0000D00f00000B3 0000000000

O0o0o0o0o0ooo0o0ooo0o0oOo0oO0oOoUoO0O0o0O0O00DO0O0oDDO0OoO0LODOOOOn
00 53000000000000000000000000EI0f0000000000000000000000O0
goobogogo
(_f memoize (symbol-function ’foo0))

f0000000setf 0000000000000 O000O0D0O000O00O00O concif00BI 00000000
ooooo

(defmacro conclf (1st obj)
¢(_f nconc ,1lst (list ,obj)))

O0BE3 00 setf 0000000000000 000000002000 pull0000000 pushnew 0000
000 (complement) 0000000000000 2000push0 pop 000000000000 0000 pushnew
000000000000000000000000000000000000O0pull 0000000000000
0000000000pull00000&rest 10000000 0pull 0 delete0000000000000000
000000000

00 300000000000 10000000000000000000000000000000000000000000000000
gooooooooooooooOoOoOooOo0On
<€lgpgoo0000ff0dNNNNNNNNONoNoNONonoNoooooon0Commonlispl000000000000O0OOO



(defmacro _f (op place &rest args)
(multiple-value-bind (vars forms var set access)
(get-setf-method place)
‘(let* (,@(mapcar #’list vars forms)
(,(car var) (,op ,access ,@args)))
,set)))

(defmacro pull (obj place &rest args)
(multiple-value-bind (vars forms var set access)
(get-setf-method place)
(let ((g (gensym)))
‘(let* ((,g ,obj)
,@(mapcar #’list vars forms)
(, (car var) (delete ,g ,access ,Qargs)))

,set))))

(defmacro pull-if (test place &rest args)
(multiple-value-bind (vars forms var set access)
(get-setf-method place)
(let ((g (gensym)))
‘(letx ((,g ,test)
,@(mapcar #’list vars forms)
(, (car var) (delete-if ,g ,access ,Q@args)))

,set))))

(defmacro popn (n place)
(multiple-value-bind (vars forms var set access)
(get-setf-method place)
(with-gensyms (gn glst)
‘(let* ((,gn ,n)
,@(mapcar #’list vars forms)
(,glst ,access)
(, (car var) (nthcdr ,gn ,glst)))
(progl (subseq ,glst O ,gn)
,set)))))

063 setf 000D 0OO0O0OOOOODO

> (setq x (1 2 (a b) 3))
(12(AB)3)

> (pull 2 x)

(1 (A B) 3

> (pull ’(a b) x :test #’equal)
(13)

>X

(13)

oobooooooooobooooboooobooooooOoooOoooa

(defmacro pull (obj seq &rest args)
‘(setf ,seq (delete ,obj ,seq ,@args)))

; 0agd

cooobob0ooO0oo0obO0o0ooood0bOOob0oo0o0O0obO00Ob00000d modify-macrod 0000 pull OO
ooo

(define-modify-macro pull (obj &rest args)
(lambda (seq obj &rest args)
(apply #’delete obj seq args)))
000 modify-macros 000000 1000000000000 0OO0DO0O0ODO 100 2000000000000
gobgooboobboobooboo

000000 pull-if 0000000000 deleted OO delete-if 0000000



(defmacro sortf (op &rest places)
(let* ((meths (mapcar #’(lambda (p)
(multiple-value-list
(get-setf-method p)))
places))
(temps (apply #’append (mapcar #’third meths))))
‘(let* , (mapcar #’list
(mapcan #’(lambda (m)
(append (first m)
(third m)))
meths)
(mapcan #’(lambda (m)
(append (second m)
(list (fifth m))))
meths))
,@(mapcon #’(lambda (rest)
(mapcar
#’ (lambda (arg)
‘(unless (,op ,(car rest) ,arg)
(rotatef ,(car rest) ,arg)))
(cdr rest})))
temps)
,@(mapcar #’fourth meths))))

064 D0O0ODOODOOOOO

> (let ((I1st (1 2 3 45 6)))
(pull-if #’oddp 1lst)
1st)

(2 4 6

000 200000000000000000000D000O000ODOO0ODOOOOOOOOO0DOOOOOOO0n
gbooob0obobooobooobobobobobooobobpulld pull-if000000O0OOOODOODOODOOO
delete J0UO0O0OOODOODOODO

06310000000 popn D Dpep 0000000000 1000000000000 OOOODDODDODODOOO
oboooooooo

> (setqg x ’(abcde £f))
(ABCDEF)

> (popn 3 x)

(ABC)

>X

(DEF)

04000000000 0000D0000O0xO yOobOoUOxOOOoOOoOOooOooooooooooboooa
googogo
(if (> y x) (rotatef x y))
000000 3000000000000 U0o0U00o0U0o000D0000D0oD 0oL DODUDODOoDOOUODOn
sortf U0 0OO0ODOOO0O0O0OOODODODOOO0OOUOUOOoOOODbOOO000o0oooDODODbOO0oooOooooboboOog
JodoooooooooobobobobobobbbobobodddddooooooooooooO
> (setqx 1y 2z 3)

(sortf > x y z)

(list x y z)

3
>
3
>
321



(sortf > x (aref ar (incf i)) (car 1lst))

ggboobobooobooboboobbooog

(let* ((#:g1 x)
(#:g4 ar)
(#:g3 (incf 1))
(#:22 (aref #:g4 #:g3))
(#:g6 1lst)
(#:g5 (car #:g6)))
(unless (> #:g1 #:g2)
(rotatef #:gl #:g2))
(unless (> #:g1 #:g5)
(rotatef #:gl1 #:g5))
(unless (> #:g2 #:g5)
(rotatef #:g2 #:g5))
(setq x #:g1)
(system:set-aref #:g2 #:g4 #:g3)
(system:set-car #:g6 #:g5))

065 sortf 000000 DOOO

gobboobboobboobboobboobboobboobbibob cakeODOOoOoOOOoOOLOOOOO
000000000000 00D00Obigger 1000000000 DO0OO0DOOODOOO0DOOOOmee00OOODODO
000 larryU0OOOO0OO0DO0O0OO0O0O0O0OOUDOOD curly00O0O0O0O0O0O0ODOOOOODOOOOOOOOODOODOO
gooo
(sortf bigger (cake ’moe) (cake ’larry) (cake ’curly))

sortf 00000000000 £f000000000000 letx000Oget-setf-method DU O O0ODOODOOO
00000000000 OO0sortf 00000000 mapcon 00000000000 DOOOOOOOOOOOOOO
gbbooboboobooboobobooboobobooobobobooboboobobOoubObUget-setf-method
O00000000000000000000000000000000000 O(»?)00000000000000
000000o0o00oOoU0o0ooOoUOo0oOOoUoOOoDoOoUoOoooUo

OB 000sortf 0000000000000 D000O0 1let*x000000000000000O0O0O0OOOOO
00o00o0o0o0oo0 3000000000 oUo0ooUo0DooUOo0DoOoUoO0DoOoUlUoOoooUoD 2
000000000 1003000000000 200 3000000000000000DO0O00O0DO0OODOOO0OO0
00o00oO0o0o0oOo0o0oOoU0o0oOO0oU0DO0oO0oUO0oO0o0O0O0o0O0O0ooOoOOOoDoUOoO

f0sortf 0000000 ODOOOO0OODODOOOOOOODODODOOOOOODDOOOOO0ODDODOOOO0OO0
000000000000 04find-1if000000000000000000OO0DOO0f00000000000O000O
00000000 carD0000f0 sortf 000000000 O0O0UOOOOODOOOODOOUDO £f000O0O0O0O
gooo

(defmacro _f (op place &rest args)
(let ((g (gensym)))
(multiple-value-bind (vars forms var set access)
(get-setf-method place)
‘(letx ((,g ,op)
,@(mapcar #’list vars forms)
(, (car var) (funcall ,g ,access ,Qargs)))

,set))))
(f ’/+ x 1) J0O0O0O0OO0OUOOOODOOOOODODOO fO0000D0OO0ODODDO00000000UOUOUOOoOoDoOO
00000000000 0DO0Db0b0O0+0000000D nifOty0O0DODODOOO

> (let ((x 2))
(_f nif x ’p ’z ’n)
x)



(defvar *cache* (make-hash-table))

(defun retrieve (key)
(multiple-value-bind (x y) (gethash key *cachex)
(if y(values x y)
(cdr (assoc key *worldx)))))

(defsetf retrieve (key) (val)
‘(setf (gethash ,key *cachex*) ,val))

066 D0O0OD0OO0OOOOOUOOO

115 OO00O00bOOoOooOobooon

0 121000000000000000000000000O000O0DOO0O0OO0O0O0O0ODODOOO0OOOOO
00o00000o0oO0oU00o0oO0oU0Oo0oOO0oU0O0DoO0OULO0DO0OU0LOO0DO0OUOO0DO0OUDOODOOoUOOOOooUO
O000000OOdefsetf 00000LispO0000000000O0OO000OO0O0O0O0O0O0OOOOOOODOOOOO
oooon

0000000000 2000000000000 U0O000OO0 20000000000
(defsetf symbol-value set)

odbobDbD0Odefsetf UUDODODOO defmacroJ 000000 O0OO0O0OODOOOOOODODOOOOOOODODO
0000000000000 000000 car 00000000000 OO0ODOOOOO

(defsetf car (1st) (new-car)
‘(progn (rplaca ,lst ,new-car)
,new-car))

defmacro 0 defsetf 000000000 100000000000 0000OOO gensymJ ODOODOOOOOO
0000000 (setf (car x) y) JO0OOO0O0O0O0O0OOO0ODOOO

(let* ((#:g2 x)
(#:g1 y))

(progn (rplaca #:g2 #:g1)
#:g1))

gobooboobbooboobbooobOo0bibg defsetf 00000000 DOOODOOO
CLtL20 00 CommonLispd O0setf 0000000000000 defun 000000000000 DOOODOO
oboooooooon

(defun (setf car) (new-car 1lst)
(rplaca lst new-car)
new-car)

000000000000 0o0000o0 100000000000 000000000O0DO000O0O0O000O0O00
ooo

gooooooooooboooooboooobooooooooooooobobooobooboooboboooooooooDoDOg
coboooobooboooobOoobOooOoocOoooOO0obOoOoOoOoboOoOO0obOOoOoOOobOOobOOobObocOoOoOoDOOobOOOoonOn
OO0DO0Osetf 000000O0O0O0DOOODOODOODOOODOOODOODOODOOODOOOOOOOOODOOO
coboobooooobooboooboooboOooboo@mooooooboooboO0ooo0ooo0oooooo0ooog
coooooo

gbdb0O0OsetfJ0000O0ODOOOOOODOODOOOODODODOODODODODODODDLDODODOODODO
cooooooobooooooooOooOoOoOoOoOboO0oO0obOOoOoOoOoOoOoOoOoOCcOob0OOOoOoOobObOOoOobooOoOoOoOooDOoO
ocooooooobooooooooooboooobboooooooooooooDobooooooooboboooooooooDooDOg
coooogooo

xworld* 0000000000000 0D0ODOODO0OOOUOODOalist00D0D00O0D (OO0 ).{(0)»Ooooo
0000000BE100 retrieve 0000000000000 0*world*000000000D0



(defun avg (&rest args)
(/ (apply #’+ args) (length args)))

(defmacro avg (&rest args)
“(/ (+ ,0args) ,(length args)))

067 0000000000 O0ODOOO0O0OODOOOOOOOO

((a. 2) (. 16) (c . 50) (4. 20) (£ . 12))
oooboooooon

> (retrieve ’c)
50

car 0000000000 retrieve 0000000000000 DOOOO0OO0OOO0ODDOODOOOOOODOODDO 2
0000000000000000000000000D00 retrieved0000000000O0OOGEDOO0OOO
gobgooboobbooboo

> (setf (retrieve ’n) 77)
7

> (retrieve ’n)

7

T

goooOoOo0o 20000 tOQ0O0OOOOOOUOOULUOLOOULODODOUODOOUUOOOOUOOOOOO

gobooobooboobooobbooboooobooboobbooboobbooboobbooboobboon
goboooooooooboooboboboooooooooooboboboboboooboobooboDobOoboboboo
gobodid setft 000000000 OOODOOOOODOODODOOODODOODLODOODDODOODLDOOODLDOOO
gooo

12 ODO0O0OO0O0O0Oooooo

gobooooooooobodooboooobooooooooooooobooooboooooooooooooonog
00o00ooO0O0o0oooO0o0oooOo0o0ooooOOo00O 820000000000 OO00OODOOOO0OOOOO
ocooooooooooooooooboooobbo0ooooooooooooboboooooooobboooooooooDoDOg
coooboooobooooobooooOooOoOoOooOboO0OobOOo0oOoOoOoOoOoOoOCcOb0OOOoO0ObObOOOobOOOoOoOoDOonOO
oooooooooon

121 ODOO0OOO0OO0OO0ODOO

0820000000000 DOO0LOOUDOODOUOODODOOUOOUOODOOO0OO0ODODOOOOODOOOOOOOO
OoO0o0000 avgOOooonQ

> (avg pi 4 5)
4.047...

OO0 avg 000000000000 00000D0D0000Davg000000000000O0OlengthO0O0O
cobobobooooobocooboboooboooOobobO0&rest0dooooboOoOoooOOoOOoOOOOOOOn
Oo0o000 avgOOOOoOOoOoOooOOOoOoOOO

0000000000000 000000000000000000DinDsdf000000000000000O0O
000000000000000000000D0000000000000000000B8D 00 2000 most-of
ooooooobboooboooooooooooooooOoooDo

> (most-of t t t nil)
T

000000000000 0000000000000000000000000000 (most-of (a) (b) (c))
cooboooooooooobooboooo



(defun most-of (&rest args)
(let ((all 0)
(hits 0))
(dolist (a args)
(incf all)
(if a (incf hits)))
(> hits (/ all 2))))

(defmacro most-of (&rest args)
(let ((need (floor (/ (length args) 2)))
(hits (gensym)))
‘(let ((,hits 0))
(or ,@(mapcar #’(lambda (a)
‘(and ,a (> (incf ,hits)
args)))))

068 J0O0U0O0OODOOOODOOOOODODOOOOOOD

,need)))

(let ((count 0))

(or (and (a) (> (incf
(and (b) (> (incf
(and (c) (> (incf

count) 1))
count) 1))
count) 1))))

gbooooooboobobobobooooooobobobooo

00000000000000000000000000000D000000D000000000000RBYC 00
000000000000 O0000d nthmest U0 nODOOD0OOD0OOO0OO0OCOOO0OOOOOO nOO0OO0OO0OOO
O000oo0o0ooooOO0o0ooooOoooo ooooooOoO

> (nthmost 2 (2 6 1 5 3 4))
4

ooo0booooobb0ooobobobOoobDbbooobobDbUobobDboO0 nthO00O0O0Osort 00 0ogoonO
nthmost 00 0000000000000 0O0O0000000O0O0O00Ontmest D 20000000000000
gbooooooboobobobobooboonbb0obobobobobobbbooooo

n0000000000000000000000000000000000BAI 0000000000 nthmost
gooooOoOoOoOoOoOoOoOOoOOO0O0O0O0O00 100000000000 100000 UL0OoUoLOooooooDooo
gdooooOoOO0OOO0OoOO0OO 100000000000 COO0OC0OOCOO0OOOOOOOOD 30DODOODOODOOODOOO
do000oO0oOoOoOoooOoOOO0OOO0O0O0OO0OO0O00O0O0O0O0DOODODOODOODOOOOOOOOOOOOOOOOO 30
0000000000000 oooooooooOoD 1000000000000 C0C0O0OUUnOOOO
goooobooobobooboobooooboobooobooboobboobbobboobobboobo o
gboooooooobobobo

ndb0db0Oooboobobooobobobooboboooobobobb0b n000b00000nthmost-gen O
0000000000000000000000000000000000000000000KO 0000000
0000000000 nthmest 0O UOODOOODOO0ODOOOOODapplyd 00000 OODOOODOODOODOO
gobooooobuoooboooboobboobbooobooobooobooobooLDboobLDbOo0obDbOd n
gboooooobooboboboboooooog

goobboooobooboooobobooobbboooobbooobboooobbooobLbboobbbooon
0000000000 00O02000 nthmest 0000000000 DOOOOUOODODOOCOOUOOODOOOOOO
goboboooobboobobboooboboooboboboooobbooobbooobbooobobbooobobo
goooobodooboobooboooobooboooboob bbb booboobboobOoo
O0o00o00o0obOobD nthmest DO OO OD0OOO0OOOOODOOOODODOOODOODODOOOODODOOO
gooboobooobooboooobooboobobuooboobbuooboobboobboOon



(defun nthmost (n 1lst)
(nth n (sort (copy-list 1lst) #°>)))

(defmacro nthmost (n 1lst)
(if (and (integerp n) (< n 20))
(with-gensyms (glst gi)
(let ((syms (mapO-n #’(lambda (x) (gensym)) n)))
‘(let ((,glst ,1st))
(unless (< (length ,glst) ,(1+ n))
,0(gen-start glst syms)
(dolist (,gi ,glst)
, (nthmost-gen gi syms t))

, (car (last syms))))))

‘(nth ,n (sort (copy-list ,1lst) #’>))))

(defun gen-start (glst syms)
(reverse
(maplist #’ (lambda (syms)
(let ((var (gensym)))
‘(let ((,var (pop ,glst)))
, (nthmost-gen var (reverse syms)))))
(reverse syms))))

(defun nthmost-gen (var vars &optional long?)
(if (null vars)
nil
(let ((else (nthmost-gen var (cdr vars) long?)))
(if (and (not long?) (null else))
‘(setq ,(car vars) ,var)
‘(if (> ,var ,(car vars))
(setq ,@(mapcan #’list
(reverse vars)
(cdr (reverse vars)))
, (car vars) ,var)

;else)))))
069 0000000000000000000
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with-000000 11.20 0000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000

0000000000 BézieNOOOODOOOOOOOOOOOOO0O0D00000000000O0Beziero0O0O0O
0000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
000000000000

BézierD 0D 40000000000—200000 200000002000000000000000000
000000 xO0O00yO0O00O0O0O0O0O0O0OO0OO0OO0O0O0O0O0O000000200000 (x0,y0)0 (x3,y3)00020
00000 (x1,yl)0 (x2,y2)000000000000000000000000000

x = (3 — 32 + 321 — 20)u® + (329 — 621 + 3x0)u? + (321 — 320)u + 0

y = (ys — 3y2 + 3y1 — yo)u® + (3y2 — 6y1 + 3yo)u® + (3y1 — 3yo)u + yo



(nthmost 2 nums)

ggboodoobooboooo

(let ((#:g7 nums))
(unless (< (length #:g7) 3)
(let ((#:g6 (pop #:87)))
(setq #:g1 #:g6))
(let ((#:g5 (pop #:£7)))
(if (> #:g5 #:g1)
(setq #:g2 #:g1 #:g1 #:g5)
(setq #:g2 #:g5)))
(let ((#:g4 (pop #:87)))
(if (> #:g4 #:g1)
(setq #:g3 #:g2 #:g2 #:g1 #:g1 #:g4)
(if (> #:g4 #:g2)
(setq #:g3 #:g2 #:g2 #:g4)
(setq #:g3 #:g4))))
(dolist (#:g8 #:g7)
(if (> #:g8 #:g1)
(setq #:g3 #:g2 #:g2 #:g1 #:g1 #:g8)
(if (> #:g8 #:g2)
(setq #:g3 #:g2 #:g2 #:g8)
(if (> #:g8 #:g3)
(setq #:g3 #:g8)
nil))))
#:23))

0 70 nthmost OO O OO

ooooooooooo01000w0 0000000000000 0O0O0O0O00RnOO0O0ODOO0OO0O0ODOOO 20
Oooo0oooooooo000o0o0o0n0 vw=.05,.1,..,95000000000000000000«=00001
00000000000w=0000000 (z9,y0) 00u=1000000 (23,y3) 000000000

00000000000nO00000w0«?..00000000000000000 (n—-1)x300000000
ocooboooooooooooobobooobooooooooOooOooobObooobOooooOoOenDOO0OO0ODOO0ODDbOO
O0000000000000000000 nO00D00000D0000D000000 wO«?0...000000000
coooooobooooooooooooobboobobooOoooon

OND000000000000000000000000000000000000000000000000
00o0oooO0o00oooO0o0oooO00ooOo00oOoO0o0o0o0ooO0D 2000000000000000DOOO
goooloooooooooooooooooooooooooDooOoDl0oooOo0oooooooooooooooo
cooood

n=20000genbez0 2100 setf 0000 000w0«?0...0000000000000000000000
0000000000000000000000000000w0«?0...00000000000000000000
000000000000 (setf aref) 0000000000 OOOODOOOOO

123 OO

goboooboobobooobboooboobobooobooobooboboobbU0ob0bO00ODbOn0 if-match
OcvnOOOOOOO0OO0ODODOOO0OODO2000000000000000O0C0000O0DODOOOOOOOOO 20
gbobobobobobobobobobOobUbifmnatchJO0O0OO0OO0OODOODOOOOOOOOOOOOOOOO
gooopOoopoOoOoOoOoOOOOOOOOOOOOODODOOODOODOODOODOOOOOOOOOO 200000
gooooooboooooooooobobobbbobooooooob bbb bbb boooo o
000000000000000000000000000000000O0000 LispO0O0O0DO0OoOOOOOOO
goo



(defconstant *segsx 20)
(defconstant *dux (/ 1-0 *segs*))
(defconstant *pts* (make-array (list (1+ *segs*) 2)))

(defmacro genbez (x0 yO x1 y1 x2 y2 x3 y3)
(with-gensyms (gx0 gxl gy0 gyl gx3 gy3)
“(let ((,gx0 ,x0) (,gy0 ,yO0)
(,gx1 ,x1) (,gyl ,yD)
(,gx3 ,x3) (,gy3 ,y3))
(let ((cx (x (- ,gx1 ,gx0) 3))
(cy (x (- ,gyl ,gy0) 3))
(px (* (- ,x2 ,gx1) 3))
(py (x (- ,y2 ,gyl) 3N
(let ((bx (- px cx))
(by (- py cy))
(ax (- ,gx3 px ,gx0))
(ay (- ,gy3 py ,gy0)))
(setf (aref *pts* 0 0) ,gx0
(aref *pts* 0 1) ,gy0)
,@(mapl-n #’(lambda (n)
(let*x ((u (* n *dux))
(™2 (x u uw)
(u3 (expt u 3)))
‘(setf (aref *pts* ,n 0)
(+ (x ax ,u"3)
(* bx ,u"2)
(* cx ,u)
,8x0)
(aref *pts* ,n 1)
(+ (x ay ,u"3)
(* by ,u"2)
(* cy ,uw
,8y0))))
(1- *segs*))
(setf (aref *pts* *segs* 0) ,gx3
(aref *pts* *segs* 1) ,gy3))))))
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000 19-2400000000000000000000O0O0O0DOOOO0DOODOO0OODOOOOOOOODODOO
coooboooboooooooobooboooooboooooooooooooooooooooooOoooobooooonoag
coobooooobooooooooboobooOoooOoboOoboobooOooooOooooOoboOoOoooOooboboOooooOoOoOooooa
oooon
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0900000000 0o0o0oOoOooOoOoOoDODODOD——C0ODpo0oDO0O0O0O0O0O0O0O0O0O0OO0DO0OOODOOODOOOODOO
gobgooboobboobooboooboobooobooboobbooboobboobooboboooboo
goobooooo

00000 nil000000000000000O0O0O0O0O0O0ODO0O0O0O0O0O0OOO LispO0O0O0OO0OOOOO
gooboobooobooboooobooboobobuooboobbuooboobboobboOon

(let ((result (big-long-calculation)))
(if result
(foo result)))

oboboooooboobobobobooooooobobobobooobooo
(if (big-long-calculation)



(foo it))
0000O00O0000000o0o0o0o0O0D0b0O00o0oO00 if0000oooooog
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000000000000000000anaphoral 0000000000000000O0OODOOOOOOOOOO
toboobooodooodoooooooo@muoobooboooobooooboboobOoOoOOobOOob0OoOOobOOOODOOO
coboooboooooobooooooooooooooocmoooobooooOoobOoobDOoooooooo0——-ou0
0000000000000 000—00000000000000000000000000OPerlO RubyoO
$_ 0000000000000 0OOOOMO000O0OoOoOoOO00000ODODOOOOO00D0OOOODODO
anaphori 000 0000000000000 0O0D0O00ODO0O0OOD0O0OOOD0O0O0OOD0O0O0OO0O0O0OO0O0O0O
ooo

0000000000000000000000000U0000 LispO0O000O0O0O0ODOUODOOODOOODO
cooobodooobooooooooOooOooOooOboO0oboo0oOoooOoOooooOboOoOooOoboOoobboOooooOoboOoOooDooa
cooooooboooooboooobooooooooooboooboooooboooooooag

000 if0000000 it0000000000000000d0 if0000 aifd000000000o00d
coooooo

(defmacro aif (test-form then-form &optional else-form)
‘(let ((it ,test-form))
(if it ,then-form ,else-form)))

cooooooooooooooo

(aif (big-long-calculation)
(foo it))

aif 00000000000 boboobuobbitbbgboooboobobobooboobboboiton
O0000000000000D0 (foo it) 0 aif 00000000000 it00000000O0ODO0OO0O0ODOOO

(let ((it (big-long-calculation)))
(if it (foo it) nil))

coboobobooobooodoboboooooooboooooboobOobooboooobOobooooobooooooag
coooboooobooboooboooobooooooooo

020000000 Commonlispd 00000000000000000O00OOaif 000 awhenOdOwhen OO
coooocooboooooo

(awhen (big-long-calculation)
(foo it)
(bar it))

aif J awhen 00000000 Davwhile 00000000000 whileOvgpUOUOOOODODODOOODODOOO

obobooooob0oboboooo0oboboooob0oboboobobo0obObwhiledD awhiledODOODOOoOOoO
gooooooobooboboooogoooooboboobbbobooooooLob bbb o U
gooooboooooooboobobooobooboobooboobobobobobooboobUooboobbooDOo
goo

(awhile (poll *fridgex)
(eat it))

aand 0 0000O00O0COO0OO0OO0ODOCOO0ODOOOO0OOO0ODOCOO0O0OCO0O00 andd000O0O0O0O0OOODOOO
000000it00000000000000000082000000nd000000000000000000
cooobooooooooooo

(aand (owner x) (address it) (town it))

*2and0 or 0000000000000 0O0D00O00D0ND or00000000000000er000000000000OOOOOO
000 nil0000000000O00000 aor00000000O0O0O0O0O0O0O0O0O0OCOOOOOOOOOOGOOOGOOOO



(defmacro aif (test-form then-form &optional else-form)
‘(let ((it ,test-form))
(if it ,then-form ,else-form)))

(defmacro awhen (test-form &body body)
‘(aif ,test-form
(progn ,@body)))

(defmacro awhile (expr &body body)
‘(do ((it ,expr ,expr))
((not it))
,@body))

(defmacro aand (&rest args)
(cond ((null args) t)
((null (cdr args)) (car args))
(t ‘(aif ,(car args) (aand ,@(cdr args))))))

(defmacro acond (&rest clauses)
(if (null clauses)
nil
(let ((cl1l (car clauses))
(sym (gensym)))
“(let ((,sym ,(car cl1)))
(if ,sym
(let ((it ,sym)) ,@(cdr cl1))
(acond ,@(cdr clauses)))))))

072 Commonlispd 0000000000 O0OOOOOOOO

000 x000b0O0000o0o000ob0ooO0o00ooo0ooooooooo0ooooo0oooo0oddaanddd
cooooooboooooooooooooobooboooon

(let ((own (owner x)))
(if own
(let ((adr (address own)))
(if adr (town adr)))))

aand D0 0000000000000 O0O0OO0O0O0O0OOOO0OODOOOO0OOOOO0O OODOOODOO aand
U000 and0000OO0O t000O0OO0O0OOCOODOOOODOOOODOODODOOODODOOOODOOO
o0 aif000000DOO0OOO0ODODOO

(aif (0 100)
(00000 ))

000000000 nil00000000000000000000D0and 0000000 100000000O00O
000000000000 10000000000000000000000D00000000Oo000

(aif «c1
...(aif cn t)...)

oo0ooooobobO t0nil0O0O0000000O0OO00DOOODOOOODOOOOODOOOO0
01l104000000000000000O0000DO0ODOOO0OOOOOODODOOOOOOOOOOODOOODODOO
aand 0000000000 00O0O000000 eaandO0000O00O0O0O0OOODO
000 acondO0cond 000000000000 OO0O0O0O0DOOO0OOOODOODOUO0OOOODOO@EOOODOO
O00000000O0Schemé 00000000 cond0 00000000 DOOO0ODOOOOOOOOOOOODN)
acond U0 U000 0O00O0O0OOOLOODLODLODOOOgensymdOODOOOO0OO0O000O0O itd000O00OO
coooboooobooooooooOooOoOoOoOoOboO0OobOOo0oOoOoOoOoOoOoOCcOb0OOOoO0ObObOOoOobOOOoOoOoDOoOO



(defmacro alambda (parms &body body)
‘(labels ((self ,parms ,@body))
#’self))

(defmacro ablock (tag &rest args)
“(block ,tag
, (funcall (alambda (args)
(case (length args)
(0 nil)
(1 (car args))
(t “(let ((it ,(car args)))
, (self (cdr args))))))
args)))

073 D000000O000O0O00OO0D00OO0

goboobodbgensyd 0O DOO0DO0obOboOoDbDO it0boobbooboobboooboobo

(defmacro acond (&rest clauses) ; 04
(if (null clauses)
nil
(let ((cl1l (car clauses)))
‘(let ((it ,(car cl1)))
(if it

(progn ,@(cdr cl1))
(acond ,@(cdr clauses)))))))

itd0ddoooooobooooooooooooboooon

03 000000000000000000000000000000D0000000 alambdaO00O00000
dddddoooooooooooooooooboobobobooodddoooooooooooooDooobooooOn
000000 AN0DO00O000000000000bo0oo0ooogog
#’ (lambda (x) (* x 2))
0000 20000000000000 A000000000000000000000 1labelsOOO0OOO0O0O0OO
ddddoooooooooobobetooooooonon

(defun count-instances (obj lists)
(labels ((instances-in (list)
(if list
(+ (if (eq (car list) obj) 1 0)
(instances-in (cdr list)))
0)))

(mapcar #’instances-in lists)))

coooboodoooboooooooooooOoooOoboOooboo0ooooOoOoOoOoOboO00oboOoOoOooon

> (count-instances ’a ’((abc) (darpa) (dar) (a a)))
(1212

000000000000 0oo0o00o00oo0Do0oOo00oO000O00n0 alambda 0 labelsO0O00O 00
OO000Oo00obOOO00obOOo0ooOoOooooooOooooOoooDo
(alambda (x) (if (= x 0) 1 (x x (self (1- x)))))

alambda 00O OO0 count-instances D00 0OO00O0OO0OOOOODOOOOO

(defun count-instances (obj lists)
(mapcar (alambda (list)
(if list
(+ (if (eq (car list) obj) 1 0)
(self (cdr list)))
0))
lists))



020000000000 it000000000000000alambda 0 self 00000 0alambda O
labels 0000000000 0O0DO0 self 000000000000 O0OO0O0O0COO0O0Oalambda00O00OOO0O0O0O
0000 ANOODODOOODODOO0O0ODOO00DODOOODODOOOOO

ablock HOOOOOO0OOOOO0OOO0OO0ODOOO0O0O0O0O00O0O00 plockOOOOOO0OO0OO0OObBlockOOOO
00000000 O0bOO0000ObDaeblockOO0O0O0O0OOOOOODOOOOOOOODOOODO itOO0O0OD0OOOOO
ooooogd

obobOoOobOboO00o0o0o0ooo0obOOooobocOob0oOo0oobDObablockOOOOOOOOOOOOOODOOODOOO
ooooooooooooooooooooobobooooooooobOooDo

> (ablock north-pole

(princ "ho ")

(princ it)

(princ it)

(return-from north-pole))
ho ho ho
NIL

goboooooooooboooooooobooooooooooooobooobooOooboooooooooooag
CoobO0o000O0o000000ibb aifdi00000oooooooooo0ogn itbdooocoooooooog
oooobooooboooOob itboooboooooooooboOob it0oooooooobobooobooOoooon
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CommonLispd 00000 nilO000000 3000000000000000000O0O0O0O0O0OOOODOO
ooo

> (cdr ’(a))
NIL

ooboo00o00O0OnilO000C0CO0OO0O0O0OO0OO0ODOCOOOOOODOO

> (=1 0)
NIL

oobbodboooobnilO0db0OdO0OooooO0oOoooooo0Onn find-if00000000000004d
coooOoooboooooooobOoOOooobbo0ob0bOo00b0find-if 0 nil 0000

> (find-if #’oddp ’(2 4 6))
NIL

Uob0000b00O000D04find-if 0000000000O0CO0O0DOCO nilO000O00OO0OO0OO0OODOOOO

> (find-if #’null ° (2 nil 6))
NIL

nild00do0oo0oboooooooooooboooooooboboooooooooooooboooooon
00000 find-if 00000000000 OC0OO0DOCOO0O0O0O0O0O0O0nil 0000000000 0O00O0O0OOO
0000000 nil00000000000000000000000000000CommonLispgo00000 3
coboobOooooobOoo@moooooooooOoboooOooboOoOoooooboOoboOo0oOooOooooobooOoooo
Ubo0b0bO0b0 assocUbOUOO00O0000O0O0OO0OO0OO0DOODODODODOODOOD assocOOOOO0OOO
cooooooo

> (setq synonyms ’((yes . t) (no . nil)))
((YES . T) (NO))
> (assoc ’no synonyms)
(NO)
oo0bDb000find-if 0000000000 0Omember-if 000000000000 0O0O0O0O0O0OO0O0OO
0000000000000000 cdr00000OOO

> (member-if #’null ’(2 nil 6))
(NIL 6)



0000000000000 oOooOoOoooOOoO0OO0O0O0O000O0000 10000000000 20000000
000000000000 00DD0OD gethashOOOOOOOODOOOOOOOO 200000000200000
gobgooboobbooboobo

> (setf edible (make-hash-table)
(gethash ’olive-oil edible) t
(gethash ’motor-oil edible) nil)

NIL

> (gethash ’motor-oil edible)

NIL

T

gdoooOoOoOoo 30000000O0000O00C0O0O0O0O0O0OOOOOOOOODOO

(defun edible? (x)
(multiple-value-bind (val found?) (gethash x edible)
(if found?
(if val ’yes ’no)
’maybe)))

goboobooobooboooboobbooobooobo

> (mapcar #’edible? ’(motor-oil olive-oil iguana))
(NO YES MAYBE)

Commonlispd 00000000 3000000000000000000O0O0O0OOO0OOOOODO0O0OOOOO
goooobobobbbgensym oo ooobobbbooooooooobobbbbbbbbboooo o
getOOOOODODOODODODODLDODODOODODODODODODODbDOOODOOODOD

> (get ’life ’meaning (gensym))
#:G618

O00O0O0O0O0O0OD0OD0ODOgethashOODODODODODODODODODODget0 00000 OOODODOODDODODODOO
oo oobobbobobbbbobobbobtboddddioooD Db bbb O
O000000000find-if 0 200000000000000000O0gethash 000000000 OOOOOO
gdoodo0o0oO00O0000O0000U00UUU00U0D000D00D0DUDODODDD0DD DD oDooDoooooooooon
Ub0o0o0ooooboobOobODbD gethashOODOO0OOO0OODOODOO

edible?0 0000000000000 DOCOO00OODOOOO0ODOOUUOODDgethash OO O OOO0OOOOODOO
0000000000000 0o00o0o0oo0ooO0 10000000 20000000000 aif000000O0
00000000000 aif0 2if200000000000F4000000000000 edible?d000000
ggd
(defun edible? (x)

(aif2 (gethash x edible)

(if it ’yes ’mno)
’maybe))

O[40 00 awhenOawhile D acond 00D 000D O0O0OOOOdacond200000000 einDDDD
match 000000000 COO0OO0OOQOO0OOOOO0OOOCOO0OODOOOU0OOOOUDODODOOOUODDOOOOO
condJO0O0O0OO0ODOOODOOOO

OD00000 readd get 000000000 DOOO0O0O00OO0OOOO0OODOODOO eof0000DOOOOOOO
0000000000000000000000000000000000000[30 0000 read000000O00O0
020000000000000read20 000 2000000000000 0eof 0000 nilO0OOO0DODOOO
OO0 eof 00000000 gensymd 0000 read00000read20 000000 gensymd 00000000
gobooboobobooboobbogensym oo ooobooboonobooboonoo

00000000000 00000000000000000000000000 awhile2d read2000
Joddddddddo-fileOOOOUOUOOUOUOOUOOO loadOOOOOOOODODODODO

(defun our-load (filename)
(do-file filename (eval it)))



(defmacro aif2 (test &optional then else)
(let ((win (gensym)))
‘(multiple-value-bind (it ,win) ,test
(if (or it ,win) ,then ,else))))

(defmacro awhen2 (test &body body)
‘(aif2 ,test
(progn ,@body)))

(defmacro awhile2 (test &body body)
(let ((flag (gensym)))
‘(let ((,flag t))
(while ,flag
(aif2 ,test
(progn ,@body)
(setq ,flag nil))))))

(defmacro acond2 (&rest clauses)
(if (null clauses)
nil
(let ((cl1 (car clauses))
(val (gensym))
(win (gensym)))
‘(multiple-value-bind (,val ,win) ,(car cll)
(if (or ,val ,win)
(let ((it ,val)) ,@(cdr cl1))
(acond2 ,@(cdr clauses)))))))

074 00000000000 ODOOOO0

(let ((g (gensym)))
(defun read2 (&optional (str *standard-input*))
(let ((val (read str nil g)))
(unless (equal val g) (values val t)))))

(defmacro do-file (filename &body body)
(let ((str (gensym)))
‘(with-open-file (,str ,filename)
(awhile2 (read2 ,str)
,@body))))

075 O00OO0O0O0O0Oooooooo
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00000000000000000000000000000OGelernterd Jagannathan D000 O0O000O0O
goooooon

ggboooobooboobboobooboooobda
a)000000000000000000000O000000
b)yD0ODOOOOO0DUOO00O0O0000O0000000ooo0oooooooooooo

gobooooooooobooooboooobooooooooOooOooO0oobOo0OobOooOoobooOoOoOobooOoOoOooOooDooag
cooooooobooobobooooooooooboooooooobobooooboo0oobO xooboOoOoooboooOoo

(list x (setq x (not x))
x)



000 setqOoogoooobobobobooboboobobbobobooboboobooboboobooo
LispOOOODOODODOO0OO0OOODOOoOOoOOooo
NorvigOOif 0000000000000 0O0O0OOO0OOOO0O0O

(defmacro if (test then &optional else)
‘(let ((that ,test))
(if that ,then ,else)))

cooobooobooooboooOoOoOoOoOoOobOboOoOobooOono

gobobooooooooboooboooooboooooooooooooboooboobooobooooooooooDooag
000 b)000000000000000000D0O000000D00O00O00O00OUO0D0 letOD0OOOOODOO
Othat OOOOOOO0OOOOOOOOOODO

(let ((that °’which))
L)

let00000O0O0OO0O0OO0OO0OOODOODOODODODOOODOO

goooboooobbifbogoobooobboobbooobboob0bbooobbooobbooLbboOoon
000000000000000000000000000@O0000CLtLl2000000 if000000000)
gobodbbo0 aif0b000oboobboobbooboobboobooboboobboob it0gobod
gboooooobobobobooooooog

U0 if00000000000000ODO0OO00ODO0ODbO0ObOObO0O0O0ObO0ObO0ObOObODbOobDOoOOODODO
gboooooobobobooboobooboobobobobouobobobb letd thatO0OooOooOoOoOOO
00000000 0o0ob00b0bObbLif00b it000b0oboboboboobboobobobooooooo
0000000000 000D0000000Lif0 1000000000 000O0O0DOO0ODDOD0O0ODOOOO0ODOOd
U0 if 0000000000

CommonlLisp0 0000000000000 O0OO000O000000CLOSOO call-next-method 0O OO OO
O00000000000000 2if 000000000 it0000000000000 (call-next-method 000
0000000000000 00000000000xwgOOOO0O0O0O0O defmeth0000)00000000O0OO0
goobooobooobobooboobooooboobooobooboobboobboobbooboobbOoOoDbOoo
goboboooooooogoobobobobooooooooboobooboboboboooog

14 00000000

0sS50000000000000000000O0DO0O00OOO0O0O0O0O00ODOO00ODOODOOOOOBOOO
goos0000000000000000000DODOOODOODOOOOOODODOUOOOOOOOOOO
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f0g¢0000000fog(x)=f(g9(x))00000 540000000 o0 LispO00 compose 1000000
oooooon

> (funcall (compose #’list #’1+) 2)
(3)

000000000000000000000000000D00000000D0000000e000000000
0000000 tn00000000D000D00DO000O0O0ODO0O0OO0O0OO0DOOOEOOOOO) @ {(oOoNo
000000000000 (00000)00U0OUOUDOUDOUOUOUODOOUDD composeJ0OOODOO(DO)
00 100000000000000000000sn 0000000000000 0ODOOO

(fn (and integerp oddp))
goboobooobboobooobo
#’ (lambda (x) (and (integerp x) (oddp x)))

(000D0D0)0O compose 10 00D0DDO(00)00000D00000DOOO0OODOOOO composeJOODODOO
O00000000000000D0 funcallO0OOO0OO0O0O0OO0OOOO0OOOOOOOOO



(defmacro fn (expr) ‘#’,(rbuild expr))

(defun rbuild (expr)
(if (or (atom expr) (eq (car expr) ’lambda))
expr
(if (eq (car expr) ’compose)
(build-compose (cdr expr))
(build-call (car expr) (cdr expr)))))

(defun build-call (op fns)
(let ((g (gensym)))
‘(lambda (,g)
(,op ,@(mapcar #’(lambda (f)
“(, (rbuild £) ,g))
fns)))))

(defun build-compose (fns)
(let ((g (gensym)))
‘(lambda (,g)
, (labels ((rec (fns)
(if fns
‘(,(rbuild (car fmns))
, (rec (cdr fns)))
g)))
(rec fns)))))

076 00000000000

(fn (compose list 1+ truncate))
O0oO0ooooooon
#’ (lambda (#:g1) (list (1+ (truncate #:g1))))
00000 1list0 1+0000000000000O0O000O0OO00O0O0O0ODOOO0OD ftnO00O00O0OO0OOO
do0o000000000OU0000UUUUOOOO ADDODOOO
(fn (compose (lambda (x) (+ x 3)) truncate))
gobgoobooobbooobg
#’ (lambda (#:g2) ((lambda (x) (+ x 3)) (truncate #:g2)))
000 AN0000000D0D0000O0O0000000D00D0000000000000D00000 compose 0O 0O
0000000000 0000D000 MO0 funcallO0ODOOO0OOOOOOOOO
ODIe0000fif0fint 0 fun 0000 3000000000000000000O00O0O0OO0O0O0OO fn0O0
0000000000and 0 (00D0D0D0)0D000O0DO(0O0)0D00O0DOOOOODOOOO

> (mapcar (fn (and integerp oddp))
’(c 3 p 0))
(NIL T NIL NIL)

ogbobodboerbO00ObDOODDOO

> (mapcar (fn (or integerp symbolp))
’(c 3 p 0-2))
(T T T NIL)

000 if00oooocooboocooooooooooon

> (mapl-n (fn (if oddp 1+ identity)) 6)
(22446 6)

00000030000 LispOO0O0OOO0OOOOO

> (mapcar (fn (list 1- identity 1+))
’(1 2 3))
((012) (123 (234)



000 fn0 (00)0000D0O0O0O0OODODO

> (remove-if (fn (or (and integerp oddp)
(and consp cdr)))
(1 (ab) ¢ (d) 2 3-4 (e £ g)))
(¢ (D) 2 3-4)

fnl0 compose 0O UDOODOODOODOODOOOO0OO0O0OO00OO0ODOEnDO <DD>DDDDDDDDDDDDDDD
dooooooooa

(fn (list (1+ truncate)))
goooooooooo

#’ (lambda (#:g1)
(list ((lambda (#:g2) (1+ (truncate #:g2))) #:g1)))

ooooooooooo
(compose #’list #’1+ #’truncate)

Udb fn0 compose O OUO0OOOOO0DOOO0DOOODOOODOODOOOODOOO
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0551560000000000000000D00O00DOOUOOO0ODD 2000000000000DOOOO
gooooooooooboooooooooooooooooooooooooooo

0S5500000000000000000000000 1lrec0000D000O0OO01IrecO0dDOOOOOOnO
our-every [

(defun our-every (fn lst)
(if (null 1st)
t
(and (funcall fn (car 1lst))
(our-every fn (cdr 1st)))))

000 oddpO00OO00OO0O0O0OODOOOOOOOOOOOOOO

(lrec #’(lambda (x f) (and (oddp x) (funcall £)))
t)

gddddoooooooooooobooooboboobboboboododoooooooooooooooooon
oot caridooooobooobooooboobobooob itd recOddonooooooon
dddooooooooo

(alrec (and (oddp it) rec) t)

OfA0000000000D00O000000000O0O0O0O0O0O0O0O0OO0O0

> (funcall (alrec (and (oddp it) rec) t)
’(1 3 5))
T

00000000 2000000000000 lrecO000000000O0OO00OO0OOOOODOD 2000000000
00 it0 rec000000000OO0O0OO0OODOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
goooooooooooobobbobobobooooo

O0000[A00 2000 alrec000000000D00000DOO0OOOOOOOOOOOOOO 7.11000
O000000000000000000 CommonlLispdO000000000A0O00O0O00OO00OOOO alrecO
000000000 rec0 000000000 0OOOOOODO0O0OOOODODOO0O0OOOOrec0oooonon
ooooooooooo

(alrec (and (oddp it) (rec)) t)
symbol-macrolet 00000 Commonlispd 0 0000000000000

CommonlLispd 0000000000000 O0OO0O0O0O0O0O0OODOOOOO0O0O0OO0OOOOOOOOODOOOOO
goooooooooooo

(setf (symbol-function ’our-length)
(alrec (1+ rec) 0))



(defmacro alrec (rec &optional base)
"cltl2 version"
(let ((gfn (gensym)))
‘(lrec #’(lambda (it ,gfn)
(symbol-macrolet ((rec (funcall ,gfn)))
,rec))
,base)))

(defmacro alrec (rec &optional base)
"cltll version"
(let ((gfn (gensym)))
‘(lrec #’(lambda (it ,gfn)
(labels ((rec () (funcall ,gfn)))
,rec))
,base)))

(defmacro on-cdrs (rec base &rest lsts)
‘(funcall (alrec ,rec #’(lambda () ,base)) ,@lsts))

077 0D000D0O0ODOOO0OOOO0O0O0O0

(defun our-copy-list (1lst)
(on-cdrs (cons it rec) nil 1st))

(defun our-remove-duplicates (1st)
(on-cdrs (adjoin it rec) nil 1st))

(defun our-find-if (fn 1lst)
(on-cdrs (if (funcall fn it) it rec) nil 1st))

(defun our-some (fn 1lst)
(on-cdrs (or (funcall fn it) rec) nil 1lst))

0 78 CommonlLisp0 000 on-cdr 0000000000

0800000000000 0000000000000en-cdrs 000000000000 O0OO0DOOOODOOO

(defun our-length (1st)
(on-cdrs (1+ rec) 0 1lst))

(defun our-every (fn 1lst)
(on-cdrs (and (funcall fn it) rec) t 1lst))

08 00000000000000000000 Common Lispd00000000OOon-cdrs 000000
0000000000000 o00oo00oo00o0oo00o0oo000Do00ooo0ooDoooooooooog
OOo0oOOoOoOoooooonDo

09 000on-cdrs 000000000000 DODOO0OOOOOODOODODOOOOD 300unionsO
intersections 0 differences 0000000 OO0O0OO00ODOOO0OOOOOOOOOODOCommonLispdO0O0
0000000000000 000000000D0000 100 200000000000000000O0O00O030
O0000000Do0o0oooooooooooooooog

> (union ’(a b) (union ’(b c) ’(c d)))
(A BCD)

00000 wionsU wnion OO0 0O0OO0DOO0ODOODOOOODOODLOOODOOODLOODDODOO

> (unions ’(a b) ’(b ¢c) ’(c d))
(D C A B)

union U000 0Ouwnions 00000000000 O0O0OOO0DOO0O



(defun unions (&rest sets)
(on-cdrs (union it rec) (car sets) (cdr sets)))

(defun intersections (&rest sets)
(unless (some #’null sets)
(on-cdrs (intersection it rec) (car sets) (cdr sets))))

(defun differences (set &rest outs)
(on-cdrs (set-difference rec it) set outs))

(defun maxmin (args)
(when args
(on-cdrs (multiple-value-bind (mx mn) rec
(values (max mx it) (min mn it)))
(values (car args) (car args))
(cdr args))))

079 on-cdrs00000000O0O0OOOOOOOO

Common Lisp0 0 O 0 0O intersection 0 OO0 OO 0O OO intersections 0000 00OOOO0OOO
intersections 000000000000 0DDOO0DODOOOODOOOODOOOOODOO 1000000000
ooooooooooo

Common Lispd O set-difference 0000000000000 O0O 2000000000000100000
O0oo200000000000000O0

> (set-difference ’(a b c d) ’(a c))
(D B)

Oo00DO0000oooo0o000-00000000000OO0O000O00OoODODDOO0O0 (differences x y z) O
(set-difference x (unions y z)) U0 0000000000000 0O0O0O0OOOOOOOOOOO

> (differences (abcde) ’(a f) °(d)
(B CE)

0000000000000 000000000000000000D0000000000 reduce0dO0OO0O
O0000oo0o000oO000oO000ooO00ooOoO00oOO00oOO00DooOO0oOooOOOOn
(unions ...)

oooooooooo

((lambda (&rest args) (reduce #’union args)) ...)

000000000000 on-cdrs 000 reduce OO OOOO
rec000000000000O0O00OOon-cdrs 0000000000000 0D0O0O0O0DOEIOIO0O0DODO0OO

maxnin 00 0000000000000 1000000000000000000O0O00000C0OO00O0OO

> (maxmin (3428516 7))
81

on-cdrs 00 0000000000000 O0O0OOOOO0OOOODOOOO compile-cmdsOdldqD OO OO0

(defun compile-cmds (cmds)
(if (null cmds)
‘regs
‘(,@(car cmds) ,(compile-cmds (cdr cmds)))))
gooooooooooooa

(defun compile-cmds (cmds)
(on-cdrs ‘(,@it ,rec) ’regs cmds))
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ooo000o0ooooO0o000ooooO0O000oooOO0000oooOO0O000OODO0O000DOODO 5.6
gooooooooooooooooooooooooooooooooooooo

05600000000000000000000000 2000000t«trav000000O0CO0OODOOO
O0O00000 trec000000O00O0O0DOO0O0O0DOOOODOOOODOOOOOOOOOOOOOOOOOOO
our-copy-tree [0 J

(defun our-copy-tree (tree)
(if (atom tree)
tree
(cons (our-copy-tree (car tree))
(if (cdr tree) (our-copy-tree (cdr tree))))))

oooooooooo
(ttrav #’cons)
0000 rfind-if 00O

(defun rfind-if (fn tree)
(if (atom tree)
(and (funcall fn tree) tree)
(or (rfind-if fn (car tree))
(and (cdr tree) (rfind-if fn (cdr tree))))))

OO0 oddpO0OO0OOO0O0O0OOO0OCOOODOO

(trec #’(lambda (o 1 r) (or (funcall 1) (funcall r)))
#’(lambda (tree) (and (oddp tree) tree)))

000 lrec000000000O000O000O000O0O000000O000O0O0O trec000D0OO0ODOODODODO
000o00000o0o0oUoU0o0o0OU0Oo000oU00o00U00 300U0ULOUOo0DbDUoUOooDOOoUDOoOOoUO
goboobbooobuoobboobbbitobibboo@boboboboobbuoubodleftgbbmog
0000000000000 0O0right 0000000 DO0O0OOO0O0OOOOODODOOUOOOOOOOOOOOO
gobodboboooboo
(atrec (cons left right))

(atrec (or left right) (and (oddp it) it))
0BO00oo0O0O0O00oDOO0OoooOao

symbol-macrolet 00000000 Lisp00000Datrecd00BOI0 20000000000000000
leftJ right 000000000000 0O000O0Oour-copy-treed000000O00O0O00OO0OOOOOO
(atrec (cons (left) (right)))

00000000000 on-trees010000000000O on-cdrs0000000BIDOODOO 560000
U on-treesJUOO0O0OOOOOO

0500000000000000000000000000000D000000000D0O00O0DO0O0OO on-cdrs
Oon-trees00I00O0O0O0ODOO0OOO0OOOOOOODOOOODOOODOODODOOODOODOODOO trecUd 1rec
JoddooooooooooobobobobbobbobobobbooddddddoooooooooooDooobooboobooo
00000 S5000000000000000000000D000000O000DOO0DODO0DODoOOO0O0oDOOOg
gooboooooooooooboooobob bbb ooobb bbb oooboobobDoooo
goo
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0do0oo00ooooo0ooo00oood0oo0o0ooOo00ooo0oDoOOoUOooD 1o0oooooooood
gooooooooboobobooooboooboobooboobbooboobobboobuoobooboooDo
000000000000000000000000 Lisp0000000000000O00O0O0OOOO0OO0ODOO0O0OO0O



(defmacro atrec (rec &optional (base ’it))
"cltl2 version"
(let ((1fn (gensym)) (rfn (gensym)))
‘(trec #’(lambda (it ,1fn ,rfn)
(symbol-macrolet ((left (funcall ,1fn))
(right (funcall ,rfn)))
,rec))
#’ (lambda (it) ,base))))

(defmacro atrec (rec &optional (base ’it))
"cltll version"
(let ((1fn (gensym)) (rfn (gensym)))
‘(trec #’(lambda (it ,1fn ,rfn)
(labels ((left () (funcall ,1fn))
(right () (funcall ,rfn)))
,rec))
#’ (lambda (it) ,base))))

(defmacro on-trees (rec base &rest trees)
‘(funcall (atrec ,rec ,base) ,Q@trees))

080 U0O0O0O0OUOOUODOODOOOOOOO

(defun our-copy-tree (tree)
(on-trees (cons left right) it tree))

(defun count-leaves (tree)
(on-trees (+ left (or right 1)) 1 tree))

(defun flatten (tree)
(on-trees (nconc left right) (mklist it) tree))

(defun rfind-if (fn tree)
(on-trees (or left right)
(and (funcall fn it) it)
tree))

081 on-trees000000O0OOOO

(defconstant unforced (gensym))
(defstruct delay forced closure)

(defmacro delay (expr)
(let ((self (gensym)))
‘(let ((,self (make-delay :forced unforced)))
(setf (delay-closure ,self)
#’ (lambda ()
(setf (delay-forced ,self) ,expr)))
,self)))

(defun force (x)
(if (delay-p x)

(if (eq (delay-forced x) unforced)
(funcall (delay-closure x))
(delay-forced x))

x))

0 82 forcel delay OO0




000000000000000000000000000000000000000Scheméd000000O0O0OO
0000000Scheméd 00000 forceOd delaydOOCommonlLispD0B20 0000000000000 20
0000000000 delay0 000000001 0000000000000000O0O0O0O0O0O0OOOOOOOO
oooooooooooooooo2000o00o0oooooooooooooooooOooooooooooo
000000 delay U000 OobOOoboOooooooboooobOoD

> (let ((x 2))
(setq d (delay (1+ x))))
#S(DELAY ...)

0000000000000000000000000 (force)D0DO000O0DDOODODO forceO0ODOODOOO
gobooboobboobooboobboobobbooboboobn identity0 000000000 O00DOO0O
goboobbooobuoobooooboo

> (force ’a)

(force d)

w Vv =

force0 000000000000 OOOOOOOOOOOOODODODODOOOOOOOOOOOODODOODOOOO
godooooooooooobooooboooon
(sort 1st #’(lambda (x y) (> (force x) (force y))))
gooooboooooooooooooboooboooob0uooobooo b0 ooob oo uooooooon
goooooad

15 Jooooooooon

goboooooooooboooobooboooobooooooOoooOooOoooobObo0oOoboboOoobooOoOoobooOoOoooooa
ocooooooooooooooooboooobbo0oooooooooooobbooooooobboooooooooDoDOg
cooboboooobooooooooOooOoOoOooOboO0O0obOOoOoOoOoOoOoOoOoOCcOb0OOOoOoO0obOOOoOOobOOOoOoOoDoonOO
goooooboCb 14100000000000000O0O0O0O0O0O0O0O0O0O0O0O00OA0O
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0000000000000 0oo0UooUoOoooooOodCommonlispd000000O0OO0OOOOOOO
0000000000000 0D0O0O0O0000000000D0D00D0O000destructuring-bind 010180000
OO0SteeleD O0O0sjl0 0000000000000 O0OOO0OOOO0OOOO0OO0OO0O0OOOOOOOOOOOOOO
(oooO0ooOUU000O0U0U00000U00D000U0000 100 “+"000000000M)000o0oo0n
destructuring-bind D000 UO0O00OD0OO0O0O0DOOO0OOOOODOOOOODODOOODODOODOODOOOO
gooad
(let ((a (car x)) (b (cdr x))) ...)

(destructuring-bind (a . b) x ...)

000000000000 000O0001000000 700000000000000100000000O 1/400

00o0000o0o00oOo0o0ooOo0oOoooUOoOoooOooon
O000000Lsp0000000CD00000O0O00O00O0O0000OD0O0000000000000O0O000O0O0

ooooooooon

(defmacro dbind (&rest args)
‘(destructuring-bind ,Q@args))

00 200000000000000000000000000000 multiple-value-bind DO OOOOOOO

(defmacro mvbind (&rest args)
‘(multiple-value-bind ,@args))



(defmacro abbrev (short long)
‘(defmacro ,short (&rest args)
‘(,”,long ,Gargs)))

(defmacro abbrevs (&rest names)
¢ (progn
,@(mapcar #’(lambda (pair)
¢ (abbrev ,@pair))
(group names 2))))

083 JoUOOOooOO

dbind 0 mvbind 000000000000 000O0000O0O0000O0000000Eno0ooooo0oood
O000000000D&rest 000000000000 DOOOODOOOOOOOODOOOOOOOODOOOOOO
000000000000 wvbind0 0000000000000 O0O0UDOOO0OODOOOOO
goboooooboobooobboobooobooboobbooboobbooboobbooboobDbOoOoD
00o000o0o0oOo0o0oOo0o0oOOoU0OoO0OoO0oUOo0oOOo0Oo0DOoO0oUOO0OOOoUOoOoDOoOoooOoooOoo
00000000000000000000000000000000000 Lisp000000000O0ODOOOO
00o00o0o0o0oOo0o0oOo0oO0bOOo0O0oO0o0OO0LO0o0O0O0O0OO0DOOo0OoOoOOoooOOoooOoo
O0oo0ooouoooooo
gogboooboboobooboboobooobooboobbooboobbooboobbooboobDbooon
O000000D0000000 abbrevI 000000000000 mvbindJ00O00O0O0O00OO0OODO0OOOOOO
gobodboboooboo
(abbrev mvbind multiple-value-bind)
083 0000000000000 000000000000000D00D0000000O0O0OODOOOoOoO
O0o0oo0oo0oooUoOoooooo

(defmacro mvbind (&rest args)
‘(multiple-value-bind ,@args))

000000000 mltiple-value-bind D0 OD0O0OD0O0OO00OOD0OO0ODOODOOODOOODOOODOOOOODOO
obobooooooooboboboboboobooooooDoobooboboo

(defmacro mvbind (&rest args)
(let ((name ’multiple-value-bind))
“(,name ,Q@args)))

goobooboooboboobooobobooboobobooboobbooboobboobUoobDbooboOoo

‘(defmacro ,short (&rest args)
(let ((name ’,long))
‘(,name ,Qargs)))

bobooooobobdobd’,lengU name 000000 000onOanOd

‘(defmacro ,short (&rest args)
‘(,’,long ,@args))

0000 B3o0oD0o0oo000o0onooooono
O0B3I00 abbrevs 00 0000000000000 ODDOOOODOOOODOOO

(abbrevs dbind destructuring-bind
mvbind multiple-value-bind
mvsetq multiple-value-setq)

abbrevs 1000000000000 0OOO0OOOO0OOabbrevs U grouplaghD 0000000000 20000
gbooooooboboouoooooboboboboooboooobobobooboboobUubU0bgroupiO
gboooooooooooboo

*330000 apply 0 funcall 00O 00000



(defmacro propmacro (propname)
‘(defmacro ,propname (obj)
‘(get ,obj ’,’,propname)))

(defmacro propmacros (&rest props)
¢ (progn
,@(mapcar #’(lambda (p) ‘(propmacro ,p))
props)))

084 D0O0O00O0OO0OO0ODOOOD
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LispOOOOOO0OOO0OOOOO0OOOO0DOOO0OO0DOOO0O0OO0O0O0O0O0O0ODOO0DODOO0ODOO0ODOO0OO
gobooobooobooobooboboobboobboobbooboboobboobboobbboobbog o
O00p00000D0O0O0vODOOOODOOOOODOOOOoOOOOODOOOOOO
(setf (get op) v)

000 pvalll 00 red000000000O000O0OO0OOODOOOO
(setf (get ’balll ’color) ’red)
00o00oo0o0oOo0o0oDOo0oOo0bOO0o0oOO0oOOo0oOoLOOo0oOooOOoUoOoooOoo

(defmacro color (obj)
‘(get ,obj ’color))

000 get00O0OO colorddon

> (color ’ballil)
RED

00000000 setf 00000000000 12000000000000

> (setf (color ’balll) ’green)
GREEN

goboooooooooboooobooboooobooooooOoooOooOoooobObo0oOoboboOoobooOoOoobooOoOoooooa
ocobooooboooooooooooobobooboooooboooobooooboobooDobOobOoOobooobooDOg
COobOOO00OC0cO000o00oO0o0oDbOOoO0DbOCObOOOOcolor0000O0ooobooooooooooOoobOOoOonDOnon
cooooooobooooooooooboooooboboooooooooooooboboooooooboboooooooooDooag
cooboboooboooooooobooboooooboboooooooooooooocooooooobooOooooooooonoag
cooobooooboooooooooobooOoooboOooooOooooOoOooooboboOoOoobooOono

oobooooooooobboOoooooooooOooobDboOooooOoooDooooo

(defmacro weight (obj)
‘(get ,obj ’weight))

00000000000000 colord weight 0000000000000 propmacrod O [B41 00 abbrev OO
coooooo
ooboooooooooboobooboooobooooooooooooboooobooooboooooboooooooa
ooboobodooboooooooooooooooooooooooooooooon

(propmacro color)

oooooooooogoooDo

(defmacro color (obj)
‘(get ,obj ’color))

Uoboobiodbbd defmacrod00dgoogoobbooobooboobboboboobboobbooboo
U00O0OD0color00dboogoboooboobbo0ob0o0ob00bobooboob0obb00b0o0bDO0n color
goboobooboboobbooboobboon



(defmacro color (obj)
(let ((p ’color))
‘(get ,obj ’,p)))

coobooooboooooobocoOobobooooon

‘ (defmacro ,propname (obj)
(let ((p ’,propname))
‘(get ,obj ’,p)))

coooocooboooooo

‘ (defmacro ,propname (obj)
‘(get ,obj ’,’,propname))

0000000000000 0000000000000000000O0dpropmacros@4)0000000000
U propmacro 0000000000000 0O0O0DOOabbrevs 00000 0OOOOOOOOOOOOOOOOOO
gboooooooooog

gobooobobooboobbooboobobooboobbooboobbooboobbooboobboon
gbooooooboboboboboooooogoobg
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0 1410000000000000000D00000D00D00Lif0 aand0 00000000 ODOOOOOOO
gboooooobobgb itbobobooooooobobobobobobobooooboooon

(let ((res (complicated-query)))
(if res
(foo res)))

goboobogoo

(aif (complicated-query)
(foo it))

goboobogoood

(let ((o (owner x)))
(and o (let ((a (address 0)))
(and a (city a)))))

gobooboooon

(aand (owner x) (address it) (city it))
0141000 7000000000000000000aif0awhend awvhilel acondd alambdall ablock O O O
aand 0000000000000 O0O00O0OO0O0O00O0O0O0O0O0YODOOOOOOOOO0OOOOOOO0O0Common
LispO0OOO0OO0O00D0000000000000000000000000000000000 mapcon00000O0O
o0o0oO0o0o0o0bO0o00o0bO0o0Oo0boO0o0OoO0oOoooO0ooooOoo

00 aandUd0000it000000000000000O000000 a+0000000O00OO0OOOOODO
gobooboobobooboobbooobobooboo

(defun mass-cost (menu-price)
(at+ menu-price (x it .05) (x it 3)))

000000000000 5000000000000 3000000000000000O00O0OO0Dolphin
Seafood] broiled scrodd 00000000000 OO0O
> (mass-cost 7-95)
9-54
000000 saladd baked potatal OO0 00O

OB 000000 a+000000000000O0O atexpand OO0 00000 0atexpand DO OO OOODOOO
0000U0ooooooooU00Uooo0oo cdrid0oo0o0oo00oooooooooooung letbooooon
U0b00dn0 letD it00O0OOL0OO0ODOOO0ODLOOO0ODLOOODOgensymd DO OO0 DODOOODOOOODODOO
goobddgensymd 0000000000 DOO0O0ODOOO0OODOOOOgensym 000 +00ooooog
googag



(defmacro a+ (&rest args)
(atexpand args nil))

(defun atexpand (args syms)
(if args
(let ((sym (gensym)))
“(let* ((,sym ,(car args))
(it ,sym))
, (atexpand (cdr args)
(append syms (list sym)))))

‘(+ ,0@syms)))

(defmacro alist (&rest args)
(alist-expand args nil))

(defun alist-expand (args syms)
(if args
(let ((sym (gensym)))
“(let* ((,sym ,(car args))
(it ,sym))
, (alist-expand (cdr args)
(append syms (list sym)))))

‘(list ,@syms)))

085 a+0 alistO0O0O0O

(defmacro defanaph (name &optional calls)
(let ((calls (or calls (pop-symbol name))))
‘(defmacro ,name (&rest args)
(anaphex args (list ’,calls)))))

(defun anaphex (args expr)
(if args
(let ((sym (gensym)))
‘(let* ((,sym ,(car args))
(it ,sym))
, (anaphex (cdr args)
(append expr (list sym)))))

expr))

(defun pop-symbol (sym)
(intern (subseq (symbol-name sym) 1)))

08 0U0O0O0O0O0O0OUOODOOOOOOO

(a+ menu-price (* it .05) (* it 3))
gobooboogood

(let* ((#:g2 menu-price) (it #:g2))
(let* ((#:g3 (* it 0-05)) (it #:g3))
(let*x ((#:g4 (x it 3)) (it #:g4))
(+ #:g2 #:g3 #:g4))))

OB 00000000 alist0O00OOO

> (alist 1 (+ 2 it) (+ 2 it))
(1 35)

UbbO000a+0 alist 00000000000 O0O0OC0O0O0DOO0OO0OCO0O0DOO0O0O0C0O0O0OO0O0O00O00O0O00d
000000000000000000000000000000000000D00000BAEI0000 defanaph
O000000D000OOdefanaph O0000a+0 alist 0000000000 DOOOODO



(defanaph a+)
(defanaph alist)

000000000 a+ 0 alist 0000000@B000000000000000000D0000DOO0
defanaph 00000000000 COO0OOOOOOOOOCOODOCOOOOCOOOOOOOOOOOOOOOO
OO0D0O00D000O0Odefanaph D0 0000 O0DOO0O0OO0ODOOODOOOOODOOODOODOOODOOOODOODOO
O0000000 defanaph 00 aif 0 awhile 000000000000 O0OCCOO0OOOCOOOOOCOOOO
ooo

a+ atexpand U0 OO 0OD00OD0O0OO0O0O0O0O0O0COOdefanaph J anaphex 0000000000 0OO0OO
OO0OO0OO0QO anaphex O atexpand 0000000 COCOO0O0O0O0O0O0OOOOOOOOOOOOOOOOOOODOOO
at0O000000O0OODOOO

(defmacro a+ (&rest args)
(anaphex args ’(+)))

anaphex U a+expand U0 DO OO OOO0DOOO0DO0OO0DOO0DOOOLOD anaphex 0 labels [0 alambda U OO
defanaph U0 00000000000 OOOOODOODOOOOOOOOOOOOODOODODODODOOOOO
OO00Odefanaph 000000 10000000 a00000O0O0O0OOOOOOODOOODOOODOOOOOOOOO
U pop-symbol DU DOODOOO0MMODODOOOOOODOODOOOOOOOODOO0ODOODOOO0OOO0OOD defanaph
goboboooooooooobobobobobooooooobooboobobobobooo

1.0000000000000000000000000

2.00000004it00010000000000000000000O0D00——000 awhen
oooboooboooobooooooog

3.setf 000000 1000000000000O0DOO0O0O0ODOOO

it00 10

do000O0O00O0O0O0O0O0O0O0OO0O0OO0O0O0O0O0OD 10D0DD0ODODO0OD0O020000000000Lif000OO0OOO
0000000000000 COUObDanaphex0O0O0O0ODODODODOD 10000000O0DOODODOODDOODOODOOO

(defun anaphex2 (op args)
“(let ((it ,(car args)))
(,op it ,@(cdr args))))

00000000 anaphexJ0it 0000000 0OO0OOOODOODOODOODOODODODODODODOLOODOOO
0o0oooooU0Uoooo00OoooOU0U0O0ooOOoU00OoOO0U00oOoOU0UU0O0OOU00ODOOUOD 1oogoo
Ubob0it0bodbogbbo0™obbO if0booboooboon

(defmacro aif (&rest args)
(anaphex2 ’if args))

xqouU O oOoooooobobooboduobog aifbbgboboobooboobboobooboobboobod
gboooooobobobobooooooog

defanaph 00000000000 OODOODO 3000000000000 f0gvwxO0OO0OODOOODOOOODOO
setf JU0000000DO0Oanaphex20 0000000000000 O0O0OOOO

(defun anaphex3 (op args)
“(_f (lambda (it) (,op it ,@(cdr args))) ,(car args)))

0000000o0ooooooo0D 1000000000000 00000000 1000000000 oooon
U0asetf OO OODOODOODODO

(defmacro asetf (&rest args)
(anaphex3 ’setf args))

0B O00030000000000000000000000000000 defanaph 00000000 OOODO
obobobobOobobobobobobOobUobOobobDOobDOob0Dt vled 000D oOooOoooOoOO
goboobogbbooboobboooboobbooboobbobboobo

@Al 0000000000000 alist00000000000000000000000000it00000O0O
oooooooooog



(defmacro defanaph (name &optional &key calls (rule :all))
(let* ((opname (or calls (pop-symbol name)))
(body (case rule
(:all  ‘(anaphexl args ’(,opname)))
(:first ‘(anaphex2 ’,opname args))
(:place ‘(anaphex3 ’,opname args)))))
‘(defmacro ,name (&rest args)
,body)))

(defun anaphexl (args call)
(if args
(let ((sym (gensym)))
‘(let* ((,sym ,(car args))
(it ,sym))
, (anaphexl (cdr args)
(append call (list sym)))))

call))

(defun anaphex2 (op args)
‘(let ((it ,(car args))) (,op it ,@(cdr args))))

(defun anaphex3 (op args)
‘(_f (lambda (it) (,op it ,@(cdr args))) ,(car args)))

087 0UOO0OO0OOO defanaphO

first 000000 aif0000000000OOOOOOQOOCO 100000D0it0000O0O0ODOODOLOO
place OO00O0O0OD asetf 000000000 10000000000D000it00000COOOODOOO

000 defanaph OO0 00000000 OO0OOCOOOOOOOOOOOOCOOO

(defanaph alist)
(defanaph aif :rule :first)
(defanaph asetf :rule :place)

asetf 00 0O0O0O0O0OO0OO0O0C0O0OO0O0O0DOOOOO0O0O0O0OO0O0OO0OOOOO0O0O00O0O0OO0OOOOOOOO00
incf 000O00O0O0COOODOO

(defmacro incf (place &optional (val 1))
‘(asetf ,place (+ it ,val)))

000000 pullOsgkO0OOO0O0OD0OOOO0OODOOOOO

(defmacro pull (obj place &rest args)
‘(asetf ,place (delete ,obj it ,Qargs)))

16 DOOOOO

Lisp0 SOU000D0O000O0O0D 300000000000000000000000O0O0O0D0O0O00O0O0OO
gobooooooooobooobobobooooobooooooboboboboboooboooDooDobOoboboboo
gobooboobooboon
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LispOOO0OOO0DO0O0O0OO0OO0OO0OOO0ODO0O0DODO0O0OO0O0O0O0O0O0OOO0DODOO0UDODOO0OODOOOO
ocooooooobooooooooooboooobboooooooooooooDobooooooooboboooooooooDooDOg
coobooooood

0000000 Lisp00000000O00O0O00O0O00O0OUO0OODDOOUDO0OD a00D0O0ODODDOOPOODODO
coboboodoobooooooooooooobooooooooooooooocooooooobooooooooooonoag



(set-macro-character #\’
#’ (lambda (stream char)
(list ’quote (read stream t nil t))))

088 'gooOoooooooon.

0000000000000000 Lisp0000000000000000O00O0O0O0O0000OO0O0O0ODO0O0O0O0O
gboboooooooobooboboboboooooooboobooboboboboboooo

000000 set-macro-character 0000000000000 OOOODOD 1000000000 10000
01000000000000 read0 00000000000 Oread000000O0O0O0OCOODODODODODOODODOO

LispOOOOOOOOOOOD 100°0000000000°00000000 ’a0d00000 (quote a)d 00O
gbobobobobgoooboooobooboboboboooobo0obobobUObUObg quoetedOOO ’a
0 (quote 2) 00000000000 DOBEODODDODODODOOOOOOOOO

reed 0000000000000 "2’b"0 |2’b|00000°00000000O0DO0ODOOOOOOOOO0O0
000000000000 0@mMo0ooU00 200000000000 000000000000MIO0O0O read
0°’a0000 (quote a) OODOO

read 0000000 3000000000000 O0O0OO0DO0ODOOOOOUOOOOOOOOUDOODOOOOOO
O00000Db0b000Db00b00b0O0O0read0 0000000000 read0 000000 oboboobonoO
go0o0000o0oO0O0oO0 2004000 t0000000000O0O0O0O0OOUO 300000D0ODOOOO

gboboboooooooooboboboboooooboooooobobobobobooooooboDobOoDbOo
googoooboobobboooooooboobobobbooooooooobobobbbboooooooobbooooooo
0000000000000000000000000000000CommonLispd0000000000000O0O
OCLtL20 5430000000

0000000000000 0000000000000000000000000000000O0O0000 Lisp
goooooooooobooboboooboobooboboboobobobobobooboobUooboobbooDoo
O00000000000000 read000000000000O0O0OOOOOOOOOOOOODOOOO LispO0O
gbooooooooobogoobobobooooobooooooboboboboboboboooooooboOoDbo

0000000000000 000000 2000000000000000000 LispO0O0O000OOOOOO
gbobobobOobobobOobOobobOobUobOobobobOobobUbD read0 000000 OOOOOOO
gooo

’a
goobooooooon

(quote (quote a))
OO0 quoteOO0OD0O0ODOODOOOOOOODOODODODOODOODLODODODOODDOODODODOD

> (eq ’a (q a))
T

gbooooooooobooboboo
(q (q a))
gboooooooobgoobobo
(quote (q a))

162 ODO0OO0ODOODODOOOOODO

oobobooooooo#0obOOo0cO0oO0oOOoOoOobOOoOoOoOobOOoOoOCcOoOobOOoOObOOODbOOOOoOoOboOoOobooOoOoO
0000 200000000000 1000000000000 O0O00O0OOOOOOOOOOOOOOOODOOOO
OO0 ASCIODO0O00000000000000000100000000000000 ASCIIOOODOOOO0OOO
ooooooo



(defmacro q (obj)
‘(quote ,0bj))
(set-dispatch-macro-character #\# #\7
#’ (lambda (stream charl char?2)
‘#’ (lambda (&rest ,(gensym))
,(read stream t nil t))))

089 0D0O00O0OODOOOOO0O0OO00

(set-macro-character #\] (get-macro-character #\)))

(set-dispatch-macro-character #\# #\[
#’ (lambda (stream charl char2)
(let ((accum nil)
(pair (read-delimited-list #\] stream t)))
(do ((i (ceiling (car pair)) (1+ 1i)))

((> i (floor (cadr pair)))

(list ’quote (nreverse accum)))

(push i accum)))))

09 O00O0OOoOoUoOoUoOoooOooo

Omake-dispatch-macro-character 0 0000000000000 O0O0O0OOOOCOOOOOOOO#x0000
ooooooooooooooooboboboOooooo#sbooobooooooooooooboobooooooooooon
00000000000 CommonlispD 000000000000 00D0000000000O0D00OO CLiL20
5310000000

oob0ooboooob0ooon00odobO0000000d set-dispatch-macro-character U0 DO OOOOO0OO
set-macro-character 0000000000000 200000000000000000COOOOOCOOOO
000#?000B3000000000000000000000D0D0O00DODODOO00O0O0O0O00O0000Dn
O#72000000000000 2000000000000000O0:

> (mapcar #72 ’(a b c))
(222

coboboodoobooooooooooboooobooooooooooooooocoooooooboooooooooonoag
000000000000 O0LIsp0 0000000000000 0O0ODO0O0UD alvaysOOOOOOOODOOOOOO
ooo

000000000 0oo000o0oU0oO0o0ooO00oO0o0oO0oU0oOO0O0O0O0OoOUoOOO Lispo0oOooOoO
coboooooooooobooooooboooooooooDodO#°0O 0000000000 O#?00000 read
coooooooo’o# 00b0o0oooooooooooon

> (eq (funcall #7’a) ’a)

T

> (eq (funcall #7#’oddp) (symbol-function ’oddp))
T

16.3 ODOOO

o0o0ooOoOoooOOoOOoOoODOODODOOOOO0OO00O0OOOOOOODODODODODOOODOOOOOOOOOO0 #[0
0000B 000000000000 000000000000000000000000D000000 #[x ylO
goboobxddyboobooobooboobbooboobbooboobboo

> #[2 7]
(234567

O000D00000000D00O read-delimited-list 00000000 OD0OOOCOOOOODOOODOOODOOOO
0000000000o0o0o00 100000000000000000000000] O #0000OoOoOOoOoOon



(defmacro defdelim (left right parms &body body)
‘(ddfn ,left ,right #’(lambda ,parms ,@body)))

(let ((rpar (get-macro-character #\) )))
(defun ddfn (left right fn)
(set-macro-character right rpar)
(set-dispatch-macro-character #\# left
#’ (lambda (stream charl char2)
(apply fn
(read-delimited-list right stream t))))))

091 J00O00O0OO0O0O0OO0OOO0OOOOO0OoOOO

#.(compose #’list #’1+)
(defdelim #\@{ #\@} (&rest args)
‘(fn (compose ,@args)))

092 JoU0O0DO0OoOoOUOOooOooOO

coooboooooboooboOooobOoboocobOobooOoOo0bbo0o0o0bO0oO0n0DOd set-macro-character OO
ooooooo

000000000000000000000@NOD000000000000000000000000000
000000000000000000000000000000000RID000000000000000000
000000000000 0000000000D0 defdelim0000 200000000000000000000
0000000000000 0000000000000000O0Odefdelim00000001000000000
00o0000o0boO0o0oO0o0o0200000000000000000DOO00O000DOO0DOOOOOOOOODOOOO
0000000000000000000000@NO0000000000000000000000000000
00000 mapa-bOckvO OO0 0O0Odefdelim0 mapa-b 000 000RII 0000000 OOOOOOODODOO
oooo

(defdelim #\[ #\] (x y)
(list ’quote (mapa-b #’identity (ceiling x) (floor y))))

0000000000 0oDo0o0o0ooo0ooD0UDoOO S400000000000000000D00O0

> (let ((£f1 (compose #’list #’1+))
(f2 #’ (lambda (x) (1list (1+ x)))))
(equal (funcall f1 7) (funcall £2 7)))
T

000000 1list0 1+000000000O0O0compose 00000000000 ODODOOOOOOOOO S5.70
gobobooopobboobobbooobbboobbibd compese 0 O0O0O0OOOOO0OOOOOOODOOO
googn

0000000000000 000000000000R@2Z000000000#%e{f 1 £ 2 ...fn@00000O
g0 fi0f20...0fn00000000DO0O0OOOO0ODOOODOODLOODDOOODbDOO

> (funcall #@{list 1+@} 7)
(8)

000 fn0gfd0 0000000000000 0O0O0UOO0O00Ofsn000000000O0O0OO0ODOO0OOOO

164 OODOODOOOO

gobobooooooooboooboooooboooooooooooooboooboobooobooooooooooDooag
coooboooboooooooobooboooooboooooooooooooooooooooooOoooooooonoa
oooo

(defmacro quotable ()
’(list ’able))



gooooooooobooooogoogooobooboooob bbb oo O
defmacro 0000000000 OOOOODOODOODOOO

(defmacro quotable ()
(quote (1list (quote able))))

gobgoobooobboobooboooboobooobooboobbooboobbooboobbooDboo
gboooooobooboboboooooooobobobooo

17 O0O0o0oono

Ub0o0o0o0ob00ob0obOobobooboiobbO setgq setf 00O ODODOOOOOOOOOODOOOOOODOO
gdoo00o0oOoO0oOoOoOoO0D 1o0ooO0o0O0O0O0O0D0O0O0OD0OOO0OO0ODOO0OO0O0O0O0O0O0O0OOOOOOOOOOOOOOOO
gobooboooboobooobooo

171 0OO00OO0OODOOOOODOO

CLtL2 0 00O Common Lispd 0 000 destructuring-bind 0000000000000 70000000000
000000000000 1st0000 300000000x00 10000y00 20200 3000000000
O000OCLLIOO0OO000 Commonlispd 0000000000 OOOO

(let ((x (first 1st))
(y (second 1lst))
(z (third 1st)))
)

coooooobooooboooobooooooooo

(destructuring-bind (x y z) 1st
)

gobgoobooobboobooboooboobooobooboobbooboobbooboobbooDboo
UbobodboxUyOd zO0OOOOOOOOOODOOoOOoOooooOooOoDOOoDOo
goboobbooboobbooboobobooboobbooboobbooboobboobooboboon
O0O0000O0Odestructuring-bind 00 10 0000000000000 CO00O000ODOOCOOOlet000OOO
gbooooooobooboboboooooooooobobo

(destructuring-bind ((first last) (month day year) . notes)
birthday
.2

goboobooboboobooobooboobbooboobboobooobobooboobboon
000000 CLiLa 0 CommonlLispd 00 000000000000 0000O0OD00DOD0O0O00O0O0O0D0O0O0O0
O0o000obdbob0o0obOo0obo0obuobobUubOdb0destructuring-bind 000000000 O0O0O0ODOOOO
gooboobodoboboobooboooobooboooboob oo booboobbooboobbOooDbOoo
oboo0oooooOob0moooboobo0ob0b0ob0obO00n genvironment O [
gogboooboboobooboooboobooobbooboobbooboobbooboobo

17.2 OO0OO

oooobo0o0oooooooooooooooo0ooo0o0oooooo0ooooooooooooooooon
Ub00000 destructuring-bind U0 0000000000000

0000000000000000000000000BP™ 00 dbind D000 0D00O0O000OO00OO
destructuring-bind 000000000000 00O000O0O0CO00O0O0O0O00O0O0 20000000000000
ocooooobooooooooooooo

> (dbind (a b c) #(1 2 3)
(list a b ¢))
(123)



(defmacro dbind (pat seq &body body)
(let ((gseq (gensym)))
‘(let ((,gseq ,seq))
, (dbind-ex (destruc pat gseq #’atom) body))))

(defun destruc (pat seq &optional (atom? #’atom) (n 0))
(if (null pat)
nil
(let ((rest (cond ((funcall atom? pat) pat)
((eq (car pat) ’&rest) (cadr pat))
((eq (car pat) ’&body) (cadr pat))
(t nil))))
(if rest
“((,rest (subseq ,seq ,n)))
(let ((p (car pat))
(rec (destruc (cdr pat) seq atom? (1+ n))))
(if (funcall atom? p)
(cons ‘(,p (elt ,seq ,n))
rec)
(let ((var (gensym)))
(cons (cons ‘(,var (elt ,seq ,n))
(destruc p var atom?))

rec))))))))

(defun dbind-ex (binds body)
(if (null binds)
‘(progn ,@body)
“(let , (mapcar #’(lambda (b)
(if (comsp (car b))
(car b)
b))
binds)
, (dbind-ex (mapcan #’(lambda (b)
(if (consp (car b))
(cdr b)))

binds)

body))))

093 0J000000UoooDOooouooooooog

> (dbind (a (b c) d) (1 #(2 3) 4)
(list a b c d))

(1234)

> (dbind (a (b . c) &rest d) ’(1 "fribble" 2 3 4)
(list a b c d))

(1 #\f "ribble" (2 3 4))

O00000#x(0000000000000000M\DO00O0O0000000000 "abe" =#(#\a #\b #\c)
O000"fribble"D D 100000#\f 00000000000 0dbind D&rest D0 &body OO DO ODOOOOO
gooo

goboobbobobooboobbodeindb0000ogoooOOo0obOo0bbOobLbOo0bOo0ObLbOOob0DbOonOn
00000000000000000000 Lisp00000000000000O0O0O000O0OO0ODOO0OO 34000
O00000Lsp00000000000O000O0O00O0O0O0O0O0O00O00O000000000O0O00OOUOoOOn
0000000000o0o0o0o00000000o0o0o0oOO000000D0Do0oOOoOOO0OO0 7.800000OOO0OOO
goboooooooooboooboboboooooooooooboboboboboooboooDobDoboboboboo
O000000000000dpind00000020000 destrucl dbind-ex 000000000000 OOO
gooo0oO00o0 10000000 ooooooooOoOooOOOOOOO0OODOUUOUOoOUOoOoOoOoOoOOg 2
gobgooboobbooboobooobooboobobooboobbooboobbobobOooboo



(defmacro with-matrix (pats ar &body body)
(let ((gar (gensym)))
‘(let ((,gar ,ar))
(let ,(Qet ((row -1))
(mapcan
#’ (lambda (pat)
(incf row)
(setq col -1)
(mapcar #’(lambda (p)
‘(,p (aref ,gar
,TOW
, (incf col))))
pat))
pats))
,@body))))

(defmacro with-array (pat ar &body body)
(let ((gar (gensym)))
‘(let ((,gar ,ar))
(let , (mapcar #’(lambda (p)
“(,(car p) (aref ,gar ,@(cdr p))))
pat)
,@body))))

094 00o0o0ooOoooooog

100000 destruc 00 0000000000000 O0O0OOO0OO0O0OOOO0OODOOOOODOOOOODO

> (destruc ’(a b c) ’seq #’atom)
((A (ELT SEQ 0)) (B (ELT SEQ 1)) (C (ELT SEQ 2)))

0300000000000000000000000000OD0DDODODUODODOOOOOOOg
gbobobooooooboobobobtegensym oo oooooooonooboDo

> (destruc ’(a (b . c) &rest d) ’seq)

((A (ELT SEQ 0))
((#:G2 (ELT SEQ 1)) (B (ELT #:G2 0)) (C (SUBSEQ #:G2 1)))
(D (SUBSEQ SEQ 2)))

destrucUU00O dbind-ex 00000000000 OO00O0O0O0OCOO0O0O0O00O00O0 destrucO000OO0O0O0OO
OOo00O0o0o0oboOog lece0OOOOO

> (dbind-ex (destruc ’(a (b . c) &rest d) ’seq) ’(body))
(LET ((A (ELT SEQ 0))
(#:G4 (ELT SEQ 1))
(D (SUBSEQ SEQ 2)))
(LET ((B (ELT #:G4 0))
(C (SUBSEQ #:G4 1)))
(PROGN BODY)))

dbind 0 Odestructuring-bind 0 0000000000000 O0OO00OODOOOO0DOOOOOOOOODOOO
O00000b0000O0000000Omultiple-value-bind DO0O0 nil O00O0OO0OOO0OOODOOOOOOO
gooboobooobooboobboooboobbooboobbooboobbooboobboobOoOon

> (dbind (a b ¢) (1ist 1 2))
>>Error: 2 is not a valid index for the sequence (1 2)

goooOoQopoOoOoOoOoOoOoOoOoODOO0OOO0OUOO0OO0OO0OO0OQ0OUOODOU0OOOODOOODOODOODODOUODOOD 10O
gdooooooOoOoO0OoOOO0OO0OO0OO0OO0000U0O0O0UUOODOODOODOODOOODODOODOOOOODOOOO 20
00000000000000000000000000R4000000 with-matrixO0OOOOO0O0O0 20000
gboobooooooobooboboobooo

> (setq ar (make-array ’(3 3)))
#<Simple-Array T (3 3) C2D39E>



(defmacro with-struct ((name . fields) struct &body body)
(let ((gs (gensym)))
‘(let ((,gs ,struct))
(let , (mapcar #’(lambda (f)
‘(,f (,(symb name f) ,gs)))
fields)
,@body))))

09 0O0O0O0O00ooooooo

> (for (r 0 2)
(for (c 0 2)
(setf (aref ar r ¢c) (+ (x r 10) c))))

NIL
> (with-matrix ((a b ¢)
(d e £)
(g h 1)) ar

(list abcdefghi))
(01210 11 12 20 21 22)

000000 300000000000000000000000000000000O0O00O0O0O0O0O0O0O0O00A0
gbobooooobooobogooooooboboooboboboobooobooboooooboboboooboboboooo
0000000000000 0000R400 2000000000000000000D00O00DOO0OOOOOO
gboboooooooboboboooo

> (with-array ((a 0 0) (d11) (i 2 2)) ar
(values a d i))
0 11 22

gbooboooboobobobobooboobo0obobobo0oobo0obO0obU0ob0O0bODU0bU0obU0ODOg defstructd
goboobooobooooboobooob:ooobbooobboooobobbooobboobbbooobboobbboo
ORI 00000000000 10000000000000000000000000000D000O00000OD0
0000000000000000000000000 symbOIlgwO0 0000000000

> (defstruct visitor name title firm)
VISITOR
> (setq theo (make-visitor :name "Theodebert"
:title ’king
:firm ’franks))
#S(VISITOR NAME "Theodebert" TITLE KING FIRM FRANKS)
> (with-struct (visitor- name firm title) theo
(list name firm title))
("Theodebert" FRANKS KING)

173 OO

cLosSOUUOoO0UiDoO00oOO0O000O0O0D0O00DD0O0DDOOtreel 3000000000: 000000
O00000000Ospeciesagel height O OOUOOOOmy-treed tree00000O00OOODOOOOOOO
ooooo

(with-slots (species age height) my-tree
.

my-tree 0000000000000 0O0O0O0OODODODOOOOOO000Owith-slotsO00O0O0OOOODOOO
height 00000 height UODOOUOOOOO0O0O0OOOODOOOOOOOOODOOOOOOOOOOOOOOOOO
gobooboobobooog

(setq height 72)

my-tree 00000 height 00 720 000000000000000D0O height 000000000 OODOOOO
000000000 7110000000000000000000000symbol-macrolet D Common Lispd 00O
dddd with-slotsUUOUOUOUooooooooon



(defmacro with-places (pat seq &body body)
(let ((gseq (gensym)))
“(let ((,gseq ,seq))
, (wplac-ex (destruc pat gseq #’atom) body))))

(defun wplac-ex (binds body)
(if (null binds)
¢ (progn ,@body)
¢ (symbol-macrolet ,(mapcar #’(lambda (b)
(if (comnsp (car b))
(car b)
b))
binds)
, (wplac-ex (mapcan #’(lambda (b)
(if (comnsp (car b))
(cdr b)))
binds)
body))))

09 00000000000O0O00O0000000O0

with-slots DO 0O 0O0O0000O0O00O0C0OO0O0OO00O00000O00O00 destructuring-bindO00000O0O0O
cooooooobooooooooOooOoooooOoboOoOobooOoOoooOoOoOoOooOoboOoOooOoboOoOobOboOooooOoOoOooOoooa
ooooooooobooooooooobooOooobobooooooooooOooDboboooon

Uboo0o0oobuobooob0ob0obib0bDlet 000 symbol-macrolet OO OODOOO0OO0OODOO0OOO0DOO
O0R@B0O000dbind O with-slots 0000000000000 000O0DOOO00ODOwith-places00dbind000O
goboobogood

> (with-places (a b c) #(1 2 3)
(list a b <))
(1223)

000000000000 Cwith-slots 0000000000000 OO0O00O0O0COO setf 0000000
ooooo

> (let ((Ist ’(1 (2 3) 4)))
(with-places (a (b . c) d) 1st
(setf a ’uno)
(setf ¢ ’(tre)))
1lst)
(UNO (2 TRE) 4)

U000 with-slots U0 00000000000 OOOOOOOOOOODOOOOODODOOOOOOOODOOO
CO000000000000000000 setqU0 00 setf 0O0O0OO0OO0OO0O0O0O0O0O0O with-slots OO
OO0O0O00D0 setqO setf 0OOOO0O0O0O00O code-walkerOrexd OO OOOOO0OOOODOODOOOOOODOO
code-walker 0O 0O0O0OO0O0O0O0OO0O0OOO0O0O0O0O0O0O0O0OO0DO0C

with-places O dbind OO0 0000000 COOO0O0O0O0O0OO0O0COCODOOOCOOO0OOOO deindO0OO0OO
Ub00000with-places0000000DO0DO0OOOOOODOODOODOODODLOOOOOOODOODOODODOO
dbind 000 cO (elt x 2) JO0000D0O00OOOwith-placesd cO (elt x 2) 0000000000000
bobdobd cOO00bUOnbO0DbOOOO0OOODelt00O0OOOO0 nOOOO0OO0OODOOOOOODOOOO
Osetf 00000000O00O0O0O0dindOO0O0OOOOO

with-places 0000 dbind D0 000 QT 0000000000 Owplac—exOdbind-exO0 00000000
let U symbol-macrolet U0 O OUDUDODOOO0OOODOODOODOOOLOOODOODOODOODODOOOOOOD
oooo



(defun match (x y &optional binds)
(acond?2

(Cor (eql x y) (eql x ’_) (eql y ’_)) (values binds t))
((binding x binds) (match it y binds))
((binding y binds) (match x it binds))
((varsym? x) (values (cons (cons x y) binds) t))
((varsym? y) (values (cons (cons y x) binds) t))
((and (consp x) (consp y) (match (car x) (car y) binds))
(match (cdr x) (cdr y) it))
(t (values nil nil))))

(defun varsym? (x)
(and (symbolp x) (eq (char (symbol-name x) 0) #\7)))

(defun binding (x binds)
(labels ((recbind (x binds)
(aif (assoc x binds)
(or (recbind (cdr it) binds)
it))))
(let ((b (recbind x binds)))
(values (cdr b) b))))

097 D0OO0OODOOO

174 0O0O0ODOO

obooooooboobooooooooOooboooOoobOoOoOoOoboOoOOobOO0obOOoOOOO0o@mobOOobOOoOoboooo
00oo0oooO0o000oooOO0o000oODOO0O00DOO0O000ODOO000OOO020000000000O000O
0000oo0o0O000ooo000ooo0o0oooO0o00oooO00UoODOxO0y000000OD0O0O0O0 20000
OO0 7=al0?y=b0000000000

(p ?x ?y ¢ 7x)
(pabc a)

CoooOooobO»x=7y=cO0O00000O0OO

(p ?7x b 7y a)
(p ?7y b c a)

gobooooooooobooooooobooooooooOooOooO0oobOo0OoboooobooOoobooOoOoOoooDooag
coooooooboooooboooooobooooobooboooooooooooooboooooooboboOoooooooooa
O00o00oo0o0200000000000000

gobooooooooobooooobooooboooooooooOooOooOoobObo0oOobOboOoobooboOoobooOoOoOooOoooa
ocoooooooooooooooobooooobbooooooooooooobboooooooobboooooooooDoDOg
cobboobOoooooboocOobOoOoOooOoOoboOooooboo0ooboo0var?ODO0OO0OO0OO0OOOOOOODOCOO
oooo

OB OD000000 Lsp0000O00000000000000000000000Omatch00 200000
coobooooboooobooooooooobOboOoOooooobooOoobooOoOooOoooOooonn

> (match (p abca) ’(p ?x 7y ¢ 7x))
(7Y . B) (?X . A))

T

> (match (p ?x b ?y a) ’(p 7y b c a))
((?y . C) (7X . 7))

T> (match ’(a b c) ’(a a a))

NIL

NIL

match U0 O0000000000O0O0ODOO000DOODOO0O0O0DO0ODOO0O0O0ODOO0O0O0 pindsJ0OOO0OO
U0matchO0O0OO0O00OO0OO00D0ODODOOOODODOOOOODODOO nil0O0OO0O0O00DODOO0O0OOODOOOO



(defmacro if-match (pat seq then &optional else)
‘(aif2 (match ’,pat ,seq)
(let , (mapcar #’(lambda (v)
“(,v (binding ’,v it)))
(vars-in then #’atom))
,then)
,else))

(defun vars-in (expr &optional (atom? #’atom))
(if (funcall atom? expr)
(if (var? expr) (list expr))
(union (vars-in (car expr) atom?)
(vars-in (cdr expr) atom?))))

(defun var? (x)
(and (symbolp x) (eq (char (symbol-name x) 0) #\7)))

098 JO00ooOoooooooon

0000000000000 Omatchd gethash 0O OO0 200000000000000000000

> (match ’(p ?x) ’(p ?x))
NIL
T

matchOOO0O0O0O nilO t 0000000000000 O0O0O0O0O0O0O0O0OCOO0O0O0O00O0000d
PrologD0OO0Omatch 0 _ 0000000000000 000O0O0O0OD0O0OO0ODO0O0OOODOOOOODOOODOO

> (match ’(a ?x b) *(_ 1 .))
(?x . 1))
T

match00000000000000000 dbind00D00000D0D0D0BEI00 if-match00000000D0

O0dvind 00000 100 20000000000000000000000000O0DOO0O0O0OOOOOCOOOO
0000000000000 00000000 20000match00000000O00OOOOOOOOOOODOOO
0000000 thenDOD0O0OD0OO0DOOO0O0OOOO0OOO0OOOO else0 0000 if-match000000O0OOO
ooo

(defun abab (seq)
(if-match (?x 7y ?x 7y) seq
(values ?x ?7y)
nil))

cooboooobooxxO»yObOOOooooOOoOoOooOoOooooooo

> (abab ’(hi ho hi ho))
HI
HO

O0vars-in 000000000000 OO0COO0COD0O00O0var?00000O0O0O0O0O0OOOCODOODODOO
000000 var?0 varsym?0 0 @A 0000000000000 O0O0O0D0D000D0D0DOOD0OD0OD0O0OOOOOO20
0000oo0o00ooO000200000000000000000O0OOO0O0OOOOO

0B8100000if-metch00000000000D0D0D0D0D0DD0O0D0DOOOOOOOOD 1000000000
cooooooobooooobooooooOoooooboboOoOobooOooooOoOooOooOboOoOoOoboOoobboOooooOoOoOooOoooo
ocooooooooooooooooboooobbo0ooooooooooooboboooooooobboooooooooDoDOg
00000000 if-matchOO0OO0O0O0O0O0O0O0OO0DOCOO0OOCOO0OOOOOOOCOODOOOOOCOO

oobooobobooobooobooooboooobOoooooooooooOboOooo0oobobO0o0oDOo00nOmateh
0000o0O0000o000oooO00ooO000b0O00000000000 if-match00 100000000
coobooooobooooooooooOooOoooboboOoOoobooOooooooooOoboOoOoooooboboOooooOoOoooooa
ooobooooooooooboboooobooooon



(defmacro if-match (pat seq then &optional else)
‘(let ,(mapcar #’(lambda (v) ‘(,v ’,(gensym)))
(vars-in pat #’simple?))
(pat-match ,pat ,seq ,then ,else)))

(defmacro pat-match (pat seq then else)
(if (simple? pat)
(matchl ‘((,pat ,seq)) then else)
(with-gensyms (gseq gelse)
‘(labels ((,gelse () ,else))
, (gen-match (cons (list gseq seq)

(destruc pat gseq #’simple?))
then

“(,gelse))))))

(defun simple? (x) (or (atom x) (eq (car x) ’quote)))

(defun gen-match (refs then else)
(if (null refs)
then
(let ((then (gen-match (cdr refs) then else)))
(if (simple? (caar refs))
(matchl refs then else)
(gen-match (car refs) then else)))))

(defun matchl (refs then else)
(dbind ((pat expr) . rest) refs
(cond ((gensym? pat)
“(let ((,pat ,expr))
(if (and (typep ,pat ’sequence)

, (Length-test pat rest))
,then

,else)))

((eq pat ’_) then)
((var? pat)

(let ((ge (gensym)))
‘(let ((,ge ,expr))
(if (or (gensym? ,pat) (equal ,pat ,ge))

(let ((,pat ,ge)) ,then)
,else))))

(t ‘(if (equal ,pat ,expr) ,then ,else)))))

(defun gensym? (s)
(and (symbolp s) (not (symbol-package s))))

(defun length-test (pat rest)
(let ((fin (caadar (last rest))))
(if (or (comnsp fin) (eq fin ’elt))
‘(= (length ,pat) ,(length rest))
‘(> (length ,pat) ,(- (length rest) 2)))))

099 0O00O00oO0oOooooooo




(if-match (7x ’a) seq
(print 7x))

gogboobbooboobo

(let ((7x ’#:g1))
(labels ((#:g3 nil nil))
(let ((#:g2 seq))
(if (and (typep #:g2 ’sequence)
(= (length #:g2) 2))
(let ((#:g5 (elt #:g2 0)))
(if (or (gensym? x) (equal ?x #:g5))
(let ((7x #:g5))
(if (equal ’a (elt #:g2 1))
(print 7x)
(#:23)))
(#:g3)))
(#:83)))))

0 100 if-match 00000

if-match D0000RO O D000 000D0ODOO0OO0ODOODOOOO0NDOONOODOODOODOOOOOOOn
000000000000 match0000000O000O0O00O0OOO0OOO0O0O0OO0OOO0OOOOOOOOOO
ooo

Ud7»x0b000»x0gbooooboboobbooboodboboobobooobuooboboobobbooobbooon
O00o000o00o000O0000o000o0o0b00o0gensym 000000000000 OOOOOOOOOOOO
U if-match0J000000000O0O0 gensymb 00000000000 00O0000O0O00 with-gensyms [
0000000000 0000000 gensymJ 000000000000 DOOOOOGCOOOO

goooobDd pat-match 000000000000 if-match 000000000 OODODOOOODODODODOO
0000000000000 00000000000000000000000D0000 19000 pat-match 00
ooooooooooo

gboooboobooboboboboobobobobbOobboobOo0obOooDb simple?00000O0OD0OOODOO
O00o000000O0o000000O0b00000O0000000000000000000000 vars-in0000 10
goboobooobboobooboooboobooobooboobbooboobbooboobbooDboo
00o0o0o0oO0bO0o0o0oO0oooO0oooo0oon

dbind OO0 O Opat-match 0 destruc 00 0000000000000 0O0O0O0OOO0OOOOOOOOODOOO
gbobobobooooboobobobooboobobuobobbo0bU0bOoby gen—matchJOOOOOOOO
0000000000 00000000000000000000 match1 000000

if-match0000000000000000RBII 0 matchl 000000000000 400000000000
0000000000 gensymJ 0O0OO0O00O00O00O0O0000000O0O destruc00000O000O0O0O0OOO
gobgooboobboobooboooboobooobooboobbooboobboobooboboooboo
0_0000000000000000000000000000O00match1 000000000O000O0O0O0O00OOO0
o0oo0ooo0o0oO0oO0o0o0oOo0o0obO0o0o0ooO0o0oO0oOo0oo0oooooO0ooOooooOooooooooooo
gbobobobobobooobobobuobtObmatchi D0O0OO0O0ODOODOODOOOOOOODOODODOOOODOO
ooooo

goboobboobooboobbooboobboobuooboboooboboo
(if-match (7x ’a) seq

(print ?x)

nil)
O000000D00000000000000 gensyli 000000000 gOO0000000 destrucO000O0OO0
(destruc ’(?x ’a) ’g #’simple?)

coooocooboooooao



((?x (elt g 0)) ((quote a) (elt g 1)))

000000000 (gseq) DODOOOO

((g seq) (?x (elt g 0)) ((quote a) (elt g 1)))

00000 gen-matchOOO0Olength 00000000 OgrsO0000000O0Ogen-matchOOO0O0O0O0O00OO
0000000000000 00000000D00000000000000 gen—match O thenDOOOOOOOO
x00000000000000000000 match1 O thenDOOOO0O0O0O0O00O0O000O0O00O0O0OOOOO
ooo

(matchl ’(((quote a) (elt g 1))) ’(print ?x) ’ else function )

ooooooooooooo

(if (equal (quote a) (elt g 1))
(print ?7x)
else function)

O00000matchi 00000000 thenDOODOOODOODD matchl O thenD OO OO0 D if-match O
00oooooo@ooooon

OD000O0O0dO0dOdgensymd 0000000 20000000000000000000000000000000
000000000 gensyml 0000000000000 ?x00000000000000000O0O0O000O0O0
000000000 gensymd 00000

000 if-match 0000000000000 00000000000000O0D00ODO0 LispO00OO0O0O0DOO
0000000000000000000000000

> (let ((n 3))
(if-match (?x n ’n ’(a b)) (1 3 n (a b))
7x))

000 destrudd 003N 0000000000000 000D 20000000000000000 &rest O&body
000000000 OmatchOOO0OO0DO0O0OO0O0OCOO0O0D0OO0OMO0O destrucO0000000O0O0O0O0OO0OO
Oeltl subseqU O UOO00O0O00OO0if-match 0000000000000 0O0O0O0DO0O0C0O0O0OOabab0d00
if-match00000000O0O0O0OOO0OOOODOOOOOOOOO0

> (abab "abab")
#\a

#\b

> (abab #(1 2 1 2))
12

gobooboddeindd00gooooboobboooboobog

> (if-match (?x (1 . ?y) . ?x) ’((a b) #(1 2 3) a b)
(values 7x 7y))

(A B)

#(2 3)

02000000000000000000000000000000O000O0ODO0O0000O0OO0*print-array*
t0ooogooo

obooooooooobOoOoooboboOooobooOooooOooOoOooOOoOoOobOOoO0O0obOOoOoOobOOoOoOoboOoOoOooOoooa
OOif-matchOOO00OO0O0O0D0OOOOOOO0DOCOCOODOOOOOOODOOOOOOOOOOOOOOOOODOOO0
coooboooobooobooooboooooao

18 DOOoOooooon

0000000000000000000000000if-match0000000000D0O0O0RIIOOODODOODO
0000B31 0 destruc 0000000000 0000000O0OOODODODODDDOOOOOOOOOOOOD
0000000000000 Lisp00000000O00000D0OO0OO LispO0O0O0OO0O00OO0OOO0OOOO—o0
gbooooooboboooobobouobobobouooobob0obU if-match O O0O0OOOOOODOODOO
gobooboooobd



(defun make-db (&optional (size 100))
(make-hash-table :size size))

(defvar *default-db* (make-db))

(defun clear-db (&optional (db *default-db*))
(clrhash db))

(defmacro db-query (key &optional (db ’*default-dbx))
‘(gethash ,key ,db))

(defun db-push (key val &optional (db *default-db*))
(push val (db-query key db)))

(defmacro fact (pred &rest args)
‘(progn (db-push ’,pred ’,args)
?,args))

0101 Oo0OO0oO0OOO0oOoooOoooo

LispOOO0OOOO0OO0OO0OOO0OOO0OOO0OO0OOOO0ODmMOOOOO0O0OoOo0DOOoO0DOoOOUOoOOoO0LOoOOOn
if-match 0000000000000 O0OOOODOCOOOCOOOOOOOOOOOO0

gobooooooooobodoobooooboooooooooooooboodooboooobooooooooooog
cooooooobooooobooooooOoooooOboOoOobooOoOoOoOoOoOoOooOboOoOoOoboOoOobOboOoooOoOoOooOoooa
ocoooooooooooooooobooOooobbooooooooooooobobooooooooboboooooooooDoDOg
coooooooOobooobooooooooboOoocOoOoOOoOoOobOboOoobooOoOo

LispO0OO0ODO0O0O0O0O0OO0O0O0D0O00O0D0O00O00000000000UDO0O00O00D0O0U0O0DO00DDOOOO
0000000000000 00000000000000O0U0D0OD LispO00O0OO0O0OO0ODOO0OOO0ODOOOOOO
000000000 LispO0OD0O0OO LispO0O0O0O0O0OO0OO0OODOOO0OUOOOOOUODOOOOUOOODOOOOOOO
oooooooobooon

0000000000 0oOoOoooocLosouon Common LispObjectSystem 0000000000000
00000000000000000000000000000000000LIsp00000000OO0OOOOOO
O0ooO0OoocLosoUooUiooUioo0ooooooU0o0o0oo0oo0ooo0oUooUooUooO Lisp
ooobooooooon

000000000000 O00O0O00O0O00O LispO00D0D00OO0O0ODO0ODO0O0D0ODOOODODOODOODOOO
000000000 mMOo00o0000o0O000D if-natch 0000000000 0OOO0MIO 10000000
gooooooQoooQooOoOoOooOoOoOooOo0oOoUoULULoUoLUgooOoDoOoOOoO—-=o0oooo1opoooooo
O0—0O00000000000000DO0000LspO000O0DOOOOn

181 OOOOOO

gogbooooboobooboboobooobooboobDbooboobbooboobbooboobDbooon
O000000000000000 JoshuaReynolds 000000017230 00 179200000000000000
goboobogo

(painter reynolds joshua english)
(dates reynolds 1723 1792)

O00ooo0o0ooo0o0oooO0o0ooooOoO0o0o0l1000ooo0ooooooooo

(painter reynolds joshua 1723 1792 english)
ooo0ooooOo0oooo0ooOo0o0ooOooo0ooOOo0ooOoOO0o0DooOoOOo0oOOOo0oOOOOO 10000

gooooOoOoOoOO0oO0OO0ooOooOooOoUoUooogoooooooooooooooooooooooooon

oooooooooooooooooooooooo



query : (symbol argument *)
: (not query )
(and query *)
: (or query *)
argument : 7 symbol
symbol
number

0102 DoOoOoo

000000000000 200000000000000000C0000D0O0O00ODOOOOO0OOOOOOO0
M0Ihooo00D0000000000000000000000000000000000D000D00000000
gobgooboobbooboobo

000000000 0000000000D00D000000D00D0000000DO000 000 *default-dbx
O00000000Commonlisp0 0000000000000 000O0O00O0O0O0O0OOO0OOOOOODOOOOO
goboooboobboobbooboboobbooobuoobbuobbUuubOdxdefault-dbxd oo

O000ob0bOo0oDbd clear-db 00000 pooobooboobooboOoobobooboboobooboobDoo
00000000 db-query 0000000000000 00000O0O0O0O0OOO db-push00000 12.10
gboboooboobobgooboooooboboooboboobooboboobobobobobOobUOboOOdb-query
gboboooboboooboboobdob de-queryD0O0OD0OO00 pushOOO0O0O0OO0O0O0O0OO0OOOOC0OOOOCOGOO
Common Lisp0 00 0000000000000 000000nil0000000000000000000000
0boob00ooooooboobO0oboboonD factO00ooobobOobOoboOooooonDO

> (fact painter reynolds joshua english)
(REYNOLDS JOSHUA ENGLISH)
> (fact painter canale antonio venetian)
(CANALE ANTONIO VENETIAN)
> (db-query ’painter)
((CANALE ANTONIO VENETIAN)
(REYNOLDS JOSHUA ENGLISH))
T

db-query 00 2000000 t000000O00O0OOdb-query 0 gethash OO O O0ODOOOOOOOOOOO
00000000000 nil000000000000000000O0DOgethash 00 200000000000

18.2 Pattern-Matching O O O

db-query 0000000000000 O0ODO0OO0O0OOOOOOOOOO0ODOOOOOOODOODO 1000000
coboooboooooobooooOoOooboooooooboooooboobobooboooboboooboboooboobooooboboOoDboo
000000000000 000000O00000O0000000001e970 0000000000 DOOOO0

gbooooooobobooooooobobOooOooooobobobocooOobOOobOOobOooOoOobOOobOoOoboooboooa
ooooboooooboooboboooooobobooobOobDOooOoooOO0oobOooObOoobOOoDbDOoOoobDOoOoDbDODO
00000000000 (painter x ...) J0000000 (dates x 1697 ...) 00 O0O00000O0O0OOOOO
o000 x0O0O0OOOOOO0OoOOOOOODODOOODOOOOOOODO1E970D 00000000 OOOOOOOOO
cooooooo

(and (painter 7x 7y ?7z)
(dates ?x 1697 7w))

gobooboobboboobodbbuoobiobbobobotdbanddorboobooboooboobog

0000000000000 0000000000000000A0Z 00000
gobooobooboobooobbooboooobooboobbooboobbooboobbooboobboon

gdooooOoOoOoOO0oO0O0O0o0o0UU 100000000 UUOUoUUUOoUOoOoOoOoOoOoOoOooQ
goboobbooboobbooboobobooboobbooboobbooboobboobooboboon



(defmacro with-answer (query &body body)
(let ((binds (gensym)))
‘(dolist (,binds (interpret-query ’,query))
(let , (mapcar #’(lambda (v)
‘(,v (binding ’,v ,binds)))
(vars-in query #’atom))
,@body))))

(defun interpret-query (expr &optional binds)
(case (car expr)
(and (interpret-and (reverse (cdr expr)) binds))

(or (interpret-or (cdr expr) binds))
(not (interpret-not (cadr expr) binds))
(t (lookup (car expr) (cdr expr) binds))))

(defun interpret-and (clauses binds)
(if (null clauses)
(list binds)
(mapcan #’(lambda (b)
(interpret-query (car clauses) b))
(interpret-and (cdr clauses) binds))))

(defun interpret-or (clauses binds)
(mapcan #’(lambda (c)
(interpret-query c binds))
clauses))

(defun interpret-not (clause binds)
(if (interpret-query clause binds)
nil
(list binds)))

(defun lookup (pred args &optional binds)
(mapcan #’(lambda (x)
(aif2 (match x args binds) (list it)))
(db-query pred)))
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O00000000Wayne'sWorlddOODOOOOoOoooO
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O00000not00000000O0O0OO0O0OOOOOOOOO

0000000000000 0000000000000000oo0000oo0o00o0ooooooooooooon
Jodddoooooooooooobobobobobobboobooddddddooooooooooooooboobooboon
0000000000000 00000000000000000000000000O00O00oUoOoOoOooooOOg
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00000000000000000D0 1840000000000000000000000000000 [I030
000000000@0Z2000000000000000000000000 interpret-query 000000000
0000000000000 0000000000O0UD0DO0OD0OD0ODOOOCommonlispd 0000000000
cooobooooooooooo
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(clear-db)

(fact painter hogarth william english)
(fact painter canale antonio venetian)
(fact painter reynolds joshua english)
(fact dates hogarth 1697 1772)

(fact dates canale 1697 1768)

(fact dates reynolds 1723 1792)

0104 0OOODO

00000000 leckvpOOOOOOOOOO0OO0O0OOO0O0OO0O0O0OOOOOOOOOODOCOODOOOODOOO
CobOoobooOoobOoobboOoobooobOOooboboOobObleckwp 0000000 OoOoOOoOoOoOOoOoOOOOOO
O0000000OmatchOxck 0O O OO0DOD0D00000000D00000000000000O000DO0O00O0O0O0O0O
lockup OO OOOOOOOOODOOCOODOCOOODOO

> (lookup ’painter ’(?x 7y english))
(((?y . JOSHUA) (?X . REYNOLDS)))

gobooooooooobooobobodoobooooooooooOoooobOo0obooooobooOooooOoOoOooooa
00000000@040000000000000000000000000000000000

> (interpret-query ’(and (painter ?x 7y 7z)

(dates 7x 1697 ?7w)))
(((?w . 1768) (?Z . VENETIAN) (?Y . ANTONIO) (?X . CANALE))
((?w . 1772) (?Z . ENGLISH) (7Y . WILLIAM) (?X . HOGARTH)))

goooooooooobooobooooooooooooooooobo0obooooboooooooooDooDo
coobooooboooobooooOooOooOoOobObocOoOoOobocOoOobooOooooOoOoOoOooOoOoOooDnn

000 with-answer 0000000000000 0 LispO00000000000ODO0O0D0OO0O0OOOO 1000
CooboodoobooooboooOooboboOo0oboo0o0ob0OoO0d0Owith-answer 00000000000 OO0OO0OO
oooooooooboobooooooooobooooobOoOooobOo0o0ooboDobo00o0obO0O0ddwith-answer
cooboboooboooooooobooboooooboboooooooooooooocooooooobooOooooooooonoag
O00OOwith-answer 0000000 100000000

004 0000000000000000000000000@0100000000000000000000
00000 mwmatchO00O0O0O0O0O0O0O0O0O0OOOOOCOODOOOOOOOOOOOO_ODOCOOODOOOODOOO
oooo

oobobobooooboOooobooooboooooobobooooobOoooobObo00oboObO00O0b000n with-answer
O0000o0oo LlispOo0Oooooo
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O0o0o00o0o0ooo0oO0oooUo0ooUoOoooUoOoooo

(not (painter 7x 7y ?7z))
O00OO0O7x0?y00000000000DO0O0O0 DOO0OOO0ODOOOOO0OOOZxOyOOOOOOOOOOOO
gobooboobbooboobboobiodbnet000booDbO0ODLOO0ODDOO0ODLOODOOODLOOD
(and (painter 7x 7y 7z) (not (dates 7x 1772 7d)))
gobgooboobboobooboooboobooobooboobbooboobboobooboboooboo
00000 17720000000000000000000O000O0OO0OOOOOOOOOOOOOO

(and (not (dates 7x 1772 7d)) (painter 7x 7y 7z)) ; wrong
1772000 000000000000000000 nil0O0ODODOOOD 100000074000 with-answer O
O00o00o0o0o0oooOoooooOooon

00 (or q1 ... q) 000000000000 OOOOOOODOO0OODOOOODDODOOOOiDODOOODOODO
O000000OO0Owith-answer 0000000000000 0O0OOOO



HogarthO OO ODOOOOUOOOOOODOOOOOOOOOO

> (with-answer (painter hogarth ?x 7y)
(princ (list ?7x ?7y)))

(WILLIAM ENGLISH)

NIL

le970 0000000000000 DOO0O0mMOOO0ODOOOO

> (with-answer (and (painter ?x _ _)
(dates 7x 1697 .))

(princ (list 7x)))

(CANALE) (HOGARTH)

NIL

17720000 1792000 0000000000000000OO

> (with-answer (or (dates ?x 7y 1772)
(dates ?x 7y 1792))

(princ (list ?7x ?7y)))

(HOGARTH 1697) (REYNOLDS 1723)

NIL

gooboboooboooooooobooboooobooooooooooooooooooog

> (with-answer (and (painter ?x _ english)
(dates 7x 7b _)

(not (and (painter ?x2 _ venetian)

(dates ?x2 ?b ))))

(princ 7x))

REYNOLDS

NIL

0105 O0O0OO0OoOoO0oOo0ooooo

(or (painter ?x 7y 7z) (dates 7x 7b 7d))
7x0000000000000200000000000000UOO0OO000O00ODOOODOOOOOOOOY
rspobbooobobooooboboooobbbooooobLb oL bbb o
0000000000 000O0o00DO0o00DO0o0ooOU0oO0D nilOoOQ
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003 00000000000000000000000000000000000D0000000D000000
goboooooooooboooboboboooooooooooboboboboboooboooDooboobOoboboboo
goboobodbbooboobbobobUd0with-answer DO OO OOOOO0ODOO

OO0 00000 with-answer 00000000000 avgOXxOOOODOOODOOOif-matchOrezOOODO
goooooboboobobboboooooobbbbooooooooboboobobbbboooooooooboboobbboboooo
(00000000003 0000000000000000000D00O00D00D00D00D00D00DO0O000O0
Ob0Oob000b00OD0with-answer OO0 00000 OCOCO0OODOOOOO0ODOODOOOODOODODOODOODOOO
gobooboobboobooboboobuoobboo

0000000000000 0000000000000000 A0 00 with-answer 0000000000
gooDD pat-matchUOwgcO OO0 O0O0O0O00ODO0OooooObOOOoO0ODOOOOoO00oDDbObOOo00oDObbOOn
M0Ihoo0o0D0DDD0DD0DD00000000000

with-answer 00 000000000000 0ODOODOOOO0ODOOOODODOOOOODOOOOOODOO
00000000000000000000000000 with-answer O LispO0000O0000000O0O0OOOO
goboooooooooboooboboboooobooooooboboboboboooboooDobDobOoboboboo
gobgoobogooboobooobooboooboboobboobg

gboobo0oboboiboobUOb0Owith-answer OO0 000000000 OO0O0O0ODOODOOOOODOOOODO



(defmacro with-answer (query &body body)
¢ (with-gensyms , (vars-in query #’simple?)
, (compile-query query ‘(progn ,@body))))

(defun compile-query (q body)
(case (car q)
(and (compile-and (cdr q) body))
(or (compile-or (cdr q) body))
(not (compile-not (cadr q) body))
(lisp ‘(if ,(cadr q) ,body))
(t (compile-simple q body))))

(defun compile-simple (q body)
(let ((fact (gensym)))
‘(dolist (,fact (db-query ’,(car q)))
(pat-match ,(cdr q) ,fact ,body nil))))

(defun compile-and (clauses body)
(if (null clauses)
body
(compile-query (car clauses)
(compile-and (cdr clauses) body))))

(defun compile-or (clauses body)
(if (null clauses)
nil
(let ((gbod (gensym))
(vars (vars-in body #’simple?)))
‘(labels ((,gbod ,vars ,body))
,@(mapcar #’(lambda (cl)
(compile-query cl ‘(,gbod ,@vars)))
clauses)))))

(defun compile-not (q body)
(let ((tag (gensym)))
‘(if (block ,tag
, (compile-query q ‘(return-from ,tag nil))
t)
,body)))

0106 ODOOOOOOOO

0000 2000000000000000000000000000O0O0O0O00O0OOO0O0DOOOOODODOOO0

> (setq my-favorite-year 1723)
1723
> (with-answer (dates 7x my-favorite-year 7d)
(format t ""A was born in my favorite year. %" ?x))
REYNOLDS was born in my favorite year.
NIL

CobOo00oO0ooOo0oboodoOoOo0b0OodbbevaldbOOOO0OOOoOoOoOOOOOOOOOODOOODOODOOO
coooooooooooooooobooooboboooooooon

obooooodooooooobooooooboooooooooooooooooooooooooooooooonoa
0000000000000 00mo@Io8aIooon

00000000 200000 Lisp00000O000O000O0O0O0O0OOD0O0ODO0ODOOODOOODOOODOOO
00000000 1isp000000O00DO00OOOOO LispO 0000000000000 O notdO00OOLlispO
ooboboooooobooboOonilggooOoOooooOooobDooobobo0oooDboOn 1ispd >00000000
coooooooood



(with-answer (painter ?x 7y 7z)
(format t "“A A is a painter. %" 7y ?x))

gbobooboobboobooboooboobboob

(dolist (#:gl (interpret-query ’(painter ?x 7y ?7z)))
(let ((?x (binding ’7x #:g1))
(?y (binding 7y #:g1))
(?z (binding 7z #:g1)))
(format t ""A "A is a painter.”%" 7y 7x)))

cobobooooooocooboooooooooboOooon

(with-gensyms (?x 7y 7z)
(dolist (#:g1 (db-query ’painter))
(pat-match (7x 7y ?7z) #:gl
(progn
(format t "“A “A is a painter. %" 7y 7x))
nil)))

0107 000000 20000000

HogarthO OO OOOOOUOOOOUOOOOOODOOOOO

> (with-answer (painter ’hogarth 7x 7y)
(princ (list ?x ?7y)))

(WILLIAM ENGLISH)

NIL

cooooooobooooobooooooooooOoboOooooOooboooobooooon

> (with-answer (and (painter ?x _ ’english)
(dates 7x 7b )
(not (and (painter 7x2 _ ’venetian)
(dates ?7x2 7b .))))
(princ 7x))
REYNOLDS
NIL

1770000 1800000000000 OOOOOOOOOOOOOOOO

> (with-answer (and (painter ?x _ _)
(dates 7x _ 7d)
(1isp (< 1770 7d 1800)))
(princ (list ?x ?7d)))
(REYNOLDS 1792) (HOGARTH 1772)
NIL

0108 0D0OOOUODOOOOOO

> (with-answer (and (dates ?x 7b 7d)
(lisp (> (- 7d ?b) 70)))
(format t ""A lived over 70 years.” %" 7x))
CANALE lived over 70 years.
HOGARTH lived over 70 years.
NIL

goboooobooooobodoobooooboooooooooooooboodoobooooboooooooOoooog

obooooooo—oOo0o00boobo0n 1isp coboooooooooboooooOoooooooobod
000000000000000000@081 000004 000000000000000000000000O0
coooocooboooooo

01720000000000000000 eval 00000000 DOODOODOODOOODOOODO 20000000
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CommonlLispd 0000000000 OD0OOOOODOOO0OUOOOOOO Schemed O
O000O0O0Schemé DOO0O0OOU0ODOOO0OOUOOOOODODOOOOODODOOOO
0000000000000 0000000 funcall O Schemel 00O 0O OO Common
LispOOODOOOOO

(let ((f #’ (Llambda (x) (1+ x))))
(funcall f 2))

Schemé& OOOOODODOOO
(let ((f (lambda (x) (1+ x)))) (f 2))

SchemedOODOOO0O 100000000000 O0O0OOOUODOOOODOOOOOO
Odefun U setqUUOUOUO0OD0DDOODOOCOOOODDODOD defvar 000 define OO
setqU 000000 set! 00000000000 OODO define0000O0OO00OODOO
Oset!O0000O0O0O0OO

SchemdlJO0OUOO0O0O0UO0OO0DOOOO defineO0UOUOUOUOOdefvar 00000 defun
OO00O00oOoO0oOdCommonlispdO00O0O0OO0O

(defun foo (x) (1+ x))
Schemé&l O 20000000

(define foo (lambda (x) (1+ x)))
(define (foo x) (1+ x))

Common LispO0 00 0000000000000 00O0000Scheméd00OO0OO0OOO
cooboooobobonoboooooooooooobooboobooooooboOoom
t0nil000000SchemédO#t 0 #f 00000000 QOUOOOOOOOOOO
coooooooooobooooo

00000 cond00O default DOO0OO0OO case0 000 elsedO0OO0O0OOO0DOO
CommonlLispd t0000000

Ub0obO0obobobodbO0bUconspl pair?l null O null?Umapcar U0 O 0 Omap
cooobooooooooooboooobooooon

0 109 Schemed Common Lispd 00 0O

0000000000000 000000000000000000000000000000000000A0 Lisp
gobogoboooobobooboooboobboobobuoobbobobuoobboooboo

19 OO0

gobooooooooobooooooobooooooooOooOooO0oobOo0OoboooobooOoobooOoOoOoooDooag
coooooooboooooooooobooooobooboOoboooooooooooboooooOooboboOoooooooooa
coboboodoobooooboooooobooooboooooooooooooooooooooobooOoooo0oooonoag
cooooooboooooooooooooobooboooon

0000000000000 0o0O000oO0O00DO0O0 200000000000000DOOODODOOODOOO
0000 Schemeéd D0OOO0O0OO0O00OO0OO0OO0O0OOOOOOOOOOOOO CommonlispdOO0OO0OOOOOOO
0000000000000 0 22-240000000000000000000O00O0O0OO

19.1 Scheme OO QO

Schemél Common LispD 0000000000000 000O00O0OO0OOO0OO0O0OOOOO Schemed OO
000000000000000@A09 00 Schemel Common Lisp0 0000000000
gobooooooooobooobobodoobooooooooooOoooobOo0obooooobooOooooOoOoOooooa
00000 (-x 1)0D0O0O0O0ODOOOOO
/ (=x1)2)
000 /0000000000000000000O0 /000000000C...000print00000000COOO
ooooogoooo



dooooDooooolooooooooooooooooooooooooooooooooong (-x 1»)0od
000000000ooooooooooooo
(lambda (val) (/ val 2))
0000o00o00ooooOo (-x HOOODODO0ODOD0DOO0O0D0D0D0O0O00D00O0O00O0000 (-x HLOODOOOO
gjjdoooodf1dddoooooooo b o

(define (f1 w)
(let ((y (£2 w)))
(if (integer? y) (list ’a y) ’b)))

(define (£f2 x)
/ (- x1)2)

(-x 1)O0OOODOODOODOOOOOOOOOOOO

(lambda (val)
(et ((y (/ val 2)))
(if (integer? y) (list ’a y) ’b)))

Schemél OO0 UOOO0OO0OO0OOOO0OO0OODOOO0OOO0OO0OOOODOOOOOSchemélOOO0OOO (current continuation)
0000000ooo0oOoooOdUoD 100000000 o0o0ooooooOo0ooDooooooOooooood
gbooboooooooogobobobobobooooooobooobobobobobooo

gobobobooboooogoooboboboboooboobooooboobDoboboboboooobDobDUbUuDbOo
gooo00oooooooobOOobOobOoooooooOooDobOO0obO0obUobOoooDooDooDOooDoobOOobOobobooo
goboooooooooboooboboboboobooooogooobobobobobobooooDooDobOoboboboo
gbob0obOoboobo T1io0o0o0 T200b0bOO0o0d001tobobo0obOobOobDOoboDooooooooooo
ood

Schemél 0000000000000 call-with-current-continuationd 000 call/ccO000000000
O0000D00000000000 call/ecO 10000000000000O

(call-with-current-continuation
(lambda (cc)
o))

00 10000000000000000000000000U000 ccO0DODODODUUDUOUOOOcall/ccO
gboooooooobobobooo
000000000000 call/ccOOOOODOOOOODOOOODO append0 0000000

> (define frozen)
FROZEN
> (append ’(the call/cc returned)
(list (call-with-current-continuation
(lambda (cc)

(set! frozen cc)

’a))))
(THE CALL/CC RETURNED A)

call/ccO alO00000D00O0O0DOO0DOOODOO frozenOOODOOO
frozenOOOUOOOOcall/ccOOOOOOOOOOOODOOOfrozenO0OOOD0DOO0OOO0OOO call/ccOO
ogooooo

> (frozen ’again)
(THE CALL/CC RETURNED AGAIN)

gogboooobooboobboobooboooboobbooboobbooboobobo

> (frozen ’thrice)
(THE CALL/CC RETURNED THRICE)

gobooobobooboobboobooboooboobboooboobobobbooboobobo

> (+ 1 (frozen ’safely))
(THE CALL/CC RETURNED SAFELY)



0 110 200000

U00O00Ofrezen ODODODOOOODOOOODOO +000000O0frezen 00000 O0OOODOOOOODODOO
OO00000000D0 1ist000 append 0000000000000 OfrezenO0O0O00OO00OO0D0OOOO0OOOO
gobooooogooboobo +01gogoboobobobooooooboobobobobooooo

goboooooooooboooobooooobooooooooooOooOoobOboO0OobOboOoobooOoOooobooOoOoooOoooa
00020000000000000000D0O0O

> (define frozl)
FROZ1
> (define froz2)
FROZ2
> (let ((x 0))
(call-with-current-continuation
(lambda (cc)
(set! frozl cc)
(set! froz2 cc)))
(set! x (1+ x))
x)
1

00000000000 100000ooooooog

> (froz2 ())
2
> (frozl ())
3

call/ccO000OO00O00OD0O0OOfroz1 O frez20 000000000000

O0o000o0oooooO0O0000ooOoOOO0O000000O0OO0O0000OOODODODO 02124000000
coobooooboooooooobooboooooboboooooooooooooocooooooobooOoooooOooonoag
000o0o0O000oooO000oooO00oooO0o0o0o0ooooO0o0oCD 100000000000 OoDOo0nOoDOOO
ooooooooboooooooooooo

obboobooboooooooboocOooooooOoOobgrqOOOO0ODOOOOOOO0OOOODOOOOOOOOOODOOO
ocoooboooooooooooooobooooobboooooooooooooboboooooooobbooooobooooDooDO
0000000000000 00Car0 0000000000000 0cCcdr 0000000000000 DO0DO0no
0000 200000000000000000

(define t1 ’(a (b (d h)) (c e (£ i) g)))
(define t2 (1 (2 (3 6 7) 4 5)))

OMIIho0o00000000000000000000000000000000000000000000000
oooooooboooobooooboooooboooboooooboooooboobDooboOoD att00OO0O0O0O
coooogooo

> (dft t1)
ABDHCEFIG()

U0 dft-node 0000000000000 O0O0O0O0O00O0O0OO0O0OOdft-nede000000O0O0O0O0O0O0OO
carl0000cdr0000000000O0OO *savedx 00000000

> (dft-node t1)
A

restart U0 0OOO00O0O00O0O0O0O0OCOO0OOO0O0OOO0OO0OOCO0O0O0O000

> (restart)
B

CooobodoboooboooobbOO0O0restartd doned OO OOOOO0O0OO0OO0OO



(define (dft tree)
(cond ((null? tree) ())
((not (pair? tree)) (write tree))
(else (dft (car tree))
(dft (cdr tree)))))

(define *saved* ())

(define (dft-node tree)
(cond ((null? tree) (restart))
((not (pair? tree)) tree)
(else (call-with-current-continuation
(lambda (cc)
(set! *saved*
(cons (lambda ()
(cc (dft-node (cdr tree))))
*savedx) )
(dft-node (car tree)))))))

(define (restart)
(if (null? *savedx*)
’done
(let ((cont (car *savedx*)))
(set! *saved* (cdr *savedx*))

(cont))))

(define (dft2 tree)
(set! *saved* ())
(let ((node (dft-node tree)))
(cond ((eq? node ’done) ())
(else (write node)
(restart)))))

0111 O00DO0oO0O0OO0OO0oOoO0oooo

...> (restart)
G> (restart)
DONE

gobogb dfe200dbogoobooboobboobooooba

> (dft2 t1)
ABDHCEFIG()

dft20 00 0000000000000 D0ODO0ODO0ODOO0DODbDOD0bDObO0O000Orestart 0 00oognQ
0000000 dft-node0 00 cond00OO0O0OO0ODOODO

0b0ob00oooobooboboobodgbDddft-node 0000000000 ODOODOOOO0OOO doned0oonog
dft-node U0 00000 D0O0O0O0 restart O UOUODDOOOOO0DDOOOOODODOOMOO:00O0DODOOO
gbooooooooobooobobobooooooooooobobobobobooobooboooboobOoboboboo
goafe20#f 00000000000 DOO0OO0OOOO0OO0OObOo0bObO0o0bO00oDLDbo0obOoOoDDbOoon
goboobboooboobooobooboboobooobo

dft20 0000000000000 0OO000DO0O0bO0ODbOO00ODO0bUObOO0ODbDdft-nede O OOOOO
0000000000000 0O0D20000000000000000O00O0O0O0O0OOOOOO0O0

> (set! xsaved*x ())
QO
> (let ((nodel (dft-node t1)))
(if (eq? nodel ’done)
’done
(list nodel (dft-node t2))))



(A1)
> (restart)
(A 2)

> (restart)
(B 1)

O00o0o0oo0oo20000000000000000000000O0O00OO0OO0OO0OOO0ODOO0ODO2000
coboooOoboobooooobooboooOoobobobocoboobOOoboboooOoOobOobOoOooooOoobOobOboobooonoa
ocooooooooooooooooboooobboooooooooooooboooooooobboooooooooDoDOo
cobooooooboooobooooOooooOoobOoboboOobooOoboOoboooOoOobOOoOoOobOboOoOOoDbOobOboOoboOoonOO
ooooboooobooooooooooboboooobooboooooooooboOooDboboOooobooOoo

024000000000000000000 Prologd 00000000000 Prologd 00000000 OOOO
coooooooboooooboooooobooooobooboooooooooooooboooooooboboOoooooooooa
coboboodoobooooboooooobooooboooooooooooooooooooooobooOoooo0oooonoag
cooooooboooobooooooooooon
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Common Lispd call/cc 00000000000 0O0O SchemédOOODOODOOOO0ODOODOOODODOOODO
000000 CommonlLispd 00000000000 DOOO0O0O0OOSchemeéd OO0 200000000000
ooo

1. 00000000000000000oooon
2. 0000000——00000D000D0O0DOOO0DOOO

0000000000000 LispO0000000000 100000000000000000000O0OO0O0O0O
O0000d0oo00oo2000000000000000
0200000000000 000000000000000000000000 CommonlLispd0O00000O
Jddoooooooooooobobobobobobbooooooooad
000000000000000000000000000000000 defun000=defun00000000O0O
=sdefun 0000 defun U0 00O0OO0O0OOOOODOOODODOODOO0O0O0O0O0O0O0O0O0O0O0O=detfund0ddggogg
0000000000000 0000o00oo0000@Uoo000O0O000U0o00oLO0O000D0ooDoooOoDOOO0oOO
000000000000 000000=defun 0000000000000 00O0O0OO *contx00000000
J000ooooooooobobbob xcontx000ODODOOOOODODDODODOOODOOO0OOOOOOO
(=defun addl (x) (=values (1+ x)))
doooooooooo

(progn (defmacro addl (x)
‘(=addl *cont* ,x))
(defun =addl (*cont* x)
(=values (1+ x))))

add1 0000000000000000000000000000000000000000E30000 *cont*xO
1000000000000

U00 =defun 000000000000 0OOO0OOD0O0ODO0ODO0O0O0O0O0O *contx0 000000000

xcontx U U UUOODODOO0OOOO0 OU0O0O0DODDOO0O0000D0D=valuesUgogooooOOO00o0oooooOO
UD00=defun U0 0000000000 =valuesUOOOOOODOODOO,000000D00D0O0DO0O0O0OQODOO
O00=valuesO000O0O CommonlLispd 00000000 valuesOOOOOD0O0O00OO000O0O=bind00O0O0OO0
goboobooobooboooboobobooboobbooobg

¥ =qefun 0000000000000 0OO00OOONONDOOONDODONDODONOOONDOOONDOOON0N00N0N0N0ON0oooNooog
oo0000gensymJOO0OO0O00O0O0OO



(setq *cont* #’identity)

(defmacro =lambda (parms &body body)
‘#’ (lambda (*cont* ,@parms) ,@body))

(defmacro =defun (name parms &body body)
(let ((f (intern (concatenate ’string
"=" (symbol-name name)))))
¢ (progn
(defmacro ,name ,parms
“(,’,f *contx* ,,@parms))
(defun ,f (*cont* ,@parms) ,@body))))

(defmacro =bind (parms expr &body body)
‘(let ((*cont* #’(lambda ,parms ,@body))) ,expr))

(defmacro =values (&rest retvals)
¢ (funcall *cont* ,@retvals))

(defmacro =funcall (fn &rest args)
¢(funcall ,fn *cont* ,Qargs))

(defmacro =apply (fn &rest args)
‘(apply ,fn *cont* ,@args))

0112 0oOoooOooo

000 xcontx 00 =defun 00000000000 DO0O0OO0ODOO0OOODO0O0OOOOO=valuesOOOOoooon
U0 xcontx 0 O00O0O0O0OODDO0ODOOOODOOODO0ODOUOODODDOODOODDOODOODO
> (=values (1+ n))
goboooboooood
(funcall *cont* (1+ n))
0000000 *xcontx D00 identity 000 0D0O0OO0OO0ODOOOODOOOOODOOODLOOOOODOO
(addl1 2) 0000000000000 DOODOOOOOOO
(funcall #’(lambda (*cont* n) (=values (1+ n))) *cont* 2)
xcontx 10000000000 0ODO0O0OOO0OO0O=valuesO OO0 Ooooooooooon
(funcall #’identity (1+ n))
00000100 n000000D0O0O0D0DOO0OOO0
add1 00000 OO O we go through all this trouble just to simulate what Lisp function call and return do anyway:

> (=defun bar (x)
(=values (list ’a (addil x))))
BAR
> (bar 5)
(A 6)

gbooooobooooboboboboooooooobOo rewrnnb0bobobboboooobobobobOoO
goobooobgod

UobDb0000 xcontx 0000000 O0OO*xcontx 0000000 O0O0ODOOO0OODOODOOOODOOOO
ddddodododddx*contx00D0OD0OD0ODODO=values =defun 000000000 0OOOOOO0OO
00000 add1i 00000 *xcontxJ 000000000 OOOODOODOODODODODODOODOOOODOODOO
xcontx 0O 0000000 ODO0ODO0O0OOOOODOODOODO *contxOOOOODOOODOODO defvar OO setq
bo0b000defvar 00 000000DOODOOOOOOOOOOODOODO

01200 3000000 =bind O Omultiple-value-bind 00 0000000000000 OO0ODOODOO
gobgoobooobobooboooboooboobooobooboobboobboobbooboobbooDboo



U0=defun 000000 D0OO0OO0ODOOOODODOOODOOODODOOODLDOOODDOOOLDOODODDbDOO
oooooon

> (=defun message ()

(=values ’hello ’there))
MESSAGE
> (=defun baz ()

(=bind (m n) (message)

(=values (list m n))))
BAZ
> (baz)
(HELLO THERE)
spind 00000000 xcontx D0 OO0 O0O0000O00bvazO0 0 OOOO0OO0OOOOOOOOOOO

(let ((*cont* #’(lambda (m n)
(=values (list m n)))))
(message))

cooooooooooooo

(let ((xcont* #’(lambda (m n)
(funcall *cont* (list m mn)))))
(=message *cont*))

*xcont* O UDOUOD0 =bind 00000000 ODO*cont* [ funcall DU OUDUOO message OO OOOO
0000000000000 000oOb00o00oo000ooo0obo0ooob0 =rind00O00O0OO0DOOO0OO
oooooo

#’ (lambda (m n)
(funcall *cont* (list m n)))

sbaz 0000000000 xcontxUUDOOO0D0O00O000D0O00 =valuesUOOOODODOOOOOODOOOO

gbooboooiooboobooboobobobo0oboob0obbd:r*contx0 000000 *xcontxDOODOOOO

obooooooboobobobobooooooboboboboooo
gogbogoboobooboboobooooboo

> (let ((f #’identity))
(let ((g #’(lambda (x) (funcall f (list ’a x)))))
#’ (lambda (x) (funcall g (list ’b x)))))
#<Interpreted-Function BF6326>
> (funcall * 2)
(A (B 2))

b0 gbboboboboboboooubobghbODb fOO0DbOOLOOOODODODODODODOO
0boob00oooobdbOxezDOOOOOOOODOODOODOOOOOODOOOODOODO

UbO0000 =apply U =funcall [l =lambda 000000000000 O00=defun00000000000O0O
O00000000apply 0 funcall 00000000000 D0O0O0OO0OODOOOD IdODOOODOOOOOO
gobooboobboobibdb=lambda 00 O0OO0OO0O0DOOOO

> (=defun addl (x)
(=values (1+ x)))
ADD1
> (let ((fn (=lambda (n) (addl n))))
(=bind (y) (=funcall fn 9)
(format nil "9 + 1 = A" y)))
|I9+1=10ll

l.=defun 0000000000000 00000O0OOOOOOOOOOOOO

2. 000000000000000000000000000000=1lambda 000 =defun 000000000
opooo

3.0000000000000000 =valuesO0OOOOOO0O0OOOOOODODOODOOOODOOOOOODODO
ood



(=defun foo (x)
(=bind (y) (bar x)
(format t "Ho ")
(=bind (z) (baz x)
(format t "Hum.")
(=values x y 2))))
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(defun dft (tree)
(cond ((null tree) nil)
((atom tree) (princ tree))
(t (dft (car tree))
(dft (cdr tree)))))

(setq *saved* nil)

(=defun dft-node (tree)
(cond ((null tree) (restart))
((atom tree) (=values tree))
(t (push #’(lambda () (dft-node (cdr tree)))
*savedx)
(dft-node (car tree)))))

(=defun restart ()
(if *saved*
(funcall (pop *savedx*))
(=values ’done)))

(=defun dft2 (tree)
(setq *saved* nil)
(=bind (node) (dft-node tree)
(cond ((eq node ’done) (=values nil))
(¢ (princ node)
(restart)))))

0114 000000000000 DOO0O0O000

4. =bind0=valuesO=apply D0 0=funcall 00 0000000000000 000O00O0O0O0OOO0OOOO
Cob0O0O00=pind00000OCOO0O0OOOO0OCOCOOOCOCOOOOOOOOOOOOODOOOOODOOO0
=sbinds 0000000000000 O0O0O0OO0ODOO0ODOOO0ODOO

0MI3000000000000000000000000000000000000000000000000
000000000000000000000000000 1ist00000000000000

0120000 @IIZ00 Schemed DO O CommonlLispd 0000000000000 OODOO Schemed OO
000000000000000000000 daft200000000000
> (setq t1 ’(a (b (d b)) (c e (f i) g))

t2 (1 (2 (36 7) 4 5)))

(1 (2 (367) 45)
> (dft2 t1)

ABDHCEFIG
NIL

000000000000000 Schemd&l1O0OOO0OO0O00OO00OO0O0O0OOOOOO

> (=bind (nodel) (dft-node t1)
(if (eq nodel ’done)
’done
(=bind (node2) (dft-node t2)



(list nodel node2))))
(A1)
> (restart)
(A 2)
...> (restart)
(B 1)

0000000000000 0000000oO0oooUooOCommonlispl0000000O00D0O0ODO0ODOODOOO
0000000000020 000000000000000000000000000000000000000
ooooooobooobooooooooooooooog

021-2400000000000000000000DO00O0DOODODOOO0OO0O0O0O0O0O0OOOOOOODODODODOO
ocooooooobooooooooooboooobboooooooooooooDobooooooooboboooooooooDooDOg
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19.3 Code-Walkers O CPS O[O

gobooooooooobodoobooooboooooooooooooboodooboooobooooooooooog
000@Ix100004000000000000000000000

(=bind (x) (fn y)
(list ’a x))

cooooooooog

(list ’a ; wrong
(=bind (x) (fn y) x))

000 call/ccOODODOOOQOOOOOOO0OOOODODOOOOOCcall/ccOODDOOOOODODOOOoOooooO
O000000000call/ccO00OOO0OOOOOOOOOOOOOOOOODODOOODOOODOOOOOOOOOO
oooboooooooooobooboooobooooon

LispOOOO0O0OOOODOOOOOO0OOO0OOOO0OODO0OOO0OO0O0OO CPSOODOOODDOOODOODOODOO
ocoooboooooooooooooobooooobboooooooooooooboboooooooobbooooobooooDooDO
coobooooood

(defun rev (x)
(if (null x)
nil
(append (rev (cdr x)) (list (car x)))))
oo ooooooobobon

(defun rev2 (x)
(revc x #’identity))

(defun revc (x k)
(if (null x)
(funcall k nil)
(revc (cdr x)
#’ (lambda (w)
(funcall k (append w (list (car x))))))))

coboooobodoobooooooooooob kbbooooooobooooboboooooooooooooooonoag
coboooOoboobooooobooboobooobooboOoooooboOobOOoobooOooOoooOOobOobOboOobOobOboobooonono
0000000000000 00000000000 200000000000000O

#’ (lambda (w)
(identity (append w (list (car x)))))

goboobodbbooboobbodb carbbbobboobboobbOo0obOOn
CPSOOOODOOD call/ccOODODODODOOOCPSOOODODODOOOODODOODOOODODOOOODOOOOODO
O0O0O0call/ccOOOOOOOODOODODODODOODODODODOOOOOOOOOOODODODOO



CPSOOUO0O0OOcode-walkerdO0O0000000O0OO0OO0OOO0OOOOO0OO0O0OO0O0OOUOUOUDOODODOODOOOOOOO
OO0CommonlLispd 000 code-walkkel OO0 0OO0O0O0O0OU0O0OU000O0O0O0O0OOOOOcode-walkeoOOO0O
0000000000 @Oo0d0O000000000000000U00UUDUOOOOcode-walkeOOOOoOOO
gooooboobobooobboboooooooobobobbbboooooLobDbboULD Db boboo o
O0Ugo00O0DO0O0O0OUO0OOCode-walkel D000 0D0O0OO00ODO0O0OO0OOODODOOOODOOOOOOOOOO
oo

Code-walkel OO 0000000000 ODOOO0OOO0OOOOOUOOO0O0OO0DODOOOOOOOOOOOOOOOOO
0000000000000 00d000000o0o0OooOooOoo CcPSO0DO0ODUU0DODOOOODODOOO
0000000000 4000000000000000=pind0000000000C0O00O0OO0O0O0O*cont*O0
O=bind0000000O0O0O0O0OODOO0OO0O0O0OO0ODO0O0OO0OOO0O0OOO0O0OO0O0UOO0DOOOOOnO

Udd =pind0000O0O0O00OO0O0OODOOOO0OODODODOOOODLDODODOOOODDOUOOOODLDbDODUOOUODOb
ooooobooooboooooo
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goboooooooooboooooooobooooooooooooobooobooOooboooooooooooag
coooboooboooooooobooboooooboooooooooooooooooooooooOoooobooooonoag
cooooooobooooobooooooOoooooOboOoOobooOoOoOoOoOoOoOooOboOoOoOoboOoOobOboOoooOoOoOooOoooa
000000000000000000000000CommonLispd0000000000000O000OOOOO
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0000000000000 00o00O0000000000000O00OO00000O0O0O000DODO CPUDDO
000000000 100000000 o00oooo0o0000ooooO000o0ooooOOo0o0ooooDOOooOO
ocoooboooooooooboboooboooboobboooobOoboboooOoOobOooOoboooboooOoOoDbobObOoboDo
cobooooobodoooobdoboboooocooobOoboOoooOobOOobOoOoboOooOoOoOoOobOoOoOoOobOobOOoooa
coboobooboooooooobooboobooobooboboobooooooboobOobOboOobOobOboooooboOoboOoooag
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obooooooooobOoooboocOoobooOooOooOooOoOooOOoOoOobOOoO0O0obOOoOoOobObOoOoOoboOoOoOooOooDooa
O00o00ooo0o0o0ooo0o00ooOo0o0oooO0o00oOOO000ODOO00D 200000000200000
cobobobooobooooooooboobooooobobooooooooooooooooooooooOooooboooonoa
coobooooobooooooooooOooOoooboboOoOoobooOooooooooOoboOoOoooooboboOooooOoOoooooa
ocooooooooooooooooboooobobo0oooooooooooobooooo0ooobboooooooooDoDO
cobooobooobooooooooboobooOooooOooboooOobOOobOOObOObOOobOObObOOoOOoDOobObOObOoOO
oooooono

0000000000000 00000000O000000000000D00LO0DO0O0LO0ODO0O0ODOO Lisp
coooooooboooooboooooobooooobooboooooooooooooboooooooboboOoooooooooa
0000000000000 00000000000000000O0D000o0OUoO LispOOD0OO0OOO0OODDOOOOO
000000000000 00o00o00000U00O00D0O000O00O000DDO0OUDOOUO0O0OOOO LispOO
ooooooooooooo
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(defstruct proc pri state wait)
(proclaim ’(special *procs* *procx))
(defvar *halt* (gensym))

(defvar *default-proc*
(make-proc :state #’(lambda (x)
(format t "~%>> ")
(princ (eval (read)))
(pick-process))))

(defmacro fork (expr pri)
‘ (progl ’,expr
(push (make-proc
:state #’(lambda (, (gensym))
, eXpr
(pick-process))
:pri ,pri)
*procsx)))

(defmacro program (name args &body body)
‘(=defun ,name ,args
(setq *procs* nil)
,@body
(catch *halt* (loop (pick-process)))))
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gobooboobbooboobbooboobbooboobboboboobooobooboboobboo
wait 0000000000000 00Owaitgo00ooooooooooobooooooobobobooooooon
O0waitODOOOOODOOOOODOOOODOODOODOODOOO0ODO0O0O0ODUOO0O0ODOO0O0OwaitO
goooobooobobooboobooobooboooboob bbb oo
gboooooobooboboboooooooobobobobooo
gobooobobooboobbooboobobooboobbooboobbooboobbooboobboon
gboooooooobooboon

000000000000000000000000000000000000 read-eval-prin0 0000000
ggboooboboobooboboobooobooboobbooboobbooboobbooboobDbooon
oboooooobooboboboboooooo

O00000Lsp0 0000000000000 0O0O0O0O0O0O0000O00O0O0O0O0OOOO0ODODOODOOOOO
00oo0ooooooooo0o0UoUooooooo0o00oUoooooDoOooCooOOoOUoooooooO e0OOO
gobooboooboon
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O3 0000000000000 000000N0N0D0N0N00N0N0N0oNooooon@M@IO00nnooon
000000000000000000000000000000000000000000000 procs0000
oooooo

pri coooooooocooboooo

state 00000000000 O0O0O0O0O0O0O0O0O00O0OCO00O0O0000O0000 funcallOOOOOOO0OO0O0OO

wat 00000000000 00000000000000000000000000000000000000
nilJ000000wait D nil 00000000000 0ODO0OO



(defun pick-process ()
(multiple-value-bind (p val) (most-urgent-process)
(setq *proc* p
xprocs* (delete p *procsx*))
(funcall (proc-state p) val)))

(defun most-urgent-process ()
(let ((procl xdefault-proc*) (max -1) (vall t))
(dolist (p *procsx*)
(let ((pri (proc-pri p)))
(if (> pri max)
(let ((val (or (not (proc-wait p))
(funcall (proc-wait p)))))
(when val
(setq procl p
max pri
vall val))))))
(values procl vall)))

(defun arbitrator (test cont)
(setf (proc-state *proc*) cont
(proc-wait *procx) test)
(push *proc* *procs*)
(pick-process))

(defmacro wait (parm test &body body)
‘(arbitrator #’(lambda () ,test)
#’ (lambda (,parm) ,@body)))

(defmacro yield (&body body)
‘(arbitrator nil #’(lambda (,(gensym)) ,@body)))

(defun setpri (n) (setf (proc-pri *proc*) n))
(defun halt (&optional val) (throw *halt* val))

(defun kill (&optional obj &rest args)
(if obj
(setq *procs* (apply #’delete obj *procs* args))
(pick-process)))

0116 O00DO0OO0OOOOOOOOOO

000000 3000000000000 0*procsx0 000000000000 O*procx0 00 O0OOODODODO
*default-procx0 0000000 0OOODOOOOODO

00000000000000000000000000000000000000000 LispOOdOO0O0OOOO
goboooooooooboooboboboooooooooooboboboboboooboooDooLooboboboboo
goboooboooboobboobbevalOOO0O0bOoobobOoobLbOO0ODLDOO0ODLDOODLDOODLDbOOO
0000000000000 0UDD0 eval 000D UOOOODODOOOOODODOOOODO 2000

00000 evalOOOOOOOOODOODOOOOOOOOODOOODOOODOODOOOOOOOOOOOOOO
coooooobooooboooboooooooooboooooooooooooooooood

ocoooodo OoooooooOoOOoooOCbocOoOOOoOOOOOOOOCcOO0OOCOOO0ObOOOObOOOOODOOO
oooboooooboooobogono

O00evalOOOOOOOOOOOOOOOODOOOOOOOCOODOOODOOOOOOOOOOOODOOOCOO
oooooooboooooooooooooboboOoooooo



(defvar *open-doors* nil)

(=defun pedestrian ()
(wait d (car *open-doorsx*)
(format t "Entering “A~%" d)))

(program ped ()
(fork (pedestrian) 1))

0117 wait0 1000000000

ggboooboboobooboboobooobooboobbooboobbooboobbooboobDbooon
gobooooooooobooobobobooooobooooooboboboboboooboooDooDobOoboboboo
gobgoobooobboobooboooboobooobooboobbooboobbooboobbooDboo
gboooooobooboboboooooooooboboon

gdb forkODO00D0O0D0DOO0DOOODDOOODOOODODO0O=defun 000000 O0OOO0ODOO

(=defun foo (x)
(format t "Foo was called with ~A.~%" x)
(=values (1+ x)))

0000000000000000 forkOOOOOODO

(fork (foo 2) 25)
00000000 *proesx0 0000000000000 OOO0O0OONO 250 @M proc00waitd 00000 nil
O00000000000000Mstate000000 2000000 fooOOOOOOOOODOOO

000 program 00 0000000000000 OCOO0OOOO0OOOOOOOOO200 forkOODOODOODO
00000000000000000000000000000000000000000O000ooOO00n

(program two-foos (a b)
(fork (foo a) 99)
(fork (foo b) 99))

ocoooooooooooooooooooboOoOooObooboOoOoOoOoboO0oOoDOoOoOoOoObOO0OooObOobOoOoOooOObOonoon
gensymJ 0 OOOOO0OO0OO0O0O0O0OO0O0OCOO0ODOCOO0O0OOpregram 000000000000 OOCOODOO
goooOoOoQoOoOoOoOoOooboooooooogogoog

0000000000000 @I/®E0000000000000000000000000D0000D000000
O pick-process 000000000000 OOOO0O0O0OOOO0ODOOOOODOOOOOOODOOOOOOO
U0 most-urgent-process U0 UODUODOUODOO0O0OO0OODO0O0O000DwaitO0O0O00O0D0OD0O0OO0O0 waitO
gooooooooooooooooooooooooooooooooooooooooooooooooooon
wait OO0 00O000D0000 pick-process 00000000000 DOOODO0OOOODOOOOOODOODOODOO
goooooooooooooooopboooo

0000000000000 0000000000000000000000000000D0000000O0
00 wait000O@I@I 0000 pedestrian 0000000000000 000O0ODOOOOO *open-doors* OO
ogoooooooooooooboooooooooooooooooo

> (ped)

>> (push ’door2 *open-doors*)
Entering DOOR2

>> (halt)

NIL

wait 0 =binddxgoU U O OU0O0O0O0OO000D0O0D0OO0DOO0OOO0ODOOOO00OOODO0ODO0O0O0O0ODO0DO00O0Owait

Oo0oo0o0oboobobo0ob0obo0bUobb0obU0bb0b0O waitOODODOODUOO0O0ODwaitdngooQ
0000000000000 0000000000000000000000AIa 0000000000000 00
goooooogo



(defvar *bboard* nil)

(defun claim  (&rest f) (push f *bboardx*))

(defun unclaim (&rest f) (pull f *bboard* :test #’equal))
(defun check  (&rest f) (find f *bboard* :test #’equal))

(=defun visitor (door)

(format t "Approach “A. " door)

(claim ’knock door)

(wait d (check ’open door)
(format t "Enter “A. " door)
(unclaim ’knock door)

(claim ’inside door)))

(=defun host (door)

(wait k (check ’knock door)
(format t "Open "A. " door)
(claim ’open door)

(wait g (check ’inside door)
(format t "Close ~A.~%" door)
(unclaim ’open door))))

(program ballet ()
(fork (visitor ’dooril) 1)
(fork (host ’dooril) 1)
(fork (visitor ’door2) 1)
(fork (host ’door2) 1))
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visitor host U0 OO00OU0OOOO0O0OO0OOO0O0OOOO0O0OOOO0DOOOOO0DOOOOOOOOOOOOODOO
oooood

> (ballet)

Approach DOOR2. Open DOOR2. Enter DOOR2. Close DOOR2.
Approach DOOR1. Open DOOR1. Enter DOOR1. Close DOOR1.
>>

U0 waitODODOOOOOO0OOO0OOyieldOOOOOOOOOO0OOOOOOOOOODOODOODOODOODODODO
O0000 setpril 000000 0O0ODOOOODOODOOOOOOOOODODOOO yieldOOOOOO4OoDOoODOO
U00Owait00O000yieldOO0OODOODOODOODODOOOOOODOODOODODODOO

0II0000000000000000000000000000000000000M 000 captured 00
O00plunder0 00000 MtakeO OO0 Mliberate0 M 0000000000000 OOMIfortify DOOOO
O0@Mloot0 00000 ransomI 000000000 @Mrefinanced 00000000000 0OOOOOOIO
0000 (barbariansp 0 2000 0000000000000 00O0O0OOOOOOOOOOOOOOOOOOOO
gooOoOoOoOoDOoOoDOoOoOOOOOOO0OO0O0O0OO00O0O0O0O0O0OOOOODODOD capture00O0OCO 100DOO
oo00ob00o0o0oooobOobO0b0oboob0o0obo00ooDuoDOn plunder 000000

> (barbarians)
Liberating ROME.
Nationalizing ROME.
Refinancing ROME.
Rebuilding ROME.

>>

CobOoO0obO0o0oo0O0o0obO0o0O00O00bO0o0oDbO0O0ODO00DbO0O0D00 capture 0000000 O0OOOOOO
ooono



(wait d (car *bboard*) (=values d))

(=defun capture (city)
(take city)
(setpri 1)
(yield
(fortify city)))

(=defun plunder (city)
(loot city)
(ransom city))

(defun take (c) (format t "Liberating ~“A.~%" c))
(defun fortify (c) (format t "Rebuilding “A."%" c))
(defun loot (c) (format t "Nationalizing “A.7%" c))

(defun ransom (c) (format t "Refinancing ~A.7%" c))

(program barbarians ()
(fork (capture ’rome) 100)
(fork (plunder ’rome) 98))
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00000000 wait DDarbitrator U0 OO0 DO DODDODDODDOODODDODODODODOOOOOOOOOOOOOO
pick-process 00000000 OO0OOOODOOOOOODOOOODOOOOOOD 20000000000000
O00000000000000000 proc-waitJ 000000 0DOOOOOOOODOOOOOODOOOOOOOO
U0O00000dbD proc-state U0 U 0OU0DO0ODOOOOO0OOOOODOODOODOODOOOOOODOODOODODOD

000 wait 0 yieldOOOOOOOOOOOOOOOOOO0OOOOOOOOOOODO ANOODOOOODOOOOO
goad
(wait d (car *bboard*) (=values d))

a

(arbitrator #’(lambda () (car *bboard*))
#’ (lambda (d) (=values d)))

gooooogad

000003 000000000000wait0000000000000000O0O0O0O0O0O0O0O0OOO0O000
O2000=values 00000000 O0ODOOOODOO
#’ (lambda (d) (funcall *cont* d))
O0000OO0=*=contx0 0000000 0O0O0OO0 waitOOOOOODOOODDOOODDOOOODOOODODDOODDOODOO
Jjjoooooooooooooon
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0o0o0oo0ooD xi11 00000 ooobooooboooooooo0boooooDooobDooooooon
o000 0fkxillddddobobooooo0oodooudg wait oo DOOkillOOOOOO
goobbooobbooobboooobooooob bbb oo b oL ooobobobDooon
ddkillgoooboooobooooboooboboooobbooobbooobL0booobDbboobDbooo
goboooboooboooboooboooboobboobboobboob sproecsxJ0O0O0DOOOODOO
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00005000000000000000000000000000O0O0O0O0O00000 choosed failOOO0O
000 Scheméd D 00003000000 200000000000000 Common Lispd OO O0O choosed fail
000040000000000 cutDO Prolog0 0000000000000 00D0O0OO0O0O0OO00OOOOOOOOOO
gobooboog

000000000000000000000000 2300 ATNOOOOOOO 24000000 Prologoo0O
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gobooooooooobodoobooooboooooooooooooboodooboooobooooooooooog
cobooooobooooooOo0obOoOobOOoOoboOobooooOo0oOobo ooboobOOobOoOoOobOOoOoDOOobOboOobooooa
ocoooooooooooooooobooooobboooooo——>o0Oooobbooobooooobo——>ohooooooo
coooooobooooooooOooOoOoO0oOoOOoOoOoOoOoOoOoOOOOODObO0OObOOOOoOOOOoODn

goboboooooooobooobooooobooooooooooooobobooobobooobooooooooooDooag
coobobodoooboooooooobooOooOooOoOoobooOooooooooOoocOoOooOooOooboboOooooOooOoooonoa
cooooooboooooboooooooooboooooboooobooooooooooooooboboOooobooOoo

gooooooooooboooobooooooooooooooooobo0obooooboooooooooDooDo
0000000000 SchemédOOOOOOMM Schemed CommonlLispd DO0O000000O0 IxyOOOoOoOOO
oooo

0000000000000 000000000000020000000000 choose falDOOOOOO
choosel 00 U000 0UODO0OOUOOOOD 10000000 choose0 000000 DOOOUOOOUODOOODO
coooboooobooooooooboooooooooon

0000 choose 000000 ODDOODOOOUDOD 100000 choosedOD0O0O0OOOOOODOODOOOO
ooooooobboooooooooooooooooooooboooon

(let ((x (choose (1 2 3))))
(if (odd? x)
(+ x 1)
x))

000 choose 0000000003 0000000000

1. choose0 1000000000 if0 thenOOOOOOOOO 20000
2. choose ] 2000000000 if0 elsed0 00000000 20000
3.choose 0 3000000000 if0 thenOOOODOOOODO 40000

O00OOOchoose 00O 0ODOODOODOO0OOODOODOODODODODOOODODODODODODOOODODOOOODO
gboboboooooboooobobobobOobO0obobob choose OO0 OO0OODOODODOOLOOOOO
ood

(let ((x (choose ’(2 3))))
(if (0dd? x)
(choose ’(a b))
x))

1000 choose O 000020000 0000000

1. choose0 2000000000 if0 elsed 0000000020000



2. choose ] 3000000000 if0 then0O00O0DODOODOO0DOOOOOD 20000000000DO0a
obobooooobs0obooooooon

0100000 10000000 200000 200000000000000000000 3000000000
gooo

gdbb0O0O0Ochoose OO DOOOOODOOODOOODDODOOODOOODDOOODDOOODLDOODD
Ub000000o0oob0ob0obOobon choeseJ O UOODOODOOOOOOOODOODO

1. 0000000fail 0000000000000 O0O0O0O0OO0OOO
2. 000000 choosel failOO OO

goboobogn

(let ((x (choose ’(1 2))))
(if (odd? x)
(fail)
x))

Oo0oO000O0O00 1000000100000000000 f2i10000000000000200000000
coooooooooooooooobooboOono 20000
ooooooooooobooon

(let ((x (choose ’(1 2))))
(if (o0dd? x)
(let ((y (choose ’(a b))))
(if (eq? y ’a)
(fail)
y))
x))

1000 choose 000001 00000000 20000000000020000 10000000000 0ODOO
01000000000 00000D0a0000 failO00O0O0O0O0OO0COO0OOOOOCOOOOOOOOOODOOO0
UbpdbO02000000

o00o0oooo0o0oooo 1000000000

(let ((x (choose ’(1 2))))
(if (odd? x)
(choose Q)
x))

000001 00000000000000000 choese00OO0O0OO0O0ODOOOODOOODO 20000000000
gobooooooooobodooboooobooooooooooooobooooboooooooooooooonog

0000000000 0O0000OoUD falOODO0O0O00O0DO00OO0O0O0ODO0O0OO0OUDOOO0OUDOODOOUOOOOOO

gooooOooQoOoOoOoOoO0ooOOooOoUooooooggdlgoroD0O0DOO0OOUOOOOoOoOoOoOoOg

Function Ig(n)
if name(n) = ‘Igor’
then return n
else if parents(n)
then return Ig(choose(parents(n)))
else fail

00000 failO choosed D00 D00 00000D000000000fal000O00000000Ochoose] 000
000000000000 000oOoOoOchoosed D000 O0OOODOOODOODOOOODOOOOOOOOOOO
00000000000000000 falD000D000000000000000000000O0 Ig00O0OOOO
0000000000000 0000000000000000O00000O00000OO00Igor DO DO000O0O0O0
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O0000000000O00OCchoosdD0ODOOD0OOOODOODOOOOOOODOOOUOODODOUOOODOO
O00000000Ochoosed 000000 0DOODO0O0ODOODOOfAlOOOOODOOOOODOOOOODOOOOOO



(define (descent nl n2)
(if (eq? nl n2)
(list n2)
(let ((p (try-paths (kids nl) n2)))
(if p (cons nl p) #£))))

(define (try-paths ns n2)
(if (null? ns)
#£
(or (descent (car ns) n2)
(try-paths (cdr ns) n2))))

0120 0000000 oOo0ooOoo

(define (descent nl n2)
(cond ((eq? nl n2) (list n2))
((null? (kids n1)) (fail))
(else (cons nl (descent (choose (kids nl1)) n2)))))

0121 0O0DO0OO0O0OOOOO0OOO0O0OO

(define (two-numbers)
(list (choose (0 1 2 3 4 5))
(choose (0 1 2 3 4 5))))

(define (parlor-trick sum)
(let ((nums (two-numbers)))
(if (= (apply + nums) sum)
‘(the sum of ,@nums)

(fail))))
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b0 chooseUOOUOODOOODOODOODDOOODOODOOODODOODOODOOODODOODOODOO
000[AZ20000000000000000000000 20000000000000000000000
two-numbers 000000 200000000000000000000Oparlor-trick0000000O0O0O0
O two-numbers 0000 200000000000000000C0000Otwo-numbers J 000000000
gboboooooooboobobobooo

choose 00000 2000000000000000000O0DOO00UDOOOOOOOOCchoose000O0O0OOO
obobobobooooob0oboboboboboobob0o0obO0obOobDOobOOb0O0ObchoosedoooooonQ
00000000000000o0 &8y

> (parlor-trick 7)
(THE SUM OF 2 5)

0000000 Commonlispd00000 find-if 0000000000000 O0OOOOOOOOOOOOO
gboooooooogbobobooobooboboboboooboboboboob0obUbO0bOUDn choosel
obob0oboooooooooboobobob0obOobobobobooboobo0obooboOoDOobDUObDOn choosel OO
Ubo00b00bO00bOb00Ochoose 0 0DOOO0OOODLDOOOODOO0DODOODOODOODOOChoose OO
U000O0Db0b0b0b0Ob0OD0parlor-trick 0000000 OOODO failOOOOO choose O OOOO
goboobooboboobd

0000000000000 Prolog0 000000000000 0000 Prolog00000000O0O0O0OOOO
0000000000000 0000000Prolog0 000000000000 OOOOOOO0OOOOOOOOOO
gooboobodooboboobooboooobuooboobobooboobboobboobboobo

descent 00O O00D0O0O0OO0OODOOODOODODOOODOODOODODOOODOOOODOODOODODOO
000 oO0oDoOooO0o0O0O000000000O00O00O000O000O000OODOOoO 2203000000000
gboobo0oooooobobobO0obobbo0obOoOn chooseOOgoooonQ

goboobbooboobbooboobobooboobbooboobbooboobboobooboboon
goobgoobodooboobooboooobooboooboob bbb bobbooboobbooDbOoo
oboobooooobooboboboboooooooboboboboooon

21.3 SchemeO QO QOO

0000000000000000000000000000000[@23000 choose O fail 0 Schemel 00
O0O0000ODOchooseD failJOOOOOO0O0O0O0O0O0O0OODOOOO0O0ODOOOOOOOOOOOOOOOOO
gooooooOoOooooooooooooooooooooooooooooooooooooooooooooo
OOOCOCOOOOOOOO0OOO0OO0O00O0O00OoOoOoOoO0O=pathsxO0O0O0O00OO

00 choose 00000000000 DODOOODOOOO0O0O0O0O0O0ODDOD choosel failOOOOOO0O0O0OO
00000 chooseD00OOODOOO (first . rest) D0 O ODOOUOOOchoose 000 *pathsx choose [
rest 00 00000000000000000000 firstOO0O0O

OO0 failO0ODOD0OODOxpathsx 0 OO O0OOO00D00OD0ODOD00OO0O*pathsx000000000 faillQd
O00C0eO0O0ODOODOD failOODOOODOOOOOOOOOCOeODOOODOODOOOOOOOeOODOOOO
choose D0 O0ODOOOO0DOODOO0ODODOOODOOODeUOIODOOODOODOOODOOODODOO cc failOO0O
ogoooOoOOoOOoOoOOO0O00o0oO0oOooOoooO0oOooooO0Ob0Ob0ecOODOOODODO failOODOOODOOODODOODODOO
ooooooo

D23 0000 #*paths*x000000000000000000000000O00O0O choiceDDDDDODODOONO
ooooooooooooooooooOooooOoooooOoooOoO0oooooOoOoooOO0omooooobocbooooon
000000000000000000000000000000000000000 FleydDOODOODOOOOOO
00000000000000000000000000000 Prolog000000000000000000 I230
goOooOOoOO0O0O00000000000o0oooooooooooooODODO0O0ODO0O0000D0D00 choosel OO
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52)000000000000



(define *paths* ())
(define failsym ’@)

(define (choose choices)
(if (null? choices)
(fail)
(call-with-current-continuation
(lambda (cc)
(set! *paths*
(cons (lambda ()
(cc (choose (cdr choices))))
*paths*))
(car choices)))))

(define fail)

(call-with-current-continuation
(lambda (cc)
(set! fail
(lambda ()
(if (null? xpaths*)
(cc failsym)
(let ((pl (car *paths*)))
(set! *paths* (cdr *pathsx))
(®P1)1)))))

0 123 choose O faild Schemel 0O OO0

gobooobbooobboobboobbio0oobbo0obbOo0bibd choose failDOOOOOOODOOO
gbobooooooogoboboboboboooooooooboobobon

000000000000 00000AZ00000000000000000000000000000000
gobboooboboooboboobbuoobbooobbo0obbo0bboobbUo0bbOUd choosel fail O
ooooooog

21.4 CommonLispO 000

00000 CommonLispd 000 choose 0 fail0ODOODD0OO00D00000O000OOcall/ccO Scheme O
000000000000 00O0O0000o0000000U00O0000O00D0DODOoDUO0oDODOO0ODOoOOCommon
LispOOOOOO0O0O 20000000000000000000000000 chooseO OO0 SchemedO OO0
oboooooooobobobooboooooog

024000 Common Lispd 00 fail 000002000 choose 00000000 Common Lispd choose 00
00 Schemed 00000000 Schemd] choose 0000000000000 O0OO 100000000Common
LispOO progn 0 0000000000000 O0O0OOOO0O0UOOO0OUOOOOUDOOOOUDOOOOO

> (defun do2 (x)

(choose (+ x 2) (* x 2) (expt x 2)))
D02
(do2 3)

\4

(fail)

[©2 AN

oobooboboooobbb0ooooooobbbooooobDbboboo0oooobbbOO0oOODbO xpathsx0 OO
gboboobooooooooobobuobobobOobobobobobd cheese bbb OobObOOOOO
U00000=pathsx0 0000000000 0O0ODOO f2ail 00000000000 O00O0O0O0O0O *pathsxO 0
gobooboobbooboobbooboobbooboobbuobbfailbogobooooOog



(defparameter *paths* nil)
(defconstant failsym ’Q)

(defmacro choose (\&rest choices)
(if choices
¢ (progn
,@(mapcar \#’(lambda (c)
‘(push \#’(lambda () ,c) *pathsx*))
(reverse (cdr choices)))
, (car choices))
> (fail)))

(defmacro choose-bind (var choices \&body body)
‘(cb \#’(lambda (,var) ,@body) ,choices))

(defun cb (fn choices)
(if choices

(progn

(if (cdr choices)
(push \#’(lambda () (cb fn (cdr choices)))
*paths*))

(funcall fn (car choices)))

(fail)))

(defun fail ()
(if *paths*
(funcall (pop *paths*))
failsym))

0 124 Commonlispd DO00OOO0OO0O0OOOOOO

> (fail)
9
> (fail)
Q

oI2Z4ocoo0 failsymJ 00000000000 eUUIDOO0D0O0ODOOOO0DeOODODOOOODOODODO
0000 gensymd failsym 0000000

JO000000000000000 choose-pind 0000000 0O0OO0OO0O0O0OOOOO0OO0OOOOOOOO
00000000000 0O000O000OOCchoose-bind0000O000O00O0O chooseOOOOOOOOOOOOO
goo0o0oooooooooooooooooooa

> (choose-bind x ’(marrakesh strasbourg vegas)
(format nil "Let’s go to "A." x))

"Let’s go to MARRAKESH."
> (fail)
"Let’s go to STRASBOURG."

Common Lisp0 0 OO0OODOO0O0O0ODO choice 000D O0O0O0UO0OODDOOODOOOOCchoose JODODOO
choose-bind OO0 00O OOODOOchoose I ODOODOOOONO
(choose (foo) (bar))
ooooooooooooo

(choose-bind x ’(1 2)
(case x
(1 (fo0))
(2 (bar))))

0000000000000000000000000000ESg

60000000000 0000000000000000000000000000000 (fail) O (choose) 00000000



(=defun two-numbers ()
(choose-bind n1 ’(012345)
(choose-bind n2 ’ (0 12345)
(=values nl n2))))

(=defun parlor-trick (sum)
(=bind (n1 n2) (two-numbers)
(if (= (+ nl1 n2) sum)
‘(the sum of ,nl1 ,n2)
(fail))))

0125 DO0O0O0OoooOo0 Common LispdO choiceO OO0

Common Lispd 000000 choice 0100000000 UODOODDOODOODOODOODOOOOODO chooseO
choose-bind UU DO DOO0ODOOO0OOOO0OOOO0OODOO0ODODOOODLDO0ODLOO0O0 xpathsxU0O0OO0OO
goooobodooboobooboooobooboooboob bbb booboobboobOoo
gbooooooooboooon

(et ((x 2))
(choose
+x 1)
(+ x 100)))

x0000000000000000000000000000000 chooseJ0O00 AOOOOOOODOOOOO
cooooooboooooboooooooooono

(let ((x 2))
(progn
(push #’(lambda () (+ x 100))
*xpaths*)
+x 1))

xpathsx 0000000000000 x0000000000O0O0O0OOOSchemed CommonlLispd 000000
choice O UOODOOODOODODOODOODOOODOODOODODOODO
choose 0 fail 00 2000000000000 00000000000000O *xcontx000000ODODOOODO
UobDD0O000 =defun 00000 =pind 00000000000 =valuesUOOOOOODOOOOODODOOOO
Commonlispd 0000000000000 OOOOOOOO
000000000000000000000000000000000000000000000000 2500
0 Common Lispd O parlor-trick 000000000 Schemex 00000

> (parlor-trick 7)
(THE SUM OF 2 5)

Oooooooooo

(=values nl n2)
00000 choose-binds 000000000 OOOOOOODOOOO

(funcall *cont* nl n2)
choose-bind U0 OOOOOOODOOOOOOOOOODDODOOO*xcontx DD OOOOODDOOOODODOO
0000ooooooooooo

choosel choose-bind 0 fail 000000000000 @MI3 0000000000000 O0O0ODOOODOOO
O0Ochoice 00000000 DO0D0DDO0D0UOOOOUOOOODOOODOO Common LispdO choiceO0O0O0O
00000000o0ooo0ooooooooooon

> (choose-bind first-name ’(henry william)
(choose-bind last-name °’(james higgins)
(=values (list first-name last-name))))
(HENRY JAMES)
> (fail)
(HENRY HIGGINS)



> (=defun descent (nl n2)
(cond ((eq nl n2) (=values (list n2)))
((kids n1) (choose-bind n (kids nl)
(=bind (p) (descent n n2)
(=values (coms ni p)))))
(t (fail))))
DESCENT
> (defun kids (n)
(case n

(a ’(b ¢))

(b ’(d e))

(c ’(d £))

£ (g)))
KIDS
> (descent ’a ’g)
(ACFG)
> (fail)
Q
> (descent ’a ’d)
(ABD)
> (fail)
(ACD)
> (fail)

(descent ’a ’h)

@ V ©
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> (fail)
(WILLIAM JAMES)

oo ooooooobobon

0200000000000000000O00O0O00U0OOO0O0OO0ODOODOOO0OO00OODOODOOOOOOOO
O00O0O00O0O0O0OO0OO0ODOODODOODODO=valuesO choose 0000000000 OOOODOODODOODOOODOOO
doooooooooogo
(choose (=values 1) (=values 2))
doooooooooogo
(=values (choose 1 2)) ; OO
0000 =valuesUODOUOODOODODO *cont*x choose U UODOOOODOOOMO M

000013 000000000000 0CommonlLispd 00000000 SchemedOOOODOOOOO @283
000[I2ZID000000000000000000000 Common Lispd 00000 Common Lispd descent OO
gooooOopooOooooooooodg

000000000000 000000000000000000 CommonlLispd0O0000O0O0O0OO0OOOOO
0dooodoooooooooooooooooooobo oo o000 ooooooDoOooon
0o0000o0o0oU0U00o0oDoo0o000o0O0O000D00O00000O0000000OUODDODOOUOATNOODDOOO 1
0000000000 230000Prologd 0000000 20000000000 24000000000

choose 000 Common Lispd 0000000000000 00O0OODDO0O0OOOOODOOODOOOOO—00
gddooooooooobobbobobobbbbobbobtbboddddDDDb L O
gooooOoOoO0OO0oO0O0O0O0O0O0oO0o0UoUUUUUOoU0oooooooooooooooooooooooooo
goooooo



(define (find-boxes)
(set! *paths* ())
(let ((city (choose ’(la ny bos))))
(newline)
(let* ((store (choose ’(1 2)))
(box (choose ’(1 2))))
(let ((triple (list city store box)))
(display triple)
(if (coin? triple)
(display ’c))
(fail)))))

(define (coin? x)
(member x ’((la 1 2) (ny 1 1) (bos 2 2))))

0127 000000000000 OOO0OO00

215 OO0

O0000000000000 Schemd D00D0OU00OO0OOOOOOOOOOOOOODOODOOD PrologD OO
coobooooobooooooooooOooOoooboboOoOoobooOooooooooOoboOoOoooooboboOooooOoOoooooa
oooooooo

0000 PrologD 0000000000000 OO0OO0O0O0OOOOOOO0OOOChocoblobD 0O OOoOOoOoOoOO
ocoooboooooooooooooobooooobbooooooooooooobobooooboooobbooooobooooDoDOg
00 200000000000000000000

goboooooooooboooobooooobooooooooooooooboooobooooboooooboooooooa
OO00O0O0OChocoblobD D00 DO0OOOOODOOODOODOOODOUOOOOOOChocoblob 00O OODOOOOOO
coboooOobooboooboooooooooboboboooooboOoboboooOoOobOOobOOobOooboooOoOobOobOboobooonoo
goooooooooologogooooooooooooooooooOoOooOoOooOOoooooooooooo 1
coooooobooooooooooOooooobooboooon

gobobooooooooboooboooooboooooooooooooboooboooobooooooooooDooog
coobobodooobooooooooooOooooOoO0obooO0ooooooOooOoocO0OooOooOoooboboOooooOo0oOooOooonoa
coooooooooooooooooooobooboOobooooooooooooooooOooboOoooooooooa
oooooooooooooooooo0oooobo0oooooooooooDbboOoooDoOoo

oo0o0oo00 20000000000000000000O0000C0OO0O0O0CODOOO0OOOOOOOOOOO
ocoooooooooooooooobooooobbo0ooooooooooooboboooooooobboooooooooDoDOg
O0U00O0o00oo0o0ooOooOOPrologD 00000000 DOOOOODOOOODOOOO0OOOODOOOOOO
ocooobooooobooooooooooooooboboooooOoooooooDbboOoobooOoooon

0OIZMh000000000000000000000000000000000000000000000000
oooooooooooo0o0 (@ 0 O)OoooOooOoooOOOoOoOOOOO0OODOOO0D0ODOO0O0O0 cOOOoOoooo

> (find-boxes)
(LA 1 1)
(LA 1 2)
C

(LA 2 1)
(LA 2 2)
(NY 1 1)
C

(NY 1 2)
(NY 2 1)
(NY 2 2)
(BOS 1 1)



(define (mark) (set! *paths* (cons fail *paths*)))

(define (cut)
(cond ((null? *pathsx*))
((equal? (car *paths*) fail)
(set! *paths* (cdr *paths*)))
(else
(set! *paths* (cdr *pathsx))
(cut))))

0128 O00DO0OO0OOOOOOOOOO

(define (find-boxes)
(set! *paths* ())
(let ((city (choose ’(la ny bos))))
(mark) ; OO
(newline)
(let* ((store (choose ’(1 2)))
(box (choose ’(1 2))))
(let ((triple (list city store box)))
(display triple)
(if (coin? triple)
(begin (cut) (display ’c))) ; 0t
(fail)))))
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> (find-boxes)
(LA 1 1)

(LA 1 2)

C

(NY 1 1)

C
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(define (path nodel node2)
(bf-path node2 (list (list nodel))))

(define (bf-path dest queue)
(if (null? queue)
’Q
(let* ((path (car queue))
(node (car path)))
(if (eq? node dest)
(cdr (reverse path))
(bf-path dest
(append (cdr queue)
(map (lambda (n)
(cons n path))
(neighbors node))))))))
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(define (path nodel node2)
(cond ((null? (neighbors nodel)) (fail))
((memg node2 (neighbors nodel)) (list node2))
(else (let ((n (true-choose (neighbors nodel))))
(cons n (path n node2))))))
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(BOS 1 2)
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(BOS 2 2)
C
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(define *paths* ())
(define failsym ’@)

(define (true-choose choices)
(call-with-current-continuation
(lambda (cc)
(set! x*paths* (append *paths*
(map (lambda (choice)
(lambda () (cc choice)))
choices)))

(fail))))
(define fail)

(call-with-current-continuation
(lambda (cc)
(set! fail
(lambda ()
(if (null? *paths*)
(cc failsym)
(let ((pl (car *paths*)))
(set! =x*paths* (cdr *pathsx*))
(P11
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(defnode s
(cat noun s2
(setr subj *)))

(defnode s2
(cat verb s3
(setr v *)))

(defnode s3
(up ‘(sentence
(subject ,(getr subj))
(verb , (getr v)))))
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(defmacro defnode (name &rest arcs)
‘(=defun ,name (pos regs) (choose ,@arcs)))

(defmacro down (sub next &rest cmds)
‘(=bind (* pos regs) (,sub pos (cons nil regs))
(,next pos ,(compile-cmds cmds))))

(defmacro cat (cat next &rest cmds)
“(if (= (length *sent*) pos)
(fail)
(let ((* (nth pos *sent*)))
(if (member ’,cat (types *))
(,next (1+ pos) ,(compile-cmds cmds))

(fail)))))

(defmacro jump (next &rest cmds)
“(,next pos ,(compile-cmds cmds)))

(defun compile-cmds (cmds)
(if (null cmds)
‘regs
“(,@(car cmds) ,(compile-cmds (cdr cmds)))))

(defmacro up (expr)
“(let ((* (nth pos *sentx)))
(=values ,expr pos (cdr regs))))

(defmacro getr (key &optional (regs ’regs))
“(let ((result (cdr (assoc ’,key (car ,regs)))))
(if (cdr result) result (car result))))

(defmacro set-register (key val regs)
‘(cons (cons (cons ,key ,val) (car ,regs))
(cdr ,regs)))

(defmacro setr (key val regs)
‘(set-register ’,key (list ,val) ,regs))

(defmacro pushr (key val regs)
‘(set-register ’,key
(cons ,val (cdr (assoc ’,key (car ,regs))))
,regs))
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(defnode s
(down np s/subj
(setr mood ’decl)
(setr subj *))
(cat v v
(setr mood ’imp)
(setr subj ’(np (pron you)))
(setr aux nil)
(setr v *)))

cooooooooooooooon

(=defun s (pos regs)
(choose
(=bind (* pos regs) (up pos (cons nil regs))
(s/subj pos
(setr mood ’decl
(setr subj * regs))))
(if (= (length *sent*) pos)
(fail)
(let ((* (nth pos *sent*)))
(if (member ’v (types *))
(v (1+ pos)
(setr mood ’imp
(setr subj ’(np (pron you))
(setr aux nil
(setr v * regs)))))
(fail))H)))
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(0o 1)

(OO 2)
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(=defun foo (pos regs)

(choose

(00 100000)
(00 200000)))
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> (compile-cmds ’((setr a b) (setr c d)))
(SETR A B (SETR C D REGS))

coboooobooobooooooboooobooooo0oobobodoibn regsd0000oooooooooOg
cooooooboooooooooobobooooboooooo
000000000000 LispO0000 progn 0000000000000 00ODODOOOOOOOOO

> (compile-cmds ’((setr a b)
(progn (princ "ek!"))
(setr ¢ d)))
(SETR A B (PROGN (PRINC "ek!") (SETR C D REGS)))



(defmacro with-parses (node sent &body body)
(with-gensyms (pos regs)
¢ (progn

(setq *sent* ,sent)

(setq *paths* nil)

(=bind (parse ,pos ,regs) (,node 0 ’(nil))

(if (= ,pos (length *sentx))

(progn ,@body (fail))
(£fail))))))
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(defun types (w)
(cdr (assoc w ’((spot noun) (runs verb)))))

O0000000000000 100000 with-parsesJ0000000O0O

> (with-parses s ’(spot runs)

(format t "Parsing: “A~Y" parse))
Parsing: (SENTENCE (SUBJECT SPOT) (VERB RUNS))
c]
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(defun types (word)
(case word

((do does did) ’(aux v))
((time times) ’(n v))
((fly flies) ’(n v))
((1ike) ’(v prep))
((liked likes) ’(v))
((a an the) ’(det))
((arrow arrows) ’(n))
((i you he she him her it) ’(promn))))

0 140 00O0OO0O0OOOO

(defnode mods
(cat n mods/n
(setr mods *)))

(defnode mods/n
(cat n mods/n
(pushr mods *))
(up ‘(n-group ,(getr mods))))
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> (with-parses mods ’(time arrow)
(format t "Parsing: “A”Y" parse))

Parsing: (N-GROUP (ARROW TIME))

c]

00200000000000000000000000000000000000@42000000000000
0000 np0000000000000O00O0O0O0O00D0D004300000000000000000000000
O000oo0o00oo0o0oo00ooO0o00oOOo0o0bOoOO0O0O0O0 20000000000000000000OO
cooooooboooooo

O0000o0ooooO0O00 0000000 ODOID0O0O0OUD OO 300000000 DODODOOODODOODOO
Co0o0OCocOoobb0pronO00O0oO0o0oOoOoOOOO0OOOOOOOOOODO

> (with-parses np ’(it)

(format t "Parsing: “A~Y" parse))
Parsing: (NP (PRONOUN IT))
c]
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(defnode np
(cat det np/det
(setr det *))
(jump np/det
(setr det nil))
(cat pron pron
(setr n *)))

(defnode pron
(up ‘(np (pronoun ,(getr n)))))

(defnode np/det
(down mods np/mods
(setr mods *))
(jump np/mods
(setr mods nil)))

(defnode np/mods
(cat n np/n
(setr n *)))

(defnode np/n
(up ‘(np (det ,(getr det))
(modifiers , (getr mods))
(noun , (getr n))))
(down pp np/pp
(setr pp *)))

(defnode np/pp
(up ‘(np (det ,(getr det))
(modifiers , (getr mods))
(noun , (getr n))
, (getr pp))))

0142 Oo0oO0O0O0OO0O0O0OO0O0O0OO0OO00

(defnode pp
(cat prep pp/prep
(setr prep *)))

(defnode pp/prep
(down np pp/np
(setr op *)))

(defnode pp/np
(up ‘(pp (prep ,(getr prep))
(obj , (getr op)))))

0143 JO00O00D0O0O0O0O0O0OoO0ooOOo




(defnode s
(down np s/subj
(setr mood ’decl)
(setr subj *))
(cat v v
(setr mood ’imp)
(setr subj ’(np (pron you)))
(setr aux nil)
(setr v *)))

(defnode s/subj
(cat v v
(setr aux nil)
(setr v *)))

(defnode v
(up ‘(s (mood ,(getr mood))
(subj , (getr subj))
(vel (aux , (getr aux))
(v ,(getr v)))))
(down np s/obj
(setr obj *)))

(defnode s/obj
(up ‘(s (mood ,(getr mood))
(subj ,(getr subj))
(vel (aux , (getr aux))
(v ,(getr v)))
(obj , (getr objd))))

0144 DO0OO00OODOODOO

ooo0oooo0o0ooo0o00oooO00ooo00boOo0O00ooOo0o00boO0O 200000000000000

> (with-parses np ’(arrows)
(pprint parse))
(NP (DET NIL)
(MODIFIERS NIL)
(NOUN ARROWS))
c]
> (with-parses np ’(a time fly like him)
(pprint parse))
(NP (DET A)
(MODIFIERS (N-GROUP TIME))
(NOUN FLY)
(PP (PREP LIKE)
(0BJ (NP (PRONOUN HIM)))))
c]

100000000000 np/det 000000 Onp/mods 000000000 OCOO0O0O0OOOnp/n000000O
0000000000020 000000000000000000O00O0O000OODOO0OOO0OOOOOOOO
gooboobooboboobooooooboobboooboob oo booboobboobUoobDboooboo
O000000000000o00oooooo “atime fly like him” O “a Lisp hacker like hmWO0OO0O0O0O0OoQoooQ
0000000000000000000000000000000044000000000000000000
OO00000o0ooo0ooo0oo0oDooo0Doo0D s0000000ooDoo0ooooooooooD 10000000
0000000000000 000s00000 200000000000000000D00DO00OOOOOOO
000000000000000000Z24 0000000000000 20000000000000000010
0000000000 “Island nations likeanavyd OO0 00 O000OTimeflies" 0000 ke DOO0OMI2000
“Find someone like a policema’ OO 0000 0OO0“Time" DO0O0O00000O0O0OOOYke” O0OO0O0OMMIOOO



> (with-parses s ’(time flies like an arrow)
(pprint parse))

(S (MOOD DECL)

(SUBJ (NP (DET NIL)
(MODIFIERS (N-GROUP TIME))
(NOUN FLIES)))

(VCL (AUX NIL)

(V LIKE))

(0BJ (NP (DET AN)
(MODIFIERS NIL)
(NOUN ARROW))))

(S (MOOD IMP)
(SUBJ (NP (PRON YOU)))
(VCL (AUX NIL)
(V TIME))
(0BJ (NP (DET NIL)
(MODIFIERS NIL)
(NOUN FLIES)
(PP (PREP LIKE)
(0BJ (NP (DET AN)
(MODIFIERS NIL)
(NOUN ARROW)))))))

0145 10000000 20000000000

0146 0OOOOO

000 ATN OO “Timeflieslikeanarrow’ D 00 6 0000000000000 00O0O

0000 AINOOOODOOODO0ODOODO00OOOO0OO AINODODOODDOOOODOO0OOOoooooooog
goobooooobooobboooobobboooobb oo oo oo b oo bobooooo
goobooboobobooboobobooobodboooboboobDbooboobboobUoobDbooboo
godooooooooobobbobobobbobobbbobbodddddouooooa

23 Prolog

00000000000000 Prologd 0000000000000 1900000000000000DO0O0O0OO
cooobodooobooooooooOooOooOooOboO0O0oboo0ooOooOoOooooOboOoOooOooOooboboOooooOoboOooOooDooa
cooooooobooooooooooooooboobooboooooooooooboooooooboboOoooooooooa
cooooooboooooooooooooooooooooooonod

Prolog0 0000000000000 DO0OOUOOOO0OUOOOOODOUOOUOOOOOOD 300000UDOOOO
0000 18122000000 200000000000000000000O0OO0OOO0OOODOOOOODOOOO
000000000 Prolog0 0000000 OO0000000000000000000000000000D0 [I468)
ooooooooboooooooon

0000020000 Prolog0 0000000000000 0OOODOOODOODO Prologd00000OO0OODOO
O000O0000LispO Prolog 0000000000020 0000000000000O0O0OOCOOO



23.1 OO

0190000000000000000000000O0O0O000O0DOODOOO0O00O0ODOODOOO0OBOODOO
0000000000000 000000000O0Oclear-db000000020000000000000000
coooooooooooo

> (fact painter reynolds)

(REYNOLDS)

> (fact painter gainsborough)

(GAINSBOROUGH)

> (with-answer (painter 7x)
(print 7x))

GAINSBOROUGH

REYNOLDS

NIL

oooo0 PrologD 0000000000000 OOODOOOOOOOOOOOOOOOOOOOOOOOOOO
gogooboooobbuooobooboooobboooobboobbbooobboobO bW obLbooo
gboboooooooboobobooonm
If (hungry 7x) and(smells-of ?x turpentine)

Then(painter 7x)
0000000 (hungry raoul) O (smells-of raoul turpentine) D0 O OO0O0OODO (painter raoul) 00O
000000000000 (painter ?7x) 0 ?x=raocul 00000000000

PrologD0 0000 if00000COO0Othen0 00000000 OOOOOOOOOODOOOOOOOOOO
Prolog0 0000000000000 0DO0O0OO0O0O00O0O00O0O0O0000000O00000000O000mIoOoOOn
Do0000ENpoooo00000000000000000000000000000000000000000
gobgoobooobboobooboooboobooobooboobbooboobbooboobbooDboo
gboooooooooogo

gboboboooooobooboboboooooooobooboboboo
If (gaunt 7x) or (eats-ravenously 7x)

Then (hungry 7x)
gobooboobboobooboboooboo
If (surname ?f 7n) and(father 7f ?c)
Then (surname 7c 7n)

Prolog0 00000000000 0DO0O0ODO0OOO0OD0O0DOOO0DD0O0UO0OO0NDO0NO0NOOoNoD0OoOOO
0O Prolog0O0O0O00OO0O0O00OOOProlog0 000000000000 OOOOOOOOOOOOOOOOO

gobooooobooboooboboobooobobooboobbooboobbooboobbooboobbOooD
000000000000 00000000000U000O0U000O0U00OD0OO0U0O0O0OOO0 (species x), (big x),
(fierce x) 000000 DD x0O0O0O0O(rare x) 0000000000 OOOOOOOOOO0OOOOOOOOO
gbooooogoooboboboo
If (species 7x) and(big ?7x) and(fierce ?7x)

Then(rare ?7x)

000 (rare x) 000000 x00O0O0OOO0OOOOOOOOOOOOOOOOOOODOODODOOODOODOO
goobooboobbooboobobooboobobooboobboboboobbobbooboo
gbobobooooooooobobobobo FrOobO0ObOobOOOOOOODODOD

If true

ThenF

gboobooooooobooboboboboooboooooobDobobobobobbooooo

<70000000000000000000000000000 184000000000



(defmacro with-inference (query &body body)
¢ (progn
(setq *paths* nil)
(=bind (binds) (prove-query ’,(rep_ query) nil)
(let , (mapcar #’(lambda (v)
‘(,v (fullbind ’,v binds)))
(vars-in query #’atom))
,@body
(fail)))))

(defun rep_ (x)
(if (atom x)
(if (eq x ’_) (gensym "7") x)
(cons (rep_ (car x)) (rep_ (cdr x)))))

(defun fullbind (x b)
(cond ((varsym? x) (aif2 (binding x b)
(fullbind it b)
(gensym)))
((atom x) x)
(t (cons (fullbind (car x) b)
(fullbind (cdr x) b)))))

(defun varsym? (x)
(and (symbolp x) (eq (char (symbol-name x) 0) #\7)))

0147 00DO0OO0OOOO0OOOOODO

232 O0O0O0OOO

0 184000 if-match 0 200000000000000000O000O000O0O0O0ODOOOOOOODOOO
cooooooobooooobooooooOoooooOboOoOobooOoOoOoOoOoOoOooOboOoOoOoboOoOobOboOoooOoOoOooOoooa
oooooooooooooooooooooboobooooooooooOoobboooooooooDoO

O 00000000 Prolog0 0000000000 O0O00DD 19-3000000000000000
coboobOooooobooooobooobooboobOoobOooOo0boboob0Oo0o0bO0b0bDOl with-answer
0000000000000 00000OProlog0 00000000000 DO0OOO with-inferenceOODOODOO
000000000000 00with-answer 00 0O Owith-inference 100000000 LispOOO0O0O0O00OO
ooobooooooooooooooboooooboboooon

(with-inference (painter ?7x)
(print 7x))

with-inference 10 0000000000000 0ODO0O0O0O0O0OOOOO LispOD0O0O000OOOOOOOOO
000000000000 (painter x) 000000000 x00000O

0440 00 with-inference 0000000 DO0O0ODOOODOODOOODOODOODODOOwith-answer
U with-inference 00O 0OD0O0O0ODOOODOOODODOOODOOODOOODODOOODOOODO
with-inference U0 DD DODOOOUOODODOON with-inference U0 O ODODOOOOOOOOODODODOOO
0O0b0ob0ob0ob0obOobO0b0b0b0obO0bO0obD0obD0ObDODO feildb000DO0OODUOODOODOODOOOOO
obooooooboobobobobooon

> (choose-bind x (01 234567 89)
(princ x)
(if (= x 6) x (fail)))

0123456

6

00 fullbind 00O O with-answer 0 with-inference 000000000000 OOO0OODOOOOODOOO



(=defun prove-query (expr binds)
(case (car expr)
(and (prove-and (cdr expr) binds))
(or (prove-or (cdr expr) binds))
(not (prove-not (cadr expr) binds))
(t (prove-simple expr binds))))

(=defun prove-and (clauses binds)
(if (null clauses)
(=values binds)
(=bind (binds) (prove-query (car clauses) binds)
(prove-and (cdr clauses) binds))))

(=defun prove-or (clauses binds)
(choose-bind c¢ clauses
(prove-query c¢ binds)))

(=defun prove-not (expr binds)
(let ((save-paths #*paths*))
(setq *paths* nil)
(choose (=bind (b) (prove-query expr binds)
(setq *paths* save-paths)
(fail))
(progn
(setq *paths* save-paths)
(=values binds)))))

(=defun prove-simple (query binds)
(choose-bind r *rlistx*
(implies r query binds)))

0148 OOOOOOO

gooooboooboboobooboooobooboooboob bbb boobbobboobo o
gboooooooobob0obobobobobodod fullvind0O00OOODO

> (setqg b *((?x . (?y . 7z)) (?y . foo) (?z . nil)))
((7X 7Y . ?2) (?Y . FOO) (?72))

> (values (binding ’7x b))

(7Y . 72)

> (fullbind ’?7x b)

(FO0)

0000000000 with-inference 0000000 prove-query 0000000000000 [I48100
prove-query 00 000000000000 O0OOODOOOOOCODO 19-300000000000DO0O0OOOOOO
00o00oo0o0oo0o0oOo0oO0LOOo0oO0oO0o0O0LOO0o0OO0O0O0OO0DOOo0OOoDOOoooOOoooOoo
O0O00O0O0OProlog0 000000000 choose0OOOOOO

gogboooboboobooboboobooobooboobbooboobbooboobbooboobDbOoon
oooooo
(not (painter 7x))

000000000000 (painter 7x) 0000000000000 0O0O0O0O0O0OO0O0ODO0nilO000000
0000000000000000000000000000 (painter 7x) 0000 not 00 O0O0O0O0OOOOOO
0000000000000 00O0000O00DO0000O00000000O000D0O0D0O00 (painter 7x) O
gobgooboobboobooboooboobooobooboobbooboobboobooboboooboo

PrologD ODOOO0OO0O0OOOO0O0OO0OO0O0O0OOOODOOOOO0OOO——/ (painter 7x) 0000000000000
0—000000000000000000000000000000000000000D0000OU lookupd kga
Uboo0oooooboobobOob leockwpUOOOUOOUOOODOOOOOOODODOODOODODODOOOO



(defvar *rlist* nil)

(defmacro <- (con &rest ant)
(let ((ant (if (= (length ant) 1)
(car ant)
‘(and ,Gant))))
‘(length (conclf *rlist* (rep_ (coms ’,ant ’,con))))))

(=defun implies (r query binds)
(let ((r2 (change-vars r)))
(aif2 (match query (cdr r2) binds)
(prove-query (car r2) it)

(fail))))

(defun change-vars (r)
(sublis (mapcar #’(lambda (v)
(cons v (symb ’? (gensym))))
(vars-in r #’atom))

r))
0149 oDOO0OOOO0ODOOO

oog) (k= (O)y(Ooo)y)

oog) :(@ot(0OO))
:(and (0O O)*)
Do (0O D))
{(0)

0) ((0oDoo){@oo)y)

o~ o~

0150 OOoOoOoOO

00000000000000000@Z900000000000000000 *list*x00000000000
gooooooboooooobooobooobooobbooobLboobboobDbboobob b0 Obboobboo
goooooon

<-0000000000000000000000 300000000000

l.00000000000000000000DO0000ODO0O00ODO0O00ODOO00ODO0O00O
2. 000000000000 O000CODOO0O0O0CODOOO0O0ODOOODODOOOOODOO
3.0000000000000000 andO0OOOOO

<~gbOobOooobobd0oob lengthO<-00000000CO0OCOOOOOODOODOOOOOOOOCGOOOO
gboooooo

0000000 000000000 0000000000000000000000 00000000000
00000oooooooo0ooUd0U 190000000 ooooooo0ooooooooooooooon
gboooooooobooobon

(<~ (painter 7x) (and (hungry 7x)
(smells-of 7x turpentine)))

cooooooboooboooo

(<- (painter 7x) (hungry ?7x)
(smells-of 7x turpentine))

Ub0obooooobobdbOtuwrpentine 000000000 0OO0OO0OOOODOODOODOODODO



prove-simple O U U UOUOO0OO0OO0O0OO0D0OO0DOO0O0OO0O0O0OO0D0OO0D0O0DO0DO choose O UOOODOOOOOOODO
U0 implies0 00000000 implies000000O0O0O0OO0OO00OOOODO0OOOODOOO0O0OCOO implies
U prove—query U0 O0O00OO00OO00O0O0OO0OOOOOOOOOOOO0DOODOOOLOOOOOOOOO

U0 change-vars 000000000000 O00O0DOO00O0O0O0O0O0O0ODOO0ODODOO0ODOO»xDO0000O0
OO0»x0000000000000O0C000C00000000000D0000D000 change-varsOOOO0O0O
gboboboboboo _0boboobobobobobooboobobobO0obobobobUbobU repdgnd
0000000o00o0obO0b0b0obO0o0n0d with-inferenceOOOODOOOOOOOOO

23.3 OO

000000000 Prolog0 000000000000 DOO 24-100 200000000000

(<- (painter 7x) (hungry ?x)
(smells-of 7x turpentine))

(<~ (hungry ?x) (or (gaunt 7x) (eats-ravenously 7x)))
gobooboooobd

(<~ (gaunt raoul))
(<~ (smells-of raoul turpentine))
(<~ (painter rubens))

gobooboobbooboobbooboon

> (with-inference (painter 7x)
(print 7x))

RAOQUL

RUBENS

c]

000 with-inference 000000000 with-answer 00000000000 194400000
gboboobooooooboooboobobobobooooboooboobobobobOobboobooboobobOobo
00000000000000000000000000000000000?x00000007x00000000
oooon
(<- (eats 7x 7f) (glutton 7x))
P O000000000000D00O0OCeats ?7x y) D000 O0OO0OD0OCOOOO0000000D0OO0OOOOODOOO
O0OOeats000 2000000000000000000000O0

> (<= (glutton hubert))

7

> (with-inference (eats 7x spinach)
(print 7x))

HUBERT

¢]

do000O000O00O0O0O0O0O 2000000000000

> (with-inference (eats 7x 7y)
(print (list 7x ?y)))
(HUBERT #:G229)
¢]
gensymU 0O OO0OonDOoOoooooOooobobo0gensymd 0000000 DOOO0O0ODOOOO0ODODOOOO0OO
0000oo0o00oo0o0o0bo0o0ooooooooooooo
> (progn
(<- (eats monster bad-children))
(<- (eats warhol candy)))
9
> (with-inference (eats 7x 7y)
(format t ""A eats “A.7Y"
7x
(if (gensym? ?7y) ’everything 7y)))



Prolog0 000000000000 PrologD 0000000 O0OOOOOO

1.000000000000000000000000000000000Common Lisp0 0000
gbooooooooobobobobooooooooobooboboboboboooooooo
.1 00000nil00O0O0O

.[x | y1DODO0DODO0O0ODO0 (x . y) 0000

. [x, y,...]00000000000 (xy...)OO0OO
.0000000000OO00000oOOODO0O000DOODOO000 pred(x, v, ...) 0000
O (pred x y...) 0OOO

ab~wiN

000 Prolog0 00 append D00 00O

append([ 1, Xs, Xs).
append([X | Xs], Ys, [X | Zs]) <- append(Xs, Ys, Zs).

goboooooon

(<~ (append nil ?7xs 7xs))
(<~ (append (7x . ?xs) 7ys (?x . 7zs))
(append 7xs ?ys 7zs))

0 151 Prolog0OOOOOO

HUBERT eats EVERYTHING.
MONSTER eats BAD-CHILDREN.
WARHOL eats CANDY.

@

000oooO000oooO00ooOo00oo0o0oooO0o0oooO0DO0O00OO00oOO00DOO0O000 (and)
00000000000000000000«<-0004900000000000000000 (and) 00O0D0OO
coooboooooooooboocoooooo

> (<- (identical ?x 7x))

10

> (with-inference (identical a 7x)
(print 7x))

A

Q

PrologD0 00 DOO0O0O0O0O0O0O0COOO@RIDODO Prolog0 00O LispOO0O Prolog0DOODOOODOOODOO
000000000 PrologD 0000000000 append D0 0000000 0000000 O0OODOOO
appendd 000 2000000000000 100000000000000000O0000O00O0OO 2000000
000 1000000000000000000LispO000 append 2000000000000000000O0
O000O000000PrologO appendDDDDDDDDIZIDDEIﬂ]D 2000000000000 20000000
00000 3000000ooooooooooog

> (with-inference (append ?x (c d) (a b ¢ d))
(format t "Left: “A™%" 7x))

Left: (A B)

¢]

> (with-inference (append (a b) ?x (a b c d))
(format t "Right: ~A~%" 7x))

Right: (C D)

¢]

> (with-inference (append (a b) (c d) ?x)
(format t "Whole: "A~Y%" 7x))

Whole: (A B C D)

@

0000ooo00oo00oo0o0ooOo00ooO0o0loo020000000000000000O0DOO0ODOOO

> (with-inference (append 7x 7y (a b c))
(format t "Left: A Right: "A~%" 7x ?y))
Left: NIL Right: (A B C)



Left: (A) Right: (B C)
Left: (A B) Right: (C)
Left: (A B C) Right: NIL
c]

append 00000 Prolog0 00 0000000000000 00000OO0OOOOProlog0 000000000
gboooooooooboooboboboooooooooooboboboboboooboobooboobOoboboboo
gobooboobboobiodbib0memberJ0000O00OO0O0OO0O

(<= (member ?x (?7x . 7rest)))
(<- (member ?x (_ . 7rest)) (member 7x 7?rest))

LispOOUOmember 00000000000 0DOOO0ODOOOOOOOUOOOO

> (with-inference (member a (a b)) (print t))
T
c]

dddddooooooooooobobobobobobobbobobbooddddooooooooooooooDoooooon
O00000 carJ0 a000000 2000000000000000 cara00000O0O

(<= (cara (a )))

O00 member 0000 Prolog0 00000000000 OOOOO

> (with-inference (and (cara 71st) (member b 71st))
(print 71st))

(A B)

(]

cooooooobooooooooOooOoOoOoOoOboO0oO0obOOoOoOoOoOoOoOoOoOCcOob0OOOoOoOobObOOoOobooOoOoOoOooDOoO
00000000 Prolog0 0000000000000 DDO0DODOO0DDODOODOOOOOOOOOOOO IR
coooooobooooooocoOooOooOoOoOoboOoOoboo0oOoOooOoOoOooDn

234 0O0O0OOOOOO

02200000000000000000000000000D000D0OD0OCO00OO0O00DDOO0OOOOODOOOOn
0000000000000 0000oDoo0o000000ooDoOo0O0O0Ogn chooseJO0ODOOO 100000O00OO
Oo00o00o00o0bOd feild0OO0bOOobOobOobooOoo

ggoooobooboobobooboooobooboobbooboobbooboobbooboobbooon
gdoooogooUo20000p00000000000U0U0U0D0DODOoOoDOODOOOOOOOODOODOOOUODOoOooOO
gobooboobboobooobooboon

(<- (all-elements ?x nil))
(<= (all-elements 7x (?x . ?rest))
(all-elements ?x 7rest))

(all-elements x y) 000 0000000000000 00DO0O0O0 yOOOOODOOO x0equal0O0O0O0O
goboobboooboboobboooboobbooobooobo

(all-elements a (a a a))
(all-elements a (a a b))
(all-elements ?x (a a a))

000000 (all-elements a 7x) 0000 ?x000000000000ORnil0(a)0(a @) DO0ODOOOOOO
0000000o0o0o0o000000o0oo00000D00oo0o00O0000DDo0oOO0O00D0DUO0DOOOOOO
LispO0OOOO0OD0O0OO0O0O000000000000000000000000000000000DO0O00o0oooOo

000000 with-inference U0 00000 0O0O0OOOOOOO0O0O0OOOOOOODOODODO0OOOOOODOO
00000000000000000000000000000000000000000000 Prologd O choose
U fail0OOOOOODODOOOOOOOODOOOOd

> (block nil
(with-inference (all-elements a 7x)
(if (= (length 7x) 3)
(return 7x)



(defmacro with-inference (query &rest body)
(let ((vars (vars-in query #’simple?)) (gb (gensym)))
‘(with-gensyms ,vars
(setq *paths* nil)
(=bind (,gb) ,(gen-query (rep_ query))
(let , (mapcar #’(lambda (v)
“(,v (fullbind ,v ,gb)))
vars)
,@body)
(fail)))))

(defun varsym? (x)
(and (symbolp x) (not (symbol-package x))))

0152 0000000000 O0O000

(princ 7x))))
NIL
(A
(A A
(A A8

00 PrologD0D0OO0O0O0O0OOOOO Prologd 000 000000000000 0OO0OO0OOOOOOOOOOOGOO
000000000000 00000000000U0000UOU00O00O00O00o0oO0oOoOo0O PrologDOOO0O
000000000000 000000000O000O000D0O0OULO0OUO0O PrologDO0O0OOOOOOOOO
gobooboobboobooboboobuoobboo
(and (all-elements a 7x) (length 7x 3))
goboobooobuoobbooobooboboon

PrologD 0O OO0OO0O0OO0O0OU0OOOOOOOOOOOOOzxiOOODOODOOODOOOOOOOo0ooooooo
0000000000000000000000000000000000000 Prolog0 00000000000
0000000000000 00000000 member 000000000000

(<- (member ?x (_ . 7rest)) (member 7?x 7rest))
(<- (member ?x (7x . 7rest)))

O00000000000000000Prolog0 0 0000000000000 0OOmenber J000000DO0O
(member ’a 7x) 10 0000000000000 0O0000O0000000000O0O0O0O0OOOOOOOOOOOO
goboobogo

235 00000

oo0o00o00oooOo0o0o00000o0oOO0O000D 18-40000000000000000 if-match 000
ogooooboooooooooobooooooOooobooboooboO0OooboooooooOoboOoOoobDoboOoOoooOoboOooon
od0oo0ooo0ooo0ooo0ooO0ooO0 1900000000000 0000O000O0OO0DO0OOO0OOOOO
000000000000000000000000 PrologD00000000O00O0O0O0OO0ODOOOOO

0 I520I530A50 00 PrologD 0000000000 OOOO0OD with-inference 0 Prolog0 00000
00000000000000000000000000000000000000 Prolog 000000000
00000000000000ASV 000000000000 0000000000 proved0000000OD0
with-inference 000000000000 O0O0O0O0O0O0O0O

052000 with-inference 00000000000 if-match 0 with-answer 10 000000000000
gensym 0O 0OO0OO000O0000O0O0000OC0O00D0O0000O0O0000OCO000O0O0000O0OC0O00 matchO
fullbind 00 O0O00000O0O0D0OO0OO varsym?00gensymd 0 00000000000000O0O

0000000000000000D0000000 Owith-inferenced gen-query) 0 [I531 00 0 0 O gen—query
0000000000 1000000000 and0 or000000O000O0O0O0O0OOOOOOOOODGOOODOOO



(defun gen-query (expr &optional binds)
(case (car expr)
(and (gen-and (cdr expr) binds))
(or (gen-or (cdr expr) binds))
(not (gen-not (cadr expr) binds))
(t  ‘(prove (list ’,(car expr)
,@(mapcar #’form (cdr expr)))
,binds))))

(defun gen-and (clauses binds)
(if (null clauses)
‘(=values ,binds)
(let ((gb (gensym)))
‘(=bind (,gb) ,(gen-query (car clauses) binds)
, (gen-and (cdr clauses) gb)))))

(defun gen-or (clauses binds)
¢ (choose
,@(mapcar #’(lambda (c) (gen-query c binds))
clauses)))

(defun gen-not (expr binds)
(let ((gpaths (gensym)))
“(let ((,gpaths *pathsx*))
(setq *paths* nil)
(choose (=bind (b) ,(gen-query expr binds)
(setq *paths* ,gpaths)
(fail))
(progn
(setq *paths* ,gpaths)
(=values ,binds))))))

(=defun prove (query binds)
(choose-bind r *rules* (=funcall r query binds)))

(defun form (pat)
(if (simple? pat)
pat
‘(cons ,(form (car pat)) ,(form (cdr pat)))))

0153 O0OO0OO0OOO0oOOo0O

0000000000000 00O0000000O0000000000 proved 0000000 DODOOODOOOOO
00o000o0o0oO0oU0o0oO0oU0oO0OO0oUO0DO0ULO0OO0OULOO0DO0OUOOO0OUOODOOUOOOOoUO
gooboobodooboboobooboooobooboooboob bbb booboobbooDbOoo
O0o000o0o0o0oooOoooooOooon

obodbbOobOwith-inference O OO OO0O0ODOOOODOO0ODOODOOODODOODOODDOOOONO
OO0 LispO0 000000000000 D0000O00Owith-inferenceD0OODOD0O failOO0OO0O0OOO0OOOO
gobooboobbooboo

03I 0000000000000 —-=andJor0not00000000—0000000D00000000O0
ooooooooo

(and (big ?7x) (red 7x))
2000000000000000 »x 000000 LispOO0O0O0O0OUDOOO0O0OD and000O0OO0O0UODOOOOO
000000 2000000000 10000000000 ((Mig 7»x) 000000 (red ?7x) 0000000ODOOO
00 Lisp0000000D0D0000D0D0D0D0D0D0ASI 0000000

and 00000000 O0ord0O choose O UOUOODOOODOOODOODODOODOO



(with-inference (and (big 7x) (red 7x))
(print 7x))

cooooooooooooobooon

(with-gensyms (7x)
(setq *paths* nil)
(=bind (#:g1) (=bind (#:g2) (prove (list ’big 7x) nil)
(=bind (#:g3) (prove (list ’red 7x) #:g2)
(=values #:g3)))
(let ((?x (fullbind ?x #:g1)))
(print 7x))
(fail)))

0154 00000 andO0O0OO0O

(defvar *rules* nil)

(defmacro <- (con &rest ant)
(let ((ant (if (= (length ant) 1)
(car ant)
‘(and ,@ant))))
‘(length (conclf *rulesx
, (rule-fn (rep_ ant) (rep_ con))))))

(defun rule-fn (ant con)
(with-gensyms (val win fact binds)
‘(=lambda (,fact ,binds)
(with-gensyms , (vars-in (list ant con) \#’simple?)
(multiple-value-bind
(,val ,win)
(match ,fact
(list ’,(car con)
,@(mapcar \#’form (cdr con)))
,binds)
(if ,win
, (gen-query ant val)

(fail)))))))
0155 0000000000000

(or (big ?x) (red ?7x))
00000000000000?x 000000 LispO0000D0000000 gen-or00000 gen-query 000
000000000 choose0000000Onot 000000gen-not 0 prove-not00[I48100000000
0O 00000000000000000000000 rule-fn 00000 LispO0000000O00DO0O0O
<-0000 LspO00O000O0O0DOOOOO0OOO0OOUODOOOOUOOOUOOODDOODOUOOOUOOUDOOO
ogoooooooboooboooo
rule-function 00 0000000000000 00OC0O0D0O0O0O0O0OO0OO0O0O0O0OOO0OOOOOOOOO
O0000000000000 rule-function 00000000000 O0C0O0O0O0OOCOOO0OOOOOOOO
with-inference UU D UOOU0Orule-fn 0000 gen—query 00O U0DOOO0OMO rule-functionDO O OOO
ooooooOoOoOOoOoOoOoooooooo

23.6 Prologd0OOQO0O0O

0000000000000 000000O0OPrologd 00000000 0D0ODO0ODOOOOOOODOOOONODO
oooon



Prolog0 0000000000000 O0OO0OO0OOOOODDOOOOOOOOOOOO failO0OODOOOOOOOOO
O choice 00O OODOODOOOOODODODO 22400 choose 0000000 ODODODOOOUOODODODOOOOOO
UOxpathsxUU00DU0O0000f2il 00 00O00OO0O0O0O0O0O0O0O0O00OO0O0O0OODO0OOOO0ODOO *xpaths*x cardd
gbooooobooboboobooboboboboboouoboobobOobobbobOD=*=pathsx000O0OODOOO
oboobooooooobob0——>0Ooboobogotd proved 000 ooooooo——ao0OOnO

000000000000000000000000000000 Prolog0 00000 caseD 00000000
00000 minimumOO0O0O0000O0O0OOO

(<= (minimum 7x ?y ?x) (lisp (<= 7x ?7y)))
(<= (minimum ?x 7y 7y) (lisp (> 7x ?y)))

gbooooooboobobobooooooooobobobo

(minimum 1 2 7x)

PrologD 10000000000 7x=10000000000000000000000000 200000000

0000000000000 00DO 200000000000000O000DOOO0OODOOOOODOOOOO

minimum 0 50%0000000000000000 10000000000000C000OQ0OOOOOO

(<= (minimum ?x 7y ?x) (lisp (<= 7x ?y)) (cut))

(<= (minimum ?x ?y 7y))

000 PrologDh 10000000000000O00DOO0OO0O0ODOOOO0OOOOOOOOOOOOOOOOOOO
0000 PrologD D000 00D0O0O0000O0ODO0O00O00D0O0O0OO0OOprove 00000000000

OxpathsxU0 000000000000 0O0O0O0ODOO0DOO0ODO0OODO0ODODO0ODOOxpathsx 00000000

000000000000 @AIIsA0000000000000000000000000 00000000000

gboboooooboooobobobobooobooooooom
0b0b0o0o0o0oooobobobouobodgreencud 000000 OOODOODODOO greencub0O0onOgd

0000000000000 0redeutD 00000000000 artist000000000O00O0OOOO

(<~ (artist ?x) (sculptor ?x) (cut))

(<- (artist ?x) (painter ?7x))

goooooobooobooobogoboobooobooboobobobobobooboobobboobOooDbo

ood

> (progn (<- (painter ’klee))
(<~ (painter ’soutine)))
4> (with-inference (artist ?7x)
(print 7x))
KLEE
SOUTINE
@

0000oooO0o0oooO0o0oooO0 10000000000 oo00n

> (<- (sculptor ’hepworth))

5

> (with-inference (artist ?x)
(print 7x))

HEPWORTH

(G

0000 PrologD 00000 fail0O0O0O0O0O0OODOO0O0O0O0OO0OO0OO0OOOOOO PrologDO failOOOOOO
goooobooobobooboobooooboobooobooboobDbooboobbooboobboob oo
gbobobobob cut-fail0Oooooboobobobobobobobobooboobobooooboooooo
gobooboobobooboobbo0obbobbOodbbnot-equal DOOOOOODOOOO

(<- (not-equal ?x ?x) (cut) (fail))
(<- (not-equal ?x ?y))

00000000000D0D0O0O0O0O0O000 (not-equal 1 1)) J00O0OOODOOOOOOOOOOOOOOO
OO0O0OCOOOQOOOoOoOoOOoOoOOOoOOOOOOOOODODOOD (ot-equal 1 2)00000O0ODODOODODOO
0002000000000000000000000



(defun rule-fn (ant con)
(with-gensyms (val win fact binds paths) ;
‘(=lambda (,fact ,binds ,paths) ;
(with-gensyms , (vars-in (list ant con) #’simple?)
(multiple-value-bind
(,val ,win)
(match ,fact
(list ’,(car con)
,@(mapcar #’form (cdr con)))
,binds)
(if ,win
, (gen-query ant val paths) ;
(fail)))))H))

(defmacro with-inference (query &rest body)
(let ((vars (vars-in query #’simple?)) (gb (gensym)))
¢ (with-gensyms ,vars
(setq *paths* nil)
(=bind (,gb) ,(gen-query (rep_ query) nil ’*pathsx*) ;
(let , (mapcar #’(lambda (v)
“(,v (fullbind ,v ,gb)))
vars)
,@body)
(fail)))))

(defun gen-query (expr binds paths) ;
(case (car expr)

(and (gen-and (cdr expr) binds paths)) ;
(or (gen-or (cdr expr) binds paths)) ;
(not (gen-not (cadr expr) binds paths)) ;
(1isp (gen-lisp (cadr expr) binds)) ;
(is  (gen-is (cadr expr) (third expr) binds)) ;
(cut ‘(progn (setq *paths* ,paths) ;
(=values ,binds))) ;

(t ‘(prove (list ’,(car expr)

,@(mapcar #’form (cdr expr)))

,binds *paths*)))) ;

(=defun prove (query binds paths) ;
(choose-bind r *rules*
(=funcall r query binds paths))) ;

0156 0000000000000

> (with-inference (not-equal ’a ’a)

(print t))

c]

> (with-inference (not-equal ’(a a) ’(a b))
(print t))

T

c]

OIS 00000000000 lOOProlog0 00000 isO00000DDO00DUDOOIREIOODOODOO
cooooooooooo

LspODOO0O0D0D0DO0000000000D00000000000O00and0 or00000000000O0ODO
O00 lisp0 000000000000 LispO0OO0OO0OO0OO0OOOCOLIspO0O0O0OOOOOOOOOOOOOO
000000000000 0000LIsp00000000 nil0000000000 1lispO00000O00O0O (fail)
0000o0o000oo0000 (and) DOOOOODO

00000 1lispU000000000000O00DOO0O0O0O0O00O0O0UO0OOD orderedd PrologD OO0



(defun gen-and (clauses binds paths)
(if (null clauses)
‘(=values ,binds)
(let ((gb (gensym)))
‘(=bind (,gb) ,(gen-query (car clauses) binds paths)
, (gen-and (cdr clauses) gb paths)))))

(defun gen-or (clauses binds paths)
‘(choose
,@(mapcar #’(lambda (c) (gen-query c binds paths))
clauses)))

(defun gen-not (expr binds paths)
(let ((gpaths (gensym)))
‘(let ((,gpaths *paths*))

(setq *paths* nil)

(choose (=bind (b) ,(gen-query expr binds paths)
(setq *paths* ,gpaths)
(fail))

(progn

(setq *paths* ,gpaths)
(=values ,binds))))))

(defmacro with-binds (binds expr)
‘(let ,(mapcar #’(lambda (v) ‘(,v (fullbind ,v ,binds)))
(vars-in expr))
,expr))

(defun gen-lisp (expr binds)
¢(if (with-binds ,binds ,expr)
(=values ,binds)
(fail)))

(defun gen-is (exprl expr2 binds)
‘(aif2 (match ,exprl (with-binds ,binds ,expr2) ,binds)
(=values it)
(fail)))

0157 00D0o0o0oO0ooooooo

oo) (= {(0)(OOoDo)Y)
000) : (ot (DODO))
s (and (0O O)*)
: (Lisp (LispOO))
:(is(0DO) (LispOO))

o~ o~

: (cut)

: (fail)

{(0)
(0) ((oooo)y@o)*)
(0o) {00O)

:(LispCO)
(0o) :?7(0000)
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googooo

(<= (ordered (7x)))

(<- (ordered (7x 7y . 7ys))
(1lisp (<= ?7x 7y))
(ordered (?7y . 7ys)))

0000000010000 0000000000020000000000000000000000BDOODOOO
2000000000000DO0O00ODOOO0ODOOODODO

> (with-inference (ordered ’(1 2 3))

(print t))

T

Q

> (with-inference (ordered ’(1 3 2))
(print t))

(@

LispOOODOODOOOOO0OOOO0O0OO Prolog0 000000000 O0OOOOOOOOOPrologh /OOOOO
LispO 1/O0O0DO00DO0O0 Lisp0 000000000000 O000O0OPrologd assert 0000000000000
O000000000<-0 LispO 000000000000 0OOOO0O

00000 1is00000000000000000 LispO002000000000000000000000
gbobobobOobobOob0ob0obUobOobUbOobo feildbgoooooooooboobooboboooooo
000000 (s 7x HOZx01000000000000000O0O0O?x010000000000000O00OA0O
gboooodb is0Ooogogon

(<= (factorial 0 1))
(<= (factorial 7n ?7f)
(1isp (> 7n 0))
(is ?n1 (- 7?n 1))
(factorial 7n1 7f1)
(is ?7f (* 7n 7f1)))

0000000000 10000n00200000000000000

> (with-inference (factorial 8 7x)
(print 7x))

40320

(¢

00000 1isp0 is00 2000000000000000000C00O00O0O0O0O0OOOOOOOOOODOO
000000000 Prolog0 00000000000 DOOOOODOO

(with-inference (factorial ?x 120) ; wrong
(print 7x))

0000 factorial O OODODOOOOO0O0ODODODOD lispddooooobobobbbOOO0O0n0oogoog
00000000 PrologD0 00000 append 00 0000000000000 factorial 00000000000
gpobooboobbooboobooooba

23.7 O

000000000 PrologD O Prologd 0000000000000 AS 0000000000000 OOOO
000000000 (quicksort x y) 0000000000000 000 x00000y000000000000
00000000020000000000

> (with-inference (quicksort ’(3 2 1) 7x)
(print 7x))

(123

@

/OOOO0OUO0O0OUDO Prolog0 00000000 0UDOODOOD cutllispUis0000O0O0O0OO0O0ODOOODO
0@ 000000000000000 (echo) 000000000000 DDOOODOOODOOOODODOO 10
O0000000007x0read 000000000000 0OODO (echo 7x) J000O00DOOOOOODODOOOO



(setq *rules* nil)

(<~ (append nil ?ys ?7ys))
(<- (append (?7x . ?xs) 7ys (?x . 7zs))
(append 7xs 7ys 7zs))

(<- (quicksort (?7x . ?xs) 7ys)
(partition 7xs ?x 7littles 7bigs)
(quicksort 7littles 71s)
(quicksort ?bigs 7bs)

(append 71s (?x . 7bs) 7ys))

(<~ (quicksort nil nil))

(<- (partition (?7x . 7xs) 7y (7x . 71ls) 7bs)
(lisp (<= 7x 7y))
(partition ?xs 7y 7ls 7bs))

(<~ (partition (?7x . 7xs) 7y 71ls (?x . 7bs))
(lisp (> 7x ?y))
(partition 7xs 7y ?ls 7bs))

(<- (partition nil ?y nil nil))

0159 DoOoooooo

(<= (echo)
(is ?x (read))
(echo 7x))
(<= (echo ’done)
(cut))
(<= (echo 7x)
(1isp (progl t (format t "“A™%" 7x)))
(is 7y (read))
(cut)
(echo ?7y))

0 160 PrologDO OO /OOOOO

20300 00000000000000000?=doneJ0000000020000000000000000
000000 3000000000000 0000OO0000OO00DODOO00OOOO00DODOOOOODOO
Ubob0O0d0d0O0OO00Odened 0000000000 OO0O0OOOOOOOOODOOOODOOC

> (with-inference (echo))
hi

HI

ho

HO

done

Q

00000000000 Prolog0 000000000000 0O00O000OO0OO0OechodOO0O0OLIspOOOOOO
doddoooooooooooooon
(defun echo (&rest args)
(cond ((null args) (echo (read)))
((eq (car args) ’done) nil)
(t (format t "“A"%" (car args))
(echo (read)))))
000 Commonlispd 0000000000 0OO0OO

(defun echo (&optional (arg (read)))
(unless (eq arg ’done)
(format t ""A~}" arg)



(echo)))

238 DO0ODOOODDOOOOODO

0000000000000 000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
00 LispO000000000000

0000000000000 00000000000000000000000 CommonlLispdd00000000
0000000000000 0000gxzOO0O0OODO0000000000000000000000000000
00000000000000000000000000000000000000000000000000000
O Lispd00000000 Prologd0 0000000000000

00000000000000000000 Prologd 000000000000 000O0D0O0O00O0O0ODOOO
00000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000 LispO00O0Ooon
0o000o0o0oO0o0ooooooooon
(+ x (+ 2 5))
(+25)0000000000000000000000O000OO0O0O0O0O0O00O0O00OOOOOOO0O00O00O0
0000000 7000000000000000000000000000O0OOO0
+x7)

00000000 Prolog0 0000000000 Lisp0000000000O00D0O00ODO LispO0O0O0O0O
Prologd 00O Lisp0 000000000000 OLsp0 000000000000 DOOOOOODOOOOOD
Lisp0 000000000000 0D000D000000000000000000000000 Prologd0OO000O
00000000000000000000 PrologD 0000000000000 0D000O0O0DODODOOOOOON
oooo

0000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
000000000000000000000000000000 Prologd0000000000O0D0O000OO

24 00000000 Lisp

00000 LispO000000000O00O0O00O00O0O00O0000O0O0CommonLispDdO00O0OO0OO0OOOO
0000000000000000000000000000000Common Lisp Object Systemd 00 CLOSO
0000000 cLosOoUioUioUoUioUioU0oUo0o0oU0oO0oU0o0OoUoOOLspO0O0OOOOOnQ
goooOooocLostoOUooUoUoUoOoUU LispO00000O0DOO0O0OO0OODOOODOOUOOOOOOOO
ooo

24.1 Plus ¢a Change

gooooooooooboooooboooobooooooooooooobobooobooboooboboooooooooDoDOg
oo0ooooooooooooloro0mooooo0o0oooo0o0oooOo00oooOo0oooooooLooO0oO
cooboooooooooboooooobooOooobooboooooooooooooboOoOoooOoobboOoooooooooo
coooboooboooooooobooboooooboooooooooooooooooooooooOoooooooonoa
ooooooooood

goooooooooobooobooooooooooooooooobo0obooooboooooooooDooDo
cobooobOoobooOooooooOoobOoooOoobOOobobocOoooOOobOOoOoOoOoOoOoOoOobOOoOoOOobOobOboOobooonOo
oobobooooobooooobooooboboobooooooo

000 200000000000000000000000O0O0000O0DOO000O0OO0O0DOOOOOOO0ODODOO
cooboooobooobobooooboooooo



(defun area (x)
(cond ((rectangle-p x) (* (height x) (width x)))
((circle-p x) (* pi (expt (radius x) 2)))))

goboooboooboooboobobooboboobboobbboobboobboobbOol aread b
000000000000 0000000000D00000000000000000000 methodOJOOOOODO
ooooooooo
#’ (lambda (x) (x (height x) (width x)))
goboobooobooboobooo
#’ (lambda (x) (* pi (expt (radius x) 2)))
000o0oo0o0U0o0o0U0ooO0o0U0oOo0o0UoO00O0DDOoO00O0DOo0O00DODO0O0DUODOO0OODUDOOOOUOO
goboobooboobooo

CLOSOUOO LispOOD0O0OO0OO0OODDOOU0OOOODOOUOOOODDOOU0OOOODOO0OOOUOOOOLIsp
000000000000000000000000000000000000000 LispO00000O0OD0O0OO0OOO
0000000000000 000000000000000O000OOLIspOO0OO0OO0ODO0OOODODOOOOODO
O0@DLisp00000000DOO0OOOO0DOOO0OOO0O0O0OO0O0OO0O0OO0O0OO0OUO0OUOODLODOOODOOOO
googo

cLosOUoUoOoOUooOoUoOoOLlspdOdO0OO0OOU0OOOO0DOOOODOOOODODOOODOOUOOOUOO
LispOOOODODOO0O0O00000000000000000000000000000 LispOO00O0O0O0OO0OOOO
0000000o00o00o0o00oo0oU0o00LOO0o00oOOoU0o0OUOO LspO00O0OO0OOODOOOOOOOO
0000000000000 000000000000000000OLIspO00000OOOO0O CLOSO LispO0O
ooo0ooooooooooo

OO0ooOoooocLosOoUoU0UiooUoo0UooUoOUD Lisp0000O0O0DOODOOUOOOODOOO
000000ooo00oooooo cLosSOoooUUooooUo0oooooo0oooooooooooooon
000o0o000o0o0oO0o0oOoU0ooO0oUo0oUoOoUooUo 760000000000 OO0ULOO0ODOOOODOO
0000 Lisp0 0000000000000 00O0ODOOODO00000O0ODO0O0OOD0O0O0O0O0O0O0O0ODO0O0OO0O00
25-30000 25-600 CLOSOOOOOOOOOOUOODOUOOO

242 OO0 LspODOOODODODO

LispOOO0OOODO0O0OO0OO0O0OO0O0O0O0O0O0O0OODO0O0ODO0O0O0OO0O0DODO0O0DOO0O0OODO0O0OODOOOO
LspOOO0OODODO0O0O0ODOD0O0O0D0O0O0D0O0O0D0O0OO0ODOOCLOSO0UOoO0ooUoooUooDoUooDOO
00 cCcLosOUU0000O0O0UOU0D0OO0 LispO0000OO0ODOOOODOOOODOOOODOODOODOODODOO
000000000000 000 LispO00000OO0OOOUDOODDOOUOOOODOOOODDOOUOOODOOOOO
00 200000000000000000D000O00O000O0OO0DOO0OOOOO0ODOOOOOOO0ODOOOOOO
cooooooboooobooooOoooOoobboOooobooOono

1.000000oo0oooooono
2. 0000000000
.0000000000O0O0OooOOoO

OO0 Lisp000000000000000000000000000000000000D00000DO0000D
0000000000000000000000000000000 gethashO0OOO0OO0O0O0OO0OO

(gethash ’color obj)
gobooooooooobooobobobooooooooooboboboboboboooboooboboboboboboo
000000000000000000000000000 funcallOOO

(funcall (gethash ’move obj) obj 10)
O000000000SmaltalkD 000000000000 0000O0

(defun tell (obj message &rest args)
(apply (gethash message obj) obj args))



(defun rget (obj prop)
(some2 #’(lambda (a) (gethash prop a))
(get-ancestors obj)))

(defun get-ancestors (obj)
(labels ((getall (x)
(append (1list x)
(mapcan #’getall
(gethash ’parents x)))))
(stable-sort (delete-duplicates (getall obj))
#’ (lambda (x y)
(member y (gethash ’parents x))))))

(defun some2 (fn 1lst)
(if (atom 1st)
nil
(multiple-value-bind (val win) (funcall fn (car 1lst))
(if (or val win)
(values val win)
(some2 fn (cdr 1st))))))

0161 0O0OO0OOO
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gbobdodopbjd 1000000 obO0bObOOOODODO

(tell obj ’move 10)

00000 Lisp00000000000000000000000 6000000000000gethash0000
ooooooooo

(defun rget (obj prop)
(multiple-value-bind (val win) (gethash prop obj)
(if win
(values val win)
(let ((par (gethash ’parent obj)))
(and par (rget par prop))))))

gethash 00 rget 0000000000000 O00OO0DO0O0OOOO0OOOOOODOOOOOOUDOOOOOO
gooo
(setf (gethash ’parent obj) obj2)
gboboobooooooboooobobobobobobobooboboobooobobobOb parent O QgnQ
O0rget 006D 00000000000000D00O0

gobooobooboobooobbooboooobooboobbooboobbooboobbooboobboon
00o00o0o0o0oo0o0oOo0oO0bOOo0oO0oOO0o0Oo0OO0o0O0OO00OO0OOo0OOoDOoOoooOOoooOoo
0000000o0U0o0oU0o0oUoO0oU0oOoU00O0OU0O0OUO0OU0OOU0OOOU0UDDOO0OUDLO0OUDOOUOLOOUODDOO
00000000000000000000000000000000D00000@eZ2 0000000000000
O0000a0O00DP0 cO00O0O0O0O0DdOODOOOO0OO0OOO0DOOOOOOOOOOOOO a000O0O0 D,



(defun obj (&rest parents)
(let ((obj (make-hash-table)))
(setf (gethash ’parents obj) parents)
(ancestors obj)
obj))

(defun ancestors (obj)
(or (gethash ’ancestors obj)
(setf (gethash ’ancestors obj) (get-ancestors obj))))

(defun rget (obj prop)
(some2 #’(lambda (a) (gethash prop a))
(ancestors obj)))

0163 O00D0OD0OOOOOOOOOO

d,c, d00000O0OD0ODODOOOLODOODOODOdO cOODOODODUODLOcOOOD dabODOODODODO
o0o0oooO0O00oOO0O00oO0O0O0CoOO0OO0O0COO00O0COO0O0O0COOO0OO0OCOOO0OO0OOOOOOCO0OO0
gooooooboobooooobooboooooboboobooboboboboooboboboobobobobooDbo
0000000 a,b,c,d0000000O0O0O0O0O0O0O0O0O0OOOOOOOOOOOOOOOO0O0OOOOOOOO0
gboboooooobooboobobobooooooooboobobobobooooboobobooboboboobooo
O000bo0O00000000000000000000
00000 get-ancestors 000 O00000O0O0O00O0O0OOOO0OOCOOOOOOOOOOOCOOOOOGOOO
O0b000000000000get-ancestors sort 000 stable-sort OO OO0O0O0O00O00O0O0O0O0O0O0O0
0000000000000 000C0O0000000C0O0000000O0O0OO0O00rget0 000000000
000000000000000M 0000000 some200some D0gethashO0OO00O0OO/O0DO0O 2000
O000ooo0OO000oo0O000o0o000m
gbobooboobouobdobotobobouobobdbouotouobuobdbUorange U citrusUOOUOOUOOOOO
00 fruit 0000000000 (orange citrus fruit) 0000
ooo0ooooO0o0oooOoO0o0O0OoO0O0O0OOO0O0O0OOO0O0OOOO0OO0OOOOOOOOOO0
(setf (gethash ’parents x) (list y z))
0000000000000y0 z20000000000000000000000O00 (patriotic)d 00O (scoundrel}
000000000000 0000000000 (patiotfJ0000000O0O0OO

> (setq scoundrel (make-hash-table)
patriot (make-hash-table)
patriotic-scoundrel (make-hash-table))
#<Hash-Table C4219E>
> (setf (gethash ’serves scoundrel) ’self ; 0000000000000000
(gethash ’serves patriot) ’country ; 000oooood
(gethash ’parents patriotic-scoundrel)
(1ist scoundrel patriot))
(#<Hash-Table C41C7E> #<Hash-Table C41FOE>)
> (rget patriotic-scoundrel ’serves) ; Joo0000ooo0o0ooooo0oo
SELF
T

goboooboobooboobboobooobobooboobbooboobbooboobbooboobboon
00o000o0o0oO0o0o0oOO0o0O0bOO0oU0OO0O0o0Oo0O0o0OO0O0O0OO0DOO0O0OoOoDOoOoooOoooOoo
0000000000000 0000000000000000@6 00 0000000000000 000000
gboooooboboobooboepjbbOobOobOOOOODObObODODUODObLDbOODOrgetnnDoOonO
0000000000000 0000O00D0O0O00O0UOOtell 000000000000 OOOOOOODOO
02000000000000000000 LispO0000000O0O0OOOOOOO
(tell (tell obj ’find-owner) ’find-owner)



(defmacro defprop (name &optional meth?)
‘ (progn
(defun ,name (obj &rest args)
, (if meth?

¢ (run-methods obj ’,name args)
‘(rget obj ’,name)))

(defsetf ,name (obj) (val)

‘(setf (gethash ’,’,name ,obj) ,val))))

(defun run-methods (obj name args)
(let ((meth (rget obj name)))
(if meth
(apply meth obj args)
(error "No ~A method for "A." name obj))))

0164 ODOOOOOO

tell 000000004 00000000000000000O00D0O0O00O0000000000000 meth?
00000000000000000000000000000000000000O00D0rget000000O00OO
goboobboobbooboobbuodbdefprop 0o nonon

(defprop find-owner t)

00000000000000000000000000000 LispO0O0O00O0O

(find-owner (find-owner obj))

gobooboobbobobooboooba

> (progn
(setq scoundrel (obj))
(setq patriot (obj))
(setq patriotic-scoundrel (obj scoundrel patriot))
(defprop serves)
(setf (serves scoundrel) ’self)
(setf (serves patriot) ’country)
(serves patriotic-scoundrel))
SELF
T

gobooooobooboooboboobooobobooboobbooboobbooboobbooboobbOooD
goboooooooooboooboboboooooooooooobobobobobooboobDooLoobOoboboboo
gobbooobbooobbooobboobbbtUmeved D000 DbOO0ODD moveDOOOODODOOO
gboooooobobobobooooooooboboboo

000o0Oo0o0o0oboobobDOoDOoooboO00obDOn veforeJafterDaround D0 OOOO0OOOOOOOOODOO
before00J 000000 O0OODODOODOOOOODOODODODODODODOODOOODLOODODODODOODOO
Ub0ob0o0ooodbdbDOafterdgboboooooboooooboobobooboobooooooobooboboboo
gobgooboooboboobooboooboobooobooboobbooboobbooboobbooDboo
gboooooobobOoboobooobobobobobboUbafterdogboboboooooooboobbon
gobooboobboobooboboooboo

before U after U UDUDUODOO0OO0O0OO0OODOODODODOOO0O0O0O00O0Daround 0000000
ob0oboboobobooobbobdbbarousndd 000000 0ODO0ODODODOOOOOOODODODOOODOO
0000000000000 around 000000000000 00000O0O0O0O0DOODO [@I6610 call-nextO
oooon

000000000000 Orun-methods0 rget 00 M6 000000000000000000000O0OO0O
gobooooooooobogooboboboooooooooooboboboboboobooobDobobOoboboboo
gboobooooooobooobobobobooboobooboobobobobobobooooooDo

1. 000000 around 000000000 OOOOOODOOMOD



2. 000000000000
adOod veforeJ0O00O0O0O0O0ODOODOOOOOOOOO
ObO0O0O0OO0O0O0DO0O0OO0O0ODOUDO0ODOUOODOOUDOODOOOODM
OcO0D0O0 afterJ0000O0O0O0ODO0ODOODOOOOOOODOO

ooo0oo0ooooooo0do 40000000000 00C000O0O00DODOO0ODODMOOO0OO0O0OO0ODOBOO
ooo
(setf (gethash ’move obj) #’(lambda ...))
00o0o000o00O00o0oo0o0ooooo
(setf (meth-primary (gethash ’move obj)) #’(lambda ...))
0000000000000 0000000000000000000

0@ 0000000000000 000000000D0000D0D0DO0000000D00000D 2000
Ub0b0b0b0b0bD0aroundJ0000D00O0D0O0DOO0DOO call-nextJ000O0O0OO0OOOOOOOOOOO
000000000000 000000000000000000000O00000O00000OO00O000O0O000
O0D000 around 00000000 DOO0D00CODO beforeJ0 0000000000000 0ODODOafterd
0000000000000000000000000000000000000 2000000000000000
UOcall-next U0 UOU0OOO0O0OO0O0OO0OO0OO00DO0OO0O00O0DO defund0do0ogouobooboooobooban
defmeth 00000000000 O0DOOOO0ODOOOODOOOO

around 00000000000 next-p 000000000000 D0O0O0O0O00O0OOODOOOOOODOOO
goboooboooooboobooboobooobooobobooboobbooboobobobooboobooobo
call-next 0 DOO0O000O000000O0DO next-p000000000000O000O call-nextODOOOnext-pO
gboboooooooboboboooo

000000 defmneth0000000000D000DO00O rectangleD 00000000 areadd 000000000
o0o0oooooooono

(setq rectangle (obj))

(defprop height)

(defprop width)

(defmeth (area) rectangle (r)
(* (height r) (width r)))

goboobooobobooboobbooboobbooboobbooo

> (let ((myrec (obj rectangle)))
(setf (height myrec) 2
(width myrec) 3)
(area myrec))

Uoo0o0o0o00O000000000 filesystemOOOODO backupdOOO0OO0O0O0OO

(setq filesystem (obj))

(defmeth (backup :before) filesystem (fs)
(format t "Remember to mount the tape.”%"))

(defmeth (backup) filesystem (fs)
(format t "Oops, deleted all your files.™%")
’done)

(defmeth (backup :after) filesystem (£fs)
(format t "Well, that was easy."%"))

gobgoobooboboobooboo

> (backup (obj filesystem))
Remember to mount the tape.
Oops, deleted all your files.
Well, that was easy.

DONE

gobooboobbuoobbooobo0bo0obDbuub arouvnd D00 OO0OOLDOO



(defstruct meth around before primary after)

(defmacro meth- (field obj)
(let ((gobj (gensym)))
‘(let ((,gobj ,o0bj))
(and (meth-p ,gobj)
(,(symb ’meth- field) ,gobj)))))

(defun run-methods (obj name args)
(let ((pri (rget obj name :primary)))

(if pri
(let ((ar (rget obj name :around)))
(if ar

(apply ar obj args)
(run-core-methods obj name args pri)))
(error "No primary ~A method for “A." name obj))))

(defun run-core-methods (obj name args &optional pri)
(multiple-value-progl
(progn (run-befores obj name args)
(apply (or pri (rget obj name :primary))
obj args))
(run-afters obj name args)))

(defun rget (obj prop &optional meth (skip 0))

(some2 #’(lambda (a)
(multiple-value-bind (val win) (gethash prop a)
(if win
(case meth (:around (meth- around val))
(:primary (meth- primary val))
(t (values val win))))))
(nthcdr skip (ancestors obj))))

(defun run-befores (obj prop args)
(dolist (a (ancestors obj))
(let ((bm (meth- before (gethash prop a))))
(if bm (apply bm obj args)))))

(defun run-afters (obj prop args)
(labels ((rec (1st)
(when 1st
(rec (cdr 1st))
(let ((am (meth- after
(gethash prop (car 1st)))))
(if am (apply am (car 1lst) args))))))
(rec (ancestors obj))))

0165 00OOO0OoOoO

(defmeth (backup :around) filesystem (fs)
(time (call-next)))

000 filesystemUOOODOOO backupDOOOOOO0OMMOOO0OOO0O0O0 around00000000O00O00O0O0
U0 around 000000000000 COO0O0O0O0O0O00 vackupOOOOOOoOoOOoOoOoOOoOO0OOOOODOOO
000000 time 000000000000 0D0time 00000 backupUOOOOOO0ODO

> (backup (obj filesystem))
Remember to mount the tape.
Oops, deleted all your files.
Well, that was easy.

Elapsed Time = .01 seconds



(defmacro defmeth ((name &optional (type :primary))
obj parms &body body)
(let ((gobj (gensym)))
“(let ((,gobj ,0bj))
(defprop ,name t)
(unless (meth-p (gethash ’,name ,gobj))
(setf (gethash ’,name ,gobj) (make-meth)))
(setf (,(symb ’meth- type) (gethash ’,name ,gobj))
, (build-meth name type gobj parms body)))))

(defun build-meth (name type gobj parms body)
(let ((gargs (gensym)))
‘#’(lambda (&rest ,gargs)
(labels
((call-next ()
, (if (or (eq type :primary)
(eq type :around))
‘(cnm ,gobj ’,name (cdr ,gargs) ,type)
>(error "Illegal call-next.")))
(next-p (O
, (case type
(:around
‘(or (rget ,gobj ’,name :around 1)
(rget ,gobj ’,name :primary)))
(:primary
‘(rget ,gobj ’,name :primary 1))
(t nil))))
(apply #’(lambda ,parms ,@body) ,gargs)))))

(defun cnm (obj name args type)
(case type
(:around (let ((ar (rget obj name :around 1)))
(if ar
(apply ar obj args)
(run-core-methods obj name args))))
(:primary (let ((pri (rget obj name :primary 1)))
(if pri
(apply pri obj args)
(error "No next method."))))))

0166 DO0OOOOOO

(defmacro undefmeth ((name &optional (type :primary)) obj)
‘(setf (,(symb ’meth- type) (gethash ’,name ,obj))
nil))

0167 D0O0OOO0OOO

DONE
0000000000000000 around 0000000000000 00DO undefmeth0 0@ 000000
000 defmeth 00 100 200000000000
(undefmeth (backup :around) filesystem)
gobooobooboobooobbooboooobooboobbooboobbooboobbooboobboon

cobooboobooooooobobooooooooooooboboooboobOobooboooOoobOoboooboOooag
0000 childrenOOO0O0O0O00OO0O0COOO

0800000000000 00000000000000000000000000 gethash OO OO0
U000 parents U children U0 OOO0O00OO0OD0ODO setf D0 OD0O0O00O00O0ODOOOOdefsetft 00O



(defmacro children (obj)
‘(gethash ’children ,obj))

(defun parents (obj)
(gethash ’parents obj))

(defun set-parents (obj pars)
(dolist (p (parents obj))
(setf (children p)
(delete obj (children p))))
(setf (gethash ’parents obj) pars)
(dolist (p pars)
(pushnew obj (children p)))
(maphier #’(lambda (obj)
(setf (gethash ’ancestors obj)
(get-ancestors obj)))
obj)
pars)

(defsetf parents set-parents)

(defun maphier (fn obj)
(funcall fn obj)
(dolist (c (children obj))
(maphier fn c)))

(defun obj (&rest parents)
(let ((obj (make-hash-table)))
(setf (parents obj) parents)
obj))

0168 D0O0OO0O0OO0OOOODOOO

000000000 set-parents 0000000000 20000000000000000000O0O0OOOOO
gboooooooooobogoo

goboobbooboobboobuoobboobOddbset-parents U maphierJO00OO0O000O0O0OO0O
Ubob0d000OmapcU000000Omapc 00000000000 0O0DOO0OO0000DO0O UmaphierdoQ
goboooooooooboooboboboboobooooogooobobobobobobooooDooDobOoboboboo
UboooobO0o0boboobb00o0obo0obbO0obi0O get-ancestors UOODODO0O0OO0OOODOODODOOODOO
gboooooooobooboboo

UobDoopobOoobioOlb parents U setf OO0 OO0OO0OO0OOOOOOOODOOODODO

> (progn (pop (parents patriotic-scoundrel))
(serves patriotic-scoundrel))

COUNTRY

T

0000000000000 0000000000000O0000000000MO000000000000000
set-parents 000 set-children 000 0000000000000 O00AGN 00000000000 DOOOO
gboooodopbjnounogd

000000000000 0000000000000000000000000000000000000000
U0boobbobOoioDb call-next 0o mboobooboboobboobbooboo
00000000000000000000000 my-orange U orange 0000000 citrus0 00000000
00000000 props OOcitrus 00 (round acidic) 0 0orange 00 (orange sweet) O Omy-orange 0O
(dented) 00O O OO (props my-orange) 0O OO0OIOOOOO (dented orange sweet round acidic) O
ooooooooo



(defmacro defcomb (name op)
¢ (progn
(defprop ,name t)
(setf (get ’,name ’mcombine)
, (case op
(:standard nil)
(:progn ’#’(lambda (&rest args)
(car (last args))))

(t op)))))

(defun run-core-methods (obj name args &optional pri)
(let ((comb (get name ’mcombine)))
(if comb
(if (symbolp comb)
(funcall (case comb (:and #’comb-and)
(:or #’comb-or))
obj name args (ancestors obj))
(comb-normal comb obj name args))
(multiple-value-progl
(progn (run-befores obj name args)
(apply (or pri (rget obj name :primary))
obj args))
(run-afters obj name args)))))

(defun comb-normal (comb obj name args)
(apply comb
(mapcan #’(lambda (a)
(let*x ((pm (meth- primary
(gethash name a)))
(val (if pm
(apply pm obj args))))
(if val (list val))))
(ancestors obj))))

(defun comb-and (obj name args ancs &optional (last t))
(if (null ancs)

last
(let ((pm (meth- primary (gethash name (car ancs)))))
(if pm
(let ((new (apply pm obj args)))
(and new

(comb-and obj name args (cdr ancs) new)))
(comb-and obj name args (cdr ancs) last)))))

(defun comb-or (obj name args ancs)
(and ancs
(let ((pm (meth- primary (gethash name (car ancs)))))
(or (and pm (apply pm obj args))
(comb-or obj name args (cdr ancs))))))

0169 D0oOOUOOoOOooOOO




gbobobooooooooboobobobobooobooboooooDobDobobUoboboooooDooDobDUoDbo
0000000000000 000000D0D000000@E 00000000 00000000000000O0OD
gobo0obo0bbuo0obOdOdl run-core-methods DO OO0

gbooooobobobboobobin defcomb U0 OO0O00OODODODOOOODODODOOODOOODODOO
2000000000000 200000000000:progn, :and, :or, :standard 000 00000000000
00 300000000000000000000000000000O0 :standard00000000O00COO0OOO
gooooo

O0I62 0000000 run-core-methods 0000000000000 mecombine 0D O0O0O0O0O0OOOOO
gboo0oooobob0obobobbd meombineJ0 00000000000+ 00000000O00ODO :0or000O
00000000000000000000000000000000000000000E8yp00oo000000
gbooooogobobobobooooooobooboboboooo

00000 and0d or 0060000000000 DOO0O0DOO0ODOOODOOODOOOOOOODOOO
obooooooooogog

> (or 1 (princ "wahoo"))
1

OO0000CO0000O00O0D00r00nil0O0O00D0OCO0ODOOO0ODDOOODOOUOODODNor0DOOOOOOOOd

Oo0OOo00oOo0o0DOO0bOoOO00oO0oO0ooOOooooOooO00ooO00DOO0DO00O000andd or0O00O0OO

O00000000o0obdOod comb-and [ comb-or OO OODOOOO
00o0ooooooooooooooooo

(setq citrus (obj))
(setq orange (obj citrus))

(setq my-orange (obj orange))

(defmeth (props) citrus (c) ’(round acidic))
(defmeth (props) orange (o) ’(orange sweet))
(defmeth (props) my-orange (m) ’(dented))

(defcomb props #’(lambda (&rest args) (reduce #’union args)))
00000 props 0000000000000 O0O0O0OES

> (props my-orange)
(DENTED ORANGE SWEET ROUND ACIDIC)

000000000000 Lisp000000O0000O0O000O0OOO0OO0OO0O0ODO0OO0OODO0OOOOOOOOOO
coooOooobooboobobooooooooooOooOoooOooOooonn
O0o0Doo00D preps0000DOOOO0ODOOODOOOOOOOOODOOODOOOODOOODODO

> (defcomb props :standard)
NIL

> (props my-orange)
(DENTED)

before0 0O after 00000000000 O0OOOCOO0OOOO0DOOOO0O0O0O000O0O0O aroundO0O0O00OO
oooooooooon
gbooooooooooooooooodoooooooooooooooooooooooooooooooonog
coobooooobooooooooooOooOoooboboOoOoobooOooooooooOoboOoOoooooboboOooooOoOoooooa
oobooooooooooooooooooooooboooboobooooooboooobooooboooooooooboOoDoDO
cooooooboboooooOooOooOoOooObocOoOoOoOoOoOobooboOoooo

OO0 000000000000000000000000 reduce 10000000
*3gpropsDDDDDDDDDDDDD uwnion0 0000000000000 0O0O0O0O0OOOCOOODOO
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ooooo0oO0o0o0ooooooooooO0O0O0000O0OoOoOo cloSooooooooooooooooooon
cLostoooOoopooOooUooOooOoooOoooooOooooO cLosoooouoooo

boooboboooboobooboooooooooooooobobooooooooooboboooooooongd
O0O0OocCLOSO00DO0O000ONO0O0O0O defclass0 00000000 OOOOODOODO

(defclass circle ()
(radius center))

00000000 circle 000000000000 O02000000 radiusO center 000000000000
Udd circled00ogogdooooooooogoog

(make-instance ’circle)
circleJU00O000gooooooooobbobbbbboooddogouooooobobbbbbobbooo
0000000000000 00000000000o0o000ooooUooooo

(defclass circle ()
((radius :accessor circle-radius)
(center :accessor circle-center)))

U000 circleD0O0O0OO0O0OO00D0OOO00DOOO0O0ODOODODO0ODODOO0O radiusU centerJU00O0OOOOOO0O
U0 setfJ0000O00ODOOOOOOO

> (setf (circle-radius (make-instance ’circle)) 2)
2

U000ddodiod make-instance U U000 OOOOO0OOOO0OOODODOOODOO0OO0O00O00O00UOOOGOO
ood

(defclass circle ()
((radius :accessor circle-radius :initarg :radius)
(center :accessor circle-center :initarg :center)))

U000b00Db0000D0 :initargd 0000000 make-instance 00000000 DOO0DOO0OOOOO
oboooooobooboboboboooooo

> (circle-radius (make-instance ’circle

:radius 2

:center ’(0 . 0)))
2

rinitform 00000000000 00O00OO00OO0O0ODOO0ODOO0O0O0O0O0ODO0O0O0 shapeOOODO visible
oo

(defclass shape ()
((color  :accessor shape-color :initarg :color)
(visible :accessor shape-visible :initarg :visible
:initform t)))

gobtgoood

> (shape-visible (make-instance ’shape))
T

00000 initarg initformO0000000Oinitarg000000000O0O00O0O0OO

> (shape-visible (make-instance ’shape :visible nil))
NIL

gbooooooobobooooooboobOobOooooobo0oboobobocoboOooOo0obOOobOOoOoboooOoOoDOoooooag
Uobo0bo0b0bO00b00D0 screen-circle circlel shape OO OO0OO0OO0OO0O0OO0O0OOO

(defclass screen-circle (circle shape)
nil)



screen-circle 0000000000 OODO 20000000 400000000000000ODOOOOOODOO
O000000000000000C0000O0DO00O0O0 screen-circled circled shape DO O0OD0OO0O0OOO
gooooooooooooopoopoopooopoo

UD0000 initargs [ screen-circle U0 O000O00U0O0O0OO00OO0OOcircleld shape O OUODOOOOOO
oooooooooo

> (shape-color (make-instance ’screen-circle
:color ’red :radius 3))
RED

defclass OO OO0 colord initform OO0 O 0O0OO0OO screen-circleJ00000OO0O0OOOOOOOO0O
ooooooooao

(defclass screen-circle (circle shape)
((color :initform ’purple)))

000 screen—circle0 00000000 O0OOO0OOOOOOO

> (shape-color (make-instance ’screen-circle))
PURPLE

000 initargO:color 000000000 O0OO0DOOCOO0OOOOOOOOOOOOOODOOO

oobooooooooobooooboboooooooooooooooobbo0ooboobooobooboooooooooDooDo
oopooooocLosooooooooooooooooooooooooooooooooooooooooooO
cobooboooooooooooooomoooonb initform000000O0O0OOOOOOOODOOODOCOO
oobooobooobooboooobooobdo0dinitformO0000000000O0O0O0O0O0O0O0O0O0O0O0O0OO0
coooooo

(defclass random-dot ()
((x :accessor dot-x :initform (random 100))
(y :accessor dot-y :initform (random 100))))

random-dot 000000000000 XxOOyODOoOo 000 9QUO000000O0O0OOOOOOO

> (mapcar #’(lambda (name)
(let ((rd (make-instance ’random-dot)))
(list name (dot-x rd) (dot-y rd))))
’(first second third))
((FIRST 25 8) (SECOND 26 15) (THIRD 75 59))

00oodoo0o0o0oDOooo0oOdodoDOoO0ooU0oO0ooO0DO0oD0oO0oDU0oOU0OO0oDO0ODO0OoDoDOooOooooDd
0000000000000 000000C++0000 staticOOO0OOO0OMCLOSOOO0OOOOOOOOOOOO
goo0ooO0dOo0oO0oo0oOoOooOo0oodoOOoDOOoO0ooU0oOoU0DOdbOO0O0ooU0oOODO0OoODODOoDOobOoUooooDd
tallocation :classUDOOMIOOOO0OOOODOODN :allocation :instance OO UOOOOOOOODOOO
0000000000000 0000MoooOoooooog (owh)OoOoOO (nocturna)l 00O OO0O0O owl OO
O00O nocturnal OO O0OOODOODOOOO tO0ODOO

(defclass owl ()
((nocturnal :accessor owl-nocturnal
:initform t
:allocation :class)))
00000000 owlODOOOOODOO0ODOOODOO0OOO0DOO0OO0ODOO0OO

> (owl-nocturnal (make-instance ’owl))
T

gobgooboobboobooboooboobooobooboobbooboobboobooboboooboo

> (setf (owl-nocturnal (make-instance ’owl)) ’maybe)
MAYBE

> (owl-nocturnal (make-instance ’owl))

MAYBE

goobooobooobobooboobooooboobooobooboobboobboobbooboobbOoOoDbOoo
goboooooooooboooboboboooooooooooobobobobobooboobDooLoobOoboboboo
gobooboobboobooboobooboobbooboobboobooobobooboobboon



(defclass owl ()
((nocturnal :reader owl-nocturnal
:initform t
:allocation :class)))

0O0000000000000 nocturnal JOOO0OOO0O0O0O0O0O0O0O0O0O0OO

> (setf (owl-nocturnal (make-instance ’owl)) nil)
>>Error: The function (SETF OWL-NOCTURNAL) is undefined.

244 0000

gobooobooboobooobbooboooobooboobbooboobbooboobbooboobboon
00o00o0o0o0oO0oU0o0oOo0oO0bOOoU0Oo0Oo0oU0Oo0O0o0OO0DOO0o0OoO0DOO0o0OoOoDOoOoooOoooOoo
gobgooboobbooboobbooboobbooboobboon
(defprop area)
00000000000 areal 000000000000 O0O0OOOOOOOOOOODOOOODODOOOO
(defprop area t)
O000000000000000 funcallOOOO area000O00OO
cLosooooOoUoOoOoOoO0o0oO0O0000U00UUU0UUU0000000000DUUUOoUooooooooog
O000000000000000 circled 0000 aread 00000

(defmethod area ((c circle))
(* pi (expt (circle-radius c) 2)))

O0000000000000000D0000000 circle0000000D000O00D 10000000000
gboboboooooboobooboboboooooobobobobooo

> (area (make-instance ’circle :radius 1))
3.14...

goboobbooobuoobooooboo

(defmethod move ((c circle) dx dy)
(incf (car (circle-center c)) dx)
(incf (cdr (circle-center c)) dy)
(circle-center c))

0000000 circleDOOOOOO0OOOO0OOOOOOO0ODOOOO0OO ax,dy000O000OO

> (move (make-instance ’circle :center (1 . 1)) 2 3)
(3 . 4)

UoboobodbDbdg circledUDOO0ooooobooobooooboon
000o0o000o0o0U0oo0Uoo0o0UooO0o0ULoOo0O0OU0Oo0o0U0OOoOOUODOoOUOoOoOOoOO

gobbooobbooobboobboobbooobboobbib0bbOnd unit-circle circled OO

O0000000000000000 area0 0000000

(defmethod area ((c unit-circle)) pi)

unit-circle 0000000000 area0 0000000000000 O0O0OOOOODOOOODODOOOOO
0000000000000 0000000000000000000000000000 patriotic-scoundrel

gbobooboobbuoobooobooboboooboo

(defclass scoundrel nil nil)
(defclass patriot nil nil)
(defclass patriotic-scoundrel (scoundrel patriot) nil)

cooooooobooooooooOooOoOoOoOoOboO0oO0obOOoOoOoOoOoOoOoOoOCcOob0OOOoOoOobObOOoOobooOoOoOoOooDOoO
oooooooooooooooo

(defmethod self-or-country? ((s scoundrel))
’self)

(defmethod self-or-country? ((p patriot))
’country)



U000 scoundrell 0 00O OOODOOODODOOODOOO

> (self-or-country? (make-instance ’patriotic-scoundrel))
SELF

oooooOoOo cLosooooooooooOo0oooooooooooooDoOOO0DO0OoODODOooDOoooooDooO
000000000000 000000000move00000000 (c circle) 000000000 OOOOO
0000000000000 0 1000000 circled000000DOOUOODOOODODOOOODCLOSOO
go000O0O0O0O0oO0O0O0OO0O0O0O0OO0000000000000000OO0OOOO2000000000000000
goooooo i1ioooo

(defmethod combine ((ic ice-cream) (top topping)
&optional (where :here))
(append (list (name ic) ’ice-cream)
(1ist ’with (name top) ’topping)
(list ’in ’a
(case where
(:here ’glass)
(:to-go ’styrofoam))
’dish)))

000000 2000000000 ice-creamD topping 000000000000 DO0O0OODODOOOODOOOO
gboooooobooboboboboooooogo

(defclass stuff () ((name :accessor name :initarg :name)))
(defclass ice-cream (stuff) nil)
(defclass topping (stuff) nil)

goboobooobuoobbooobooboboon

> (combine (make-instance ’ice-cream :name ’fig)
(make-instance ’topping :name ’olive)
:here)

(FIG ICE-CREAM WITH OLIVE TOPPING IN A GLASS DISH)

O000o0oO00o00o0o0o00ooOo0o0ooOoUooO0o0O0ooOo0OUooOO0o00DOooO0O0ODoOoOOoOODooOO
000 combine 00000 ice-cream 00 0000000000000 O0OOO toppingd 0000 CLOSOO
00o00o0o0o0oOo0o0oOo0oO0bOOo0O0oO0o0OO0LO0o0O0O0O0OO0DOOo0OoOoOOoooOOoooOoo
0oo0oooOoooooooooo
(tell obj ’move 2 3)

O00000O0O0objO0OU0OOmMove 0000 O0O0UOODO0OUOOOOUOOOOUDOOOOUDOO

(move obj 2 3)

01000000000000000000move0 0000000000 ODOOOOOUD 10000O0ODOOOOODO
gooboobooooboobooo

0000000000000 oo0o0o0o0o0o0ooO0oUoO0o0ooOO0U0 100000000 OD cLoso O
go0o0oooooOoOOOOOOOOOOCLOSO0000N0NOONnooooooooooooooooooooon
0000000000000 Commonlispi000000MD 00000000000 00000O00000000
goboobodobboobOdld combine OO0

(defmethod combine ((s1 string) (s2 string) &optional int?)
(let ((str (concatenate ’string sl s2)))
(if int? (intern str) str)))

cooobodooobooooooooOooOooOooOoboO00oboo0oOoOooOoOooooOboOoOoOooOoobboOooooOoboOoOoooa
ooooooo

> (combine "I am not a " "cook.")
"I am not a cook."

0000200000000 palindrome 0000000000000

0000000 Commonlispl 00000000000 CLOSOOOOOOOOOOOOO0000000000



(defmethod combine ((s1 sequence) (x (eql ’palindrome))
&optional (length :odd))
(concatenate (type-of s1)
sl
(subseq (reverse s1)
(case length (:odd 1) (:even 0)))))

0000000000000000000000 (palindrome)d O O 54

> (combine ’(able was i ere) ’palindrome)
(ABLE WAS I ERE I WAS ABLE)

gooooo0oood0oDbDoOd0ooOo0o0boOoOo0OoOooUO0ooOoOU0U0obDOoU00bOOOoUbObOoOOOooOoOOoOooDoDO
00000000000 000o00oo00ooDo00o0oo00o0oo0ooDo00ooDo0ooDooooooooood
OoooopooooUoooo cloStU0oooUoUUoooooUoooooUUooooooUooooooUuoo
0000DO0d0o00oo0Oo00ooU0odoooDoO0ooU0oU0Dd000oU0ooD0OooDU0ooOOooDooDoooooooDd
gooocLosOooOoOooOoOoOoOoO0o0o000000000000000000D0O0O00O00N0NoOoOooooog
combine I OOOOOOOOOOOOO combineJOOOOODOOOO

O000D00000000 defgeneric000000D000O0ODOOOODOOOOODOOOODOOOOOO
defgenericO0 00000000 COOO0DOOOOOOOOOODOOOOOOODOOODOOODDODOODOOODO
O0000o0o0ooooooooooo

(defgeneric combine (x y &optional z)
(:method (x y &optional z)
"I can’t combine these arguments.")
(:documentation "Combines things."))

combine OO 0O0O0O0OO0ODODODOOOOOOOOOOOOOOOLODLDOODDOODOOOODOLDODDODOOOOOO
god

> (combine #’expt "chocolate")
"I can’t combine these arguments."

gobooboobbooboobbooboobbooboobn
gogbooooboobooboboobooobooboobDbooboobbooboobbooboobDbooon
obobooobooboooobooboooobobo0oo0obobobooobOobDOb0b0O0ObOobObOd combine O
0000000000000 00000000000O0O0O0000 3000000000000 combineDODODOO
O0O0O0OC0ODO 20000000 combined 0000000000 OOOOOO
cLoSOU0dUooooooooO00o0oooooo00U00Do0oooOoOo00U0D0D0ooDooOOoOUOoDoOoooDOoOO
gboboooooboobob0obobobbObod&restd &key D0 O0OOODOOOOOODOODODODOOO
0000000000000 obDob0obObO0b0obOobOOdefgenericO000000O0OODOODODOOOO
goobooboooboobooboboobuoobbooboobbooboobbooboo

) (a)

(x &optional y) (a &optional b)
(x y &rest z) (a b &rest c)
(x y &rest z) (a b &key c d)

goboobooobooboobooo

() (a b)

(x &optional y) (a &optional b c)

(x &optional y) (a &rest b)

(x &key x y) (a)
ggoooobooboobobooboooobooboobbooboobbooboobbooboobbooon

00o00o0o0o0oOoU0o0oOoU0o0oOOoU0o0oO0oUO0DoOO0o0LOO0DoO0OUOO0DOO0oUOOoDOoOoUoOoooOoo

goboobogooboobboooboon

(defmethod combine ((x string) (y string)
&optional ignore)
(concatenate ’string x "+"y))

“lopo00000000000000 Common Lispd 0000 concatenate 100000 10000000000000000000



(defmacro undefmethod (name &rest args)
(if (consp (car args))
(udm name nil (car args))
(udm name (list (car args)) (cadr args))))

(defun udm (name qual specs)
(let ((classes (mapcar #’(lambda (s)
‘(find-class ’,s))
specs)))
‘ (remove-method (symbol-function ’,name)
(find-method (symbol-function ’,name)
’,qual
(1ist ,@classes)))))

0170 000O0OO0O0OOOOOOOO

0100 20000000000 combine0 000000 O0OUDOOOOO
gobobbooobbooobbiuooubbooobbUuunD defmethodJ 000D OO0ODODODOOODODOODOO

000000000000 oOo00 LispO00000O0O0O0O0OO0OO0ODOO0OOOODOOOOOOODDOOOOOOOO

0[I7000 undefmethod 0D 0000000000 DOOODODODOOO defmethod0000000000OOO0

000020000 300000000000DOO00OO0O0DOO0O0OO0O00O0O0OO0O0ODOOO 200000

U0b00b0O0 combineJ 00O OOO0DOO0OOOOODOO

(undefmethod combine (string string))

goboobooboobboobooboo sbooboooobooboobboobooboobbooboo

ooooooo

(defmethod combine ((fn function) x &optional y)
(funcall fn x y))

gooOo0ooooooooooooooo

(undefmethod combine (function t))
O0o00o0ooooo0o0oooooooobooooooooobooboooooboboooboooobobod fmakunbound O
ooad

(fmakunbound ’combine)

245 O0O00O0O0O0ODDOOOOODOO

000000000000 0000000oD0 cLostoouoooobooo0oooooOboooooooooooOoooan
O0beforeJafterJaround 00 000000000000 0OO000O00O0Odefmethod000O0O00O0OO0O
0000 b0o0b0b00obobO00bDbo0oDbO0bDbO0ObDO speak 0000 speaker DO OOODOODOOODOO
oo0o

(defclass speaker nil nil)

(defmethod speak ((s speaker) string)
(format t ""A" string))

speak 0 speaker 00 000000000000 DO0ODO 200000000000000

> (speak (make-instance ’speaker)

"life is not what it used to be")
life is not what it used to be
NIL

before U0 after DO OOODOOOOMNO speak DO ODOUOOOODOODNO intellectualDUOOOODOOOODOO
oooo



(defclass intellectual (speaker) nil)

(defmethod speak :before ((i intellectual) string)
(princ "Perhaps "))

(defmethod speak :after ((i intellectual) string)
(princ " in some sense"))

OOo00O000bOo00b0o00ob0o0d speaker00d00o0oooooon

> (speak (make-instance ’intellectual)

"life is not what it used to be")
Perhaps life is not what it used to be in some sense
NIL

obobooooboboboboocoboobobobobobobOob0o0obOobUObDUOODveforeoogng
gbooboooooboboboobobooouooobuobOobUobatterdpgbooooooboobobOobOon
00000000000000D00 speaker U before OO after 0000 OOOOOOO

(defmethod speak :before ((s speaker) string)
(princ "I think "))

coooooobooooboooooon

> (speak (make-instance ’intellectual)

"life is not what it used to be")
Perhaps I think life is not what it used to be in some sense
NIL

U0 before U0 after 00000000 OOO0O0DODOOOODODOOOOODODODOOOOOOODOOOOO
0000000000000 format 0000 nilOO0OO

around 00 0000000000000 0D00O0O0O00DO0O0O0O0O00O0UDO0O0O0O000 around00O0O0O
gooood——>0oOobbbbbobboodooouououooooobbbbiblf arounddJ 000000000 around U
0000000000000 000000000 around0000000O00O0O00OOO0OOOOOOOOOOCOO
Obo0dddobidbdbearound 00000000 0O0O0OODODDDOOOO0OODODODDDODODmMODOOOODO
call-next 000 O0O0O0O CLOSODO call-next-method 0000000 0MO next-p U000 next-method-p O
O0O0around 00 0000000000000 OOO0ODOOODO speaker00000000O0O0ODO

(defclass courtier (speaker) nil)

(defmethod speak :around ((c courtier) string)
(format t "Does the King believe that "A? " string)
(if (eq (read) ’yes)
(if (next-method-p) (call-next-method))
(format t "Indeed, it is a preposterous idea.~%"))
*bow)

speak 00 1000000 courtier00000000000000000000 around00000000O0OO

> (speak (make-instance ’courtier) "kings will last")

Does the King believe that kings will last? yes ; 0ooooooobooboboo
I think kings will last ; 0000o00oooooa

BOW

> (speak (make-instance ’courtier) "the world is round")

Does the King believe that the world is round? no ; ooooboobooboboboo
Indeed, it is a preposterous idea. ; 00oooooooooa

BOW

before U0 after 00000000 around 00000000 O0OO0OOOODOODOODOOOOO
00000000 0o0oUooooooogoo 252000000

1. 000000 around 00000000000 OOODOOOMM
2. 00000o0pooooo
ad 0O pbefored 00 0OO0ODOOODOOODOODOOO



ObOOOODO0ODOODOO0OOOO
OcO000 after0000000O0O0O0O0OOOOOOCOOODO

00o0000o0o0oO0oU00o0oO0oU0Oo0oOO0oU0O0DOo0ULO0DO0OULOO0DO0OUOO0DO0OUDOODOOUOOOOoUO
gooooboooboboobooboooobooboooboob bbb boobbobboobo o
ooooooooo
goobbooopobbooobboooobbdefcomb 0o goobOoooobOOo0ooLDbOOOoOoOO
O0o00o0o0o0oo0oOoooOoooooooooo
(defcomb price #’+)
OO0 price0J0000000O0O0OO0OO0ODOOOOODOOOOODOO
cLostuoooooooooUoooo0o0000dooo00o000000oo0o00o0o00o0oooooan Lisp0O
000000000 b0o00o0b0o0oO0 1000000000000 0O00LO0O00O00O00OO0OOOO0o
0000000000000 000O00o0O00D+00000000O000O0000O0 priced00O00OOOOOO
00 around DO 0OO0OOOODOOODOOODOOOODOODOOOODDOODOODDOODO

(defun price (&rest args)

(+ (apply (00O OO0DODOOOOODO) args)

(apply (00000000 O0O0O0O0D00) args)))
gobo0b around 0000000000000 O0OOODODODOOOOOOODODODOOOODOOOOOODODO
0000 D0around 000000 O0OO0OOODODODO call-next-method U O OOOOO0OODODOOOOOO
call-next-method D000 0MOOUDO0OODOO0OOUDOOOUODOOOOOOOOUODOOOODO call-next
goboobooboboot
cLOSOUOO0O0U0UO0UOUOU0OUOU0UOUOUUDODODOUODOD defgeneric0 00000000 :method-combination
goobooobo

(defgeneric price (x)
(:method-combination +))

goboobdpricednognboO+0000000D0DOO0ODOOODDOOODOODO

(defclass jacket nil nil)
(defclass trousers nil nil)
(defclass suit (jacket trousers) nil)

(defmethod price + ((jk jacket)) 350)
(defmethod price + ((tr trousers)) 200)

suit 00000000000 oooboobodbbodn price0dnoonon

> (price (make-instance ’suit))
550

00000000 defmethod 00 2000 defgeneric 000000 :method-combination 0000000

+ and append 1list max min nconc or progn

define-method-combination 000000000000 0DO0O0OO0OOD0OO0OOOODOO CLL20 83000000
oooooo

goooooooooooooooo0oooooooooooooooooooooooooooooooooo
O000000Qpriced000O0O defmethod 00 20 0000000000000 :befored :afterd 00O
00000000000 priced00000D0O0DOOO000O0DOOO0ODOO00O0fmakunbound 00000000000
ocoooooooooooooooo

24.6 CLOS O Lisp

cLosOoooOoOoOoOoUoOoOoOOO0oO0U0U0O0U0U00UL0O0UULOUL0DODOUOOOOO 20000



1. 0000000000000000000000000000000O0O0000O0000O00O0oOoooOooDod
obooooooon
2. 00000000000D00O0DO0O0O0O0O0O0O0O0O0OO0OO0OO0OOC0O0OO0OOO0OO0OOO0OOOOO

cLostUoooOooUoUoOoOoOOLspO000O000DOO0OOO0OOOODOOOO LispO0O0OO00DOOOOOOOOO
000000000000 0LspO000OO0 CLOSOOO0OO0UO0OUO0OODO0OODODOODDOODUDOOUOOOOO
goooooogoogo

O0000ooooooOoD cLoSOUonooooooooooooooooooooclosonoooooooon
000000000000000000000000 Lisp00000000000000000000000000

25-1,20000000000000000000000000OO0OO0OO0OO0OOO0O LispO000O0O0OOOOOO
goooboooooooooooobooobbbooooooobb bbb bbb ™
LispOOOODOOODODOODODODODODOO0O0O0OO0OO0OO0O0O0O0O0O0O0O0O0O0OO0DODO0DOD0ODODODOO0DOOOOOOODOOO
O0000ooO0o00oooO0o00ooOo0o0ooo0o0oooOOoUoOooOO clkoSOoUooooUooDooooooO

cLosgopoooooOoUoOoUOoU0Oo0DoO0U0O00Do000DOO0DO0DOU0UDOD0DO00D0ODU0OODDODODODOOOOn
defmethod D0 OO 0OO0OOCLL200000000000D0OCLOSOOOOOOOO0OOOOOOOODOOOO
goboobooobooboobobooboobobuooboobboobo

(let ((transactions 0))

(defmethod withdraw ((a account) amt)
(incf transactions)
(decf (balance a) amt))

(defmethod deposit ((a account) amt)
(incf transactions)
(incf (balance a) amt))

(defun transactions ()
transactions))

gooooooobooobobobooboobooboooboboboobOoobOoobDbOobooOobOoobooDo
O0000000000defmethod 0000000000000 0O0O0O0O0O0OODDOODO AOOODDODDOODOOOOO
god

0O760000000000000000D0000ODOOO0ODOOODODOODOODOOOCLOSOOOOOOO
00000000 Lisp00000000000000OO0DO0O0O0OODOO0OO0

247 OD00O0ODOOOOODOODO

gobobooooooooboooboooooboooooooooooooboooboobooobooooooooooDooag
cobooboooooobooodobobooooboboooooboooobooboboooboooonoobo—-—>0004d
coobooobo—0ooboooobobooooboobooobooooooooooooooooobooboOoooooooooa
ooooo

oboooooooooboooobooooooooooOoOoOoOoOOoOoOoOboO0ObOOoOoOobObOoOoOobOOOoOoOoDOoOO
ocobooooobooooobooboooooboobooboooooboobobooboobooOoboobOobOboOoboobooDo
cobodoooobbooboooobOoobOoOooooobOOooobodO0 opoobOOObOOOOOOODOOODOOO
CobDOoOobOoOoooooboopD00O00 display0000000O0O0ocbOOODOOODOOODOOODOOODOOO
coboobOooodooboobooobooodboepbOOOOOOOOOOOOOOO0ODbOOObOOO00OO000d0
CobO0oobOOo0ooOoobocobooDOo obOODOOODOODO obOODOOODOOOOODOOODOOODODOOO
OobOo0ObDoepOOODOOODOOOOOOODOODOODOODODOOOOODOODODODODODOOOOODOO
coooboooobooooobooooOooOoOoOoOoOboO0OobOOoO0oOoOoOoOoOoOoOCcOO0OOOoO0oOobOOOoOOobOOOoOoOooDooOO
ocoooboooooboooobooooooooooboboooooooobooooobooooon

goboooobooooobodoobooooboooooooooooooboodooboooobooooooooooog
0000000o0o0U0oo0oU0oo0oUo0o0UoO0O0OUOLISspO0O00DOO0OOODOOOUDOOOUOOOUOO
0000000000000000Lsp000000000000000OO000O00ODO0O00O0O0O000O0O00oOOn



oooooooobooboooooooooooooboooooobooooboboooooooooDog

0000000000 mMU00o0oO0o0o000o00o00Oo0oO0o0Do0o0oU0oO0o0o0OoOoOoooOUoLisp
cobooboooboooobooboooooooooboboobooboboboobooooboooOoboooooboobOobobooboooDog
cooboboooboooooooobooboooooboboooooooooooooocooooooobooOooooooooonoag
00000000 LspO0O0O00OO0OO0OO0OO0OODOOUOOOOOODOOODDOOUOOOOOOUDDOOUOOOOO
O000000000ocCLOSO000DooOoonnO Commonlispd 0000000000000 0O0OOOOOOOOO
cooooooobooooooooOooOoooOooOoboOoOobOOoOoOoOoOoOoOoOoObocO0oOoOboOoOobOboOoobooOoOooon

OO0 A O0O0O0d

CommonLispD 0000000000000 00O000OOO0O0U0O0O0D0OOO LispO0O0OO oblistO0OOOOO
OO00D0oO00ooOo00oDboO00obO0oboOo0o0booO0ooDboO0oobooO0ooboboO oblistOODOODOOODDOO
000000000000 0000000000OOeblist 0000000000 ODOO0OO (ntern)O00OOO
ooooo

OO0 LispO0O0O oblist D000 O0OOODOO0OODOOOODOOOOOOOOOODOOOOOOODOOOOOOO
oooooooo00ooooOooooOo0ooooo0oooooooooOooooooooOoO00oDoOo0oOooooOooon
ogooooooooooooooooOooboooOoOoooooOoOoOoOoOoO0OoOoooOOOoOoO0omoooooOoboboOooooon
gooooo

000000 Lisp00000000000000000000000000000 *packagex00 0000000
CommonLispD 0 0000000000000 0OO0OO0OOO0DO0O0OO0O0OOOOOD wserdCLILIOOODOODO
000 common-lisp-user JOCLIL2O0 0000 [

oo0oooOooO0ooooO0ooOoooOoOoOoo0oOoOoOOO00OOOoOoOoOoooOoOoO0OoOOoOoOooOObOOoOooOoboOooon
ooo

> (package-name *packagex)
"COMMON-LISP-USER"

oooOoOoOO0OO0OO0OO0O0O0O00O00o00o0o0000o0o0oo0onooo0o0o0o0oo0onooooooooooooon
00000 symbol-package U0 O OOONO

> (symbol-package ’foo)
#<Package "COMMON-LISP-USER" 4CD15E>

gobooboobbooboobbooboobboob foolODOODOO

> (setq foo 99)
99

in-package 0 00O U00OOOO0O0OOOODODDDOOOOOOOODODDOOOOOOOOOOOOUOOOOOO
0E2n

> (in-package ’mine :use ’common-lisp)

#<Package "MINE" 63390E>
gobooboobbooboobobooboobboobboobbuoobbttfeobOobbOODLOO

MINE> foo
>>Error: FOO has no global value.

00000000000000 00000 900000 fooOOO mineOO fooO0ODO0DO0E N ODODOO
00000000000 foo0OOODOOODODOODODODDODD 20000000000000

MINE> common-lisp-user::foo
99

goobbboooooobobboooobbbboooobbbboooobbbooubbl common-lisp-user
Ub0oood fooUDUODUODO mine000OU fooUUUDUOOUODUOOOLOOOODODODOOOOODODOO

*420[0 CommonLispd 00000000000 :use00000000
*43 Common Lispd 0000000000000 000000000000000000000000000000000000000000
00000000000O00000



gooooboooboboobooboooobooboooboob bbb boobbobboobo o
gboooooooooboobobobooooooooooboboboboboboooooboobOobOobobo

gobooobooboobooobbooboooobooboobbooboobbooboobbooboobboon
gobooooooooobogooboboboooooooooooboboboboboobooobDobobOoboboboo
oooboooooogoo

0000D0O0D0O0O 20000000000000000000000000O0O0D0O0O0DOOODOOOOOO0O0O0
gooooOoOoOoOoOoOoOoOoOoOOo0OU0OU0U0UUOULOUOUOULOUO 20000000000 OOODOODOODOOBDOO
gobooboooboobboooboon

gboboboooooogoogoobobobobooobooboooooobobobobobbooooboobobOoDbo
goboobobooboobboobooboobboobooboobboobobuobobUddlexport g

MINE> (in-package ’common-lisp-user)
#<Package "COMMON-LISP-USER" 4CD15E>
> (export ’bar)

T> (setq bar 5)

5

O00minedJ000000 par 0000 1000000000000 00O00ODODOOODOOOOOOOOOO
> (in-package ’mine)

#<Package "MINE" 63390E>

MINE> common-lisp-user:bar

5

bar O mine 00000000 O0O0COO00000000O0Omine00000000 parOO0OO0O0OO0OOOOOO
oooobooooooon

MINE> (import ’common-lisp-user:bar)
TMINE> bar
5

bar 00000000000 DO0OO0OODOO0OOOO0OOOOOODOOOOODOO0OOO 2000000000000
0000000000000 mine:bar000O0O0O0O00OOOO

O0000000o0000o000o0O0o0DOo000o00 00000 impert 00000 OODOOODOOODO foo
cooooooboobooobooooboooooo

MINE> (import ’common-lisp-user::foo)
>>Error: FOO is already present in MINE.

OO0 minedd fooOOOOOOOOOOOOOOOODOOOOODOOO foolOOOOOODOOOOOfooOOO

cooboooooboooooooooobOoooooOoboOobobooOooooooooboOoOoooOooboboOooooOoOoooooa

OO0 fooO mineJDOOOO0D0OO0OOO0O0O0OOOO0ODOOODOOOODOOOOODOOOODDOOODO
oobooooooOoooobOobocoobooOoooooOoOoOooOoO0oOOoO0OobObo0OOobOOoOoOooon

MINE> (use-package ’common-lisp-user)
T

coboobooobooooboooboboboobooodbooobdbbd0 mined 00000000 @MfooOOO
coooooobooboooboooobooooooboooOoooOoooOd

culz000opooOoDOO0O0O0OOODO0O0O0ODO0O0D0D0OD 1lisp0O00 common-lispO00O0D0OOOO
Cob0000obOoO0b0OO0O00bOCo0bO0O0000Omine0000 in-package 00000000 O0OO0O0OOOOO
O0O0CommonlLisp0 000000000000 OOOO

MINE> #’cons
#<Compiled-Function CONS 462A3E>

0000000000000000 common-lisp00000 LispO00O000000O0OO0OO0ODOOOOOOOOOOO
gooboobodobobooboooboboooboobobooboobobuoobboooboobo
gboboboobooooooobobobobooooboobooooooboboboboboooooDoboDobOoDbo
gbobooobobboboobobobobuobboob0obobbO0bO00 in-package U defpackage U0 OO0
OO0MMO00 defpackage I CLtl2 00O O0DOO0DOOO0OOOODOOOOOOOOOOODOOOOOmMOOOOO
gobgooboobbooboobbooboobbooboobboon



(in-package ’my-application :use ’common-lisp)

(defpackage my-application
(:use common-lisp my-utilities)
(:nicknames app)
(:export win lose draw))

cboobooooboobobouoboo—oboboboobobooboooo—>000000 my-applicationO 00000
000000 common-lisp 000 my-utilities 000000000000 0O0O0O0O0O0O0O0OO0OOOO0O0O0OO
ooooooooood
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(symbol-package ’foo)
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MINE> (in-package ’common-lisp-user)
#<Package "COMMON-LISP-USER" 4CD15E>
> (export ’bar)

000000000000 000 200000000100 progn0000O00DODOODOOOOOODOODOODOOO
00o0o000oo00o0b00oo0o00o0o0oo0ooooo
MINE> (progn (in-package ’common-lisp-user)

(export ’bar))
>>Error: MINE::BAR is not accessible in COMMON-LISP-USER.
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(in-package ’other :use ’common-lisp)

(defpackage other

(:use common-lisp)
(:export noise))

(defun noise (animal)

(case animal

(dog ’woof)

(cat ’meow)

(pig ’oink)))
00000000000 noise 00000000000 0O0O0O0OO0O0O0O0OO0O00O0O0D0O0O0O casedO0ODOOOOO
O00nilO0O0OO

OTHER> (in-package ’common-lisp-user)
#<Package "COMMON-LISP-USER" 4CD15E>
> (other:noise ’pig)

NIL



O0O000000000000 common-lisp-user:pig00 00 ~00000000000O0OcaseddO0On0
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(defun noise (animal)
(case animal
(:dog :woof)
(:cat :meow)
(:pig :o0ink)))
gooooooooooooonoonoon

OTHER> (in-package ’common-lisp-user)
#<Package "COMMON-LISP-USER" 4CD15E>
> (other:noise :pig)
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