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⑊
      Lisp ⑈②
      ┻╫⑉␦⑆2 ⑄╝┤╳┿⑊℩
      Lisp ╞┯╭⑉⑳⑊䥷㭈␦℩
      ╇ℼ┿⑈㑘㽴㙨䩌⑊␤⑈⑉␦␤␦⑈℩
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Lisp ⑈②



7

Lisp 丩㹬
      ┢╡╪┫㕡㽍㤭㥰
           Gustavo Duarte 㭡 Dice.com⑇䐴㝫㉌
                http://duartes.org/gustavo/blog/post/2008/04/03/ ∪
                 Programming-Language-Jobs-and-Trends.aspx

              16,479㝯   Java
                8,080㝯   C++
                7,780㝯   C#
                6,749㝯   JavaScript
                5,710㝯   Perl
                2,641㝯   PHP        
                1,408㝯   Python
                1,207㝯   COBOL
                   769㝯   Ruby
                     33㝯   Lisp               Java  0.2% orz
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㘯⑪
     ⅖Java┹┯ℼ╫㑭㠱⅗
           Joel Spolsky 㭡
                http://local.joelonsoftware.com/mediawiki/index.php/Java┹┯ℼ╫㑭㠱

          㭤䍎⑫Scheme⑈Haskell⑈C╝┤╳┿㭈⑫㽍⑊™
          Java⑲㭈␤㭏②⑆2䙼⑇㝐㠳5䜯Java╗╭┰╩╞⑨⑪
          ␤␤┳ℼ╉⑲㵱⑨␦⑊⑫℣
          ⑈䨿㙑䔪⑊䘬䙟␤㽍㭶䥴伢䍦
          䵽㉲⑇⑊␤⑀℣
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Lisp 丮䝉
      Lisp 䩽㡀䈿⑃
           Fortran 㰡㡅␤㥢㕩㡀㡬

      Common Lisp
           䉧␤⑈␤␤⑈⑀
                (C) 䍦䈼䀵㬰伺

      Scheme
           㸮␤⑈␤␤⑈⑀
                (C) 䍦䈼䀵㬰伺
           㭅䵍(R5RS)™⑃ 50 ╚ℼ┸
                Revised^5 Report on Algorithmic Language Scheme

      Emacs Lisp
           㭈⑯⑬⑫⑈␤␤⑈⑀
                (C) 㬳䭜佂䤧
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䭍 Emacs Lisper ⑇

㨣䙼 Scheme ⑇佃
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⑊ Scheme ℩
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Lisp 䱜⑲㐷⑩
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Scheme ╗╭┰╩╠乣
      㑘㽴䑪㕁
          (define atom?
            (lambda (x)
              (and (not (pair? x))
                   (not (null? x)))))

          (define member*
            (lambda (a l)
              (cond
               ((null? l) #f)
               ((atom? (car l))
                (or (eq? (car l) a)
                    (member* a (cdr l))))
               (else
                (or (member* a (car l))
                    (member* a (cdr l)))))))

      䤾㉁ (㱂㥔)
          (member* ’foo ’(boo (foo woo) goo))
          ∪ #t
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Lisp 䙉䩽™㵱䩽
      䙉䩽
           ㍧㡌⑊⑳⑆⑊␤
           ┤╳╇╳╈⑀⑫
          (define member*
            (lambda (a l)
              (cond
               ((null? l) #f)
               ((atom? (car l))
                (or (eq? (car l) a)
                    (member* a (cdr l))))
               (else
                (or (member* a (car l))
                    (member* a (cdr l)))))))

      㵱䩽
           ┤╳╇╳╈™┨╇┣┿䜤
           ㍧㡌䉐ㅾ㑘㜸③™┨╇┣┿䜤
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Lisp 㑰䅃
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┢╈╠
      ⑆┪╖┸┧┯╈™䤾㉁⑬⑫
      㼿㔶䍍
           #t ∪ #t
           #f ∪ #f

      㽴䍍
           10 ∪ 10

      䨸㭺乳
           "Hello, World" ∪ "Hello, World"

      ┷╳╜╫
           counter  ∪ 10            ; ╇ℼ┿
           member*  ∪ (lambda ... )  ; 㑘㽴

      ┷╳╜╫㰫㽈⑲䤽⑈ quote ⑫
           ’counter ∪ counter
           ’member* ∪ member*
           (quote member*) ∪ member*
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╇ℼ┿⑈⑆╪┹╈
      ╪┹╈ "("⑈ ")" ⑇く①
      ┯┪ℼ╈䄰䥕␤⑆␤⑬╇ℼ┿
      ╪┹╈
           ’(0 1 2 3) ∪ (0 1 2 3)
           ’(+ 0 1 2 3) ∪ (+ 0 1 2 3)

      㙵╪┹╈
           ’() ∪ ()
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㑘㽴㡆㵐⑈⑆╪┹╈
      ┯┪ℼ╈䥕␤⑆⑊⑬㑘㽴㡆㵐
      㩇㵩䵗䅇㑘㽴℣㭄⑪䵗䅇ぺ㽴
           (+ 1 2 3) ∪ 6
           cf  1 + 2 + 3

      㑘㽴㡆㵐䄰ぺ㽴䤾㉁⑬⑫
           x  3 ⑈
                  (+ (* x x) x 1)
             ∪ (+ (* 3 3) 3 1)
             ∪ (+ 9 3 1)
             ∪ 13
           cf  x 2 + x + 1

      䤾㉁⑬⑊␤ぺ㽴␢⑫䙃㱬㝁㰰
           quote, cond, if, and, or
                and, or, cond  if ⑇㩮⑬⑫
           define, lambda
                lambda ™⑊䙃㱬㝁㰰⑈㡆⑬⑊␤
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㑘㽴䑪㕁
      䁨䘬䵗䅇┷╳╜╫ lambda ⑇␢⑫╪┹╈㑘㽴
           (lambda (n) (+ n 1))
           lambda  quote ⑬⑆␤⑫㐶

      㩇㡥㰰䩖⑪䍍
           ⑆㰰
           䨸⑊␤
           return ⑊⑳⑆㵱⑊␤

      䰾䄰⑊⑆③㱂㥔⑇⑫
           ((lambda (n) (+ n 1)) 2) ∪ 3

      䰾䄰 define ⑇䥕⑫
          (define plus1
            (lambda (n) (+ n 1)))

           㑘㽴䰾⑇␢⑫┷╳╜╫ plus1  quote ⑬⑆␤⑫
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㩆 Scheme ╗╭┰╩╠乣
      㑘㽴䑪㕁
          (define atom?
            (lambda (x)
              (and (not (pair? x))
                   (not (null? x)))))

          (define member*
            (lambda (a l)
              (cond
               ((null? l) #f)
               ((atom? (car l))
                (or (eq? (car l) a)
                    (member* a (cdr l))))
               (else
                (or (member* a (car l))
                    (member* a (cdr l)))))))

      䤾㉁ (㱂㥔)
          (member* ’foo ’(boo (foo woo) goo))
          ∪ #t
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┻╫⑉␦⑆
2 ⑄╝┤╳┿⑊℩

Scheme 䵑㡬⑇⅖╚┢⅗
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┻╫⑈3⑄㑰䭜㑘㽴
      cons ┻╫⑲䀸䀮⑫
           malloc ␢⑫␤ new 䅪䕶
           (cons 1 2) ∪ (1 . 2)
           ╉╃╈䉐䤽㔭

1

2

      car ┻╫䉨ぬ䵗䅇⑲㱨⑪㵐
           (car ’(1 . 2)) ∪ 1

      cdr ┻╫䉨䙳䵗䅇⑲㱨⑪㵐
           (cdr ’(1 . 2)) ∪ 2
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⑄⑩⑊␤
or

⑀⑩⑊℩

Lisp 㩇㵩䵮⑈㝪
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┻╫伢㨿
      ┻╫伢⑊⑪⑇™㩇㡥㙵╪┹╈
           (cons 1 (cons 2 (cons 3 ’()))))
              ∪ (1 . (2 . (3 . ()))))

3

()

21

      ⑬╪┹╈
           (1 2 3)



27

㑊䌱⑊䤽㠽␢⑫⑊⑩
䁨㘵⑆⑨K

Lisp 䉨䙳䵮⑈㝪
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㩆㔢
      ┻╫伢⑊⑪⑲③␦ぬ䕙㠫⑫
           (1 . (2 . (3 . ()))))

      䙾⑬㭒⑀K

      䙾⑬㭒㩆㔢⑇㵨䵽⑫㰫䄳⑀K
          (define member?
            (lambda (a l)
              (cond
               ((null? l) #f)           ; ()㠡㨺
               ((eq? (car l) a) #t)     ; car㭅㭶⑲⑆
               (else
                (member? a (cdr l)))))) ; cdr㩆㔢⑫
          (member? 2 ’(1 2 3)) ∪ #t
          (member? 4 ’(1 2 3)) ∪ #f
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䤽㰨⑬㑘㽴⑲
䵽㉲⑨␦⑈

㭗⑯⑊␤⑇㈼␤K
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┻╫1⑄╝┤╳┿⑊⑩℩
      ╪┹╈⑲㩮⑃⑆␤

3 ()21
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┻╫2⑄╝┤╳┿⑀⑩
      car ③┻╫⑲㭘⑫

()

5

()

4

2

()

1

3

      ╪┹╈⑩䙾⑬㭒⑊⑫
           ╪┹╈╪┹╈
           ((1 2) 3 (4 5))
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㩆㔢㩆㔢
      䙾⑬㭒䙾⑬㭒™㩆㔢㩆㔢
          (define member*
            (lambda (a l)
              (cond
               ((null? l) #f)
               ((atom? (car l))
                (or (eq? (car l) a)
                    (member* a (cdr l))))
               (else
                (or (member* a (car l)) ; 䙢䥴╪┹╈㩆㔢
                    (member* a (cdr l)))))))

          (member* 5 ’((1 2) 3 (4 5))) ∪ #t
          (member* 6 ’((1 2) 3 (4 5))) ∪ #f
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伢䅛╪┹╈
      ╪┹╈╪┹╈伢䅛╪┹╈
          (("boo" "ワラの家")
           ("foo" "木の家")
           ("woo" "レンガの家"))

      伢䅛╪┹╈╏╃┷╥䉥⑯⑪
          (assoc "foo" ’(("boo" "ワラの家")
                         ("foo" "木の家")
                         ("woo" "レンガの家")))
          ∪ ("foo" "木の家")
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䈾╇ℼ┿㤽䈤
      ⑈䙳䨬䱚
          (㨸㭒 䍍 ㄦ㭒)

          

+

()

() 1

()

() /

()

() 4

()

() () 2

()

()
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䩤㵵㑘㽴⑲㭈⑃╗╭┰╩╠
      䩤㵵㑘㽴
          (define node-get-left
            (lambda (node) (car node)))
          (define node-get-value
            (lambda (node) (car (cdr node))))
          (define node-get-right
            (lambda (node) (car (cdr (cdr node)))))

      㔢⑪㵧䤽㰨⑫╗╭┰╩╠
          (define postorder
            (lambda (node)
              (cond
               ((null? node) ’())
               (else
                (postorder (node-get-left node))
                (postorder (node-get-right node))
                (display (node-get-value node))))))

          (postorder ’((() 1 ()) + ((() 4 ()) / (() 2 ()))))
          → 1 4 2 / +
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䭜㱁⑈㡺丨
      䨬⑆㥍⑨␦
           䭜㱁䔪䤬䵗⑊③
           㡺丨②䤬䵗⑊③

     ⅖㱮㙌╗╭┰╩╟╳┰ ⅗
           Jon Bentley

          㡺丨™䱤䉪⑊⑫⑇™
          㥍⑊␤䩽⑨␤⑇⑧␦

      ╪┹╈
           䍙⑬™䝛乳⑲㱂䅵⑬␤␤

      伢䅛╪┹╈
           䍙⑬™╏╃┷╥⑲㱂䅵⑬␤␤
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Lisp ╞┯╭
⑉⑳⑊䥷㭈␦℩
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Lisp ╇┶┤╳Ω║┿ℼ╳
      㑘㽴㸮
      䥻㩮䵑␢⑫㑘㽴⑈⑊␤㑘㽴⑲䨬⑭
           Scheme ⑇䥻㩮䵑␢⑫㑘㽴䰾 "!" 䥕 (e.g set!)

      㩆㔢⑭
      㥢㌬㑘㽴⑲㭈
           㑘㽴⑲ぺ㽴⑈⑆㱨⑫
                ⅖㭅㭶⅗⑈⅖╇ℼ┿䅶㨺⅗⑲䨬⑫
                map & reduce

           㑘㽴⑲䩖
                ┯╭ℼ┸╣

      ╞┯╭⑲㵱
           C ╞┯╭⑈䩌㰡㠵
           C ╞┯╭㝹⑯⑬㱔⑀™Lisp ╞┯╭╒ℼ╭ℼ
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乣䉪
      FizzBuzz 䱤䉪
          1⑩100⑇㽴⑲╗╪╳╈⑫╗╭┰╩╠⑲㵱℣
          ⑀
          3䝜㽴⑈㽴䉥⑯⑪ยFizzร⑈™
          5䝜㽴⑈ยBuzzร⑈╗╪╳╈™
          3⑈5举䩽䝜㽴㹬㥧ยFizzBuzzร⑈╗╪╳╈⑫⑈℣

     ⅖Lisp䜾⅗䙦䝷⑫
          ⅖╗╭┰╩╟╳┰ Gauche⅗┳╩╠

      FizzBuzz 㽊㈽
           ╫ℼ╗䡇
           㥢㌬㑘㽴䡇
           䐾㡲䡇
           ╞┯╭䡇
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FizzBuzz ╫ℼ╗䡇
      ╫ℼ╗䍦⑇ print ⑫
          (define fizzbuzz
            (lambda (n)
              (do ((x 1 (+ x 1)))
                  ((>= x n) x)
                (cond
                 ((= (modulo x 15) 0)
                  (print "FizzBuzz"))
                 ((= (modulo x  3) 0)
                  (print "Fizz"))
                 ((= (modulo x  5) 0)
                  (print "Buzz"))
                 (else
                  (print x))))))

      㱂㥔
          (fizzbuzz 100)
          ∪ 1 2 "Fizz" 4 "Buzz" "Fizz" 7 8 "Fizz" "Buzz"
               11 "Fizz" 13 14 "FizzBuzz" 16 ... "Buzz"
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㥢㌬㑘㽴㭘㽋
     ⅖㭅㭶⅗⑈⅖╇ℼ┿䅶㨺⅗⑲䨬⑫
      㽴╪┹╈⑲䵑さ
          (1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 ... 100)

      ⑬⑬䵗䅇㭅㭶⑲⑫
          (1 2 "Fizz" 4 "Buzz" "Fizz" 7 8 "Fizz" "Buzz"
           11 "Fizz" 13 14 "FizzBuzz" 16 ... "Buzz")
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㽴╪┹╈⑲䵑さ
          (define count
            (lambda (beg end)
              (if (= beg end)
                  (cons beg ’())
                  (cons beg (count (+ beg 1) end)))))

          (count 1 100)
          ∪ (1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 ... 100)
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㭅㭶
          (define fizzbuzz
            (lambda (x)
              (cond
               ((= (modulo x 15) 0) "FizzBuzz")
               ((= (modulo x  3) 0) "Fizz")
               ((= (modulo x  5) 0) "Buzz")
               (else x))))

          (fizzbuzz  1) → 1
          (fizzbuzz  3) → "Fizz"
          (fizzbuzz  5) → "Buzz"
          (fizzbuzz 15) → "FizzBuzz"
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FizzBuzz 㥢㌬㑘㽴䡇
      ╇ℼ┿䅶㨺 map 䜤
          (count 1 100)
          ∪ (1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 ... 100)

          (map fizzbuzz (count 1 100))
          ∪ (1 2 "Fizz" 4 "Buzz" "Fizz" 7 8 "Fizz" "Buzz"
                 11 "Fizz" 13 14 "FizzBuzz" 16 ... "Buzz")
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䐾㡲䀭
     ⅖On Lisp⅗
           Paul Graham

          䐾㡲䔪⑊╗╭┰╩╟╳┰㡀㡬⑈™
          㸯㽴┪╚╬ℼ┿⑲䈿㽴䵍ℹ⑊䩽䬡⑇㝫㥧⑫⑈⑇™
          䈿䵍⑊さ䰣䤽㠽⑇⑫③⑈⑀℣
          ③⑁④╖╭╃┯㙋②⑆䐾㡲䔪⑀™
          ╗╩╢╇╫⑈⑳⑉䐾㡲䔪⑇⑊␤℣
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䐾㡲䀭㠶䈧っ䠿
      ⑳⑳䐾㡲⑆⑊␤K
          (define fizzbuzz
            (lambda (x)
              (cond
               ((= (modulo x 15) 0) "FizzBuzz")
               ((= (modulo x  3) 0) "Fizz")
               ((= (modulo x  5) 0) "Buzz")
               (else x))))
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䐾㡲䀭㭘㽋
      㽴╪┹╈⑲䵑さ
          (1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 ... 100)

      䙢䥴╇ℼ┿⑲䵑さ
          ((1 "") (2 "") (3 "") (4 "") (5 "") ... (100 ""))

      Buzz ⑲䔬ㅾ
          ((1 "") (2 "") (3 "") (4 "") (5 "Buzz")
           (6 "") (7 "") (8 "") (9 "") (10 "Buzz")
           (11 "") (12 "") (13 "") (14 "") ... (100 "Buzz"))

      Fizz ⑲䔬ㅾ
          ((1 "") (2 "") (3 "Fizz") (4 "") (5 "Buzz")
           (6 "Fizz") (7 "") (8 "") (9 "Fizz") (10 "Buzz")
           (11 "") (12 "Fizz") (13 "") (14 "")
           (15 "FizzBuzz") (16 "") ... (100 "Buzz"))

      㝫㉌⑲㱨⑪㵐
          (1 2 "Fizz" 4 "Buzz" "Fizz" 7 8 "Fizz" "Buzz"
           11 "Fizz" 13 14 "FizzBuzz" 16 ... "Buzz")
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䙢䥴╇ℼ┿
      㽴㭺⑈䨸㭺乳⑩⑊⑫㤽䈤䉎
          (define make-numstr
            (lambda (num str) (cons num (cons str ’()))))

          (define numstr-get-num
            (lambda (x) (car x)))

          (define numstr-get-str
            (lambda (x) (car (cdr x))))

      㭈␤䩽
          (make-numstr 3 "Fizz")
          ∪ (3 "Fizz")

          (numstr-get-str ’(3 "Fizz"))
          ∪ "Fizz"
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䙢䥴╇ℼ┿䀸䀮
      䙢䥴╇ℼ┿㵩㑼㈽
          (define num-str-pair
            (lambda (x)
              (make-numstr x "")))

          (map num-str-pair (count 1 100))
          ∪ ((1 "") (2 "") (3 "") (4 "") ... (100 ""))
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䐾㡲㭅㭶(1)
          (define fizz?
            (lambda (n)
              (= (modulo n 3) 0)))

          (define fizz
            (lambda (x)
              (if (fizz? (numstr-get-num x))
                  (make-numstr
                   (numstr-get-num x)
                   (string-append "Fizz" (numstr-get-str x)))
                  x)))

          (fizz ’(3 ""))
          ∪ (3 "Fizz")
          (fizz ’(5 ""))
          ∪ (5 "")



51

䐾㡲㭅㭶(2)
          (define buzz?
            (lambda (n)
              (= (modulo n 5) 0)))

          (define buzz
            (lambda (x)
              (if (buzz? (numstr-get-num x))
                  (make-numstr
                   (numstr-get-num x)
                   (string-append "Buzz" (numstr-get-str x)))
                  x)))

          (buzz ’(3 ""))
          ∪ (3 "")
          (buzz ’(5 ""))
          ∪ (5 "Buzz")
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FizzBuzz 䐾㡲䡇
      㝫㉌⑲㱨⑪㵐㑘㽴
          (define fizzbuzz-print
            (lambda (x)
              (if (equal? (numstr-get-str x) "")
                  (numstr-get-num x)
                  (numstr-get-str x))))

      㱂㥔
          (map fizzbuzz-print
               (map fizz
                    (map buzz
                         (map num-str-pair
                              (count 1 100)))))
          ∪ (1 2 "Fizz" 4 "Buzz" "Fizz" 7 8 "Fizz" "Buzz"
                 11 "Fizz" 13 14 "FizzBuzz" 16 ... )



53

DRY

      䌣㽍╗╭┰╩╞ℼ
           Andrew Hunt & David Thomas

          Don’t Repeat Yourself
          㵅䨣⑲䡲⑫⑈
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DRY 㠶䈧っ䠿
      㤽䈤䉎䑪㕁
           䱚㤽䈤
           FizzBuzz 䙢䥴╇ℼ┿
          ∪ ╞┯╭
      fizz? ⑈ buzz? 䑪㕁
          ∪ ┯╭ℼ┸╣
      fizz ⑈ buzz 䑪㕁
          ∪ ╞┯╭
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╞┯╭
      Scheme ╞┯╭
           define-syntax

      䕁䕽䔪⑊╞┯╭
           defmacro
                Common Lisp & Emacs Lisp

           define-macro
                Gauche ㍈䐥

      㨣䙼䕁䕽䔪⑊╞┯╭⑲㭈␤
           3 ⑄ Lisp ⑇㭈⑫
           㔡䜽䀩䱳⑊␤
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㤽䈤䉎⑲䑪㕁⑫╞┯╭(1)
          (define symbol-false-list
            (lambda (spec)
              (map (lambda (symbol) (list symbol #f)) spec)))

          (define-macro (define-structure type . spec)
            ‘(begin
               (define-constructor ,type ,@spec)
               (define-accessors ,type ,@spec)
               ’,type))

          (define-macro (define-constructor type . spec)
            ‘(define ,(string->symbol
                       (string-append
                        "make-"
                        (symbol->string type)))
               (lambda args
                 (let-keywords
                  args ,(symbol-false-list spec)
                  (list ,@spec)))))
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㤽䈤䉎⑲䑪㕁⑫╞┯╭(2)
          (define-macro (make-accessor-name type name set?)
            ‘(string->symbol
              (string-append
               (symbol->string ,type)
               "-" ,(if set? "set" "get") "-"
               (symbol->string ,name)
               ,(if set? "!" ""))))

          (define-macro (define-accessors type . spec)
            (let loop ((i 0) (name spec) (defs ’()))
              (if (null? name)
                  (cons ’begin defs)
                  (loop
                   (+ i 1)
                   (cdr name)
                   (cons
                    ‘(define ,(make-accessor-name type (car name) #f)
                       (lambda (struct)
                         (list-ref struct ,i)))
                    (cons
                     ‘(define ,(make-accessor-name type (car name) #t)
                        (lambda (struct val)
                          (set-car! (list-tail struct ,i) val)))
                     defs))))))
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㤽䈤䉎䑪㕁
      FizzBuzz 䙢䥴╇ℼ┿
          (define-structure numstr num str)
          ∪
            make-numstr
            numstr-get-num
            numstr-set-num!
            numstr-get-str
            numstr-set-str!

          (make-numstr :num 3 :str "Fizz")
          ∪ (3 "Fizz")

          (numstr-get-str ’(3 "Fizz"))
          ∪ "Fizz"

      䄰㵐䱚㤽䈤
          (define-structure node value left right)
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䡦⑆⑨␦
      䌱⑊⑫㑘㽴䑪㕁
          (define make-numstr
            (lambda (num str) (cons num (cons str ’()))))
          (define numstr-get-num
            (lambda (x) (car x)))
          (define numstr-set-num!
            (lambda (x val) (set-car! x val)))
          (define numstr-get-str
            (lambda (x) (car (cdr x))))
          (define numstr-set-str!
            (lambda (x) (set-car! (cdr x) val)))

      ╞┯╭
          (define-structure numstr num str)

      ╞┯╭⑲㭈␦⑈䱤䉪㔭㵒㑊䌱⑊⑫
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┯╭ℼ┸╣
          (define make-predicate
            (lambda (div)
              (lambda (n)
                (= (modulo n div) 0))))

          (define fizz? (make-predicate 3))
          (define buzz? (make-predicate 5))
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fizz ⑈ buzz 䑪㕁
      ╞┯╭⑲㭈⑃⑆
          (define-macro (make-filter test str)
            ‘(lambda (x)
               (if (,test (numstr-get-num x))
                   (make-numstr
                    :num (numstr-get-num x)
                    :str (string-append
                          ,str (numstr-get-str x)))
                   x)))

          (define fizz (make-filter fizz? "Fizz"))
          (define buzz (make-filter buzz? "Buzz"))

      ┯╭ℼ┸╣⑇③␤␤⑇⑧␦
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FizzBuzz ╞┯╭䡇
          (map fizzbuzz-print
               (map fizz
                    (map buzz
                         (map num-str-pair
                              (count 1 100)))))

          ∪ (... 67 68 "Fizz" "Buzz" 71 "Fizz"
                 73 74 "FizzBuzz" 76 77 "Fizz" ...)



63

FizzBuzzSizz

      䵗㕡䩑⑯⑫     

          7䝜㽴⑈⅖Sizz⅗
          3 ⑈ 7 举䩽䝜㽴⑈ ⅖FizzSizz⅗
          5 ⑈ 7 举䩽䝜㽴⑈ ⅖BuzzSizz⅗
          3 ⑈ 5 ⑈ 7 䄴䥴䝜㽴⑈ ⅖FizzBuzzSizz⅗

      ╞┯╭䡇⑊⑩䉐ㅾ㑊䌱
          (define sizz? (make-predicate 7))
          (define sizz (make-filter sizz? "Sizz"))
          (map fizzbuzz-print
               (map fizz
                    (map buzz
                         (map sizz
                              (map num-str-pair
                                   (count 1 100))))))

          ∪ (... 67 68 "Fizz" "BuzzSizz" 71 "Fizz"
                 73 74 "FizzBuzz" 76 "Sizz" "Fizz"..)

      ⑩╞┯╭⑲㵱␤⑆③⑨␤
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Lisp 䁨㽊䀭
     ⅖䥡䑌⑤⑄⑩㹥⑲㥔⅗
           Paul Graham
                http://practical-scheme.net/trans/beating-the-averages-j.html

          1960䜯㨢Lisp⑨⑃⑆䘳䙾⑬
          ┬╙ℼ┸┳╬┯┷╧╳™㙡䜯⑇义␤㔻㵑⑀⑈
          㤭䜧②⑩⑬⑫⑨␦⑊⑃℣
          㱂㥔㭾㜿䠽䑪③䘱╝╔╥╩ℼ⑊⑪⑄⑄␢⑫℣
          ╬┭┷┫╫┯╭ℼ┸╣1970䜯䉥②
          Lisp⑨⑃⑆䘳䙾⑬™
          ⑨␦⑤╬ℼ╀ℼ䌼䈪⑩⑬②℣
          1960䜯䉥䍦㨢Lisp䘳䙾╞┯╭™
          ⑀䰤䍎䀤㌦⑀℣
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╇ℼ┿⑈㑘㽴㙨䩌⑊␤
⑈⑉␤␦⑈℩
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Lisp ┤╳┿ℼ╗╪┿
      Read-Eval-Print-Loop

      Read
           䨸㭺乳⑲㰰⑈⑆䙉㥾①
      Eval
           㰰⑲䤾㉁⑫
      Print
           㰰⑲䨸㭺乳⑈⑆㵱㵐
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eval ⑲㩮⑫
     ⅖LISP 1.5 Programmer’s Manual⅗ eval

      䀩㡂⑬ Lisp
           ╪┹╈㵨䵽⑇⑫
           䅇䐾⑊㽴䍍㝗㬻⑊⑉⑇⑊␤

      㩮⑫㑘㽴䰾䄰䄴䥴䉧䨸㭺
          (EVAL
           ’(REPL (QUOTE (a b c d)) (QUOTE c) (QUOTE e))
           ENV)
          ∪ (a b e d)

      Read ⑈ Print  Scheme 䜤



68

㩠乁
      5⑄㑘㽴
           car
           cdr
           cons
           eq
           atom

      2⑄䙃㱬㝁㰰
           quote
           cond

      㑘㽴䑪㕁㔡䜽
           lambda
           label
                define ⑈
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⑊␤
      㑘㽴䑪㕁㔡䜽⑲㱂䅵
          (use srfi-1) ; for delete

          ; ┷╳╜╫⑈䍍伢䅛╪┹╈
          (define ENV ’((#t . #t)
                        (#f . #f)
                        (() . ())
                        (else . #t)))

          (define-macro (LABEL func lamb)
            ‘(begin
               (set! ENV (delete (assoc ’,func ENV) ENV))
               (set! ENV (cons (cons ’,func ,lamb) ENV))
               (define ,func
                 (eval (cons ’lambda (cdr ,lamb))
                       (interaction-environment)))))

          (define-macro (LAMBDA . body)
            ‘(cons ’LAMBDA ’,body))
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㑰䭜㑘㽴
          (define CAR    car)
          (define CDR    cdr)
          (define CONS   cons)
          (define EQ     eq?)
          (define ATOM   (lambda (x) (not (pair? x))))

          (define QUOTE  quote)
          (define COND   cond)
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䕁䕽䔪⑊䩤㵵㑘㽴
          (LABEL CADR  (LAMBDA (x) (CAR (CDR x))))
          (LABEL CDAR  (LAMBDA (x) (CDR (CAR x))))
          (LABEL CAAR  (LAMBDA (x) (CAR (CAR x))))
          (LABEL CADDR (LAMBDA (x) (CAR (CDR (CDR x)))))
          (LABEL CADAR (LAMBDA (x) (CAR (CDR (CAR x)))))

          (CADR  ’((a b) (c d) (e f))) → (c d)
          (CDAR  ’((a b) (c d) (e f))) → (b)
          (CAAR  ’((a b) (c d) (e f))) → a
          (CADDR ’((a b) (e d) (e f))) → (e f)
          (CADAR ’((a b) (c d) (e f))) → b

          䭜䕶 (QUOTE ...) ⑈㵱⑇℣℣℣
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null

      㙵╪┹╈℩
          (LABEL NULL
            (LAMBDA (x)
              (COND
               ((EQ x (QUOTE ())) #t)
               (else #f))))

          (NULL ’()) ∪ #t
          (NULL ’symbol) ∪ #f
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equal

      䘱䕹╪┹╈℩
          (LABEL EQUAL
            (LAMBDA (x y)
              (COND
               ((ATOM x)
                (COND
                 ((ATOM y)
                  (EQ x y))
                 (else #f)))
               ((EQUAL (CAR x) (CAR y))
                (EQUAL (CDR x) (CDR y)))
               (else #f))))

          (EQUAL ’(a (b c) d) ’(a (b c) d)) → #t
          (EQUAL ’(a (b c) d) ’(a (b e) d)) → #f
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assoc

      伢䅛╪┹╈㠡㩷
          (LABEL ASSOC
            (LAMBDA (x a) ; 㠰 伢䅛╪┹╈
              (COND
               ((EQUAL (CAAR a) x)
                (CAR a))
               (else
                (ASSOC x (CDR a))))))

          (ASSOC ’foo ’((boo straw)
                        (foo wood)
                        (woo brick))
          ∪ (foo wood)
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eval
          (LABEL EVAL
            (LAMBDA (e a) ; 㰰 伢䅛╪┹╈
              (COND
               ((ATOM e) ; ┷╳╜╫⑊⑩
                (CDR (ASSOC e a))) ; 䩑㽴䰾・関数䰾の検索
               ((ATOM (CAR e)) ; ╪┹╈䉨ぬ䵗䅇┷╳╜╫⑊⑩
                (COND
                 ((EQ (CAR e) (QUOTE QUOTE))
                  (CADR e)) ; QUOTE ⑲㌰
                 ((EQ (CAR e) (QUOTE COND))
                  (EVCON (CDR e) a))
                 (else
                  ; 㑘㽴㡆㵐
                  (APPLY (CAR e) (EVLIS (CDR e) a) a))))
               (else ; ╪┹╈䉨ぬ䵗䅇╪┹╈⑊⑩
                ; 䰵䰾㑘㽴㡆㵐
                (APPLY (CAR e) (EVLIS (CDR e) a) a)))))
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③␦ぬ䕙㡀␤

䤽㰨⑬㑘㽴⑲
䵽㉲⑨␦⑈

㭗⑯⑊␤⑇㈼␤K
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evcon

      cond 䭜䉎⑲䤾㉁
          (LABEL EVCON
            (LAMBDA (c a) ; 㹲㝯⅜㹬㥧㰰 伢䅛╪┹╈
              (COND
               ((EVAL (CAAR c) a)     ; 条件
                (EVAL (CADAR c) a))   ; 㹬㥧㰰⑲䤾㉁
               (else
                (EVCON (CDR c) a)))))

          (EVCON ’((#f (QUOTE a))
                   (#t (QUOTE b)))
                 ENV)
          ∪ b
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evlis

      㑘㽴ぺ㽴䤾㉁
          (LABEL EVLIS
            (LAMBDA (m a) ; 㑘㽴ぺ㽴 伢䅛╪┹╈
              (COND
               ((NULL m) (QUOTE ()))
               (else
                (CONS (EVAL (CAR m) a) ; ぺ㽴⑲䤾㉁
                      (EVLIS (CDR m) a))))))

 ⑈っ␤



79

㑘㽴䤾㉁(1)
          (LABEL APPLY
            (LAMBDA (fn x a) ; 㑘㽴 ぺ㽴 伢䅛╪┹╈
              (COND
               ((ATOM fn) ; ┷╳╜╫⑊⑩
                (COND
                 ((EQ fn (QUOTE CAR))
                  (CAAR x))
                 ((EQ fn (QUOTE CDR))
                  (CDAR x))
                 ((EQ fn (QUOTE CONS))
                  (CONS (CAR x) (CADR x)))
                 ((EQ fn (QUOTE ATOM))
                  (ATOM (CAR x))) 
                 ((EQ fn (QUOTE EQ))
                  (EQ (CAR x) (CADR x)))
                 (else
                  (APPLY
                   (EVAL fn a) ; 関数名から関数本体⑲検索
                   x a))))



80

㑘㽴䤾㉁(2)

      lambda 䤾㉁
          apply 䈳 -- 䉧䁚
               ((EQ (CAR fn) (QUOTE LAMBDA))
                (EVAL
                 (CADDR fn) ; 関数本体
                 (PAIRLIS   ; 引数の登録
                  (CADR fn) ; ぺ㽴名
                  x a)))    ; 䤾㉁㡥引数  伢䅛╪┹╈

          (CAR   ’(LAMBDA (x y) (CONS x y)))
          ∪ LAMBDA

          (CADDR ’(LAMBDA (x y) (CONS x y)))
          ∪ (CONS x y)

          (CADR  ’(LAMBDA (x y) (CONS x y)))
          ∪ (x y)
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pairlis

      ぺ㽴䰾⑈㱂㩝䍍䅈⑲伢䅛╪┹╈䕐伿
          (LABEL PAIRLIS
            (LAMBDA (x y a)
              (COND
               ((NULL x) a)
               (else
                (CONS (CONS (CAR x) (CAR y))
                      (PAIRLIS (CDR x) (CDR y) a))))))

          (PAIRLIS ’(x y) ’(1 2) ’((#t . #t) (#f . #f)))
          ∪ ((x . 1) (y . 2) (#t . #t) (#f . #f))

          cf ((LAMBDA (x y) (CONS x y)) 1 2)
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㑘㽴䤾㉁(3)

      label 䤾㉁
          apply 䈳
               ((EQ (CAR fn) (QUOTE LABEL))
                (APPLY
                 (CADDR fn) ; (LAMBDA 㑘㽴䭜䉎)
                 x
                 (CONS ; 関数の登録
                  (CONS
                   (CADR fn)   ; 関数名
                   (CADDR fn)) ; (LAMBDA 㑘㽴䭜䉎)
                  a))))))
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㭈⑃⑆⑨␦
          (LABEL REPL
            (LAMBDA (lst old new)
              (COND
                ((NULL lst) (QUOTE ()))
                ((EQ (CAR lst) old)
                 (CONS new (REPL (CDR lst) old new)))
                (else
                 (CONS (CAR lst)
                 (REPL (CDR lst) old new))))))

          (EVAL
           ’(REPL (QUOTE (a b c d)) (QUOTE c) (QUOTE e))
           ENV)
          ∪ (a b e d)
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⅖The Little Schemer⅗10㹏
③⑃⑈⑁④⑳⑈

Scheme ┤╳┿ℼ╗╪┿⑲
㩮⑫佃⑇

evcon & evlis ③㵐⑆ :-)
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㑘㽴③䌱⑊⑫╇ℼ┿
      䉨ぬ䵗䅇┷╳╜╫ lambda ⑇␢⑫╪┹╈
          (lambda (n) (+ n 1))

()

lambda

n

n+

()

1

()
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Lisp 䰾㽍
     ⅖䰾㽍䕁⅗
           䍦䕧 䙘
          㑻™㉦⑈䡠⑈䩌™
          䀧⑈䡳⑈䨬⑲䍎⑩℣
          㑣㰪䜡™
          㰪䤡䜡™
          䤡㡽䜡㭗⑯⑬⑫

┻╫♋䜡℡♋┻╫䜡


